
HANDBOOK OF CLINICAL

NEUROLOGY

Series Editors
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Foreword
We are pleased to present, for the first time, a volume in the Handbook of Clinical Neurology series devoted exclu-
sively to psychiatric disorders. It is true that Volumes 45 and 46 of the second series – on Clinical Neuropsychology
and Neurobehavioral Disorders – had a few chapters that dealt with aspects of the major psychiatric disorders, but
these were limited in scope and number. The volumes were published in 1985, when there was still a strict separation
and even animosity between the fields of neurology and psychiatry. George W. Bruyn, one of the founders of the
HCN series, however, was not convinced of any fundamental difference between these two disciplines and stated
boldly that, “psychiatry is nothing but unexplained neurology.”

Many neurologists of the late nineteenth and early twentieth century felt quite at home with psychiatry, which
was then considered to be a special branch of neurology, a point of view shared by such luminaries as Charcot,
Meynert, Von Monakow, Edinger, Wernicke, Spielmeyer, Pick, and Von Gudden. In those days, most mental hos-
pitals had a laboratory for anatomy and pathology. Many of the famous university professors held chairs in both
neurology and psychiatry, as they were interested in both the clinical and the fundamental aspects of the central
nervous system. For a long time formalized residency training included both psychiatry and neurology, and the term
“neuropsychiatry” was coined, to illustrate the integration of the two fields.

Psychotherapy, developed by Sigmund Freud in the early 1900s, was the principal method of treatment for mental
disorders throughout the 1950s. The emergence of analytical psychiatry gradually led to a schism between neurology
and psychiatry. For instance, in the Netherlands this resulted in a complete separation between the two when, in 1974,
the Dutch Society for Neurology and Psychiatry was split into two separate societies.

In the meantime, in the late 1950s, the first antipsychotic and antidepressant drugs came into widespread use and
their clinical effects resulted in “chemical imbalance” hypotheses of mental disorders. This formed the conceptual
basis for the development of “biological psychiatry”: research now focused on the brain itself and on the neurobio-
logical mechanisms that caused disorders such as depression and schizophrenia. We have thus, in a sense, come full
circle to a situation where the differences and borders between psychiatry and neurology are once again blurred.
Mental illnesses are now considered to be genetically and environmentally influenced disorders of brain chemistry.
The emergence and development of imaging techniques have contributed tremendously to the shift of attention to
the neurosciences in psychiatry. The structural and molecular basis of neuropsychiatric disorders is becoming
clearer, making the present volume an extremely timely one.

We congratulate the two volume editors, Thomas Schlaepfer and Charles Nemeroff, for putting together this
outstanding volume, which will appeal to psychiatrists, neurologists and neuroscientists alike. Clinical, genetic, molec-
ular, imaging, neuropathological, immunological, epidemiological, metabolic, therapeutic and historical aspects of
the major psychiatric disorders are reviewed in a thoughtful and scholarly manner. In addition, the potential and
limitations of animal experimental models for these disorders are extensively discussed.

As always we are very grateful to the team at Elsevier, and especially to Mr. Michael Parkinson, for expert assis-
tance in the development and production of this volume.

Michael J. Aminoff
François Boller
Dick F. Swaab



Preface
�I don’t consider this my science. This is my avocation. But that avocation has been completely influenced by
my science.�

Eric Kandel in a 1996 lecture commemorating the 100th anniversary of the NewYork State Psychiatric Institute,

Columbia University College of Physicians and Surgeons.

This volume on psychiatric disorders appears for the first time in the prestigious Handbook of Clinical Neurology
series; an event that affirms our belief of a fundamental conceptual shift in the conceptualization of mental disor-
ders. Psychiatry is the medical discipline diagnostically assessing and treating patients with multifaceted and complex
brain disorders that represent the leading causes of disability worldwide. These disorders are highly prevalent; each
year over 25% of adult Americans carry the diagnosis of at least one mental disorder and similar data has been
reported for Europe. The public health impact of depression is in part due to the fact that available treatments
are suboptimal; in the case of major depression, up to 40% of patients responding to antidepressant therapy
suffer from clinically relevant residual symptoms despite optimized treatment and a large sequenced treatment
(STAR*D) study, which analyzed outcome following several standardized treatment steps, reported that 33% of
patients did not respond despite four evidence-based treatment steps. Historically, brain disorders of unknown
etiology fell in the domain of psychiatry and those with known etiology in the domain of neurology.

The quotation above by Eric Kandel was published in 1998. This paper and several others by him and others
that predate it had a significant influence on the science of psychiatry, by addressing the conceptual shift from a
purely psychoanalytic framework, often conceptualized as the antithesis of biological psychiatry, to the synthesis
of psychiatry as a truly comprehensive, behavioral neuroscience. By studying the sea slug Aplysia and the fruit
fly Drosophila, Kandel and his colleagues demonstrated that memory storage depends on the coordinated expres-
sion of specific genes that code for proteins that alter structural elements of the brain. This is particularly notable
because Kandel, born in Vienna, connected after his immigration to the USA to that city’s psychiatric history by
training as a psychoanalyst, a profession at that time far removed from the biological sciences. When Sigmund
Freud – the founder of psychoanalysis – explored implications of unconscious mental processes for behavior, he
tried to adopt a neuroscientific model of behavior in an attempt to develop a scientific psychology. He proposed
that the cognitive mechanisms of normal and abnormal mental phenomena could be explained through orderly
and rigorous study of brain systems. Given the state of scientific methodology in psychiatry at the time – mainly
restricted to histopathology and assessing brain states by verbal reports of patient’s subjective experiences – this
was a somewhat futile attempt.

During the 20th century, a series of rapidly changing emphases have been prominent within psychiatry, each one
dominating a period spanning two or more decades. These developments have contributed to both diffusion and
confusion about what psychiatry really is and what it stands for, ultimately affecting the credibility of the profes-
sion. The long-standing tradition of moving disorders from the domain of psychiatry to neurology once
the pathophysiology was elucidated, as occurred with pellagra and neurosyphilis, has now finally ended with under-
standing that the major psychiatric disorders are in fact brain diseases. Research on brain disorders has led to novel
insights into etiology and pathogenesis using brain imaging techniques and molecular methods. Thus a number of
genetic risk factors for psychiatric and neurological disorders have been identified and molecular pathological
mechanisms are increasingly being scrutinized in appropriate experimental models. Molecular research has even
lead to recognition of the biological consequences and transgenerational impacts of violence and abuse. The appli-
cation of the rapidly increasing knowledge base in molecular and cellular neurobiology into psychiatry presages a
new understanding of psychiatric illness and its treatment, thereby overcoming the ideological struggles between



biology and psychodynamics—a confrontation that often was detrimental to patient care. The application of evi-
dence-based medicine to psychotherapeutic treatments has revealed the efficacy of cognitive behavior therapy
(CBT), interpersonal psychotherapy (IPT), dialectical behavior therapy (DBT) and most notably in some recent stud-
ies, psychodynamic psychotherapy. Molecular biological research has lead to new hypotheses on brain disorders; this
research will undoubtedly lead to conceptually new therapeutic strategies and the understanding of the mechanisms
of action of effective psychopharmacological and psychotherapeutic treatments. In the future it will be germane to
strengthen translational research approaches, a process in which new basic research findings will be translated to
clinical application – and from bench to bedside and back – clinical observations are fed back to basic research
allowing the generation of new testable hypotheses.

In this volume we sought to provide a comprehensive and integrated view of psychiatric care and its current
scientific foundations in 45 chapters. To give a truly international overview – well within the tradition of Sigmund
Freud and Eric Kandel – we invited two authors for each chapter, recognized experts in the chapter’s subject area,
one from the USA and one from elsewhere. In most cases this ambitious goal was achieved, resulting in outstanding
reviews of the topics reflecting the international state of the science. Each chapter was reviewed by the editors and
the series editors to assure completeness of coverage and quality. We truly believe that the burgeoning body of
research on the pathogenesis and pathophysiology of psychiatric illness and the increasing number of treatments
available to patients reviewed in this volume is at last beginning to lift the stigma of mental illness and offering hope
to those who suffer from it.

Thomas E. Schlaepfer
Charles B. Nemeroff

x PREFACE
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Terres de l’Ebre, Amposta, Spain

R.G. Robinson

Department of Psychiatry, Roy J and Lucille A Carver
College of Medicine, The University of Iowa, Iowa
City, IA, USA

S. Roose

Department of Psychiatry, College of Physicians and
Surgeons, Columbia University, New York, NY, USA

B. Rothbaum

Department of Psychiatry and Behavioral Sciences,
Emory University School of Medicine, Atlanta, GA,
USA

M. Rothermundt

Department of Psychiatry, University of Muenster,
Muenster, Germany

H.G. Ruhé
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Chapter 1

Psychiatry and neuroscience – history
MATTHIAS M. WEBER1*, GERMAN E. BERRIOS2, AND ERIC J. ENGSTROM3

1Max Planck Institute of Psychiatry, Munich, Germany
2Neuropsychiatry Service, University of Cambridge, Cambridge, UK

3Department of History, Humboldt University, Berlin, Germany
Is there anything so extravagant as the imagi-
nations of men’s brains? Where is the head that
has no chimeras in it? (John Locke, 1690)

NEUROSCIENCEANDTHEHISTORY
ANDTHEORYOFSCIENCE

The ideal of inexorable scientific progress, characterized
by expanding knowledge and increased sophistication
and complexity, is a defining characteristic of themodern
self-image of the natural sciences and can even be objec-
tivelyquantified.Rider (1944) anddeSolla Price (1963), the
founders of bibliometrics and scientometrics, notedmany
years ago that fromthe 17th century onward thenumberof
scientificpublicationshasbeendoublingevery 10–20years,
while at the same time citations of earlier literature have
fallen off markedly. This finding seems also to be con-
firmed by publishing developments in the fields of basic
psychiatric and neurobiological research.A rough estimate
based on the medical subject headings gathered in the
National Library of Medicine’s Medline Database shows
that in the four decades from 1966 to 2005 the number
of essays on psychiatric disorders published in magazines
increased from 5400 to 32 000 per year, and in the entire
field of neuroscience from 35 000 to 144 000 per year.

Does this increase of approximately 4% per year
actually reflect inexorable and continuous progress in
neuroscience and psychiatry? Among contemporary
historians and philosophers of science, this traditional
image of progressive scientific development is consid-
ered to be naive. This is not to deny that research is
shaped markedly by concepts and issues inherent to
specific scientific fields – concepts such as “neuron”
*
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(Waldeyer-Hartz, 1891), “nerve growth factor” (Cohen
and Levi-Montalcini, 1957), or “manic-depressive
illness” (Kraepelin, 1899). Yet such ideas are by no
means the result of simple linear growth in knowledge.
Instead, scientific consensus derives from complex
historical processes that involve political attitudes, pre-
vailing scientific beliefs, or academic career trajectories,
just as much as more “objective” criteria like the
research methodology or the structures of decision-
making processes in research groups. Furthermore,
medical science does not exist simply for its own sake;
instead, it is practiced in institutes and clinics that are
financed by state organizations or private enterprises
(Fig. 1.1). Consequently, it is shaped by political and
administrative decisions and must respond to social
needs. The results of a scientific inquiry are deemed
“facts” only after they have been published in pro-
fessional, peer-reviewed journals, presented at con-
ferences, and accepted as worthy of discussion by the
“scientific community.”

This “constructivist” understanding of science evolved
within the history of the neurosciences. It can be traced
back to the work of the Polish microbiologist Ludwik
Fleck who, in 1935, after working in the laboratory of
August vonWassermann, used the successful serological
identification of syphilis to study the factors that influ-
ence scientific innovation and knowledge growth. Fleck
spoke of “styles of thought” (Denkstile) to describe the
comprehensive concepts and hypotheses that influence
the questions and methodologies of any given scientific
community. Subsequently, in his study on the Scientific
Revolution, Thomas Kuhn (1962) coined the phrase
“paradigm” to describe the underlying idea that any kind
cal Archive, Max Planck Institute of Psychiatry (Deutsche
Munich, Germany. Tel: þ49 (0)89 30622-306, Fax: þ49 (0)89



Fig. 1.1. Laboratory of the neuropathology department of the

German Research Institute for Psychiatry (Deutsche

Forschungsanstalt für Psychiatrie), Munich, c.1930. The

laboratory is the site of contemporary neuroscience. It brings

together a community of scientific objects comprising not

only the researchers themselves, but also their concepts and

ideas, and the technical instruments they use to produce

scientific images. (Max Planck Institute of Psychiatry,

historical archive: photo collection DFA.)
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of research is affected by such antecedent styles of
thought. For example, the classification of mental dis-
eases as “psychogenic neuroses” and as “organically in-
duced psychoses” was an important characteristic of
the psychiatric style of thought in the middle of the
20th century, and until recently the “one gene – one pro-
tein” hypothesis dominated the field ofmolecular biology.
Scientists doing research in this field know from their own
experience how rapidly almost all neuroscientific disci-
plines deemed “safe” since the 1950s are subject to
change: the growing influence of epigenetics (Allis
et al., 2006) is but one typical example of such a change
in the style of thought.

The medical specialties we now call “psychiatry”
and “neurology” are also historical constructions
(Hirschmüller, 1999). They resulted not from ineluctable
scientific progress, but from the negotiations of 19th-
century practitioners who managed to redefine some
neuroses away from Cullen’s old class of “disorders
of general sensation and movement, without idiopathic
pyrexia and local lesion” (Cullen, 1803). So-called “neu-
rological diseases” were thus constructed on the basis of
two criteria: salient disorders of motor and sensory
function, and the possibility of being related to a “focal”
brain lesion. On the belief that a putative etiological
link existed between “focal lesion” and symptoms as
dictated by the clinicopathological model of disease, it
was further claimed that the said motor and sensory
changes were “primary” and that all other complaints,
e.g., mental symptoms and cognitive deficits, were
“occasional” or “secondary.” Huntington’s disease,
Parkinson’s disease, and multiple sclerosis were con-
structed in this way (Berrios and Porter, 1995). This ma-
neuver created two independent clinical spaces: on the
one hand the brand new space of clinical neurology
and on the other the obscure space of alienism
that was occupied by conditions which were definable
only in terms of mental symptoms or behavioral
complaints and which could not be plausibly linked to
a “focal brain lesion.”

Although critics have advanced many valid argu-
ments against such constructivist models, the ensuing
debates in the history and philosophy of science have
insured that it is no longer possible to view science as
a closed system, isolated from society, politics, and
economics and governed by its own inherent rules of
knowledge acquisition (Golinski, 1998). Scientists work-
ing in the field of psychiatry and neuroscience should be
especially aware of this fact, because in public discourse
their concepts always affect human self-interpretation
in a very particular way. For example, the 20th century
has been called the “psychiatric century” (Porter, 2002).
Culturally and historically, it has been shaped decisively
not just by psychoanalysis and “biological psychiatry”
or psychopharmacology, but also by the antipsychiatry
movement in the 1960s and 1970s and by psychiatric
genetics in both its racist guise under National Socialism
and its arguably progressive contemporary guise.

Given the abundance of knowledge at the disposal of
contemporary psychiatrists and neurobiologists, they
can hardly keep up with current literature in their own
field, let alone with the history of their discipline. Given
the international nature of biomedical research today,
historical accounts that stress national traditions – as the
introduction to volumeoneof thefirst editionof this hand-
book (Zülch, 1968) did – no longer seem relevant. Instead,
to understand long-term developments in neuroscience, it
now seems more appropriate to focus on several core
themes that have recurred in debates throughout history.
More precisely, two key questions seem worthy of con-
sideration: first, the material localization of the psyche,
and second, the significance of hereditary transmission
in the etiology of mental disorders.

R ET AL.
THEORIESANDCONCEPTSOF
LOCALIZATIONANDGENETICS

The localization of the psyche as a function of the brain
is anything but self-evident. In Greek antiquity, espe-
cially in the well-known paper on epilepsy in the Corpus
Hippocraticum, disturbances in the brain were believed
to cause mental illness. Yet this belief should not be
taken to imply that the idea of the psyche being localized
in the blood/heart system, i.e., in the body fluids, became
obsolete. Although today the brain is often described
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using the metaphors of computer science and infor-
mation technology, contemporary theories that are
indebted to classical humoral pathology have played
a decisive role in neuroendocrinology and research
on depression (Holsboer, 2001). Not until after the
Enlightenment did the brain finally became the “organ
of the soul” (S€ommerring, 1796). Most of the neurosci-
entific studies conducted during the past two centuries
can be understood as attempts to specify mental
functions ever more precisely, to record them quantita-
tively, and to allocate them to ever more “individual”
morphological structures of the central nervous
system along the lines of a pragmatic, psychophysical
parallelism.

From this perspective, the 18th-century phrenology of
Franz Joseph Gall, which today is ridiculed as “unscien-
tific,” was of no less importance than the mapping of the
cortex by Oskar Vogt or the identification of the central
visual system of the vertebrates by David Hubel (1982)
and Torsten Wiesel in the second half of the 20th cen-
tury. Moreover, there have always been competitive
models, especially in neurophysiology, in which the
overall function of the brain was considered more
important than a sophisticated topology. Such concepts
were advocated by Pierre Flourens (1824) and Charles
Sherrington (1906), for example. In addition, the
paradigm of localization illustrates the fact that certain
concepts, although successful in basic research, do not
necessarily result in clinical progress. A neuropathologi-
cally oriented psychiatry that traced its roots to the work
of Theodor Meynert (1884), Carl Wernicke, or Paul
Flechsig was replaced by the nosologies of Emil
Kraepelin, who emphasized the clinical observation
and diagnosis of psychopathological states (Burgmair
et al., 2003).

Like the allocation of psychic functions to brain
structures, the observation that similar psychopatholog-
ical conditions recur in families over several generations
and are therefore connected to procreative and heredi-
tary processes dates back to Greek antiquity (Lesky,
1950). Plato’s Politeia, for example, demonstrates that
ideas about heredity have also always produced con-
cepts that quickly extend beyond specific disease pre-
vention and often assume the character of utopian (or
dystopian) directives. For centuries, the hereditary trans-
mission or “familiar taint” was only one of numerous
somatic and psychological factors that medical writers
recognized as causing mental illness. It was only after
the emergence of “degeneration theory” – first in France
around 1850 (Morel, 1857) and later in Germany and
England thanks to Richard von Krafft-Ebing and Henry
Maudsley – that hereditary transmission of pathogenic
traits came to be seen as the most important etiological
factor behind nearly all mental diseases.

PSYCHIATRY AND NEU
Degeneration theory’s quick dissemination was due
not only to the fact that the new science of biology seemed
to confirm traditional moral/religious ideals, but also that
it “fit” the political climate in France and Germany in the
second half of the 19th century (Dowbiggin, 1985). While
both Darwin’s theory of evolution and scientific genetics
emerged independently of degeneration theory, against
the backdrop of the political and social milieu around
1900 these concepts combined to bring forth social
darwinism in England and racial hygiene in Germany
(Weber, 1993). Eventually the latter served as justifica-
tion for forced sterilizations and the murder of some
hundred thousand individuals suffering from mental
illness under the National Socialist regime.

Since the identification of DNA as the basis of here-
ditary transmission by James Watson and Francis Crick
in the 1950s, psychiatry and neurogenetics have looked
increasingly to molecular biology. The social utopias of
early geneticists no longer seemed plausible, not least
because of Mendel’s law which, itself being quite
simple, was replaced by ever more complex ideas of
biological gene–environment interactions. Despite the
enormous quantity of data produced using modern,
genome-wide scans and elaborate biostatistical analysis,
identification of the genetic components of mental
disorders remains a daunting task, and there is no telling
what consequences genetic research harbors for psy-
chiatric nosology and therapy.

The history localization theories and psychiatric gene-
tics thus show that methodological and conceptual
changes do not necessarily resolve fundamental ques-
tions. Instead, more often than not, they simply refor-
mulate those basic, underlying questions.

OSCIENCE – HISTORY 3
HISTORICAL EPISTEMOLOGIESOF
NEUROSCIENCE ^ PICTURING

THEBRAIN

The relative stability of theoretical frameworks such as
cerebral localization and heredity points to a distinctly
anticipatory or proleptic structure of the neurosciences
(Borck and Hagner, 1999). That is, although the theore-
tical problems have remained relatively stable, the
solutions which the neurosciences have offered up
throughout history have been chronically anticipatory,
perpetually holding out the prospect of solving ultimate
questions of human life and consciousness. It is not so
much the basic theoretical assumptions of localization
or heredity that have managed to keep this anticipatory
engine in gear, but rather the successive waves of new
technologies and instruments that generate fascinating
new perspectives and invasive possibilities. History
can help us recognize and appreciate this proleptic
structure and the conditions that support it.
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Among the most pervasive and revolutionary technolo-
gies that have come to inform contemporary neuroscience
are the new imaging techniques. Researchers now have at
their disposal an array of instruments that enable them
to study the brain in vivo, including most prominently
positron emission tomography (PET), functional mag-
netic resonance imaging (fMRI), and electro- and mag-
netoencephalography (EEG, MEG). These techniques
hold out the promise of a new scientific psychopatho-
logy that can visualize the functional organization of
the brain and ultimately link it to the workings of the
human mind (Andreasen, 1997). By delivering a
“cartography” of neural connections, analyzing
“abnormal prefrontal activation,” or studying the sys-
temic effects of “symptom provocation,” these
methods sustain hopes not only of drawing together
an eclectic mix of disciplines such as neuropathology,
neuroendocrinology, neuropsychology, and psycho-
pharmacology, but also of replacing clinically grounded
diagnostic systems with nosologies based on etiology
and pathophysiology.

Brain images have a unique and complex epistemo-
logical status. For one, the knowledge that they mediate
is conditional upon the very material apparatus that gene-
rates them (Brown, 2001; Baird, 2004;Wise, 2006). Today
pictures are above all products of complex scanning
and computing devices, and their development parallels
the history of these technologies. They derive from highly
manipulative interactions, protocols, and procedures
of data collection, and their material reality is anchored
in the processing of electronic data using various filters,
statistical algorithms, “black-box” software packages,
and representational conventions rather than on some
putatively “pure” observation of physical phenomenon
(Eddy et al., 1999).

The electronic and statistical manipulation that lies
behind these images is just the most obvious example
of the “packed significance” (Tucker, 2006) of images.
For they are also socially and culturally formed. They
demand the cultivation of the observer (“viewing
culture”) and become incomprehensible if divorced
from the signifying systems and cultural machinery
(theories, interpretive contexts) that surround them
and in which they are embedded. They require institu-
tions that can coordinate and support the requisite tech-
nical and scientific skills (Lenoir, 1997). Pointing to such
epistemological constraints fosters a greater awareness
of visual images as material and sociocultural artefacts
(Tucker, 2006). Images and their content are produced
and decisively modulated by the various material, social,
institutional, and cultural conditions that support their
generation and dissemination. Historical analysis of
the “packed significance” of images provides a reflexive
platform on which we can critique the epistemological
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status of contemporary technologies and explore the
proleptic dynamics they generate.

Contemporary imaging techniques and the claims
that accompany them are only the most recent artefacts
in a long tradition of picturing the brain. Indeed, the
history of psychiatry and neurology contains a plethora
of different imaging technologies. Most famously,
Franz Joseph Gall’s phrenological pictures mapped men-
tal function on to the human skull and in doing so cre-
ated an entire iconography that decisively shaped early
19th-century discourse and understanding. The staining
and photographic techniques developed by Camillo
Gogli exposed the neuroanatomic networks that under-
girded consciousness and simultaneously exploited the
enormous excitement unleashed by the exploration of
hitherto unimaginable microscopic worlds. Wernicke’s
schematic drawings were crucial in interpreting aphasic
symptoms as breakdowns within brain centers and their
connections, so much so that clinical protocols were
tailored to fit the diagrams (Jacyna, 2000). The graphic
representations produced by Hans Berger’s EEG
captured not only traces of underlying physiological
processes in the brain, but also the imaginations
of spectators for whom cultural metaphors of mental
energy and of the human body as an electric motor were
commonplace (Rabinbach, 1990; Borck, 2005). All of
these visual media and the proleptic fascination that
has accompanied them have played a crucial role in
the development of the neurosciences. The respective
historical images and the technological systems and
cultural machinery in which those images were embed-
ded have informed what scientists knew, how they came
to know it, and what questions have been (able to be)
asked (Kosslyn, 1999).

One of the most striking aspects of neuroimaging is
the fact that its very material and cultural embeddedness
belies the rhetoric of objectivity that has enveloped it
throughout much of history. Successive technologies
of visualization (e.g., microscope, EEG, fMRI) have,
in their own specific ways, mediated the relationships
between observers and objects, straddling the divide
between “trust and depth” and evoking at once both
distance and proximity in what can be described as a
“paradox of transparency” (Borck, 2001; Brown, 2001;
Wise, 2006). On the one hand, the pictures are the prod-
ucts of increasingly complex technical manipulations
that distinguish them as characteristically human arte-
facts. On the other hand, however, they seem to make
claims to represent natural phenomena objectively and
to reveal fundamental truths about the working of the
human brain (Sargent, 1996; Perini, 2005). What links
early efforts to visualize brain function with contempo-
rary imaging techniques is their ability to fascinate
observers and to sustain scientific and public discourse.

R ET AL.
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They underscore a tradition of using and managing
pictures with the help of a “rhetoric of self-evidence”
(Borck, 2001) that transforms pictures into transparent
representations of nature, unsullied by human acti-
vities. Although obviously contested, various historical
images of the brain have been able to muster discursive
credibility and support broad claims about the nature
of the mind–body relationship.

PSYCHIATRY AND NEU
NEUROSCIENCEANDPSYCHIATRIC
DISORDERS ^DEMENTIA ASAMODEL
FORTHE INTERDEPENDENCEOFBASIC

ANDCLINICAL SCIENCE

Clinical pictures in general result from the convergence
of a name (word, term), a concept (i.e., the explanatory
narratives anchoring the process to a given historical
period), and a set of behavioral forms or captured sub-
jectivities. This third component of the convergence, the
behavioral forms, has proven to be the most complex
and elusive. For example, on the one hand, it can be
regarded as ontologically stable and independent from
the language of description, and on the other as a con-
struct whose structure is fully dependent upon the con-
cepts and descriptions involved in the convergence. Each
of these polarities gives rise to an entirely different
approach to the history and philosophy of psychiatry.
A viable standpoint is somewhere between the two
extremes: the language of description provides the opa-
que object of inquiry with form and meaning (Berrios
and Marková, 2006). Convergences can be successful
(lasting) or unsuccessful. Success should be primarily
defined as a social, political, and economic category.

The history of dementia can be envisaged as a loose
concatenation of convergences. We shall pick up the
story during the 18th century. Clinical phenomena listed
under the term “dementia” can be found in the classifi-
cations of nosologists such as Linné, Cullen, Sagar,
McBride, and Boissier de Sauvages. At the time, “de-
mentia” meant both legal incapacity, as it featured in
the Code Napol�on, and disorganization of mind and
of actions as may result from a long bout of madness,
a blow to the head, poisoning, multifarious diseases of
the brain, old age, or malformation at birth. During this
period, the distinction between dementia and idiocy had
not yet been fully operationalized, nor were irreversibil-
ity and incurability definitional features of dementia.
Likewise, it was not called “organic” simply because
the organic–psychogenic dichotomy had not yet been
constructed. This is the definition of dementia that
appears in Pinel’s (1809) classification.

During the first half of the 19th century, successive
conceptual pressures were brought to bear upon this
definition. The reconstruction was started by Esquirol
(1814), who created a clinical profile for the dementias
and classified them into acute, chronic, senile, and com-
plicated types. Towards the end of the century a new
convergence and the “cognitive paradigm” of the de-
mentias had become fully established (Berrios and
Freeman, 1991).

Six main conceptual pressures can be listed. The first
was the introduction of the etiological dichotomy “or-
ganic and functional,” following the work of Bayle
(1826) on the relationship between chronic arachnoiditis
and general paralysis of the insane. Second, there was
the separation between vesanic and organic dementias,
with the former being recognized as the terminal stage
of a variety of forms of madness. Third, there was the
entrance into neuropathology of the differentiation be-
tween parenchymal and vascular softening of the brain
following the work ofRostan (1823). Fourth, the introduc-
tion of “time” as a dimension ofmadness led to the devel-
opment of dichotomies as acute–chronic, reversible–
irreversible, and young–old, and to the redefinition and
reclassification of the dementias. Fifth, there was a shift
of social and scientific interest towards the cognitive
functions. Sixth, and in the wake of Ebbinghaus’ (1885)
work on memory, the new quantitative approach to
mental faculties led to the redefinition of dementia in
terms of specific memory deficits (Jaspers, 1910). The
resulting new convergence was more focused: dementia
became an acquired disorder of senility, either degenera-
tive or vascular, irreversible, primarily involving intellec-
tual functions, of which memory deficits had the lion’s
share.Thisverynarrowmodelofdementia,whichhasbeen
called the “cognitive paradigm,” was to govern research
and clinical practice until after the Second World War.

The six conceptual pressures listed above, accompa-
nied by much etiological speculation, brought about
changes in the definition and classification of the de-
mentias. The syndromatic concept was jettisoned and
specific dementias – with or without specific clinical
profiles – were defined according to known or putative
neuropathology. The differentiation between degenera-
tive, traumatic, toxic, infectious, and atherosclerotic de-
mentias provided the opportunity to seek differential
biological markers (Berrios and Freeman, 1991). This
notwithstanding, it can also be said that the “cognitive
paradigm” did set back research. This was very much
the case in relation to the diagnostic value of psychiatric
symptoms, such as hallucinations, delusions, obses-
sions, depression, confusion, and behavioral disorder.
Early enough, theoreticians had chosen to introduce
an auxiliary hypothesis, e.g., a “superimposed delirious
state,” to explain these symptoms away and protect
the cognitive paradigm. It has only been during the
last 30 years that they have been accepted as “primary”
components of some of the dementias.

OSCIENCE – HISTORY 5
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The last 20 years of the 19th century show an interac-
tion between research in the basic sciences and changes
in the concept of dementia. In addition to the psycholog-
ical research into the concept of memory noted above,
there were important advances in bacteriology and in
brain neuroanatomy, particularly in the development
of the concepts of neuron and synapse, and the comple-
tion of the mapping of both cortical and subcortical
functions. By the time Pick and Alzheimer started their
research, robust correlations were being established
between clinical profile and neuropathology (Berrios,
1990). Arnold Pick was an acute clinician and his
observations on the relationship between linguistic and
behavioral disorders and temporal and then frontal
brain atrophy became a model of analysis (Kertesz
and Kalvach, 1996).

The construction of so-called Alzheimer’s disease is
far more complicated. It was undertaken by Kraepelin
with little or no participation from Alzheimer himself,
who only lent his name to the enterprise and was rather
unconvinced that his report of the case of Auguste D
constituted the beginning of a new disease (Berrios,
1990). The fact that this 51-year-old woman had marked
visual hallucinations, delusions, agitation, and other
behavioral disturbances and that the neuropathological
report showed marked vascular changes, and that these
features were to disappear in the idealized final defini-
tion of the disease is illuminating of the process of dis-
ease construction. Equally illuminating is the finding
that the additional “case” found by young Perusini at
the request of Kraepelin was worryingly similar and
that the existence of such a case has not yet been
independently ascertained.

Although Alzheimer’s disease became the flagship
of, and model for, the rest of the dementias, it did
not attract a great amount of interest from researchers
and clinicians until in the late 1970s the strange claim
was made that there was in the offing a “silent epi-
demic” of dementia. This has led to a disproportionate
investment of money and time to find a magic bullet,
which, in general, has not paid off. But this is not the
only problem. The important concept of arteriosclerotic
dementia was challenged in the 1970s and a famous neu-
rological instrument was introduced to rule out vascular
involvement and identify “pure” cases of Alzheimer’s
disease. In due course, the Hachinski score proved to
be a very bad instrument – it only detected the presence
of stroke — which means that a great deal of the
research results based on the analysis of “pure”
Alzheimer’s disease are invalid. Be that as it may, major
advances in neurogenetics have led to the fragmentation
of whatever “Alzheimer’s disease” happens to be. This
process, just started, also involves conditions such as
Parkinson’s disease.
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What is happening to Alzheimer’s disease and the
other dementias cannot just be explained away as the re-
sult of understandable “scientific” error. It is also the
result of faulty conceptualization, boundary disputes
between medical specialisms, and the disproportionate
influence of certain social groups in the apportioning
of research funds (Ballenger, 2006). This can be seen
in the way in which Alzheimer’s disease and Parkinson’s
disease are mentioned as the “only and final” objectives
every time a new – controversial – line of research is to
be introduced. Research into the dementias is now part
of the new rhetoric of power and it has become impos-
sible to talk rationally about their relative clinical
importance.

The example of the dementias illustrates that the
development of neurobiological research is highly depen-
dent on conceptual, political, social, and technical factors
that are not directly related to scientific or clinical
priorities. Although neuroscientists cannot escape these
dependencies, they should at least be aware of them.

R ET AL.
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Chapter 2

Receptor signaling and the cell biology of synaptic

transmission
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Departments of Physiology and Biophysics and Psychiatry, University of Illinois
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INTRODUCTION

Receptors are proteins (either at the cell surface or intra-
cellular) that bind hormone/neurotransmitters and begin
the process of converting the agonist from extracellular
signal to intracellular response. Generally, receptors rec-
ognize a particular hormone/neurotransmitter with great
specificity and high affinity. Subsequent to the binding of
their agonists, these receptors undergo a change of con-
formation which shifts them into an activated state.

The concept of a hormone or neurotransmitter requir-
ing a receptor in order to exert effects was established
more than a century ago, first having been introduced
by Langley in 1905. At that time, receptors were concep-
tual entities. As of this date, the molecular structure of a
greatmany receptors has been identified and the details of
their activation are beginning to be understood. For some
receptors, the crystal structures have been solved (Kimura
et al., 2008; Kleinau et al., 2008). Receptors can also be
defined as macromolecules that exhibit highly selective
properties for binding neurotransmitter or hormone.
The term “ligand” can refer to any molecule that binds
to a receptor, while “agonist” and “antagonist” refer to,
respectively, molecules that are able to activate a receptor
and molecules that bind to a receptor but evoke the inac-
tive confirmation. Some antagonists do evoke a response,
and this will be discussed below. Currently, receptors have
been divided into four groups (Table 2.1).

METHODSFORRECEPTOR ANALYSIS

There are two primary ways to study the interaction bet-
ween a hormone and its receptor. One of these methods
involves a biological assay. A classical biological assay
*
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Biomedical Neuroscience Training Program, University of Illinois C

IL 60612-7342, USA. Tel: 312 996 6641, Fax: 312 996 1414, E-mail:
utilizes an isolated organ strip, such as the guinea pig
ileum, and measures changes in both the frequency
and strength of contraction of the intestinal smooth
muscle in response to the presence of an agonist. Such
a system allows the investigator to coordinate the dose
of hormone with the strength of the response, but quan-
tification is often imprecise.

RADIOLIGANDBINDING

Another approach to studying receptors is through radioli-
gand binding.Hormones, neurotransmitters, or derivatives
thereofhavebeen labeledwith a varietyof radioactive com-
pounds. Small amounts of membrane at intact cells can be
assayed for their ability to bind these radioactive drugs. The
radioactive compounds can be either agonist or antagonist,
and through the use of these compounds a quantitation
of both the number of receptors and the affinity of those
receptors for the drug can be determined.

RECEPTORQUANTITATION

Regardless of whether a bioassay or a radioligand-
binding assay is used, receptors can be quantified in terms
of both numbers in which they are present and the affinity
they show for a given hormone or neurotransmitter.
Saturability and specificity can also be determined.

Saturability refers to the property of a receptor to
have a limited capacity for saturation by an agonist.
Any given membrane system will have a certain amount
of nonspecific binding. Nonetheless, nonspecific bind-
ing will increase even past the point where specific
binding has saturated. This is illustrated in Fig. 2.1A.
Receptors show specific binding as well as saturability.
essor of Physiology and Biophysics and Psychiatry, Director,
hicago College of Medicine, 835 S. Wolcott m/c 901, Chicago,

raz@uic.edu



Table 2.1

Representative classification of hormone and neurotransmitter receptors

G protein-coupled receptors
Receptors that are
ion channels

Receptors that have protein
kinase activity Intracellular receptors

Peptide hormone receptors
(e.g., LH, opiate receptors)

GABA receptors Insulin receptors Receptors for steroids

Receptors for monoamines
and catecholamine

Glutamate receptors Receptors for growth factors
(e.g., BDNF, EGF)

Receptor for thyroid
hormone

Acetylcholine receptors Acetylcholine receptors Receptors for cytokines
(e.g., TGF-b)

Vitamin D receptor

Eicosanoid receptors Serotonin receptors Retinoic acid receptor

LH, luteinizing hormone; GABA, gamma-aminobutyric acid; BDNF, brain-derived neurotrophic factor; EGF, epidermal growth factor;

TGF-b, transforming growth factor-b.

Fig. 2.1. (A) Measurement of receptors using radioligand

binding. Membranes (or cells) are incubated with radioactive

agonist or antagonist and collected by sedimentation or filtra-

tion. Radioactivity in particulate fractions is calculated and

plotted as shown above. Nonspecific binding refers to that por-

tion of the total binding which persists in the presence of an

excess of unlabeled compound. Note that, while specific bind-

ing is saturable, within the range of the experiment shown,

nonspecific binding does not saturate. (B) Two plots of spe-

cific binding versus concentration of ligand. (C) The approx-
imate Kd is represented by the ligand concentration at 50%

saturation of specific binding. DPM, disintegrations per

minute. (Reproduced from Felig and Frohman (2001), by

permission of McGraw Hill Education.)
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For example, a b-adrenergic receptor will bind epineph-
rine and norepinephrine as well as specific b-agonists
such as isoproterenol. Ligand binding is stereospecific
as well. In the case of epinephrine and isoproterenol,
the L-isomers are active and the D-isomers are inert.
Dopamine is also capable of binding to the b-receptor,
but at a much higher concentration. Radioligands
designed as b-adrenergic antagonists will also bind to
the b-adrenergic receptor. Many of these compounds
might stick to membranes or are sufficiently lipid-
soluble that they enter the cell. Such compounds would
not show saturable binding within the concentrations
likely to be used to assay their binding.
KINETICSOFRECEPTOR BINDING

In order to perform radioligand binding assays, radi-
oligands are added to plasma membranes or cell ho-
mogenates at a known concentration, and the
separation of bound from free ligand allows the deter-
mination of the amount of receptor present in the re-
action. The intrinsic affinity of a receptor for a given
ligand can also be calculated. Receptor and ligand
exist either free or bound to one another, but when
saturation-binding studies are performed, the concen-
tration of ligand varies while the concentration of
receptor (membrane or homogenate) remains con-
stant. Thus

Lþ R<>
k1

k2
LR and Kd ¼ k2 ¼ ½L� ½R�

k1 ¼ ½LR�
where k1 ¼ association rate constant, k2 ¼ dissociation
rate constant, [L] ¼ concentration of free ligand, [R] ¼
concentration of free receptor, [LR] ¼ concentration of
receptor–ligand complex, and Kd ¼ dissociation equi-
librium constant.
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The total number of receptors [Rt] ¼ [R] þ [LR]
and

½LR� ¼ ½L�½Rt�
½L� þ Kd

The term r was originally used to define response (when
using a bioassay such as the guinea pig ileum) but is also
used to describe the fraction of occupied receptors. Thus:

r ¼ bound ligand/total ligand ¼ [LR]/[Rt]

When measuring the binding of a radioligand to a
receptor, the concentration of receptor (amount of mem-
brane) remains constant and the amount of radioligand
increases.When r versus [L] is plotted, a classic saturation
plot results (Fig. 2.1B). [L] at 50% of the maximal value
of r (also termed n, the total number of receptors avail-
able for binding ligand) gives a good approximation of
the Kd (dissociation equilibrium constant).

Occasionally, receptors may display multiple affinity
states (this may not be the case for all ligands at a given
receptor). This is studied by plotting the amount of
bound ligand versus the bound/free ligand (Fig. 2.2A).
The result is known as a Schatchard analysis and is
the most commonmethod to determine receptor affinity
or affinities.

RECEPTOR SIGNALING AND THE CELL
Fig. 2.2. (A) Scatchard analysis of receptor binding. Left, a

receptor with a single affinity state for the binding of ligand;

right, two-site fit. (B) Hill plots for the determination of

cooperativity in ligand–receptor binding. Three Hill plots

are shown here. (a) Four binding sites (possibly a tetramer);

(b) is representative of a single site; (c) cooperative binding

of fewer than four but more than one site. (Reproduced from

Felig and Frohman (2001), by permission of McGraw Hill

Education.)
Thus, radioligand-binding studies are useful both to de-
rive the potency of a drug and to determine the maximum
number of receptors on the cell surface (Bmax), that are
available for binding hormone or neurotransmitter. As
described above, these parameters can also be determined
using a biological assay. Another unique parameter
derived is that of the efficacy of a given hormone or
neurotransmitter. The efficacy refers to the ability of
the hormone or neurotransmitter to produce a biological
effect. In molecular terms, one might measure efficacy
as the activation of an enzyme system linked to hormones
or neurotransmitters, such as adenylyl cyclase or phospho-
lipase C. In the bioassay, one might measure efficacy as
the ability to increase the rate or extent of contractions ver-
sus the amount of a compound as well as the maximum
amount of contractions observed in the presence of a
given compound.

Some receptors are oligomers that may display
cooperative binding of ligand by the subunits. This
can be determined with a Hill plot. This is determined
by plotting log [E/Emax – E] (where E is the effect pro-
duced and Emax is the maximal effect) versus log [L].
The slope indicates whether cooperative ligand binding
exists (Fig. 2.2B). A Hill coefficient (slope of the Hill
plot) of unity indicates that binding is noncooperative.
When the Hill coefficient is different from 1, either
positive or negative cooperativity exists in the binding
of ligand. Receptors need not be preformed oligomers
in order to display cooperative binding.

The issue of G protein-coupled receptor (GPCR) olig-
omerization has been studied extensively over the past
decade (Milligan, 2009). The initial discovery that two
isoforms of the GABAB receptor formed a heterodimer
that was required for receptor activation led to investiga-
tions concerning the heterodimerization or homodimer-
ization of a number of GPCRs. Indeed, a number of
these receptors can, and probably do, form functional di-
mers. Nonetheless, with the exception of GABAB and
certain taste receptors, it is not clear that dimerization
is obligatory for receptor function. In fact, artificial sys-
tems excluding those that preclude receptor dimeriza-
tion demonstrate that b-adrenergic receptor monomers
couple functionally to G protein for the activation of
adenylyl cyclase (Cunliffe et al., 2007).

OLOGY OF SYNAPTIC TRANSMISSION 11
Modulation of receptor
affinity by G protein

GPCRs show a significant decrease in agonist affinity
following the introduction of guanosine 50-triphospate
(GTP) into the medium. This is demonstrated in Fig. 2.3.
Isoproterenol, a b-adrenergic agonist, displaces iodo-
cyanopindolol (a radioactive antagonist) with less potency
in the presence of GTP. It is suggested that the complex



Fig. 2.3. Guanosine 50-triphosphate (GTP) decreases agonist
affinity. In the experiment shown, the b-adrenergic agonist,

isoproterenol, is used to displace the labeled b-adrenergic an-
tagonist, 125I-iodocyanopindolol (ICYP). In the presence of

GTP significantly more isoproterenol is required to displace

the iodocyanopindolol. This “right shift” of the binding curve

indicates that, in the presence of GTP, affinity for agonist by

the receptor is decreased. (Reproduced from Felig and Froh-

man (2001), by permission of McGraw Hill Education.)
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between receptor and G protein represents the high-
affinity state for agonist binding. Agonist allows the ac-
tive receptor to induce the G protein to bind GTP (this will
be explained more completely below), which then causes
the G protein to dissociate from the receptor. This “free
Fig. 2.4. Model of a “classic” G protein-coupled receptor. The

(among all G protein-coupled receptors) are shown in black. B

the serine marked with * is conserved in all G protein-coupled ser

coupling. (Modified from Probst et al., 1992).
receptor” has a lower affinity for agonist than does the
receptor–G protein complex. Note that some antagonists
also show the ability to undergo this “GTP shift.” As
will be noted below, some antagonists also modify the
conformation of certain other GPCRs.

. RASENICK
GPROTEIN-COUPLEDRECEPTOR
SIGNALING

GPCRs are a major class of transmembrane receptors
responsible for recognition of a large array of diverse
ligands to mediate the transmission of signals from
the extracellular environment to the generation of cellu-
lar responses. GPCRs regulate a multitude of physiolog-
ical functions through activation of heterotrimeric
G protein a and bg subunits that directly bind to target
proteins to initiate cellular signal transduction cascades,
a process that is critically important for neurons and neu-
rotransmitter action. Nearly 800 GPCRs have been identi-
fied in the human genome and include both chemosensory
receptors as well as receptors for hormones and neuro-
transmitters. Approximately 100 of these GPCRs have
not been linked to an endogenous ligand. These are known
as orphan receptors (Vassilatis et al., 2003). All GPCRs
share a similar structure, which includes seven transmem-
brane domains, an extracellular amino terminal, an intra-
cellular carboxyl terminal, three extracellular loops, and
three cytosolic loops (Fig. 2.4). While each of the seven
b1-adrenergic receptor is shown. Highly conserved residues

oxed residues are conserved in catecholamine receptors and

otonin receptors. Diamond residues are involved in G protein
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transmembrane domains comprises somewhere between
20 and 27 amino acids, the end-terminal segments as well
as either the extracellular or cytoplasmic loops can vary
greatly among the different receptor types (Rosenbaum
et al., 2009).

CHANGES INRECEPTOR
CONFIRMATION UPONAGONIST

ACTIVATION

Changes in molecular structure follow the activation of
GPCRs, and molecular alterations in relevant regions
(either naturally or by site mutation) generate receptors
with constitutive activity that are active in the absence
of agonist (Rovati et al., 2007). The importance of the
C-terminal portion of the third intracellular loop was
demonstrated in studies on the adrenergic receptor,
which is linked to norepinephrine-induced activation
of phosphatidylinositol metabolism. Substitution of
any of the 19 other possible amino acids at Ala293 con-
ferred constitutive (agonist-independent) activity in the
a2-adrenergic receptor (Kjelsberg et al., 1992). It is
likely that receptors are constrained from interacting
with G proteins and that the changes brought about
by agonists include a reorientation of the third intracel-
lular loop which permits receptor activation of G pro-
tein and the subsequent activation of the appropriate
intracellular effector (Lefkowitz et al., 1993). Studies
on many receptor types have led to the postulation that
a motif in the third intracellular loop, which is critical
for G protein coupling, can be represented by the
term BXXBB, where B is a basic amino acid, Arg,
His or Lys, and X is any other (nonbasic) amino acid
(Pauwels and Wurch, 1998).

Another region that may be responsible for G protein
coupling is located at the junction between the third
transmembrane segment and the second intracellular
loop of many GPCRs. This region is delineated by a mo-
tif known as E/DRY (Glu/Asp-Arg-Tyr), which is highly
conserved among G protein-coupled receptors and mu-
tations result in constitutive activation of many differ-
ent G protein-coupled receptors (Rovati et al., 2007).

Although the studies described above induced muta-
tions in order to study the regions on receptors that were
essential to G protein coupling, it has become clear that
some receptors are constitutively active. Furthermore,
some naturally occurring mutations result in constitu-
tive receptor activity. Shenker and colleagues (1993)
identified a mutation (Asp578Gly/Tyr) in the sixth trans-
membrane domain of the luteinizing hormone that con-
fers constitutive activation. Males carrying this
mutation display precocious puberty. Some types of
GPCR display constitutive activity in their normal state.

RECEPTOR SIGNALING AND THE CELL
While D1a dopamine receptors require the presence of
agonist to activate G protein, D1b receptors show high
constitutive activity, almost completely activating G
protein in the absence of agonist (Tiberi and Caron,
1994).

INVERSEAGONISM

The demonstration of naturally occurring constitutive
activity of GPCRs suggests that inhibition of such con-
stitutive activity should have a functional effect. Thus,
for a number of receptors, compounds exist which sim-
ply inhibit the binding of agonist (neutral antagonists)
and other compounds exist which inhibit the activity
of a constitutively active receptor (inverse agonists).
This was demonstrated for the d opiate receptor in stud-
ies which revealed that the “inverse agonist” ICI 174864
lowered the basal activation of Gi by these receptors
(Costa and Herz, 1989). Considering the model of
receptor–G protein complexes presented above, it would
be predicted that inverse agonists would show pref-
erential binding to receptors that were not coupled to
G proteins (Samama et al., 1993; Fowler, 2008).
Inverse agonism has been demonstrated at a number
of receptor types.

REGULATIONOFRECEPTOR
SENSITIVITY

Measures of agonist affinity often show receptors
displaying multiple affinities for a single agonist (i.e.,
receptors bind agonist with both high and low affinity)
(Fig. 2.3). The principal reason for this is the association
of a G protein with the receptor or lack thereof. In fact,
the addition of GTP (or a GTP analog) to these receptor-
binding assays shifts agonist binding completely into the
low-affinity state (Rodbell et al., 1971). Thus, RG repre-
sents the high-affinity state for agonist binding and
RþG, the low-affinity state. Consider that the activated
G protein engages an effector molecule in order to ac-
tivate it. To complete the cycle and return to a confor-
mation favoring the binding of G protein, agonist is
released from the receptor. The receptor is then capable
of “recycling” and binding agonist again.

RECEPTOR DESENSITIZATION

Receptors are also capable of becoming desensitized.
This process involves the attenuation of receptor res-
ponse in the continued presence of agonist. Desensitiza-
tion is a result of either of continued presence of agonist
specific for that receptor (homologous) or of a result of
either a class of agonists working toward a “common
goal” (heterologous desensitization).

OLOGY OF SYNAPTIC TRANSMISSION 13
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Heterologous desensitization

Heterologous desensitization, so named because it does
not require ligand occupancy, occurs as a result of phos-
phorylation of GPCR intracellular domains by second-
messenger-dependent protein kinases like protein kinase
A (PKA) and PKC. Serine residues on the carboxyl-
terminal tail or on the third cytoplasmic loop become
phosphorylated and appear to alter the conformation
of the receptor such that it ceases to couple effectively
to G proteins (Benovic et al., 1985). Heterologous desen-
sitization of a b-adrenergic receptor could occur either
as a result of that receptor augmenting 3050 cyclic aden-
osine monophosphate (cAMP) production and subse-
quently PKA, or of a muscarinic receptor activating
phospholipase C, and the resultant activation of PKC
(Bundey and Nahorski, 2001).

Homologous desensitization

Homologous desensitization is both sensitive to receptor
conformation and dependent on the binding of acces-
sory proteins. During the process, agonist-occupied
receptors on serine or threonine residues located on
Agonist

Signaling

PPP
C

GPCR

Dephosphorylation
& Recycling

Degradation

b-arrestin

Signa
JNK

Fig. 2.5. Receptor-mediated endocytosis. Following agonist bindi

by endocytosis. The binding of agonist to a G protein-coupled recep

longed stimulation induces receptor phosphorylation by G protein-c

activated kinases and others (not shown). Then, cytosolic b-arrestin i
of the GPCR from the G proteins. b-Arrestin also interacts with clath
ponents of the endocytotic machinery (not shown), leading to immob

the affinity of binding, b-arrestin may dissociate from the GPCR eith

plasma membrane or at a later stage during intracellular trafficking

adaptor/scaffold for GPCR activation of extracellular signal-regul

the cytoplasm. After the release of b-arrestin, the GPCR is dephosph

brane for another round of stimulation. (Modified from van Koppe
the receptor C-terminus or the third intracellular loop
are phosphorylated by specialized GPCR kinases
(GRK). GRK-phosphorylated receptors recruit arrest-
ins, which translocate from the cytosol to the plasma
membrane to prevent reformation of a receptor–G pro-
tein complex, thus leading to the classical phenomenon
of receptor desensitization (Fig. 2.5).

Arrestins, initially identified to bind to and desensitize
rhodopsin, were also identified as universal mediators of
GPCR desensitization and endocytosis. Four members of
the arrestin family have been cloned. These are the visual
arrestins (arrestins 1 and 4), where expression is limited to
retinal rods and cones, and arrestins 2 and 3 (also called
b-arrestin 1 and 2), which are ubiquitously expressed in
mammalian tissue (Kingsmore et al., 1995). All four
arrestins share sequence and structural homology. Each
has two receptor interaction domains, an N-terminal
domain and a C-terminal domain connected by a polar
hinge region (Barki-Harrington and Rockman, 2008).

Over the past decade, evidence has emerged that the
b-arrestins play much wider roles in biology than
previously imagined. They scaffold many intracellular
signaling networks to modulate the strength and
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Table 2.2

The family of mammalian heterotrimeric

G protein subunits

BIOLOGY OF SYNAPTIC TRANSMISSION 15
duration of signaling by diverse types of receptor and
downstream kinases such as the mitogen-activated pro-
tein kinase (MAPK) and Akt/PI3K cascades (Kendall
and Luttrell, 2009).

RECEPTOR SIGNALING AND THE CELL
Family Subtype Effectors

Gsa Gs(S)a Adenylyl cyclase " (GS,S(XL),olfa)
Gs(L)a Maxi K channel " (Gsa)
Gs(XL)a Src tyrosine kinases (c-Src, Hck) " (Gsa)
Go1fa GTPase of tubulin " (Gsa)

Gi/oa Go1a Adenylyl cyclase # (Gi,o,za)
Go2a Rap1GTAPII-dependent
Gi1-i3a ERK/MAP kinase activation " (Gia)
Gza Ca2þ channels # (Gi,o,za)
Gi1/2a Kþ channels " (Gi,o,za)
Ggusta GTPase of tubulin " (Gia)

Src tyrosine kinases (c-Src, Hck) " (Gia)
Rap1 GAP " (Gza)
GRIN1-mediated activation of Cdc42 "
(Gi,o,za)

cGMP-PDE " (Gia)

Gq/11a Gqa Phospholipase Cb isoforms "
G11a p63-RhoGEF " (Gq/11a)
G14a Bruton’s tyrosine kinase " (Gqa)
G15a Kþ channels " (Gqa)
G16a

G12/13a G12a Phospholipase D "
G13a Phospholipase Ce "

NHE-1 "
iNOS "
E-cadherin-mediated cell adhesion "
p115RhoGEF "
PDZ-RhoGEF "
Leukemia-associated RhoGEF (LARG) "
Radixin "
Protein phosphatase 5 (PPG) "
AKAP110-mediated activation of PKA "
HSP90 "

Gb/g b1-5 PLCbs "
g1-12 Adenylyl cyclase I #

Adenylyl cyclase II, IV, VII "
PI-3 kinases "
Kþ channels (GIRK1,2,4) "
Ca2þ (N-, P/Q-, R-type) channels #
P-Rex1 (guanine nucleotide exchange
factor for the small GTPase Rac) "

c-Jun N-terminal kinase (JNK) "
Src kinases "
G protein-coupled receptor kinase
recruitment to membrane "

Protein kinase D "
Bruton’s tyrosine kinase "
pII4-RhoGEF "

Note that some of the actions for Ga may be indirect (e.g., ion

channels gated directly by Gag).
Heterotrimeric G proteins: the next
step in the signaling cascade

Heterotrimeric G proteins, composed of a, b, and g sub-
units, represent one of the most important and dynamic
families of signaling proteins. At this time, there have
been identified 16 a, 5 b, and 12 g genes in humans
(Downes et al., 1998; Downes and Gautam, 1999;
Hurowitz et al., 2000). When alternative splicing and post-
translational processing are taken into account, 23a, 7b,
and 12g subunit isoforms have been identified (McIntire,
2009).Ga isoforms can be separated into four subfamilies,
Gi, Gs, Gq, and G12, whichmediate many processes within
the cell (Table 2.2). Multiple combinations of the 5 Gb and
12 Gg subunit isoforms are possible, yet the physiological
significance of this diversity is unclear. Current experi-
ments with antisense oligonucleotides (Kleuss et al.,
1992, 1993), Gg subunit-directed ribozymes (Wang et al.,
1999a, 2001) or genetic deletion of Gg subunits in mice
(Schwindinger et al., 2003, 2004) suggest some specific
roles of Gb and Gg isoforms in receptor signaling in intact
cells. Individual Gb and Gg subunit isoforms have also
shown the unique tissue distributions, such as that b5
subunit is rich inneuronalcells (Bettyetal., 1998).However,
thefunctional significanceofspecialized localizationofGb
and Gg subunits is not clearly understood.

GPCR activation by agonist leads to conformational
changes in the Ga and bg heterotrimer that facilitate the
exchange of guanosine diphosphate (GDP) for GTP on
the a subunit. G protein a subunits possess intrinsic
GTPase activity, and this represents one mechanism
by which signals from the agonist are terminated. It is
during the brief GTP-bound state of Ga that the Ga
and Gbg subunits both interact with effector molecules,
such as phospholipases and ion channels, in a manner
that leads to effector activation.

The physical region of Ga that appears to be critical for
receptor coupling is located at the C terminal of Ga. This
was demonstrated for Gs by using a peptide corresponding
to the final 11 residues of that molecule. The peptide was
able to block the activation of G protein or adenylyl cyclase
by the b-adrenergic receptor. The peptide also blocked the
sensitivity of binding to GTP-induced lowering of agonist
affinity, described above. The peptide mimicked Gsa in
its interaction with the receptor, as it induced
high-affinity agonist binding. Unlike the Gsa molecule,
however, this peptide-induced high-affinity bindingwas in-
sensitive toGTP.This suggested that theC-terminal portion
of Gsa evoked the receptor to form the high-affinity
agonist-binding conformation (Rasenick et al., 1994).
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RGS proteins

RGS proteins are a family of GTPase-activating proteins
with conserved RGS domains (also called the RGS box)
of about 120 amino acid residues in length. RGS proteins
interact directly with a subunits of heterotrimeric G pro-
teins to catalyze GTP hydrolysis by enhancing the intrin-
sic GTPase activities of Ga, thus converting G proteins
from a GTP-bound active state to a GDP-bound inactive
state and terminating G protein-mediated signaling
(Burchett et al., 1998; Hurst and Hooks, 2009).

RGS proteins possess remarkable selectivity and speci-
ficity in their regulation of receptors, ion channels, and
other G protein-mediated physiological events. RGS4 and
RGS19 display selectivity in their attenuation of signaling
mediated byGi orGq-coupledM1muscarinic acetylcholine
receptors,bradykininreceptors,anddopioidreceptorsboth
in vitro and in vivo (Hepler et al., 1997; Huang et al., 1997).
TheC/R7groupofRGSproteins (RGS6,RGS7,RGS9, and
RGS11) received special attention due to their pivotal roles
in the regulation of a range of crucial neuronal processes
such as vision, motor control, reward behavior, and noci-
ception in mammals. All four exhibit similar potencies to
Gao (Hooks et al., 2003). There are two RGS9 variants,
RGS9-1 and RGS9-2, derived from an alternative splicing
of the same RGS9 gene. The two variant proteins differ
only in theC-terminal region.RGS9-1 isprimarilyexpressed
in the retina,whileRGS9-2 is highly enriched in the striatum
and certain other brain areas (Seno et al., 1998; Rahman
et al., 1999). RGS9-1 is essential for acceleration of
hydrolysis of GTP by Gat, the a subunit of transducin,
the G protein in phototransduction transducin. RGS9-2
has been shown to regulate specifically D2 dopamine
receptor and m opioid receptor. RGS9-2 protein also ex-
hibits selectivity to m opioid receptors over other types of
opioid receptor (Garzon et al., 2005; Sanchez-Blazquez
et al., 2005; Rodriguez-Munoz et al., 2007).

It is noteworthy thatmost RGS proteins do not interact
with stimulatory G protein a subunits (Gas) and do not
show specific regulatory effect onGs-mediated signaling.
Two sorting nexins, SNX 13 and SNX 14, have been sug-
gested to have RGS activity for Gas and in that role have
been given the names, RGS-PX1 and RGS-PX2; they were
reported to interact selectively with Gas (Zheng et al.,
2001, 2006). RGS proteins enjoy a heterogeneous
distribution within the central nervous system and may
ultimately prove to be therapeutic targets.

Microdomains in the plasma membrane
and GPCRS signaling

The plasma membrane, while comprised of lipids and
proteins, enjoys a more complex organization than
would be predicted from proteins floating in a lipid bi-
layer. Membranes are highly compartmentalized and are
rife with domains of highly ordered and less ordered
membrane lipids. The more highly ordered regions tend
to be cholesterol-rich and these domains are normally
associated with cytoskeletal proteins as well. The term
used to describe these areas is “lipid rafts” and they
are thought to range in diameter between 20 and 100
nM. Some of these structures contain the protein caveo-
lin and form invaginated structures known as caveolae
(little caves). At this point, these structures are concep-
tual, since they are below the level of resolution of the
light microscope. Regardless, they can be manipulated
experimentally, and it now appears that neurotransmit-
ter action is, depending on the ligand and second-
messenger pathway, facilitated or inhibited in caveolae
and lipid rafts (Allen et al., 2007, 2009). Figure 2.6
shows the postulated organization of signaling mole-
cules into lipid rafts and caveolae. These membrane
microdomains have been suggested to be important sites
of action for antidepressants (Donati and Rasenick,
2005, 2008; Eisensamer et al., 2005; Zhang and
Rasenick, 2009) and may be instrumental in evoking
the disrupted signaling seen in depression (Donati
et al., 2008; Cocchi et al., 2010).

G protein effectors

A vast array of cellular processes are mediated by G
proteins. These molecules can be either activated or
inhibited by G proteins and either a or bg subunits have
been demonstrated to function as activators. A list of
some of these G protein-mediated events is given in
Table 2.2 and a scheme is shown in Fig. 2.7.

Adenylyl cyclase

This is the effector system that was being studied by
Sutherland and Rall in their pioneering work on the ac-
tivation of glycogen phosphorylase – work that led to the
identification of cAMP and the concept of intracellular
messenger molecules (Berthet et al., 1957; Rall and Suth-
erland, 1958). Adenylyl cyclase, which generates cAMP
from adenosine triphosphate (ATP), now appears to be a
family of nine distinct enzymes (plus a cytosolic ver-
sion), each with a different mode of regulation.
A common feature of all the adenylyl cyclase enzymes
is activation by Gsa and (to varying degrees) by the
diterpene, forskolin. As can be seen in Table 2.3, some
forms of adenylyl cyclase are inhibited by Gbg while
others are activated by that subunit (providing that Ga
is already associated with the molecule). While Gia
(actually, there are three forms of this protein) was
called “i” because it was inhibitory to adenylyl cyclase,
only a few forms of adenylyl cyclase are inhibited
directly by Gia. Calcium can act to stimulate some
forms of the enzyme (in conjunction with calmodulin)

. RASENICK
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Fig. 2.7. Coupling of G proteins to receptors and effectors.

The activation of aG protein-coupled receptor by agonist allows

activation of the G protein (the a subunits exchange guanosine

diphosphate (GDP) for guanosine 50-triphosphate (GTP)) and

subsequent activation of an effector by a or bg subunits. Several
types of effector are listed. (Reproduced from Felig and

Frohman (2001), by permission of McGraw Hill Education.)

Table 2.3

Adenylyl cyclase isoforms and their regulation

Regulator Effect Cyclase isoform

Gsa Stimulatory All
Gia Inhibitory I, V, VI
Goa Inhibitory I
Gza Inhibitory I, V

Gbg Inhibitory I
Gbg Stimulatory* II, IV, VII
Forskolin Stimulatory{ All

Ca2þ/calmodulin Stimulatory I, III, VIII
Ca2þ Inhibitory V, VI, IX{
PKC Stimulatory I, II, III, V, VII

PKC Inhibitory IV
Calmodulin kinase Inhibitory III

*Enzyme must first be stimulated by Gsa.
{Very weak stimulation for type IX.

{Requires calcineurin.
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while calcium can act directly to inhibit other forms.
Phosphorylation appears to be a regulator of some
forms of adenylyl cyclase.

Regardless of subtype, all adenylyl cyclase isoforms
share a basic common structure. Figure 2.8 shows two
similar subunits, each spanning the membrane six times
and connected by an intracellular loop. The activation
and inhibition processes have been determined in a se-
ries of experiments where the cytoplasmic portions of
adenylyl cyclase were excised, linked and the cDNA con-
struct expressed in Escherichia coli (Tang et al., 1991;
Tang and Gilman, 1992; Taussig et al., 1994). Both sec-
tions must be expressed in order for the enzyme to show
activity.

Adenylyl cyclase generates cAMP from ATP and the
substrate for the enzyme is Mg-ATP under normal
cellular conditions where Gsa serves as the activator.
Mn-ATP is a substrate for the enzyme in the absence
Fig. 2.9. Substrates for, and products of, G protein-coupled phosp

Felig and Frohman (2001), by permission of McGraw Hill Educa
of Gsa. cAMP acts as the intracellular agent involved
in transmitting the hormonal signal. This is explained
below.

. RASENICK
Insight to adenylyl cyclase from
its crystal structure

A homodimer of the C2 domains of adenylyl cyclase has
been crystalized (Zhang et al., 1997a, b) and has a com-
plex of Gsa-C1-C2 heterodimer (the source of C1 was
type V adenylyl cyclase and C2 was from the type II
form of the enzyme) (Tesmer et al., 1997). The crystal
structure suggests a catalytic site (binding ATP) in the
interface between the two cytoplasmic domains of ade-
nylyl cyclase. Since the two halves (C1 and C2) are
nearly identical, it appears that the binding sites on
one domain are mirrored by those on the other. Thus,
the active site of the enzyme contains the binding site
for ATP and a symmetrical region binds forskolin.
Furthermore, recent data suggest that a Gs-binding site
is mirrored by one for Gi, the latter site inhibiting the
enzyme (Dessauer et al., 1998).
Phospholipid metabolism mediated by G
protein-dependent hormone signals

Cell membrane phospholipids are constituents of the
plasma membrane and are involved in several aspects
of signal transduction pathways. In response to a variety
of hormones or neurotransmitters, plasma membrane
phospholipids break down, and the products of their
breakdown, which is caused by a variety of phospholipase
enzymes, are signaling molecules. The phospholipase
enzymes, which are responsive to G proteins, fall into
three families: phospholipase A, phospholipase C, and
phospholipase D (Fig. 2.9).
holipases. PAF, platelet-activating factor. (Reproduced from

tion.)
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The products of phospholipase A are metabolites of
arachidonic acid and are known as ecosanoids. The eco-
sanoids fall into the subgroups of prostaglandins and
leukotrienes. The next group of phospholipids includes
those that result from the breakdown of diacylglycerol
and the inositol phosphates, and these are the result of
the actions of the phospholipase C enzymes. Finally,
phospholipase D, which uses phosphatidyl choline as a
substrate, can generate diacylglycerol and phosphotidic
acid as well as lysophosphatidic acid.

Phospholipase A2

Figure 2.10 shows the action of phospholipase A2 in the
synthesis of both prostaglandins and leukotrienes. These
compounds act as second messengers within the cell or
can act upon cell surface receptors. Prostaglandins can
act upon cell surface receptors to engage a second-
messenger cascade. Thus, prostaglandins are a form
of autocrine signaling. As can be seen from Fig. 2.10,
prostaglandins, prostacyclins, and thromboxane, gener-
ated by cyclooxygenase, form one family. When lipo-
oxygenase is active, then leukotrienes result. It is
noteworthy, however, that the involvement of G protein
signaling is at the level of phospholipase A2 which
causes a synthesis of arachidonic acid. Phospholipase
A2 can be regulated by phosphorylation as well as by
the binding of calcium and phospholipid. The activation

RECEPTOR SIGNALING AND THE CELL
Fig. 2.10. Phospholipase A2 and arachidonate metabolism. The

acid metabolites which are involved in cell signaling are shown.

lines. (Reproduced from Felig and Frohman (2001), by permissio
of phospholipase A2 by G proteins appears to be primar-
ily through the bg subunits.

Phospholipase C

Inositol phospholipids are broken down into inositol tris-
phosphate and diacylglycerol by the phospholipase
C family of enyzmes. The phospholipase C enzyme
family consists of a number of subtypes. Pathways
activated by either enzyme are quite similar and are
illustrated in Fig. 2.11. Some, such as the phospholipase
Cb enzymes, are activated by G protein a subunits,
whereas phospholipase Cg is activated by the G protein
bg subunits or by growth factors. The 1,3,5-inositol tris-
phosphate generated as a result of phosphatidyl inositol
breakdown binds to an intracellular receptor and elabo-
rates or increases intracellular calcium. Diacylglycerol is
also a breakdown product of the phospholipase Cb en-
zymes, and diacylglycerol, in the presence of calcium,
activates PKC. Phospholipase Cb is activated by G pro-
tein a subunits, specifically Gq and G11, whereas phos-
pholipase Cg is activated by G protein bg subunits. Gq
and G11 are pertussis- and cholera toxin-insensitive G
proteins. Thus, G protein-dependent activation of phos-
pholipase Cb is insensitive to disruption by bacterial
toxins. However, if phospholipase Cg is being activated
by bg subunits, then the Ga that is “holding” the bg sub-
units must be activated by a GPCR, responding to
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pathways for activation of phospholipase A2 and arachidonic

Classic inhibitors of these pathways are depicted by broken

n of McGraw Hill Education.)
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agonist. This process is sensitive to pertussis toxin when
Gi or Go is coupled to the activating receptor.

Phospholipase D

Phospholipase D catalyzes the breakdown of the
membrane lipid, phosphatidylcholine, into choline and
phosphatidytic acid. At this point, three forms of the en-
zyme have been identified. Regulation of phospholipase
D is through GPCRs (especially those for lipid mediators
such as lysophosphatiditic acid or via phosphorylation by
PKC). This later mechanism appears to involve growth
factor activation of receptor tyrosine kinases. Further-
more several small G proteins such as ARF and Rho have
been implicated in the activation of phospholipase D.

The use of phosphatidylcholine as a substrate raises
the possibility that phospholipase D might alter the lipid
composition of the plasma membrane within limited
domains. It has been proposed to play an important role
in many important cellular functions, in particular endo-
cytosis and membrane trafficking (Donaldson, 2009).

GPROTEIN-ACTIVATEDIONCHANNELS

Heterotrimeric G proteins have been associated with the
activation or inhibition of a variety of Kþ and Ca2þ chan-
nels as well as Naþ channels (Zamponi and Snutch, 1998;
Sui et al., 1999; Hildebrand et al., 2007; Lujan et al., 2009).
Direct activation of potassium channels by G proteins
is important for the agonist-induced, rapid inhibition
of membrane excitability in vascular, nervous, and
endocrine tissue, and contributes to neurotransmitter-
induced deceleration of heart rate, formation of slowly
inhibitory postsynaptic potential in neurons, and inhibi-
tion hormone release from endocrine cells (Karschin
et al., 1996). These channels (G protein-gated inward rec-
tifier Kþ channels, GIRK) have been shown to bind
directly and become activated by Gbg. They are strictly
voltage-independent, and channel gating requires asso-
ciation with intracellular proteins. Five cDNAs that code
for GIRKs have been isolated and named GIRK 1–5.
The genes for these channels show quite a bit of
tissue-specific distribution. GIRK1, 2, and 3 are
expressed in many areas of the brain, whereas GIRK4
is expressed only sparsely (Karschin et al., 1996;
Spauschus et al., 1996; Wickman et al., 2000). The cere-
bellum exemplifies this molecular diversity: there are at
least seven distinct GIRK subunit expression patterns in
the various cerebellar cell types (Aguado et al., 2008).
By contrast, midbrain dopamine neurons have a striking
lack of GIRK1 expression: GIRK channels in these neu-
rons are formed by heteromeric assembly of distinct
GIRK2 alternatively spliced isoforms with GIRK3,
whereas GABAergic neurons in the same region express
GIRK1, GIRK2, and GIRK3 (Labouebe et al., 2007).



RECEPTOR SIGNALING AND THE CELL BI
GPROTEINSANDCHANGES INCELL
STRUCTURE

Traditional responses to agonists that activate G pro-
teins include the activation or inhibition of the enzyme
systems that generate second messengers, or the direct
modification of ion conductance. More recently, data
have been accumulating to suggest that heterotrimeric
G proteins might modify the cytoskeleton. This might
have important implications for the relationship between
neurotransmitter signaling and neuronal plasticity.

G protein palmytolation may be regulated by hormone
activation (Linder et al., 1993) and there is some sugges-
tion that activated G proteins might attain a cytosolic
localization (Ransnas et al., 1989; Levis and Bourne,
1992). This has been observed subsequent to agonist acti-
vation of a number of cultured cells (Yu and Rasenick,
2002; Allen et al., 2005; Yu et al., 2009).

G proteins released from the membrane might also
modify the microtubule cytoskeleton. G protein signals
have been known, for some time, to be amplified by an
increase in free tubulin dimers (Rasenick et al., 1981;
Yu et al., 2009). Further, it has been demonstrated more
recently thatmicrotubules are disrupted subsequent to the
association of certain activated G protein a subunits with
the GTP “cap,” which normally stabilizes a microtubule
(Roychowdhury and Rasenick, 1997; Roychowdhury
et al., 1999). The internalized activated Gas subunit acts
as aGTPase-activating protein for tubulin and destabilizes
microtubules by promoting hydrolysis of GTP on the
“plus” end, promoting neurite outgrowth (Yu et al.,
2009). Curiously, free G protein bg subunits stabilize
microtubules (Roychowdhury and Rasenick, 1997).
Cellular integration of
second-messenger signals

Secondmessengers generated as a result of GPCR signal-
ing are either cAMP (generated through the activation of
adenylyl cyclase) or calcium (either released from intra-
cellular compartments or brought into the cell from the
extracellular milieu). There are multiple mechanisms by
which these second messengers exert their effects inside
cells and these mechanisms will be considered below. The
following section also discusses the regulation and regu-
latory properties of those signaling molecules.

CYCLIC NUCLEOTIDE
PHOSPHODIESTERASE

cAMP has been found to act as an intracellular messen-
ger in every cell studied across the phylogenic spec-
trum, whether eukaryotic or prokaryotic. The cellular
concentration of cAMP is normally quite low, but
the intracellular concentration can rapidly be increased
in response to hormonal signals. cAMP is synthesized
by adenylyl cyclase and degraded by cAMP phosphodi-
esterase (PDE), which causes cAMP to be hydrolyzed
to 50-AMP. Initial hormonal signals are more likely
to regulate cAMP by the activation or inhibition of
adenylyl cyclase than they are by altering PDE, but this
is primarily because the receptors are coupled to G pro-
teins which then directly stimulate or inhibit adenylyl
cyclase.

Regulation of adenylyl cyclase has been discussed
above. The regulation of PDEs is quite complex, and
much of it is due to the exquisite and unique subcellular
localization of a myriad of PDE species. Some PDEs will
break down either cAMP or cyclic guanosine monopho-
sphate (cGMP) and some are specific for one or the other.
Several drugs designed for the cardiovascular system
work by the inhibition of cyclic nucleotide PDEs. The re-
laxation of vascular smooth muscle by PDE inhibitors can
either lower blood pressure or contribute to increased
blood flow in specific regions. For example, sildenafil
citrate (Viagra) is a specific type 5 PDE inhibitor.

Mammalian cells contain about 20 forms of PDE,
and they fall into five main groups. Type 1 PDEs are
stimulated by calcium/calmodulin and are activated by
agonists that result in the mobilization of calcium
(e.g., muscarinic agonists that activate the phospholi-
pase system). These forms of PDE are inhibited bymeth-
ylxanthines such as caffeine and theophylline. Type 2
PDEs are stimulated by cGMP and are activated by atrial
natriuretic peptide. Type 3 PDE is inhibited by cGMP,
which competes with cAMP for a binding site on the
catalytic subunit. Type 4 PDEs are cAMP-specific and
can be inhibited by specific drugs such as rolipram
(Yamazaki et al., 1993).

The genes for many PDEs have a cAMP response ele-
ment; thus a sustained increase in cAMP will result in
the production of more PDE and a subsequent lowering
of cAMP. Furthermore, any increase in cellular calcium
accompanying an increase in cAMP would activate the
type 1 cyclic nucleotide PDE and cause a reduction in
cellular cAMP. Thus, a cAMP signal has a specific tem-
poral window, so an increase in cAMP is followed by a
decrease. This allows hormonal signals to exist in a
specific timeframe.
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The intracellular amplification
of extracellular signals

Although there is quite a variation in the nature of
signaling that occurs through GPCRs, some general
principles seem to guide most of the GPCR-dependent
processes. One of these principles is that the



Table 2.4

Classification of protein kinases

Cyclic nucleotide-dependent

kinase

cAMP-dependent protein

kinase, type I and II
cGMP-dependent protein kinase

Calcium-dependent kinase Calcium/calmodulin-dependent
kinase, types I, II, and III

Cyclic nucleotide- and
calcium-independent
kinases

Casein kinase
Pyruvate dehydrogenase kinase
Glycogen synthase kinase 3
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extracellular signals are amplified many times prior to
their intracellular effectiveness being evidenced.

It is noteworthy that, at the same time that this cas-
cade was involved in increasing the activity of enzymes
involved in phosphorylating glycogen to yield glucose 1-
phosphate, these kinases were also involved in a cascade
that inactivated the enzymes responsible for glycogen
synthesis. Thus, not only was there significant activation
or amplification of the hormone signal, but there was
also an exquisite balance to the system.
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G protein-coupled receptor
kinase (GRK1-5)

Tyrosine-specific kinase Growth factor receptors

Nonreceptor tyrosine kinase
PI3 kinase

cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine

monophosphate.

cAMP

regulatory
subunit

inactive
catalytic
subunit

active catalytic
subunits

complex of
cyclic AMP and

regulatory subunits

Fig. 2.12. The activation of cyclic adenosine monophosphate

(cAMP)-dependent protein kinase. The binding of cAMP to

the regulatory subunits induces a conformational change,

causing these subunits to dissociate from the complex, thereby

activating the catalytic subunits. Each regulatory subunit has

two cAMP-binding sites, and the release of the catalytic sub-

units requires the binding of more than two cAMP molecules

to the tetramer. This greatly sharpens the response of the ki-

nase to changes in cAMP concentration. There are at least
Second messenger-activated
protein kinases

Common mechanisms by which cAMP or calcium exert
their effects within cells is by activation of protein
kinases. The cAMP-dependent protein kinases were the
initial ones discovered and participate inwide-ranging sig-
naling of a variety of different metabolic systems. Many,
but not all, of the actions of cAMP in vertebrates are me-
diated by cAMP-dependent protein kinases. In bacteria,
on the other hand, most of the effects of cAMP that
are direct through cAMP-binding proteins and that mod-
ulate gene transcription will be discussed below. cAMP
can also activate ion channels directly. In some systems,
such as slime molds, cAMP binds to extracellular recep-
tors for the process of cell differentiation.

cAMP-dependent protein kinases transferred g
phosphate groups from ATP on to serine or threonine
residues of a variety of proteins. They include a variety
of enzymes of glycogen metabolism, nuclear proteins
involved in gene regulation, proteins that might be
involved in initiating cell division, promoting cell
differentiation, or even initiating cell death.

Phosphorylation is a rapid process and allows for the
activation of a variety of enzymes in short order. An
illustration of the complexity of the numbers of kinases
is given in Table 2.4.
two types of A kinase in most mammalian cells: type I is

mainly in the cytosol, whereas type II is bound via its regula-

tory subunit to the plasma membrane, nuclear membrane,

and microtubules. In both cases, however, once the catalytic

subunits are freed and active, they can migrate into the

nucleus (where they can phosphorylate gene-regulatory

proteins), while the regulatory subunits remain in the cyto-

plasm. (Reproduced from Felig and Frohman (2001), by

permission of McGraw Hill Education.)
cAMP-dependent protein kinases

cAMP-dependent protein kinases are present through-
out the cell and enjoy both cytosolic and membrane
localization. A recently described family of protein
kinase-anchoring proteins or AKAPs allows protein
kinases to attain a membrane localization and also attain
proximity to their substrates within an organized
network; this facilitates cell signaling. Rapid increases
in cAMP cause a rapid phosphorylation of the appropri-
ate substrate proteins. Attempts to test the cAMP
dependence of a process can be accomplished by inject-
ing the purified cAMP-dependent protein kinase
catalytic subunit. This catalytic subunit devoid of the
regulatory subunits is intrinsically active (Fig. 2.12).
Introducing regulatory subunit into the cell will inhibit
the enzyme again.

The substrates for cAMP-dependent protein kinase
contain one of two consensus amino acid sequences
at their phosphorylation sites, either lys-arg-x-x-ser-x-x
or arg-arg-x-ser-x, serine being the phosphorylated
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domain, and x being any amino acid. In addition to reg-
ulation by the activity of the kinase, regulation of
cAMP-dependent phosphorylation depends heavily on
the activation of phosphoprotein phosphatases and this
will be discussed below.

RECEPTOR SIGNALING AND THE CELL
Exchange proteins activated by cAMP

Recently, a family of novel cAMP sensor proteins,
named Epac (exchange proteins activated by cAMP)
or cAMP-GEF (cAMP-regulated guanine exchange fac-
tor), has been identified (de Rooij et al., 1998; Kawasaki
et al., 1998). Epacs are specific guanine nucleotide
exchange factors for the Ras GTPase homologs, Rap1
and Rap2. There are two isoforms of Epac, Epac1 and
Epac2, products of independent genes in mammals.
Epac1 is ubiquitously expressed in all tissues, whereas
Epac2 mRNA is predominantly expressed in the brain
and endocrine tissues (de Rooij et al., 1998; Kawasaki
et al., 1998). Epac1 and Epac2 share extensive sequence
homology and both contain an N-terminal regulatory
region and a C-terminal catalytic region (Borland
et al., 2009).

Epac proteins bind to cAMPwith high affinity and ac-
tivate the Ras superfamily of small GTPases, Rap1 and
Rap2. Epac proteins now appear tomediatemany critical
actions of cAMP in the human body. These range from
maintenance of proper circadian pacemaker (O’Neill
et al., 2008) and memory (Ouyang and Thomas, 2005;
Ouyang et al., 2008) to wound healing and nerve regen-
eration (Murray and Shewan, 2008; Murray et al., 2009).

Thus the physiological effects of cAMP require inte-
gration of Epac- and PKA-dependent pathways in a spa-
tial and temporal manner, which dramatically increases
the complexity of cAMP signaling. It appears that PKA
and Epac may act independently, converge synergisti-
cally, or oppose each other in regulating a specific
cellular function.
cGMP-dependent protein kinases

While cAMP- and cGMP-dependent protein kinases
share a great deal of similarity, cAMP-dependent pro-
tein kinases tend to be involved more in the regulation
of energy metabolism, cell growth, and differentiation,
whereas cGMP-dependent protein kinases might be
involved more in the regulation of activity in smooth
muscle and cardiac muscle.
Nitric oxide and cGMP signaling

Nitric oxide (NO) is associated intimately with cGMP
signaling. Unlike cyclic nucleotides, however, NO is
a gas, is degraded rapidly, and is inactivated by
hemoglobin. Its diffusibility allows it to be a local sig-
naling molecule which can easily enter most cells. It ap-
pears to be an important signaling molecule in the
vascular system and the nervous system, as well as
the immune system (Fasano and Niel, 2009; Kanwar
et al., 2009). NO activates soluble forms of guanylyl
cyclase. In fact, it was first identified as an endothe-
lium-relaxing factor.

Changes in intracellular calcium

Calcium concentrations of most cells are kept quite low
(10–100 nmol). At these concentrations, calcium does
not function as an intracellular signal. When the cellu-
lar calcium concentration is elevated to between 500
and 1000 nmol, calcium functions as an intracellular
messenger. Cellular calcium can be elevated by the re-
lease of calcium from intracellular stores or by the
rapid transport of calcium into the cell from the outside
milieu.

The calcium concentration outside the cell is approxi-
mately 10 000-fold more than the intracellular concentra-
tion. For this reason, and membrane charge properties,
calcium entry from outside is a thermodynamically
favored process.

Calcium enters the cell from outside through voltage-
gated calcium channels which are found primarily in the
nerve terminals of excitable cells as well as in muscle
and certain endocrine cells. These channels open in
response to membrane depolarization and allow extra-
cellular calcium to enter the cell. The calcium, thus en-
tering, often functions to facilitate secretion of
hormone or neurotransmitter.

Sometimes calcium influx can be due to the direct ac-
tion of a receptor-mediated ion channel. These recep-
tors, such as the N-methyl-D-aspartate (NMDA)-type
glutamate receptor, are described elsewhere in this
chapter.

Finally, calcium entry from outside the cell can be
controlled by sensors that regulate the fullness of the in-
tracellular calcium stores such as those found in the en-
doplasmic reticulum. When the endoplasmic reticulum
is loaded with calcium, calcium influx is inhibited. When
these intracellular stores of calcium are depleted,
calcium influx is activated. This process is known as
capacitive calcium entry.

Intracellular calcium channels

Intracellular calcium stores release calcium in response
to specific receptors on their surface. These receptors
function as channels to allow the release of calcium
from those intracellular stores. The molecules responsi-
ble for this fall into two basic and similar groups: one is
called the inosotol 1,4,5-trisphosphate (IP3) receptors
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and the other is known as ryanodine receptors. IP3 recep-
tors bind IP3 as well as ATP, and have the capability for
regulation by phosphorylation. IP3 activates the IP3 re-
ceptor and allows calcium to be released from the intra-
cellular stores into the cell.

Ryanodine receptors were first isolated in skeletal
muscle, but appear to enjoy a wide tissue distribution
as well, particularly within excitable cells. They allow
for a rapid release of calcium from intracellular stores
in response to cyclic adenosine diphosphate ribose and
perhaps other intracellular messengers. Several sub-
classes of both IP3 receptors and ryanodine receptors
are known to exist.

In addition to releasing calcium, the intracellular cal-
cium stores must have the capability of rapidly concen-
trating calcium. This is important because, if calcium is
a diffusible messenger which is going to deliver a really
discrete message, then theremust be the capability of rap-
idly taking calcium up. A variety of calcium ATPases are
found on the plasma membrane, and these calcium
ATPases are capable of exporting calcium from the cell
into the extracellular milieu quite rapidly. These calcium
ATPases are activated by calcium and calmodulin and, in
the presence of these compounds, increase significantly
their sensitivity to calcium and their ability to pump it
out of the cell. The calcium ATPases located on the endo-
plasmic reticulum or the sarcoplasmic reticulum likewise
are able to transport calcium rapidly back into these cel-
lular storage sites for calcium. The primary difference
between these calcium pumps and those found on the
plasma membrane is that the regulation by calcium
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calmodulin is not known to occur in microsomal calcium
ATPases. Figure 2.13 shows intraneuronal mechanisms
for maintaining and modulating calcium concentration.

. RASENICK
Calcium-binding proteins

Anumber of cytosolic calcium-binding proteins exist, and
these serve to buffer calcium once it is released from the
intracellular stores. Examples of such proteins are parv-
albumen, calretinin, and calbindin. Other proteins such
as calsequestrin and calreticulin are found within the
membrane of the endoplasmic reticulum and buffer cal-
cium there. These proteins allow calcium tomaintain a set
concentration in both activated and inactivated states.
Calmodulin

Calmodulin was initially identified in its role as an acti-
vator of cAMP PDE. In fact, calmodulin was first
known as the calcium-dependent regulator protein of
PDE. Since that time it has become clear that calmodulin
is responsible for mediating the actions of calcium
through a large variety of cellular processes. First among
these is phosphorylation. There is a variety of calcium cal-
modulin-dependent kinases, and they phosphorylate a
number of different target proteins. Calmodulin also ac-
tivates calcineurin, which is a calcium calmodulin-
sensitive protein phosphatase. Thus, once calmodulin
has activated a phosphorylation event, it is capable of
activating calcineurin, which dephosphorylates those pro-
teins that have been phosphorylated by calcium
Ca2+

Synaptic transmission and plasticity

Axon growth and dendrite aborization

Learning and memory
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calmodulin-dependent protein kinase, consistent with the
theme of a temporally discrete event in cellular signaling.

Calcium/calmodulin-dependent protein
kinases (CaM kinases)

Many of the effects of calcium as a second messenger
are exerted through the activation of CaM kinases. CaM
kinase II is an enzyme of particular importance in the
nervous system, where it is the major protein component
of the postsynaptic density.

CaM kinase II is activated initially by the binding of
an activated (calcium-bound) calmodulin molecule. En-
zyme activation is continued in the absence of calcium
through autophosphorylation of CaM kinase II. Such
a molecular memory has proven important for many
of the activities of this enzyme (Schulman et al., 1995).

PROTEINKINASE C

PKC is a family of 11 enzymes, most of which are acti-
vated by diacylglycerol. As outlined elsewhere in this
chapter, diacylglycerol is produced by the enyzme phos-
pholipase C. Activated PKC appears to show a broad
substrate specificity and PKC phosphorylates a huge
range of proteins within the cell. As is the case with
cAMP, cGMP, and calcium/calmodulin-dependent
protein kinases, PKC is a serine and threonine kinase.
Various isozymes of phospholipase C can be activated
either by ligands that act through GPCRs or by those that
act through receptor tyrosine kinases.

Since it appears that PKC is activated reversibly by
diacylglycerol, it is likely that there is a domain for
diacylglycerol binding on the enzyme. Curiously, the
one family of PKC isozymes that is not activated by
diacylglycerol, the A family, does appear to have within
its sequence the region that is suggested to be the
diacylglycerol-binding site.

While the binding of diacylglycerol activates PKC,
this alone is insufficient to achieve PKC activation in
vivo. For many isozymes of PKC, it appears that phos-
phorylation is required in order for activation to occur.
Furthermore, the activation of PKC appears to require
that the enzyme shift from a cytosolic to a membrane
localization. There appear to be different select sites
for the binding of different isoforms of PKC to various
membrane domains.

PHOSPHOPROTEIN PHOSPHATASES

Whether phosphorylation is a result of serine, threonine
kinases, or tyrosine kinases, in order for a signal to be
complete it is necessary to dephosphorylate those
proteins. This is accomplished by phosphoprotein phos-
phatases (Cohen, 1997).

RECEPTOR SIGNALING AND THE CELL
SERINE/THREONINEPHOSPHATASES

Initially, regulation of protein phosphorylation by phos-
phatases was assumed to be a passive process, the active
phase being the signal-directed phosphorylation by
kinases and phosphorylation being something that
occurred subsequent to phosphorylation but without a
regulatory component. Recently, evidence has been ac-
cumulating which suggests that phosphatases are also
subject to significant regulation. The number of ser-
ine/threonine phosphatases is enormous and may be as
high as 500 in the human genome. Since serine/threonine
phosphatases are made up of both regulatory and cata-
lytic subunits, those heteromers might be a result of a
“mix and match” combination (Cohen, 1997).

Initial studies on phosphoprotein phosphatases iden-
tified four enzymes in mammalian tissue. They were
known as PP1, PP2A, PP2B, and PP2C. While it appeared
that PP1, PP2A, and PP2B were closely related, PP2C was
somewhat divergent from the others. The subsequent
application of molecular cloning made it obvious that
there is a vast array of phosphoprotein phosphatase gene
products.

Localization of phosphatase signaling

It is possible that both phosphatases and kinases, as well
as some other regulatory enzymes, enjoy a specific cel-
lular localization which allows them to communicate
readily with one another. PP2A has been localized to cel-
lular microtubules, and it appears that A kinase anchor-
ing proteins (or AKAPs) will bind and promote the
localization of both kinase and phosphatase molecules
as well as a number of other signaling partners
(Lester et al., 1997; Dell’Acqua et al., 2006).

Interplay between calcium/calmodulin
and cAMP signaling

Cross-talk among second messengers is very important,
as it allows for a variety of different hormones or neuro-
transmitters to modulate the effects of one another. In
this regard, there are several sites of interaction between
calcium signaling and cAMP signaling. As mentioned
above, calcium and calmodulin can activate cAMP
PDE, thus increasing the degradation of cAMP and low-
ering the level of that intracellular messenger. The pro-
duction of cAMP can also be regulated by calcium and/
or calmodulin. Types I and III adenylyl cyclase are acti-
vated by calcium and calmodulin. Thus, within some
cells, cAMP is increased when calcium is elevated. Con-
versely, type V and type VI adenylyl cyclase are inhibited
when the calcium concentration is elevated within the
cell. Thus, depending upon the type of adenylyl cyclase
within a cell, a calcium signal could increase or decrease
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the amount of cellular cAMP. Curiously, specific adeny-
lyl cyclase isoforms are both stimulated and inhibited by
Ca2þ. This has led to the speculation that adenylyl
cyclase might act as an intraneuronal Ca2þ “coincidence
detector” (Dunn et al., 2009).

Ionotropic receptors

Transmission in the nervous system is dependent upon
rapid translocation of ions to allow rapid changes in
charge distribution across the membrane. Thus, neuro-
transmitters should be able to affect depolarization,
hyperpolarization, or maintenance of the resting mem-
brane potential in response to agonists within fractions
of a second. Receptors that are themselves ion channels
are known as ionotropic receptors. Receptors in this
family all show a great deal of structural homology since
much of the makeup of the receptor is devoted to
the ability to translocate an ion across the plasma mem-
brane. Transmitters that bind to and activate these recep-
tors include nicotinic acetylcholine, g-aminobutyric acid
(GABAA), glutamate (NMDA and alpha-amino
3-hydroxy-5-methyl-isoxazole-4-proprionate (AMPA)),
serotonin (5HT3), and ATP (P2X).

The ionotropic receptors usually exist as multiple
subunit proteins (either tetramers or pentamers). In
some cases, such as the nicotinic acetylcholine receptor,
multiple molecules of agonist must bind in order to
activate the receptor.

The nicotinic acetylcholine receptor

The nicotinic acetylcholine receptors are located at nerve
terminals and in central neurons either at synapses in
ganglia or within the brain. Nicotinic receptors are quite
abundant in the electric organs of electric fish or electric
eels, and, as such, they were easily purified and charac-
terized. Furthermore, the density of these receptors
allowed for their characterization by X-ray diffraction
techniques (Sine, 2002). Thus, the amino acid sequence,
general protein conformation, and the nature of the pro-
tein within its membrane domain have all been deter-
mined. Further, models have been suggested for the
activation and adaptation of the nicotinic receptor after
its interaction with acetylcholine (Ibanez-Tallon et al.,
2002; Sine et al., 2002; Lee et al., 2008) (Fig. 2.14).

Several genes are involved in the coding of acetylcho-
line receptor subunits and it appears that the combina-
tion of gene products which go towards assembling a
specific receptor will dictate, to a large part, the proper-
ties of that assembled receptor in response to acetylcho-
line. The nicotinic receptor from the neuromuscular
junction has two a subunits, each of which binds
agonists, plus b, g, and d subunits. Placed together, they
form a channel which conducts both sodium and
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potassium. The central nervous system nicotinic recep-
tor consists of a and b subunits only; however, there
are several distinct genes for different a and b subunits,
So far, 12 different neuronal nicotinic acetylcholine re-
ceptor subunits have been identified: a2–a10 and b2–b4
(Role and Berg, 1996; Gotti et al., 1997; Jones et al.,
1999). Unlike neuromuscular junction nicotinic recep-
tors, the neuronal nicotinic receptors are permeable to
calcium as well. Thus, the activation of a neuronal nic-
otinic receptor at a nerve terminal would allow an influx
of calcium and promote neurotransmitter release.

Nicotinic acetylcholine receptors appear to cluster in
the plasma membrane. This clustering is often in res-
ponse to a presynaptic signal, and is dependent upon
a cytoskeletal protein known as rapsyn (Yoshihara and
Hall, 1993; Fuhrer et al., 1999; Wang et al., 1999b).
Glutamate receptors

Glutamate is the major excitatory neurotransmitter in
the central nervous system of all vertebrate species.
Three major types of ionotropic glutamate receptor ex-
ist. They are grouped according to the specific agonists
that are able to activate them. These are known as
AMPA receptors and NMDA receptors. They are illus-
trated in Fig. 2.15.

The AMPA receptor subtypes mainly carry sodium
ions into the cell in response to activation by agonists.
They appear to be tetramers comprised of four similar
subunits. Depending on the specific receptor subtype,
small amounts of calcium can also be transported into
the cell.

The NMDA receptor stands quite distinct from the
AMPA and the kainate/quisqualate receptors. When
the cell becomes somewhat depolarized, Mg2þ is dis-
placed from the channel and NMDA receptors conduct
calcium into the cell. The NMDA receptor also enjoys a
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rich regulation and several compounds on those recep-
tors participate in the regulatory process. Glycine acts
as an adjuvant for glutamate by increasing the affinity
of glutamate for the receptor and in increasing the like-
lihood that the channels will be activated.
BDZ antagonist
(Flumazenil)

BDZ inverse agonist
(FG-7142)

BDZ receptor

Cl−

Cl−
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Fig. 2.16. Structure and function of the GABAA receptor. A mod

several compounds that affect GABA signaling. Activation of the r

pounds are explained in the text. BDZ, benzodiazepine. (Adapte
GABA receptors

While glutamate is the major excitatory neurotransmit-
ter in all vertebrates, GABA is the major inhibitory neu-
rotransmitter. Most of the GABA neurotransmission
occurs through GABAA receptors (GABAB receptors,
like the metabatrophic glutamate receptors, are G
protein-coupled and have been discussed above). As
was the case with glutamate receptors, GABAA recep-
tors are also a multimeric complex of an apparent
pentameric structure. When activated, the GABAA

receptor is a chloride channel. The introduction of
the chloride ion into the neuron reinforces the mainte-
nance of the resting membrane potential at the
equilibrium potential for chloride. Since these two
values tend to be very close to one another, the activa-
tion of a GABAA receptor makes the cell resistant to
depolarization.

As is the case with the NMDA receptor, a variety of
compounds bind to the GABAA receptor at sites dis-
tinct from that reserved for GABA binding. Picrotoxin
blocks the conductance of chloride, and, as such, acts
as a convulsant. Benzodiazepines, such as diazepam or
chlordiazepoxide, increase the likelihood that a mole-
cule of GABA will open the chloride channel. Thus,
benzodiazepines act as an adjuvant, increasing the
potency of GABA at the GABAA receptor. Since
GABA is inhibitory, these drugs have an anxiolytic
or anticonvulsant effect. Several other drugs, including
neurosteroids, have binding sites at the GABAA recep-
tor as well (Fig. 2.16).
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Glycine receptors

Glycine is quite similar to GABA in acting as an inhib-
itory neurotransmitter, particularly in the spinal cord.
The glycine receptor is quite similar to the GABAA

receptor and it has a subunit structure that is likened
to the GABAA receptor as well. Further, there is signi-
ficant amino acid sequence identity between the
GABAA receptor and the glycine receptor. As was the
case with the GABAA receptor, the glycine receptor is
also a chloride channel. The convulsant, strychnine, acts
at the glycine receptor in a manner similar to picrotoxin
for the GABAA receptor, binds to the channel, and
prevents chloride conductance.

5HT3 serotonin receptor

At this point, over a dozen members of several serotonin
receptor families have been cloned. With one exception,
they are all GPCRs. The exception is the 5HT3 receptor,
which is an ionotrophic receptor. The 5HT3 receptor
seems to have considerable similarity with other
ligand-gated channels. Each subunit of the 5HT3 recep-
tor has four hydrophobic transmembrane domains and a
large amino-terminal extracellular domain. There is also
a long cytoplasmic loop between the third and fourth
membrane domains.

Receptors with tyrosine kinase activity

Hormone and growth factor receptors involved in cell
growth, metabolism, and differentiation possess tyro-
sine kinase activity. Some of these receptors relevant
to the nervous system are nerve growth factor,
brain-derived neurotrophic factor, epidermal growth
factor, platelet-derived growth factor, fibroblast growth
factor, and the insulin-like growth factors. Some of the
NGF
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TrkC
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Fig. 2.17. Neurotrophin receptors. (A) All neurotrophins bind p75
with tyrosine kinase activity are selective for the molecules indica

the three Trk receptors dimerize, autophosphorylate, and phospho

ation pathways can be activated. This is explained in the text.
relevant receptors include trkA, trkB, and p75 NTR.
Regardless of the specific receptor type, most of the
members of this receptor family consist of two subunits.
Sometimes receptors form a homodimer and, at other
times, a heterodimer. Formation of a dimer, which is a
result of receptor activation, leads to autophosphoryla-
tion or transphosphorylation of the receptor within its
cytoplasmic domain. Consequently, other substrates
for that receptor phosphate are found and phosphory-
late. Signal propagation often is a result of an activation
of a series of kinase cascades and this is described in
Fig. 2.17.

The consequences of growth factor receptor activa-
tion can be quite sweeping. Receptors interact with an
enormous range of effectors, including phospholipase
Cg, PI3 kinase, sarc kinase, and adaptor proteins such
as CRK, NCK, GRB2, and SAC. This alphabet soup is
only given to the reader so that it might be understood
how a growth factor, or compound acting through a
growth factor-type receptor, is able to engage in the
activation of a large number of processes within the cell.
It is also evident from the initials that these molecules
serve to effect a dialog among a variety of signal trans-
duction systems.

Kinase cascades promoting cell growth
or neuronal differentiation

Sequential hormone activation of kinases (protein
kinase cascades) is a common mechanism of signal
transduction which allows for amplification or diver-
gence of signaling. Over the past decade several related
intracellular signaling cascades, known collectively as
MAPK, have been elucidated (Brown and Sacks,
2009). Each of these signaling cascades is comprised
of up to five tiers of protein kinases that display
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sequential activation due to protein phosphorylation. The
initial step for the activation of each of these cascades is
the activation of a small GTP-binding protein (e.g., ras)
which transmits the signal to protein kinases, commonly
referred to as MAPK kinase kinase kinases (MAP4Ks).
This initial signal is transmitted down an enzyme cascade
which involves sequential phosphorylation of MAP3K,
MAPKK, MAPK, and MAPK-activated protein kinases
(MAPKAPKs). The existence of four to five tiers in each
of the MAPK cascades is probably essential for signal
amplification, spatial and temporal signal specificity,
and tight regulation of the transmitted signal. The four
distinct MAPK cascades that are currently known are
named according to the subgroup of their MAPK compo-
nents (the ERK, JNK, SPK (p38MAPK), and BMK
(ERK5) cascades). These MAPK cascades cooperate to
transmit signals to their intracellular targets and thus to
initiate cellular processes, such as proliferation, differen-
tiation, development stress response, and apoptosis.

The ERK (extracellular response kinase) cascade was
the first MAPK cascade elucidated (Seger and Krebs,
1995). This cascade is initiated by the small G protein
Ras, which, upon stimulation, causes membrane trans-
location and activation of the protein serine/threonine
kinase, Raf1. Once activated, Raf1 continues the trans-
mission of the signal by phosphorylating two regulatory
serine residues located in the activation loop of MEK,
thus effecting full activation of the enzyme.Other kinases
that can also activateMEK are A-Raf, B-Raf,Mos TPL2,
and MEKK2, all of which appear to phosphorylate the
same regulatory residues of MEK. Activated MEK is a
dual-specificity (tyrosine and serine/theonine) protein
kinase, which appears to be the only kinase capable of spe-
cifically phosphorylating and activating the next kinase in
this cascade, which is ERK.ERKactivation requires phos-
phorylation of two regulatory residues, threonine and ty-
rosine (Canagarajah et al., 1997). Phosphorylation of both
threonine and tyrosine residues is essential for the activa-
tion of all MAPKs, but in the other cascades the identity
of the middle amino acid in the TXYmotif of the MAPK
is different, which probably determines the specificity of
the signal. In addition to activating the MAP kinase cas-
cade, ERK appears to phosphorylate cytosolic proteins
such as PLA2 or proteins that can phosphorylate nuclear
targets and effect gene regulation (ELK-1 or MAKAP)
(Marais et al., 1993; Fukunaga and Hunter, 1997).
Although the activation of the ERK cascade was initially
implicated in the transmission and control of mitogenic
signals, this cascade is now known to be important for
differentiation, development, stress response, learning
and memory, and morphology determination. This is es-
pecially true in the neuron.

All the pathways mentioned are apparently activated
to some extent by distinct extracellular agents and, as a
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result of their action in an elaborate network, determine
the outcome of each stimulation. The full dimensions of
this network, the mode of regulation of its components,
and the mechanism by which these cascades determine
cell fates in response to various stimuli have yet to be
fully elucidated. It is noteworthy, however, that, in ad-
dition to activation of these kinase cascades by growth
factors and the receptor kinases which they bind and
activate, several heterotrimeric G proteins have been
implicated in the regulation of cell growth and prolif-
eration. This appears to occur through the activation
of PKA or PKC through Gs or Gq as well as direct
interactions of Ras with Gbg. The possibility also
exists that G12 and G13 might interact directly with a
number of small G proteins to activate cell growth
(Dhanasekaran and Prasad, 1998). There is also evi-
dence to suggest interaction between growth factor
receptors and GPCRs (Kim and von Zastrow, 2003;
van der Veeken et al., 2009).

The Ras/MAPK pathways are normally thought to be
associated with a mitogenic response. It is noteworthy,
however, that neurons respond to nerve growth factor
through its receptor, TRK, a receptor tyrosine kinase.
Activation of TRK by nerve growth factor triggers
the Ras/MAPK pathway, resulting in neurite outgrowth
rather than cell proliferation. Constitutive expression of
activated mutants of MAPK and MEK also promotes
outgrowth of cellular processes (Cowley et al., 1994).
This suggests that this mitogenic signaling pathway
might be adapted for other purposes in nonmitotic cell
types.
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Protein tyrosine phosphatase

As is the case with the serine/threonine phosphatases,
the protein tyrosine phosphatases dephosphorylate
proteins that have become phosphorylated on a tyrosine
residue as a result of receptor tyrosine kinases. A variety
of protein tyrosine kinases have now been identified.
Some are cytosolic and some appear to be transmem-
brane proteins. While some of the cytosolic protein
tyrosine phosphatases may be associated with the
cytoskeleton, those which appear to be transmembrane
proteins are likely to serve both as receptors and as phos-
phatases. Unfortunately, it is not yet clear which ligands
actually activate these phosphatases. Nonetheless, some
interesting observations have been made concerning
these enzymes. For example, one form of transmem-
brane phosphoprotein phosphatase increases its expres-
sion in cells as those cells approach confluence. This
phosphatase then inhibits cell growth by triggering a
net dephosphorylation of many tyrosine residues which
are often intimately involved in growth cascades, as
explained above.
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Effects of cAMP on gene transcription

While initial studies of cAMP signaling in vertebrates
suggested that the actions of cAMP were mediated only
through protein phosphorylation, the role for cAMP ini-
tially described in bacteria was to serve as a mediator of
gene transcription in response to the need to induce genes
required to transport and metabolize lactose (Pastan and
Perlman, 1970). This ability of cAMP to serve as a regu-
lator of transcription is seen in eukaryotes as well. Genes
stimulated by cAMP are induced through a cAMP re-
sponse element (CRE). Several proteins bind to this
CRE and the first to be identified was a protein called
CREB (cAMP response element-binding protein). CREB
must be phosphorylated at Ser133 in order to be active
(and bind to a CRE) and the basis for this is that phospho-
CREB binds to an accessory-binding protein called CBP
(CREB-binding protein). The phosphorylation of CREB
is due to the activated catalytic subunit of PKA, which
translocates into the nucleus (Fig. 2.18).
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Neurobiology of CREB family proteins

CREB belongs to a superfamily of transcription factors
that form homo- and heterodimers through a series of
leucine residues and bind to specific DNA sequences.
Within this superfamily, CREB and the closely related
factors CREM (cAMP response element modulator)
and ATF-1 (activating transcription factor-1) comprise
a subcategory referred to as the CREB family. CREB
can bind to a few thousand gene promoters that contain
CRE, although it remains unknown what fraction of
these genes are also functionally regulated upon this
binding. Not all genes containing CRE sites are func-
tional CREB targets, presumably because certain sites
are not accessible within the chromatin (Impey et al.,
2004). In addition to the cAMP signaling pathway de-
scribed above, diverse extracellular stimuli may activate
CREB through other multiple signaling cascades that
converge to phosphorylate a critical residue, Ser133.
The most immediate consequence of CREB activation
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is initiation of new gene transcription. It is clear that
many stimuli elicit an equally varied host of cellular res-
ponses. CREB family transcription factors appear to
modulate neuronal proliferation and differentiation,
neuropathological, learning, memory, plasticity, and
some neuropathological conditions (Finkbeiner, 2000;
Lonze and Ginty, 2002; Barco et al., 2003; Gass and
Riva, 2007; Borlikova and Endo, 2009). Figure 2.18 sum-
marizes some functions of the CREB family in neurons.

Nuclear receptor signaling

The nuclear receptor (NR) superfamily are ligand-
dependent transcription factors that regulate diverse
functions, such as homeostasis, reproduction, develop-
ment, and metabolism (Escriva et al., 2002; Gronemeyer
et al., 2004). Forty-eight genes in the human genome that
code for the NR superfamily have been identified so far.
Natural ligands for NRs are generally lipophilic in nature
and include steroid hormones, bile acids, fatty acids, thy-
roid hormones, certain vitamins, and prostaglandins. This
superfamily is typically subdivided into three families, or
classes. The steroid receptor family (class I) includes the
progesterone receptor, estrogen receptor, glucocorticoid
receptor, androgen receptor, and mineralocorticoid
receptor. The thyroid/retinoid family (class II) includes
the thyroid receptor, vitamin D receptor, retinoic acid
receptor, and peroxisome proliferator-activated receptor.
The third class of receptors has long been termed the
orphan receptor family. Studies have suggested that
NR signaling may play an important role in neuron
survival and degeneration (Nishihara, 2008; Tetel, 2009).

Cross-talk among receptor signaling
systems: contribution to synaptic plasticity

This chapter has alluded continually to the interaction
among the various signaling systems. This allows for
a rich, varied, and pristine regulation of response to
any given hormone or neurotransmitter. A cell that re-
sponds to a steroid hormone (including a nerve cell) is
likely to possess receptors on its surface for growth fac-
tors as well as receptors for agonists that couple to G
proteins.

NRs are modified by cAMP or calcium/calmodulin-
dependent protein kinases. Pathways normally associ-
ated with cell growth can respond to agents (e.g., opioid
peptides or catecholamines) that are not normally
thought to regulate those pathways (Daaka et al.,
1998; Ignatova et al., 1999). Receptors that couple to
G proteins are modified by phosphorylation induced
by agonists that do not bind to those receptors. Cal-
cium and cAMP modify the enzymes that regulate the
level of cAMP or calcium in the cell. Thus calcium
and cAMP feed back or feed forward to modify

RECEPTOR SIGNALING AND THE CELL
hormone response. The observation that G proteins
modify the neuronal cytoskeleton (Yu et al., 2009) adds
another layer of embroidery to this already elaborate
tapestry of regulation.
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THEGENETIC BACKGROUND
OFSCHIZOPHRENIA

The importance of genetic factors in the vulnerability
for schizophrenia (SCZ) has been established by
an impressive number of family, twin, and adoption
studies (Riley, 2004). Given the fundamental impor-
tance of family, twin, and adoption studies to the field
of SCZ genetics, we begin this chapter with a brief
overview of their main conclusions. SCZ is to an impor-
tant extent a familial disease. In general, first-degree
relatives of patients show a disease risk that is around
10–15 times higher compared to the general population
(Gottesmann, 1982; Riley, 2004). The morbidity risk
decreases exponentially as the degree of familiality
falls. First cousins of schizophrenic patients show a risk
of around 2% to develop the disorder, only a slight ele-
vation above the general population prevalence of 1%.
This exponential decrease in vulnerability indicates that,
evenwithin individual families, several genes interactwith
each other and with environmental factors to increase the
liability, as opposed to a model where a single gene would
have a major effect on SCZ liability.

Twin studies consistently find that the risk of SCZ in
monozygotic cotwins of schizophrenic patients is higher
compared to the same risk in dizygotic cotwins. Derived
from twin studies, heritability estimates, indicating the
proportion of the variance in the liability to develop
SCZ that can be attributed to genetic factors, vary be-
tween 41% and 90% (Riley, 2004). The largest studies
all find heritability estimates between 70% and 90%. In
a meta-analysis of all published twin studies in SCZ,
Sullivan et al. (2003) estimated SCZ heritability at 81%
(95% confidence interval (CI) 73–90%). They also found
*
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consistent evidence for common or shared environmental
influences on the liability to SCZ (joint estimate 11%, 95%
CI 3–19%). The available evidence points in the direction
of common environmental factors that tend to affect sev-
eral or all members of a family, and that can only exert
their influence through the operation of particular genes.
That the environmental factors predisposing for SCZ are
common is also evident from another set of data: studies
in monozygotic twins. The concordance rate in monozy-
gotic twins is about 50%, again stressing the role of envi-
ronmental factors. However, the concordance rate in
monozygotic twins reared apart is about the same, which
means that the relevant environmental factors must be
ubiquitous enough to affect both cotwins of a twin pair
reared at different locations (Prescott and Gottesman,
1993). In conclusion, data converge to indicate that the in-
creased familial occurrence of SCZ is due to the combina-
tion of several genes that interact with a number of very
common environmental factors. There is a further contri-
bution of individual environmental factors that are not
shared between family members.

Relatives of schizophrenic patients show not only
an increased risk for the disease itself, but also of
personality traits such as social isolation, oddness, and
suspiciousness. This observation was already apparent
to classical authors such as Emil Kraepelin and Eugen
Bleuler, who developed the SCZ concept. Nine out of
11 family studies that investigated these SCZ-related
personality traits found an increase in schizotypal
and paranoid personality features in relatives (Riley,
2004). Multivariate genetic analyses have shown that
this observed relationship between psychotic and per-
sonality features is likely to be caused almost entirely
by common genetic factors (Jang et al., 2005).
iatrisch Centrum KUL, Campus Gasthuisberg, Herestraat 49,
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has been made in this rapidly developing field since that time,
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LINKAGESTUDIES

Linkage analysis aims at identifying chromosomal
regions containing disease genes by studying co-segre-
gation of genetic markers with disease in families. Many
linkage studies in families with SCZ have been published
over the last decades. Many of these positive findings,
however, could not be replicated, and this has led to
considerable skepticism. Linkage analysis has shown
excellent efficiency in localizing genes for monogenic
disorders, where a single gene is largely responsible
for the disorder in at least a subset of affected families.
As mentioned before, however, such a simple genetic
model is not applicable to SCZ. The current working
hypothesis for SCZ causation is that, even within single
families, multiple genes of small to moderate effect
confer compounding risk through interactions with each
other and with nongenetic risk factors.

The skepticism surrounding the field of linkage analysis
in SCZ has, however, given way to moderate optimism in
the last few years, for two reasons. First, some of the
chromosomal loci have been replicated more than can
be explained by chance alone. Second, within several of
these regions, genetic variations have been identified in
functional candidate genes that show association with
SCZ at least in a few studies. Genomewide significant
evidencefor linkagehasbeenfoundfor regionsonchromo-
somes 6p, 13q, and 1q. Furthermore, strong converging evi-
dence has been collected for a number of additional loci.

6p24-p22

In a study of 265 Irish pedigrees, Straub et al. (1995)
reported a logarithm of the odds (LOD) score of 3.51 with
markers on 6p24-p22. Wang et al. (1995) reported a multi-
point LOD score of 3.9 with marker D6260 in the same
region. Other studies showed weaker evidence of linkage
at the same locus (Moises et al., 1995; Schwab et al., 1995,
2000; Lindholm et al., 2001; Maziade et al., 2001). Straub
et al. (2002) presented evidence supporting dysbindin
(DTNBP1; 6p22.3) as anSCZ candidate gene in this region.
Hallmayer et al. (2005) identified a subtype of the disease
characterized by pervasive neurocognitive deficits. Their
genome scan data indicated that this subtype, which
accounted for up to 50% of the families in their sample,
showed particular evidence for linkage to 6p24-p22.
Recently, this chromosomal region has received renewed
interest given the results of the joint analysis of three large
genomewide association analyses (see below).

13q14-q32

For this region, Blouin et al. (1998) reported a non-
parametric linkage score (Zall) of 4.18. Further suggestive
evidence for this locus was found in several studies
(Shaw et al., 1998; Brzustowicz et al., 2002). Within a
5-Mb segment, the G72 and G30 genes were identified
as candidate genes for SCZ.

1q21-q22

Brzustowicz et al. (2000) reported linkage to chromo-
some 1q21-22 (Zmax ¼ 6.50), a finding supported in a
study by Gurling et al. (2001). Further fine mapping
reduced the extent of the locus to approximately 1 MB
(Brzustowicz et al., 2002). Among the �50 known
genes that map to this region, the regulator of G protein
signaling 4 (RGS4) and nitric oxide synthase 1 (neuronal)
adaptor protein (NOS1AP) genes stand out as major
candidates as risk-influencing loci.

8p22-p11

In this region, several studies have produced highly
suggestive evidence for linkage. Blouin et al. (1998)
reported a LOD score of 3.64. This finding is supported
by several other studies (Pulver et al., 1995; Kendler
et al., 1996; Levinson et al., 1996; Kaufmann et al.,
1998; Shaw et al., 1998; Brzustowicz et al., 2000; Gurling
et al., 2001; Stefansson et al., 2002). The latter group
also presented evidence for neuregulin 1 (NRG1) as an
SCZ candidate gene, although it is located 9–13 cM
centromeric to other maximal linkage results.

22q11-q13.1

The possibility of linkage for a SCZ susceptibility locus
on chromosome 22q was suggested by three studies
from two independent groups (Coon et al., 1994;
Karayiorgou et al., 1994; Pulver et al., 1994a), although
neither group reported statistically significant linkage
results. A combined analysis of D22S278 marker alleles
in affected sib pairs supported a susceptibility locus for
SCZ at chromosome 22q12 (Gill et al., 1996). Yet an
additional indication for a role of the proximal long
arm of chromosome 22 was provided by the report of
Pulver et al. (1994c) on the higher incidence of SCZ
among patients with velocardiofacial syndrome (VCFS),
a disorder associated with a deletion of one copy of
22q11 (discussed in greater detail below).

Meta-analyses

Combining the results of several genome scans into a
meta-analysis increases the power to detect genes of
moderate effect, but is not straightforward, as pub-
lished linkage studies differ in size, statistical approach,
and disease model. The best approach methodologically
is to collect the original phenotype and genotype
data from the authors, and to reanalyze the data set
using uniform methods. This was done by Lewis et al.
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(2003), who collected the data from 20 complete SCZ
genome scans. The conclusion from this study is that 10
chromosomal regions should be considered strong SCZ
candidate regions: 1p13.3-q23.3, 2p12-q23.3, 3p25.3-p22.1,
5q23.2-q34, 6pter-p21.1, 8p22-p21.1, 11q22.3-q24.1, 14pter-
q13.1, 20p12.3-p11, and 22pter-q12.3. Reassuringly, three
out of four candidate regions mentioned earlier (6p24-22,
1q21-22, and 8p21-22) were also picked up by this meta-
analysis, but this was not the case for the 13q32 region.

Another meta-analysis of linkage studies in SCZ was
published by Badner and Gershon (2002). This study
might be methodologically more problematic because
it included not only complete genome scans, but also
linkage reports on specific regions, which makes this ap-
proach more vulnerable to publication bias. This study
found the strongest evidence for susceptibility loci on
8p, 13q, and 22q, three of the regions mentioned above.

CANDIDATEGENESFOR
SCHIZOPHRENIA SUPPORTED

BY LINKAGEFINDINGS

G72/G30

Within a 5-Mb segment on chromosome 13q34 linked to
SCZ, Chumakov et al. (2002) identified the G72 gene,
which is transcribed in brain. In the same region, but
transcribed in the other direction, the G30 gene was iden-
tified. Hattori et al. (2003) found an association between
the G72/G30 genes and bipolar disorder, and suggested
that a shared susceptibility gene complexmay be involved
in both psychiatric disorders. Korostishevsky et al.
(2004) studied 11 single nucleotide polymorphisms (SNPs)
encompassing the G72/G30 locus in an Ashkenazi Jewish
SCZ patient, and demonstrated an association between
a specific SNP haplotype and SCZ. Gene expression anal-
ysis of G72 and G30 on 44 schizophrenic and 44 control
postmortem dorsolateral prefrontal cortex samples iden-
tified a tendency towardG72 overexpression in SCZ brain
samples. Ameta-analysis of published association studies
(Detera-Wadleigh and McMahon, 2006) showed highly
significant evidence of association between nucleotide
variations in the G72/G30 region and SCZ, as well as
compelling evidence of association with bipolar disorder.
The associated alleles and haplotypes are not identical
across studies, and some strongly associated variants
are located approximately 50 kb telomeric of G72.

HUMAN GENETICS
RGS4

Mirnics et al. (2001) found that transcription of the
RGS4 gene on chromosome 1q23 was decreased in
patients with SCZ. To evaluate the possible role of
RGS4 in SCZ, Chowdari et al. (2002) performed associ-
ation and linkage studies on more than 1400 ethnically
diverse subjects with SCZ. They identified significant
associations involving four SNPs within a 10-kb span
of the RGS4 gene. Significant transmission distortion
was observed at two of the SNPs, but with different
alleles, in two independent US samples. Morris et al.
(2004) sought to replicate this finding in an Irish sample.
They detected evidence of association at the RSG4 gene,
and the signal came from a four-marker haplotype
reported by Chowdari et al. (2002).

NOS1AP

This locus was initially suggested as a candidate for
SCZ by Brzustowicz and colleagues (2000, 2002), fol-
lowing linkage and fine-mapping studies of Canadian
multiplex families. NOS1AP is an attractive candidate
gene product in SCZ, as it anchors neuronal nitric oxide
synthase (nNOS, which catalyzes the synthesis of nitric
oxide, a gaseous neurotransmitter capable of mediating
retrograde synaptic transmission) to key proteins of
the postsynaptic density, which in turn position nNOS
near N-methyl-D-aspartate (NMDA) receptors (Jaffrey
et al., 1998; Brzustowicz, 2008). Differences in expres-
sion or function of NOS1AP could therefore alter
NMDA-mediated neurotransmission, which multiple
lines of genetic and pharmacological evidence implicate
in schizophrenic symptomatology. There are at least
two mRNA isoforms of NOS1AP expressed in human
brain, a full-length isoform incorporating coding
sequence from all exons, and a short isoform incorpo-
rating sequence only from the two 30 most exons (Xu
et al., 2005). The latter isoform would be expected to
act as a competitive inhibitor of the former with regard
to anchoring nNOS near the NMDA–receptor complex.
It is thus extremely interesting that the short isoform
mRNA has been reported to be expressed at signi-
ficantly higher levels in the dorsolateral prefrontal
cortex of postmortem brains of patients with SCZ
and bipolar disorder compared with levels in control
brains (Xu et al., 2005).

NRG1

Stefansson et al. (2002), studying a large Icelandic sam-
ple, found evidence for positive linkage to chromosome
8p, and identified NRG1 as a candidate gene for SCZ,
with a particular haplotype yielding an estimated risk
ratio of 2.1. Subsequently, the same haplotype was
shown to increase the risk for SCZ in a Scottish popula-
tion, with a comparable risk ratio of 1.8 (Stefansson
et al., 2003). Williams et al. (2003) found that the same
NRG1 haplotype identified in the Icelandic population
also increased the risk for SCZ in an outbred northern
European population, although the effect size was
smaller.
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Tang et al. (2004) and Li et al. (2004) confirmed
association of NRG1 with SCZ in Chinese populations,
but the associated haplotypes differed from the risk
haplotype in Icelandic and Scottish schizophrenic
patients. In the Li study, several haplotypes were found
to be associated, but none of the findings withstood
correction for multiple testing. Thiselton et al. (2004),
reporting on the Irish study of high-density SCZ families
sample, found no evidence for an impact of NRG1.
A replication study in Japanese SCZ patients also proved
negative (Iwata et al., 2004).

Taken together, the currently available studies
strongly implicate NRG1 in the pathogenesis of SCZ.
In a meta-analysis, Li et al. (2006) analyzed pooled data
from four SNP markers and two microsatellite markers.
Across studies, a strong positive association was found
for all six polymorphisms. The haplotype analysis also
showed significant association in the pooled interna-
tional populations (odds ratio (OR) 1.22, 95% CI
1.15–1.3, P ¼ 8 � 10–10). This study strongly supports
the involvement of NRG1 in the pathogenesis of SCZ,
but with association between two different but adjacent
haplotypes blocks in the Caucasian and Asian popula-
tions. Surprisingly, at first sight, Green et al. (2005) found
that the same core haplotype that increases the risk for
SCZ is also involved in the genetic vulnerability for
bipolar disorder. The association was particularly strong
in bipolar cases with predominantly mood-incongruent
psychotic features and in a subset of patients with SCZ
who had experienced mania.

NRG1 is expressed at central nervous system
synapses and has multiple roles in the development and
function of the brain (Corfas et al., 2004). The NRG pro-
tein is involved in radial glia formation and neuronal mi-
gration, in the expression of receptors for a number of
neurotransmitters (most notably glutamate), in the devel-
opment of oligodendrocytes, and in the onset of puberty.
Mutant mice heterozygous for either NRG1 or its recep-
tor, ERBB4, show a behavioral phenotype that overlaps
with mouse models for SCZ. Stefansson et al. (2002)
demonstrated that the behavioral phenotypes of the
NRG1 hypomorphs were partially reversible with cloza-
pine, an atypical antipsychotic drug used to treat SCZ.

The associated polymorphisms are noncoding, and
their functional implications unclear. Understanding
the neurobiology of NRG1 and its involvement in SCZ
is challenged by the complexity of the gene, which gives
rise to multiple functionally distinct isoforms, including
six “types” ofNRG1 defined by 50 exon usage. Law et al.
(2006) examined four of the disease-associated SNPs
that make up the original risk haplotype in the 50 up-
stream region of the gene for their effects on mRNA
abundance of NRG1 types I–IV in human postmortem
hippocampus. Diagnostic comparisons revealed a 34%
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increase in type I mRNA in SCZ. Also, a single SNP
within the risk haplotype and a 22-kb block of this core
haplotype were associated with mRNA expression for
the novel type IV isoform in patients and controls. These
data implicate variation in isoform expression as a pos-
sible molecular mechanism for the genetic association
of NRG1 with SCZ.

ET AL.
DNTBP1

Linkage studies had repeatedly indicated chromosome
6p24-p22 as a candidate region in SCZ. In 2002, Straub
et al. were able to identify the 140-kb gene DTNBP1 in
this region as a potential candidate. In a study of 270
Irish high-density pedigrees, several SNPs and SNP hap-
lotypes showed evidence for association, and this was
not the case for a number of SNPs in adjacent genes.
Since then, at least eight replication studies have been
published, studying 14 different populations, 11 of which
showed positive evidence for association (Norton et al.,
2006). Taken together, these studies provide convincing
evidence for a role of DNTBP1 in the genetic vulnera-
bility for SCZ. However, the published studies show
association with different SNPs and SNP haplotypes in
different populations. Most probably, these haplotypes
lead to a diminished expression of the DNTBP1 gene
(Bray et al., 2005). The risk haplotype defined by
Williams et al. (2004) in independent samples from
the UK and Ireland has been shown to “tag” one or more
cis-acting variants that result in a relative reduction in
DTNBP1 mRNA expression. This is also in accordance
with findings reporting statistically significantly
reduced dysbindin mRNA levels in multiple layers of
the dorsolateral prefrontal cortex of SCZ patients
(Weickert et al., 2004). Furthermore, Talbot et al.
(2004) found that 73–93% of cases in two SCZ popula-
tions displayed presynaptic dysbindin-1 reductions
averaging 18–42% at hippocampal formation sites.
The reductions occurred specifically in terminal fields
of intrinsic, glutamatergic afferents of the subiculum,
the hippocampus proper, and the inner molecular layer
of the dentate gyrus (DGiml). An inversely correlated
increase in vesicular glutamate transporter-1 occurred
in DGiml of the same SCZ cases. These findings indicate
that presynaptic dysbindin-1 reductions are frequent
in SCZ and are related to glutamatergic alterations in
intrinsic hippocampal formation connections. Such
changes may contribute to the cognitive deficits com-
mon in SCZ. In accordance with this, Burdick et al.
(2006) reported an association between DTNBP1 geno-
types and cognitive ability in samples of SCZ patients,
but also in a healthy control sample. Similarly, Fallgatter
et al. (2006) showed that two DNTBP1 SNPs linked to
SCZ in other studies influence prefrontal brain function,
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as measured by NoGo-anteriorization, an event-related
potential measure elicited during the continuous perfor-
mance test, which has been established as a valid neuro-
physiological parameter for prefrontal brain function in
healthy individuals and patients with SCZ. Dysbindin
has been linked not only to cognitive function, but also
to negative symptoms in SCZ in two studies (Fanous
et al., 2005; DeRosse et al., 2006).

CYTOGENETIC EVIDENCE SUPPORTING
SPECIFICGENES INRISK FOR

SCHIZOPHRENIA

The study of cytogenetic abnormalities associated or
linked with SCZ-spectrum psychopathology has com-
plemented traditional marker-based linkage analysis.
Disruption of chromosomal integrity by rare events such
as balanced translocations has facilitated gene discovery
in a variety of diseases and has significant promise for
similar applications in psychiatric illness (Pickard et al.,
2005). Advances in techniques, such as chromosome
painting, high-resolution fluorescent in situ hybridiza-
tion (FISH) and, most recently, genomewide analysis
of copy number variants using microarrays, have made
it possible to identify disruptions in chromosomal architec-
ture to single-base resolution, thus facilitating identifica-
tion of specific genes in families co-segregating mental
illness and cytogenetic abnormalities. Such data may then
be used to generate testable hypotheses about the role of a
particular gene in disease pathophysiology. The disrupted
in schizophrenia 1 and 2 (DISC1 and DISC2) genes, in
which specific genes have been implicated in SCZ after
demonstration of familial co-segregation of mental illness
and a balanced translocation, provide an illustrative and
compelling example of the utility of studying rare chromo-
somal lesions. The 22q11 deletion syndrome (22q11DS), a
common chromosomal interstitial deletion that strongly
associates with increased risk of SCZ-spectrum disorders,
demonstrates the usefulness of studying the association
of common chromosomal disorders with behavioral
phenotypes.

DISC1

A large and continually growing body of research has
implicated a novel gene dubbed disrupted in schizophre-
nia 1 (DISC1) in a variety of psychiatric illnesses, includ-
ing bipolar disorder, unipolar depression, and SCZ
(Porteous et al., 2006). Cytogenetic studies of a large
Scottish family in which numerous individuals were
affected by major psychiatric illness identified the pres-
ence of a balanced (1;11)(q42;q14.3) translocation that
co-segregates with the presence of psychiatric illness,
yielding a highly significant LOD score of 7.1 for linkage
of the translocation to psychiatric illness, and a
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significant LOD score of 3.4 for linkage to SCZ (St Clair
et al., 1990; Blackwood et al., 2001). The structural
consequence of this translocation is disruption of two
overlapping genes, DISC1 and DISC2, on chromosome
1 (Millar et al., 2000, 2001). These data suggest a poten-
tially causal role forDISC1 andDISC2 in the etiology of
psychiatric illness in (1;11) translocation carriers. Since
the discovery of these genes and their linkage with se-
vere psychopathology in the Scottish pedigree, intensive
research has focused on DISC1, the protein encoded by
DISC1, which has yielded exciting new leads on possible
developmental and neuronal regulatory mechanisms of
disease. Comparatively little research has been done on
DISC2, which encodes a nontranslated RNA, that may
play a role in regulation of DISC1 expression (Porteous
et al., 2006).

Consistent with the cytogenetic data, a number of
linkage studies also suggest that the DISC region may
be a susceptibility locus for various forms of psychiatric
illness. Initial studies using a Finnish cohort of patients
demonstrated a linkage peak within DISC1 for sib pairs
affected by either SCZ or schizoaffective disorder (LOD
2.65 and 3.21) (Ekelund et al., 2000, 2001). This finding
was subsequently replicated in an independent Finnish
population (LOD ¼ 2.7) (Ekelund et al., 2004). Similar
linkage studies using subjects of different nationalities
ascertained for SCZ-spectrum (LOD ¼ 1.2) (Hwu et al.,
2003), SCZ-spectrum, or major affective illness (uni-
polar depression and bipolar disorder) (LOD ¼ 2.67)
(Detera-Wadleigh et al., 1999), schizoaffective dis-
order (LOD ¼ 3.54) (Hamshere et al., 2005) and
bipolar disorder (LOD ¼ 1.1–2.5) (Curtis et al., 2003;
Macgregor et al., 2004) have also reported positive
evidence for linkage between the DISC1 region and
various forms of major psychopathology.

The results of association studies examining the rela-
tionship between DISC1 and SCZ have been variable.
Several studies report a positive association between a
variety of variants atDISC1 and SCZ or bipolar disorder
(Hennah et al., 2003; Ekelund et al., 2004; Hodgkinson
et al., 2004; Callicott et al., 2005), whereas other studies
failed to find such an association (Devon et al., 2001;
Kockelkorn et al., 2004; Zhang et al., 2005). It should
be noted, however, that two of the latter negative studies
were performed in cases and controls ascertained inAsian
populations (Kockelkorn et al., 2004; Zhang et al., 2005),
while the positive studies were performed in European or
European-American samples. The discordant nature of
these findings may reflect underpowered protocols, the
use of different genetic markers in different studies,
failure to cover adequately the haplotypic variation in
DISC1 (a large and complex gene), or genetic hetero-
geneity leading to inclusion of non-DISC1-associated
cases in studies.
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Additional evidence supporting the importance of
DISC1 in SCZ derives from studies of endophenotypes
related to SCZ. Thus, in the original Scottish kindred
segregating the (1;11) translocation, carriers of the
translocation unaffected by psychiatric diagnoses still
exhibited deficits in the P300 event-related potential sim-
ilar to disease-affected translocation carriers. A variety
of linkage and association studies have also implicated
either DISC1 or the 1q42 region in which it resides in
deficits of cognitive function associated with SCZ
(see Porteous et al., 2006 for review).

On balance, the evidence supporting a role forDISC1
in at least some cases of SCZ risk is strong. Adding to
the human genetic studies just summarized are recent
neurobiological investigations suggesting at least two
major mechanisms by which altered levels or function
of the DISC1 protein may contribute to the risk for
SCZ. The first potential causative pathway involves
the interaction of DISC1 with the nuclear localization-
like element protein (Nudel, encoded by NDEL1), which
in turn interacts with lis1 (encoded by LIS1) and dynein
to regulate fundamental cellular functions such as
mitotic spindle assembly and axonal transport, as well
as neurite outgrowth (Kamiya et al., 2006) and neuronal
migration in the developing brain (Kamiya et al., 2005).

The second (not necessarily completely independent)
plausible mechanism by which alterations in DISC1
structure or function could alter risk for SCZ was sug-
gested by the identification of a psychotic patient with a
(1;16)(p31.2;q21) balanced translocation that disrupts
PDE4, encoding phosphodiesterase 4 (PDE4). PDE4

catalyzes degradation of cyclic adenosine monophos-
phate and represents the sole catabolic pathway for that
key second-messenger molecule, which mediates the sig-
naling of manifold G protein-coupled receptors. DISC1
forms a complex with PDE4 that stabilizes the enzyme in
a low-activity form. Upon phosphorylation of PDE4

catalyzed by protein kinase A, DISC1 dissociates from
the complex, leaving behind a high-activity (phosphory-
lated) form (Millar et al., 2000).

In addition to the foregoing specific sets of pathways,
numerous other proteins have been shown to interact with
DISC1, many of which play important roles in synaptic
function. Thus, DISC1 may modulate behavior, and risk
for pathological behavioral syndromes including SCZ,
via many interactions with members of its “interactome”
(Camargo et al., 2007).
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22q11 deletion syndrome

The 22q11 deletion syndrome is the second most common
chromosomal disorder (behind Down syndrome), and the
most common interstitial deletion syndrome. This pheno-
typically variable syndrome includes a spectrum of
disorders affecting structures associated with develop-
ment of the fourth branchial arch andmigration of neural
crest cells (e.g., the great vessels of the heart, the
oropharynx, facial midline, thymus, and parathyroid
glands). Clinically, patients with 22q11DS exhibit a variety
of findings, including cognitive impairments, cardiac
abnormalities, hypocalcemia, characteristic facial dys-
morphology, and thymic/parathyroid aplasia (Emanuel
et al., 2001).Originally described as several phenotypically
distinct disease syndromes prior to the elucidation of their
common molecular etiology, 22q11DS includes VCFS,
DiGeorge syndrome, and conotruncal anomaly face syn-
drome. In �85% of cases, approximately 3 megabases
of DNA are lost, due to chromatid misalignment during
meiosis, which is common in the 22q11 region owing to
the presence of low-copy repeat (LCR) regions of highly
similar sequence. Another �10% of cases exhibit loss of
approximately 1.5 megabases, and the remainder of cases
showavarietyofsmallerdeletions.More than30genesare
contained within the 3-megabase region (Yamagishi,
2002). The deletions seen in 22q11DS typically occur de
novo (�90%of cases), but the syndromemayalso present
as an autosomal-dominant disorder due to inheritance of a
deletion from a previously undiagnosed (i.e., largely
clinically silent) parent (Vogels and Fryns, 2002).

Following an initial report of early-onset psychosis in
patients with VCFS (Shprintzen et al., 1992), Pulver and
colleagues (1994c) described psychiatric symptoms in
adults with VCFS and in a cohort of patients ascertained
for SCZ (Karayiorgou et al., 1995). The latter study iden-
tified two previously undiagnosed cases in 200 patients,
verified by FISH to carry 22q11 deletions. These findings,
together with earlier reports of suggestive linkage at
22q12 (Pulver et al., 1994b), suggested that a gene or genes
in the 22q11DS region could contribute to risk for SCZ.

As already noted, previously undiagnosed 22q11DS
occurs in a small proportion of patients with adult-onset
SCZ (Karayiorgou et al., 1995; Arinami et al., 2001), and
in a larger proportion of patients with onset of SCZ dur-
ing childhood (Usiskin et al., 1999). Interestingly, many
of the cognitive deficits observed in SCZ such as impair-
ment of executive and attentional function and verbal
working memory are also impaired in 22q11DS patients
(Woodin et al., 2001), and evidence suggests that a de-
cline in such cognitive abilities in late adolescent may
be a harbinger of psychotic illness in 22q11DS patients
(Gothelf et al., 2005).

Given the strong association, in both directions, be-
tween SCZ-spectrum disorders and 22q11DS, clinicians
working up psychotic illness should consider consulta-
tion with a clinical geneticist when psychotic patients
present with clinical evidence consistent with 22q11DS,
such as dismorphic facies, short stature, cleft palate,
cardiac structural defects, or low parathyroid hormone

ET AL.
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(Bassett and Chow, 1999). In the view of the authors,
work-up of childhood-onset SCZ should always include
consultation with a clinical geneticist, karyotype analy-
sis, and FISH for 22q11DS, as children with SCZ exhibit
remarkably high rates of 22q11DS and other chromo-
some abnormalities (Usiskin et al., 1999). Establishing
a diagnosis of 22q11DS in a patient with SCZ can have
a significant impact on patient care, as some features of
22q11DS, most notably hypocalcemia, can complicate
treatment of patients with antipsychotic medications,
many of which lower the seizure threshold. Low ionized
calcium can exacerbate that risk substantially.

COMT, encoding the catecholamine-catabolic enzyme
catechol-O-methyltransferase (COMT), maps to the
22q11DS deletion region. This locus attracted significant
interest because of its potential role in the regulation
of synaptic transmission mediated by catecholamines,
particularly dopamine. Patients with 22q11DS, because
they carry only a single copy of the gene, are expected
to express less COMT enzyme, leading, in theory, to
elevations in dopamine levels, which could in turn place
patients at greater risk for psychosis.

Lachman et al. (1996) described a common functional
variant at COMT, referred to as val108/158met (rs4680),
because the variant changes the predicted amino acid at
positions 158 or 108 of the membrane-bound and soluble
forms of the enzyme, respectively. The methionine-
containing allelomorph is thermally unstable at physio-
logical temperatures, resulting in a three- to fourfold
decrement in the enzyme activity (Lachman et al., 1996).
Many association studies of SCZ and the val158/108met var-
ianthavebeenconducted.Thefindingsof those studiesare
mixed at best, with at least eight studies claiming evidence
for associationbetweenSCZand theval allele, butasmany
with negative results, and one with association to the
met allele. Several meta-analyses have been published
examining whether the val158/108met associates with risk
for SCZ. Glatt et al. (2003) found no evidence supporting
an association in case–control studies, and only weak
evidence in family-based studies, while Munafo and col-
leagues (2005) found no evidence for an association.
The reasons for these inconsistencies include: (1) the rela-
tively small size of many studies, so that power to detect
association was low, especially in light of very modest
observed differences in allele frequencies between cases
and controls (�5–8%); (2) there is a substantial population
variation of the allele frequency of val158met, and so
occult population structure (ethnic stratification) could
obscure small case–control differences.

A large case–control association analysis of SCZ,
which found highly significant evidence for association
between specific haplotypes at COMT and SCZ
(Shifman et al., 2002), was conducted in a sample of
Ashkenazi Jewish individuals from Israel. The study
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found that, although there was a moderate degree of
association between val158met and SCZ, the core asso-
ciated haplotype (G at SNP rs737865, in COMT intron 1,
and G at rs165599 in the 30 region) did not include val158-
met. Thus, two common SNPs, one upstream (rs737865)
and the other in the 30-untranslated region (30-UTR)
(rs165599), were more strongly associated with SCZ in
that study than val158met. Bray et al. (2003) found that
the SCZ-associated haplotype reported by Shifman et al.
(2002) is associated with reduced expression of COMT
mRNA in human brain, even though that haplotype con-
tains the high-activity val allele at val158met. That obser-
vation strongly suggests that other as-yet-unidentified
functional variants at COMT modulate the risk for
SCZ. However, another study involving the largest
single study of COMT (including almost 1200 cases)
found no evidence for association in either sample to
the val158met locus or to any of the Shifman markers
or haplotypes (Williams et al., 2005).

An analysis of methylation patterns of the promoter
driving transcription of the membrane-bound form of
COMT (the predominant form in brain), in postmortem
brains from controls, schizophrenic patients, and bipolar
patients, found diagnosis-related hypomethylation,
especially in the left frontal lobe, a brain region almost
certainly involved in multiple aspects of the social and
cognitive deficits in SCZ (Abdolmaleky et al., 2006).
This observation suggests that some of the inconsistent
results in association analysis of COMT may reflect
complexities arising from differential epigenetic regula-
tion of COMT expression. Interestingly, when relative
quantities of mRNA were examined, hypomethylation
appeared to favor expression of the val allelomorph
of the protein.
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PRODH2

Proline dehydrogenase (also known as proline oxidase)
is encoded by PRODH2, which is located in the
22q11DS deletion region and therefore is haplo-
insufficient in patients with that syndrome. Liu and col-
leagues (2002b) examined candidate SNPs in all known
genes within the 1.5-Mb region deleted in �15% of
patients with the syndrome. They chose this region as
the “critical region” for SCZ, as some patients with
22q11DS with SCZ carry this size of the deletion. In both
a case–control sample and a family trio collection, they
noted evidence for association to SCZ only at PRODH2.
Finer mapping, using a denser set of SNPs, confirmed
the association to PRODH2 (Liu et al., 2002a). The
haplotype block implicated in this follow-up study also
included DCGR6, adjacent to PRODH2. The gene prod-
uct of this locus is a mitochondrial enzyme that converts
proline to D1-pyrroline-5-carboxylate. Interestingly, that
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metabolite is a precursor of glutamate, the chief excit-
atory transmitter in the brain, and one implicated by phar-
macological evidence in SCZ. The investigators also
found that a strain of mouse deficient in PRODH activity
due to a mutation at PRODH exhibited deficits in pre-
pulse inhibition of startle (Gogos et al., 1999), a physiolog-
ical trait often impaired in patients with schizophrenia.
Jacquet and colleagues (2002) identified genomic rearran-
gements disrupting the PRODH2 locus, resulting in
hyperprolinemia, in a small subset of schizophrenic pa-
tients screened for such rearrangements, thus lending fur-
ther credence to the hypothesis that variation atPRODH2
raises the risk for SCZ.

A variety of studies, including a meta-analysis, have
failed to support the association between PRODH2 and
SCZ (Li and He, 2006). However, difficulty replicating
association findings in complex traits is common, and
may not rule out involvement of genes (such as
PRODH2) for which replicated evidence of association
exists.

Overall, the results of candidate gene-based genetic
association studies have been disappointing, and in
almost all cases have led to a plethora of conflicting
findings and failures to replicate initial reports consis-
tently, although what is a true replication study remains
debatable. Advances in high-throughput genotyping
approaches have made it possible to conduct association
studies of complex diseases, using case–control designs,
by scanning large numbers of SNP genotypes across
the human genome. Such studies, which depend on
the “common disease–common variant” hypothesis of
common complex disorders, are expected to be more
powerful than linkage studies for detecting loci of small
effect (Risch andMerikangas, 1996). The past few years
have witnessed an explosion of such genomewide asso-
ciation studies (GWAS), which offer the advantage of
searching the genome in an unbiased way for disease
associations. These exciting new developments are al-
ready revolutionizing SCZ genetics, and are beginning
to explain why single-gene analyses of schizophrenia
have been so fraught with difficulties. GWAS of SCZ
are reviewed in the next section.
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GENOMEWIDEASSOCIATIONSTUDIES
OF SCHIZOPHRENIA

In several complex disorders, GWAS have been helpful
in identifying genetic risk factors. An important condi-
tion for such studies to be successful is that common
alleles are responsible for the genetic vulnerability. This
condition is essential, because GWAS rely on linkage
disequilibrium (i.e., the correlation between nearby var-
iants, which allows any correlated variant to serve as a
proxy for a true disease-causative variant). If a disorder
like SCZ is due to a great many rare mutations with high
penetrance, GWAS would be unable to detect these var-
iants, because the common variants used as markers in
GWAS will only be in limited linkage disequilibrium
with rare variants due to the mismatch in frequency be-
tween common and rare variants.

In the last few years, nine GWAS in SCZ have been
published. These data are summarized in Table 3.1. The
first genomewide association study (Lencz et al., 2007)
was performed on a limited number of patients, reduc-
ing the probability of detecting common alleles with mi-
nor effects. Two other early GWAS (Shifman et al.,
2008; Kirov et al., 2009) were based on larger samples,
but were based on DNA pooling strategies, thus increas-
ing the potential impact of genotyping errors and errors
in allele frequency estimates due to variation in concen-
trations of DNA from each individual. The Shifman
study identified the Reelin gene as a prime candidate,
but only in females. Another study confirmed a poten-
tial role of Reelin in the causation of bipolar disorder,
specifically in females (Goes et al., 2010). This is of in-
terest, given the expression differences of Reelin be-
tween schizophrenics and healthy controls detected in
earlier studies (Knable et al., 2001).

The GWAS by Sullivan et al. (2008) was based on a
sample of 738 patients and 733 control individuals,
and had reasonable power to detect common alleles as-
sociated with increasing the risk for SCZ with an OR of
2 or more. No significant findings emerged, indicating
that common alleles imparting elevated risk of that mag-
nitude are unlikely to exist. Another GWAS (O’Donovan
et al., 2008) used a smaller patient sample (n ¼ 479), but
gained power by vastly increasing the control population
(n ¼ 2937). Furthermore, these authors followed up
positive findings in a very large replication sample
(6829 cases and 9897 controls). The most significant
finding was with rs1344706, an SNP located in zinc fin-
ger protein 804A (ZNF804A). The finding failed to reach
genomewide significance, but this threshold was met
when bipolar patients were added to the study popula-
tion. Zinc finger proteins are of interest because many
of them act as transcription factors, influencing gene
expression as part of regulatory cascades. Thus, al-
though the biological function of ZNF804A is not well
understood, the finding provides another important lead
for biological follow-up.

A recent study using an imaging genetics approach
showed that healthy carriers of rs1344706 risk genotypes
exhibit pronounced gene dosage-dependent alterations
in functional coupling of dorsolateral prefrontal cortex
across hemispheres and with hippocampus, consistent
with findings in SCZ patients, and abnormal coupling
of amygdala (Esslinger et al., 2009). Those findings sug-
gest that the gene product may play an important role in
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Table 3.1

Summary of genomewide association studies of schizophrenia (GWAS)

GWAS Method

Patients

(n)
Controls

(n) Markers (n)

Most significant finding

RemarksSNP P-value Odds ratio Gene

Lencz et al., 2007 Individual

genotyping

178 144 439 511 rs4129148 3.70E-07 3.23 CSF2RA,
SHOX

Shifman et al., 2008 DNA pooling þ
individual

genotyping of
associated SNPs

660 2771 � 500 000 rs7341475 9.80E-05 2.10 REELIN Female-specific
association

Kirov et al., 2008 DNA pooling þ
individual

genotyping of
associated SNPs

574 trios 605 � 550 000 rs11064768 1.20E-06 CCDC60 Parent–offspring trio
design

Sullivan et al.,

2008

Individual

genotyping

738 733 492 900 rs4846033 4.36E-06 0.146–0.401,

depending on
ethnicity

?

O’Donovan et al.,

2008

Individual

genotyping

479 2937 500 568 rs1344706 1.61E-07 1.38 ZNF804A Significance increased

when including
bipolar patients

Need et al., 2009 Individual
genotyping

871 863 312 565 rs2135551 1.34E-06 0.68 ADAMTSL3

International
Schizophrenia
Consortium, 2009

Individual
genotyping

3322 3587 � 1 000 000 rs5761163 3.44E-07 0.80 MYO18B International
Schizophrenia
Consortium

(ISC) sample
Stefansson et al.,

2009
Individual

genotyping
2663 13 498 � 500 000 rs10812518 3.00E-07 0.80 IFT74 SGENE-plus sample

Shi et al., 2009 Individual
genotyping

2681 2653 906 600 rs13025591 4.59E-07 1.23 CENTG2 Molecular Genetics of
Schizophrenia
sample; European-

American
1286 973 rs1851196 2.14E-06 0.733 ERBB4 Molecular Genetics of

Schizophrenia
sample; African-

American

SNPs, single nucleotide polymorphisms.
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regulating brain function, and that the identified allele
may alter that function.

In another GWAS (Need et al., 2009), including 871
patients and 863 controls, no genomewide significant
findings emerged. Suggestive evidence was found for
a role of SNPs in the SNPs in the ADAMTSL3 gene,
and the paper showed that one of the ADAMTSL3 SNPs
is functional and influences the proportion of two alter-
native transcript species. However, the finding could not
be replicated in several other samples.

The three largest GWAS have recently appeared side
by side in the same issue of Nature. These studies are
based on the International Schizophrenia Consortium
(ISC) sample (International Schizophrenia Consortium,
2008), the SGENE-plus sample (Stefansson et al., 2008),
and the Molecular Genetics of Schizophrenia (MGS)
sample (Shi et al., 2009), respectively. Each of them in-
cluded thousands of patients and controls (Table 3.1),
and in the ISC and MSG samples about 1 million SNPs
were genotyped. At first sight, the results seem disap-
pointing. In none of the three GWAS did any of the
genotyped SNPs yield genomewide significant evidence
for association. Furthermore, the results do not seem
consistent between studies. These results again empha-
size the strong likelihood that common allelic variants
exert only very small individual effects on risk for SCZ.

Even the most recent large GWAS appear to be rela-
tively underpowered. As O’Donovan et al. (2009) point
out, to reach 80% power to detect a common allele (fre-
quency 0.2) that increases the risk with an OR of 1.15, at
a significance threshold of P < 7.2 � 10–8, the sample
would have to consist of 12 000 cases and an equal num-
ber of controls. An OR of between 1.1 and 1.2 is probably
realistic for many of the common risk alleles for SCZ.
So only pooling together the existing GWAS comes
close to this. When the three large GWAS samples
are analyzed together (a total of 8008 SCZ cases and
19 077 control individuals), several SNPs located in the
major histocompatibility complex (MHC) at chromosome
6p22.1 show genomewide significant evidence for associ-
ation. This region includes a histone gene cluster and a
number of genes related to immune function. The
MHC maps to 6p21.3, a region that falls within the broad
region 6pter-p21.1 implicated by the SCZ linkage meta-
analysis of Lewis et al. (2003). This convergence with link-
age data, together with other lines of evidence suggesting
a role for immune dysfunction and/or variation in
immune responses to environmental challenges in SCZ
(Meyer and Feldon, 2009; Meyer et al., 2009), provide
a powerful rationale for further examination of
the MHC in SCZ.

The ISC paper (International Schizophrenia Consor-
tium, 2009) used the genomewide association data to
test the probability of genetic models for SCZ. This
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analysis strongly supports a polygenic effect, with prob-
ably thousands of common alleles involved that each has
minor effect sizes. The authors also included data from
bipolar disorder and nonpsychiatric disease samples,
and found that the common alleles contributing to
SCZ also play a role in bipolar disorder, but not in
somatic traits such as hypertension, Crohn’s disease,
rheumatoid arthritis, coronary heart disease, and type
1 and 2 diabetes. Recent GWAS in these disorders have
also involved the MHC region (Wellcome Trust Case
Control Consortium, 2007), but different alleles are
probably involved.

Some results of these three large GWAS are consistent
with earlier findings. The ISC GWAS finds associations
with the chromosome 22q1.2 deletion region and also with
the ZNF804A gene that featured in the O’Donovan study.
The top SNP in the African-American arm of the MGS
study is located in the ERB-B4 gene, which codes for
themain receptor forNeuregulin (see above). In addition,
an SNP in the Neuregulin gene itself showed suggestive
evidence for association in this sample.

ET AL.
COPYNUMBERVARIATION: A NEWLY
APPRECIATEDGENETICCONTRIBUTION

TOSCHIZOPHRENIA

A variety of genome-scale methods that sprang largely
from the sequencing of the human genome (Lander
et al., 2001; Venter et al., 2001) have revolutionized
our understanding of the nature of human genetic var-
iation. These methods, including array-based compara-
tive genomic hybridization (aCGH), whole-genome
SNP scanning (i.e., the methods underlying GWAS),
and large-scale resequencing, have led to the recognition
that deletions and duplications of large regions of the
genome (ranging from 1000 to millions of basepairs in
size) are variable and recurrent in the human population,
and that such variants constitute a newly appreciated
form of polymorphic variation. Many of these variants
are large enough to cause the complete deletion or du-
plication of one or more genes, and are hence
referred to as copy number variants (CNVs). A note-
worthy property of CNVs is that they can exert profound
effects on phenotype because they affect large stretches
of sequence. This potential for phenotypic impact
contrasts sharply with the vast majority of SNPs, which,
as just reviewed, appear almost always to exert an
extremely small effect on risk for complex disorders
such as SCZ. The full variety and extent of CNVs have
not yet been cataloged, and it is not yet entirely clear
which CNVs represent nonpathological polymorphic
variation and which are disease-related. What is clear
is that the study of CNVs has already radically altered
the landscape of SCZ genetics.
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As demonstrated by theDISC-1 and 22q11DS stories,
identification of large-scale variations in genomic struc-
ture with light microscopic methods has already eluci-
dated important aspects of the genetics of SCZ. It is
interesting to note in this context that whole-genome
analysis of CNVs makes it clear that 22q11DS is just
one example of a growing class of CNV-related syn-
dromes. CNVs appear to explain a substantial propor-
tion of heritable neurodevelopmental disabilities. A
recent meta-analysis of childhood learning disabilities
associated with facial dysmorphia or congenital anoma-
lies, for example, found, following genomewide scan-
ning for CNVs using aCGH, that CNVs were likely to
be causal in 10% of cases. However, that same study
found that, 7% of the time, CNVs were discovered that
were unlikely to be causal (Sagoo et al., 2009). Thus, at
present, more work is necessary to characterize the va-
riety and nature of CNVs, and their relationship to de-
velopmental and other disorders.

As researchers have examined CNVs in SCZ, substan-
tial evidence has already accumulated to support their in-
volvement in some cases of the disorder. First, several
groups have found that individuals with SCZ appear,
on average, to carry a higher “burden” of rare CNVs
(Walsh et al., 2008; Xu et al., 2008; Kirov et al., 2009).
The International Schizophrenia Consortium (2008),
which has conducted the largest study of this type to date,
assessed CNV burden in two ways. First, they compared
the rate of rare (<1% frequency) CNVs in schizophrenic
patients and controls (n ¼ 3391 and 3181, respectively).
The patient groups showed an �1.15 higher frequency
of CNVs per individual than controls, with the controls
showing a rate of 0.99 per individual. Their second assess-
ment of CNV burden counted the number of genes
affected by CNVs in the two groups. By this “gene count”
metric, the patients carried �1.41 times the burden of
CNVs compared with to controls. Despite the modest size
of these effects, they were highly significant (P< 10–5 in
either case). Several deletions were identified in that
study that occurred more than once in patients. Not
surprisingly, the most common of those occurred in the
22q11 region, consistent with prior data indicating that
�0.5% of patients with SCZ carry a 22q11 deletion.
Recurrent cases of deletions on chromosomes 15q13.3
and 1q21.1 were also identified in the International
Schizophrenia Consortium study. Importantly, Stefans-
son and colleagues (2008) simultaneously reported those
same CNVs to be associated with SCZ. Taken together,
the two studies provide strong evidence that at least three
CNVs that are recurrent in the population, as well as
a variety of very rare CNVs, associate with SCZ.

All three of the SCZ-associated recurrent deletions
just described reside in regions of the genome prone
to rearrangements because of the presence of LCR
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motifs. LCRs are stretches of repetitive DNA sequence
in which identical or near-identical sequences recur in
several places near each other on a chromosome. The
presence of LCRs can lead to misalignment of homolo-
gous chromosomes during meiosis, with subsequent de-
letion of the region between the LCRs. LCR-mediated
genomic rearrangements, which have been studied
extensively in 22q11DS (Edelmann et al., 1999), lead to
the recurrent generation of identical (or very similar)
de novo deletions in the population.

Evolutionary theory predicts that genetic variants as-
sociated with reduced reproductive success should be
efficiently eliminated from populations through purify-
ing selection. Thus, the fact that SCZ is so common in
the human population (worldwide lifetime morbid risk
of �0.7%; Saha et al., 2005), despite showing a herita-
bility of 80% or more and having a substantial negative
impact on fecundity, has long been a vexing puzzle.
Related to that puzzle is the observation that, despite
its strong genetic basis, schizophrenic patients more
often than not do not have clear family histories of
SCZ. LCR-mediated recurrent CNVs that impart risk
for SCZ provide at least a partial explanation for those
evolutionary paradoxes, because LCR-mediated re-
current CNVs provide a continual renewal of SCZ-
associated genomic rearrangements in the population.
Consistent with the foregoing contention, large CNVs
appear to associate more strongly with sporadic rather
than familial cases of SCZ (Xu et al., 2008).
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EMERGINGPRINCIPLES INFORMEDBY
OURCURRENT UNDERSTANDINGOF
THEGENETICSOF SCHIZOPHRENIA

After decades of confusion and conflicting data, finally
research on SCZ genetics is hitting solid ground. Indeed,
the enormous volume of data emerging on the genetics
of SCZ has created a need for new bioinformatic tools
that catalog and compare findings across studies (Allen
et al., 2008). Although all research findings described
above should be considered preliminary and awaiting
further confirmation, the role of some major candidate
genes such as Neuregulin and Dysbindin is established
beyond reasonable doubt. Although still speculative at
this stage, some important principles are emerging.

First, noneof the individual SCZ riskgenes identified at
this stage has amajor effect. The risk haplotypes appear to
beassociatedwith small effect sizes.This implies that, even
within individual patients, SCZ vulnerability is probably
accounted for by a combination of several risk haplotypes,
each of small to moderate effect. Second, the genes that
are now under study are not exclusively increasing the risk
for the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV: American Psychiatric
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Association, 1994) construct which we call SCZ. For exam-
ple, Neuregulin and G70/G32 also increase the risk for
bipolar disorder, and for a range of schizoaffective
syndromes, and the same can be said for several of the
SCZ-associated CNVs identified to date. These findings
challenge the rigorous kraepelinian dichotomy between
SCZ and bipolar disorder. This is in accordance with neu-
roimaging and neurophysiological findings that also show
similarities between both diseases, and with recent evolu-
tions in psychopharmacology, where atypical antipsy-
chotics are increasingly showing their efficacy in the
treatment of mania and bipolar depression. Neuregulin
andG70/G32, and other genes and genomic regions impli-
cated in SCZ, therefore might be best thought of not as
“SCZ genes,” but as genes (or regions) that play a role in
brain development, disturbances in which can combine
with environmental factors to lead to a variety of syndro-
mal outcomes that include SCZ, pschotic mood disorders,
or possibly autism-spectrum disorders (Levitt and
Campbell, 2009). Clearly, this has major implications for
psychiatric disease taxonomy.

The next decade promises to be an exciting one in SCZ
genetics, as more genes are identified, interrelationships
among risk variants are explored, and the cellular and
molecular functions of specific variants related to SCZ
risk are examined in basic-science paradigms. Additional
areas of discovery are likely to include increasing under-
standing of the relationship between genetic variation and
gene expression in the developing and adult brain, explo-
ration of the potential role of epigenetic mechanisms in
SCZ (Grayson et al., 2009), and integration of neuroimag-
ing with genetic investigations (Roffman et al., 2006).
Finally, a goal that may soon become approachable is
to use genetic information to guide diagnostics and
therapeutics in the management of SCZ.
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INTRODUCTION

Terms such as feelings, emotions, and moods are fre-
quently used in daily life without strict attention to their
conceptual underpinnings. On the other hand, research
in the neurosciences requires proper definitions of the
above terms. The neuroscientist has to face questions
such as, What constitutes an emotion? Are feelings
necessary components of emotions? Are moods long-
lasting emotions or different entities? Such questions
have been addressed by philosophers, neuroscientists,
and psychologists, but without definitive conclusions.
What follows is a concise introduction to the concept
of emotions and moods that will help to situate the
chapter in its appropriate context.

Contemporary definitions of emotion depend on the
perspective being used. Most of the philosophical tradi-
tion, from Aristotle to Wittgenstein, used an analytical
approach and defined emotions as cognitions, feelings,
or behaviors caused by specific agents that occur in a
given context. For evolutionary biologists emotions are
behavioral responses that promote human survival, whilst
anthropologists consider emotions as patterns of feel-
ings, cognitions, and behaviors related to social functions
and determined mostly by culture. Neuroscientists con-
ceptualize emotions as feelings, cognitions, and behav-
iors that result from activation in specific brain circuits
(Roberts, 1988).

Some emotions consistmostly of feelingswhilst others
consist of specific behaviors which may or may not have
social consequences. Feelings are sometimes considered
as constituting the emotion, or as a somatic feature of
emotions. Moreover, these somatic features may be just
“inner feelings” or objective physiological attributes.
Some emotions are characterized by specific facial
*
Correspondence to: Professor Sergio Starkstein, Fremantle Hospit

uwa.edu.au
expressions, whilst a nonspecific bodily arousal may be
shared by different emotions. The behavioral expression
of emotionsmay be either voluntary or involuntary. Some
emotions consist of rational analysis producing feelings
of pain or pleasure; some emotions are specific to given
cultures whilst others are shared bymost cultures. Finally,
context plays a critical role for some emotions, providing
the background against which the emotion may be cor-
rectly understood (Roberts, 1988).

The question also arises as to what are the differ-
ences between emotions and moods. Emotions have spe-
cific objects and causes (e.g., a snake is the object of
fear, but the cause of fear is the knowledge that a snake
bite may be dangerous), whilst moods are considered to
lack objects or causes (e.g., free-floating anxiety). Emo-
tions are usually short-lasting events, whilst moods are
defined as long-term dispositional states of mind which
are related to typical behaviors (e.g., depression usually
features sad mood, changes in sleep, appetite, and
energy, and anhedonia) (Damasio, 1999). Nevertheless,
the conceptual border between emotions and moods is
not sharp. For instance, depression may fit the definition
of emotion when it sometimes has an object and a cause
(e.g., bereavement depression), whilst an individual with
an anxious personality is predisposed to bouts of fear
and worrying (Bennet and Hacker, 2003).

Research carried out during the past 30 years has
consistently demonstrated a high frequency of emo-
tional and mood disorders among patients with acute
or chronic neurological conditions. In fact, psychiatric
disorders following neurological disease are not only
a source of suffering for patients and their caregivers,
but are also related to worse motor and cognitive
outcomes, increased disability, and higher mortality.
al T-7, Fremantle, WA 6959, Australia. E-mail: ses@meddent.-
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The first part of this chapter will review the frequency,
correlates, longitudinal evolution, and treatment of
some of the most frequent psychiatric and emotional
conditions in neurological disorders, namely depression,
apathy, and loss of insight (anosognosia). These condi-
tionswill be discussed for commonacute and chronic neu-
rological conditions, including Alzheimer’s disease (AD),
stroke, Parkinson’s disease (PD), and traumatic brain
injury (TBI). The second part of the chapter will discuss
the neurology of emotion from a brain–behavior relation-
ship perspective. The review will focus on neuroanato-
mical structures that have been well documented to play
critical roles in emotional processing, including various
right hemisphere structures, the amygdala, the ventro-
medial prefrontal cortex (vmPFC), and the basal ganglia.

DEPRESSION

The first challenge is how to diagnose depression in neu-
rologicaldisorderswhen theputative symptomsofdepres-
sionmaybe related to cognitive andphysical aspects of the
neurologicalcondition.Fourdifferent strategieshavebeen
used todiagnosedepression inneurological disorders. The
inclusive approach is currently the most favored one, and
consists of diagnosing depression based on symptoms
which may or may not be related to the medical illness
(Marsh et al., 2006). The exclusive approach, on the other
hand, does not include for diagnosis those symptoms con-
sidered to be related to the physical illness (Gallo et al.,
1997). The substitutive approach replaces overlapping
symptoms of depression with psychological symptoms
(Olin et al., 2002). Finally, the specific symptom approach
onlyconsidersfordiagnosis thosesymptoms thatwereval-
idated for syndromal depression in a given neurological
disorder using specific statistical techniques such as latent
class analysis (Starkstein et al., 2005a). Other diagnostic
methods are currently in use, but with relevant intrinsic
limitations. Some studies diagnosed depression based on
a cut-off score on a depression scale (the continuous
method) whilst other studies diagnosed depression using
standardized diagnostic criteria (the categorical method).
The current consensus is that depression should be diag-
nosed using the inclusive approach, given that depression
in neurological conditions largely goes undiagnosed (Olin
et al., 2002). The specific symptom approach is clinically
more appropriate, although its implementation will
depend on future validation studies.

54 S.E. STARKSTEIN
Depression in Alzheimer’s disease

DIAGNOSIS OF DEPRESSION IN ALZHEIMER’S DISEASE

Aconsistent diagnosis of depression inAD is complicated
by several factors such as using the continuous method
versus the categorical method, grouping different types
or severities of dementia, using different psychiatric
instruments to assess the severity of dementia and depres-
sion, and recruiting heterogeneous samples in terms of
size and sociodemographic characteristics (Lee and
Lyketsos, 2003).

Recently, standardized diagnostic criteria for depres-
sion were proposed by an ad hoc National Institutes of
Mental Health (NIMH) committee based on expert opin-
ion (Cohen et al., 2003). These criteria are slightly modi-
fied from the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV: American
Psychiatric Association, 2000) criteria for major depres-
sion. Using these criteria, Teng and coworkers (2008)
diagnosed depression in 44%of theirADpatients, as com-
pared to 14% using the DSM-IV criteria for major depres-
sion, suggesting that the ad hoc criteriamay overdiagnose
depression. Starkstein and coworkers (2005a) examined
233 patients with AD (with or without comorbid depres-
sion), 20 age-comparable healthy controls, and 47 patients
with “primary” depression. The main finding was that the
presence of sad mood was significantly associated with a
higher frequency of both somatic and psychological
symptoms of depression. Moreover, AD patients without
sad mood had no more symptoms of depression than the
healthy control group, demonstrating that symptoms of
depression are not epiphenomena of a chronic neurolog-
ical condition. Finally, AD patients with sad mood and
patients with primary depression had a similar profile
of somatic and psychological symptoms of depression.
Starkstein and coworkers (2005b) also examined the sta-
bility of depression symptoms in a 17-month longitudinal
study that included 65 AD patients with depression at
intake.At follow-up, half of the sample had no depression
and showed a significant decline in the symptoms of sad
mood, guilt, insomnia, loss of interest, loss of energy, sui-
cidal ideation, social withdrawal, psychomotor changes,
poor appetite, and anxiety. A recent study by the same
group (Starkstein et al., 2011) included a series of 971
AD patients and used the latent cluster analysis technique
to validate syndromal depression. The main finding was
the identification of three clusters, representing major,
minor, and no depression. All nine DSM-IV criteria for
major depression were significantly associated with the
major depression cluster, and a total number of four
criteria had the best sensitivity and specificity for the
diagnosis of major depression.

ND D. TRANEL
FREQUENCY OF DEPRESSION IN ALZHEIMER’S DISEASE

Estimates of depression in AD vary depending on sam-
ple issues, diagnostic methods, and clinical manifesta-
tions. Vilalta-Franch and coworkers (2006) compared
the frequency of depression using different diag-
nostic schemes in a series of 491 patients with AD.
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The frequency of major depression was 5% using the
International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD-10:
World Health Organization, 1992) criteria, 10% using
the Cambridge Examination for Mental Disorders for
the Elderly, 13% using the DSM-IV criteria, and 27%
using the NIMH criteria. Among patients recruited from
memory clinics, the frequency of depression is about
40%, whilst among patients living in the community
the frequency of depression ranges from about 20%
to 30% (Burns et al., 1990; Lyketsos et al., 2000b;
Steinberg et al., 2004; Aalten et al., 2005a, b). Recent
estimates of depression among demented patients living
in nursing homes produced frequencies of depression of
20%, with an 18-month incidence of 18% (Lyketsos and
Olin, 2002).

LONGITUDINAL EVOLUTION OF DEPRESSION

IN ALZHEIMER’S DISEASE

Starkstein and coworkers (1997) reported that, after a
mean follow-up of 16 months, 58% of patients withmajor
depression at the initial evaluation were still depressed.
On the other hand, 21% of patients without depression
at baseline became depressed at follow-up. Using the
Neuropsychiatric Inventory, Garre-Olmo and coworkers
(2003) found that half of the AD patients with depression
at baseline had depression at 12-month follow-up, whilst
20% of nondepressed patients at baseline were depressed
at follow-up.

CLINICAL CORRELATES OF DEPRESSION IN

ALZHEIMER’S DISEASE

Depression in AD is associated with worse quality of
life, greater disability in activities of daily living, a faster
cognitive decline, a higher frequency of nursing home
placement, and higher mortality (Starkstein et al.,
2008b). Starkstein and coworkers (2005a) found that
mildly depressed AD patients had more severe social
dysfunction and greater impairment in activities of daily
living than nondepressed AD patients, suggesting that
even mild levels of depression are associated with more
significant functional impairment in AD. Patients with
major depression showed more severe comorbid anxi-
ety, apathy, delusions, and parkinsonism than patients
without depression, demonstrating that the severity
of depression is significantly associated with increased
comorbid psychopathology, neurological and functional
impairments.

TREATMENT OF DEPRESSION IN ALZHEIMER’S DISEASE

Most randomized controlled trials (RCTs) and recent
meta-analyses have demonstrated that antidepressants

NEUROLOGICAL AND PSYCH
are superior to placebo for both treatment response
and remission of depression (Thompson et al., 2007).
Few RCTs have been carried out to assess the usefulness
of pharmacotherapy or psychotherapy in AD. Lyketsos
and colleagues (2000a) demonstrated that sertraline was
significantly better than placebo to treat depression in
AD. This study showed full response in 38% of patients
on sertraline as compared to 20% for patients on pla-
cebo. Sertraline was well tolerated and side-effects were
mild. Teri and coworkers (1997) carried out a parallel
RCT comparing the behavioral technique of providing
pleasant activities to patients as compared to providing
problem-solving activities. Both treatments produced
improvements on patients’ depression scores of similar
magnitude. Magai and coworkers (2000) carried out an
RCT of the antidepressant sertraline in 31 female nurs-
ing home patients with late-stage AD. Both the active
and placebo groups improved significantly over time,
but there was no significant benefit of sertraline over
placebo. Livingston and coworkers (2005) carried out a
systematic review of psychological treatments and con-
cluded that behaviormanagement therapies and caregiver
and residential staff education are both effective treat-
ments for neuropsychiatric syndromes in dementia.

Depression in stroke

DIAGNOSIS OF DEPRESSION IN STROKE

During the past 15 years several studies clarified the
specificity of depressive symptoms in stroke. Lipsey
and coworkers (1986) found that patients with post-
stroke major depression had a similar profile of depres-
sive symptoms than patients with primary depression,
except for slowness, which was more frequent among
stroke patients. Gainotti and coworkers (1997) examined
the phenomenology of depression using the Post-Stroke
Depression Scale. They found that patients with primary
depression had more severe depressed mood, guilt,
suicidal thoughts, and anhedonia than patients with
poststroke depression. However, in a more recent study,
Robinson (2006) compared 125 patients with poststroke
depression and 250 stroke patients without depression
and found that, except for social withdrawal, depressed
patients had a significantly higher frequency and
severity of somatic and psychological symptoms of
depression than nondepressed patients.
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FREQUENCY OF POSTSTROKE DEPRESSION

The frequency of poststroke depression depends on
time since stroke, with a peak at 3–6 months after
stroke, declining to 50% of the baseline rate 1 year after
stroke (Robinson et al., 1987). During the first 2 years
poststroke approximately 40% of patients will develop
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depression. The frequency of poststroke depression is
also influenced by the assessment method, the setting
(e.g., acute stroke units, rehabilitation units, or patients
living in the community), the presence of aphasia, and
the severity of cognitive impairment. Robinson (2006)
pooled data from worldwide studies and reported a
mean frequency of 19% for major depression and 18%
for minor depression.

LONGITUDINAL EVOLUTION OF POSTSTROKE

DEPRESSION

Robinson (2006) reported that 19% of stroke patients
had depression in the acute hospital, which persisted
for 6 months in half of this group. Only 12% of the base-
line sample was still depressed at the 12-month assess-
ment. The frequency of in-hospital minor depression
was 45%, and throughout the 2-year follow-up more
than half of this group continued to be depressed.
Finally, one-third of patients without in-hospital
depression developed either minor or major depression
during the 2-year follow-up. Among patients living in
the community, Burvill and coworkers (1995) found that
one-third of patients with major depression 4 months
poststroke were still depressed 1 year after stroke, while
17% had minor depression.

CLINICAL CORRELATES OF POSTSTROKE DEPRESSION

Poststroke depression is significantly related to dimin-
ished recovery from physical and cognitive deficits,
and higher mortality (Robinson, 2006). Cross-sectional
studies showed a significant correlation between more
severe depression andmore severe functional andmotor
impairments. Parikh and coworkers (1990) reported that
patients with major depression had significantly less re-
covery from functional deficits as compared to nonde-
pressed stroke patients over a 2-year period. Pohjasvaara
and coworkers (2001) showed that depression at 3
months poststroke is a significant predictor of func-
tional and physical outcome at 15 months poststroke.
Chemerinski and coworkers (2001) demonstrated that
antidepressant treatment resulted in a significantly
greater functional improvement for patients who remit-
ted from depression as compared to patients who did
not remit.

Several cross-sectional studies demonstrated that
patients with poststroke depression have more severe
cognitive impairments than nondepressed patients
(Bolla-Wilson et al., 1989). This finding remained sig-
nificant even after patients with or without depression
were matched for lesion size and location (Starkstein
et al., 1988a). Furthermore, poststroke depression in-
hospital predicted a significantly lower Mini-Mental
State Examination (MMSE) score as compared to
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nondepressed individuals at 3 and 6 months after stroke
(Downhill and Robinson, 1994). Kimura and coworkers
(2000) assessed the efficacy of antidepressant treatment
on recovery from cognitive deficits. They found that re-
sponders had a significantly greater and dose-related
improvement on MMSE scores than nonresponders,
and this improvement was maintained during a 2-year
period (Narushima et al., 2003). Given that responders
on placebo had a similar magnitude of improvement
as medication, the data suggest that cognitive improve-
ment was related to the remission of depression and not
to biochemical changes.

TREATMENT OF POSTSTROKE DEPRESSION

Several studies examined the efficacy of antidepressants,
andmost of them found a significant benefit of the active
compound as compared to placebo. A meta-analysis car-
ried out in 2005 that included seven RCTs showed that
limiting the analysis to the three trials that included more
than half of the sample showed a significant benefit of
antidepressants (Hackett et al., 2004). More recently,
the same authors added five new RCTs and concluded
that there is evidence for antidepressants to reduce symp-
toms of depression after stroke (Hackett and Anderson,
2005). Chen and coworkers (2006) carried out a meta-
analysis that included 16RCTs. The response rate for anti-
depressants was 65% as compared to 44% for patients
on placebo. Longer duration of treatment was positively
correlated to degree of improvement.

Williams and coworkers (2007) assessed the useful-
ness of a case management intervention versus placebo
to treat poststroke depression. The intervention con-
sisted in educating patients and caregivers about stroke
and depression to initiate antidepressant treatment and
monitor its effectiveness. They found that case manage-
ment resulted in greater remission of depression than
usual care alone. Another study suggested that both
pharmacotherapy and psychotherapy may be effective
treatments to prevent poststroke depression (Robinson
et al., 2008a). Patients were assigned to escitalopram,
problem-solving therapy, or placebo, and the main find-
ing was that depression developed in 22% of patients on
placebo as compared to 8% in the escitalopram group
and 12% in the problem-solving therapy group.

ND D. TRANEL
Depression in Parkinson’s disease

DIAGNOSIS OF DEPRESSION IN PARKINSON’S DISEASE

Diagnosis of depression in PD is complicated by the
overlap between depressive and motor symptoms.
Psychomotor retardation, loss of energy, sleep prob-
lems, and poor appetite characterize both depression
and PD. Starkstein and coworkers (2008a) examined
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the validity of different subtypes of depression in a series
of 173 patients with PD and found that all the DSM-IV
clinical criteria for major depression and dysthymia were
significantly associatedwith sadmood.Theyalso reported
a significant association between psychological and so-
matic symptomsof anxiety and sadmood, suggesting that
anxiety could be added to the diagnostic criteria formajor
depressionanddysthymia. Interestingly,motor symptoms
accounted for only 11% of the variance with depression
scores, suggesting that symptoms of depression in PD
are not strongly influenced by the severity of parkinson-
ism. On the other hand, comorbid dementia had no signi-
ficant impact upon the DSM-IV clinical criteria for major
depression or dysthymia, suggesting that these criteria
may be used in PD regardless of the presence of dementia.
A taskforce commissioned by the Movement Disorders
Society concluded that the Beck Depression Inventory
and the Hamilton Depression Scale have been adequately
validated for screening and to measure the severity
of depression in PD. Nevertheless, the gold standard for
establishing the diagnosis of depression remains a
structured interview and standardized criteria such as in
the DSM-IV or the ICD-10.

FREQUENCY OF DEPRESSION IN PARKINSON’S DISEASE

The frequency of depression in PD ranges from 8% in
community studies to 40% among patients attending a
movement disorders clinic (Cummings, 1992). About
9% of patients with PD have depression at the time
of diagnosis, as compared to 4% in a control sample
(Leentjens et al., 2003a). Reijnders and coworkers
(Starkstein et al., 1990; Reijnders et al., 2008) calculated
the average prevalence of depressive disorders in differ-
ent settings and using different diagnostic schemes, and
found a weighted prevalence of 17% for major depres-
sion, 22% for minor depression, and 13% for dysthymia.
The frequency of depression was higher in studies using
structured interviews, and lowest in population studies.

LONGITUDINAL EVOLUTION OF DEPRESSION

IN PARKINSON’S DISEASE

Few studies have examined the longitudinal evolution of
depression in PD. Starkstein and coworkers (1990)
found that 29% of PD patients with major depression
were depressed before the onset of motor symptoms.
In a cross-sectional study, these authors found a fre-
quency of depression of 40% in the Hoehn–Yahr stage
I, 19% in stage II, 36% in stage III, 65% in stage IV, and
50% in stage V. In a 1-year follow-up study (Starkstein
et al., 1992a) they found that 89% of patients with major
depression at baseline were still depressed at follow-up,
as compared to 37% of those with minor depression and
18% of those without depression.

NEUROLOGICAL AND PSYCH
CLINICAL CORRELATES OF DEPRESSION

IN PARKINSON’S DISEASE

A study by Palhagen et al. (2008) reported that PD
patients with depression were more disabled and had
more severe dyskinesias and sleep disorders than non-
depressed patients with PD. Starkstein and coworkers
(1991) also found a significant association between
depression, sleep problems, and more severe pain. They
also found a higher frequency of depression in akinetic-
rigid versus classical PD (Starkstein et al., 1998). Santan-
gelo and coworkers (2009) reported that depressed PD
patients showed lower scores on frontal lobe-related
neuropsychological tasks than nondepressed patients.
Depression in PD is a significant predictor of faster
cognitive decline, faster progression along the stages
of the illness, and more severe motor impairment.

TREATMENT OF DEPRESSION IN PARKINSON’S DISEASE

Devos and coworkers (2008) carried out a double-blind,
placebo-controlled study using desipramine (up to 75
mg/day) and citalopram (up to 20 mg/day). The main
finding was that the tricyclic antidepressant desipramine
had a significantly higher efficacy than citalopram or
placebo. Of note, mild adverse events were twice as fre-
quent in the desipramine group as in the other two
groups. Leentjens and coworkers (2003b) carried out
an RCT with sertraline in 12 depressed PD patients. They
found significant improvements with both the active
compound and the placebo, but no significant differences
between treatments.Menza and coworkers (2009) carried
out an RCT using paroxetine, nortriptyline, and placebo
in 52 patients with PD. The main finding was that patients
on nortriptyline had a significantly greater reduction
in depression scores than patients on paroxetine or
placebo, whilst paroxetine was not different than placebo.
Response rates were 53% for nortriptyline, 11% for
paroxetine and 24% for placebo. Nortriptyline, but not
paroxetine, was significantly better than placebo on sec-
ondary outcome measures such as sleep problems, anxi-
ety, and social functioning. Recent studies demonstrated
the feasibility of using cognitive-behavioral therapy for
depression in PD (Dobkin et al., 2008), although its
efficacy remains unknown. Electroconvulsive therapy
(ECT) has been demonstrated to be a useful treatment
for PD patients with refractory depression; recent case se-
ries also suggest the potential usefulness of maintenance
ECT (Fall and Granerus, 1999).

The increasing treatment of PD with deep-brain
stimulation (DBS) has provided important information
regarding nonmotor changes produced by this treat-
ment. The risk of suicide after DBS was found to be
higher than in the general population. A study by Voon
and coworkers (2008) among 5025 PD patients treated
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with DBS reported suicidal ideation in 0.9% of the pa-
tients and completed suicide in 0.4%. The demographic
and clinical characteristics of patients at a greater risk
for suicide following DBS remain to be clarified.

Depression in traumatic brain injury

DIAGNOSIS OF DEPRESSION IN TRAUMATIC

BRAIN INJURY

TBI is a leading cause of morbidity and mortality all
over the world, and depression is a frequent complica-
tion of this condition. Depression in TBI may be diag-
nosed using the DSM-IV category of mood disorder
due to a general medical condition with major depres-
sive features. Symptoms such as fatigue, sleep distur-
bance, concentration difficulties, and poor motivation
are frequent after TBI, which led to the suggestion that
the use of unmodified DSM-IV criteria for major
depression may overestimate the prevalence of major
depression (Vaishnavi et al., 2009). Nevertheless, Jorge
and coworkers (1993) showed that TBI patients with sad
mood had a median frequency of somatic and psycho-
logical symptoms of depression three times higher than
rates among TBI patients without sad mood. Moreover,
DSM-III-R criteria for major depression had a sensitiv-
ity of 100% and a specificity of 94% to identify TBI
patients with sad mood (Jorge et al., 1993). The same
research group found that four symptoms, namely
sad mood, poor energy, low self-esteem, and suicidal
ideation, consistently differentiated depressed from
nondepressed TBI patients (Jorge et al., 1993).

FREQUENCY OF DEPRESSION AFTER TRAUMATIC

BRAIN INJURY

The frequency of depression after TBI was found to be
related to the severity of brain lesion, time since injury,
and assessment methods. Jorge and coworkers (2004)
reported a frequency of major depression of 33%
among 91 consecutive admissions with TBI as compared
to 7% for patients with multiple trauma without brain
injury. Rapoport and coworkers (2003) reported a fre-
quency of major depression of 15% 2 months after
TBI, which increased to 28% 6 months later.

LONGITUDINAL EVOLUTION OF DEPRESSION

AFTER TRAUMATIC BRAIN INJURY

Few studies have examined the natural evolution of de-
pression after TBI. Jorge and coworkers (1993) carried
out a 1-year follow-up study that included 66 patients
with acute TBI. They found that 28 of the 66 patients
met DSM-III-R criteria for major depression at some
stage during the study. The mean duration of depression
was 5 months. The main clinical correlate of depression
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during the follow-up period was poor social functioning.
Location of brain injury was associated with the devel-
opment of major depression only during the acute stage.

CLINICAL CORRELATES OF DEPRESSION AFTER

TRAUMATIC BRAIN INJURY

Social factors such as fear of job loss, impaired close per-
sonal relationships, level of stress (Bay et al., 2002), lesion
location (Paradiso et al., 1999), cognitive problems and
seizures (Piccinelli et al., 1999), preinjury lack of occupa-
tion (Bowen et al., 1998), and older age (Levin et al., 2005)
were found to be associated with depression after TBI.
Patients with depression after TBI were also reported
to have poor functional and psychological outcomes
(Fann et al., 1995; Rapoport et al., 2003).

TREATMENT OF DEPRESSION AFTER TRAUMATIC

BRAIN INJURY

There are few treatment studies of depression after TBI,
most of them consisting of case reports or small case
series. Ashman and coworkers (2009) carried out a 10-
week RCT using sertraline versus placebo in a group
of 52 patients with major depression after TBI. Sertraline
was started at 25 mg/day and progressively increased to
up to 200 mg/day. The main finding was that both sertra-
line and placebo produced significant improvements in
depression, anxiety, and quality of life, but there were
no significant differences between the active compound
and placebo on any of the outcome measures.

APATHY INNEUROLOGICALDISORDERS

The term “apathy” is used to refer to a syndrome char-
acterized by poor motivation, as manifested by reduced
goal-directed cognition, behavior, and emotion. Already
in the 19th century the term “apathy” was used to refer
to states of physical and psychological hypoactivity.
Currently, apathy is considered one of the most com-
mon behavioral changes among patients with neurolog-
ical disorders. Marin (1991) defined motivation as “the
direction, intensity and persistence of goal-directed be-
havior,” and identified loss of motivation as the main
symptom of apathy. Levy and Dubois (2006) defined ap-
athy as an observable behavioral syndrome consisting of
a quantitative reduction in self-generated voluntary and
purposeful behaviors.

ND D. TRANEL
Apathy in Alzheimer’s disease

DIAGNOSIS OF APATHY IN ALZHEIMER’S DISEASE

There is no consensus as yet on whether apathy should
be considered a symptom of major neuropsychiatric
disorders or a syndrome in its own right. During the past
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10 years a variety of instruments have been developed to
rate the severity of apathy, but only recently standard-
ized diagnostic criteria have been proposed. Marin
(1991) suggested three dimensions for apathy: (1)
reduced goal-directed behavior, as characterized by
lack of effort, initiative, and productivity; (2) reduced
goal-directed cognition, as characterized by decreased
interests, lack of plans for the future, and lack of con-
cern; and (3) reduced goal-directed emotions, character-
ized by flat and blunted affect and emotional
indifference. Starkstein and coworkers (2005c) vali-
dated a structured interview to assess apathy in demen-
tia. Apathy is then diagnosed using a specific algorithm
and the Starkstein and Leentjens criteria (Starkstein and
Leentjens, 2008). Specific scales have also been devel-
oped tomeasure the severity of apathy in dementia, such
as the Dementia Apathy Interview and Rating (Strauss
and Sperry, 2002). Starkstein and coworkers (2005c)
designed the Structured Clinical Interview for the Diag-
nosis of Apathy to screen for symptoms of apathy,
and to make a clinical diagnosis based on a specific
algorithm and structured criteria.

FREQUENCY OF APATHY IN ALZHEIMER’S DISEASE

Starkstein and coworkers (2006a) diagnosed apathy in
37% of a consecutive series of 319 patients with
AD. Two-thirds of patients with apathy also met
DSM-IV criteria for either major or minor depression.
Using the Neuropsychiatric Inventory, several studies
reported apathy to be present in 53–76% of AD patients
(Landes et al., 2005; Tatsch et al., 2006). This wide
variability may depend mostly on demographic dif-
ferences (e.g., samples with older or more demented
patients versus samples with younger and less cogni-
tively impaired ones) and differences in the severity
of dementia.

LONGITUDINAL EVOLUTION OF APATHY

IN ALZHEIMER’S DISEASE

Few studies have examined the long-term progression of
apathy in AD. Starkstein and coworkers (2006a) exam-
ined the predictive validity of apathy in 354 patients with
AD who received a follow-up assessment between 1 and
4 years after baseline. The frequency of apathy in-
creased from 14% in the stage of very mild dementia
to 61% in the stage of severe dementia. Turro-Garriga
and coworkers (2009) assessed a series of 155 AD
patients for the presence of apathy at baseline and 12
months later. Using the Neuropsychiatric Inventory,
they found a frequency of apathy of 19% at baseline,
with half of these patients remaining apathetic at
follow-up. The incidence of apathy was 22%, and the
frequency of apathy at follow-up was 27%.

NEUROLOGICAL AND PSYCH
CLINICAL CORRELATES OF APATHY

IN ALZHEIMER DISEASE

In cross-sectional studies, apathy in AD is significantly
associated with more severe depression, more severe
cognitive and functional deficits, older age, and poor
insight (Starkstein et al., 2001). Apathy in AD is a
significant predictor of depression, more severe im-
pairments in daily activities, a faster cognitive decline,
and more severe parkinsonism (Starkstein et al.,
2006a). Based on these findings, the authors suggested
that apathy may be a marker of a malignant type of
AD, with more severe behavioral problems and a
faster functional, cognitive, and physical decline. Sim-
ilarly, Robert and coworkers (2006) found that
patients with mild cognitive impairment and apathy
converted significantly faster to AD than patients with-
out apathy.

TREATMENT OF APATHY IN ALZHEIMER’S DISEASE

In spite of the high frequency of apathy in AD, no
RCTs of psychoactive agents or psychotherapy have
been carried out with apathy as the main outcome mea-
sure. A series of treatment studies using anticholines-
terase inhibitors such as trichlorfon (metrifonate)
(Cummings et al., 2001) and rivastigmine (Figiel and
Sadowsky, 2008) showed significant improvement on
apathy scores with the active compound. A study
(Herrmann et al., 2005, 2008) that pooled data from
three RCTs showed that galantamine significantly de-
creased apathy scores. Several open-label studies using
psychostimulants or amantadine reported significant
improvements in apathy (Marin et al., 1995; Herrmann
et al., 2008).

Among nonpharmacological treatments, an RCT of
live or prerecorded music showed that live interactive
music resulted in positive and immediate engagement
in dementia subjects with apathy (Holmes et al., 2006).
There is also some evidence to suggest that multi-
sensory stimulation may reduce the severity of apathy
in late stages of dementia (Chung et al., 2002).
Apathy in stroke

DIAGNOSIS OF APATHY IN STROKE

Apathy in stroke may be diagnosed using the clinical
criteria suggested by Starkstein and Leentjens
(2008). The only instruments validated to measure
the severity of apathy in stroke are the Apathy Evalu-
ation Scale and the Apathy Scale. It is important to note
the large overlap between depression and apathy in
stroke which may complicate the diagnosis of apathy
in this condition.
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FREQUENCY OF APATHY IN STROKE

In one of the first studies to examine the frequency of
apathy in stroke, Starkstein and coworkers (2006a)
reported a frequency of apathy of 23% among a series
of 80 patients with acute stroke. Half of the patients with
apathy had comorbid depression. In studies that included
more chronic stroke patients, the frequency of apathy
was 27% (Angelelli et al., 2004; Brodaty et al., 2005).

LONG-TERM PROGRESSION OF APATHY AFTER STROKE

Unfortunately, there are no long-term follow-up studies
of patients with apathy after stroke. Nevertheless, the
frequency of apathy in rehabilitation settings was
reported to be about 40% (Hama et al., 2007).

CLINICAL CORRELATES OF APATHY AFTER STROKE

Starkstein and coworkers (1993) reported that patients
with apathy were older and had more severe cognitive
and functional deficits than those without apathy. Bro-
daty and coworkers (2005) reported that patients with
apathy were more dependent on basic and instrumental
activities of daily living compared to patients without
apathy, and also showed more severe deficits in
attention and concentration, working memory, and in-
formation processing. Brodaty and coworkers (2005)
reported that patients with poststroke apathy were
older, more functionally dependent, and more cogni-
tively impaired than stroke patients without depression.
Apathy after stroke is associated with longer hospital
stay and impaired rehabilitation and functional out-
comes (Galynker et al., 1997; Zawacki et al., 2002).
Hama and coworkers (2007) showed that poststroke
adults with apathy engage poorly in rehabilitation pro-
grams, consequently hampering their physical and social
recovery. Among 219 patients admitted for rehabilita-
tion, the authors found that higher Apathy Scale scores,
but not scores of depression, were significantly related
to lower gains per week on the Functional Independence
Measure. In a more recent study that assessed 67 pa-
tients 21–90 days after their first ever stroke, Santa
and coworkers (2008) found that, after a 3-month
rehabilitation program, apathetic patients were more
functionally impaired than nonapathetic patients
according to the Barthel Index and the Functional
Independence Measure self-care subscore.

TREATMENT OF POSTSTROKE APATHY

Most treatment studies for apathy after stroke are limited
to case reports using dopaminergic agonists or psycho-
stimulants such as methylphenidate (Van Reekum
et al., 1995) with positive results. Whyte and coworkers
(2008) compared the efficacy of the anticholinesterase
inhibitors galantamine and donepezil on functional recov-
ery from ischemic stroke. They found that treatment with
donepezil resulted in significant improvements on activ-
ities of daily living as compared to patients on galanta-
mine or a historical comparator group. An RCT using
nefiracetam in 159 stroke patients showed that, whilst
nefiracetam was not better than placebo to treat depres-
sion, a 900 mg/day dose produced a significant improve-
ment on apathy scores (Robinson et al., 2008b).

Apathy in Parkinson’s disease

DIAGNOSIS OF APATHY IN PARKINSON’S DISEASE

A study organized by the Movement Disorders Society
reviewed the clinimetric properties of scales to mea-
sure apathy in PD (Leentjens et al., 2008). Two instru-
ments, the Apathy Scale and the Lille Apathy Rating
Scale, were specifically developed and validated in
patients with PD. Clinimetric properties of other scales,
such as the Apathy Evaluation Scale and the Apathy
Inventory, are less well known. The study stressed
that none of the available scales is suited to assess
apathy during motor fluctuations, and that the con-
founding influence of cognitive decline on the
rating of apathy should be specifically assessed for
each scale. Starkstein and coworkers (2009) have
validated a standardized set of criteria to diagnose
apathy in PD.

FREQUENCY OF APATHY IN PARKINSON’S DISEASE

The frequency of apathy in PD was reported to range
between 17% and 70% (Starkstein et al., 1992d; Dujardin
et al., 2007), and this wide variability is explained by
the use of different rating instruments for apathy, dif-
ferences in the severity of PD, the presence of comor-
bidities such as depression and cognitive impairment,
and sampling characteristics (e.g., community versus
convenience samples). In a community-based study, Pe-
dersen and coworkers (2009a) reported apathy in 38% of
232 PD patients. The frequency of apathy alone (i.e., in
the absence of depression and dementia) was reported to
range between 12% and 39%. When apathy was rated
based on caregivers’ reports, the frequency of apathy
ranged from 17% to 33%. In a study that included 164
patients with PD attending a movement disorders clinic,
32% of the participants met the Starkstein and Leentjens
(2008) criteria for apathy.

LONGITUDINAL EVOLUTION OF APATHY

IN PARKINSON’S DISEASE

Pedersen and coworkers (2009b) carried out a 4-year
longitudinal study of apathy that included 79 patients
with PD. They found that 14% of patients had apathy
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both at baseline and at follow-up, 49% developed apathy
during the follow-up period, and 37% never developed
apathy. At the end of the follow-up period, patients with
apathy had a higher frequency of comorbid depression
and dementia than patients without apathy.

CLINICAL CORRELATES OF APATHY

IN PARKINSON’S DISEASE

A study by Starkstein and coworkers (2008a) demon-
strated that apathy in PD is significantly associated
with older age, a higher frequency of depression, more
severe cognitive impairments, and more severe parkin-
sonism than in patients without apathy. Among drug-
naive PD patients, Pedersen and coworkers (2009b)
found apathy in 23% of 175 patients, and one-third of
the apathetic patients had comorbid depression. Apathy
was more frequent amongmen with more severe parkin-
sonism, more deficits in activities of daily living, and
more severe neuropsychological impairments. The find-
ing of a significant association between apathy, depres-
sion, and dementia in PD suggests that apathy is a
syndromal expression of a more severe subtype of PD.

Apathy has been recognized as one of the more com-
mon behavioral sequelae of DBS, and may result from
the partial or complete withdrawal of dopaminergic
medication. Czernecki and coworkers (2008) reported
8 patients who became apathetic after complete with-
drawal of dopaminergic medication. They found that
small doses of the D2/D3 agonist ropinirole improved
apathy in 7 of the 8 patients.

TREATMENT OF APATHY IN PARKINSON’S DISEASE

There is some anecdotal evidence that dopaminergic
agonists may improve apathy in PD (Chaudhuri
and Schapira, 2009), but proper RCTs have yet to be
carried out.

Apathy in traumatic brain injury

DIAGNOSIS OF APATHY IN TRAUMATIC

BRAIN INJURY

The Apathy Evaluation Scale has been validated to mea-
sure the severity of apathy in TBI (Marin et al., 1991).
Muller and coworkers (2006) used ambulatory actigra-
phy tomeasure daytime locomotor activity in 24 patients
with TBI and 12 controls and found a significant asso-
ciation between high scores on the Apathy Evaluation
Scale and reduced locomotor activity. On the other
hand, Glenn and coworkers (2002) reported that the
Apathy Evaluation Scale is a poor instrument to screen
for apathy in TBI. Studies are needed to validate both a
structured assessment for apathy in TBI and standard-
ized diagnostic criteria.

NEUROLOGICAL AND PSYCH
FREQUENCY OF APATHY AFTER TRAUMATIC

BRAIN INJURY

The frequency of apathy in TBI was reported to range
widely. Andersson and coworkers (1999) reported a fre-
quency of 46% of patients with poor motivation after
TBI, whilst Andersson and Bergedalen (2002) reported
a frequency of 62%.

LONG-TERM EVOLUTION OF APATHY AFTER TRAUMATIC

BRAIN INJURY

In spite of its high prevalence, apathy after TBI has not
been examined in longitudinal studies.

CLINICAL CORRELATES OF APATHY IN TRAUMATIC

BRAIN INJURY

Apathy after TBI is associated with a poor rehabilitation
outcome (Gray et al., 1994). Anderson and Bergedalen
(2002) found a significant association between apathy
and specific cognitive deficits (acquisition and recall, ex-
ecutive functions, and psychomotor speed), which they
considered to be secondary to diffuse axonal injury.
Catellani and coworkers (2008) showed a significant asso-
ciation between apathy and worse cognitive integration
and productive activities, and suggested that apathy
should be a primary treatment target to improve TBI
patients’ community integration.

TREATMENT OF APATHY AFTER TRAUMATIC

BRAIN INJURY

The pharmacological treatment of apathy after TBI has
received relatively little attention. A variety of drugs
have been tried on individual patients and small groups,
but none of these studies has been placebo-controlled.
Kraus and Maki (1997) treated 6 patients with chronic
apathy after TBI using amantadine (a compound
with dopaminergic agonist properties), and most
patients improved based on carers’ reports. Selegiline,
a selective monoamine oxidase B inhibitor, reduced
apathy when combined with methylphenidate in 4
patients with post-TBI apathy (Newburn and Newburn,
2005). A recent Cochrane review (Lane-Brown and Tate,
2009) on interventions for apathy after TBI found a
single RCT meeting their stringent inclusion criteria.
This study consisted of cranial electrotherapy stimula-
tion, which significantly improved apathy as compared
to sham treatment.
LOSSOF INSIGHT

Loss of insight was described by Babinski (1918) in 2
patients with a left hemiplegia who denied their motor
deficit. He termed this condition “anosognosia,” and
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coined the term “anosodiaphoria” to refer to patients
who would acknowledge their motor deficit but would
show indifference about their condition. Loss of insight
is a well-known consequence of TBI, especially after
orbitofrontal lesions, and is usually accompanied by a
disinhibition syndrome (Starkstein et al., 1988b). Ano-
sognosia is a frequent finding in AD but has not been
systematically assessed among patients with PD.

Anosognosia in Alzheimer’s disease

DIAGNOSIS OF ANOSOGNOSIA

IN ALZHEIMER’S DISEASE

Anosognosia is defined as the lack of awareness or
the underestimation of sensory, perceptual, motor,
affective, or cognitive deficits due to brain damage.
There is a variety of methods to measure anosognosia
in AD:

1. clinician rating methods: ratings are usually made

62 S.E. STARKSTEIN
following an interview with the patient and
caregiver
2. questionnaire-based methods: these include subjec-

tive ratings on cognitive and functional perfor-
mance from patients, comparison of patients’
ratings with ratings made by informants, and the
calculation of discrepancies between patient- and
caregiver-rated scales
3. performance-based methods: these include com-

parisons of patients’ self-reports with objective
performance on cognitive tests, and behavioral
observations using structured assessments
4. phenomenological methods: these methods

consist of exploring patients’ insight into their
own context
5. multidimensional methods: these include a combi-

nation of discrepancy measures with cognitive per-
formance estimation (Clare, 2004).
Starkstein and coworkers (2006b) validated a diagnostic
formulation for anosognosia in AD. They found that a
discrepancy of 2 points or more on a specific set of
items of the Anosognosia Questionnaire–Dementia
had a high sensitivity and specificity to identify clinically
relevant anosognosia.

FREQUENCY OF ANOSOGNOSIA

IN ALZHEIMER’S DISEASE

The frequency of anosognosia in AD was reported to
range from 25% to 80%; this wide discrepancy is mostly
explained by differences in stage of illness (with patients
in late stages having a higher frequency of anosognosia
than AD patients with early dementia) and different
methods of measuring anosognosia.
LONG-TERM EVOLUTION OF ANOSOGNOSIA

IN ALZHEIMER’S DISEASE

Few studies have examined the progression of anosogno-
sia in AD. Starkstein and coworkers (1997) followed 62
AD patients over an average of 16 months. At baseline,
39% had anosognosia, and the frequency increased dur-
ing follow-up. In a recent study, the same research group
assessed 213 AD patients with follow-up between 1 and 4
years after baseline (Starkstein et al., 2011). The main
finding was that 32% of the patients had anosognosia
at both baseline and follow-up, 51% had no anosognosia
at baseline or follow-up, 21% of patients with no
anosognosia at baseline developed anosognosia during
the follow-up period, and only 11% of patients with ano-
sognosia at baseline had no anosognosia at follow-up.
CLINICAL CORRELATES OF ANOSOGNOSIA

IN ALZHEIMER’S DISEASE

In cross-sectional studies, anosognosia inADproved to be
significantly related to more severe parkinsonism, in-
creased dangerous behaviors, increased caregiver burden,
more severe neuropsychological deficits and neuroimag-
ing changes, such as right frontal hypometabolism and
abnormal activation in frontal and parietal regions
(Starkstein et al., 1995, 2007, 2011). In a recent longitudi-
nal study, Starkstein and co-workers (2011) reported that
anosognosia in AD predicts more severe apathy.
Anosognosia in stroke

DIAGNOSIS OF ANOSOGNOSIA AFTER STROKE

Anosognosia is a relatively simple diagnosis in patients
with poststroke motor deficits who deny their motor
problems. Nevertheless, several instruments have been
developed to diagnose anosognosia in stroke. Bisiach
and coworkers (1986) developed a questionnaire to as-
sess denial of sensory and motor deficits. Cutting
(1978) designed a questionnaire that not only includes
awareness about motor deficits, but also assesses
anosognosia-related phenomena such as misoplegia,
anosodiaphoria, kinesthetic hallucinations, and non-
belonging. Starkstein and coworkers (1992b) designed
the Anosognosia Questionnaire–Stroke, which allows
classification of patients into groups with no,
mild, moderate, or severe anosognosia. Marcel and
coworkers (2004) designed the Structured Awareness
Interview, which measures the severity of deficits as
reported by the patient. Finally, Feinberg et al. (2000)
developed the Anosognosia for Hemiplegia Question-
naire, which consists of confronting the patient with
the motor deficit through an alternation of questions
and exposure to the motor deficit.
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FREQUENCY OF ANOSOGNOSIA AFTER STROKE

The frequency of anosognosia after stroke was reported
to range between 10% and 58% (Orfei et al., 2007). This
wide discrepancy may be related to time since stroke
(anosognosia is usually a short-lasting phenomenon),
the use of different instruments and diagnostic criteria,
and patient selection bias (e.g., patients recruited from
acute hospitals versus patients recruited from rehabi-
litation clinics). Baier and Karnath (2005) reported
that most patients with mild anosognosia eventually ac-
knowledge their motor deficit and concluded that
patients who do not mention their motor deficit sponta-
neously but do so when specifically questioned should
not be diagnosed with anosognosia.

LONG-TERM EVOLUTION OF ANOSOGNOSIA

AFTER STROKE

Most cases of anosognosia will recover within the first 3
months after stroke, with only one-third of patients with
acute anosognosia showing this phenomenon in the
chronic stage poststroke (Orfei et al., 2007).

CLINICAL CORRELATES OF ANOSOGNOSIA

AFTER STROKE

Starkstein and coworkers (1992b, c) reported a signifi-
cant association between anosognosia and extinction
on double-simultaneous stimulation, motor impersis-
tence, and allesthesia. A significant association between
anosognosia and neglect has been replicated in numer-
ous studies, although dissociations were also found
(Orfei et al., 2007). Patients with anosognosia also had
more severe impairments in the recognition of facial
emotions and in the comprehension of emotionally in-
toned speech (Starkstein et al., 1992b). Finally, anosog-
nosia has been consistently associated with more
severe cognitive impairments and poor rehabilitation
outcomes (Gialanella et al., 2005).

Anosognosia in traumatic brain injury

DIAGNOSIS OF ANOSOGNOSIA AFTER TRAUMATIC

BRAIN INJURY

PrigatanoandKlonoff (1998)developed the Impaired-Self
Awareness Test and the Denial of Disability Scale, which
assess the presence and severity of anosognosia and de-
nial. They also developed the Patient Competency Rating
Scale, which is rated with both the patient and a caregiver.
This instrument covers awide rangeoffunctional abilities,
interpersonal skills, and emotional status. Fleming and
coworkers (1996) developed the Self Awareness of
Deficits Interview, and Sherer and coworkers (1998a) de-
veloped the Anosognosia Questionnaire, which examines
awareness about changes in emotional, physical, and cog-
nitivedeficits.All these instrumentswerevalidated foruse
inTBI.Given thewidespreaddistributionof lesions inTBI,
it is important to assess awareness of specific dimensions,
such as cognitivedeficits, behavioral changes, physical im-
pairments, emotional problems, and psychosocial impair-
ments (Orfei et al., 2008). Patients with severe TBI often
showpoor awareness of their impaired interpersonal skills
due to their behavioral and emotional changes (Bogod
et al., 2003).

FREQUENCY OF ANOSOGNOSIA AFTER TRAUMATIC

BRAIN INJURY

The frequency of anosognosia after TBI depends on the
severity of the trauma. Patients with mild TBI were
reported to have adequate awareness of changes in their
functional capacities, andusually report similar functional
levels as their respective informants (Prigatano, 1986). On
the other hand, patients with severe TBI have more severe
memory impairments and tend todenycognitiveproblems
(Prigatano, 1986). Dirette and Plaisier (2007) reported that
patientswithmildTBI had accurate self-awareness during
the first year post-TBI, whilst patients with moderate or
severe TBI overestimated their functioning. During the
acute and subacute period post-TBI confabulation may
be prominent (Sherer et al., 1998b).

LONG-TERM EVOLUTION OF ANOSOGNOSIA AFTER

TRAUMATIC BRAIN INJURY

Fleming and Strong (1999) examined awareness of defi-
cits at 3 and 12 months post-TBI and found impaired
awareness at 3 months post-TBI, with subsequent im-
provement at 12-month follow-up. Hart and coworkers
(2009) compared awareness of deficits between the sub-
acute phase of TBI and 12 months later. They found a sig-
nificant improvement in awareness at the follow-up
assessment. Awareness was mostly improved for the be-
havioral/affective domain, and less evident for the cogni-
tive domain, whilst there were no changes on the motor/
sensory domain. Prigatano et al. (1984) reported that ano-
sognosiamay last for several years after the head trauma.
In support, Hoofien and coworkers (2004) demonstrated
that 27% of their series of TBI patients had anosognosia
an average of 13 years posttrauma.

CLINICAL CORRELATES OF ANOSOGNOSIA

AFTER TRAUMATIC BRAIN INJURY

Anosognosia after TBI is significantly associated with
poor compliance with rehabilitation (Lam et al., 1988),
longer length of stay (Malec et al., 1991), higher
caregiver distress (Prigatano, 2005),worse functional out-
come (Sherer et al., 1998b), worse cognitive performance
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(Allen and Ruff, 1990), and worse quality of life (Sherer
et al., 1998b; Hart et al., 2009). Trahan and coworkers
(2006) found a significant association between anosogno-
sia after TBI and poor treatment compliance during early
rehabilitation, and Sherer and coworkers (1998b) reported
that patients with post-TBI anosognosia had increased
failure to obtain gainful employment after rehabilitation
(see Prigatano, 2010, for a review).

TREATMENT OF ANOSOGNOSIA AFTER TRAUMATIC

BRAIN INJURY

Malec and Moessner (2000) reported improvements in
anosognosia in a series of TBI patients treated with
Ben-Yshay and Prigatano’s TBI rehabilitation program.
Ownsworth and McFarland (2004) treated a TBI patient
with anosognosia with a 16-week intervention targeted
to detect error awareness and self-correction in real-life
settings. After treatment, the patient demonstrated a
44% reduction in error frequency and increased self-
correction. Given the paucity of data, Prigatano (2010)
recently noted that it has not yet been demonstrated
whether rehabilitation programs can improve anosogno-
sia after TBI.
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NEUROLOGYOF EMOTION

Right hemisphere structures

There has been a long-standing emphasis on right hemi-
sphere structures as being especially important for emo-
tional processing, and both clinical and experimental
studies have supported the conclusion that the right hemi-
sphere is preferentially involved in processing emotion in
humans and other primates. This may reflect or be asso-
ciated with some of the underlying hemispheric speciali-
zations typically associated with the right hemisphere (it
should be noted that, for the sake of exposition, we are
assumingconventional hemispheric laterality, i.e., verbal–
left, nonverbal – right, characteristic of most (�90%)
right-handed persons and the majority (�70%) of left-
handed persons), such as a predominance for holistic,
configurational modes of processing that could facilitate
handling of multidimensional and alogical stimuli that
convey emotional tone, such as facial expressions and
prosody (e.g., Borod et al., 1997). In addition, it has been
proposed that the right hemisphere contains structures im-
portant for emotional processingwhichmay have evolved
to subserve aspects of social cognition (Bowers et al.,
1993; Gainotti, 2000; Heilman et al., 2003).

In studies with neurological patients, it has been
shown that lesions to right temporal and parietal cortices
can impair emotional experience, arousal, and imagery
for emotion (Adolphs and Tranel, 2004). In fact, pa-
tients with right temporal and parietal damage tend to
have difficulty in discerning the emotional features of
stimuli, with corresponding diminution in their emo-
tional responsiveness, and this tends to occur in both
visual and auditory modalities (Van Lancker and Sidtis,
1992; Borod et al., 1998). Functional neuroimaging
studies have corroborated the lesion work, showing a
preferential role of the right hemisphere in emotion rec-
ognition from facial expressions and from prosody (for
review, see Cabeza and Nyberg, 2000). However, there
has been a long-standing debate over the extent to which
the right hemisphere participates in emotion. Two basic
hypotheses have been proposed: (1) the right hemisphere
hypothesis, which posits that the right hemisphere is
specialized for processing all emotions; and (2) the va-
lence hypothesis, which posits that the right hemisphere
is specialized only for processing emotions of negative
valence, whereas the left hemisphere is specialized for
processing emotions of positive valence (Borod, 1992;
Canli, 1999; Davidson, 2004).

Support for both viewpoints is available in the litera-
ture (Jansari et al., 2000), and resolution of this debate
may require more precise specification of which compo-
nents of emotion are under consideration. One distinc-
tion that seems to be important is between recognition
versus experience of emotion: recognition may accord
more with the right hemisphere hypothesis, while expe-
rience may accord more with the valence hypothesis. It
has been shown that recognition of emotional facial ex-
pressions can be impaired following damage to struc-
tures in the right hemisphere; for example, lesions to
the right somatosensory cortex have been associated
with impaired visual recognition of emotional facial ex-
pressions (Adolphs et al., 2000). Moreover, the impair-
ment was found for most basic emotions (e.g., sadness,
fear, anger, surprise, disgust), consistent with the right
hemisphere hypothesis mentioned above. For emotional
experience, studies have shown a lateralized pattern that
is consistent with the valence hypothesis. Davidson
(1992, 2004) has posited an approach/withdrawal dimen-
sion, in which increased right hemisphere activity corre-
lates with increases in withdrawal behavior (including
behaviors characteristic of emotions such as fear or sad-
ness, as well as depressive tendencies), and increased
left hemisphere activity correlates with increases in
approach behaviors (including behaviors characteristic
of emotions such as happiness and amusement).

In a large-scale lesion study of more than 100 pa-
tients, we found that the somatosensory cortex in the
right hemisphere appears to be especially important
for recognizing emotions in other people, for example
from facial expressions (Adolphs et al., 2000). We inter-
preted this finding to indicate that the recognition
of emotion in others, based on seeing their faces,
requires a sort of “reconstruction” in the perceiver of

ND D. TRANEL



IA
somatosensory representations that simulate a feeling
of the signaled emotion. This simulation process could
even operate below the level of conscious awareness,
so that the perceiver remains unaware of it. In a broader
context, the idea that somatosensory simulation is im-
portant to retrieve knowledge about emotions signaled
by others is reminiscent of the notion that mental simu-
lation is key for understanding what goes on in the
minds of others. This construal has gained momentum
in light of findings of “mirror neurons,” i.e., neurons
in monkey prefrontal cortex that respond when the mon-
key observes another individual performing an action
(Gallese and Goldman, 1999). It could be that we know
about other people’s mental states by analogy with our
own states, i.e., by empathy and simulation, or it could
be that we construe a theory about other people’s mental
states in a “theory of mind” approach. This is currently a
lively issue in cognitive neuroscience, and it has also
been explored in detail in various neuropsychiatric dis-
orders in which patients have difficulty in their social
and emotional interactions with others, such as autism
(Baron-Cohen, 1995).

NEUROLOGICAL AND PSYCH
Amygdala

A part of the classical limbic system, the amygdala is a
bilateral structure comprising a collection of nuclei deep
in the anterior temporal lobe. The amygdala receives
highly processed sensory input from most sensory mo-
dalities, and has extensive, reciprocal connections with
many brain structures that are important for various as-
pects of emotion and related processing (Amaral et al.,
1992). Some of the specifics are as follows. The amyg-
dala has extensive bidirectional connections with the
orbitofrontal cortices, which are known to be important
for emotion and decision-making (Bechara et al., 1997).
The amygdala is extensively and bidirectionally con-
nected with the hippocampus, basal ganglia, and basal
forebrain, which are key structures in memory and
attention. The amygdala projects to structures that are
involved in controlling homeostasis, visceral, and neuro-
endocrine output, notably the hypothalamus. As a result
of these exquisite neuroanatomical arrangements, the
amygdala is situated to link information about external
stimuli conveyed by sensory cortices, on the one hand,
with modulation of decision-making, memory, and at-
tention, as well as somatic, visceral, and endocrine pro-
cesses, on the other hand (Adolphs and Tranel, 2004).

There is by now extensive evidence that the amygdala
participates in a diverse array of emotional and social
behaviors (for review, see Buchanan et al., 2009).
Adolphs and Tranel (2004; see also Damasio, 1999) out-
lined three general ways in which the amygdala partici-
pates in emotion: (1) linking perception of stimuli to an
emotional response, using inputs from sensory cortices
and outputs to emotion “control” structures such as
hypothalamus, brainstem nuclei, and periaqueductal
gray matter; (2) linking perception of stimuli to modu-
lation of cognition, based on connections with structures
involved in decision-making, memory, and attention, as
described above; and (3) linking early perceptual proces-
sing of stimuli with modulation of such perception via
direct feedback (Gallegos and Tranel, 2005). These
mechanisms allow the amygdala to contribute critically
to affective processing by modulating multiple pro-
cesses simultaneously. However, it is important to note
that the amygdala is just one component of a distributed
neural system that links stimuli with emotional res-
ponse, and there are a number of other structures (most
of which are intimately connected with the amygdala)
that subserve emotional and social aspects of behavior
(Brothers, 1990; Adolphs, 1999).

In humans, most studies of the amygdala come
from lesion work and from functional neuroimaging
approaches. These studies have provided compelling
evidence that the amygdala is involved in processing
emotionally competent stimuli in all major sensory
modalities, including visual, auditory, somatosensory,
olfactory, and gustatory. Insofar as the lesion work is
concerned, the most common neurological causes of
amygdala damage include: (1) temporal lobectomy for
pharmacoresistant epilepsy; (2) encephalitis, including
limbic encephalitis and herpes simplex encephalitis; (3)
Urbach–Wiethe disease (also called lipoid proteinosis),
which, in about half of the affected individuals, causes
calcifications of medial temporal lobe structures,
usually bilateral and often encompassing the amygdala.
We have studied extensively two patients with Urbach–
Wiethe disease, SM (Tranel and Hyman, 1990; Adolphs
et al., 2000) and JF. Both patients have bilateral, fairly
symmetrical, and relatively restricted lesions to the
amygdala (Buchanan et al., 2009).

As shown extensively in animals (LeDoux, 1996) and
also in humans, the amygdala is important for fear con-
ditioning. Lesions to the amygdala impair the ability to
acquire conditioned autonomic responses to stimuli that
have been paired with unconditioned aversive stimuli
(Bechara et al., 1995). Also, acquisition of conditioned
fear responses in normal, healthy participants has been
shown to activate the amygdala in functional imaging
studies (Buechel et al., 1998).

Several psychiatric illnesses are believed to involve
pathology in the amygdala. For example, posttraumatic
stress disorder, schizophrenia, depression, anxiety
disorders, and autism have all been linked to amygdala
pathology (Aggleton, 1992, 2000). Also, there is evi-
dence of amygdala dysfunction in mood disorders
(Davidson and Irwin, 1999; Drevets, 2000). In autism,
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both histological and volumetric magnetic resonance im-
aging (MRI) studies have found abnormal amygdala cell
density through development, implicating the amygdala
as a possible source of pathology in this disorder, and
a basis for explaining abnormal amygdala activation
in persons with autism in functional MRI studies
(Baron-Cohen et al., 2000).

Neuropsychological experiments have been used to in-
vestigate the recognition of emotion from various types
of stimuli (e.g., facial emotional expressions) as well as
the experience of emotion triggered by emotional stimuli
or emotional memories. Many of these experiments have
focused on patient SM,who, as noted above, has selective
bilateral amygdala damage. In many different tasks, SM
has been shown to be specifically and severely impaired in
regard to recognizing fear in facial expressions (Adolphs
and Tranel, 2000). Also, when rating the intensity of
emotions in faces, SM does not rate surprise, fear, and
anger as very intense. She is especially impaired in rating
the intensity of fear, and in several experiments failed
to recognize any fear whatsoever in prototypical facial
expressions of fear (Adolphs et al., 1995). Also, SM’s
spontaneous naming of the emotions shown in faces is im-
paired. In general, SM’s impairment in recognizing emo-
tional facial expressions is disproportionately severe with
respect to fear; however, she also has impairments in rec-
ognizing highly arousing emotions that are similar to fear,
such as anger. This is consistent with the notion of a more
general impairment in recognition of negative emotions,
which has been observed in other patients with bilateral
amygdala damage (Adolphs et al., 1999). And in this vein,
it is interesting to note that SM is impaired in her ratings
of the degree of arousal present in facial expressions of
emotion. Based on these findings, we have suggested that
the amygdala may play a role in recognizing highly arous-
ing, unpleasant emotions – in other words, emotions that
signal potential harm to the organism – and in the rapid
triggering of appropriate physiological states related to
these stimuli (Adolphs and Tranel, 2004).

Functional neuroimaging studies in normal individ-
uals have corroborated much of the lesion work, and
have shown that the amygdala is strongly activated by
tasks that require the recognition of signals of unpleas-
ant and arousing emotions (Morris et al., 1996). In fact,
visual, auditory, olfactory, and gustatory stimuli have
all been reported to activate the amygdala during
processing of unpleasant and arousing emotions
(Royet et al., 2000). Studies using functional neuroim-
aging have examined both the encoding/recognition of
emotional stimuli, and emotional experience/response
(Davidson and Irwin, 1999). However, while the
evidence of amygdala activation during encoding and
recognition of emotional material is consistent (Cahill
et al., 1996; Hamann et al., 1999), the evidence that
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the amygdala is also activated during emotional experi-
ence/response is less clear.

Further insights have come from studies which used
stimuli that were presented in such a way that they could
notbe consciouslyperceived. Forexample,Whalenandcol-
leagues (1998) reported amygdala activation in participants
who were shown facial expressions of fear that were pre-
sented so briefly the expressions could not be consciously
recognized. This suggests that the amygdala plays a role in
nonconscious processing of emotional stimuli. Neuroana-
tomically, thisprocessingstreammight relyonvisual inputs
to the amygdala via the superior colliculus and pulvinar
thalamus, rather than the usual route via visual cortices
(Morris et al., 1999; Gallegos and Tranel, 2005).

An important function of the amygdala may be to al-
locate processing resources and trigger responses to
stimuli that signal threat or are otherwise of particular
importance or relevance to the organism, especially in
regard to rapid responses that need not involve con-
scious awareness (LeDoux, 1996). Bechara (2004) has
suggested that pleasant or aversive stimuli, such as
encountering a fear object (e.g., a snake) or a cue pre-
dictive of a fear object, trigger quick, automatic, and
obligatory affective/emotional responses via the amyg-
dala. There is physiological evidence that responses trig-
gered through the amygdala are short-lived and
habituate quickly (Buechel et al., 1998). The amygdala
may serve to link the features of stimuli to their emo-
tional attributes. The emotional response is evoked via
visceral motor structures such as the hypothalamus
and autonomic brainstem nuclei that produce changes
in internal milieu and visceral structures, as well as
behavior-related structures such as the striatum, peri-
acqueductal gray, and other brainstem nuclei, which
produce changes in facial expression and specific
approach or withdrawal behaviors (mediated, in part,
by neurotransmitters; Montague et al., 2004).

The powerful and seemingly automatic nature of emo-
tional responses triggered by the amygdala has important
implications for clinical disorders, including notable psy-
chiatric conditions such as posttraumatic stress disorder,
phobias, and generalized anxiety disorder. In fact, dys-
function in the amygdala may well constitute an impor-
tant neurobiological pathology in such disorders. In this
vein, it is interesting to note that a functional neuroimag-
ing study showed amygdala activation in participants with
social phobias during viewing of unfamiliar faces with
neutral expressions (Birbaumer et al., 1998).
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We noted above that the amygdala is extensively
interconnected with the orbitofrontal cortex and, in an-
imals, lesions to the orbitofrontal cortex can produce
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emotion-processing defects that are reminiscent of
those associated with amygdala damage. Also,
single-neuron responses in the orbitofrontal cortex are
modulated by the emotional significance of stimuli
(e.g., reward or punishment contingencies) in much the
same way as such responses are in the amygdala, al-
though the role of the orbitofrontal cortex may be more
general and less stimulus-dependent than that of the
amygdala. Kawasaki et al. (2001) reported findings from
a rare neurosurgical patient, inwhomsingle-unit responses
in the orbitofrontal cortex were selective for socially and
emotionally aversive visual stimuli (pictures ofmutilations
and war scenes), and comparable findings have been
obtained from recordings in the orbitofrontal cortex of
animals (Rolls, 1999). Lesion studies have shown that dis-
connecting the amygdala and orbitofrontal cortex can pro-
duce emotional impairments similar to those following
lesions of either structure. Thus, there is considerable
evidence that these two structures function as components
of a richly connected emotion-processing network.

The mesial part of the orbitofrontal cortex is part of a
more extensive functional neuroanatomical system that
has been termed the vmPFC. The vmPFC plays a critical
role in many higher-order aspects of emotional proces-
sing. The evidence for this dates back to the well-
chronicled accident of Phineas Gage. To recapitulate,
in 1848 Gage suffered an accident in which a tamping
iron was propelled through the front part of his head,
piercing the frontal lobes of his brain. Following the ac-
cident, despite relatively normal intelligence, memory,
speech, sensation, and movement, Gage displayed a
profound change in personality and social conduct,
becoming, in a word, a sociopath.

Modern investigations have documented that the
vmPFC is crucial for moral reasoning, social conduct,
and decision-making, especially decision-making that
involves emotional and social situations (see Tranel
et al., 2000, for review). Patients with vmPFC lesions dis-
play poor judgment regarding their personal and occu-
pational affairs, they make bad decisions both in real
life and in laboratory tasks of complex decision-making,
and they have impaired feelings and emotions. Some of
the most prominent defects in such patients are in the
social realm, including social perception and social emo-
tions (e.g., empathy, regret) (for review, see Damasio
et al., 2011). The patients demonstrate a diminished
capacity to respond to punishment, inappropriate
emotional reactions in social situations, and diminished
anxiety and concern for the future. The lesion findings
have been corroborated by functional imaging studies,
which have demonstrated prefrontal activations asso-
ciated with tasks such as moral reasoning and appre-
ciating the mental states of other people (Greene
et al., 2001; Moll et al., 2002).

NEUROLOGICAL AND PSYCH
The personality and decision-making disturbances in
patients with vmPFC damage resemble many of the core
features of sociopathy (psychopathy), including shallow
affect, irresponsibility, vocational instability, lack of
realistic long-term goals, lack of empathy, and poor be-
havioral control (Hare, 1970). There are also parallels in
patients with childhood-onset lesions, whose behavioral
trajectories are reminiscent of individuals with conduct
disorder. vmPFC patients and sociopaths both demon-
strate general dysregulation of affect, diminished auto-
nomic responsiveness (especially to social stimuli), and
decision-making deficits. In fact, we have deemed the
personality disorder in the vmPFC patients as “acquired
sociopathy” (Barrash et al., 2000). The core identifying
features of acquired sociopathy include: (1) general
dampening of emotional experience (impoverished
emotional experience, low emotional expressiveness
and apathy, inappropriate affect); (2) poorly modulated
emotional reactions (poor frustration tolerance,
irritability, lability); (3) disturbances in decision-making,
especially in the social realm (indecisiveness, poor judg-
ment, inflexibility, social inappropriateness, insensitiv-
ity, lack of empathy); (4) disturbances in goal-directed
behavior (problems in planning, initiation, and persis-
tence, and behavioral rigidity); and (5) marked lack of
insight into these acquired changes.

We have conducted an extensive series of studies
using a gambling task, in which we have shown that pa-
tients with damage to the vmPFC are unable to represent
choice bias in the form of an emotional hunch (Bechara
et al., 1996, 1997, 2000). These findings are consistent
with the work that has shown that these patients cannot
trigger normal emotional responses to socially relevant
stimuli (Damasio et al., 1990). A theoretical framework
for these findings was set forth by Damasio (1994), who
proposed the somatic marker hypothesis. According to
this framework, the prefrontal cortex participates in
implementing a mechanism by which we acquire,
represent, and retrieve the values of our actions. The
mechanism relies on generating somatic states, or repre-
sentations of somatic states, that correspond to the an-
ticipated future outcomes of decisions. These “somatic
markers” can steer the decision-making process towards
those outcomes that are advantageous. In the social do-
main, where the enormous complexity of the decision
space typically precludes an exhaustive analysis, such
a mechanism could be especially adaptive. In sum, the
vmPFC is part of a critical neural system for processing
emotion and affect.

Recent evidence has demonstrated possible sex dif-
ferences in the manner in which emotion is subserved by
different neuroanatomical components (Tranel et al.,
2005; Tranel and Bechara, 2009; Koscik et al., 2010).
For example, it appears that in men, right-sided vmPFC
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and amygdala structures are more important (compared
to left-sided homologs), whereas in women, left-sided
vmPFC and amygdala structures are more important
(compared to right-sided homologs). It could be that indi-
viduals ofeach sexhave somewhatdifferent goals,when it
comes to emotional and social functions – for example,
women bear children, and this central and basic function
likely sets the agenda for individual and societal goals
of many women. Men do not bear children and may be
driven by an agenda that emphasizes the acquisition and
maintenance of resources and power. The left-sided dom-
inanceobserved inwomenmay reflect a needfor expertise
in interpersonal relationships (and this could be related
to factors such as the need to bear and rear children,
maintenance of in-group cohesion), whereas the right-
sided dominance observed in men could reflect a need
for expertise in intergroup relations (e.g., warfare, out-
group relations, leverage of critical resources).

Basal ganglia

The basal ganglia, especially on the right, play a key role in
emotion. For example, lesions to the basal ganglia can
produce impaired recognition of emotion from a variety
of stimuli (Cancelliere and Kertesz, 1990). In functional
neuroimaging studies, the right basal ganglia are activated
by tasks requiring the processing of facial emotional
expressions (Morris et al., 1996). Additional evidence
for the role of the basal ganglia in emotion comes from
diseases that preferentially damage certain sectors of
the basal ganglia, including obsessive-compulsive disor-
der, PD, and Huntington’s disease. For example, patients
with obsessive-compulsive disorder have abnormal feel-
ings of disgust and are impaired in the recognition of
facial expressions of disgust (Sprengelmeyer et al., 1997).
Patients with PDhave impaired emotional expression, and
they can also have impaired feelings of emotions and im-
paired recognition of emotion in others. Patients with
Huntington’s disease tend to evidence a disproportionate
impairment in recognizing disgust from facial expres-
sions (Jacobs et al., 1995; Sprengelmeyer et al., 1996).

Other structures

A discussion of the neurology of emotion is not com-
plete without mention of some other structures that link
stimulus perception to emotional response. These
include the bed nucleus of the stria terminalis, which
appears to have a role in anxiety using the neuropeptide
corticotrophin-releasing factor. The substantia innomi-
nata and nuclei in the septum also appear to be impor-
tant for emotional processing, and may mediate their
effects through the neurotransmitter acetylcholine.
A collection of nuclei in the brainstem, including
the locus ceruleus and the raphe nuclei, provide
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neuromodulatory functions that are critical for emo-
tions and feelings. The ventral striatum is another im-
portant region. For example, the nucleus accumbens
appears to be key for processing rewarding stimuli,
and for causing behaviors that prompt an organism to
seek stimuli that predict reward. Another important
structure is the periaqueductal gray in the midbrain.
Stimulation of these areas can produce panic-like
behavioral and autonomic changes, as well as reports
of panic-like feelings (Panksepp, 1998).

ND D. TRANEL
CONCLUSIONSANDFUTURE
DIRECTIONS

The past 30 years have witnessed an exponential interest
in the neurological and psychiatric aspects of emotion.
A variety of emotional disorders have been identified
in both acute and chronic neurological disorders. More-
over, an increasing number of studies show a negative
impact of emotional disorders upon the rehabilitation
of neurological patients and the well-being of their res-
pective caregivers. Future studies will validate specific
diagnostic criteria for the various emotional problems
reported among patients with neurological disorders.
It is expected that more specific diagnoses will result
in more effective treatments.

Neurobiological and neuropsychological studies have
consistently demonstrated an important role for the
right hemisphere to process emotions, including aspects
of social cognition, facial emotions, and prosody in
humans and other primates. Both the amygdala and
the vmPFC were found to make a critical contribution
to affective processes such as fear responses, moral rea-
soning, social conduct, and decision-making via multi-
ple limbic and paralimbic connections. Future studies
will allow a better understanding of the brain network
underlying relevant aspects of human emotion.
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INTRODUCTION:THEAPPLICATION
OFNEUROPSYCHOLOGY TOTHESTUDY

OF PSYCHIATRIC ILLNESS

Traditional neuropsychology is concerned with the
behavioral expression of brain dysfunction (Lezak,
1995) and the identification of meaningful relations
between brain and behavior (Luria, 1980). Neuropsycho-
logical testing aims to characterize the domains of cog-
nitive impairment and cognitive sparing with the use of
standardized quantitative assessment. This information
can be used for several purposes. At the level of the indi-
vidual patient, neuropsychological data can be used to
aid diagnosis, to inform patient management, to evaluate
the efficacy of a treatment, or to provide information
about competency for legal matters. When applied to
the study of psychiatric disorders, neuropsychological
testing of groups of patients is frequently used for re-
search purposes to inform the underlying neuropathology
and etiological mechanisms, and to bridge the gap bet-
ween neurobiological abnormality and clinical symptoms
of psychological origin, such as abnormal mood, psy-
chotic experiences, or compulsive behavior. For example,
there is considerable interest in the use of neuropsy-
chological tests as “endophenotypes” (Gottesman and
Gould, 2003; Hasler et al., 2004): objective markers that
putatively mediate between the direct vulnerability mech-
anisms of a disorder and the “fuzzy” clinical diagnosis
and symptomatology. Neuropsychological phenotypes
may be particularly valuable in this context because they
can be linked meaningfully to both “real-world”
*Correspondence to: Dr. Luke Clark, MRC–Wellcome Trust Beh

Experimental Psychology, University of Cambridge, Downing St,
symptoms and syndromes, and also to underlying activity
of neural systems, which in turn may offer more traction
for basic biological research (Bilder et al., 2009a, b).

In the traditional discipline of clinical neuropsychol-
ogy, patients’ brain dysfunction is often acquired sud-
denly in the form of a lesion, perhaps through closed or
penetrating head injury, tumor resection, or stroke. In
such cases, the clinical neuropsychologist aims to deduce
what changes in cognitive ability took place consequent to
the morbid process, and to do so, he or she must estimate
“premorbid” ability. A range ofmethods have been devel-
oped to help clinicians estimate premorbid function based
on the idea that some tasks are typically resistant to the
effects of acquired brain dysfunction, such as the
National Adult Reading Test, Wide-Range Achievement
Test, or Wechsler Test of Adult Reading. Some estimates
capitalize on formulas developed to estimate premorbid
function based on demographic parameters such as
education, age, and other factors (Crawford et al., 1988).

Using tests validated in the assessment of people with
known brain dysfunction, the neuropsychologist can
then infer relationships between performance deficits
and anatomical localization of dysfunction in those with
hypothetical brain dysfunction. This approach has been
used to advance hypotheses about psychiatric illnesses.
The traditional localist view of brain function, estab-
lished in large part based on the study of patients with
acute, focal lesions, has been largely superseded by a
description of cognition in terms of neural circuits. This
has been driven in part by functional imaging evidence
that networks of brain regions, rather than discrete
avioural and Clinical Neurosciences Institute, Department of

Cambridge CB2 3EB, UK. E-mail: lc260@cam.ac.uk



Table 5.1

Sensitivity, specificity, positive and negative predictive

power for an example psychological test

Abnormal group Normal group Total

Abnormal score (a) 10 (b) 10 20
Normal score (c) 5 (d) 75 80

Total 15 85 100

Sensitivity ¼ a/(a þ c); specificity ¼ d/(b þ d); positive predictive

power ¼ a/a( þ b); negative predictive power ¼ d/(d þ c).

K

areas, are co-activated during task performance.
This emphasis on circuitry applies equally to psychiatric
disorders, where models based on hypo- or hyperactivity
of specific structures have proven inadequate. Despite
recent advances in neuroimaging, including diffusion
tensor imaging and functional magnetic resonance
imaging (fMRI) functional connectivity analyses, which
are helping enable direct measurement of anatomical
connectivity and distributed functional activations that
accompany cognitive test performance, the actual
functional anatomical signatures of psychiatric disor-
ders remain largely a topic for speculation.

Other assumptions that are applied to clinical neuro-
psychology must also be treated with caution when
applied to psychiatric illness. Primarily, psychiatric disor-
ders are rarely precipitated by a single acute event (with
the possible exception of posttraumatic stress disorder)
and are instead thought to arise from a gradual process
of abnormal brain development (Clark et al., 2009;
Barnett et al., 2010; Chamberlain et al., 2011). Conse-
quently, we may be unable to assume that the region
and associated cognitive skills were ever functioning nor-
mally in the pre-illness phase. As an example, adults with
schizophrenia are known to have motor and academic ab-
normalities during childhood, and the degree of deficit
may remain relatively stable over many years preceding
the onset of overt psychotic symptoms, raising significant
questions about the meaning of “premorbid” cognitive
functioning (Walker and Levine, 1990; Bilder et al.,
2006). Compensatory brain changes may occur in other
regions and patients may acquire alternative strategies
to maintain some degree of ability. Moreover, there is
an increasing tendency to treat psychiatric disorders as
continuous traits rather than categorical illness entities;
indeed, “taxometric” research has shown that few of
the widely accepted diagnostic categories are empirically
supported (Haslam and Kim, 2002). Schizophrenia and
depression, for example, may represent the extreme ends
of healthy personality traits labeled “schizotypy” and
“neuroticism,” respectively. Recent advances in analysis
methods have demonstrated convincingly that syndromes
such as attention-deficit/ [attention-deficit/hyperactivity
disorder] hyperactivity disorder (ADHD) are better un-
derstood as extremes of continuous dimensions of
inattention and impulsivity, rather than representing a
qualitatively distinct group of individuals (Lubke et al.,
2007). As such, it may be inappropriate to expect qualita-
tive differences between diagnosed and “healthy”
individuals, and these syndromes may best be character-
ized by assessing deviations on quantitative, continuous
measures such as those provided by neuropsychology.

The quality of a neuropsychological test is measured
by how well its psychometric properties conform to
theoretical notions of reliability and validity (Kline,
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1986). Good validitymeans that the test actuallymeasures
what it is purported to measure. For example, academic
experts may agree that the test items are appropriate to
the test under investigation (face validity), the test may
correlate highly with other measures of the same or re-
lated constructs (concurrent validity), and the test may
detect or predict improvement in patients with a prototyp-
ical disorder affecting that construct (incremental valid-
ity). Good reliability means the test’s measurements are
accurate and consistent both within the test and across
different clinicians, locations, and times. Reliability is
typically reported as the correlation coefficient between
the separate items within a test (internal consistency),
and how well the total score correlates with expected true
scores on the construct of interest; indeed, the most
widely used index of this kind of reliability, coefficient
alpha, is interpreted as an index of the validity of the psy-
chological construct itself. Test–retest reliability refers to
the degree to which performance is correlated over re-
peated testing, indicating the temporal stability of a
measure.

There is also increasing interest in the use of neuropsy-
chological tests at a single case level to aid diagnosis, for
example in the early detection of Alzheimer’s disease
(AD) or in discriminating AD from geriatric depression
(Swainson et al., 2001; Blackwell et al., 2004). In these
instances, the key qualities required of a test are: (1)
specificity – that any deficit found on a test is unique to
the patient group and does not lead to incorrect diagnosis
of healthypeopleorother conditions (more formally, this is
the proportion of “normal” scores in the “normal group”)
and (2) sensitivity – that the test should be sensitive to the
earliest stages of the disorder and subtle changes in clinical
state, enabling correct diagnosis of the individuals who do
have the disorder (more formally, this is the proportion of
“abnormal” scores in the “abnormal group”). Related
properties in this context are (3) positive predictive power –
thedegree towhich the testadds todiagnostic classification
accuracy in determining that an individual has the disorder;
and (4) negative predictive power – the degree to which the
test contributes to the accuracy of diagnostic classification
by ruling out the diagnosis (Table 5.1).
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During neuropsychological assessment, a number of
demographic and clinical variables are recorded in addi-
tion to the test scores. Besides standard variables like
age, gender, years and quality of education, socio-
economic status, and handedness, the neuropsychologist
may acquire ratings of symptom severity, mood, anxi-
ety, and personality. It is also increasingly useful to
assess the degree to which cognitive dysfunction has
affected the patient’s everyday capabilities, for example
in interpersonal abilities, maintaining employment, or
performing simple tasks around the home (Altshuler
et al., 2002).

Practice effects introduce specific considerations to
longitudinal designs such as placebo-controlled treat-
ment designs. If the test order is counterbalanced (that
is, some subjects receive placebo then drug, and other
subjects receive drug then placebo), then the practice
effect may be quantifiable in the order by treatment
interaction term (Elliott et al., 1997). In designs where
all subjects are necessarily treated in the same order
(e.g., before and after commencement of a novel inter-
vention), it is necessary to quantify the practice effect
directly by testing a group of control volunteers twice
off-treatment, separated by the same time interval
(Goldberg et al., 2007). In the case of memory testing,
practice effects may be circumvented in part through
the use of parallel versions: functionally equivalent
forms of the test that use alternative stimuli. Even when
suitable “alternative” forms of tests are designed, there
are high hurdles to proving the equivalency of the
different forms, and it should be recognized that
the prior exposure effects involve not only memory
for specific materials that are used, but, perhaps more
importantly, learning about the procedures themselves.
This is particularly problematic in the longitudinal
assessment of executive functions.

RESEARCH METHODS: COGNITIVE
Computerized neuropsychological testing

The first generation of neuropsychological tests were
“pencil and paper” measures that could be taken to
the patient’s bedside, and were quick to administer
and inexpensive to use. Since the late 1980s, neuropsy-
chologists have turned increasingly to the use of com-
puterized neuropsychological tests, and a number of
commercial computerized batteries exist, including the
Cambridge Neuropsychological Test Automated
Battery (CANTAB; www.camcog.com) and the CogTest
battery (www.cogtest.com). These computerized tasks
are often graded in difficulty, so that successive trials
become gradually more difficult, and they have tended
to rely on nonverbal stimuli to reduce intercultural
biases. Technological developments in touch-sensitive
monitors ensure that the tasks are user-friendly
even for computer-naive subjects, and avoid problems
with divided attention that are faced if the subject
must attend to the screen but respond in another region
of the environment using the keyboard or mouse
control.

Computerized measures have a number of further
advantages over pencil and paper tests. First, the demands
on the experimenter are restricted to the presentation of
instructions and initiation of the task, which reduces inter-
rater variability and minimizes any distress that might be
associated with a personal interview. Second, computer-
ized measures allow for programming of complex task
contingencies and automatic recording of objective data
for accuracy and, in particular, reaction times. Third,
computerized measures can be freely disseminated over
the internet. More than 100 million US citizens now use
the internet daily, so the key problem of access is rapidly
being overcome. Some online testing applications have
accumulated more than 100 000 responses and generated
robust psychometric data unimaginable to most neuro-
psychology researchers. Some government-sponsored
research programs may provide free access to neuro-
psychological tools; for example the Consortium for
Neuropsychiatric Phenomics at UCLA offers for free
download a complete manual and computer program
scripts for a series of tests of memory, working memory,
and response inhibition (www.phenomics.ucla.edu).
Over the next 4 years, it is anticipated that data will be ac-
quired using these tests on 2000 community volunteers
and 300 patients with schizophrenia, bipolar disorder,
and ADHD; these data will also be freely accessible.
It is hoped that many other projects will soon be
providing similar material to the international research
community.

Much of our knowledge about the effects of brain
dysfunction on cognitive processing is derived
from neuroanatomical and neurochemical evidence
from experimental animals. In order to relate these data
from rodents and nonhuman primates to human condi-
tions, it is important to use translational paradigms that
are functionally equivalent across these species. At a
simple level, this requirement has promoted the use of
nonverbal tests and touch-screen responding, which
can be administered to both humans and monkeys.
Translational paradigms enable novel data from exper-
imental animals to be tested directly in patient popula-
tions, and conversely, novel clinical findings may be
decomposed more thoroughly within experimental ani-
mals using selective lesion techniques and neurochemi-
cal manipulations that would not be viable in human
research. The translational approach is now facilitated
further by human functional imaging data that enable
underlying neural circuitry to be investigated in the
healthy human brain.
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Memory

Memory is the ability to retain information and retrieve
that information at a later time, in order to guide future
responding adaptively. Several dissociable components
of memory processing have been proposed (Squire,
1987; Tulving, 2002). For example, one basic set of
distinctions is between episodic memory for personal
experiences, semantic memory of informational proper-
ties of objects (e.g., that tomatoes are red), and proce-
dural memory of motor skills (e.g., how to change
gear in a car). Optimal memory performance is known
to require intact functioning of a number of brain
regions, notably the medial temporal lobe (including
the hippocampus and entorhinal cortex), the prefrontal
cortex (PFC), and the striatum. At a more basic level,
psychologists distinguish the encoding of information
from the retrieval of that information.

Thorough neuropsychological assessment of mem-
ory should consider a number of principles. First, mem-
ory should be assessed immediately after presentation,
but also after a delay period, in order to distinguish def-
icits in the temporary holding of information (working
memory) from deficit in conferring that information
to long-term storage. Second, memory should be
assessed for verbal and nonverbal material, as unilateral
brain dysfunction may affect one modality over the
other. Third, to discriminate encoding and retrieval-
based deficits, free recall testing should be supplemen-
ted with measures that minimize retrieval demands,
such as recognition. A retrieval-based deficit would be
indicated by a selective impairment at recall but not
on recognition, whereas proportional recall and recogni-
tion impairment would indicate an encoding-based
problem.

Memory deficits are pronounced in a number of
neuropsychiatric disorders, but for the purposes of the
present chapter we will focus on dementia and, specif-
ically, on AD, where the presenting problem is often
difficulty in new learning and memory (Sahakian
et al., 1988). In particular, AD is characterized by defi-
cits in episodic memory (i.e., memory for specific events
or experiences that can be defined in terms of time
and space) (Welsh et al., 1992). The neuropathology in
AD – neurofibrillary tangles and neuropil threads –
begins in the medial temporal lobe bilaterally, and sub-
stantial deterioration may occur before the manifestation
of clinical symptoms (Jack et al., 1999; Visser et al., 2002).
Thus, commencing treatment of AD at the time of
clinical diagnosis may be suboptimal or even ineffective.
Neuropsychological testing may provide a tool for early
diagnosis, enabling treatment to commence before
substantial atrophy has occurred. This drive towards
early detection has gained momentum with the introduc-
tion of several interventions to treat AD symptoms
(e.g., rivastigmine, donepezil, galantamine) and several
drugs are under development that aim to modify disease
progression.

Recent attempts to identify individuals in the pro-
drome of AD have focused on patients who report sub-
jective memory problems but who do not fulfill clinical
criteria for AD. This condition has been given several
labels, including “questionable dementia (QD)”
(Swainson et al., 2001; Blackwell et al., 2004) and “mild
cognitive impairment” (Petersen et al., 1999). Given the
strong translational evidence for the involvement of me-
dial temporal lobe structures in visuospatial associative
learning, Sahakian and colleagues have studied visuospa-
tial memory function as a putative early indicator using
the CANTAB Paired Associates Learning (PAL) test. In
this nonverbal task, the subject is required to learn which
abstract visual patterns are associated with different loca-
tions on a touch-sensitive computer screen. After a brief
delay, the patterns are presented again centrally, and the
subject must indicate the original location where the pat-
tern appeared. As such, memory for shape or location
alone is insufficient to perform the task; it is necessary
to remember the conjunction of shape and location. Dif-
ficulty increases from one to eight associates in incre-
mental stages. PAL performance of patients with mild
AD was impaired relative to demographically matched
healthy controls (Sahakian et al., 1988), and this profile
showed disease specificity in comparison to frontal vari-
ant frontotemporal dementia (Lee et al., 2003) and major
depression (Swainson et al., 2001).

Recent studies have explored PAL performance as a
potential predictor of AD in “at-risk” subjects. By study-
ing the stability of PAL performance over repeated test-
ing in a group of individuals with QD, Fowler et al. (1997)
identified a cluster of subjects characterized by declining
PAL performance who had poor prognosis and increased
likelihood of converting to a full AD diagnosis. A later
study (Swainson et al., 2001; Blackwell et al., 2004) found
that PAL performance could be used to predict accurately
the conversion from a QD to an AD diagnosis based on
assessment at one time point alone. Through a combina-
tion of age, PAL score, and performance on the Graded
Naming Test (McKenna and Warrington, 1980), QD sub-
jects could be classified with 100% accuracy into those
who did or did not convert to probable AD at a 32-month
follow-up. As such, CANTAB PAL displayed both sensi-
tivity, in detecting prodromal AD in a QD group, and
specificity, in differentiating AD from depression. Indi-
viduals with QD also showed structural differences in
the hippocampus and reduced functional activation of
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the hippocampus during an fMRI version of the PAL task
(de Rover et al., 2011).

Other approaches have helped to distinguish important
aspects of episodic memory from procedural memory,
putatively mediated by mesiotemporal lobe and basal
ganglia systems, respectively (Poldrack and Gabrieli,
2001; Poldrack et al., 2001; Poldrack and Packard, 2003;
Poldrack and Rodriguez, 2004). Poldrack, Knowlton,
and others have developed tests of probabilistic classifi-
cation learning, in which participants learn to categorize
stimuli based on feedback. The correct answer for any
specific stimulus (or combination of stimulus features)
varies in a probabilistic manner (Knowlton et al., 1994,
1996; Poldrack et al., 2005). In the Weather Prediction
Test, for example, participants use combinations of tarot
cards to predict an outcome (“rain” or “sunshine”). One
stimulus might predict “rain” 80% of the time and
“sunshine” 20% of the time, whilst another may be more
deterministic (i.e., 100% associated with “rain” and never
associated with “sunshine”). Both lesion and fMRI
studies suggest that deterministic classification learning
appears to bemediatedmore by themedial temporal lobe,
while probabilistic learning depends more on basal gang-
lia systems. Experiments using these tasks further reveal
competition between these systems; the more the medial
temporal lobe is engaged, the less basal ganglia involve-
ment is “needed.” While such methods have not yet been
adopted widely for clinical neuropsychological assess-
ment, these methods offer hope not only for the experi-
mental dissection of neural systems involved in memory,
but ultimately for the appropriate diagnosis, treatment,
and monitoring of individuals with brain disease
(for example, in Parkinson’s disease).

RESEARCH METHODS: COGNITIVE
Attentional and executive functions

The elements of attention and executive function have
been widely debated and there remains little consensus
about the most appropriate system to parse this mani-
fold of mental functions. William James famously
wrote: “Everyone knows what attention is. It is the
taking possession by the mind, in clear and vivid form,
of one out of what seem several simultaneously possible
objects or trains of thought” (James, 1890; pp. 404–405).
James went on to catalog multiple dimensions of atten-
tion (i.e., to external or internal objects; immediate or
derived; and passive or active), and described the
manifold effects of attention on memory, perception,
concept formation, discrimination, and speed of
response. Some comprehensive models of attentional
and executive functions and their putative neuro-
anatomical substrates are attributable to Karl Pribram
(Pribram and McGuinness, 1975; McGuinness and
Pribram, 1980), Allan Mirsky (Mirsky, 1987; Mirsky
et al., 1991; Mirsky and Perecman, 1989; Mirsky and
Duncan, 2001) and Michael Posner (Posner et al.,
1987; Posner and Petersen, 1990). Factor analytical
research examining relations among widely used mea-
sures of attention has generated mixed results, and it
is not clear where the boundaries of the construct “atten-
tion” end, and those of “executive function” begin
(Miyake et al., 2000a, b; Strauss et al., 2000; Friedman
and Miyake, 2004; Friedman et al., 2008). Pribram’s
concept, which embraces a view of attention-spanning
arousal, activation, and effort processes that help
sustain, focus, and shift brain activation states in the ser-
vice of responding to novelty in the environment, and
sustaining stability in behavioral programs, is intuitively
appealing and spans most current concepts of attention
and executive function. Whilst efforts to develop
stronger evidence-based approaches to construct iden-
tification are under way (Bilder et al., 2009b), neuro-
psychology has traditionally considered attentional
processes to comprise aspects of sustained, selective,
and divided attention, while concepts of executive func-
tion focus on planning, organization, and sequencing of
behavior.

The literature on sustained attention, or “vigilance,”
has developed since the 1930s, and has used continuous
performance tests (CPTs) where the subject must make
occasional responses to unpredictable target stimuli in a
series of rapidly presented stimuli. This paradigm has
been used extensively in schizophrenia and related
syndromes (Huston et al., 1937; Rodnick and Shakow,
1940; Nuechterlein and Dawson, 1984; Cornblatt and
Malhotra, 2001). In the simplest version, the stimuli
are alphabetic letters presented with display duration
of only �50 ms and total trial duration of 1 second,
and subjects must press a button every time they see
the target letter X, which appears infrequently (�20%
of trials). Tasks typically last 10–15 minutes. Individuals
with sustained attention weaknesses tend to miss targets
(omission errors), particularly as time goes on, a finding
referred to as a “vigilance decrement.” One version, the
Rapid Visual Information Processing test, has been used
to detect trait dysfunction in bipolar disorder (Clark
et al., 2002, 2005), and has translational links to the 5
Choice Serial Reaction Time task in rats (Carli et al.,
1983; Harrison et al., 1997).

Similar tests can also index impulsivity, as a tendency
to respond to nontarget stimuli with “false alarms” or
“commission errors.” Task parameters can be manipu-
lated to maximize sensitivity to omission or commission
errors. For example, to increase sensitivity to impulsive
responding in ADHD, Keith Conners (1995) developed a
version that involves responses to most stimuli, and only
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infrequent withholding of response; thus the prepotent
response is to press a button, and the capacity to inhibit
the prepotent response is critically assessed. Other com-
mon versions involve responding only when two consec-
utive stimuli are alike (Identical Pairs CPT). This
involves working-memory maintenance and updating
operations, since the preceding stimuli must be briefly
kept in mind and then replaced by the next stimulus,
throughout the course of the test. This task is thus
related to the N-back paradigm, in which individuals
respond if the stimulus matches the one that occurred
N trials back in the sequence. N might vary across
blocks from 1 (i.e., Identical Pairs CPT) up to the very
challenging 3-back.

Selective attention is in some ways closest to William
James’ (1890) description. It has been conceptualized as
an “attentional spotlight” that can be focused or
diffused by various factors, or as a “filter” that limits
the huge range of stimuli in the sensory environment.
Much work has examined the extent to which selective
processes are under voluntary, effortful control, or
may proceed in an involuntary, automatic manner
(Broadbent, 1957, 1981; Posner et al., 1987; Broadbent
and Broadbent, 1990; Posner and Petersen, 1990). Posner
and colleagues developed the Attention Networks Test in
an effort to deconstruct components of alerting, orient-
ing, and the executive aspects of attentional control. Pro-
gress has been made in separating the neuroanatomical
correlates of these processes, and also in documenting
the heritability of these processes, particularly the execu-
tive aspect (Fan et al., 2002).

The divided attention construct also has been the tar-
get of many different neuropsychological approaches
that examine the ability to process multiple stimuli or
task demands. The classic Trail Making Test (Part B)
and the Color Trails Test are paper and pencil tests in
which subjects must alternate between two competing
task sets (e.g., between letters and numbers, or alternat-
ing between colors while ascending in numerical order).
More sophisticated procedures have leveraged comput-
erized methods to decompose task set-shifting and
switching more precisely. In the random task cueing
paradigm developed by Miyake and colleagues (2004),
subjects learn two different response rules based on
the color or the shape of the stimuli, and then are
cued randomly as to which rule may apply on each trial.
The switch cost is measured as increased latency to
respond on a given trial when the preceding trial used
the other rule.

Considerable effort has been dedicated to dissecting
the possible neural substrates of response inhibition pro-
cesses, which appear to be critical components of several
of these constructs. One active area of research centers
on the level of attentional or executive control at which
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inhibition occurs; for example, does the inhibition of a
higher-level plan differ substantively from the inhibition
of an elementary motor response? The latter process has
been studied using the Stop Signal test, which assesses
the latency for the subject to cancel an imperative motor
response on presentation of a stop cue (Logan et al.,
1984). Neuropsychological and neuroimaging studies
using this task implicate a network comprising the right
inferior frontal cortex, presupplementary motor area,
and subthalamic nucleus in detecting and resolving re-
sponse conflicts, and transmitting inhibitory signals to
the globus pallidus, which in turn may inhibit activity
in thalamocortical projections (Aron et al., 2007a, b;
Clark et al., 2007). Parallel research has focused on
the Stroop interference procedure (Stroop, 1935), and
there are now computerized versions of the classic
“color–word interference” test that enable more precise
decomposition of the conflict effects (Holmes and
Pizzagalli, 2008a, b), as well as modifications to allow
inhibitory processes to be measured over specific kinds
of material such as emotionally salient stimuli (Whalen
et al., 2006).

The research of inhibitory control interacts substan-
tially with the study of working memory. While the
operational definition of working memory varies across
investigators and theoretical orientations, there is some
consistency in the separation of working-memory main-
tenance from updating or manipulation processes
(Petrides, 1998). Maintenance processes refer to the tem-
porary storage of material in mind, typically for less
than a minute. Many experiments have focused on de-
termining the overall capacity of this short-term store,
the durations over which the representations fade, and
the influence of various manipulations on capacity
and decay effects (Miller, 1956; Baddeley, 1996, 2001;
Cowan, 2008). Maintenance and manipulation pro-
cesses have been studied using “span” measures such
as the familiar Digit Span test that has origins dating
back to the 19th century (Boake, 2002). The Wechsler
intelligence and memory scales include such measures
of letter–number sequencing that have led to the identi-
fication of a “working memory” factor in general intel-
ligence (Taub et al., 2004; van der Maas et al., 2006).

Our understanding of working memory has benefited
greatly fromneuroscientific approaches, from single-unit
recordings in behaving animals, through to elaborate
fMRI studies in humans. One influential approach initi-
ated by Jacobsen (1936) has documented how prefrontal
ablations in the monkey disrupt performance on the
delayed response task, coupled with electrophysio-
logical evidence of delay-period neuronal firing in
prefrontal cells (Fuster and Alexander, 1971; Pribram
and McGuinness, 1975; Pribram and Perecman, 1987;
Goldman-Rakic, 1990). Paradigms deriving from this
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theoretical line often involve brief presentation of to-be-
remembered material with varying loads, and/or over
varying delays. Human tasks based on the delayed match
to sample paradigm have been widely used, due to their
translational relevance (Park and Holzman, 1992). Also
widely used are variations of the Sternberg “memory
set” paradigm, in which “load” (spatial locations, verbal
material) is varied parametrically, and inferences drawn
about the “capacity” of working memory stores (Glahn
et al., 2003; Cannon et al., 2005).

Results from these paradigms converge in suggest-
ing that working-memory maintenance processes
depend critically upon the sustained activity of frontal
neurons, particularly those in the dorsolateral and dorso-
medial PFC. These regions operate in loops that involve
the striatum, pallidum, and thalamus, and which maintain
prominent reciprocal connections with posterior cortical
areas that are engaged by stimulus processing of the
to-be-remembered material (Goldman-Rakic, 1995). This
work has progressed to the point where sophisticated bio-
physical and computational models have been advanced
to represent elements of this circuitry (Durstewitz et al.,
2000; Durstewitz and Seamans, 2002). Despite the clear
complexity of the neural systems underlying working-
memory processes, there are multiple integrative theories
that may offer testable hypotheses for future research.
For example, several models identify a fundamental
duality in the neuronal regulation of cognitive flexibility
and cognitive stability, which may relate to specific
genetic, neurochemical, physiological, and anatomical
bases (Bilder et al., 2004; Cools and Robbins, 2004).

The highest levels of planning and organization of be-
havior are often referred to as the “executive” functions,
and clinical neuropsychology is rich with procedures that
interrogate this domain (Stuss and Levine, 2002). Prom-
inent examples include the classic Wisconsin Card Sort-
ing Test (WCST) and the Halstead Category Test, which
involve examinees identifying abstract categorical
principles, and applying these flexibly given feedback
from the neuropsychologist. The Intradimensional–
Extradimensional (IDED) Shift task in the CANTAB
represents a decomposition of the WCST, which
acknowledges that there are a number of separable com-
ponents to behavioral flexibility, and uses a sequential
structure to isolate several types of attentional shift.
Using a two-choice visual discrimination based on com-
pound stimuli, the subject progresses through reversal
shifts (shifting from stimulus A to stimulus B within a
perceptual dimension), an intradimensional shift (gener-
alizing a learned rule to novel exemplars of the same
dimension), to the core extradimensional shift (EDS),
where attentionmust be transferred from one dimension
(e.g., color) to another (e.g., shape). The latter EDS stage
is akin to the core set shift in the WCST. As many base
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paradigms begin to coalesce for the assessment of work-
ing-memory maintenance, manipulation, selective atten-
tion, set-switching and reversal learning, the field is
expected to develop new methods to examine systemat-
ically the neural mechanisms through which these com-
ponent processes are orchestrated to yield the most
advanced functional capacities of the brain.
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Decision-making

Decision-making is a complex array of processes that
govern choice behavior, and allow humans to adopt flex-
ible behavior in an ever-changing environment. The
neuropsychological assessment of decision-making has
focused on affective aspects of decision-making, where
the available response options differ in their potential to
cause positive and negative outcomes. Response options
may vary along several dimensions, including the mag-
nitude of expected gains and losses, the probability of
these outcomes, and the delay between choosing the
option and receipt of the outcome (Ho et al., 1999). Con-
sequently, pathologies of decision-making may involve
multiple mechanisms, giving rise to several varieties
of abnormal behavior. These impairments are evident
in several neuropsychiatric conditions. Drug addiction,
for example, can be formulated as the persistent choice
of an option (drug administration) that has potential for
negative consequences on health, finances, and personal
relationships (Elster and Skog, 1999; Vuchinich and
Heather, 2003). Within the affective disorders, diffi-
culty and slowness in decision-making characterize clin-
ical depression, whereas bipolar manic patients show a
tendency to make decisions associated with the potential
for painful consequences (e.g., excessive spending or
sexual indiscretions) (Murphy et al., 2001). Characteri-
zation of decision-making at a neuropsychological level
may indicate novel forms of treatment for these disor-
ders, and may provide an objective marker for quantify-
ing treatment response.

The ventral portion of the PFC (referred to as orbito-
frontal cortex or ventromedial PFC) is widely implicated
in decision-making processes. Damage to this region is
associated with profound abnormalities in social and
emotional behavior, including socially inappropriate
behavior and poor judgment (Malloy et al., 1993).
These patients may show intact executive functions,
suggesting a distinct syndrome from the dysexecutive
profile associated with dorsal PFC damage. Deficits in
decision-making have been proposed to lie at the core
of this syndrome (Damasio, 1994): real-world decisions
are made based on their short-term benefits, without
consideration of longer-term ramifications (Eslinger
and Damasio, 1985; Damasio, 1994; Dimitrov et al.,
1999; Cato et al., 2004). The Iowa Gambling Task
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(Bechara et al., 1994) was developed to quantify these
problems. During the task, the subject makes a series
of 100 choices from four card decks that differ in their
profiles of winning and losing outcomes. Decks A and B
are “risky,” associated with high immediate wins but
dramatic occasional penalties. Decks C and D are “safe”
decks, associated with smaller immediate wins but
negligible long-term losses. Healthy subjects typically
develop a preference for the safe decks during the task,
whereas patients with damage to the ventromedial PFC
were shown to maintain their preference for the risky
decks throughout the task, despite accruing significant
debt (Bechara et al., 1994, 2000). Autonomic measure-
ments during task performance suggested the ventro-
medial PFC patients were unaware of the dangerous
consequences associated with the risky decks, and as
such, their behavior was driven only by the short-term
benefits associated with the risky decks (“myopia for
the future”).

The Iowa Gambling Task has subsequently been used
widely within neuropsychiatric groups (see Dom et al.,
2005; Dunn et al., 2006, for review), although it seems
to involve a number of subsidiary processes including
reversal learning (Fellows and Farah, 2005), inhibition
(Dunn et al., 2006), and working memory (Hinson
et al., 2002) that can complicate the interpretation of
task impairments. The Cambridge Gamble Task was
developed to assess more directly risky decision-making
without these additional demands. On this task, the sub-
ject is presented with an array of 10 red and blue boxes,
and a token is hidden underneath one box. Subjects must
make two decisions on each trial: first, whether the
token is hidden under a red box or a blue box (a simple
probability judgment), and second, to place a bet of
some points on their red/blue decision. If their color
judgment was correct, their bet is added to their total
score, and if incorrect, the bet is incurred as a penalty.
Risky decision-making, evidenced by increased betting
behavior, has been demonstrated in several patient
groups with pathology affecting the ventral PFC, includ-
ing focal lesions to the ventromedial PFC (Clark et al.,
2008), subarachnoid hemorrhage of the anterior com-
municating artery (the major blood vessel supplying
the ventral/medial PFC) (Mavaddat et al., 2000), and
patients with frontotemporal dementia (Rahman et al.,
1999). Where betting behavior is increased, patients also
experienced more bankruptcies on the task, confirming
that increased betting is maladaptive and results in
overall loss.

These measures have been used increasingly to
explore changes in decision-making in addictive disor-
ders. This research has received further impetus from
studies implicating the orbitofrontal cortex and affili-
ated circuitry in drug craving, drug expectancy, and
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the regulation of behavioral impulses (see Goldstein
and Volkow, 2002, for review). Iowa Gambling Task
performance is deficient in drug users dependent upon
a variety of substances, including stimulants, opiates, al-
cohol, and marijuana (see Dom et al., 2005, for review),
and behavioral impairments are mirrored in abnormal
patterns of frontal lobe activity during decision-making
performance (Bolla et al., 2003; Ersche et al., 2005).
Risk-preferent biases in decision-making have been
explored with other tasks. In the Balloon Analogue Risk
Task (BART), the subject can pump air into a balloon to
attain more points, but if the balloon explodes, all points
are lost. Lejuez et al. (2003) showed that the Balloon
Analogue Risk Task – but not the Iowa Gambling Task
– was able to discriminate current cigarette smokers
from never-smokers. Impulsive choice has been mea-
sured with delay-discounting tasks, where subjects
choose between small rewards available immediately
over larger rewards available in the future. Choice of
the smaller outcome in order to attain that outcome
rapidly is widely conceptualized as impulsive. Drug
users consistently prefer these smaller rewards available
and display steeper discounting rates (see Bickel and
Marsch, 2001, for review). The ecological validity of
these measures is supported by studies showing, for
example, that the discounting rate is associated with
shared needle use in opiate users (Odum et al., 2000).
An ongoing issue is whether these deficits in decision-
making occur as a consequence of chronic drug consump-
tion, causing progressive atrophic effects in the brain,
or as a causal factor, predating drug use and associated
with the vulnerability to addiction.

ET AL.
FUTUREDIRECTIONS

One of the major challenges faced by laboratories spe-
cializing in neurocognitive assessment lies in the wide
array of measures that are used, with limited under-
standing of the componential structure of many tasks,
and few empirical comparisons of the relative strengths
of alternative measures. The field has begun to move
towards establishment of standardized batteries that
will be used in research studies across many different
laboratories, such as the Measurement and Treatment
Research to Improve Cognition in Schizophrenia
(MATRICS) initiative (Green et al., 2004). This project
initially identified seven domains of cognitive function-
ing reflecting consensus about impairments in patients
with schizophrenia, and was then followed by a psycho-
metric study to help identify the most useful tests to
assess these domains. The product of this work, the
MATRICS Battery, comprises some 10 tests, primarily
tests used widely in clinical neuropsychology, from
which a global score can be obtained indexing cognitive
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deficit in schizophrenia, and this has been suggested as a
primary endpoint for use in treatment trials of new agents
to enhance cognition in schizophrenia. A follow-on
project (CNTRICS) was then supported by the National
Institutes of Health to focus more on basic cognitive
processes, which presumably might offer stronger trans-
lational potential, including links to the burgeoning liter-
ature from cognitive neuroimaging studies.

Given completion of the human genome project,
there is strong interest in making progress on the more
ambitious “human phenome project,” which involves
leveraging the amazing advances in genetics to study
the myriad human phenotypes on a genomewide scale
(Freimer and Sabatti, 2003). Recent history shows that
gene hunting for complex disorders has been fraught
with replication failures and generally small effect sizes
for associations between cognitive phenotypes and spe-
cific markers of genetic variation (Bilder et al., 2009a).
Considerable work is needed to refine our concepts of
cognitive phenotypes that will align more closely and
enable the complex traversals of knowledge from gene
to complex behavior. This demands both vertically inte-
grated science and enhanced informatics approaches.

To conduct vertically integrated science, both top-
down and bottom-up approaches need to be applied to
the same neural system constructs to refine our models.
By top-down, we mean large-scale studies of human
subjects in whom genomewide maps of genetic variation
are available. Research so far, using genomewide asso-
ciation studies, reveals that, even if genetic signals are
detected, complex behavioral phenotypes typically share
little variance with identified genetic variants, despite
our knowledge from family studies that these pheno-
types are highly heritable. For example, despite consen-
sus that IQ is likely to have some 40% of its variance
explained by genetic variation, a genomewide study
found four genetic variants that cumulatively explain
less than 1% of phenotypic variance (Butcher et al.,
2008). It remains unclear so far how much of the
“missing” genetic signal may be contributed by genetic
variants that so far have not been examined. Some of
this mystery will soon be resolved as genomewide
sequencing becomes more affordable, and epigenome-
wide association studies become feasible. In the mean-
time, it will be important to gather, and share, as much
information about the phenotypes as possible. This
means that considerable energy must be dedicated to
elaborating and refining our methods for sharing data
about high-level human phenotypes and their associa-
tions with each other and with evidence from other levels
of investigation (Bilder et al., 2009a).

Studying humanparticipants can only go so far in iden-
tifyingmechanisticmodels that relate genome to complex
behavioral phenotypes. While we can now examine

RESEARCH METHODS: COGNITIVE
genetic variation on a genomewide scale in humans, the
“bottom-up” examination of basic molecular and cellular
manipulations demands application of methods and
models in nonhuman species. The revolution in transgenic
models now enables us to examine the basic molecular,
cellular, and systems-level effects of very subtle genetic
variations, and to do so in specific cell types, at particular
times during the course of brain development (Yang et al.,
1999; Lobo et al., 2006, 2007). These powerful methods
are opening new horizons in our capacity to understand
the basic biological consequences of genetic variations,
and will be needed to complement the work on cognitive
phenotypes being pursued using “top-down” strategies.
Critical work remains to link the basic rodent models (pri-
marily in mouse) to the kinds of cognitive phenotype that
we typically measure in humans. It is perhaps surprising
that so much effort has been exerted to identify mouse
phenotypes that map on to human behavior, given that
the human can do so much more than the mouse. We
believe additional progress can be made by focusing on
development of novel cognitive assessment tools that take
the reverse approach – that is, designing humanmeasures
of phenotypes that are observable in rodents. There re-
main many challenges in assuring cross-species homolo-
gies on the neural systems level, and this demands
translation in both directions, i.e., “mouse to man” as well
as “man to mouse.”

All of these efforts can benefit from increased struc-
ture in the sharing of information, whether that infor-
mation is simply the definition of key constructs,
sharing of effect sizes drawn from published literature,
or entire data sets that can be analyzed in creative
new ways. Informatics strategies, now developing rap-
idly in partnership with genomics and other “-omics”
disciplines, are now being applied to the representation
and modeling of cognitive phenotypes (Bilder et al.,
2009b). This will take major efforts on the part of the
entire cognitive neuropsychology research community.
Fortunately, breakthroughs in social collaborative net-
working now make this more feasible than it might have
seemed just a few years ago (skeptics may survey the
development of Wikipedia, which is at least 40 times
larger than the Encyclopaedia Britannica and has com-
parable accuracy (Giles, 2005)). As a first step we need
to improve definitions of the constructs that we presume
to measure when applying cognitive neuropsychological
tests. This process, referred to as ontology development,
is already the focus of some projects (e.g., the Cognitive
Atlas, www.cognitiveatlas.org; and the Hypothesis Web,
www.pubatlas.org). To supplement the development of
these ontologies, the field will benefit further from assem-
bly of empirical, quantitative information about the
effects demonstrated when cognitive tests are used. Some
tools are already available to document the heritability,
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group differences, and treatment effects on cognitive test
measures (Sabb et al., 2008; www.phenowiki.org). With
further developments of tools like these, it is hoped that
we ultimately will be better prepared to identify the most
meaningful relations between cognitive constructs and
other sources of biological knowledge, offering hope that
the long-awaited promise of personalized medicine may
one day be realized in the understanding and treatment
of cognitive disorders.

ACKNOWLEDGMENTS

LC and BJS consult for Cambridge Cognition Ltd. LC
and BJS were supported by a Wellcome Trust Pro-
gramme Grant to TW Robbins, BJ Everitt, AC Roberts
and BJS and a consortium award from the Medical Re-
search Council (UK) and Wellcome Trust to the
University of Cambridge Behavioural and Clinical Neu-
roscience Institute (LC/BJS). RMB has served as a con-
sultant and/or received honoraria from: Acadia, Cogtest
Inc., Cypress Bioscience Inc., Dainippon Sumitomo
Pharma, Janssen, Johnson and Johnson, Memory Phar-
maceuticals, Pfizer Inc., and Vanda Pharmaceuticals;
he is supported by grants from the NIH (Consortium
for Neuropsychiatric Phenomics (CNP) Coordinating
Center: UL1DE019580; CNP Human Translational Ap-
plications Core: PL1MH083271; Center for Intervention
Development and Applied Research: P50MH077248;
The Cognitive Atlas: R01MH082795; and Methamphet-
amine Abuse, Inhibitory Control: Implications for Treat-
ment P20DA022539-03), and by the Tennenbaum Center
for the Biology of Creativity at UCLA.

84 L. CLAR
REFERENCES

Altshuler L, Mintz J, Leight K (2002). The Life Functioning

Questionnaire (LFQ): a brief, gender-neutral scale asses-

sing functional outcome. Psychiatry Res 112: 161–182.
Aron AR, Behrens TE, Smith S et al. (2007a). Triangulating a

cognitive control network using diffusion-weighted mag-

netic resonance imaging (MRI) and functional MRI.

J Neurosci 27: 3743–3752.
Aron AR, Durston S, Eagle DM et al. (2007b). Converging ev-

idence for a fronto-basal-ganglia network for inhibitory

control of action and cognition. J Neurosci 27: 11860–11864.
Baddeley A (1996). The fractionation of working memory.

Proc Natl Acad Sci U S A 93: 13468–13472.
Baddeley AD (2001). Is working memory still working? Am

Psychol 56: 851–864.

Barnett JH, Robbins TW, Leeson VC et al. (2010). Assessing

cognitive function in clinical trials of schizophrenia.

Neurosci Biobehav Rev 34: 1161–1177.
Bechara A, Damasio AR, Damasio H et al. (1994). Insensitiv-

ity to future consequences following damage to human pre-

frontal cortex. Cognition 50: 7–15.
Bechara A, Tranel D, Damasio H (2000). Characterization of

the decision-making deficit of patients with ventromedial

prefrontal cortex lesions. Brain 123: 2189–2202.
Bickel WK, Marsch LA (2001). Toward a behavioral eco-

nomic understanding of drug dependence: delay discount-

ing processes. Addiction 96: 73–86.
Bilder RM, Volavka J, Lachman HM et al. (2004). The

catechol-O-methyltransferase polymorphism: relations to

the tonic-phasic dopamine hypothesis and neuropsychiatric

phenotypes. Neuropsychopharmacology 29: 1943–1961.

Bilder RM, Reiter G, Bates J et al. (2006). Cognitive develop-

ment in schizophrenia: follow-back from the first episode.

J Clin Exp Neuropsychol 28: 270–282.
Bilder RM, Sabb FW, Cannon TD et al. (2009a). Phenomics:

the systematic study of phenotypes on a genome-wide

scale. Neuroscience 164: 30–42.
Bilder RM, Sabb FW, Parker DS et al. (2009b). Cognitive on-

tologies for neuropsychiatric phenomics research. Cognit

Neuropsychiatry 14: 419–450.
Blackwell AD, Sahakian BJ, Vesey R et al. (2004). Detecting

dementia: novel neuropsychological markers of preclinical

Alzheimer’s disease. Dement Geriatr CognDisord 17: 42–48.
Boake C (2002). From the Binet-Simon to the Wechsler-

Bellevue: tracing the history of intelligence testing. J Clin

Exp Neuropsychol 24: 383–405.
Bolla KI, Eldreth DA, London ED et al. (2003). Orbitofrontal

cortex dysfunction in abstinent cocaine abusers performing

a decision-making task. Neuroimage 19: 1085–1094.
Broadbent DE (1957). A mechanical model for human atten-

tion and immediate memory. Psychol Rev 64: 205–215.

Broadbent DE (1981). Selective and control processes. Cogni-

tion 10: 53–58.
Broadbent D, Broadbent MH (1990). Human attention: the ex-

clusion of distracting information as a function of real and

apparent separation of relevant and irrelevant events. Proc

Biol Sci 242: 11–16.

Butcher LM, Davis OS, Craig IW et al. (2008). Genome-wide

quantitative trait locus association scan of general cogni-

tive ability using pooled DNA and 500K single nucleotide

polymorphismmicroarrays. Genes Brain Behav 7: 435–446.

Cannon TD, Hennah W, van Erp T et al. (2005). Association

of DISC1/TRAX haplotypes with schizophrenia, reduced

prefrontal gray matter, and impaired short- and long-term

memory. Arch Gen Psychiatry 62: 1205–1213.
Carli M, Robbins TW, Evenden JL et al. (1983). Effects of le-

sions to ascending noradrenergic neurones on performance

of a 5-choice serial reaction task in rats; implications for

theories of dorsal noradrenergic bundle function based on

selective attention and arousal. Behav Brain Res 9: 361–380.
Cato MA, Delis DC, Abildskov TJ et al. (2004). Assessing the

elusive cognitive deficits associated with ventromedial

prefrontal damage: a case of a modern-day Phineas Gage.

J Int Neuropsychol Soc 10: 453–465.

Chamberlain SR, Robbins TW, Winder-Rhodes S et al.

(2011). Translational approaches to frontostriatal dysfunc-

tion in attention-deficit/hyperactivity disorder using a

computerized neuropsychological battery. Biol Psychiatry

69: 1192–1203.

http://www.phenowiki.org


RESEARCH METHODS: COGNITIVE NEUROPSYCHOLOGICAL METHODS 85
Clark L, Iversen SD, Goodwin GM (2002). Sustained attention

deficit in bipolar disorder. Br J Psychiatry 180: 313–319.
Clark L, Kempton MJ, Scarna A et al. (2005). Sustained atten-

tion deficit confirmed in euthymic bipolar disorder, but not

in first-degree relatives of bipolar patients or euthymic uni-

polar depression. Biol Psychiatry 57: 183–187.
Clark L, Blackwell AD, Aron AR et al. (2007). Association

between response inhibition and working memory in adult

ADHD: a link to right frontal cortex pathology? Biol

Psychiatry 61: 1395–1401.

Clark L, Bechara A, Damasio H et al. (2008). Differential

effects of insular and ventromedial prefrontal cortex

lesions on risky decision-making. Brain 131: 1311–1322.
Clark L, Chamberlain SR, Sahakian BJ (2009). Neurocogni-

tive mechanisms in depression: implications for treatment.

Annu Rev Neurosci 32: 57–74.
Conners CK (1995). The Continuous Performance Test.

Multi-Health Systems, Toronto.

Cools R, Robbins TW (2004). Chemistry of the adaptive mind.

PhilosTransact A Math Phys Eng Sci 362: 2871–2888.

Cornblatt BA, Malhotra AK (2001). Impaired attention as an

endophenotype for molecular genetic studies of schizo-

phrenia. Am J Med Genet 105: 11–15.

Cowan N (2008). What are the differences between long-term,

short-term, and working memory? Prog Brain Res 169:
323–338.

Crawford JR, Parker DM, Besson JA (1988). Estimation of

premorbid intelligence in organic conditions. Br J Psychi-

atry 153: 178–181.
Damasio A (1994). Descartes’ Error: Emotion, Reason and the

Human Brain. G.P. Putnam, New York.

deRoverM,PirontiVA,McCabe JAet al. (2011).Hippocampal

dysfunction in patients with mild cognitive impairment:

a functional neuroimaging study of a visuospatial paired

associates learning task. Neuropsychologia 49: 2060–2070.
Dimitrov M, Phipps M, Zahn TP et al. (1999). A thoroughly

modern Gage. Neurocase 5: 345–354.
Dom G, Sabbe B, Hulstijn W et al. (2005). Substance use dis-

orders and the orbitofrontal cortex: systematic review of

behavioural decision-making and neuroimaging studies.

Br J Psychiatry 187: 209–220.
Dunn BD, Dalgleish T, Lawrence AD (2006). The somatic

marker hypothesis: a critical evaluation. Neurosci Bio-

behav Rev 30: 239–271.
Durstewitz D, Seamans JK (2002). The computational role

of dopamine D1 receptors in working memory. Neural

Netw 15: 572.
Durstewitz D, Seamans JK, Sejnowski TJ (2000). Neuro-

computational models of working memory. Nat Neurosci

3 (Suppl): 1184–1191.

Elliott R, Sahakian BJ, Matthews K et al. (1997). Effects of

methylphenidate on spatial working memory and planning

in healthy young adults. Psychopharmacology (Berl) 131:

196–206.
Elster J, Skog OJ (1999). Getting Hooked: Rationality and

Addiction. Cambridge University Press, Cambridge, UK

Ersche KD, Fletcher PC, Lewis SJ et al. (2005). Abnormal

frontal activations related to decision-making in current
and former amphetamine and opiate dependent individ-

uals. Psychopharmacology (Berl) 180: 612–623.
Eslinger PJ, Damasio AR (1985). Severe disturbance of higher

cognition after bilateral frontal lobe ablation: patient EVR.

Neurology 35: 1731–1741.
Fan J, McCandliss BD, Sommer T et al. (2002). Testing the

efficiency and independence of attentional networks.

J Cogn Neurosci 14: 340–347.
Fellows LK, Farah MJ (2005). Different underlying impair-

ments in decision-making following ventromedial and

dorsolateral frontal lobe damage in humans. Cereb Cortex

15: 58–63.
Fowler KS, Saling MM, Conway EL et al. (1997). Computer-

ized neuropsychological tests in the early detection of

dementia: prospective findings. J Int Neuropsychol Soc

3: 139–146.
Freimer N, Sabatti C (2003). The human phenome project. Nat

Genet 34: 15–21.
Friedman NP, Miyake A (2004). The relations among inhibi-

tion and interference control functions: a latent-variable

analysis. J Exp Psychol Gen 133: 101–135.
Friedman NP, Miyake A, Young SE et al. (2008). Individual

differences in executive functions are almost entirely

genetic in origin. J Exp Psychol Gen 137: 201–225.
Fuster JM, Alexander GE (1971). Neuron activity related to

short-term memory. Science 173: 652–654.
Giles J (2005). Internet encyclopaedias go head to head.

Nature 438: 900–901.
Glahn DC, Therman S, Manninen M et al. (2003). Spatial

working memory as an endophenotype for schizophrenia.

Biol Psychiatry 53: 624–626.
Goldberg TE, Goldman RS, Burdick KE et al. (2007). Cog-

nitive improvement after treatment with second-

generation antipsychotic medications in first-episode

schizophrenia: is it a practice effect? Arch Gen Psychiatry

64: 1115–1122.

Goldman-Rakic PS (1990). Cellular and circuit basis of work-

ing memory in prefrontal cortex of nonhuman primates.

Prog Brain Res 85: 325–335.
Goldman-Rakic PS (1995). Cellular basis of working mem-

ory. Neuron 14: 477–485.
Goldstein RZ, Volkow ND (2002). Drug addiction and its un-

derlying neurobiological basis: neuroimaging evidence for

the involvement of the frontal cortex. Am J Psychiatry 159:
1642–1652.

Gottesman II, Gould TD (2003). The endophenotype concept

in psychiatry: etymology and strategic intentions. Am J

Psychiatry 160: 636–645.
Green MF, Nuechterlein KH, Gold JM et al. (2004).

Approaching a consensus cognitive battery for clinical tri-

als in schizophrenia: the NIMH-MATRICS conference to

select cognitive domains and test criteria. Biol Psychiatry

56: 301–307.

Harrison AA, Everitt BJ, Robbins TW (1997). Central 5-HT

depletion enhances impulsive responding without affect-

ing the accuracy of attentional performance: interactions

with dopaminergic mechanisms. Psychopharmacology

(Berl) 133: 329–342.



86 L. CLARK ET AL.
Haslam N, Kim HC (2002). Categories and continua: a review

of taxometric research. Genet Soc Gen Psychol Monogr

128: 271–320.
Hasler G, Drevets WC, Manji HK et al. (2004). Discovering

endophenotypes for major depression. Neuropsychophar-

macology 29: 1765–1781.
Hinson JM, Jameson TL, Whitney P (2002). Somatic markers,

working memory, and decision making. Cogn Affect

Behav Neurosci 2: 341–353.
Ho MY, Mobini S, Chiang TJ et al. (1999). Theory and

method in the quantitative analysis of “impulsive choice”

behaviour: implications for psychopharmacology. Psycho-

pharmacology (Berl) 146: 362–372.
Holmes AJ, Pizzagalli DA (2008a). Response conflict and

frontocingulate dysfunction in unmedicated participants

with major depression. Neuropsychologia 46: 2904–2913.
Holmes AJ, Pizzagalli DA (2008b). Spatiotemporal dynamics

of error processing dysfunctions in major depressive disor-

der. Arch Gen Psychiatry 65: 179–188.
Huston PE, Shakow D, Riggs LA (1937). Studies of motor

function in schizophrenia: II. Reaction time. J Gen Psychol

16: 39–82.
Jack CR Jr, Petersen RC, Xu YC et al. (1999). Prediction of

AD with MRI-based hippocampal volume in mild cogni-

tive impairment. Neurology 52: 1397–1403.
Jacobsen CF (1936). Studies of cerebral function in primates.

I. The function of the frontal association areas in monkeys.

J Comp Psychol 13: 3–60.
James W (1890). Principles of Psychology. Holt, New York.

Kline P (1986). A Handbook of Test Construction: Introduc-

tion to Psychometric Design. Methuen, New York.

Knowlton B, Squire LR, Gluck MA (1994). Probabilistic clas-

sification in amnesia. Learn Mem 1: 106–120.

Knowlton BJ, Mangels JA, Squire LR (1996). A neostriatal

habit learning system in humans. Science 273: 1399–1402.
Lee AC, Rahman S, Hodges JR et al. (2003). Associative and

recognition memory for novel objects in dementia: impli-

cations for diagnosis. Eur J Neurosci 18: 1660–1670.
Lejuez CW, Aklin WM, Jones HA et al. (2003). The Balloon

Analogue Risk Task (BART) differentiates smokers and

nonsmokers. Exp Clin Psychopharmacol 11: 26–33.
Lezak MD (1995). Neuropsychological Assessment. 3rd edn.

Oxford University Press, New York.

Lobo MK, Karsten SL, Gray M et al. (2006). FACS-array pro-

filing of striatal projection neuron subtypes in juvenile and

adult mouse brains. Nat Neurosci 9: 443–452.

Lobo MK, Cui Y, Ostlund SB et al. (2007). Genetic control of

instrumental conditioning by striatopallidal neuron-

specific S1P receptor Gpr6. Nat Neurosci 10: 1395–1397.
Logan GD, Cowan WB, Davis KA (1984). On the ability to in-

hibit simple and choice reaction time responses: amodel and

a method. J Exp Psychol Hum Percept Perform 10: 276–291.
Lubke GH, Muthen B, Moilanen IK et al. (2007). Subtypes

versus severity differences in attention-deficit/hyperactiv-

ity disorder in the Northern Finnish Birth Cohort. J Am

Acad Child Adolesc Psychiatry 46: 1584–1593.

Luria AR (1980). Higher Cortical Functions in Man. Basic

Books, New York.
Malloy P, Bihrle A, Duffy J et al. (1993). The orbitomedial

frontal syndrome. Arch Clin Neuropsychol 8: 185–201.
Mavaddat N, Kirkpatrick PJ, Rogers RD et al. (2000). Deficits

in decision-making in patients with aneurysms of the ante-

rior communicating artery. Brain 123: 2109–2117.
McGuinness D, Pribram K (1980). The neuropsychology

of attention: emotional and motivational controls. In:

MC Wittrock, AJ Edwards (Eds.), The Brain and Psychol-

ogy. Academic Press, New York, pp. 95–139.

McKenna P, Warrington EK (1980). Testing for nominal dys-

phasia. J Neurol Neurosurg Psychiatry 43: 781–788.
Miller GA (1956). The magical number seven plus or minus

two: some limits on our capacity for processing informa-

tion. Psychol Rev 63: 81–97.

Mirsky AF (1987). Behavioral and psychophysiological

markers of disordered attention. Environ Health Perspect

74: 191–199.

Mirsky AF, Duncan CC (2001). A nosology of disorders

of attention. Ann N Y Acad Sci 931: 17–32.
Mirsky AF, Perecman E (1989). The neuropsychology of

attention: elements of a complex behavior. In:

E Perecman (Ed.), Integrating Theory and Practice in Clin-

ical Neuropsychology. Lawrence Erlbaum Associates,

Hillsdale, NJ, pp. 1–35.

Mirsky AF, Anthony BJ, Duncan CC et al. (1991). Analysis of

the elements of attention: a neuropsychological approach.

Neuropsychol Rev 2: 109–145.

Miyake A, EmersonMJ, Friedman NP (2000a). Assessment of

executive functions in clinical settings: problems and rec-

ommendations. Semin Speech Lang 21: 169–183.

Miyake A, Friedman NP, Emerson MJ et al. (2000b). The

unity and diversity of executive functions and their contri-

butions to complex “Frontal Lobe” tasks: a latent variable

analysis. Cognit Psychol 41: 49–100.
Miyake A, Emerson MJ, Padilla F et al. (2004). Inner speech

as a retrieval aid for task goals: the effects of cue type and

articulatory suppression in the random task cuing para-

digm. Acta Psychol (Amst) 115: 123–142.
Murphy FC, Rubinsztein JS, Michael A et al. (2001). Deci-

sion-making cognition in mania and depression. Psychol

Med 31: 679–693.
Nuechterlein KH, Dawson ME (1984). Information processing

and attentional functioning in the developmental course of

schizophrenic disorders. Schizophr Res 10: 160–203.
OdumAL,Madden GJ, Badger GJ et al. (2000). Needle sharing

in opioid-dependent outpatients: psychological processes

underlying risk. Drug Alcohol Depend 60: 259–266.
Park S, Holzman PS (1992). Schizophrenics show spatial

working memory deficits. Arch Gen Psychiatry 49:
975–982.

Petersen RC, Smith GE, Waring SC et al. (1999). Mild cogni-

tive impairment: clinical characterization and outcome.

Arch Neurol 56: 303–308.

Petrides M (1998). Specialised systems for the processing of

mnemonic information within the primate frontal cortex.

In: AC Roberts, TW Robbins, L Weiskrantz (Eds.), The

Prefrontal Cortex: Executive and Cognitive Functions.

Oxford University Press, Oxford pp. 103–116.



RESEARCH METHODS: COGNITIVE NEUROPSYCHOLOGICAL METHODS 87
Poldrack RA, Gabrieli JD (2001). Characterizing the neural

mechanisms of skill learning and repetition priming: evi-

dence from mirror reading. Brain 124: 67–82.
Poldrack RA, Packard MG (2003). Competition among mul-

tiple memory systems: converging evidence from animal

and human brain studies. Neuropsychologia 41: 245–251.
Poldrack RA, Rodriguez P (2004). How do memory systems

interact? Evidence from human classification learning.

Neurobiol Learn Mem 82: 324–332.
Poldrack RA, Clark J, Pare-Blagoev EJ et al. (2001). Interactive

memory systems in the human brain. Nature 414: 546–550.
Poldrack RA, Sabb FW, Foerde K et al. (2005). The neural cor-

relates of motor skill automaticity. J Neurosci 25: 5356–5364.
Posner MI, Petersen SE (1990). The attention system of the

human brain. Annu Rev Neurosci 13: 25–42.
Posner MI, Inhoff AW, Friedrich FJ et al. (1987). Isolating

attentional systems: a cognitive-anatomical analysis.

Psychobiology 15: 107–121.
Pribram KH, McGuinness D (1975). Arousal, activation, and

effort in the control of attention. Psychol Rev 82: 116–149.

PribramKH, Perecman E (1987). The subdivisions of the fron-

tal cortex revisited. In: E Perecman (Ed.), The Frontal

Lobes Revisited. IRBN Press, New York, pp. 11–39.

Rahman S, Sahakian BJ, Hodges JR et al. (1999). Specific

cognitive deficits in mild frontal variant frontotemporal

dementia. Brain 122: 1469–1493.
Rodnick EH, Shakow D (1940). Set in the schizophrenic as

measured by a composite reaction time index. Am J

Psychiatry 97: 214–225.
Sabb FW, Bearden CE, Glahn DC et al. (2008). A collabora-

tive knowledge base for cognitive phenomics. Mol Psychi-

atry 13: 350–360.
Sahakian BJ, Morris RG, Evenden JL et al. (1988). A compara-

tive studyofvisuospatialmemoryand learning inAlzheimer-

type dementia and Parkinson’s disease. Brain 111: 695–718.
Squire LR (1987). Memory and Brain. Oxford University

Press, New York.

Strauss ME, Thompson P, Adams NL et al. (2000). Evaluation

of a model of attention with confirmatory factor analysis.

Neuropsychology 14: 201–208.
Stroop JR (1935). Studies of interference in serial verbal reac-

tions. J Exp Psychol 18: 643–662.
Stuss DT, Levine B (2002). Adult clinical neuropsychology:

lessons from studies of the frontal lobes. Annu Rev

Psychol 53: 401–433.
Swainson R, Hodges JR, Galton CJ et al. (2001). Early detec-

tion and differential diagnosis of Alzheimer’s disease and

depression with neuropsychological tasks. Dement Geriatr

Cogn Disord 12: 265–280.
Taub GE, McGrew KS, Witta EL (2004). A confirmatory

analysis of the factor structure and cross-age invariance

of the Wechsler Adult Intelligence Scale-Third edn. Psy-

chol Assess 16: 85–89.
Tulving E (2002). Episodic memory: from mind to brain.

Annu Rev Psychol 53: 1–25.
van der Maas HL, Dolan CV, Grasman RP et al. (2006). A dy-

namical model of general intelligence: the positive mani-

fold of intelligence by mutualism. Psychol Rev 113:
842–861.

Visser PJ, Verhey FR, Hofman PA et al. (2002). Medial tem-

poral lobe atrophy predicts Alzheimer’s disease in patients

with minor cognitive impairment. J Neurol Neurosurg

Psychiatry 72: 491–497.

Vuchinich RE, Heather N (2003). Choice. Behavioural

Economics and Addiction, Elsevier, Amsterdam.

Walker EF, Levine RJ (1990). Prediction of adult-onset

schizophrenia from childhood home movies of the

patients. Am J Psychiatry 147: 1052–1056.
Welsh KA, Butters N, Hughes JP et al. (1992). Detection and

staging of dementia in Alzheimer’s disease. Use of the neu-

ropsychological measures developed for the Consortium to

Establish a Registry for Alzheimer’s Disease. Arch Neurol

49: 448–452.

Whalen PJ, Bush G, Shin LM et al. (2006). The emotional

counting Stroop: a task for assessing emotional interfer-

ence during brain imaging. Nat Protoc 1: 293–296.

Yang XW, Wynder C, Doughty ML et al. (1999). BAC-

mediated gene-dosage analysis reveals a role for Zipro1

(Ru49/Zfp38) in progenitor cell proliferation in cerebellum

and skin. Nat Genet 22: 327–335.



Handbook of Clinical Neurology, Vol. 106 (3rd series)
Neurobiology of Psychiatric Disorders
T.E Schlaepfer and C.B. Nemeroff, Editors
# 2012 Elsevier B.V. All rights reserved
Chapter 6
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INTRODUCTION

Structural imaging of the brain deals with the structure
of the brain and the diagnosis of gross intracranial dis-
ease such as tumor, strokes, and injury. Ventriculo-
graphy, also called pneumoencephalography, the
earliest method, used X-ray images of the ventricular
system within the brain by injection of filtered air di-
rectly into one or both lateral ventricles of the brain.
The real progress in structural imaging started with com-
puted axial tomography (CATorCT), whenmore detailed
anatomical images of the brain became available for
diagnostic and research purposes. In the early 1980s
magnetic resonance imaging (MRI) was introduced
clinically, and during the last 30 years an explosion of
technical refinements and diagnostic MR applications
has transformed imaging of the brain. This article has
three objectives: (1) to outline briefly structural imaging
techniques; (2) to delineate their use to study psychiatric
disorders; and (3) to explain the potential future use of
structural imaging in psychiatric disorders.

Structural imaging: the basics

In CT, X-ray beams are sent through the brain. The beam
is attenuated as it passes tissues. The X-ray is attenuated
by the density of the tissue encountered along the way.
Bone blocks most of the X-rays; brain blocks less and
fluid even less. X-ray detectors around the circumfer-
ence of the head collect readings and a computerized al-
gorithm reconstructs an image of each slice.

MRI is based on simple principles: when the nuclei of
hydrogen atoms – that is, single protons, spinning ran-
domly – are placed in a strong magnetic field, they line
up in the direction of the magnetic field. If the protons
are then struck with a brief, precisely tuned burst of
radio waves, their magnetization will change and they
will momentarily flip.When the radio waves are turned
*Correspondence to: Professor K.R.R. Krishnan, Professor of Psyc
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off they will return to their original orientation in the
magnetic field. In the process of returning to their orig-
inal orientation, they emit a brief signal of their own.The
induced superimposed magnetic field varies in strength
at different points in space; each point in space thus has
a unique radio frequency at which the signal is received
and transmitted. This makes it possible to construct an
image by the spatial encoding of frequency.

The intensity of this emission reflects the number of
protons in the tissue. The strength of the MRI signal
depends primarily on three parameters: proton density,
T1 and T2. The contrast between brain tissues depends
on these three parameters.
Density of protons in a tissue

The greater the density of protons, the larger the signal.
Signal strength is modified by the properties of each
proton’s microenvironment, such as its mobility, struc-
ture of tissue, and the local homogeneity of the mag-
netic field. Proton density tends to be homogeneous
and does not contribute significantly to signal differ-
ences seen in an image. The return of the nuclei to their
initial state is governed by two physical processes,
T1 and T2: the relaxation back to equilibrium of the com-
ponent of the nuclear magnetization parallel to the mag-
netic field, and the relaxation back to equilibrium of the
component of the nuclear magnetization perpendicular
to the magnetic field. The time that it takes for these two
relaxation processes to take place is equal to time T1 for
the first process, and time T2 for the second process.

T1 and T2 can be very different for diverse soft
tissues. T1 and T2 are strongly influenced by the micro-
environment and structure of tissue. MR radiofrequency
signal can be programmed to accentuate some properties
and not others by the type of radiofrequency applied. This
manipulation can change the dependence of the observed
hiatry and Behavioral Sciences, Duke University Medical Cen-



RI
signal on the three parameters of proton density, T1 and
T2. Hence, there are a number of different MRI tech-
niques to choose from. The twomost common techniques
are called T1 and T2. On a T1 image bone is dark, fat is
bright, and water is dark. On T2 images bone is dark and
water is bright. The contrast can be used to segment the
brain into its component parts. (For an interesting per-
spective, see Budinger and Lauterbur, 1984.)
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Diffusion tensor imaging (DTI)

Diffusion imaging is the assessment of the molecular
motion of water molecules by placing balanced mag-
netic field gradients about the 180 refocusing pulse of
a spin-echo acquisition.

Diverse levels of gradient strength duration and sep-
aration of the leading edges of the two gradient pulses
lead to different levels of spin echo signal attenuation
due to the diffusive motions, as characterized by a
molecular diffusion coefficient. Diffusion is con-
strained by membranes, and intracellular structures as
well as capillary beds and small vessels associated with
blood perfusion increase the complexity of the diffusion
process. In the brain myelinated fiber tracts offer a pre-
ferred direction for water molecules to travel, analo-
gous to water traveling in a pipe. As a consequence,
diffusion as measured with gradients placed parallel
to the fibers is larger than that measured with the gradi-
ents applied perpendicular to the fibers.

The term “apparent diffusion coefficient” (ADC) is
used to describe tissue water diffusion. A high value is
analogous to free water and a low value indicates con-
straint. The ADC in anisotropic tissue varies depending
on the direction in which it is measured. Diffusion is fast
along the length of (parallel to) an axon and slower across
it perpendicularly. In addition to describing the amount
of diffusion, it is often important to describe the relative
degree of anisotropy in a voxel. The measure used is
called fractional anisotropy (FA). If a water molecule is
equally likely to wander off in any given direction, then
this is referred to as isotropic diffusion, and FA is 0. If,
on the other hand, the water molecule is forced to go in
only one direction, then the FA would be 1.

A tensor in physical science is the quantity of a given
physical property. Properties with a simple directional
aspect are described by a vector – often represented
by an arrow – that has magnitude and direction. In dif-
fusion under anisotropic conditions the spread follows
an ellipsoid shape. The orientation information from
the original ellipsoid is represented using three vectors
called “eigenvectors” or characteristic vectors. In addi-
tion to the FA, the directions of the three eigenvectors –
primary, secondary and, tertiary – of the diffusion ten-
sor are obtained for each voxel. Proceeding beyond
assessing the diffusion properties of individual voxels
was towards describing intervoxel relationships, from
which one infers white-matter fiber tracts. The basic
idea is to determine the preferred route for a water mol-
ecule to enter or exit a voxel and its neighbors.

For each new voxel, the process is repeated, allowing
the process to follow the path specified at each step by the
primary direction of water diffusion, the presumed direc-
tion of the white-matter fiber tracts. Although simple in
principle, the technique is computationally difficult and
can produce false leads, especially when there is noise
or when distinct fiber tracts cross. Using different points
of seeding can allow delineation of different tracts and
can be used to build whole-brain tract maps.

In routine clinicalMRI of the brain, diffusion imaging
plays a minor role in comparison to conventional T1- and
T2-weighted imaging. Diffusion-weighted imaging is
useful for the detection and evaluation of acute stroke.

DTI enables visualization of white-matter fibers in the
brain and can be used to assess subtle changes in the white
matter associated with diseases such as schizophrenia and
depression (for a review, see Taylor et al., 2004).

STRUCTURAL IMAGING IN
PSYCHIATRICDISORDERS

Visually observable

Since the advent of the ability to assess the brain in a liv-
ing person, the Holy Grail has been the attempt to find
“the pathology” in the disease. It soon became apparent
that there are few visually observable findings among
patients with psychiatric disorders.

One of the few visually observable changes that
could be seen was the presence of unidentified bright ob-
jects in T2 scans amongst elderly patients with a variety
of psychiatric disorders (Krishnan et al., 1988) (Fig. 6.1).
These objects were shown to be evidence of silent ische-
mia of the brain. We and others showed that these
changes were more common with aging, presence of
hypertension, diabetes, smoking, and hypertriglyceride-
mia (Krishnan et al., 1997). In particular these changes
are seen in elderly patients with major depression and
bipolar disorder as well as those with vascular dementia
(McDonald et al., 1991). Large-scale epidemiological
studies have shown that these changes are linked to falls,
depression, and cognitive impairment (Steffens et al.,
2002). This has been called subcortical ischemic disease
or subcortical ischemic vascular disease. When depres-
sion is a predominant feature it has been called vascular
depression or subcortical ischemic depression (Krishnan
et al., 1997). The disorder has been related to genetic fac-
tors such as cerebral autosomal-dominant arteriopathy
with subcortical infarcts and leukoencephalopathy
(CADASIL). Patients with this type of depression often
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Fig. 6.1. Three-dimensional rendering of vascular brain le-

sions as seen on magnetic resonance imaging. CSF,

cerebrospinal fluid. (Image provided by the Duke University

Neuropsychiatric Imaging Research Laboratory.)

Fig. 6.2. Three-dimensional rendering of orbital frontal cor-

tex as seen on magnetic resonance imaging. (Image

provided by the Duke University Neuropsychiatric Imaging

Research Laboratory.)
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die from stoke or cardiovascular disease, have a more
resistant form of illness, and are more likely to develop
dementia.

Besides vascular and ischemic changes, structural
imaging can highlight major volumetric changes in
key brain structures. Visually observable changes are
rare except in dementia. The most common finding is
nonspecific and reflects atrophy seen as ventricular en-
largement or cortical sulcal widening. These changes are
seen in Alzheimer’s disease and occasionally in schizo-
phrenia (Gur et al., 2007).

Structural imaging as an aid to
understanding pathophysiology

Structural neuroimaging methods have been widely
used to study brain morphology in a variety of neuropsy-
chiatric disorders, providing important information about
possible pathophysiological mechanisms of these entities.
The vast majority of brain morphology studies in psychi-
atric disorders use a region of interest approach in which
specific brain regions are often manually or occasionally
automatically or semiautomatically delineated. As an
example, see the rendering of orbital frontal cortex in
Figure 6.2. Although these image analysis procedures
are often robust, internally consistent, and advisable in
some situations, they are not optimal, especially when
the procedures used to define particular brain regions
differ dramatically between laboratories, making direct
comparisons of reported results difficult and com-
pounded when authors’ diverse and different nomencla-
ture is used to describe the same regions. The past 20
years have seen the introduction of new computational
approaches to image analysis designed to overcome some
of the difficulties with region of interest-based methods.
Voxel-based morphometry (VBM) is a procedure that in-
volves spatially normalizing neuroanatomical images into
a common stereotactic space and then conducting a vox-
elwise comparison of probability of gray or white matter
to determine group differences. VBM studies report
between-group gray- or white-matter density differences
in standardized three-dimensional coordinates.

Schizophrenia

Most neuroimaging studies in psychiatric disorders
have been conducted in schizophrenia. Meta-analyses
of schizophrenia studies demonstrate fairly reliable
morphometric differences between patients with schi-
zophrenia and healthy controls. Whole-brain volume
reduction of about 3% is seen in patients. There is also
a pattern in the reduction. Volume reductions are more
pronounced in frontotemporal regions, in particular the
medial temporal lobe structures such as the hippocam-
pus and amygdala, and the superior temporal gyrus
(Vita et al., 2006). The prefrontal cortex thalamus is like-
wise reduced in volume to a greater extent than the
whole brain. Glahn et al. (2008), in a meta-analysis of
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VBM studies, showed that patients have reduced gray-
matter density relative to control subjects in a network
of regions, including bilateral insular cortex, anterior
cingulate, left parahippocampal gyrus, middle frontal
gyrus, postcentral gyrus, and thalamus. These studies
in general point to definite networks that are regionally
affected in schizophrenia and provide clues that can be
followed in postmortem studies.

Gray-matter volume deficits are marked but reduced
anisotropy is observed with DTI in many brain regions in
schizophrenia. This finding suggests that white-matter
structure may be disorganized in schizophrenia rather
than reduced in size. This is consistent with the prevailing
view of schizophrenia as a disconnection disorder. Again,
meta-analyses report that significant reductions were pre-
sent in two regions: the left frontal deep white matter and
the left temporal deep white matter (Ellison-Wright and
Bullmore, 2009). The left frontal lobe is the location of
white-matter tracts connecting the frontal lobe, thalamus,
and cingulate gyrus. The temporal lobe is the location of
white-matter tracts connecting the frontal lobe, insula,
hippocampus–amygdala, temporal and occipital lobe.

HIGH-RISK SCHIZOPHRENIA

MRI studies of amygdala and hippocampus have consis-
tently foundreductions in relatives comparedwithcontrols,
but to a lesser extent, although therewere somenotable and
quite large negative studies (Chan et al., 2009). This is sup-
ported by a systematic reviewandmeta-analysis that found
hippocampal reductions in relatives, with an effect size of
about 0.3 (McDonald et al., 2008).

Voxel-based morphometry studies in the relatives of
patients with schizophrenia found reduced gray matter
in prefrontal cortex and thalamus in relatives at high risk
for schizophrenia (Job et al., 2003).

Bipolar disorder

Despite numerous structural imaging studies in bipolar
disorder, brain regions affected in the disorder are ill-
defined. Kempton et al. (2008) published a meta-
analysis of studies in bipolar disorder from 1980 to
2007, using MRI or X-ray CT to compare brain struc-
ture in patients with bipolar disorder and controls. They
identified 1471 unique publications, from which 141 stud-
ies were included in a database and 98 were selected for
meta-analysis. The meta-analysis revealed robust but
nonspecific changes of brain structure in bipolar
disorder. Bipolar disorder was linked to lateral ventricle
enlargement (effect size ¼ 0.39) and increased rates of
deep white-matter hyperintensities but not periventricu-
lar hyperintensities. The nature of these hyperintensities
in bipolar disorder is presumed to be vascular in origin in
the elderly but their nature in young bipolar subjects is
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yet to be determined. White-matter abnormalities, pre-
dominantly in the frontotemporal regions, can also be
detected in patients with bipolar disorder using DTI
(Beyer et al., 2005). These changes are seen more in
the orbitofrontal region. Neuroimaging studies of the
amygdala in patients with bipolar disorder are character-
ized by an interesting age-related phenomenon where, in
adults, the pattern is one of increased amygdala volume,
while in children and adolescents the reverse applies
(Pfeifer et al., 2008). The studies for high-risk bipolar
disorder are still in their early stages.

SHNAN
Major depression

White-matter hyperintensities representing ischemic dis-
ease, as discussed above, are age-related and more prev-
alent in depressed patients, particularly in late-onset
depression. A systematic literature search of studies in-
vestigating white-matter changes in late-life depression
(98 studies) showed that late-life depression was charac-
terized by more frequent and severe white-matter dis-
ease. The odds were over 4 for late-onset compared
with early-onset depression. This supports the theory
of vascular depression (Herrmann et al., 2008). The au-
thors of the meta-analysis came to the conclusion that
hippocampus gray-matter loss is characteristic of de-
pression (Campbell et al., 2004), an effect that has been
attributed to a decrease in neuropil (Stockmeier et al.,
2004). However, a significant number of studies have
failed to find evidence of hippocampus atrophy in de-
pressed patients and therefore this should be considered
a source of heterogeneity; in fact there is some sugges-
tion that this may be related to early-life stress. Many
early studies raised the possibility of caudate and puta-
men volume reductions in major depressive disorder
(MDD: Husain et al., 1991; Krishnan et al., 1992). There
has been some suggestion that volume loss is associated
with late age of onset (Greenwald et al., 1997) and chro-
nicity or severity of illness (Pillay et al., 1998), with the
exception of a recent pediatric study (Matsuo et al.,
2008) indicating significant heterogeneity. Most re-
cently, Hickie et al. (2007) failed to detect an MDD-as-
sociated decrease in striatal volumes, but when genotype
(5-HTTLPR) was considered, striatal volume loss was
observed in short-allele carriers, indicating that genetic
factors may contribute to the heterogeneity. We showed,
in a sample of elderly MDD patients (Lai et al., 2000),
bilateral volume reduction of the orbital frontal cortex.
This finding has been replicated a number of times in
elderly populations with later-onset depression. Lacerda
et al. (2004) reported a reduction of orbital frontal cor-
tex volume in a younger sample. Thus these studies im-
ply dysfunction of two circuits involved in mood
regulation in the brain. One is the ventral circuit
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involving mood and the other is a dorsal circuit involving
working memory. DTI findings support disconnection
amongst many elements of this circuit.

Attention-deficit/hyperactivity
disorder (ADHD)

A key brain abnormality in ADHD has been hypothe-
sized as structural and functional abnormalities in
frontostriatal circuitry. The most replicated changes in
ADHD primarily in children are significantly smaller
volumes in the dorsolateral prefrontal cortex, caudate,
pallidum, corpus callosum, and cerebellum. These find-
ings have suggested some evidence for a frontostriatal
deficit in children with ADHD.

Genes and structural imaging

Major psychiatric disorders, including schizophrenia,
bipolar disorder, and substance addiction, are partly her-
itable and show a complex, possibly polygenic, pattern of
heredity. A recent approach which has gained widespread
notoriety is the concept of intermediate phenotypes,
usually consisting of behavioral, neuropsychological,
functional, and structural brain-imaging parameters
(Zinkstok et al., 2008). The assumption is that this could
represent the genetic basis more directly: these genes may
modulate structurally and functionally the brain circuit
characterizing the intermediate phenotype (Hariri and
Weinberger, 2003), for example an association between
reduced prefrontal gray-matter volume and the poly-
morphisms of the gene encoding the regulator of G
protein signaling, subtype 4 (RGS4) (Prasad et al., 2005;
Buckholtz et al., 2007). This is the gene related to risk
for schizophrenia. Polymorphisms in the brain-derived
neurotrophic factor (BDNF) gene have been suggested
to be associated with schizophrenia and depression
(Jonsson et al., 2006). Alterations in volumes of frontal
(Agartz et al., 2006) aswell asmedial temporal lobe struc-
tures (Pezawas et al., 2004; Szeszko et al., 2005) have been
associated with this gene. These relationships have been
studied in small samples of patients and healthy controls,
often without functional measures; thus direct under-
standing of the functional meaning of such relationships
is unclear and need to be explored. Since it is very likely
that multiple genes contribute interactively to regional
brain structure and function, the dissection of gene,
structure, and environment is likely to be complex.

Structural imaging as a requisite
for functional imaging

Multimodality image integration of functional and ana-
tomical data is essential to reduce error and maximize
the utility of functional imaging. It can be performed

STRUCTURAL IMAGING IN
by means of software image co-registration techniques.
Software registration techniques have a significant role
in patient-specific use for treatment planning and also in
studies of neuropsychiatric disorders. Software tech-
niques allow accurate (2–3 mm) rigid image registration
of brain positron emission tomography (PET) with CT
and MRI. With functional MRI this is a given, but also
quite useful for PET. Hybrid PET/CT systems have also
found wide acceptance in imaging. PET/MRI machines
are under development.

Another key utility for structural imaging besides
registration is its use to correct for volume loss. In many
disorders there is both a loss of volume in the disease
and functional anomalies. Without adjustment for vol-
ume loss one can interpret the data incorrectly. Con-
straints in using PET are the amount of injected
radioactivity, technological limits of instruments, and
inherent spatial limits. These affect the quality of PET
images. Structural information of matched anatomical
images fromappropriately scaledMRI orCT can be used
in a multiresolution model to enhance the signal-to-
noise ratio of PET images (Shidahara et al., 2009).

Structural imaging in psychiatric disorders

WHAT DID WE LEARN?

Thekey results fromthis extensive applicationof structural
imaging in psychiatric disorders include the following:

1. Clinical utility is limited, except in special popula-
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tions like geriatric patients with depression, i.e.,
diagnosis of vascular depression and dementia.
2. Imaging as a diagnostic tool is more likely to be

useful in finding the unexpected rather than con-
firming a psychiatric disorder.
3. Brain imaging has brought us an enormous

understanding of the brain circuits involved in
major psychiatric disorders.
4. The studies have convincingly shown that most of

these disorders involve multiple regions in a circuit.
5. In many of these diseases some changes are specific

and some are nonspecific but may imply common-
ality of circuit.
FUTUREUSEOF STRUCTURAL IMAGING
IN PSYCHIATRICDISORDERS

Structural imaging of the brain is only limited by tech-
nological limits but its full potential will only become
unlocked by integration with other information, namely
functional imaging, genomics, proteomics, and metabo-
lomics. One can begin to see the potential with structural
imaging as it relates to genomics. Structural changes in
the brain related to functional alterations of the gene
show the potential utility of these methods. We have
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not even begun to explore the full potential of DTI as it
relates to function and genetics. At the same time, the
complexity of the data is daunting. How does one inte-
grate the environmental factors into this? What about
the developmental trajectory, especially in utero? Can
we image the fetus in a safe manner? Can we resolve
functional images into the same spatial scale and can
we measure events in the temporal scale of relevance?
A major impediment is the constraint in how to evaluate
the phenotype and, more importantly, how do we inte-
grate that information with genetic, epigenetic, and
brain structural imaging?
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Chapter 7

Human functional neuroimaging
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In vivo functional neuroimaging of the hemodynamic or
other correlates of neural activity has dramatically
altered our understanding of the relationship between
the human brain and behavior and, in doing so, changed
and challenged the fields of neurology and psychiatry.
Prior to the advent and application of this technology
area the science of human behavior was largely, and
at best tangentially, informed by characterizing the neu-
rochemistry of postmortem brain tissue, the response of
autonomic and neuroendocrine systems to behavioral
and pharmacological challenges, and the use of variably
validated animal models. The attribution of function to
human brain areas has been uniquely informed by the
field of behavioral neurology, the characterization of
the behavioral consequences of damage to the central
nervous system by head injury or cerebrovascular acci-
dents. Famous cases such as that of Phineas Gage and
HM provided revolutionary insights into the neural
representation of human emotion and memory. How-
ever, all of these scientific approaches seemed merely
to scratch the surface of an understanding of the func-
tional organization of arguably the most complex organ
in the human body. Hidden behind a thick cranial vault
and protected by a uniquely specialized vascular defense
system, the human brain has long carried an air of
impenetrability. However, beginning with the develop-
ment of electroencephalography (EEG), scientists
became increasingly armed with tools to study the living
human brain in relatively noninvasive ways. The poten-
tial to eavesdrop on human brain activity while it senses,
emotes, thinks, and responds has captured the attention
and interest of innumerable neuroscientists, and
spawned an entire field of functional brain imaging.
This technology and its application have spawned a
*Correspondence to: Clint Kilts PhD, Psychiatric Research Institut
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typology of neuroscience that includes the widely
accepted areas of sensory, motor, cognitive, affective,
and social neuroscience, and the emerging areas of cul-
tural neuroscience and neuroeconomics.

This chapter focuses on the application of in vivo
functional neuroimaging technology to clinical problem-
solving in the clinical neurosciences. This technology
refers to a family of technologies that spatially map
the electrical, magnetic, vascular, and metabolic corre-
lates of localized changes in neural activity. Such tech-
nologies, in addition to EEG, include the radiometric
imaging approaches of positron emission tomography
(PET) and single-photon emission computed tomography,
and the nonradiometric techniques of functional mag-
netic resonance imaging (fMRI) and magnetoencepha-
lography (MEG). The goal of this technology is not in
defining the principles of their operation but rather of
their application. The following is intended as a primer
for clinicians and scientists in the stepwise process of
its use in informing the functional organization and
clinical disorganization of the human brain. A five-step
process (Table 7.1) is proposed that is initiated with the
conceptual and experimental design of the study and
finishes with the critical interpretation of the results
obtained. The intermediate steps of data acquisition,
processing, and statistical analysis represent technical
specialties in their own right, and perhaps the cutting
edges in the advancement of this technology application.
Examples are used to illustrate aspects of each step.
These steps are also interrelated, such that considerations
related to one step necessitate considerations related to a
subsequent step. For instance, an experimental design
based on testing a proposed conceptual model (e.g., that
attentional control depends on the engaged neural
e, Mail Slot 554, University of Arkansas for Medical Sciences,



Table 7.1

The five-step sequence of processes involved in conducting

an in vivo functional neuroimaging study of human

behavior

Conceptual modeling and
experimental design

The theoretical and conceptual
development of testable
models of human behavior

and the selection of task
conditions that represent
ecologically relevant

processing demands of the
modeled processes

Acquiring a functional

neuroimaging data set

Selection of a specific

functional neuroimaging
modality, or modalities,
matched to the temporal

and spatial resolution needs
of the studied process

Postprocessing a functional
neuroimaging data set

The sequence of image-
processing events that

control for variation in
slice-timing over an
imaging session,

compensate for small head
motion, enable group
comparisons by smoothing

images, register functional
images in subject and
standard anatomical space,
and filter the data for noise

and drift
Statistical analysis of a
functional neuroimaging

data set

The cutting-edge processes
involved in the extraction of

functional information to
develop the strongest study
inferences, define behavior

as the product of
engagement of functionally
segregated brain areas

versus their integration as
neural processing networks,
inform the neural basis of
individual variability, and

establish the statistical rigor
of inferences

Interpretation of a

functional neuroimaging
study

The process of reverse

inference and the ethical
implications of the design
and interpretation of

neuroimaging studies
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processing of target stimuli and the simultaneous disen-
gaged processing of nontarget stimuli) demands the
consideration of a suitable sample population and task
design, functional data acquisition methodology that pro-
vides spatial coverage of the involved brain areas, and the
consideration of a data analysis plan capable of statisti-
cally testing the study hypotheses. It should be stated
from the outset that the optimal outcome of a well-
designed functional neuroimaging study is the strongest
inference provided by its findings.

DESIGNINGA FUNCTIONAL
NEUROIMAGINGSTUDY

Functional neuroimaging represents the dominant tech-
nology and approach of human behavioral neuroscience.
With the goal of defining those specific neural
processing states that correspond to behavioral states,
no aspect or domain of human behavior has proven to
be out of the reach of a well-designed functional neuro-
imaging study. The neural processes that code human
behaviors as objective, observable, and quantitative as
motor acts such as grasping an object or sensory events
such as visual detection, and as subjective, nonobserva-
ble and qualitative as beliefs, attitudes and subconscious
perception have been uniquely informed by recent
in vivo functional neuroimaging studies. The varying
quality of these studies to inform is largely the product
of the quality of the conceptual and experimental design
of the study. The following describes the attributes and
considerations that define an informative study, one
that maximizes the strength and number of its meaning-
ful conclusions and minimizes the alternative explana-
tions of its outcomes. These goals are challenged by
the decidedly nonnaturalistic setting of the data acquisi-
tion environment associated with functional neuroimag-
ing technology relative to the real-world settings that
stimulate and respond to our behaviors.

The conceptual frame

The first, and most important, consideration associated
with designing a functional neuroimaging study is con-
ceptually framing the behavior of interest. It is from this
initial framework that all other aspects are decided in
this stepwise process. What models are proposed to
explain the behavior of interest? At the functional
level, what construct or domain of human functioning
is proposed to be engaged? This consideration may be
perhaps best illustrated by the specific application of
functional neuroimaging approaches to defining the
brain representation of illnesses related to the clinical
neurosciences. Is the childhood disorder of autism con-
ceptualized as a disorder of the reciprocity of social be-
havior and, if so, what specific receptive or expressive
behaviors (e.g., empathic, joint attention, cooperation)?
Are the targeted behaviors proposed as being causally
involved or as probes of larger, less accessible con-
structs? At the neural processing level, what conceptual
model of distributed neural processing is proposed to be

T.D. ELY



AL
engaged by the behavior of interest? Perhaps the level of
desired inference demands consideration of the strength
and directionality of information processing within an
anatomically specified neural processing network of
brain regions. There may be statistical advantages in lim-
iting analysis to as few brain regions as possible and con-
sidering spatially restricted representations of each
region (e.g., interrogating estimated neural activity in
a subterritory of the striatum or anterior cingulate cor-
tex). The interpretive advantages of such a tight focus
may, however, be offset by the consideration of an in-
sufficient neural processing model of the behavior. Is
the goal of the study design to identify maladaptive neu-
ral responses that may underlie the diagnosis, or to iden-
tify those adaptive neural responses that underlie the
individual variation in illness presentation or severity?
These conceptual trade-offs are part and parcel of this
step. A related consideration involves how spatially dis-
tributed are the involved brain areas and thus what func-
tional neuroimaging approach(es) are best suited in their
strengths and limitations to the study goals.

HUMAN FUNCTION
Tasks

The power of functional neuroimaging approaches lies in
the ability to capture the neural processing events while
subjects perform tasks that represent processing de-
mands for functional or neural processing targets. In
doing so, an investigator can potentially determine the
functional organization, integrity, variation, or adaptive
response of the neural representation of a target behav-
ior. The goal here is to simulate the sensory, information
processing, and motor demands of a behavior elicited
in real-life settings while structuring the behavior in a
manner compatible with the motion-restricted, sensory-
limited, confining, and noisy environment of an MRI
scanner or other functional neuroimaging technology.
It should however be noted that recent human neuroim-
aging studies have informatively focused on the “resting”
or nontask activity of the brain in studying the status of
consciousness and self cognitions in health and illness
(Raichle et al., 2001).

Currently, an investigator cannot unambiguously de-
termine by the pattern of change in neural processing
the identity of a behavior, emotion, or thought. As such
it is often important that the experimental design include
some form of a manipulation check to verify that the sub-
ject is engaged in the task-related target behavior. These
measures can be explicit or implicit, and objective or
subjective. For instance, the use of eye-tracking technol-
ogy to define the subject response to visual attention tasks
(Righi et al., 2010) is an informative task complement to
establish subject adherence and adaptation to task
stimuli. Motor responses, typically button responses,
are often-used measures of engagement in stimulus pro-
cessing, and reaction time represents a major dependent
variable for many functional neuroimaging studies. As
implicitmeasures, commonfMRI tasks suchas theStroop
(Bush et al., 1998), N-back (Blokland et al., 2008) and Stop
signal (Aron and Poldrack, 2006) tasks infer cognitive
state changes by the extent of alteration of reaction times
to target stimuli. Psychophysiological monitoring (e.g.,
heart rate, electrodermal response, respiratory rate) are
frequently used to track task-related changes in emotional
or arousal states. While the full array of everyday sensory
stimuli is not available to subjects participating in func-
tional neuroimaging investigations, the neural representa-
tion of the visual, auditory, olfactory, tactile, and
gustatory sensory systems has been explored in many
functional neuroimaging environments in ecologically rel-
evant ways. More recently, compound sensory stimuli
have been introduced into scanner environments using
limited virtual reality technology (Morris et al., 2005).

The most tried approach to functional neuroimaging
studies of human behavior involves image subtraction,
in which images acquired during a control condition are
subtracted on a voxel-by-voxel basis from those acquired
during the condition of interest. This simple design creates
a clear dependence on the control task to model the non-
target sensorimotor, attentional, mnemonic, and other
aspects of the condition of interest. Alternatively, designs
based on the characterization of neural responses to para-
metrically varying stimulus conditions add experimental
power by affording a within-subject characterization of
a neural work function related to a varying behavioral
work function, and relieve the study from the uncer-
tainties of control stimuli and tasks to serve that role.

An important consideration when deciding on the
specific stimuli and tasks to be used in probing a behav-
ioral function is whether a standardized set of stimuli or
standard task will be used versus a set and task custom-
ized to the study. Examples of standardized stimulus
sets frequently used in functional neuroimaging studies
include the International Affective Picture System of
facial expressions of emotion (Ekman and Friesen,
1976) and the Iowa Gambling Task as a measure of
decision-making under risk (Bechara et al., 1997), while
examples of “standard” tasks include the color-naming
Stroop task (Stroop, 1992) as a measure of cognitive
control and the N-back task (Jaeggi et al., 2010) as amea-
sure of working memory. The advantages of a standard
approach are that the stimuli may have been previously
content-validated and the results will have the property
of comparability with that of prior studies using the
same approach. However, there exists a need to evolve
stimuli and tasks to capture the targeted process in more
innovative and informative ways and to explore the
functional and neural processing properties of the
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process by challenging it with diverse stimuli and task
demands. Critically re-examining the fit of standard
stimuli and “typical” tasks to the constructs (e.g., of
schizophrenia or drug addiction) being tested often
results in the need to recast their content and processing
instructions. Take advantage of the prior efforts of
other functional neuroimaging methodologists, but
when evaluating your design and that of others, avoid
thinking narrowly. A linked consideration and necessary
limitation of the experimental design relate to what neu-
roimaging technologies are available to the investigator.
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ACQUIRINGA FUNCTIONAL
NEUROIMAGINGDATA SET

A practical reality of the experimental design of a human
functional neuroimaging study is the consideration of the
spatial and temporal resolution of functional signals
afforded by the available functional neuroimaging tech-
nology. Both EEG and MEG are cortical imaging
approaches with limited source localization ability but
high, subsecond, temporal resolution. MEG approaches
based on detecting the exceedingly weak magnetic fields
generated by neural activity within spatially oriented cor-
tical pyramidal cells (Schwartz et al., 2010) afford grow-
ing opportunities to define the time course of neural
information processing across cortical networks non-
invasively. As radiometric imaging approaches, PET
scanner-based approaches have the advantage of imaging
specific physiological corollaries (e.g., regional cerebral
blood flow or metabolic rates for glucose) of behavior-
related neural activity, though with poor temporal reso-
lution (2–30 min) and with the cost, technology, and
participant concerns associated with being dependent
on the intravenous administration of radiopharmaceuti-
cals. Blood oxygen level-dependent (BOLD) fMRI
approaches based on the use of the paramagnetic prop-
erty of deoxyhemoglobin to provide endogenous signal
contrast also have brain-wide coverage potential and in-
termediate temporal resolution (1–3 seconds). These com-
binations of spatial and temporal resolution of neural
information-processing signals clearly influence the
experimental design of a neuroactivation study based on
a given functional neuroimaging modality. For the prop-
erty of temporal resolution, technologies such as PET rely
on designs based on blocks of stimuli or events that hope-
fully sustain the processing state during the image acqui-
sition interval (e.g., 90 seconds following the intravenous
administration of the regional cerebral blood flow ligand
[O15]H2), while the greater temporal resolution of fMRI
allows designs that are “event-related” such that the neural
responses to discrete stimuli or events can be assessed.
For fMRI, the critical selection of image repetition time
(TR) and the consideration of the hemodynamic response
function for the functional signal influences, and is influ-
enced by, the duration and interval timing of the task stim-
uli. For the property of spatial resolution, the interrogation
of functional signals reflecting subcortical brain areas or
widely distributed inferior and superior brain areas de-
mands the selection of imaging modalities and imaging
frames that reliably sample these areas.

The localization of functional brain signals also de-
mands the strict limitation and control of head move-
ment. Typically accomplished using head padding or
restraint, this necessity places limits on tasks that in-
volve head movement, such as speech, swallowing, or
chewing, and limits the reasonable duration of reliable
imaging data acquisition.

POSTPROCESSINGA FUNCTIONAL
NEUROIMAGINGDATA SET

Once acquired, a data set must be temporally linked to
the task stimulus conditions, corrected for head move-
ment, spatially realigned and normalized, and often
smoothed prior to image analysis. These procedures
are relatively invariant across study designs and imaging
modalities, and include:

● slice timing correction or the voxelwise shifting of
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signal time courses to satisfy the assumption of their
simultaneous measurement (Fig. 7.1)
● image realignment or head motion correction typi-

cally accomplished using a rigid body transforma-
tion for six variable parameters (pitch, roll and
yawl, and x, y, and z stereotaxic coordinates). Typ-
ically the success of this step defines the final ana-
lyzed subject sample size based on the a priori
criterion of degree of acceptable motion (e.g., 3
mm) for each parameter (Fig. 7.2)
● cross-modal image registration to localize anatomi-

cally the functional signals in brain structural space
(Fig. 7.3)
● normalization or the registration of the subject-level

brain anatomy into a standard brain template or atlas
(e.g., Montreal Neurological Institute or Talairach
brain atlases) to enable group analyses in standard
brain space, typically using nonlinear transforma-
tions (Fig. 7.4)
● spatial smoothing or convolving the functional im-

ages with a gaussian kernel is typically performed
to enhance signal-to-noise ratio, and to satisfy the
data assumption central to commonly used analyses
based on random field theory, and perhaps to
enhance intersubject image registration. This step
often involves different kernel sizes and the corol-
lary loss of acquired data may not be acceptable
based on the type of functional information to be
extracted from the data set (Fig. 7.5).



Fig. 7.1. An example of slice time correction illustrating the differences between sequential and interleaved image acquisition. In this

case each volume (1 TR) consists of 12 slices, with slices 2–12 being interpolated to the time of acquisition of the first slice.

Fig. 7.2. Example of six-parameter affine realignment to the first volume of a scan containing 100 volumes.
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STATISTICAL ANALYSISOFA
FUNCTIONALNEUROIMAGINGDATA SET

Human behavior represents the product of the intrinsic
information-processing properties of local populations
of neurons and the integration of information proces-
sing across spatially distributed networks of brain areas.
Image analysis plans informing functional neuroanat-
omy have predominantly focused on tests of hypotheses
of functional segregation of brain areas involved in a
target behavior, cognition, or affective process from
those not functionally involved but inherent to the task
demands. This goal and approach have focused on the
generation of a functional anatomical map of the human
brain in which the specific functional attributes of spe-
cific brain areas are described and segregated. This
cataloging process has resulted in a rapidly expanding
functional neuroanatomy of the human brain. Following
image processing, typical image analysis plans for the
localization of task-related neuroactivations involve a
two-stage approach by which a first stage models
subject-specific and voxel-specific effects to relate
neural response events to experimental tasks. A second
stage models voxel-specific effects at the group level
and defines the magnitude and spatial extent of local-
ized changes in neural activity.

A further strategy common to attempts at functional
segregation for human neuroimaging studies is the prac-
tice of determining whether the magnitude of a given
task-related neuroactivation correlates with measures
of individual variation in the behavior related to perfor-
mance of the target task. This strategy has yielded evi-
dence of robust correlation between the two measures
and thus seeming support for the ability of functional
neuroimaging technology to define the brain state that
codes a behavioral state. This practice has, however,
raised a recent, large-scale debate of the true versus
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artificial value of such correlational approaches in
typically small subject samples (Yarkoni, 2009). The
criticism relates to the inherently low statistical power
of searching for voxelwise correlations between a be-
havioral variable based on small sample sizes to capture
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Fig. 7.3. Mutual information coregistration of a T1-weighted

structural magnetic resonance (MR) volume to a T2*-

weighted functional MR image.

Fig. 7.4. Example of 12-parameter affine and nonlinear normaliza

structural template followed by application of the transformation
individual differences in brain–behavior relationships.
This approach is associated with uncontrolled type I er-
ror rates due to the inability to demonstrate whole-brain
correlations corrected for the large number of multiple
comparisons. As a solution to this statistical problem the
use of approaches such as independent component anal-
ysis to reduce the dimensionality of the data set prior to
correlation analyses reduces the number of compari-
sons, thus increasing the power to detect significant
brain–behavior correlations (Congdon et al., 2010).
Segregating the overall task-related activation map into
spatially independent functional components (associ-
ated patterns of activation) reduces the correlation ma-
trix to the regression of behavioral variability with a
reduced spatial statistic comprising functional networks
versus an iterative voxel-by-voxel search.
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Fig. 7.5. Example of the application of a gaussian smoothing

kernel to a T2*-weighted functional magnetic resoncance im-

age prior to statistical analysis.

tion of a T1-weighted structural magnetic resonance image to a

parameters to a T2*-weighted functional image.
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The spatial representation of the human brain for
fMRI data analysis is typically as isotropic or nonisotro-
pic cubic units or voxels with 104 to >105 such voxels
considered for a brain-wide image analysis. An image
analysis issue of much current debate is whether voxel-
wise neuroactivation analysis sufficiently controls type I
error (false-positive rates) due to the very large number
of multiple comparisons inherent in such analyses.
Corrective approaches at the single voxel and cluster
levels have been implemented in controlling for family-
wise error or false discovery rate and using Monte
Carlo-like simulations to identify data set-appropriate
statistical thresholds (Logan et al., 2008). Failure to ob-
serve neural activations that exceed these adjusted
thresholds has led to the criticism of underpowered
study designs and weak inferences and thus barriers
to publication. Attempts to satisfy this criterion have
included positive outcomes such as the expansion of
sample sizes based on more informed power calcula-
tions, but have also resulted in negative outcomes such
as the use of nonideal control conditions (rest or null
states) in image contrast analyses to inflate effect sizes
and reduce effect variance, the use of region-of-interest
and volume-of-interest (VOI) level analyses rather than
brain-wide analyses to effect smaller spatial statistical
challenges and small-volume corrections, or the disin-
genuous use of partial approaches seemingly to satisfy
this statistical goal. A corollary concern of applying
stringent statistical models for controlling type I error
has been the commission of type II error or false-
negative outcomes. What is clearly needed here are
approaches that represent a balance between the need
to control type I and type II errors, rather than a
single-minded focus on type I errors (Lieberman and
Cunningham, 2009). In the absence of such a balanced
approach to controlling inferential error, the field of
in vivo functional neuroimaging will be relegated to
the study of only those behavioral processes (e.g., sen-
sory stimulus processing or motor acts) that are associ-
ated with large effect sizes and minimal interindividual
variability, or the demand on effort, feasibility, and
funding issues associated with imaging atypically large
subject samples (e.g.,>50). As an intermediate and per-
haps long-term solution the authors recommend the ap-
proach of fully disclosing the voxel intensity and cluster
size for contiguous voxels that exceed a given statistical
threshold and letting readers apply their own criteria in
determining the strengths of statistical inferences for a
study. Additionally, further descriptive statistical infor-
mation related to the degree of the effect size (Cohen’s
d) or of the extent of correlation (Pearson’s r) has been
proposed as a means of addressing overly conservative
controls for type I error (Nakagawa, 2004).

Perhaps the most exciting development in the analysis
of functional neuroimaging data relates to the

HUMAN FUNCTION
development of statistical and mathematical approaches
to defining behavior in terms of the modes of functional
integration of neural dynamics in networks of brain
areas comprising neural processing networks. The inter-
est in image analysis at the network level lies in the fact
that this coordination of neural activity across local and
distant ensembles of brain areas represents the most
proximal code of diverse and complex human behaviors.
Relative to the genetic code of human behavior, defin-
ing the neural code represents an arguably greater chal-
lenge due to the increasingly appreciated individual
variability in structural brain connectivity and the
remarkable neuroplastic properties of brain anatomy
and function. In other words, the code is constantly
changing based on adaptive and maladaptive responses
to our experiences (e.g., development, learning, insult)
that attempt to reorganize the brain for optimal and pre-
served functioning. As a field, functional neuroimaging
is just at the dawn of an era in which merged technology
and computational sciences form a subfield of complex
functional network analysis to characterize the neural
basis of wellness and illness (Bassett et al., 2008). Simply
viewed, functional networks of brain connectivity
reflect the definition of patterns of cross-correlation
between functional signals (e.g., fMRI/BOLD) for dis-
tributed brain areas, while effective networks refer to
their modes of causal interactions. The interested reader
is directed to several recent reviews and reports on the
growing subfield of analyzing models of behavior at
the complex network level (Friston and Dolan, 2010;
Rubinov and Sporns, 2010). However, there is a parallel
need for description of the structural organization of the
human brain at the level of its networks of regional and
interregional connections, referred to as the “connec-
tome” (Sporns et al., 2005). Together, the merging of
the brain structural connectome with models of brain
functional connectivity for neural dynamics at multiple
levels of scale constitutes a new discipline, neuroinfor-
matics. Defining the structure and functional dynamics
of brain connectivity is currently an international
scientific initiative not unlike the genome project. Also
similar to the genome project, the scientific value of
such a neuroinformatic database is as a strong founda-
tion for understanding human development, variability,
experience, health, and illness.

But the topic of this subsection of this chapter is
image analysis directed towards understanding the
functional organization of the human brain and the pre-
ceding discussion merely serves as a brief frame of the
scope and scale of the challenge based on the complex
structural and functional connectivity of the human
brain. A strong recent example is the analysis of patterns
of interregional temporal correlation of BOLD fMRI
signals or functional connectivity to predict functional
brain maturation as a nonlinear asymptotic maturation
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curve between late childhood and early adulthood
(Dosenbach et al., 2010). The data-analytical tools of this
study included machine learning algorithms, specifically
multivariate pattern analysis, to effect pattern classifi-
cation and prediction functions applied to a resting state
functional connectivity MRI (fcMRI) data set. The neu-
rodevelopmental inference from this example of image
analysis is that functional brain maturation is based on
both the weakening of short-range functional connec-
tions as a means of segregating nearby functional areas
and the strengthening of long-range functional connec-
tions to integrate distant brain areas into functional
networks (Dosenbach et al., 2010). There are also com-
putational needs to merge the properties of segregation
(areas specialized for processing specific forms of in-
formation) with information-processing models that
emphasize integration of information across such areas.
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INTERPRETATIONOFA FUNCTIONAL
NEUROIMAGINGSTUDY

The ultimate value of a functional neuroimaging study
is based on the strength and impact of its inferences,
which in turn is a product of its design quality relative
to the study goal, the acquisition of integral images,
and the information extraction and rigor of the statisti-
cal analyses. The process of segregating functions to
brain areas has resulted in the attribution of multiple
and diverse functions with a given brain area (Hein
and Knight, 2008). In spite of this seemingly promiscu-
ous functional neuroanatomy there has been the obvious
temptation to use the activation of a given brain area to
impute the causal involvement of a specific mental pro-
cess in the neural processing representation of a behav-
ior. As a field, this process of reverse inference has been
a common practice and a source of fascination and at-
tention for the lay public as imaging scientists propose
to unravel the complex neural code of human behavior.
However, this practice and its logical veracity have been
called into question (Van Horn and Poldrack, 2009).
Concerns relate to the wide interindividual variation in
the anatomical localization of task-related neural activa-
tions, the influence of neural processing adaptations
with task repetition, the association of multiple func-
tions with a given brain area, and perhaps the reliance
on outdated and inaccurate ontological models of
mental processes. These factors limit the ability to as-
cribe a specific functional process to observed activation
localization. So how can function be reliably inferred
from neuroactivation studies? There is clear support
for the use of complementary information from other
approaches such as lesion studies of brain-injured
individuals or of techniques of manipulating cortical
function such as transcranial magnetic stimulation.
However, recent functional neuroactivation studies
have attempted to draw accurate functional inferences
from observed neuroactivations in subject samples by
also acquiring reference activations for suspected men-
tal processes in the same individuals. A good example of
this inferential approach is a study of the attentional
processes related to target and distracter stimuli in the
classic Stroop effect (Polk et al., 2008). In this fMRI
study, data analysis was based on the use of an anatom-
ical mask of the functional images defined by color and
word-processing task responses to demonstrate that
cognitive control-related Stroop task performance was
the result of enhancement of neural activation for target
stimulus features (color) and suppression of neural
responses for task-irrelevant features (word). An effec-
tive control for interindividual variation in the localiza-
tion and extent of task-related neural processing clearly
strengthens the functional inferences from the study.

A timely additional consideration of the need to inter-
pret critically the outcomes of functional neuroimaging
studies relates to their unintended and intended ethical
consequences. fMRI studies of prejudice, stigma, politi-
cal decision-making, and consumer choice behavior have
been seen as potential threats to individual rights of self-
determination, employability, legal culpability, insurabil-
ity, and free choice. This realization has spawned a new
field of neuroethics that focuses on the ethical implica-
tions of neuroscience. As practitioners, imaging neurosci-
entists must adhere to their goal of informing rather than
influencing human choice behavior.

T.D. ELY
SUMMARYANDCONCLUSIONS

Functional neuroimaging technologies differ in two pri-
mary properties, the ability to localize spatially the func-
tional signal and the ability to characterize its temporal
nature. As such, the future of this field is dependent on
the use of multimodal imaging approaches that define
the neural basis of human behavior at a fine-grained rep-
resentation of spatial and temporal neural processing.
The power of in vivo functional neuroimaging to inform
the mechanisms of human behavior is revealed by the
now numerous examples of broad individual variation
in the neural representation of behavior when the met-
rics of behavior indicate equivalence between individ-
uals (Sohn et al., 2004). In other words, the unique
genetic and environmental variation across humans
has resulted in an untold large number of differing
neural processing pathways that code relatively small
variations in behavioral expression. The described
five-step process for conducting a human functional
neuroimaging study is relatively invariant across neuro-
imaging modalities and highlights the diverse types and
levels of expertise involved and the true team science
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quality of this technology application. The authors rec-
ommend that clinicians focus their skill development on
the conceptualization/design and study interpretation
steps to engage their most related knowledge and to sus-
tain their involvement while providing patient care.
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INTRODUCTION

Structural brain differences have been found in mood
disorders, which indicate that they may have a neuro-
developmental underpinning. However, these structural
differences are neither specific nor informative about
the molecular processes involved, and are not relevant
for diagnostic purposes. Therefore we will focus in
this chapter on the neuropathological macro- and
microscopic alterations in mood disorders on molecular
neuropathology, i.e., the neurotransmitter and neuro-
modulator alterations in the brain in mood disorders that
give functional information and may lead to new ratio-
nal therapeutic strategies and targets. The conclusion of
this review is that a multitude of different genetic and
developmental causes may lead to alterations in a net-
work of stress- and reward-related neurotransmitter
and neuromodulator systems that, in different ways,
cause individuals to be at risk for a depressive disorder
in case of the occurrence of stressful environmental
events. The hypothalamo–pituitary–adrenal (HPA) axis
has a prominent position in this network (Fig. 8.1).
Neuropathology: structural differences

A number of macro- and microscopic structural alter-
ations have been observed in cortical and subcortical
brain regions that are considered to be involved in the
pathogenesis of mood disorders, or reflect a more gen-
eral developmental disorder resulting in an increased
risk for depression.
*Correspondence to: Professor Ai-Min Bao, Department of Neuro
of Health of China; Zhejiang Province Key Laboratory of Neuro

China. Tel: +86-571-88208789, E-mail: baoaimin@zju.edu.cn
CORTICAL NEURONAL AND GLIAL CHANGES

IN MOOD DISORDERS

Patients with bipolar disorder (BD) or with major
depressive disorder (MDD) have reduced prefrontal cor-
tex (PFC) gyrification, affecting both ventral and dorsal
subregions, which are significantly associated with gener-
alized cognitive impairments. However, such alterations
are not disease-specific, since similar abnormalities were
observed in schizophrenia (McIntosh et al., 2009; Zhang
et al., 2009). The left subgenual anterior cingulated cortex
(ACC) shows gray- and white-matter volume reductions
in early BD stages that probably have a neurodevelop-
mental origin (Fountoulakis et al., 2008). The subgenual
region of Brodmann’s area 24 was found to be reduced
in volume in patients with familial forms of MDD and
BD. There was no change in neuronal size or number
in this brain area, but the glial cell number was reduced
in both mood disorder groups, especially in the familial
forms (Drevets et al., 1998; Ongur et al., 1998). In male
BD patients who experienced their first episode of psy-
chosis, an increased thickness of the subcallosal ACC
was found at the right side of the brain (Fornito et al.,
2009). In contrast, persons at high familial risk for de-
pression had a cortical thinning in the right hemisphere
that was proposed to produce behavioral disturbances
that, in turn, may increase the risk for depression
(Peterson et al., 2009). Both current and remitted MDD
patients showed significant volume reduction of the left
anterior insular cortex as compared with healthy controls
(Takahashi et al., 2009b). Furthermore, microscopic stud-
ies have revealed both neuronal and glial deficits in the
biology; Key Laboratory of Medical Neurobiology of Ministry
biology, Zhejiang University School of Medicine, Hangzhou,



Fig. 8.1. Schematic illustration of the mechanisms that may

cause a mood disorder by impaired input of neurotransmitters

(monoamines and amino acids) and/or neuropeptides (arginine

vasopressin (AVP), oxytocin (OXT)) on the hypothalamo–pitu-

itary–adrenal (HPA) axis. In addition, the main targets of light

and antidepressive medication are indicated.

In the control situation (normal mood), the corticotropin-

releasing hormone (CRH) neurons of the stress axis (HPA axis)

are inhibited by a g-aminobutyric acid (GABA)-ergic input

from (extra-)hypothalamic areas and by an AVP input from

the suprachiasmatic nucleus (SCN). Some monoamines and

neuropeptides (e.g., OXT) also inhibit the HPA axis.

When there is depression, the HPA axis is activated by: (1)

diminished GABAergic input; and/or (2) increased glutaminer-

gic input from (extra-)hypothalamic sites; and/or (3) diminished

inhibition by the SCN; and/or (4) stimulatory influence on the

HPA axis by alterations in the monoamine or neuropeptide

input; and/or (5) a deficient cortisol feedback effect due to

the presence of glucocorticoid resistance. The resulting
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PFC of patients with mood disorder, such as reduced neu-
ronal and glial densities (Rajkowska et al., 1999, 2001;
Benes et al., 2001; Harrison, 2002).

SUBCORTICAL CHANGES IN MOOD DISORDERS

Significantly reduced medial and lateral habenula vol-
umes were found in depression, together with a reduction
in neuronal numbers and size in these nuclei (Ranft et al.,
2009). A glial cell reductionwas found in the amygdala in
MDD patients and not in BD. No reduction was observed
in neuron numbers. The glial cell reduction was primarily
due to oligodendrocytes and largely occurred in the left
hemisphere (Bowley et al., 2002; Hamidi et al., 2004). The
interthalamic adhesion was shorter in patients with MDD
than in controls and its size was found to be negatively
correlated with the severity of the symptom “loss of in-
terest” (Takahashi et al., 2009a). For a recent review of
the structural abnormalities in mood disorders, see Price
and Drevets (2010), and for a meta-analysis of brain
structures affected in BD, see Kempton et al. (2008).

THE HIPPOCAMPUS IN MOOD DISORDERS

Various macroscopic, microscopic, and molecular alter-
ations have been reported in the hippocampus of
patients with mood disorders. Hippocampal volume re-
duction has been found in both early-onset and late-life
depression. An increased prevalence of white-matter le-
sions was observed only in late-life depression (Janssen
et al., 2004). Increased mossy fiber staining in the supra-
granular layer, suggestive of neuronal sprouting, was
observed in subjects with BD (Dowlatshahi et al.,
2000). A number of molecular changes indicated a dys-
function of inhibitory g-aminobutyric acid (GABA)-
ergic interneurons in the hippocampus in BD and
MDD (Knable et al., 2004). Diminishment of the
brain-derived neurotrophic factor was found in the right
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disinhibition of the paraventricular nucleus (PVN) causes a

chronic rise in CRH and cortisol levels in depression, which

causes mood changes through their action on the brain. The

hyperactivity of the HPA axis may be due to a multitude of risk

factors such as genetic polymorphisms, development sequelae,

and environmental factors. A decreased amount of AVPmRNA

of the SCN was found in depression, which seems to be the

basis of the impaired circadian regulation of the HPA system

in depression and a decreased inhibition of CRH neurons.

Light therapy activates the SCN, directly inducing an in-

creased synthesis and release of AVP that will inhibit the

CRH neurons in the PVN.

Antidepressant medication generally inhibits the activity

of CRH neurons in the PVN.

! stimulation; —● inhibition. The thickness of the lines

indicates the strength of the effects. ACTH, adrenocortico-

tropic hormone.
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hippocampus but not in the left one in MDD and
BD, while the p75 receptor was impaired only in BD
(Dunham et al., 2009). Two isoforms of the neuronal
cell adhesion molecules were increased in the hippocam-
pus of BD patients, but the synaptic protein marker,
synaptophysin, was not changed (Vawter et al., 2000).
The presence of synaptic pathology in BDwas, however,
supported by the decreased expression of complexins
(Eastwood and Harrison, 2000).

A major question concerning the hippocampal alter-
ations in mood disorders is whether they may be caused
by the glucocorticoid cascade. In depression, theHPAaxis
is strongly activated and the adrenal cortex hypersecretes
glucocorticoids.On the basis of animal experiments, over-
exposure to glucocorticoids during prolonged periods of
stress was expected to be damaging to the brain, particu-
larly affecting the hippocampus. In a series of studies in
rats, Landfield et al. (1981) produced experimental evi-
dence demonstrating that cumulative exposure to cortico-
steroids influences hippocampal neuronal viability as well
as function, which was expected to compromise memory
function and cognition seriously (Landfield et al., 1981).
Subsequently, Sapolsky andMcEwen (1986) provided ev-
idence that chronic stress, with its ensuing increase in cor-
ticosteroid levels, caused degenerative loss of pyramidal
neurons in the hippocampus and subsequent deficits in
memory function and cognition in rats. Damage to the
hippocampus was proposed to cause a disinhibition of
the glucocorticoid negative feedback, which would lead
to a further activation of theHPAaxis, to subsequent rises
in glucocorticoid levels, and thus to accumulating damage
to the hippocampus. This hypothetical feed-forward
cascade became known as the “glucocorticoid cascade
hypothesis” and was proposed as a major pathogenetic
mechanism also in human neurodegenerative diseases
associated with HPA axis alterations. Since the HPA axis
is indeed activated in depression, a glucocorticoid cascade
was proposed also to be causally involved in hippocampal
damage in this disorder (Sapolsky and McEwen, 1986).
Because of the presumed neurotoxicity of cortisol in
depression, Swaab’s group studied the postmortemhippo-
campal tissue of a group of patients that were well estab-
lished to have long-term severe mood disorders, a group
of glucocorticoid-treated patients and matched controls
using hematoxylin and eosin, Nissl and Bodian staining.
The patterns of reactive astrogliosis (glial fibrillary acidic
protein), synaptic density (synaptophysin), synaptic reor-
ganization (growth-associated protein B-50), and early
signs ofAlzheimer’s disease (AD,Alz-50) were examined
immunocytochemically. Subsequently these patients were
investigated using in situ end-labeling for DNA fragmen-
tation and apoptosis, and heat-shock protein 70 and nu-
clear transcription factor kappaB immunocytochemistry
for damage-related responses. No indications for AD
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changes or obvious massive cell loss could be observed.
The absence of any major pyramidal cell loss and the very
rare occurrence of apoptosis, notably absent from areas at
risk for glucocorticoid damage like CA3, indicate that apo-
ptosis has probably contributed to only a very minor extent
to the volume changes in these conditions and that other
mechanisms must have been involved (Lucassen et al.,
2001; Muller et al., 2001). Using Alz-50, a marker for neu-
ritic plaques and tangles, they did not find in those studies
any evidence that patients with a lifelong history of depres-
sion would develop more Alzheimer neuropathology in the
hippocampus, as claimed by others (Rapp et al., 2006).
Other independent postmortem studies on depressed pa-
tients also concluded there were not more Alzheimer-type
lesions in the entorhinal cortex, subiculum, and hippocam-
pus in depression (Damadzic et al., 2002) and that the liabil-
ity for some patients to develop cognitive impairment
during a depressive episode was not related to an increase
in AD or vascular neuropathology (O’Brien et al., 2001).

Concluding, many structural differences have been
reported in mood disorders (Kempton et al., 2008; Price
and Drevets, 2010). The macro- and microscopic brain
differences described are sometimes especially localized
in gray and sometimes in white matter; they are often
lateralized and are dependent on brain region and cell
type, on the type of mood disorder, and on the presence
of a familial or a sporadic disorder. The reported
alterations are not specific for mood disorders, and can-
not be used to confirm the clinical diagnosis neuropatho-
logically. However, they support the idea that these
disorders have a neurodevelopmental underpinning.
Although these structural and functional differences
are neither relevant for diagnostic purposes nor provide
information about the molecular processes involved, they
may, interestingly, be useful predictors of clinical out-
come. Patients with a greater than median gray-matter
volume in the ACC, insula, and right temporoparietal
cortex had faster rates of improvement and significantly
lower residual symptom scores after 8weeks of treatment
with fluoxetine. Faster improvement was also predicted
by greater functional activation of the cingulate cortex
by emotional faces (Chen et al., 2007).

The rest of this chapter is dedicated to the character-
istic molecular neuropathology of mood disorders,
starting with the central position of the HPA axis in
the network changes, and subsequently dealing with al-
terations in monoamines, L-glutamic acid (glutamate),
GABA, and neuropeptides.
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The central position of the HPA axis

The first time the HPA axis became the focus of depres-
sion studies was with the correlation found by Hans
Selye in the 1930s between the dysregulation of the
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stress response and mood disorders, especially depres-
sion (Selye, 1998). It has since become well accepted
that, although the stress response is necessary to main-
tain homeostasis, long-term activation of the stress sys-
tem brings hazardous or even lethal effects, and
increases the risk of depression (Selye, 1998). Abnormal-
ities in the “stress system” have been documented in at
least one subset of depressed individuals (Young et al.,
1991, 2003; Holsboer, 2001). The neural network that en-
codes and evaluates the stressful event comprises the
HPA axis, the arginine vasopressinergic (AVP) systems,
and the noradrenergic system, which are the very same
brain circuit that, when it is hyperactive due to a
combination of a genetic background, developmental
sequelae, and life events, underlies negative emotions
and moods (Swaab, 2004; Akil, 2005). MDD thus arises
from the interaction of vulnerability genes and develop-
mental and environmental factors (Swaab et al., 2005;
see Chapter 14). Prenatal environmental stressors such
as placental insufficiency, food shortage, or nicotine ex-
posure due to smoking of the pregnant mother may sen-
sitize the child to developing depression in later life
(Clark, 1998; Swaab, 2004). Psychosocial stress such
as early maternal separation, child abuse, or neglect
may also program the HPA axis permanently into a
higher activity, while death or loss of a spouse, or per-
sonal injury or illness form risk factors that may trigger
early episodes of depression (Swaab et al., 2005; Bao
et al., 2008; see Chapter 14). Brain areas that are closely
involved in a stress response include the brainstem,
which is the first relay station for many physiological
stressors, the amygdala, which processes fear and anx-
iety responses, the hippocampus, which mediates learn-
ing and memory and encodes the importance of a
stimulus to the organism, and the PFC, which not only
holds cognitive and executive functions but also regu-
lates the stress axis (Swaab et al., 2000; Drevets et al.,
2008). The stress-induced neural activation converges
on the hypothalamus, and the HPA axis is regarded as
the final common pathway in mediation of the stress
response (Swaab, 2004; Bao et al., 2008).

When activated, the HPA axis stimulates the synthesis
and release of cortisol, which normally has broad
biological effects throughout the body that are adaptive
but can become damaging when chronically elevated.
Cortisol exerts negative feedback at the pituitary and
the hypothalamic level via two types of receptor, the
mineralocorticoid receptor (MR) and the glucocorticoid
receptor (GR), to shut down the stress responses after
the threat has passed. The termination of the stress
response is as important as its initiation, since super-
fluous cortisol can cause broad endocrine dysregulation
(Swaab et al., 2005). Moreover, the high proportion of
depressed patients in cases of Cushing’s disease and
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during treatment with high dosage of synthetic corticoste-
roids points to a possible causal role of glucocorticoids in
a subset of mood disorders (Bao et al., 2008). Further-
more, it should be noted here that only a proportion of
the corticotropic-releasing hormone (CRH) neurons in
the hypothalamic paraventricular nucleus (PVN) project
to the portal blood vessels of the median eminence and
regulate adrenocorticotropic hormone (ACTH) produc-
tion in the pituitary. Other CRH neurons that are also
activated in the stress response and depressive disorders,
which may induce at least part of the symptoms (see
below), project to different brain areas. Activity changes
in this subgroup of centrally projecting CRH neurons
cannot be directly monitored by measuring hormonal
alterations in the periphery, but might be reflected in
CRH cerebrospinal fluid (CSF) levels.

Concluding, during development the HPA axis may
be permanently activated by genetic or environmental
factors. The activated HPA axis may affect mood by
central projections of CRH and/or enhanced circulating
levels of corticosteroids.

Intense interaction between the HPA axis
and monoamines, glutamate, GABA, and

neuropeptides: some basic aspects

MONOAMINES

The HPA axis is innervated and regulated by a large num-
ber of neurotransmitters and neuropeptides that are
altered in mood disorders. Over the past four decades,
the focus on the brain monoaminergic systems, which
contain serotonin (5-hydroxytryptamine, 5-HT), nor-
epinephrine, and dopamine (DA), has contributed signif-
icantly to our knowledge of the pathophysiology and
treatment of depression (Belmaker, 2008). In addition,
the focus on amines has contributed to the development
of a growing number of antidepressants, including the tri-
cyclic antidepressants, monoamine oxidase (MAO) inhib-
itors, selective serotonin reuptake inhibitors (SSRIs), and
monoamine receptor antagonists (Hirschfeld, 2000). It
should be noted, however, that antidepressants aiming
at the aminergic systems appear to be effective in only
40–60% of patients. Moreover, there is a huge discrep-
ancy between the pharmacological/biochemical func-
tion of antidepressants (a few minutes) and their
clinical mood-altering responses (10–15 days or longer)
(Leonard, 2007), which is a serious problem in under-
standing what mechanisms antidepressants modify in
their effects to relieveMDD. It is now also clear that there
is no simple direct relationship between changes in the
aminergic systems and the occurrence of depression
(Ruhe et al., 2007; see Chapter 14).

Stress activates not only the HPA axis, but also 5-HT
neuronal activity (Grahn et al., 1999; Greenwood et al.,

ET AL.
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2003), and increases extracellular 5-HT levels in the dor-
sal raphe nucleus (Maswood et al., 1998). In addition,
glucocorticoids were found to exert a permissive effect
on the stimulation of tryptophan hydroxylase (TPH) ac-
tivity in rat cortex and midbrain in response to acute
stress (Singh et al., 1990). Also, a large body of evidence
shows a remarkable effect of an altered 5-HT system on
the activity of the HPA axis. In particular, acute admin-
istration of 5-HT receptor ligands increased the plasma
levels of ACTH and cortisol in both animals and humans
(Wetzler et al., 1996; Klaassen et al., 2002). A light and
electron microscopic immunocytochemical study in
the rat brain demonstrated that serotonin-containing
terminals formed axodendritic and axosomatic synapses
with corticotrophin-releasing factor (CRF ¼ CRH)
immunoreactive neurons in the hypothalamic PVN,
which indicates that the central serotonergic system
can influence the function of the HPA axis via a direct
action upon the CRH-synthesizing neurons (Liposits
et al., 1987). Indeed, 5-HT1A and 5-HT2A receptors with
a high degree of colocalization in the CRH neurons were
found in the PVN, while microinjection of 5-HT1A ago-
nist (8-OH-DPAT) into the PVN triggered ACTH secre-
tion through local 5-HT1A receptor activation (Zhang
et al., 2004; Osei-Owusu et al., 2005).

Communication between norepinephrine and the
HPA axis has also been extensively reported during
stress responses. Electrical stimulation of the ventral
noradrenergic ascending bundle, the principal pathway
of norepinephrine fibers to the PVN, was found to in-
crease CRH release to the portal system, an effect that
could be blocked by an a1-adrenergic antagonist
(Plotsky, 1987). Norepinephrine microinjection into the
PVN of conscious rats induces a rapid increase of
CRH heteronuclear RNA expression in the parvocellular
division of the PVN (Itoi et al., 1999). In addition, immo-
bilization stress has been observed not only to enhance
norepinephrine release, reuptake, metabolism, and syn-
thesis in the PVN (Pacak et al., 1992) and the medial PFC
(Shimizu et al., 1994), but also to trigger transcriptional
activation of the genes encoding catecholamine biosyn-
thetic enzymes in the locus ceruleus (LC), a target for
CRH neurons (Serova et al., 1999). Moreover, local
CRH infusion showed that CRH serves as an excitatory
neurotransmitter in the LC, and suggests that its actions
on LC neurons are translated into enhanced norepineph-
rine release, which has an impact on cortical targets
(Smagin et al., 1995; Curtis et al., 1997). Furthermore,
norepinephrine receptor sensitivity is altered by the
circulating level of glucocorticoids (McEwen, 2005).

DA, too, plays a role in stress response. Stress expo-
sure and elevated levels of glucocorticoids enhance DA
release (Thierry et al., 1976; Dunn, 1988; Piazza and
Le Moal, 1996; Rouge-Pont et al., 1998), and influence
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the activity or synthesis of tyrosine hydroxylase in the
the nucleus accumbens (Rastogi and Singhal, 1978;
Trembleau and Bloom, 1998). At the anatomical level,
a large number of DA receptor D-1 subtype positive neu-
rons exist in both magnocellular and parvocellular parts
of the hypothalamic PVN (Czyrak et al., 2000), and there
is evidence that corticosterone may regulate the expres-
sion of D-1 while DA via D-1 receptors may regulate the
amount of circulating corticosterone (Eaton et al., 1996;
Czyrak et al., 2000). Human brain imaging studies have
provided further evidence that stress-related increases in
cortisol are associated with DA accumulation in the ven-
tral striatum (Pruessner et al., 2004; Oswald et al., 2005).
It seems that not only glucocorticoids, acting through
GRs that are widely distributed throughout the brain,
may regulate the function of the dopaminergic sys-
tems, but that DA, especially via D-1 receptor, found
in the hypothalamic PVN, supraoptic nucleus (SON),
and suprachiasmatic nucleus (SCN) (Fremeau et al.,
1991), may participate in a wide variety of hypothalamic
functions involved in the integration of endocrine, auto-
nomic, and behavioral processes. Expression of D-1
receptors in the SCN, the biological clock of the hypo-
thalamus, suggests that D-1 receptors may participate
in the regulation of circadian rhythm.

Concluding, the HPA axis is innervated by the sero-
toninergic, norepinephrinergic, and dopaminergic sys-
tems, while during the stress response the interplay
between the HPA axis and these aminergic systems
forms a concerted action.
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GLUTAMATE AND GABA

Amino acid neurotransmitters are also presumed to play
an important role in the pathogenesis of depression.
Glutamate and GABA are, respctively, the principal ex-
citatory and inhibitory neurotransmitters in the central
nervous system (Petroff, 2002). Unlike the monoamine
transmitters that occupy about 5% of the total synapses
in the brain, glutamate and GABA are thought to
account for at least 50% of the synapses (Leonard,
2007). In addition, excitatory glutamatergic and inhibi-
tory GABAergic synaptic inputs have been identified
on hypothalamic CRH-expressing neurons (Boudaba
et al., 1996, 1997). Glutamate administration in the
PVN of rat causes a rise in ACTH and corticosterone se-
rum levels by promoting CRH secretion (Feldman and
Weidenfeld, 1997; Herman et al., 2004), while reduced
GABAergic tone on the parvocellular neurons in the
PVN was observed during chronic stress. This implies
a diminished inhibition to CRH-producing cells that
may lead to an activation of the HPA axis (Verkuyl
et al., 2004). In fact, it is well accepted now that two ma-
jor inhibitory mechanisms serve to constrain the basal
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and stress-induced activity of the HPA axis: (1) the cor-
ticosteroid feedback and (2) the inhibition of the PVN by
the neurotransmitter GABA, the two of which work to-
gether and influence each other (Bartanusz et al., 2004;
Kovacs et al., 2004). These data offer a basis for close
interactions between the HPA axis and these amino acid
neurotransmitters in relation to depression.
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NEUROPEPTIDES

There is strong evidence implying that neuropeptides,
e.g., CRH and AVP and oxytocin (OXT), not only play
an important role in the integration of endocrine, auto-
nomic, and higher brain functions, but also contribute to
the signs and symptoms of depression (Bao et al., 2008).
CRH secreted by the parvocellular neurons of the hypo-
thalamic PVN is the central driving force of the HPA
axis. A proportion of the CRH neurons are projecting
to other brain areas. It is central CRH that contributes
to the symptoms of depression. Intracerebral injection
of CRH in rodents induces behavioral changes like
decreased food intake, decreased sexual activity, dis-
turbed sleep and motor behavior, and increased anxiety
(Holsboer, 2001). Some of these parvocellular neurons
secrete both CRH and AVP as neurohormones in the
median eminence into the portal capillaries that transport
them to the anterior lobe of the pituitary. AVP strongly
potentiates the ACTH-releasing activity and, eventually,
the production of corticosteroids from the adrenal gland
(Engelmann et al., 2004). Thus, there is a close interaction
between CRH, AVP, and HPA axis activity.

In contrast to AVP, OXT was found to inhibit basal
HPA axis activity and to attenuate the stress-induced
activity of the HPA axis in various species, including
humans (Legros, 2001). Activation of OXT neurons
has also been found in depression and was presumed
to be related to decreased appetite and weight loss in this
disease, due to the central effects of this neuropeptide
as a satiety hormone (Purba et al., 1996; Gimpl and
Fahrenholz, 2001; Meynen et al., 2007a). Enhanced
OXT production in the PVN was indeed found in post-
mortem material of melancholic depressed patients
(Meynen et al., 2007a). In contrast, decreased peripheral
serum OXT levels were observed in depressed patients
both pre- and posttreatment, at least in females (Ozsoy
et al., 2009). This illustrates that neuropeptides such as
OXT, AVP, and CRH can independently be secreted into
the circulation and to brain areas, and that by measuring
circulating hormonal alterations in the periphery we do
not necessarily get the right information on the central
release.

Another neuropeptide orexin (hypocretin) is pro-
duced in the lateral hypothalamus and also has recipro-
cal connections with the aminergic system, the
cholinergic system, and the CRH neurons. CSF levels
of orexin are significantly lower in suicidal patients with
MDD (Brundin et al., 2007, 2009), and in depressive dis-
order patients, from which those with a high suicidal risk
were excluded (Salomon et al., 2003). CSF orexin levels
are significantly diminished in narcolepsy as well, which
is frequently associated with secondary depression
(Salomon et al., 2003).

In summary, based upon the observations mentioned
above, one can prudently support the concept that the
HPA axis holds a prominent position, i.e., as a final com-
mon pathway, in a network of stress- (and reward-)
related neurotransmitter and neuromodulator systems,
all of which are also crucially involved in depression.

THEMONOAMINEHYPOTHESIS
OF DEPRESSION

MDD is still unfortunately often simplified in the lay
and scientific media as the result of a shortage of sero-
tonin (Damasio, 1994; Cowen, 2008). This simplification
of monoaminergic deficits as an explanation for MDD
is useful for clinicians to explain the mechanism of
most antidepressants like SSRIs or TCAs, but does
not logically provide an argument for low serotonin
activity as the cause of depression and is, moreover,
incorrect. Depressed mood, one of the core symptoms
of MDD, might be induced by experimentally lowering
the availability of serotonin only in specific subgroups
of vulnerable human subjects (Ruhe et al., 2007; Cowen,
2008). The conclusion of a systematic review and meta-
analysis of 90 monoamine depletion studies in humans
by one of the authors (Ruhe et al., 2007) is summarized
below.

Monoamine depletion paradigms

After the discovery of monoaminergic neurotransmit-
ters, the essential steps in their production were identi-
fied and methods of interference with monoaminergic
formation developed (Young et al., 1985). The best evi-
dence about the possible contribution of serotonin in
mood disorders comes from tryptophan depletion stud-
ies (Cowen, 2008). Serotonin depletion as an interfer-
ence can be achieved by rapidly lowering the levels of
the essential amino acid tryptophan, which cannot be
synthesized by the body and must thus be ingested to
enable serotonin formation. To achieve depletion, a
tryptophan-free amino acid mixture is administered
(acute tryptophan depletion (ATD)). Because other
available amino acids compete with uptake of trypto-
phan by the brain, additional depletion of tryptophan
is achieved by the amino acid mixture.

Depletion of norepinephrine and DA uses the same
concept (acute depletion of the essential amino acids
phenylalanine/tyrosine (APTD)), but unfortunately

ET AL.
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intervention in the formation of DA from norepinephrine
cannot be achieved (Moja et al., 1996). As an alternative
to inducing a state of depletion, enzyme-blocking agents
decrease the production of the monoamines. Para-
chlorophenylalanine (PCPA) blocks serotonin synthesis
(Shopsin et al., 1975; Gratton, 1982), and alpha-methyl-
para-tyrosine (AMPT) blocks norepinephrine and DA
synthesis (Delgado et al., 1993). PCPA appeared, how-
ever, to be toxic in humans, and therefore only two stud-
ies were published. AMPT is not toxic. For PCPA and
AMPT, Ruhe et al. (2007) found insufficient studies to
pool in their meta-analysis.

Monoamine depletion has often been studied in small
groups of patients who undergo repeated testing in
cross-over designs with true and placebo depletion (for
ATD: amino acid mixture without and with tryptophan)
separatedbyat least 1week (within-subjects design).Alter-
natively, randomization of participants between these two
conditions was used (between-subjects design). To moni-
tor the success of depletion, plasma (or free) levels of
tryptophan, tyrosine, or relevant levels of monoamine
metabolites before and after intervention and control con-
dition are usually measured 5–6 hours after ingestion of
the amino acidmixture,whendepletion is at itsmaximum.
After ATD, normally a 70–90% reduction of tryptophan
levels is observed. For APTD the reduction in phenylala-
nine/tyrosine might be somewhat lower (Booij et al.,
2003). To measure changes in mood, the Profile ofMood
States is the questionnairemost commonly used, followed
by the Multiple Affect Adjective Checklist, Visual Ana-
logue (Mood) Scales, Hamilton Depression Rating Scale,
and Montgomery-Åsberg Depression Rating Scale. Sev-
eral overviews previously described the techniques of
monoamine precursor depletion and enzyme-blocking
methods (Booij et al., 2003; Hood et al., 2005), including
the methodology of depletion tests (Van der Does, 2001).

NEUROTRANSMITTERS AND N
Meta-analysis

Manuscripts were identified by a comprehensive search
strategy in PubMed and EMBASE (until October 1,
2006). For references to the original studies, we refer
to the original publication (Ruhe et al., 2007). Data from
identified studies were extracted on abstract forms, and
the validity of each study was assessed. The overall
methodological quality of the identified studies was
judged as good, with appropriate application of the
ATD, APTD, or AMPT depletion. Three clinically het-
erogeneous study populations were acknowledged a
priori: (1) healthy controls (with or without a positive
family history of MDD); (2) patients with a previous
MDD currently in remission (currently either using an-
tidepressants or not); and (3) patients with a current ep-
isode of MDD (with or without antidepressants), which
will be considered separately. If appropriate and possi-
ble, the results found in these studied populations were
pooled with conservative random-effects models (n ¼
52 studies) (DerSimonian and Laird, 1986). In order to
pool continuous effect estimates from different mood
scales, a standardization was applied (providing Hedges’
g, which can be interpreted as a standardized effect size)
(Ruhe et al., 2007). Effect estimates and the correspond-
ing standard error (SE) were entered in the inverse-
variance statistics for pooling in Review Manager v4.2
for Windows (Cochrane Collaboration). In order to inves-
tigate effect modification of results by family history for
MDD, gender, duration of remission, or the use and type
of antidepressants, stratified analyseswere used for these
variables, and calculated stratified pooled Hedges’ g,
with 95% confidence intervals (CI). Differences between
strata were tested by subtracting the chi-squared hetero-
geneity statistic per stratum from the total chi-squared
heterogeneity statistic. This residual (Qresidual) has a chi-
squared distribution, with the total number of strata-1 de-
grees of freedom.

ACUTE TRYPTOPHAN DEPLETION

Healthy controls

In healthy controls, a small decrease in mood was ob-
served (pooled Hedges’ g with 95% CI –0.27 (–0.45 to
–0.09)). When these healthy controls were stratified
for family history of MDD, healthy controls with a neg-
ative family history had significantly less decrease in
mood after ATD (pooled Hedges’ g –0.19 (–0.43 to
0.05)) than controls with a positive family history (pooled
Hedges’ g –0.56 (–1.00 to –0.13) (P ¼ 0.01; Fig. 8.2). Fur-
thermore, in healthy controls with a negative family his-
tory, females especially had significantly more decrease
in mood after ATD than males (pooled Hedges’ g –0.44
(–0.81 to –0.06) versus 0.23 (–0.10 to 0.57) respectively;
P < 0.001). In controls with a positive family history
for MDD, males experienced a larger decrease in mood
after ATD (studied in one study; P < 0.001) when com-
pared with males with a negative family history, while
for females a positive family history only slightly reduced
the mood effects of ATD, compared with females with a
negative family history (P ¼ 0.43). In conclusion, ATD
had the most profound, but still moderate, mood effects
in female healthy controls, and controls with a positive
family history ofMDD (possibly attributable to deteriora-
tion of mood in males with a positive family history).

Recovered MDD patients

In the remitted patients without current antidepres-
sants, two studies investigated patients who had been
in remission for 3–6 months and found much larger
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Fig. 8.2. Acute tryptophan depletion (ATD) in healthy controls studied in a within-subjects design, stratified by status of family

history for depression (negative or positive for major depressive disorder). Please note different subgroups per study handled as

separate studies with appropriate pooling weights. FH–, family history negative; FHþ, family history positive; N/A, not

reported. (Reproduced from Ruhe et al., 2007, with permission.)
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effects of ATD (pooled Hedges’ g –4.35 (–7.39 to –1.31))
compared with three studies of patients who had
been in remission for at least 6 months (pooled
Hedges’ g –0.60 (–1.38 to 0.18); P < 0.0001).

In remitted patients currently using antidepressants,
ATD caused a decrease in mood (pooled Hedges’
g –0.49 (–0.89 to –0.10). Hedges’ g varied slightly but
nonsignificantly, depending on the type of antidepressant
(P ¼ 0.82). In remitted patients using antidepressants,
decreasedmood afterATDwas especially seen in the first
5 months after the achievement of remission (pooled
Hedges’ g –0.55 (–0.90 to –0.21); P < 0.0001).

Relapse rates in remitted patients with AD were in-
creased after ATD compared with control depletion
(pooled difference in relapse rate 47% (28–66%);
Fig. 8.3). Increased relapse rates were especially seen
in patients using SSRIs (47% (27–67%)) or SNRIs
(35% (14–56%)). However, the noradrenergic drug
desipramine showed no significant difference in relapse
rate (7% (–6% to 19%)) after ATD. This effect modifi-
cation of relapse rates by drug was statistically signifi-
cant (P < 0.001).

Depressed MDD patients

In patients who were depressed at the time of ATD we
found two studies for meta-analysis. These studies in-
cluded patients who either used or did not use antidepres-
sants. The effects of ATD were opposed: Hedges’ g was
0.32 (–0.22 to 0.86) for patients using different types of
antidepressants, and –0.12 (–0.45 to 0.21) for patients
without antidepressants.

ACUTE PHENYLALANINE TYROSINE DEPLETION

Healthy controls

APTD did not decrease mood in healthy controls (pooled
Hedges’ g 0.10 (–0.23 to 0.43) and 0.12 (–0.43 to 0.68)
in within-subjects and between-subjects studies,



Fig. 8.3. Acute tryptophan depletion (ATD) in former depressed patients in remission. Differences of relapse rates versus control-

depletion studied in a within-subjects design in remitted patients stratified by current medication use. SSRI, selective serotonin

reuptake inhibitor; SNRI, serotonin–norepinephrine reuptake inhibitor. (Reproduced from Ruhe et al., 2007, with permission.)
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respectively). However, in one study with healthy con-
trols with a positive family history forMDD, amoderate
but nonsignificant effect on mood was found (Hedges’
g –0.49 (–1.17 to 0.19)).

Recovered MDD patients

In patients with MDD in remission without antidepres-
sants, no effect of APTD was observed in two studies
(pooled Hedges’ g –0.02 (–0.50 to 0.47)).

Depressed MDD patients

No studies were identified.

Conclusions and discussion of the depletion
of monoamine systems

The above meta-analysis led to the conclusion that deple-
tion of monoamine systems (both 5-HT and norepineph-
rine/DA) does not decrease mood in healthy controls.
However, in healthy controls with a family history of
MDD the results suggest that mood is slightly decreased,
bybothATDandAPTD.Additionally, healthy females are
more affected by ATD than healthy males, especially in
controls without a family history of MDD. In patients
who were previously depressed but in remission without
antidepressants, ATD moderately decreases mood, while
APTD does not significantly decrease mood. The site of
action of these antidepressants (5-HT or norepinephrine/
DA) predicts the occurrence of a lowering of mood or a
short relapse inMDDafter depletion of the corresponding
monoamine. These findings are in linewith the summaries
in previous reviews (Reilly et al., 1997;Moore et al., 2000;
Bell et al., 2001; Van der Does, 2001; Booij et al., 2003).
However, this meta-analysis was the first summary that
pooled results over individual studies.

The absence of robust mood effects in healthy con-
trols indicates that mood is not a correlate of 5-HT or
norepinephrine levels in the brain. The only healthy con-
trolswho aremodestly affected bymonoamine depletion
studies are healthy controls with a positive family history
forMDD. Thismight be indicative of a biological vulner-
ability, which is revealed by depletion studies. Of interest
are the studies that combined ATD with neuroimaging or
genetic sampling (Bremner et al., 1997, 2003; Smith et al.,
1999; Yatham et al., 2001; Neumeister et al., 2002, 2004,
2006; Praschak-Rieder et al., 2004, 2005; Cools et al.,
2005; Evers et al., 2005, 2006a, b; Rubia et al., 2005; Allen
et al., 2006; Talbot and Cooper, 2006; van der Veen et al.,
2007), reviewed by Fusar-Poli et al. (2006). The general
conclusion of these findings was that the observed meta-
bolic changes do not directly relate to brain 5-HT or nor-
epinephrine levels, but reflect postsynaptic effects of
lowered 5-HT and/or norepinephrine neurotransmission
in vulnerable brain regions. Functional polymorphisms
of serotonin transporter gene promoter (the 5-HT trans-
porter gene-linked polymorphic region, 5-HTTLPR) influ-
enced themood effects ofATD inhealthy female controls
(Neumeister et al., 2002). Furthermore, differences in reg-
ulation of regional cerebral glucosemetabolism in cortico-
limbic circuits of remitted depressed patients after ATD
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were associated with functional polymorphisms of
5-HTTLPR (Neumeister et al., 2006). Indeed, 5-HT trans-
porter gene and MAO-A polymorphisms are known risk
factors for MDD, BD, and suicide (Anguelova et al.,
2003; Lotrich and Pollock, 2004; Christiansen et al.,
2007;Doornbos et al., 2009;Wray et al., 2009). Therefore,
these combined studies suggest thatmonoamine depletion
discloses a trait vulnerability rather than a pure state-
dependent change due to depletion.

Only when the target of the depletion (serotonin, nor-
epinephrine) coincides with the working mechanism
of the antidepressant used does a depressive relapse
occur after monoamine depletion in remitted patients
who use antidepressants. This emphasizes that antide-
pressants indeed specifically affect their supposed tar-
get systems. However, from these studies, it can only
be concluded that an undepleted 5-HT system is re-
quired for serotonergic antidepressants. The same holds
for the norepinephrine system and norepinephrinergic
antidepressants. An alternative explanation for the de-
crease in mood after monoamine depletion in patients
is that depletion of 5-HT may give the same effect as
abrupt discontinuation of SSRIs (Delgado, 2006). Rapid
discontinuation is also associated with mood effects,
which are considered to be different from a depressive
relapse (Rosenbaum et al., 1998).

What certainly cannot be concluded is that MDD is
caused by low levels of 5-HT and/or norepinephrine/
DA. This simplification, which is often used to promote
the use of antidepressants specifically affecting 5-HT or
norepinephrine or both systems, ignores the notion –
emphasized by the above neuroimaging findings – that
serotonergic and norepinephrinergic antidepressants
presumably act via a network of circuits involved in
stress regulation on a final common pathway, in which
changes in levels of neuropeptides such as CRH are
supposed to be responsible for the remission of MDD
(Charney, 1998; Belmaker and Agam, 2008). The fact
that a diminished activity of the serotonergic system is
not central in the pathogenesis of mood disorders, as
is often presumed, is also apparent from postmortem
studies. In the raphe nuclei no loss of neurons was
reported in one study (Hendricksen et al., 2004), while
a loss of neurons was found in another (Baumann
et al., 2002), and even higher numbers of neurons and
levels of TPH mRNA were reported in suicide victims
(Underwood et al., 1999; Bach-Mizrachi et al., 2008).

From the findings of the meta-analysis one could also
question the validity of monoamine depletion as a model
to study the pathogenesis of MDD. However, mono-
amine depletion by ATD, APTD, and AMPT remains a
useful model tomanipulate safely and directly 5-HT, nor-
epinephrine, and DA function in living humans, and to
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study the behavioral consequences of this manipulation
(Reilly et al., 1997; Booij et al., 2003; Hood et al., 2005).

ET AL.
THEAMINOACIDHYPOTHESIS
OF DEPRESSION

The glutamatergic system in depression

A number of proton magnetic resonance spectroscopy
(1HMRS) brain-imaging studies showed changes in
the glutamatergic system in patients with depression.
Elevated levels of glutamate/glutamine have been reported
in the frontal lobe, basal ganglia, and occipital cortex of de-
pressed patients (Castillo et al., 2000;Michael et al., 2003b;
Sanacora et al., 2004). In the anterior cingulate, increased
glutamate and glutamine contents were reported in non-
melancholic BD patients (Frye et al., 2007), whereas re-
duced glutamate/glutamine levels were found in patients
with unipolar depression (Auer et al., 2000; Pfleiderer
et al., 2003; Mirza et al., 2004; Rosenberg et al., 2005).
Recently, a study using a combined functional magnetic
resonance imaging and magnetic resonance spectroscopic
approach has found that patients with highly anhedonic
MDD showed decreased glutamine but normal glutamate
and GABA concentrations in the pregenual anterior cingu-
late cortex (pgACC) compared to controls, and that gluta-
mate and N-acetylaspartate concentrations in the pgACC
correlated with negative blood oxygenation level-
dependent responses induced by emotional stimulation in
MDD (Walter et al., 2009). It thus seems that BD and uni-
polar depression patients have different glutamate brain
levels. However, treatment may affect these amine levels.
A recent study demonstrated that short-term treatment
with citalopram, an SSRI, increases occipital concentra-
tions of glutamate and glutamine levels in healthy subjects
(Taylor et al., 2008), while electroconvulsive shock
may cause significantly increased glutamate/glutamine
levels in the amygdala, the dorsolateral PFC, and the left
anterior cingulum (Michael et al., 2003a, b; Pfleiderer
et al., 2003).

In patients with MDD, glutamine synthetase (GS)
transcripts were downregulated in the ACC, dorsolat-
eral PFC, and amygdala (Choudary et al., 2005). The re-
duction of GS may increase residual glutamate
concentrations and trigger feedback inhibition of gluta-
mate transport synthesis and/or allow a rise in extracel-
lular glutamate with a potential for excitotoxic effects.
GS transcript regulation may, however, be dependent on
the type of depressive disorders and on brain region,
since Toro et al. (2006) did not find any significant
changes in GS in dorsolateral and orbitofrontal cortex
in patients with MDD and BD. It should be noted,
though, that the majority of the patients from the latter
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study had an additional history of substance abuse and
high alcohol use, which may have confounded the
results.

The expression of glutamate transporters, the excit-
atory amino acid transporters (EAAT), EAAT1 and
EAAT2, are reduced in two frontal brain regions in post-
mortem brain samples of MDD patients (Choudary
et al., 2005). In addition, decreased levels of EAAT3
and EAAT4 mRNA expression are present in the stria-
tum of subjects with mood disorders (McCullumsmith
and Meador-Woodruff, 2002). Because EAAT1 and
EAAT2 are expressed in astroglia and EAAT3
and EAAT4 are mainly located in neurons, decreased
EAAT1 and EAAT2 mRNA expression suggests an
astroglia-specific glutamatergic abnormality in the
PFC, in contrast to the abnormalities in neuronal gluta-
mate transporters (EAAT3 and EAAT4) in the striatum
in mood disorders. Deficits in these molecules may result
in increased levels of glutamate and its metabolites in the
synapse. Accumulations of extracellular glutamate may
not only perturb the ratio of excitatory–inhibitory neuro-
transmitter levels (Cryan and Kaupmann, 2005), but also
potentially cause cytotoxic damage to neurons and glial
cells (Petroff, 2002; Miller, 2005b).

Although the binding of [3H]dizocilpine maleate
(MK-801) to NMDA receptors did not differ between
suicides and controls (Holemans et al., 1993), Nowak
et al. (1995, 2003) observed that the proportion of
glycine displaceable [3H]CGP-39653 binding to gluta-
mate receptors is reduced in the PFC of suicide victims,
which is consistent with findings of decreased glutamate
receptor subunit NR1 expression in the hippocampus and
superior temporal cortex of MDD and BD patients
(Law and Deakin, 2001; Scarr et al., 2003; Toro and
Deakin, 2005; McCullumsmith et al., 2007). In addition,
reduced transcript expression of glutamate receptor sub-
units GluR5, GluR1, GluR3, NR2B, NR1, and NR2Awas
reported in the perirhinal cortex in patients with mood
disorder (Beneyto et al., 2007), while the amount of
NR1 protein was found to be normal in both the LC
and cerebellum in depression (Karolewicz et al., 2005).

In conclusion, the glutamatergic pathway shows
alterations in mood disorder patients. In addition, gluta-
mate is known to stimulate the HPA axis (Feldman
and Weidenfeld, 1997; Herman et al., 2004). It is there-
fore of interest that an increasing number of reports
suggest the potential antidepressant effects of anti-
glutamatergic agents such as ketamine (Berman
et al., 2000; Kudoh et al., 2002; Zarate et al., 2006),
amantadine (Stryjer et al., 2003), and riluzole (Coric
et al., 2003; Zarate et al., 2004) in depression. The
glutamatergic system may thus be a promising target
for the development of new antidepressants.
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The GABAergic system in depression

In 1999, Sanacora et al. revealed, for the first time, using
HMRS, significantly reducedGABA levels in the occipital
cortex of medication-free depressed inpatients. In a fol-
low-up study combining data from this inpatient sample
with a larger sample of outpatients, GABA reductions
were found to be most pronounced in patients exhibiting
melancholic features (Sanacora et al., 2004). This finding
is not unprecedented: in 1991, Roy et al. reported a signif-
icant reduction of CSF GABA concentrations in 13 melan-
cholic patients. In addition, occipital levels ofGABAwere
significantly lower in patients with a history of treatment
resistance and in recovered unmedicated subjects with a
history of mood disorder, than in healthy controls
(Bhagwagar et al., 2007; Price et al., 2009). Reduced brain
GABA content was also found in the anterior cingulate
cortex and dorsal medial/dorsal anterior PFC of MDD
patients (Hasler et al., 2007; Bhagwagar et al., 2008).

Diminished GABAergic neurotransmission may be
explained by a diminished activity of glutamic acid de-
carboxylase (GAD), the rate-limiting enzyme responsi-
ble for conversion of glutamate to GABA. In several
postmortem studies of GAD mRNA in BD patients,
GADprotein, the density ofGADmRNA-containing neu-
rons, and the density ofGAD terminals in the anterior cin-
gulate, PFC, cerebellum, and hippocampus were reduced
(Benes et al., 2000; Guidotti et al., 2000; Heckers
et al., 2002; Woo et al., 2004; Fatemi et al., 2005).
Significant reductions in cerebral and cerebellar GAD
have also been found in MDD patients (Perry et al.,
1977; Fatemi et al., 2005). However, increased density
of GAD-expressing neurons in the orbitofrontal and en-
torhinal cortex has also been reported in BD and MDD
patients (Bielau et al., 2007). A possible explanation for
this discrepancy might be that there exists a decreased
transport – and, as a consequence, an accumulation of
GAD – in spite of a diminished GAD production in
depression, a phenomenon that has also been observed
for AVP expression in the suprachiasmatic nucleus in
depression (Zhou et al., 2001). In addition, higher neuro-
nal densities of GAD were found in MDD patients, but
not in BD patients, in the dorsolateral PFC, superior tem-
poral cortex, and hippocampus (Bielau et al., 2007).
Moreover, a remarkable increase in the relative density
in the staining of GAD-containing nerve fibers was
reported in the hippocampal formation, specific for
suicidal patients, while a significant decrease of
GAD-staining fibers was found in the dorsolateral PFC
that was specific for nonsuicidal depressed patients
(Gos et al., 2009). Therefore, antidepressant use, GAD
transport, and subtype of depression should be taken
into consideration in future studies.
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Although GABA transporters (GATs) play an impor-
tant regulatory role in the function of GABAergic
systems, limited data are available concerning GAT
changes in the postmortem human brain. The binding
of the presynaptic GABA ligand to GAT-1 was found
to be unchanged in depressed suicide victims compared
with controls (Sundman et al., 1997; Sundman-Eriksson
and Allard, 2002). However, the selective GABA re-
uptake inhibitor tiagabine, which targets GAT-1, was
shown to be effective in treating anxiety-related behav-
iors in mouse and human (Gorman, 2003). In addition,
GAT-1–/– mice showed a lower level of depression-
and anxiety-like behaviors in comparison to wild-type
mice (Liu et al., 2007). Both reports suggest that the lack
of GAT-1 would affect mental status through the en-
hancement of the GABAergic system. Thus, medication
acting at GAT-1 might provide novel approaches to
modify mood disorders such as depression and anxiety.

If GABA neurotransmission is deficient in depres-
sion, any resulting adaptive change might be found in
the density of GABA receptors. Elevated densities of
benzodiazepine receptors, a part of GABA-A receptors,
have indeed been reported in the PFC of depressed sui-
cide victims (Cheetham et al., 1988; Pandey et al., 1997).
Consistent upregulation of GABA-A-a1 and GABA-
A-b3 mRNA was found in the anterior cingulate cortex
of suicide victims afflicted with MDD or BD (Choudary
et al., 2005). However, there are also studies that have
not demonstrated significant alterations of GABA
receptor binding between depressed suicide victims
and nonpsychiatric controls. For example, GABA-A
receptor binding measured with [3H]flunitrazepam
was not altered in the LC (Zhu et al., 2006), the frontal
cortex, temporal cortex, and hippocampus. Further-
more, no change was found for the number of
GABA-B binding sites in depressed suicide victims
(Cross et al., 1988; Arranz et al., 1992). In addition, in
the amygdala and hippocampus, the number and affin-
ity of benzodiazepine binding sites of suicides and con-
trols did not differ significantly (Stocks et al., 1990).
Moreover, Merali et al. (2004) reported low levels of
mRNA encoding several alpha subunits of the GABA-
A receptor in the frontal cortex of suicide victims. It
seems that different subtypes of the GABA receptor
and different types of depression and brain areas should
be considered in the interpretation of the above-
mentioned studies on GABA receptor changes.

In brief, the majority of studies revealed lower GABA
levels in the brain of depressed patients, suggesting a
hypoactive GABAergic neurotransmission. This is also of
interest since GABA is known to inhibit the HPA axis
(Bartanusz et al., 2004; Kovacs et al., 2004). In addition,
GABAergic drugs, particularly those that enhance
GABAergic functions, have proven to be highly effective
in sustaining a positive response in the treatment of
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depression. For example, progabide and fengabine are
two GABA-mimetic compounds that reached clinical
trials as antidepressant agents (Sanacora and Saricicek,
2007). Tiagabine, a selective GABA reuptake inhibitor,
significantly improved depression and anxiety (Carpenter
et al., 2006).

THENEUROPEPTIDEHYPOTHESIS
OF DEPRESSION

CRH in depression

CRH-expressing neurons in the hypothalamic PVN are the
central driving force in regulating the activity of the HPA
axis.CRHmediates thestress-inducedbehaviorsandplays
a central role in the pathogenesis of depression. The num-
ber of CRH neurons, the number of CRH neurons coex-
pressing AVP, and the amount of CRH mRNA in the
PVN are significantly increased in deceased depressed
subjects with a long history of depressive disorder,
independently of whether they die during a depressive
state or not (Raadsheer et al., 1994a, 1995; Bao et al.,
2005; Wang et al., 2008).

That hyperactive CRH neurons are involved in the
etiology of depression is demonstrated not only by acti-
vation of the HPA axis, which results in hypersecretion
of glucocorticoids, but also by the central CRH effects,
including cardiovascular regulation, respiration, appe-
tite control, stress-related behavior and mood, cerebral
blood flow regulation, and stress-induced analgesia
(Swaab, 2003). Similar symptoms, such as decreased
food intake, decreased sexual activity, disturbed sleep
and motor behavior, and increased anxiety, can all be in-
duced in experimental animals by intracerebroventricu-
lar injection of CRH (Holsboer, 2001). During postnatal
development of the stress system, CRH controls the ac-
tivity of the HPA axis and mediates the effects of early
disturbances such as maternal deprivation through the
CRH receptor CRH-R1 (Schmidt et al., 2006). Both
basic and clinical studies suggest that disrupting the
CRH signaling through CRH-R1 can ameliorate stress-
related clinical conditions. It was found in transgenic
mouse models that CRH overexpression in the entire
central nervous system resulted in stress-induced hyper-
secretion of stress hormones and increased active stress-
coping behavior. These changes were related to acute
effects of overexpressed CRH as they were normalized
by CRH-R1 antagonist treatment (Lu et al., 2008a, b). In
addition, single nucleotide polymorphisms (SNPs) in the
CRH-R1 gene were found to be associated with in-
creased susceptibility to MDD, indicating a possible
primary role for CRH-R1 in some cases of depression
(Liu et al., 2006b). It is also of interest to notice that mice
lacking the CRH gene exhibit normal stress-induced be-
havior that is specifically blocked by a CRH-R1 antago-
nist. Another mammalian ligand for CRH receptors is

ET AL.
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urocortin. However, in mice urocortin mRNA is absent
from regions known to mediate stress-related behaviors.
Consequently an unidentified alternative CRH-like mol-
ecule other than CRH or urocortin was proposed to act
through the CRH receptors in brain regions to mediate
stress-induced behaviors, either alone or in concert with
CRH (Weninger et al., 1999). This possibility remains to
be investigated.

GR mRNA concentration and glucocorticoid-binding
activity were increased in brain tissues of animals chroni-
cally treated with antidepressants. The time course of the
antidepressant effects on GRs coincides with their long-
term actions on the HPA system activity and follows
closely that of clinical improvement of depression
(Barden, 1996). The clinical observation that patients with
treatment-resistant depression noticed a significant im-
provement in mood after receiving dexamethasone while
remaining on their antidepressant (sertraline or fluoxe-
tine) further supports the concept that hyperactive CRH
neurons play a causal role in the symptomatology of de-
pression (Dinan et al., 1997). Moreover, the CRH concen-
trations in CSF in healthy volunteers and depressed
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Fig. 8.4. Sections for laser microdissection (LMD). Sections of th

(SON:D–F) on the right side of the hypothalamus as seen under the

of the PVN for orientation is shown in panel A. An unstained sectio

which the PVN area is outlined under the microscope. Section B is r

right SON under the PALM laser dissection microscope with the s

D–F. Bar ¼ 300 mm. The arrows show the orientation: V, ventr

ventricle. (Reproduced from Wang et al., 2008, with permission.
patients decrease due to prolonged treatment with antide-
pressant drugs (Heuser et al., 1998), although it should be
noted thatCSFCRHisalsoderived fromotherbrain areas,
such as the thalamus (Hsu et al., 2001; Bao et al., 2005).

Lastly, in depressed patients significantly increased
CRH mRNA levels in the PVN were found to be accom-
panied by a significantly increased expression of genes
involved in the activation of CRH neurons, such as
CRH-R1, MR, estrogen receptor-alpha (ERa), and
AVPR1a, and with a significantly decreased expression
of genes involved in the inhibition of CRH neurons, such
as the androgen receptor (AR) mRNA (Wang et al.,
2008). These findings, obtained by laser microdissection
of the PVN (Fig. 8.4), further raise the possibility that a
disturbed receptor balance in the PVN may contribute to
activation of the HPA axis in depression. Together,
the arguments mentioned above have led to the CRH
hypothesis of depression: hyperactivity of CRH neu-
rons, and thus of the HPA axis, is of crucial importance
for induction of the symptoms of depression, at least in
a subgroup of patients. Some CRH neurons project to
brain areas other than the median eminence. Centrally
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released CRH may be crucial to the symptoms of
depression, since intracerebroventricular injection of
CRH induces symptoms of depression (Holsboer,
2001). This also means that, even in cases when no en-
hanced activity of the HPA axis is shown in the periphery
by hormone assays, the centrally projecting CRH neu-
rons might be hyperactive and contribute to the symp-
toms in depressed patients. Therefore, more attention
should thus be paid to CSF levels of CRH in such cases.
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Fig. 8.5. The total number of corticotropin-releasing hormone

(CRH)-immunoreactive neurons in the hypothalamic paraven-

tricular nucleus (PVN) of control males (▲) and females (●).

The control males had significantly (P ¼ 0.004) more CRH

neurons than control females from age 24 onwards and showed

a significantly positive correlation (solid line) between age and

the total number of CRH neurons. The control female group did

not show significant correlation (dashed line) between age and

the total number of CRH neurons. (Reproduced from Bao and

Swaab, 2007, with kind permission of S Karger, Basel.)
Sex difference in depression: relationship
with HPA axis activity

The sex difference found in depression might provide
additional support for the CRH hypothesis of depres-
sion. Since MDD is twice as prevalent in women of
reproductive age as in men, organizing and/or activating
effects of sex hormones on the HPA axis are proposed
as risk factors for depression. The possible importance
of fluctuating levels of sex hormones as a risk factor for
depression is underlined by the higher prevalence of
premenstrual depression, antepartum or postpartum de-
pression, and depression during the transition to meno-
pause (Bao et al., 2004, 2008). Studies in rodents have
found that the female brain’s innate strategy to handle
stress differs from that of the male brain (Ter Horst
et al., 2009). In addition, organizing effects of
estrogen-like compounds during fetal life may also be
responsible for a higher prevalence of mood disorders,
as appeared in children exposed in utero to diethylstil-
bestrol (Meyer-Bahlburg and Ehrhardt, 1987). Further-
more, age-related sex differences have been found in
CRH-expressing neurons in the human hypothalamic
PVN, which illustrates a relationship between sex hor-
mones and CRH. First, from the age of 24 years onward,
men had significantly more CRH-expressing neurons
than women, while in the second place, there was a
significant age-related increase of CRH-expressing neu-
rons in men, but not in women (Fig. 8.5). It is of interest
to note here that AVP neurons in the hypothalamic SON,
which is the major source for circulating AVP, showed
the opposite pattern. These neurons were only activated
during the course of aging in women, and not in men
(Ishunina et al., 1999). Moreover, an abnormal hormone
status, induced by castration, ovariectomy or a sex
hormone-producing tumor, was accompanied by
changes in the number of CRH-expressing neurons
(Bao and Swaab, 2007).

It should be noted that sex hormones can also be syn-
thesized locally in the brain as neurosteroids, which may
interact with circulating sex hormones by as yet unknown
mechanisms. Sex hormones act by binding to sex hor-
mone receptors that are expressed in CRH neurons of
the hypothalamus and in corticotropes of the adeno-
hypophysis (Stefaneanu et al., 1994; Pereira-Lima et al.,
2004; Bao et al., 2005, 2006; Scheithauer et al., 2008).
We have found colocalization of CRH and sex hormone
receptors, indicating a direct effect of sex hormones on
CRH neurons. Both nuclear ERa (Fig. 8.6) (Bao et al.,
2005) and nuclear AR (Fig. 8.7) (Bao et al., 2006) were
present in CRH-expressing neurons in the human
hypothalamic PVN. In addition, there was a significantly
positive correlation between the increased number of
CRH-expressing neurons containing nuclear ERa and
the increased number of CRH neurons in mood
disorders, in both males and females (Bao et al., 2005).
The human CRH gene promoter contains five perfect,
half-palindromic estrogen-responsive elements (Vamva-
kopoulos and Chrousos, 1993), and animal studies have
shown that estrogens stimulate CRH expression (Lund
et al., 2004). We have also identified an androgen-
responsive element in the CRH gene promoter region,
but that appeared to initiate a repressing effect of AR
onCRH transcription (Bao et al., 2006), which is in agree-
ment with an animal study showing that androgens inhibit
CRH production (Lund et al., 2004).



Fig. 8.6. Frontal section of the paraventricular nucleus (PVN) in a control (C12) (A, B) and a patient with mood disorder (D10)

(C, D) stained for corticotropin-releasing hormone (CRH: blue) and estrogen receptor-a (ERa: red). (B) and (D) represent a 4�
higher magnification of (A) and (C). The arrows, solid and hollow arrowheads in (A, B) and (C, D), indicate the same place in the

preparation to facilitate comparison. Both sections show the central part (midlevel) of the PVN and contain the largest number

of stained neurons. It is clear, by comparing (A) with (C) and (B) with (D), that the number of stained neurons is markedly

increased in this mood disorder patient. III, Third ventricle. The arrow points to an ERa nuclear single-staining cell; the solid

arrowhead points to a cytoplasmic CRH–ERa nuclear double-staining cell, and the open arrowhead points to a CRH single-

staining cell. (Reproduced from Bao et al., 2005, with permission.)
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Thus, human postmortem brain, animal, and cell line
studies confirm a key stimulating role of estrogens
on CRH production while androgens diminish CRH
production. This opposite effect of estrogens and
androgens on CRH neurons may be the basis for the
sex difference in the prevalence of depression.
AVP and depression

Even after decades of intense research, new data are
still emerging in relation to the classic antidiuretic
nonapeptide, AVP. Besides their role in the regulation
of osmolality, blood pressure, temperature, and corti-
costeroid secretion, the central vasopressinergic fibers
are also involved in the stress response, cognition,
paternal behavior and social attachment, aggression,
and emotionality. Intranasal AVP differentially af-
fects social communication in men and women
(Thompson et al., 2006); polymorphisms in the AVP
receptor subunit AVPR1a were found to be related
to the autism spectrum (Yirmiya et al., 2006) and to
pair-bonding behavior in men and thus in the evolu-
tionary development of the social brain (Walum
et al., 2008).



Fig. 8.7. Frontal section of the paraventricular nucleus in sub-
ject (00182) stained for corticotropin-releasing hormone

(CRH) (red) and androgen receptor (AR) (blue). III, the third

ventricle. The upper-right corner represents a higher magnifi-

cation of the framed field and shows cytoplasmic CRH (red)–

AR (blue) nuclear double-staining neurons. The arrow points

to AR single-staining cells. Bar in the upper-right corner ¼
16mm; in the lower right corner ¼ 100mm. (Reproduced from

Bao et al., 2006, with permission.)
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DIFFERENT AVP SYSTEMS

There are at least four different vasopressinergic systems
intimately involved in the signs and symptoms of
depression (for reviews, see Swaab, 2003, 2004). First,
AVP is produced as a neurohormone by the large
magnocellular neurons of the hypothalamic SON and
PVN, whose axons run to the neurohypophysis where they
release AVP and OXT into the general circulation. Circu-
lating AVP has an influence on the anterior pituitary and
high circulating levels also affect mood. In the second
place, small parvocellular neurons of the PVN secrete
CRH and AVP also as neurohormones from their
axons in the median eminence into the portal capillaries
that transport them to the anterior lobe of the pitui-
tary. AVP strongly potentiates ACTH-releasing activity
(Engelmann et al., 2004). Third, additional vasopressiner-
gic fibers are found to project from the hypothalamus to
subregions of the hippocampus, septum, amygdala, and
brainstem areas, where AVP serves as a neurotransmit-
ter/neuromodulator via AVPR1a and AVPR1b receptors
that are widely distributed (Surget and Belzung, 2008).
Moreover, particularly the magnocellular hypothalamic
neuronsreleaseAVPfromtheirdendritesandsomata,sub-
sequently diffusing through the brain’s extracellular fluid
to act as neuromodulators on receptors at some distance
from their site of release (Ludwig et al., 2005). Fourth,
AVP is also released into the brain with a circadian rhythm
by neurons of the SCN, which show significant changes in
depression. Once overexpressed and overreleased, AVP
may contribute to hyperanxiety and depression-like
behaviors, while AVP deficit, in turn, may cause signs of
diabetes insipidus, hypoanxiety (Inder et al., 1997; Land-
graf et al., 2007; Mlynarik et al., 2007), and disturbed
rhythmicity (Zhou et al., 2001).
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CHRONIC STRESS, AVP, AND DEPRESSION

As mentioned above, a multiple misbalance of receptor
genes involved in the regulation of the HPA axis activity
has been proposed in depression (Wang et al., 2008),
in which the increased AVPR1a suggests a role of
enhanced somatodendritic AVP release in the PVN
(Surget and Belzung, 2008). Increased co-storage of
CRH and AVP in the CRH terminals was found after im-
mobilization or social defeat stressors (de Goeij et al.,
1991; Bartanusz et al., 1993; Keeney et al., 2006). When
released together into the portal capillaries, AVP strongly
potentiates the ACTH-releasing activity of CRH (Gillies
et al., 1982; Rivier and Vale, 1983). In addition, circulating
AVP from the SON may induce ACTH release from the
pituitary (Gispen-de Wied et al., 1992). Transient activa-
tion of the HPA axis following a single exposure to a
stressor may induce delayed and long-lasting hyper-
production, hyperstorage, and hypersecretion of AVP,
e.g., from hypothalamic CRH neurons, which result in
hyperresponsiveness of the HPA axis to subsequent stim-
uli (Schmidt et al., 1995, 1996). The sensitization of neu-
ronal processes is proposed to be an important feature
in promoting depressive-like states. It was suggested that
with each stressor experience andwith each successive ep-
isode of depression, neuronal sensitization becomesmore
pronounced, and hence the stressor severity necessary to
elicit the neurochemical changes (and thus to induce a
depressive episode) becomes progressively smaller
(Post, 1992). This is in line with clinical observations that
the relation between life events and recurrences of depres-
sive episodes is less clear in those patients who have highly
recurrent MDD. It is also important to note that, whereas
in acute stress CRH is the main cause of increased ACTH
release, animal experiments show that in chronic stress
there is a switch from CRH to AVP stimulation of ACTH
release (Scott and Dinan, 1998). Since depression is a
chronic disorder, the AVP-driven HPA axis hyperactivity
in depression is receiving more and more attention
(Meynen et al., 2006). In case of chronic depression,
AVP is proposed to be persistently increased within
CRH neurons, so that even minor day-to-day annoyances
might trigger excessive CRH/AVP release. This, in turn,
would favor the presentation of dysphoric symptoms,
and might even be a factor responsible for triggering
MDD and dysthymia (Griffiths et al., 2000). The number
of CRH and AVP-colocalizing neurons is indeed in-
creased in the human PVN in depression and during the



Fig. 8.8. Radioactive in situ hybridization vasopressin mRNA

signal on film of the supraoptic nucleus (SON) and paraventri-

cular nucleus (PVN) of a representative patient. Note the intense

signal in both nuclei. III, Third ventricle. (Reproduced from

Meynen et al., 2006, with permission.)
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course of aging, at least in males (Raadsheer et al., 1993,
1994b; Bao and Swaab, 2007).

CRH and AVP mediate ACTH release via different
second-messenger systems. CRH activates G protein-
linked adenylate cyclase, leading to cAMP formation and
protein kinase A activation. AVP works through a specific
AVP receptor subtype termed AVPR1b, which is strongly
expressed by pituitary corticotropes and activates only
phospholipase C. The AVPR1b receptor is required for a
normal pituitary and adrenal response to acute stressful
stimuli and is necessary for a normal ACTH response dur-
ing chronic stress (Lolait et al., 2007). AVPR1b receptor
mRNAlevelsandcouplingof the receptor tophospholipase
C are stimulated by glucocorticoids, while AVP facilitates
corticotrope responsiveness in spite of elevated levels of
plasma glucocorticoids during chronic stress or depression
(Rabadan-Diehl and Aguilera, 1998). In this respect it is
interesting that following a challenge with desmopressin
(an analog of vasopressin that stimulates the AVPR1b re-
ceptor), theACTHand cortisol responseswere appreciably
greater in MDD patients than in controls, suggesting that
the AVPR1b receptor was more reactive in depression
(Dinan et al., 2004).Amajor SNPhaplotype of theAVPR1b
receptor has been found to protect against recurrentMDD
(van West et al., 2004), while evidence was also found for
the involvement of SNPs of AVPR1b in childhood-onset
mood disorders, particularly in females (Dempster et al.,
2007), supporting the possibility of a direct involvement
of AVP in the pathogenesis of depression, at least in some
subjects. A recent study on AVP-deficient Brattleboro rats
has confirmed thatAVPcanbe involved in thedevelopment
of depression-like behavior, in particular of the passive
coping style and anhedonia. In addition, behavioral and
endocrine responses were found to be dissociated, which
suggested that brain vasopressinergic circuits that are
distinct from those regulating the HPA axis are involved
in generating depression-like behavior (Mlynarik et al.,
2007). The identification of polymorphisms inAVP-related
genes underlying a special subtype of depressionmay help
to characterize potential targets for therapeutic interven-
tions (Frank and Landgraf, 2008).

Feedback of corticosteroids takes place on the PVN,
SON, and SCN. Following different types of corticoste-
roid treatment in different disorders or during the
presence of high levels of endogenous corticosteroids
produced by a tumor, we found in postmortem tissue
not only that CRH-expressing neurons are strongly
downregulated, but also that AVP expression in the
SON and PVN is strongly decreased. On the other hand,
OXT neurons were not affected. Therefore, in the human
brain, the negative feedback of corticosteroids is
acting selectively on CRH cells and cells that (co-)express
AVP but not on OXT cells. The glucocorticoid-induced
suppression of AVP synthesis has been proposed
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to occur at the posttranscriptional level (Erkut et al.,
1998, 2002). In the human SCN we found a
diminished AVP mRNA following administration of
corticosteroids (Liu et al., 2006a), which may be one
explanation for the disturbed circadian rhythms in
depression.
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AVP IN THE SON AND PVN IN DEPRESSION

In the PVN of MDD patients, the number of AVP- and
OXT-expressing neurons is increased (Purba et al.,
1996). Using radioactive in situ hybridization, our group
determined the amount of AVP mRNA in the PVN and
SON in formalin-fixed, paraffin-embedded archival
postmortem brain tissues of depressed subjects and their
controls (Fig. 8.8). In the SON, a 60% increase of AVP
mRNA expression was found in depressed subjects
(Fig. 8.9a) but AVP mRNA expression was significantly
increased in both the SON and the PVN only in the mel-
ancholic subgroup (Fig. 8.9b) (Meynen et al., 2006). En-
hanced AVP mRNA production in the SON of
depressed patients (Meynen et al., 2006) leads to in-
creased plasma levels of AVP (van Londen et al., 1997,
1998b, 2001) that are also reported to be related to an en-
hanced suicide risk in depression (Inder et al., 1997), as
well as to an anxious-retarded type of depression (deWin-
ter et al., 2003; Goekoop et al., 2006). It has also been pro-
posed that AVP may be important not only in mediating
psychomotor retardation but also in affecting memory
processes in depressed patients, possibly by altering
arousal and attention (van Londen et al., 1998a, b). The
possibility that circulating AVP may also induce



Fig. 8.9. (A) Amount of vasopressin (AVP) mRNA signal in the supraoptic nucleus (SON) and paraventricular nucleus (PVN) in

depressed subjects (Depr, n ¼ 9) and controls (Ctr). (B) Amount of AVP mRNA signal in the SON and PVN in melancholic

subgroup (Mel, n ¼ 6), nonmelancholic subgroup (Non-m) and controls (Ctr). *Statistically significant difference at P <
0.05, **P < 0.01. Bars show means; error bars indicate the SEM; a.u., arbitrary units. (A, reproduced from Meynen et al.,

2006, with permission; B, courtesy of Dr. G Meynen: results from the study of Meynen et al., 2006.)
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symptoms of depression is supported by the case history
of a man displaying chronically elevated plasma AVP
levels due to AVP secretion by an olfactory neuroblas-
toma, which induced his first episode of MDD. Depres-
sive symptoms improved markedly after surgical
resection of the tumor and subsequent normalization of
plasma AVP levels. In this patient the HPA axis was sup-
pressed (Muller et al., 2000), indicating a primary role of
AVP in the pathogenesis of depression.

In addition, in depression and suicide, alterations in
centrally released AVP from the PVN may play a role,
since immunoreactive AVP was elevated in the dorso-
medial PFC and reduced in the dorsal vagal complex
(Merali et al., 2006).
AVP IN THE CIRCADIAN SYSTEM IN DEPRESSION

The hypothalamic SCN, the biological clock, is of inter-
est in relation to depression for various reasons. Light is
directly influencing the activity of the SCN, and light
therapy is effective in depression. In addition, seasonal
affective disorder (SAD) is more prevalent in the north-
ern states of the USA than in southern states (Miller,
2005a). Moreover, the symptoms of depression fluctu-
ate over the day, and also the stress response is strongly
influenced by the time of day via the SCN. The human
SCN shows not only circadian but also circannual vari-
ations in neuronal activity (Hofman and Swaab, 1992,
1993), which are supposed to be related to circadian
and circannual fluctuations in mood and to sleeping
disturbances in depression (van Londen et al., 2001).
Polymorphisms in the clock genes are associated with
dysfunctional circadian rhythm and susceptibility for
mood disorders, in particular in SAD and BD
(Johansson et al., 2003; Shi et al., 2008; Kishi et al.,
2009), indicating that the SCN may also play a causal
role in depression at least in a subgroup of patients.

A disorder of SCN function, characterized by an in-
creased number of AVP-expressing neurons, a de-
creased amount of AVP mRNA in this nucleus, and
diminished circadian fluctuation of AVP mRNA, has
been found in the postmortem brain of depressed pa-
tients (Fig. 8.10) (Zhou et al., 2001). Decreased activity
of the SCN in depression is presumed to be at least partly
due to the increased circulating plasma cortisol levels,
since corticosteroids were found to inhibit SCN function
(Liu et al., 2006a). Light therapy is effective not only in
SAD but also for MDD, while as an adjuvant to conven-
tional antidepressants in unipolar patients, or lithium in
bipolar patients, morning light hastens and potentiates
the antidepressant response (Wirz-Justice et al., 2005).
This poses the question how light therapy may work. An-
imal data have shown that AVP neurons of the SCN ex-
ert an inhibitory influence on CRH neurons in the PVN
(Kalsbeek et al., 1992). Depressed patients have a defi-
cient SCN (Zhou et al., 2001), which may subsequently
fail to inhibit sufficiently the CRH neurons in the
PVN of depressed patients. Such an impaired nega-
tive-feedback mechanism may lead to a further increase
in the activity of the HPA axis in depression. Both
the resulting higher CRH and cortisol levels may con-
tribute to the symptoms of depression. Light therapy
may activate the SCN, directly inducing an increased
synthesis and release of AVP that will inhibit the CRH
neurons (see Fig. 8.1). However, it should be noted that
human beings are diurnal creatures andmight hold a dif-
ferent mode of interaction between SCN AVP neurons
and the PVN CRH neurons to that of the nocturnal



Fig. 8.10. The number of arginine vasopressin-immunoreactive (AVP-IR) neurons (A) and the mask area of silver grains of the

AVP mRNA (B) in the suprachiasmatic nucleus (SCN) in control subjects (n ¼ 11) and depressed subjects (n ¼ 11). The error

bars indicate the SD. Note the change in the balance between the presence of more AVP and less AVPmRNA in depression. There

is probably a disorder of the transport of AVP that leads to accumulation of the peptide, in spite of the decreased production

rate. (Reproduced from Zhou et al., 2001, with permission.)
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rat, especially because of the fact that opposite actions
of hypothalamic AVP have been observed on the circa-
dian corticosterone rhythm in nocturnal versus diurnal
species (Kalsbeek et al., 2008). The exact mechanism
of the action of light in depressed patients thus deserves
further study.
DEPRESSION INALZHEIMER’SDISEASE

There is a very high prevalence of depression in AD,
affecting up to 50% of patients. We observed a positive
relationship between the depressive state in Alzheimer
patients and the presence of neuritic plaques in the neo-
cortex (Meynen et al., 2009), which may be an explana-
tion for the high prevalence of mood disorders in AD.
The question is whether the same neurobiological sys-
tems are involved in depressed AD patients as in
MDD patients. Indeed, AD is accompanied by an acti-
vated HPA axis. CRH mRNA levels in the PVN of
AD patients were markedly higher than those of com-
parison subjects, which may make them at risk for de-
pressed mood, although they are lower than in
depressed patients (Fig. 8.11) (Raadsheer et al., 1995).
In the group of AD patients the mean postmortem
CSF total cortisol level was 83% higher than that in
the controls, especially in presenile AD patients (<65
years) (Swaab et al., 1994). CRH neurons in the PVN
of AD patients showed, however, similar age-dependent
increases in AVP colocalization to those of the control
subjects (Raadsheer et al., 1994b).

We have found a positive correlation between the
Cornell Scale for Depression in Dementia and the
number of CRH neurons in the PVN, suggesting that
MDD and depression in AD share their pathogenesis,
at least partly (Fig. 8.12) (Meynen et al., 2007b). The
SCN is also clearly affected in AD (Swaab et al.,
1985). A diminished AVP mRNA content was already
present in the SCN from the very first preclinical AD
stages onward, explaining the disruption of circadian
rhythms and nightly restlessness in AD (Wu et al.,
2006). However, no difference was found between the
AVP mRNA levels in the SCN of depressed versus non-
depressed AD patients (Liu et al., 2000). Our long-term,
double-blind, placebo-controlled trial showed, however,
that a whole day of bright (�1000 lux) versus dim (�300
lux) light not only improved circadian rhythmicity and
attenuated cognitive deterioration on the Mini-Mental
State Examination Scale, but also ameliorated depres-
sive symptoms on the Cornell Scale for Depression in
Dementia (Riemersma-van der Lek et al., 2008).

There are, however, also differences between MDD
and depression in AD. Although CSF cortisol levels in
AD patients were found to be more than twice those
of controls, no significant difference was found be-
tween depressed and nondepressed AD patients
(Hoogendijk et al., 2006). Moreover, AD patients did
not differ from controls with respect to the amount
of AVP or OXT mRNA in the PVN or SON (Meynen
et al., 2009), which indicates that there are also differ-
ences in neurobiological systems in depressed AD
patients as compared to the depressive disorders.

In conclusion, there are both similarities and differ-
ences between neurobiological systems that are involved
in depressed AD patients and in MDD patients.
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Fig. 8.12. Correlation between Cornell scores for depression

and the number of corticotropin-releasing hormone

(CRH)-interactive neurons in the paraventricular nucleus

(PVN) (rho ¼ 0.433, P ¼ 0.039). (Reproduced fromMeynen

et al., 2007b, with kind permission of S Karger, Basel.)

Fig. 8.11. Total hybridization signal for human corticotropin-

releasing hormone (CRH) mRNA (arbitrary units) in the para-

ventricular nucleus (PVN). Bars indicate median values per

patient group. The PVNof theAlzheimer patients (n ¼ 10) con-

tained significantly more (Mann–Whitney U ¼ 23.0, W ¼
0.78, Z ¼ –2.0, P ¼ 0.04) CRH mRNA than that of

comparison subjects (n ¼ 10). The amount of radioactivity in

depressed patients (n ¼ 7)was significantly higher than in com-

parison cases (Mann–Whitney U ¼ 7.0,W ¼ 91.0, Z ¼ –2.7,

P ¼ 0.006) and Alzheimer’s disease patients (Mann–Whitney

U ¼ 23.0,W ¼ 0.78,Z ¼ –2.0,P ¼ 0.05). (Reproduced from

Raadsheer et al., 1995, with permission.)
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CONCLUSIONS

Many macro- and microscopic differences have been
reported in mood disorders. The brain differences de-
scribed are sometimes especially localized in gray and
sometimes in white matter; they are often lateralized,
and are dependent on brain region and cell type, on the
type ofmood disorders, and on the presence of a familiar
or a sporadic disorder. The reported structural alterations
are, however, not specific for mood disorders, and can
not be used to confirm the clinical diagnosis neuropatho-
logically. However, they support the idea that these disor-
ders have a neurodevelopmental underpinning.

This chapter further focused on the molecular neuro-
pathology of mood disorders and elucidated the role of
the HPA axis, monoamines, glutamate and GABA,
neuropeptides and their interplay in the pathogenesis
of mood disorders. Besides alterations in these factors,
the development of mood disorders is linked with
sex, age, developmental history, and environmental
stressors. Developmental risk factors include genetic
background, placental function, smoking and alcohol
use, and the medicines taken by the pregnant mother,
while environmental factors during development are
the availability of food, chemicals, and child neglect
and abuse. All these factors make different parts of
the stress-related brain system more vulnerable to react
to stressful life events or other psychological stresses,
causing alterations in the network of neurotransmitters
such as monoamines and amino acids, and neuromodula-
tors such as CRH, AVP, OXT, and orexin, which finally
make individuals in different ways at risk for depressive
disorders. There are differences in the alterations in the
neurotransmitters and neuropepetides in mood disorders
according to brain area, type of depression, and the pres-
ence or absence of suicidal ideation or suicide. Further-
more, there are both similarities and differences in
neurobiological systems that are involved in depressed
patients with AD, compared to other patients with depres-
sion. Based on the molecular neuropathological data
reviewed, the HPA axis and AVP seem to have a central
position in the development of depressive symptoms.

There are many genetic polymorphisms and individ-
ual developmental differences giving rise to functional
changes in the network of neurotransmitters and
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neuropeptides in depression. One may hope that in fu-
ture these data will allow a better prediction for the vul-
nerable neurobiological system in an individual
depressed patient, and that this will lead to an optimal
tailor-made antidepressive therapy.
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Chapter 9

Animal models of psychiatric disorders
GEORGE F. KOOB1*
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CONCEPTUAL FRAMEWORK FOR
ANIMALMODELS

Definitions of animal models relevant
to psychiatric disorders

An animal model can be viewed as an experimental par-
adigm developed for the purpose of studying a given
phenomenon found in humans. Animal models for a
complete syndrome of a psychiatric disorder are un-
likely to be possible either conceptually or practically.
Thus, although there are no complete animal models
of addiction, anxiety, or depression, animal models do
exist for many elements of the syndrome. As such, an
animal model can be viewed as an experimental prepa-
ration developed for the purpose of studying a given
phenomenon found in humans. Certain areas of the
human condition obviously are difficult to model in
animal studies (e.g., comorbidity, polydrug addictions,
child abuse). From a practical standpoint, psychiatric
disorders are based on a nosology that is complex and
constantly evolving, and most certainly involve multiple
subtypes, diverse etiology, and constellations of many
different disorders. Additionally, models that attempt
to reproduce entire syndromes require multiple end-
points, making it very difficult in practice to study
underlying mechanisms. Thus, an approach to the devel-
opment of animal models that has gained wide accep-
tance is that animal models are most likely to have
construct or predictive validity when the model mimics
only the specific signs or symptoms associated with
the psychopathological condition (Geyer and Markou,
1995).

Under such a framework of producing animal
models only for the specific signs or symptoms associ-
ated with the psychopathological condition, specific
*

Correspondence to: George F. Koob, PhD, Committee on the N
Institute, 10550 North Torrey Pines Road, SP30-2400, La Jol

E-mail: gkoob@scripps.edu
measures have been identified in each disorder that pro-
vide a focus for animal study. The reliance of animal
models on a given component of the disorder also elim-
inates a fundamental problem associated with animal
models of psychopathology, namely the frustration of
attempting to provide complete validation of the whole
syndrome. This framework also leads to a more prag-
matic approach to the study of the neurobiological
mechanisms of the behavior in question.
Face and construct validity of animal models

The most relevant conceptualization of validity for
animal models of addiction is the concept of cons-
truct validity (Ebel, 1961). Construct validity refers to
the interpretability, “meaningfulness,” or explanatory
power of each animal model and incorporates most
other measures of validity in which multiple measures
or dimensions are associated with conditions known to
affect the construct (Sayette et al., 2000). A procedure
has construct validity if there are statistical or determin-
istic propositions that relate constructs (e.g., reward)
to observables (e.g., thresholds) derived from the
procedure (Cronbach and Meehl, 1955).

An alternative conceptualization of construct validity
is the requirement that models meet the construct of
functional equivalence, defined as “assessing how con-
trolling variables influence outcome in the model and
the target disorders” (Katz and Higgins, 2003). The
most efficient process for evaluating functional equiv-
alence has been argued to be through common experi-
mental manipulations that should have similar effects
in the animal model and the target disorder (Katz and
Higgins, 2003). This process is very similar to the broad
use of the construct predictive validity (see below). Face
eurobiology of Addictive Disorders, The Scripps Research
la, CA 92037 USA. Tel: 858-784-7062, Fax: 858-784-7405,



Table 9.1

Traditional animal models of depression

Forced swim test (in rats and mice)

Tail suspension test
Learned helplessness (in rats and mice)
Olfactory bulbectomy (in rats and mice)
Differential reinforcement of low rates of responding

(72 seconds; in rats)
Maternal deprivation
Neonatal clomipramine treatment (in rats and mice)

Social stress (in shrews)
Chronic mild stress
Agonistic behavior

Flinders sensitive rats

(Reproduced with permission from Cryan et al., 2008.)

KOOB
validity is often the starting point in animal models in
which animal syndromes are produced that resemble
those found in humans but are limited by necessity
(McKinney, 1988). Reliability refers to the stability
and consistency with which the variable of interest can
be measured. Reliability is achieved when, following
objective repeated measurement of the variable, small
within- and between-subject variability is noted, and
the phenomenon is readily reproduced under similar cir-
cumstances (for review, see Geyer and Markou, 1995).
Predictive validity in the more narrow sense refers to
the model’s ability to lead to accurate predictions about
the human phenomenon based on the response of the
model system. Predictive validity is used most often in
animal models of psychiatric disorders to refer to the
ability of the model to identify pharmacological agents
with potential therapeutic value in humans (Willner,
1984; McKinney, 1988).
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Table 9.2

Animal models of reward/motivation deficits in depression

Chronic mild stress as a model of depression

Brain stimulation reward as a measure of the reward
deficits associated with the chronic mild stress model of

depression
Sucrose intake/preference as a measure of the reward deficits
associated with the chronic mild stress model of depression

Progressive-ratio responding as a measure of the reward
deficits associated with the chronic mild stress model of
depression
ANIMALMODELSOF DEPRESSION:
REWARDANDMOTIVATIONAL

MEASURES

Introduction and definitions

Depression is a major healthcare problem and a signif-
icant economic burden to society. Depression, or a
major depressive episode, also is a chronic relapsing
disorder characterized by severe mood disorders with
a significant genetic component (Levinson, 2006) and a
long-hypothesized contribution from stress (Wurtman,
2005). Major depressive episodes show a kindling-like
effect; the episodes, if left untreated, become worse
over time and more severe. Suicide is very highly repre-
sented in affective disorders, with 60–70% of severely
depressed individuals having suicidal ideations and
10–15% ultimately attempting suicide (Moller, 2003).

Traditional animal models for antidepressant medica-
tions include a number of tests that have a relatively high
throughput and are relatively easy to use. These include
tests relevant to mechanism of action, such as antagonism
of reserpine-induced behavioral effects (dopamine, sero-
tonin, and norepinephrine depletion) and potentiation
of tryptophan- (serotonin), apomorphine- (dopamine), or
yohimbine- (norepinephrine) induced behavioral effects
in combination with a variant of the forced swim test
(McArthur and Borsini, 2006).

Other animal models of depression with good predic-
tive validity, but limited construct validity, are listed in
Table 9.1 and include the forced swim test, modified
swim test, learned helplessness, olfactory bulbectomy,
differential reinforcement of low rates of responding
(72 seconds), maternal deprivation, neonatal clomipra-
mine treatment, social stress in shrews, chronic mild
stress (see below), agonistic behavior, and Flinders sen-
sitive rats (Cryan et al., 2008). However, currently there
is a shift away from traditional animal models of depres-
sion to more focused “endophenotype-like” approaches.
To that end, the next section describes animal models that
have face validity and in some cases a degree of reliability
and construct validity for a key element of depression:
reward deficits. The independent variable explored here
is chronic mild stress as an animal model of depression.
Three dependent variables that have been hypothesized
to measure reward motivational deficits are explored:
(1) sucrose consumption and/or preference; (2) brain
stimulation reward; and (3) progressive-ratio responding
for a natural reward (Table 9.2).

Face validity and construct validity
of animal models of reward deficits

in psychiatric disorders

CHRONIC MILD STRESS AS A MODEL OF DEPRESSION

In this model, rats are exposed to chronic mild stress
consisting of 5–6 weeks of stressors such as food and
water deprivation, continuous lighting, cage tilting,
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paired housing, a soiled cage, exposure to reduced tem-
perature, intermittent white noise, stroboscopic lighting,
exposure to an empty bottle following water depriva-
tion, restricted access to food, novel odors, and the
presence of a foreign object in the cage (Willner et al.,
1987; Yu et al., 2007).

ANIMAL MODELS OF P
BRAIN STIMULATION REWARD AS A MEASURE OF REWARD

DEFICITS ASSOCIATED WITH THE CHRONIC MILD STRESS

MODEL OF DEPRESSION AND DRUG WITHDRAWAL

Chronic mild stress produces a number of behavioral
and physiological abnormalities that have face validity
for the symptoms of depression (Moreau, 1997). These
include decreased sexual and exploratory behavior,
sleep abnormalities, immune and hypothalamic pituitary
adrenal dysregulation, and hedonic deficits measured by
sucrose consumption, place conditioning, and brain
stimulation reward.

As described above, brain stimulation reward (com-
monly referred to as intracranial self-stimulation: ICSS)
is a procedure in which animals perform a response to
stimulate parts of the central nervous system electri-
cally. Brain stimulation reward has many advantages
over natural rewards. It directly activates brain reward
systems, bypassing much of the input side of the circuit.
Also, as noted above, the field has more or less settled
on two procedures: the rate–frequency curve shift
procedure (Campbell et al., 1985) and the discrete-trial,
current-intensity procedure (Kornetsky and Esposito,
1979; Markou and Koob, 1992). A large proportion of
the studies exploring reward deficits in psychiatric
illness have used one of these two procedures.

Using brain stimulation reward, Jean-Luc Moreau
and colleagues have consistently shown reliable hedonic
deficits following chronic mild stress measured by
threshold changes in the ventral tegmental area
(Moreau et al., 1992, 1993, 1994a, b, 1995; Moreau,
1997). The chronic mild stress paradigm was adapted
from Willner et al. (1987) and consisted of 4 consecutive
weeks, 5 days per week, of confinement to small cages,
overnight illumination, food and water deprivation,
restricted food, exposure to an empty water bottle,
and soiled cage exposure. Elevations in reward thresh-
olds were observed during the chronic mild stress
procedure. Chronic administration of a number of anti-
depressant treatments and drug treatments, including
desipramine (Norpramin), mianserin (Tolvon), tolca-
pone (Tasmar), and moclobemide (Manerix/Aurorix),
reversed the increase in reward thresholds produced
by this stress procedure (Moreau et al., 1992, 1993,
1994a, b, 1995; Moreau, 1997).
SUCROSE INTAKE/PREFERENCE AS A MEASURE

OF REWARD DEFICITS ASSOCIATED WITH

THE CHRONIC MILD STRESS MODEL OF DEPRESSION

Sucrose is a highly reinforcing sweet substance in
rodents, and rats will show a concentration-dependent
increase in both consumption and preference for
sucrose that forms an inverted U-shaped function
(Muscat et al., 1991). On the ascending limb of the
concentration intake function, intake is monotonically
related to preference (Young andMadsen, 1963; Muscat
et al., 1991). Reduced preference for a sucrose solution
in rats has been hypothesized to reflect decreased sensi-
tivity to reward and has been argued to be homologous
with anhedonia (Willner et al., 1992).

Chronic sequential exposure to mild unpredictable
stress has been found to decrease the consumption of,
and in some cases preference for, palatable sweet
solutions (Katz, 1982; Willner et al., 1987; Muscat and
Willner, 1992; Yu et al., 2007). Additionally, the chronic
mild stress-induced decrease in palatable solution intake
has been replicated with social stress (Von Frijtag et al.,
2002), novelty stress (Duncko et al., 2003), forced swim
stress (Yu et al., 2007), and a variety of pharmacological
agents hypothesized to induce depressive-like states, in-
cluding interferon-a (Sammut et al., 2001), interleukin-
1b (Merali et al., 2003), and interferon-g (Kwant and
Sakic, 2004). Not all depression models are effective,
notably olfactory bulbectomy which produced decreases
in preference only in female rats (Stock et al., 2000)
or increases in preference (Slattery et al., 2007). Per-
haps more impressive have been numerous studies
showing that the decrease in consumption and/or
preference was reversible by chronic but not acute treat-
ment with antidepressants (Willner et al., 1987; Muscat
et al., 1992; Cheeta et al., 1994; Rygula et al., 2006a, b;
Casarotto and Andreatini, 2007; Yu et al., 2007).

However, the chronic mild stress procedure com-
bined with decreased sucrose intake and/or preference
is not without controversy. In a series of studies, the
hypothesis that weight loss per se accounts for the
decrease in sucrose intake was proposed. Intermittent
food restriction (a component of chronic mild stress)
would be predicted to lead to reduced caloric require-
ments for maintenance of stable body weight and thus
account for the decrease in sucrose intake (Matthews
et al., 1995; Forbes et al., 1996; Reid et al., 1997). Possibly
masking a true hedonic deficit, this interpretation has
not held up in all studies. Several studies that involve
other stressor and pharmacological challenges have led
to decreases in sucrose consumption and/or preference.
A number of studies have also shown that animals sub-
jected to chronic mild stress do not show weight changes
compared with nonstressed controls (Yu et al., 2007).
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Regardless, because caloric restriction-induced weight
changes at a minimum confound interpretation, it may
be best to employ a regimen of stressors in chronic mild
stress procedures that limits this confound.

PROGRESSIVE-RATIO RESPONDING AS A MEASURE

OF REWARD DEFICITS ASSOCIATED WITH THE

CHRONIC MILD STRESS MODEL OF DEPRESSION

Again, as described above, progressive-ratio responding
has been used for over 50 years as a method for testing
hypotheses of the relative strength of reinforcers
(Hodos, 1961; Hodos and Kalman, 1963). Curiously, only
a few studies have explored progressive-ratio respond-
ing as a dependent variable with the chronic mild stress
paradigm. Chronic mild stress had no effect on break-
points when responding under a progressive-ratio sched-
ule for 1% or 7% sucrose, although the subjects did show
the previously observed decrease in consumption of 1%
sucrose (Barr and Phillips, 1998). This contrasts with a
robust decrease in progressive-ratio responding ob-
served during psychostimulant withdrawal (Barr and
Phillips, 1999). Withdrawal from all drugs of abuse in-
creases reward thresholds (Koob and Volkow, 2009).
Similar results were observed with rats exposed to
chronic mild stress that responded more for pellets con-
taining 10% sucrose and with humans exposed to de-
pressive musical mood induction who responded more
for chocolate buttons, leading the authors to argue that
the progressive-ratio procedure measures craving rather
than reward (Willner et al., 1998; but see above regarding
drug withdrawal and progressive-ratio responding).

Other stressors, such as neonatal isolation, increase
progressive-ratio responding for food (Kosten et al.,
2006). However, others have shown decreases in
progressive-ratio responding for sucrose following early
deprivation (Ruedi-Bettschen et al., 2005) or no effect
on progressive-ratio responding for sucrose following
maternal separation (Shalev and Kafkafi, 2002). Thus,
there is no consistent effect of chronic mild stress or
developmental stressors on progressive-ratio respond-
ing for food or sucrose. The results suggest that the
decreases in sucrose consumption and increases in brain
stimulation reward thresholds observed with chronic
mild stress or the decreases in progressive-ratio
responding and brain stimulation reward observed with
drug withdrawal may reflect different reward deficit
disorders.

Validity of animal models of reward deficits

Clearly, there are significant differences between the
sensitivity, reliability, and construct validity of the three
measures of reward deficits explored in this review.
Brain stimulation reward provides a reliable and
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sensitive measure of a reward deficit in drug withdrawal
consistent with reward deficits described in the human
condition. It has also been validated with manipulation
of both reward and performance variables (Markou
and Koob, 1991). Neuropharmacological validation of
brain stimulation reward has shown that agents that
decrease thresholds increase reward in humans (drugs
of abuse), and agents that increase thresholds generally
produce dysphoric responses in humans, lending con-
struct validity.

With much more limited data, progressive-ratio
responding shows decreases in breakpoint for natural
rewards associated with drug withdrawal, consistent
with the data on brain reward thresholds. Progressive-
ratio responding has a long history of validation as a
measure of motivation (Hodos and Kalman, 1963;
Rowlett, 2000) and is sensitive to changes in reward
value (Hodos and Kalman, 1963).

However, sucrose consumption and/or preference,
although used extensively, has much less reliability
and validity. There is a confound associated with weight
loss in some studies, although others report decreases in
consumption without weight loss. Decreases in sucrose
consumption are also not reliably observed during drug
withdrawal, or indeed at all in the human condition.
Finally, a number of studies have either failed to see a
change in sucrose consumption and/or preference.
Indeed, humans with major depressive episodes report
increased “craving” for sweets, the direct opposite of
rats exposed to chronic mild stress. However, sucrose
consumption following chronic mild stress does have
predictive validity for antidepressant treatments, pre-
sumably driving its popularity as the use of sucrose
consumption/preferences has increased asymptotically
in the literature. Another reason for the extensive use
of sucrose consumption/preference presumably is due
to the ease of measurement compared with brain stim-
ulation reward and progressive-ratio responding, which
both require specialized operant equipment.

OB
ANIMALMODELSOFANXIETY

Anxiety is a common emotion and an integral response
to the trials and tribulations of life. Anxiety is adaptive
when mild, but may be incapacitating and terrifying
when extreme. To the clinician, anxiety appears in sev-
eral clinically recognizable forms. Distinctions are made
between patients who suffer from persistent, diffuse
psychological feelings of dread, unremitting nervous-
ness, tension, and worry accompanied by motor tension,
vigilance, and autonomic hyperactivity in the absence
of obvious external stressors compared with patients
who are relatively symptom-free until paroxysmal acute
anxiety or panic attack occurs. Panic attacks are
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accompanied by subjective feelings of terror, apprehen-
sion, and fear of dying. Somatic symptoms occur in
multiple physiological systems and include dyspnea,
sweating, faintness, and trembling. The signs and symp-
toms of panic disorder are similar to those occurring
during a life-threatening situation or during intense
physical exercise. Further diagnostic distinctions are
made among patients with anxiety due to posttraumatic
stress disorder (PTSD), obsessive-compulsive disorder,
and phobic disorders, reflected in the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition
(DSM-IV: American Psychiatric Association, 1994).
Anxiety is also a prominent component of other psychi-
atric disorders, including schizophrenia, affective ill-
ness, and substance abuse and withdrawal.

The state of clinical anxiety research has rapidly
evolved with the enumeration of several subtypes of
clinically specific anxiety state. Unknown is whether
these subtypes and their distinctive signs and symptoms
reflect a unitary phenomenon or are independent
syndromes with separate neurobiological substrates.
Unfortunately, there are few, if any, animal models suf-
ficiently validated to discriminate among the various
subtypes of anxiety disorders (Table 9.3). A future chal-
lenge will be to develop animal models that will reflect
some aspects of these clinical anxiety syndromes.

ANIMAL MODELS OF P
Selected animal models of
generalized anxiety

OPERANT CONFLICT TEST

One of the most widely used animal models of anxiety is
the operant conflict test. This model is based on pairings
of positive reinforcement (e.g., foodorwater) and punish-
ment (e.g., shock). The test has proven uniquely useful in
identifying GABAergic drugs that have antianxiety ef-
fects in humans. Although the historical roots for the con-
flict paradigm are based on the approach avoidance tests
developed by Masserman and Yum (1946), the first oper-
ant configuration was introduced by Geller and Seifter
(1960). Animals are first trained to press a lever for food
Table 9.3

Animal models of anxiety

Operant conflict test
Elevated plus maze

Defensive withdrawal
Defensive burying
Social interaction

Panic disorder
Obsessive-compulsive disorder
Posttraumatic stress disorder
reinforcement. At discrete time intervals, a tone signals
the onset of a “conflict” period duringwhich lever presses
are simultaneously reinforced with food and punished
with electric shock. Another version of the operant con-
flict model of anxiety is the Vogel conflict test (Vogel
et al., 1971). In this model, water-licking in fluid-restricted
animals is paired with an electric shock. Rats pretreated
with antianxiety agents, such as diazepam and chlordiaz-
epoxide, take significantlymore electric shocks during the
conflict period than control rats. Studies using a variety of
drugs have demonstrated that behavior in the conflict test
is highly selective for and sensitive to anxiolytic agents
that have a g-aminobutyric acid (GABA)-ergic mecha-
nism of action with a rank order of potency similar to that
observed clinically (Cook and Sepinwall, 1975). Antide-
pressants and antipanic drugs, such as imipramine and
amitriptyline, are ineffective (Rastogi and McMillan,
1985). Serotonin 5-HT1A agonists have produced inconsis-
tent results (Yamashita et al., 1995). Thus, in general, the
Geller–Seifter conflict test is pharmacologically isomor-
phicwith the human state of generalized anxiety and dem-
onstrates good predictive validity and reliability in
identifying potentially useful GABAergic pharmacother-
apies for anxiety.

There are somedisadvantages to theuseofoperantcon-
flict models. An inherent limitation of all such drug-
correlational models is that they may only identify com-
pounds that act at the GABA–benzodiazepine receptor
complex. Second, the training procedures are often time-
consuming. Third, the conflict models rely on an
animal’s motivation to consume food or water. However,
control experiments show that hunger as a manipulated
variable produced a significant rise in nonpunished
respondingbutonlya slight increase inconflict responding.
These results suggest that enhanced foodmotivation alone
is not sufficient to account for the release of punished
responding produced by anxiolytic compounds. Addition-
ally, the conflict test displays goodconvergentvaliditywith
othermodels of anxiety that do not utilize either a food re-
inforcer or shock. Why the majority of anxiolytic com-
poundsalsoproducehyperphagia remains tobeelucidated.
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ELEVATED PLUS MAZE

This ethologically based exploratory model of anxiety
measures how animals, typically rats and mice, respond
to a novel approach–avoidance situation by measuring
relative exploration of two distinct environments, a lit
and exposed runway versus a dark and walled runway
intersected in the form of a plus sign. Both runways are
elevated off the floor. No motivational constraints are
necessary, and the animal is free to remain in the darkened
arm or venture out on to the open arms. This type of
approach–avoidance situation is a classical animal model
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of “emotionality” (Archer, 1973) and is very sensitive to
treatments that produce disinhibition (such as sedative/
hypnotic drugs) and stress (Dawson and Tricklebank,
1995). Moreover, the simplicity of the plus maze test
provides a high degree of utility in measuring emotional
reactivity to experimental treatments. Accordingly, the
plus maze test has been the subject of several hundred
studies of rodent emotionality since the description and
validation of the modern testing protocol in 1984–85
(Handley and Mithani, 1984; Pellow et al., 1985).

Experimental treatments such as GABA inverse
agonists, which reduce open-arm entries, are identified
as anxiogenic-like in the plus maze, whereas other drugs
such as GABA agonists, which increase open-arm explo-
ration, are judged to be anxiolytic (Pellow and File,
1986). Some benzodiazepine-sensitive anxiety states,
such as ethanol withdrawal, are modeled quite well by
the plus maze (Baldwin et al., 1991; File et al., 1991). Sev-
eral dedicated reviews (Handley and McBlane, 1993;
Reibaud and B€ohme, 1993) offer critical examination
of the validity of the plus maze as a model of anxiety.
For instance, the plus maze test is sensitive, as expected,
to serotonergic ligands (Treit et al., 1993), although the
effects of 5-HT1A receptor agonists are equivocal
(Handley et al., 1993; File et al., 1996), perhaps because
of motor effects of this drug class which confound the
measure of emotionality (Dawson and Tricklebank,
1995). Accordingly, caution should be exercised in
modeling clinical anxiety disorders with the plus maze.
The plus maze is apparently not sensitive to agents that
induce panic in the clinical setting (Rodgers and Cole,
1993). Agoraphobia is one anxiety disorder comprising
the fear of being in places or situations from which es-
cape might be difficult (American Psychiatric Associa-
tion, 1994) that may have face validity for the plus
maze given the fear of open spaces inherent in this test
(Treit et al., 1993; but see below).
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DEFENSIVE WITHDRAWAL

This model consists of an illuminated open field with
a small enclosed and darkened chamber situated near
one corner of the field (Gorman and Dunn, 1993). The
extent to which subjects, typically rats and mice, remain
in the enclosure without venturing to explore the open-
field environment is taken as a measure of fear-like
behavior. The defensive withdrawal test evolved from
so-called “timidity” tests (Archer, 1973) in which latency
to emerge from a sheltered environment is recorded.
The particular species-typical behavior modeled in
emergence tests is the tendency for rodents in a diverse
environment to seek out physical protection from real
or potentially threatening stimuli (Takahashi et al.,
1989). Benzodiazepines decrease the latency to emerge
and decrease the amount of defensive withdrawal,
while anxiogenic treatments have the opposite effect.
For example, the adrenergic agonist isoproterenol sig-
nificantly increased defensive withdrawal, whereas
the b-adrenergic antagonist propranolol prevented
isoproterenol-induced defensive withdrawal, suggesting
that the effect of isoproterenol resulted from stimula-
tion of b-adrenergic receptors (Gorman and Dunn,
1993). An anxiety disorder possibly having face validity
with the emergence tests includes agoraphobia, similar
to the plus maze test, given that defensive with-
drawal constitutes a passive immobility response to
environmental novelty (but see below).

The defensive withdrawal test also detects antistress
properties of corticotropin-releasing factor (CRF)
antagonists. When injected centrally, both CRF agonists
and competitive CRF antagonists modify behavior in the
defensive withdrawal paradigm (Takahashi et al., 1989).
Details related to design and execution of the defensive
withdrawal test are available (Takahashi et al., 1989;
Gorman and Dunn, 1993).

OB
DEFENSIVE BURYING

Rodents have a natural defense reaction to unfamiliar
and potentially dangerous objects by spraying bedding
material over the object, leading to coverage of the
object. The best-known procedure employs a metal
probe protruding into the cage and on which, at first
contact, a mild electric shock is delivered (Andrews
and Broekkamp, 1993). The total time spent burying
the probe, the total number of burying acts, and the
height of the bedding material deposited over the probe
all serve as validated measures of emotionality in this
test (Bowers et al., 1992; Korte et al., 1994). In an envi-
ronment without bedding material, where the active
burying option is not possible, subjects adopt a passive
strategy by exhibiting immobility in locations away
from the probe (Korte and Bohus, 1990). The anxiety
disorder most effectively modeled in terms of face
validity by the defensive burying task may be specific
phobia (formerly simple phobia), the essential feature
of which is a marked and persistent fear of clearly dis-
cernible, circumscribed objects or situations (American
Psychiatric Association, 1994).

Alternative models of defensive burying employ
nonelectrified objects that provoke burying spontane-
ously (Njung’e andHandley, 1991). For example, rats will
bury noxious materials such as food pellets coated with
bitter-tasting quinine, drinking spouts dispensing pepper
sauce (Tabasco) or flashcubes that discharge nearby.
Mice do the same, for example burying harmless objects
such as glass marbles, and the behavior is particularly
vigorous in novel cages with clean bedding material.
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Anxiolytic drugs such as diazepam inhibit this behavior
by decreasing the duration and extent of marble-burying
(Njung’e and Handley, 1991). The lack of extinction of
burying behaviors with repeated exposure to the induc-
ing stimuli has provided some comparison of this animal
model of anxiety to obsessive-compulsive disorders, the
symptomatology of which includes repetitive acts aimed
at preventing or reducing distress (Broekkamp and
Jenck, 1989). A specific protocol for performing the
shock-probe and glass marble variants of the defensive
burying test in rats and mice is available (Andrews and
Broekkamp, 1993).

SOCIAL INTERACTION

The social interaction test in rats measures the time
spent in social investigation by pairs of male rats (File
and Hyde, 1978). The pairs of male rats are placed in
an experimental arena, and the time that they spend
in active social interaction (e.g., sniffing, grooming) is
measured. The addition of infrared beams in the testing
arena allows automated measures of locomotor acti-
vity and rearing and provides a measure of specificity.
When rats are unfamiliar with these test environments,
or when the test environment is highly illuminated, the
overall level of social interaction is suppressed.

Anxiolytic compounds dose-dependently increase
social interaction in an unfamiliar, bright environment
(File andHyde, 1978; File, 1980). The social interaction test
is sensitive to the anxiolytic properties of GABAergic ag-
onists, such as benzodiazepines, ethanol, and barbiturates.
Other anxiolytic compounds (e.g., steroids, opioids, and
serotonergic drugs) can produce anxiolytic-like effects
in the social interaction test, but the effects differwith dif-
ferent conditions, such as the lighting or the novelty of the
testing situation (for review, see File, 1993).

Chronic administration of antidepressants is ineffec-
tive (Johnston and File, 1988). The social interaction test
is also sensitive to anxiogenic-like treatments. Adminis-
tration of CRF produces an anxiogenic-like action in the
social interaction test (Dunn and File, 1987).

The social interaction test has been validated behavior-
ally, physiologically, and pharmacologically in male rats
(File and Hyde, 1978; File, 1980, 1988). However, attempts
to develop a similar test inmice have been limited because
of the tendencyofmice toproduce aggression (DeAngelis
and File, 1979).

Animal models of panic disorder,
obsessive-compulsive disorder, and

posttraumatic stress disorder

Little evidence shows that particular animal tests can
represent particular clinical subtypes of anxiety disorder
or predict efficacy of treatments of particular subtypes
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of anxiety disorder. However, the fact that different
tests appear to measure different anxiety-like states in
rodents, the explosion of basic research of the neurobi-
ological basis of these anxiety-like measures, and the ef-
fects of clinically relevant drugs on these measures will
ultimately provide the data with which to validate such
hypotheses.

Despite the availability of specific treatments for
panic disorder (tricyclic antidepressants, serotonin reup-
take inhibitors), there are no generally accepted animal
models of panic disorder. Cuccheddu et al. (1995)
reported that a brief inhalation of carbon dioxide pro-
duces an anxiogenic-like effect in the Vogel conflict
test. CO2 inhalation produces subjective feelings of anx-
iety in some humans (Papp et al., 1993), and this report
may have some face validity. However, further work is
needed to validate the procedure as a model of panic dis-
order. Moreover, chronic treatment with several types
of antidepressant, including tricyclics and monoamine
oxidase inhibitors, has reversed conditioned suppression
of drinking in rats, suggesting a potential predictive
model for the use of antidepressants in panic dis-
order and generalized anxiety disorder (Fontana and
Commissaris, 1988; Fontana et al., 1989).

A model that has been proposed for obsessive-
compulsive disorder is schedule-induced polydipsia.
Food-deprived rats show excessive drinking when
exposed to a schedule in which small amounts of food
are delivered intermittently. Falk (1977) hypothesized
that schedule-induced polydipsia develops as a displace-
ment behavior to stress, similar to other displacement
behaviors elegantly described by the ethologist Tinbergen
(1952). Both displacement behaviors and schedule-
induced polydipsia may serve a stress reduction func-
tion. Selective serotonin reuptake inhibitors, such as
fluoxetine and clomipramine, decrease schedule-induced
polydipsia after 14–21 days of treatment, suggesting
that schedule-induced polydipsia may show pharmacolo-
gical isomorphismwith the human condition (Roehr et al.,
1995; Woods-Kettelberger et al., 1996). Although this
is an intriguing possibility and appears to have some
face validity, other data do not support this hypothesis.
For example, low doses of benzodiazepines increase
schedule-induced polydipsia (Sanger and Corfield-
Sumner, 1979), and the anxiogenic-like compound
CRF has been reported to attenuate schedule-induced
polydipsia (Cole and Koob, 1994), the opposite of
what might be expected.

A number of animal models of PTSD have been pro-
posed, including repeated shock stressors, repeated
social stressors, and a single prolonged stress paradigm
(i.e., a combination of various individual stressors ap-
plied in one session). Weeks to months after stressor
exposure, treated animals show a clear conditioned
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response to stimuli associated with the trauma and a
sensitization to novel stressful stimuli unrelated to the
trauma (for review, see Rau et al., 2005; Stam, 2007).
For example, rats previously exposed to shock show a
strong conditioned fear-like response when re-exposed
to the shock apparatus and a long-lasting (weeks to
months) hyperresponsivity (or sensitization) to novel
stressful stimuli. Differences in responsivity can vary
with the species (rat or mouse), the stressor (shock, so-
cial or single prolonged stress), or the measure (novel
open field versus startle response versus escape task)
(Stam, 2007).

PTSD involves a broad range of behaviors occurring
together, and there is no specific pharmacological treat-
ment for the syndrome per se. Moreover, pharmacolog-
ical treatments generally are applied to treat the fully
developed disorder. Animal studies reveal some predic-
tive validity for benzodiazepines and serotonin agonists.
Treatment with serotonin reuptake inhibitors and benzo-
diazepines after shock exposure in PTSD models re-
duces some behavioral measures of sensitization (van
Dijken et al., 1992; Bruijnzeel et al., 2001). The challenge
for future research will be to isolate particular aspects
of the syndrome to understand them more completely
and to investigate them in terms of their responsiveness
to selective interventions known to have efficacy in the
human condition.
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Face and construct validity of animal
models of anxiety

The majority of animal models of anxiety have been de-
veloped to identify anxiolytic drugs and to reject non-
anxiolytic drugs. Most of the standard models
reviewed appear to have good predictive validity for
drugs that are effective in the treatment of generalized
anxiety disorder. Each of the models has its strengths
and weaknesses which need to be recognized, and the
use of multiple models provides convergent validation
of the findings.

Clearly, more work is needed to develop and validate
animal models of panic disorder, obsessive-compulsive
disorder, simple phobias, and PTSD. Potential pharma-
cological treatments that reverse some of the disorders
(panic, obsessive-compulsive disorder) have not been
adequately tested. Animal models of PTSD and simple
phobias are fraught with difficulty because there are no
specific treatments. Models for these disorders may
need to be nonpharmacologically based and focus on
theory-driven and mechanistic approaches.

One major difference between animal models of
anxiety and the clinical disorders is that most patients
requiring drug treatment for anxiety present with high
trait anxiety, whereas all animal tests are based on
conditions that presumably reflect transient changes in
state. The tests described above measure adaptive
responses to a test situation, not a pathological state.
However, as long as these tests are predictive for vari-
ous aspects of the pathological state then they have
validity as animal models (Geyer and Markou, 1995).
Clearly the use of specific genetic strains and molecular
genetic manipulations, which is currently under way
with mouse models, will allow exploration of state ver-
sus trait similarities or differences.

An equally challenging question is whether different
clinical syndromes, such as generalized anxiety disorder
and panic disorder, can be discriminated by current
animalmodels andwhether such discrimination can be val-
idated.Animalmodels are, of course, limited by the sound-
ness of the relevant clinical literature (Segal and Geyer,
1985), and it still remains to be determined whether panic
disorder reflects the same underlying pathology as gener-
alized anxiety disorder, differing only in intensity and se-
verity, orwhether it is truly a nosological entity (File, 1991).

Another approach to the question of what is being
measured in animal models of anxiety has been the uti-
lization of statistical procedures, such as factor analysis,
to extract factor loadings from measures taken in vari-
ous tests. In one such analysis, a modified holeboard ap-
paratus was used to measure locomotor activity, and
rearing to reflect locomotor activity and head-dipping
to reflect exploration (File and Wardill, 1975). Compar-
ing the holeboard to the elevated plus maze and the so-
cial interaction test revealed with factor analysis three
factors: (1) an index of “anxiety”; (2) an index of explo-
ration; and (3) an index of locomotor activity (File, 1991).
Similar conclusions were reached by others using similar
analyses (Lister, 1987; Hilakivi and Lister, 1990).

Incorporating the Vogel punished drinking test
extracted five independent factors. Although the activ-
ity factors appeared to differ significantly between
tests, within each test there was good separation be-
tween measures of anxiety and locomotor activity. Most
interesting was that no common factor of anxiety-like
state emerged – each test produced an independent
anxiety-like factor (File, 1991). Similar factor loadings
were extracted after treatment with the benzodiazepine
chlordiazepoxide (File, 1991). Thus, these three animal
tests appear to measure different types of anxiety-like
state.

Similar conclusions were made when comparing the
light–dark box, elevated plus maze, holeboard test, ex-
ploration with an object, and exploration without an
object (Blackwell and Whitehead, 1975), although the
authors argued for extraction of state (exploration) and
trait (novelty reaction factors).
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Table 9.4

Paradigms for behaviors related to schizophrenia

Preattentive and attentive information processing

Prepulse inhibition
Latent inhibition

Executive functions

Working memory test
● Holeboard
● Y-maze
● Radial arm maze

Behavioral flexibility
● Extinction of operant behaviors
● Morris water maze
● Attentional set shift

Positive symptoms

Novelty-induced psychomotor agitation

Sensitivity to psychotomimetic drugs
Negative symptoms

Anhedonia
Affective behaviors

Social interaction
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SCHIZOPHRENIA

Schizophrenia has often been considered a quintessen-
tial human disorder with disturbances in thought, per-
ception, and verbal expression that are difficult,
perhaps impossible, to model in animals (Powell and
Miyakawa, 2006; Tordjman et al., 2007; Voit et al.,
2008). The wide range of schizophrenia’s clinical mani-
festations made it extremely difficult to develop clear
clinical concepts of the disorder and to refine common
fundamental principles. Today’s International Statisti-
cal Classification of Diseases and Related Health Prob-
lems, 10th edition (ICD-10; World Health Organization,
1992) and DSM-IV criteria therefore represent an arbi-
trary and provisional consensus of symptoms that all
belong to a set of perhaps distinct, but overlapping, dis-
ease entities (van Os and Kapur, 2009). The classifica-
tion includes negative symptoms (social withdrawal,
alogia, avolition, blunted affect), positive symptoms
(hallucinations and delusions), and cognitive deficits
(memory deficits, attention deficits, impaired planning
and abstract thinking, disorganized thoughts and
speech, impaired sensory processing). The disease typi-
cally manifests in the third decade of life, although pre-
schizophrenic individuals often display prodromal
symptoms in the form of minor deviations of normal
sensory, motor, cognitive, and social functions (van
Os and Kapur, 2009).

Accordingly, schizophrenia is often considered to
represent a neurodevelopmental disorder, in which
anomalies during neuronal development ultimately
lead, perhaps in conjunction with other etiological fac-
tors, to the manifestation of clinical symptoms
(Rapoport et al., 2005; Jaaro-Peled et al., 2009). Never-
theless, our understanding of the etiology and patho-
physiology underlying this disorder is even more
rudimentary than that of many other psychiatric ill-
nesses, for which at least some contributing environ-
mental factors (e.g., drugs, chronic stress, traumatic
life events) are known.

All animal models of schizophrenia are heuristic
constructs related to our limited knowledge of the
etiology and pathophysiology of the disease (Marcotte
et al., 2001; Arguello and Gogos, 2006; Geyer, 2008;
Kellendonk et al., 2009). Pharmacological animal
models involve the perturbation of glutamatergic and
dopaminergic signaling using receptor agonists and an-
tagonists. Neonatal lesioning models attempt to recapit-
ulate aspects of developmental brain deficits in
schizophrenia. Genetic models capitalize on the rapid
progress in schizophrenia genetics by manipulating
genes that are thought to be involved in the disease
etiology.
Behavioral correlates of schizophrenia
symptoms

Behavioral responses in animal models of schizophrenia
are assessed in a number of paradigms that modulate
specific aspects of schizophrenic symptoms (Marcotte
et al., 2001; Arguello and Gogos, 2006; Table 9.4). Sim-
ilar to schizophrenic patients, who never display all diag-
nostic symptoms of the disease at the same time,
animals in models of schizophrenia typically also show
behavioral changes only in some of the tests. They are
therefore most useful to investigate the neuronal mech-
anisms by which genetic, pharmacological, or experi-
mental manipulations produce particular behavioral
symptoms. It should be emphasized, however, that none
of the behavioral assays is specific for schizophrenia
research. In contrast, every test summarized below is
also used in studies of other psychiatric disorders.

COGNITIVE SYMPTOMS

Tasks of attention, tasks that involve executive func-
tions or declarativememory, andworkingmemory are of-
ten disrupted in schizophrenic patients (Tan et al., 2009;
van Os and Kapur, 2009). These deficits, of all schizo-
phrenia symptoms, are probably the easiest to study in an-
imal models because they are not uniquely human.

Deficits in preattentive information processing in
schizophrenia are indicated by the inability of patients
to filter sensory information. This deficit correlates with
an overresponsivity to sensory stimulation and cognitive
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fragmentation (Braff and Geyer, 1990). Sensorimotor
gating of the startle reflex is a common behavioral
paradigm for assessing preattentive sensory processing
in humans and animals (Swerdlow and Geyer, 1998).
This paradigm addresses neuronal processes that regu-
late the effects of sensory inputs on motor responses.
Thus, the response of an individual to a startling audi-
tory or tactile stimulus is reduced when the stimulus
is directly preceded by a weaker, nonstartling stimu-
lus (prepulse). Prepulse inhibition (PPI) is reduced in
patients suffering from schizophrenia and in healthy
subjects exposed to psychosis-inducing drugs (Geyer
and Ellenbroek, 2003). A deficit in PPI can be reversed
by antipsychotic drug treatment. It is known that PPI
is not a form of conditioning because it is already
observed after the first prepulse exposure and
shows no habituation or extinction over several trials
(Swerdlow and Geyer, 1998).

The most common implementation of this paradigm
in rodents is the exposure to a startling auditory
stimulus (e.g., 110 dB, 120Hz, 40ms). The test is typically
performed by placing the animals on a pressure-
sensitive platform in a sound-insulated specialized de-
vice equipped with an auditory stimulator that also
delivers a backgroundwhite noise (50–70 dB). The startle
response is calculated as the maximum increase in
pressure on the platform within 100 ms of the stimulus.
A prepulse delivered 30–500 ms immediately before
the pulse has the same frequency and duration, but a
lower amplitude (5–20 dB above background). Startle
signals are presented randomly with or without prepulse
within the samesession. PPI is expressedas thedifference
in startle response, with and without prepulse. Audi-
tory sensory gating in humans is mostly assessed in the
P50 paradigm, in which PPI of an auditory-evoked
potential is evaluated by electroencephalography.

Because the PPI paradigm can conceptually be linked
to similar clinical observations in schizophrenic patients,
it has attained enormous popularity as a translational tool
and is probably themost widely used behavioral paradigm
in schizophrenia research (Geyer, 2008). As stated above,
it is important to remember that PPI deficits are not
specific for schizophrenia. PPI is not even used for diag-
nostic purposes. It has no predictive value for the clinical
course of the disorder or for responses to antipsychotic
medications. In fact, there is substantial overlap in
PPI values of normal individuals and those diagnosed
with a psychiatric disorder (Swerdlow and Geyer, 1998;
Swerdlow et al., 2008). Furthermore, low PPI in healthy
individuals is not associated with any functional or adap-
tive disadvantage (Swerdlow et al., 2008). Nevertheless,
studies on genetic, developmental, and pharmacological
effects on PPI resulted in the development of animal
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models with good predictive validity and are widely used
in antipsychotic drug development.

One hallmark of the core neurocognitive deficits
in schizophrenia is the inability of patients to focus
their attention on salient environmental events (van Os
and Kapur, 2009). Instead, patients are often either pre-
occupied with internal stimuli or are readily distracted
by environmental sensory inputs without immediate
relevance.

The latent inhibition paradigm, a behavioral test
commonly used to assess associative learning in differ-
ent animal species, was developed in the late 1950s and
introduced in the early 1980s as an animal correlate for
attentional deficits in schizophrenia (Solomon et al.,
1981; Tseng et al., 2009). This paradigm is based on
the observation that the neutral presentation of an
environmental stimulus will render this stimulus sub-
sequently less effective in generating a conditioned
response compared with a novel stimulus. This redu-
ced conditioning effect is generally interpreted as
reduced salience of the pre-exposed stimulus. Thus,
animals and humans adjust their behavioral responses
to the relevance of stimulus-associated consequences
based on past experience.

The behavioral expression of latent inhibition is the
consequence of two competing and contradictory asso-
ciations during pre-exposure (stimulus–no conse-
quence) and conditioning (stimulus–reinforcement).
Expression of latent inhibition therefore indicates that
the animal’s behavior remains under the influence of
the association acquired during the pre-exposure, while
the absence of latent inhibition indicates a switch of the
animal’s association in response to the novel stimulus–
reinforcement contingency. Depending on the experi-
mental variables of the pre-exposure and conditioning
sessions, latent inhibition abnormalities can be detected
in the form of either a retarded or disrupted latent inhi-
bition or an unusually persistent latent inhibition. Dis-
rupted latent inhibition may result from a failure to
ignore irrelevant stimuli, and persistent latent inhibition
may reflect a failure to attend to a stimulus when it gains
salience.

In humans, latent inhibition is disrupted by treatment
with amphetamine and potentiated by antipsychotic
drugs in healthy volunteers (Swerdlow et al., 2003).
Animal models with disrupted latent inhibition are
thought to provide good face and construct validity
for schizophrenia symptoms (Geyer and Ellenbroek,
2003).

Executive functions orchestrated by the prefrontal
cortex select and process information necessary to
initiate appropriate behaviors and to inhibit inappro-
priate behaviors according to changing environmental
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conditions. These executive functions include working
memory, cognitive flexibility, sustained attention, and
inhibitory response control (Holmes and Wellman,
2009). Working memory, in turn, refers to the ability
to transiently process and retain information necessary
for cognitive processes that guide behavior (Baddeley,
1992), and many working memory tests have been devel-
oped for rodents. In the holeboard discrimination task,
animals have access to a limited number of food
rewards that are placed in choice holes within an open
field arena (typically 16 holes; Kuc et al., 2006). Returns
of the animal to previously visited holes that were never
baited or from which the food reward has already been
collected by the subject are regarded as working mem-
ory errors. Conceptually similar is the radial arm maze
test, in which the animal has to collect food rewards
placed in the distal parts of the arms.

Cognitive or behavioral flexibility is evaluated in
rodents using a wide range of paradigms, including
relatively simple concepts such as extinction of a
conditioned response, which entails the suppression of
a behavioral response that is no longer reinforced
(Floresco et al., 2009). Animals need to attend to stimuli
or conditions that were previously irrelevant in more
complex paradigms such as spatial reversal learning in
the Morris water maze or attentional set-shifting tasks.

For reversal learning in theMorris water maze, the an-
imals are first trained to locate a hidden submerged plat-
form using spatial cues (D’Hooge and De Deyn, 2001). In
the reversal phase, the platform is moved to a new posi-
tion in the tank. Animals initially have to learn that the
previous escape strategy is no longer successful, then
search for a new strategy and finally memorize the novel
position of the platform. An attentional set-shifting task
for rodents with conceptual similarities to the Wisconsin
Card Sorting Task in humans was developed by Birrell
and Brown (2000). Here, rats are trained to dig for a food
reward hidden in a bowl. They have to select the correct
bowl containing the reward by its odor, the material fill-
ing the bowl, or the surface texture (Birrell and Brown,
2000). When the animals reach this criterion, the discrim-
ination rule is changed, and the animals now have to se-
lect a bowl based on a cue of either the same perceptual
dimension (intradimensional attention shift) or a differ-
ent perceptual dimension (extradimensional attention
shift). In animals with deficits in prefrontal cortex
functions, such extradimensional shifts are impaired.

ANIMAL MODELS OF P
POSITIVE SYMPTOMS

It is more than questionable whether or not rodents suf-
fer from hallucinations and delusions. Even if they do,
we have certainly no possible way of evaluating them.
In the absence of any means to assess directly positive
symptoms of schizophrenia in animal models, our only
resort is the use of surrogate behaviors that are driven by
neuronal circuits that contribute to positive symptoms.
These surrogate tests include measures of sensitivity
to psychotomimetic drugs using locomotor activity as
a behavioral readout (Powell and Miyakawa, 2006).
The increased sensitivity of some animal models of
schizophrenia thus parallels the increased sensitivity in
schizophrenic patients. Additionally, psychomotor
agitation in response to a novelty situation, which is
modulated by the dopaminergic system, is frequently
assessed in the open field test.
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NEGATIVE SYMPTOMS

Negative symptoms of schizophrenia, such as affective
flattening, poverty of speech, anhedonia, and social
withdrawal, also occur in other psychiatric disorders,
most notably in depression (van Os and Kapur, 2009).
However, they do not respond well to antidepressant
treatment. Because animal models of depression have
been validated with antidepressant drugs, it is question-
able how useful they are in the context of schizophrenia
research. Tests such as the Porsolt forced swim test or
tail suspension test have good predictive validity for
antidepressant drug efficacy but little or no construct
and face validity for depression. It is very unlikely that
these tests are relevant for assessing negative symp-
toms. Indeed, most antipsychotic drugs show no effi-
cacy (Ellenbroek and Cools, 2000). The behaviors
most commonly used to evaluate negative symptoms in-
clude anhedonia and social withdrawal. The focus here
is on social behaviors because reward behaviors and an-
hedonia have been described above.

Social behaviors in rodents can be readily evaluated
by placing two unfamiliar conspecifics into an open
field arena that contains bedding material. If this test
is performed with mice, then one of them is the mouse
that is studied. The other mouse ideally belongs to a
strain with low aggression and low social activity (e.g.,
preproenkephalin knockout mice on a DBA/2 genetic
background; Bilkei-Gorzo et al., 2004; Otte et al.,
2009), so that the majority of social contacts are initiated
by the test animal. Friendly exploratory activities
(sniffing, following), antagonistic behaviors (fighting,
biting, chasing), and nonsocial exploratory activities
and grooming are evaluated. Female animals normally
display little, if any, aggressive behaviors in this test.
Male mice may show some aggression, especially if they
were housed alone for some time before the test. Even in
that case, fighting typically starts only after several mi-
nutes, unless the animals are unusually aggressive. Male
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mice are much less aggressive when they are reared in a
group with other males, and it may thus be advisable to
use such males if aggression is observed. Other behav-
ioral tests with relevance to the negative symptoms of
schizophrenia include depression-related paradigms that
have been described above.

Animal models of schizophrenia

The development of animal models of schizophrenia has
gradually experienced a shift from pharmacological
models to those based on neurodevelopmental disrup-
tions and genetic etiology (Kilts, 2001; Marcotte et al.,
2001; Arguello and Gogos, 2006; Tseng et al., 2009).
This trend reflects the increased understanding of the
etiology and pathophysiology of schizophrenia and thus
may represent an advance toward models with improved
face and construct validity.

PHARMACOLOGICAL MODELS

The first animal models examining schizophrenia-
related behavioral symptoms involved pharmacological
manipulations of dopaminergic neurotransmission,
which is based on the available evidence implicating
the dopaminergic system in schizophrenia. Psychostimu-
lants, such as amphetamine and methylphenidate
(Lieberman et al., 1987, 1994; Levy et al., 1993), worsen
psychotic symptoms in schizophrenic patients, and typ-
ical antipsychotic drugs are dopamine D2 receptor
antagonists. Indeed, the in vitro affinity of neuroleptic
drugs for the D2 receptor is an excellent predictor of
their antipsychotic potency. The dopaminergic hypothe-
sis of schizophrenia posits that hyperactivity of the
mesolimbic dopamine system contributes to positive
symptoms, and a hypodopaminergic state of mesocor-
tical projections has been implicated in negative and
cognitive symptoms of schizophrenia (Davis et al.,
1991; Goldstein and Deutch, 1992).

Sympathomimetic drugs that enhance dopaminergic
tone, such as amphetamine, produce hyperlocomotion
and stereotypy in rodents. The latter effect is suppressed
by antipsychotic drug treatment (Marcotte et al., 2001).
Amphetamine, similar to dopamine receptor agonists
such as apomorphine, also disrupts PPI (Geyer and
Ellenbroek, 2003). This effect of apomorphine is inhibited
by typical antipsychotics but also by the atypical neuro-
leptic drug clozapine. The pharmacological disruption
of dopaminergic neurotransmission thus produced behav-
ioral constructs with some predictive validity for antipsy-
chotic drug activity. Nevertheless, there is very little direct
evidence indicating a causal effect of dopamine in schizo-
phrenia, and thus these models have little face and
construct validity (Marcotte et al., 2001).

Schizophrenia-like symptoms are also induced by
drugs that inhibit glutamatergic neurotransmission.
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Phencyclidine (PCP) and other N-methyl-D-aspartate
(NMDA) receptor antagonists, such as ketamine, induce
psychotic symptoms in healthy individuals and trigger
psychotic episodes in schizophrenic patients (Lipska
and Weinberger, 2000; Mouri et al., 2007; Lisman
et al., 2008). These pharmacological effects support
the hypothesis that a hypofunctional state of glutama-
tergic neurotransmission may contribute to psychotic
symptoms in schizophrenia. This hypothesis was sub-
stantiated by the demonstration of reduced glutamate
release and altered expression of glutamate receptors
in the brains of schizophrenic patients (Sodhi et al.,
2008). Subchronic, but not acute, administration of
PCP impaired the performance of rodents and monkeys
in working memory tasks (Jentsch et al., 1997; Mouri
et al., 2007). This deficit was ameliorated with short-
term clozapine treatment (Enomoto et al., 2005;
Mouri et al., 2007). The subchronic effects of PCP on
working memory may involve a persistent reduction
of dopaminergic tone in the frontal cortex in which
the cognitive deficits correlated positively with reduced
dopaminergic neurotransmission in this brain area.

Acute PCP treatment also disrupts PPI. Both chronic
and acute treatment with PCP, but not with amphet-
amine, dose-dependently reduces social behaviors
(Morris et al., 2005). The deficit after prolonged PCP ad-
ministration persists for at least 4 weeks after PCP with-
drawal. Repeated administration of clozapine restored
these social deficits, in contrast to haloperidol, which
was not effective. A continuous delivery of PCP using
osmotic minipumps resulted in a selective deficit in
attentional set-shifting tasks.

Although pharmacologicalmodels that target the dopa-
minergic or glutamatergic systems have been most widely
utilized, many drugs acting on different systems also pro-
duce schizophrenia-related symptoms. These include can-
nabinoids, substances acting on 5-HT2A receptors, such as
lysergic acid diethylamide (LSD) andmescaline, as well as
neuropetides, such as neurotensin (Kilts, 2001). It should
be emphasized, however, that models built on pharmaco-
logical interventions may be useful to investigate disease-
related psychopathology, but are unlikely to provide any
insights into causal pathophysiology.

OB
NEURODEVELOPMENTAL MODELS

Epidemiological studies identified a number of envi-
ronmental factors that correlate well with the incidence
of schizophrenia. Maternal obstetric complications, low
birth weight, perinatal hypoxic brain damage, and pre-
mature birth (gestation < 36 weeks) were found to in-
crease the disease risk significantly with odds ratios
ranging from 2.5 (gestation time) to 6.9 (perinatal
hypoxic brain damage). These studies led to the devel-
opmental hypothesis of schizophrenic. The neonatal
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ventral hippocampal lesion model, developed by Lipska
and Weinberger in the 1990s (Lipska et al., 1992, 1993),
is based on neuroanatomical, neuropsychological, and
neuroimaging studies in schizophrenic patients, sug-
gesting differentiation of temporal and prefrontal
cortical functions. This model involves bilateral lesions
of the ventral hippocampus of young rats (postnatal
day 7), which projects to the prefrontal cortex. These
lesions lead to alterations in the development of corti-
cal and subcortical neuronal circuits that interact with
the hippocampus. A conceptually similar model uses
mitotoxin methylazoxymethanol acetate for the disrup-
tion of normal cortical development (Lavin et al.,
2005).

Juvenile rats with ventral hippocampal lesions are
somewhat less social than control animals but show
no disturbance in tests of locomotor activity. They also
showed normal responses to dopamine agonists and
stress exposure. However, lesioned young adults (>
postnatal day 56) displayed symptoms that were consis-
tent with enhanced mesolimbic/nigrostriatal dopaminer-
gic tone. These symptoms included reduced catalepsy in
response to haloperidol, enhanced motor responses in
response to stress and psychostimulants, and enhanced
stereotypies in response to apomorphine. They also dis-
played deficits in PPI, latent inhibition, and working
memory, as well as enhanced sensitivity to NMDA re-
ceptor antagonists.

The reason for the delayed onset of the behavioral
symptoms in ventral hippocampus-lesioned animals is
not entirely clear. It is probably not related to the in-
crease of gonadal hormones during puberty because go-
nadectomy during prepuberty had no influence on the
development of symptoms (Lipska and Weinberger,
1994). Excitotoxic lesioning of cortical neurons in ani-
mals with neonatal ventral hippocampus damage ame-
liorated some of the behavioral symptoms, indicating
that aberrant cortical development may be a critical
factor (Tseng et al., 2009).

The ventral hippocampus lesioning model thus pro-
duces a spectrum of behavioral, neuropharmacological,
and neurodevelopmental changes that bear resemblance
to those described in schizophrenic patients. Notably, it
seems to introduce a pathology in schizophrenia-
relevant brain regions that is interconnected with hippo-
campal formation and affected by antipsychotic drugs
(Tseng et al., 2009). The model, therefore, appears to
have some face validity.
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GENETIC MODELS

Recent advances in human genetics resulted in the
identification of several genomic loci and genes that
are causally linked to schizophrenia (O’Donovan
et al., 2009). These breakthroughs, in conjunction with
available technologies for the manipulation of the
mouse genome, now allow for an unprecedented
opportunity to develop schizophrenia models that truly
reflect its genetic etiology (Arguello and Gogos, 2006;
Desbonnet et al., 2009; Kellendonk et al., 2009). Some
researchers challenged the relevance of transgenic and
knockout mouse models for common human disorders
because they felt that these models did not reflect the
human situation. These sentiments were mostly based
on the assumption that the hereditary component of
common disorders can be explained by the interaction
of common allelic variants, each of which contributes
only a small fraction to genetic risk. Although the na-
ture of such variants still remains largely elusive, it has
been presumed that they include minor DNA sequence
variations that often affect regulatory elements rather
than protein structure (Alaerts and Del-Favero, 2009;
Manolio et al., 2009). The consequential modulation
of such minor allelic variations would be a daunting
task indeed, particularly if one assumes that certain
allele combinations are required to produce a specific
phenotype.

However, there is now increasing evidence that rare
alleles with strong effects might contribute a substan-
tial proportion of the genetic risk of common disor-
ders, including schizophrenia (Porteous, 2008; Alaerts
and Del-Favero, 2009; Owen et al., 2009). Moreover,
these rare variants often involve large genomic duplica-
tions or deletions. Such copy number variants are
extremely well suited for genetic modeling. In fact,
many of the most common genetic manipulations,
deletion of genes, and overexpression of genes recapit-
ulate the molecular effects of copy number variants
very well.

One of the first rare gene variants associated with
schizophrenia was discovered in an extended Scottish
family, in whom carriers showed a balanced transloca-
tion between chromosomes 1 and 11. The translocation
disrupts a protein-coding gene that has been named “dis-
rupted in schizophrenia 1” (DISC1), as well as a noncod-
ing gene, DISC2 (Millar et al., 2000). A number of
different genetic mouse models have been generated
to investigate the function of this DISC1 and generate
a mouse model that resembles some of the human clin-
ical symptoms. These include mouse mutants with tar-
geted or ethylnitrosourea-induced mutations and
transgenic mouse strains that express truncated DISC1
proteins under different neuronal promoters, including
promoters that can be regulated by doxycycline
(Clapcote and Roder, 2006; Clapcote et al., 2007; Hikida
et al., 2007; Li et al., 2007; Pletnikov et al., 2008; Shen
et al., 2008). Coincidentally, Koike and coworkers also
discovered that mice of several 129 substrains carry a
natural deletion of 25 bp in exon 6 (Clapcote and Roder,
2006; Koike et al., 2006). These mouse models display
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subtle alterations in neuronal architecture (Duan et al.,
2007; Kvajo et al., 2008) and enlarged ventricles, the
best-validated neuroanatomical change observed in
schizophrenic patients. These animals also show increased
locomotor activity, altered social behaviors, and cognitive
deficits.

Another well-validated gene locus associated with
schizophrenia is the G72/G30 locus on human chromo-
some 13q32-33 (Chumakov et al., 2002; Abou Jamra
et al., 2006). This locus contains two genes, G72 and
G30, which are transcribed from overlapping comple-
mentary DNA strands. Interestingly, G72 encodes for
an evolutionary novel protein (LG72) that first appeared
in anthropoid primates. The human LG72 protein is
much longer than the corresponding proteins from
gibbons or chimpanzees, and thus LG72 appears to be
one of the few proteins that is unique to humans
(Otte et al., 2009). Moreover, the gene is predominantly
expressed in the brain, suggesting a possible role in
brain evolution. There is no mouse ortholog. Most
strikingly, transgenic mice expressing the human G72
transcripts show a number of behavioral changes that
are relevant to schizophrenia symptoms, including PPI
deficits that could be reversed by haloperidol and an
increased sensitivity to PCP (Otte et al., 2009). The
generation of genetic animal models is an area of rapid
ongoing progress, closely tied to the discovery of human
genes associated with schizophrenia (Table 9.5). A full
description of these models is beyond the scope of this
chapter.

Although there is a clear hereditary cause of schizo-
phrenia, no fully penetrant genomic variant or
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Table 9.5

Animal models of schizophrenia

Pharmacological disruption of neurotransmission

Drugs increasing the dopaminergic tone or activating

dopamine receptors
NMDA receptor antagonists
Cannabinoids

Drugs acting on 5-HT2A receptors
Neurotensin

Neurodevelopmental models

Lesioning of the ventral hippocampus in neonatal animals

MAM-induced disruption of cortical development
Genetic models

DISC1 mutants and DISC1 transgenic mice

Neuregulin-1 (NRG1) mutants
G73/G30 transgenic mice
Transgenic mice overexpressing dopamine D2 receptors

Mice with a mutant NR2B subunit of the NMDA receptor

NMDA, N-methyl-D-aspartic acid; MAM, mitotoxin methylazoxy-

methanol acetate.
combination of variants has yet been identified. Many
family studies and a high (50%) discordance rate among
homozygous twins indicate that, although genetic
predisposition plays a clearly important role in the etiol-
ogy of schizophrenia, the environment, epigenetic
mechanisms, and spontaneous genomic events are at
least as important (Kato et al., 2005; Singh et al.,
2009). Accordingly, if we want to elucidate the etiology
and pathophysiology of schizophrenia, wemust consider
these complex genomic or gene–environment interac-
tions. Such studies are impossible to perform in humans
for obvious ethical considerations, but most environ-
mental conditions can be rigorously controlled in
modern animal facilities. Indeed, many studies have
shown that environmental factors that are known to
impact on the schizophrenia rate, including urban
birth, prenatal viral infections, perinatal oxidative
stress, or adolescent exposure to cannabinoids (van
Os et al., 2005; McGrath and Scott, 2006; Rubino
and Parolaro, 2008; Meyer and Feldon, 2009; van Os
and Kapur, 2009), also affect relevant schizophrenia-
related behaviors in rodents.

OB
ANIMALMODELSOFADDICTION

Drug addiction has been conceptualized as a disorder
that progresses from impulsivity to compulsivity in a
collapsed cycle comprising three stages: (1) preoccupa-
tion/anticipation; (2) binge/intoxication; and (3) with-
drawal/negative affect (Koob and Le Moal, 1997).
Although much focus in early animal studies was on
the synaptic sites and transductive mechanisms in the
nervous system on which drugs of abuse act initially
to produce their positive reinforcing effects, more
recently new animal models of the motivational effects
of dependence with more face validity for the human
condition have been developed.
Animal models of the binge/intoxication
stage of the addiction cycle

In the section on animal models of addiction, these mea-
sures are organized within the binge/intoxication, with-
drawal/negative affect, and preoccupation/anticipation
(craving) stages of addiction as symptoms of DSM-IV
(American Psychiatric Association, 1994) criteria for ad-
diction (Table 9.6). However, it is critical to note that the
particular behavior being used for an animal model may
or may not even be symptomatic of the disorder but
must be defined objectively and observed reliably.
Indeed, the behavior being used may be found in both
pathological and nonpathological states but still have
predictive validity. A good example of such a situation
would be the widespread use of drug reinforcement or



Table 9.6

Animal models of the binge/intoxication stage

of the addiction cycle

Intravenous and oral drug self-administration
Brain stimulation reward
Conditioned place preference
Drug discrimination

Genetic animal models of high drinking
Drug taking in the presence of aversive consequences
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reward as an animal model of addiction. Drug reinforce-
ment does not necessarily lead to addiction (e.g., social
drinking of alcohol), but the self-administration of alco-
hol has major predictive validity for the binge/intoxica-
tion stage of addiction, and it is difficult to imagine
addiction without drug reinforcement.

INTRAVENOUS AND ORAL DRUG SELF-ADMINISTRATION

Animals and humans will readily self-administer drugs
in the nondependent state. Drugs of abuse have power-
ful positive reinforcing properties. Animals will per-
form many different tasks and procedures to obtain
drugs, even when not dependent. The drugs that have
positive reinforcing effects measured by direct self-
administration, lowering of brain stimulation reward
thresholds, and conditioned place preference in rodents
and primates correspond very well with the drugs that
have high abuse potential in humans (Kornetsky and
Esposito, 1979; Collins et al., 1984; Carr et al., 1989).

The use of different schedules of reinforcement in
intravenous self-administration can provide important
control procedures for nonspecific motor actions, such
as increases in exploratory activity and locomotion, and
motivational effects, such as loss of reinforcement
efficacy, and include a progressive-ratio schedule of
reinforcement, second-order schedules, and multiple
schedules. Performance on a progressive-ratio schedule
can be linked to the following DSM-IV criterion for ad-
diction: “a great deal of time spent in activities necessary
to obtain the substance.”

Oral self-administration almost exclusively involves
alcohol because of the obvious face validity of oral al-
cohol self-administration and includes two-bottle choice
and operant self-administration. Historically homecage
drinking and preference have been used for characteriz-
ing genetic differences in drug preference, most often
alcohol preference (Li, 2000), and for exploring the ef-
fects of pharmacological treatments on drug intake and
preference. A variant of limited-access drinking has
been termed drinking in the dark, in which mice drink
intoxicating amounts of ethanol with limited access
(Rhodes et al., 2005).
BRAIN STIMULATION REWARD

Animals will perform a variety of tasks to self-
administer short electrical trains of stimulation (approx-
imately 250 ms) to many different brain areas (Olds and
Milner, 1954), and the highest rates and preference for
stimulation follow the course of the medial forebrain
bundle coursing bidirectionally from the midbrain to
basal forebrain (for review, see Gallistel, 1983). The
study of the neuroanatomical and neurochemical sub-
strates of ICSS has led to the hypothesis that ICSS di-
rectly activates neuronal circuits that are activated by
conventional reinforcers (e.g., food, water, sex) and that
ICSS may reflect the direct electrical stimulation of the
brain systems involved in motivated behavior. Drugs of
abuse decrease ICSS thresholds, and there is a good cor-
respondence between the ability of drugs to decrease
ICSS thresholds and their abuse potential (Kornetsky
and Esposito, 1979; Kornetsky and Bain, 1990). Two
ICSS procedures that have been used extensively to
measure the changes in reward threshold not con-
founded by influences on motor/performance capability
are the rate–frequency curve shift procedure (Campbell
et al., 1985) and the discrete-trial, current-intensity pro-
cedure (Kornetsky and Esposito, 1979; Markou and
Koob, 1992).

CONDITIONED PLACE PREFERENCE

Conditioned place preference, or place conditioning,
is a nonoperant procedure for assessing the reinfor-
cing efficacy of drugs using a classical or pavlovian
conditioning procedure. In a simple version of the
place preference paradigm, animals experience two
distinct neutral environments that are paired spatially
and temporally with distinct drug or nondrug states.
The animal is then given an opportunity to choose to
enter and explore either environment, and the time
spent in the drug-paired environment is considered an
index of the reinforcing value of the drug. Animals
exhibit a conditioned preference for an environment
associated with drugs that function as positive rein-
forcers (i.e., spend more time in the drug-paired
compared with placebo-paired environment) and
avoid those environments that induce aversive states
(i.e., conditioned place aversion).

DRUG DISCRIMINATION

Drug discrimination procedures developed in animals
have provided a powerful tool for identifying the
relative similarity of the stimulus effects of drugs
and, by comparison with known drugs of abuse, the
generation of hypotheses regarding the abuse potential
of these drugs (Holtzman, 1990). Drug discrimination
typically involves training an animal to produce a
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particular response in a given drug state for a food
reinforcer and to produce a different response for
the same food reinforcer in the placebo or nondrug
state. The interoceptive cue state (produced by the
drug) controls the behavior as a discriminative stimulus
or cue that informs the animal to make the appropriate
response to gain reinforcement. The choice of the
response that follows administration of an unknown
test compound can provide valuable information about
the similarity of that drug’s interoceptive cue properties
to those of the training drug.
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GENETIC ANIMAL MODELS OF HIGH ALCOHOL DRINKING

Many genetically selected lines of rats of high versus low
drinkinghavebeendevelopedand include theUniversity of
Chile A and B rats (Mardones and Segovia-Riquelme,
1983), Alko alcohol (AA) and Alko nonalcohol (ANA) rats
(Eriksson, 1968), University of Indiana alcohol-preferring
(P) and alcohol nonpreferring (NP) rats (Lumeng et al.,
1977), University of Indiana high-alcohol-drinking (HAD)
and low-alcohol-drinking (LAD) rats (Li et al., 1993), and
Sardinian alcohol preferring (sP) and Sardinian-
nonpreferring (sNP) rats (Fadda et al., 1989). Someof these
strains, such as P rats, voluntarily consume6.5 g/kgethanol
per day in free-choice drinking and attain blood alcohol
levels in the 50–200 mg% range. Similar genetic models
of high drinking have been characterized in mice, notably
high and low alcohol preference (HAP and LAP) mice
(Grahame et al., 1999) and drinking-in-the-dark mice
(Crabbe et al., 2011).
DRUG TAKING IN THE PRESENCE OF AVERSIVE

CONSEQUENCES

Drug-taking or drug-seeking behavior that is impervi-
ous to environmental adversity, such as signals of pun-
ishment, has been hypothesized to capture elements
of the compulsive nature of drug addiction associa-
ted with the binge/intoxication stage of the addiction
cycle. Presentation of an aversive stimulus suppresses
cocaine-seeking behavior in rats with limited access
and sucrose-seeking in rats, but extended access to
cocaine and sucrose produced differential effects
(Vanderschuren and Everitt, 2004). Rats with extended
access to cocaine did not suppress drug seeking in the
presence of an aversive conditioned stimulus, but the
conditioned aversive stimulus continued to suppress
responding for sucrose. This procedure has been di-
rectly linked to the DSM-IV diagnostic criteria of
“continued substance use despite knowledge of having
a persistent physical or psychological problem.”
SUMMARY OF ANIMAL MODELS OF THE BINGE/
INTOXICATION STAGE

The procedures outlined above have proven reliable and
have predictive validity in their ability to understand the
neurobiological basis of the acute reinforcing effects of
drugs of abuse and the compulsive drug seeking associ-
ated with the binge/intoxication stage of the addiction
cycle. One could reasonably argue that drug addiction
mainly involves counteradaptive mechanisms that go
far beyond the acute reinforcing actions of drugs (see
below). However, understanding the neurobiological
mechanisms of the positive reinforcing actions of drugs
of abuse also provides a framework for understanding
the changes in motivational effects of drugs that also re-
sult from counteradaptive mechanisms. A strength of
the models outlined for the binge/intoxication stage is
that any of the operant measures used as models for
the reinforcing effects of drugs of abuse lend them-
selves to within-subjects designs, limiting the number
of subjects required. Indeed, once an animal is trained,
full dose–effect functions can be generated for differ-
ent drugs, and the animal can be tested for weeks to
months. Pharmacological manipulations can be con-
ducted with standard reference compounds to validate
any effects. Additionally, a rich literature on the exper-
imental analysis of behavior is available for exploring
the hypothetical constructs of drug action as well as
for modifying drug reinforcement by modifying the his-
tory and contingencies of reinforcement.

The advantage of the ICSS paradigm as a model of
drug effects on motivation and reward is that the behav-
ioral threshold measure provided by ICSS is easily quan-
tifiable. ICSS threshold estimates are very stable over
periods of several months (for review, see Stellar and
Stellar, 1985). Another considerable advantage of the
ICSS technique is the high reliability with which it pre-
dicts the abuse liability of drugs. For example, there
has never been a false positive with the discrete trials
threshold technique (Kornetsky and Esposito, 1979).

The advantages of place conditioning as a model for
evaluating drugs of abuse include its high sensitivity to
low doses of drugs, its potential utility in studying both
positive and negative reinforcing effects, the fact that
testing for drug reward is done under drug-free condi-
tions, and its allowance for precise control over the
interaction of environmental cues with drug administra-
tion (Mucha et al., 1982).

The animal models associated with responding in the
face of punishment and the progressive-ratio schedule
have both face and construct validity. Numerous studies
in humans argue that individuals meeting the criteria for
substance dependence will work harder to obtain drugs
and as such show increased motivation for drug taking.
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The behavioral repertoire narrows toward drug seeking
and taking. Indeed, progressive-ratio studies in humans
show similar patterns of responding as in the animal
models (Stoops, 2008). Clearly, responding in the face
of punishment and progressive-ratio responding in
rodents shows individual differences reminiscent of
the same degree of individual differences in the human
population (Deroche-Gamonet et al., 2004). From a con-
struct validity perspective, responding in the face of
punishment and progressive-ratio paradigms predicts
the key role of the forebrain dopamine systems in the
reinforcing effects of cocaine (Roberts et al., 1989;
McGregor and Roberts, 1993). Second-order schedules
of a well-established cocaine “habit” revealed a key role
for dorsal striatal mechanisms in the increased motiva-
tion to work for cocaine (Belin and Everitt, 2008).

Animal models of the withdrawal/negative
affect stage of the addiction cycle

Drug withdrawal from chronic drug administration is
usually characterized by responses opposite to the acute
initial actions of the drug.Many of the overt physical signs
associated with withdrawal from drugs (e.g., alcohol and
opiates) can be easily quantified andmay provide amarker
for the study of the neurobiologicalmechanisms of depen-
dence. Standard rating scales have been developed for
opiate, nicotine, and alcohol withdrawal (Gellert and
Holtzman, 1978; Malin et al., 1992; Macey et al., 1996).

However, motivational measures of withdrawal have
more validity forunderstanding the counteradaptivemech-
anisms that drive addiction. Such motivational measures
have proven to be extremely sensitive to drug withdrawal
and powerful tools for exploring the neurobiological bases
for the motivational aspects of drug dependence.

Animal models of the motivational effects of drug
withdrawal have included operant schedules, conditioned
place aversion, ICSS, the elevated plus maze, and drug
discrimination and some of the same motivational mea-
sures of drug seeking used to characterize the binge/
intoxication stage (Table 9.7; see above). Each of these
models can address a different theoretical construct asso-
ciatedwith a givenmotivational aspect of withdrawal, but

ANIMAL MODELS OF P
Table 9.7

Animal models of the withdrawal/negative affect stage of

the addiction cycle: motivational measures

Intracranial self-stimulation
Conditioned place aversion, disrupted operant schedules, and

drug discrimination
Measures of anxiety-like responses
Drug self-administration in extended access and dependent

animals
some reflect more general malaise, and still others reflect
more specific components of the withdrawal syndrome.

INTRACRANIAL SELF-STIMULATION

Withdrawal from chronic administration of virtually all
major drugs of abuse elevates ICSS thresholds (i.e., de-
creases reward; Leith and Barrett, 1976; Kokkinidis and
McCarter, 1990; Markou and Koob, 1991; Schulteis
et al., 1994, 1995; Epping-Jordan et al., 1998; Gardner
and Vorel, 1998; Paterson et al., 2000).

CONDITIONED PLACE AVERSION, DISRUPTED OPERANT

RESPONDING, AND DRUG DISCRIMINATION

The aversive stimulus effects of withdrawal can be mea-
sured with a variant of conditioned place conditioning,
termed conditioned place aversion. One method with
opioid dependence is to precipitate withdrawal with admin-
istration of a low dose of a competitive opioid antagonist,
such as naloxone (Hand et al., 1988; Stinus et al., 1990). Al-
though naloxone itselfwill produce a place aversion in non-
dependent rats, the threshold dose required to produce a
place aversion decreases significantly in dependent rats
(Hand et al., 1988). Place aversions have also been observed
with precipitated nicotine withdrawal (Guillem et al., 2008)
and acute spontaneous ethanol withdrawal (Morse et al.,
2000). The response-disruptive effects of drug withdrawal
using operant schedules have also been associated with the
“amotivational” state of withdrawal (Denoble and Beglei-
ter, 1976; Gellert and Sparber, 1977; Koob et al., 1989).

Drug discrimination can be used to characterize both
specific and nonspecific aspects of withdrawal. For alco-
hol withdrawal, animals have been trained to discriminate
the anxiogenic substance pentylenetetrazol from saline
(Gauvin and Holloway, 1991), and generalization to the
pentylenetetrazol cue during withdrawal has suggested
an anxiogenic-like component of the withdrawal syn-
drome. Opiate-dependent animals have been trained to
discriminate an opiate antagonist from saline (Emmett-
Oglesby et al., 1990), and generalization to an opioid an-
tagonist provides a more general nonspecific measure of
opiate withdrawal intensity and time course (Gellert and
Holtzman, 1979; France and Woods, 1989).

MEASURES OF ANXIETY-LIKE RESPONSES

A common response to acute withdrawal and protracted
abstinence from all major drugs of abuse is the manifes-
tation of anxiety-like responses. The dependent variable
is often a passive response to a novel and/or aversive
stimulus, such as the open field or elevated plus
maze, or an active response to an aversive stimulus, such
as defensive burying of an electrified metal probe. With-
drawal from repeated administration of cocaine, opioids,

CHIATRIC DISORDERS 153



KO
ethanol, and cannabinoids produces an anxiogenic-like
response in the elevated plus maze and/or defensive
burying test (for review, see Koob, 2008).

DRUG SELF-ADMINISTRATION WITH EXTENDED

ACCESS AND IN DEPENDENT ANIMALS

A progressive increase in the frequency and intensity of
drug use is one of the major behavioral phenomena
characterizing the development of addiction and has face
validity with a number of DSM-IV criteria for addiction.
A framework with which to model the transition from
drug use to drug addiction can be found in recent animal
models of prolonged access to drug self-administration
and drug self-administration in dependent animals
during withdrawal. When rats were allowed access to
intravenous self-administration of cocaine for 1 or 6
hours per day, dramatic increases in self-administration
were observed in animals with extended access. Escala-
tion has now been observed with extended access to all
major drugs of abuse, including methamphetamine
(Kitamura et al., 2006), heroin (Ahmed et al., 2000),
nicotine (George et al., 2007), and alcohol (Wise, 1973;
Simms et al., 2008). When the rats are tested repeatedly
following the induction of alcohol dependence, animals
showed reliable increases in self-administration of
ethanol during withdrawal in which the amount of intake
approximately doubled and the animals maintained
blood alcohol levels of 100–150 mg% for up to 12 hours
of withdrawal (Roberts et al., 1996; Aufrere et al., 1997;
Naassila et al., 2000; Lallemand et al., 2001). A robust and
reliable feature of animal models of alcohol drinking is
an increase in consumption observed after a period of
deprivation. Termed the “alcohol deprivation effect,”
the increase in consumption has been observed in mice
(Salimov and Salimova, 1993), rats (Le Magnen, 1960;
Sinclair and Senter, 1967, 1968; Spanagel et al., 1996),
monkeys (Kornet et al., 1991), and human social drinkers
(Burish et al., 1981).

SUMMARY OF ANIMAL MODELS OF THE

WITHDRAWAL/NEGATIVE AFFECT STAGE

Motivational measures of drug withdrawal have signifi-
cant face validity for the motivational measures of drug
withdrawal in humans. Symptoms such as dysphoria,
elements of anhedonia, loss of motivation, anxiety, and
irritability are reflected in the animal models described
above. Moreover, ICSS threshold procedures have high
predictive validity for changes in reward valence. Disrup-
tion of operant responding during drug abstinence
reflects, at a minimum, general malaise, and drug dis-
crimination allows a powerful and sensitive comparison
to other drug states. As such, both procedures provide a
basis for further testing. Place aversion is hypothesized
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to reflect an aversive unconditioned stimulus. For alcohol,
acamprosate and naltrexone showed increased efficacy in
rats showing an escalation in intake via either dependence
induction or prolonged access (Simms et al., 2008). Esca-
lation is also associated with an increase in breakpoint
for cocaine methamphetamine, heroin, and nicotine in a
progressive-ratio schedule, suggesting enhanced moti-
vation to seek cocaine or enhanced efficacy of cocaine
reward (Paterson and Markou, 2003; Walker and Koob,
2007; Wee et al., 2008; Koob, 2011).

As more and more data are generated establishing
the neurobiological bases for negative emotional states
in animals that correspond to the neurobiological bases
for such negative emotional states in humans, these
measures will gain construct validity (Koob and
Volkow, 2009).

The studies outlined in this section illustrate how an-
imal models of addiction have progressed from simple
drug reinforcement models to sophisticated models
with solid face validity. Escalation in drug intake
with extended access has now been observed in num-
erous laboratories (Ahmed and Koob, 1998, 1999;
Deroche et al., 1999; Ahmed et al., 2000, 2002, 2003;
Mantsch et al., 2001, 2003, 2004; Morgan et al., 2002,
2005; Deroche-Gamonet et al., 2003; Paterson and
Markou, 2003; Walker et al., 2003; Ben-Shahar et al.,
2004; Roth and Carroll, 2004; Liu et al., 2005), and this
escalation in intake has been linked to between-system
tolerance and reward allostatic mechanisms. Increased
drug taking during dependence has been well estab-
lished with alcohol and opiates and can produce
sufficient intake to maintain dependence.

The use of multiple dependent variables for the study
of the motivational effects of withdrawal may provide a
powerful means of assessing overlapping neurobiologi-
cal substrates and lay a heuristic framework for the
counteradaptive mechanisms hypothesized to drive ad-
diction. Finally, the reinforcing value of drugs may
change with dependence. The neurobiological basis for
such a change is only beginning to be investigated
(Koob and Volkow, 2009), but much evidence has been
generated showing that drug dependence itself can pro-
duce an aversive or negative motivational state that is
manifested in changes in a number of behavioral mea-
sures, such as response disruption, changes in reward
thresholds, and conditioned place aversions.

OB
Animal models of the preoccupation/
anticipation (craving) stage of the

addiction cycle

A defining characteristic of addiction is its chronic, re-
lapsing nature. Animal models of relapse fall into three
categories of a broad-based conditioning construct:



Table 9.8

Animal models of the preoccupation/anticipation

(craving) stage of the addiction cycle

Resistance to extinction associated with drug
self-administration

Drug-induced reinstatement
Cue-induced reinstatement

Context-induced reinstatement: “renewal”
Cue-induced reinstatement without extinction: “relapse”
Stress-induced reinstatement

Second-order schedules of reinforcement
Protracted abstinence
Conditioned withdrawal
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(1) drug-induced reinstatement; (2) cue-induced re-
instatement; and (3) stress-induced reinstatement
(Table 9.8). The general conceptual framework for the
conditioning construct is that cues, either internal or ex-
ternal, become associated with the reinforcing actions of
a drug or drug abstinence by means of classical condi-
tioning and then can elicit drug use.
DRUG-INDUCED REINSTATEMENT

The persistence of drug-seeking behavior in the absence
of response-contingent drug availability can be mea-
sured with extinction procedures, but extinction also is
a key element of most animal models of relapse. When
noncontingent drug injections are administered after ex-
tinction, they produce an increase in responding on the
lever that previously delivered drug, and this responding
is termed drug-primed reinstatement (Stewart and de
Wit, 1987).
CUE-INDUCED REINSTATEMENT

Cues paired with drug self-administration can reliably
and robustly reinstate responding after extinction
(Shaham et al., 2003). Here, animals are trained to
self-administer cocaine or other drugs of abuse via an
operant response, usually lever pressing, with a cue that
precedes and is contiguous with the delivery of the drug.
Following stable responding, the animal is subjected to
extinction in which lever pressing delivers no drug or
cue. In reinstatement sessions, the animal is allowed
to respond for the cue alone. This procedure is widely
used for exploring the neurobiological substrates of “re-
lapse” (Shaham et al., 2003; Schmidt et al., 2005; See,
2005; Epstein et al., 2006). Place conditioning can also
be used as a model of cue-induced reinstatement. Here,
conditioned place preference is induced by a drug,
extinction is conducted, and then conditioned place
preference is again induced by a priming injection
(Mueller and Stewart, 2000).

CONTEXT-INDUCED REINSTATEMENT: “RENEWAL”

Drug-associated stimuli that signal response-contingent
availability of intravenous cocaine versus saline (Weiss
et al., 2000) also reliably elicit drug-seeking behavior
in experimental animals, and responding for these
stimuli is highly resistant to extinction (Hyytia et al.,
1996; See et al., 1999; Weiss et al., 2000). Subsequent
re-exposure after extinction to a cocaine discriminative
stimulus, but not a nonreward discriminative stimulus,
produces strong recovery of responding at the previ-
ously active lever in the absence of any further drug
availability. Cues associated with the availability of oral
alcohol self-administration can also reinstate respond-
ing in the absence of the primary reinforcer (Katner
et al., 1999; Ciccocioppo et al., 2001; Crombag et al.,
2002, 2008).

CUE-INDUCED REINSTATEMENT WITHOUT

EXTINCTION: “RELAPSE”

Another model of drug seeking that has been termed a
“relapse” model is one in which animals undergo cue-
induced exposure following forced abstinence from
chronic self-administration without extinction outside
the testing cage (Yahyavi-Firouz-Abadi and See,
2009). This paradigm is based on the well-established
“incubation effect” in which cocaine seeking induced
by re-exposure to drug-associated cues progressively
increases over the first 2 months after withdrawal
from cocaine self-administration (Lu et al., 2004). Thus,
cues paired with drugs produce a robust increase in
cocaine seeking after abstinence without extinction. This
paradigm has more face validity for the human con-
dition in that individuals with drug addiction rarely
experience explicit extinction of drug seeking related
to drug-paired cues.

STRESS-INDUCED REINSTATEMENT

AND CONDITIONED WITHDRAWAL

In human studies, situations of stress are the most likely
triggers for relapse to drug taking (Kosten et al., 1986;
Brown et al., 1995). Animal models of stress-induced re-
instatement show that stressors elicit strong recovery of
extinguished drug-seeking behavior in the absence of
further drug availability (Erb et al., 1996; Ahmed and
Koob, 1997). Administration of acute intermittent foot-
shock induced reinstatement of cocaine-seeking behav-
ior after prolonged extinction, and this was as effective
as a priming injection of cocaine (Erb et al., 1996;
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Ahmed and Koob, 1997; Deroche et al., 1997). Such
effects are observed even after a 4–6-week drug-free
period (Erb et al., 1996) and appear to be drug-specific,
in that food-seeking behavior was not reinstated
(Ahmed and Koob, 1997). Other stressors shown to be
effective in reinstating drug seeking include food depri-
vation, restraint stress, tail pinch stress, swim stress,
conditioned fear, social defeat stress, and admini-
stration of the a2-adrenergic antagonist yohimbine (an
activator of the sympathetic nervous system; Shalev
et al., 2000; Sanchez and Sorg, 2001; Lu et al., 2003;
Shepard et al., 2004; Le et al., 2005; Ribeiro Do Couto
et al., 2006; Redila and Chavkin, 2008; Kreibich
et al., 2009).

Motivational aspects of withdrawal can also be condi-
tioned, and conditioned withdrawal has been repeatedly
observed in opiate-dependent animals and humans. Cues
paired with withdrawal can elicit a withdrawal-like
response in animals in a number of paradigms, ranging
from suppression of operant responding to conditioned
place aversions (Shippenberg and Koob, 2002).

SECOND-ORDER SCHEDULES OF REINFORCEMENT

Second-order schedules of reinforcement involve train-
ing animals to work for a previously neutral stimulus
that ultimately predicts drug availability (Katz and
Goldberg, 2003). Second-order schedules maintain high
rates of responding (e.g., up to thousands of responses
per session in monkeys) and extended sequences of
behavior before any drug administration. Thus, poten-
tially disruptive, nonspecific, acute drug and treatment
effects on response rates are minimized. High response
rates are maintained even for doses that decrease rates
during a session on a regular fixed-ratio schedule, indi-
cating that performance on the second-order schedule is
unaffected by the acute effects of the drug that dis-
rupt operant responding (Katz and Goldberg, 2003).
The maintenance of performance in second-order sched-
ules with drug-paired stimuli appears to be analogous
to the maintenance and reinstatement of drug-seeking
behavior in humans with the presentation of drug-paired
stimuli (McLellan et al., 1986; Childress et al., 1988).

PROTRACTED ABSTINENCE

Relapse to drugs of abuse often occurs even after phys-
ical and motivational withdrawal signs have ceased, sug-
gesting perhaps that the neurochemical changes that
occur during the development of dependence can per-
sist beyond the overt signs of acute withdrawal. Indeed,
animal work has shown that prior dependence lowers the
“dependence threshold” such that previously ethanol-
dependent animals made dependent again display more
severe withdrawal symptoms than groups receiving
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alcohol for the first time (Branchey et al., 1971; Baker
and Cannon, 1979; Becker and Hale, 1989; Becker,
1994). This supports the hypothesis that alcohol experi-
ence, and the development of dependence in particular,
can lead to relatively long-lasting motivational alter-
ations in responsiveness to alcohol.

Prolonged increases in ethanol self-administration
can be observed in rats after acute withdrawal and de-
toxification (Roberts et al., 2000). The persistent alter-
ations in ethanol self-administration and residual
sensitivity to stressors have been arbitrarily defined as
a state of “protracted abstinence.” Protracted abstinence
so defined in the rat spans a period after acute physical
withdrawal has disappeared in which elevations in etha-
nol intake over baseline and increased stress responsiv-
ity persist 2–8 weeks after withdrawal from chronic
ethanol.

OB
SUMMARY OF ANIMAL MODELS OF THE

PREOCCUPATION/ANTICIPATION STAGE

Each of the models outlined above has face validity with
the human condition and ideally heuristic value for
understanding the neurobiological bases for different
aspects of the craving stage of the addiction cycle.
The DSM-IV criteria that apply to the craving stage
and loss of control over drug intake include “any unsuc-
cessful effort or persistent desire to cut down or control
substance use.” The second-order schedule paradigm
has the advantage of assessing the motivational value
of a drug infusion in the absence of acute effects of
the self-administered drug that could influence perfor-
mance or other processes that interfere with motiva-
tional functions.

There is general consensus that the animal reinstate-
ment models have face validity (Epstein and Preston,
2003; Katz and Higgins, 2003). However, predictive
validity remains to be established. To date, there is little
evidence of predictive validity from studies of the
pharmacological treatments for drug relapse (Katz
and Higgins, 2003). Very few clinical trials have tested
medications that are effective in the reinstatement
model, and very few antirelapse medications have been
tested in the animal models of reinstatement. From the
perspective of functional equivalence or construct valid-
ity, there is some evidence of functional commonalities.
For example, drug re-exposure or priming, stressors,
and cues paired with drugs all produce reinstatement
in animal models and promote relapse in humans.

What remains to be accomplished is to show that
both construct validity (functional equivalence) and
predictive validity exist for these models. A further
challenge for future studies will be the development
of “endophenotypes” that cross species from animal



SY
to human that will allow further construct validity
(functional equivalence) for studies of genetic and
environmental vulnerability and the neurobiological
mechanisms therein.

Summary of animal models of addiction

Most of the animal models discussed above have predic-
tive validity for some component of the addiction cycle
(compulsive use, withdrawal, or craving) and are reli-
able. For the positive reinforcing effects of drugs, drug
self-administration, ICSS, and conditioned place prefer-
ence have been shown to have predictive validity. Drug
discrimination has predictive validity indirectly through
generalization to the training drug. Animal models of
withdrawal are focused on motivational constructs as
opposed to the physical or somatic signs of withdrawal.
Animal models of conditioned drug effects are success-
ful in predicting the potential for conditioned drug
effects in humans. Predictive validity is more problem-
atic for such concepts as craving, largely because of the
inadequate formulation of the concept of craving in
humans (Markou et al., 1993; Sayette et al., 2000;
Tiffany et al., 2000). Virtually all of the measures de-
scribed above have demonstrated reliability. Consistency
and stability of the measures, small within-subject and
between-subject variability, and reproducibility of the
phenomena are characteristics of most of the measures
employed in animal models of dependence.

Clearly, much remains to be explored about the face
validity and predictive validity of the unconditioned pos-
itive and negative motivational states, and in particular
the conditioned positive and negative motivational
states associated with drug use and withdrawal. How-
ever, the gaps in knowledge may lie more in the human
clinical laboratory domain than in the animal models do-
main. The study of the changes in the central nervous
system associated with these models may provide in-
sights into drug dependence and the etiology of psycho-
pathologies associated with anxiety and affective
disorders. Animal models of addiction provide a basis
to begin such studies.

CONCLUSIONS

Animal models can be viewed as experimental para-
digms developed for the purpose of studying a given
phenomenon found in humans. Although there are no
complete animal models of depression, anxiety, schizo-
phrenia, or addiction, animal models do exist for many
elements of the syndromes. Animal models for antide-
pressant medications include a number of tests with
good predictive validity but limited construct validity.
Animal models of depression that have face validity
and construct validity for a key element of depression

ANIMAL MODELS OF P
are reward deficits measured by brain stimulation
reward and progressive-ratio responding for a natural
reward. Widely used animal models of generalized anx-
iety disorder have face validity and excellent predictive
validity, but animal models for individual types of anx-
iety disorder remain a challenge, with some advances in
PTSD. Animal models of schizophrenia are limited by
the limited knowledge of the pathophysiology of the dis-
ease but include pharmacological, developmental, and
genetic models combined with behavioral tests with
some face and contruct validity, such as locomotor
activity (positive symptoms), PPI of the startle response
(attention), latent inhibition (attention), social with-
drawal (negative symptoms), and measures of executive
function. Animal models of addiction, which can be
organized within the binge/intoxication, withdrawal/
negative affect, and preoccupation/anticipation (crav-
ing) stages of the addiction cycle, have excellent face
and construct validity and have led to major insights into
the neurobiological mechanisms of addiction. Animal
models remain a key heuristic approach to elucidation
of the pathophysiology and treatment of psychiatric
disorders.
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INTRODUCTION

Psychiatric disorders are prevalent across cultures,
races, and socioeconomic groups. The first widespread
survey conducted in the USA that examined the epide-
miological characteristics of mental illness was the Ep-
idemiologic Catchment Area (ECA) study, performed
during the 1980s. Individuals were identified in the tele-
phone directory, contacted, and, if they agreed to partic-
ipate, interviewed in their house by trained interviewers
using standardized diagnostic instruments. The ECA
found that 29.4% of American adults fulfilled criteria
for a diagnosable psychiatric disorder during the 12
months prior to the survey. In the 1990s, another US-
based study, the National Comorbidity Survey (NCS),
resulted in similar findings, with 30.5% of Americans
aged 15–54 years meeting criteria for a Diagnostic
and Statistical Manual of Mental Disorders, third edi-
tion (DSM-III: American Psychiatric Association,
1980) psychiatric disorder; only one-fourth of these in-
dividuals had received any treatment. In addition, the
study found that about half of those individuals who
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had received psychiatric treatment did not meet criteria
for a DSM-III disorder, suggesting a disconnect be-
tween psychiatric services and individuals most in need
of care (Kessler et al., 2005a).

In the early 2000s, the National Comorbidity Survey
Replication (NCS-R) was conducted and again similar
results in terms of 12-month prevalence of mental illness
among adults in the USA were obtained. When analyzed
by severity, 6.3% of individuals had serious mental dis-
orders, 13.5% hadmoderate levels of severity, and 10.8%
were considered to have mild disorders. Compared with
the original NCS study, there was an increase in the per-
centage of American adults who had received treatment
for a mental health disorder in the 12 months before the
survey, increasing from 12.2% in the NCS study to 20.1%
in the NCS-R. Again, only half of those who received
treatment met criteria for a psychiatric disorder included
in the survey, and only 40.5% of those with severe mental
illness had received any treatment. In the NCS-R study,
predictors of receiving treatment included age greater
than 24 years, female sex, non-Hispanic white race, and
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marital status (namely, separated, widowed, divorced, or
never married). Income level was not significantly related
to whether one received mental health treatment (Kessler
et al., 2005a).

Another important finding of the NCS-R was the ob-
servation that, although the majority of mental disorders
are mild, a substantial proportion of initially mild disor-
ders develop into fulminant, serious mental disorders
over time. This progressionwas noted in particular among
childhood or adolescent-onset anxiety disorders and
prompted the question of whether early detection and
treatment of relatively mild childhood disorders could
preventmorbidity in adulthood (Kessler andWang, 2008).

Initially used in the ECA study, the Diagnostic Inter-
view Schedule (DIS) was developed for use by lay in-
terviewers and allowed widespread epidemiological
surveys of mental illness to be conducted around the
world. The World Health Organization (WHO) devel-
oped a similar instrument, the Composite International
Diagnostic Interview (CIDI), in the 1990s. Typically,
one-third of respondents meet criteria for a lifetime
CIDI disorder, though this varies widely across cultures.
However, both the DIS and the CIDI produce categori-
cal but not dimensional measures of psychopathology,
and as such did not address severity. They also did
not utilize standardized treatment questions, thus
thwarting any cross-national comparisons of treatment
patterns. In addition, the surveys were used primarily
in developed countries, limiting their generalizability
to the developing world. In 1998, the WHO formed
the World Mental Health (WMH) Survey Consortium,
which expanded the CIDI to include questions about
severity, impairment, and treatment. The WMH CIDI
has since been conducted in 14 countries across the
world, including six less developed nations (The WHO
World Mental Health Survey Consortium, 2004).

Using the WMH CIDI, overall prevalence rates vary
between 4.3% in China and 26.4% in the USA, with an
interquartile range of 9.1–16.9% after excluding the
highest and lowest four surveys (The WHO World
Mental Health Survey Consortium, 2004). Lifetime
prevalence ranged from 47.4% in the USA to 12.0% in
Nigeria, with an interquartile range of 18.1–36.1%. In
five countries studied (Colombia, France, New Zealand,
Ukraine, and USA), more than one-third of respondents
reported a lifetime mental disorder. More than one-
fourth reported a lifetimemental disorder in six countries
(Belgium, Germany, Lebanon, Mexico, The Netherlands,
and South Africa), as did more than one-sixth in four
countries (Israel, Italy, Japan, and Spain). The remaining
two countries, Nigeria and People’s Republic of China,
had considerably lower prevalence estimates of 13.2%
and 12.0% respectively, which were thought by the
authors of the study to be underestimates (Kessler
et al., 2007a).
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Anxiety disorders are the most common disorders in
all of the countries studied, except the Ukraine, where
mood disorders are the most common. The second most
common class of disorders are mood disorders in all
countries except Nigeria and in Beijing, where substance
use disorders are equally or more prevalent. Substance
use and impulse control disorders are consistently less
prevalent across countries surveyed. Treatment preva-
lence for a mental disorder varied widely across nations,
from a low of 0.8% in Nigeria to 15.3% in the USA, with
the likelihood of treatment significantly greater in
developed countries compared with less-developed na-
tions. Although a dose–response relationship was noted
between severity and likelihood of treatment in all
countries surveyed, a significant proportion of patients
with severe mental disorders did not receive treatment.
This was seen in both developed and developing
countries (The WHO World Mental Health Survey
Consortium, 2004).

Differences have been seen between ethnic groups
studied in the USA in terms of lifetime risk and persis-
tence of psychiatric disorders. The NCS compared the
three largest ethnic groups in the USA – Hispanics,
non-Hispanic blacks, and non-Hispanic whites – and
found that, relative to non-Hispanic whites, Hispanics
had a lower lifetime risk of substance use disorders
and non-Hispanic blacks had a lower lifetime risk of
mood, anxiety, and substance use disorders. However,
Hispanics and non-Hispanic blacks with mood and anx-
iety disorders were more likely to be persistently
ill. These findings persisted despite controlling for
socioeconomic status (Breslau et al., 2005). Another
USA-based study confirmed these results but found that
Mexican Americans and African Americans had higher
prevalences of dysthymic disorder (Riolo et al., 2005).
Some researchers question the applicability of standard
diagnostic criteria to dissimilar cultural groups, which
may explain some of the variation.

DISORDERSWITHONSET
INCHILDHOOD

Autistic disorder

Autism, a pervasive neurodevelopmental disorder of
childhood onset, is characterized by core deficits in three
domains: communication, repetitive or stereotypical
behavior, and social interactions (Newschaffer et al.,
2006). Related conditions include Asperger’s disorder,
which is generally considered to be a milder form of
autism, as well as Rett’s disorder, childhood disintegra-
tive disorder, and pervasive developmental disorder not
otherwise specified (NOS) (American Psychiatric Associ-
ation, 2000). The term “autistic spectrum disorders,” or
ASD, includes the diagnoses of autistic disorder, Asper-
ger’s disorder, and pervasive developmental disorder

B. NEMEROFF
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NOS (Newschaffer et al., 2006). A meta-analysis of 32
studies found prevalence estimates ranging from 0.7 to
72.6 per 10 000 population. Prevalence rates in these
studies were negatively correlated with sample size, sug-
gesting that small-scale studies may have overrepre-
sented prevalence estimates. Over the last 15 years, there
has been a significant increase in prevalence estimates
for autism. The author of this meta-analysis estimates
the prevalence of autism to be 9–11 per 10000 population,
while this estimate increased to 27.5 per 10000 popula-
tion when expanded to include all pervasive develop-
mental disorders (Fombonne, 2003).

The best-known predictors of functional outcome
among children with autism include cognitive status,
age at language acquisition, and age at diagnosis.
Prospective studies have generally found poor outcomes
for 60–75% of autistic patients followed into adulthood,
though the increasing availability of early interventions
and changes in diagnostic practice may limit the gener-
alizability of these findings (Newschaffer et al., 2006).

Mental retardation was previously thought to be
associated with autism in about 70% of cases, though
more recent epidemiological studies suggest rates of
40–55% (Newschaffer et al., 2006). A number of med-
ical disorders have also been traditionally linked with
autism. Previously, phenylketonuria and congenital ru-
bella were thought to be strongly associated with autism,
but recent observations have not confirmed this finding.
Correlations are seen between autism and fragile X syn-
drome as well as tuberous sclerosis. Between 5% and
10% of patients with autism have a comorbid medical
disorder (Fombonne, 2003).

In the last decade, clinicians have been able to diag-
nose cases of autism reliably as early as 2–3 years of
age. Depending on severity, delays between parental
suspicion and clinical diagnosis range between 20 and
60 months. There seem to be ethnic differences in time
to diagnosis, with data from Philadelphia indicating that
African American children were diagnosed with autism
almost 3 years later than their white counterparts. Au-
tism is considered a fairly stable diagnosis, but the early
diagnosis of pervasive developmental disorder NOS
may change as the child ages, frequently being rediag-
nosed as autistic disorder (Newschaffer et al., 2006).

Autistic spectrum disorders are thought to be over-
represented among males, with a male-to-female ratio
of 4.3:1. This ratio likely increases to 5.5:1 when looking
only at cases of autism without corresponding mental
retardation (Newschaffer et al., 2006). Previously social
class was considered to be a risk factor for autism, but
this has since been refuted (Fombonne, 2003). A number
of studies have examined the risk of autism by ethnic
group. A California study found a higher prevalence
among children of African American mothers, lower
in children with Mexican-born mothers, and comparable
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rates among children with white, Asian, and USA-born
Hispanic mothers. However, national surveys have
found comparable prevalence rates of autism among
black and white children, with lower rates reported in
Hispanic children. Studies outside the USA have found
higher rates among children with at least one immigrant
parent, but these results have not been confirmed
in other studies. Maternal age has also been examined
as a potential risk factor for autism, with inconsistent
results. Twin studies have revealed a significant genetic
liability for autism, with 69% concordance in monozy-
gotic twins in one study. Investigators are scrutinizing
the link between environmental exposures and autism,
but there is currently little evidence to support the im-
pact of specific environmental exposures (Newschaffer
et al., 2006).
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Attention-deficit/hyperactivity disorder

The DSM-IV describes attention-deficit/hyperactivity dis-
order (ADHD) as a syndrome consisting of inattention,
hyperactivity, and impulsivity, with some symptoms
beginning prior to age 7 (American Psychiatric Associa-
tion, 2000). However, ADHD is increasingly recognized
as a disorder of adults as well. The WHO uses a different
term for this disorder, hyperkinetic disorder, but lists sim-
ilar operational criteria. A review of 102 studies from
across the globe evaluating the epidemiology of ADHD
calculated an aggregate pooled prevalence of 5.3%, with
a pooled prevalence for children and adolescents of 6.5%.
However, there was considerable heterogeneity among
the studies, in part as a function of geographical location
(Polanczyk et al., 2007).

Rates of ADHD vary from 0.9% to 20%. The wide
range in prevalence rates has been attributed to various
issues, from the suggestion that the diagnosis is a prod-
uct of western culture, to methodological differences in
the studies. Importantly, however, similar estimates of
5.2–7.5% have been reported in widely varying locations
from Switzerland to the Congo (Polanczyk and Rohde,
2007). Indeed, when studies are pooled, no significant
differences have been found between estimates of
ADHD from North America and Europe, South
America, or Asia; differences were found when com-
paring North America with Africa and the Middle East
(Polanczyk et al., 2007).

Recent research into the longitudinal course of
ADHD has revealed that a significant proportion of chil-
dren with ADHD have symptoms that persist into adult-
hood, though there is a clear decline of symptom
severity with increasing age for a majority of individ-
uals. Many individuals with ADHD may not meet diag-
nostic criteria for the disorder as adults, but many
continue to experience significant impairment. One
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study of 128 boys followed over a 4-year period demon-
strated that only 40% fulfilled syndromal ADHD at age
18–20 years. However, 90% continued to exhibit func-
tional impairment. These patients appear to be at a
higher lifetime risk for comorbid psychiatric syndromes,
including mood, impulse control, and tic disorders, and
nicotine dependence (Polanczyk and Rohde, 2007).
Studies of adults with ADHD found impairment in all
three dimensions of basic functioning, self-care, mobil-
ity, and cognition, as well as in roles of instrumental
functioning, namely days out of role, productive role
functioning, and social role functioning (Kessler
et al., 2006a).

The NCS-R examined the burden of adult ADHD in
the USA. In this study, 85.8% of all participants reported
no clinically significant problems with inattention, hy-
peractivity, or impulsivity during their childhood. None
of these individuals was found to fulfill criteria for
adult ADHD; 7.5% of those adults who reported
subthreshold symptoms in childhood met criteria for
current ADHD. Increasingly higher percentages of the
groups reporting the requisite childhood ADHD criteria
met criteria for adult ADHD. The overall estimated
prevalence of adult ADHD in this group was 4.4%
(Kessler et al., 2006a).

Of adults with ADHD, women were significantly
more likely to seek treatment. However, only about a
quarter of respondents who sought treatment received
services specifically aimed at symptoms of ADHD. As
noted above, adult ADHD is also associated with other
psychiatric comorbidities. Odds ratios for comorbidities
were 2.7–7.5 for mood disorders, 1.5–5.5 for anxiety dis-
orders, 1.5–7.9 for substance use disorders, and 3.7 for
intermittent explosive disorder (Kessler et al., 2006a).

The prevalence rate of ADHD is significantly higher
among boys than in girls. The male-to-female ratio
ranges in various reports between 3:1 and 9:1 depending
on the study, though a pooled analysis found a rate for
boys that was 2.45 times that of girls. One school-based
study found that the impact of a child’s problem on the
family was strongly correlated with the child receiving
treatment, and because girls with ADHD typically have
fewer behavioral symptoms, the prevalence rates may be
skewed towards the diagnosis of boys (Polanczyk and
Rohde, 2007). Consistent with these findings, the prev-
alence of adult ADHD is also significantly higher
among men than women (Kessler et al., 2006a).

Little research has addressed the role of ethnic and
socioeconomic background in the diagnosis of ADHD.
As discussed earlier, there are significant geographical
differences in the reported rates of ADHD; however,
the small numbers of studies in many regions of the
world make direct comparison problematic. USA-based
studies have found different prevalence rates among
different ethnic groups, with one study reporting a
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prevalence rate for African American children of 2.1%,
compared with 3.2% in white children. When nearly
1000 children from rural, urban, and slum areas of
Bangladeshwere compared, there were no significant dif-
ferences in ADHD rates (Polanczyk and Rohde, 2007).
Studies of adult ADHD in the USA found higher rates
among non-Hispanic whites, those who were previously
married, and people in the “other” category for employ-
ment, largely the disabled and unemployed. However,
these differences were small (Kessler et al., 2006a).
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Tourette’s disorder

Characterized by both motor and vocal tics, occurring
many times a day, Tourette’s disorder is a developmen-
tal neuropsychiatric disorder with onset in childhood
(Swain et al., 2007). The prevalence estimates of
Tourette’s varies widely, ranging from 1 in 100 to 1 in
10000 (Keen-Kim and Freimer, 2006). However, chronic
motor and vocal tics have been described worldwide,
suggesting that tic disorders are not culture-bound phe-
nomena (Swain et al., 2007). Aggregate data from a
number of population-based studies estimate prevalence
rates between 0.4% and 3.8% in school-aged children.
Motor tics alone are more common than Tourette’s syn-
drome, with point prevalence rates ranging from 1% to
29%, depending on study design and the precise
diagnostic criteria used (Robertson et al., 2009). The dis-
order is known to aggregate strongly in families, with a
risk of 10–15% in relatives. The rate of other
tic disorders among relatives ranges from 15% to
20%. Monozygotic twins show 50–70% concurrence
for Tourette’s and 77% for chronic motor tics. Both
obsessive-compulsive disorder (OCD) and ADHD
are highly comorbid with Tourette’s (Keen-Kim and
Freimer, 2006). In studies of individuals with autistic
spectrum disorder, the prevalence of Tourette’s ranges
from 6% to 11%. ADHD is comorbid in approximately
60% of Tourette’s cases, and OCD or related behaviors
are seen in a similar proportion of Tourette’s patients.
Males are more likely than females to have comorbid
disorders (Robertson et al., 2009). There is also sig-
nificant co-occurrence with depression and anxiety
symptoms, which may in part reflect the cumulative
psychosocial burden of having tics or represent a shared
biological diathesis (Swain et al., 2007).

The mean age of onset of Tourette’s is 7 years, and
motor tics typically precede vocal tics, beginning between
the ages of 3 and 8 years (Swain et al., 2007). The symp-
toms of the disorder are typically thought to improve
with age after peaking in intensity during the second de-
cade of life. One study found that 50% of patients with
childhood Tourette’s were tic-free by age 18. Individuals
who continue to have tics into adulthood find that they
are less prominent (Robertson et al., 2009). However, tic
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disorders thatpersist intoadulthoodcanbeassociatedwith
very severe symptoms, including violent episodes of self-
injurious behavior and socially stigmatizing vocal tics like
coprolalic utterances (Swain et al., 2007). Male-to-female
ratios of the disorder range from 3:1 to 4.3:1. The most
common motor tics involve the face (92%) and arms
(78%), while the most common vocal tics include inarticu-
late utterances (65%), coprolalia (58%), and echolalia
(23%). Other behaviors commonly reported in association
withTourette’s include sleepdifficulties, antisocial behav-
iors, aggression, discipline problems, as well as conduct
and oppositional behaviors (Robertson et al., 2009).

PSYCHIATRIC
SCHIZOPHRENIA ANDOTHER
PSYCHOTICDISORDERS

Nonaffective psychosis (NAP), which includes the diag-
noses of schizophrenia, schizophreniform disorder, schi-
zoaffective disorder, delusional disorder, and psychosis
NOS, was assessed by Kessler et al. (2005b) in the
NCS-R. (Please refer to http://www.psychiatryonline.
com for the diagnostic criteria of all psychiatric dis-
orders described in this chapter.) They found that
9.1% of respondents endorsed NAP screening questions.
This was significantly lower than an earlier figure from
the original NCS study, which reported that 28.4% of re-
spondents endorsed at least one question regarding
psychotic symptoms (Kendler et al., 1996). The most
commonly endorsed symptoms included visual (6.3%)
and auditory (4.0%) hallucinations. Least commonly
endorsed symptoms included thought control (0.1%)
and thought insertion (0.4%). Review of the open-ended
responses in the survey indicated that approximately
16.8% of those respondents endorsing psychotic symp-
toms met criteria for a disorder included in NAP,
yielding an overall lifetime prevalence of 1.5%. The pro-
portion of respondents classified as likely having a NAP
disorder were lowest for those reporting visual (15.8%)
and auditory (19.9%) hallucinations. Of the remaining
cases endorsing a symptom of NAP, 19.2%were thought
to be possible cases of an NAP disorder, while the re-
mainder were classified as substance-induced (2.5%),
culturally appropriate (32.1%), odd but not psychotic
(26.6%), realistic (1.8%), or misunderstood (0.9%). Sig-
nificant proportions of those who endorsed visual
(25.4%) and auditory (33.6%) hallucinations were classi-
fied as odd but not psychotic. The vast majority of these
cases involved transient hallucinations, including seeing
a fleeting vision or hearing the voice of a recently de-
ceased loved one (Kessler et al., 2005b).

Prevalence estimates focused on schizophrenia spe-
cifically range from 1.4 to 4.6 per 1000 in the majority
of studies up to the commonly cited estimate of 15.0
per 1000 from the US ECA study. The high rates of
schizophrenia found in the ECA study may be explained
by later findings that computer-generated diagnoses
may overestimate clinician confirmation of diagnoses.
Pockets of unusually high rates of schizophrenia exist
in areas of northern Sweden, Finland, and Croatia. Inci-
dence rates across cultures vary from 0.17 to 0.54 per
1000 population (Jablensky, 2000).

Although respondents with 12-month NAP had mean-
ingfully elevated measures in all realms of disability
studied (self-care, mobility, and cognition), cognitive
functioning was the only area that showed an increase
in disability that was significant. Respondents with 12-
month NAP also showed impairment in days out of their
role and social role functioning (Kessler et al., 2005b).

Onset of illness is not consistent, with about half of
patients having an acute onset of illness and the remain-
der having a long prodrome. There is evidence that the
negative symptoms of the illness begin an average of 5
years prior to the initial psychotic episode (Messias
et al., 2007). Long-term follow-up of patients with
schizophrenia has provided clues to the chronicity of
the illness. The proportion of patients who are reported
as improved or recovered tends to increase over time,
from 10% at the end of 2½ years to 17% at the end of
5 years. At the conclusion of one 32-year follow-up,
60% of the sample had improved or recovered. Interest-
ingly, outcomes in developing countries tend to be better
than those in developed countries, as evidenced by the
WHO International Pilot Study of Schizophrenia, which
found higher proportions of improved outcomes in
India, Colombia, and Nigeria compared with developed
countries. The patients studied in developed countries
tended to have frequent relapses as well as persisting
psychotic symptoms and disability (Jablensky, 2000).

More than half of all respondents with 12-month NAP
in the NCS-R survey reported receiving treatment for
emotional problems in the same time period. About
half of those who sought treatment did so in the
mental health specialty sector. Smaller numbers received
treatment in the general medical (5.0%), human services
(11.9%), and complementary–alternative medicine
(13.4%) treatment sectors (Kessler et al., 2005b).

NAP was highly comorbid with other psychiatric dis-
orders in the NCS-R study. Nearly four-fifths of all re-
spondents with lifetime NAPmet criteria for at least one
other lifetime disorder, while 63.7% of respondents with
12-month NAP met criteria for another disorder during
the same time period. The highest lifetime odds ratios
were with bipolar disorder (6.9) and OCD (7.3), while
12-month odds ratios were highest for posttraumatic
stress disorder (PTSD) (11.0) and drug dependence
(22.3) (Kessler et al., 2005b).

Age of onset peaks in late adolescence and early
adulthood, with peak incidence between the ages of 15
and 24 years (Messias et al., 2007). Although the
prevalence of schizophrenia has traditionally been
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considered equivalent in men and women, gender dif-
ferences in onset and course are well documented.
Men are thought to have an earlier age of onset and a
more frequent occurrence of brain abnormalities,
whereas women typically have better premorbid func-
tioning, less disability, and a higher percentage with a
remitting course (Jablensky, 2000). Women may actu-
ally have a second peak in incidence between the ages
of 55 and 64 years (Messias et al., 2007).

The original NCS study found significant associa-
tions between NAP and low income; unemployment; a
marital status of single, divorced, or separated; and ur-
ban residence (Kendler et al., 1996). Possibly due to the
relatively low prevalence of psychotic disorders and
more refined screening instruments, the NCS-R, how-
ever, did not find any sociodemographic variable that
was a significant predictor of NAP. There were trends
towards increased odds of NAP for those aged 18–59
years compared with people aged 60 years and more,
as well as “other” race/ethnicity (largely Asians and
Native Americans) compared with non-Hispanic
whites. Not having a college education and being previ-
ously married also carried higher odds, as did being
unemployed or disabled (Kessler et al., 2005b). There
is also some evidence that immigrant populations may
be at an increased risk for schizophrenia, as exemplified
by the high rates of schizophrenia among second-
generation Afro-Caribbeans living in the UK. Additional
risks for schizophrenia described in the literature in-
clude urbanicity, cannabis use, a history of childhood
developmental abnormalities, winter birth, advanced
paternal age, child abuse and neglect, and a history of
birth complications. However, the relative importance
of such factors is poorly understood (Jablensky, 2000;
Messias et al., 2007).

A wide variety of biological risk factors have been
examined for schizophrenia. First, genetic vulnerability
clearly plays an important, albeit complex, role in the
causation of the disease, with a 50% concordance rate
among monozygotic twins. Studies of adopted children
have demonstrated that their risk of developing schizo-
phrenia is more accurately predicted by having a biolog-
ical parent with schizophrenia than any characteristic of
the adoptive family. While maternal influenza was ini-
tially thought to have a role in the subsequent develop-
ment of schizophrenia, further studies have questioned
this correlation (Jablensky, 2000).

MOODDISORDERS

Unipolar depression

The Global Burden of Disease study, a collaboration of
the WHO, the Harvard University School of Public
Health, and the World Bank, revealed that depressive
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disorders were the fourth leading cause of all disease
burden, as measured by disability-adjusted life years,
or DALYs. Depressive disorders, as defined by the
International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD-10:
World Health Organization, 1992), accounted for 4.4%
of total DALYs and were the leading cause of over-
all disability (nonfatal) worldwide. In the developing
world, the disability related to depressive disorders
was relatively lower, ranking 13th for total disease
burden, being overshadowed by vastly higher rates of
perinatal, infectious, maternal, and nutrition-related ill-
nesses. In high-income countries, depressive disorders
accounted for 8.9% of disease burden, whereas in
low- and middle-income countries they accounted for
4.1% of total DALYs (Ustun et al., 2004).

The NCS-R, a survey of more than 9000 English-
speaking adults in continental USA in 2001–2003,
recorded a lifetime prevalence rate of major depressive
disorder (MDD), as defined by the DSM-IV (American
Psychiatric Association, 2000), as 16.2%, and 12-month
prevalence rate prior to the interview as 6.6%. These
rates equate to approximately 33 million adults with life-
time MDD and 13 million with 12-month MDD. Thirty-
eight percent of those reporting 12-month MDD were
classified as being severely depressed, with the remain-
ing group classified as mild to moderately depressed
(Kessler et al., 2003, 2007b). Similar rates were found
in the National Epidemiologic Survey of Alcoholism and
Related Conditions (NESARC), a large (n ¼ 43 093)
USA-based survey. Participants of the NESARC study
reported a lifetime prevalence of 13.2% and 12-month
prevalence of 5.3% (Hasin et al., 2005).

The Cross-National Collaborative Group found dis-
similar rates of depressive disorders across countries,
with the lifetime prevalence of depression in adults
(defined by DSM-III) ranging from 1.5% in Taiwan to
19.0% in Beirut, Lebanon. Annual rates of depression
had similar cross-cultural differences, ranging from
0.8% in Taiwan to 5.8% in New Zealand (Weissman
et al., 1996). Similarly, more recent cross-national stud-
ies by the International Consortium in Psychiatric Epide-
miology (ICPE) have also found differences in rates
of depression in different countries, with lifetime
prevalence estimates ranging from 3% in Japan to
17% in the USA (Andrade et al., 2003). The reasons
for these differences are not readily apparent. Interest-
ingly, the authors of one study point out that rates of
depressive disorders in Korea are twice those in Taiwan,
despite both being Asian, industrialized nations.
Similarly, the rate of depressive disorders in Paris, a
temperate climate with a stable economy, is similar to
that of Beirut, a city that has a recent history of war
and political strife (Weissman et al., 1996).
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Among ethnic groups in the USA, the odds of depres-
sive disorderswere highest amongNativeAmericans (odds
ratio (OR)1.5)and loweramongAsianAmericans (OR0.6),
Hispanics (OR 0.6), and African Americans (OR 0.7)
when compared with white Americans (Hasin et al.,
2005). Non-Hispanic blacks had lower lifetime prevalence
rates of lifetimeMDD comparedwith whites in the NCS-R
study (Kessler et al., 2003).

Not surprisingly, individuals with MDD report
significant role impairment. In the NCS-R study, re-
spondents with 12-month MDD reported a mean of
35.2 days over the previous year in which they were to-
tally unable to carry out their normal work and social
functions. Nearly all depressed respondents (96.9%)
reported some impairment from depression, with
87.4% describing this impairment as at least moderate,
59.3% as severe, and 19.1% as very severe (Kessler
et al., 2003).

Examining the relatively high ratio of 12-month prev-
alence rates compared with lifetime prevalence rates
provides a clear picture that depression is typically a
chronic disorder. In the ICPE surveys, this ratio typically
ranged between 42% and 55.5% across several countries.
This ratio seems to decrease over the course of an indi-
vidual’s lifetime, suggesting that episodes are less fre-
quent with age, though this is surely not so for bipolar
depression (Andrade et al., 2003).

An untreated major depressive episode (MDE) typi-
cally lasts 4 months or longer, according to DSM-IV
(American Psychiatric Association, 2000). In the
NESARC study, respondents reported a mean of 4.7 de-
pressive episodes, with a mean duration of the longest
(or only) episode being 24.3 weeks (Hasin et al.,
2005). In about 20–30% of cases, depressive symptoms
that are insufficient to meet criteria for an MDE may
persist for months to years. In a small minority of pa-
tients, the full criteria for a MDE may continue for
2 or more years and are diagnostically distinguished with
the specifier, “chronic” (American Psychiatric Associa-
tion, 2000). Although episodes may be less frequent as
one ages, the duration of a depressive episode does
not exhibit a corresponding decrease (Andrade et al.,
2003). Clinical severity of a reported depressive episode
in the NCS-R survey ranged from 10.4% with mild
depression, 38.6% moderate depression, 38.0% severe
depression, and 12.9% with very severe depression
(Kessler et al., 2003).

Among depressed individuals in the USA, approxi-
mately 60% reported receiving treatment for their ill-
ness, and 9.6% reported being hospitalized (Hasin
et al., 2005). The NCS-R survey found that 57.3% of re-
spondents meeting criteria for an MDE over the previ-
ous 12 months had sought treatment for their illness.
This represented a meaningful increase from previous
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studies conducted in the 1980s and early 1990s. Just over
half of these sought treatment with specialty mental
health providers, with general medical providers fre-
quently involved as well (Kessler et al., 2003). Speed
of initial treatment contact after first-onset MDE was
examined in the ICPE surveys conducted in the USA
and Canada; delays of a decade or more were common
in both countries. Speed of initial treatment was also
found to be inversely related to age of onset of MDE,
a concerning finding given that early onset of an
MDE is associated with a more persistent and severe
course (Andrade et al., 2003).

MDD carries significant rates of comorbidity with
other psychiatric illnesses. In fact, nearly three-quarters
of patients with MDD carry an additional syndromal
psychiatric diagnosis during their lifetime, including
41.4–59.2% with a comorbid anxiety disorder, 31.9%
with an impulse control disorder, 30.8% with a person-
ality disorder, and at least 24.0% with a comorbid
substance abuse disorder. Two-thirds of subjects who
met criteria for MDD in the 12 months prior to being
surveyed also met criteria for another psychiatric disor-
der, most commonly an anxiety disorder. Of personality
disorders, avoidant, dependent, paranoid, and schizoid
were most strongly associated with MDD. These comor-
bid disorders tend to precede the onset of MDD, with
MDD preceding the onset of the comorbid disorder in
only 12.4% of cases (Andrade et al., 2003; Kessler
et al., 2003, 2007b; Hasin et al., 2005). A cross-national,
prospective study illustrated that individuals with dys-
thymia, somatization disorders, anxiety disorders, and
alcohol disorders at baseline were siginificantly more
likely to have a depressive episode during the 1-year
study period (Barkow et al., 2002).

Somatic complaints are frequent presenting symp-
toms of depression, being the only presenting complaint
in 45–95% of patients, based on one study. Somatization
seems to be a more common presentation in primary
care centers where patients lacked an ongoing relation-
ship with their medical provider. The prevalence of
somatization as a presenting symptom of depression
did not seem to vary significantly between cultures
(Simon et al., 1999).

In the NESARC study, among individuals with a
prior diagnosis of MDD, 40.3% had an alcohol use dis-
order, 17.2% had a drug use disorder, and 30.0% had nic-
otine dependence. Importantly, substance dependence
was more strongly correlated with depression than
was substance abuse (Hasin et al., 2005). The tendency
for depressive disorders to be comorbid with substance
abuse disorders has been replicated in multicountry
studies, with odds ratios ranging from 2.1 to 3.2 for al-
cohol abuse or dependence and from 2.6 to 11.9 for drug
abuse or dependence (Weissman et al., 1996).
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Anxiety disorders appear to be the most comorbid
conditions associated with depressive disorders. Among
anxiety disorders, generalized anxiety disorder (GAD)
was most strongly linked to MDD, with an adjusted
odds ratio of 5.7 among individuals with a history of
depression (Hasin et al., 2005). The ICPE surveys also
found GAD to be the most highly comorbid, followed
by panic disorder. Approximately one-third to one-half
of individuals with an MDE also had a history of at least
one anxiety disorder. In fact, the diagnosis of an active
primary anxiety disorder is a powerful predictor of a
subsequent first-onset MDE, with weighted mean odds
ratios ranging from 9.4 for PTSD to 81.6 for GAD
(Andrade et al., 2003).

There is strong evidence that risk of depression is
often comorbid with other physical illnesses. One pro-
spective study found that patients who were depressed
at follow-up were more likely to have significant medi-
cal comorbidities (Barkow et al., 2002).

Median age of onset of MDD was reported as
32 years in the NCS-R study with an interquartile range
(IQR, i.e. 25th–75th percentile) between 19 and 44 years
(Kessler et al., 2007b). Likewise, the mean age of onset
was 30.4 years in the NESARC study (Hasin et al., 2005).
IQRs tend to be notably larger in mood disorders when
compared with anxiety or impulse control disorders. For
example, the IQR is only 8 years for any impulse control
disorder (ages 7–15), 7 years for specific phobia (ages
5–12), and 7 years for social phobia (ages 8–15)
(Kessler et al., 2007b). Similar results were found by
the Cross-National Collaborative Group, with the mean
age of onset ranging from 24.8 years in a Canadian
sample to 34.8 years in Florence, Italy (Weissman
et al., 1996). The ICPE surveys found a median age
of onset in the early to mid 20s but noted that the risk
of a MDE increased over much of the life course. Like
most psychiatric disorders, the risk of a first depressive
episode is low in the early years of life, increasing
significantly in a fairly linear fashion during adolescence
and the 20s, and then decreasing later in life (Andrade
et al., 2003; Kessler et al., 2003). Based on age, the stron-
gest risk group for depressive disorders in the USA was
among those aged 45–64 years (Hasin et al., 2005).

It has long been recognized that depressive disorders
are significantly more prevalent among women, with an
odds ratio of 2.0 for women compared with men found
in the NESARC survey (Hasin et al., 2005). The Global
Burden of Disease study found that, among women,
depressive disorders were the fourth leading cause of
all-cause disease burden, while they ranked seventh
among males (Ustun et al., 2004). Female-to-male ratios
of prevalence data for depression by the Cross-National
Collaborative Group ranged from 1.6 in Beirut and
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Taiwan to 3.1 in West Germany, and in the ICPE surveys
female-to-male ratios ranged from 1.2 in the Czech
Republic to 2.5 in Japan (Weissman et al., 1996; Andrade
et al., 2003).

The Cross-National Collaborative Group study docu-
mented a relationship between MDD and marital status
that persisted across cultures. In this study, there was a
two- to fourfold increase in the rates of MDD in sepa-
rated and divorced individuals. This difference was pro-
nounced in men compared with women (Weissman
et al., 1996). Never-married individuals had an elevated
12-month prevalence of depression in the NCS-R study
(Kessler et al., 2003). Similarly, the NESARC study
found the risk of MDD to be elevated among those par-
ticipants who were widowed, divorced, or separated
(OR 2.2) compared with married or cohabitating partic-
ipants (Hasin et al., 2005).

Low socioeconomic status also seems to portend an
increased risk of depression, although the relationship is
not as strong as other demographic variables, such as
gender (Andrade et al., 2003). In the NESARC study,
participants earning less than $19999/year had an in-
creased risk of MDD (OR 1.7) (Hasin et al., 2005). In
the ICPE surveys, household income was related to risk
of a MDE in three of the five countries evaluated, the
USA, Canada, and the Netherlands, but not in Japan
and Mexico (Andrade et al., 2003). In the NCS-R study,
individuals who identified as “other” on employment
status, mainly disabled and unemployed persons, were
more likely to report a lifetime history of depression.
This was also true of those living at or below the US
poverty line (Kessler et al., 2003).

Level of educational attainment may be negatively
correlated with risk of depression, as illustrated in one
cross-national study in which subjects having more than
10 years of education exhibited a decreased risk of
developing an MDE during the 12-month study period
(Barkow et al., 2002). The NCS-R found an increased
12-month prevalence of depression among subjects with
less than 12 years of education (Kessler et al., 2003). In
contrast, educational attainment did not seem to be
related to risk of depression in the USA-based NESARC
study (Hasin et al., 2005).

Rates ofMDD did not vary by urbanicity or region of
the USA in the NESARC study (Hasin et al., 2005). In
the ICPE surveys, rural respondents were slightly less
likely than urban respondents to have an MDE, though
this finding was significant in only one of the sites stud-
ied, the Netherlands (Andrade et al., 2003).

In the NESARC survey, 8.8% of depressed individ-
uals reported a prior suicide attempt, and half of the
sample reported having wanted to die at some point in
their illness (Hasin et al., 2005).
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Bipolar disorder

Lifetime prevalence of bipolar spectrum disorders based
on NCS-R data is estimated at 1.0% for bipolar I disor-
der, 1.1% for bipolar II disorder, and 2.4% for subthresh-
old bipolar disorder, cumulatively affecting nearly 9
million adults in the USAwith a total lifetime prevalence
of 4.4%. Twelve-month prevalence in this study was
reported as 0.6% for bipolar I, 0.8% for bipolar II,
and 1.4% for subthreshold bipolar disorder. About
one-third of subthreshold bipolar cases have experi-
enced subthreshold hypomania in the presence of an
MDE, and 41.9% have experienced hypomania without
an MDE. Of the subthreshold bipolar disorder cases,
21.4% experienced subthreshold hypomania without an
MDE (Kessler et al., 2007b; Merikangas et al., 2007).
NESARC data found somewhat higher rates of bipolar
I and II disorders, with lifetime prevalences estimated at
3.3% and 1.1% respectively. Twelve-month prevalence in
this study was reported as 2.0% for bipolar I disorder
and 0.8% for bipolar II disorder (Hasin et al., 2005).

When viewed across cultures, bipolar disorder has a
more consistent prevalence rate compared with depres-
sive disorders, in which more disparate findings are
seen. In the Cross-National Collaborative Group’s data,
lifetime prevalence of bipolar disorder in adults was
lowest in Taiwan at 0.3% and highest in New Zealand
at 1.5% (Weissman et al., 1996). A review of studies
performed in 10 different European countries found
similar 12-month prevalence rates to the US studies, with
a median rate of 0.9% for bipolar I disorder (Pini et al.,
2005).

Not surprisingly, 12-month severity, as measured in
the NCS-R study with the Young Mania Rating Scale,
was rated as severe in a higher proportion of bipolar I dis-
ordered patients (70.2%) comparedwith bipolar II (55.4%)
and subthreshold bipolar disorder (31.5%). Using QIDS-
SR, a self-report measure of depressive symptoms, a
higher proportion of subjects with bipolar II disorder
(84.0%) rated their 12-month symptoms as severe com-
pared with those with bipolar I disorder (70.5%) and
subthrehold bipolar disorder (46.4%). For both mania/
hypomania and depressive episodes, severity was clas-
sified as moderate or severe in the vast majority of
patients with all subtypes of bipolar disorder. Severe role
impairment due to 12-month mania or hypomania was
reported by 71.3% of respondents with bipolar I dis-
order, 64.6% of those with bipolar II disorder, and
45.9% of those with subthreshold bipolar disorder. How-
ever, role impairment was more profoundly affected
by MDEs, with 91.4% of bipolar II, 89.3% of bipolar I,
and 78.8% of subthrehold bipolar disorder subjects re-
porting severe role impairment (Merikangas et al., 2007).
Data on the natural course of bipolar disorder from
Europe estimated that 20% of subjects reporting an
episode of hypomania will experience another hypo-
manic or manic episode over the next 5 years. Similarly,
the risk of a depressive episode is approximately 25%.
Similar results were found for subjects with a manic
episode; 19.3% subsequently developed an additional
episode of mania or hypomania, and 33.1% experienced
a depressive episode. The mean duration of a mood
episode in the European studies ranged from 0.9 to
3 months in population-based samples to 3–6 months
in patient samples (Pini et al., 2005).

In the NCS-R study, 80.1% of respondents with a diag-
nosis of a bipolar spectrum disorder reported seeking
treatment for an emotional disturbance during their life-
time. Treatment was more common in respondents with
bipolar I or II disorder (89.2–95.0%) compared with
subthrehold bipolar disorder (69.3%). Psychiatrists most
often provided care for bipolar I and II disorders; in
contrast, primary care physiciansmore commonly treated
subthreshold bipolar disorder. Treatment across multiple
sectors was common. In looking at 12-month medi-
cation patterns, “appropriate” treatment was prescribed
more commonly by psychiatrists compared with general
medical providers (45% versus 9%).A significantly higher
proportion of patients received inappropriate medication
in a general medical setting (73.1%) than in a psychiatric
setting (43.4%). Patients with bipolar I or II disorders were
more likely than those with subthreshold bipolar disorder
to receive inappropriate medication. In contrast, subjects
with subthreshold bipolar disorder were more likely to
receive no treatment compared with subjects with bipolar
I or II disorder (Merikangas et al., 2007). A European
study demonstrated that 70% of patients with a bipolar
spectrum disorder had sought assistance with emotional
problems from a primary care provider, and 56% had
been evaluated by a mental health provider; 25.5% of this
group had never sought any treatment (Pini et al., 2005).

As is the case forMDD, comorbid psychiatric illness is
virtually the rulewith bipolar disorders, with 96–98%of bi-
polar I and II patients and 88% of subthreshold bipolar dis-
order patients meeting criteria for an additional DSM-IV
diagnosis during their lifetime. Anxiety disorders were
most highly comorbid (63.1–83.7%), followed by impulse
control disorders (56.1–71.2%), and substance abuse disor-
ders (35.5–60.3%) (Kessler et al., 2007b). InEuropean stud-
ies, the anxiety disorders most commonly comorbid with
bipolar disorder include GAD, specific phobias, and panic
disorder. Subjects with bipolar II disorder were found to
havea 10-fold increased riskofpanicdisorderover subjects
without a bipolar spectrumdisorder. Bipolar I disorderwas
also strongly comorbid with substance abuse, panic disor-
der, agoraphobia, PTSD, and OCD (Pini et al., 2005). For
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the majority of comorbid disorders, odds ratios are similar
for comorbidity for both bipolar I and bipolar II disorder.
Exceptions to this include substance abuse and some im-
pulse control disorders that carry significantly higher odds
ratios in bipolar I compared with bipolar II patients. In ad-
dition, the odds ratios of any bipolar spectrum disorder to
occur in the presence of three ormore psychiatric disorders
were dramatically higher thanwith a single comorbiddisor-
der. This effect was most marked in bipolar I disorder
(Merikangas et al., 2007).

The median age of onset for bipolar I and II disorders
appears to be earlier than for subthreshold bipolar
disorder, with an interquartile range of approxmately
two decades, from the late teens through late thirties
(Kessler etal., 2007b).Theaverageageofonset forbipolar
I disorder is earliest at 18.2 years, followed by bipolar II
disorder at 20.3 years and then subthreshold bipolar dis-
order at 22.2 years (Merikangas et al., 2007). Mean age
of onset of bipolar disorders in the Cross-National Collab-
orative Group study was also significantly earlier in life
than depressive disorders, ranging from 18 years in the
USA to 27 years in Puerto Rico; however, the authors of
this study acknowledged that this figuremay be an under-
estimate, given the relatively young sample population
(Weissman et al., 1996). Results from one European-
based study suggested a mean age of onset as young as
14.8 years for hypomania and 15.4 years formania, though
studies in Germany and Hungary documented mean
ages of onset roughly between 18 and 23 years. Other
European studies found that the highest rates of bipolar
spectrum disorders occurred in those aged 18–34 years
and was lowest in the oldest age category, suggesting
that the burden of illness occurs most commonly in early
life. However, the authors of this report indicated that
the studies lacked sufficient power to make this distinc-
tion (Pini et al., 2005).

In the Cross-National Collaborative Group study, the
female-to-male ratios for bipolar disorders were consis-
tent across countries, with men having slightly higher
rates than women (Weissman et al., 1996). In contrast,
a compilation of several studies based in Europe found
slightly higher rates of bipolar spectrum disorders
among women (Pini et al., 2005). The NCS-R survey
did not find a difference in rates of bipolar spectrum
disorders between sexes (Merikangas et al., 2007).

Sociodemographic effects are relatively modest
with bipolar spectrum disorders, with bipolar disorders
of all forms inversely related to age and education
and increased among those who were previously mar-
ried compared to currently married individuals for sub-
threhold bipolar disorder. Bipolar spectrum disorders
are increased among individuals who are unemployed
or disabled. The condition seems to be unrelated to race,
ethnicity, and family income (Merikangas et al., 2007).
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The persistence of a bipolar spectrum disorder, as
measured indirectly by the ratio of 12-month prevalence
to lifetime prevalence, is higher with bipolar I (63.3%)
and bipolar II (73.2%) disorders compared with sub-
threshold bipolar disorder (59.5%). Persistence is even
lower for MDD at 40.7%. Similarly, bipolar spectrum
disorders have a higher reported number of total years
in a mood episode compared with MDD (mean of 10.3
years in bipolar I, 11.6 years in bipolar II, 6.8 years
in subthreshold bipolar disorder, and 5.8 years for
MDD) (Kessler et al., 2007b).

Bipolar disorder is the leading causeofprematuremor-
tality due to suicide (Merikangas et al., 2007). UK-based
reports have estimated that 20% of patients with bipolar
spectrum disorders commit suicide, and 60% report sui-
cidal ideation during the course of their illness. Suicide
risk appears tobehighest early in the courseof illness,with
thehighest riskbeing in theyearafter initial hospitalization
regardless of the patient’s age or gender (Pini et al., 2005).

ANXIETYDISORDERS

Anxiety disorders are the most common of all the
psychiatric disorders, with a lifetime prevalence rate
of 28.8% in a USA-based sample (the NCS-R).
The projected lifetime risk at age 75 years increased
to 31.5%. Twelve-month prevalence rates echo these
findings, demonstrating that anxiety disorders have a
rate between 11% and 18% (Grant et al., 2004; Kessler
et al., 2005c). Specific phobia was the most prevalent
anxiety disorder in terms of lifetime and 12-month
prevalence, with 12.5% of adults affected in their life-
time, followed by social phobia (12.1%). The median
age of onset of anxiety disorders is one of the earliest
of all the psychiatric disorders at 11 years of age.
Similar to mood disorders, women are affected by
anxiety disorders at higher rates than men. Likewise,
non-Hispanic blacks and Hispanics have lower rates
of anxiety disorders (Kessler et al., 2005c, d). Treatment-
seeking for anxiety disorders is markedly variable, with
contact rates with treatment providers ranging from
95.3% for panic disorder to only 27.3% for separation
anxiety disorder. Among anxiety disorders, about one-
third of individuals with GAD and panic disorder sought
treatment for their condition within 1 year of onset. These
rates were significantly lower for other anxiety disorders,
including PTSD, social phobia (also known as asocial
anxiety disorder), and specific phobias (Wang et al., 2005).

Panic attacks, panic disorder, and
agoraphobia

Panic attacks are discrete episodes of intense fear and
discomfort and are fairly common, with 28% of a US
population sample (NCS-R) reporting at least one such
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episode in their lifetime and 11.2% reporting an episode
in the 12 months prior to the survey. About one-sixth of
individuals who reported a history of a panic attack, or
4.7% of total respondents, met criteria for panic disor-
der, a syndrome of multiple panic attacks with interepi-
sode symptomatology. The 12-month prevalence of
panic disorder in this survey was 2.8%. Panic disorder
with agoraphobia was less common, with a lifetime pre-
valence of 1.1% (Kessler et al., 2006b). These figures are
somewhat higher than those reported in previous
studies, such as the ECA study and the earlier NCS study
(Eaton et al., 1994). Studies in Europe found similar
results, with the 12-month prevalence rate of panic dis-
order clustering around 2% (Goodwin et al., 2005).

In the NCS-R study, non-Hispanic blacks had lower
odds ratios for panic attacks, panic disorder with and
without agoraphobia, and agoraphobia without panic
disorder, though not all of these findings were signifi-
cant (Kessler et al., 2006b).

Panic symptoms are associated with high levels of
disability, impairment, and reductions in quality of life.
In fact, panic disorder ranks among the top five mental
disorders in terms of lost work days and diminished qual-
ity of life (Goodwin et al., 2005). Clinical severity was
highest among individuals with panic disorder and agora-
phobia, with 86.3% describing their symptoms as moder-
ate or severe in the NCS-R study. These ratings were
lowest among those respondents with panic attacks
only; 6.7% of these respondents rated their symptoms
as moderate or severe and 70.6% reported having no
significant disability as a result of their symptoms. Cor-
respondingly, role impairment was most pronounced
among individuals with panic disorder and agoraphobia,
and 95% of this group reported moderate or severe role
impairment. Individuals with panic disorder without
agoraphobia were more likely to rate their role impair-
ment as moderate or severe (76.8%), compared with only
58.8% of respondents with agoraphobia without panic
disorder. This pattern was reversed in the ratings for
clinical severity (Kessler et al., 2006b). Notably, panic
disorder patients are at a higher risk for suicide, though
the contribution of comorbid conditions to this risk
continues to be questioned (Goodwin et al., 2005).

The majority of respondents in the NCS-R study with
panic attacks, panic disorder, and/or agoraphobia
reported having at least one cued, or expected, attack
(from 67.9% in panic disorder with agoraphobia to
87.6% in agoraphobia without panic disorder). Panic dis-
order was associated with a significantly higher number
of cued attacks compared with that in patients with
panic attacks but not panic disorder as well as agorapho-
bia without panic disorder (Kessler et al., 2006b). Panic
disorder is generally a chronic condition; in long-term
studies, 17–70% of patients continue to have panic
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attacks, and 36–82% continue to have the avoidance
associated with panic disorder (Goodwin et al., 2005).
Persistence of symptoms, measured by comparing the
12-month prevalence of panic symptoms with lifetime
cases, varies significantly, ranging from 35.7% in re-
spondents with panic attacks only to 62.6% in panic
disorder with agoraphobia. Panic disorder with and with-
out agoraphobia had higher levels of persistence com-
pared with panic attacks alone (Kessler et al., 2006b).

Nearly all respondents with panic disorder sought
treatment for symptoms during their lifetime, though
individuals with agoraphobia (96.1%) were slightly more
likely than those without (84.8%) to seek treatment. Life-
time treatment rates were somewhat lower among
those respondents with agoraphobia without panic dis-
order (74.7%), as were those with panic attacks only
(61.1%). The majority of respondents had sought treat-
ment in a primary care setting with the exception of
individuals with agoraphobia without panic disorder,
who were slightly more likely to have sought treatment
in a nonmedical mental health setting (Kessler et al.,
2006b).

One European study found that 60% of patients with
panic disorder alone and 90% of those with panic dis-
order with agoraphobia were recognized as “psychiatric
cases” by their primary care physicians. However, a
minority of these patients were treated psychophar-
macologically. Results of another European study
found that approximately 60% of individuals with panic
disorder had contacted a healthcare professional for
management of their symptoms. Individuals with de-
pressive disorders in addition to panic disorder may
be more likely to seek healthcare for their symptoms
(Goodwin et al., 2005).

Individuals with panic disorder or agoraphobia have a
significantly increased lifetime risk for nearly all other
DSM-IV disorders. Among respondents of the NCS-R
study with panic attacks, 72% met lifetime criteria for
another psychiatric disorder. This figure increased to
83% of respondents with panic disorder alone and was
100% in respondents with panic disorder with agorapho-
bia and agoraphobia without panic disorder. Common
comorbidities included other anxiety disorders, mood
disorders, impulse control disorders, and substance
use disorders (Kessler et al., 2006b). The results of
European studies are concordant in that “pure” panic
disorder (i.e., without any comorbid psychiatric disor-
der) is quite rare. Depressive disorders were most fre-
quently comorbid with panic disorder, followed by
other anxiety disorders. Based on prospective/longitudi-
nal studies, panic disorder can precede or follow other
comorbidities. Agoraphobia also appears to be highly
comorbid with other anxiety and mood disorders,
though this is less well studied. Many studies also
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report an increased risk for bipolar disorder in patients
with panic disorder, as well as strong associations with
substance use disorders and somatoform disorders
(Goodwin et al., 2005).

Age of onset is similar among respondents with panic
attacks and panic disorder with and without agorapho-
bia, with the mean age of onset ranging between 21.5
and 22.7 years in the NCS-R study (Kessler et al.,
2006b). The original NCS found that the total prevalence
of panic attacks and panic disorder was greatest in
persons aged 15–24 years, though further analysis
suggests a bimodal distribution, with a second peak
among those aged 45–54 years. These data also indicated
that there were ethnic differences in age of onset, with
panic disorder being much less likely to occur in older,
nonwhite populations (Eaton et al., 1994). European
studies estimated mean age of onset to fall in the
mid-20s, with the average age of onset slightly higher
for agoraphobia. These studies also suggested a fairly
linear increase in risk of panic attacks occurring in
women aged 10–28 years; in contrast, findings of males
indicated a possible second period of increased risk in the
late 40s that was not seen among females (Goodwin
et al., 2005).

Similar to other anxiety disorders, panic disorders are
more common among women than men. In addition,
women may suffer a more prolonged and severe course
of the illness. In the NCS, women comprised 70.8% of all
respondents with panic disorder (Sheikh et al., 2002).
In the NCS-R, the odds ratio associated with being
female was higher for panic attacks, panic disorder
with and without agoraphobia, as well as agoraphobia
without panic disorder, with this difference being most
pronounced among respondents with panic disorder
with and without agoraphobia (Kessler et al., 2006b).
European studies confirm these findings, with 12-month
prevalence rates of panic disorder among females rang-
ing from 1.0 to 5.6%, compared with 0.6–1.5% in males.
Rates of panic attacks and agoraphobia were also con-
sistently higher among women in the European studies
(Goodwin et al., 2005). In earlier USA-based studies,
the female-to-male ratio was just over 2:1 for all forms
of panic symptomatology. Association of panic symp-
toms varies with age, with the highest rates of panic at-
tacks and panic disorder occurring in the youngest age
bracket of 15–24 years. Among women, the rates of
panic disorder are similarly highest in the youngest
age group, but the rates of panic attacks are highest
among those aged 35–44 years (Eaton et al., 1994).

Several sociodemographic variables are associated
with the risk of panic symptoms, though the effect size
appears to be small. Previously married individuals had
higher odds of all subtypes of panic and agoraphobia
(Kessler et al., 2006b). Religious beliefs did not appear

178 S.H. JUUL AND
to play a role in the risk of developing panic attacks or
panic disorder (Eaton et al., 1994).

Educationdoesappear tobecorrelatedwithoddsofde-
veloping panic attacks, panic disorder, and panic disorder
with agoraphobia, according to the NCS. Persons with
fewer than 12 years of education were four times more
likely to report a panic attack, seven times more likely to
have panic disorder with agoraphobia, and more than 10
times more likely to have panic disorder when compared
with college-educated respondents. However, the same
study did not find a significant difference in panic symp-
toms or agoraphobia across income levels (Eaton et al.,
1994). European studies did not find a significant associa-
tion between panic disorder and education, employment
status, or type of occupation (Goodwin et al., 2005).

Unemployed and disabled individuals have a higher
prevalence rate of panic disorder and agoraphobia,
though not of panic attacks without an accompanying
disorder. Retired respondents in the NCS-R survey
had an elevated risk of panic disorder with agoraphobia
but not the other panic/agoraphobia subtypes (Kessler
et al., 2006b).

B. NEMEROFF
Specific phobias

Specific phobias are characterized by a “marked and
persistent fear that is excessive or unreasonable, cued
by the presence or anticipation of a specific object or
situation” (American Psychiatric Association, 2000).
Examples of specific phobias include flying, heights,
animals, receiving an injection, and seeing blood. Spe-
cific phobias are among the most prevalent psychiatric
conditions and are associated with substantial impair-
ment. In fact, specific phobias are thought to be the most
common psychiatric illness in women, and lifetime prev-
alence in one European study among young women was
12.8% (Becker et al., 2007). Lifetime prevalence of
specific phobia in the NESARC study was 9.4%, and
12-month prevalence was 7.1% (Stinson et al., 2007).
In the NCS, approximately half of all respondents
reported an “unreasonably strong fear of one or more
of” eight phobia stimuli most commonly reported. How-
ever, only 22.7% of these respondents met criteria for
specific phobia (Curtis et al., 1998). The common nature
of these fears has raised questions in the field as to
whether all specific phobias actually represent bona fide
psychiatric disorders.

Animals and heights were the most commonly
reported phobic objects in theNESARCandNCS surveys;
their prevalence rates in the NESARC study were 4.7%
and 4.5%, respectively. One-third of respondents with
specific phobia reported fears and/or avoidance of fly-
ing or being in closed spaces. Between 20% and 26% of
respondents reported fear and/or avoidance of storms,
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water, seeing blood, receiving injections, and going to
the dentist, with associated prevalence rates between
2.0% and 2.4% (Stinson et al., 2007). Fear of animals
is the most prevalent phobia among women, either with
or without a diagnosis of specific phobia, while fear of
heights is most common among men (Curtis et al.,
1998). The mean number of fears among respondents
with specific phobia was 3.1, with only approximately
one-quarter of respondents with specific phobia report-
ing only one phobic object, 19.6% reporting four to five
phobic objects, and 14.5% reporting six or more. The de-
gree of social and occupational dysfunction increased
with increasing numbers of phobic objects. The likeli-
hood of substance abuse or dependence did not seem
to vary as a function of increasing phobic objects. How-
ever, nicotine dependence was more likely among those
respondents with higher numbers of feared objects, as
was the odds ratio of having a comorbid anxiety
disorder (Curtis et al., 1998; Stinson et al., 2007).

After adjusting for sociodemographic variables and
other Axis I and II disorders, individuals with specific
phobia had more significant disability compared with
those without the disorder. When compared with other
Axis I disorders, the disability of specific phobia was
less severe than mood disorders but comparable to sub-
stance use disorders (Stinson et al., 2007). Although
60% of respondents in the NCS study with simple fears
(but not specific phobia) recovered, this was true of only
30% of those with specific phobia having two to three
fears and only 20% of those with five to eight fears
(Curtis et al., 1998).

Mean age of onset of specific phobia in the NESARC
study was 9.7 years, with a median age of onset of 11.2
years. Mean duration of specific phobia was 20.1 years,
and median duration was 22.9 years. Only 8.0% of those
with specific phobia in this study reported treatment spe-
cifically for this disorder. Mean age at first treatment
was 31.3 years, indicating a significant delay in treat-
ment for the disorder (Stinson et al., 2007). Median
age of onset in the NCS study was similar, at 12 years,
and the authors of this study reported that 90% of pa-
tients have developed the disorder by age 25 years
(Curtis et al., 1998). Specific fears seem to vary in their
age of onset; for example, animal phobias tend to
begin early in life, with a mean age of onset of 6.2 years,
whereas the mean age of onset of situational phobias,
like elevators, flying, and driving, is 13.4 years (Becker
et al., 2007).

Like other anxiety disorders, females have signifi-
cantly greater odds of developing specific phobia. Asian
and Hispanic adults had a lower risk for specific phobia
in US-based studies. Lower-income groups had higher
odds ratio for specific phobia compared with the
highest-income group (Stinson et al., 2007).

PSYCHIATRIC
Specific phobia is also highly comorbid with other
psychiatric disorders, namely bipolar spectrum disorders,
other anxiety disorders, particularly panic disorder with
agoraphobia, and substance use disorders. Specific
phobia was more strongly related to dependence than
abuse for the substance use disorders (Stinson et al.,
2007). Lifetime prevalence for comorbid anxiety
disorders was highest at 28.3%, followed by affective
disorders (13.7%), eating disorders (4%), somatoform
disorders (3.2%), and substance-related disorders
(2.2%) (Becker et al., 2007).
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Social phobia

Like panic disorder, social phobia is a highly prevalent
condition often causing marked functional impairment.
The lifetime prevalence rate of social phobia in the NCS-
R study was reported as 12.1% with a 12-month preva-
lence rate of 7.1% (Ruscio et al., 2008). Results from
a review of 21 European surveys are somewhat lower,
with a median lifetime prevalence rate of social phobia
of 6.7% and a 12-month prevalence rate of only 2.0%;
however, there was considerable variation in prevalence
rates among the surveys examined. Lifetime prevalence
rates ranged from 3.9% in a Belgian study to 13.7% in
Norway (Fehm et al., 2005). Moreover, one-fourth of
all respondents reported at least one social fear, indicat-
ing a significant presence of subthreshold symptomatol-
ogy. The most common social fears reported in the
NCS-R were public speaking (21.2%) and speaking up
in a meeting or class (19.5%). The study also found
that there was a direct relationship between the number
of social fears reported and the likelihood of meeting
the diagnostic criteria for social phobia. Seventy-one
percent of respondents who met criteria for social pho-
bia reported eight or more social fears over the course of
their lifetime (Ruscio et al., 2008).

Almost all respondents with social phobia reported
role impairment secondary to social anxiety symptoms,
and one-third of these respondents classified their im-
pairment as severe in at least one domain of functioning.
As onemight expect, a larger number of social fears was
associated with greater impairment. Given the large co-
morbidity of social phobia with other psychiatric disor-
ders, an analysis examining only the effect of social
phobia on functioning was conducted. This analysis
found that the vast majority (89.9%) of individuals with
social phobia alone also reported some functional im-
pairment, with the largest effect seen in social activities
and close relationships (Ruscio et al., 2008). Social pho-
bia is linked to negative outcomes not only in social and
family functioning and close relationships, but also in
occupational and educational performance. Individuals
suffering from social phobia are more likely to have jobs
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that are below their level of qualification, are more likely
to leave school prematurely, and run a higher risk of
being unemployed (Fehm et al., 2005).

In the European Study of the Epidemiology of Men-
tal Disorders, the number of lost work days due to social
phobia was comparable to other anxiety and mood dis-
orders. However, individuals with social phobia had a
greater number of lost work days than a number of sig-
nificant medical conditions, including diabetes and heart
disease, giving credence to the significant impairment
associated with this disorder. Additionally, an increased
risk of suicidality has been reported among individuals
with social phobia. Often, this risk can be at least par-
tially explained by the high rate of comorbidity with de-
pressive disorders. Among females, however, social
phobia without depression was associated with an in-
creased risk of suicidal tendencies (Fehm et al., 2005).

Recovery from social phobia is more likely among
those individuals who have fewer total fears and is also
more rapid in these subgroups. However, regardless of
the total number of fears, recovery typically takes
decades to occur. The NCS-R study found that only
20–40% of patients with social phobia respond within
20yearsofonset andonly40–60%respondwithin40years
(Ruscio et al., 2008). Notably, earlier data from the
original NCS comparing individuals with social fears only
related to public speaking had a course that was less
persistent, less impairing, and less highly comorbid with
other psychiatric illnesses (Kessler et al., 1998).

Approximately two-thirds of respondents with life-
time social phobia in the NCS-R study had received
treatment for a mental health condition at some point
over their lifetime. However, only about one-third of
these had received treatment specifically for social pho-
bia. Respondents with relatively few social fears were
equally likely to seek treatment in a primary care setting
as a specialty mental health setting. Those respondents
with a larger number of social fears were more likely
to report receiving treatment in a specialty mental health
setting. Overall, the number of total social fears did pre-
dict likelihood of having received treatment, with re-
spondents with more social fears more likely to have
sought treatment compared with those having fewer so-
cial fears (Ruscio et al., 2008). European studies point to
the low rates of help-seeking behavior among individ-
uals with social phobia. Often, mental health services
will not be sought until other comorbid disorders have
developed, such as depression or substance abuse.
Unfortunately, social phobia is rarely detected by pri-
mary care physicians, and even when the correct diagno-
sis is made, the initiation of an appropriate treatment
modality is relatively rare (Fehm et al., 2005).

Comorbidity with other psychiatric diagnoses also
appears to vary with the number of total social fears.
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Approximately two-thirds of individuals with lifetime so-
cial phobia and only 1–4 fears meet criteria for another
DSM-IV diagnosis. This figure increases to three-fourths
of individuals with 5–7 fears, 81.5% of those with 8–10
fears, and 90.2% of individuals with 11 or more fears.
Social phobia has an elevated odds ratio for psychiatric
comorbidity with every DSM-IV disorder assessed in
the NCS-R study. Odds ratios were highest for comorbid-
ity with other anxiety disorders (OR 3.9–11.9), followed
by mood disorders (OR 4.6–6.2), impulse control disor-
ders (OR 2.8–4.4), and substance use (OR 2.8–3.0)
(Ruscio et al., 2008). Studies of temporal patterns of de-
pression and social phobia suggest that social phobia typ-
ically precedes the onset of depression. In addition, the
presence of social phobia may also portend a more severe
course of depression when comorbid, as indicated by
shorter interepisode durations and a larger number of de-
pressive symptoms. Social phobiamay also bemore likely
to precede alcohol abuse in comorbid cases, though the
authors of this report stress the complexity of the rela-
tionship between these conditions (Fehm et al., 2005).

Age of onset is relatively early among individuals
with social phobia. The median age of first social fear
was 10–13 years for all respondents reporting a history
of social fears, with a median age of first avoidance be-
havior of 12–14 years. Having a higher number of differ-
ent social fears was correlated with an earlier age of
onset (Ruscio et al., 2008). European studies revealed
similar findings, with the average age of onset of social
phobia reported as between 12 and 16.6 years (Fehm
et al., 2005).

Lifetime prevalence rates for social phobia are higher
in women than in men, a finding that has been con-
firmed by multiple population studies around the world.
Odds ratios range between 1.5 and 2.2. However, studies
in clinical settings have not found a difference in prev-
alence between genders, with males having an equal or
sometimes higher prevalence than women. It has been
assumed that this difference is related to gender roles
and differences in social expectations that lead to
heightened help-seeking behaviors among men with
social phobia (Fehm et al., 2005).

Sociodemographic correlates of social phobia include
age less than60years, beingpreviouslymarried, andbeing
either unemployed or disabled. In the NCS-R study, His-
panic and non-Hispanic blacks also had a lower risk for
social phobia. However, all of these effects were quite
modest, with odds ratios ranging from 0.5 to 2.2. When
individuals with social phobia were examined in terms
of the number of social fears, those respondents with
fewsocial fearsweremore likely to bemale andof“other”
race/ethnicity (mainly American Indian or Asian). Social
phobia with a larger number of fears was significantly
related to being younger, female, neither Hispanic nor

B. NEMEROFF
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non-Hispanic black, never or previouslymarried, neither a
student nor retired, having an employment status of
“other,” having less than a college education, and low in-
come. The authors of this study did not find a significant
difference in sociodemographic profiles of those individ-
uals with “pure” social phobia and social phobia that is co-
morbidwithotherDSM-IVdiagnoses (Ruscioetal., 2008).
European studies have also remarked on the increased
prevalence rate of social phobia among individuals
with a poor financial situation, low social class, single or
unmarried status, unemployment, and low educational
attainment.However, there isnoclear evidenceofwhether
these sociodemographic characteristics are consequences
or antecedents of the disorder (Fehm et al., 2005).

Family and temperament have also been studied in
social phobia. Genetic vulnerability to social phobia has
been confirmed by twin studies; additionally, factors in
the family environment also appear to play a strong role,
particularly parent modeling and style of child-rearing.
The combination of rejection and overprotection on
the part of the parents seems to contribute to the devel-
opment of social phobia. Behavioral inhibition on
the partof the child, characterized by withdrawal and
inhibition in novel situations, appears to be linked to
the development of social phobia (Fehm et al., 2005).

PSYCHIATRIC
Obsessive-compulsive disorder

Systematic research into the etiology and treatment of
OCD has advanced in earnest since the 1980s when reli-
able diagnostic criteriawere formulated. Psychobiological
research has demonstrated that OCD is associated with
impairment within the corticostriatal-thalamic circuitry.
Epidemiological research indicates that OCD is a particu-
larly impairing, and often hidden, psychiatric illness with
demonstrable public health effects. The NCS-R found a
lifetime prevalence of OCD of 2.3%, with a 12-month
prevalence of 1.2%. However, more than a quarter of
all respondents reported experiencing obsessions and
compulsions during their lifetime, indicating significant
subthreshold symptomatology (Ruscio et al., 2010). These
estimates were similar to prior findings in the ECA
studies, which ranged from 1.9% to 3.3%, depending on
study site (Nelson and Rice, 1997). A smaller survey in
the UK found a point prevalence rate of 1.1% (Torres
et al., 2006).

Of the nine obsessions and compulsions studied in
the NCS-R, the most common types were checking
(15.4%), hoarding (14.4%), and ordering (9.1%) behav-
iors. Rarer types of obsession and compulsion are
associated with a greater risk of meeting syndromal
criteria for OCD. Probability of a diagnosis of OCD
was highest among those individuals reporting harming
or sexual and religious types of obsession and
compulsion. The likelihood of OCD also increases with
higher numbers of overall obsessions and compulsions,
increasing sharply with four or more obsession and
compulsion types. The most common obsessions
and compulsions among those individuals with OCD
are checking (79.3%) and hoarding (62.3%). The least
common type was obsessions and compulsions related
to undiagnosed illness in self or others (Ruscio et al.,
2010). In the UK-based survey, 55% of participants with
OCD were purely obsessive, 11% were purely compul-
sive, and 34% had both obsessions and compulsions
(Torres et al., 2006).

Approximately half of respondents with lifetime
OCD reported symptoms in the 12 months preceding
the NCS-R study. These respondents reported spending
an average of 5.9 hours daily occupied by obsessions
and 4.6 hours engaging in compulsions during the prior
12 months. In this community sample, the individuals
with OCD over the prior 12 months were classified
mainly in the moderate (65.6%) and severe (30.7%) cat-
egories, with only two cases (3.7%) being classified as
mild. When compared with moderate cases, severe
cases were distinguished by having fewer early onsets,
higher rates of poor insight into their disorder, and
a greater incidence of comorbid disorders (Ruscio
et al., 2010).

As indicated by the amount of time spent engaged in
obsessive or compulsive thoughts and behaviors, OCD is
a highly impairing disorder. In the NCS-R study, two-
thirds of cases reported severe role impairment in the
preceding 12 months. Relationships and social function-
ing were the domains most severely impaired. Although
those cases classified as clinically severe were also the
most likely to report severe role impairment, three-
quarters of the clinically moderate subgroup reported
moderate or severe interference in one or more areas
of disability. Individuals meeting criteria for OCD in
the 12 months prior to the study spent an average of
45.7 days out of their typical role (Ruscio et al., 2010).
Similarly, in the British National Psychiatric Morbidity
Survey, individuals with OCD had significantly more
impairment in their social, work, and overall activities
than did comparison groups of individuals with other
psychiatric disorders as well as individuals without
any diagnosable psychiatric illness. When compared
with other individuals with anxiety and mood disorders,
OCD individuals had similar impairment in terms of
physical health but elevated measures of social and work
impairment. In addition, a self-reported history of sui-
cidal acts was more common among respondents with
OCD compared with individuals with other anxiety
and mood disorders. These findings remained signifi-
cant after accounting for the presence of comorbid
psychiatric disorders (Torres et al., 2006).
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Nearly half of 12-month OCD subjects in the NCS-R
reported having received treatment for emotional symp-
toms over the past year. Severe cases were significantly
more likely to have sought treatment compared with
moderate cases. However, only a minority of severe
(30.0%) and moderate (2.9%) cases received treatment
specifically for OCD. Treatment was provided in equal
parts by primary care clinicians and mental health spe-
cialists, and the data suggested that treatment was com-
monly received in both sectors. Only about 6.4% of
lifetime cases of OCD reported a history of hospitaliza-
tion, and these cases were more likely also to report
OCD symptoms over the previous 12months, suggesting
that these represented more persistent cases of the
illness (Ruscio et al., 2010).

The vast majority (90%) of individuals with OCD
meet criteria for a comorbid DSM-IV diagnosis. Most
common are anxiety disorders, with 75% diagnosed with
another anxiety disorder. Other common comorbidities
include mood disorders (63.3%), impulse control disor-
ders (55.9%), and substance use disorders (38.6%).
Among the mood disorders, the odds ratio for comorbid
bipolar disorder in OCD patients is especially high (OR
7.4). OCD tends to develop later than comorbid anxiety
disorders, with the exceptions of separation anxiety dis-
order and PTSD. For mood disorders, the proportion of
OCD cases predating themood disorder is nearly equal to
the proportion ofmood disorders with onset beforeOCD.
For impulse control disorders and substance use, these co-
morbid disorders typically predate the onset of OCD
symptoms (Ruscio et al., 2010).

The British National PsychiatricMorbidity Survey pro-
vided similar findings, with 62% of individuals with OCD
also meeting criteria for another neurotic disorder. This
study also found that individuals with OCD had a higher
burden of psychological morbidity compared with indi-
viduals diagnosed with other anxiety andmood disorders.
Of the anxiety and mood disorders examined, the most
common comorbid disorders were depression (36.8%),
GAD (31.4%), agoraphobia or panic disorder (22.1%), so-
cial phobia (17.3%), and specific phobia (15.1%). Comor-
bidity in this study did not portend a higher level of
social, occupational, or educational impairment, and life-
time history of suicide attempts was also similar between
“pure” OCD cases and individuals with OCD and signif-
icant comorbidities. However, individuals with OCD and
a comorbid psychiatric disorder were significantly more
likely to seek treatment for their symptoms, with 55.6%
of patients with comorbidities receiving treatment for
emotional difficulties, compared with only 13.9% of
“pure” OCD cases (Torres et al., 2006).

Although “problem drinking” did not vary between
individuals with OCD, those with other anxiety and
mood disorders, and respondents without any

182 S.H. JUUL AND
psychiatric illness in the British National Psychiatric
Morbidity Survey, a higher proportion of those with
OCD showed features of alcohol dependence. The prev-
alence of alcohol dependence was twice as high among
respondents with OCD compared with individuals with
other anxiety and mood disorders and four times as high
as the comparison group without anxiety or mood disor-
ders. Tobacco smoking and dependence on cannabis,
amphetamines, ecstasy, and cocaine were all increased
among those with OCD compared with the comparison
group. All types of alcohol and other substance use dis-
orders were more prevalent among men with OCD com-
pared with female OCD respondents. The only
exception was tranquilizer dependence, which was al-
most twice as common in women compared with men
with OCD (Torres et al., 2006).

Of all the sociodemographic variables studied in
the NCS-R, the strongest predictor of lifetime OCD
was age, with the highest prevalence rate among
respondents aged 18–29 years (Ruscio et al., 2010). Prev-
alence typically declines sharply with increasing age in
community studies (Torres et al., 2006). The mean
age of onset of OCD was 19.5 years in the NCS-R study,
with noticeable differences in the course of illness be-
tween women and men. Males comprise the majority
of early-onset cases. In fact, nearly one-quarter of all
males with OCD have an onset of illness prior to age
10. Among females, the highest rate of new cases is in
the teenage years. For both women and men, few new
cases of OCD arise after the early 30s. Overall, the odds
of lifetime OCD are also significantly higher among fe-
males compared with males, as are the odds of persis-
tence of symptoms (Ruscio et al., 2010). Findings
from the UK demonstrated a female-to-male ratio of
1.44 for OCD, with a prevalence of 1.3% among women,
compared with 0.9% among men (Torres et al., 2006).

In the British National Psychiatric Morbidity Survey,
sociodemographic characteristics of individuals with
OCD did not differ significantly in terms of ethnicity
or educational qualifications when compared with indi-
viduals with or without other anxiety or mood disorders.
Relative to the group without anxiety or mood disorders,
individuals with OCD were more likely to be younger
and female, and were less likely to reside in urban areas.
When compared with the nonneurotic group, individuals
with OCD were more likely to be unemployed, of lower
social class, and have a lower income, and were less
likely to be married (Torres et al., 2006).

B. NEMEROFF
Generalized anxiety disorder

GAD is a chronic and disabling disorder with high health
service utilization rates, particularly in the primary care
sector. Lifetime prevalence of GAD in the NESARC
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study was 4.1%, with a 12-month prevalence of 2.1%
(Grant et al., 2005). These rates are somewhat lower than
those found in the earlier NCS, which documented life-
time prevalence of 5.1% and 12-month prevalence of
3.1% (Wittchen, 2002). Surveys from Scandinavian pa-
tients seeing a general practitioner found point preva-
lence rates of 4.8% for males and 6.0% for females
(Munk-Jorgensen et al., 2006). Studies have consistently
found that females demonstrate twice the prevalence
rates of GAD compared with males (Carter et al.,
2001; Wittchen, 2002; Grant et al., 2005). In a large
German study, prevalence of subthreshold GAD symp-
tomatology, including feeling worried, tense, or anxious
most of the time for at least a month, was 7.8% when
viewed over the 12 months prior to the survey (Carter
et al., 2001).

Mean age of onset of GAD in the NESARC study
was 32.7 years, and respondents with lifetime GAD
reported an average of 3.4 episodes during their life-
time. Mean duration of an episode was 11.1 months. Ap-
proximately 50% of those respondents with GAD had
received treatment specifically for the disorder. Mean
age at time of initial treatment was 34.7 years (Grant
et al., 2005). GAD is associated with a significant
economic burden, owing not only to the direct costs
of care, but also to decreased work productivity. In
one study, approximately 34% of patients with GAD
alone and 48% of these with GAD plus major depression
showed a reduction in work productivity of 10% or
more. Indeed, 23% of the patients with GAD and major
depression experienced reductions of 50% or more in
the activities of the previous month (Wittchen, 2002).

Consistently, researchers have found high rates of
GAD among primary care clinic patients, e.g., 8% in
one study (Wittchen, 2002). Of all patients visiting their
primary care physician for a psychological problem,
one-quarter met criteria for GAD without a comorbid
disorder. In one European study, 22% of all primary
care patients who complained of any anxiety symptoms
were found to have a diagnosis of GAD. GAD is the
most frequent anxiety disorder seen in primary care
(Wittchen, 2002). The results of the surveys conducted
in Scandinavia, however, found that general practi-
tioners identified only 33–55% of cases of GAD, as
measured by a self-report scale. Patients who presented
with physical complaints rather than anxiety symptoms
were less likely to be identified by general practitioners
(Munk-Jorgensen et al., 2006). Primary care studies
have found that patients with pure GAD report a two-
fold higher than average number of visits to a primary
care physician compared with depressed patients. GAD
ranks third among anxiety disorders, after PTSD and
panic disorder, in the rate of use of primary care doc-
tors’ time. Approximately one-third of GAD patients
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seek medical help for somatic complaints related to
GAD (Wittchen, 2002).

Previously, GAD was conceptualized by many to be a
prodrome, residual, or severity marker of major depres-
sion rather than an independent diagnosis. This was due
to the high rates of comorbidity of GAD with other psy-
chiatric illnesses. Earlier epidemiological studies, like
the NCS, demonstrated that, although there was prom-
inent comorbidity between MDD and GAD, the two dis-
orders had approximately equal and independent
magnitudes of impairment (Kessler et al., 1999). In com-
bination, individuals have higher levels of impairment
compared with either disorder alone (Wittchen, 2002).
In the NESARC study, GAD was found to be comorbid
with nearly every psychiatric disorder studied. GADwas
more strongly related to dependence than abuse for al-
cohol and drug use disorders, with the strongest associ-
ations seen for drug dependence. In this study, bipolar I
and dysthymia were the mood disorders most strongly
related to GAD, and panic disorder with agoraphobia
was the anxiety disorder most highly correlated with
GAD. Other highly comorbid anxiety disorders included
social phobia, specific phobia, and panic disorder with-
out agoraphobia. Several personality disorders were also
found to be associated with GAD, including dependent,
avoidant, paranoid, and schizoid. In fact, only 10.2% of
respondents meeting criteria for GAD in the 12 months
prior to the survey did not also meet criteria for another
psychiatric disorder (Grant et al., 2005). In the Scandina-
vian surveys, the point prevalence of comorbid MDD
and GAD ranged from 1.8% to 2.8% in males and
1.6–3.5% among females (Munk-Jorgensen et al.,
2006). In a German survey, 40.5% of GAD patients
had concurrent major depression, 59% had 12-month
comorbid major depression, and 60% had lifetime co-
morbid major depression (Wittchen, 2002).

When those respondents with “pure” GAD, i.e., with-
out a comorbid psychiatric disorder, were compared
with respondents with other pure psychiatric illnesses,
the results indicated that the disability experienced by
the GAD patients was significantly greater than that
experienced by respondents with alcohol or drug disor-
ders, other anxiety disorders, or personality disorders.
When compared with pure mood disorders, respondents
with GAD had approximately equivalent levels of
disability. When disability from GAD comorbid with
other psychiatric disorders was compared with the
disability from these comorbid conditions alone, respon-
dents with GAD and comorbid mood, anxiety, and
personality disorders reported significantly greater dis-
ability (Grant et al., 2005).

When compared with the oldest age group studied,
the prevalence rate of GAD was notably higher among
middle-aged adults (30–64 years) in the NESARC study
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(Grant et al., 2005). This finding validates the NCS
study, which found the highest prevalence rate among
the 45–55-year age group. Rates among children and
adolescents are lower, and onset of GAD prior to age
25 is rare (Wittchen, 2002).

Asian, Hispanic, and black adults had lower odds ra-
tios for GAD compared with whites. Widowed, divorced,
and separated adults had higher odds of GAD com-
pared with married or cohabitating adults. Odds of
GAD were also significantly higher among the three
lowest-income groups, earning less than $69999, com-
pared with the highest-income group (Grant et al., 2005).
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Posttraumatic stress disorder

With the realization that PTSD can result from exposure
to a range of traumatic events, the prevalence of
PTSD has correspondingly increased over the last two
to three decades, primarily due to the expansion of what
constitutes a traumatic experience. Based on commu-
nity studies, the rates of lifetime trauma exposure range
between 50% and 90%, with lifetime DSM-IV PTSD
rates between 5% and 10% (Wittchen et al., 2009). The
NCS found lifetime prevalence rates of PTSD to be
10.1% in females and 4.9% in males. The rates among
women and men exposed to trauma were 19.4% and
7.6% respectively (Bromet et al., 1998). In European
surveys, 63.3% of a community sample reported a life-
timeexperience of at least one potentially traumatic event,
with lifetime prevalence rates of PTSD ranging from
0.5% to 2.32% (Darves-Bornoz et al., 2008). In the 1996
Detroit Area Survey of Trauma, the conditional risk of
PTSD following exposure to trauma was 9.2% (Breslau
et al., 1998). On average, 25% of individuals exposed to
a traumatic event will develop PTSD, though the rates
are significantly higher for life-threatening events com-
pared to that in those with lower psychological impact.
For example, in the NCS, the rate of PTSD was 65%
among women who reported the traumatic event being
rape, compared with only 3.7% for natural disasters
(Bromet et al., 1998).

Unlike depressive disorders and other anxiety disor-
ders, there is considerable variation in the prevalence of
traumatic events and subsequent PTSD across nations.
Although the rates of PTSD are significantly higher in
the USA than in many European countries, the develop-
ment of PTSD after a traumatic event appears to be
fairly consistent across cultures (Wittchen et al.,
2009). Of the 28 potentially traumatizing events in-
cluded in the European Study of the Epidemiology of
Mental Disorders Survey, six were identified as the most
closely associated with the subsequent development of
PTSD. These events included being raped, beaten by a
spouse or romantic partner, beaten by a caregiver, being
stalked, having a child with a serious illness, or another
event that the participant was unwilling to disclose
(Darves-Bornoz et al., 2008). Earlier studies revealed
that assaultive violence carried the highest risk of PTSD,
with a risk more than 10 times the risk conferred by
learning about a trauma to a loved one, which has one
of the lowest risks of developing PTSD (Breslau et al.,
1999). However, in a community sample in Detroit,
nearly one-third of all subjects with PTSD reported
the precipitating event being the sudden unexpected
death of a loved one (Breslau et al., 1998).

The number of previous traumatic events also ap-
pears to contribute to subsequent development of PTSD
after a traumatic event. The Detroit Area Survey of
Trauma found that previous assaultive violence increased
the odds of developing PTSD after a subsequent trau-
matic event. This relationship applied equally across gen-
ders and type of subsequent traumatic event. Multiple
traumatic events involving assaultive violence conveyed
an increased risk of developing PTSD compared with
a single previous assaultive event. This heightened risk
for later PTSD persisted statistically over time (Breslau
et al., 1999). The NCS also found that the number of pre-
vious traumatic events increased the rate of PTSD
(Bromet et al., 1998). Childhood abuse and neglect mark-
edly increase risk for PTSD in adulthood.

Historically, PTSD has been thought of as a chronic
and persistent disease, although patients do appear to
have significant variation in symptoms over the course
of time and will likely not meet full criteria for the dis-
order throughout the course of their illness. One study
found that 40% of women with PTSD report symptoms
even 25 years after the precipitating event. Community
findings suggest that predictors for chronicity include
the occurrence of new traumatic events, higher rates
of avoidant symptoms during the onset of the disorder,
and higher rates of other anxiety disorders, as well as
somatoform disorders (Wittchen et al., 2009). A series
of studies conducted in Detroit during the 1990s sug-
gested that a prominent risk factor for the development
of PTSD after a potentially traumatic event is a history
of prior trauma (Breslau et al., 1999). This finding was
confirmed in a prospective epidemiological study exam-
ining the risk of PTSD among a previously traumatized
group. Indeed, prior trauma increased the risk of PTSD
after a subsequent trauma in individuals who developed
PTSD to the earlier trauma. These results suggest that a
pre-existing susceptibility may predispose individuals to
a pathological response in the face of a traumatic event
(Breslau et al., 2008).

Community studies generally agree that only a
small fraction of all PTSD sufferers receive treat-
ment for their symptoms, and an even smaller propor-
tion receive adequate treatment. Treatment is often
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delayed many years after the onset of symptoms
(Wittchen et al., 2009).

Females are affected by PTSD approximately twice
as often as males, though it is unclear how reporting
bias, the type of event experienced, or postincident so-
cial support affects these rates (Wittchen et al., 2009).
The increased risk of PTSD among women persists even
after controlling for the type of traumatic event (Breslau
et al., 1999). Results from a large European epidemio-
logical study suggest that women are exposed to trau-
matic events at a lower rate than males, despite PTSD
being significantly more frequent among women in this
study (Darves-Bornoz et al., 2008).

Research is accumulating regarding the range of risk
factors that influence the development of PTSD. These
include genetic factors, temperament, adverse child-
hood experiences, pre-existing mental disorders, low
socioeconomic status and educational attainment, and
personality traits. Proximal risk factors include pre- and
peritrauma, social support, lack of self-esteem, and cur-
rent mental disorders, particularly acute stress disorder.
The relationship between PTSD and comorbid psychiatric
illness appears to be bi-directional. Substance use disor-
ders and anxiety disorders have been shown to be risk
factors for experiencing traumatic events and the
more rapid development of PTSD after an event
(Wittchen et al., 2009). The NCS examined risk factors
for men and women independently. Six risk factors
were statistically significant for the development of PTSD
in women, including pre-exposure affective, anxiety, and
substanceabusedisorders;parentalmental illnessandsub-
stance abuse; and parental aggression toward the
respondent. For males, significant risk factors were
affective and anxiety disorders as well as a parental
mental disorder (Bromet et al., 1998).

PSYCHIATRIC
SOMATOFORMDISORDERS

Somatoform disorders are a fairly disparate group of
psychiatric illnesses that include somatization disorder,
conversion disorder, pain disorder, hypochondriasis,
body dysmorphic disorder, and somatoform disorder
NOS (American Psychiatric Association, 2000). In
the German Health Survey – Mental Health Supple-
ment, somatoform disorders carried significant morbid-
ity, with a 12-month prevalence rate of 11.0%. However,
these disorders are not commonly included in the
recently conducted large population-based epidemiolog-
ical studies, and little is known about their prevalence,
risk factors, and patterns of illness. This is despite clear
evidence that patients with somatic disorders are high
utilizers of the healthcare system. Current discussions
regarding the DSM-V include reconceptualizing this
class of illness for diagnostic clarity and ease of study-
ing these disorders (Baumeister and Harter, 2007).

Somatization was included in the ECA study, and the
datawerepublished in theearly 1990s. In this study, respon-
dents were asked to report symptoms of psychological dis-
tress as well as functional somatic symptoms. The results
demonstrated that, as the number of indices of psycholog-
ical distress grew, the number of functional somatic symp-
toms did as well. In the group that reported five or more
current functional somatic complaints, 63% also reported
current emotional distress and 89% reported a history of
psychological symptoms. About half of the high somatiza-
tion group met criteria for a current depressive or anxiety
disorder.Overall, somatization showed the strongest corre-
lationwith depressive and anxiety symptoms, intermediate
association with symptoms of schizophrenia and mania,
and the weakest association with symptoms of substance
use and antisocial personality. In a separate analysis, the
oddsofhavingapsychiatric illnesswerecalculatedforeach
level of current somatization, measured by the number
of somatic complaints. The relationship between somati-
zation and comorbid illness was strongest for panic disor-
der, schizophrenia, mania, and major depression. In fact,
respondents in the highest somatization group had 200
times the risk of panic disorder compared with those in
the lowest somatization group. Alcohol and drug abuse
and dependence continued to show weak associations.
Point prevalence of psychiatric disorders in the highest so-
matization group was also notable, including prevalence
rates of 14.8% for MDD, 45.2% for phobia, and 17.8%
for panic disorder (Baumeister and Harter, 2007).
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EATINGDISORDERS

Three separate disorders are currently recognized in the
DSM-IV-TR, anorexia nervosa, bulimia nervosa, and
eating disorder NOS (American Psychiatric Association,
2000). An additional disorder, binge-eating disorder,
is proposed as a possible new diagnostic entity, but little
is understood about the epidemiological attributes of
this disorder. To date, the prevalence of anorexia ner-
vosa has primarily been studied among European and
North American young women, where the point preva-
lence has been approximately 0.3% with a lifetime prev-
alence of 0.5–0.6%. The lifetime prevalence of bulimia
nervosa has been estimated as 1.1–2.8% in similar popu-
lation samples. In the NCS-R study, lifetime prevalence
of anorexia nervosa was 0.6%. For bulimia nervosa, this
figure was 1.0%, and for binge-eating disorder, the fig-
ure was 2.8%. For all of these disorders, the lifetime
prevalence was consistently as much as three times
higher for women compared to men (Hudson et al.,
2007). Results from six European studies found similar
rates for anorexia (0.48%) but lower rates of bulimia
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(1.12%) and binge-eating disorder (1.12%). Lifetime
prevalence rates were between three and eight times
higher for women compared with men for all three
disorders (Preti et al., 2009).

Role impairment in the NCS-R survey was reported
over the 12-month period preceding the survey, but
because there were no 12-month cases of anorexia in
the sample, no comment could be made about the role
impairment of this disorder. However, the majority of
respondents with bulimia and binge-eating disorder
reported at least some role impairment over this time pe-
riod in at least one role domain (53.1–78.0%). Severe role
impairment was significantly less common, reported in
16.3% of respondents with bulimia nervosa (Hudson
et al., 2007). Respondents with bulimia in European
studies reported slightly less severe role impairment
than binge-eating disorder, though the difference was
not significant (Preti et al., 2009).

A majority of respondents with any of the three eating
disorders reported receiving treatment for emotional
problems during their lifetime. The most common site
for treatment among respondents with anorexia (45.3%)
and binge-eating disorder (36.3%)was the generalmedical
sector,whereas respondentswith bulimiaweremore likely
to have received treatmentwithin themental health sector.
However, fewer than half of those with bulimia and
binge-eating disorder received treatment specifically for
an eating disorder. Similar results were seen in European
surveys. At the time of interviews, fewer than 40% of the
European respondents with an eating disorder were
currently receiving treatment of any kind (Hudson
et al., 2007; Preti et al., 2009).

Not surprisingly, comorbidity was prominent among
respondents with eating disorders. More than half of
those with anorexia, 94.5% of those with bulimia, and
78.9% of those with binge-eating disorder met criteria
for at least one other DSM-IV diagnosis assessed in
the NCS-R, including mood, anxiety, impulse control,
and substance use disorders. However, no single disor-
der stood out as having markedly higher comorbidity
with eating disorders in the US studies (Hudson et al.,
2007). In Europe, anxiety disorders were found to be co-
morbid with eating disorders in 33–40% of respondents,
and mood disorders were equally prevalent, ranging
from 19% to 50% in this population (Preti et al., 2009).

Median age of onset for anorexia nervosa, bulimia
nervosa, and binge-eating disorder ranged from 18 to
21 years in the NCS-R survey. For anorexia, the period
in which the risk of onset was highest was shorter than
for the other two disorders, with the earliest cases of the
other disorders beginning about 5 years earlier than
those of anorexia. In this study, there were no cases
of anorexia beginning after the mid-20s. The mean
duration of disease with anorexia was also significantly
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lower than for the other disorders, at only 1.7 years,
compared with 8.3 years for bulimia and 8.1 years for
binge-eating disorder, suggesting that the course of
anorexia may not be as chronic as traditionally thought.
Alternatively, the sample may have been skewed
towards less severe cases of the disorder. Likewise,
12-month persistence among lifetime cases of anorexia
was lower than the corresponding figures for bulimia
and binge-eating disorder (Hudson et al., 2007). In
surveys of European respondents, the youngest cohort
(18–29 years) had significantly higher odds of meeting
criteria for an eating disorder. The majority of cases
found in these surveys were identified when subjects
were between 10 and 20 years old. Similarly to the
USA-based studies, no new case of anorexia was found
beginning after 20 years of age, and only a few new
cases of bulimia were reported. The prevalence of
binge-eating disorder, however, continued to rise until
age 40 years, with a small additional rise after 60 years
(Preti et al., 2009).

B. NEMEROFF
PERSONALITY DISORDERS

Personality disorders are characterized as enduring
patterns of inner experience and behavior that deviate
markedly from the expectations of an individual’s
culture. Symptoms of a personality disorder can be
manifested in the realms of cognition, affectivity, inter-
personal functioning, and impulse control. The DSM-IV
recognizes 10 distinct personality disorders, as well
as personality disorder NOS, and are so-called Axis II
disorders. The 10 personality disorders are further
classified into three clusters. Cluster A disorders
include paranoid, schizoid, and schizotypal disorders;
individuals with these disorders often appear odd or
eccentric. Individuals with Cluster B disorders may
appear dramatic, emotional, or erratic. Finally, Cluster C
disorders characterize individuals who may seem anxious
or fearful (American Psychiatric Association, 2000).

Prevalence rates for any personality disorder have
ranged from 3.9% to 15.7% in epidemiological studies
conducted in the USA and Europe. The World Mental
Health surveys found lifetime prevalence estimates
of 1.1–5.3% for Cluster A disorders, 0.3–2.1% for Clus-
ter B disorders, and 0.9–4.2% for Cluster C disorders.
Overall estimates were 3.6% for Cluster A, 1.5% for
Cluster B, and 2.7% for Cluster C. Total prevalence
of any personality disorder was 6.1% in this study
(Huang et al., 2009). Higher prevalence rates were
found in the USA-based NCS-R study, with rates of
5.7%, 1.5%, and 6.0% for Clusters A through C, respec-
tively. The prevalence of two hard-to-treat clinical enti-
ties, borderline personality disorder and antisocial
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personality disorder, were estimated to be 1.4% and
0.6% respectively (Lenzenweger et al., 2007).

In the World Mental Health surveys, Clusters A and
C were significantly more prevalent among men than
women, and Clusters A and B were inversely related
to age. The prevalence of all personality disorders was
inversely related to education. Employment and marital
status were significantly related to Cluster C, with in-
creased rates among those previously married and those
either unemployed or disabled. These associations were
generally modest, with the exception of an odds ratio of
5 for the relationship between male gender and Cluster
A disorders (Huang et al., 2009).

Each of the personality disorder clusters displays a
significant association with Axis I disorders. The highest
odds ratios involving anxiety and mood disorders are
with Cluster C, with an odds ratio of 11.4 for anxiety dis-
orders and 9.3 for mood disorders. For disorders involv-
ing externalizing or substance use disorders, the highest
odds ratios were with Cluster B, with odds ratios ranging
from 9.4 to 14.5. The number of Axis I disorders also
predicts the presence of a personality disorder, with a
dose–response relationship seen between the number
of Axis I disorders and the presence of a personality
disorder. The odds ratio for having three or more
Axis I disorders, compared with no Axis I disorder,
and a personality disorder are 9.7 for Cluster A, 49.3
for Cluster B, 34.8 for Cluster C, and 21.1 for any person-
ality disorder. Over half of the sample with a personality
disorder also met criteria for at least one Axis I disorder,
with particularly strong associations seen for Clusters B
(74.1%) and C (64.3%). Only about one-sixth of respon-
dents with Axis I disorders, on the other hand, meet cri-
teria for one or more personality disorders. The overlap
between Axis I disorders and personality disorders is
slightly higher for externalizing (27.6%) and mood
(23.6%) disorders compared with anxiety (19.9%) or
substance use (18.8%) disorders (Huang et al., 2009).

Levels of impairment among individuals with person-
ality disorders are elevated, but in the small to medium
range of disability. Associations are weakest with im-
pairments in self-care and mobility and strongest with
impairments in other realms of functioning. Impairment
is most notable in respondents with Cluster C disorders,
less with Cluster B, and least with Cluster A. These
associations become weaker when Axis I disorders are
controlled for in the model. Levels of treatment among
respondents with personality disorders vary signifi-
cantly across cultures, from 6.0% in Nigeria to 37.3%
in the USA. Individuals with personality disorders had
elevated odds of treatment compared with other respon-
dents, though these associations also diminished when
taking into account comorbid Axis I disorders (Huang
et al., 2009).

PSYCHIATRIC
REFERENCES

American Psychiatric Association (1980). Diagnostic and Sta-

tistical Manual of Mental Disorders. 3rd edn. American

Psychiatric Association, Washington, DC.

American Psychiatric Association (2000). Diagnostic and

Statistical Manual of Mental Disorders. 4th edn, Text Revi-

sion. American Psychiatric Association, Arlington, VA.

Andrade L, Caraveo-Anduaga JJ, Berglund P et al. (2003). The

epidemiology of major depressive episodes: results from

the International Consortium of Psychiatric Epidemiology

(ICPE) Surveys. Int J Methods Psychiatr Res 12: 3–21.

Barkow K, Maier W, Ustun TB et al. (2002). Risk factors for

new depressive episodes in primary health care: an interna-

tional prospective 12-month follow-up study. Psychol Med

32: 595–607.
Baumeister H, Harter M (2007). Prevalence of mental disor-

ders based on general population surveys. Soc Psychiatry

Psychiatr Epidemiol 42: 537–546.
Becker ES, Rinck M, Turke V et al. (2007). Epidemiology of

specific phobia subtypes: findings from the Dresden Men-

tal Health Study. Eur Psychiatry 69–74.

Breslau N, Kessler RC, Chilcoat HD et al. (1998). Trauma and

posttraumatic stress disorder in the community. Arch Gen

Psychiatry 55: 626–632.

Breslau N, Chilcoat HD, Kessler RC et al. (1999). Previous

exposure to trauma and PTSD effects of subsequent

trauma: results from the Detroit Area Survey of Trauma.

Am J Psychiatry 156: 902–907.
Breslau J, Kendler KS, Su M et al. (2005). Lifetime risk and

persistence of psychiatric disorders across ethnic groups in

the United States. Psychol Med 35: 317–327.
BreslauN, Peterson EL, Schultz LR et al. (2008). A second look

at prior trauma and the posttraumatic stress disorder effects

of subsequent trauma. Arch Gen Psychiatry 65: 431–437.

Bromet E, Sonnega A, Kessler RC (1998). Risk factors for

DSM-III-R posttraumatic stress disorder: findings from

the National Comorbidity Survey. Am J Epidemiol 147:

353–361.
Carter RM, Wittchen H-U, Pfister H et al. (2001). One-year

prevalence of subthreshold and threshold DSM-IV gener-

alized anxiety disorder in a nationally representative sam-

ple. Depress Anxiety 13: 78–88.
Curtis GC, Magee WJ, EatonWW et al. (1998). Specific fears

and phobias: epidemiology and classification. Br J Psychi-

atry 173: 212–217.
Darves-Bornoz J-M, Alonso J, de Girolamo G et al. (2008).

Main traumatic events in Europe: PTSD in the European

Study of the Epidemiology of Mental Disorders Survey.

J Trauma Stress 21: 455–462.
EatonWW, Kessler RC,Wittchen H-U et al. (1994). Panic and

panic disorder in the United States. Am J Psychiatry 151:
413–420.

Fehm L, Pelissolo A, Furmark T et al. (2005). Size and burden

of social phobia in Europe. Eur Neuropsychopharmacol

15: 453–462.
Fombonne E (2003). Epidemiological surveys of autism and

other pervasive developmental disorders: an update. J

Autism Dev Disord 33: 365–382.



188 S.H. JUUL AND C.B. NEMEROFF
Goodwin RD, Faravelli C, Rosi S et al. (2005). The epidemi-

ology of panic disorder and agoraphobia in Europe.

Eur Neuropsychopharmacol 15: 435–443.
Grant BF, Stinson FS, Dawson DA et al. (2004). Prevalence and

co-occurence of substance use disorders and independent

moodandanxietydisorders.ArchGenPsychiatry61: 807–816.
Grant BF, Hasin DS, Stinson FS et al. (2005). Prevalence,

correlates, co-morbidity, and comparative disability of

DSM-IV generalized anxiety disorder in the USA:

results from the National Epidemiologic Survey on

Alcohol andRelatedConditions. PsycholMed 35: 1747–1759.
Hasin DS, Goodwin RD, Stinson FS et al. (2005). Epidemiol-

ogy of major depressive disorder. Arch Gen Psychiatry 62:
1097–1106.

Huang Y, Kotov R, de Girolamo G et al. (2009). DSM-IV

personality disorders in the WHO World Mental Health

Surveys. Br J Psychiatry 195: 46–53.

Hudson JI, Hiripi E, PopeHG et al. (2007). The prevalence and

correlates of eating disorders in the National Comorbidity

Survey Replication. Biol Psychiatry 61: 348–358.

Jablensky A (2000). Epidemiology of schizophrenia: the

global burden of disease and disability. Eur Arch Psychi-

atry Clin Neurosci 250: 274–285.

Keen-Kim D, Freimer NB (2006). Genetics and epidemiology

of Tourette Syndrome. J Child Neurol 21: 665–671.
Kendler KS, Gallagher TJ, Abelson JM et al. (1996). Lifetime

prevalence, demographic risk factors, and diagnostic valid-

ity of nonaffective psychosis as assessed in a US commu-

nity sample. Arch Gen Psychiatry 53: 1022–1031.
Kessler RC, Wang PS (2008). The descriptive epidemiology

of commonly occuring mental disorders in the United

States. Annu Rev Public Health 29: 115–129.
Kessler RC, Stein MB, Berglund P (1998). Social phobia sub-

types in the National Comorbidity Survey. Am J Psychia-

try 155: 613–619.
Kessler RC, DuPont RL, Berglund P et al. (1999). Impairment

in pure and comorbid generalized anxiety disorder and

major depression at 12 months in two national surveys.

Am J Psychiatry 156: 1915–1923.
Kessler RC, Berglund P, Demler O et al. (2003). The epidemi-

ology of major depressive disorder: results from the Na-

tional Comorbidity Survey Replication (NCS-R). JAMA

289: 3095–3105.

Kessler RC, Demler O, Frank RG et al. (2005a). Prevalence

and treatment of mental disorders, 1990 to 2003. N Engl

J Med 352: 2515–2523.

Kessler RC, Birnbaum H, Demler O et al. (2005b). The

prevalence and correlates of nonaffective psychosis in

the National Comorbidity Survey Replication (NCS-R).

Biol Psychiatry 58: 668–676.

Kessler RC, Chiu WT, Demler O et al. (2005c). Prevalence,

severity and comorbidity of 12-month DSM-IV disorders

in the National Comorbidity Survey Replication. Arch

Gen Psychiatry 62: 617–627.
Kessler RC, Berglund P, Demler O et al. (2005d). Lifetime

prevalence and age-of-onset distributions of DSM-IV dis-

orders in the National Comorbidity Survey Replication.

Arch Gen Psychiatry 62: 593–602.
Kessler RC, Adler L, Barkley R et al. (2006a). The prevalence

and correlates of adult ADHD in the United States:

results from the National Comorbidity Survey Replication.

Am J Psychiatry 163: 716–723.

Kessler RC, Chiu WT, Jin R et al. (2006b). The epidemiology

of panic attacks, panic disorder, and agoraphobia in the

National Comorbidity Survey Replication. Arch Gen

Psychiatry 63: 415–424.
Kessler RC, Angermeyer M, Anthony JC et al. (2007a).

Lifetime prevalence and age-of-onset distributions of men-

tal disorders in the World Health Organization’s World

Mental Health Survey Initiative. World Psychiatry 6:
168–176.

Kessler RC, Merikangas KR, Wang PS (2007b). Prevalence,

comorbidity, and service utilization for mood disorders

in the United States at the beginning of the twenty-first

century. Annu Rev Clin Psychol 3: 137–158.

Lenzenweger MF, Lane MC, Loranger AW et al. (2007).

DSM-IV personality disorders in the National Comorbid-

ity Survey-Replication. Biol Psychiatry 62: 553–564.

Merikangas KR, Akiskal HS, Angst J et al. (2007). Lifetime

and 12-month prevalence of bipolar spectrum disorder in

the National Comorbidity Survey Replication. Arch Gen

Psychiatry 64: 543–552.
Messias EL, Chen C-Y, Eaton WW (2007). Epidemiology of

schizophrenia: review of findings and myths. Psychiatr

Clin N Am 30: 323–338.

Munk-Jorgensen P, Allgulander C, Dahl AA et al. (2006).

Prevalence of generalized anxiety disorder in general prac-

tice in Denmark, Finland, Norway, and Sweden. Psychiatr

Serv 57: 1738–1744.
Nelson E, Rice J (1997). Stability of diagnosis of obsessive-

compulsive disorder in the Epidemiologic Catchment Area

Study. Am J Psychiatry 154: 826–831.
Newschaffer CJ, Croen LA, Daniels J et al. (2006). The epi-

demiology of autism spectrum disorders. Annu Rev Public

Health 28: 1–24.
Pini S, de Queiroz V, Pagnin D et al. (2005). Prevalence and

burden of bipolar disorders in European countries. Eur

Neuropsychopharmacol 15: 425–434.

Polanczyk G, Rohde LA (2007). Epidemiology of attention-

deficit/hyperactivity disorder across the lifespan. Curr

Opin Psychiatry 20: 386–392.

Polanczyk G, de LimaMS, Horta BL et al. (2007). The world-

wide prevalence of ADHD: a systematic review and metar-

egression analysis. Am J Psychiatry 164: 942–948.

Preti A, de Girolamo G, Vilagut G et al. (2009). The epidemi-

ology of eating disorders in six European countries: results

of the ESEMeD-WMH project. J Psychiatr Res 43:
1125–1132.

Riolo SA, Nguyen TA, Greden JF et al. (2005). Prevalence of

depression by race/ethnicity: findings from the National

Health and Nutrition Examination Survey III. Am J Public

Health 95: 998–1000.
Robertson MM, Eapen V, Cavanna AE (2009). The interna-

tional prevalence, epidemiology, and clinical phenomenol-

ogy of Tourette syndrome: a cross-cultural perspective.

J Psychosom Res 67: 475–483.



PSYCHIATRIC EPIDEMIOLOGY 189
Ruscio AM, Brown TA, ChiuWT et al. (2008). Social fears and

social phobia in the United States: results from the National

Comorbidity Survey Replication. Psychol Med 38: 15–28.
Ruscio A, Stein D, Chiu WT et al. (2010). The epidemiology

of obsessive-compulsive disorder in the National Comor-

bidity Survey Replication. Mol Psychiatry 15: 53–63.
Sheikh JI, Leskin GA, Klein DF (2002). Gender differences in

panic disorder: findings from the National Comorbidity

Survey. Am J Psychiatry 159: 55–58.
Simon GE, VonKorff M, Piccinelli M (1999). An international

study of the relation between somatic symptoms and de-

pression. N Engl J Med 341: 1329–1335.
Stinson FS, Dawson DA, Chou SP et al. (2007). The epidemi-

ology of DSM-IV specific phobia in the USA: results

from the National Epidemiologic Survey on Alcohol and

Related Conditions. Psychol Med 37: 1047–1059.
Swain JE, Scahill L, Lombroso PJ et al. (2007). Tourette syn-

drome and tic disorders: a decade of progress. J Am Acad

Child Adolesc Psychiatry 46: 947–968.
The WHO World Mental Health Survey Consortium. (2004).

Prevalence, severity, and unmet need for treatment of men-

tal disorders in theWorld Health OrganizationWorldMen-

tal Health Surveys. JAMA 291: 2581–2590.
TorresAR, PrinceMJ, Bebbington PE et al. (2006). Obsessive-

compulsive disorder: prevalence, comorbidity, impact,

and help-seeking in the British National Psychiatric

Morbidity Survey of 2000. Am J Psychiatry 163:

1978–1985.
Ustun TB, Ayuso-Mateos JL, Chatterji S et al. (2004). Global

burden of depressive disorders in the year 2000. Br J Psy-

chiatry 184: 386–392.
Wang PS, Berglund P, Olfson M et al. (2005). Failure and de-

lay in initial treatment contact after first onset of mental

disorders in the National Comorbidity Survey Replication.

Arch Gen Psychiatry 62: 603–613.
Weissman MM, Bland RC, Canino GJ et al. (1996). Cross-

national epidemiology of major depression and bipolar

disorder. JAMA 276: 293–299.
WittchenH-U(2002).Generalizedanxietydisorder: prevalence,

burden, and cost to society. Depress Anxiety 16: 162–171.

Wittchen H-U, Gloster A, Beesdo K et al. (2009). Posttrau-

matic stress disorder: diagnostic and epidemiological

perspectives. CNS Spectr 14: 5–12.

World Health Organization (1992). International Statistical

Classification of Diseases and Related Health Problems.

10th revision. World Health Organization, Geneva.



Handbook of Clinical Neurology, Vol. 106 (3rd series)
Neurobiology of Psychiatric Disorders
T.E Schlaepfer and C.B. Nemeroff, Editors
# 2012 Elsevier B.V. All rights reserved
Chapter 11

Emerging methods in the molecular biology

of neuropsychiatric disorders
ELISABETH B. BINDER1,2 AND KERRY J. RESSLER1,3,4*

1Department of Psychiatry and Behavioral Sciences, Emory University School of Medicine, Atlanta, GA, USA
2Max-Planck Institute of Psychiatry, Munich, Germany

3Yerkes National Primate Research Center, Emory University, Atlanta, GA, USA
4Howard Hughes Medical Institute, Chevy Chase, MD, USA
INTRODUCTION

Perhaps the most complicated problem in biology is how
molecules, interacting through the laws of physics, create
complex behavior in animals. The molecular mechanisms
that create thought, emotion, self-awareness, and con-
sciousness in humans seem impossibly complex, and yet
progress is being made. The focus of this chapter is to out-
linehow thepreclinical fieldsofmolecular biologyandneu-
roscienceare converging tobegin toallowfor thedissection
of thesequestions inways thatprovidemeaningful answers
relevant to the molecular foundations of psychiatry. Such
advances over the next decades will undoubtedly provide
entirely novel and powerful tools that advance the treat-
ment, if not cure, of devastating psychiatric disorders that
not long ago were thought to be untreatable.
MOLECULARANDGENETICANALYTICAL
METHODSFORSTUDYINGHUMAN

DISEASEANDENHANCINGDIAGNOSIS

Compared to some other medical specialties, psychiatric
medicine is still hampered by the lack of objective
molecular or biological criteria for diagnosis or treat-
ment evaluation. Although the use of biomarkers is
routine practice for certain other medical disciplines,
psychiatrists still have to rely solely on relatively subjec-
tive symptom severity-rating scales and on broad diag-
nostic criteria for therapeutic decisions. Despite 30–40
years of intense research on a series of promising
markers, none has thus far been established as a
*Correspondence to: Kerry Ressler, MD, PhD, Associate Prof
Yerkes Research Center, Emory University, 954 Gatewood Dr, A

E-mail: kressle@emory.edu
diagnostic tool or predictor of treatment response in
the clinical setting. Most of the past approaches were
hypothesis-driven, relying on our limited knowledge of
the pathophysiology of psychiatric disorders. With the
sequence of the human genome being publicly available
since February 2001 (Lander et al., 2001; Venter et al.,
2001), an array of novel research tools has become avail-
able that may yield unbiased, hypothesis-free insight into
the pathophysiological underpinnings of certain psychi-
atric disorders. These novel tools combine knowledge of
the sequence of the human genome with miniaturized
assays amenable for high-throughput processing for a
parallel analysis of the whole genome. Using these, one
can investigate the whole genome at the level of the
DNA (genomics), all expressed mRNA (expressomics
or, more commonly, expression array or microarray
analysis), and all proteins (proteomics) in a single
experiment. These three approaches have to deal with
increasing levels of complexity, because the approxi-
mately 25 000 predicted humangenes are expected to give
rise to at least 10 times as many protein isoforms. Using
these unbiased whole-genome-based approaches, novel
pathways and molecules involved in the pathogenesis of
psychiatric disorders may be identified.

Choice of target tissues for microarrays
and proteomics

To obtain meaningful results for psychiatric/behavior
research, one has to consider carefully the target tissue
to detect meaningful differences in mRNA or protein
essor, Department of Psychiatry and Behavioral Sciences,
tlanta, GA 30329, USA. Tel: 404-727-7739, Fax: 404-727-8644,
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expression. Except for rare biopsy material, brain
tissue from living individuals is inaccessible, so that
researchers have to resort to alternatives for microarray
and proteomics research, such as postmortem human
brain tissue, cerebrospinal fluid, or peripheral cells, such
as peripheral blood monocytes (PBMCs). In the follow-
ing section, we will briefly discuss the advantages and
disadvantages of each of these approaches.
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POSTMORTEM HUMAN BRAIN TISSUE

Postmortem human brain tissue has the advantage that
we can indeed examine the proteome of patients
afflicted with the psychiatric disorder of interest. Even
though this is the most direct approach to investigate the
samples of interest, postmortem brain tissue is often
difficult to obtain. Furthermore, in addition to the
importance of timely sample collection, psychological
autopsies are often very difficult to perform. Even if
high-quality tissue is available, we must deal with a
number of potential confounds, most notably clinical
heterogeneity related to diagnostic subtypes and disease
severity. In the absence of biological markers for diag-
nostic subtypes and disease progression in psychiatric
disorders, matching patients and controls for investigat-
ing a system as dynamic as the proteome is definitely
a challenge. In addition to clinical heterogeneity, differ-
ences due to postmortem interval, brain pH, and agonal
state have been shown to influence mRNA and protein
degradation independently (Fountoulakis et al., 2001;
Franzen et al., 2003; Hynd et al., 2003; Webster,
2006). Most important is the potential confound associ-
ated with the effects of psychopharmacological treat-
ment and its effect on mRNA or protein expression.
Finally, similar to the issues discussed above in animal
tissue, differences in proteomes among cell subtypes
within a specific brain region have to be considered
and would again necessitate cell-specific collection
methods.
CEREBROSPINAL FLUID (CSF)

Human CSF can be a source for proteomics as it is in
direct contact with brain extracellular fluid. Beside the
secretion of CSF by the choroid plexus, CSF is derived
from the ependymal lining of the ventricular system,
glial membranes, and blood vessels in the arachnoid.
Biochemical alterations within the central nervous
system (CNS) are often believed to be reflected in
CSF. The advantage of using CSF is that it is more
readily available in psychiatric patients and that serial
sampling of the same patient at various stages of the
disorder is possible. It has to be noted, however, that
institutional review boards are often reluctant to allow
lumbar puncture for research purposes. In addition,
CSF contains only soluble proteins.

The investigation of the proteomics of membrane-
bound proteins has been hampered by their poor solubi-
lization (Santoni et al., 2000). Recent technological
developments may partially obviate this problem
(Churchward et al., 2005). One of the major concerns
of working with CSF is that there is a large range of
protein concentrations and that this limits the ability
to identify low-abundance proteins. These proteins
are, however, of considerable importance because the
high-abundance proteins within the CSF are likely serum
and not brain proteins.Maccarrone et al. (2004) reported
on the technical difficulties related to mining the CSF
proteome. By using immunodepletion of the CSF they
dramatically reduced the concentrations of the most
abundant CSF proteins, i.e., serum albumin, transferrin,
haptoglobin, immunoglobulin (Ig) G, IgA, and anti-
trypsin, leading to a much improved visualization of
low-abundance proteins on two-dimensional gels. By
using shotgun mass spectrometry on the immuno-
depleted sample, the authors were able to identify about
200 distinct proteins. Even though many of these pro-
teins were apparently still derived from serum, the
authors were able also to identify proteins expressed
in brain such as amyloid protein, neural cell adhesion
molecule, and neuronal pentraxin receptor isoform 2.
Yuan and Desiderio (2005) also reported that prefrac-
tionating CSF using a reversed-phase, solid-phase
extraction cartridge increases the ability to detect low-
abundance and thus possibly disease-specific CSF
proteins.

Because the main challenge of using CSF proteomics
in psychiatric research is that the most abundant CSF
proteins are serum proteins and these are the most
reliably identified proteins, the relevance of proteomics
in identifying brain-specific disease or progression
markers in psychiatric disorders remains unclear, at
least until major technical improvements increase the
sensitivity of these approaches to detect low-abundance
proteins.

K.J. RESSLER
USE OF PERIPHERAL CELLS: PERIPHERAL

BLOOD MONOCYTES

While PBMCs or lymphocytes are not likely to be the cell
type causally involved in psychiatric disorders, they may
well serve as markers for disease state. Indeed there is
considerable communication between the immune
system and the CNS. Many cytokine receptors have been
located within the CNS and interleukin-2 mRNA, and
T-cell receptors have been specifically detected in neu-
rons (Funke et al., 1987; Shimojo et al., 1993). Lympho-
cytes, in contrast, also express several neurotransmitter
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and hormone receptors, including dopamine, choliner-
gic and serotonergic receptors, and glucocorticoid and
mineralocorticoid receptors and their chaperones
(Gladkevich et al., 2004). Lymphocytes are directly
influenced by glucocorticoids as well as cathechola-
mines and these two systems are perturbed in several
psychiatric disorders. A number of studies have
reported abnormalities in the immune system of psy-
chiatric patients (see Gladkevich et al., 2004, for re-
view). Studying lymphocytes in psychiatric disorders
may thus yield information on disease-specific
immune changes and changes in lymphocytic immune
function may serve as markers of disease progression.
In addition, some receptor systems may show similar
abnormalities in the lymphocyte and the brain.

CNS glucocorticoid receptor (GR) resistance and
its resolution with antidepressant treatment are one
of the most consistent biological findings in major de-
pression (Pariante and Miller, 2001). Steroid resis-
tance has also been reported for the activation of
T cells and monocytes in major depression and bi-
polar disorder (Pariante and Miller, 2001), suggesting
comparable GR impairment in immune and CNS
cells. In addition, genetic polymorphisms may simi-
larly affect the function of molecules that are
expressed in both lymphocytes and brain. Binder
et al. (2004) reported that polymorphisms in FKBP5,
a GR-regulating co-chaperone of hsp90, are associ-
ated with increased lymphocytic levels of FKBP5 pro-
tein. Increased FKBP5 expression has been shown to
alter GR function (Scammell et al., 2001). The authors
could show that the increase of FKBP5 protein in
PBMC was paralleled by an altered response of the
hypothalamic–pituitary–adrenal axis and an acceler-
ated response to antidepressant treatment, suggesting
that the functional effects of these polymorphisms
were not limited to immune cells but also affected
CNS function (Binder et al., 2004). These data sug-
gest that proteomics using peripheral lymphocytes
may detect CNS-relevant changes in protein expres-
sion due to genetic polymorphisms.
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Methodology – proteomics

Although DNA is in general stable throughout life and
has the same sequence in all cells, mRNA expression is
dependent on the cell type and its level of activity. In
addition, mRNA can be modified after transcription
through alternate splicing to create isoforms containing
different sets of the coding sequence all derived from
the same gene. Proteins are subjected to even more
modifications. Precursor proteins can be cleaved to a
set of different peptides in a cell-type specific manner.
Most proteins are modified by glycosylation or
phosphorylation, steps required for their optimal activ-
ity; over 500 posttranslational modifications have al-
ready been identified. Proteins also often become
functional only when associating with other proteins
to form protein complexes; their own function can often
be determined by the composition of the complex of
which they are part. Proteomics thus involves the analy-
sis of the complete pattern of the expressed proteins and
their posttranslational modifications in a cell or tissue.
Comparison of the proteome of diseased and healthy tis-
sue may represent a very powerful method to unravel
the pathogenesis of disease, to identify therapeutic tar-
gets, and to develop diagnostic tests. Compared to
expressomics and genomics, proteomics measures the
entities most directly related to cell function. Nonethe-
less, this method is the one that is most technically dif-
ficult and, at this point in time, data from proteomic
analyses in psychiatric disorders need to be interpreted
with caution.
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METHODS IN PROTEOMICS

Here we only briefly describe the most commonly used
techniques in proteomics to compare proteins from dif-
ferent sets of tissues (e.g., diseased versus nondiseased).
For a more extensive review of recent developments in
this field please refer to Tannu and Hemby (2006) and
Wittmann-Liebold et al. (2006). Protein extracts from
case and control tissue are first separated by charge
and then by size using sodium dodecyl sulfate polyacryl-
amide gel electrophoresis. This routinely allows the
separation of 5000–10 000 protein spots on a gel. Protein
spots are commonly visualized using silver staining and
spots are then compared across gels using digital imag-
ing. Protein spots that are of different intensities in the
disease and control condition can then be excised for
identification.

Because the amounts of protein on these gels are very
limited, methods for protein identification need to be
very sensitive. In recent years the ability to identify
ultralow levels of proteins has made a great leap for-
ward. This is in great part due to advances that have been
made in the mass spectrometry (MS) analysis of pep-
tides and proteins. The protein in the spot is subjected
to tryptic digestion, yielding a signature mix of peptides,
specific for each protein. The masses of the peptides in
the mixture are identified using MS (both matrix-
assisted laser desorption and ionization and electrospray
ionization MS are commonly used). These masses
are then compared to protein databases to identify the
protein (Fig. 11.1). Only the combination of advances
in the MS field and the knowledge of the sequence
of the genome have made these high-throughput
approaches possible.



Fig. 11.1. Proteomics. Schematic of how proteins with different expression in patients versus controls can be identified using a

combination of two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) and mass spectrometry.
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PROTEOMICS IN PSYCHIATRY

So far only a limited number of studies using proteomic
approaches have been published in psychiatric research.
They have used animal models of schizophrenia
(Paulson et al., 2003, 2004a, b), antidepressant treatment
(Khawaja et al., 2004; Carboni et al., 2006), anxiety
(Kromer et al., 2005) and depression (Skynner et al.,
2006), CSF of patients with schizophrenia on or off
antipsychotic treatment (Johnson et al., 1992; Jiang
et al., 2003), and postmortem tissue. Only the latter
results will be briefly discussed.

Only a handful of groups have used proteomic
approaches to investigate postmortem brain tissues of
psychiatric patients. Edgar et al. (1999) studied the
hippocampus of 7 schizophrenic patients, 7 Alzheimer’s
disease patients and 7 controls using two-dimensional
gel electrophoresis of homogenized tissues. An altered
expression of 16 protein spots was observed in the
schizophrenia samples. One of these was identified to
be the diazepam-binding inhibitor using N-terminal
sequencing. This protein was also found to be decreased
in the hippocampus of the Alzheimer’s disease patients
(Edgar et al., 1999). In a follow-up analysis, three
more proteins altered in the hippocampus of the schizo-
phrenic patients were identified, including manganese
superoxide dismutase, T-complex protein I, and collap-
sin response mediator protein 2 (Edgar et al., 2000).
Johnston-Wilson et al. (2000) investigated the frontal
cortices of 89 brains from the Stanley Foundation
containing equal numbers of schizophrenic, bipolar,
unipolar depressed, and control subjects using two-
dimensional gel electrophoresis and electrospray MS
for protein identification. Several protein spots showed
decreased intensity in all patient groups. Most of these
turned out to be isoforms of the glial fibrillary acidic pro-
tein. In addition dihydropyrimidinase-related protein 2
was decreased and fructose biphosphate aldolase C
and aspartate aminotransferase increased in all three
disorders. Ubiquinone cytochrome c reductase core
protein I and carbonic anhydrase 1 were specifically
decreased in unipolar depressed patients.

Most recently, Novikova et al. (2006) have identi-
fied several protein markers in the prefrontal cortex
of schizophrenic patients with high-throughput proteo-
mic analysis from schizophrenia, bipolar, and normal
control cohorts from the Harvard Brain Tissue
Resource Center performed using ProteinChip technol-
ogy. This initially separates proteins not on a gel but
adheres them to the chip surfaces under a series of
different conditions and then uses surface-enhanced
laser desorption/ionization time-of-flight mass spec-
trometry (SELDI-TOF-MS). The authors identified
21 proteins decreased in schizophrenia as compared
to both bipolar patients and controls, and this repre-
sented a wide range of functional groups involved in
cell metabolism, signaling cascades, regulation of gene
transcription, protein and RNA chaperoning, and other
aspects of cellular homeostasis. The schizophrenia-
specific protein profile could be replicated in an
independent sample.
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The interpretation of these results is difficult. Overall
several altered proteins seem to be common to several
psychiatric and even neurological disorders, thus ques-
tioning their specificity for the pathophysiology of a
certain disorder. In addition, neither of the studies has
used cell-type specific sampling procedures. Thus a
mix of neuronal, glial, immune, and blood vessel cells
was analyzed, obscuring smaller but possibly relevant
differences in specific cell types. Finally, the question
of diagnostic heterogeneity has not been addressed so
that findings can be impacted by differences in disease
severity or subtype and treatment.

Methodology – mRNA expression analyses

Another possible approach is to identify candidate genes
from genomewide analyses of changes in mRNA
expression using so-called microarrays (Lockhart and
Winzeler, 2000).

METHODS FOR MICROARRAYS

For excellent reviews on microarrays and psychiatric
research, please refer to Mirnics et al. (2004, 2006)
and Ginsberg and Mirnics (2006). Microarrays take
advantage of complementary hybridization between
nucleic acids (A-T and G-C) and the knowledge of the
complete sequence of the human genome (Schena
et al., 1995; Lockhart et al., 1996; Bunney et al., 2003).
First, DNA sequences representing all known or even
predicted genes are immobilized to, or built on to, a
miniaturized solid support (e.g., glass, metal, nitrocellu-
lose, beads). The length of these fragments varies from
short oligonucleotides (20–30 bases) the length of whole
genes (several thousand bases). A typical high-density
microarray thus contains sequences complementary to
tens of thousands of gene sequences, each immobilized
to a specific spatial coordinate on the microarray sur-
face. The sample RNA is extracted from tissue of the
different experimental groups and labeled with fluo-
rescent tags or radioactivity. The labeled RNA then
hybridizes only to the complementary DNA sequences
on the array and the signal is proportional to the abund-
ance of the RNA in the sample. This signal is measured
using digital imaging over all points of the array and
each point is labeled with the gene it represents. This
general process is common to all microarray platforms,
which can differ in building strategies (e.g., deposition,
in situ synthesis), sequence length (e.g., short oligonu-
cleotides versus long cDNA arrays), and probe-labeling
procedures.

For data analysis, signal intensity of every microarray
point is compared between the experimental groups to
give an indication whether the specific mRNA of a gene
in a group is upregulated, downregulated, or not
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changed compared to the other group. Although
recent methodological developments have significantly
reduced the technical problems of microarrays, their
application in psychiatric research remains challenging.
Similar to the concerns cited for proteomics, patient and
control subject selection, as well as their matching, are
major issues. In addition, the selection of brain regions
relevant to specific psychiatric disorders is crucial in
both human and animal studies. Pierce and Small
(2004) suggest the use of brain-imaging approaches
to select brain regions for microarray experiments.
Numerous brain structures have been implicated in the
pathophysiology of psychiatric disorders. However,
the available data point to dysregulation which affects
brain circuits that involve several brain regions, as
opposed to single brain regions. Changes of expression
in one area may be disease-relevant only when accompa-
nied by changes in other structures in the implicated
circuit. This circuit-based approach, however, poses
novel problems for the already complicated data analy-
sis in expression microarray studies. In addition, smaller
but relevant changes in a subpopulation of cells may
be diluted, and thus not recognized if analyzing a
whole region.

In contrast to proteomics, the analysis of expression
changes in single cell types is more feasible for
mRNA expression. A combination of laser capture
microscopy (LCM) and mRNA amplification techniques
(see Ginsberg, 2005, for review) allows the comparison
of expression changes in single cells. This strategy has
already been successfully applied in schizophrenia
research. Hemby et al. (2002) compared gene expression
in stellate cells of layer II of the entorhinal cortex of
8 schizophrenic patients and 9 matched controls. The
authors identified changes in the expression of G
protein-coupled receptors, glutamate receptors, and
synaptic-related genes. Some of the genes regulated in
stellate neurons of layer II were also regulated when
comparing expression pattern from whole-brain regions
of schizophrenic patients with that in controls (Mirnics
et al., 2000; Middleton et al., 2002). For candidate gene-
oriented approaches, LCM of well-defined cell groups
combined with real-time polymerase chain reaction
can be a very sensitive test for cell-specific mRNA
expression changes.
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MICROARRAYS IN SCHIZOPHRENIA RESEARCH

As for proteomics research, different types of tissue
have been used for expression analysis in psychiatric
research, such as PBMCs, animal tissue, and human
brain tissue, and a number of studies using this technol-
ogy have been published so far. This chapter will only
focus on results from postmortem microarray studies,
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where the most data have been collected in brain tissue
from patients with schizophrenia. In over 14 studies,
several different brain regions have been investigated,
including the cortical and subcortical areas, the
hippocampus, the cerebellum, and the amygdala
(Table 11.1). However, so far only very few individual
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Table 11.1

Microarray studies of schizophrenia using postmortem brain t

Study Disorder Source of samples Brain r

Mirnics et al.,

2000

Schizophrenia University of

Pittsburgh’s
Center for the
Neuroscience
of Mental

Disorders Brain
Bank

Prefron

area

Vawter et al.,

2001

Schizophrenia Stanley Foundation Prefron

corte
cereb
midd

temp
gyru

Hakak et al.,

2001

Schizophrenia Pilgrim Psychiatric

Center (Long
Island, NY) and
controls from
nursing homes

Dorsola

prefr
corte

Middleton
et al., 2002

Schizophrenia University of
Pittsburgh’s
Center for the

Neuroscience
of Mental
Disorders Brain

Bank

Dorsola
prefr
corte

Mimmack
et al., 2002

Schizophrenia Stanley Foundation
and New

Zealand/
Japanese samples

Prefron

Hemby et al.,

2002

Schizophrenia Mental Health

Clinical Research
Center on
Schizophrenia at

the University of
Pennsylvania, PA

Entorhi

corte
stella
neur

LCM

Tkachev

et al., 2003

Schizophrenia

and bipolar
disorder

Stanley Foundation Dorsola

prefr
corte

Aston et al.,

2004

Schizophrenia Stanley Foundation Tempo

(area
genes have been replicated, likely due to the heterogene-
ity of schizophrenia itself, the different brain regions
examined, and the different microarray platforms used.
A caveat to keep in mind when interpreting all these
studies, and especially the results related to mitochon-
drial pathways, is a report by Vawter et al. (2006), which
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egion Array type Perturbed pathway

tal cortex

9

Custom cDNA

array, >7800
cDNAs

Presynaptic secretory

function þ RGS4

tal

x,
ellum,
le

oral
s

Custom cDNA

array, 15 000
cDNAs

Synaptic signaling and

proteolytic function

teral

ontal
x (area 9)

Affymetrix

(HuGeneFL
chip), > 6000
transcripts

Myelination-related genes

(synaptic plasticity,
neuronal development,
neurotransmission, and
signal transduction)

teral
ontal
x (area 9)

UniGEM V cDNA
microarray
(Incyte

Genomics Inc.),
> 7800
transcripts

Ornithine and polyamine
metabolism, the
mitochondrial malate

shuttle system, the
transcarboxylic acid
cycle, aspartate,

alanine, and ubiquitin
metabolism

tal cortex Custom cDNA
array, 300

transcripts

Apolipoprotein L1

nal

x layer II
te
ons using

Custom array,

>15 000
transcripts

G protein subunit i (alpha)

1, glutamate receptor 3,
NMDA receptor 1,
synaptophysin, SNAP23

and SNAP25

teral

ontal
x (area 9)

Affymetrix

HU133A chip,
22 283
transcripts

Schizophrenia and bipolar:

oligodendrocyte-related
and myelin-related
genes

ral cortex

21)

Affymetrix

HgU95A
microarrays,
>12 000

transcripts

Neurodevelopment,

circadian pacemaker,
chromatin function and
signaling
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Continued

Study Disorder Source of samples Brain region Array type Perturbed pathway

Sugai et al.,
2004

Schizophrenia Japanese sample Dorsoprefrontal
cortex
(area 47)

Human Arrays
(Clontech),
>1300 genes

Oligodendrocyte- and
astrocyte-related genes

Katsel et al.,

2005

Schizophrenia Brain Bank of

Department of
Psychiatry,
Mount Sinai

Medical Center

Several cortical

areas,
hippocampus,
caudate

putamen

Affymetrix HG-

U133A and B,
33 000 probes

Temporal and cingulated

cortex highest number
of differentially
expressed sequences

compared to control
(type of genes not
specified)

Mexal et al.,
2005

Schizophrenia/
smokers

Brain Bank VA
Medical Center
Denver, CO

Hippocampus Affymetrix
Hu95Av2 chip
(12 625 probes)

Genes in NMDA
postsynaptic density
differentially affected
by smoking in

schizophrenia
Altar et al.,
2005

Schizophrenia,
unipolar,

bipolar

Stanley Medical
Research

Institute

Hippocampus
(granule

neurons using
LCM)

Agilent Microarray
(12 811 probes)

Decrease in genes for
protein turnover,

mitochondrial oxidative
energy metabolism,
neurite outgrowth, and

synaptic plasticity
Iwamoto
et al., 2005

Schizophrenia
and bipolar

Stanley Foundation Prefrontal cortex
(area 46)

Affymetrix
HU133A chip,

22 283 transcripts

Schizophrenia and bipolar
disorder: mitochondrial

genes
Weidenhofer
et al., 2006

Schizophrenia NSW Tissue
Resource Center
(University of

Sydney)

Amygdala Compugen, 19 000
oligonucleotides

Genes regulating
cytomatrix active zone

LCM, laser capture microscopy; NMDA, N-methyl-D-aspartic acid.
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showed that brain pH and thus length of agonal state
are positively correlated with mitochondrial gene
expression.

Nonetheless, microarrays could be powerful tools in
psychiatric research and to illustrate this we will highlight
a study that has led to the identification of amajor suscep-
tibility gene for schizophrenia (RSG4). The initial study
compared entorhinal cortex tissue from schizophrenic
patients to matched controls and identified that genes
related to presynaptic secretory function were consistently
altered in schizophrenics (Mirnics et al., 2000). The most
affected gene, however, varied from individual to individ-
ual. In a follow-up study, the group identified the
GTPase-activating protein RSG4 to be decreased in all
but one schizophrenic individual (Mirnics et al., 2001).
This gene maps to chromosome 1q21-22, a locus that is
supported by a large meta-analysis of schizophrenia link-
age studies (Lewis et al., 2003). The possible relevance of
RGS4 in the pathogenesis of schizophrenia was further
confirmed by functional studies as well as in genetic
association studies. RGS4 appears to be regulated by
dopaminergic transmission (Geurts et al., 2002, 2003;
Taymans et al., 2003, 2004). In addition, RGS4 was shown
to alter serotonergic transmission in vitro as well as in vivo
via the 5-HT1a autoreceptors (Beyer et al., 2004;
Ghavami et al., 2004) and to be important for neuronal
differentiation (Grillet et al., 2003). Nonetheless, mice
lacking the rgs4 gene have normal neural development
and are viable and fertile. Behavioral testing on mutant
adults only revealed subtle sensorimotor deficits but no
deficit in prepulse inhibition, one of the behavioral
phenotypes long believed to be related to schizophrenia
(Grillet et al., 2005).

A series of single nucleotide polymorphism (SNP)
studies have confirmed (with some negative studies
too) an association of RGS4 with schizophrenia in
different populations (Chowdari et al., 2002; Chen
et al., 2004; Morris et al., 2004; Cordeiro et al., 2005;
Sobell et al., 2005; Ishiguro et al., 2006; Liu et al., 2006;
Rizig et al., 2006); overall a meta-analysis confirmed



Fig. 11.2. Validation of genes identified in microarray experiments. Schematic on how genes identified using microarrays in

postmortem tissue can lead to the discovery of new drug target, benefiting patients. SNPs, single nucleotide polymorphisms.
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the role of RSG4 variants in schizophrenia (Talkowski
et al., 2006). Furthermore, RGS4 variants were correlated
with dorsolateral prefrontal cortex volume in schizo-
phrenic patients but not in controls (Prasad et al., 2005).
Fig. 11.2 illustrates how microarray results could poten-
tially lead to new drug targets.
Methodology – genomic SNP studies

The knowledge of the sequence of the human genome,
which has been publicly available to all researchers since
February 2001 (Lander et al., 2001; Venter et al., 2001),
has dramatically changed the possibilities for human
genetic association studies. To investigate the whole ge-
nome, frequent and evenly distributed genetic markers
are needed. In the last years, SNPs have become the most
promoted genetic markers for complex or common
phenotypes (Risch and Merikangas, 1996; Kwok and
Chen, 1998; Collins, 1999). These polymorphisms consist
of a single base exchange and occur on average about ev-
ery 100 basepairs. SNPs can either be functionally relevant
themselves or serve as markers for other nearby muta-
tions with which they are in linkage disequilibrium (LD)
(Brookes, 1999). LD refers to the property that stretches
of chromosomes (so-called haplotype blocks) are inher-
ited together and SNPs located within the same block
can thus serve asmarkers for each other. The National In-
stitutes of Health (NIH)-maintained public SNP database
dbSNP (www.ncbi.nlm.nih.gov/SNP) now contains over 5
million validated SNPs.

A main advantage of using SNPs as genetic markers is
that they can be genotyped using high-throughput
methods, allowing the rapid and affordable investigation
of many SNPs, which is indispensable for a genomewide
approach (Kwok, 2001; Syvanen and Taylor, 2004;
Syvanen, 2005). Currently, genotyping 500 000 SNPs
costs about $250 per sample, thus 0.05 cents/SNP. The
number of SNPs necessary to realize a genome screen
covering all important variations is still under debate
but likely over 500 000 SNPs will be necessary. The exact
number will depend on the extent of LD that is present in
the genome (Hinds et al., 2005; Need and Goldstein,
2006). This varies with ethnic ancestry as populations
of African origin have shorter stretches of LD compared
to Caucasian populations. Using LD information allows
the comprehensive analysis of the genomewithout having
to genotype redundant variants, thus reducing genotyping
effort without losing valuable information. For this only a
few marker SNPs are selected to represent or tag each
haplotype block; this process is called tag SNP approach
(Gunderson et al., 2006). Within blocks of high LD, only
few tag SNPs are necessary to represent the genetic infor-
mation, while more are necessary outside these blocks.

Platforms allowing the parallel genotyping of this
magnitude of SNPs are already available from several
companies. Affymetrix (www.affymetrix.com) and Illu-
mina (www.illumina.com), for example, both offer SNP
arrays that contain over 1 million SNPs. The SNPs
are selected based on the LD structure of the human
genomes of several different ethnicities, published
within the HapMap project (http://hapmap.ncbi.nlm.
nih.gov/). The HapMap project is an international con-
sortium that provides genomewide information on
SNP frequencies and LD pattern in different ethnic
panels. The coverage of these SNP arrays is usually best
for Caucasians and worst in African populations, which

http://www.ncbi.nlm.nih.gov/SNP
http://www.affymetrix.com
http://www.illumina.com
http://hapmap.ncbi.nlm.nih.gov/
http://hapmap.ncbi.nlm.nih.gov/
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have experienced more recombination events. The most
recent SNP arrays also include polymorphisms from the
1000 Genomes project (http://www.1000genomes.org/)
that are based on resequencing of genomes using next-
generation/deep sequencing and allow the coverage of
rarer variants down to a minor allele frequency of 1%.
The SNP arrays not only permit interrogation of SNPs
but also copy number variations that include deletions
and duplications (Yau and Holmes, 2008).

Whole-genome SNP association studies have the
advantage over classical linkage studies in that they can
be performed with independent cases and controls (as op-
posed to families), which are easier to recruit in the study
of complex disorders. In addition, the increased resolu-
tion allows the identification of single candidate genes
and not candidate loci spanning several centimorgans
(cM: 1 cM represents 1–2 million basepairs in humans)
that necessitate extensive additional fine-mapping.

Papassotiropouloset al. (2006)published thefirstwhole-
genome SNP scan for psychiatric/behavioral research. The
group initially genotyped 500 000 SNPs covering thewhole
genome in341Swiss individualswhowerestratifiedaccord-
ing to their performance in a test for episodic memory.
A genomic locus encoding the brain protein called KIBRA
was significantly associated with memory performance in
this screen. This association was then replicated in two
additional independent cohorts. Gene expression studies
showed that KIBRA was expressed in memory-related
brain structures in human andmouse, and functional mag-
netic resonance imaging detectedKIBRAallele-dependent
differences in hippocampal activations during memory
retrieval. This paper illustrates how unbiased genomewide
association studies can identifynovel, highly relevant genes
for psychiatric research.
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Other approaches

Recently it has become clear that the genome is not only
regulated by the known sequence of transcription from
DNA to mRNA and then translation to protein, but that
RNA interference (RNAi), natural antisense transcripts
(NATs), and epigenetics can be of key importance
in psychiatric illness. RNAi is a posttranscriptional
method of gene silencing, originally discovered in Cae-
norhabditis elegans, in which short double-stranded
RNA (microRNA) mediates the destruction of mRNAs
in a sequence-specific fashion (Fire et al., 1998).
The finding that FMRP, the gene causally related to
the development of fragile X syndrome, which can be
accompanied by psychiatric symptoms, regulates the
mRNA translation of its target by facilitating RNAi
(Jin et al., 2004) suggests that RNAi may be an impor-
tant pathway to consider in the pathophysiology of
psychiatric disorders. Even though our knowledge about
RNAi and the abundance of microRNA in the human
genome is still limited, researchers have composed a
custom microarray platform for analysis of microRNA
gene expression and observed the temporal regulation
of a large class of microRNAs during embryonic deve-
lopment (Thomson et al., 2004). Such tools will allow
for the comprehensive investigation of microRNAs in
psychiatric disorders.

It has become clear that thousands of mRNA sense
transcripts (conventional protein-coding genes) have
antisense transcript partners, most of which are noncod-
ing. Interestingly, a number of antisense transcripts
regulate the expression of their sense partners
(Wahlestedt, 2006) and dysregulation in these pathways
may also contribute to psychiatric illness.

Finally epigenetics (DNA methylation, regulation of
histones) represents an important mechanism of how en-
vironment can have a long-lasting impact on DNA
and transcriptional efficiency (Weaver et al., 2004).
Akbarian et al. (2005) have identified that histone
modifications may contribute to the pathogenesis of
prefrontal dysfunction in schizophrenia.

A number of excellent reviews have been published in
genomewide association studies, gene expression, and
proteomics in psychiatry since this chapter was first writ-
ten, and we refer the reader to those for the most up-to-
date findings with regard to the state of the field (Mirnics
et al., 2006; Reckow et al., 2008; Psychiatric GWAS Con-
sortium Steering Committee, 2009; Taurines et al., 2011).

CONVERGENCEOFANIMAL
(PRECLINICAL) ANDHUMAN (CLINICAL)
APPROACHESTONEUROPSYCHIATRY

Overall, all whole genome-based approaches are ham-
pered by the large number of false-positive results. So
far each expression array study has yielded a large num-
ber of regulated genes, of which only a few, if any, will
actually be true positives. Whole-genome SNP analyses
have an expected high number of false-positive asso-
ciations due to the high degree of multiple testing.
The use of convergent evidence from a series of geno-
mic and functional approaches may be a promising
alternative to identify potential true positives.

Genetic approaches in animal models

In recent years, an increasing number of investigators
have come to rely not only on one type of whole-
genome approach, but on combining several of these
approaches in order to identify the most promising can-
didates. A common approach to limit the number of
candidate genes from a large set of genes from prote-
omics and expression analysis as well as genetic linkage
studies has been to rely on previous data of a gene’s
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potential pathophysiological involvement in the disor-
der of interest. With more novel candidate genes being
confirmed for psychiatric disorders (Harrison and
Weinberger, 2005), it becomes increasingly clear that
relying solely on hypothesis-driven selection strategies
maymiss themost important genes. Strategies combining
several hypothesis-free approaches may be more promis-
ing (see Fig. 11.1). John Kelsoe and his colleagues used an
approach that combined microarray analysis of animal
models of mania and linkage analysis in families with
bipolar disorder to identify G protein-coupled receptor
kinase 3 (GRK3) as a promising candidate gene. This gene
is involved in the homologous desensitization of G
protein-coupled receptors. The group had initially identi-
fied a linkage peak for bipolar disorder on chromosome
22q (Lachman et al., 1997; Kelsoe et al., 2001). That linked
region did, however, span 32 cM, making it a challenging
task to identify the causal gene by fine-mapping strate-
gies. The group then usedmicroarray analysis of different
brain regions in methamphetamine-treated rats and iden-
tified several genes that were regulated by this treatment
that also mapped to previous linkage peaks in bipolar dis-
order (Niculescu et al., 2000). One of these was GRK3,
which maps to 22q. In addition to being regulated in the
animalmodel, protein levels for this genewere also found
to be decreased in a subset of patient lymphoblastoid cell
lines and the magnitude of the decrease correlated with
disease severity. By using resequencing and SNP genotyp-
ing strategies, the group confirmed the association
of 50–UTRand promoter variants of this genewith bipolar
disorder (Barrett et al., 2003).

Ogden et al. (2004) presented a model for ranking
genes regulated in expression array studies from animal
models of psychiatric disorders. To identify candidate
genes for bipolar disorder, mice were treated with
the stimulant methamphetamine, the mood stabilizer
valproate, or both, and treatment-related mRNA expres-
sion changes were measured in several brain regions.
Genes showing significant expression changes were
then ranked by the following criteria: changedbymetham-
phetamine and/or valproate, no change with co-
treatment, change observed in multiple brain regions,
disease-relevant biological role, gene maps to known
linkage peak for bipolar disorder or schizophrenia, and
gene expression has been found to be altered in
the psychiatric disorder in postmortem tissue. Using
these criteria the authors identified seven genes that
fulfilled at least five of the six criteria. Topping the list
of candidate genes were DARPP-32 (dopamine- and
cAMP-regulated phosphoprotein of 32kDa) located at
chromosome 17q12, PENK (preproenkephalin) located
at 8qI2.1, and TACI (tachykinin I, substance P) located
at 7q21.3. This more limited set of candidate genes now
deserves further scrutiny and validation.
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Evaluating the functional relevance
of identified genes and proteins – use of

animal brain tissue

Using brain tissue from animal models of psychiatric
disorders has the advantage that brain tissue can be col-
lected from the region of interest in different experi-
mental groups, for which all conditions except the
investigated one can be kept similar. This also includes
the genome by the use of inbred strains. Optimal animal
models for any psychiatric disorder, however, have not
been developed as of yet, undoubtedly at least partly due
to the intrinsically human nature of these complex be-
havioral phenotypes. One approach has been to focus
on certain behavioral or endocrinological dimensions
of these disorders that can be modeled in animals, but
do not necessarily represent the complexity of the disor-
der in human. In addition, neuron within a given brain
region exhibit a very heterogeneous expression of neuro-
transmitters, receptors, and connections to other brain re-
gions, likely leading to differential alterations of protein
expression and modifications in neighboring neurons af-
ter exposure to the same stimulus. To obtain more mean-
ingful data, subtypes of neuron may have to be studied.
This represents a great challenge for proteomics because
this technique remains very dependent on sufficient
sample quantities. Approaches such as LCM have been
used for proteomic approaches (Mouledous et al.,
2003a, b). However, the required minimum number of
105–106 cells for a single experiment may require up to
40 hours of dissection (Kim et al., 2004). In addition,
the detection of less abundant proteins usually requires
microgram quantities of starting material (Freeman
and Hemby, 2004), rendering LCM a less than optimal
solution to increase cell specificity for proteomics
studies.
Evaluating the functional relevance
of identified genes and proteins – molecular

manipulation

The preceding sections detailed how genes and proteins
involved in psychopathology can be identified. A signi-
ficant limitation to patient-based research, however, is
that the relationship between a gene or gene product
and pathology can be established only at the level of
correlation. To identify the function and causality of
particular biological pathways fully, experimentally
controlled manipulation of those pathways is necessary.

The following sections will provide an overview
of just a few of the transgenic, viral vector-based and
other techniques to test the function of genes, proteins,
and neural circuits in the manipulation and dissection
of behavioral processes.



EMERGING METHODS IN THE MOLECULAR BIO
MOLECULAR ANDGENETIC
MANIPULATIONOFNEURALCIRCUITS
FORTHEPRECLINICALSTUDYOFBRAIN

FUNCTIONANDBEHAVIOR

Over the past several decades, the number of experimen-
tal approaches to modify gene and protein function in
vitro and in vivowith animalmodels has been too numer-
ous to outline here. Therefore, several examples of some
of the most cutting-edge and elegant new approaches
spanning the range exploring gene function–cellular
process–neural circuit–behavior systemwill be examined
below. Among the most common techniques that have
now been available for about two decades is the creation
of transgenic insertions, with exogenous DNA inserted
directly into blastocysts that are then injected into a donor
female (Ryding et al., 2001). Current improvements on
this technique include viral vector-mediated transgen-
esis, which allows both male and female gametes to be
transduced, and which limits the number of insertion
events. Homologous recombination of a specific DNA
sequence into a targeted region of the gene has been used
for a similar period of time to create “knockouts” of par-
ticular genes (TymmsandKola, 2001).More recently, the
same techniques havebeenused to “knockin” aparticular
mutant gene or heterologously expressed gene into an
expression cassette offered by a known gene of interest.

As noted above, the ability to control gene expression
at the level of specific cells or circuits and at certain
timepoints during development or with respect to spe-
cific behavioral paradigms has ushered in numerous
inducible gene expression approaches combining more
sophisticated recombinant genetic control of gene ex-
pression with behavioral neuroscience approaches.
One example of this approach is the induction of expres-
sion of genes under the control of the identified
tetracycline-dependent promoter. Different mutations
of a tetracycline-binding transcription factor have
allowed for “tet-on” and “tet-off” activation of the tetra-
cycline response element (Blau and Rossi, 1999). Another
way to control gene expression is to manipulate the inser-
tion or deletion of a region of DNA from the genome
using the viral protein, CRE recombinase, which recog-
nizes the genomic sequences termed loxP (Sauer, 1998).
When the gene encoding CRE is present, any DNA
sequences flanked by loxP sites will be removed via
CRE-mediated homologous recombination of the flank-
ing loxP sites. There are other types of approach as well,
but over the last decade numerous genetically engineered
mouse lines and viral vectors have been created, making
creative and powerful use of these two inducible systems
of gene induction or gene removal. Some examples of
how they have been utilized to study behavior will be
outlined in the following sections.
Additional mechanisms to “knock-down” gene ex-
pression temporarily in particular regions of the brain
have utilized DNA oligonucleotides in the antisense
direction corresponding to particular regions of mRNAs
for genes of interest. Antisense technology has been used
since the early 1990s with intermittent success and
occasional controversy as to its mechanism and
interpretability (Scanlon, 2004). Much of the confusion
around the mechanism of antisense approaches may have
recently been clarified, however, with the rapidly emerg-
ing understanding of the biological processing of “silenc-
ing RNAs,” siRNAs. It turns out that most eukaryotic
cells have biological mechanisms to protect against (usu-
ally) virally mediated transduction and expression of non-
native genes (Waterhouse et al., 2001). These systems
allow for the cell to “silence” expression of specific
double-strandedRNA sequences. New data are beginning
to emerge that eukaryotic andmammalian evolution have
continued to use this cellular machinery to add additional
control of gene transcription through microRNAs and
other complex RNA biological mechanisms. Over the last
few years, groups have increasingly taken advantage of
siRNA approaches to silence specific gene products
in vitro robustly and effectively, and are beginning to
utilize these approaches more consistently in vivo in
mammalian species. It is increasingly thought that the
apparent, albeit intermittent, effectiveness of antisense
DNA approaches likely piggy-backed on to the endoge-
nous biology of siRNA-utilized mechanisms.

Listed in the following sections are several very spe-
cific examples of using cutting-edge molecular biology
techniques to manipulate gene expression in specific
neural circuits and to examine their effects on behavior.
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Inducible region-specific control of gene
expression during development

CONDITIONAL REGIONAL RESCUE OF THE 5-HT1a
RECEPTOR – DEMONSTRATION OF NEURAL CIRCUIT

REGULATION OF ANXIETY-LIKE BEHAVIOR

A fascinating example of combining sophisticatedmolec-
ular tools to examine a neural circuit-level question was
published by Cornelius Gross, René Hen, and colleagues
at Columbia in 2002 (Gross et al., 2002). The 5-HT1a re-
ceptor has been shown to have anxiolytic properties in
humans and animal models, and is thought to be, at least
in part, downstream of the effects of selective serotonin
reuptake inhibitors (SSRIs) on anxiety and depression.
Furthermore, it was known that knockouts of the 5-
HT1a receptor have increased anxiety-like behavior. The
5-HT1a receptor exists in two distinction neuronal popu-
lations: (1) as an autoreceptor on serotonin-containing
neurons of the raphe nuclei; and (2) as a heteroreceptor
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cycline, the “rescue” animals have 5-HT1a levels equivalent to knockout. (C) Design of experiments in which 5-HT1a was “res-
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on nonserotonin-containing neurons of the forebrain –
primarily hippocampus, septum, and cortex. Activation
of both receptor populations results in decreased neuronal
excitability – but which neural circuit was responsible for
the anxiolytic actions of 5-HT1a was an unknown, al-
though critical question. Was it the autoreceptor function
or the heteroreceptor-inhibitory function?

This was impossible to answer with pure pharmaco-
logical techniques, but Hen’s group used an elegant,
novel molecular approach to address the question
(Fig. 11.3) (Gross et al., 2002). The group combined
two different transgenic techniques: (1) the 5-HT1a
knockout mouse with known anxiogenic phenotype;
and (2) a temporal and regional inducible mouse that
would express a replacement 5-HT1a receptor only in
forebrain neurons, only when “induced” by the presence
of an exogenous drug (doxycyline) that would activate
transcription. The results were striking: (1) 5-HT1a
replaced in the forebrain fully “rescued” the anxiety
phenotype, such that these animals looked like wild-type
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mice without enhanced anxiety; (2) replacement of fore-
brain 5-HT1a only during development was necessary
for this rescue; and (3) replacement of forebrain
5-HT1a during adulthood but not development had no
effect of rescuing anxiety behavior – the animals looked
like the knockouts.

These results suggest that normal anxiety-like beha-
vior in the adult requires proper signaling by serotonin
via forebrain 5-HT1a receptors during the early post-
natal period. These data also suggest that the local
feedback autoreceptor function of 5-HT1a at the
raphe nuclei may have less of an effect on anxiety-like
behavior than the “target” receptor functions of 5-HT1a
in the hippocampus, septum, and cortex. This method of
temporally and regionally controlling gene expression in
animal models will be critical to the necessary molecular
and neural circuit “dissection” of brain function to
understand neuropsychiatric disorders fully.

Inducible region-specific control of gene
expression in adult animals

Few, if any, promoters or transgenic models yet exist to
allow highly specific expression of genes during adulthood
within particular brain areas. Viral vectors provide a
powerful method of controlling regional-specific gene
expression in almost any model species, and potentially
eventually in humans for gene therapy. This section will
provide two examples: expression of a gene that is not
normally present in a particular brain region and
dominant-negative interruption of a gene using viral vector
techniques.

MANIPULATION OF VASOPRESSIN RECEPTOR GENE

EXPRESSION ALTERS PARTNER PREFERENCE

IN A PROMISCUOUS SPECIES

A particularly interesting application of altering re-
gional gene expression was performed in the service
of understanding the role of neuropeptides and brain
circuits in mediating reward, particularly with respect
to social learning. The vole species serves as an excellent
model for understanding social behavior since the
prairie vole is essentially monogamous, whereas the
closely related montane vole is solitary and polygamous
(Insel and Young, 2001). Previous work from the Young
and Insel labs had indicated that this difference in males
was primarily a function of the expression of the recep-
tor for vasopressin, V1a, localized to the brain reward
circuitry – the ventral pallidum (ventral striatum) – in
the monogamous species, but not in the polygamous
species (Young, 1999). Increasing data suggest that part-
ner preference – preferring to spend time with one’s
mate – in the prairie vole species relies on similar reward
circuitry that is involved with addictive behaviors.

EMERGING METHODS IN THE MOLECULAR B
Mating releases significant levels of vasopressin, and
the activation of V1a receptors in the reward circuitry
with mating is thought to lead to an emotionally learned
preference for the mated partner.

Although a variety of knockout and pharmacology
studies supported this model, the most convincing study
showing that V1a receptor activation was sufficient to
produce partner preference had not been possible since
nonmonogamous species did not express the V1a recep-
tor in the critical location – the ventral pallidum. Lim
et al. (2004) were able to circumvent this limitation
through the use of a recombinant adeno-associated virus
that expresses the V1a receptor. By injecting virus into
the ventral pallidum of normally nonmonogamous voles
prior to mating (Fig. 11.4), and then allowing the animals
to mate, they induced a partner preference in these voles.
Thus, through the use of viral vectors specifically to ex-
press a gene that would normally not be present in a par-
ticular brain region, they were able to demonstrate
convincingly that mere expression of the V1a receptor
was sufficient for partner preference in males that other-
wise would not display such behavior (Lim et al., 2004).
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REGION-SPECIFIC GENETIC BLOCKADE OF THE BDNF
RECEPTOR INHIBITS EXTINCTION OF FEAR

In contrast to the above example, sometimes specifically
inhibiting receptor functioning is required to understand
the role of a gene or protein in a given neural circuit
mediating a behavior. Brain-derived neurotrophic factor
(BDNF) is a widely expressed peptide involved in many
types of synaptic plasticity mediating learning andmem-
ory, including emotional learning (Rattiner et al., 2005).
Despite its widely accepted role in all types of behavioral
plasticity, there are no pharmacological antagonists
specific for its receptor, TrkB. Thus, examining its role
in neural plasticity and behavior has been limited.

Using a lentiviral vector, Chhatwal and colleagues
(2006) were able to demonstrate that TrkB-dependent
synaptic plasticity within the amygdala is necessary
for the reduction or “extinction”’ of conditioned fear –
a learning process thought to underlie many forms of
exposure-based psychotherapies for anxiety disorders.
The TrkB receptor exists in a number of forms, and a
truncated version, called TrkB.T1, was formerly shown
to act as a dominant-negative protein at this receptor,
meaning that it would bind specifically to the TrkB re-
ceptor and prevent its normal cellular action when acti-
vated by BDNF (Middlemas et al., 1991). Chhatwal and
colleagues (2006) injected rats with lentivirus expressing
TrkB.t1 or a control virus expressing green fluorescent
protein (GFP) within the amygdala of rats that had been
fear-conditioned (Fig. 11.4). They found that that rats
expressing amygdala-specific TrkB.t1 protein did not
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display normal extinction compared to the GFP virus-
infected animals. These data, along with other controls,
suggested that BDNF TrkB-dependent synaptic plastic-
ity within the amygdala is required for normal extinction
of fear; this is consistent with human neuroimaging
studies showing amygdala activation during extinction
paradigms.

Together, these two approaches demonstrate that
viral vectors can be used successfully: (1) to alter gene
expression in animal models that are traditionally not
easily used with genetic methodology, such as voles,
rats, rabbits, and even nonhuman primates; (2) to alter
gene expression in specific neural circuits that are
targetable with stereotaxic surgery but for which there
are no available region-specific genetic promoters;
and (3) to alter gene expression in a temporally inducible
fashion in adult animals in a more rapid and non-
developmental timescale than is currently available with
transgenically inducible genetic tools.
Use of novel genetic tools for precise
manipulation of function in neural circuits

As more is understood of the mechanism of gene and
protein function within the brain, further understanding
of the functional roles of specific neural circuits will
both be gained as well as be required for a greater
understanding of gene function. Traditional pharmaco-
logical mechanisms to study neural circuit function have
relied on silencing a general region or pathway with
either a nonspecific toxin, such as tetrodotoxin, which
blocks all action potential formation within a region,
or blocking cell firing by activating inhibitory receptors,
such as with muscimol to activate gamma-aminobutyric
acid receptors. Several novel genes have been identified
that can alter neuronal function in novel and promoter-
specific ways such as through causing specific cell
death, blocking synaptic vesicle release (Zhao et al.,
2006), and cell-specific inducible activation (Boyden
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et al., 2005). These types of approach promise to revo-
lutionize our understanding of neural circuits within be-
having animals.

EMERGING METHODS IN THE MOLECULAR B
LIGHT-ACTIVATED BACTERIAL RECEPTOR THAT ALLOWS

GENETIC, TEMPORALLY CONTROLLED ACTIVATION

OF NEURAL CIRCUITS

Combining genetic, anatomical, and physiological ap-
proaches in the manipulation of behavior-related neural
circuits will ultimately be required for the full under-
standing of structure–function relationships underlying
neuropsychiatric disease. A great leap forward in this
type of approach has recently been made by Karl
Deisseroth and his colleagues at the Department of
Bioengineering and Psychiatry and Behavioral Sciences
at Stanford University. The principal breakthrough was
the identification and cloning of the algal light-sensitive
cation channel protein, channel rhodopsin-2 (ChR2)
(Boyden et al., 2005). This 315-amino-acid protein can
be expressed heterologously in mammalian cells both
alone and when fused to red or green fluorescent pro-
teins (Fig. 11.5). When blue light of �470 nm activates
the channel, it changes conformation, allowing cations
to flow into the cell, causing significant depolarization
(Fig. 11.5). Deisseroth and colleagues have shown that
the channel properties are exquisitely time-sensitive,
allowing depolarization of cells with a frequency rate
of up to 50 Hz (Fig. 11.3C–E) (Zhang et al., 2006).
470 nm blue light

ChR2

depolarization

+ +
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+

+

+

+
+

Fig. 11.5. Light-activated bacterial receptor allows temporal con

(ChR2) protein can be expressed in mammalian neurons, and when

leading to influx of cations and neuronal depolarization. (B) Hete
when fused to red or green fluorescent proteins. (C–E) Deissero
exquisitely time-sensitive, allowing depolarization of cells with a
Expressing these proteins in specific neural circuits will
allow remarkable temporal control of specific sets
of neurons, which potentially will take understanding
the physiology of circuits to a new level. Even more
exciting, expressing such proteins under cell type-
specific promoters, combined with in vivo activation
using fiberoptic technology, could conceivably allow
for cell-type, regional-specific activation in conjunction
with behavioral testing and manipulation.

Currently, the 21st century has already brought to
neuropsychiatry the tools of deep-brain stimulation,
which has revolutionized treatment for movement
disorders and holds great promise in the treatment of
depression. This therapeutic power has been achieved
simply by combining neuroanatomical understanding
of pathophysiology of neuropsychiatric disease with
regional brain stimulation. Imagine the precision and
potential improvements in both efficacy and potential
adverse effect profile if, in the future, activation of only
specific neural populations (e.g., those expressing one
neuropeptide over another) can be achieved through
these types of technology.
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CONCLUSIONS

This chapter has addressed current methodologies to
identify genes and gene products that are altered in neu-
ropathological states. Examples have been given, exam-
ining how such tools can be used to enhance diagnosis,
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activated with�470 nm blue light, its conformation is altered,

rologous expression of ChR2 in mammalian cells visualized
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frequency rate of up to 50 Hz. (B–E, after Zhang et al., 2006.)
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predict risk, and improve treatment. However, we are
only at the beginning of fully utilizing current molecular
biological tools to understand the workings and patho-
logy of the human brain. The function of most gene
products is not understood and a greater understanding
of how genes and proteins create the epiphenomena of
a brain and behavior has barely begun. Fascinating and
powerful new methodologies that allow precisely con-
trolled gene manipulation and expression within behav-
ing animals have also been reviewed. The molecular
revolution is rapidly altering behavioral neuroscience
and psychiatry, and enormous changes in understand-
ing, diagnosis, and treatment are surely on the horizon.
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The last two decades have witnessed a rapid expansion
of research in the psychoneuroimmunology of psychiat-
ric disorders. Much attention has recently focused on
the dynamics of cytokine biology, and how these mes-
sengers among inflammatory and immune cells also
interact with different tissues and organs, including
the central nervous system (CNS). As such, cytokines
appear to act as neuromodulators within the brain, in-
ducing alterations in a number of behaviors such as
sleep, appetite, and neuroendocrine regulation. Discov-
eries about these processes have led to speculations
about a possible link between immune system, cytokines,
and psychopathology. In this chapter, the associations
between immune system function and inflammatory dy-
namics in depression and in schizophrenia are examined.
INTRODUCTION TOTHE
PSYCHONEUROIMMUNOLOGY

OF DEPRESSION

Depression has a huge impact on individuals and soci-
ety. With a lifetime prevalence of over 15%, depression
will be the second leading illness in the world by 2020, as
projected by the World Health Organization (Mathers
and Loncar, 2006). In addition to the emotional conse-
quences of depression, this disorder is increasingly
implicated in a wide range of medical conditions. More-
over, a growing body of evidence indicates that depres-
sion, even minor depression, has notable immunological
consequences (Fig. 12.1). As described in a comprehen-
sive meta-analysis of over 180 studies with more than
40 immune measures, many immunological changes re-
liably occur in patients with major depressive disorder
(Zorrilla et al., 2001), and studies began to consider
the behavioral correlates and biological mechanisms that
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might be involved. Evidence has also emerged that
depression is associated with activation of the innate in-
flammatory immune response, including alterations in
the ability of immune cells to express proinflammatory
cytokines. This section reviews the progress of research
in the psychoneuroimmunology of depression.
Immune findings in major depression

Among the first immunological changes identified in
depressed persons were increases in the total number
of white blood cells and in the numbers and percentages
of neutrophils and lymphocytes (Zorrilla et al., 2001).
Enumeration of lymphocyte subsets also revealed that
depression was associated with decreases in the number
and percentage of lymphocytes (B cells, T cells, T-helper
cells, and T-suppressor/cytotoxic cells), as well as a
decrease in the circulating number of cells that express
the natural killer (NK) cell phenotype (Zorrilla et al.,
2001). However, in one of the largest study samples
of depressed subjects, no difference in the number of
peripheral blood lymphocytes or T-lymphocyte subsets
was found between depressed patients and controls
(Schleifer et al., 1989). Moreover, meta-analytic findings
also questioned whether there are consistent changes in
the number of circulating B, T, or NK cells in depression
(Zorrilla et al., 2001). Given the heterogeneity in de-
pressed patient populations, these data suggested that
moderating clinical and biological factors may account
for the lack of consistency in results (see below).

Early studies also examined functional immune
measures, with a majority assaying nonspecific
mitogen-induced lymphocyte proliferation. As com-
pared to controls, depressed patients were reported to
show decreases in lymphocyte-proliferative responses
sins Professor, Cousins Center for Psychoneuroimmunology,
ite 3–109, Los Angeles, CA 90095–7057, USA. Tel: 310 825



Fig. 12.1. Brain–immune interactions in depression. The experience of depression on the immune system is moderated by age, sex,

socioeconomic status, life stress, physical activity, and sleep. In turn, the central release of corticotrophin-releasing hormone in de-

pressed persons activates the hypothalamic–pituitary–adrenal axis and the sympathetic nervous system. For these efferent pathways,

multiple aspects of the immune system are alteredwith evidence of immune suppression (e.g., decreases in lymphocyte responses), as

well as inflammation. In turn, such immune changes have implications for infectious disease risk and the occurrence of inflammatory

disorders. HIV, human immunodeficiency virus; HCV, hepatitis C virus. (Reprinted from Irwin and Miller, 2007.)
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(Zorrilla et al., 2001). Some studies, however, failed to rep-
licate these observations (Schleifer et al., 1989), which
might have been accounted for by a failure to control
for day-to-day assay variability in the comparison of de-
pressed patients versus matched controls (Schleifer
et al., 1993).More than adozen studies have nowbeencon-
ducted on lymphocyte proliferation in depression, and
there is a reliable association between depression and
decreased proliferative responses to the three nonspecific
mitogens, phytohemagglutinin (PHA), concanavalin-A
(Con A), and pokeweed (PWM) (Zorrilla et al., 2001).

It was reported that severity of depressive symptoms
in persons undergoing severe life stress was associated
with declines in another functional measure of the im-
mune system, NK cell activity (Irwin et al., 1987a),
and a number of studies extended this observation to
major depression; a reduction of NK activity is now
viewed as one of the most reliable immune alterations
found in this disorder (Zorrilla et al., 2001).

Clinical moderating factors

It has been recognized that several clinical variables may
influence immune measures and moderate the associa-
tion between depression and changes in enumerative
and functional measures of immunity, including age,
gender, body mass, life stress, smoking and other psy-
chiatric comorbidity (Stein et al., 1991). For example,
older adults show declines in cellular immunity, and it
appears that the presence of depression exacerbates
age-related immune alterations (Schleifer et al., 1989;
Andreoli et al., 1993). Second, as compared to depressed
women, declines of T-cell and NK-cell responses are
more prominent in depressed men (Evans et al., 1992).
Third, in healthy adult depressed patients, adiposity
and great body mass partially mediate the increase of
inflammatory markers (see below) (Miller et al.,
2002). Fourth, life stress can also alter functional
immune measures, and depressed patients who evidence
greater life stress show greater declines of NK activity
than depressed patients who are not stressed
(Irwin et al., 1990b). Fifth, in regard to smoking, a large
study of 245 depressed and comparison controls
stratified by smoking status found that depression
and smoking status interact to produce greater declines
of NK activity than changes found in depressed
or smoking groups alone (Jung and Irwin, 1999). Finally,
specific diagnostic comorbidity such as anxiety
disorder and alcohol dependence (Irwin et al., 1990a;
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Schleifer et al., 2006) in combination with depression
induce greater declines of NK activity than changes in
depressed patients without such comorbid histories.

Effects of clinical treatment

Only a limited number of studies have investigated the clin-
ical course of depression and changes of cellular immunity
in relation to antidepressant medication treatment and
symptom resolution. In one longitudinal case–control
study, depressedpatients showedan increase inNKactivity
duringa6-monthcourseof tricyclicantidepressantmedica-
tion treatment and symptom resolution, although the im-
provements of NK activity were correlated with declines
of symptom severity and not treatment status at the time
of follow-up (Irwin et al., 1992a). In another longitudinal
follow-up study (Schleifer et al., 1999) of young adultswith
unipolar depression involving 6 weeks of treatment with
nortriptyline and alprazolam, clinical improvements in
the severity of depressive symptoms was associated with
decreased numbers of circulating lymphocytes and
decreased responses to PHA and Con A but not PWM.
In addition, decreases in T cells, CD4þ, and CD29 were
found, although there were no changes in B-cell numbers
or CD8þ cells. None of these changes was related to nor-
triptyline blood levels (Schleifer et al., 1999). In addition,
Frank et al. (1999) found that in vivo and in vitro treatment
with fluoxetine, a selective serotonin reuptake inhibitor,
resulted in enhanced NK activity along with changes in de-
pressive symptoms, consistentwith the findingofRavidran
et al. (1995), inwhich anumberofdifferent antidepressants
were used, including nafazodone, paroxetine, sertraline,
and venlafaxine.
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Biological mediators

CORTICOTROPIN-RELEASING HORMONE

Depressed patients show elevated levels of corticotropin-
releasing hormone (CRH) in the CNS, and this key neuro-
peptide is involved in integrating neural, neuroendocrine,
as well as immune responses to stress. In the first issue of
Brain, Behavior, and Immunity, it was reported that cen-
traldosesofCRHinducedmarkeddeclinesofNKactivity,
and that this responsewasmediatedby centralCRHrecep-
tor mechanisms which were independent of the release of
adrenocorticotropic hormone (ACTH) and cortisol (Irwin
et al., 1987b). Further studies showed that central doses of
CRH induced decreases of cellular and humoral immune
responses,with sympathetic effectormechanismsmediat-
ing the action of central CRH on the immune system
(Strausbaugh and Irwin, 1992; Friedman and Irwin,
2001). These data implicated central CRH as being a key
neuropeptide that might coordinate and induce immune
suppression characterized in depressed patients.
SYMPATHETIC EFFECTOR MECHANISMS

Given emerging data that sympathetic effector mecha-
nisms have potent suppressive effects on natural and
cellular immune responses in animal models, attention
began to focus on the role of sympathetic neurotrans-
mitters in contributing to the alterations of immune
function in depression. At rest and in response to acute
physical and/or psychological challenge, depressed pa-
tients show elevated levels of circulating catecholamines
and neuropeptide Y (Irwin et al., 1991), and this activa-
tion uniquely predicted declines of NK-cell responses.
Sympathetic nerve terminals are juxtaposed with
immune cells in organs where immune system cells de-
velop and respond to pathogens (Friedman and Irwin,
1997; Sanders and Straub, 2002). When sympathetic
release of norepinephrine and neuropeptide Y occurs,
sympathetic neurotransmitter receptor binding serves
as a signal in this “hard-wire” connection between the
brain and the immune system, with a suppression
of NK and cellular immune responses (Sanders and
Straub, 2002).
NEUROENDOCRINE AXIS

A hallmark of major depression is dysregulation of
the hypothalamic–pituitary–adrenal (HPA) axis and
the hypersecretion of cortisol. Cortisol exerts diverse
effects on a wide variety of physiological systems,
and also coordinates the action of various cells involved
in an immune response by altering the production of
cytokines or immune messengers. Similar to sympa-
thetic activation, cortisol can suppress the cellular im-
mune response critical in defending the body against
viral infections. Cortisol can also prompt some immune
cells to move out from circulating blood into lymphoid
organs or peripheral tissues such as the skin (Dhabhar
et al., 1996).

Despite these data, the relationship between HPA
axis activation and immune alterations in depression
has not been compellingly demonstrated. For example,
in depressed patients, decreased lymphocyte responses
to mitogens are associated neither with dexamethasone
nonsuppression (Kronfol and House, 1985) nor with
increased excretion rates of urinary free cortisol
(Kronfol et al., 1986). Dexamethasone nonsuppression
refers to the diminished feedback inhibition of the
HPA axis, and is associated with HPA overactivity.
Of note, however, as indicated below, dexamethasone
nonsuppression has been associated with evidence
of increased activation of innate immune responses.
For example, a significant correlation has been
reported between postdexamethasone cortisol levels
and increased mitogen-induced interleukin-1 (IL-1)
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responses of peripheral blood mononuclear cells in
patients with major depression (Maes et al., 1993).

Behavioral mechanisms

In addition to the biological mediators of immune
changes in depression, several behavioral factors associ-
ated with depression appear to contribute to immune
dysfunction. Indeed, as reviewed by Miller et al.
(1999), examination of behavioral factors is needed in
clinical psychoneuroimmunology.

PHYSICAL ACTIVITY AND EXERCISE

Physical activity, or a lack thereof, can have negative
consequences on the immune system. Conversely, exer-
cise has been shown to have potent salutary effects on
immune measures. In the meta-analysis from Herbert
and Cohen (1993), melancholic depression correlated
with greater impairments of cellular immunity which
may be due, at least in part, to an increased predomi-
nance of neurovegetative symptoms. Cover and Irwin
(1994) found that severity of psychomotor retardation
uniquely predicted declines of NK activity in depression.

INSOMNIA AND DISORDERED SLEEP

A number of studies have also shown that sleep has a
potent role in the behavioral regulation of immune func-
tion (Irwin et al., 1992b, 1994, 1996). Given that insomnia
is one of the most common complaints of depressed
subjects, investigators explored whether sleep distur-
bances were associated with immune alterations in de-
pression. Decreases of NK activity were found to
correlate with subjective insomnia, but not with other
depressive symptoms, including somatization, weight
loss, cognitive disturbance, or diurnal variation in de-
pressed patients. Likewise, in studies that evaluated
sleep using polysomnography, decreases of total sleep
as well as sleep efficiency were shown to correlate with
declines in natural and cellular immune function among
depressed patients (Irwin et al., 1992b; Cover and Irwin,
1994). Further studies involving subjects with primary
insomnia (e.g., no depression, other psychiatric disorder,
and medical disorder) have found that prolonged sleep
latency and fragmentation of sleep are associated with
nocturnal elevations of sympathetic catecholamines and
declines in daytime levels of NK-cell responses (Irwin
et al., 2003; Savard et al., 2003).

Viral specific and in vivo immune measures

In a provocative review of the immune findings in
depression, the significance and clinical meaning of
nonspecific immune alterations (i.e., changes in immune
cell distribution, NK activity, and lymphocyte prolifera-
tion) were challenged (Stein et al., 1991). Thus,
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investigators were spurred to evaluate more salient im-
mune responses that might be relevant to risk of disease.
With in vivo challenge by means of delayed-type hyper-
sensitivity responses, it was reported that depressed pa-
tients were less responsive to a panel of antigenic
challenges. Moreover, memory T-cell function in re-
sponse to a specific viral pathogen was lower in de-
pressed patients as compared to controls (Irwin et al.,
1998). In other studies, psychological stress was reported
to induce a marked decline in specific immune re-
sponses to immunization against viral infections
(Vedhara et al., 1999), although extension of this work
to major depression has yet to be performed.

ROTHERMUNDT
Stimulated cytokine production

In animal models, stress was found to alter the expres-
sion of proinflammatory, anti-inflammatory, and
T-helper 1 versus T-helper 2 (Th1/Th2) cytokines that
were involved in initiating and coordinating immune
responses to infectious challenge (Moynihan et al.,
1990). Translation of these basic observations to the
clinical setting began to emerge, with findings that
lipopolysaccharide-stimulated production of IL-1 and
IL-6 was increased in depressed patients (Kronfol,
2003), and that relative balance of Th1/Th2 cytokines
shifted toward an increase in the capacity of lympho-
cytes to produce Th1 interferon (IFN) in depression
(Seidel et al., 1995). Although no difference in the stim-
ulated production of IL-2 was found (Seidel et al., 1995;
Irwin et al., 2003), one study suggested that the
capacity of lymphocytes to produce IL-2 may differ
between melancholic and nonmelancholic depression
(Schlatter et al., 2004). In addition, peripheral
blood mononuclear cells of nonmelancholic depressed
patients showed a greater stimulated capacity to
produce interleukin-1b and interleukin-1 receptor
antagonist as compared to responses from controls
and melancholic depressed patients (Kaestner et al.,
2005), and serum levels of IL-1b were reported to
be elevated in patients with late-life depression
(Thomas et al., 2005).
Inflammation and circulating levels
of inflammatory markers

In patients with inflammatory disorders such as rheuma-
toid arthritis (Zautra et al., 2004) and cardiovascular
disease (Lesperance et al., 2004), depression has been
found to predict increased morbidity and mortality, a
finding potentially related to the contribution of depres-
sion to immune activation/inflammation. Depression is
associated with increases in circulating levels of the
proinflammatory cytokine, IL-6, in adults with major
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depression (Zorrilla et al., 2001), in depressed elderly
populations, and in those depressed persons with
chronic medical disorders such as rheumatoid arthritis
(Zautra et al., 2004), cancer (Musselman et al., 2001),
and cardiovascular disease (Lesperance et al., 2004).
Recent data further show that depressed patients show
an exaggerated activation of the inflammatory response
following acute psychological stress, with greater in-
creases of IL-6 as well as activation of nuclear factor
(NF)-kB, a transcription factor that signals the inflam-
matory cascade (Pace et al., 2006). Moreover, depressed
patients with more severe sleep disturbance may be
at greater risk for elevated levels of IL-6 and other
proinflammatory markers, because sleep loss has been
shown to induce acute increases in cellular and genomic
markers of inflammation (Pike and Irwin, 2006).

Increases in circulating levels of other proinflamma-
tory cytokines such as tumor necrosis factor-a (TNF-a)
and IL-1b have also been reported in depressed patients
(Anisman et al., 1999), including late-life depressive dis-
order. Increases of plasma levels of IL-12 in a large cohort
of depressed patients have also been found. IL-12 is a het-
erodimeric cytokine that is produced primarily by mono-
cytes and macrophages and plays a central role in the
early phases of inflammation. Although early reports
suggested increases in haptoglobin as well as some other
acute-phase proteins in depressed patients (Zorrilla et al.,
2001), these data were primarily limited to reports from
one laboratory and efforts have failed to identify abnor-
mal increases in acute-phase proteins (Pike and Irwin,
2006) consistent with the preliminary conclusions from
meta-analyses (Zorrilla et al., 2001). Nevertheless, in-
creases in C-reactive protein have been found in associa-
tion with depression with elevations in healthy depressed
adults (Miller et al., 2002), as well as in those depressed
patients with acute coronary syndrome (Lesperance et al.,
2004). In turn, systemic immune activation is thought
to lead to endothelial activation in depression with in-
creases in the expression of soluble intercellular adhesion
molecule (Lesperance et al., 2004).

Depression appears to yield increases in inflamma-
tory markers in some patients, and decreases in NK
responses in other patients (Pike and Irwin, 2006). It
is not known what mechanisms might account for the
dissociation between inflammation and innate immune
measures in depression, although genetic and metabolic
variation in the expression of proinflammatory cyto-
kines may play a role. For example, stress-induced
increases of plasma C-reactive protein are reported to
occur only in stressed persons who have the A allele
of TNF-a �308 G/A polymorphism (Jeanmonod et al.,
2004). Likewise, polymorphism of the 174 bp upstream
of the transcription initiation site of the IL-6 gene,
the �174 G/C allele, correlates with plasma IL-6 levels,
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although the relationship of this polymorphism with
major depression is not known. Finally, one-third of
total IL-6 in the circulation is estimated to originate
from adipose tissue, and even in depressed patients
and controls who are similar in body weight and/or
adiposity, metabolic alterations in adipose tissue signal-
ing might contribute to increases of IL-6 in depression
independent of immune cell production of this pro-
inflammatory cytokine.

Clinical implications of
psychoneuroimmunology

The factors that account for individual differences in
the rate and severity of disease progression are not
fully understood, although increasing evidence suggests
that behavioral and multisystem physiological changes
that occur during depression or stress come together
to exacerbate the course of many chronic diseases. In
the following sections, several pertinent diseases exam-
ples are discussed.

CARDIOVASCULAR DISEASE

Atherosclerosis is now thought to be an inflammatory
process that involves a series of steps, each of which
appears to be impacted by depression. Activated macro-
phages within the vascular space secrete proinflamma-
tory cytokines, which in turn leads to expression of
adhesion molecules. With recruitment of immune cells
to the vascular cell wall or endothelium and the release
of inflammatory cytokines, the vascular endothelium ex-
presses adhesionmolecules that facilitate further binding
of immune cells. Importantly, psychological and physical
stressors increase both release of proinflammatory cyto-
kines and expression of adhesion molecules that tether
(“slow down”) and bind immune cells to the vascular
endothelium. Moreover, it appears that depression is as-
sociated with activation of the endothelium. Acute coro-
nary patients who are depressed show an increased
expression of an adhesion molecule that is released fol-
lowing activation of the vascular endothelium (soluble
intracellular adhesion molecule). Importantly, this
molecular marker of endothelial activation, as well as
IL-6, predicts risk of future myocardial infarction, inde-
pendent of cholesterol levels, smoking status, and obe-
sity. In prospective studies, both depressed mood and
inflammatory markers contribute independently to the
risk for coronary heart disease, particularly in men.

HIV

Human immunodeficiency virus (HIV) infection shows
a highly variable course, and depression, bereavement,
and maladaptive coping responses to stress (including
the stress of HIV infection itself) have all been shown

ROIMMUNOLOGY 215



M. ROTHERMUNDT
to predict the rate of immune system decay in HIV pa-
tients. For example, major depression in women with
HIV infection was associated with lower NK activity,
as well as increases in the numbers of activated CD8
lymphocytes and viral load, which suggested that de-
clines of killer lymphocytes in association with depres-
sion may increase risk of HIV disease progression in
women. Immune system decline and HIV replication
are particularly rapid in patients living under chronic
stress (e.g., gay men who conceal their homosexuality
by living “in the closet”) and in patients with high levels
of sympathetic nervous system activity (e.g., socially
inhibited introverts). Tissue culture studies have shown
that sympathetic nervous system neurotransmitters and
glucocorticoids can accelerate HIV replication by
rendering T lymphocytes more vulnerable to infection
and by suppressing production of the antiviral cytokines
that help cells limit viral replication.

DEPRESSION AND RHEUMATOID ARTHRITIS:
NEUROIMMUNE MECHANISMS

In a negative-feedback loop, proinflammatory cytokines
stimulate the HPA axis that results in the secretion of
glucocorticoids, which in turn suppresses the immune
response. However, in autoimmune disorders such as
rheumatoid arthritis, it is thought that the counterregu-
latory glucocorticoid response is not fully achieved. In
animals that are susceptible to arthritis, there is a central
hypothalamic defect in the biosynthesis of CRH, blunted
induction of ACTH and adrenal steroids, and decreased
adrenal steroid receptor activation in immune target tis-
sues which together contribute to a weak HPA response,
one that is not sufficient to suppress the progression of
an autoimmune response. Rheumatoid arthritis patients
also show a relative hypofunctioning of the HPA axis
despite the degree of inflammation. Stress and depres-
sion can lead to HPA axis activation and to increases in
proinflammatory cytokines, and recent data suggest
that stressful events, particularly those of an
interpersonal nature, provoke symptoms of disease such
as greater pain and functional limitations (Zautra et al.,
2004; Straub et al., 2005). Moreover, the presence of de-
pression in rheumatoid arthritis patients undergoing
stress is associated with exaggerated increases of
IL-6, a biomarker predictive of disease progression.
Conversely, administration of a psychological inter-
vention that decreases emotional distress produced
improvements in clinician-rated disease activity in rheu-
matoid arthritis patients, although immunological medi-
ators were not measured. Likewise in the case of another
autoimmune disorder, psoriasis, a stress reduction inter-
vention, mindfulness meditation, was found to induce a
more rapid clearing of the psoriatic lesions.
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OFSCHIZOPHRENIA

Schizophrenia is a severe psychiatric disorder with a
worldwide prevalence of about 1%. The illness fre-
quently involves young adults and can produce severe
psychological, social, and vocational disability during
the potentially most creative and productive years of a
person’s life. Not only is the suicide rate in schizophrenia
high, but the deaths tend to occur relatively early in life.
This results in an enormous loss of total years of
expected life. Cost-of-illness studies have estimated that
approximately 1.5–3% of national health expenditures in
developed countries and 22% of the costs of mental ill-
ness are related to schizophrenia (Thieda et al., 2003).
About two-thirds of this cost is a consequence of the
relative lack of productive employment. In human
suffering the social and psychological costs cannot be
expressed monetarily.

Despite major research efforts, the etiology and
pathogenesis have yet to be defined. Two major hypoth-
eses on the pathogenesis of schizophrenia have been
discussed. First, the neurodevelopmental hypothesis
suggests that schizophrenia is a disorder based on distur-
bances in the early development of neurons and glial
cells starting in the second trimester of intrauterine life.
It is supported by: (1) the presence of minor physical
anomalies; (2) the presence of neurological, cognitive,
and behavioral dysfunction long before illness onset;
(3) a course and outcome of the illness itself that is pre-
dominantly incompatible with a classical degenerative
disorder; (4) the presence of ventricular enlargement
and decreased cortical volume at onset of symptoms,
if not earlier; (5) the presence and nature of cytoarchi-
tectural abnormalities (such as neuron density, number
and morphology, dendritic arbors and spines, synapse-
related proteins); and (6) the absence of postmortem
evidence of neurodegeneration comprising gliosis as a
sequela of a classical degenerative mechanism (Arnold
et al., 1998; Harrison, 1999; Marenco and Weinberger,
2000; Thieda et al., 2003).

The second, and for a long time opposing, approach
was called the neurodegenerative hypothesis. More than
100 years ago Kraepelin and Alzheimer were convinced
that schizophrenia was an organic disease involving de-
struction of neural tissue. This hypothesis fell behind
when researchers failed to demonstrate consistently a
destruction of neurons and glial cells or gliosis as a con-
sequence of a passed neurodegenerative process. The
implementation of imaging techniques such as com-
puted tomography and magnetic resonance imaging
(MRI) as well as improved methodologies and new tech-
niques in postmortem studies, however, has confirmed
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that neurodegeneration is present in at least a subgroup
of schizophrenic patients. There are convincing data
showing progression of cerebral volume reduction
during the course of disease (Gur et al., 1998; DeLisi,
1999; Pearlson and Marsh, 1999; Lieberman et al.,
2001; Shenton et al., 2001). A classical neurodegenerative
mechanism involving loss of neurons and development
of gliosis, however, appears unlikely to be relevant for
schizophrenia. Brains from patients who had suffered
from schizophrenia mostly show unchanged numbers
of neurons but a reduction of neuronal cell size and
neuropil that accounts for the loss of brain volume
(Harrison, 1999; Powers, 1999; Selemon and Goldman-
Rakic, 1999; McGlashan and Hoffman, 2000). A reduc-
tion of neuropil involves compromised cell structure and
decrease of neuronal connectivity resulting in a pre-
sumed loss of functional communication between
neurons. Beyond that, several studies reported changes
in synaptic proteins and their gene expression
(Kung et al., 1998; Karson et al., 1999; Glantz and Lewis,
2000; Harrison and Eastwood, 2001; Mirnics et al.,
2001). These findings support a diminution or dysfunc-
tion of dendrites, neurites, and synapses in schizophre-
nia (Jones et al., 2002).

Several authors have endeavored to integrate the neu-
rodevelopmental and the neurodegenerative aspects into
a comprehensive pathogenetic hypothesis of schizophre-
nia (Lieberman et al., 1997; Woods, 1998; Mirnics et al.,
2001; Bartzokis, 2002).

Immune factors play an important role in neurodeve-
lopmental as well as neurodegenerative processes. In-
flammatory and immune reactions directly influence
neuronal proliferation, differentiation, migration, and
apoptosis. Therefore, it is obvious that immune mecha-
nisms have to be considered as potential pathogenic fac-
tors in schizophrenia. The review summarizes the
current knowledge of altered immunity in schizophrenia
and evaluates the contribution of immune factors to the
pathogenesis of schizophrenia.

Microglia

Microglial cells represent a major part of the cerebral
immune system and are located within the brain paren-
chyma behind the blood–brain barrier. They originate
from mesodermal hemopoietic precursors and are
slowly turned over and replenished by proliferation in
the adult CNS. In the healthy brain resting, ramified
microglia function as supportive glia cells, and their ac-
tivation status is regulated by neurons through soluble
mediators and cell–cell contact. However, in response
to brain pathology microglia become activated: acquisi-
tion of innate immune cell functions render microglia
competent to react towards brain injury through tissue
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repair or induction of immune responses. They are capa-
ble of phagocytosis, secretion of cytokines and neural
growth factors, and antigen presentation. In addition,
microglia are involved in CNS development and re-
modeling. In certain pathological conditions, however,
microglia activation may sustain a chronic inflammation
of the brain, leading to neuronal dysfunction and cell
death. This might be mediated by the microglial release
of extracellular toxic reactive oxygen and nitrogen
species (Vilhardt, 2005).

Despite the important role of microglia in inflamma-
tion of the brain, only a few studies have focused on
these cells in schizophrenia. It has been demonstrated
in two postmortem studies (Bayer et al., 1999; Radewicz
et al., 2000) that activated microglia cells can be
observed in a subset of patients with schizophrenia;
however, this result could not be reproduced by
Steiner et al. (2006). Hirsch (2004) undertook a positron
emission tomography (PET) study using (R)-PK11195 to
label activated microglia cells. Patients with schizophre-
nia showed increased isotope binding throughout the
cortex with some regional accentuation in the frontal
lobes. A significant correlation was found between the
reduction in the amplitude of mismatch negativity and in-
creased (R)-PK11195 binding. Solov’eva and Orlovskaia
(1979) reported that embryos of schizophrenic mothers
show signs of increased microglia activity. In elderly
schizophrenic patients Falke et al. (2000) found no signs
ofmicrogliosis, whileWierzba-Bobrowicz et al. (2004) de-
scribed signs of microglia degeneration (cytoplasm
shrinkage, thinning, shortening, and fragmentation of
their processes).

The evidence for activation of microglia cells in
schizophrenia is not sufficient so far. However, the ap-
plication of advanced techniques such as (R)-PK11195
PET is promising, especially since it can be performed
in various states of disease and correlated with func-
tional aspects.

Astroglia

Astrocytes (macroglia) are the major glial cells within
the CNS and have a number of important physiological
properties related to CNS homeostasis. Besides regulat-
ing the extracellular ionic and chemical environment,
they serve as immunocompetent cells within the brain.
They are able to express class II major histocompatibility
complex antigens and costimulatory molecules (B7 and
CD40) that are critical for antigen presentation and
T-cell activation. As immune effector cells they influ-
ence aspects of inflammation and immune reactivity
within the brain, e.g., by promoting Th2 responses. In
addition, astrocytes produce a wide array of chemokines
and cytokines (Dong and Benveniste, 2001).
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Early studies focusing on astrocytes in schizophrenia
were initiated to search for astrogliosis as a sign of
neurodegeneration, supporting the neurodegenerative hy-
pothesis (Arnold et al., 1998; Arnold, 1999; Falkai et al.,
1999). None of these studies could demonstrate an in-
crease of astrocyte numbers. In contrast, Webster et al.
(2001) reported a reduction ofglial fibrillary acidic protein
(GFAP)-immunoreactive astroglia adjacent to blood
vessels of the prefrontal cortex. Rajkowska et al. (2002)
also found decreased GFAP-positive astrocytes, but in
layer V of the dorsolateral prefrontal cortex. In the
serum of schizophrenic patients antibodies against
astrocyte muscarinic cholinoceptors were reported
(Borda et al., 2002).

Microarray studies revealed alterations in astrocyte-
and oligodendrocyte-related genes in the brains of schizo-
phrenic patients (Tkachev et al., 2003; Sugai et al., 2004).
Matute et al. (2005) discovered a 2.5-fold increase in
astrocytic glutamate transporter (GLT-1) mRNA in the
prefrontal cortex of schizophrenics. Protein concentra-
tion and function of the transporter were also elevated.

A different approach to assess the functionality of
astrocytes in patients suffering from schizophrenia is
to measure astrocytic markers that can be detected in
cerebrospinal fluid (CSF) and serum. This offers the
opportunity to investigate patients in various stages of
disease, including drug-naive first-episode patients.
S100B, a small, Ca2þ-binding, astrocytic protein modu-
lating the proliferation and differentiation of neurons
and glia cells, can serve as such a marker.

Liu et al. (2005) reported an association between a cer-
tain haplotype of the S100B gene and schizophrenia. For
S100B protein concentrations in schizophrenia the data-
base is quite consistent. It has repeatedly been shown that
S100B is increased in the CSF (Rothermundt et al.,
2004a,b; Steiner et al., 2006) and serum of schizophrenic
patients (Wiesmann et al., 1999; Lara et al., 2001;
Schroeter et al., 2003) and correlated with the severity
of symptoms. In longitudinal studies schizophrenic
patients with increased S100B concentrations showed
persistent negative symptoms and a decelerated improve-
ment upon treatment (Rothermundt et al., 2001b, 2004a,b).

In summarizing the evidence, it is likely that a dys-
function of astrocytes might be a pathogenic factor
for schizophrenia. However, replication studies in inde-
pendent samples are needed and the character of the
astrocytic dysfunction remains to be clarified.

Antibodies

AGAINST NEUROTROPIC VIRUSES

Several studies focusing on herpesvirus reported a
higher percentage of antibody positivity in serum and
CSF of schizophrenic patients compared to healthy
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controls (Albrecht et al., 1980; Bartova et al., 1987; Pelo-
nero et al., 1990). Pandurangi et al. (1994) reported an
association between high herpes simplex virus (HSV) an-
tibody titers and left frontal cortical atrophy. Dickerson
et al. (2003) demonstrated an association between sero-
logical evidence of HSV infection and cognitive impair-
ment in schizophrenia. The offspring of mothers with
antibodies to HSV appear to be at increased risk for
the development of schizophrenia in adulthood (Buka
et al., 2001). On the other hand, many researchers have
failed to demonstrate increased serum HSV antibody
titers in schizophrenia (for review, see Rothermundt
et al., 2001a). For other viruses (cytomegalovirus,
Epstein–Barr virus, mumps virus, rubella, Borna disease
virus), the scientific evidence is scarcely less convincing.

Interesting and promising results on antibodies
against retroviral antigens have been presented (Hart
et al., 1999; Lillehoj et al., 2000; Karlsson et al., 2001)
and should be followed.

AUTOANTIBODIES AGAINST BRAIN STRUCTURES

Several studies have focused on antibodies against brain
structures, specific brain regions, or specific structures
of cells in the brain (for review, see Rothermundt et al.,
2001a). Unfortunately, the search for antibodies has not
yet gone beyond the screening stage. Most findings have
not been replicated in independent samples, and possible
pathophysiological consequences of antigen–antibody
interactions in the brains of schizophrenic patients have
not been explored.

Humoral immunity

Several studies have focused on serum immunoglobulins
and acute-phase proteins in schizophrenic patients. The
results of immunoglobulins andB lymphocytes, transfer-
rin receptor, complement activity, and C-reactive protein
are overall inconsistent (for review, see Rothermundt
et al., 2001a; Mazzarello et al., 2004; Hakobyan et al.,
2005; Mayilyan et al., 2006; Fan et al., 2007).

Acute-phase proteins and immunoglobulins are non-
specific markers of changes in the immune system of
the body. Their concentrations can be changed under
many different conditions such as infection, inflamma-
tion, and stress. As separate parameters they cannot be
specifically related to the development of schizophrenic
psychosis but might be helpful as additional parameters
in characterizing the role of specific immune subsystems.

Cellular immunity

Lymphocytes have been a matter of research interest
and were extensively studied in schizophrenic psycho-
sis for quite some time but with conflicting results.

ROTHERMUNDT
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The contradictions could not be solved as yet, not even
by lymphocyte subtyping (for review, see Rothermundt
et al., 2001a). Counting absolute or relative numbers of
immunocompetent cells in the blood of patients obvi-
ously does not help to unravel whether there is an immu-
nopathology that might be linked to the etiopathogenesis
of schizophrenia. This method is too nonspecific and
may be too sensitive concerning confounding variables.

CLINICAL PSYCHON
Cytokines

In various animal experiments intrauterine or perinatal
inflammatory exposure was shown to cause changes in
cytokine concentrations and produce similar behavioral
changes in the offspring as seen in schizophrenia (for
review, see Meyer et al., 2005). This strengthens the
hypothesis that changes in cytokine concentration and
production might contribute to the pathogenesis of
schizophrenia. In CSF of schizophrenics three studies
demonstrated unchanged IL-2 levels (el-Mallakh et al.,
1993; Barak et al., 1995; Rapaport et al., 1997) while
two studies reported increased concentrations of IL-2
(Licinio et al., 1993; McAllister et al., 1995); in one study
an increase in IL-2 predicted the recurrence of psychotic
symptoms in relapse-prone schizophrenics (McAllister
et al., 1995).

The measurement of serum concentrations of these
cytokines was not a promising method, showing mostly
normal values (for review, see Rothermundt et al.,
2001a). Several groups then started to investigate the
capacity of T cells to produce cytokines upon mitogen
stimulation. It could quite consistently be shown that
schizophrenic patients have a reduced capacity to
produce IL-2 (for review, see Kaminska et al., 2001;
Rothermundt et al., 2001a; Zhang et al., 2002; Koliaskina
et al., 2004; Mahendran, 2004) and IFN-gamma (for
review, see Kaminska et al., 2001; Rothermundt et al.,
2001a; Koliaskina et al., 2004). However, O’Donnell
et al. (1996) and Cazzullo et al. (1998, 2001, 2002) were
unable to reproduce these findings or even found
increased production (Avgustin et al., 2005).

The serum concentration of the soluble IL-2 receptor
(sIL-2R), indicating the degree of activation of T-helper
cells, was reported by most groups to be increased (for
review, see Rothermundt et al., 2001a). It was discussed
whether the increase of sIL-2R might be a medication
artifact since unmedicated patients had normal levels
but medicated patients had increased concentrations
in some studies (Maes et al., 1996; Muller et al., 1997;
Sirota et al., 2005).

IL-6, a cytokine produced by several different
immunocompetent cells, was reported to be increased
(Ganguli et al., 1993; Maes et al., 1994, 1995; Xu et al.,
1994; Naudin et al., 1997; Lin et al., 1998; Akiyama,
1999; Kaminska et al., 2001; Zhang et al., 2003) or nor-
mal (Shintani et al., 1991; Barak et al., 1995; Baker et al.,
1996; Monteleone et al., 1997; Kim et al., 1998; Haack
et al., 1999; Erbagci et al., 2001). Frommberger et al.
(1997) showed increased levels of IL-6 in acutely psy-
chotic patients with normalization in remission. The
body of evidence for a variety of other cytokines, such
as IL-1, IL-4, soluble IL-6 receptor, IL-10, IL-8, IL-12,
IL-18, and TNF-a, is less convincing (for review, see
Rothermundt et al., 2001a).

Genetic studies investigating polymorphisms of
genes encoding cytokines or cytokine receptors have
recently been started. For IL-1 (Chowdari et al., 2001;
Shirts et al., 2006), IL-4 (Jun et al., 2003a), and TNF-a
(Zai et al., 2006) no associations were found while a
polymorphism of the IL-1 receptor antagonist (IL-
1RA) was identified in a Korean population with an
odds ratio of 2.24 (Kim et al., 2004), which could not
be reproduced by others (Mata et al., 2006; Shirts
et al., 2006). For IL-2 and IL-4 (Schwarz et al., 2006),
as well as for IL-10, significant findings were reported
(Chiavetto et al., 2002; Yu et al., 2004; Schosser et al.,
2007), while others (Jun et al., 2003a, b; Shirts et al.,
2006) failed to reproduce these findings.

In the light of these findings, up to now two cytokine
subsystems show convincing results to strengthen the
hypothesis that an immunopathology might be involved
in the etiopathogenesis of schizophrenia: the IL-6 system
and even more so the IL-2/IFN-gamma system. The
inconsistencies in the IL-6 system might be clarified
by studying schizophrenic phenotypes characterized by
imaging, electrophysiology, and neuropsychology. The
IL-2/IFN-gamma system offers fairly consistent find-
ings in schizophrenic patients and compatible data from
CSF, serum, and cell culture stimulation experiments.
There is to date considerable evidence that an altered
regulation of the IL-2/IFN-gamma system plays a role
in the development of autoimmune disorders.
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Hypotheses and perspectives

Compiling the findings of immunological and immuno-
pathological research in schizophrenia reveals several
lines of evidence that an infectious or autoimmune pro-
cess might play a role in the etiopathogenesis of a sub-
group of schizophrenic disorders. Specific dysfunctions
of immunological subsystems have been demonstrated
repeatedly and coherently, as well as some nonspecific
markers of immune activation. Signs of inflammation,
microglia and astroglia activation in postmortem brains
and in the CSF, increased retroviral activity, proof of an-
tibodies against neurotropic viruses, enhanced cytokine
levels in the CSF preceding psychotic episodes, signs
of T-cell system activation, and decreased cytokine
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production capacity in the peripheral blood point to
impressive parallels between schizophrenia and auto-
immune/infectious disorders. However, although some
striking findings cannot be overlooked, there is as yet
no direct proof of an immune pathogenesis of
schizophrenia.

On the basis of the findings various hypotheses have
been formulated and are discussed below.

INFECTION HYPOTHESIS

In the event of an infection being responsible for the de-
velopment of a schizophrenic psychosis, it seems impor-
tant to identify the infectious agent. The search for
antibodies as well as for antigens should be included to
find this agent. So far no virus or bacterium has been
identified as a causative agent in the development of
schizophrenia. If an infectious agent with widespread oc-
currence is suspected to be involved in the pathology, in-
creases in antibody levels over time are essential to prove
an ongoing infection. Findings in CSF appear more reli-
able since peripheral signs of infection do not necessarily
imply CNS involvement. The majority of published stud-
ies did not consider these criteria and were therefore not
able to prove an infectious pathology.

A CNS infection is usually associated with microglia
and/or astroglia activation as presented for schizophre-
nia directly or indirectly in various studies. Immuno-
competent cells and markers of proinflammatory
immune cell activation such as cytokines can be
expected to be increased in the CSF in case of a CNS
infection, as has been shown by several studies in schizo-
phrenia. The functional capacity of the peripheral
immunocompetent cells reflected by cytokine produc-
tion experiments gives important indications concerning
the individual’s potential to fight an infection.

AUTOIMMUNE HYPOTHESIS

It has been hypothesized that an autoimmune process
might be involved in the etiopathogenesis of schizophre-
nia. The microglia activation reported in two studies
might be due to an autoimmune pathology, although
microglia activation is an unspecific inflammation
marker. So far it is unknown how an individual develops
an autoimmune disorder. One hypothesis suggests that
a foreign protein induces an immune reaction. Sub-
sequently the produced antibodies cross-react with
specific proteins of the individual.

In schizophrenia, cross-reacting antibodies are as-
sumed to target specific brain structures. Therefore
the search for autoantibodies against specific brain
structures represents an important approach. However,
the reported findings on antibodies against specific
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structures of brain cells have not yet been reliably repro-
duced. It appears to be more relevant to focus on cellu-
lar structures rather than on topographic regions. As
soon as antibodies against certain cell structures have
been repeatedly found in schizophrenic individuals, it
will be essential to elucidate their functional role.

It is necessary and trendsetting to formulate well-
founded hypotheses to enable a hypothesis-driven ap-
proach. This method appears much more promising than
remaining in a screening stage. Utilizing advanced tech-
niques in cell cultures and animal models will be helpful
in studying immune subsystems under well-defined
conditions. What mechanisms generate the pattern of
microglial and astroglial activation found in the brains
of schizophrenics? How does a specific antibrain anti-
body interfere with the function of neurons or glia cells?
Is there a specific retroviral activity in the brains of
schizophrenic patients? How do increased CSF cytokine
concentrations influence neurons and glia cells? What
are the molecular mechanisms underlying the decreased
peripheral cytokine production in schizophrenic pa-
tients? Increasing our knowledge about functional inter-
actions on a molecular basis and the application of
appropriate animal models will enable us to interpret
the indirect parameters available from CSF, blood, or
functional MRI studies in schizophrenic patients.

Clinical studies should focus on the identification
of a subgroup of patients with schizophrenia showing
immunological abnormalities. Advanced neuropsycho-
logical and electrophysiological methodology, struc-
tural and functional MRI techniques, evaluation of
the course of disease, and treatment response should
be included to identify specific phenotypes of schizo-
phrenic patients showing immunopathology. Investiga-
tion of gene polymorphisms of immune modulators in
connection with their transcription and translation prod-
ucts might provide further insight in specific subtypes
and the functional relevance for the pathogenesis of
schizophrenia.

First-episode or even prodromal patients appear to be
promising for study purposes as an active immuno-
pathology would be expected in the early stage of the
disease, probably even before the manifestation of overt
clinical symptoms. Focusing on patients with a recent
onset of disease also helps in reducing confounding var-
iables such as medication, diet, or exposure to a hospital
environment. However, since schizophrenia is often a
chronic disorder, mechanisms causing the progressive
deterioration of several brain functions and maintaining
inflammatory pathology throughout the course of dis-
ease need to be investigated.

Applying novel methods and technologies in basic and
clinical sciences will eventually enable researchers to
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characterize immunopathological mechanisms involved
in the etiopathogenesis of schizophrenic psychoses and
todelineate a subtype of schizophrenia inwhich infectious
or autoimmune pathology is relevant.
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Psychiatric rating scales
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It is axiomatic that the validity of any system for classi-
fication of psychiatric disorders begins with a reliable
method of measurement of illness severity. Work that
began over 50 years ago has led to reliable measurement
tools for all of the major Axis I psychiatric disorders. In
this chapter, we will briefly summarize the major rating
scales used to assess illness severity in studies of mood
disorders, anxiety disorders, schizophrenia and related
psychotic disorders, and cognitive disorders, as well as
for several of the common conditions in children and
adolescents. Although most of the rating scales used
in treatment research require too much time for use in
everyday practice, some of the self-report scales are well
suited for nonresearch settings and have been recom-
mended to help establish an accurate platform for
stepped care or measurement-based care paradigms.
For each scale, we will provide a brief description of
the measure and will summarize its psychometric char-
acteristics, including its reliability, relationship to other
relevant measures, and sensitivity to change in treat-
ment studies.

RATINGSCALESUSEDFORMOOD
DISORDERS

Hamilton Rating Scale for Depression
(HAM-D)

The HAM-Dwas developed by ProfessorMax Hamilton
more than 50 years ago (Hamilton, 1959). Although it
was designed to assess the severity of depressive symp-
toms in hospitalized patients, it has become the most
widely used outcome measure in clinical trials of treat-
ments of depressive disorders.

The original version is a 21-item, clinician-rated scale
that can be completed in 20–30 minutes and, although
*
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seldom done in current practice, could use sources of
information other than the patient (e.g., nursing or
family report) (Sajatovic and Ramirez, 2006). Likewise,
Hamilton’s original recommendation to determine the
score on the basis of two raters is essentially never done
in contemporary research studies.

The items included in the HAM-D are:

1. depressed mood
lvani
2. feelings of guilt

3. suicidality

4. insomnia – early

5. insomnia – middle

6. insomnia – late

7. work and activities

8. retardation

9. agitation
10. anxiety – psychic

11. anxiety – somatic

12. somatic symptoms – gastrointestinal

13. somatic symptoms – general

14. genital symptoms

15. hypochondriasis

16. loss of weight

17. insight

18. diurnal variation

19. depersonalization and derealization

20. paranoid symptoms

21. obsessional and compulsive symptoms.
By convention, the first 17 items are typically counted
towards the total or global score; the last four items
are intended to provide further qualitative information
about the depressive syndrome. Other versions are also
available, ranging from 6 to 31 items, with the shorter
versions representing unidimensional or “core” scales
a School of Medicine, 3535 Market Street, Suite 670,
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and the longer versions including the full array of
“reverse” neurovegetative symptoms. As the 17- and
21-item versions of the HAM-D are multifactor scales
(typically containing distinct factors mapping insomnia
and anxiety symptoms), some experts now recommend
the use of the “core” scales for evaluating treatment
outcome in controlled trials.

Hamilton constructed the scale to weigh various
symptoms differently, which reflected his view that
some symptoms were more important than others. Thus,
some symptoms (e.g., depressed mood, suicidal idea-
tion, decreased interest, or psychomotor retardation)
are rated in intensity or severity from 0 to 4 (0 ¼
none/absent to 4 ¼ most severe), whereas other symp-
toms (e.g., decreased appetite or general somatic symp-
toms (fatigue)) are rated from 0 to 2 (0 ¼ none/absent
to 2 ¼ severe).

In the modern era, it is readily apparent that HAM-D
was developed for use with inpatients: although the total
HAM-D score can be as high as 63, most outpatients
seeking treatment for depression have scores that range
between 14 and 25 and the scale gives no weight to
some of the “reverse” neurovegetative symptoms of
atypical depression (i.e., overeating, weight gain, or
oversleeping). Thus, the higher end of the severity di-
mension, as rated by this scale, is seldom encountered
and the syndromal severity of people with atypical de-
pression is underestimated. By convention, treatment
response is defined as a �50% reduction in the total
score and, as essentially no normal, healthy individuals
score above 7 on the first 17 items of the HAM-D, it has
been suggested that this score be used to define a com-
plete remission of the depressive episode.

The HAM-D is face-valid (i.e., the items correspond
to elements of a depressive syndrome) and clinical eval-
uators can learn to administer the HAM-D with high
interrater and test–retest reliability. When compared
to other depression-rating scales, the HAM-D total
score is heavily weighted by the classical neurovegeta-
tive symptoms of depression, which conveys some
advantage for the assessment of more severe illnesses
and a relative disadvantage for studying milder depres-
sive states. It is fair to say that the HAM-D is far from a
perfect rating scale, yet there is value in using the same
scale that has been used for decades to compare results
across studies and, for most purposes, the newer scales
do not convey a tangible advantage.
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Montgomery–Åsberg Depression Rating
Scale (MADRS)

The second most widely used clinical rating scale for
depression research, the MADRS, was developed to
rectify some of the shortcomings of the HAM-D by
providing a unidimensional assessment of the symptoms
of depression, which weighs each symptom similarly.
The developers of the scale, Professors Stuart
Montgomery and Marie Åsberg, hoped that these char-
acteristics would produce a scale that was more sensitive
to change from treatment effects over time than
the HAM-D. The MADRS was drawn from a 67-item
scale (Comprehensive Psychopathological Rating Scale
(CPRS)) and consists of 10 items that showed not only
the greatest variation in response to treatment but also
the best correlation with total score change.

The items included in the MADRS are:

1. apparent sadness

ET AL.
2. reported sadness

3. inner tension

4. reduced sleep

5. reduced appetite

6. concentration difficulties

7. lassitude

8. inability to feel

9. pessimistic thoughts
10. suicidal thoughts.
Like the HAM-D, this scale can be completed in 20–30
minutes. However, unlike the HAM-D, each item is
rated from 0 to 6 based on severity (0 ¼ no abnormality
to 6 ¼ severe). Treatment response is typically defined
as a �50% improvement in total score, whereas remis-
sion is typically defined as an endpoint total score � 10
or 12 (Zimmerman et al., 2004).

Even though the MADRS was originally designed to
assess symptom variation, it is also used to evaluate the
severity of depression based on the total score, with
higher scores indicating a greater severity of depression
(Muller et al., 2000). Severity gradations for the
MADRS have been proposed (9–17 ¼ mild, 18–34 ¼
moderate, and�35 ¼ severe). Although corresponding
values on the HAM-D and the MADRS vary as a func-
tion of severity, a score of 7 on the HAM-D roughly cor-
responds to a score of 10 on the MADRS and a score of
20 on the HAM-D roughly corresponds to a score of 25
on the MADRS (Carmody et al., 2006a).

The MADRS has high interrater reliability and it
correlates significantly with scores of other standard
scales for depression, such as the HAM-D. It is sensitive
to change, though it has not shown a substantial, across-
the-board superiority to the HAM-D in this regard.
Because the MADRS typically does not yield a factor
corresponding to anxiety and has only one item per-
taining to sleep disturbance, some investigators – and
regulatory authorities – favor the MADRS over the
HAM-D for studies of psychotropic medications
that have prominent nonspecific sedative effects. Like
the HAM-D, the MADRS does not include reverse
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vegetative symptoms (i.e., increased appetite and hyper-
somnia), which limits the utility of this scale for assessing
syndromal severity for patients with atypical depression.
As problems with “inflation” of intake severity scores
have begun to plague depression researchers, it has be-
come a common practice to use one of these standard
scales to qualify patients for a severity inclusion criterion
and the other to measure change during treatment.
Although this practice makes good sense, it necessitates
that the scales be administered by different raters to
ensure that score inflation does not adversely affect
the validity of both measures.

PSYCHIATRIC
Beck Depression Inventory (BDI)

The BDI is the most widely used self-report scale to
evaluate the severity of depressive symptoms. The scale
was developed by Professor Aaron T Beck and col-
leagues (1961) and, although it covers most of the core
symptoms of a depressive episode, it also strongly re-
flects the authors’ interest in the negative self-evaluative
symptoms experienced by most depressed people. The
original BDI scale was revised in 1978 and again in
1996; the revised versions are referred to as the BDI-
IA and BDI-II, respectively. As Professor Beck explic-
itly endorses the use of the BDI-II, our narrative review
will focus on that version of this venerable scale.

The BDI-II contains 21 items. The items query cogni-
tive, affective, and somatic symptoms of depression, in-
cluding the patient’s mood, pessimism, sense of failure,
loss of pleasure, guilt, punishment, self-dislike, self-
criticism, suicidal thoughts, crying, agitation, loss of
interest, decisiveness, worthiness, energy, sleep, irrita-
bility, appetite, concentration, tiredness, and interest
in sex. Each item allows the patient four choices from
no symptom to severe symptom. The patient is given
seven choices for the sleep and appetite questions to
assess increases and decreases in these measures. For
each item, the patient is asked to report how he or she
has felt during the past week. The items are scored as
0, 1, 2, or 3. The score range is 0–63. A total score
of 0–13 is considered minimal range, 14–19 is mild,
20–28 is moderate, and 29–63 is severe.

BDI-II has high internal consistency and is a reliable
instrument (Beck et al., 1996a). It has a high coefficient
alpha of 0.92. Its construct validity has been established,
and it is able to differentiate depressed from nonde-
pressed patients. The BDI-II is positively correlated with
the HAM-D with a Pearson r of about 0.70.

The BDI-II can be given to the same patient in sub-
sequent sessions to track the progression or improve-
ment of the depression and, historically, has been the
most widely used self-report scale in depression treat-
ment research.
The BDI-II was developed for self-report in individ-
uals aged 13 and up. The BDI for Youth (BDI-Y) is a
rating scale that can be used in younger children.
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THE QUICK INVENTORY OF DEPRESSIVE

SYMPTOMATOLOGY (QIDS)

The QIDS was developed by Dr. A John Rush and col-
leagues (2003) with the goal of improving upon earlier
assessment tools such as the HAM-D, MADRS, and
BDI. Derived from a longer and more comprehensive
scale, the Inventory of Depressive Symptomatology,
the QIDS consists of 16 items that assess the nine symp-
tom domains included in the Diagnostic and Statistical
Manual, fourth edition (DSM-IV: American Psychiatric
Assocition, 2000) criteria for major depressive disorder.
In addition to the clinician-administered version, a self-
report version (QIDS-SR) has been developed and vali-
dated. It takes about 5 minutes to complete either the
clinician-rated or self-report version of the QIDS, which
is about half the time needed to complete the older
evaluations (Carmody et al., 2006b). The QIDS and
QIDS-SR have been widely translated and the self-
report version of the scale is available for online or
automated telephone assessment.

The domains and symptoms assessed by the QIDS
and QIDS-SR include the following:

1. sad mood

2. decreased concentration

3. self-criticism

4. suicidal ideation

5. decreased interest

6. low energy/fatigue

7. sleep disturbance (four items: early, middle, and
late insomnia; hypersomnia)

8. appetite/weight disturbance (four items: decreased
appetite; decreased weight; increased appetite;
increased weight)
9. psychomotor disturbance (two items: retardation;

agitation).
Each item is rated 0–3, with item-specific anchors help-
ing to grade the severity of that particular symptom on a
continuum (absent, mild, moderate, or severe), covering
the past 7 days. The total QIDS or QIDS-SR score is
based on the sum of domains 1 through 6 plus the
highest-rated itemwithin thesleep,appetite,andpsychomo-
tor disturbance domains. Thus, the maximum score is 27.

Although the QIDS and QIDS-SR can be used as
screening instruments, they are more commonly used
to assess symptom severity and monitor treatment out-
come. For these purposes, a score of 5 or lower would
be classified as “not ill” or remission. Scores ranging
between 6 and 10 would indicate mild depressive
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symptoms, those ranging between 11 and 15 moderate
depression, scores ranging between 16 and 20 severe
depression, and scores of 21 and higher very severe
depression.

The QIDS and QID-SR have high internal consis-
tency and are reliable instruments (Trivedi et al.,
2004). Acceptably high coefficient alpha values have
been reported across populations, with values ranging
between 0.8 and 0.95. Its construct validity has been
established, and it is able to differentiate depressed
from nondepressed patients, in both psychiatric and pri-
mary care settings. It has likewise been found to be
sensitive to change in studies of antidepressants, psy-
chotherapy, and other treatment modalities. Scores
are comparable in bipolar and nonbipolar depressions.
The QIDS and QIDS-SR are highly correlated with the
HAM-D, MADRS, and BDI, with Pearson r-values
ranging between 0.70 and 0.95. Importantly, there are
extremely high correlations between the QIDS and
QIDS-SR and the longer, 30-item versions of these
scales, indicating that for most purposes the shorter ver-
sions can be used with essentially no loss of information.

230 D. MAU
Nine-item Patient Health
Questionnaire (PHQ-9)

The PHQ-9 was originally designed to improve detection
of depression in primary care and nonpsychiatric settings
(Kroenke et al., 2001). It is not only an efficient screening
tool but also a way to track patients’ response to treat-
ment (Gilbody et al., 2007). The PHQ-9 is a self-
administered scale that was drawn from the Primary Care
Evaluation of Mental Disorders (PRIME-MD) and it is
based on the DSM-IV (American Psychiatric
Association, 2000) criteria for major depressive disorder.

The PHQ-9 items screen for the presence of the
following symptoms:

1. anhedonia

2. depressed mood

3. trouble sleeping

4. feeling tired

5. change in appetite

6. guilt or worthlessness

7. trouble concentrating

8. feeling slowed down or restless

9. suicidal thoughts.
One additional question attempts to assess fun-
ctional impairment by measuring the impact of
depressive symptoms in patients’ relationships, work,
and home life.

Each item is rated from 0 to 3 based on frequency
over the last 2 weeks (0 ¼ not at all, 1 ¼ several days,
2 ¼ more than half the days, and 3 ¼ nearly every day).
A score of 5–9 indicates mild depressive symptoms,
10–14 moderate, 15–19 moderately severe, and �20
indicates severe depression. By convention, patients
with total scores�15 required antidepressant treatment.
The clinician should consider duration of symptoms
and functional impairment to evaluate the need for
treatment in patients scoring 10–14.

An alternate scoring system can be used mainly for
diagnostic purposes. The presence of five or more of
the nine items at least “more than half the days” in
the past 2 weeks including either anhedonia or de-
pressed mood suggests major depression. Suicidality
counts if present at all, regardless of the duration.Minor
or other depression is suggested when two, three, or
four symptoms have been present at least “more than
half the days” in the past 2 weeks and one of those
symptoms is anhedonia or depressed mood.

Studies on the PHQ-9 have demonstrated that, de-
spite its brevity, it has useful diagnostic properties. It
is effective in the geriatric population and is consistent
across different specialties and cultures.
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Young Mania Rating Scale (YMRS)

The YMRS, introduced in 1978 (Young et al., 1978), is an
11-item clinical rating scale used to measure the severity
of manic episodes.

The items include:

1. elevated mood: range 0 (absent) to 4 (euphoric)

2. increased motor activity/energy: range 0 (absent) to
4 (extreme motor excitement)

3. sexual interest: range 0 (normal) to 4 (overt
sexual acts)

4. sleep: range 0 (normal) to 4 (denies need for sleep)

5. irritability: range 0 (absent) to 8 (hostile, uncoopera-
tive; interview impossible)

6. speech (rate and amount): range 0 (no increase) to
8 (pressured; uninterruptible)

7. language/thought disorder: range 0 (absent) to 4
(incoherent; communication impossible)

8. thought content: range 0 (normal) to 8 (delusions;
hallucinations)

9. disruptive/aggressive behavior: range 0 (absent) to
8 (assaultive; interview impossible)

10. appearance: range 0 (appropriate dress and
grooming) to 4 (completely unkempt; decorated;
bizarre garb)
11. insight: range 0 (present; admits illness; agrees with

need for treatment) to 4 (denies any behavior).
YMRS scores of 14 and higher are consistent with manic
or clinically meaningful hypomanic episodes; higher
scores are indicative of more severe episodes and are as-
sociated with greater levels of psychosis and a longer
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time to recovery. The YMRS shows acceptable interrater
reliability when administered by trained clinical raters
and is sensitive to change in short-term studies of anti-
manic therapies.

PSYCHIATRIC
SCALESUSEDFORTHEASSESSMENT
OFANXIETY DISORDERS

Hamilton Rating Scale for Anxiety
(HAM-A)

The HAM-Awas developed by ProfessorMax Hamilton
and is widely used to measure the severity of anxiety
symptoms and their change over time in response to
treatment. This is a 14-item, clinician-rated scale that
includes both psychological and somatic symptoms of
anxiety and can be completed in 10–20 minutes.

The items included in HAM-A are:

1. anxious mood

2. tension

3. fears

4. insomnia

5. intellectual (concentration and memory)

6. depressed mood

7. somatic – muscular

8. somatic – sensory

9. cardiovascular symptoms
10. respiratory symptoms

11. gastrointestinal symptoms

12. genitourinary symptoms

13. autonomic symptoms

14. behavior at interview.
Each item is rated based on severity (0 ¼ not present, 1 ¼
mild, 2 ¼ moderate, 3 ¼ severe, and 4 ¼ very severe)
for a total score range of 0–56, where<17 indicates mild
anxiety, 18–24 mild to moderate anxiety, and 25–30
moderate to severe anxiety. Of note, the last item
rates the patient’s anxious behavior during the interview
(e.g., fidgeting, restlessness, tremors, swallowing).

The HAM-A has acceptable levels of interrater reli-
ability. This rating scale evaluates various somatic
symptoms leading to conflicts when discriminating
between somatic anxiety and somatic side-effects in
medication trials.
Yale–Brown Obsessive Compulsive
Scale (Y-BOCS)

The Y-BOCS is the most widely used clinician-rated in-
terview to assess the severity of obsessive-compulsive
disorder (OCD) symptoms (Nakagawa et al., 1996).
The scale, which was developed in the 1980s by
Dr. Wayne Goodman and his colleagues, is used
primarily in research studies to determine severity of
OCD and to document outcome during treatment
(Goodman et al., 1989). The developers of the scale
aimed to weigh obsessions and compulsions equally,
in a way that did not bias assessment with respect to
the particular type of obsessions or compulsions of an
individual patient. It has been translated into many lan-
guages and is also available in a self-report version
(Steketee et al., 1996).

The Y-BOCS has 10 items:

1. time occupied by obsessive thoughts
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2. interference due to obsessive thoughts

3. distress associated with obsessive thoughts

4. resistance against obsessions

5. degree of control over obsessive thoughts

6. time spent performing compulsive behaviors

7. interference due to compulsive behaviors

8. distress associated with compulsive behaviors

9. resistance against compulsions
10. degree of control over compulsive behavior.
Each item is rated from 0 (no symptoms) to 4 (extreme
symptoms). A score of 0–7 is considered nonclinical.
Scores ranging between 8 and 15 are considered mild.
Scores between 16 and 23 are considered moderate
and scores between 24–31 and 32–40 are considered
severe and extreme, respectively. The Y-BOCS is sensi-
tive to change, and during treatment reductions in
scores are a valid indicator of outcome; by convention
individuals must experience at least a 25% reduction
in symptom severity to be considered a responder,
although greater degrees of improvement and lower
final scores are indicative of better outcomes.

Studies of the Y-BOCS have shown that it has ade-
quate psychometric characteristics, including good
interrater reliability and predictive validity (Woody
et al., 1995). Factor analyses have shown that the scale
has several main factors (Bloch et al., 2008), which in
turn may have different degrees of sensitivity to change
and heritability (Katerberg et al., 2010). Although the
self-report version of the Y-BOCS has not yet been
widely accepted for research studies, its ease of use
may be better suited for monitor outcomes in clinical
practice than the interview version.
The Beck Anxiety Inventory (BAI)

The BAI is a rating scale used to evaluate the severity of
anxiety symptoms. The scale was developed by Aaron T
Beck, MD (Beck et al., 1990; Steer and Beck, 1997).

The BAI contains 21 self-report items (Beck et al.,
1996b). The items reflect symptoms of anxiety, includ-
ing: numbness or tingling, feeling hot, wobbliness in
legs, ability to relax, fear of the worst happening,
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dizziness or lightheadedness, pounding or racing heart,
unsteadiness, feeling terrified, feeling nervous, feeling
of choking, hands trembling, feeling shaky, fear of
losing control, difficulty breathing, fear of dying,
feeling scared, indigestion or abdominal discomfort,
faintness, face flushing, and sweating. Each item allows
the patient four choices from no symptom to severe
symptom. For each item, the patient is asked to report
how he or she has felt during the past week. The items
are scored as 0, 1, 2, or 3. The score range is 0–63. A total
score of 0–7 is considered minimal range, 8–15 is mild,
16–25 is moderate, and 26–63 is severe.

The BAI can be given to the same patient in subse-
quent sessions to track the progression or improvement
of the anxiety. The test is designed for self-report in
individuals aged 17 and up.

The BAI has been found to discriminate well between
anxious and nonanxious diagnostic groups and, as a re-
sult, is useful as a screening measure for anxiety. The
reliability coefficient is 0.92. The test–retest reliability
is 0.75. Correlations of the BAI with a set of self-report
and clinician-rated scales were all significant (e.g.,
Spearman rank correlation coefficient (rs) > 0.50).
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Brief Psychiatric Rating Scale (BPRS)

The BPRS is a rating scale developed to characterize
psychopathology and to measure change in clinical psy-
chopharmacology research (Overall and Gorham, 1962).
While the BPRS can be used for syndromes other than
schizophrenia, it includes psychotic symptoms of great-
est importance for assessing the clinical condition of
schizophrenic patients. Originally developed with 16
items, the following standard 18-item version has been
used for more than 40 years (Guy, 1976), with each
symptom rated on a severity scale of 1–7:

1. somatic concern

2. anxiety

3. depression

4. guilt

5. hostility

6. grandiosity

7. suspiciousness

8. hallucinations

9. unusual thought content
10. disorientation

11. conceptual disorganization

12. blunted affect

13. emotional withdrawal

14. motor retardation
15. tension
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16. uncooperativeness

17. excitement

18. mannerisms and posturing.
As its use expanded from monitoring an inpatient pop-
ulation, three new scales were added that might signal
deterioration in an outpatient: (1) bizarre behavior;
(2) self-neglect; and (3) suicidality. In addition, three
scales to assess symptoms of importance in a manic
phase of illness were added: (1) elated mood; (2) distract-
ibility; and (3) motor hyperactivity (Lukoff et al., 1986).

Administration can take 10–40 minutes, depending
on the interviewer’s familiarity with the patient and
number of symptoms reported. Use of anchor points,
rater training, and a standardized interview help ensure
consistent results (Flemenbaum and Zimmermann,
1973). Versions have been validated for use in both
children and older adults (Kumra et al., 1996; McAdams
et al., 1996).
Positive and Negative Syndrome
Scale (PANSS)

The PANSS is a medical scale used for measuring symp-
tom severity of patients with schizophrenia and was pub-
lished in 1987 (Kay et al., 1987). The scale is a 30-item,
seven-point rating instrument adapted from the BPRS
(Overall and Gorham, 1962) and Psychopathology Rat-
ing Scale (Singh and Kay, 1975). Of the 30 parameters
assessed, seven were chosen to constitute a Positive
Scale (score range 7–49), seven a Negative Scale
(7–49), and the remaining 16 a General Psychopathology
Scale (16–112). The General Psychopathology portion
was included as a separate but parallel (to positive
and negative symptoms) measure of severity in schizo-
phrenic illness.

The Positive Scale includes the following items:

● delusions

● conceptual disorganization

● hallucinatory behavior

● excitement

● grandiosity

● suspiciousness

● hostility.
The Negative Scale includes the following items:

● blunted affect

● emotional withdrawal

● poor rapport

● passive-apathetic social withdrawal

● difficulty in abstract thinking

● lack of spontaneity and flow of conversation

● stereotyped thinking.
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The General Psychopathology Scale includes the
following items:

● somatic concern

PSYCHIATRIC
● anxiety

● guilt feelings

● tension

● mannerisms and posturing

● depression

● motor retardation

● uncooperativeness

● unusual thought content

● disorientation

● poor attention

● lack of judgment and insight

● disturbance of volition

● poor impulse control

● preoccupation

● active social avoidance.
Initial work on the PANSS demonstrated that trained
clinical raters could achieve good reliability and that
the scale had acceptable validity. Scores are normally
distributed and demonstrate improvement with treat-
ment (i.e., positive symptoms respond to pharma-
cological treatment). Factor analysis provides evidence
for the construct validity of distinct positive and
negative dimensions, while others suggest an additional
disorganized subtype (Peralta Martin and Cuesta
Zorita, 1994).
Mini-Mental Status Exam (MMSE)

TheMMSE is an 11-item test used to screen for cognitive
impairment. It was introduced by Folstein et al. in 1975
to provide a relatively brief bedside assessment for pa-
tients with cognitive deficits. Cognitive batteries in place
at the time took much longer to administer, which meant
they were of little utility for patients with dementia or
delirium who had difficulty completing a full cognitive
assessment.

The MMSE takes 5–10 minutes to administer, asses-
sing the domains of orientation (10 points), registration
(3 points), attention and calculation (5 points), recall (3
points), and language (9 points), with possible scores
ranging from 0 (no items correct) to 30 (all items cor-
rect). The final two items require the patient to write
a sentence and copy a design. The attention and calcu-
lation portion can be scored by asking the patient either
to complete serial 7s or to spell “world” backwards;
however, these two tasks likely have different psycho-
metric properties.

Since its introduction, the MMSE has been widely
used and cited thousands of times. A score higher than
23 is generally considered normal, though performance
varies by patient age and education. Persons with fewer
years of formal education generally demonstrate lower
scores with a larger distribution across the group (Crum
et al., 1993). At a cutoff of <26, it has excellent speci-
ficity for dementia, though it is less sensitive at detect-
ing mild cognitive impairment (MCI), with ceiling
effects related to premorbid intelligence and education
(Ismail et al., 2010). The MMSE is not able to detect dif-
ferences between normal subjects, patients withMCI, or
patients with cognitive impairment secondary to depres-
sion (Benson et al., 2005).

MMSE scores correlate well with the Wechsler Adult
Intelligence Scale Verbal and Performance Scores. In
addition, it has good retest reliability by single and mul-
tiple examiners at both 1 day and 4 weeks in clinically
stable patients (Folstein et al., 1975). However, the orig-
inal publication did not include specific instructions
on administering and scoring the exam, nor were there
time limits placed. Two alternate versions of this brief
interview, the Standardized MMSE (Molloy and
Standish, 1997) and the modified MMSE (3MS) (Teng
and Chui, 1987), have been introduced to help standard-
ize administration and scoring, yielding greater inter-
rater reliability.
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Montreal Cognitive Assessment (MoCA)

The MoCA was developed in 2005 as a screening tool to
detect individuals with MCI (Nasreddine et al., 2005).
While the MMSE has been used extensively since its de-
velopment, it lacks the sensitivity in detecting subtle
cognitive impairment in individuals at risk for progres-
sing to dementia. The MoCA was developed to target
the domains of impairment most commonly encoun-
tered in MCI.

The test is a one-page, 30-point test that can be ad-
ministered in 10 minutes. It assesses short-term memory
recall (5 points), visuospatial abilities through clock-
drawing (3 points) and cube copy (1 point), and orienta-
tion (6 points). Executive function is assessed through
modified Trail Making Part B (1 point), phonemic flu-
ency (1 point), and verbal abstraction (2 points). A sus-
tained-attention task (1 point), digit span (2 points), and
serial calculation (3 points) test attention, concentration,
and working memory. And lastly, language is assessed
through naming low-familiarity animals (3 points), sen-
tence repetition (2 points), and the fluency task. The
rater adds 1 point to the score of patients with�12 years
of education.

Item analysis reveals that theMoCA can discriminate
reliably between normal subjects, participants withMCI,
and those with dementia (Nasreddine et al., 2005). The
three groups separate on all tasks except digit span, sus-
tained attention, and the calculation task, on which those
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with MCI and normal subjects do not differ. In contrast,
those with Alzheimer’s disease and MCI perform
similarly poorly on the sentence repetition task. While
sensitivity and specificity vary somewhat across studies,
using a cut-off score of 26, the MoCA consistently
has much higher sensitivity in detecting MCI and
Alzheimer’s disease than the MMSE. In contrast, the
MMSE has excellent specificity (approaching 100%),
with the MoCA much lower (ranges from 35% to
87%) (Smith et al., 2007; Luis et al., 2009).

The Cornell Scale for Depression
in Dementia (CSDD)

The CSDD was developed by Professor George Alexo-
poulos and colleagues (1988) to assess the severity of
depressive symptoms in patients with dementia. The
CSDD includes standardized interviews for both an
informant and the patient. It is recommended that the
interviewer first assign a preliminary score on the basis
of the informant and then confirm/revise this assess-
ment following interview of the patient. In contrast to
most standard depression scales, the patient form of
the CSDD makes minimal use of subjective responses.
Each form of the CSDD takes approximately 20minutes
to complete and rates severity of depressive symptoms
across a 1-week interval. It includes 19 items, each rated
along a three-point continuum (0 ¼ absent, 1 ¼ mild or
intermittent, 2 ¼ severe); the total score reflects the
sum of the items for the composite score derived from
the two interviews. A score of 5 or lower represents
either absence of clinically meaningful depression or,
during treatment, a remission of symptoms. Most de-
mented individuals with clinically significant depression
have CSDD scores of 10 or higher; scores above 18 are
suggested to identify more severe depressive episodes
(Perrault et al., 2000).

ASSESSMENTOFGLOBALFUNCTIONING
ACROSS ILLNESSES

Global Assessment of Function (GAF) scale

The GAF is the most widely used scale measuring an
individual’s overall psychological, social, and occupa-
tional functioning (American Psychiatric Association,
2000). Its wide use stems from its role in anchoring
the fifth axis of the five-axis diagnostic system
employed by the DSM.

The GAF is a continuous scale with descriptors for
each increment of 10 indicating the functional correlate
of a given 10-point range. The overall score is deter-
mined by selecting the most severe score among the
scores for psychological, social, or occupational func-
tioning (American Psychiatric Association, 2000).
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The ranges are defined as follows:

● 100–91: Superior functioning in a wide range of ac-
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tivities, life’s problems never seem to get out of
hand, is sought out by others because of his or her
many positive qualities. No symptoms.
● 90–81: Absent or minimal symptoms (e.g., mild anx-

iety before an exam), good functioning in all areas,
interested and involved in a wide range of activities,
socially effective, generally satisfied with life, no
more than everyday problems or concerns (e.g., an
occasional argument with family members).
● 80–71: If symptoms are present, they are transient

and expectable reactions to psychosocial stressors
(e.g., difficulty concentrating after family argu-
ment); no more than slight impairment in social, oc-
cupational, or school functioning (e.g., temporarily
falling behind in schoolwork).
● 70–61: Some mild symptoms (e.g., depressed mood

and mild insomnia) or some difficulty in social,
occupational, or school functioning (e.g., occasional
truancy, or theft within the household), but gener-
ally functioning pretty well; has some meaningful
interpersonal relationships.
● 60–51: Moderate symptoms (e.g., flat affect and cir-

cumstantial speech, occasional panic attacks) or
moderate difficulty in social, occupational, or
school functioning (e.g., few friends, conflicts with
peers or co-workers).
● 50–41: Serious symptoms (e.g., suicidal ideation, se-

vere obsessional rituals, frequent shoplifting) or any
serious impairment in social, occupational, or school
functioning (e.g., no friends, unable to keep a job).
● 40–31: Some impairment in reality testing or com-

munication (e.g., speech is at times illogical, ob-
scure, or irrelevant) or major impairment in
several areas, such as work or school, family rela-
tions, judgment, thinking, or mood (e.g., depressed
person avoids friends, neglects family, and is unable
to work; child frequently beats up younger children,
is defiant at home, and is failing at school).
● 30–21: Behavior is considerably influenced by delu-

sions or hallucinations or serious impairment, in
communication or judgment (e.g., sometimes in-
coherent, acts grossly inappropriately, suicidal pre-
occupation) or inability to function in almost all
areas (e.g., stays in bed all day, no job, home, or
friends).
● 20–11: Some danger of hurting self or others (e.g.,

suicide attempts without clear expectation of death;
frequently violent; manic excitement) or occasion-
ally fails to maintain minimal personal hygiene
(e.g., smears feces) or gross impairment in commu-
nication (e.g., largely incoherent or mute).
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● 10–1: Persistent danger of severely hurting self or

PSYCHIATRIC
others (e.g., recurrent violence) or persistent inabil-
ity to maintain minimal personal hygiene, or serious
suicidal act with clear expectation of death.
● 0: Inadequate information.
In preparation for DSM-IV, a review of the GAF
concluded that it was a “reasonably valid measure of
adaptive functioning, limited in part by its modest reli-
ability” (Goldman et al., 1992). In DSM-III field trials,
the GAF was found to have an intraclass correlation
coefficient of 0.80 and 0.69 coefficient for test–retest
evaluations (Goldman et al., 1992).

There are data supporting the view that the GAF is
most reliable in research settings (Soderberg et al.,
2005; Vatnaland et al., 2007; Aas, 2010). One study
showed specifically that nonresearch conditions led to sig-
nificant deterioration in reliability (Vatnaland et al., 2007),
while another study showed that the scale was reliable
when used to track outcomes at a group level, but insen-
sitive to change when used to track an individual patient,
owing to measurement error (Soderberg et al., 2005).
ASSESSMENTOF DISORDERS
INCHILDRENANDADOLESCENTS

Child Behavior Checklist (CBCL)

The CBCL is a questionnaire that assesses a broad range
of emotional and behavioral problems in children. There
are separate versions for preschool (CBCL/1.5–5, for ages
1.5–5) and school-age (CBCL/6–18, for ages 6–18) children
(Achenbach and Rescorla, 2000, 2001). The checklists
consist of statements about the child (such as “argues a
lot”). Responses are coded as 0 (not true), 1 (somewhat
or sometimes true), or 2 (very true or often true).

For school-age children, three informants are used:
parent (CBCL/6–18), teacher (Teacher Report Form or
TRF), and child/adolescent (youth self-report or YSR,
for ages 11–18). In addition to a total score, eight empir-
ically based syndrome scales and six DSM-oriented
scales are reported. The eight syndrome scales are:
(1) anxious/depressed; (2) withdrawn/depressed; (3) so-
matic complaints; (4) social problems; (5) thought prob-
lems; (6) attention problems; (7) rule-breaking behavior;
and (8) aggressive behavior. Some of the eight syn-
drome scales are grouped into internalizing (anxious/
depressed, withdrawn/depressed, somatic complaints)
and externalizing (rule-breaking behavior, aggressive
behavior) problems. The six DSM-oriented scales are:
(1) affective problems; (2) anxiety problems; (3) somatic
problems; (4) attention-deficit/hyperactivity problems;
(5) oppositional defiant problems; and (6) conduct
problems.
For preschool children, parents (CBCL/1.5–5) and
teachers (C-TRF) serve as informants. Seven syndrome
scales are reported: (1) emotionally reactive; (2) anxious/
depressed; (3) somatic complaints; (4) withdrawn;
(5) sleep problems (CBCL only); (6) attention problems;
and (7) aggressive behavior. In addition, there are five
DSM-oriented scales: (1) affective problems; (2) anxiety
problems; (3) pervasive developmental problems;
(4) attention-deficit/hyperactivity problems; and (5) op-
positional defiant problems.

The CBCL has been studied in many different cul-
tures. The eight empirically based syndrome structure
was supported across varied cultures in a study of 30 so-
cieties (Ivanova et al., 2007). For all scores (total, exter-
nalizing problems, internalizing problems, syndrome
scales, and DSM-oriented scales), culture-specific
benchmarks are provided for normal, borderline clini-
cal, and clinical range scores.
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Children’s Depression Rating
Scale-Revised (CDRS-R)

The CDRS-R was adapted from the HAM-D to
assess depression in children 6 years of age or older
(Poznanski and Mokros, 1996). A trained administrator
interviews the child and parent(s) about 14 symptom
areas: (1) impaired schoolwork; (2) difficulty having
fun; (3) social withdrawal; (4) sleep disturbance; (5) ap-
petite disturbance; (6) excessive fatigue; (7) physical
complaints; (8) irritability; (9) excessive guilt; (10) low
self-esteem; (11) depressed feelings; (12) morbid idea-
tion; (13) suicidal ideation; and (14) excessive weeping.
Each item is rated on either a 5- or 7-point severity scale
with benchmarks provided. The rater decides how to bal-
ance intensity and time course in determining severity.
The rater also determines a score for each symptom
area that is the “best description of child” by synthesiz-
ing information from the child and parent interviews. In
addition to the 14 symptom areas, three items are scored
according to the rater’s observation of the child: (1) de-
pressed facial affect; (2) listless speech; and (3) hypo-
activity. Raw scores on the CDRS-R range from 14 to
113, and these are converted into T scores. Scores of
55–64 are interpreted as “possible” depressive disorder,
whereas a score of 65 or greater is considered “likely”
depressive disorder.

The CDRS-R had demonstrated sensitivity to treat-
ment effects in major studies of depression in children
(Jain et al., 2007) and adolescents (Curry et al., 2006;
Brent et al., 2008). However, the CDRS-R may give
false-positive results in chronic illnesses such as
sickle-cell anemia due to the prominence of somatic
symptoms in the scale (Yang et al., 1994).
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INTRODUCTION

Unipolar depression is a significant independent contrib-
utor to the burden of disease worldwide, and has a dra-
matic impact on a person’s social, physical, and mental
well-being. According to a World Health Organization
2005 estimate, unipolar depression is responsible for
10% of all disability-adjusted life-years (the sum of years
lived with disability and years of life lost) from noncom-
municable diseases. Moreover, depression increases mor-
tality and morbidity with physical illnesses, and is by far
the most important cause of suicide worldwide. The total
costs of depression, between lost productivity and direct
medical costs, account for £30 billion (US$60 billion)
every year in the UK and the USA alone (Murray and
Lopez, 1997; Halfin, 2007; Prince et al., 2007).

A diagnosis ofmajor depression ismadewhen the req-
uisite number of symptoms (Table 14.1) is reported for
longer than a 2-week period, and when the symptoms
disrupt normal social and occupational functioning
(American Psychiatric Association, 2000).Many patients
*
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suffer from other mood disorders, including dysthymia
and bipolar disorder. The most common mood disorder
is, however, major depression, with a lifetime prevalence
rate of approximately 17% in theUSA: 21% inwomen and
13% in men (Nemeroff and Owens, 2002).

The most recent developments in understanding
the pathophysiology of depression have arisen from the
multidisciplinary efforts of psychiatrists, psychologists,
and neuroscientists, and every aspect of this field has
witnessed a remarkable advance in the last decade. For ex-
ample, the classical epidemiological association between
life stressors and depression has been strengthened by
our understanding of the biological mechanisms of the
stress response, leading to a coherent model that suggests
that traumatic experiences early in life are the most im-
portant environmental contributor to depression. Besides
a renewed interest in the role of certain neuroendocrine
pathways, activation of the immune system and of in-
flammatory signals has been shown to occur in depression,
and to be particularly relevant in depressed patients with
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Table 14.1

Criteria for major depressive episode according to the DSM-IV-R

A. Five (or more) of the following symptoms have been present during the same 2-week period and represent a change from

previous functioning; at least one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure. Note: Do not
include symptoms that are clearly due to a general medical condition, or mood-incongruent delusions or hallucinations.
1. Depressed mood most of the day, nearly every day, as indicated by either subjective report (e.g., feels sad or empty) or

observation made by others (e.g., appears tearful). Note: in children and adolescents, can be irritable mood

2. Markedly diminished interest or pleasure in all, or almost all, activities most of the day, nearly every day (as indicated by
either subjective account or observation made by others)

3. Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in a month), or

decrease or increase in appetite nearly every day. Note: in children, consider failure to make expected weight gains
4. Insomnia or hypersomnia nearly every day
5. Psychomotor agitation or retardation nearly every day (observable by others, not merely subjective feelings of restlessness

or being slowed down)
6. Fatigue or loss of energy nearly every day
7. Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day (not merely

self-reproach or guilt about being sick)
8. Diminished ability to think or concentrate, or indecisiveness, nearly every day (either by subjective account or as observed by

others)
9. Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or a suicide attempt

or a specific plan for committing suicide
B. The symptoms do not meet criteria for a mixed episode
C. The symptoms cause clinically significant distress or impairment in social, occupational, or other important areas of

functioning
D. The symptoms are not due to the direct physiological effects of a substance (e.g., a drug of abuse, a medication) or a general

medical condition (e.g., hypothyroidism)

The symptoms are not better accounted for by bereavement, i.e., after the loss of a loved one, the symptoms persist for longer than 2 months or are

characterized bymarked functional impairment, morbid preoccupation with worthlessness, suicidal ideation, psychotic symptoms, or psychomotor

retardation

DSM-IV-R, Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revised.

(Adapted from American Psychiatric Association, 2000.)
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medical illnesses. The early hypothesis that drugs that in-
crease the availability of monoamines (serotonin (5-HT),
norepinephrine (NE), and dopamine (DA)) in the brain
have antidepressant effects has now evolved into a more
sophisticated understanding that these antidepressants ex-
ert downstream intracellular effects that regulate neuronal
development, plasticity and survival, and influence brain
function and structure as assessed by neuroimaging tech-
niques. Indeed, neuroimaging tools have confirmed and
extended the classical literature on the association be-
tween specific central nervous system (CNS) lesions and
depression into the mapping of brain circuits that are rel-
evant for the onset and recovery from depression. Finally,
putative new therapeutic approaches to depression that
were previously unavailable – including drugs that modu-
late the stress response such as receptor antagonists for
corticotropin-releasing factor (CRF), vagus nerve stimula-
tion (VNS), repetitive transcranial magnetic stimulation
(rTMS), magnetic seizure therapy (MST), and deep-brain
stimulation (DBS) – have advanced the field by allowing
the understanding of new potential mechanisms leading
to the recovery from depression. This chapter will review
the most recent developments in this exciting field.
MONOAMINESANDDEPRESSION

For almost five decades now, a reduction of mono-
amine–5-HT,NE,and, toa lesser extent,DA–neurotrans-
mission in the brain has been postulated to play an
important, possibly primary, role in the pathophysiology
and subsequent treatment ofmood disorders. The original
monoaminehypothesis of depressionemerged partly from
the observed effects on mood of reserpine, an antihyper-
tensive medication that depletes vesicular monoamine
stores and reduces mood; of amphetamine, a drug that
briefly increases synaptic concentrations of monoamines,
and raises mood; and of monoamine oxidase inhibitors,
which increase the CNS concentrations of monoamines
and are, of course, effective antidepressants. Although
these agents affect all monoamines, most of the initial fo-
cus was on NE and 5-HT, as a consequence of the finding
that theefficacyof tricyclicantidepressants stemmedfrom
their ability to inhibit the reuptake ofNE and/or 5-HT. This
tendency was further strengthened when drugs that selec-
tively inhibit the reuptake of either NE or 5-HT became
available and were shown to be effective antidepressants
(Charney, 1998).



Fig. 14.1. The interrelationship of physiological and behav-

ioral responses mediated by monoamine neurotransmitters.

NA, noradrenaline (norepinephrine); 5-HT, serotonin; DA,

dopamine. (Adapted from Nemeroff, 2002.)
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Following the initial observations described above, a
multitude of studies have investigated direct and
indirect markers of monoaminergic activity in the brain
in depression. Hence, some (but not all) studies have
shown reduced levels of NE, 5-HT, and DA metabolites
(3-methoxy-4-hydroxyphenylglycol, homovanillic acid,
and 5-hydroxyindole acetic acid, respectively) in the
cerebrospinal fluid (CSF) of depressed patients. More-
over, both NE and 5-HT binding sites on peripheral blood
platelets of depressed patients have been found to be
abnormal in depression, although in opposite directions,
that is, increased for NE (a2-binding sites) and decreased
for 5-HT (serotonin transporter (SERT) binding sites).
Moreover, neuroendocrinological studies have used the
response of hormone secretion to pharmacological chal-
lenges to infer the function of the monoamine receptors,
and have shown a reduced function of a2 NE receptors
(decreased response of growth hormone to clonidine)
and of 5-HT receptors (decreased response of cortisol and
prolactin to L-tryptophan or fenfluramine), as well as an
abnormality of DA receptors (blunted response of growth
hormone to apomorphine) (Owens and Nemeroff, 1994;
Ressler and Nemeroff, 1999; Dunlop and Nemeroff,
2007). More recent receptor neuroimaging studies in
depressed patients have also found evidence for a dysfunc-
tion in 5-HT systems (decreased SERT and 5-HT1A
receptors) and in DA neurotransmission (decreased DA
transporter and increased D2 receptors), whereas studies
using NE receptors are still largely lacking (Zipursky
et al., 2007). Although there is undoubtedly evidence
that some aspects of monoamine neurotransmission are
abnormal in depression, 50 years of studies have not yet
addressed the conundrum associated with the original
monoamine hypothesis, i.e., that the reuptake-inhibiting
effects of antidepressants on monoamine neurons occur
within hours of drug ingestion, whereas their antidepres-
sant effects take considerably longer to occur. This tempo-
ral discrepancy implies that other mechanisms must be
involved in recovery from a depressive episode, and some
of these are discussed in this chapter. Moreover, these
monoamines have reciprocal interactions, and changes in
one monoamine circuit (due to depression or antidepres-
sant treatment) are likely also to affect the other systems.
Finally, different psychopathological aspects of depression
have been specifically associated with one or the other of
these monoamines (Fig. 14.1), but whether simultaneously
increasing NE, 5-HT, and DA neurotransmission will lead
to a more effective antidepressant is currently unknown.

UNIPOLAR
ISDEPRESSIONA PATHOLOGICAL
STRESSRESPONSEGONEAWRY?

Epidemiological data collected over the last two decades
have confirmed that stress and traumatic experience
early in life predispose individuals to the development
of depression and other psychiatric disorders in adult
life. Indeed, childhood trauma has been associated with
a higher risk of depression, bipolar disorder, panic dis-
order, posttraumatic stress disorder (PTSD), social anx-
iety disorder, substance and alcohol abuse, suicidal
ideation and behavior, and possibly schizophrenia, as
well as cardiovascular disease and obesity. Recently, a
variety of data derived from both preclinical animal
models and clinical research, taken together, have led
to a comprehensive neurobiological model of the long-
lasting psychiatric consequences of early trauma. At
the center of this model is, not surprisingly, the neuro-
endocrine system that mediates the stress response, the
hypothalamic–pituitary–adrenal (HPA) axis.
The role of CRF in HPA axis hyperactivity

The activity of the HPA axis is regulated first and
foremost by the secretion of CRF from the hypothala-
mus, which acts upon the anterior pituitary (through
the venous hypothalamohypophyseal portal system)
causing the secretion of adrenocorticotropic hormone
(ACTH), which in turn acts directly upon the adrenal
cortex to stimulate the secretion of the glucocorticoids
(cortisol in humans and corticosterone in most rodents).
Glucocorticoids then interact with their receptors in mul-
tiple target tissues, including the various components of
the HPA axis, where they are responsible for feed-
back inhibition of the secretion of ACTH and CRF from
the pituitary and hypothalamus, respectively. Figure 14.2
illustrates the key components of the HPA axis, includ-
ing the role of glucocorticoid receptors, discussed below
(Pariante and Miller, 2001).

Hyperactivity of the HPA axis in major depression is
one of the most consistent findings in psychiatry. A
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significant percentage of depressed patients have been
shown to hypersecrete cortisol, as manifested by in-
creased plasma concentrations of cortisol and by nonsup-
pression of ACTH and cortisol following administration
of the synthetic glucocorticoid, dexamethasone, in the
dexamethasone suppression test (DST) and in the more
recently developed, and more sensitive, dexamethasone/
CRF (DEX-CRF) test. In addition, depressed patients
exhibit enlargement of the pituitary and the adrenal
glands, as assessed in magnetic resonance imaging
(MRI) and computed tomography (CT) studies. The pri-
mary cause of all these abnormalities has largely been
hypothesized to be the increased production of CRF in
the hypothalamus. This is indicated by multiple reports
of increased concentrations of CRF in the CSF of de-
pressed patients and suicide victims, the decreased num-
ber of CRF1 receptors and CRF1 receptor mRNA
expression in the frontal cortex of suicide victims, the
blunted ACTH response to CRF (likely representing a
consequence of CRF hypersecretion and the associated
CRF receptor downregulation), and increased CRF
mRNAexpression andCRF immunoreactivity in the para-
ventricular nucleus of the hypothalamus of depressed
patients. Moreover, a number of studies have also
provided evidence that CRF plays a role not only in the
endocrinopathy of depression but also in the behavioral
signs and symptoms of the disorder. The behavioral
effects of CRF after direct CNS administration in
laboratory animals are remarkably similar to the signs
and symptoms of major depression, including decreased
libido, decreased appetite, psychomotor alterations, dis-
turbed sleep, anxious behavior, and activation of the au-
tonomic nervous system. Moreover, CRF-containing
neurons are abundant in cortical and subcortical regions,
including structures involved in the regulation of affect
such as the amygdala, and in the brainstem nuclei that
contain the three major neurotransmitters involved in de-
pression, 5-HT, NE, and DA (Nemeroff and Vale, 2005).
Although the relationship between CRF and depression
has been known for several years, themost striking devel-
opment in this field has been the discovery that the in-
creased activity of CRF-containing circuits is not an
epiphenomenon of depression, but rather one of the
mechanisms by which early-life stressors increase the risk
of depression in adult life.

Early-life trauma and HPA axis
hyperactivity in animals

Laboratory animal studies have demonstrated that early-
life stress produces persistent increases in the activity of
CRF-containing neural circuits. Separating neonatal
rodents and nonhuman primates from their mothers
for long periods (longer than those naturally occurring
in nature for foraging) elicits neurobiological and be-
havioral alterations that persist into adulthood. These in-
clude behavioral changes that resemble the symptoms of
depression, as well as hyperactivity of the HPA axis and
increased activity of CRF-containing circuits. In rats,
pups that are maternally separated from their mothers
for 3 hours each day for 2 weeks between postnatal days
2 and 14, when adults (postnatal day >60), exhibit anx-
ious and depressive behaviors, including reduced con-
sumption of sweetened solutions (a measure of
anhedonia), decreased exploratory behaviors, an
increased acoustic startle response, and increased pref-
erence for cocaine and ethanol. Moreover, these adult
rats also show increased ACTH and corticosterone
responses to psychological stressors (such as airpuff
startle and novel environment, though, interestingly,
not to physical stressors such as temperature extremes)
and increased activity of CRF-containing circuits,
i.e., increased CRF mRNA expression in the hypothala-
mus, the amygdala and the bed nucleus of the stria ter-
minalis, and increased CRF concentrations in the portal
venous system and in CSF (Lippmann et al., 2007). Sim-
ilar results have been obtained in nonhuman primate in-
fants undergoing repeated maternal separation between
3 and 6 months of age, or raised in a variable (unpredict-
able) foraging demand condition that leads to decreased
maternal care of the offspring (Coplan et al., 2001). It is
of note that these models do not use the intense

C.B. NEMEROFF
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manipulations of permanent removal of the mother or
severe social deprivation, which were studied by Harlow
and co-workers in the 1960s and 1970s. Indeed, the re-
cent studies more adequately represent the subtle devel-
opmental alterations that are evident in the clinical
population with childhood trauma, where maternal ne-
glect and early-life stress cohabit with some persistence
of parental care. Taken together, these findings indicate
that animals stressed during a vulnerable developmental
period develop a persistent increase in CRFergic neuro-
transmission that mediates HPA axis hyperactivity, as
well as the behavioral, immune, and autonomic conse-
quences of stress (Newport et al., 2002).

Early-life trauma and HPA axis
hyperactivity in humans

How do the results derived from animal models com-
pare with the clinical research evidence? Severe stressors
in adult life exert a myriad of psychopathological conse-
quences, depending on an individual’s genetic vulnera-
bility, that includes depression and PTSD. PTSD is a
disorder that is associated with severe traumatic events
in adult life, though those with early-life stress are at
increased risk for PTSD as well. Although PTSD is also
associated with increased activity of the CRF system,
here we will focus on depression and early-life stress,
which more closely parallel the experimental models de-
scribed above. Women who were sexually or physically
abused in childhood exhibit as adults a markedly en-
hanced activation of the HPA axis when exposed to a
standardized psychosocial stress, the Trier Social Stress
Test. These women, even when not currently depressed,
exhibit enhanced ACTH and heart rate responses; if they
are currently depressed, they exhibit the largest increase
in ACTH secretion and heart rate, as well as a very large
increase in cortisol secretion. When endocrine provoca-
tive tests are used, such as a standardized CRF stimula-
tion test, depressed women with and without childhood
trauma exhibit a blunted ACTH response to CRF, which,
as noted above, is likely, at least in part, due to an over-
production of hypothalamic CRF; nondepressed women
with a history of childhood trauma exhibit a blunted cor-
tisol response to ACTH. The latter indicates a compen-
satory counterregulatory adaptation of the adrenal
cortex to central HPA axis hyperactivity, and could ex-
plain the lack of enhanced cortisol response to psycho-
social stress in the presence of the enhanced ACTH
response. Using the DEX-CRF test, persistent HPA axis
hyperactivity has also been found in men with early-life
trauma. Taken together, these findings suggest that
the HPA axis hyperactivity previously described in de-
pression may not be the consequence of depression
per se, but rather the manifestation of persistent
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neurobiological abnormalities that predispose to depres-
sion (Heim and Nemeroff, 2002; Heim et al., 2007). This
could also explain why previous studies that did not take
into account early-life stressors have been inconsistent
in documenting the presence of HPA axis hyperactivity
in depression.

On a positive note, in laboratory animals, antidepres-
sant treatment and positive environmental manipulation
(cross-fostering, enriched environment) can reverse
some of these HPA axis abnormalities, and drugs that
antagonize the effects of CRF possess antidepressant
and anxiolytic properties both in experimental models
and in clinical settings (Gutman et al., 2003). The posi-
tive effect of environmental manipulation is particularly
important in the context of the clinical study, showing
that patients with depression and a history of childhood
trauma respond preferentially to cognitive-behavioral
psychotherapy rather than to an antidepressant,
nefazodone (Nemeroff et al., 2003).

The glucocorticoid receptor in HPA
axis hyperactivity

Although most studies on the pathogenesis of HPA axis
hyperactivity in depression have focused on the role of
CRF, the increased activity of the HPA axis is also
thought to be related to altered feedback inhibition by
endogenous glucocorticoids. Through binding to their
receptors in HPA axis tissues, endogenous glucocorti-
coids serve as potent negative regulators of HPA axis
activity, including the synthesis and release of CRF in
the paraventricular nucleus. The actions of glucocorti-
coids, including feedback regulation of the HPA axis,
are mediated through two distinct intracellular cortico-
steroid receptor subtypes, referred to as the type I or
mineralocorticoid receptor (MR), and the type II or
glucocorticoid receptor (GR). The MR has a high affin-
ity for endogenous corticosteroids and is believed to
play a role in the regulation of circadian fluctuations
in these hormones, especially the regulation of ACTH
secretion during the diurnal trough in cortisol secretion.
In contrast to the MR, the GR has a high affinity for
dexamethasone and a lower affinity for endogenous
corticosteroids. The GR is therefore believed to be more
important in the regulation of the response to stress
when endogenous levels of glucocorticoids are high
(Pariante and Miller, 2001).

Data supporting the notion that GR-mediated feed-
back inhibition is impaired in major depression come
from a multitude of studies demonstrating nonsuppres-
sion of cortisol secretion following administration of
dexamethasone, a GR agonist, in the DST and the
DEX-CRF test. Because patients with major depression
exhibit impaired HPA axis negative feedback in the
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context of elevated circulating levels of cortisol, a num-
ber of studies have assessed GR function in patients
with major depression. In general, these studies have
measured GR function either directly, in peripheral cells
isolated and cultivated in vitro, or indirectly, in periph-
eral cells in vivo using metabolic or vascular indices.
Studies using both approaches have found a lack of re-
sponse of the GR in depressed patients, especially in
those who are DST nonsuppressors (Pariante, 2004). It
is of note that these GR functional studies are consistent
with neuropathological findings in postmortem human
brain, showing reduced levels of the GR (and of the
MR) in patients with major depression. Moreover,
animal models in which GR expression is genetically ma-
nipulated have been useful in confirming the role of GR
abnormalities in depression. In fact, in experimental
models, decreased GR expression has been found to cor-
relate with the occurrence of depressive-like behavior
(Neigh and Nemeroff, 2006). Interestingly, in one model
in which GR expression is reduced by approximately
50%, the depressive-like behavior is only elicited when
animals are exposed to an environmental stressor. It is
also of note that maternally deprived rats exhibit de-
creased brain GR expression, once again supporting
the notion that early trauma, rather than depression
per se, leads to HPA axis dysfunction. Finally, and con-
sistent with this theoretical model, antidepressant treat-
ment has been shown to increase GR expression or
function in vitro and in vivo in laboratory animals as
well as in humans, and to increase HPA axis negative
feedback, thereby reducing resting and stimulated
HPA axis activity.

The antidepressants affect GR activation directly as
well as indirectly through changes in second-messenger
systems or in mechanisms governing GR sensitivity and
intracellular access of glucocorticoids (Pariante et al.,
2004). Moreover, there is evidence that the GR antago-
nist, mifepristone (RU486), exerts therapeutic effects in
the treatment of psychotic depression (Gallagher et al.,
2008), and that polymorphisms in the GR gene, or in
genes for protein-regulating GR function such as GR
chaperones and transporters regulating the access of
cortisol (and of antidepressants) to the brain, have been
associated with the risk of developing depression as well
as with response to antidepressant treatment (Binder
et al., 2004; van West et al., 2006; Uhr et al., 2008). This
concatenation of data suggests a novel model of depres-
sion, characterized by decreased GR function or expres-
sion in the CNS due to environmental or genetic
predisposition, and, moreover, attenuation in GR func-
tion is associated with antidepressant action (Pariante,
2006). A few studies have investigated MR (rather than
GR) function, and, interestingly, data from this work
suggest that the MR function is normal, or perhaps even
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hyperactive, in depression (Young et al., 2003; Juruena
et al., 2006).

WHERE ISDEPRESSION IN THEBRAIN?

The recent development of neuroimaging tools has
allowed the identification of specific regions in the brain
where structural or functional changes occur during
depressive episodes and after recovery. These “macro-
scopic” data have often been discussed in the context
of the “microscopic” evidence that neurons and other
brain cells are damaged by stress and their growth is
stimulated and/or protected by antidepressant treat-
ment. Therefore, hypotheses have been proposed in
which the macroscopic changes are described as a con-
sequence of the microscopic changes, though experi-
mental studies that link the macroscopic and
microscopic findings are lacking. Here we discuss the
recent evidence from clinical and experimental studies
investigating where in the brain – in which brain regions,
but also in which cells – alterations occur in depression.

The role of neuroplasticity in depression

One of the abnormalities described in depressed women
with a history of childhood trauma is a reduced volume
of the hippocampus, as assessed by structural MRI. This
finding has been described in patients with major de-
pression, in patients with PTSD, and in subjects with
early-life abuse, particularly those with current depres-
sion or PTSD (Geuze et al., 2005). What are the neuro-
biological mechanisms of these volumetric changes?
Retraction of dendrites, decreased neurogenesis, and
loss of neuronal and glial cells have all been implicated
in this macroscopic abnormality. Moreover, nonspecific
effects such as a shift in fluid balance between brain tis-
sue and ventricles, and changes in the composition of the
extracellular space, have also been suggested. Depres-
sion has been reported to be associated with decreased
levels of neurotrophic factors such as brain-derived neu-
rotrophic factor in plasma and brain, and antidepres-
sants have been shown to have antiapoptotic and
proneurogenesis effects in experimental animals. This
has prompted the proposal that depression is essentially
a “neurogenesis” or “neuroplasticity” disorder, in which
a loss of neurons underlies the symptoms, and the recov-
ery of cell number or function underlies the response to
antidepressants (Schmidt and Duman, 2007). However,
postmortem studies have provided very little evidence
that neuronal loss or apoptosis is present in patients with
depression (Lucassen et al., 2006).

One of the best-studied recent models of depression
and neuroplasticity is the tree shrew chronic psycho-
social conflict paradigm. This model mimics the behav-
ioral and neuroendocrine symptoms of depression
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(including the HPA axis hyperactivity), and is responsive
to antidepressants. More relevant to the present discus-
sion is the finding that, in this model, the animals show a
reduction of hippocampal volume, together with an in-
crease in brain apoptosis (mostly of glial cells), a reduc-
tion of neurogenesis in the dentate gyrus, and a
reduction of brain markers of neuronal viability using
magnetic resonance spectroscopy; all of these abnormal-
ities are reversed by treatment with the antidepressant,
tianeptine (Czeh et al., 2001). Interestingly, tianeptine
does not normalize HPA axis hyperactivity, contradict-
ing the notion that it is the HPA axis hyperactivity that
drives the apoptosis, reduces neurogenesis, or decreases
hippocampal volumes. Of course, the concomitant nor-
malization by tianeptine of both neurogenesis and hip-
pocampal volume does not in itself demonstrate that
the two effects are causally related. Indeed, the effects
on neurogenesis are likely limited to a relatively few
neurons per day in one brain area (the dentate gyrus),
and therefore unlikely to contribute to the macroscopic
changes. However, it is still possible that part of the
therapeutic action of antidepressants is mediated by
increased neurogenesis: not only has this effect of
antidepressants been consistently shown in vitro and
in vivo, but disruption of neurogenesis by irradiation
blocked the behavioral effects of antidepressants in a
mouse model (Santarelli et al., 2003).

UNIPOLAR
The brain circuits of depression

The previously discussed neuroimaging structural stud-
ies, taken together with results of neuropsychological
studies, have identified the hippocampus as one major
neuroanatomical substrate for depression. This brain
area is reduced in size in depressed patients, and further-
more these patients exhibit deficits in memory tasks that
are dependent on the hippocampus. The functional
neuroimaging studies, however, and the evidence from
neurological lesions, also point to a major role for the
frontal cortex, and in particular for the cingulate area.
Indeed, the lack of primary depressive symptoms in
the presence of lesions of limbic areas commonly asso-
ciated with emotions, such as the amygdala, the hypo-
thalamus, and even the hippocampus itself, has
redirected attention from a “site” model to a “circuits”
model: the connections and reciprocal interactions
between the areas are more important than the areas
themselves.

One of the difficulties in interpreting the functional
neuroimaging findings in depression is that brain func-
tion in different areas could be interpreted either as the
results of primary “functional lesions” or as ongoing
processes of attempted self-correction and adaptation.
Studies using positron emission tomography and
single-photon emission computed tomography have
found both increased and decreased frontal-lobe function
in depressed patients: the hyperfrontality has been inter-
preted as an exaggerated or maladaptive compensatory
process resulting in psychomotor agitation and rumina-
tion in order to override the negative mood, whereas
the hypofrontality (seen with increasing depression
severity) has been interpreted as a failure to initiate
or maintain such a compensatory state, resulting in
apathy and psychomotor slowness (Mayberg, 2003).
Interestingly, successful resolution of depressive symp-
toms by treatment, both pharmacotherapy and psycho-
therapy, is associated with normalization of frontal
hypometabolism. Response to treatment is also associ-
ated with a decrease in limbic–paralimbic–striatal areas,
especially in the subgenual cingulate and in the hippocam-
pus, and with an increase in the frontal and parietal cor-
tices. These changes seem to be an adaptive homeostatic
response necessary to maintain the recovered state.

The subgenual cingulate (Cg), Brodmann’s area (BA)
25, is apparently crucially involved in both the patho-
genesis of depressive symptoms and in the response
to treatment. Not only is the activity of Cg 25 increased
in patients with depression, or during acute sadness in-
duction in healthy volunteers, but its activity is reduced
by successful antidepressant treatment (Seminowicz
et al., 2004). Moreover, this area is affected by the older
neurosurgical procedures used for the treatment of
severe treatment-resistant depressed patients, such as
the subcaudate tractotomy and cingulotomy. Finally,
more recent antidepressant treatment approaches –
VNS, rTMS, and DBS –have all confirmed the impor-
tance of reducing cingulate activity to achieve antide-
pressant treatment response.

VNS is a novel surgical procedure originally
approved for the treatment of pharmaco-resistant epi-
lepsy, and reported to be efficacious in treatment-
refractory depression. It consists of chronic stimulation
of the left cervical vagus nerve by electrodes originating
in a small generator implanted subcutaneously. VNS is
believed to activate the nucleus tractus solitarius, which
in turn activates noradrenergic and serotonergic projec-
tions from the brainstem. VNS reduces activity of the
amygdala, hippocampus, and cingulate areas. rTMS is
another novel treatment which consists of delivery of
magnetic pulses to the dorsolateral prefrontal cortex,
using a coil applied directly to the head, inducing depo-
larization of the neurons underlying the application area
(Nemeroff et al., 2006). The results of studies on the
antidepressant efficacy of rTMS in depressed patients
have been encouraging, though it has not yet been ap-
proved by the US Food and Drug Administration. Inter-
estingly, the application of rTMS is associated with
changes in blood flow not only in the prefrontal cortex
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but also in the cingulate gyrus, amygdala, and insula
(Schlaepfer et al., 2003). However, the most compelling
demonstration of the role of the cingulate in depression
comes from the study of 6 patients with severe refrac-
tory depression, using DBS (by an electrode placed ste-
reotactically) in white-matter tracts adjacent to the Cg 25
area. Pretreatment, these patients had the now “classi-
cal” pattern of increased blood flow in Cg 25 and
decreased blood flow in the prefrontal and dorsal ante-
rior cingulate. Chronic DBS resulted in marked
improvement of depression, with full remission in
4 of 6 patients. Moreover, DBS reduced blood flow in
Cg 25, and increased blood flow in the prefrontal and
dorsal anterior cingulate (Mayberg et al., 2005). Taken
together, these data confirm a model in which depres-
sion and its resolution are associated with specific
changes in regional brain activity that have a defined
anatomical localization, with the cingulate as one of
the core areas.

WHERE ISDEPRESSION IN THEBODY?

We have already reviewed the evidence that the neuro-
endocrine system, and especially the HPA axis, is in-
volved in the pathogenesis of depression. Are there
any other biological systems in the body that are also in-
volved? If so, does depression have somatic conse-
quences, beyond the brain?

Depression in the medically ill

One of the most important recent clinical developments
in this field is the recognition that syndromal depression
frequently occurs as a comorbid condition in patients
with medical illnesses, and, of paramount importance,
that depression itself both increases the risk of develop-
ing certain medical illnesses and exerts adverse effects
on morbidity and mortality in patients with a medical ill-
ness. This evidence is particularly strong in cardiovascu-
lar diseases: depression increases the risk of coronary
artery disease, and increases the risk of death, especially
after myocardial infarction, coronary artery bypass
graft surgery, or congestive heart failure (Musselman
and Nemeroff, 2000). Depression also increases mortal-
ity rates in patients after stroke, and severely compro-
mises recovery from stroke, as evaluated by return to
functional daily living and normal cognition. As in cor-
onary artery disease, depression is a risk factor for de-
veloping diabetes, and it is a negative prognostic factor
in diabetes, associated with poor adherence to treatment
and earlier occurrence of vascular complications. In
cancer, where depression is frequently comorbid, the ev-
idence linking depression to an increased risk of cancer
or to a worse clinical outcome is less clear than in other
medical conditions, but certainly worthy of further
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study. Depression is also found in a large percentage
of patients with chronic pain, obesity, a variety of
neurological disorders (multiple sclerosis, Parkinson’s
disease, Huntington’s disease), and osteoporosis
(Evans et al., 2005).

This epidemiological evidence triggers a series of
questions. Why is depression so frequent in patients with
medical illnesses? Are there biological mechanisms that
explain this association, beyond the depression being a
consequence of the stress of carrying these disorders?
How does depression increase the risk of developing a
de novo medical illness? Why is depression associated
with a poor prognosis in some disorders? Are the effects
on outcome mediated only through poor adherence to
treatment and inappropriate lifestyles, or are there
specific biological mechanisms?

C.B. NEMEROFF
Mechanisms of brain–body
communication

The immune system has been suggested to mediate the
adverse consequence of depression on the development
and outcome of medical illnesses. Indeed, studies have
indicated that depression, in the absence of comorbid
medical illness, is associated with increased immune ac-
tivation and inflammation, as manifested by increased
proinflammatory cytokines and increased acute-phase
proteins. Specifically, increased peripheral plasma con-
centrations of interleukin (IL)-6, IL-1b and tumor necro-
sis factor-a have been described in depressed patients,
together with increased levels of C-reactive protein, an
acute-phase protein and peripheral marker of immune
activation that is also indicative of an increased risk
of cardiovascular disorders (Raison et al., 2006). Of par-
ticular note in this context are data showing that a
history of early-life trauma, even in the absence of de-
pression, is associated with clinically significant levels
of inflammation in adulthood, as shown by elevated
levels of C-reactive protein and increased production
of IL-6 (Pace et al., 2006; Danese et al., 2007).

Not only do patients with major depression present
evidence of inflammation, but the activation of the im-
mune system in humans receiving cytokine treatment
(and in animal experimental models of inflammation)
is associated with the development of a complex of be-
havioral signs and symptoms that resemble depression.
This complex of behavioral changes, termed “sickness
behavior,” includes fatigue, low mood, anxiety, irrita-
bility, anorexia, and pain. Several studies have there-
fore scrutinized the possible role of proinflammatory
cytokines in the pathogenesis of at least some depres-
sive symptoms, through direct effects of immune
mediators on brain neurotransmitter systems. For
example, a myriad of studies have now demonstrated
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that major depression occurs in a large number of pa-
tients receiving treatment with the proinflammatory
cytokine, interferon-alpha (IFN-a), an approved treat-
ment for certain types of cancer and for chronic viral
hepatitis. This very high risk of depression seems to be
explained, in part, by a direct effect of IFN-a-activated
inflammation on the peripheral metabolism of trypto-
phan, the precursor of 5-HT, and a putative reduction
of tryptophan availability, and hence 5-HT synthesis, in
the brain (Capuron and Miller, 2004). Indeed, polymor-
phisms in both the SERT and the IL-6 genes have been
associated with the risk of developing IFN-a-induced
depression (Bull et al., 2008). Interestingly, depression
induced by IFN-a is prevented in large part by prophy-
lactic treatment with selective serotonin reuptake in-
hibitors (SSRIs), though whether this effect is due to
the same pharmacological action that leads to their
antidepressant therapeutic action in major depression,
or whether it is due to the direct anti-inflammatory
properties of these drugs, is as yet unknown
(Musselman et al., 2001a).

Immune activation in medically ill depressed pa-
tients could also be a primary abnormality: indeed,
studies have shown increased levels of proinflamma-
tory cytokines in patients with depression and cancer
(Musselman et al., 2001b). Immune activation also
plays a role in atherosclerosis, in the pathophysiology
following a stroke, as well as in the pathogenesis of
diabetes and obesity. Therefore, the association
between immune activation and depression could ex-
plain the increased risk of developing (or the worse
clinical outcome) of several medical illnesses. Interest-
ingly, antidepressants seem to exert beneficial effects
on the clinical prognosis of depressed patients with
cardiovascular disorders, but again whether this is a
consequence of a direct pharmacological action alter-
ing cardiovascular function, rather than a consequence
of the antidepressant action, is as yet unclear. For ex-
ample, considerable data have accrued demonstrating
that depressed patients are in a prothrombotic state,
due to hyperactivity of several steps in the platelet-
clotting cascade, and antidepressants, especially
SSRIs, have been shown to reduce platelet activity
directly (Serebruany et al., 2003).

Finally, other biological abnormalities described in
depression could have a direct effect on medical con-
ditions. The activation of the HPA axis can also in-
crease atherosclerosis and reduce glycemic control,
secondary to the metabolic effects of glucocorticoids.
Moreover, other biological abnormalities in patients
with depression, such as reduced heart rate variability,
have a specific effect on the risk of death in the
context of cardiac disease. Decreased heart rate vari-
ability is a measure of the heart’s response to
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physiological demand, and it is one of many prognostic
factors associated with increased risk of myocardial
infarction.
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WHYDOHUMANSSUFFER FROM
DEPRESSION?

It is important to discuss the recent theoretical develop-
ments in our understanding of depression, especially in
the context of evolutionary theories that have integrated
psychosocial and biological models. In this chapter, we
have reviewed the compelling evidence that early
experience shapes our stress response system for the re-
mainder of our lives. The interpretation of this notion is
quite simple, in an evolutionary perspective: if you have
had a stressful environment early in life, you are likely
to have a stressful environment for the rest of your life,
and therefore you need a hyperactive, hyperresponsive
stress system, so that you can react immediately and ef-
fectively to a novel stressor. However, this model also
suggests that genes may protect some individuals from
developing depression, even in the presence of a stress-
ful environment. Indeed, one of the most important
findings in mood disorders research in the last several
years has revealed that a polymorphism in the SERT pre-
dicts the development of adult depression in the pres-
ence of childhood trauma. One main result of that
study was that subjects who have the “protective” ver-
sion of the gene (the l/l polymorphism) do not develop
adult depression even in the presence of severe child-
hood trauma (Caspi et al., 2003). Similarly, genetic var-
iants directly regulating the HPA axis stress responses
have been shown to modulate the risk of developing de-
pression and PTSD following childhood trauma (Binder
et al., 2008; Bradley et al., 2008).

If depression is the “price to pay” for a hyperactive
stress response system, what are the advantages of the
depressive symptoms, and why has it evolved as a cohe-
sive complex of behavioral changes? The behavioral
changes known as “depression” might have had en-
hanced survival during times of stress in our hunter–
gatherer ancestors. Classical theories have previously
highlighted that depression – again, only in evolutionary
terms – offers psychosocial and biological advantages.
The psychosocial advantages include signaling the need
for help and declaring defeat, and therefore stopping
aggressive behaviors from peers; the biological advan-
tages include the promotion of behaviors (psychomotor
retardation, fatigue, and anhedonia) that save essential
energy resources that are adaptive in the context of the
high metabolic demands of a stressful threat (Nesse,
2000). However, more recent theories have emphasized
the notion that immune activation is part of the depres-
sive response, and possibly it is the major “advantage”
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brought by depression. In hierarchical social species
(including humans), psychosocial stress in males is
frequently accounted for by dominance struggles in
which the risk of wounding, especially in subordinates,
is high. Therefore, the whole behavioral complex of
depression aims to provide energy for the stressful
encounter, while also protecting from wound infection
(Raison et al., 2006). Only by understanding the molecu-
lar mechanisms by which different biological pathways –
neurotransmitters, hormones, cytokines – induce the var-
ious depressive symptoms, will we be able to develop new
and more effective drugs that can treat this devastating
disorder.
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INTRODUCTION

Bipolar disorder is a serious disorder of mood character-
ized by recurrent episodes of depression alternating with
periods of hypomania and/or mania that are usually
separated by periods of relatively normal mood and
functioning (Goodwin and Jamison, 1990). It is a hetero-
geneous diagnosis that probably encompasses a broad
range of cyclical mood disorders that may differ some-
what in terms of presentation, etiology, and pathogene-
sis (Angst and Marneros, 2001). A diagnosis of bipolar
disorder is made on the basis of evidence of both acute
major depressive episodes and acute manic episodes
(hypomania is considered a milder form of mania that
is not necessarily associated with functional impair-
ment; Ghaemi, 2003). The symptoms of major depres-
sion and mania are outlined in Table 15.1.

In the Diagnostic and Statistical Manual, 4th edition
(DSM-IV: American Psychiatric Association, 1994),
bipolar disorder type 1 (BP-I) is distinguished from
bipolar disorder type 2 (BP-II) by severity of the manic
episode. BP-I is characterized by manic presentations
leading to significant social or occupational impairment
(sometimes requiring admission to hospital or with psy-
chotic symptoms); BP-II is characterized by hypomanic
episodes, which are by definition not associated with
social/occupational impairment.

The affective spectrum

Although DSM-IVmakes a clear distinction between the
diagnosis of unipolar major depressive disorder and
depression occurring in the context of bipolar disorder,
evidence suggests that these disorders may not be as
separate as previously thought (Cassano et al., 2004).
Although it is possible that there exist several discrete,
*Correspondence to: Professor S Nassir Ghaemi, MD MPH, P
Tufts Medical Center, 800 Washington Street, #1007, Bosto

E-mail: nghaemi@tuftsmedicalcenter.org
homogeneous mood disorder subtypes, it is more likely
that a spectrum of mood disorders exists, with mild dys-
thymia at one end and severe bipolar and schizoaffective
disorders at the other (Fig. 15.1) (Akiskal and Pinto,
1999). In between lie several subtypes of recurrent
depressive disorder. Of these, recurrent, atypical, and
psychotic depression are probably closer to bipolar dis-
order than “straightforward” unipolar major depression
(Ghaemi et al., 2002).
Epidemiology

Although most epidemiological studies have identified
that BP-I affects around 1% of the adult population
(Tohen and Goodwin, 1995), more recent work suggests
that up to a further 4% may be affected by bipolar spec-
trum disorders such as BP-II and cyclothymia (Judd and
Akiskal, 2003). BP-I affects an equal proportion of
males and females but BP-II (as with recurrent major de-
pressive disorder) appears to be more common in fe-
males (Goodwin and Jamison, 1990). Most people with
bipolar disorder date the onset of their illness to adoles-
cence and usually experience depression as their first
mood episode (Goodwin and Jamison, 1990).

Bipolar disorder is highly morbid. It has been ranked
sixth in a list of the top 10 causes of medical disability
worldwide for individuals between the ages of 15 and
44 and costs the USA an estimated $45 billion annually
(Murray and Lopez, 1997). For affected individuals
and their families, it causes considerable social and
occupational impairment and is thought to end in the
suicide of 20% of the most severely affected
(Goodwin and Jamison, 1990). Previous clinical impres-
sions of complete recovery between mood episodes have
been challenged by evidence to suggest that most bipolar
rofessor of Psychiatry, Director, Mood Disorders Program,
n, MA 02111, USA. Tel: 617-636-5735, Fax: 617-636-7795,



Table 15.1

Symptoms of depression and mania

Acute major depression Acute mania

Depressed mood Elevated or irritable mood
Reduced interest or pleasure Increased self-esteem

or grandiosityLoss of energy or fatigue

Decreased need for sleepLoss of confidence or
self-esteem Increased talkativeness

Self-reproach or guilt Flight of ideas
Recurrent thoughts of death

or suicide

Distractibility

Reduced concentration
Increased social activity
or contacts

Psychomotor agitation

or retardation

Psychomotor agitation

Insomnia or hypersomnia
Risk-taking behavior

Change in appetite and weight

(decreased or increased)

Increased sexual activity
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individuals continue to suffer from subsyndromal
symptoms (mostly depressive in nature) between frank
mood disturbance episodes that can have a considerable
impact on their everyday functioning (Judd et al., 2002,
2003). Psychiatric comorbidity is extremely common in
bipolar disorder. At least 60% of bipolar patients have
an additional Axis-I diagnosis, the most common of
which is an alcohol or drug misuse disorder (Brady
and Sonne, 1995).
Treatment

Although psychological, social, and occupational inter-
ventions are all important aspects of the management
of bipolar disorder, medication is currently the mainstay
of treatment (Goodwin and Jamison, 1990). Bipolar dis-
order requires pharmacological management of acute
depressive and acute manic episodes and prophylactic
treatment against relapse. Lithium has been widely
studied as a mood stabilizer and has been shown to
Atypical
MDD

Recurren
MDD

MDD: major depressive disorder. MDE: major depr
otherwise specified. SA: schizoaffective disorder, b

Dysthymia

Single
MDE

Psychotic
MDD

Chronic
MDD

Fig. 15.1. The affective spectrum. (Reproduced from Ghaemi et
have efficacy in acute depression, acute mania, and in
preventing both depressive andmanic relapses (Goodwin
and Jamison, 1990; Baldessarini and Tondo, 2000).
Anticonvulsant medications such as sodium valproate
and carbamazepine are also widely prescribed as mood
stabilizers, and have a reasonable evidence base of effi-
cacy for acutemania (Bowden et al., 1994) and long-term
prevention (Post et al., 1999; Bowden et al., 2000; Gyulai
et al., 2003), though there are limited data in acute
depression (Davis et al., 2005), and a lower quality of
evidence than is the case with lithium (Ghaemi et al.,
2004). Nonetheless they can be quite useful in those
who cannot tolerate lithium (Bowden, 1998), and are
more effective than lithium for mixed episodes
(Bowden et al., 1994). Newer anticonvulsants have been
studied, but, of these, only lamotrigine so far has
emerged as a likely mood stabilizer, with randomized
preventive studies showing benefit in prevention of
mood episodes (Bowden et al., 2000; Calabrese et al.,
2003), more so for depression than for mania. How-
ever, multiple as yet unpublished randomized clinical
trials have failed to find benefit for acute depressive
symptoms in either bipolar or unipolar depression
and no agent has been shown beneficial in randomized
clinical trials versus placebo in the treatment of rapid-
cycling bipolar disorder (www.gsk.com; Dunner and
Fieve, 1974; Calabrese et al., 2000). Also, despite clini-
cal perceptions, anticonvulsants have not definitively
been shown to be more effective than lithium for
rapid-cycling bipolar disorder (Tondo et al., 2003),
although a randomized study suggested a small
possible benefit of divalproex sodium (valproate semi-
sodium) over lithium (Calabrese et al., 2005a). The only
treatment shown in a randomized intervention to be
better than placebo for rapid cycling is antidepressant
discontinuation (Wehr et al., 1988).

The treatment of bipolar depression with antidepres-
sants remains controversial because of evidence that in
certain bipolar individuals they can precipitate switching
into mania and a rapid-cycling course of illness (Ghaemi
et al., 2000a; Gijsman et al., 2004). Further, despite
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essive episode. BP, NOS: bipolar disorder, not
ipolar type.

Cyclothymia BP-I

BP, NOS SABP-II
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possible short-term efficacy versus placebo (Gijsman
et al., 2004), they have not yet been shown to be more ef-
fective than lithium or other mood stabilizers for acute
bipolar depression (Nemeroff et al., 2001). Based on ran-
domized clinical trials so far they appear to be ineffective
in long-term prevention of depression in bipolar disorder
(Ghaemi et al., 2001). Nonetheless, a small subgroup,
perhaps 20% or so, of persons with bipolar disorder
may experience some long-term benefit with antidepres-
sant medications (Ghaemi and Goodwin, 2001; Altshuler
et al., 2003; Post et al., 2004). For themajority of patients,
however, mood stabilizers like lithium or lamotrigine,
and psychosocial treatments like cognitive-behavioral
therapy (Lam, 2002) or group psychoeducation (Colom
et al., 2002), are the best proven long-term treatments
for depressive symptoms.

Atypical antipsychotic medications clearly have anti-
manic efficacy acutely (Perlis et al., 2006), but whether
they have long-term preventive benefits is less clearly
established (Ghaemi et al., 2004). Food and Drug
Administration indications now exist for olanzapine
and aripiprazole in maintenance treatment of bipolar
disorder, but those data are quite limited, with the aripi-
prazole study being rather short (6 months) (Keck et al.,
2006) and the olanzapine study limited by a high rate of
acute withdrawal relapse in the placebo arm (thus dem-
onstrating short-term withdrawal rather than long-term
efficacy) (Tohen et al., 2006). Adjunctive benefits when
combined with standard mood stabilizers are also seen,
but based on limited data (Tohen et al., 2004). Recent
studies suggest perhaps short-term acute depression
benefit for quetiapine (Calabrese et al., 2005b), while
similar studies with olanzapine alone are mostly nega-
tive (Tohen et al., 2003a). The combination of an anti-
psychotic with an antidepressant may have some
short-term benefit for acute bipolar depression with lim-
ited acute mania risk (Tohen et al., 2003a), but it should
always be kept in mind that such combinations have not
been studied for long-term efficacy. It is a common clin-
ical mistake to combine antidepressants and antipsy-
chotics for long-term treatment of bipolar disorder, as
if their short-term benefits for acute depression and
acute mania would translate to long-term prevention
benefits. This has never been studied, much less proven,
and we strongly recommend that all patients with BP-I
be treated long-term with agents with proven preventive
benefits and reasonable clinical experience of prophy-
lactic benefit, namely, lithium, lamotrigine, divalproex,
or carbamazepine (Ghaemi, 2003). We recommend
using antidepressants, if needed, generally short-term
for severe depressive symptoms, discontinuing them
2–4 months after recovery for the acute bipolar depres-
sive episodes (Ghaemi, 2003). Antipyschotics and some
novel anticonvulsants (like gabapentin or topiramate)
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may have long-term benefits when used adjunctively,
but should not be used in monotherapy, and are often
not needed if adequate mood stabilizer treatment is pro-
vided with one or more of the four proven mood-
stabilizing agents described above.

Females of childbearing age should be encouraged to
use effective contraception, and forewarned that certain
pharmacological treatments (carbamazepine, oxcarba-
zepine, and topiramate) can make oral contraceptives
less effective (Hirschfeld et al., 2002). Unplanned
pregnancies present increased risk in that withdrawal
effects may be exacerbated by rapid discontinuation
of mood stabilizers (Viguera et al., 2007). For pregnant
females, treatment recommendations should be made
based on an assessment of the potential risks posed
by psychotropic treatment discontinuation and terato-
genic medications (Hirschfeld et al., 2002). Despite lim-
ited evidence as to quantifiable teratogenic fetal risk,
mood stabilizer discontinuation should be considered
weighing risks of maternal morbidity and the negative
effects of depression, stress, and anxiety on fetal devel-
opment (Viguera et al., 2007).

Among studies of illness recurrence, lamotrigine
treatment was associated with a risk of 30% rather than
100% among mood stabilizer discontinuation groups
(Newport et al., 2008). Lithium discontinuation has been
associated with an increased number of recurrent mood
episodes, and one study found a 75% risk of a newmood
episode among patients 64 weeks after discontinuing
lithium (Viguera et al., 2000). The teratogenic potential
of typical neuroleptics is believed to be fairly low, risk
with lithium is often seen as moderate, and older anti-
convulsants are generally considered higher-risk. All
mood stabilizers are pregnancy category C or lower;
thus an alternative is to use antipsychotics to treat mania
or hypomania; clozapine is the only pregnancy category
B antipsychotic (Viguera et al., 2002).

Whatever medication combinations are used, most
patients continue to experience some subsyndromal
depressive symptoms as well as functional impairment
(Judd et al., 2002; Perlis et al., 2004). In such patients,
additive psychosocial interventions are important, and
may improve long-term functional recovery (Miklowitz
and Craighead, 2001; Harvey, 2006). Further, one of the
most important impediments to care for bipolar patients
is the lack of insight that many have into their manic
periods (Ghaemi et al., 2000b). This can lead to consid-
erable difficulties with long-term medication com-
pliance, an aspect of illness that may again improve
with psychological therapies (Colom et al., 2002),
reach out to advocacy-based support groups (Lewis,
2000), and involvement and engagement with family
members and social support networks (Miklowitz and
Goldstein, 1997).
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Mechanisms of action of lithium
and mood stabilizers

For many years, the mechanism of action of lithium was
unknown. Lithium has mildly proserotonergic effects,
but it does not significantly affect other major neuro-
transmitters (e.g., dopamine or norepinephrine). Recent
data strongly indicate that lithium’s main effects do not
occur at the synapse with neurotransmitters, but post-
synaptically, at the level of G proteins and other second
messengers (e.g., phosphatidylinositol phosphate (PIP)).
It is these cellular effects that probably mediate lith-
ium’s clinical utility. Specifically, lithium inhibits the
alpha unit of G proteins, especially those connected to
beta-adrenergic receptors via cyclic adenosine mono-
phosphate. By blocking the G protein transmission of
messages from these noradrenergic receptors, lithium
may interfere with the neuronal activity that occurs with
mania. Similar effects on G proteins linked to other
neurotransmitters may produce lithium’s antidepressant
effects. Further, lithium may inhibit PIP function when
PIP is excessively active, but lithium has no effect
when PIP is normally active. Thus, by its complex
second-messenger functions, lithium may essentially
be re-establishing intracellular homeostasis that under-
lies larger neural circuits subserving mood, accounting
for its mood-stabilizing effects.

While antidepressants upregulate the arachidonic
acid (AA) cascade in rats, administration of mood
stabilizers including lithium, carbamazepine, sodium
valproate, or lamotrigine causes downregulation of
the cascade. It is hypothesized that excess AA signaling
is associated with the symptoms characteristic of bipolar
disorder, especially mania (Rapoport et al., 2009).

ETIOLOGYOFBIPOLAR DISORDER

As with most psychiatric disorders, the precise etiology
of bipolar disorder is unknown but probably involves a
dynamic interaction between genetic vulnerabilities and
several environmental risk factors occurring along a
developmental trajectory.

Genetic epidemiology

Family, twin, and adoption studies have established that
genes play a major role in determining predisposition to
bipolar disorder (Craddock and Jones, 1999). Estimates
of heritability, in the region of 90%, are among the high-
est for any psychiatric disorder (McGuffin et al., 1987;
Kieseppa et al., 2004). Genetic counseling for females
with bipolar disorder planning a pregnancy may be
beneficial (Hirschfeld et al., 2002). The risk of bipolar
disorder occurring in the sibling of an affected proband
is between 5% and 10% and in a monozygous twin it is
around 60%. It is likely that the interaction of several
genes of small effect is responsible for the majority
of cases of bipolar disorder. To date, several promising
regions of the genome have been implicated from
genetic linkage studies, including: 13q and 22q (Badner
and Gershon, 2002); 9p, 10q, and 14q (Seguardo et al.,
2003); 6q (Koenig et al., 1998; Lambert et al., 2004);
and 12q (Koenig et al., 1998; Shink et al., 2005).

Candidate genes for bipolar disorder have emerged
in recent years by combining what is known about
regions of interest with genes that could have puta-
tive roles in the pathophysiology of the disorder. The
D-amino acid oxidase activator (DAOA(G72)/G30) locus
on chromosome 13q has been shown to influence suscep-
tibility to bipolar disorder in several independent sam-
ples (Hattori et al., 2003; Chen et al., 2004), although
the identification of a pathological variant has been elu-
sive. Brain-derived neurotrophic factor (BDNF), coded
on chromosome 11p13, is of considerable interest as
a candidate gene because it is known to be involved
in activity-dependent neuronal plasticity (Green and
Craddock, 2003). A frequent, nonconservative polymor-
phism in the BDNF gene (the Val66Met single nucleo-
tide polymorphism) has been found to be associated
withbipolardisorder in somestudies (Neves-Pereira etal.,
2002; Sklar et al., 2002), but not in others (Oswald et al.,
2004; Skibinska et al., 2004). Interestingly, a subanalysis
of the largest association study to date of BDNF and
bipolar disorder found that the Val-Met polymorphism
was not associated with the broad clinical phenotype
but was associated with a rapid-cycling subphenotype
(Green et al., 2006).

Although knowledge of the molecular genetics of bi-
polar disorder lags behind that of schizophrenia, there is
currently considerable interest in the overlap between
the two disorders. Studies of known candidate genes
for schizophrenia (such as Disrupted in Schizophrenia
1 (DISC1) (Devon et al., 2001), neuregulin 1 (NRG1)
(Steffansson et al., 2002), and DAOA(G72)/G30
(Chumakov et al., 2002)) within bipolar populations sug-
gest that the traditional kraepelinian division of bipolar
disorder from schizophrenia may need to be revised in
coming years to reflect a molecular genetic classifica-
tion (Craddock and Owen, 2005).
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Environmental factors

The fact that 40% of monozygotic twins who have an
affected twin with bipolar disorder do not develop the
illness suggests that genes are not on their own causal
or deterministic but that other factors are also impor-
tant. As with major depression, a number of environ-
mental risk factors have been identified that appear to
increase risk for bipolar disorder. Early environmental
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Fig. 15.2. Gene–environment interactions in bipolar disorder.
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factors such as a history of obstetric complications, pro-
longed parental separation, neglect, and physical and
sexual abuse have all been associated with elevated risk.
Later risk factors include exposure to illicit drugs (such
as cannabis, amphetamine, and cocaine), intercurrent
physical illness, and recent adverse life events, although
the association between life events andmanic episodes is
much less established than with major depressive epi-
sodes. It is also the case that early environmental risk
factors such as obstetric complications probably act as
major determinants of illness risk (and are therefore
more akin to genetic vulnerabilities), whereas later risk
factors often act only as sufficient stressors in predis-
posed individuals. In clinical practice, patients and their
families often misattribute these later risk factors as
being strongly causative.

Gene–environment interactions

The study of the interaction between genetic predisposi-
tion and environmental risk factors in influencing risk
for bipolar disorder is at an early stage. In recurrent uni-
polar depression the impact of stressors such as life
events is greatest in individuals with a strong genetic
loading for affective disorder (Sullivan et al., 2000). It
is likely that this phenomenon will also apply to bipolar
disorder, with those at highest genetic risk requiring rel-
atively low levels of environmental stress to precipitate
episodes of illness (Fig. 15.2).

PERSONALITY

There is a great deal of support for the proposition that
cyclothymia (which can be defined as a lifelong pattern
of subsyndromal fluctuations between mild depression
and mild mania) probably represents a forme fruste of
classical bipolar disorder (Akiskal and Pinto, 1999).
Up to a third of cyclothymic individuals will develop
an episode of hypomania or mania at some point in their
lives. Similarly, the personality traits of sociotropy (high
need for approval) and neuroticism (excessive reactivity
to stress) have been strongly associated with both major
depression and bipolar disorder, and current evidence
suggests that at least part of the genetic risk for mood
disorders takes the form of inheritance of these “depres-
sogenic” character traits and cognitive styles.

AN INTEGRATEDMODELOF THE
ETIOLOGYOFBIPOLAR DISORDER

It can be seen from the above that there are complex in-
teractions between genetic vulnerabilities and environ-
mental exposures that confer elevated risk for bipolar
disorder. The genetic contribution of multiple inter-
acting genes of small effect may be expressed either
directly as aberrant circuitry of mood-regulating sys-
tems in the brain or in terms of personality traits that
are ineffective at coping with environmental stressors.
Taking early developmental insults such as prenatal in-
fection or birth complications as examples, it has been
shown that these can contribute, in genetically vulnera-
ble individuals, to an abnormally hyperfunctioning
hypothalamic–pituitary–adrenal (HPA) axis such that
stressors in later life will tend to provoke relatively
hypercortisolemic states (Brown et al., 1995; Zobel et al.,
2004). This in turn can adversely impact on monoamine
neurotransmission and the neural circuitry responsible
for mood regulation and bring about depressive and
manic episodes. The role of monoamine transmission
and the HPA axis in the pathogenesis of bipolar disorder
is explored in more detail below.

PATHOPHYSIOLOGYOFBIPOLAR
DISORDER

Given the clinical and etiological heterogeneity of bipo-
lar disorder, it is unsurprising that a single unifying
pathophysiology has not yet been identified. Rather,
there is good evidence for significant abnormalities
within the domains of neuropsychology, neuroimaging,
neurochemistry, neuroendocrinology, monoamine
neurotransmission, signal transduction, neuroplasticity,
kindling, and circadian rhythms.

Neuropsychology

Cognitive dysfunction is a central feature of bipolar dis-
order. Both International Statistical Classification of
Diseases and Related Health Problems, 10th revision
(ICD-10: World Health Organization, 1992) and DSM-IV
(American Psychiatric Association, 1994) consider
cognitive impairment to be part of the diagnostic criteria
for both depression and mania. This includes reduced
concentration, attention, andmemory during depression
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and reduced attention with distractibility during manic
episodes (see Table 15.1; Quraishi and Frangou, 2002).
Although it has long been clear that these impairments
are present during affective episodes, in recent years
it has been recognized that some will also persist upon
clinical recovery, often with significant implications
for psychosocial functioning (Ferrier et al., 1999).

A large number of studies have now identified that,
relative to controls, bipolar patients tend to have signif-
icant cognitive deficits in the domains of attention,
executive function, and short-term memory (including
declarative and working memory). Although previous
illness course, current affective symptoms, and medica-
tion may also play a role in these deficits, they probably
represent trait abnormalities that are closely related
to genetic risk. In other words, these neurocognitive
impairments may reflect underlying endophenotypic
abnormalities that are central to the pathophysiology
of bipolar disorder and that give important clues to
the underlying neural network dysfunction (Glahn
et al., 2004).

It is of considerable interest that several of the pre-
frontal and limbic regions involved in attention, execu-
tive function, and short-term memory are also
implicated in the regulation of emotion. Broadly, the
overlapping areas map on to a circuit that connects
the prefrontal cortex with the striatum and cerebellum
(Haznedar et al., 2005). There is also good evidence
to suggest that the spectrum of mood and cognitive
abnormalities in bipolar disorder arises as a result of
dysfunction at one or more points on a larger extended
neural network, the anterior limbic network (Haznedar
et al., 2005), with interconnections between the prefron-
tal cortex, the thalamus, striatum and amygdala, and the
midline of the cerebellum (Fig. 15.3).
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Fig. 15.3. The anterior limbic network. (Adapted from Brown e
Neuroimaging

A number of structural and functional imaging studies
have identified reductions in the size and activity of the
prefrontal cortex in bipolar patients relative to controls
(Strakowski et al., 2005). The orbitofrontal cortex, an
important subregion within the prefrontal cortex, has
been found to be reduced in size bilaterally in bipolar pa-
tients relative to controls (Frangou et al., 2002) and one
of the most consistent imaging findings in the imaging
of mood disorders has been a reduction in brain volume
and blood flow within the dorsolateral prefrontal cortex
(Baxter et al., 1989; Martinot et al., 1990; Coffey et al.,
1993; Goodwin et al., 1993). Reduced volume of the an-
terior cingulate cortex has been consistently implicated
in functional imaging studies of depression (Elliott et al.,
1997; de Asis et al., 2001) and in studies of bipolar dis-
order (Lyoo et al., 2004). Similarly, reduced size of the
hippocampus relative to controls has been identified
in patients with depression and bipolar disorder
(Shah et al., 1998; Strakowski et al., 1999; Bremner
et al., 2000).

Although subcortical and medial temporal structures
such as the basal ganglia and amygdala are reduced in
size in unipolar depressive disorder (Krishnan et al.,
1992; Coffey et al., 1993), several studies have demon-
strated an enlargement of these structures in bipolar dis-
order (Altshuler et al., 1998; Strakowski et al., 1999).
This difference raises the possibility that subcortical
abnormalities in mood disorders may be responsible
for the phenotypic distinction between bipolar disorder
and unipolar disorder. It has been suggested that unipo-
lar depression and bipolar disorder may share a common
“underdevelopment” of the prefrontal region, leading to
a loss of inhibitory cortical control over limbic emotional
Globus
pallidus

ygdala Hypothalamus

‘FEELINGS’

Thalamus

BEHAVIOR

t al., 1995.)
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networks (Haldane and Frangou, 2004). The expression
of a mood disorder as either unipolar or bipolar may
therefore depend on whether these limbic structures
(basal ganglia or amygdala) are smaller or larger than
normal (Strakowski and DelBello, 2002).

Deep white-matter lesions have been identified as
being more frequent in bipolar patients compared to
controls in a number of studies (Soares and Mann,
1997; Adler et al., 2004), although these lesions are also
found in several other psychiatric conditions, such as
dementia, schizophrenia, and even normal aging. It is
thought that these lesions may cause bipolar mood
disturbance by a direct effect on mood-regulating
pathways in the brain.

Neurochemistry

Magnetic resonance spectroscopy (MRS) enables the
quantification within brain regions of a number of im-
portant brain chemicals, including N-acetyl aspartate
(NAA), myoinositol, glutamate, glutamine, creatine
and choline-containing compounds. NAA is a marker
of neuronal integrity and has been found to be reduced
within the dorsolateral prefrontal cortex, hippocampus,
and cerebellar vermis of bipolar patients (Winsberg et al.,
2000; Yildiz-Yesiloglu and Ankerst, 2006). Several
other studies suggest higher choline-to-creatine ratios
within the basal ganglia of bipolar patients relative to
controls (Yildiz-Yesiloglu and Ankerst, 2006).

Neuroendocrinology

As noted above, it is well documented that acute epi-
sodes of severe depression, mania, and schizophrenia
are all associated with a functional overdrive of the
HPA axis, which in turn may cause relative hypercorti-
solemic states. Furthermore, hypercortisolemia may
have a role in some of the structural and functional brain
abnormalities of bipolar patients. Although many inves-
tigators believe that the mechanism driving this HPA
hyperactivity is reduced glucocorticoid number and/or
function within the brain (which leads to a loss of neg-
ative feedback on corticotropin-releasing factor and
adrenocorticotropic hormone secretion), the precise
mechanism remains to be fully understood. Indeed, it
has been argued that patients with serious mental ill-
nesses such as bipolar disorder may suffer from a
degree of resistance within the brain to the circulating
effects of cortisol and that the observed HPA overactiv-
ity may in fact represent a compensatory mechanism
(Pariante, 2006).

Nevertheless, recent work also suggests that some bi-
polar patients, even during clinical recovery, exhibit
hyperresponsiveness of their HPA axis, as evidenced
by an increased cortisol response (relative to controls)
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on the combined dexamethasone/corticotropin-releasing
hormone test (Watson et al., 2004). This suggests that an
abnormal HPA axis is indeed a trait marker for bipolar
disorder and is supported by the identification of similar
hyperresponsiveness in the clinically well first-degree
relatives of patients with broadly defined affective
disorder (Holsboer, 1995).

Monoamine neurotransmission

Monoamine neurotransmitter systems (including the
noradrenergic, serotonergic, and dopaminergic sys-
tems) have been implicated in the pathophysiology of
bipolar disorder not only because pharmacological
manipulation of these systems is associated with thera-
peutic response, but also because their location in the
brain overlaps significantly with the putative mood-
regulating pathways highlighted above.

Several lines of experimental evidence suggest that
noradrenergic neurotransmission is abnormal in bipolar
disorder. Plasma, urine, and cerebrospinal fluid levels
of norepinephrine and its metabolite 3-methoxy-4-
hydoxyphenylglycol are higher during manic states than
during depressed states and postmortem studies have
identified increased norepinephine turnover in bipolar
subjects (Manji and Zarate, 2002). Although the seroto-
nin metabolite 5-hydroxyindole acetic acid (5-HIAA) is
reduced in patients with major depression (especially
those with high impulsivity and suicidality), investiga-
tions of 5-HIAA in bipolar patients have been equivocal
(Shiah et al., 1997). Similarly, despite good evidence that
using the tryptophan depletion test to reduce serotonin
levels in patients with major depression produces an
exacerbation of their symptoms, bipolar patients appear
to be relatively unaffected by this test (Hughes et al.,
2000). It is well documented that dopamine agonists
such as amphetamine can produce an exacerbation of
manic symptoms in bipolar patients and that dopamine
antagonists have therapeutic antimanic properties.
However, depleting dopamine levels using the tyro-
sine hydoxylase inhibitor alpha-methylparatyrosine in
euthymic bipolar patients, somewhat counterintuitively,
produces a rebound of manic symptoms in a propor-
tion of patients, perhaps suggesting that some bipolar
patients may have impairments in their homeostatic
control of dopamine (Anand et al., 1999).

Signal transduction and neuroplasticity

Although the studies above are suggestive of a significant
role for monoamine transmission in bipolar disorder,
none of these findings has represented major advances
in terms of elucidating a fundamental pathophysiology.
In recent years there has been a great deal of interest in
signal transduction cascades and neuroplasticity as the
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fundamental neurobiological abnormalities in bipolar
disorder.

Abnormal functioning of several interconnected
signaling cascades currently represents attractive can-
didates in the pathophysiology of bipolar disorder.
Although most of the evidence in this area has been gen-
erated by preclinical studies, several avenues of in vivo
clinical data have recently accumulated. These intra-
cellular cascades play a central role in allowing cells
to receive and process information and represent targets
for a number of the endocrine systems implicated in
mood disorders, including the HPA axis and the gonadal
steroid reproductive axis. They are also strongly impli-
cated in the regulation of cycles of sleep, appetite,
and mood, which are almost universally affected in
bipolar patients. Finally, there now exists considerable
evidence that lithium and medications such as valproic
acid bring about their diverse therapeutic effects (in-
cluding antidepressant effects, antimanic effects, and
mood stabilization) via actions on intracellular pathways
rather than actions on neurotransmitter systems (Manji
and Zarate, 2002).

At least six signaling cascades have been identified
as likely to play a role in the pathophysiology of bipolar
disorder. These include the adenylate cyclase path-
way (AC), the extracellular signal-regulated kinase–
mitogen-activated protein kinase pathway (ERK-MAPK),
the phosphatidylinositol-3-kinase pathway (PI-3-K), the
glycogen synthase kinase-3 (GSK-3) pathway, the phos-
phoinositol signaling pathway and protein kinase C
(PKC) pathway, and finally, a cascade involving mito-
chondria, calcium and Bcl-2. For a detailed review of this
area the reader is referred to Bachmann et al. (2005).

A large body of experimental evidence in animal
models suggests that mood stabilizers such as lithium
and valproic acid regulate a number of the factors in-
volved in these cell survival pathways to bring about
both neuroprotection and neurogenesis in critical brain
regions such as the prefrontal cortex and hippocampus.

The neurotropic and neuroprotective effects of lith-
ium have also been demonstrated in clinical studies of
bipolar patients. Henry and colleagues (2000) carried
out a longitudinal proton MRS study of bipolar patients
and found that 4 weeks of lithium therapy at therapeutic
doses was associated with increased brain concentra-
tions of NAA (amarker of neuronal integrity). The same
investigators also identified that lithium therapy pro-
duced an increase in whole-brain cortical gray matter
in these patients (Henry et al., 2000). These findings
were replicated in cross-sectional studies: Silverstone
and colleagues (2003) found higher levels of NAA in
lithium-treated bipolar patients compared to controls,
and Sassi and colleagues (2002) identified that bipolar
patients being treated with lithium had higher cortical
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gray-matter volumes compared to both nontreated
bipolar patients and controls.

In summary, the identification of abnormalities
within cell signaling pathways as potential mechanisms
in the pathophysiology of bipolar disorder has repre-
sented a major step forward. Importantly, it opens the
way for the development of novel therapeutic agents
targeting postreceptor sites such as BDNF, MAPK,
and Bcl-2. It is hoped that these emerging agents will
be able to help the significant minority of patients
who do not respond satisfactorily to many of the current
pharmacological treatments for bipolar disorder.

ET AL.
Kindling

The kindling paradigm for seizure disorders has also
been used as a model for the episodic nature of bipolar
disorder. As advanced by Post (1992a), this theory builds
on the physiological finding that intermittent subthresh-
old electrical or chemical stimuli produce increasingly
strong neuronal depolarization in the brain, a process
of sensitization that may underlie the episodic emotional
disturbances of bipolar disorder. As an explanatory
model for the clinical phenomena of bipolar disorder,
the kindling paradigm predicts that psychosocial
stressors would be more frequent and have a greater im-
pact earlier in the course of illness (Post, 1992b), and that
frequency of episodes would increase later in the course
of illness. Several studies have now provided support for
a kindling process in bipolar disorder (reviewed in
Ghaemi et al., 1999), but it does not appear that the
course of bipolar disorder, in general, is consistent with
the kindling model (Tohen et al., 2003b). Some have seen
these results as disqualifying the model, while others
view the kindling model as perhaps relevant to a sub-
group of persons with bipolar disorder (Goldberg and
Harrow, 1994).

Kindling in bipolar disorder has considerable implica-
tions for treatment, the most important of which is even
more emphasis on prophylaxis, especially because later
episodes may be less responsive to previously effective
treatments. It follows that prophylactic treatment should
begin with high, stable doses early in the course of the
disease to forestall the development of possible contin-
gent tolerance. This last implication is supported in par-
ticular by animal data that suggest that younger animals
are more sensitive to kindling at lower levels of intensity
than older animals (Fanelli and McNamara, 1986). This
raises the possibility of early preventive
pharmacological (antikindling) treatment once genetic
markers are identified. Further, if the biology of kindling
is the same in bipolar disorder as in epilepsy, this model
might provide a rationale for the efficacy of anticonvul-
sant agents (Post, 1990). Lastly, the model would predict



DISORDER 259
that those agents that increase cycling rates would
worsen the illness in the long term, despite short-term
benefits: some data suggest this is the case with antide-
pressants (Ghaemi et al., 2003). Overall, while the clinical
kindling model derived from epilepsy may have rele-
vance to a subgroup of persons with bipolar disorder,
few studies have examined whether the biological kin-
dling model involving repetitive seizure-like events
applies in bipolar disorder (Post, 1990), and thus the lat-
ter question has been neither proven nor disproven.

Circadian rhythms

There are accumulating data to suggest that disturbed
biological rhythms are likely to be involved in the cyclic-
ity of bipolar disorder (Wehr and Goodwin, 1987). Ab-
normalities involving the suprachiasmic nuclei (SCN)
in the hypothalamus may explain many of the clinical
features of recurrent mood disorders (including season-
ality) through secondary effects on neurotransmitter
systems. One study found evidence of differences in
both the synthesis and release of neuropeptide arginine
vasopressin (AVP) from the SCN in subjects with
depression, as suggested by an increased number of
AVP-immunoreactive neurons and a decreased amount
of AVP mRNA (Zhou et al., 2001). These findings may
explain functional impairments seen in depression. SCN
abnormalities may also alter “free-running” rhythms,
cycles that are not entrained to the 24-hour day/night cy-
cle, which may desynchronize other circadian rhythms,
adversely affecting mood (Ghaemi et al., 1999). This hy-
pothesis has been recently supported by an animal model
of a genetically fast biological clock in rats missing the
tau gene, with behavioral characteristics roughly analo-
gous to manic-depressive symptoms (Lowrey et al.,
2000). Eventually, it is hoped that work on genes coding
for the components of biological clocks might be ex-
tended, and may lead to an understanding of additional
specific pathophysiological mechanisms involved in the
cyclicity of bipolar disorder.

SUMMARY

Bipolar disorder is a serious disorder of mood that is as-
sociated with considerable psychosocial and economic
morbidity. Even though it is more common than previ-
ously thought, it has until relatively recently been some-
what neglected in terms of research when compared to
disorders such as schizophrenia and major depression.
Recent advances in the fields of nosology, epidemiol-
ogy, and molecular genetics in particular have begun
to unravel some of the complexity of this disorder
and the next few years are likely to witness substantial
changes to the ways in which the broad spectrum of bi-
polar disorders are diagnosed and managed.
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INTRODUCTION

Late-life depression (LLD) is an important cause of
distress and disability (Alexopoulos et al., 1996; Charney
et al., 2003). LLD patients may have the first manifesta-
tions of depression later in life or an earlier onset with
chronic course or recurrent episodes over time. In older
people, depression is a common mental disorder. About
1–4% of the elderly suffer from major depression
(Alexopoulos, 2005; Mitchell and Subramaniam, 2005)
and a similar percentage have clinically significant symp-
toms of depression without meeting criteria for major
depression (Blazer, 2003). If a broader definition of
major depression is applied including subsyndromal de-
pression the prevalence rates may be as high as 15%
(Papadopoulos et al., 2005; VanItallie, 2005). In long-term
care, 15% of elderly patients meet criteria for major
depression (Pollock, 1999). The prevalence of major de-
pression in the elder population does not appear to be
higher than in younger age groups. In fact, it might even
be lower. According to results from the large cross-
national European Study of the Epidemiology of Mental
Disorders project, the 12-month prevalenceofmooddisor-
ders is lower after theageof65years (3.2%) than inmiddle
life (� 4.0%) (Alonso et al., 2004). In a primary care sam-
ple, even more pronounced differences between elderly
(at least 57 years) and younger subjects in the prevalence
of depression were detected: 11.4% (>56 years) versus
22.2% (<57 years) (Henkel et al., 2004). Others found
using a semistructured schedule that after the age of 70
years, the prevalence of depression (according to Diag-
nostic and Statistical Manual of Mental Disorders, third
edition, revised (DSM-III-R) criteria: American Psychiat-
ricAssociation, 1987) increases from 5.6%at the age of 70
years to 13.0% at the age of 85 years (Palsson et al., 2001).
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Neurobiology, clinical course, and pharmacotherapy
of LLD show differences from depression in early
adulthood. Patients with LLD have higher rates of relapse
(Mitchell and Subramaniam, 2005), amore chronic course
(Reynolds et al., 2001;Mueller et al., 2004), higher suicide
risk (Conwell et al., 1996; Szanto et al., 2002), increased
mortality from all causes (Alexopoulos, 2005), and a high
rate of comorbid dementia (Alexopoulos, 2003). The less
favorable longitudinal course in old people may be due to
medical comorbidity, immobility, and psychosocial vari-
ables (Mitchell and Subramaniam, 2005). Patients with
LLD are also more likely to have treatment-resistant de-
pression (Roose et al., 2004), but a better response to elec-
troconvulsive therapy (ECT) (McDonald et al., 2004).

This chapter will review the recent literature on LLD
and discuss the neurobiology, clinical features, and
treatment of this disorder.
NEUROBIOLOGYOF LATE-LIFE
DEPRESSION

An understanding of the neurobiology of aging and
LLD offers some important insights into the changes
occurring in late life that may predispose an individual
to the development of major depression. The elderly are
subject to a number of psychosocial stressors that can
precipitate depressive episodes, including bereavement,
caregiver stress, and physical disability (Krishnan et al.,
2002; Alexopoulos, 2005). In addition, neurobiological
changes occur with normal aging and predispose the
elderly to the development of depressive disorders.

Some of these changes occur in brain neurotransmit-
ters, although the data are not conclusive. The earliest
studies examined the biosynthesis and release of
Psychiatry, University of Leipzig, Semmelweisstr. 10, D-04103

9724539, E-mail: Ulrich.Hegerl@medizin.uni-leipzig.de
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neurotransmitters (Reis et al., 1977) as well as the recep-
tor properties (Nomura et al., 1986), and demonstrated
that aged animals had deficits in neurotransmitter
function. Postmortem human studies and positron
emission tomography have documented decreases in
cortical serotonin (5-hydroxytryptamine or 5-HT) recep-
tors with age, although there is less evidence for changes
in the 5-HT transporter (or SERT) (Meltzer et al., 1998).
These decreases in serotonin tone have been related to
the changes in sleep, appetite, memory, and concen-
tration that occur with normal aging (DeKoskey and
Palmer, 1994).

The serotonergic hypothesis of depression posits
that the primary neurotransmitter affected in depression
is 5-HT. Central serotonergic activity has been linked to
depression in a number of clinical and preclinical stud-
ies, although it is unclear whether the primary deficit is
in the presynaptic or postsynaptic receptors (Meltzer
et al., 1998). Changes in the 5-HT system have been
shown to affect response to antidepressants in nonpri-
mate models of depression (Cryan et al., 2005). In aged
rats, chronic amitriptyline administration induces an in-
crease in SERT sites, and researchers theorized that this
increase in SERT was related to a decreased response of
geriatric patients to pharmacotherapy – i.e., it is possible
that the increase in available serotonin caused by reup-
take blockade is counterbalanced by increased SERT
and therefore increased reuptake of serotonin out of
the synaptic cleft (Yau et al., 1999).

Hypothalamic–pituitary–adrenal (HPA) axis dys-
regulation is discussed as both a consequence and a
possible causal link in the pathogenesis of depression.
HPA hyperactivity and high glucocorticoid levels are
common in major depression and have been related
to hippocampal atrophy and cognitive dysfunction
(Hibberd et al., 2000). Cognitive dysfunction and the
development of dementia are two clinical features of
LLD. Middle-aged men with chronically elevated
glucocorticoids have been shown to have decrements in
hippocampal-dependent cognitive performance (Lupien
et al., 2005). These findings could explain why cogni-
tive dysfunction and the development of dementia are
closely associated with LLD. HPA dysregulation
might be even more pronounced in elderly depressed pa-
tients, as suggested by the dexamethasone test. The rate
of dexamethasone nonsuppression, indicating HPA
hyperactivity, was twice as high as in younger patients
(Ritchie et al., 1990). Antidepressants improve HPA
regulation and decrease glucocorticoid levels, and
chronic amitriptyline administration decreases cognitive
dysfunction in aged rodents (Yau et al., 2002).

There is a close, mutual regulation of serotonergic
systems and glucocorticoids in LLD (Arora andMeltzer,
1986; Pepin et al., 1992). Elevated glucocorticoids
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significantly decrease serotonin transporter mRNA
expression in the midbrain of both young and aged rats,
although the overall effect was greater in the aged rats
(Fumagalli et al., 1996). And, although continuous
infusions of the glucocorticoid dexamethasone reduced
serotonin transporter expression in the aged rat brain,
imipramine inhibition of synaptosomal [3H]serotonin
uptake was unimpaired (Slotkin et al., 1997). High levels
of glucocorticoids in aged brains could reduce serotonin
transporter capacity; further inhibition of the trans-
porter by serotonin reuptake inhibitors would have
proportionally less impact on synaptic serotonin concen-
trations. This series of experiments suggests that high
levels of circulating glucocorticoids interact with aging
to undermine serotonergic function and could lead to
reduced antidepressant effectiveness (Slotkin et al.,
1997), and, at the same time, produce changes in post-
synaptic cell-signaling cascades that influence not only
serotonergic, but also catecholaminergic, neurotrans-
mission (Slotkin et al., 1996). These results suggest that
HPA axis abnormalities and the impact on serotonergic
system are just one component of the age-related effects
contributing to biological differences between young
and elderly depressives.

Other data strongly suggest that many patients with
LLDsufferfromavascular/ischemicsubtypeofdepression
distinct fromearly-onset depression anddepression related
to other neuropsychiatric diseases (Alexopoulos et al.,
1997; Krishnan et al., 1997; Krishnan, 2002). Depression
is more common after stroke, including silent cerebral in-
farcts (Krishnan et al., 1994; Chemerinski and Robinson,
2000;Robinson,2003).PatientswithLLDalsohaveahigher
vascular disease burden than nondepressed matched con-
trols (Steffens et al., 1999; Taylor et al., 2004b). Multiple
studies have found significantly more magnetic resonance
image-based white-matter hyperintensities (WMH) in
patients with LLD compared to healthy, matched
controls and younger patients with depression (Krishnan
et al., 1993, 2004; Greenwald et al., 1998; de Groot et al.,
2000); these WMH most likely result from vascular and/
or ischemic disease (Thomas et al., 2002b; Krishnan
et al., 2004).

The role of vascular/ischemic white-matter disease in
LLD is further supported by data showing that the
extent of white-matter disruption correlates with spe-
cific disease characteristics of LLD, such as chronicity
(Lavretsky et al., 1999) and treatment resistance
(Alexopoulos et al., 2002; Taylor et al., 2003). Further,
the anatomical location of white-matter disruption
may determine its relation to LLD. WMH associated
with LLD are most commonly found in the deep subcor-
tical white matter adjacent to prefrontal and limbic brain
regions (as opposed to periventricular white matter)
(MacFall et al., 2001; Thomas et al., 2002a) – regions
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that have previously been implicated in emotional
processing and mood regulation (Phillips et al., 2003).
Additionally, deep subcortical frontal–limbic white-
matter microstructural abnormalities have been found
in LLD patients using diffusion tensor imaging
(Alexopoulos et al., 2002; Kumar et al., 2004; Taylor
et al., 2004a). It has been proposed that LLD represents
cortical-matter lesions that dissociate spatially disparate
cortical and subcortical nodes within a mood regulation
network (Alexopoulos, 2002).

DIAGNOSTICANDTHERAPEUTIC
PROBLEMS

Underrecognition and undertreatment of patients with
depressive disorders are common. Depression is not
recognized in about 50% of patients in primary care
(Gilbody et al., 2003) and underrecognition of depres-
sion is accompanied by inadequate therapeutic stra-
tegies (Katon et al., 1996; Lepine et al., 1997). These
problems are especially true for patients with LLD
(VanItallie, 2005). One possible reason for the misdiag-
nosis of depression in the elderly is the fact that “clas-
sical” forms of depression with clearly distinguishable
clinical syndromes and symptoms are less frequent in
older patients. Thus, while younger patients present with
a major depressive episode that represents a clear
change from baseline, LLD often occurs as a chronic,
less distinct syndrome. The clinical picture is frequently
characterized by somatic complaints as well as concom-
itant anxiety, making a correct diagnosis difficult.
Moreover, LLD can easily be misconceived as “normal”
bereavement or “understandable” reaction to critical life
events more common later in life, such as the loss of a
partner, home, or physical abilities, somatic illnesses,
or loneliness. In addition, pharmacotherapy in LLD
patients is often complicated by the fact that patients
have multiple diagnoses, are taking multiple medica-
tions, and have age-related changes in metabolism.

EFFICACYOFANTIDEPRESSANT
TREATMENTS IN LATE-LIFE

DEPRESSION

Have antidepressants proven efficacy?

TRICYCLIC ANTIDEPRESSANTS

A Cochrane meta-analysis of tricyclic antidepressants
(TCAs) versus placebo for the depressed elderly
(Wilson et al., 2001) identified 12 trials involving TCAs
(four for imipramine and three for nortriptyline)
meeting inclusion criteria (e.g., randomized, placebo-
controlled trials;major orminor depression) (Gerner et al.,
1980; Jansen et al., 1982;Kane et al., 1983;Cohn et al., 1984;
De Leo et al., 1984; Merideth et al., 1984; Lakshmanan

THE NEUROBIOLOGY AND TREA
et al., 1986; Georgotas et al., 1989; Katz et al., 1990;
Tan et al., 1994; Halikas, 1995; Nair et al., 1995). Even
though many of these studies used inadequate doses of
TCAs, the meta-analysis showed that TCAs are signifi-
cantly better than placebo in treating depression in elders.
However, these studies had small sample sizes and a
strongpublication biaswas present.And, even if theTCAs
are effective, the side-effects of the TCAs are often
difficult for older patients to tolerate.

ENT OF LATE-LIFE DEPRESSION 267
SELECTIVE SEROTONIN REUPTAKE INHIBITORS (SSRIS)

There are seven randomized controlled trials (RCTs) of
SSRIs versus placebo in LLD with adequate sample
sizes. The following medications are compared in these
RCTs (Table 16.1): fluoxetine versus placebo (Tollefson
et al., 1995); fluoxetine versus venlafaxine versus pla-
cebo (Schatzberg and Cantillon, 2000; Schatzberg and
Roose, 2006); sertraline versus placebo (Schneider et al.,
2003); citalopram versus placebo (Roose et al., 2004);
paroxetine versus placebo (Rapaport et al., 2003),
escitalopram versus fluoxetine versus placebo (Kasper
et al., 2005).

A statistically significant difference between
SSRIs and placebo response rates was found in three
studies (Tollefson et al., 1995; Rapaport et al., 2003;
Schneider et al., 2003). Four of the seven trials failed
to demonstrate significant differences in SSRI/placebo
response or remission rates (Schatzberg and Cantillon,
2000; Roose et al., 2004; Kasper et al., 2005; Schatzberg
and Roose, 2006). These results do not differ from trials
in nongeriatric depression, in which medication is supe-
rior to placebo less than 50% of the time (Roose and
Schatzberg, 2005). Overall, there is some evidence that
SSRIs represent an efficacious treatment of geriatric
depression (Wilson et al., 2001; Roose and Schatzberg,
2005). Moreover, one SSRI (escitalopram) turned out
to be effective in relapse prevention for elderly patients
suffering from major depressive disorder (Gorwood
et al., 2007).
MONOAMINE OXIDASE INHIBITORS (MAOIS)

According to the results of ameta-analysis (Wilson et al.,
2001) based on two well-designed, placebo-controlled
trials (moclobemide (Nair et al., 1995) and phenelzine
(Georgotas et al., 1989)), MAOIs are efficacious in the
treatment of LLD. However, the analyses are based on
small sample sizes (MAOIs: 58 patients; placebo: 63
patients) and one of the above-mentioned studies
(Nair et al., 1995) failed to demonstrate significant
placebo–verumdifferences concerning the response rate
after 7 weeks (23% in the moclobemide (400 mg/day)
and 11% in the placebo group).



Table 16.1

Placebo-controlled trials regarding efficacy of selective serotonin reuptake inhibitors in the treatment of late-life depression

(compare Roose and Schatzberg, 2005)

Drug n Dose (mg/day) Length (weeks) HDRS total score

(baseline)

Response rate (%) P

Tollefson et al. (1995)

Fluoxetine

Placebo

335

336

20 6 22.2

22.1

42

30

<0.01

Schatzberg and

Cantillon (2000)

Fluoxetine
Venlafaxine
Placebo

100
104
96

20–60
150–225

8 24
24
24

48
57
52

NS

Schneider et al. (2003)

Sertraline
Placebo

371
376

50–100 8 21
21

35
26

0.007

Roose et al. (2004)

Citalopram
Placebo

84
90

10–40 8 24
24

41
38

NS

Rapaport et al. (2003)

Paroxetine
Placebo

104
109

12.5–50 12 22
22

72
52

<0.002

HDRS, Hamilton Depression Rating Scale (Hamilton, 1960); NS, not significant.
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OTHER ANTIDEPRESSANTS

It is difficult to make valid statements about the anti-
depressant efficacy of the dopamine reuptake inhibitor
bupropion in geriatric patients because only two studies
to date have compared bupropion with placebo
(Branconnier et al., 1983; Kane et al., 1983). The total
sample size was small (57 subjects) and about half of
the patients took only 150 mg bupropion daily. One
study found a significant superiority for bupropion as
compared to placebo (Branconnier et al., 1983); the other
did not (Kane et al., 1983).

There is only one published placebo-controlled trial of
the noradrenergic and specific serotonergic antidepres-
sant drug mirtazapine in patients with LLD (Halikas,
1995). The patients in the mirtazapine treatment arm
had significantly lower Hamilton Depression Rating
(HDRS: Hamilton, 1960) total scores compared to
placebo at the 6-week endpoint: (D ¼ about 3.5 points).
Thus, mirtazapine was significantly superior to placebo.

Venlafaxine inhibits the reuptake of serotonin as well
as norepinephrine (in higher dosages) and to a lesser
extent the reuptake of dopamine (Muth et al., 1986;
Horst and Preskorn, 1998). Although the antidepressant
efficacy of venlafaxine is well demonstrated in younger
adult patients (Rudolph et al., 1998), there is less re-
search in elderly patients (Allard et al., 2004).
There are only open trials (Khan et al., 1995; Dierick,
1996;Amore et al., 1997;Roose et al., 2004) and three ran-
domized, double-blind studies comparing venlafaxine
against other antidepressants (Mahapatra and Hackett,
1997; Smeraldi et al., 1998; Allard et al., 2004). In the
latter studies, in general similar or even higher anti-
depressant effects were found for venlafaxine.

In a single-blind study, venlafaxine and the TCA
nortriptyline had similar remission rates in patients
with LLD (Gasto et al., 2003). Similarly, a double-blind,
placebo-controlled study in geriatric outpatients with
major depression (Schatzberg and Roose, 2006) demon-
strated no significant differences between venlafaxine
and the SSRI fluoxetine in efficacy.

A meta-analysis based on number needed to treat
data revealed a statistical trend in favor of venlafaxine
over TCAs in the treatment of LLD (Katona and
Livingston, 2002).

In summary, the findings from these studies give
evidence for the efficacy of venlafaxine in LLD.

Duloxetine inhibits both serotonin and norepineph-
rine reuptake transporters (Kirwin and Goren, 2005).
The efficacy and safety of duloxetine in the treatment
of major depression (MD) in patients 55 years and older
were investigated by pooling data from two identical,
multicenter, double-blind RCTs in which MD patients
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were treated with either duloxetine (60 mg once
daily; n ¼ 47) or placebo (n ¼ 43) for 9 weeks
(Nelson et al., 2005). The combined results of these trials
revealed significant superiority of duloxetine to placebo
in reduction of depressive symptoms (HDRS) and
remission rates (duloxetine: 44.1%; placebo: 16.1%); these
post hoc analyses suggest that duloxetine is efficacious in
the treatment of LLD. In a more recent 8-week, double-
blind, placebo-controlled trial (Raskin et al., 2007),
duloxetine was significantly superior to placebo in im-
proving depression in elderly patients with recurrent
major depressive disorder, as revealed by the response
rates at endpoint (duloxetine: 37.3%; placebo: 18.6%).

Do antidepressants differ in their efficacy
in late-life depression?

In order to answer the question whether or not anti-
depressants differ concerning their efficacy in the
treatment of LLD, it is necessary to consider sufficiently
powered head-to-head comparisons between antidepres-
sants. RCTs in LLD (Nelson et al., 1999; Bondareff
et al., 2000; Newhouse et al., 2000; Mulsant et al., 2001;
Navarro et al., 2001; Schatzberg et al., 2002) are presented
in detail in Table 16.2.

In summary, RCTs characterized by the inclusion of
patients with LLD failed to demonstrate the superiority
of one antidepressant, or one class of antidepressants in
this group (Mottram et al., 2006).

THE NEUROBIOLOGY AND TREA
Table 16.2

Comparison trials regarding efficacy of antidepressants in the

and Schatzberg, 2005)

Drug n Dosage (mg/day) Length (

Navarro et al. (2001)

Citalopram
Nortriptyline

29
29

30–40
Plasma level

12

Nelson et al. (1999)

Paroxetine
Nortriptyline

41
40

20–30
Plasma level

6

Mulsant et al. (2001)

Paroxetine
Nortriptyline

62
54

20–40
Plasma level

12

Newhouse et al. (2000)

Sertraline
Fluoxetine

117
119

50–100
20–40

12

Bondareff et al. (2000)

Sertraline

Nortriptyline

105

105

50–150

25–100

12

Schatzberg et al. (2002)

Mirtazapine

Paroxetine

126

126

15–45

20–40

8

HDRS, Hamilton Depression Rating Scale (Hamilton, 1960); NS, not sig
However, it would be premature to draw firm con-
clusions from these results because most head-to-head
comparisons between antidepressants in LLD are under-
powered (Katona and Livingston, 2002).

Can the results from RCTs be generalized
to daily practice?

In most LLD trials, patients with significant comorbidity
or multiple medications are excluded. Thus, the results
are not representative of “real-life” samples of elderly
patients in the community. For example, most LLD stud-
ies include patients younger than 80 years. There are
only a few placebo-controlled studies investigating very
old depressed patients with a mean age in the 80s (Katz
et al., 1990; Evans et al., 1997; Burrows et al., 2002). Of
these studies, only one study (Katz et al., 1990) found
that the active drug was significantly more effective
than placebo in the treatment of geriatric depression.
This study found TCAs to be beneficial in elderly pa-
tients living in residential care settings, although 34%
of these patients dropped out because of side-effects.

In another study (Evans et al., 1997) patients with
LLD were recruited from severely physically ill, medical
inpatients – a frequently neglected group of patients in
RCTs. After 8 weeks of treatment, 67% of patients
responded to fluoxetine and 38% to placebo. With a
sample size of n ¼ 82, this responder rate difference
was not statistically significant.
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treatment of late-life depression (compare Roose

weeks) HDRS total score (baseline) D HDRS P

27
26

20.6
21.9

NS

23
22

12.7
13.1

NS

22
23

11
12.8

NS

25
25

11.3
11.3

NS

25

25

14

12.5

NS

22

23

13.4

14.9

NS

nificant.
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Use of electroconvulsive therapy in
treatment-resistant depression

ECT is a safe and effective alternative to antidepres-
sant medication for patients who either cannot tolerate
medication side-effects or who do not reach remission
with antidepressant medications (Janicak et al., 1985;
Beale and Kellner, 2000; Kellner and Fink, 2002).
Increasingly, ECT is being used in the elderly
(Thompson et al., 1994; Rosenbach et al., 1997), who
demonstrate increased rates of treatment resistance
(Roose et al., 2004), higher relapse rates, and a more
chronic course compared to younger patients
(Reynolds et al., 2001; Mueller et al., 2004). Patients
with the types of neuroanatomical change seen in
LLD (Steffens et al., 2001), older patients (Dubin
et al., 1992; Greenberg, 1997; Kelly and Zisselman,
2000; Flint, 2002), and the medically ill (Franco-
Bronson, 1996) all demonstrate an excellent response
to ECT. A multicenter trial found that 80% of elderly
patients achieved remission with ECT (O’Connor
et al., 2001).

Cognitive problems associated with ECT in the
elderly can be decreased by the use of right unilateral
(Sackeim et al., 2000) and bifrontal ECT (Lawson
et al., 1990; Letemendia et al., 1993) and patients with
baseline cognitive impairment can be treated effectively
while preserving cognitive function. Although there is
some controversy in the field, research shows that
high-dose right unilateral ECT can be as effective as
bitemporal ECT in the elderly and is associated with
fewer cognitive side-effects (McCall et al., 2002).

The most reliable predictor of nonresponse to an
acute ECT course (Prudic et al., 1990, 1996) and relapse
after a successful course of ECT (Sackeim et al., 1990) is
treatment resistance to pharmacological trials prior to
ECT. The medication combination that has been shown
to be the most effective in preventing relapse post-ECT
is nortriptyline and lithium (Sackeim et al., 2001).
However, this combination can be difficult for the
elderly to tolerate.

Clinicians have noted the high relapse rate after ECT,
which can be up to 60% in the first 6 months after an
acute course, and have increasingly used alternative
strategies, including maintenance ECT, to sustain remis-
sion in LLD (Kramer, 1987; Clarke et al., 1989; Loo et al.,
1991; Dubin et al., 1992; Andrade and Kurinji, 2002).
Maintenance ECT is an intuitively obvious strategy in
the period after an acute course. As ECT has a different
mechanism of action from antidepressants it might be
expected that only ECT treatments could maintain
remission in patients who responded to ECT, parti-
cularly since these patients had failed or not tolerated
multiple medication trials.
Other nonpharmacological antidepressant
treatments

Repetitive transcranial magnetic stimulation has been
shown to be an efficacious treatment for treatment-
resistant depression (Martin et al., 2003; Avery et al.,
2006), although few studies have included geriatric
patients. Preliminary data suggest transcranial magnetic
stimulation may not be effective in treating LLD
(Figiel et al., 1998; Manes et al., 2001). However, these
studies likely used suboptimal treatment parameters
and did not adjust treatment intensity for prefrontal
atrophy in older patients (Mosimann et al., 2002;
Gershon et al., 2003; Nahas et al., 2004).

Although the evidence base is weak, vagus nerve
stimulation has recently been approved by the Food
and Drug Administration for treatment-resistant de-
pression and may have antidepressant effects after
chronic (1–2 years) treatment (George et al., 2005). Data
on vagus nerve stimulation in LLD are currently lacking.

Deep-brain stimulation – which is a proven treatment
for treatment-resistant Parkinson’s disease – may also
have antidepressant effects, depending on location of
stimulation (Mayberg et al., 2005), although current
data are very preliminary.

Bright light therapy anddawn simulation are effective
treatments for seasonal affective disorder (including
winter depression) (Avery et al., 2001). Light therapy
may also be efficacious in nonseasonal depression
(Martiny, 2004; Tuunainen et al., 2004). Preliminary data
suggest light therapy may also be an effective treatment
for LLD (Sumaya et al., 2001; Tsai et al., 2004).

Besides somatic treatment options, psychological
treatments should also be considered in patients with
LLD. Research on antidepressant psychotherapy is
confounded with the fundamental methodological prob-
lem that neither the therapist nor the patient is blinded.
Being randomized in “only the control group” is unlikely
to produce placebo effects and might even produce a
worsening of depressive symptoms (nocebo effects;
see Hegerl et al., 2010). This problem limits the evidence
provided by controlled studies on psychotherapy.

Having this limitation in mind, cognitive-behavioral
therapy appears to be an effective acute treatment
for depression (DeRubeis et al., 2005), even in older
depressed patients when compared to usual care
(Arean and Cook, 2002).

Elements of cognitive-behavioral therapymay also be
of interest in prevention of depression in late life, as
suggested by a recent study (van’t Veer-Tazelaar et al.,
2009). In this study, 170 subjects with subthreshold
symptoms of depression or anxiety, 75 years and older,
were randomized to a preventive stepped-care program
or to usual care. In the stepped-care program, subjects
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sequentially received a watchful waiting approach,
cognitive-behavioral therapy-based bibliotherapy,
cognitive-behavioral therapy-based problem-solving treat-
ment, and referral to a primary care physician for med-
ication, if necessary. The intervention bisected the 12-
month incidence of depression and anxiety in the
elderly, from 0.24 in the usual care group to 0.12 in the
stepped-care group.

According to one clinical trial in 34 depressed
patients above 59 years treated with antidepressant med-
ication plus clinical management, either alone (MED)
or combined with dialectical behavior therapy (DBT)
skills-training and telephone coaching sessions (MED
þ DBT), 75% of MED þ DBT patients were remitted
at a 6-month follow-up, as opposed to only 31% of
MED patients (Lynch et al., 2003). Thus, DBT might
be promising in effectively augmenting the effects of
antidepressants in patients with LLD. Interpersonal psy-
chotherapy has been investigated in patients with LLD in
combination with antidepressants (Reynolds et al.,
1999), but so far its efficacy as a stand-alone acute psy-
chotherapeutic intervention for LLD is not well known
(Fiske et al., 2009). However, one study (van Schaik
et al., 2006) suggests that interpersonal psychotherapy
is significantly more effective than general practi-
tioners’ care in elderly patients with moderate to severe
major depressive disorder.

Regarding acute psychodynamic psychotherapy, it
seems to be efficacious in LLD patients at least in the
sense that it is better than no therapy (Gallagher-
Thompson et al., 1990; Arean and Cook, 2002). How-
ever, trials comparing psychodynamic psychotherapy
with a control group in LLD patients are missing
(Wilson et al., 2008). Anyhow, three small clinical trials
(Gallagher and Thompson, 1982; Breckenridge et al.,
1985; Gallagher-Thompson and Steffen, 1994) revealed
no significant differences in treatment effect between
psychodynamic therapy and cognitive-behavioral
therapy in LLD patients (Wilson et al., 2008).

Concerning recurrence prevention in LLD, two meth-
odologically sound studies considering both psychother-
apy and pharmacotherapy addressed this issue
(Reynolds et al., 1999, 2006).

Reynolds et al. (1999) found in patients with major
depressive disorders (older than 59 years) a recurrence
rate within 3 years of 20% when treated with nortripty-
pline and interpersonal psychotherapy and 64% when
treated with interpersonal psychotherapy plus pill-
placebo, both significantly better than pill-placebo plus
medication clinic visits with a recurrence rate of 90%.

According to the second study (Reynolds et al.,
2006), monthly maintenance psychotherapy (interper-
sonal psychotherapy) was not efficacious in preventing
recurrences in patients with LLD (older than 69 years).
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Recurrence rate within 2 years was 68% in psycho-
therapy plus pill-placebo and 35% in psychotherapy plus
paroxetine.

The latter finding is compatible with the results of
a meta-analysis of clinical trials suggesting a substan-
tial benefit from continued treatment with second-
generation antidepressants in LLD (Nelson et al., 2008).
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TOLERABILITYOFANTIDEPRESSANTS
IN LATE-LIFEDEPRESSION

Aging is associated with an increased risk of
antidepressant-induced side-effects for several reasons:

● increased plasma levels due to age-associated

changes in pharmacokinetics
● increased potential for drug interactions

● increased plasma levels caused by noncompliance
(cognitive disorders, multiple medication)

● pharmacodynamic factors like increased receptor
sensitivity

● lower capacity of homeostasis

● pre-existing organic damage (cerebral, cardiac)

● increased negative consequences of side-effects
(e.g., orthostatic dysregulation ! fall ! hip frac-
ture; sedation ! inactivity ! being bedridden).
For the elderly, TCA-associated side-effects such as or-
thostatic hypotension, anticholinergic (e.g., dry mouth,
urinary retention, cognitive disorders, delirium), and
cardiac side-effects are more problematic than in youn-
ger age groups. Among the TCAs, the secondary amine
nortriptyline seems to have some advantages in the
treatment of LLD because it is associated with less
severe anticholinergic side-effects and less frequent
occurrence of orthostatic hypotension than tertiary
amines (like amitriptyline or doxepine) (McCue, 1992).

Newer antidepressants such as the SSRIs, moclobe-
mide, bupropion, venlafaxine or mirtazapine have for
most older patients a better tolerability than TCAs
(Petrovic et al., 2005). An important advantage is a bet-
ter safety in overdose. Negative effects on cognitive
functioning in older patients were frequently associated
with TCAs, but not with SSRIs. The most frequent side-
effects of SSRIs are nausea, akathisias, sleep distur-
bances, and headache. The syndrome of inappropriate
antidiuretic hormone secretion (SIADH) is associated
with lethargy, nausea, confusion, and seizures second-
ary to hyponatremia. It can be induced by SSRIs and
venlafaxine, but also by many other drugs. SIADH oc-
curs more frequently in older patients (Chan, 1997).

Other antidepressant-associated side-effects include
diastolic hypertension in 3–13% of elderly patients on
higher doses of venlafaxine (>200 mg/day) (Feighner,
1995) and pronounced sedation on the more sedating
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antidepressants such as mirtazapine. An RCT of sertra-
line and venlafaxine in depressed nursing home resi-
dents revealed that sertraline was better tolerated than
venlafaxine (the latter drug was associated with shorter
time to termination for serious adverse events) (Oslin
et al., 2003).

PHARMACOKINETICAND
PHARMACODYNAMICASPECTS

Pharmacokinetic aspects

In general, age-associated pharmacokinetic changes
cause higher drug concentrations (Pollock, 2005).
Whereas the absorption of antidepressants is largely
independent of age, the distribution of antidepressants
depends on age. Antidepressants are lipid-soluble and
older patients have an increased volume of distribution
due to a relative increase in the amount of adipose
tissue. This does not influence plasma levels under
steady-state conditions, but steady-state conditions
and possibly therapeutic plasma levels are reached later
and elimination half-time is lengthened.

Regarding metabolic processes, the so-called
phase 1 reactions (oxidation, hydrolytic processes) are
age-related, but the influence of age is relatively insigni-
ficant. Increased age is associated with decreased
glomerular filtration rate; however, excretion of most
antidepressants is not influenced by this factor in a clin-
ically relevant amount. Age-dependent decrease of the
kidney function is of importance for lithium. Excretion
of some antidepressants may be slowed if liver function
and liver blood circulation decrease with higher age.
Therefore, it is recommended to reduce antidepressant
dosages to 50% and follow antidepressant plasma levels
in elderly patients with severe liver dysfunction.

SSRIs are associated with reduced clearance in older
adults. The reasons are unclear. This effect is more pro-
nounced for citalopram, paroxetine, and fluoxetine than
for sertraline and fluvoxamine. Regarding paroxetine
and citalopram, the plasma levels of these drugs were
twice as high in elderly patients, as compared to younger
patients, thus making it necessary to choose lower doses
in the treatment of LLD (Baumann, 1998).

Pharmacodynamic aspects

Overall, the nervous system of older subjects has a
reduced capacity to establish homeostasis, leading to
more sensitive reactions on perturbations. Age-related
changes in receptor sensitivity can be illustrated by the
increased risk of older patients developing orthostatic
hypotension on drugs that block the a-adrenergic
receptors in the peripheral nervous system. This
TCA-induced side-effect in patients with LLD can be
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interpreted as a consequence of sensitivity changes of
receptors in the carotid sinus as well as the decrease
of a2-receptors, but not a1-receptors.

Another example represents the reduced ability of
older subjects to sustain homeostasis regarding the so-
dium and water balance associated with an increased
risk of developing the SIADH if treated with serotoner-
gic antidepressants (Chan, 1997).

DRUG INTERACTIONS

The fact that older patients frequently receive multiple
medications (Pollock, 2005) results in a variety of phar-
macokinetic and pharmacodynamic interactions that
are complicated by individual factors like the genetically
determined cytochrome P450 enzyme status. Moreover,
for newer antidepressants, data on possible drug–drug
interactions are lacking.

Pharmacodynamic interactions can be expected if
drugs with anticholinergic properties (e.g., TCAs, low-
potent neuroleptics, antiparkinsonian drugs, diphen-
hydramine) are combined. Significant anticholinergic
effects are also found in several medications frequently
prescribed for older adults for other medical conditions
(e.g., ranitidine, codeine, dipyridamole, warfarin, iso-
sorbide, theophylline, nifedipine, digoxin, and predniso-
lone) (Tune et al., 1992). The SSRIs paroxetine and
fluoxetine are highly protein-bound and can displace
warfarin from protein and transiently increase blood
levels. Sertraline can also increase warfarin serum levels
through an interaction with the P450 system.

Clinically relevant pharmacodynamic interactions can
also be expected if serotonergic drugs are combined.
The combination of clomipramine or SSRIs with MAOIs
(tranylcypromine, moclobemide, selegiline) is contraindi-
cated because of the high risk of developing an acute
serotonin syndrome. Lithium in combination with other
serotonin agonists can also cause a serotonin syndrome.
Similarly, dextromethorphan and L-tryptophan can lead
to thesyndrome ifcombinedwithother serotoninagonists.

Milder or subacute serotonin syndromes character-
ized by myoclonus, agitation, perspiration, and nausea
are not uncommon and can be easily misinterpreted as
accentuation of a depressive syndrome (Hegerl et al.,
1998). Severe cases of serotonin syndrome involve
hyperreflexia, hyperpyrexia, and seizures and can have
a lethal outcome.

PRACTICAL PROCEDURE

Selection of antidepressants

Because evidence for a superior efficacy of certain
antidepressants is lacking, selection criteria for anti-
depressants are safety in overdose, side-effect profiles,

ET AL.
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pharmacokinetic profiles, possible drug–drug interac-
tions, tolerability with respect to comorbid medical
problems, practicability, and prior experiences of an in-
dividual patient with a certain antidepressant.

Having this in mind, SSRI and other newer antide-
pressants will be preferred to TCAs in most older
patients. Especially in outpatient settings, the risk of
taking antidepressants in overdose for suicidal reasons
has to be considered when prescribing TCAs with their
high toxicity in overdose.

Dosage of antidepressants

In the elderly, antidepressant therapy should be started
at a lower initial dose and increased slowly. Analo-
gously, when antidepressants are discontinued, this
should be done gradually over about 2 weeks to avoid
any discontinuation syndrome. For some antidepres-
sants, therapeutic plasma levels are obtained with lower
doses in the elderly. For example, lower doses in older
patients are recommended for imipramine, paroxetine,
trazodone, and nefazodone. However, for other antide-
pressants (e.g., nortriptyline, desipramine, venlafaxine)
adjustment of dosage in older patients is not necessary
and would lead to low plasma levels associated with an
elevated risk of losing antidepressant efficacy.

Treatment of psychotic late-life depression

In geriatric psychotic major depression, the most effec-
tive pharmacotherapy is an antipsychotic drug combined
with an antidepressant (Alexopoulos et al., 2004). The
combination of TCAs and low-potent neuroleptics
should be avoided because these classes of psychophar-
macological drug have anticholinergic properties. The
combination of an SSRI or a newer antidepressant with
an atypical neuroleptic could be an option. ECT should
also be considered. ECT has been shown to be more
effective in psychotic LLD than nortriptyline and
perphenazine (Flint and Rifat, 1998).

Augmentation strategies

Patients with LLD who do not respond to treatment with
antidepressants alone may benefit from augmentation
strategies. So far, we know little about augmentation
strategies in older patients who have only modestly
improved during previous therapy trials (Baldwin
et al., 2003). Despite modest evidence of efficacy in
geriatric mood disorders, lithium augmentation remains
an option for the treatment of patients with treatment-
resistant depression (Oshima and Higuchi, 1999).
Lithium augmentation is an effective strategy in youn-
ger patients; however, its efficacy in geriatric patients
may be less significant (Flint and Rifat, 1994; Oshima
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and Higuchi, 1999). One study found that long-term
(2 years) lithium treatment with a mean serum level
of 0.43 mmol/l protects patients with LLD from recur-
rences (Wilkinson et al., 2002).

If lithium augmentation is used, care should be taken
to monitor for neurotoxic syndromes that can occur in
elderly patients even when lithium plasma levels are in
the therapeutic range (Emilien and Maloteaux, 1996).
In a retrospective analysis, signs of neurotoxicity
were found in 10 (19.6%) of 51 older patients under lith-
ium augmentation (van Marwijk et al., 1990). In LLD,
electroencephalogram recordings before and under
lithium therapy can be used to detect early signs of
lithium-induced neurotoxicity (Boutros, 1992; Gallinat
et al., 2000).
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Seasonal affective disorder
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DEFINITION, SYMPTOMS, AND
CLINICAL COURSE

Seasonal affective disorder (SAD) was originally de-
fined in 1984 as “recurrent depressions that occur annu-
ally at the same time each year” (Rosenthal et al., 1984).
Since that time, the term “SAD” has become virtually
synonymous with “winter depression” as the vast major-
ity of seasonal depressions occur in the fall/winter
period. The current Diagnostic and Statistical Manual
of Mental Disorders, 4th edition, text revision (DSM-
IV-TR) classification system considers seasonality as
an episode specifier for recurrent major depression
(American Psychiatric Association, 2000; Table 17.1);
the International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD-10:
World Health Organization, 1993) also gives provisional
criteria for SAD.

Most patients with SAD experience the “atypical” or
reversed neurovegetative symptoms of depression,
including hypersomnia, fatigue, increased appetite,
and weight gain. Carbohydrate craving and difficulty
awakening in the morning are particularly common.
Depressed mood in SAD tends to be mild to moderate
in degree. When more severe depressive episodes do oc-
cur, there is a greater chance of a bipolar I or II diagno-
sis (i.e., transition to hypomania or mania in summer;
Goel et al., 2002). Earlier studies suggested a very high
rate of bipolar illness in SAD (Rosenthal et al., 1984), al-
though this was largely attributable to the lenient criteria
for hypomania present at that time. Based on the stricter
criteria for bipolarity currently in effect, a minority of
SAD patients would be considered truly bipolar.

Community-based studies have found that the char-
acteristic symptoms of SAD occur in the population
at large to varying degrees, suggesting that seasonality
*Correspondence to: K.V. Danilenko, MD, Institute of Internal

Russia. Tel/fax: 007 383 2642516, E-mail: kvdani@mail.ru
may be a dimensional process rather than a discrete en-
tity. An epidemiological survey done in Montgomery
County, Maryland, showed that as many as 43% of
adults felt worst overall and/or experienced one or more
mood-related symptoms during the winter month(s),
with full-syndrome SAD apparent in 4.3% (Kasper
et al., 1989a). Another 13.5% of this sample were
characterized as having “sub-syndromal SAD” or
“s-SAD,” defined as a milder form of seasonal depres-
sion with less severe symptoms and/or fewer associated
problems. s-SAD is a helpful construct clinically as it is
more widespread than SAD, can cause difficulties with
daily functioning in the fall/winter period, and responds
well to light therapy (Kasper et al., 1989b). Furthermore,
one follow-up study has shown that up to 44% of pa-
tients initially diagnosed with SAD will later experience
s-SAD over time (Graw et al., 1997), suggesting that
these two syndromes are different manifestations of
the same underlying process.

There is significant evidence that a deficiency in
environmental light is the major precipitating factor
for SAD. A shortened daylength triggers the onset of
seasonal depression (Young et al., 1997), while the fur-
ther course of illness depends on the amount of light
available during winter days – a negative correlation
between the daily hours of sunshine available and the se-
verity of SAD has been demonstrated (Molin et al., 1996;
Avery et al., 2001; Danilenko et al., 2008). Furthermore,
moment-to-moment changes in mood in patients with
SAD are highly influenced by levels of exposure to
bright natural light during daily routines (aan het Rot
et al., 2008; Lindsey et al., 2011).Moving to an equatorial
latitude resolves the symptoms and abolishes the annual
recurrence of SAD (Rosenthal et al., 1984), while in the
southern hemisphere far from the equator, SAD occurs
Medicine SB RAMS, Bogatkova 175/1, Novosibirsk 630089,



Table 17.1

Criteria for major depressive disorder with a seasonal pattern (equivalent to seasonal affective disorder) (can be

applied to the pattern of major depressive episode in bipolar I disorder, bipolar II disorder, or major depressive

disorder, recurrent)

A. There has been a regular temporal relationship between the onset of major depressive episodes and a particular time of
the year (e.g., regular appearance of the major depressive episode in the fall or winter). Note: do not include cases in which
there is an obvious effect of seasonal-related psychosocial stressors (e.g., regularly being unemployed every winter)

B. Full remissions (or a change from depression to mania or hypomania) also occur at a characteristic time of the year (e.g.,
depression disappears in the spring)

C. In the last 2 years, two major depressive episodes have occurred that demonstrate the temporal seasonal relationships defined

in criteria A and B, and no nonseasonal major depressive episodes have occurred during the same period
D. Seasonal major depressive episodes (as described above) substantially outnumber the nonseasonal major depressive episodes

that may have occurred over the individual’s lifetime.

(Adapted from American Psychiatric Association, 2000).

280 K.V. DANILENKO AND R.D. LEVITAN
in the corresponding fall/winter months (Boyce and
Parker, 1988). Apart from travel towards the equator,
natural light deficiency can also be ameliorated by bright
artificial light acting through the eyes, which is the
first-line treatment for winter depression (Chapter 42).
Clinically, most SAD patients prefer cold bright days
to warm overcast days, suggesting that temperature
is less important than light in triggering seasonal depre-
ssive symptoms, although more work on possible
temperature effects on SAD is needed.

In addition to local environmental conditions, common
behaviors such as sleeping in, residing in a poorly illumi-
nated setting, or wearing glasses with darkened lenses,
can all precipitate symptoms at an individual level. Fur-
thermore, diminished activity due to depression in itself
contributes to fewer hours spent outdoors, thus creating
a vicious cycle of decreased light exposure, increased leth-
argy, and so on. However, there is no large systematic
study on the amount of light received by SAD individuals
compared to nonseasonal controls.

EPIDEMIOLOGY

Most prevalence studies of SAD have been based on the
Seasonal Pattern Assessment Questionnaire (SPAQ;
Rosenthal et al., 1987a), a screening tool that assesses
seasonal changes in six core symptoms of SAD and the
extent to which these changes are problematic. Studies
based solely on the SPAQ have revealed prevalence
estimates for full-syndrome SAD as high as 10–12% at
latitudes 40–65� without further significant increase in
prevalence at higher latitudes (reviewed in Magnusson
and Partonen, 2005). The most conservative prevalence
studies to date have used detailed diagnostic interviews
done in Canadian (Levitt et al., 2000) and Welsh
(Michalak et al., 2001) populations. The estimated adult
prevalence rates of SAD were 2.9% and 2.4% in Canada
and Wales respectively. Adherence to a more stringent
criterion of seasonality (66% or more of all depressive
episodes in the same season) would reduce the rate of
SAD to 2.0% in the Canadian sample (Levitt et al., 2000).
Summer subtype constitutes only the minority in the
population–0.1%(Merschet al., 1999).WinterSADismost
commonly expressed in women of childbearing age,
with onset in early adulthood. While SAD and s-SAD can
occur in children, adolescents, and adults over 50 years
of age, it is less common in these particular age groups.

The prevalence of SAD at a particular geographical
site depends on the amount of light irradiated (duration
and brightness). While latitude and corresponding day-
length are the dominant factors in establishing this risk,
other local factors, such as cloudiness, air pollution, and
shading by buildings, all contribute in this regard. For
example, the average daily amount of sunshine during
the winter months in Basel, Switzerland (47.5� N) is quite
similar to that in Novosibirsk, Russia (55� N), at about
1.8 hours/day (Wirz-Justice et al., 1986; K.V. Danilenko,
unpublished findings). This is because the mountainous
surroundings of Basel produce frequent fogs and
grayness, and an effectively shorter daylength. Con-
versely, the flatter location of Novosibirsk, with many
sunny days and snow reflecting the light, helps decrease
the risk for SAD – the estimated prevalence rate
of full-syndrome SAD at Novosibirsk based on SPAQ
screening and a subsequent diagnostic interview is
1.8% (Danilenko and Putilov, 1996); this is similar to
Canadian studies at significantly lower latitudes,
41.5–49.5� N (Levitt et al., 2000; Levitt and Boyle, 2002).

DIFFERENTIALDIAGNOSIS

In its pure form, SAD is relatively easy to diagnose
based on its predictable annual recurrence, full remis-
sion in the spring and summer, and light-dependent
course. However, in many cases the interaction of
seasonal and nonseasonal factors (such as stress,



CTIVE DISORDER 281
interpersonal loss, and head injuries) may lead to a more
complex or combined disorder that can take on various
forms (Young et al., 1991; Danilenko and Putilov, 1996;
Lam et al., 2001a). For example, chronic depression
often has a seasonal course with a winter worsening
and partial summer improvement. When this occurs,
the symptoms that persist into summer (e.g., anxiety
and insomnia) are often not the core features of
SAD, and help the clinician establish a diagnosis of a
combined disorder. This differential diagnosis is impor-
tant clinically as chronic depression with incomplete
summer remission responds less well to light therapy
in the fall/winter months than does SAD (Lam et al.,
2001a). Furthermore, unlike SAD, the former diagnosis
usually requires antidepressant treatment throughout
the year – in many such cases, medication dosing is
increased in the high-risk fall/winter period.

High rates of full or sub-syndromal SAD have been
found in certain psychiatric populations. For example,
rates of seasonality and SAD up to four times greater
than in the normal population have been found in
bulimia nervosa (Blouin et al., 1992; Levitan et al.,
1994; Lam et al., 1996a), an eating disorder that, like
SAD, occurs predominantly in young women who over-
eat. Bulimia can be differentiated from SAD by asking
about self-induced vomiting and/or other extreme
methods of weight control, in addition to a marked
preoccupation with body weight. Adults with attention-
deficit disorder also report high rates of fall/winter
depression (Levitan et al., 1999; Rybak et al., 2007).
In this case, a longstanding history of marked inatten-
tion, corroborated by family members and/or school
reports, establishes the primary diagnosis. One can see
an intriguing manifestation of seasonality in schizo-
affective disorder in which affective and vegetative
symptoms follow the seasonal pattern while delusional
symptoms occur all year round (Oren et al., 2001). Case
reports of SAD following head surgery or trauma have
also been described (Hunt and Silverstone, 1990).

As with any mood disorder, a variety of medical ill-
nesses should be considered in the differential diagnosis
of SAD. Hypothyroidism in particular should be care-
fully ruled out since it often presents with symptoms
similar to SAD, and can be associated with a seasonal
course with an improvement in summer (McDougall,
1992). Conversely, SAD has been associated with
decreased thyroid function in some, but not all, studies
(partly summarized in Martiny et al., 2004a).

PATHOPHYSIOLOGY

While no single mechanism can account for SAD,
research over the past 27 years has demonstrated several
pathophysiological markers of this disorder.

SEASONAL AFFE
Anatomical background

Because SAD is precipitated by light, much research in
SAD has focused on structures that mediate or manifest
the effects of light. These include the eyes per se (light
therapy via skin is ineffective in SAD: Wehr et al., 1987;
Koorengevel et al., 2001) and the retinohypothalamic
tract that projects to the suprachiasmatic nuclei where
the circadian pacemaker resides, and to the paraventri-
cular nuclei of the hypothalamus, which is part of the
autonomic nervous system. Other connections are wide-
spread and involve pathways to endocrine glands
(Kalsbeek et al., 2006; Gerendai et al., 2009), including
a polysynaptic sympathetic pathway to the pineal gland.

The discovery that melanopsin-containing photo-
receptive ganglion cells form the beginning of the
retinohypothalamic tract (Provencio et al., 2000; Berson
et al., 2002) may have great relevance to SAD. These
photoreceptors, which are distinct from rods and cones,
maintain a robust response to continuous light exposure,
peaking at blue range �480 nm and enhancing after
prestimulation with red light (because of bistability of
melanopsin molecule; Mure et al., 2007). Interacting
rods, cones, but mainly melanopsin photoreceptors me-
diate effects of light on pupil size, circadian rhythms,
melatonin secretion, and alertness (as measured by both
psychometric and electroencephalogram correlates;
Cajochen, 2007). These reactions are preserved in some
completely blind individuals with still retained melanop-
sin photoreception (Czeisler et al., 1995; Zaidi et al.,
2007). Recent studies support the possibility that blue
light accounts for a significant component of the antide-
pressant effect of light for winter depression (Glickman
et al., 2006; Desan et al., 2007; Anderson et al., 2009;
Strong et al., 2009), which may reflect the unique
activity of the melanopsin system.
Ocular mechanisms

There seem to be no ophthalmological studies specifi-
cally and directly targeting melanopsin photoreception
in SAD. The routine approaches to study classical photo-
receptor function predominantly show normal retinal
parameters in SAD in summer months and subsensitiv-
ity to environmental light in winter. Studies using
electro-oculography (EOG) have found that EOG ratio
did not increase in SAD patients in winter as it did in
normal subjects (Ozaki et al., 1995) and was lower than
in healthy controls (Lam et al., 1991; Ozaki et al., 1995).
Studies using more direct and specific electroretinogra-
phy (ERG) have shown lower responsiveness/sensitivity
to light in rod/cone systems in (s-)SAD in winter (Lam
et al., 1992; Hébert et al., 2002a, 2004; Lavoie et al.,
2009); however, the results are not quite consistent
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and continue to be tested with respect to recent light his-
tory and trait markers (Danilenko et al., 2008; Gagné
and Hébert, 2011; Gagné et al., 2011). Other research
has found a normal to fast dark adaptation in SAD
which points to a supersensitivity to light (Oren et al.,
1993; Terman and Terman, 1999); this does not con-
tradict the EOG and ERG findings alluded to above
because, as cortical sensitivity (awareness of light) by
dark adaptometry increases, the ocular responsiveness
to light by ERG decreases (Danilenko et al., 2009).

Color vision, pupillary size, pattern ERG, and visual
evoked potentials were found to be normal in SAD
(Oren et al., 1993), as was retinal contrast sensitivity
(Murphy et al., 1993). Ocular media per se may play a
mechanical role in precipitating winter depression.
A dark iris transmits less light than does a light iris,
and this was recently confirmed by a weaker melatonin
suppression test (Higuchi et al., 2007). In one population
of SAD patients, darker-eyed subjects were more
depressed than were blue-eyed patients (Goel et al.,
2002). Pupil size may also merit a study in SAD
(Higuchi et al., 2008).
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Circadian system, melatonin, and
photoperiodism

Much early work on SAD focused on putative chrono-
biological disturbances that could explain its unique
periodicity. No single circadian rhythm abnormality
has been consistently found in winter SAD, although
as a group these patients exhibit a higher instability of
circadian rhythms with a tendency to phase delay (sum-
marized in Koorengevel et al., 2002; Lee et al., 2011).
The latter likely represents a symptom more so than a
cause of winter depression, and may reflect a poor syn-
chronization to the 24-hour clock by environmental cues,
of which light is primary. This tendency to have a phase
delay in circadian rhythms contributes to the choice of
morning as a preferable time for light therapy, as light
administered at other times of day is less effective. Tim-
ing of light therapy based on an individual’s unique cir-
cadian rhythm has proven beneficial in this regard
(Terman et al., 2001). In a study of the circadian system
in SAD, patients were given low doses of exogenous
melatonin (or placebo) either in the evening or in the
morning over 3 weeks (Lewy et al., 2006). Improvement
in mood was related to a normalization of the time
difference between melatonin production and sleep,
though the 34% reduction in depression scores was only
modest relative to light therapy studies (Wirz-Justice
et al., 2009).

Based on melatonin’s profound effect on physiology
and behavior in highly seasonal animals, photoperiodic
mechanisms have also been a focus for SAD researchers
(Wehr, 2001). Melatonin is secreted by the pineal gland
during the darkness of night and is the key mechanism
by which photoperiodic signals induce seasonal adapta-
tions such as seasonal breeding and body weight regula-
tion, a process that can be abolished with pinealectomy
(Bartness and Goldman, 1989). However, pineal func-
tion has been found to be unaffected in a majority of
SAD patients. Suppression of melatonin by light is gen-
erally normal or somewhat exaggerated in SAD during
winter (Thompson et al., 1990; Murphy et al., 1993;
Nathan et al., 1999), although the exaggerated response
may be reflective of less recent exposure to light (Hébert
et al., 2002b). One study has shown that SAD patients do
have a greater discrepancy between winter and summer
melatonin secretion patterns than do matched controls
(Wehr et al., 2001); this may reflect an ability of SAD
patients to generate a biological signal of change of
season that is absent in healthy volunteers.

Monoamine neurotransmitters

Given the fundamental role of the major monoamine
neurotransmitters serotonin, norepinephrine, and dopa-
mine in mood regulation, biological rhythms, feeding
behavior, and sleep, a significant body of SAD research
has focused on these systems.

SEROTONIN

Serotonin is the natural precursor of melatonin in the
pineal gland, but also has widespread distribution in
the cortex, limbic system, and hypothalamus. In contrast
to melatonin, serotonin appears to be activated by envi-
ronmental light. In normal human populations, overall
brain serotonin synthesis and turnover are rapidly
increased by sunshine (Lambert et al., 2002), while
24-hour concentration of serum serotonin is augmented
after a week of bright light therapy (Rao et al., 1992).
Various studies have demonstrated marked seasonal
changes in human serotonin levels and metabolism in
postmortem brains (Carlsson et al., 1980), cerebrospinal
fluid (Brewerton et al., 1988), and blood (Danilenko
et al., 1994) with most, but not all, measures pointing
to decreased serotonin activity in winter. Brain-imaging
studies in large samples of healthy subjects have further
demonstrated greater serotonin transporter binding in
several brain areas in the fall/winter compared to
spring/summer months, consistent with lower extra-
cellular brain serotonin levels in darker environments
(Praschak-Rieder et al., 2008; Ruhé et al., 2009;
Kalbitzer et al., 2010). Studies of serotonin transporter
function in SAD – either in brain (Willeit et al., 2000)
or in platelets (Willeit et al., 2008) – offer further
support for serotonin transporter changes in seasonality
and SAD.

D R.D. LEVITAN
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SAD patients exhibit mood elevation and enhanced
prolactin secretion relative to normal controls following
infusion of the serotonergic (and modest alpha2-
noradrenergic) agonist meta-chlorophenylpiperazine
(Schwartz et al., 1997; Levitan et al., 1998). These
changes have not been found in nonseasonal major
depression (Anand et al., 1994), but have been found
in bulimia nervosa (Levitan et al., 1997), suggesting that
serotonin receptor changes may be linked to increased
appetitive behavior in both bulimia and SAD. In contrast
to controls, patients with SAD report activation follow-
ing high-carbohydrate meals (Rosenthal et al., 1989), and
often consume carbohydrates to reverse negative mood
states (Kräuchi et al., 1997). It has been suggested that
such behavioral changes, which also occur in certain obese
populations (Lieberman et al., 1986), may be mediated by
enhanced serotonin synthesis through increased trypto-
phan intake into the brain following carbohydrate intake
(Wurtman and Wurtman, 1988). Tryptophan is useful as
a treatment for SAD, with crossover studies suggesting
an efficacy close to that of light therapy (McGrath et al.,
1990; Ghadirian et al., 1998). Tryptophan is also helpful
as an augmentation strategy in partial or nonrespondents
to light therapy in SAD (Lam et al., 1997).

Another way to probe the serotonin system is tem-
porarily to deplete tryptophan using a specialized amino
acid diet. Although tryptophan depletion does not
worsen symptoms during a winter depressive episode
(Neumeister et al., 1997a), it does induce a short-term
relapse in patients who have remitted with light therapy
(Lam et al., 1996b; Neumeister et al., 1997b, 1998a),
similar to its effects in remitted drug-free patients with
nonseasonal major depression (Smith et al., 1997). Tryp-
tophan depletion during natural summer remission has
been less consistent in producing relapse (Neumeister
et al., 1998b; Lam et al., 2000; Leyton et al., 2000).

SEASONAL AFFE
NOREPINEPHRINE

While less studied than serotonin, a variety of studies
support a role for norepinephrine in SAD. Lower base-
line norepinephrine concentrations have been found in
SAD patients relative to controls, with normalization
following light therapy (Schwartz et al., 1997). Other
studies of SAD have found either an increase (Skwerer
et al., 1988) or a decrease (Anderson et al., 1992) in nor-
epinephrine levels with light. Light studies of normal
controls have also been of interest in this regard. Light
has been found (transiently) to increase peroneal nerve
sympathetic activity (Saito et al., 1996), heart rate (sum-
marized in Rüger et al., 2006), and norepinephrine
secretion or excretion (Stoica and Enulescu, 1988; Parker
et al., 1996). No seasonal variations in human brain
catecholamines have been found (Lambert et al., 2002).
Another line ofwork has examined the effects of brain
catecholamine depletion using a-methylparatyrosine
(AMPT), an inhibitor of tyrosine hydroxylase. This proce-
dure induces relapse of symptoms in SAD patients remi-
tted either after light therapy or in summer (Neumeister
et al., 1998a; Lam et al., 2001b). Because one major effect
ofAMPT is to lower brainnorepinephrine levels, it is likely
that norepinephrine plays a significant role in depressive
symptomatology in SAD. Lower plasma norepinephrine
levels have also been associated with greater depression
scores in SAD (Rudorfer et al., 1993).

DOPAMINE

Based on its various physiological roles, dopamine
dysfunction might be expected to contribute to several
aspects of SAD, including altered light sensitivity at
the retina (Oren, 1991; Witkovsky, 2004), increased
eating behavior (Hernandez and Hoebel, 1990; Martel
and Fantino, 1996) and hypersomnia/fatigue (Boutrel
and Koob, 2004). Despite this, there are practical limita-
tions with working with the dopamine system, such as
the risk of inducing psychosis or addiction. In normal
adults, higher fall/winter than spring/summer dopamine
and dopamine metabolite concentrations were found
upon examining postmortem hypothalamus (Karson
et al., 1984) or cerebrospinal fluid (Hartikainen et al.,
1991); this was corroborated by positron emission
tomography data on presynaptic storage in striatum
of injected radioactively labelled dopamine (Eisenberg
et al., 2010). However, turnover of human brain dopa-
mine has been found not to be affected by season or
light exposure (Lambert et al., 2002).

Newer techniques have also enabled a more direct
assessment of central dopamine activity in SAD. The
availability of striatal dopamine transporters measured
by single-photon emission computed tomography was
reduced in symptomatic SAD patients (Neumeister
et al., 2001). Catecholamine depletion studies also point
to a role for central dopamine dysfunction in SAD
(Neumeister et al., 1998a; Lam et al., 2001b), although
it is difficult to tease out dopaminergic from noradren-
ergic effects using this protocol.

SUMMARY OF NEUROTRANSMITTER STUDIES

Taken as a whole, the various studies outlined above
suggest that all three major monoamines play a signifi-
cant role in SAD. The fact that antidepressant medica-
tions that are relatively specific for either serotonin
alone, or dopamine and norepinephrine, are each able
to improve or prevent the symptoms of SAD (Hilger
et al., 2001; Martiny et al., 2004b; Moscovitch et al.,
2004; Modell et al., 2005; Lam et al., 2006; reviewed
in Winkler et al., 2006) further suggests that each of
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these neurotransmitters plays a role in the disorder. Of
relevance, light deprivation caused increased apoptosis
in all three aminergic systems in rats (Gonzalez and As-
ton-Jones, 2008) and decreased neurogenesis in mongo-
lian gerbils (Lau et al., 2011), producing a depressive-like
behavior in both species. As the monoamine neurotrans-
mitter systems are anatomically and functionally linked
in the brain, it is unlikely that any single dysfunctionality
is responsible for a phenotype as complex as SAD.

GENETICS

Population studies

There is emerging evidence that one or more genetic
factors establish vulnerability to or protection from sea-
sonality and SAD. Magnusson and Stefansson (1993)
and Magnusson and Axelsson (1993) studied rates of
seasonal depression in native Icelanders, and in a group
of adults in Manitoba, Canada, who were wholly des-
cended from Icelandic emigrants. Both native Icelanders
and emigrated Icelandic descendants were found to
have much lower rates of SAD than populations along
the east coast of the USA, despite living atmore northern
latitudes. This may reflect unique genetic protective
factors in the Icelandic population.

The largest study of genetic factors in SAD used
univariate and multivariate genetic analysis of 4639
adult twin pairs from a volunteer-based registry in
Australia (Madden et al., 1996). Genetic effects
accounted for 29% of the variance in seasonality in this
nonclinical sample. Using the SPAQ, Jang et al. (1997)
found heritability rates for seasonality at 69% for males
and at 45% for females.

Genetic association studies

The emergence of genomic research in SAD has paral-
leled developments in neuropsychiatric genetics in
general. Earlier studieswere based on the hope thatmajor
genes might contribute to the global phenotype “SAD,”
but have proven difficult to replicate in larger samples
(Ozaki et al., 1996; Rosenthal et al., 1998; Enoch et al.,
1999; Sher et al., 1999; Johanssonet al., 2003a).Consistent
with trends in the field, it is now accepted that multiple
genes of modest effect likely contribute to SAD by
shaping intermediate phenotypes that interact in complex
ways. For example, mutations in clock and period
genes can result in marked changes in circadian rhythm
periodicity, which might secondarily increase vulnerabil-
ity to SAD. Johansson et al. (2003b) and Partonen
et al. (2007) studied a number of clock genes in SAD pro-
bands, including CLOCK, Period 2 and 3, and NPAS2.
The results offered some preliminary support for the
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involvement of CLOCK-related polymorphisms in both
susceptibility to SAD and diurnal preference.

Several other studies have found possible associations
between a given polymorphism and one or more features
of SAD (Levitan et al., 2002; Praschak-Rieder et al., 2002;
Willeit et al., 2003a, b; Johansson et al., 2004). Recent
studies suggest that variants in the genes belonging tomel-
anopsin (Roecklein et al., 2009), serotonin2A-receptor
(Molnar et al., 2010), X-linked G protein-coupled receptor
(inhibitingmelatonin1A-receptor;Delavest et al., 2011)may
contribute toseasonality andSAD.Arecentbrain-imaging
study has shown that a hypofunctional genetic variant of
serotonin transporter (the short 5-HTTLPR allele) is asso-
ciated with seasonality (Kalbitzer et al., 2010).
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Genetic evolutionary models of SAD

Several lines of evidence suggest that fatigue, hyper-
somnia, and overeating/weight gain are core features
of the SAD syndrome. These symptoms occur in a ma-
jority of SAD patients (Rosenthal et al., 1984), are the
first to emerge at the onset of the disorder (Young
et al., 1991), and are highly sensitive to both bright
light therapy and various experimental manipulations
(Chapter 42). Furthermore, a large proportion of the
general population shows seasonal changes in sleep, ap-
petite, and energy level with an identical pattern to SAD
patients but with a lesser magnitude of change (see the
beginning of the chapter). To help explain these epidemi-
ological findings, Young et al. (1991) have proposed a
“dual vulnerability hypothesis” of SADwhich posits that
the early neurovegetative symptoms of overeating and
hypersomnia are the core features of the disorder tied
to seasonal biological factors, while the cognitive and
mood-related symptoms are triggered as secondary
phenomena only in individuals who are otherwise
vulnerable to depression (McCarthy et al., 2002).

In trying to understand the fundamental nature of
SAD, it is interesting to note that the core neurovegetative
changes described above could all play a role in seasonal
energy conservation. It has thus been suggested that fall/
winter increases in eating behavior, weight, and sleep
might reflect the vestigial human expression of a basic
evolutionary process, present across multiple species,
ensuring maximum conservation of energy when food
supplies are becoming scarce (Rosenthal et al., 1987b;
Sher, 2000; see also Thomson, 1950). Until recent time,
by conserving energy during seasonal famines, such a
process might have conferred both individual survival
(Rosenthal et al., 1987b) and/or a reproductive advantage
(Eagles, 2004; Davis and Levitan, 2005) in women of
childbearing years. SAD sufferers are mostly women of
childbearing age, and estrogens may thus play a role in
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this regard. Consistent with this hypothesis, suppression
of estrogen receptor-a expression in the ventromedial
nuclei of the hypothalamus produces obesity in female
rats (Musatov et al., 2007).

Preliminary genetic evidence for an adaptive/
evolutionary model of SAD has begun to emerge.
Levitan et al. (2004a, b, 2006) have found that the hypo-
functional 7-repeat allele of the dopamine-4 receptor
gene (DRD4), which is expressed in both the retina and
mesocorticolimbic reward system, is strongly associated
with binge-eating and obesity in women with SAD. Evi-
dence suggests that this 7-repeat allele has been positively
selected for in various human populations over the past
40 000years (Ding et al., 2002), raising the possibility that
seasonal weight preservation contributed to this positive
selection process. While in need of replication in other
samples, these initial findings suggest that previously
separate evolutionary models of SAD, obesity, and the
DRD4 genemay overlap to some degree, and add further
support to the notion that SAD is the extreme mani-
festation of an otherwise adaptive process.

SEASONAL AFFE
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Danilenko KV, Plisov IL, Hébert M et al. (2008). Influence of

timed nutrient diet on depression and light sensitivity in

seasonal affective disorder. Chronobiol Int 25: 51–64.

Danilenko KV, Plisov IL, Wirz-Justice A et al. (2009). Hu-

man retinal light sensitivity and melatonin rhythms fol-

lowing four days in near darkness. Chronobiol Int 29:
93–107.

Davis C, Levitan RD (2005). Seasonality and seasonal

affective disorder (SAD): an evolutionary viewpoint tied

to energy conservation and reproductive cycles. J Affect

Disord 87: 3–10.
Delavest M, Even C, Benjemaa N et al. (2011). Association of

the intronic rs2072621 polymorphism of the X-linked

GPR50 gene with affective disorder with seasonal pattern.

Eur Psychiatry (Epub ahead of print).
Desan PH, Weinstein AJ, Michalak EE et al. (2007). A con-

trolled trial of the Litebook light-emitting diode (LED)

light therapy device for treatment of seasonal affective

disorder (SAD). BMC Psychiatry 7: 38.
Ding YC, Chi HC, Grady DL et al. (2002). Evidence of

positive selection acting at the human dopamine receptor

D4 gene locus. Proc Natl Acad Sci U S A 99: 309–314.
Eagles JM (2004). Seasonal affective disorder: a vestigial

evolutionary advantage? Med Hypotheses 63: 767–772.
Eisenberg DP, Kohn PD, Baller EB et al. (2010). Seasonal

effects on human striatal presynaptic dopamine synthesis.

J Neurosci 30: 14691–14694.
Enoch MA, Goldman D, Barnett R et al. (1999). Association

between seasonal affective disorder and the 5-HT2A pro-

moter polymorphism, -1438G/A. Mol Psychiatry 4: 89–92.
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INTRODUCTION

Overview

The study of the psychological and emotional conse-
quences of traumatic stress has become a burgeoning
and important field in psychiatric research and treat-
ment. In fact, the diagnosis of posttraumatic stress
disorder (PTSD) is now so frequently made that one
wonders how we once got by without it. PTSD is of par-
ticular interest in the 21st century, when the entire world
is filled with the specter of terrorism – a stressor of great
magnitude that can strike any time and anywhere. It is
also a time when we again have many young soldiers
returning from yet another war: the treacherous combat
experience in Iraq and Afghanistan. Moreover, society
is increasingly affected by various other types of human
violence, including killing, rape, robberies, assault, as
well as other psychological traumas, such as large-scale
natural disasters (hurricanes, floods), man-made dis-
asters, and train, plane and other accidents. These events
can leave the individual with intense terror, fear, and
paralyzing helplessness.

About 60% of men and 50% of women have experi-
enced one of these psychological traumas (defined as
threat to life of self or significant other) at some time
in their lives. As many as 39% of these individuals
exposed to a traumatic event will develop PTSD. The
lifetime prevalence of PTSD in the USA is estimated
at 7.8% and is twice as common in women as in men.
This is more than twice the prevalence of bipolar disor-
der or schizophrenia. For the Netherlands the lifetime
prevalence of exposure to any potential trauma was
80.7%, and the lifetime prevalence of PTSD was 7.4%.
*
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Similar to the US data, women and younger persons
showed higher risk of PTSD (de Vries and Olff,
2009). Despite events that qualify as traumagenic, a rel-
ative minority of those exposed will develop PTSD.
Many questions have emerged to explain the factors
contributing to the risk for the disorder as well as factors
that contribute to resilience. This chaper will focus on
the disorder and the current state of knowledge.

The conditional probabilities for PTSD after experi-
encing traumas, risk factors and comorbidity patterns
are quite similar in different populations (Perkonigg
et al., 2000). The highest risk of PTSD is associated with
assaultive violence (20.9%); the trauma most often
reported as the precipitating event among persons with
PTSD is sudden unexpected death of a loved one.
Women are still at higher risk of PTSD than men, con-
trolling for type of trauma (Breslau et al., 1998). Across
studies PTSD is strongly comorbid with other lifetime
psychiatric disorders. More than one-third of people
with an index episode of PTSD fail to recover even after
many years (Kessler et al., 1995). PTSD is most often
recognized as being related to wartime experiences,
and only relatively recently has it been recognized as
being associated with other types of trauma (Weisaeth
and Eitinger, 1993; Wilson, 1994; Saigh and Bremner,
1999). PTSD is increasingly recognized as being present
in diverse cultures (Kleber et al., 1995; Allen, 1996)
where, for example, Latino patients typically view their
symptoms as impairing health and functioning,
and describe their symptoms as being sad, anxious,
nervous, or fearful (Eisenman et al., 2008).

The diagnosis of PTSD was first included in the third
edition of the Diagnostic and Statistical Manual of
of Research Military Mental Health, Staff Military Mental
Medical Center, Rudolf Magnus Institute of Neuroscience,
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Table 18.1

Comparison of International Classification of Diseases

(ICD) and Diagnostic and Statistical Manual of Mental
Disorders (DSM) diagnoses of traumatic stress

Year ICD DSM

1948 ICD-6

Acute situational
maladjustment

1952 DSM-I
Transient situational personality

disturbance
Gross stress reaction
Adult situational reaction

Adjustment reaction of infancy,
childhood, adolescence, or
late life

1968 ICD-8
Transient
situational

disturbance

DSM-II
Adjustment reaction of infancy,
childhood, adolescence, or late

life
1977 ICD-9

Acute reaction to
stress with

predominant
disturbance of
emotions,

consciousness
or
psychomotor

disturbance, or
mixed

1980 DSM-III
Posttraumatic stress disorder

1987 DSM-IIIR
Posttraumatic stress disorder

1992 ICD-10

Acute stress
reaction

Posttraumatic

stress disorder
Enduring

AND R.A. LANIUS
Mental Disorders (DSM-III) in 1980 (American Psychi-
atric Association (APA), 1980), where it was, and in the
updated version of this manual in 1994 (DSM-IV), still
is, categorized as an anxiety disorder. Its first appear-
ance in the International Classification of Diseases
(ICD) is of more recent date (WHO, 1992)
(Table 18.1). For DSM-V, due to be released in 2013,
the classification may still the same; however, propo-
sals have been made to group the disorder with other
trauma-based disorders in a trauma or stress spectrum
classification (Kinzie and Goetz, 1996; Moreau and
Zisook, 2002).

Over the last three decades there has been an expan-
sion of studies on PTSD, resulting in a significant
increase in our knowledge of the prevalence, phenome-
nology, and neurocircuitry of PTSD (Ursano et al., 1994;
Vermetten and Bremner, 2002a, b; Nutt et al., 2009;
Jovanovic and Ressler, 2010). The literature on this
diagnosis is now vast. It goes far beyond the descriptive
psychopathology upon which the original DSM-III
definition was based. There is a multitude of papers cov-
ering topics such as neural mechanisms as revealed in
imaging studies, risk factors, prevalence, comorbidity,
symptom patterns, and outcome. Over 15 000 scientific
papers have been published on PTSD in the last 40 years,
as well as numerous books and dissertations. The Amer-
ican Journal of Psychiatry has shown the greatest inter-
est in PTSD overall, publishing over 200 papers on this
disorder in the last 10 years alone, by far more than any
other journal in the field of general psychiatry. Biolog-
ical Psychiatry has also shown a marked increase in
publications of papers focusing on PTSD in recent
years. In addition, the Journal of Traumatic Stress is
a specialty journal that started in 1987 and deals with
all PTSD-related issues. In 2010 a new specialty journal
emerged carrying the name psychotraumatology in it:
the European Journal of Psychotraumatology. This
chapter will highlight these findings in PTSD and give
a comprehensive overview on the history, diagnosis, ep-
idemiology, and treatment of the disorder.
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Both acute stress disorder (ASD) and PTSD are the only
psychiatric conditions whose definition demands that a
particular stressor precede their appearance. ASD will
not be discussed in detail here; suffice to say that
the majority of people who develop PTSD do not initially
meet the criteria for ASD, leading to the conclusion
that ASD is not a predictor of chronic PTSD (Bryant
et al., 2008).

PTSD is characterized by specific symptoms that
develop following exposure to psychological trauma,
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defined as a situation in which a person experienced,
witnessed, or was confronted with an event or events
that involved actual or threatened death or serious
injury, or a threat to the physical integrity of self or
others, and where the person’s response involved intense
fear, helplessness, or horror. According to DSM-IV
(APA, 1994), PTSD can result from a variety of trau-
matic stressors (Table 18.2), interpreted by the subjective
experience of the individual: military, violent personal
assault (sexual, physical assault, criminal assault, rob-
bery, mugging), being kidnapped, being taken hostage,
terrorist attack, torture, incarceration as a prisoner of
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Table 18.2

Types of extreme stressors – A criterion events

A1: The stressor must be
extreme, not just severe

The event involved actual or
threatened death, serious

injury, rape, or childhood
sexual abuse. Would not
include many frequently
encountered stressors that

are severe but not extreme
(e.g., losing a job, divorce,
failing in school, expected

death of a loved one)
A2: The stressor causes
powerful subjective

responses

The person experienced intense
fear, helplessness, or horror

Type of stressor Examples

Serious accident Car, plane, boating, or

industrial accident
Natural disaster Tornado, hurricane, flood, or

earthquake

Criminal assault Being physically attacked,
mugged, shot, stabbed, or
held at gunpoint

Military Serving in an active combat
theater

Sexual assault Rape or attempted rape

Child sexual abuse Incest, rape, or sexual contact
with an adult or much older
child

Child physical abuse or

severe neglect

Beating, burning, restraints,

starvation

Hostage/imprisonment/

torture

Being kidnapped or taken

hostage, terrorist attack,
torture, incarceration as a
prisoner of war or in a

concentration camp,
displacement as a refugee

Witnessing or learning
about traumatic events

Witnessing a shooting or
devastating accident,

sudden unexpected death of
a loved one
war or in a concentration camp, or natural or man-made
disasters (severe automobile accidents, being diagnosed
with a life-threatening disease, or other threat to life).

Over time the events qualifying for extreme threat
have been extensively debated and have stretched from
“outside the range of human experience” to exposure to
the threat, as expressed in DSM-IV (APA, 1994). PTSD
may be induced by observing events such as the serious
injury or unnatural death of another person due to vio-
lent assault, accident, war, or disaster, or unexpectedly
witnessing a dead body or body parts (Zisook et al., 1998;
Ursano et al., 1999). Sexually traumatic events may in-
clude developmentally inappropriate sexual experiences
without threatened or actual violence (Davidson et al.,
1989). Traumatization can also occur where the
individual receives information about the stressful
experiences of others such as personal assault, serious
accident, or serious injury experienced by a family mem-
ber or a close friend, or learning that one’s child has a
life-threatening disease, if this is associated with intense
fear, helplessness, or terror. Psychological trauma may
occur as a single episode or repetitive ongoing trauma
(such as sexual or physical abuse). It must be noted
here that prior and cumulative effects of trauma are a
particularly important determinant of risk for PTSD
(Breslau et al., 2008).

EPIDEMIOLOGY

Prevalence

When the prevalence of traumatic events was systemat-
ically examined, it became apparent that trauma was
surprisingly commonplace. Several studies have since
investigated the overall prevalence of traumatic events
in the general population, looking at community-based
populations (Bronner et al., 2009; Kaltman et al., 2010),
populations of individuals at high risk for trauma or ex-
posed to events such as natural disasters (Acierno et al.,
1999), or the elderly (Spitzer et al., 2008). In a study by
Resnick et al. (1993), 4008 adult women randomly se-
lected from a US nationwide sampling were interviewed
over the phone. Prevalence of crime and noncrime civil-
ian traumatic events, lifetime PTSD, and PTSD in the
past 6 months were assessed by telephone interview.
The authors found a lifetime exposure to any type of
traumatic event of 69%, whereas exposure to crimes
that included sexual or aggravated assault or homicide
of a close relative or friend occurred among 36%. Over-
all sample prevalence of PTSD was 12.3% lifetime and
4.6% within the past 6 months. The rate of PTSD was
significantly higher among crime versus noncrime
victims (25.8% versus 9.4%). Norris (1992) assessed
the frequency and impact of 10 potentially traumatic
events in a sample of 1000 men and women drawn from
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four southeastern US cities. Over their lifetimes, 69% of
the sample experienced at least one traumatic event,
while 21% experienced a traumatic event in the past year
alone. The 10 events varied in importance, with tragic
death occurring most often, sexual assault yielding
the highest rate of PTSD, and motor vehicle accident
presenting the most adverse combination of frequency
and impact. Numerous differences were observed in
the prevalence of these events across demographic
groups. Lifetime exposure was higher among whites
and men than among blacks and women; past-year
exposure was highest among younger adults. When im-
pact was analyzed as a continuous variable (perceived
stress), black men appeared to be most vulnerable to
the effects of events, and young people showed the
highest rates of PTSD.

Kessler et al. (1995) reported a landmark study in a
large national sample of 5877 individuals aged
15–54 years. This study obtained information on esti-
mated lifetime prevalence of trauma and PTSD, the
kinds of trauma that were most often associated with
PTSD, sociodemographic correlates, the comorbidity
of PTSD with other lifetime psychiatric disorders, and
the duration of an index episode. The estimated lifetime
prevalence of PTSD was found to be 7.8%. Prevalence
was elevated among women and the previously married.
The traumas most commonly associated with PTSD
were combat exposure and witnessing of violence
among men, and rape and sexual molestation among
women. PTSD was strongly comorbid with other life-
time DSM-IIIR disorders. Survival analysis showed
that more than one-third of people with an index episode
of PTSD failed to recover even after many years.

Another study by Breslau et al. (1999a) involved 2181
individuals in the USA, aged 18–45 years, who were
interviewed by telephone to assess the lifetime history of
traumatic events and PTSD. PTSD was assessed using a
modified version of the DSM-IV and ICD-10 criteria.
The risk of PTSD following exposure to trauma was
9.2%. The highest risk of PTSD was associated with as-
saultive violence (20.9%). The traumamost often reported
as the precipitating event among individuals with PTSD
(31% of all PTSD cases) was sudden unexpected death
ofa lovedone,anevent experiencedby60%of the sample,
and with a moderate risk of PTSD (14.3%), indicating the
importance of traumatic grief. Women were at higher
risk for PTSD than men, controlling for type of trauma.
Although recent research had focused on combat, rape,
and other assaultive violence as causes of PTSD, sudden
unexpected death of a loved one was considered a far
more important cause of PTSD in the community,
accounting for nearly one-third of PTSD cases.

Spitzer et al. (2008) assesssed PTSD in 3170 adults
living in a German community and divided them into
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three age groups: young (44 years and younger;
n ¼ 997), middle-aged (45–64 years; n ¼ 1322), and
elderly (65 years and older; n ¼ 851). At least one
trauma was reported by 54.6%, and the odds for trauma
exposure were almost fourfold in the elderly compared
to the younger age groups. Among those who were trau-
matized, the lifetime and 1-month prevalence rates of
PTSD in the elderly were 3.1% and 1.5%, respectively,
and did not differ from the rates in the young and
middle-aged adults. PTSD is certainly not rare in the
elderly and a lifetime diagnosis of PTSD is associated
with symptoms of depression and anxiety. Assessment
of trauma and PTSD should be integrated into routine
examinations of the elderly to improve management
and treatment provisions. These studies led to the conclu-
sion that PTSD ismore prevalent thanpreviously believed
and that PTSD often persists throughout the lifespan.

In summary, exposure to traumatic events is com-
monplace. Most studies report prevalence twice as high
in females compared to males. The majority of exposed
subjects are resilient, as this is still the rule rather than
the exception.

ETIOLOGY

Multiple variables play a role in the development of
trauma-related psychopathology. Models of PTSD take
into account genetic constitution, prestressor factors
(defined as vulnerability), peritraumatic factors (charac-
teristics of stress, of length of dissociative response),
and poststressor factors in the development of PTSD
(for a review, see Bremner et al., 1995a) (Fig. 18.1).

Genetic contribution

Early genetic contributions to PTSD have been studied
using monozygotic twins. Goldberg et al. (1990) studied
the impact of military service during the Vietnam era
(1965–1975) on PTSD using a sample of 2092 male–
male, monozygotic, veteran twin pairs. In 715 monozy-
gotic twin pairs who were discordant for military service
in South-East Asia (SEA), PTSD was found to be
strongly associated with military service in SEA. The
prevalence of PTSD was 16.8% in twins who served in
SEA compared with 5.0% in cotwins who did not serve
in SEA. There was a ninefold increase in the prevalence
of PTSD comparing twins who experienced high levels
of combat with their cotwin who did not serve in SEA
(Goldberg et al., 1990). True et al. (1993) followed up
on this and looked at effects of heredity, shared environ-
ment, and unique environment on the liability for 15 self-
reported PTSD symptoms, studying 4042 Vietnam-era
veteran monozygotic and dizygotic male twin pairs.
Quantitative genetic analysis revealed that inheritance
had a substantial influence on liability for all symptoms.
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Fig. 18.1. Diagrammatic presentation of pathways of posttraumatic stress disorder (PTSD) development. HPA, hypothalamic–

pituitary–adrenal axis; CRF, corticotropin-releasing factor; NE, norepinephrine; HC, hippocampus; GR, glucocorticoid receptor.
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The field of genetics has developed very rapidly.
Although twin studies suggest that genetic influences
account for substantial variance in PTSD risk, more pro-
gress needs to be made in identifying variants in specific
genes that influence liability to PTSD (Koenen et al.,
2009). Identification of liability genes would represent
a major advance in understanding the pathophysiology
of the disorder. Such understanding could also advance
the development of new pharmacological agents for
PTSD treatment and prevention.

Yet, the complex etiology of PTSD, for which experi-
encing a traumatic event forms a necessary condition,
makes it difficult to identify specific genes that substan-
tially contribute to the disorder. Gene-finding strategies
are difficult to apply. Interactions between different
genes, and between them and the environment, probably
make certain people vulnerable to developing PTSD.
Gene–environmental studies are needed that focus more
narrowly on specific, distinct endophenotypes and on
influences from environmental factors (Broekman
et al., 2007; Koenen et al., 2008).
Recently reported genetic association studies indi-
cate that these effects may be mediated, in part, by
gene–environment interactions involving polymor-
phisms within two key genes, CRHR1 and FKBP5.
Data suggest that these genes regulate hypothalamic–
pituitary–adrenal (HPA) axis function in conjunction
with exposure to child maltreatment or abuse. In addi-
tion, a large and growing body of preclinical research
suggests that increased activity of the amygdale–HPA
axis induced by experimental manipulation of the
amygdala mimics several of the physiological and be-
havioral symptoms of stress-related psychiatric illness
in humans. Notably, interactions between the developing
amygdala and HPA axis underlie critical periods for
emotional learning, which are modulated by develop-
mental support and maternal care. These translational
findings are leading to an integrated hypothesis: high
levels of early-life trauma lead to disease through the
developmental interaction of genetic variants with neu-
ral circuits that regulate emotion, together mediating
risk and resilience in adults (Gillespie et al., 2009).
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Early-life trauma

Epidemiological data suggest that early-life trauma is
highly prevalent, not only in the USA, but internation-
ally. In fact, the public health burden of childhood
trauma may be greatest in the developing world, partic-
ularly in places that are experiencing ongoing conflict
and violence. Childhood physical or sexual abuse is a
strong predictor of PTSD later in life, and can be consid-
ered a “hidden epidemic” (Lanius et al., 2010b). Studies
of both child and adult populations over the last 25 years
have established that, in a majority of trauma-exposed
individuals, traumatic stress in childhood does not occur
in isolation, but rather is characterized by co-occurring,
often chronic, types of victimization and other adverse
experiences (Dong et al., 2004; van der Kolk et al., 2005;
Anda et al., 2006). Despite the methodological chal-
lenges to estimate the prevalence of specific types of
childhood trauma, such as abuse and neglect, extant
research has come to some consensus as to the individ-
ual, family, and community-level factors that increase
risk of childhood trauma. A survey of 1699 children
receiving trauma-focused treatment across 25 network
sites of the National Child Traumatic Stress Network
(Spinazzola et al., 2005) showed that the vast majority
(78%) were exposed to multiple and/or prolonged inter-
personal trauma, with a modal 3 trauma exposure type;
less than 25% met diagnostic criteria for PTSD. Fewer
than 10% were exposed to serious accidents or medical
illness. Most children exhibited posttraumatic sequelae
not captured by PTSD, yet at least 50% had significant
disturbances in affect regulation, attention and concen-
tration, negative self-image, impulse control, aggres-
sion, and risk-taking (Spinazzola et al., 2005).

There is consensus on the importance of attachment
figures for very young children and on the fact that the
traumatization of mother or father can be as damaging
for an infant as direct exposure (Al-Turkait and Ohaeri,
2008). In a review of 17 studies on the relational context
of PTSD in very young children, Scheeringa et al. (2005)
consistently found a relation between psychopathology
in parents and maladaptive outcomes in children. Yet
there is a need to elucidate the mechanisms of the trans-
mission of trauma in order to understand better the
effect of trauma on very young children. Information
on the pathways of influence of trauma on children
would provide new directions for the design and imple-
mentation of prevention measures and early therapeutic
interventions (Heidenreich et al., 2010).

As stated earlier, early trauma in the form of child-
hood physical or sexual abuse has been associated with
adult psychopathology in the stress sensitization
model: prior stressors increase the risk for PTSD with
re-exposure to stress (for reviews, see Bremner et al.,
1999a,b). Consistent with this, Vietnam veterans with
PTSD had higher rates of childhood physical abuse than
Vietnam veterans without PTSD (26% versus 7%). The
association between childhood abuse and PTSD per-
sisted after controlling for the difference in level of
combat exposure between the two groups. Patients with
PTSD also had a significantly higher rate of total trau-
matic events before joining the military than patients
without PTSD. This supported the notion that childhood
physical abuse may be an antecedent to the development
of combat-related PTSD in Vietnam combat veterans
(Bremner et al., 1993).

Disasters

The potential for disasters exists in all cultures and com-
munities.The Buffalo Creek disaster of 1972 involving
the collapse of a slag dam and subsequent flood in West
Virginia was one of the most extensively studied natural
disasters of recent history, followed by the 11 September
2001 terrorist attack on the World Trade Center in New
York (9/11), the 2004 tsunami, and hurricane Katrina
(Smith et al., 2009). The rate of disaster-related PTSD
in this study was 7%, down from a postflood rate at
follow-up of 32%. There were no differences by age
group in their current psychological status; however,
women demonstrated more PTSD-related symptoms
than did men (Green et al., 1990, 1994). Initially, intru-
sive symptoms, nightmares, and sleep disturbances were
the most frequent difficulties. An exaggerated startle
response was somewhat more frequent than avoidance
and numbing symptoms, such as loss of interest and
caring (Green et al., 1994). Survivor guilt was a relatively
uncommon phenomenon in disaster-affected popula-
tions and was possibly one of the reasons why it was left
out of the DSM-IV criteria for PTSD.

Longitudinal studies on earthquake survivors (Carr
et al., 1997; Goenjian et al., 2000) have found that initial
earthquake experiences have an enduring mental health
effect that is only partially ameliorated over time, and
PTSD symptoms tend to persist for an extended period
of time following extreme earthquake trauma. In gen-
eral, the first year was the time of peak symptoms
and effects, and people did improve over time. Yet in
many studies symptoms lingered for months, even
years, for a significant minority of participants
(Norris, 2002).

Relatively few studies have followed cohorts of
exposed people to assess the long-term impact on both
physical and psychological health combined in health-
related quality of life. Beehler et al. (2008) performed
in-person interviews in 381 men and women from two
geographical areas of differing radiation contamination
within Belarus, the area that was affected by the
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Chernobyl disaster. It was found that long-term psycho-
logical distress in this group was better predicted by
stress-moderating psychosocial factors present in one’s
daily life than by level of residential radiation contami-
nation. Neria et al. (2008) followed up on mental health
consequences in 929 persons who had 9/11-related loss
and found that this was significantly related to extreme
pain interference, work loss, and functional impairment.
McFarlane and Van Hooff (2009) reported on the
follow-up of 1011 adults recruited from an original sam-
ple of 1531 people who had been exposed 20 years earlier
to an Australian bushfire disaster, showing only a small
direct impact of the fires on adult psychiatric morbidity.

North et al. (1999) reported on a follow-up on the
terrorist Oklahoma City bombing in 1995, where a bomb
blast killed 168 people. In their sample of 182 participat-
ing adults, 45% had a postdisaster psychiatric disorder
and 34% had PTSD. The onset of PTSD was swift, with
76% reporting same-day onset. The relatively uncom-
mon avoidance and numbing symptoms virtually
dictated the diagnosis of PTSD (94% of subjects meeting
avoidance and numbing criteria had full PTSD diagno-
sis) and were further associated with psychiatric comor-
bidity, functional impairment, and treatment received.
Intrusive re-experiencing and hyperarousal symptoms
were nearly universal, but by themselves were generally
not associated with other psychopathology or impair-
ment in functioning (North et al., 1999).

The event with the greatest number of peer-reviewed,
event-specific publications was 9/11. Interest in publish-
ing medical disaster-related articles has increased tre-
mendously since 9/11 (Kelen and Sauer, 2008). Most
recent studies report variables that are necessary to
make an estimate of prevalence and to interpret the
relevance in relation to the course of PTSD: nature or
type of the trauma, sample size, recruitment of study
population (help-seeking, mailing, or advertisement),
method of assessment, interval between stress exposure
and assessment, lifetime and current PTSD. However,
better standardization is needed to compare between
studies (Smith et al., 2009).

Combat and other predictive and risk factors

Predicting who would develop PTSD in response to a
stressor can have many implications for the develop-
ment of screening instruments, treatment strategies,
and policy. Risk factors, such as prior trauma, prior psy-
chiatric history, family psychiatric history, peritrau-
matic dissociation, acute stress symptoms, the nature
of the biological response, and autonomic hyperarousal,
need to be considered when setting up models to predict
the course of the condition. These risk factors influence
vulnerability to the onset of PTSD and its spontaneous
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remission. In the majority of cases, PTSD is accompa-
nied by another condition, such as major depression,
an anxiety disorder, or substance abuse. This comorbid-
ity can also complicate the course of the disorder and
raises questions about the role of PTSD in other psychi-
atric conditions (McFarlane, 2000).

The influence of Freud’s original and somewhat mis-
leading “war neurosis” led the military to attempt to pre-
dict vulnerability to combat stress based on premilitary
developmental variables, assuming they could be found
in conflicts in early development. In different epidemio-
logical studies, prestressor factors in the development
of combat-related PTSD are found to be age of traumati-
zation, years of education,minority status, pretraumaand
psychiatricdisorder, substanceabuse,historyofchildhood
abuse, antisocial behavior, academicdifficulty, familyhis-
tory of psychiatric disorders, family environment, and
lack of social support. In civilian PTSD, a previous history
of stress and previous psychiatric disorders may increase
both the risk of exposure to a traumatic stressor as well as
the development of PTSD. Factors in PTSD associated
with combat veterans are severity and length of exposure,
seeingotherskilledorwounded,participating inatrocities,
anddissociationat timeof trauma.Apostmilitary risk fac-
tor is lack of social support. Since most victims of civilian
trauma, suchasrapeorchildhoodsexualabuse,feel shame
and guilt, which discourage them from talking openly
about their feelings and seeking social support, this may
contribute to adecrease in social support analogous to that
of combat veterans with PTSD (for a review, see Bremner
et al., 1995a, b).

In a study that compared 2362 veterans who devel-
oped PTSD with an equal number of war veterans
who did not develop PTSD, the predictive factors were
mostly nonspecific, such as cognitive functioning,
education, rank, and position during the trauma, with
little effect from training, leading to the conclusion that
carefully structured predrafting psychological assess-
ment of social and individual qualifications (including
motivation) failed to identify increased risk factors
for PTSD (Zohar et al., 2009).

In summary, gene–environmental studies are needed
with a focus on specific, distinct endophenotypes and on
influences from environmental factors. Among these
are early-life experiences as well as various other expo-
sure types, such as disasters or combat.

HISTORYANDNOSOLOGYOF PTSD

“Soldier’s heart,” sexual abuse, and
the contribution of Freud

Although the diagnosis of PTSD was established with
the release of DSM-III in 1980 (APA, 1980), it was pre-
ceded by a long history of observations of the effects of
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traumatic stress on the individual (for a review, see
Vermetten and Bremner 2002a, b). Much of the history
of stress and psychiatric diagnosis has been determined
by the ebb and flow of attention paid to this area with
each new major military conflict. During the American
Civil War, DaCosta (1871) first described a syndrome in-
volving symptoms of exhaustion and increased physio-
logical responsivity (“soldier’s heart” or DaCosta’s
syndrome) seen in soldiers exposed to the stress of
war. DaCosta described the autonomic cardiac symp-
toms of soldiers exposed to the horrors of the Civil
War and felt that this syndrome was a physical disorder
involving the cardiovascular system that was caused by
the extreme stress of war. His approach was similar to
theories of the time advanced by Kraepelin (1919),
who also believed that schizophrenia had its basis in
the constitution, leading to abnormalities in the brain
and physiology.

Brain-based explanations of psychiatric disorders
left the scene at the turn of the century with Sigmund
Freud. During the early 1900s, psychoanalysts observed
“traumatic neurosis” that resulted from different forms
of trauma. Freud originally believed that his famous
case of Anna O was a victim of exposure to traumatic
sexual experiences in childhood and only later modified
his views into the theory that fantasies, and not only the
reality of childhood sexuality, could lead to mental
illness in later life.

It is important to note here that the pervasive societal
denial of the importance of sexual abuse that persisted
for most of the 20th century has been attributed to
Freud’s change of thought. Yet, throughout Freud’s
published writings until he died in 1939, he reasserted
the importance of sexual abuse and its etiological signi-
ficance in mental illness. By making Freud the leading
intellectual figure in the cover-up of sexual abuse, a
disservice is done to the truth, and it will be perverse,
because Freud was the person who coined the term “psy-
chic trauma,” clearly articulated the role of childhood
sensitivity to trauma, and described the defenses of
denial of trauma, ascribed to him (Doidge, personal
communication, 2010).
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Shellshock and traumatic neuroses

In World War I, “shellshock” was understood as a form
of brain trauma caused by the terror induced by explod-
ing shells. Also during the First World War, the large
number of psychiatric casualties of combat forced
attention on the effects of the stress of war and led to
the description of “combat fatigue,” or “physioneuro-
sis.” Experimental studies revealed intolerance in these
patients to carbon dioxide and exaggerated psychologi-
cal and physiological responses to epinephrine.
Psychiatrists described phenomena such as amnesia on
the battlefield, where soldiers forgot their name or
who they were. After the war, however, the effects of
combat stress on the mind were soon forgotten. With
World War II, interest in the mental health effects of
the stress of war was revived. Again, psychiatrists de-
scribed amnesia and other dissociative responses to
trauma (Sargent and Slater, 1941; Torrie, 1944). Studies
in Danish police interned in German concentration
camps noted symptoms in the survivors, including re-
current memories of the camps, feelings of detachment
and estrangement from others, sleep disturbance, and
hyperarousal, as well as problems with memory and con-
centration (Thygesen et al., 1970). Abraham Kardiner,
who treated many casualties in World War II, which
he described in The Traumatic Neuroses of War in
1941, recognized a set of symptoms that underlie the cur-
rent conceptualization of PTSD, a condition he referred
to as “physioneurosis”:

1. preoccupation with the trauma
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2. constriction of personality

3. atypical dream life

4. startle response

5. irritability.
Survivors of death camps in this war were found to have
symptoms of anxiety, motor restlessness, hyperarousal,
sleeping difficulties, nightmares, fatigue, feeling worse
with traumatic reminders, and a constant preoccupation
with recollections of persecutory experiences. These
symptoms became known as the “concentration camp
syndrome.”
DSM-I: gross stress reaction

The diagnosis that came closest to what we know as
PTSD in DSM-I (APA, 1952) was “gross stress reac-
tion.” This diagnosis suggested that everyone had a
breaking point and, given a severe enough trauma, it
would be relatively “natural” to have a severe reaction.
This may have stemmed from the experience of military
psychiatrists in the Second World War, who observed
during the war that many normal men were having men-
tal breakdowns in the face of combat. However, gross
stress reaction specified that the individual must have
a normal prestressor personality and that the symptoms
should naturally resolve with time. This disorder did not
take into account the fact that individuals with pre-
existing psychiatric disorders may develop a new disor-
der that is specifically related to the stressor, or that
acute responses to stress can translate into long-term
pathology. It is as if gross stress reaction was a response
to the reality that extreme stressors such as war can lead
to psychiatric outcomes that are not secondary to “bad
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personalities” (military psychiatrists in the Second
World War had tried in vain to find premilitary person-
ality traits that would help them predict who was most
vulnerable to the stress of combat). Embodied in gross
stress reaction was the ambivalence that has pervaded
psychiatry until the current time about whether stress
has merely transient effects or whether it can lead to
permanent psychopathology.

For reasons that remain obscure but that perhaps re-
flect the early links between military combat and the
diagnosis of stress disorders, gross stress reaction was
somehow dropped from DSM-II in 1968 (APA, 1968).
The USA was not engaged in major war during the time
that manual was written. The corresponding category
was renamed “transient emotional or adjustment reac-
tion,” which emphasized the temporary nature of the
psychological response to an overwhelming trauma.
Oddly enough, this took place in the same year as the
major outburst of the Vietnam war. The classification
included acute reactions to overwhelming environmen-
tal stress, but did not name any specific catastrophes,
such as war, death camps, or Hiroshima. Combat
cropped up in one line, as an example of the adult type
of adjustment reaction: “fear associated with military
combat and manifested by trembling, running and
hiding.” The important work of Kardiner (1941), The
Traumatic Neuroses of War, and of Grinker and Spiegel
(1945), Men Under Stress, and the impressive follow-
up studies conducted by Archibald and Tuddenham
(1965) were overlooked by many. These studies sug-
gested that the argument of pre-existing disorders as
an explanation for traumatic stress disorders was largely
irrelevant.

It was only later, in the aftermath of the Vietnam
war, that the lasting effects of traumatic stress on the
mind were recognized. Researchers and clinicians such
as Robert Jay Lifton, Chaim Shattan, and Charles Figley
argued at that time that the stress of war itself led
to psychopathology as opposed to factors such as
“bad character” (pre-existing and preceding the war)
(Figley, 1978). This was the background leading to the
inclusion of PTSD (with both acute and chronic types)
as a disorder in DSM-III in 1980. In the DSM-III-based
criteria for PTSD, there was fortunately resistance by
Nancy Andreasen (1985, 1995) and others to those who
argued against the uniqueness of individual traumas.
For example, at the time, some advocated a “Vietnam
syndrome” which would describe a constellation of
symptoms unique to Vietnam veterans, while others
have argued for “postrape syndrome” or specific child-
hood sexual abuse syndromes (ideas for which there was
little empirical evidence). This resistance may have been
indispensable to the scientific advancement of the study
of traumatic stress.

BIOLOGICAL AND CLINICAL FRAMEWORK
After the Vietnam war: towards DSM-III

DSM-III was crafted in the post-Vietnam era, a timewhen
the USA contained yet another wave of young men who
had been exposed to the trauma of combat. Veterans
Affairs andmilitarypsychiatrists hadnoofficial diagnosis
to give them, as long asDSM-IIwas the official diagnostic
manual. DSM-I and DSM-II followed the view that, if
patients had good adaptive capacity, their symptoms usu-
ally receded as the stress diminished. Both DSM-I and
DSM-II added that, if the symptoms persisted “after the
stress was removed, the diagnosis of another mental dis-
order was indicated.” A neurotic or psychotic label
replaced the diagnosis of stress disorder or adjustment
reaction. Stress disorders were held to be transient and
reversible, with no rubric for the continuance of stress-
induced symptoms as such. With DSM-III-based PTSD
(APA, 1980), there was finally a diagnosis that recognized
the lasting pathological effects of traumatic stress. DSM-
IIIalsofoundaplace for code308.33,delayedcatastrophic
stress disorder following anasymptomatic interval (“incu-
bation period”). This phenomenon was seen by many
clinicians. It resembleds an ongoing, chronic, low-grade,
or latent subclinical disturbance that years later could be
triggered into acute disorder by events that symbolized
or recaptured the original trauma (helicopters, smells,
war inKosovo, Iraq, orAfghanistan), andwas best under-
stood by a model of stress sensitization.

After the Vietnam war the concept of PTSD took off
“like a rocket,” in ways that had not initially been antici-
pated (Andreasen, 2004). Yet, several authors still noted
gaps in the classification of PTSD in DSM-III. These were
related to the etiology of the disorder, its natural history,
and diagnostic specificity: how severe should the trauma
be? What types of trauma could be considered causative?
Would it make a difference if the trauma was inflicted
by another human being, by an accident, or by a natural
disaster? A demand was made for research in theoretical
issues and to collect empirical data in order to be more
precise in later diagnostic descriptions and understanding
(Green et al., 1985). DSM-IIIR (APA, 1987) included spec-
ification of generic characteristics of traumatic stressors,
clearerorganizationofsymptomsaroundthreedimensions
of stress response (re-experiencing, avoidance and numb-
ing,andphysiological arousal), inclusionofsymptomsspe-
cific to children, and specification of onset and duration of
the disorder (Brett et al., 1988).

Definition of an event involving extreme
threat: the A criterion

As was briefly pointed out in the introduction, one of
the most vexing issues in the field of traumatic stress
has been the criterion A problem, or the definition of
psychological trauma. Criterion A is a conditional
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prerequisite for diagnosis. In earlier versions of DSM,
this centered on questions of how to define a traumatic
event andwhether experiencing a traumatic event should
be a requirement for aPTSDdiagnosis. CriterionArefers
to the stressor criterion for PTSD and involves a number
of fundamental issues regarding the definition and mea-
surement of psychological trauma. Criterion A ranges
from war-related trauma, accidents, motor vehicle
accidents, exposure to human remains, violent crimes,
medical causes, torture, child abuse, chronic exposure
in high-risk population, to domestic violence, natural di-
sasters and sexual trauma (not an exhaustive list). For
DSM-IV a two-part definition was developed, where
the first part was a traumatic event, which distinguishes
traumatic events fromordinary stressors (called criterion
A1). The second part, criterionA2, required that, in order
tomeet the diagnosis, the person’s response at the time of
the trauma involved intense fear, helplessness, or horror,
recognizing the fact that an individual’s subjective
response was an important dimension to be considered
when defining a traumatic event.

Let us focus on the variety of themes in the debate over
criterionA. Some argue that criterionA stipulated amono-
causaletiologyof thedisorder, isautologous,andtherefore
is dispensable. It was argued that it may bemore appropri-
ate to define PTSD strictly on the basis of descriptive, phe-
nomenological terms and to omit criterion A, in order to
avoid useless confusions about causal attribution (Maier,
2006). On the one hand, the broadening in DSM-IV of
the concept of a traumatic event allowed clinicians and re-
searchers to list several previously independently described
types of trauma reaction (e.g., soldier’s heart, battered-
wife syndrome) under the unifying heading of PTSD
(Weathers andKeane, 2007); on the other hand, a broaden-
ing of the traumatic event construct might have a negative
impacton thespecificityofstressdisordersandit is felt that
itmayultimatelyundermine the validity of the diagnosis of
PTSD (Spitzer et al., 2007).

Although the definition of psychological trauma
continues to be a matter of debate (Brewin et al., 2009;
VanHooff et al., 2009), there appears to be a growing con-
sensus that traumatic events can be distinguished fromor-
dinary stressors and that the use of specific criteria for
psychological trauma serves a useful gate-keeping func-
tion that preserves the meaningfulness of the disorder
as a distinct diagnostic entity and prevents trivialization
of the suffering of survivors of overwhelming stressors.
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Different nosological system in psychiatry:
DSM versus ICD

The International Statistical Classification of Diseases,
Injuries, andCauses ofDeath (ICD)developed in parallel
with DSM over the past half-century. This classification
system was originally formalized as the 1892 Bertillon
Classification List of Causes of Death. ICD is meant to
cover the worldwide classification of diseases and has
been used more in Europe than DSM. In 1948, the World
Health Organization (WHO) decided to include mental
disorders in the sixth revision of the ICD (ICD-6;
WHO, 1948), since many psychiatric hospitals were
dealing with a nomenclature that did not appropriately
describe the majority of the cases handled. DSM, which
was developed in the USA, has only focused on disorders
of mental health.

The formulation of stress-related psychopathology in
the later ICD systems and in the DSM classification is
based upon attempts to describe posttraumatic psycho-
pathology. The perspective that traumatic reactions
were short-lived responses in essentially normal individ-
uals with no premorbid psychopathology can be origi-
nally found in both the international and American
classifications. Prototypes of PTSD were called “acute
situational maladjustment” in ICD-6 and “transient sit-
uational personality disturbance” in DSM-I. There were
no changes in the mental disorders section in ICD-7 (see
Table 18.1). In ICD-8 (WHO, 1968), there was a rephras-
ing to “transient situational disturbance.” DSM-II was
mostly based on the mental disorder section of this
eighth edition of ICD. DSM-II focused on the diagnosis
“adjustment reaction” and specified the phase in life to
which this was related. In DSM-III and ICD-9, there
were significant revisions of the conceptualization of
posttraumatic stress reactions, with the most important
change being the notion that stress disorders were no
longer acute responses in healthy individuals. Traumatic
stress was considered to cause chronic reactions, and re-
sponses to stress were considered to occur with previous
and simultaneous conditions. Another significant
change was the categorization of the diagnosis in the
anxiety disorders section of DSM-III. ICD went along
the same line; however, it also incorporated a variation
of PTSD in its classification. In ICD, under section
F62.0, there is a diagnosis named “enduring personality
changes after catastrophic experience,” alluding to
some variation of a personality disorder. The American
approach was to consider anxiety a core phenomenon of
both PTSD and obsessive-compulsive disorder (OCD),
whereas the Europeans regarded anxiety as a common
and nonspecific feature of many disorders and located
OCD and PTSD in their classification system in ICD on
the basis of other features.

The most recent version of ICD is ICD-10 (1992). This
version now consists of a three-volume work, with one
section on mental health. ICD-10 was field-tested in over
100 institutions in 40 countries, making this book the
product of a very large research effort. PTSD is coded
as F43.1 and subsectioned under “neurotic stress-related
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Fig. 18.2. Proposed Diagnostic and Statistical Manual of
Mental Disorders V classification of posttraumatic stress

disorder (each cluster is of more than 1 month’s duration).
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and somatoform disorders” and further under “other
anxiety disorders and reactions to severe stress,” where
it is grouped with “acute stress reaction,” “adjustment
disorders,” “other reactions to severe stress,” and “reac-
tion to severe stress unspecified.” PTSD is defined as
follows:

A mental disorder characterized by a preoccupa-
tion with traumatic events beyond normal human
experience; events such as rape or personal as-
sault, combat, violence against civilians, natural
disasters, accidents or torture precipitate this
mental disorder; patients suffer from recurring
flashbacks of the trauma and often feel emotion-
ally numb, are overly alert, have difficulty remem-
bering, sleeping or concentrating, and feel guilty
for surviving.

ICD-10 defines the A criterion “beyond normal human
experience,” whereas DSM-IV is more stringent. Al-
though an essential criterion, the A criterion does not
predict PTSD or the course of PTSD. As stated earlier,
the latest revision of ICD-10 has a wider variety of diag-
noses for traumatic reactions, with the inclusion of
enduring personality changes after catastrophic experi-
ence (F62.0) (WHO, 1992). In their latest releases, both
classification systems seem to be more in line in their
description of PTSD.

However, in a comparison 12-month prevalence of
PTSD using ICD-10 and DSM-IV criteria, Peters et al.
(1999) found that, using the ICD criteria, the prevalence
was more than doubled (3% using DSM-IV and 7%
using ICD-10 criteria). Almost half of the discrepancies
between the classification systems could be explained by
the F criterion in DSM-IV requiring clinically significant
distress or impairment in social, occupational, or other
important areas of functioning. Another factor that
accounted for 18% of the discrepancies was the C crite-
rion in DSM-IV (Lundin and Lofti, 1996).

BIOLOGICAL AND CLINICAL FRAMEWORK
Towards DSM-V

The imminent redefinition of DSM-V criteria for PTSD
should reflect new advances in the science and concep-
tualization of the disorder, and address the need of
patients. The A1 criterion was criticized regarding the
definition of “traumatic.”A new definition intends to
tighten up the A1 criterion to make a better distinction
between “traumatic events” and events that are distres-
sing but which do not exceed the “traumatic” threshold.
New findings do not support the inclusion of A2 as
a diagnostic requirement for DSM-V, so this will be
likely left out of the new definition (O’Donnell et al.,
2010). A new diagnostic cluster dividing C criterion will
be introduced based on confirmatory factor analytical
studies in: (1) persistent avoidance of stimuli associated
with the traumatic event(s) (that began after the trau-
matic event(s)); and: (2) negative alterations in cogni-
tions and mood that are associated with the traumatic
event(s) (that began or worsened after the traumatic
event(s)) (Hinton and Lewis-Fernandez, 2010; Friedman
and Castel, 2011) (Fig. 18.2). It is increasingly understood
and recognized that PTSD is a heterogeneous disorder,
perhaps with subtypes, and different types of complex-
ity, yet this may not be fully captured in its classification
in DSM-V.

In summary, these developments demonstrate that
PTSD is a young disorder that started to be properly un-
derstood only from 1980 with incorporation in DSM-III,
in which it was acknowledged that exposure to traumatic
events can lead to long-term psychopathology. The A
criterion expressed the traumatic event, after which
the symptom clusters are based on intrusions, avoid-
ance, and irritability.

THECLINICAL FRAMEWORK:
DIAGNOSTIC FEATURESOF PTSD

Diagnostic categories: vignette

When Carol and her friend were on a Christmas vaca-
tion, on December 25, 2005, they had no idea that their
lives would become so affected because of the events
that happened one day later when they almost drowned
in the waves of the tsunami that hit the coastline of
South-East Asia. Both survived and had nearly no inju-
ries. It was almost a year later that Carol went down into
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a basement where she was following a yoga course.
When the firealarm went off by accident she panicked,
wanted to run away, but restrained herself. She started
crying and relived the event again as if it were the first
time. This event woke her up again and triggered her to
seek therapy. She acknowledged that over the last year
after the tsunami she had become fearful, irritable, and
had frequent dreams about the tsunami. She had given
up much of her social life and stopped engaging in as
many activities as she used to do. She catastrophized
events, and had nearly become phobic. She was afraid
of dying and often felt numb. Her friend is OK, but
she feels depressed and thinks that she will contract
an illness so that she cannot raise her little daughter.

For DSM-V the proposed symptoms of PTSD are
divided into five discrete and different categories:

A. Definition of the traumatic event
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B. Intrusion symptoms associated with the traumatic

event(s) (that began after the traumatic event)
C. Persistent avoidance of stimuli associated with the

traumatic event(s) (that began after the traumatic
event(s)
D. Negative alterations in cognitions and mood that

are associated with the traumatic event(s) (that
began or worsened after the traumatic event
E. Alterations in arousal and reactivity associated with

the traumatic event(s) (that began or worsened after
the traumatic event.
At least one symptom of re-experiencing is required for
the diagnosis, including recurrent and intrusive distres-
sing recollections of the event, recurrent distressing
dreams of the event, acting or feeling as if the traumatic
event were recurring, intense psychological distress at
exposure to internal or external cues that resemble an
aspect of the traumatic event, or physiological reactivity
upon exposure to internal or external cues that symbolize
an aspect of the traumatic event. One avoidance symp-
tom is required, including thoughts, feelings, or physical
sensations that arouse recollections of the traumatic
event(s); activities, places, physical reminders, or times
(e.g., anniversary reactions) that arouse recollections
of the traumatic event(s); and people, conversations, or
interpersonal situations that arouse recollections of the
traumatic event. The third cluster consists of negative
alterations in cognitions and mood with inability to re-
member an important aspect of the traumatic event(s)
(typically dissociative amnesia; not due to head injury,
alcohol, or drugs); persistent and exaggerated negative
expectations about one’s self, others, or the world (e.g.,
“I am bad,” “no one can be trusted,” “I’ve lost my soul
forever,” “my whole nervous system is permanently
ruined,” “theworld is completely dangerous”); persistent
distorted blame of self or others about the cause or
consequences of the traumatic event(s); pervasive nega-
tive emotional state, for example fear, horror, anger,
guilt, or shame; markedly diminished interest or parti-
cipation in significant activities; feeling of detachment
or estrangement from others; and persistent inability to
experience positive emotions (e.g., unable to have loving
feelings, psychic numbing).

At least two of these symptoms are required, includ-
ing difficulty falling or staying asleep, irritability or out-
bursts or anger, difficulty concentrating, hypervigilance,
or an exaggerated startle response. The duration of the
disturbance needs to bemore than 1 month and the symp-
toms must be associated with significant distress or
impairment in social, occupational, or other areas of
functioning. DSM categorized three subtypes of the
disorder: acute, chronic, and a subtype with delayed on-
set. PTSD is described as delayed onset if the symptoms
appear more than 6 months after the event has passed.

When the time course of PTSD symptoms is consid-
ered, the re-experiencing cluster peaks early but then
starts to decline (Schell et al., 2004). Hyperarousal
symptoms tend to precede and strongly predict subse-
quent emotional numbing (Bremner et al., 1996a, b; Litz
et al., 1997; Weems et al., 2003). It has been hypothesized
that emotional numbing is the patient’s response to pro-
longed hyperarousal leading to emotional exhaustion
and the depletion of cognitive and emotional resources
(Weems et al., 2003). In fact, there is evidence that the
level of hyperarousal is a strong predictor of all three
other symptom clusters, and of a lack of improval of
PTSD symptoms in the long term (Schell et al., 2004).
Hyperarousal also appears to play a major role in the
attention and memory deficits found in PTSD patients
(Vasterling et al., 1998; Bremner et al., 2004), and in
the explosive anger that is readily triggered in male com-
bat veterans with PTSD (Chemtob et al., 1997). Interest-
ingly, in traumatized motor vehicle accident victims who
initially met PTSD criteria, avoidance and numbing
symptoms had significantly declined after 6 months,
when half of the patients no longer met full PTSD
criteria, whereas hyperarousal symptoms had not de-
clined (Blanchard et al., 1995).
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Delayed-type PTSD: incubation time?

Recent studies have indicated that delayed-onset PTSD
(i.e., the development of PTSDmore than 6months post-
trauma) is generally characterized by subsyndromal
diagnoses within the first 6 months. Clinicians should
consider subthreshold diagnoses as potential risk factors
for delayed-onset PTSD (Carty et al., 2006).Typically,
two phenomena can be seen: (1) patient’s delay and (2)
doctor’s delay. The patient’s delay can be due to denial,
overcompensation, or shame. Patients can engage in
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self-medication, work many hours, and get used to an-
other social life. The doctor’s delay typically occurs
when the consultation is focused on one symptom,
and there is no track record or relation to preceding
events. In 2001 in a Dutch sample of veterans the total
delay was 9 years, and the ratio of patient’s to doctor’s
delay was 3:1. Typcially in this sample it was a partner,
spouse, or mother who urged the patient to seek
treatment.

Symptoms of PTSD generally become evident within
the first months following the trauma; sometimes ASD
develops into PTSD. ASD is a rather similar disorder to
PTSD that may occur immediately after traumatic stress
exposure andmay last from 2 days to 4 weeks. ASD also
includes symptoms of dissociation, such as derealiza-
tion and depersonalization, as well as one symptom
from each of the PTSD symptom clusters. Both the
occurrence of dissociative symptoms at the time of
trauma and their duration afterward predict later PTSD,
as well as dissociative reactions to subsequent trauma
(Bremner and Brett, 1997; Classen et al., 1998). Brewin
et al. (1999) found that ASD diagnosis predicts 83% of
cases of PTSD at 1 year. This study also found that re-
experiencing and hyperarousal (but not avoidance) were
equally adept at predicting the development of chronic
PTSD. Most individuals who, shortly after trauma, ex-
press symptoms of PTSD recover within 1 year of their
traumatic experiences (Kulka et al., 1990). In contrast,
those who remain ill for 1 year rarely recover completely
(Freedman et al., 1999). In many individuals, PTSD can
be a chronic disorder that they take with them to the
grave, putting a burden on physical and mental health
and also on health providers (Blank, 1993; Friedman
and Schnurr, 1995; Solomon and Davidson, 1997).

BIOLOGICAL AND CLINICAL FRAMEWORK
Comorbid conditions associated with PTSD

Psychological trauma can have more consequences than
the current PTSD criteria would suggest. PTSD is
frequently comorbid with other psychiatric disorders,
such as depression, substance abuse, and anxiety disor-
ders. These comorbid disorders may predate PTSD, may
be related to traumatic stress, or may be a reflection of
inadequacies of our diagnostic schema. For example,
data from the National Vietnam Veterans Readjustment
Study (Kulka et al., 1990, 1991) show that 98% of
patients with Vietnam combat-related PTSD have a co-
morbid lifetime psychiatric disorder. Studies to date
show an increased risk for comorbid anxiety disorders
(agoraphobia, panic disorder, OCD, social phobia) as
well as major depressive disorder (MDD), somatization
disorder, and substance-related disorder in PTSD (for a
review, see Keane and Kaloupek, 1997; Weathers and
Keane, 1999). Clinicians assessing victims of chronic
interpersonal trauma need to be particularly aware that
the presentation may very well include many problems
other than the core symptoms of PTSD. Comorbidity
may also reflect a more general vulnerability to psycho-
pathology that renders some individuals more suscepti-
ble to developing a variety of disorders, including PTSD
(Weathers and Keane, 1999).

Depression is one of the disorders that often occur in
conjunction with PTSD (Momartin et al., 2004). Workers
in the PTSD field have long been forced to explain the
comorbidity of depression in patients with PTSD. How-
ever, Koren and colleagues (1999) have used a prospec-
tive design in stress survivors, showing that depression
and non-PTSD anxiety disorders develop in conjunction
with PTSD. This is consistent with other data, e.g., from
the National Vietnam Veterans Readjustment Study and
Australian veterans from the Korean war, which showed
that rates of depression and anxiety disorders (as well as
alcohol and substance abuse) are increased in combat
veterans with PTSD (Kulka et al., 1990; Ikin et al., 2010).
Zimmerman and Mattia (1999) investigated whether an
association exists between psychotic subtyping of MDD
and PTSD. They interviewed 500 psychiatric outpatients
using the Structured Clinical Interview for DSM-IV. Al-
most half of these patients had MDD (n ¼ 235). Nine-
teen percent of this sample met criteria for PTSD. These
results indicate that the presence of psychosis in psy-
chiatric outpatients with MDD is associated with con-
current PTSD. Clearly, trauma results in a range of
outcomes, and although PTSD patients may meet symp-
tom criteria for other psychiatric disorders (e.g., major
depression), they may not be equivalent to nontrauma-
tized patients with these disorders.

From a practical assessment perspective, comorbid
disorders complicate differential diagnosis and treat-
ment planning. For example, PTSD and depression share
anhedonia, sleep disturbance, and impaired concentra-
tion as core diagnostic criteria, and there is an arguable
overlap in terms of restricted range of affect, impair-
ment in personal functioning, and guilt. Interestingly,
there are no explicit exclusion criteria for PTSD as there
are for other Axis I disorders.

A close relationship also exists between PTSD, dis-
sociation, somatization, and a variety of other medical
problems (see below). Some authors have argued that
chronic interpersonal trauma, especially with childhood
onset, such as incest, physical abuse, torture, or neglect,
leads to a much broader range of symptoms, often with
dissociative features, described as complex PTSD
(C-PTSD) (Herman, 1992; Van der Kolk et al., 1996;
Van der Hart et al., 2005; Cloitre et al., 2009). C-PTSD
transcends current formulations of PTSD in three main
areas of disturbance: (1) complex symptom presenta-
tions; (2) characterological issues; and (3) vulnerability
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to repeated trauma. Individuals with PTSD may also ex-
perience profound feelings of guilt and may blame
themselves for surviving when others did not, keeping
the guilt inside. This conflict, in its most acute presenta-
tion, typically resembles an agitated depression and is
described as being associated with frequent dreams of
friends dying (e.g., in battle) and by avoidance of inter-
personal intimacy because they fear the other party may
abandon them or die (Glover, 1984; Henning and Frueh,
1997). This can also cause phobic avoidance that inter-
feres with daily activities and social interactions. Inter-
personal stressors, such as childhood sexual abuse,
domestic violence, or being held a hostage or a prisoner
of war, may be associated with a constellation of
impaired affect modulation, self-destructive and impul-
sive behavior, dissociative symptoms, feelings of inef-
fectiveness, difficulties in sexual involvement, shame,
despair, or hopelessness. It may also led to feeling
permanently damaged, a loss of previously sustained
beliefs, hostility, social withdrawal, feeling constantly
threatened, and impaired relationships with others, or
may induce a change away from the individual’s previ-
ous personality characteristics (DSM-IV; APA, 1994).
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Impact on general health

Besides psychiatric morbidity, traumatized individuals
often report poorer physical health, which can at least
partially be confirmed after objective examination
(Centers for Disease Control Vietnam Experience
Study, 1988; Schnurr et al., 1998). Conversely, people
who seek medical care for specific physical health prob-
lems such as gastrointestinal disturbances often turn out
to have a history of sexual and physical abuse or other
lifetime traumas (Leserman et al., 1998). Patients in
whom PTSD is formally diagnosed report more medical
conditions and poorer physical health and vitality result-
ing in significant limitations in daily life, when com-
pared both with normal controls and with patients
with other anxiety disorders or depression (Zayfert
et al., 2002; Frayne et al., 2004). Using a global physical
health index, PTSD patients also have poorer physical
health than traumatized individuals without PTSD; that
is, most of the variance in physical health status follow-
ing traumatic stress is mediated by PTSD (Schnurr and
Green, 2004). While increased physical health problems
in PTSD clearly reduce quality of life, it appears that
increased mortality in veterans with PTSD is mainly
related to behavioral risk factors (Drescher et al.,
2003). Most of the associations of physical health prob-
lems with PTSD are still significant when controlled for
age, socioeconomic status, intelligence, substance
abuse, hypochondriasis, or physical injury (Boscarino,
1997; Weisberg et al., 2002). PTSD status has a stronger
association with these specific physical health problems
than anxiety or depression (Boscarino, 1997; Andreski
et al., 1998; Weisberg et al., 2002), and, where a non-
traumatized control group is included, PTSD is a
stronger predictor of physical health in multiple catego-
ries than trauma alone (Weisberg et al., 2002). Physical
health problems also correlate with the intensity of
hyperarousal and avoidance symptoms (Woods and
Wineman, 2004).
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Dissociation and PTSD

A number of studies of individuals experiencing danger
and/or life threat have shown specific peritraumatic
dissociative changes, including alterations in time sense,
perception, attentional focus, and awareness of pain,
among others (Morgan et al., 2001). In addition, deper-
sonalization has been described in a significant percent-
age of individuals facing acute threat to their life.
Information related to the traumatic experiences is of-
ten differently encoded in these altered states, resulting
in decreased access to information about the trauma
once the person returns to their baseline state. This
may give a subjective sense of “compartmentalization”
of the traumatic experience and/or emotional detach-
ment from the experience. The cost of this detachment
may be avoidance of necessary cognitive and affective
processing of traumatic experience in its aftermath
(Spiegel and Cardena, 1991). Changes in one’s sense
of time and place are common symptoms during a trau-
matic event, as is altered spatial memory, where individ-
uals describe feelings of “losing track of what is going
on around me” and of feeling “detached.” Altered sense
of time, feeling that time either slowed down or sped up,
is the most common peritraumatic dissociative symptom
reported by individuals during or shortly after a trau-
matic event (Noyes and Kletti, 1977; Terr, 1984; Cardena
and Spiegel, 1993; Shalev et al., 1996a).

There has been controversy about whether dissocia-
tion is a normal psychological response or a pathological
symptom seen only in trauma survivors (Putnam et al.,
1996). Part of this controversy relates to the overlap of
dissociation with other constructs, like hypnotizability
and absorption. Both hypnotizability and absorption
(e.g., the capacity to become intensely absorbed in a
movie) are normal personality features that vary in
the general population. Absorption is described as a
tendency to become fully involved in a perceptual imag-
inative or ideational experience. Individuals prone to
this type of experience are more highly hypnotizable
(Tellegen and Atkinson, 1974).

The fact that the dissociative disorders are rarely
used in routine diagnosis highlights the limitations of
our current diagnostic schema for clinical practice.
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Currently, PTSD is a rule-out for dissociative amnesia.
It was found that symptom levels from different disso-
ciative symptom areas (e.g., amnesia, depersonaliza-
tion) are highly correlated with one another (Bremner
et al., 1998), challenging the uniqueness of individual
dissociative disorders. The somewhat artificial separa-
tion of dissociative disorders such as dissociative amne-
sia, dissociative fugue, and depersonalization disorder,
however, contributes to the fact that they are not used in
clinical practice. It remains to be seen to what extent
dissociation is a predictor for therapeutic outcome in
PTSD. Acute dissociative responses to psychological
trauma have been found to predict the development
of chronic PTSD. Moreover, a chronic pattern of disso-
ciation in response to reminders of the original trauma
and minor stressors has been found to develop in per-
sons who experience acute dissociative responses to
psychological trauma. Some authors argue that there
is a specific dissociative subtype of PTSD, with neuro-
biological features that distinguish it from nondisso-
ciative PTSD (Lanius et al., 2010a).

BIOLOGICAL AND CLINICAL FRAMEWORK
Developmental trauma disorder

The availability of developmental trauma disorder has
been suggested as a diagnosis that would improve treat-
ment for children suffering from the consequences of
interpersonal trauma (van der Kolk, 2009). It has been
proposed that it would also reduce variability in children
diagnosed with other disorders, such as attention-deficit/
hyperactivity disorder and bipolar disorder. The disorder
is based upon exposure to developmentally adverse
interpersonal trauma, maltreatment and neglect during
childhood, and which includes the coherent set of devel-
opmental trauma disorder symptoms, and should have
the potential to alert clinicians to the influential role of
childhood trauma in psychopathology. It is proposed that
the criteria for a diagnosis of developmental trauma dis-
order include (Van Der Kolk and d’Andrea, 2010):

1. exposure to childhood interpersonal trauma, includ-

ing emotional abuse, neglect, and other disruptions
in caregiving
2. symptoms in the areas of: (a) affect and impulse

regulation; (b) attention, cognition, and conscious-
ness; (c) self-perception and meaning; (d) inter-
personal relationships; and (e) somatization and
biological dysregulation.
As long as the various symptoms suffered by trauma-
tized individuals are relegated to seemingly discon-
nected diagnoses such as PTSD, attention-deficit/
hyperactivity disorder, bipolar illness, attachment dis-
turbances, borderline personality disorder, and depres-
sion, it may be very difficult systematically and
scientifically to study the full range of possible interven-
tions to help human beings with a history of complex
trauma gain control over their lives.
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Complex PTSD

Some authors argued that PTSD as now formulated
does not go far enough in capturing the psychological
response to traumatic events. The notion of “complex
PTSD” is reviewed as an extension of the current formu-
lations of PTSD (Ide and Paez, 2000; Dorahy et al.,
2009). C-PTSD transcends current formulations of
PTSD in three main areas of disturbance:

1. complex symptom presentations

2. characterological issues

3. vulnerability to repeated trauma.
It is appreciated by clinicians that this disorder should be
considered a superordinate diagnosis.

Herman (1992), pioneer in C-PTSD, coined the term
in her landmark book, Trauma and Recovery, and has
made proposals for its criteria and inclusion in DSM-
V. Herman’s proposed criteria for adult C-PTSD are:

1. Restricted or constricted impulses and exhibited be-

haviors,which include facial expressions andvocal in-
flection expressing emotions. Theremay be problems
with regulating emotions, including chronic sadness,
suicidal ideation, and hidden or explosive anger.
2. Variations in consciousness, such as repressing, sup-

pressing, or reliving traumatic events or dissocia-
tion, detachment from mental or physical processes
3. Alterations in self-perception, including feelings of

helplessness, shame, guilt and/or being different
from others.
4. Differences in relationshipswith others, which can be

isolating, looking for a rescuer, and/or mistrust.
People with C-PTSD may view the perpetrator as
all-powerful or be obsessed with the relationship,
and thismay be accompanied by thoughts of revenge.
5. Somatization, a subconscious process in which psy-

chologicaldistress isexpressedasphysical symptoms.
One of themost common examples is a tension head-
ache when stress is manifested physically.
6. Changes in systems of meaning, which can be felt

as a loss of faith, despair, and/or hopelessness.
People who develop C-PTSD after being held hostage
may also develop the Stockholm syndrome. Hostages
may exhibit signs of loyalty to their captors, despite risks
or dangers in which they were placed. The syndrome
is named after the bank robbery in Norrmalmstorg,
Sweden, when the thieves held employees hostage for
6 days. The victims became emotionally attached to their
captors and defended them after they were released.
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Complicated grief

At present, grief is not recognized as a mental disorder
in DSM-IV or ICD-10. Bereavement is a universal
experience, and its association with excess morbidity
and mortality is well established. Nevertheless, grief
becomes a serious health concern for a relative few.
For such individuals, intense grief persists, is distressing
and disabling, and may meet criteria as a distinct mental
disorder. Bereavement or traumatic grief (involving a
pathological reaction to loss of a loved one) could be
argued to be subsumable under PTSD using current
criteria, since loss of a loved one can be included under
“threat to life of self or a loved one,” although it would
not be under previous criteria of an event “beyond the
range of human experience” (Prigerson et al., 2009).
Murphy et al. (1999) studied the prevalence of PTSD
among parents bereaved by the violent deaths of their
12–28-year-old children. A community-based sample
of 171 bereaved mothers and 90 fathers was followed
for 2 years. Both parents’ gender and children’s causes
of death significantly affected the prevalence of PTSD
symptoms: twice as many mothers and fathers whose
children were murdered met PTSD caseness (full diag-
nostic criteria) compared with accident and suicide
bereavement; symptoms in the re-experiencing domain
were the most commonly reported. PTSD symptoms
persisted over time, with 21% of the mothers and 14%
of the fathers who provided longitudinal data still
meeting caseness criteria 2 years after the deaths.
Towards trauma spectrum disorders?

Perhaps no other diagnostic category has gone through
asmany alterations and permutations as has PTSD. Until
recently, many investigators and clinicians considered
PTSD a product of malingering or a form of personality
disorder (Davidson and Foa, 1991). Over the last 10 or so
years, however, the validity of PTSD has become well
established and it is currently considered one of the most
prevalent and disabling psychiatric disorders in civilian
and military populations. It is still not clear whether
PTSD, as currently conceptualized, is a distinct and
homogeneous category or whether it would be more
accurate to think of PTSD as being part of one or more
dimensions or spectra. PTSD is rarely found alone; it is
often comorbid with several other psychiatric diagnoses,
which calls into question the use of the current catego-
rization of PTSD. Comorbidity patterns also suggest
that, when PTSD is associated with other psychiatric
illness, diagnosis is more difficult and the overall sever-
ity of PTSD is considerably greater.

With regard to a stressor criteria spectrum, the diag-
nostic nomenclature initially only recognized severe
forms of trauma personally experienced. In DSM-IV,
the person’s subjective response and events occurring
to loved ones were included. This has greatly broadened
the stressor criteria by leading to an appreciation of the
range of precipitating stressors and the potential impact
of “low-magnitude” events. Some argue that, given that
responses to trauma vary considerably, a possible spec-
trum includes trauma-related conditions. Traumatic
grief, somatization, ASD and dissociation, personality
disorders (borderline personality disorder), depressive
disorders, and other anxiety disorders all have signi-
ficant associations with PTSD. Consideration of the
severity of symptoms and the range of stressors coupled
with the various disorders precipitated by trauma should
greatly influence scientific research (Moreau and
Zisook, 2002).

To conclude, PTSD is a disorder that is often accom-
panied by comorbid disorders, such as depression, other
anxiety disorders, as well as drug and alcohol abuse and
dependence. The disorder can be viewed as heteroge-
neous, sometimes with complex features that focus on
emotional dysregulation, a developmental trauma per-
spective in case of early-life trauma, and dissociative
components when there are feelings of derealization
and depersonalization. Complicated grief could also
be part of the spectrum that increasingly is understood
as part of trauma spectrum disoders.
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DIAGNOSTIC INSTRUMENTS

Trauma measures vary widely in scope and format,
ranging from self-report checklists assessing the pres-
ence or absence of a limited range of potentially trau-
matic events to comprehensive protocols assessing a
wide range of stressors through both self-report and in-
terview (for an overview of psychological assessment in
PTSD, the reader is referred to Wilson and Keane, 1997;
for an overview of assessment of PTSD in children, see
Donnelly et al., 1999; on assessment in traumatized
adults, see Weathers and Keane, 1999; on forensic as-
sessment, see Sparr and Pitman, 1999). Recommended
clinician-administered instruments with good reliability
and validity include the following.
Structured Clinician Interview for
DSM-IIIR and DSM-IV (SCID;

Spitzer et al., 1990)

The SCID is a comprehensive structured interview that
assesses all of the major Axis I disorders. A revised
module of the original DSM-III-R PTSD module is
now introduced in the DSM-IV section of the SCID. This
module appears to have adequate reliability and validity
(Kulka et al., 1991).
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Diagnostic Interview Schedule
(DIS; Robins et al., 1981)

The DIS is a highly structured, comprehensive interview
designed for use by lay interviewers in the context of ep-
idemiological research. Like the SCID, the DIS provides
a standard prompt question for each of the 17 PTSD
symptoms. Each symptom is scored dichotomously on
its presence or its absence. The DIS was found to be
one of the best predictors of a clinical diagnosis of PTSD
(Kulka et al., 1991).

Clinician-Administered PTSD Scale
(CAPS; Blake et al., 1995)

The CAPS is a comprehensive scale developed by the US
National Center for PTSD (Blake et al., 1995). It is
intended to be used by clinicians and addresses some
of the limitations of the other instruments. It assesses
the current (DSM-IV-based) 17 core symptoms forPTSD,
aswell as associated symptoms, response validity, overall
symptom severity, and the impact of symptoms on social
and occupational functioning. The CAPS assesses the
frequency and intensity of each symptom on a five-point
scale, yielding continuous and dichotomous scores for
each symptom and across the 17 symptoms. The CAPS
also contains behaviorally anchored prompt questions
and rating scales to help increase the reliability of symp-
tom inquiry and severity ratings. These are specific
guidelines for assessing lifetime diagnostic status. With
its recent revision for DSM-IV, the CAPS is divided
into CAPS-DX, for diagnostic assessment of current
and lifetime PTSD, and CAPS-SX, assessing a 1-week
symptom status. TheCAPS takes significantlymore time
to administer than the other interviews.

PTSD Symptom Scale-Interview
(PSS-I; Foa et al., 1993)

The PSS-I is a structured interview specifically designed
to assess DSM-IIIR PTSD symptoms (Foa et al., 1993).
It contains 17 items; interviewers rate the severity of
each symptom over the past 2 weeks. The severity of
each symptom is rated on a scale from 0 to 3, where
0 is “not at all” and 3 “very much.” A PTSD diagnosis
is obtained by considering symptom ratings of 1 or
higher as present and then following the DSM-III algo-
rithm. The PSS-I has excellent psychometric properties.
The advantages of this scale are that it yields continuous
and dichotomous scores, is easy to administer, and has
good reliability and validity. The disadvantages are that
it only uses one single prompt for each item, its rating
anchors are not explicitly defined, and it assesses
symptoms over a 2-week rather than a 1-month period.
The instrument lacks lifetime diagnostic status.
Structured Interview for PTSD (SI-PTSD;
Davidson et al., 1989)

The SI-PTSD was originally designed to assess both
DSM-III and DSM-IIIR criteria for PTSD (Davidson
et al., 1989). Items consist of initial prompt questions
and follow-up questions that clarify the initial question
with concrete behavioral samples. The severity is rated
on a five-point scale, both for the past month and for
the worst period since the trauma. Descriptors are given
for scale anchors. A total severity score is obtained by
summing ratings of all 17 symptoms, and symptoms
are counted if they are scored as 2 or higher.

PTSD Interview (PTSD-I; Watson
et al., 1991)

The PTSD-I is another structured interview for assessing
the DSM-IIIR criteria for PTSD (Watson et al., 1991).
The scale follows the same course as the other scales ex-
cept its recommended format for administration. Inter-
viewers are instructed to give respondents a copy of the
rating scale, read the questions aloud, and ask respon-
dents to rate themselves.

Life charting for PTSD (the PTSD-LCM;
Osuch et al., 2001)

The life chart method is a way of illustrating the rela-
tionship of life events and treatment interventions to
the longitudinal course of illness. It is a longitudinal,
graphic approach to the symptoms of PTSD. Life chart-
ing is of particular importance in PTSD because this
disorder involves the long-term effect of life events
on a patient’s symptomatology, can wax and wane dra-
matically over time, and frequently overlaps with co-
morbid entities (other anxiety disorders, alcohol and
substance abuse, affective disorders). Accurate depic-
tion of course of illness may yield clues about the
natural history, underlying neurobiology, and phase-
related responses to treatment. Life events are recorded
and scored for subjective impact, ranging from strongly
positive (þ4) to strongly negative (–4). Severity of each
patient’s “positive” and “negative” symptoms of PTSD
(analogous to positive and negative symptoms of schizo-
phrenia or mania and depression in bipolar disorder)
are graphically recorded. The symptoms of PTSD were
simplified into these two general categories to facilitate
recall and rating of their severity. PTSD symptoms
are subjectively reported as mild, moderate, or severe
in retrospective charting.

Life charting can be used in two ways: prospective
and retrospective. Retrospective life charting has the
liabilities of depending on patients’ recall and being
time-consuming. Nevertheless, the utility of such a
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detailed approach is suggested as part of the initial
phases of intake and therapy. Once completed, a life
chart provides a concise longitudinal condensation
from which to consider psychotherapeutic and pharma-
cotherapeutic options. Prospective life charting is a
structured, daily, self-report instrument and depends
on the patient’s ability to assess a variety of symptom
severities that do not have precisely delineated cutoffs,
and to report them accurately (Osuch et al., 2001).

Breslau et al. (1999b) reported a short screening scale
consisting of seven screening symptoms for use in
computer-assisted telephone interviews. They chose five
of the symptoms from the avoidance and numbing
group, and two from the hyperarousal group. A score
of 4 or greater on this scale defined positive cases of
PTSD with a sensitivity of 80%, a specificity of 97%,
a positive predictive value of 71%, and a negative predic-
tive value of 98%, showing that this short screening
scale can be an efficient method to screen for PTSD
in epidemiological and clinical studies with limited bur-
den on respondents (Breslau et al., 1999b).
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Early-life trauma assessment

In order to assess traumatic events that may account for
later-life PTSD, we developed a semistructured
interview (Early Trauma Inventory, ETI; Bremner
et al., 2000, 2007). This assesses traumatic life events
in the first 18 years of life. The questionnaire gives a com-
posite score of four domains of early trauma: natural di-
sasters, emotional trauma, physical trauma, and sexual
trauma. The interview combines narrative and structured
approaches to inquiring about childhood emotional,
physical, and sexual abuse aswell as nonabusive traumas.
Each subsection begins with an open-ended format in
which subjects are asked in a general way about their
experiences related to that domain and are allowed to
tell their story in their own words. Following this initial
introduction, subjects are assessed using a series of struc-
tured questions within that particular domain. The ETI
assesses a wide range of abuse experiences, including
physical abuse items, such as a more common “were
you ever spanked with a hand?” as well as less common
events, such as “were you ever locked in a closet?” The
ETI has a range of sexual abuse items, including “were
you ever exposed to someone flashing?” and “were
you ever forced to have anal sex against yourwill?” Emo-
tional abuse items range from “were you often shouted
at?” to “did your parents or caretakers fail to understand
your needs?” The general trauma component assesses
events ranging from parental loss and natural disaster
to criminal victimization. Data show excellent interrater
reliability. Test–retest studies performed in a patient
and nonpatient population show excellent reliability
(Bremner et al., 2007). For a review of childhood trauma
instruments, see Pietrini et al. (2010).

There have been considerable controversies about the
validity of recall of childhood abuse. There have been
studies that reported long-term correlates of abuse
events that were documented at the time they occurred
(Chu et al., 1999). The relationship between reported
abuse and the historical accuracy of abuse events is
not fully known. Our findings of a strong level of agree-
ment between test and retest administration of ETI,
however, supports the stability of recalled memories
of abuse and other traumas over time. Regardless of
the controversy surrounding the accuracy of reported
abuse, the development of standardized instruments
for the assessment of reported abuse and other traumas,
with demonstrated reliability and validity, will be
beneficial in furthering careful research in this area
(Bremner et al., 1999a).

Several validated trauma assessments are available
that allow quantification of trauma symptomatology.
Special emphasis is for the early trauma assessment,
as there have been controversies surrounding the
accuracy of reported abuse.

THEBIOLOGICALFRAMEWORKINFEAR
PROCESSINGANDSTRESSREGUALTION:

BRAIN, NEUROHORMONAL, AND
TRANSMITTERREGULATION

Animal experimental models

The development of animal models for PTSD is an
important part of advancing our neurobiological under-
standing of the disease process as well as recovery,
resilience, and possible therapeutic targets. Animal
models that are characterized by long-lasting condi-
tioned fear responses as well as generalized behavioral
sensitization to novel stimuli following short-lasting but
intense stress have a phenomenology that resembles
that of PTSD in humans. These models include brief
sessions of shocks, social confrontations, and a short
sequence of different stressors. The paradigm of mater-
nal deprivation or exposure to inescapable stress has
been highly relevant to our understanding of PTSD,
e.g., in the model of inescapable stress, animals are
exposed to repeated stressors, such as electric foot
shock or being forced to swim in cold water. These
stressors result in an acute release of stress-related
neuropeptides, hormones, and transmitters, including
corticotropin-releasing factor (CRF), which activates
the HPA axis to cause release of adrenocorticotropic
hormone (ACTH) and cortisol, norepinephrine, benzo-
diazepines, serotonin (5-HT), dopamine, and opiates.
Subgroups of animals with different behavioral traits
or coping styles during stress exposure show a different
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degree or pattern of long-term sensitization. Weeks to
months after the trauma, treated animals on average
also show a sensitization to novel stressful stimuli of
neuroendocrine, cardiovascular, and gastrointestinal
motility responses as well as altered pain sensitivity
and immune function. Animals exposed to chronic
stressors typically show potentiated release of transmit-
ters with exposure to subsequent stressors. These neuro-
chemical changes are also accompanied by behavioral
changes (sometimes referred to as “learned helpless-
ness”) that are similar to human anxiety, including
increased defecation and avoidance of novel stimuli
such as an open field. Functional neuroanatomical and
pharmacological studies in these animal models have
provided similar evidence for involvement of amygdala
and medial prefrontal cortex, and of brainstem areas
regulating neuroendocrine and autonomic function
and pain processing. They have also generated a number
of neurotransmitter and neuropeptide targets that could
provide novel avenues for treatment in PTSD (Stam,
2007). Thus chronic stress results in long-term abnor-
malities in the neurochemical systems that are necessary
for appropriately coping with stressful situations. Spe-
cific brain areas that play an important role in a variety
of types of memory are preferentially affected by stress
(and mediate the stress response), including amygdala,
hippocampus, hypothalamus, thalamus, medial pre-
frontal and parietal cortex, visual association cortex,
and cingulate (Vermetten and Bremner, 2002a, b)
(Fig. 18.3). These long-standing alterations in biological
stress response systems may underlie symptoms of PTSD
(Charney and Bremner, 2000).
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Based on animal research and current work in clinical
neuroscience of PTSD, a model for a neural circuitry
of anxiety and fear that is also applicable to PTSD has
been described (Charney and Bremner, 2000; Vermetten
andBremner, 2002a,b;Stam,2007;ShinandHandwerger,
2009). The model explains how information related to
a threatening stimulus (e.g., you are being robbed by
two men with knives in a dark alley) enters the primary
senses (sight, smell, touch, hearing), is integrated into
a coherent image that is grounded in space and time,
activates memory traces of previous similar experiences
with the appropriate emotional valence (necessary in order
to evaluate the true threat potential of the stimulus),
and subsequently triggers an appropriate motor response.
Specific brain circuits that mediate these responses
make up the neural circuitry of anxiety and fear and can
be adapted to the field of traumatic stress (Fig. 18.3).
Critical processes in these circuits include failure of
inhibition, stress sensitization, and fear condition. The
critical brain structures are hippocampus, amygdala,
and orbitifrontal cortex.

In the developmental trajectory of human fear or
anxiety, afferent sensory input enters through the eyes,
ears, nose, sense of touch, the body’s own visceral infor-
mation, or any combination of these. These sensory in-
puts are relayed through the dorsal thalamus to cortical
brain areas, such as primary visual (occipital), auditory
(temporal), or tactile (postcentral gyrus) cortical areas.
Olfactory sensory input, however, has direct inputs to
the amygdala and entorhinal cortex (Turner et al.,
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1978). Input from peripheral visceral organs is relayed
in the brainstem to the locus ceruleus, the site of the
majority of the brain’s noradrenergic neurons, and from
here to central brain areas.

These brain areas have projections to multiple areas,
including amygdala, hippocampus, entorhinal cortex,
orbitofrontal cortex, and cingulate, that are involved
in mediating memory and emotion (Vogt and Miller,
1983). Cognitive appraisal of potential threat is also an
important aspect of the stress response. The cognitive
response to threat involves placing the threatening object
(man/knife) in space and time. Specific brain areas
are involved in these functions (such as localizing an
object in space, visuospatial processing, memory, cogni-
tion, action, or planning). The anterior cingulate gyrus
(Brodmann area 32) is involved in selection of responses
for action as well as emotion (Devinsky et al., 1995). This
area and other medial portions of the prefrontal cortex,
including area 25 and orbitofrontal cortex, modulate
emotional and physiological responses to stress and
are discussed in more detail below.

Another important aspect of the stress response is
incorporation of a person’s previous experience (mem-
ory) into the cognitive appraisal of stimuli. For example,
if you are approached in a potentially threatening situa-
tion, it will be important to determine whether the face
of the person is someone known to you or is a stranger
who may be more threatening. In addition, it is impor-
tant to place the situation in time and place. Entering
a dark alleyway may trigger prior memories of being
robbed, with associated negative emotions and physio-
logical arousal. These memories may have survival
value, in that the individual will avoid the situation
where the previous negative event took place. Finally,
it is critical to lay down effectively memory traces
related to a potential threat in order to avoid this type
of threat in the future.
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HIPPOCAMPUS

The hippocampus, which is particularly vulnerable to
stress, plays an important role in memory. The hippo-
campus and adjacent cortex mediate declarative mem-
ory function (e.g., recall of facts and lists) and have
been hypothesized to play an important role in integra-
tion of memory elements at the time of retrieval and in
assigning significance for events within space and time
(Squire and Zola-Morgan, 1991). The hippocampus also
plays an important role in mediating emotional
responses to the context of a stressor, e.g., in animal
studies, lesions of the hippocampus disrupted the for-
mation of emotional memories of the context (i.e., the
box) where the stressor (i.e., electric footshock) took
place (Kim and Fanselow, 1992; Phillips and LeDoux,
1992). High levels of glucocorticoids released during
stress were also associated with damage to the CA3
region of the hippocampus (Uno et al., 1989; Sapolsky
et al., 1990) as well as related deficits in memory
(McEwen et al., 1992; Arbel et al., 1994; Luine et al.,
1994; reviewed in more detail below).

With long-term storage, memories are felt to be
shifted from hippocampus to the neocortical areas,
where the initial sensory impressions take place (Squire
and Zola-Morgan, 1991). The shift in memory storage
to the cortex may represent a shift from conscious repre-
sentational memory to unconscious memory processes
that indirectly affect behavior. “Traumatic cues” such
as a particular sight or sound reminiscent of the original
traumatic event will trigger a cascade of anxiety and
fear-related symptoms will ensue, often without con-
scious recall of the original traumatic event. In patients
with PTSD, however, the traumatic stimulus is always
potentially identifiable. Symptoms of anxiety in panic
or phobic disorder patients, however, may be related to
fear responses to a traumatic cue (in individuals who
are vulnerable to increased fear responsiveness, through
either constitution or previous experience),where there is
no possibility that the original fear-inducing stimuluswill
ever be identified.
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AMYGDALA

The amygdala is involved in memory for the emotional
valence of events. The paradigm of conditioned fear has
been utilized as an animal model for stress-induced
abnormalities of emotional memory (Davis, 1992). Con-
ditioned fear, in which pairing of a neutral (“condi-
tioned”) stimulus to a fear-inducing (“unconditioned”)
stimulus results in fear responses to the neutral (“condi-
tioned”) stimulus alone, has been used as a probe of
amygdala function (LeDoux, 1993). Lesions of the cen-
tral nucleus of the amygdala have been shown to block
fear conditioning completely (Hitchcock and Davis,
1986; Hitchcock et al., 1989), while electrical stimulation
of the central nucleus increases acoustic startle (Rosen
and Davis, 1988). The central nucleus of the amygdala
projects to a variety of brain structures via the stria
terminalis and the ventral amygdalofugal pathway.
One pathway is from the central nucleus to the brain-
stem startle reflex circuit (nucleus reticularis pontis
caudalis). Pathways from the amygdala to the lateral
hypothalamus affect peripheral sympathetic responses
to stress (Iwata et al., 1986). Electrical stimulation of
the amygdala in cats resulted in peripheral signs of
autonomic hyperactivity and fear-related behaviors seen
in the wild when the animal is being attacked or is attack-
ing, including alerting, chewing, salivation, piloerection,
turning, facial twitching, arching of the back, hissing,
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and snarling, associated with an increase in catechol-
amine turnover (Hilton and Zbrozyna, 1963). Electrical
stimulation of the amygdala in human subjects resulted
in signs and symptoms of fear and anxiety, including an
increase in heart rate and blood pressure, increased
muscle tension, subjective sensations of fear or anxiety,
and increases in peripheral catecholamines (Chapman
et al., 1954; Gunne and Reis, 1963). These findings dem-
onstrated that the amygdala plays an important role in
conditioned fear and emotional responding, as well as
modulating peripheral stress responses. There are also
important connections between cortical association
areas, thalamus, and amygdala that are important in
shaping the emotional valence of the cognitive response
to stressful stimuli (LeDoux et al., 1988; Ehrlich et al.,
2009). In addition to thalamocortico-amygdala con-
nections, there are direct pathways from thalamus to
amygdala, which could account for fear responding
below the level of conscious awareness (Romanski
and LeDoux, 1992).

FRONTAL CORTEX

Frontal cortical areas modulate emotional responsive-
ness through inhibition of amygdala function, and we
have hypothesized that dysfunction in these regions
may underlie pathological emotional responses in
patients with PTSD and possibly other anxiety disorders.
Medial prefrontal cortex (area 25) (subcallosal gyrus)
has projections to the amygdala that are involved in
the suppression of amygdala responsiveness to fearful
cues. Dysfunction of this area may be responsible for
the failure of extinction to fearful cues, which is an
important part of the anxiety response (Morgan and
LeDoux, 1995). This area is involved in regulation of
peripheral responses to stress, including heart rate,
blood pressure, and cortisol response (Roth et al.,
1988). Finally, case studies of humans with brain lesions
have implicated medial prefrontal cortex (including
orbitofrontal cortex, area 25, and anterior cingulate area
32) in “emotion” and socially appropriate interactions
(Damasio et al., 1994). Auditory association areas (tem-
poral lobe) have also been implicated in animal studies
as mediating extinction to fear responding (Jarrell
et al., 1987; Romanski and LeDoux, 1992). As reviewed
later, several studies found dysfunction of medial pre-
frontal cortex and with traumatic reminders in PTSD
(Francati et al., 2007).

OTHER BRAIN STRUCTURES

A final component of the stress response involves prep-
aration for a response to potential threat. Preparation
for responding to threat requires integration between
brain areas involved in assessing and interpreting the
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potentially threatening stimulus, and brain areas in-
volved in response. For instance, prefrontal cortex and
anterior cingulate play an important role in the planning
of action and in holding multiple pieces of information
in “working memory” during the execution of a re-
sponse (Goldman-Rakic, 1988). Parietal cortex and pos-
terior cingulate are involved in visuospatial processing,
which is an important component of the stress response.
Motor cortex may represent the neural substrate of
planning for action. The cerebellum has a well-known
role in motor movement, which would suggest that this
region is involved in planning for action; however,
recent imaging studies are consistent with a role in cog-
nition as well (Ashkoomoff and Courchesne, 1992).
Connections between parietal and prefrontal cortex
are required in order to permit the organism to execute
motor responses to threat rapidly and efficiently. It is
therefore not surprising that these areas have important
innervations to precentral (motor) cortex, which is re-
sponsible for skeletal motor responses to threat, which
facilitate survival. The striatum (caudate and putamen)
modulates motor responses to stress. The dense innerva-
tion of the striatum and prefrontal cortex by the amyg-
dala indicates that the amygdala can regulate both of
these systems. These interactions between the amygdala
and the extrapyramidal motor system may be very im-
portant for generating motor responses to threatening
stimuli, especially those related to prior adverse experi-
ences (McDonald, 1991a, b).

Central and peripheral neurohormonal
regulation

NOREPINEPHRINE

Norepinephrine release in the brain represents an imp-
ortant part of the stress response (for reviews, see
Bremner et al., 1996a, b). The majority of noradrenergic
cell bodies are located in the brainstem, in the locus
ceruleus region of the mesencephalon, with axons that
extend throughout the cerebral cortex and to multiple
subcortical areas. Neurons in the locus ceruleus are
activated in association with fear and anxiety states
(Abercrombie and Jacobs, 1987; Redmond, 1987), and
the limbic and cortical regions innervated by the locus
ceruleus are those thought to be involved in the elabora-
tion of adaptive responses to stress. Stressors such as a
cat seeing a dog result in an increase in firing of neurons
in the locus ceruleus (Levine et al., 1990) and enhanced
locus ceruleus region of the release in the hippocampus
(Nisenbaum et al., 1991; Petty et al., 1993) and medial
prefrontal cortex (Finlay et al., 1995).

Stress sensitization refers to a stressor-induced
increase in behavioral, physiological, and biochemical
responding to subsequent stressors of the same or lesser
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magnitude. For example, chronically stressed animals
had increased norepinephrine release in hippocampus
with subsequent stressors (Abercrombie et al., 1989).
Significantly greater behavioral, cardiovascular, and
biochemical responses to equivalent doses of yohimbine
in combat veterans with PTSD compared with healthy
controls are an example of evidence supporting this
model (Southwick et al., 1993, 1999). It has been pro-
posed that multiple neurobiological systems, including
catecholamine systems and the HPA axis, can become
sensitized over time by traumatic stress and as a result
contribute to PTSD symptoms such as hypervigilance,
poor concentration, insomnia, exaggerated startle re-
sponse, and intrusive memories. It has been proposed
that this facilitation of memory is caused by endogenous
neuromodulators, such as epinephrine and norepineph-
rine, which are released during arousing and stressful
circumstances. Overstimulation of these stress-related
neuromodulators during traumatic events can cause
overconsolidation and deeply engraved memories for
the event.
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DOPAMINE, SEROTONIN, BENZODIAZEPINES,
AND NEUROPEPTIDES

The role of dopamine, 5-HT, benzodiazepines, and
neuropeptides will not be reviewed here in detail.
Readers are referred to findings in the dopaminergic
innervation of the medial prefrontal cortex, which
appears to be particularly vulnerable to stress (for a
review, see Thierry et al., 1998). The effects of stress
on 5-HT systems have been studied less thoroughly than
those on noradrenergic systems. Although there are only
a limited number of early studies of serotonergic func-
tion in PTSD (Davis et al., 1997; Southwick et al., 1997;
Maes et al., 1999a), there is a large body of indirect ev-
idence suggesting that this neurotransmitter may be im-
portant in the pathophysiology of trauma-related
symptomatology. In humans, low 5-HT functioning
has been associated with aggression, impulsivity, and
suicidal behavior. Patients with PTSD are frequently de-
scribed as aggressive or impulsive and often suffer from
depression, suicidal tendencies, and intrusive thoughts
that have been likened to obsessions. Endogenous benzo-
diazepines also play an important role in the stress re-
sponse and anxiety (for a review, see Guidotti et al.,
1990). Benzodiazepine receptors are present throughout
the brain with the highest concentration in cortical gray
matter. Several neuropeptides also mediate the response
to stress. Cholecystokinin is an anxiogenic neuropeptide
present in the gastrointestinal tract as well as the brain
and has recently been suggested as a neural substrate
for human anxiety. Stress is associated with an increase
in endogenous opiate release (Madden et al., 1977;
Maier et al., 1981) with decreased density of mu-opiate
receptors (Stuckey et al., 1989), which may mediate the
analgesia associated with stress. Other neuropeptides
under investigation that appear to play a role in the stress
response are neuropeptide Y, somatostatin, and thyro-
tropin. Stress also has important effects on the
immune system that are not reviewed here in detail.
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THE HYPOTHALAMIC–PITUITARY–ADRENAL AXIS

IN THE STRESS RESPONSE

The HPA axis is the most critical component of the
stress response system. CRF is released from the para-
ventricular nucleus (PVN) of the hypothalamus, causing
release of ACTH from the pituitary, which stimulates
release of cortisol (the major stress hormone) from
the adrenals. This axis is involved in a negative-feedback
loop that regulates cortisol release (as well as regulatory
feedback with the noradrenergic system, which is
discussed in more detail below).

Acute stress of many types results in release of CRF
as well as ACTH and cortisol. The mechanism responsi-
ble for transient stress-induced hyperadrenocorticism
and feedback resistance may involve a downregulation
of glucocorticoid receptors (GRs: Herman et al., 1984;
Sapolsky and Plotsky, 1990). High glucocorticoid levels
(such as those elicited by acute stress) decrease the num-
ber of hippocampal GRs, resulting in increased cortico-
sterone secretion and feedback resistance. Following
stress termination, when glucocorticoid levels decrease,
receptor numbers are increased and feedback sensitivity
normalizes (Sapolsky et al., 1984a, b). The effects of
chronic stress on ACTH and corticosterone secretion
vary depending on the experimental paradigm. It has
been reported that an adaptation to chronic stress may
occur, resulting in decreased plasma ACTH and cortico-
sterone levels compared with levels following a single
stressor (Kant et al., 1987). However, some early inves-
tigations have also revealed enhanced corticosterone
secretion after chronic stressor regimens (Irwin et al.,
1986). There is also ample evidence that the experience
of prior stress may result in augmented corticosterone
responses to a subsequent stress exposure (Dallman
and Jones, 1973; Caggiula et al., 1989). It is not known
which factors determine whether adaptation or sensiti-
zation of glucocorticoid activity will occur following
chronic stress (Yehuda et al., 1991). The HPA axis has
important functional interactions with the norepine-
phrine system that facilitate a sophisticated range of re-
sponses to stress. Glucocorticoids have shown to inhibit
stress-induced activation of catecholamine synthesis in
the PVN (Pacak et al., 1993, 1995; Vetrugno et al.,
1993). CRF increases activity of the locus ceruleus
(Valentino and Foote, 1988), and CRF injected into the
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locus ceruleus intensified anxiety-related responses
(Butler et al., 1990). These findings supported the notion
that CRF serves as an excitatory neurotransmitter in the
locus ceruleus, which may represent the pathway for the
behavioral effects of CRF.

Linkage with other neurobiological systems

Coordinated functional interactions between the HPA
axis and noradrenergic neuronal systems may be critical
in promoting adaptive responses to stress, anxiety, or
fear. CRF increases locus ceruleus firing, resulting in
enhanced norepinephrine release in cortical and subcor-
tical areas throughout the brain. The PVN of the hypo-
thalamus, the site of the majority of CRF-containing
neurons in the hypothalamus, is an important site in
effecting cardiovascular and neuroendocrine responses
to stress. Norepinephrine increases CRF in the PVN
of the hypothalamus. In chronically stressed animals,
the locus ceruleus (as opposed to other norepinephrine
neurons in the medulla) may be preferentially respon-
sible for norepinephrine release in the PVN. Increased
CRF release from the PVN resulted in stimulation of
ACTH secretion from the pituitary and consequently
cortisol release from the adrenal gland. High levels
of circulating cortisol act through a negative-feedback
pathway to decrease both CRF and norepinephrine
synthesis at the level of the PVN. Glucocorticoid inhibi-
tion of norepinephrine-induced CRF stimulation may
be evident primarily during stressor-induced cortisol
release and not under resting conditions. High levels
of cortisol likely inhibit the effects of norepinephrine
on CRF release from the PVN, serving to restrain the
stress-induced neuroendocrine and cardiovascular
effects mediated by the PVN. Norepinephrine, cortisol,
and CRF thus appear to be tightly linked in a func-
tional system that offers a broad homeostatic/allostatic
mechanism for coping with stress.

LONG-TERMALTERATIONS IN
NEUROBIOLOGICAL SYSTEMS IN PTSD

Introduction

An understanding of the biological basis of PTSD
requires an examination of the underlying neurobiology
of fear as well as the factors that might contribute to an
unsuccessful termination of the fear response in some
individuals. Several factors may lead to an inadequate
termination of a stress response, and the failure to con-
tain the biological alterations initiated by stress may
have long-term adverse consequences on emotion
regulation. In particular, a prolonged continuation
of biological responses following stress may lead to
an inappropriate pairing of the traumatic memory with
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distress and may then initiate a cascade of secondary
biological alterations. In a landmark paper in 1993,
Charney et al. wrote on the psychobiology of PTSD
and described long-lasting alterations in three psycho-
biological domains: (1) stress sensitization; (2) fear con-
ditioning; and (3) failure in extinction.

Their conceptual notions called for clinical empirical
support, which has been provided now by excellent stud-
ies, as several now illustrate. Second is the model that
McEwen has proposed for the understanding of PTSD.
He introduced the “allostasis” concept, i.e., maintaining
homeostasis through change (McEwen, 1998). In this
model the cost of allostasis or allostatic load represented
the outcome of wear and tear of the organism. From this
point of view PTSD is manifested, for example (as will
be described later in this chapter), in noradrenergic
hyperreactivity, dysregulation of the HPA axis (basal
hypocortisolemia, reactive hypercortisolemia, altered
GR, increased responsiveness, or sensitivity to
stressors), dysregulated responsiveness of amygdala,
orbitofrontal dysfunction resulting in failure of extinc-
tion, and in reduced hippocampal volume. The brain is
the key organ of allostatic regulation because its cogni-
tive operations determine what is threatening and there-
fore stressful and also how the physiological and
behavioral responses occur.
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Norepinephrine

PTSD is characterized by tonic autonomic hyperarousal
and increases in autonomic system activity in response
to trauma-relevant stimuli. This increased activity
generally is not observed under baseline or resting con-
ditions but rather in response to a variety of stressors.
It has been suggested that altered reactivity of nor-
adrenergic neurons is associated with a variety of hyper-
arousal and re-experiencing symptoms characteristic of
PTSD. Consistent elevations of heart rate, blood pres-
sure, plasma norepinephrine, and plasma 3-methoxy-
4-hydroxyphenylglycol (MHPG) have not been reported
at baseline in this population but generally have been
reported in response to neuroendocrine and psycholog-
ical challenges. Increased responsivity of noradrenergic
systems is consistent with a sensitization model of PTSD
where biochemical, physiological, and behavioral re-
sponses to subsequent stressors increase over time. It
has been suggested that sensitization of noradrenergic
systems contributes to arousal symptoms in PTSD, in-
cluding hypervigilance, exaggerated startle, anger, and
insomnia. The most frequently used measures are elec-
trodermal activity as presented by skin conductance
levels; skin temperature; responses such as heart rate
and systolic and diastolic blood pressure; and electro-
myographic (EMG) activity of various facial muscles.
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These variables reflect in part activity of the peripheral
sympathetic system. Exposure to traumatic reminders
and neutral scenes utilized in the psychophysiology par-
adigm includes slides, sounds, or scenes similar to the
original trauma or reading scripts that describe what
actually happened during the original trauma. Compar-
isons are made between exposure to trauma-related
material and both the baseline and/or the neutral
exposures.

Over the past 20 years, a large number of psycho-
physiological studies have reported heightened sympa-
thetic nervous system activity in veterans with PTSD.
Some studies proposed to use hormonal ratios or pro-
files, in an effort to increase the diagnostic sensitivity
of neuroendocrine criteria in the differential diagnosis
of psychiatric disoders and in particular the assessment
of PTSD. Mason et al. (1988) described a diagnostic sen-
sitivity of 78% and a specificity of 94% for correct clas-
sification of PTSD in a clinical sample of PTSD patients
(Mason et al., 1988). Their preliminary findings yielded
encouragement for exploring multivariate strategies.
However, no later studies were reported that used this
approach. Exaggerated increases have not been found
in combat veterans without PTSD, in combat veterans
with anxiety disorders other than PTSD, or in response
to generic stressors (such as the film of an automobile
accident) that have never been experienced by the
trauma survivor.

Studies on autonomic arousal show some variability
in their reports. Many of the studies assessing physiolog-
ical characteristics in PTSD have been conducted with
veteran subjects and women with histories of childhood
sexual abuse (Prins et al., 1995; Carlson et al., 1997;
Liberzon et al., 1999; Metzger et al., 1999). A common
finding in these studies was that PTSD patients showed
heightened responsivity to trauma-related cues, consis-
tent with increased norepinephrine responsivity. Patients
with combat-related PTSD were found to have elevated
norepinephrine and epinephrine in 24-hour urine in com-
parison with normal controls and patients with other
psychiatric disorders (Mason et al., 1988; Spivak et al.,
1999). Relative elevations of the norepinephrine metab-
olite MHPG were found in nighttime samples in PTSD
(Mellman et al., 1995). No differences were found, how-
ever, in urinary norepinephrine between patients with
combat-related PTSD and combat-exposed non-PTSD
subjects (Pitman and Orr, 1990) or in baseline levels
of plasma norepinephrine in combat-related PTSD
versus healthy subjects (for a review, see Murberg,
1994). Women with PTSD secondary to childhood sexual
abuse had significantly elevated levels of catechol-
amines (norepinephrine, epinephrine, dopamine) and
cortisol in 24-hour urine samples (Lemieux and Coe,
1995). Sexually abused girls excreted significantly
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greater amounts of catecholamine metabolites, meta-
nephrine, vanillylmandelic acid, and homovanillic acid
than nonsexually abused girls (De Bellis et al., 1994)
and increased in abuse-related PTSD (De Bellis et al.,
1999a, b). Exposure to traumatic reminders in the form
of combat films resulted in increased epinephrine and
norepinephrine release, and increased MHPG with phys-
ical exercise has been found in Vietnam veterans with
PTSD in comparison to healthy subjects (Hamner and
Hitri, 1992). Children with PTSD were found to have
increased orthostatic heart rate response, suggesting
noradrenergic dysregulation (Perry, 1994).

Alterations in HPA axis

HYPO- VERSUS HYPERCORTISOLEMIA

A comprehensive review of HPA function, one of the
most widely studied physiological response systems in
PTSD, is beyond the scope of this chapter. Excellent
recent overviews of earlier literature can be found
(Yehuda, 2001, 2002; de Kloet et al., 2006). While low
basal plasma, urinary, or saliva cortisol was thought to
be an endocrinological hallmark of PTSD (Yehuda,
2002; Oquendo et al., 2003; Luecken et al., 2004; Neylan
et al., 2005), this concept can no longer be maintained in
the wake of more recent findings. Normal (Hawk et al.,
2000;Bonne et al., 2003; Lipschitz et al., 2003;Young and
Breslau, 2004a, b; Young et al., 2004; Otte et al., 2005) or
higher (Lemieux and Coe, 1995; Carrion et al., 2002;
Lindley et al., 2004) basal levels of plasma, urinary, or
saliva cortisol have now also been repeatedly reported.

As well as elevated levels of corticotropin-releasing
hormone (CRH) (Bremner et al., 1997a; Baker et al.,
1999, 2005; Sautter et al., 2003; de Kloet et al., 2008a)
and cortisol (Baker et al., 2005) in cerebrospinal fluid,
and a flattened awakening salivary cortisol response
(Rohleder et al., 2004; Neylan et al., 2005; Yehuda
et al., 2005; Wessa et al., 2006; de Kloet et al., 2007),
different challenge paradigms have been used to explore
HPA axis regulation in PTSD. To measure CRH recep-
tor sensitivity in PTSD, studies assessed the ACTH and
cortisol response to a CRH challenge (Smith et al., 1989;
Rasmusson et al., 2001; Kellner et al., 2003; the results
have been inconclusive, varying from attenuated re-
sponse to an exaggerated response and one study also
showed a normal response.

HYPERREGULATION AND INCREASED FEEDBACK

SENSITIVITY

Studies using the low-dose dexamethasone suppression
test (0.5 mg DST) in PTSD populations are more consis-
tent and show enhanced cortisol suppression (for
review, see de Kloet et al., 2006). Yet, it is not clear if
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the enhanced suppression is a sign of psychopathology,
or a response pattern of a stressed system, since in
trauma controls the same enhanced suppression was
found in a matched control study run on military sub-
jects with PTSD (de Kloet et al., 2007). It could also
be that the trauma controls had not developed PTSD
symptoms yet. Based on accumulation of the most
reported findings a hypothalamic overdrive or “hyper-
regulation” in both upward and downward direction
can be suggested (Bremner et al., 1997b; Risbrough
and Stein, 2006), as well as enhanced GR feedback in-
hibition (Yehuda et al., 2005). While some of the vari-
ability in basal cortisol may relate to measurement
methods (i.e., saliva versus plasma), collection time or
period (Bremner et al., 2007), type of trauma or patient
subgroup, it has recently been suggested that there may
be no static hypo- or hypercortisolism in PTSD, but a
tendency of HPA tone to “hyperregulate.” Basal cortisol
at any given moment could depend on the current stress-
fulness of the living environment and the degree of
emotional engagement versus disengagement/with-
drawal, i.e., coping strategy (Mason et al., 2001, 2002).

This hyperregulation is also reflected by increased
feedback sensitivity of the HPA axis. A more consistent
finding than low basal cortisol in PTSD is a hypersup-
pression of plasma cortisol and its main secretagogue
ACTH in response to a low dose of the synthetic gluco-
corticoid dexamethasone (Heim et al., 1998; Yehuda,
2002; Duval et al., 2004; Yehuda et al., 2004; de Kloet
et al., 2007). Although normal dexamethasone suppres-
sion of the HPA axis has also been reported (Lipschitz
et al., 2003; Lindley et al., 2004), the salivary cortisol
measures used in those studies may be less reliable in
measuring subtle differences in feedback sensitivity
than cortisol measurement in blood samples (Reynolds
et al., 1998). Enhanced suppression of basal HPA axis ac-
tivity could depend on increased expression of the GR
(Yehuda et al., 2004), which mediates the negative-
feedback effects of cortisol, with mineralocorticoid
receptor function probably being normal (Kellner et al.,
2002). Since dexamethasone probably does not reach
significant receptor occupancy in the brain in humans
after peripheral administration (Cole et al., 2000), the
dexamethasone hypersuppression seen in PTSD is proba-
bly mediated on the level of the pituitary. This does not
exclude the possibility that GR function on the level of
the brain is also altered in PTSD (de Kloet et al., 2007).

Chronobiological analysis of basal plasma cortisol
levels in PTSD also provides evidence for a tighter reg-
ulation and greater circadian signal-to-noise ratio,
reflecting sensitization, whereas depressed patients
have a less rhythmic, more chaotic pattern of cortisol
release than controls, a pattern more consistent with
desensitization.
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ROLE OF COMORBIDITY

Whether or not PTSD patients have comorbid, active
depression may not affect basal cortisol or dexametha-
sone suppression, but comorbid depression does seem to
affect HPA axis responses to administration of the
ACTH secretagogue CRF. In female PTSD patients with
past, but not current, major depression, the plasma
ACTH and cortisol response to exogenous CRF is
greater than that in controls (Rasmusson et al., 2001).
In contrast, female PTSD patients with current major
depression show smaller ACTH and cortisol responses
to exogenous CRF and a slightly smaller cortisol re-
sponse to exogenous ACTH (Heim et al., 2001). Interest-
ingly, women with comorbid PTSD and chronic pelvic
pain, without depression, also show a lower cortisol
response to CRF (Heim et al., 1998). Thus, as far as
responsivity to CRF goes, the effect of comorbid active
major depression or certain somatic complaints seems to
prevail over that for PTSD alone.

SUBGROUPS IN DEX/CRH

We compared the response to a dexamethasone (DEX)/
CRH test between male veterans with PTSD (n ¼ 26)
and male veterans, who had been exposed to similar
traumatic events during their deployment, without
PTSD (n ¼ 23). Patients and controls were matched
on age, year, and region of deployment. Additionally,
we compared the response of PTSD patients with
(n ¼ 13) and without comorbid MDD (n ¼ 13). We
found no significant differences in ACTH and cortisol
response to the DEX/CRH test between patients and
controls. Yet, PTSD patients with comorbid MDD
showed a significantly lower ACTH response compared
to patients without comorbid MDD (de Kloet et al.,
2008b) (Fig. 18.4). Altered sensitivity of the CRH recep-
tors at the pituitary or differences in arginine vaso-
pressin secretion might explain these differences in
response. It demonstrated the need to look into sub-
groups of the disorder, since there may be heterogeneity
within the biological response pattern. There may be
fundamental differences in basal HPA axis regulation
between patients with depression alone and patients with
PTSD with or without comorbid depression. In depres-
sion without PTSD, higher basal plasma cortisol is more
common, and dexamethasone suppression is generally
reduced rather than enhanced (dexamethasone resis-
tance) (Parker et al., 2003).

OTHER STRESSFUL CHALLENGES

While literature on the basal regulation of the HPA axis
in PTSD is abundant, surprisingly few studies have
examined the response of the system to controlled,
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Fig. 18.4. Adrenocorticotropic hormone (ACTH) and cortisol responses to the dexamethasone (DEX)/corticotropin-releasing

hormone (CRH) test. The plasma ACTH and cortisol levels (t0) in response to 1.5 mg DEX were log-transformed and compared

using an independent sample t-test between posttraumatic stress disorder (PTSD) patients and controls, and between PTSD

patients (n ¼ 13) with (PTSD þ MDD) and without (n ¼ 13) current major depressive disorder (PTSD – MDD). Area under

the response curve (AUCr) and delta were compared using a nonparametric test (Mann–Whitney U) between groups. Data are

expressed as mean and standard error of the mean. (Reproduced from de Kloet et al., 2008b.)

316 E. VERMETTEN AND R.A. LANIUS
external stressful challenges. Two studies showing in-
creased plasma cortisol compared to that in healthy con-
trols after traumatic reminders (Elzinga et al., 2003) or a
cognitive challenge (Bremner et al., 2003) are compli-
cated by the fact that cortisol levels are already higher
before the stress challenge starts. The relative cortisol
response to the challenges on top of the higher baseline
is not different from controls, even though heart rate,
skin conductance, and epinephrine and norepinephrine
responses to traumatic reminders are greater in the
PTSD group (Elzinga et al., 2003). Similarly high initial
plasma cortisol, as well as high plasma catecholamines,
heart rate, and skin conductance, are found before ex-
posure of veterans with PTSD to combat sounds (condi-
tioned stimuli) (Liberzon et al., 1999). It is of course
possible that this higher baseline masks differential
responsivity to the following challenge, or that the actual
laboratory challenges used are too mild (do not match
the intensity that was anticipated). It is also possible that
in those studies in which higher basal cortisol levels are
reported this may be the result of increased reactivity to
daily stressful experiences.
SUMMARY OF HPA AXIS

Taken together, there is evidence for a sensitized
feedback regulation of the HPA axis in PTSD. Although
increased reactivity of the HPA axis to laboratory
stressors in PTSD patients has not been conclusively
demonstrated, increased “basal” plasma cortisol levels
before the stress challenge may reflect a form of antic-
ipatory anxiety that is in itself a sign of generalized
sensitization. Animal models of maternal deprivation
have shown enhanced cortisol reactivity in later life,
but in some models an initial hyporeactivity of cortisol
secretion at younger ages is also observed. The question
now remains whether this is bad or good? There are
questions that remain unanswered: Is attenuated cortisol
reactivity actually a predisposing factor for PTSD? Or
is inadequate cortisol release unable to contain an
exaggerated initial stress reaction?
Memory function

Numerous studies have demonstrated explicit and
working memory deficits related to PTSD. Descriptions
from all wars of the 20th century document alterations
in memory occurring in combat veterans during or after
the stress of battle. These include the forgetting of
one’s name or identity and the forgetting of events that
had just taken place during the previous battle. Amnestic
memory disturbances should not be confused with
deficits in short-term memory. Explicit memory is
expressed on tests that require conscious recollection
of previous experiences (e.g., free recall). Implicit mem-
ory is revealed when these experiences affect
performance on a test that does not require conscious
recollection (e.g., perceptual identification). PTSD
patients have been found to have alterations in both
explicit and implicit memory (McNally, 1997).

Danish survivors of the concentration camps in the
Second World War were described to have persistent
self-reported difficulties in memory after release from
internment (Thygesen et al., 1970). Korean prisoners of
war have been found to have an impairment of short-
term verbal memory measured by the logical memory



F

component of the Wechsler Memory Scale in compari-
son to Korean veterans without a history of containment
(Sutker et al., 1991). The same was found in Persian Gulf
War veterans (Vasterling et al., 1998). Deficits in short-
term memory in Vietnam combat veterans with combat-
related PTSD as well as in patients with abuse-related
PTSD were found on the logical memory component
of the Wechsler Memory Scale and the visual and verbal
components of the Selective Reminding Test as well as
on the Auditory Verbal Learning Test (Uddo et al., 1993)
and the California Verbal New Learning (Yehuda et al.,
1995). A decrease in IQ in combat veterans with PTSD
relative to controls may be due to an increased risk
for the development of PTSD with lower IQ or may
be a secondary effect of exposure to trauma (McNally
and Shin, 1995). We found that veterans with PTSD
had similar total IQ scores compared to controls, but
displayed deficits of figural and logical memory. Vet-
erans with PTSD also performed significantly lower
on measures of learning and immediate and delayed
verbal memory. Memory performance also accurately
predicted current social and occupational functioning
(Geuze et al., 2009). Other studies in patients with PTSD
have shown enhanced recall on explicit memory tasks
for trauma-related words relative to neutral words in
comparison to controls (Zeitlin and McNally, 1991;
McNally et al., 1998).

Moreover, recent qualitative review papers have indi-
cated that verbal memory impairment was found to be
the most consistent cognitive impairment related to
PTSD. Ameta-analysis of 28 studies confirmed that ver-
bal memory impairment was present in adults with
PTSD. The review resulted in medium effect sizes in
patients with PTSD compared to controls on verbal
memory across studies. Marked impairment was found
in the patient groups compared to healthy controls, while
modest impairment was found compared to exposed
non-PTSD controls. Meta-analyses found strongest
effects in war veterans compared to sexual and physical
assault-related PTSD (Johnsen and Asbjornsen, 2008).

Few studies have addressed longitudinal changes in
memory functioning in PTSD. There is some evidence
to suggest an interactive effect of PTSD and aging
on verbal memory decline in Holocaust survivors
(Yehuda et al., 2006). However, the longitudinal tra-
jectory of neuropsychological functioning has not been
investigated in a younger population of aging trauma
survivors. Samuelson et al. (2009) reported of a study
in which this was done. They administered tests of visual
and verbal memory, and working memory to derive dif-
ferent dependent measures in veterans between the ages
of 41 and 63, most of whom had served in the Vietnam
war. The PTSD group did not show a significant change
in PTSD symptoms over time. Veterans with PTSD only
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showed a greater decline in delayed facial recognition,
and this decline was extremely subtle.
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Glucocorticoids and the hippocampus

Stress is associatedwith damage to hippocampal neurons
(Joels et al., 2004). The work of Sapolsky andMcEwen is
seminal in this respect. The hippocampus, a major target
organ for glucocorticoids in the brain (McEwen et al.,
1986), modulates the pituitary–adrenocortical response
to stress (Sapolsky and McEwen, 1988). Monkeys that
died spontaneously following exposure to severe stress
were found on autopsy to have multiple gastric ulcers,
consistent with exposure to chronic stress, and hyper-
plastic adrenal cortices, consistent with sustained gluco-
corticoid release. These monkeys also had damage to the
CA3 subfield of the hippocampus (Uno et al., 1989).

Follow-up studies suggested that hippocampal dam-
age was associated with direct exposure of glucocorti-
coids to the hippocampus (Sapolsky et al., 1990). Early
studies in a variety of animal species (Aus der Muhlen
and Ockenfels, 1969) suggest that direct glucocorticoid
exposure results in decreased dendritic branching
(Wooley et al., 1990) and a loss of neurons (Uno
et al., 1989) that are steroid- and tissue-specific
(Packan and Sapolsky, 1990). Prenatal exposure to ele-
vated levels of glucocorticoids also results in hippocam-
pal damage (Uno et al., 1989). Glucocorticoids appear to
exert their effect through disruption of cellular metab-
olism (Lawrence and Sapolsky, 1994) and by increasing
the vulnerability of hippocampal neurons to a variety of
insults, including endogenously released excitatory
amino acids (Sapolsky, 1986; Armanini et al., 1990).
Glucocorticoids have also been shown to augment
extracellular glutamate accumulation (Stein-Behrens
et al., 1994). Furthermore, reduction of glucocorticoid
exposure prevents the hippocampal cell loss asso-
ciated with chronic stress (Landfield et al., 1981; Meaney
et al., 1988). Differing strains of rats may have varying
glucocorticoid responses to stress, suggesting the possi-
bility that constitutional factors may influence the
glucocorticoid-mediated effects of stress on hippocam-
pal neurons (Dhabhar et al., 1993). There are also
substantial gender differences in the concentrations of
GRs at baseline and in response to stress, suggesting
that studies related to this area that are performed
exclusively in males will not be applicable to females
(McCormick et al., 1994). In summary, findings to date
are consistent with the idea that stress results in damage
to neurons of the hippocampus, possibly through the
effects of increased levels of glucocorticoids. Other
factors besides glucocorticoids, suchasbrain-derivedneu-
rotrophic factor (BDNF), trkB mRNA, and nerve growth
factor, which have a regulatory effect on neuronal
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morphology and proliferation, may also mediate stress-
induced alterations in hippocampal morphology (Nibuya
et al., 1995, 1996; Smith et al., 1995;Murakamiet al., 2005).

Glucocorticoids also have other actions besides a
damaging effect on hippocampal neurons. For instance,
low levels of glucocorticoids following adrenalectomy
result in damage to neurons of the dentate gyrus of
the hippocampus (Vaher et al., 1994). Glucocorticoids
also have effects on brain function through modulation
of gene expression and have a variety of effects on im-
munity, reproduction, bone formation, and other phys-
iological functions. These effects may have a protective
effect on the organism during certain situations of
stress, but in other situations the effects of glucocorti-
coids may be damaging (McEwen et al., 1992). Hippo-
campal damage may also play a role in other aspects
of the long-term dysregulation of brain function
associated with stress. The hippocampus is in general
felt to have an inhibitory effect on the HPA axis.
Stress-induced damage has been shown to be associated
with an increase in levels of CRF mRNA in the PVN of
the hypothalamus (Herman et al., 1984) as well as a
decrease in the sensitivity of rats to dexamethasone
suppression of HPA function (Feldman and Conforti,
1980; Magarinos et al., 1987). Consistent with this, in-
creased levels of CRF have been reported in the cere-
brospinal fluid of patients with combat-related PTSD
in comparison to controls (Bremner et al., 1997a), as well
as in plasma (de Kloet et al., 2008a).
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Glucocorticoid receptor expression as a risk
factor for PTSD

The interaction between glucocorticoids and immune
function has also been investigated. The inhibition by
the synthetic glucocorticoid dexamethasone of leuko-
cyte lysozyme activity (Yehuda et al., 2004), of bacterial
lipopolysaccharide-stimulated interleukin-6 and tumour
necrosis factor-a production (Rohleder et al., 2004), and
of the mononuclear leukocyte GR number per cell
(Yehuda et al., 2002) is potentiated in PTSD versus
healthy controls. Oddly though, the baseline GR number
is reduced in all lymphocyte subpopulations (Gotovac
et al., 2003), making it more likely that the potentiated
dexamethasone suppression depends on increased re-
ceptor affinity or secondary mechanisms.

Altered GR expression in peripheral blood mononu-
clear cells (PBMCs) has been found in PTSD. We found
significantly lower leukocyte GR density in veterans with
and without PTSD compared to healthy controls, suggest-
ing that trauma exposure is sufficient to induce changes
in GR-binding characteristics. The altered glucocorticoid
sensitivity in lymphocytes and other changes in measures
of immunity do not appear to be secondary to changes in
activity of the HPA axis, since there is no correlation be-
tween ambient plasma cortisol levels in PTSD patients
and changes in lymphocyte GR number (Gotovac et al.,
2003), plasma interleukin (IL)-1b (Spivak et al., 1997),
IL-6 (Maes et al., 1999b; Gill et al., 2008), or C-reactive
protein (S€ondergaard et al., 2004) levels.

Since it was thus far unclear whether differences in
GR expression exist already prior to development
of PTSD, and thus may constitute a risk factor, we
undertook a prospective study to assess whether pre-
deployment GR-binding capacity differed between
military personnel with and without PTSD symptoms
after deployment. In addition it was aimed to assess
whether GR binding was a predictor of PTSD symptoms
after deployment. We included soldiers who reported
high levels of PTSD symptoms 6 months after deploy-
ment (n ¼ 34) and soldiers without high levels of PTSD
or depressive symptoms (n ¼ 34). Our data showed
that, before deployment, GR expression in PBMCs
was significantly increased in participants with high
levels of PTSD symptoms after deployment as com-
pared to matched controls. The risk for a high level of
PTSD symptoms after deployment increased 4.8-fold
with each increase of 1000 GR-binding sites. There were
no group differences in mRNA expression of GR-a,
GR-P, GR-b, and FKBP5. These results demonstrated
that increased pre-trauma GR-binding capacity of
PBMCs is a vulnerability factor for the subsequent de-
velopment of PTSD symptoms (Van Zuiden et al., 2011).

Sleep dysfunction

Sleep dysfunction has been documented following acute
stress and appears to be related to the development of
chronic PTSD (Mellman et al., 1995). Polysomnographic
studies examining sleep abnormalities in PTSD have
produced inconsistent results. PTSD patients have more
stage 1 sleep, less slow-wave sleep, and greater rapid-
eye-movement density compared to people without
PTSD (Ross et al., 1994a, b; Kobayashi et al., 2007). They
also have decreased total sleep time, and increased
“microawakenings” relative to controls. These abnor-
malities may play a role in nightmares and sleep distur-
bance in PTSD patients, which, according to some
authors, can be considered to be the hallmark symptoms
of PTSD (for a review, see Ross et al., 1989; Spoormaker
and Montgomery, 2008; Mellman, 2009).

THELAST TWODECADES:
NEUROIMAGINGSTUDIES

Preclinical and clinical investigations provide strong evi-
dence for linking several brain structures to the signs and
symptoms of anxiety and fear associated with trauma.
Chief among these are the amygdala, hippocampus,
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thalamus, periaqueductal gray, and orbitofrontal cortex.
Although there were no published studies on imaging in
PTSDas recently as 15 years ago, since that time there has
been a rapid growth of studies in this area. This is in part
due to a growing appreciation of the neurobiological
contributions to PTSD. Also, technical developments
have enabled complex designs. Spatial resolution has
much improved, and structures that 10 years ago were
not able to be visualized, e.g., amygdala, have now led
to a new focus in many studies. It is predicted that the
field is becoming saturated in terms of demonstating
the validity as well as the neural circuitry of the disorder,
and that the focus in the next decade will be on longi-
tudinal studies that enable phenotypical comparison with
functional imaging findings.

Small hippocampal volume on structural
neuroimaging with magnetic resonance

imaging (MRI)

Over the last decade a significant number of studies
have reported smaller hippocampal volume in individ-
uals with symptoms of PTSD relative to control groups
(Geuze et al., 2005; Smith, 2005). This line of research
was prompted by studies in animals showing that high
levels of cortisol seen during times of stress are associ-
ated with damage to the hippocampus (reviewed above).
These studies were first reported when spatial resolution
of MRI was still low. First studies were reported in
veterans with PTSD (Bremner et al., 1995c), and females
with sexual abuse-related PTSD (Bremner et al., 1997c).
It was interesting that the magnitude of the reduction in
hippocampal volume was associated with magnitude of
deficits in short-term verbal memory (Bremner et al.,
1995d). Since then studies have improved accuracy
and subject composition. The meta-analysis that Smith
(2005) performed showed on average that PTSD pa-
tients had a 6.9% smaller left hippocampal volume
and a 6.6% smaller right hippocampal volume compared
with control subjects. These volume differences were
smaller when comparing PTSD patients with control
subjects exposed to similar levels of trauma, and larger
when comparing PTSD patients to control subjects
without significant trauma exposure.

Functional neuroimaging with functional
MRI and positron emission tomography

The first decade of neuroimaging research produced
symptom provocation, cognitive activation, and func-
tional connectivity studies that highlighted the role of
the medial prefrontal cortex, amygdala, sublenticular
extended amygdala, and hippocampus, in mediating
symptom formation in PTSD. Functional neuroimaging
studies in PTSD encompass a number of different
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imaging modalities, including single-photon emission
tomography (SPECT), positron emission tomography
(PET), and functional MRI (fMRI). In addition, a num-
ber of different types of imaging paradigm have
been pursued, including symptom provocation studies,
cognitive activation studies, as well as functional
connectivity analysis.

Symptom provocation studies were the first ones
to provide replicable findings and still are the most
common in the neuroimaging literature on PTSD. They
involve provoking symptoms while attempting to cap-
ture the underlying neural substrates (as gleaned from
blood flow and/or blood oxygen level-dependent
effects) and employ trauma-related stimuli of an auto-
biographical nature (e.g., narrative scripts of personal
trauma) or general nature (e.g., nonpersonalized pic-
tures and sounds). The amygdala has been shown to
be a region implicated in rapidly assessing the salience
of emotion-related and especially threat-related stimuli
(Davis andWhalen, 2001). Taken together, they lend ten-
tative support to a neurocircuitry model that emphasizes
the role of dysregulation in threat-related processing in
PTSD. According to this model, trauma exposure sets
off a cascade of neural changes that culminates in
a state of amygdala hyperresponsivity to trauma-
reminiscent and other threat-related stimuli. Amygdala
hyperresponsivity is proposed to mediate symptoms of
hyperarousal and vigilance associated with PTSD.

Sophisticated techniques have also been developed
for the measurement of cerebral blood flow using
PET. H2[

15O] provides a good measure of cerebral blood
flow. Cerebral blood flow has been shown to be highly
correlated with local cerebral glucose metabolism. Since
neurons almost exclusively utilize glucose for cell pro-
cesses, glucose utilization provides a measure of local
neuronal activity. Studies in PTSD have begun to use
PET during pharmacological and cognitive provocation
of symptom states in order to identify neural correlates
of PTSD symptomatology and of traumatic remem-
brance. In a classical study of combat-related PTSD
using PET and H2[

15O] measurement of cerebral blood
flow, 10 Vietnam veterans with PTSD and 10 Vietnam
veterans without PTSD were studied during exposure
to combat-related and neutral slides and sounds. Viet-
nam veterans with combat-related PTSD (but not non-
PTSD veterans) demonstrated a decrease in blood flow
in the medial prefrontal cortex (Brodman’s area 25, or
subcallosal gyrus) and middle temporal cortex (auditory
cortex) during exposure to combat-related slides and
sounds. A failure of activation was found in anterior
cingulate (area 32 and 24), and increased activation in
posterior cingulate, motor cortex, and lingual gyrus in
PTSD veterans (Bremner et al., 1999c). In a similar
study, cerebral blood flow correlates of exposure to
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personalized scripts of childhood sexual abuse were
looked at in women with histories of childhood abuse
with (n ¼ 10) and without (n ¼ 12) PTSD. PTSDwomen
showed decreased blood flow in medial prefrontal
cortex (area 25) and failure of activation in anterior cin-
gulate, with increased blood flow in posterior cingulate
and motor cortex (replicating findings in combat-related
PTSD) and anterolateral prefrontal cortex. PTSD
women also had decreased blood flow in right hippo-
campus and parietal and visual association cortex
(Bremner et al., 1999d). Other first studies of traumatic
imagery in combat-related PTSD found alterations in
orbitofrontal and temporal cortex in PTSD (Rauch
et al., 1996; Shin et al., 1997, 1999).

PET and fluorodeoxyglucose was also used in the
measurement of cerebral glucose metabolic rate follow-
ing administration of yohimbine and placebo in Vietnam
combat veterans with PTSD and healthy controls.
Increased noradrenergic function has been hypothesized
to underlie many of the symptoms of PTSD. Adminis-
tration of the a2-antagonist yohimbine, which stimulates
brain norepinephrine release, resulted in increased
PTSD symptoms and anxiety in the PTSD group. Norepi-
nephrine has a U-shaped curve type of effect on brain
function, with lower levels of release causing an in-
crease in metabolism, while very high levels of release
actually cause a decrease in metabolism. It was hypoth-
esized that yohimbine would cause a relative decrease in
metabolism in patients with PTSD in cortical brain areas
that receive noradrenergic innervation. Indeed, yohim-
bine resulted in differences in metabolism in orbito-
frontal, temporal, parietal, and prefrontal cortex in
PTSD patients relative to controls, with PTSD patients
showing a pattern of decreased and normal subjects a
pattern of increased metabolism in these areas. PTSD
patients (but not normal subjects) had decreased
hippocampal metabolism with yohimbine (Bremner
et al., 1997b).

Another field is receptor imaging in PTSD. Based on
findings of decreased benzodiazepine binding in frontal
cortex in animal models of stress, we measured benzo-
diazepine binding with PET and found reduced [11C]
flumazenil binding throughout most of the cortical area
(Geuze et al., 2008). This was consistent with an earlier
[123I]-iomazenil SPECT study in Vietnam veterans with
PTSD (Bremner et al., 1999e). This may be indicative
of an a priori difference in subunit composition of
GABAA-benzodiazepine receptors, a lower expression
of the GABAA receptor in PTSD patients, or a disease-
or trauma-induced modulation or downregulation of the
GABAA receptor complex. These explanations are con-
sistent with other clinical studies that have suggested al-
tered GABAergic function in PTSD (Vaiva et al., 2004;
Connor et al., 2006).
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Heterogeneity of response to traumatic
reminders

It was Bremner (1999a, b) who proposed the presence of
two subtypes of acute trauma response that represent
unique pathways to chronic stress-related psychopathol-
ogy. One is primarily intrusive and hyperaroused with a
concomitant increase in heart rate and can be seen as a
form of emotional undermodulation. The other is pre-
dominantly dissociative with no concomitant increase
in heart rate and can be viewed as a form of emotional
overmodulation. Data from psychophysiological and
neuroimaging studies have shown that two subtypes
of response can persist in individuals with chronic PTSD
and are associated with distinct neural and cardiovascu-
lar correlates in response to recalling traumatic memo-
ries (Orr and Roth, 2000; Lanius et al., 2001, 2002, 2005;
Frewen and Lanius, 2006; Hopper et al., 2007; Keane,
2008; McTeague et al., 2010).

Approximately 70% of patients in our own studies,
for example, reported re-experiencing their traumatic
event in response to traumatic script-driven imagery
concomitant with psychophysiological hyperarousal
(Lanius et al., 2001, 2002, 2005, 2006). In contrast,
the remaining 30% of PTSD subjects experienced deper-
sonalization, derealization, and a feeling of emotional
detachment while evidencing no significant increase in
heart rate (Lanius et al., 2002, 2005). We emphasize
the state-related nature of these response patterns, spe-
cifically that individuals with PTSD may show both
types of response during different episodes or even dis-
tinct time points within a single episode. Nevertheless,
PTSD patients with histories of prolonged trauma, such
as childhood maltreatment or combat trauma, often
show a clinical syndrome that is characterized by chronic
symptoms of dissociation as opposed to patients who
have suffered from more acute traumatic experiences
during adulthood.
Emotional undermodulation: failure
of corticolimbic inhibition

PTSD individuals who re-experienced their traumatic
memory and showed concomitant psychophysiological
hyperarousal exhibited abnormally low response in brain
regions that are implicated in arousal modulation and
emotion regulation, including the medial prefrontal
and the rostral anterior cingulate cortex (reviewed by
Lanius et al., 2006). Consistent with impaired top-down
cortical modulation, decreased response within the
ventromedial prefrontal cortex and increased response
within the limbic system, especially the amygdala, has
been one of the most replicated findings in individuals
with PTSD after exposure to traumatic script-driven
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imagery, as well as to masked fearful faces (reviewed by
Etkin and Wager, 2007).

When taking a dimensional approach to individual
differences in re-experiencing symptoms and asso-
ciated neural response patterns in response to trauma
reminders, results have shown that severity of state re-
experiencing was positively correlated with response in
the right anterior insula, a brain region that is involved
in the neural representation of somatic aspects of emo-
tional states and interoception of feeling states. In con-
trast, state re-experiencing was negatively correlated
with response of the rostral portion of the anterior
cingulate cortex (BA 32) (Hopper et al., 2007). This find-
ing further supports the top-down cortical modulation
model because, as discussed above, rostral anterior
cingulate reactivity is a powerful modulator of regions
involved in conditioned emotional responses.

The findings described above are consistent with the
phenomenology and clinical presentations of individuals
with PTSD who exhibit pathological emotional under-
modulation during re-experiencing states. Such re-
experiencing states often also include a wide variety of
negative emotional states, such as anger and guilt. We
conceptualized this group of individuals as experiencing
emotional undermodulation in response to traumatic
memories leading to subjective reliving of experiences
of the traumatic events, such as experiencing a flashback
or acting or feeling as if the traumatic event was recur-
ring. Re-experiencing/hyperarousal reactivity and related
emotional states such as anger and guilt can therefore be
viewed as a form of emotion dysregulation that involves
emotional undermodulation, mediated by failure of pre-
frontal inhibition of limbic regions (Lanius et al., 2010a)
(Fig. 18.5).
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Fig. 18.5. Emotional over- and undermodulation in posttraumati
Emotional undermodulation and failure of
corticolimbic inhibition: implications for
generalized affective disturbance in PTSD

Neuroimaging studies in PTSD have begun to move
beyond solely focusing on fear-specific stimuli and sit-
uations, and have begun to encompass other affective
disturbances. Responses to recall imagery of nontrau-
matic sad and anxious memories in PTSD were associ-
ated with decreased response in the rostral anterior
cingulate cortex and thalamus similar to what was found
during recall of traumatic memories (Lanius et al.,
2002). A further study reported decreased ventromedial
prefrontal cortex response and decreased amygdala
response during viewing of negatively valenced/aversive
pictures (Phan et al., 2006). A recent study examining
deliberate emotion regulation in PTSD showed that
deliberate successful attempts to downregulate emo-
tional responses to negative pictures was more
successful in nontraumatized healthy controls as com-
pared to subjects with a history of sexual assault with
and without PTSD, and that success was associated with
increased response of prefrontal regions in the nontrau-
matized group (New et al., 2009). These studies there-
fore not only provide support for failure of cortical
inhibition during the processing of nontraumatic stim-
uli, but also suggest that affective disturbances and
emotion dysregulation extend to nontrauma-related
stimuli in trauma-exposed individuals with and without
PTSD. Future psychobiological research will have to
examine closely the neural correlates underlying grief,
anger, guilt, and shame in PTSD and their relationship
to the neural circuitry involved in adaptive emotion
regulation.
c stress disorder.
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Emotional overmodulation: excessive
corticolimbic inhibition

In contrast to the re-experiencing/hyperaroused group
of chronic PTSD patients, the dissociative group exhib-
ited abnormally high response in brain regions involved
in arousal modulation and emotional regulation, includ-
ing the rostral anterior cingulate cortex and the medial
prefrontal cortex. It is interesting to note that the medial
prefrontal cortex cluster (peak Montreal Neurological
Institute (MNI) 4, 54, 12) that shows increased response
during states of dissociation is in close proximity to the
medial prefrontal cortex cluster (peak MNI 10, 52, 2)
that was associated with decreased cerebral blood flow
during trauma imagery and found to be negatively
correlated with amygdala response in a study by Shin
and colleagues (2004). Consistent with the corticolimbic
disconnection model of depersonalization (Sierra and
Berrios, 1998), the findings of increased medial pre-
frontal cortex response during states of dissociation in
PTSD may reflect medial prefrontal inhibition of the
amygdala and other limbic activity. The dissociative
PTSD patients can be conceptualized as experiencing
emotional overmodulation in response to exposure to
traumatic memories. This can include subjective disen-
gagement from the emotional content of the traumatic
memory through depersonalization, derealization, and
emotional numbness mediated by midline prefrontal
inhibition of the limbic regions.

Dimensionally, dissociative responses to trauma
reminders are negatively correlated with right anterior
insula response (Hopper et al., 2007). Interestingly,
the right anterior insula positively correlated with state
re-experiencing symptoms. Dissociative response posi-
tively correlated with response in the medial prefrontal
cortex and dorsal anterior cingulate cortex. The left
medial prefrontal cortex cluster (peak MNI –12, 50, 4)
that was positively correlated with state dissociative
symptoms is, aside from laterality, in very close pro-
ximity to the right medial prefrontal cluster (peak
MNI 10, 52, 2), previously negatively correlated with
amygdala activity during script-driven imagery (Shin
et al., 2004). This finding provides support for hypo-
thesized hyperinhibition of limbic regions by medial
prefrontal areas in states of pathological overmodulation;
i.e., during dissociative states in response to trauma-
related emotions.

A study by Felminghamet al. (2008) gives further sup-
port to the corticolimbic inhibition model. Using fMRI,
these investigators examined the impact of dissociation
on fear processing in two groups of PTSD patients,
onewith high, and the otherwith low, dissociation scores.
Felmingham et al. compared brain response during the
processing of consciously and nonconsciously perceived
fear stimuli. Patients with PTSD who experienced higher
levels of dissociation showed enhanced response in
the ventral prefrontal cortex during conscious fear
processing, as compared to patients with PTSD and
low levels of dissociation. The authors suggest that these
data support the theory that dissociation is a strategy in-
voked to cope with extreme levels of arousal in PTSD
through hyperinhibition of limbic regions, with this strat-
egy most active during conscious processing of fear.

Additional evidence for hyperinhibition of the limbic
system, including the amygdala, during dissociative states
stems from an examination of the neural correlates un-
derlying pain processing in healthy and disease states.
In a study examining healthy individuals, Roder et al.
(2007) demonstrated decreased amygdala response in
response to painful stimulation during hypnosis-induced
states of depersonalization. These findings are also
consistent with amygdala deresponse in response to
thermal pain stimuli in patients with PTSD as well as in
patients with borderline personality disorder and comor-
bid PTSD, who generally show high levels of dissociation
and analgesia to painful stimuli (Geuze et al., 2007;
Schmahl et al., 2008; Kraus et al., 2009). A recent study
revealed a similar pattern of increased mid-cingulate
and insula response in patients with borderline personality
disorder and comorbid PTSD in conjunction with reduced
pain sensitivity during script-induced dissociative states
(Ludascher et al., 2010). Future research will need to
examine to what extent hyperinhibition of limbic regions
underlies reduced pain sensitivity/analgesia to painful
stimuli often observed in patients with PTSD (Pitman
et al., 1990; Geuze et al., 2007; Kraus et al., 2009).

D R.A. LANIUS
PHARMACOLOGICALTREATMENT

General considerations

Antidepressant medications are the mainstay of treat-
ment and are the best studied in controlled clinical
trials, but there are also reports in the literature of
alleviation of specific symptoms of PTSD with the use
of other medications such as sympatholytic agents,
mood stabilizers such as lithium and anticonvulsants,
benzodiazepines, and drugs that affect the dopamine,
opioid, and serotonergic system. Given the different
clusters of PTSD symptoms, the clinician may find only
partial response in individual patients with a single
medication and will find it necessary to consider addres-
sing the multiple symptoms with a combination of
medications. Such medications will be found in the
following groups: antidepressants, anxiolytics, adrener-
gic inhibitors, mood stabilizers, and anticonvulsants
(Table 18.3). The individual therapeutic dose range is
listed for each drug.



Table 18.3

Pharmacotherapy in posttraumatic stress disorder

Class Group Generic name Standard dose (mg/day) RCTs

Antidepressants SSRI Citalopram 20–60 2
Fluvoxamine 100–300
Fluoxetine 20–80 �3

Paroxetine 20–60 �3
Sertraline 50–200 �3

TCA Amitriptyline 50–300 1
Imipramine 50–300 2

MAOI Phenelzine 15–90 2
New antidepressants NaSSA Mirtazapine 15–45 1

SARI Nefazodone 200–600 2

Trazodone 50–400 -
SNRI Venlafaxine 75–225 -

Anticonvulsants Carbamazepine 400–1000 -

Gabapentin 300–2400 -
Lamotrigine 25–500 1
Lithium 600–1800 -

Topiramate 50–400 -
Valproate 250–2000 -

Antipsychotics SDA Olanzapine 5–20 1
Quetiapine 25–300 -

Risperidone
Aripiprazole

0,5–8
10–14

2

Anxiolytics Benzodiazepines Alprazolam 0.25–6

Clonazepam 0.5–4
5-HT1a-agonist Buspirone 15–60

Antiadrenergics a2-agonists Clonidine 0.2–0.6

a2-agonists Guanfacine 0.5–3
a1-antagonists Prazosin 2–10 3

Antihistamine

(partial) NMDA antagonists

b-antagonists Propranolol Cyproheptadine
D-cycloserine

40–160
8–12

50–500

2

SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; MAOI, monoamine oxidase inhibitor; NaSSA, noradrenergic-specific

serotonergic antidepressant; SARI, serotonin 2A-antagonist/reuptake inhibitor; SNRI, serotonin noradrenergic reuptake inhibitor; SDA, serotonin

dopamine antagonist; NMDA, N-methyl-D-aspartic acid; RCTs, number of positive randomized controlled trials.
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Pharmacotherapy

Evidence for neurobiological dysfunction in PTSD, such
as dysregulation of both main arms of the stress
response system, the HPA axis and the locus coeruleus–
norepinephrine system, as well as dysfunctional re-
sponses of other neurotransmitter systems, including
serotonergic, GABA, and glutamate, suggest a role
for pharmacotherapeutic interventions in the treatment
of PTSD; however, data obtained from RCTs suggest
limited efficacy (Stein et al., 2006). The magnitude
of positive effects on PTSD symptomatology observed
in the RCTs has been small, that is, the relative effect
size measurement is <0.5, prompting some to recom-
mend that drug treatments should not be used as
routine first-line treatments, but preferring trauma-
focused psychological therapy. In contrast, a meta-
analysis conducted by the Cochrane Collaboration of
existing RCTs in individuals with PTSD concluded that
drug treatments were superior to placebo in reducing
the severity of PTSD symptom clusters, as well as
comorbid depression and disability (Stein et al., 2006).

So, although the most effective treatment option for
PTSD seems to be cognitive and behavioral therapy
(Ursano et al., 2004; Bradley et al., 2005), pharma-
cotherapy also plays an important role. Of the appro-
ved pharmacotherapeutic options for PTSD, selective
serotonin reuptake inhibitors (SSRIs: fluoxetine, sertra-
line, paroxetine), tricyclic antidepressants (imipramine,
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desipramine, amitriptyline), and monoamine oxidase
inhibitors (phenelzine, brofaromine, moclobemide) have
been extensively evaluated in placebo-controlled trials
(Ursano et al., 2004). Their mechanisms of action are
complex, affecting pre- and postsynaptic receptor
levels, and release and reuptake of both 5-HT and
norepinephrine in the brain (Hageman et al., 2001;
Albucher and Liberzon, 2002; Schoenfeld et al., 2004).
Although all of these are effective as antidepressants,
and also show some anxiolytic and antipanic effects
(Schoenfeld et al., 2004), it is important to realize that
their effectiveness in PTSD is not simply mediated
through improvement in anxiety and depression, that
is, PTSD symptoms respond independently from the
anxiolytic or antidepressant effect (Hageman et al.,
2001). Tricyclic antidepressants have modestly benefi-
cial effects on hyperarousal and re-experiencing, but
not on avoidance and numbing symptoms. Monoamine
oxidase inhibitors appear somewhat more effective than
tricyclics, and affect mainly intrusion/re-experiencing
and sometimes avoidance symptoms. Both categories
are associated with broad side-effect profiles and
drop-out rates are consequently high (Albucher and Lib-
erzon, 2002; Schoenfeld et al., 2004). SSRIs have a more
favorable side-effect profile, also have some anxiolytic
properties, and are more effective in reducing all three
PTSD symptom clusters. They therefore currently form
the first-line psychopharmacological treatment option
for PTSD (Hageman et al., 2001; Albucher and Liberzon,
2002; Schoenfeld et al., 2004). One possible mechanism
through which SSRIs could improve PTSD hyperarousal
symptoms is by increasing serotonergic inhibition of
central nervous system norepinephrine release, as has
been reported for patients with panic disorder (Coplan
et al., 1996).

Classical anxiolytics have not been as extensively
tested in PTSD. Benzodiazepines have not proved to
be very effective, but are also problematic because of
the development of dependence and subsequent with-
drawal symptoms, which may actually exacerbate PTSD
symptoms (Albucher and Liberzon, 2002; Schoenfeld
et al., 2004). The anxiolytic 5-HT1A agonist buspirone,
though, has been successfully used to reduce PTSD
symptoms in small, open-label trials (Albucher and
Liberzon, 2002), and more extensive, double-blinded
placebo-controlled trials seem warranted.

Interestingly, antiadrenergic drugs (suchasa2-agonists
or beta-blockers) are receiving increasing attention in
clinical trials, despite evidence for adrenergic dys-
regulation in PTSD. Some authors recommended starting
pharmacotherapy in new PTSD patients with an anti-
adrenergic agent such as clonidine or propranolol early
after exposure (Pitman et al., 2002). Clonidine can be very
effective in this respect, where the reduced adrenergic
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activity isoftenaccompaniedbya reduction indissociative
symptoms. The advantage of clonidine or a beta-
adrenergic agonist is that this medication can be titrated
over the course of 1–2 weeks. We suggest switching to
a drug with longer half-life if a clonidine responder
appears to develop tolerance to the drug. If the symptoms
persist, as they often do, after optimal titration, the next
drug to add is an SSRI. Using another medication from
the same class is not recommended if the first drug is
not effective. If patients develop insomnia or agitation,
the best choice is nefazadone or trazodone at bedtime.
If patients are still nonresponders after 8–10 weeks, a
different class of medication (e.g., adrenergic inhibitors,
anxiolytics, mood stabilizers, anticonvulsants) should be
considered.

The importance of pharmacoeducation has never
been well studied, but every clinician knows or should
know the importance of this part of the treatment.

D R.A. LANIUS
New developments in the treatment of
stress-related brain changes

The pharmacotherapy of PTSD has so far mainly been
based on serendipity and trial and error. There has so
far been no approach from the rational neurobiology.
Now the insights into the substrate will begin to increase
over time, more drugs can be found from a more ratio-
nal approach. The pathophysiology of PTSD involves the
involvement of many different neurotransmitter sys-
tems and different neuroanatomical circuits. A careful
delineation of the chemical, structural, and neuronal
circuits will take time. In the meantime it is important
to focus the examination on the clinical treatment and
research of existing classes of psychotropic drugs based
on efficacy in the treatment of PTSD.

Studies in animals have demonstrated several agents
with potentially beneficial effects on the reversibility of
the glucocorticoid-mediated hippocampal toxicity. It has
been found that phenytoin (Dilantin) reverses stress-
induced hippocampal atrophy, probably through excit-
atory amino acid-induced neurotoxicity. Agents such
as tianeptine and dihydroepiandrosterone have been de-
scribed to produce similar effects (Watanabe et al.,
1993). Neurons within the hippocampus were found to
be unique within the brain in showing the capacity
to regenerate themselves (Gould et al., 1999). Since these
are in vitro studies that report on neurogenesis in the
hippocampus through a regulation of BDNF and cyclic
adenosine monophosphate (cAMP) by SSRIs, we hy-
pothesized that the effects of SSRIs may play a role
in the reversibility of the accelerated aging process in
humans (Duman et al., 1997; Nibuya et al., 1999). There
are findings indicating that a common action of antide-
pressant treatments is through upregulation of cAMP
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response element-binding (CREB) protein and that this
may lead to regulation of specific target genes. Such
treatment effects on BDNF and trkB mRNA can have
long-term effects on brain function. In these studies,
however, it is evident that chronic, but not acute, admin-
istration of several different classes of antidepressant,
including SSRIs and selective norepinephrine reuptake
inhibitors, increase the expression of CREB mRNA.

In a treatment study performed with paroxetine, we
found that 9-month treatment not only led to a reduction
in PTSD symptoms, but was accompanied by an increase
in hippocampal volume of 5.6%, an increase in declara-
tive memory performance (Vermetten et al., 2003),
as well as normalization of the stress response
(Vermetten et al., 2006). Hippocampal atrophy may be
a viable drug target for PTSD; however, it cannot be
the sole ingredient (DeCarolis and Eisch, 2010).

In almost all cases, pharmacotherapy was conducted
along the path of symptom clusters for PTSD, and will
be the first choice for a medium based on the symptom
cluster in which most distress is experienced. This may
include sleep disorders (van Liempt et al., 2006).
However, despite many trials showing the efficacy of
different substances, there are few long-term studies
(Vermetten et al., 2003), no information about the effec-
tiveness of treatment in general clinical practice, and
lack of data on treatment of therapy-resistant patients.
Older products with a “new” application that are
promising and deserve attention are: propranolol
(beta-adrenergic blocker), D-cycloserine (a partial
N-methyl-D-aspartate (NMDA) antagonist, acting on the
glycine site of glutamatergic NMDA receptor) and keta-
mine (NMDA receptor anatagonist) (McGhee et al.,
2008). These are important candidates for their specific
impact with regard to memory consolidation processes
(Ravindran and Stein, 2009). In particular, propranolol
use has been examined in three phases of memory:
(1) acquisition, formation, and encoding; (2) emotional
response and consolidation; and (3) retrieval and reconso-
lidation. Early research focused on acquisition and
consolidation with encouraging but inconsistent results,
with more recent research directed towards memory
reconsolidation, and dissociation of emotion and fear
from memories. Also cyproheptadine in treating night-
mares, in addition to prazosin, has been described
(Rijnders et al., 2000). New resources in the future
will be targeted to CRF antagonists (Adamec et al.,
2010) and GR antagonists (Kohda et al., 2007).

Advanced scientific techniques, including neuroim-
aging and genetic analysis, will enhance understanding
of rational pharmacotherapy. These studies may lead
to the development of additional pharmacological
options and have the potential to predict who will and
will not respond to a particular product. Gain can also
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be achieved by timed administration of drugs in relation
to psychotherapy (Marshall and Cloitre, 2000), exposure
to traumatic events (propranolol, cortisol) and preced-
ing or following a treatment aimed at extinction
(D-cycloserine, ketamine). The current guideline for
pharmacotherapy is largely analogous to the treatment
of depression, consisting of respectively two different
SSRIs, a tricyclic antidepressant (e.g., amitriptyline,
imipramine), an anticonvulsant (e.g., lamotrigine) and
finally a MAOI (e.g., phenelzine). It is possible to opt
for an atypical antipsychotic as an additive to an SSRI,
where there are flashbacks and prepsychotic
experiences, or because of the light sedative effect. This
call of medication is also often chosen for the targeted
treatment of a single symptom, such as nightmares.
Alpha1-adrenergic antagonists for this (prazosin, alfuzo-
sin) have also been studied. This medication has been
used off-label and has been investigated in a few ran-
domized controlled trials (Raskind et al., 2003; see also
Aurora et al., 2010).

The timely use of medication is a new approach in the
treatment of PTSD, e.g., the early start of medication to
prevent PTSD after traumatic exposure (e.g., proprano-
lol in the immediate phase) has been proposed and
trested in some studies, with promising effect (Pitman
et al., 2002). Another development is the use of medica-
tion in conjunction with psychotherapy (in particular
exposure) for the purpose of modification of memory
reconsolidation, and this has been the subject of investi-
gations, e.g., D-cycloserine in relation to exposure
(Heresco-Levy et al., 2002; Lehner et al., 2009). Another
new line is the use of cortisol in the intensive care
unit (de Quervain, 2008). These compounds have the
potential to reduce retrieval of aversive memories and
enhance fear extinction.
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PSYCHOLOGICALTREATMENT

Expert consensus guidelines for PTSD treatment were
first published in 1999. According to these guidelines
(Foa et al., 1999a), current psychological treatments
of PTSD include: (1) behavioral therapy (flooding, sys-
tematic desensitization, eye movement desensitization
and reprocessing: EMDR); (2) cognitive-behavioral ther-
apy; and (3) anxiety management training (stress inocu-
lation training (SIT), biofeedback). These treatments are
described in detail by Meadows and Foa (1999). Each
intervention has its own merits, and all three can be very
useful regardless of the stage of PTSD. It is recom-
mended that patients should be seen in the acute situa-
tion for 3 months, with booster sessions every
2–4 weeks; in a chronic situation, the therapy can last
up to 6 months, with booster sessions every 2–4 weeks.
Studies have been performed to assess the efficacy of
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psychological interventions in PTSD (Foa et al., 1999b;
Spiegel, 1999).

A Cochrane Report was published in 2007 on psycho-
logical treatment (Bisson and Andrew, 2007). In the 33
studies that had been included there was evidence in
favor of individual trauma-focused cognitive-behavioral
therapy (TFCBT), EMDR, stress management, and
group TFCBT being effective in the treatment of
PTSD. Other nontrauma-focused psychological treat-
ments did not reduce PTSD symptoms as significantly.
There was some evidence that individual TFCBT and
EMDR are superior to stress management in the treat-
ment of PTSD between 2 and 5 months following
treatment, and also that TFCBT, EMDR and stress man-
agement weremore effective than other therapies. There
was insufficient evidence to determine whether psycho-
logical treatment is harmful. Therewas some evidence of
greater drop-out in active treatment groups. The consid-
erable unexplained heterogeneity observed in these
comparisons, and the potential impact of publication bias
on these data, suggest the need for caution in interpreting
the results of this review.

A concern that was reported in the Cochrane review
is that nonresponse and drop-out rates in these
treatments often are considered high. A review of the
treatment drop-out and nonresponse rates in 55 studies
of empirically supported treatments for PTSD showed a
wide range that depended, at least in part, on the nature
of the study population. It was not uncommon to
find nonresponse rates as high as 50% (Schottenbauer
et al., 2008).
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Behavioral treatments

Exposure techniques involve confronting one’s fears.
Exposure-based therapeutic regimens have had a long
history in the treatment of anxiety-related disorders.
FLOODING

Flooding involves two essential steps: (1) the adminis-
tration of multiple component assessment packages;
and (2) the provision of imaginal flooding regimens.
In the assessment phase, the goal is to identify the path-
ological behaviors, determine the etiological variables
that maintain distress, and establish baseline data to
determine treatment efficacy over time. Different
sources of information should be used. The intervention
phase is presented in five basic steps, which should be
presented in sequential order: (1) education; (2) imagery
training; (3) relaxation training; (4) presentation of
traumatic scenes; and (5) debriefing. Flooding is an
aversive process in that PTSD symptoms may increase
during the initial phases of therapeutic exposure.
SYSTEMATIC DESENSITIZATION

Systematic desensitization falls at the other end of the
dimensions of exposure methods, using brief, imaginal,
and minimally arousing exercises. Pioneered by Wolpe
(1961), systematic desensitization was among the earliest
behavioral treatments studies for PTSD. It involves pair-
ing imaginal exposure with relaxation, so that the anxi-
ety elicited by the confrontation with the feared stimuli
is inhibited by relaxation. First, the patient is instructed
in muscle relaxation exercises. When a state of relaxa-
tion is achieved, the feared stimuli are introduced, via
imagined scenarios, in a graded hierarchical manner,
with the least anxiety-provoking scenarios presented
first. When the patient begins to feel anxious, the in-
struction is given to erase the screen, focus on relaxa-
tion, and begin again. The scenario is repeated until it
no longer elicits anxiety, at which point the next scenario
is introduced. This process continues until the stimuli on
the hierarchy no longer elicit anxiety. For example, a
therapist may teach a patient to head off panic attacks
by taking slow deep breaths. The therapist may gradu-
ally expose the patient to images or sensations that
remind him or her of the trauma (battle photos, loud
noises, smells) and then help him or her deal with the
fears that come up.

EYE MOVEMENT DESENSITIZATION AND REPROCESSING

EMDR is a form of imaginal exposure accompanied by
saccadic eye movements. It is conducted by having the
patient focus on a disturbing image or memory while
the therapist moves a finger across the patient’s visual
field (Shapiro, 1989). The saccadic eye movements result
from the patient’s tracking of the therapist’s finger (for
reviews, see Lohr et al., 1995; Lazrove et al., 1998;
Cusack and Spates, 1999; Devilly and Spence, 1999; in
children: see Rodenburg et al., 2009). Since its inception,
EMDR has been the focus of much controversy, but in
the last decade it has resulted in a breakthrough in treat-
ment of PTSD. In some studies prolonged exposure
and EMDR did not differ significantly for change from
baseline to either posttreatment or follow-up measure-
ment for any quantitative scale (Rothbaum et al.,
2005; Seidler and Wagner, 2006). What remains unclear
is the contribution of the eye movement component in
EMDR to treatment outcome.

Cognitive therapy

Cognitive therapy was pioneered by Beck in 1972 and
further developed by others to help patients modify
dysfunctional cognitions. The basic assumption is that
dysfunctional thoughts drive negative emotional states
such as fear or anger. In a given situation, this may lead
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to different emotions depending upon the interpretation
of the situation. Pathological emotions are generated by
distorted, dysfunctional thoughts. Typically, cognitive
restructuring aims to teach patients to identify dysfunc-
tional thoughts, to evaluate their validity, to challenge
erroneous or unhelpful thoughts, and to replace them
with more beneficial ones. Cognitive restructuring
would focus on identifying the thoughts that precede
strong emotions, such as “I am going to be assaulted.”
Then the validity of this belief would be evaluated.
Erroneous beliefs are replaced by rational ones, suggested
by the evidence reviewed in one of the previous steps.

Anxiety management therapies

The assumption that seems to underlie the rationale for
anxiety management programs centers on the notion
that pathological anxiety stems from skill deficits. This
implies that providing patients with appropriate skills
would enable them to manage their anxiety. Skills such
as relaxation training, positive self-statements, breath-
ing retraining, biofeedback, social skill training, and
distraction methods aim at managing the anxiety when
it occurs, rather than preventing pathological anxiety
from occurring by correcting the supposedly underlying
mechanisms.

STRESS INOCULATION TRAINING

SIT was developed by Meichenbaum in 1974 as a treat-
ment for anxious patients. The method was adopted by
Veronen et al. (1979) for treatment of rape-related
disturbances. This modified SIT includes psychoeduca-
tion, muscle relaxation training, breathing training, role
playing, covert modeling, guided self-dialogue, and
thought-stopping. The three-component model of SIT
includes patients beginning to see their responses in
the physiological, behavioral, and cognitive domains.
SIT is one of the most commonly used anxiety manage-
ment treatments for PTSD.

BIOFEEDBACK

Biofeedback is a procedure in which patients learn to
gain control over their physiological processes. This
control is achieved by having patients observe displays
or listen to tones of their physiological activity (EMG
activity) and then try to change the display or change
the tone.

As biofeedback is becoming more and more main-
stream, unaware participants often misinterpret an
advantage that the machine alone provides as the sole
mechanism/modum of the therapy. Since the therapy
does not rely on face-to-face contact, this can contribute
to more flexibility for the patient to plan interventions.
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Graap and Freides (1998) were the first to introduce al-
pha-theta feedback for the treatment of PTSD. Recent
evidence has supported neurofeedback as being advanta-
geous in exerting direct control over the body’s central ner-
vous system, making it a valuable adjunct in the treatment
of several neuropsychiatric disorders (Batty et al., 2006).A
common paradigm often applied in the treatment of
attention-deficit/hyperactivity disorder is to facilitate tha-
lamic inhibitory mechanisms by decreasing activity in the
theta band and increasing activity in the beta band.Another
approach relies in increasing the sensorimotor rhythm
(SMR) activity (Fox et al., 2005), as SMR is an oscillatory
thalamocortical rhythm that may play a role in controlling
movement. SMR amplitude is strongly suppressed during
theperformanceof contralateralmotoracts or evenduring
motor imagery, i.e., just by seeing the activity, and in-
creasedwhenthe sensorimotor areasare lessactive.Periph-
eral markers, as in heart rate variability, have also
demonstrated promising new avenues for reduction of
PTSD symptoms (Zucker et al., 2009).
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Other therapeutic interventions and
modalities; development of computer-

assisted technologies

Several other therapeutic strategies and technologies are
reported in PTSD. Shay and Munroe (1999) report on a
treatment setting in which the encounter is the focus of
attention in therapy; other reports describe narrative
exposure therapy (Neuner et al., 2004), psychodrama
therapy (Carbonell and Parteleno-Barehmi, 1999), psy-
chodynamic approaches (Huller and Barash-Kishon,
1998), or use of hypnosis (Kluft, 1992; Spiegel, 1992).

Most clinicians who treat PTSD have an eclectic
approach to treatment, and there is a push for
evidence-based treatments (Bisson et al., 1997). Combin-
ing biological, psychological, and psychosocial treat-
ment may well yield best results. Rehabilitative goals
should replace curative techniques in patients
with chronic PTSD (Shalev et al., 1996b). Even though
empirical support is still lacking, the importance of
psychoeducation should not be underestimated (Allen
et al., 1997; Lubin et al., 1998; Wessely et al., 2008).

A potential new direction for PTSD treatment is
computer-assisted technologies, e.g., online CBT, but
also virtual reality exposure therapies (VRET) and other
strategies that are embedded in conventional CBT or
EMDR. Knaevelsrud and Maercker (2010) explored
internet-based CBT, and demonstrated large treatment
effects, low drop-out rates, quality therapeutic relation-
ships, and sustained effects for this type of intervention.
VRET is another variation demonstrating potential
for PTSD treatment (Difede et al., 2007; Reger and
Gahm, 2008). Such possibilities for remote therapy
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may improve treatment options for PTSD sufferers liv-
ing in more isolated areas. Finally, other future interven-
tions combine VRET exposure with physical interaction:
patients are placed on a treadmill platform and walk
through a three-dimensional environment, which en-
ables them to interact with self-paced motion and
control.

The newer applications, like online therapies and
neurofeedback, may be combined in future studies with
timed administration of medication.

328 E. VERMETTEN
CONCLUDINGREMARKS

Three decades of PTSD research have placed it well on
the map. Table 18.4 summarizes the key findings of the
last 30 years. This calls for an orientation for where new
investment should go. A new direction in which the field
has moved is resilience. The cohorts of veterans who
have returned and will return from the wars in Iraq
and Afghanistan have already confronted clinicians
and researchers with a new challenge. Since each new
war has a “signature” weapon and a “signature” injury,
the challenge is to differentiate the impact of exposure
to blast (signature weapon) to blast-related injuries
(signature injury), the spectrum of traumatic brain
Table 18.4

Three decades of posttraumatic stress disorder research and p
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First decade: 1980–1990 Epidemiological Prevalence
Biological Validation o
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Clinical Stress redu
Pharmacological Experiment
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Availability
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Pharmacological New drugs

Fourth decade: 2010– Longitudina

Increase in
Primary pre
“Decade of

CBT, cognitive-behavioral therapy; SSRI, selective serotonin reuptake inh

mild traumatic brain injury; PFC, prefrontal cortex.
injury with PTSD. Especially difficult in this respect is
mild traumatic brain injury (Bryant et al., 2009; Brenner
et al., 2010).

Future studies will need to focus on estimating
age-at-onset distributions, cohort effects, and the condi-
tional probabilities of PTSD from different types of
trauma. These epidemiological studies will also need
to assess PTSD for all lifetime traumas rather than
for only a small number of retrospectively reported
“most serious” traumas. As for the neurobiology and
treatment of the disorder, the wealth of laboratory re-
search and animal models has helped us understand
its pathophysiology. It is for future studies to translate
these findings into optimal pharmacotherapeutic inter-
ventions that can be combined with psychological treat-
ments for alleviation of symptoms, reduction of medical
consumption, and better quality of life for patients cur-
rently suffering from PTSD.

With increased capabilities of imaging techniques, in-
cluding improved spatial resolution but also increased
availability of scanning equipment in smaller research
institutes, the knowledge of the altered brain function
in PTSD increases. Given the specific role of the prefron-
tal cortex in (neuro)psychological functions in patients
with PTSD (i.e., attention and cognitive interference),
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the interest in the role of the prefrontal cortexwill increase
significantly. Increased multidisciplinary interaction with
inclusion of genetics, endocrinology, immunology,
(neuro)psychology, and psychopathology is essential to
findconsistencybetweenbiological, emotional, andcogni-
tive dysfunction in PTSD. Related to this, longitudinal
studies are essential to assess the relationships between
stress parameters and clinical phenotype of PTSD. This
is true for DST supersuppression, stress reactivity, hypo-
cortisolemia, and hippocampal (neurogenetic) changes,
but also for memory function and neurocognitive mecha-
nisms.Thedeploymentofnewandexistingdrugs inPTSD,
including specific serotonergic agents such as 5-HT1A an-
tagonists, norepinephrine blockers, CRF antagonists, GR
antagonists, prazosin, and a1-adrenergic blocker s for
nightmares, and the use of beta-blockers early after
trauma exposure will need to be investigated. Treatment
options such as D-cycloserine and cortisol seem to offer
opportunities to influence thememory of traumatic expe-
riences, in timedand careful therapeutic dosage in relation
to exposure. Finally, the mechanisms of exposure therapy
and cognitive therapy in influencing neurobiological
markers should be further investigated. The same goes
for emerging therapies such as EMDR, virtual reality ex-
posure, internet therapy, and neurofeedback.

Although a variety of effecive psychological and
pharmacological interventions canbeused to treat PTSD,
no economic evaluations are known to exist. Health
economists are aware that there is an economic burden
associated with PTSD, and treatments require the use
of scarce resources. They will ultimately provide tools
(including cost-effectiveness, cost–benefit, and cost–
utility analyses) to ascertain the relative efficiency of
different treatment options and plan the availability of
these for the affected population. This is perhaps the
biggest challenge for the future evolution of the disorder.

Finally, one of the challenges for the courts and
workers’ compensation systems is the potential relation-
ship between traumatic stress exposure and the emer-
gence of psychopathology (McFarlane, 2010). The
significant body of research that has been reviewed here
has now provided valuable insights into the reality of
PTSD and the fact that it represents chronic and some-
times progressive accumulation of symptoms in individ-
uals over time. Intercurrent life stresses have also been
shown to play an important role, impacting upon the tra-
jectory of an individual’s posttraumatic reactions. These
effects represent significant challenges in establishing
causality in legal settings. Furthermore, the statute of
limitations poses a particular challenge to plaintiffs
when there is a delay in the onset of their disorder out-
side the prescribed window for taking legal action fol-
lowing a potential compensable injury of
approximately 3 years.
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Generalized anxiety disorder
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INTRODUCTION

Generalized anxiety disorder (GAD) is a prevalent disor-
der (5.1% lifetime prevalence in the US general popul-
ation) (Wittchen et al., 1994). GAD is commonly
associated with psychiatric and medical comorbidities
(Hidalgo and Davidson, 2001) and is often chronic.
GAD is associated with extensive psychiatric and med-
ical utilization and, if left untreated, can cause impair-
ment as severe as major depressive disorder (MDD)
(Greenberg et al., 1999; Kessler et al., 1999a, b; Stein and
Heimberg, 2004; Ansseau et al., 2005).

GAD usually presents first to primary care physi-
cians or other specialists rather than to psychiatrists.
Awareness of GAD’s clinical presentation, high preva-
lence, impairment, and health costs is important for
all clinicians, regardless of their medical subspecialty.

In this chapter we review the epidemiology, clinical
features and course, complications, genetics and neuro-
biology, and the current treatments for GAD.
EPIDEMIOLOGY

Prevalence

The prevalence of GAD in the USA has been investi-
gated in several large epidemiological studies. Since
the criteria to diagnose GAD have changed through
the years, the prevalence rates are difficult to assess
as the criteria used were not always consistent. For
example, the Epidemiological Catchment Area (ECA)
(Blazer et al., 1991) used Diagnostic and Statistical
Manual of Mental Disorders, third edition (DSM-III:
American Psychiatric Association, 1980) criteria, the
National Co-morbidity Survey (NCS) (Wittchen
et al., 1994) used DSM-III-R (American Psychiatric
*

Correspondence to: Professor David V. Sheehan, MDMBA, Disti
Director, Depression and Anxiety Disorders Research Institute,

Fletcher Ave, Tampa, FL 33613, USA. Tel: 813-974-1074 or 813-974
Association, 1987) criteria, and the more recent National
Co-morbidity Survey-Replication (Kessler et al., 2005)
used diagnostic criteria from DSM-IV (American Psy-
chiatric Association, 1994).

In the ECA study, current (1-month) GAD prevalence
was 1.3% (1.2%, 1.3%, and 1.4% in Durham, St. Louis,
and Los Angeles, respectively). One-year prevalence
was 3.5% in Durham, 2.9% in St. Louis, and 2.0% in
Los Angeles. Lifetime prevalence was 6.6% in Durham
and St. Louis and 4.1% in Los Angeles. In the NCS,
current (last 6 months) prevalence was 1.6%. One-year
prevalence was 3.1% and lifetime prevalence was 5.1%.

European epidemiological surveys have reported vari-
able rates of GAD. Faravelli et al. (1989) reported a current
rate of 2% and a lifetime prevalence of 3.9% in a commu-
nity sample fromFlorence, Italy.Wacker et al. (1992), using
the diagnostic criteria from DSM-III-R and International
Statistical Classification of Diseases and Related Health
Problems, 10th revision (ICD-10: World Health Organiza-
tion, 1992) in a population sample fromBasel, Switzerland,
found a lifetime prevalence of 1.9%. In a large study con-
ducted in western Europe the authors reported a lifetime
prevalence of DSM-IV GAD of 2.8% (The ESEMeD/
MHEDEA2000Investigators, 2004).Liebet al. (2005) con-
ducted a meta-analysis of six European epidemiological
studies that usedDSM-IV criteria and found lifetime prev-
alence rates ranging from 0.1% to 6.9%.

In a study conducted in Australia, Hunt et al. (2002)
found a GAD 12-month prevalence rate of 3.6% in the
general population.

Lower prevalence rates have been found in Asia.
Using the DSM-IV criteria the lifetime prevalence rate
in mainland China was 0.8% (Lee et al., 2007a, b) and
12-month prevalence was 1% in South Korea (Cho
et al., 2007).
nguished University Health Professor, Professor of Psychiatry,
University of South Florida College of Medicine, 3515 East

-4544, Fax: 813-974-4575, E-mail: dsheehan@health.usf.edu



ND D.V. SHEEHAN
Differences in rates between countries may have as
much to do with differences in the diagnostic criteria
used and translation and linguistic problems in the
assessment instruments as real differences in the rates
of the disorders.

Risk factors

In the ECA study (Blazer et al., 1991) the authors
reported that women, African Americans, and subjects
younger than 30 years of age were at higher risk for
DSM-III GAD. The same study reported that 1-year
GAD prevalence decreased as occupational status
increased. Household incomes of less than $10 000
per year had the highest 1-year prevalence (P < 0.05).
In this study there was no clear association between
level of education and the prevalence of lifetime or
1-year GAD.

Female gender is a consistent risk factor in GAD. The
odds ratio for GAD was almost twice as high for
females compared to males (1.85 versus 1.0) (Wittchen
et al., 1994).

After adjusting the effect of other predictors in the
model, women had a 0.63 higher odds ratio (OR) than
men (1.63 versus 1.00). The lowest risk of GAD was in
persons within the age range of 15–24 years (OR ¼
0.28 in the crude model and OR ¼ 0.36 in the adjusted
model), although this was not consistent with the find-
ings from the ECA study (Blazer et al., 1991). Previously
married people (i.e., separated, widowed, or divorced;
OR ¼ 5.25; adjusted OR ¼ 1.95), homemakers (OR ¼
2.47; adjusted OR¼ 2.25), and people living in the north-
east (OR¼ 1.45; adjusted OR¼ 1.39) showed the highest
risk of GAD. White race and lower income had higher
ORs in the crude model. This difference disappeared
after adjusting for the effect of other predictors. This
continued to be true after performing parallel logistic
regression analyses to see if there were differences be-
tween pure (no other lifetime disorder) and comorbid
GAD, and between primary (GAD with an earlier onset
than any other disorder) and secondary GAD. Educa-
tion, religion, and urban residence were not associated
with an increased risk of GAD in either the crude or ad-
justed model. Blazer et al. concluded that pure GAD,
primary GAD, and secondary GAD do not differ in their
associations with age, gender, ethnic origin, social class,
or other biosocial variables.

In a birth cohort study of 52 cases of pure GAD
followed until age 32, the GAD subjects had higher
inhibited temperament, greater negative affect, more
conduct problems, more maternal and childhood inter-
nalizing symptoms, lower socioeconomic status, and
more maltreatment compared to healthy controls
(Moffitt et al., 2007a, b).
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Compared to depression and other anxiety disorders,
very little is known or understood regarding the genetics
and neurobiology of GAD. GAD is the anxiety disorder
with fewest genetic investigations. These studies have
used different diagnostic criteria, making it difficult
to reconcile the results.
Genetics

In a study of the genetics of anxiety disorders, Torger-
sen (1983) found no evidence for genetic transmission of
GAD. However, Noyes et al. (1987) reported an in-
creased rate of GAD in first-degree relatives of patients.
Similarly, Kendler et al. (1997) found a substantial
familial aggregation in GAD. Lifetime prevalence of
GAD was significantly higher in parents of participants
meeting diagnostic criteria for GAD than in responders
without GAD (OR¼ 3.15;P< 0.0001). When controlling
for the presence of other diagnoses in the respondents
and their parents, this “specific” familial aggregation
was lower but still statistically significant (OR ¼ 1.7;
P < 0.001). The authors concluded that the familial
aggregation of GAD appeared to be independent of
the presence of comorbid disorders and relatively spe-
cific. However, they also reported that, for both GAD
andmajor depression, the largest decrease in familial ag-
gregation was found when controlling for the other dis-
order. This suggests that GAD and major depression
possibly share similar familial and genetic risk factors.

Merikangas et al. (1999) found specific familial ag-
gregation of anxiety disorders in a sample of Caucasian
parents and their children using a high-risk design (an
approach that focuses on studying the population at risk
for a given disorder). The study did not use DSM GAD
criteria but included an “overanxious” group, which
likely resembles GAD. The authors reported that, for
anxiety disorders in general and for individual anxiety
disorders, there was a consistent increase in anxiety dis-
orders in the offspring proportionally to the number of
parents affected by anxiety (i.e., children who had two
parents affected by any anxiety disorder had the highest
risk of meeting criteria for any anxiety diagnosis (41%),
followed by children with one parent affected (12%) and
the group with no affected parents (4%); P < 0.01).

Hettema et al. (2001) evaluated 3100 pairs of twins
and found approximately 15–20% heritability for
DSM-III-R GAD. They did not find any effects from
gender-specific genes.

In a study of over 8000 twins from same-sex and
opposite-sex pairs, Hettema et al. (2004) examined the
relationship between GAD and neuroticism, a personal-
ity trait that predisposes to depression and anxiety.
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They found a high genetic correlation between GAD and
neuroticism: when gender differences were considered,
GAD and neuroticism were highly correlated at 0.80.

A study of more than 37 000 twins from same-sex
pairs from a Swedish national sample looked at the ge-
netic correlation between GAD, MDD, and neuroticism
(Kendler et al., 2007). The correlation between GAD and
major depression was very high (1.0 in women and 0.74
in men). Neuroticism showed a modest correlation to
both depression and GAD in women and men (approx-
imately 0.25). The authors concluded that MDD and
GAD are genetically related and have a common
connection with neuroticism.

A polymorphism in the human serotonin transporter
(5-HTLLPR) gene, which results in abnormal function of
the reuptake of serotonin from the synaptic cleft back to
the neuron, accounts for a small proportion of anxiety-
related personality traits in individuals and their siblings
(Lesch et al., 1996). Pérez-Edgard and collaborators
(2010) also found that children with the short (s) allele of
the 5-HTLLPR gene have faster responses to angry faces.
Moreover, in a functional magnetic resonance imaging
(fMRI) study healthy children and adolescents (9–17 years)
whowere carriers of the 5-HTLLPR short allele hadgreater
neuronal responses than participants who were homozy-
gous for the long allele (Thomason et al., 2010).

A recent study found that interactions between the
brain-derived neurotrophic factor Val66Met gene poly-
morphism and early life stress predicted brain and
arousal pathways associated with syndromal depression
and anxiety (Gatt et al., 2009).

Although there are several genetic studies in this area,
so far no definite specific gene has been linked to GAD.
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Neurobiology

The neurobiology of GAD may include abnormalities
in neurochemical, neuroendocrine, neurophysiological
and neuroanatomical structures.

NEUROCHEMISTRY

Three neurotransmitters may play an important role in
anxiety: serotonin, g-aminobutyric acid (GABA), and
norepinephrine.

Serotonin

Serotonin has been implicated in the anxiety responses
of animals and humans. Serotonin is found throughout
the brain, and is particularly concentrated in areas that
are linked to anxiety (dorsal and median raphe nuclei
of the brainstem). The pathway from the raphe nucleus
to the amygdala and the frontal cortex is thought to
be involved in mechanisms that are relevant to GAD:
anticipatory anxiety and avoidance (conditioned fear)
(Nutt, 2001). Germine et al. (1992) reported that
m-chlorophenylpiperazine, a nonspecific 5-HT agonist,
provoked an increase in anxiety and hostility in patients
with GAD. Brewerton et al. (1995) found lower levels of
5-HT in cerebrospinal fluid of patients with GAD in
comparison to normal controls. Iny et al. (1994) reported
reduced levels of paroxetine-binding sites in platelets
from patients with GAD. Senkowski et al. (2003) found
that medication-free GAD patients (n ¼ 31) had an
abnormal exteroceptive sensory system. They reported
that, compared to matching controls, GAD patients
had a significantly shallower loudness dependence
(LD)-tangential in the primary auditory cortex. This
finding correlated with a high firing rate of the neurons
in the dorsal raphe nucleus. This provides further
support of a hyperfunctional serotonergic system in
GAD. However, studies showing no abnormalities in
the serotonin system in GAD patients also exist
(Schneider et al., 1987; Davis, 1992).

GABA–benzodiazepine complex

GABA is the main inhibitory neurotransmitter in the
brain. Benzodiazepine receptor complexes are in close
functional relationship with GABA receptors. Three stud-
ies noted impaired benzodiazepine activity in subjects
with GAD. Weizman et al. (1987) found a lower number
of benzodiazepine-binding sites on platelet membranes in
anxious patients, which increased when these patients
were treated chronically with diazepam. Ferrarese et al.
(1990) described similar findings in lymphocytes. Rocca
et al. (1998) found that a decrease in peripheral benzodi-
azepine receptors in monocytes in GAD patients was cor-
related with a reduction in the relative concentration of
mRNA encoding such receptors. This suggests that, in pa-
tients with GAD, the synthesis of these receptors is also
impaired. All these values returned to normal levels after
2 months of treatment with diazepam. However, the
value of these findings is difficult to interpret as central
and peripheral benzodiazepine receptors are pharmaco-
logically different. Roy-Byrne and Katon (1997) found
a diminished sensitivity of central benzodiazepine recep-
tors in patients with GAD, by measuring the velocity of
saccadic eye movements.

Noradrenergic system

The locus coeruleus–norepinephrine–sympathetic ner-
vous system plays an important role in the body’s
response to stress. Several investigations found support
for the existence of noradrenergic abnormalities in
GAD. Charney et al. (1989) reported an attenuated
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3-methoxy-4-hydroxy-phenylglycol response to yohim-
bine (an a2-adrenergic antagonist) in subjects with
GAD compared to normal controls.

Abelson et al. (1991) reported a blunted growth
hormone response to clonidine in patients with GAD.
GAD patients had a lower number of a2-adrenergic
receptor-binding sites in platelets (Sevy et al., 1989;
Cameron et al., 1990). This diminished sensitivity of
the a2-adrenergic receptor may be a result of downregu-
lation of the adrenergic receptors in response to chronic
high levels of catecholamines in the bloodstream.

NEUROENDOCRINE

Hypothalamic–pituitary–adrenal axis

Two studies reported nonsuppression of dexamethasone
(not due to depression) in GAD patients (Avery et al.,
1985; Tiller et al., 1988). These results suggest possible
abnormalities of hypothalamic–pituitary axis regulation
in GAD. Others reported opposite findings. Rosenbaum
et al. (1983) found no evidence of increased 24-hour uri-
nary free cortisol in patients with GAD compared with
normal controls. Hoehn-Saric et al. (1991) found no dif-
ferences in plasma cortisol levels in 13 medication-free
GAD patients compared to normal controls. Similarly,
Fossey et al. (1996) found no significant correlations
between corticotropin-releasing factor (CRF) concentra-
tions in the cerebrospinal fluid in 11 patients with GAD
and their anxiety measures. The authors also reported no
difference in CRF levels in the cerebrospinal fluid
between GAD patients and normal controls.

Neurosteroids

“Neurosteroids” are steroids with action within the
central nervous system. Examples of neurosteroids
are: progesterone, 17a-estradiol, testosterone, allopreg-
nanolone, 3a,5a-tethrahydroprogesterone (3a,5a-TH
PROG), 3a,5a-tethrahydrodeoxycorticosterone (3a,5a-
TH DOC), and others. These neurosteroids are synthe-
sized within the brain from cholesterol. Neurosteroids
modulate neurotransmitter receptors and gene expres-
sion associated with anxiety. Examples of neurotrans-
mitter receptors sensitive to steroid modulation are
GABA, 5-HT3, N-methyl-D-aspartate (NMDA: part of
the glutamate receptors family), a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA), and kai-
nate receptors. For example 3a,5a-TH PROG and
3a,5a-TH DOC work as positive allosteric modulators
of the GABAA receptor by increasing the chloride
current (Majewska et al., 1986; Paul and Purdy, 1992;
Lambert et al., 1995). Neurosteroids like 3a,5a-TH
DOC modulate the expression of the gene encoding
the a4 subunit of the GABAA receptor (Smith et al.,
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1998; Grobin and Morrow, 2000). There is also evidence
that when 3a,5a-TH DOC or 3a,5a-TH PROG is given
to rats, it suppresses the expression of vasopressin
and corticotropin-releasing hormone, two neuropeptides
with neuroendocrine and behavioral actions (Patchev
et al., 1994, 1997). Even though there are no studies on
the specific role of neurosteroids on GAD, the above
findings are likely to apply to it. Compared to other anx-
iety and mood disorders there is a paucity of research on
the neurochemistry and neurobiology of GAD. Some of
this may be due to the ever-shifting diagnostic criteria
and the difficulty of finding “pure” GAD cases not
comorbid with other Axis I disorders.

AUTONOMIC SYSTEM

Some investigations have evaluated peripheral auto-
nomic responses to stress in patients with GAD.
Hoehn-Saric and associates (1989) reported that GAD
patients had reduced skin conductance, respiratory rate,
blood pressure, and heart rate variability after stressor
challenges, although no differences were found at rest.
Cameron et al. (1990) found lower standing systolic
blood pressure in patients with GAD compared with nor-
mal controls. Thayer et al. (1996) found reduced heart
rate variability in GAD patients and reduced heart rate
variability during worry in healthy controls. Reduced
heart rate variability is a strong predictor of sudden car-
diac death. This may have implications for patients with
untreated GAD.

This reduced autonomic flexibility in GAD may be
secondary to diminished vagal tone.

Poor sleep quality is a diagnostic criterion and a
frequent complaint in GAD. Patients with GAD had
difficulty falling asleep, maintaining sleep, reduced
slow-wave sleep, reduced total sleep time and reduced
sleep efficiency on polysomnography (Saletu-Zyhlarz
et al., 1997). In contrast to patients with depression,
patients with GAD show no significant changes in rapid-
eyemovement (REM) latencyorREMpercentageofsleep
time. These two measures discriminate MDD and GAD
from each other (Reynolds et al., 1983). These abnormal
sleep patterns contribute to a vicious cycle of hypervigi-
lance and hyperarousal followed by insomnia, which in
turn causes tiredness and irritability during the day.

NEUROIMAGING

Mathew et al. (1982) using xenon inhalation found that
increased levels of anxiety were associated with a reduc-
tion in cerebral flow in most brain areas in GAD subjects
compared to normal controls. Tiihonen et al. (1997) eval-
uated cerebral benzodiazepine binding and distribution
in patients with GAD compared to normal controls using
MRI and single-photon emission computed tomography
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(SPECT). GAD patients showed greater homogeneity in
cerebral benzodiazepine receptor density distribution,
with significant reductions in the left temporal pole.
They concluded that high regional heterogeneity of per-
fusion, metabolism, and receptor density is needed for
adaptation in a living organism and that such heteroge-
neity was deficient in GAD subjects. Maron et al. (2004)
reported lack of significant differences between GAD
patients and controls in a SPECT study looking at sero-
tonin transporter binding in the midbrain and thalamus.

Wu et al. (1991) evaluated brain glucose utilization
through positron emission tomography in patients with
DSM-III GAD compared to normal controls. At base-
line, patients with GAD had elevated relative metabolic
rates in the occipital, temporal, and frontal lobes but re-
duced absolute basal ganglia metabolism and increased
cerebellar whole-brain metabolic ratio when compared
to normal controls. During an anxiety-inducing task,
GAD patients showed a significant increase in basal
ganglia and right parietal lobe metabolism. After treat-
ment with benzodiazepines, there was a significant de-
crease in glucose metabolism in the cortical surface
(particularly in the occipital areas), the limbic system,
and basal ganglia compared to the placebo group.

Mathew et al. (2004), using proton magnetic resonance
spectroscopy (H-MRS), studied the concentrations of
N-acetylaspartate in 15 medication-free patients with a pri-
mary diagnosis of GAD. N-acetylaspartate is considered a
marker of neuronal viability. These patients had a 16.5%
higher N-acetylaspartate/creatine ratio in the right dorso-
lateral prefrontal cortex compared with healthy controls
(P � 0.03). This result was in the opposite direction from
the investigators’hypothesisandpreviousresearchshowing
lower ratios in anxiety (i.e., posttraumatic stress disorder
(PTSD)) and affective disorders. However, in GAD
subjectswith a history of childhood abuse (n¼ 6), they con-
firmed reducedneuronal viability. The investigatorsdidnot
find any metabolite ratio differences between the two
groups in the left dorsolateral prefrontal cortex or in the
right or left hippocampus. The higher N-acetylaspartate/
creatine ratio in the right dorsolateral prefrontal cortex is
consistent with findings implying increased metabolism
in prefrontal cortex (Wu et al., 1991) and increased blood
flow in the right dorsolateral prefrontal cortex in patients
with social phobia (Tillfors et al., 2002).

Several fMRI studies found amygdala hyperactivity
in GAD and other anxiety disorders (Monk et al., 2008;
Beesdo et al., 2009; Carter and Krug, 2009). There was
an association between elevated pretreatment anterior
cingulate cortex activity and reduction in anxiety in non-
depressed GAD following venlafaxine treatment
(Nitschke et al., 2009). Whalen et al. (2008) found that
GAD subjects who reacted more on fMRI to fearful
faces had a better response to medication treatment.

GENERALIZED A
Mohlman et al. (2009) reported a reduction in the vol-
ume of the medial orbital cortex in an MRI study of 15
elderly worried GAD patients and matched controls.

In summary, neuroimaging studies in GAD suggest
involvement of some cortical regions, the limbic system,
and the basal ganglia in GAD.
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DIAGNOSIS

GAD first appeared as a new diagnostic entity in DSM
in 1980 (American Psychiatric Association, 1980). DSM-
III split the earlier diagnosis of anxiety neurosis into
panic disorder � agoraphobia and the residual GAD di-
agnosis. GAD was only to be used in the absence of
other anxiety and depressive syndromes. The criteria
for GAD have changed since then, in both the DSM
and ICD classification systems (World Health Organiza-
tion, 1992). In DSM-III-R the definition of GAD evolved
into a syndrome of disabling worry about routine events
lasting 6 months or more and could be comorbid with
some diagnoses, but not others.

In DSM-IV-TR the core of the disorder is a chronic
(6 months or more) state of anxiety and worry about
routine things, usually associated with insomnia, irrita-
bility, tension, edginess, tiredness, and difficulties with
concentration. People with GAD have difficulty control-
ling their worries. These symptoms cause significant
distress and/or significantly interfere with functioning.
A diagnosis of GAD is not used if these symptoms
are caused by another Axis I diagnosis, a general med-
ical condition, and/or induced by a substance.

In ICD-10 the essential feature is persistent, “free-
floating” anxiety. The symptoms are clustered into three
different groups: (1) apprehension; (2) motor tension;
and (3) autonomic overactivity.

GADcriteria differ in twoways betweenDSM-IV-TR
and ICD-10. Firstly, while the DSM-IV accepts GAD as
possibly comorbid with other Axis I diagnoses (unless
it is restricted exclusively to or better explained by
another disorder), in ICD-10 GAD cannot be diagnosed
if the patient’s symptoms meet criteria for depressive
disorder, panic disorder, phobic anxiety, neurasthenia,
or obsessive-compulsive disorder. Secondly, the
“hyperarousal category” was removed in DSM-IV, but
remained as “autonomic overactivity” in ICD-10. Pure
GAD in DSM-IV is associated with higher levels of
disability than in ICD-10 (Andrews and Slade, 2002).

Because of these ever-evolving criteria for GAD it is
difficult to find consistency in the research findings,
particularly in the neurobiology ofGAD.While ICD-10 cri-
teria are used diagnostically in clinical settings in Europe,
Asia, and Africa, double-blind placebo-controlled studies
internationally have universally adopted the DSM-IV
criteria (Gao et al., 2006).



348 R.B. HIDALGO AND
CLINICAL PRESENTATION

Clinical picture

GAD can present at any age, from childhood to late life,
although the mean age of onset is typically later than in
other anxiety disorders (Wittchen et al., 1994). Typically,
patients present with anxious mood and worries about
several routine things out of proportion to the reality
of the situation. They find it difficult to control these
worries and rarely feel relief from these concerns.
Insomnia is common. While trying to fall asleep they
may ruminate over a mental “to-do list” or a list of
worries or potential “worst-case scenarios.” Fatigue
and irritability even with themselves are common. They
startle easily. There is usually increased muscle tension
and inability to relax. Other somatic symptoms include
headaches, chest pain, muscle tenderness, sweating,
cold or clammy hands.
Comorbidities

Pure (noncomorbid) GAD is the exception rather than
the rule. Subjects meeting criteria for GAD usually have
other comorbid illnesses (both medical and psychiatric).
Some 89% of patients with GAD have at least one other
Axis I psychiatric disorder (Judd et al., 1998). The pres-
ence of GAD symptoms with another disorder suggests
greater severity, more disability, worse prognosis, and
higher risk for poor response to treatment.

In clinical settings, always check patients with GAD
for other comorbidities so that they are not left
untreated.

MEDICAL COMORBIDITIES

Medical comorbidities are common and neglected in
individuals with GAD. Somatic complaints often lead
patients with GAD to request treatment. There is a bi-
directional relationship between medical illnesses and
psychiatric disorders, and both should be addressed
and treated. Common somatic complains in GAD in-
clude gastrointestinal symptoms (acid reflux, nausea,
loose stools, abdominal pain, constipation), respiratory
symptoms (shortness of breath, constriction of the
chest, chest pain), cardiovascular symptoms (palpita-
tions, tachycardia, dizziness), and other more general
complaints like aches and pains and headaches.

Rogers et al. (1994) investigated the prevalence of
medical conditions in 711 patients with anxiety disorders,
of whom 211 had GAD. They found a range of somatic
complaints and conditions, including headaches,
allergies, and hypertension.

Guillem et al. (1999) found that patients with
migraine had higher rates of mood and anxiety
disorders. The prevalence of GAD was 10.2% in those
with migraine compared to 1.9% in subjects with no
migraine history.

In a study of 3032 adults with chronic pain aged
25–74 years, those with chronic pain (e.g., arthritis,
migraine, or back pain) had significantly higher rates
of GAD than patients without pain conditions
(McWilliams et al., 2004).

Goodwin and Stein (2002) reported that GAD sub-
jects were over four times more likely than non-GAD
subjects to report peptic ulcer disease (OR ¼ 4.5). This
higher likelihood persisted, though at a lower level
(OR ¼ 2.8), after adjusting for sociodemographic
variables, physical morbidity, and comorbid psychiatric
disorders. Irritable bowel syndrome is common in GAD
(Hazlett-Stevens et al., 2003; Gros et al., 2008).

Chronic obstructive pulmonary disease patients
had a GAD lifetime prevalence of 10–16%, a rate
two to three times higher than that in the general pop-
ulation (Brenes, 2003).

Anxiety symptoms consistent with GAD (e.g.,
worry, tension, feeling restless, difficulty making deci-
sions) are associated with increased risk for cardio-
vascular illness (i.e., myocardial infarction, sudden
cardiac death, angina pectoris, and hypertension)
(Eaker et al., 1992; Kawachi et al., 1994; Jonas et al.,
1997; Kubzansky et al., 1997; Nicholson et al., 2005).
Patients with GAD had an increased risk of coronary
heart disease independent of major depression
(Barger and Sydeman, 2005). Twenty percent of
male patients with cardiac illness had GAD. In 62%
of these patients GAD preceded the onset of the
cardiac disorder (Härter et al., 2003).

D.V. SHEEHAN
PSYCHIATRIC COMORBIDITIES

Data from community and clinical samples show that
“pure” GAD is uncommon and more the exception than
the rule. Results from these studies demonstrate that
GAD is highly comorbidwith other psychiatric disorders,
particularly with mood and other anxiety disorders.

Brawman-Mintzer et al. (1993) reported results from
community-based and clinical studies showing high
rates of comorbidity in patients with GAD. Judd et al.
(1998) described GAD as a disorder with a strong ten-
dency to be comorbid with other psychiatric disorders,
especially mood and other anxiety disorders. However,
it is unclear whether comorbidity is found more exten-
sively with GAD than it is with other major Axis I disor-
ders. Results from the ECA point out that patients with
GAD have at least one other DIS/DSM-III disorder in
58–65% of cases. Subjects with GAD were especially
likely to have additional current panic or MDD
(Blazer et al., 1991).
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In the NCS (Judd et al., 1998), investigators found
that 90.4% of the respondents with lifetime GAD had
at least one other lifetime disorder. The most frequent
associations with lifetime GAD in this sample were with
MDD (62.4%; OR ¼ 9.72), dysthymia (39.5%; OR ¼
13.52), alcoholism (37.6%; OR ¼ 3.7), simple phobia
(35.1%; OR ¼ 3.5), social phobia (34.4%; OR ¼ 3.4),
and drug abuse (27.6%; OR¼ 2.6). Among subjects with
current GAD, 66.3% reported at least one other disorder
during the last month. In current GAD, the highest co-
morbidity rates, with ORs between 13.86 and 26.98, were
found with affective disorders, panic disorder, and
agoraphobia. These results changed minimally when
investigators repeated the analysis using the diagnostic
hierarchy rules for GAD (lifetime comorbidity, 89.8%;
current comorbidity, 65.0%). A total of 9.6% reported
GAD as their only lifetime disorder. In 12.2% the
GAD started earlier than any other disorder. One-fifth
(21.8%) of all GAD cases have primary GAD.

In theNCS and theMidlifeDevelopment in theUnited
States Survey (MDUSS), of respondents with pure and
comorbid GAD within the last 12 months, 58% (NCS)
and 70% (MDUSS) had comorbid depression. Con-
versely, of those with major depression, 17.5% (NCS)
and 16.3% (MDUSS) had GAD (Kessler et al., 1999a, b).

Bipolar disorder is another important comorbidity
with GAD in epidemiological, clinical, and family popu-
lations (Kessler et al., 1997; McElroy et al., 2001;
Freeman et al., 2002). Bipolar disorder associated with
anxiety is a clinically relevant subtype of bipolar disor-
der. Compared to bipolar patients without anxiety, bipo-
lar patients with anxiety have an earlier age of illness
onset, higher rates of mixed states, depressive symp-
toms, and suicidality, and respond less well to lithium
(McElroy et al., 2001; Freeman et al., 2002). The System-
atic Treatment Enhancement Program for Bipolar
Disorder found 18% of subjects with bipolar disorder
had a lifetime history of GAD, with higher rates in bipo-
lar I than in bipolar II disorder (Simon et al., 2004).
In the Zurich cohort study 40% of primary GAD cases
were later diagnosed with a bipolar disorder (Angst
et al., 2009), a finding consistent with the Rihmer
et al. (2001) study.

Several studies found a high comorbidity between
GAD and other anxiety and mood disorders (De Ruiter
et al., 1989; Brown and Barlow, 1992; Noyes et al., 1992).
In a birth cohort study of 1037 subjects investigating the
sequential development of GAD and MDD, Moffitt
et al. (2007a, b) found that, by age 32, 72% with a life-
time diagnosis of anxiety had a history of depression,
while 48% with lifetime depression had anxiety. Depres-
sion began before or concurrently in 32% of those with
anxiety, while anxiety began before or concurrently in
37% of those with depression.

GENERALIZED A
Course

GAD can present at any age. Some studies found themid-
teens to young adulthood to be the peak period for presen-
tation of GAD (Raskin et al., 1982; Thyer et al., 1985;
Blazer et al., 1991). In contrast,Wittchenet al. (1994) found
the lowest rate of GAD in the 15–24-year age group. GAD
typically appears after 25 years of age, with the highest
incidence in the 35–45-year age group.

In DSM-IV-TR, GAD must be present for at least 6
months. GAD has a prolonged course with elevated rates
of chronicity, waxing and waning periods, high percent-
age of relapse, and low rates of recovery. The median
duration of the intake GAD episode was 15.6 years,
the second longest of any anxiety disorder (Eisen,
1998). Rates of recovery for GAD were 7%, 27%, and
38% at 4, 34, and 58 months after intake diagnosis
(Yonkers et al., 1996). Twenty-eight of those who recov-
ered relapsed by the fifth year (Yonkers et al., 1996). The
mean duration of GAD was more than 20 years, with
remission rates of only 15% and 25% at 1 and 2 years.
These results are consistent with those of Barlow
et al. (1986), who found that GAD patients in their 40s
were continuously symptomatic over 20 years.
IMPAIRMENT

The impact of GAD on quality of life is as severe as in
MDD (Kessler et al., 1999a, b; Stein and Heimberg,
2004; Ansseau et al., 2005; Grant et al., 2005; Munk-
J�rgensen et al., 2006). As a comorbid disorder, it is
associated with an increase in the severity of mood
disorders. It also complicates the treatment of mood
disorders, particularly bipolar disorder (Fava et al.,
2004, 2008; De Luca et al., 2005; Mittal et al., 2006;
Otto et al., 2006; Perlis et al., 2006).

Kessler et al. (1999a, b) found that impairment in
pure GAD and GAD comorbid with MDD was compa-
rable in magnitude. They concluded that GADwas a ma-
jor contributor to impairment, even when comorbid with
another disorder.

Wittchen et al. (2002) found that 67% of patients with
pure GAD were impaired and 81% with GAD and
comorbid depression were impaired (using inability to
work for 1 day in the past month as a definition of
impairment). In contrast, only 17% of those without
other GAD or MDD were impaired.

In a meta-analysis evaluating the impact of both pure
GAD and comorbid GAD, Hoffman et al. (2008) found
that pure GAD was associated with significant disability
and quality of life impairment. The impairment was
greater in subjects with comorbid GAD.

In a cross-sectional study of 160 subjects over 60
years of age, Porenski et al. (2009) found that subjects
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with noncomorbid GAD and comorbid GAD had lower
health-related quality of life as measured by the SF-36.
The difference in impairment between the GAD and the
healthy control groups was greatest in the domains
of mental health, social functioning, vitality, and role
limitations due to emotional health.

Goodwin and Gorman (2002) found that effective
treatment for GAD reduced the risk for the subsequent
development of depression. In patients with bipolar
disorder a history of GAD was associated with a delay
in time to remission and a higher relapse rate after
achieving remission (Otto et al., 2006; Perlis et al., 2006).

Scales frequently used to track the improvement in
disability and impairment of functioning include the
Sheehan Disability Scale (Sheehan and Sheehan, 2008)
and the Quality of Life Enjoyment and Satisfaction
Questionnaire (Endicott et al., 1993).

COST

Patients withGADare among the highest overutilizers of
the healthcare system (Katon et al., 1990). In all, 31.8% of
patients with currentGADused outpatient services in the
healthcare sector in the past year (18.6% used the general
medical sector and 19.8% used psychiatric services)
(Kessler et al., 1999a, b). These rates were among the
highest after nonaffective psychosis, panic disorder,
and PTSD. When compared with major depression pa-
tients, GAD had higher general medical utilization than
MDD (18.6% versus 12.1% in GAD andmajor depression
respectively) and slightly lower psychiatric service use
(19.8% for GAD versus 21.2% for major depression).
GAD patients made 5.2 visits to the general medical
sector and 17.7 visits to the mental health sector in the
past 12 months (Kessler et al., 1999a, b).

Fogarty et al. (2008) investigated the relationship
between a mental health condition and healthcare utili-
zation in three family medicine practices (n ¼ 367).
After controlling for confounders, they found that
GAD was among the three disorders (with panic disor-
der and PTSD) to show significantly more primary care
physician visits, emergency department visits, and
nonpsychiatric hospitalizations.

In a sample of 160 adults over 60, Porenski et al.
(2009) found that noncomorbid GAD patients had
double the rate of health service utilization (number
of visits in the past 6 months) compared to healthy
controls (6.7 versus 3.3; P ¼ 0.02).

TREATMENT

A recent treatment algorithm for patients with GAD
provides a consensus statement by leading experts in
anxiety disorders for the practicing physician
(Davidson et al., 2010). The goal of treatment is to
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provide remission (�70% improvement) in both the
symptoms of GAD and any associated disability.
Typically a response is defined as a 50% improvement
in symptoms and disability, but this is now considered
a suboptimal outcome in the long term.

D.V. SHEEHAN
Psychosocial treatment

A variety of relaxation techniques, biofeedback, non-
directive psychotherapy and cognitive-behavioral
therapy (CBT) interventions are available to treat
GAD. CBT helps patients to detect anxiety-triggering
cues and to learn coping skills that target psychic
and somatic symptoms of anxiety (Borkovec and
Ruscio, 2001).

Butler et al. (1987), in a study of 57 patients with
DSM-III-R GAD, compared behavioral treatment
(BT) and CBT. BT included relaxation, immersion/
exposure, and self-assertion techniques; CBT focused
on identification of anxious thoughts and learning to
replace them with positive thoughts. Results were
better in CBT at termination and at 6- and 8-month
follow-up.

Barlow (1988) reported an average reduction of about
50% in somatic symptoms measured by the Hamilton
Anxiety Scale (HAS) and a reduction of approximately
25% in the tendency to worry, as measured by the
Spielberg State-Trait Anxiety Inventory in subjects re-
ceiving cognitive, behavioral, or a combination of both
therapies. This 50% reduction in the HAS is comparable
to the average reduction of 47.5% achieved with
benzodiazepines.

In a randomized study including 30 patients treated
with either progressive muscle relaxation or relaxation
plus CBT or coping desensitization, no differences were
found after 1 year (Borkovec and Costello, 1993).

Durham et al. (1994) compared cognitive therapy (CT)
with analytical psychotherapy and anxiety management
in patients with GAD. They found the largest
improvement in those receiving CT. At 6-month
follow-up anxiety management was superior to analyti-
cal therapy. TheCTgroup had the highest self-ratings for
satisfaction with improvement. At 6-month follow-up,
about 60% of CT subjects reached “normal function-
ing,” compared with 20% of patients in the analytical
psychotherapy group.

Borkovec andWhisman (1996) reviewed 11 controlled
outcome studies in GAD. They found that cognitive-
behavioral intervention consistently showed statistically
and clinically significant baseline to endpoint improve-
ment. This improvement persisted for 6–12 months,
and some patients showed additional improvement.
The treatment combination of CBT and relaxation train-
ing or anxiety management skills was associated with
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low dropout rates, frequent reductions in the use of
medications, and the largest degree of change among
all therapies as reflected in the comparative effect sizes.
The authors concluded that significant long-term im-
provement is best reached by combining the different
therapies available and addressing both somatic and
cognitive features of anxiety.

Fisher and Durham (1999) reviewed six randomized
controlled outcome studies inGADpatients.At 6months
the recovery rates were 51% for individual CBT, 33% for
group CBT, and 60% for applied relaxation. The least
effective treatments were individual behavioral therapy
and traditional analytical psychotherapy (11% and 4%
recovery rates, respectively).

In a more recent review, Borkovec and Ruscio (2001)
looked at the efficacy of CBT in GAD, compared to
placebo/alternate therapy, behavioral or CT alone, or
wait list/no treatment. The effect size after CBT versus
placebo/alternate therapy was 0.71 at termination but
dropped to 0.30 at follow-up.

Most of these psychosocial outcome therapy
studies are performed by highly specialized therapists,
usually in one of the chosen interventions. Hence,
results should be interpreted with caution when
comparing the different treatments, as one might ask
if, for example, an analytical therapist was as good
as the cognitive therapist in a center that highly
specializes in CT.

Fava et al. (1998) presented some evidence about a
new approach called “well-being therapy,” which em-
phasizes the constructs of positive psychology and resil-
ience building which have been shown to be superior to
regular CBT in patients with anxiety, including GAD,
who have previously shown only partial response to
first-line treatment. In a randomized controlled trial,
well-being therapy sequentionally combined with CBT
was superior to CBT alone in noncomorbid DSM-IV
GAD patients, and this difference was maintained at
1-year follow-up (Fava et al., 2005).
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Medications approved by regulatory authorities for

treating patients with generalized anxiety disorder (GAD)

Generic
name

Trade names Dosing for GAD
(mg/day)

Venlafaxine
XR

Effexor XR, Faxine,
Effexor

75–375

Paroxetine Paxil, Seroxat, Deroxat,
Eutimil

20–50

Escitalopram Lexapro, Cipralex,
Sipralex, Entact

10–20

Duloxetine Cymbalta, Xeristar (30–) 60–120

Pregabalin Lyrica 150–600

(Data from Allgulander, 2009).
Pharmacological treatment

The World Federation of Societies of Biological
Psychiatry published a consensus statement on
pharmacological treatment guidelines for GAD
(Bandelow et al., 2008). It identified selective seroto-
nin reuptake inhibitors (SSRIs) and selective norepi-
nephrine reuptake inhibitors (SNRIs) and pregabalin
as first-line options. It relegated imipramine (a tricy-
clic antidepressant) to second-line treatment status
because of its relatively higher toxicity. Sedation
limited the value of the antihistamine hydroxyzine.
The authors agreed that benzodiazepines like
alprazolam and diazepam are useful in treatment-
resistant cases without a history of substance abuse
and for rapid anxiolysis as adjunctive treatments with
SSRIs and SNRIs, which are often anxiogenic in the
first several weeks of treatment. More recent guide-
lines reviewed the evidence for some atypical neurolep-
tics as adjuncts in treatment-resistant cases of GAD
(Bandelow et al., 2008). Several other sets of consensus
guidelines provide reviews of the evidence for the
range of treatment options with GAD (Baldwin
et al., 2001; Ballenger et al., 2001; Allgulander et al.,
2003).

In the USA the pharmacological agents approved
by the Food and Drug Administration (FDA) for the
treatment of GAD are: alprazolam, venlafaxine XR,
paroxetine, trifluoperazine, escitalopram, and duloxe-
tine (Gao et al., 2006; Sheehan and Sheehan, 2007;
Table 19.1).

The relative efficacy of the different treatment
options is reflected in the effect sizes shown in Table 19.2
(Hidalgo et al., 2007).
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ANTIDEPRESSANTS

SNRIs and SSRIs

Venlafaxine XR in 1999 was the first medication ap-
proved by any regulatory agency for the treatment of
GAD. It is a serotonin and norepinephrine reuptake in-
hibitor. It has also been approved for the treatment of
GAD over 6 months (Montgomery et al., 2002). Since
then, another SNRI, duloxetine, has received regulatory
approval for GAD (Davidson et al., 2008). Duloxetine,
in its GAD indication, is the only psychiatric medication
that has been given approval for a claim in improving
global impairment of functioning in GAD. In all the



Table 19.2

Effect sizes versus placebo of different medications in

studies of generalized anxiety disorder

Medication

Effect size

versus placebo P-value

Pregabalin 0.50 P < 0.0001

Hydroxyzine 0.45 P < 0.0001
Venlafaxine XR 0.42 P < 0.0001
Benzodiazepines 0.38 P < 0.0001
Selective serotonin

reuptake inhibitors

0.36 P < 0.0001

Buspirone 0.17 Nonsignificant
Kava-kava,

homeopathic
preparation

–0.31 Nonsignificant

(Data from Hidalgo et al., 2007.)
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double-blind placebo-controlled registration trials
duloxetine demonstrated a statistically significant
reduction in disability scores in GAD (Davidson et al.,
2008; Sheehan et al., 2009).

Among the SSRIs the strongest evidence supports
the efficacy of paroxetine and escitalopram for the
treatment of GAD, both of which have received FDA
approval for this indication (Rickels et al., 2005; Allgu-
lander et al., 2008; Demyttenaere et al., 2008). While
other SSRIs and some newer antidepressants have been
studied for GAD, the evidence base supporting their
efficacy is less strong and confidence in the dosing
necessary to achieve good outcomes is less well charac-
terized for GAD.

Paroxetine, escitalopram, venlafaxine XR, and
duloxetine have all been investigated in studies of at
least 6 months’ duration (Stocchi et al., 2001; Montgom-
ery et al., 2002; Allgulander et al., 2008; Davidson
et al., 2008).

Tricyclic antidepressants

In 1983, Rickels et al. reported that imipramine was
more effective than diazepam for psychic anxiety symp-
toms in GAD in a double-blind placebo-controlled study.
This was the first double-blind placebo-controlled study
using an antidepressant in the treatment of GAD.
Although the benzodiazepine showed a rapid onset of
action in reducing anxiety in the first 2 weeks, some
of this benefit was lost in later weeks. In contrast, the
imipramine had a slow onset of action, but after 4 weeks
gained superiority over both the placebo and the diaze-
pam. This study deserves credit for stimulating interest
in the use of antidepressants in GAD and led to a series
of double-blind placebo-controlled studies over the fol-
lowing 15 years studying several antidepressants (nota-
bly SNRIs and SSRIs) for this indication.

Trazodone (IR)

Trazodone is both a serotonin reuptake inhibitor in the
5-HT2 receptor antagonist. Rickels et al. (1993), in a dou-
ble-blind placebo-controlled comparison of imipramine,
trazodone, diazepam, and placebo, reported that trazo-
done was effective in the treatment of GAD. Because it
improves the quality of sleep, does not have the sexual
side-effects of other antidepressants, and is helpful for
patients with insomnia, it may be a useful option for
some patients with both GAD and poor sleep. However,
daytime sedation associated with its use has limited its
popularity and to date has largely confined its use to
the treatment of insomnia (even though it is not specif-
ically indicated for this problem). To date there have
been no studies with the controlled-release formulation
of trazodone in GAD.

Monoamine oxidase inhibitors

The monoamine oxidase inhibitors were never studied
for GAD but were used in the 1960s and 1970s for the
treatment of anxiety similar to what is now GAD, espe-
cially in severe and treatment cases. One of the authors
(DVS) had considerable experience using them in that
era and attests to their being often very effective even
when other treatment failed, in spite of the disadvan-
tages and safety issues with their use. They require
skill and experience to prescribe effectively and safely,
but should not be forgotten in difficult and treatment-
resistant cases.

AZAPIRONES: BUSPIRONE

The efficacy of buspirone has been demonstrated in
controlled clinical trials of anxious outpatients “whose
diagnosis roughly corresponds to generalized anxiety
disorder (GAD),” but not specifically for GAD. This
wording in the US prescribing information was carefully
chosen to reflect the fact that the pivotal studies that
were the basis for the approval of buspirone were done
immediately before the publication of DSM-III in 1980,
when the syndrome of GAD was first introduced. Bus-
pirone was the most studied of the azapirone class of
drugs. Buspirone is a partial agonist of both presynaptic
and postsynaptic 5-HT1a sites. Although it was intro-
duced as a drug that would replace benzodiazepines
for the treatment of anxiety, its efficacy in clinical prac-
tice has not lived up to its expectations. The endpoint
Hamilton Scale scores in all the double-blind placebo-
controlled studies through 1990 ranged from 15.2 to
15.9, which can only be called marginal at best, and
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not in the same league of power as benzodiazepines,
SSRIs, or SNRIs (Sheehan et al., 1993). In another
double-blind placebo-controlled study comparing bus-
pirone, venlafaxine XR, and placebo, buspirone was
not much better than placebo overall (Davidson et al.,
1999). It has the lowest ratio of successful double-blind
placebo-controlled studies to completed double-blind
placebo-controlled studies of any anxiolytic on the
market. In the USA it is now prescribed only rarely by
psychiatrists because of its weak efficacy.

BENZODIAZEPINES

Benzodiazepines have a long history of use for GAD.
Although none has been formally approved for the treat-
ment of GAD by regulatory authorities, alprazolam was
indicated by theUSFDA“for themanagement of anxiety
disorder (a condition corresponding most closely to the
APA Diagnostic and Statistical Manual [DSM-III-R]
diagnosis of generalized anxiety disorder) or the
short-term relief of symptoms of anxiety.” While many
physicians express horror at prescribing benzodiaze-
pines, alprazolam continues to be the most frequently
prescribed psychiatricmedication in theUSA and several
other benzodiazepines are frequently prescribed for anx-
iety and GAD. They work quickly, effectively, have no
hepatoxicity, haveno sexual side-effects, havenoactivat-
ing effects in the first few weeks of use like antidepres-
sants, do not cause nausea or headaches, and patients
find themacceptable. They are ineffective for depression
and, if stopped too rapidly after several weeks of contin-
uous use, they have a very troublesome withdrawal
syndrome. In high doses they can cause cognitive impair-
ment and ataxia. Therefore they should never, ever be
stopped quickly, but rather tapered very slowly over
weeks rather than over days. This minimizes the disrup-
tion and the danger associated with the withdrawal syn-
drome. Benzodiazepines are associated with some
abuse and dependence liability. The rates for DSM-III-
R abuse and dependence in a large epidemiology sample
were 0.6% for abuse and 0.5% for dependence (Hughes
et al., 1991). A detailed review of benzodiazepines is
available elsewhere (Sheehan and Raj, 2009).

ANTIHISTAMINE: HYDROXYZINE

Hydroxyzine is an antihistamine that blocks H1 and mus-
carinic receptors. Ferreri et al. (1995), in a placebo-
controlled study, found hydroxyzine to be effective
for the treatment of GAD after 1 week of treatment
and maintained the improvement throughout the study.
No rebound symptoms were noted following discontin-
uation. Lader and Scotto (1998), in a double-blind
placebo-controlled study, found both hydroxyzine and
buspirone to be significantly superior to placebo on both
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primary and key secondary patient- and clinician-rated
outcome measures. Significant sedation has limited
hydroxyzine use in clinical practice. Another disadvan-
tage is that hydroxyzine is not effective for depression,
a commonly associated disorder in GAD.

ANTICONVULSANTS

Valproic acid

As discussed above, some patients diagnosed with GAD
subsequently display more obvious evidence of a bipolar
disorder, particularly a bipolar II disorder and bipolar
associated with prominent anxiety. They often complain
of persistent restlessness and feel agitated and very
irritable. These patients usually have a history of not
responding well to traditional anxiolytics and are partic-
ularly challenging to treat. Such patients may respond
well to divalproex sodium or sodium valproate at doses
typically used in bipolar disorder. We typically start such
patients at 250 mg twice daily by mouth and increase
their total daily dose by 250 mg every 4 days based
on tolerability. Such patients need an average of
2250 mg/day, divided into two doses (e.g., 1000 mg in
the morning and 1250 mg at bedtime). It is unusual to
get reliable stable benefit at less than 1500 mg/day and
most patients who respond do so by 3000 mg/day. At
therapeutic doses their 12-hour trough blood level is usu-
ally between 80 and 125 mg/ml. Keep in mind that a 12-
hour trough valproic acid level is not the same with
Depakote as with Depakote ER (where the trough is
16 hours postdose). Failure to appreciate these issues
has led to this treatment being undervalued and improp-
erly implemented for optimal effect in both GAD and
bipolar disorder. In many European countries these
assay values need translation to the local assay values,
which are often different in European countries than
in the USA. This is an understudied treatment option
for treatment-resistant GAD.

Tiagabine

Tiagabine is a selective GABA inhibitor. It is an anticon-
vulsant associated with an increased risk of seizures in
clinical trials. It failed to separate from placebo in three
double-blind, placebo-controlled, parallel-group studies
in GAD (Pollack et al., 2008).

Pregabalin

Pregabalin has been approved for GAD by the European,
but not the US, regulatory agency, although the
pregabalin studies were completed years ago. Mont-
gomery et al. (2006) reported on the efficacy and safety
of pregabalin for GAD in a 6-week, multicenter, random-
ized, double-blind, placebo-controlled comparison of
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pregabalin 400 mg/day, pregabalin 600 mg/day, and ven-
lafaxine 75 mg/day. All three active treatment arms were
significantly superior to placebo on the last-observation
carried-forward analysis at study endpoint. These find-
ings were consistent with the results of four earlier
double-blind placebo-controlled studies with pregabalin.

NEUROLEPTICS

First-generation neuroleptics

Trifluoperazine. Trifluoperazine was first reported
to be effective for GAD by Mendels and Schless in a
double-blind placebo controlled study in 1986. However,
it was approved in 2001 for use in GAD for only 4 weeks
by the US FDA. It is not a drug of first or second choice,
but is an option for short-term use in those not respond-
ing well to other options. Long-term use cannot be
recommended because of the unfavorable risk-to-
benefit ratio associated with long-term use.

Atypical neuroleptics

Gaoetal. (2009) recentlypublishedadetailed reviewof the
use of atypical antipsychotics in primary GAD or GAD
comorbidwithmood disorders. Interest in the use of atyp-
ical antipsychotics in GAD began because many patients
with GAD continued to have significant residual symp-
toms and disability even after treatment with currently
accepted medications. Treatment-resistant GAD con-
tinues to be a common therapeutic challenge. Because
most patients with GAD have at least one other comorbid
psychiatric disorder and there was lack of consensus on
how to treat GAD comorbid with mood disorders, the
use of atypical neuroleptics merited investigation.

Risperidone. Brawman-Mintzer et al. (2005) investi-
gated the use of adjunctive risperidone in the treatment
of primary GAD in a double-blind, prospective,
placebo-controlled randomized trial. Patients who had
failed to respond over 4 weeks of treatment to either
buspirone or antidepressants or benzodiazepines were
randomly augmented with risperidone 0.5–1.5 mg/day
for 5 weeks. The adjunctive risperidone was significantly
more effective than placebo in reducing the psychic
anxiety subscale score of the HAS, but not on any of
the other secondary outcome measures. Pandina et al.
(2007) treated 417 patients with GAD with anxiolytic
medications for 8 weeks. Those who had an inadequate
response were treated with either adjunctive risperidone
or placebo for an additional 4 weeks. The treatment
achieved a statistically significant effect on some, but
not all, of the outcome measures, including the primary
outcome measure.

Sheehan et al. (2009) published a double-blind,
randomized, placebo-controlled study on the efficacy of
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risperidone monotherapy in the treatment of 111 patients
with bipolar anxiety (bipolar disorder comorbidwith either
GAD or panic disorder). There was no statistically signi-
ficant or numerical difference between the drug and
placebo on any of the primary or secondary outcome
measures. Risperidone was less effective than placebo in
those with bipolar disorder comorbid with panic disorder.

Olanzapine. Pollack et al. (2006) studied olanzapine
augmentation of fluoxetine for refractory GAD in a
double-blind placebo-controlled study. There was no sig-
nificant difference between olanzapine and placebo as
an augmentation strategy, although there was some sug-
gestion of numerically better outcomes with the olanza-
pine augmentation.

Quetiapine. Simon et al. (2008) did not find benefit for
the adjunctive use of quetiapine immediate-release
formulation to paroxetine controlled-release in the treat-
ment of treatment-refractory GAD.

The use of extended-release quetiapine as monother-
apy in primary GAD was more promising. Three large
randomized, double-blind, placebo-controlled studies
found evidence of efficacy for quetiapine extended-
release in most, but not all, dose arms of these studies
(Chouinard et al., 2007; Joyce et al., 2008; Merideth
et al., 2008). In a relapse prevention study on mainte-
nance treatment for 762 patients with GAD, Katzman
et al. (2008) found that the time to recurrence of anxiety
symptoms was significantly reduced with quetiapine-
XR compared with that for placebo.

In spite of the favorable efficacy of quetiapine-XR as
monotherapy in GAD, it did not receive approval from
the US FDA for this indication because in GAD it was
not deemed to have a favorable risk-to-benefit ratio. Be-
cause many other alternative treatments are available
with lower medical risk, concern about metabolic syn-
drome, extrapyramidal side-effects, weight gain, and
sedation weighed against approving quetiapine-XR for
GAD.However, it continues to beused in clinical practice
as a monotherapy in GD when other treatments fail.

As we pointed out elsewhere (Gao et al., 2009), atypical
antipsychotics may differ from each other in the treatment
of both primary and comorbid GAD either as a monother-
apy or as an adjunct to other treatments. In this respect we
caution against generalizations about atypical neuroleptics
as a class, when they may differ in the anxiolytic and anti-
depressant properties in addition to their receptor affinities.

OTHER COMPOUNDS

Beta-blockers

Beta-blockers have been recommended by the British
Association for Psychopharmacology for the treatment
of anxiety disorders, including GAD. However, there
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are no double-blind placebo-controlled studies to sup-
port this recommendation. Beta-blockers may help the
hand tremor and tachycardia found in some anxiety dis-
orders but there is no evidence that they have an impact
on the core features of GAD like worry, psychic anxiety,
or muscle tension. Psychiatrists almost never use them
as a monotherapy for GAD.

Agomelatine

Agomelatine is a melatonin 1 and 2 receptor agonist and
a 5-HT2c antagonist. It has been approved for the treat-
ment of MDD by the European Medicines Agency but
not yet by the US FDA. Stein et al. (2008) found that
agomelatine was effective in GAD in a multicenter, ran-
domized, double-blind, placebo-controlled study. Since
there was considerable variation in outcomes between
the sites, this study will require independent replication.

Combination of psychosocial and
pharmacological treatments

In spite of this treatment combination being so widely
recommended and used in clinical settings there is a
paucity of good double-blind studies that provide an
evidence base for this practice. Some therapists oppose
the use of anxiolytic medications during psychosocial
treatments, while others find that anxiolytics may facil-
itate exposure and augment psychosocial treatments.
There is no agreement on how to combine these treat-
ment modalities efficiently.

There are only two published studies that looked at
the efficacy of combined psychotherapy and medication
in GAD (Power et al., 1990; Bond et al., 2002). Power
and collaborators treated 101 patients with DSM-III
GAD divided into five treatment groups: (1) diazepam
(5 mg TID); (2) placebo (TID); (3) CBT; (4) diazepam
plus CBT; and (5) placebo plus CBT. The diazepam plus
CBT treatment combination achieved the best results,
with over 80% of subjects being rated as either “much
improved” or “very much improved.” Additionally,
there were significant between-group differences for
the three treatment groups that included CBT compared
to those that did not (P< 0.0001). In the other combina-
tion trial DSM-III-R GAD subjects were assigned to two
different psychotherapies (nondirective therapy or anx-
iety management training) combined with buspirone or
placebo (Bond et al., 2002). All four groups showed sig-
nificant time effect of treatment in completer (n ¼ 44)
and intent to treat using the last observation carried for-
ward (ITT-LOCF: n ¼ 60) analyses (P < 0.0001) but no
differences between the groups. Unfortunately, the
study did not include groups with buspirone or psy-
chotherapy alone. In any case, it is clear that buspirone
did not add much benefit.

GENERALIZED A
Moreover, considering that SSRIs and SNRIs are
first-line medication treatment options for GAD, it is
unfortunate that no studies have been conducted
comparing these compounds with psychosocial
interventions.

Principles in using medication
treatments well

Patients take longer to achieve a clinically meaningful
effect than is generally appreciated. The psychiatrist’s
and the patient’s expectation of a clinically meaningful
outcome is best captured by measures of remission.
Thresholds for remission reflect a 70% or greater im-
provement. Using this threshold as an outcome measure
in GAD, 0.5% of patients have achieved remission
after 1 week, 3.5% after 2 weeks and 9.5% after 3 weeks
(Stocchi et al., 2001). The percentage of patients achiev-
ing remission never stops increasing during the first
8 months of treatment, so that at the end of 8 months
approximately 70% of the patients are 70% or more im-
proved (Stocchi et al., 2001). Although patients with
more severe GAD are less likely to achieve remission
in the first few months of treatment compared to those
with only moderate GAD, they are just as likely to
achieve remission after 6 months of treatment com-
pared to moderate cases (Montgomery et al., 2002). It
is not wise to promise patients that they will get a clin-
ically meaningful effect with antidepressants in GAD
after 1–2 weeks of treatment. The majority of patients
only get a clinically meaningful effect after 4–6 weeks
or even later. Promising early onset of action leaves
many patients discouraged. Indeed, it only encourages
them to stop taking their medication before they have
been on it long enough to get a clinically meaningful ef-
fect. It is unusual for the initial starting dose of an anti-
depressant to be the final effective dose. In all anxious
patients the starting dose should be low and the dose
should be gradually titrated up over the first few weeks
to get the optimal therapeutic effect.

Improving diagnostic and treatment
outcome tracking in GAD

Because of the problems with comorbidity in GAD, dis-
cussed above, systematic assessments need to be put in
place on a larger scale. Much of this can be done by ask-
ing the patient to complete pencil and paper testing or its
electronic equivalent on a PC or via the web in the wait-
ing room or prior to the medical visit. This minimizes the
risk of missing something important. This would permit
screening for medical and psychiatric symptoms and
substance abuse. Increasingly we will find mobile
phones and tablet-like PCs used as terminals into such
centralized database systems in the future.
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When evaluating an anxious patient, the clinician
should: (1) use a structured interview such as the MINI
International Neuropsychiatric Interview (MINI 6),
which covers the most prevalent Axis I diagnoses
(Sheehan et al., 1998); (2) follow a systematic review
of physical symptoms; and (3) gather a complete medi-
cal history and, ideally, perform a focused physical
exam. A short simple screening scale for DSM-IV
GAD is the Carroll–Davidson GAD Scale (Carroll and
Davidson, 2000), and another is the Anxiety Screening
Questionnaire (Wittchen and Boyer, 1998).

Outcome tracking in clinical trials has traditionally
used the Hamilton Anxiety Rating Scale (HAMA) as
the primary outcome measure (Hamilton, 1969). How-
ever, it does not map accurately to DSM-IV criteria
and has no independent assessment of worry, which is
a central focus of GAD in the DSM system. The psychic
anxiety subscale of the HAMA comes fairly close and is
the subscale most sensitive to change with current GAD
treatments. Other outcome tracking scales include the
anxiety subscale of the Hospital Anxiety and Depression
Scale (Zigmond and Snaith, 1983), the Covi Anxiety
Scale (Lipman and Covi, 1976), the Clinical Anxiety
Scale (Snaith et al., 1982), the Penn State Worry Ques-
tionnaire (Meyer et al., 1990), the Worry and Anxiety
Questionnaire (Belleville et al., 2008), the GAD-7 self-
rated questionnaire (L€owe et al., 2008), or the WAT
Scale that assesses worry, anxious mood and tension
(Sheehan, 2000).
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The brave new world of treatment decisions

Physicians treating patients with GAD now find them-
selveswith a newdilemma. In both theUSA andmanyEu-
ropean countries, the treatment options are often severely
restricted by either health insurance companies or by city,
state, or federal agencies. While there may be good con-
sensus and evidence supporting the relative merits of dif-
ferent treatment options by experts in the field, the final
choice is often dictated by agencies that have no direct
contact with the patient for whom the selection is made.
In the USA, physicians are frequently required to make
a phone call to discuss the case with “prior authorization
specialists” (whose job qualifications often require no
more than a high school diploma) to get “prior authoriza-
tion” to use medications identified in all the consensus
guidelines above. It is not unusual for physicians to spend
more time working through the obstacles of such a prior
authorization call than they spend on a patient visit. The
intent of such barriers is to contain costs by restricting
access to medications not on the formularies of those
insurance companies or government agencies and to dis-
courage physicians from prescribing medications for any
indication if it is not on that insurance company’s formu-
lary. Frequently the choices these insurance companies or
agencies encourage the physicians to use have not been
approved by the US FDA for the patient’s disorder. Such
tactics should be considered out of labeling promotion
and subject to the same penalties and fines imposed on
any company that engages in this behavior. Some even
view these efforts as attempts by these groups to practice
medicine obsequiously without a license. This behavior is
not restricted to the USA. For example, Allgulander
(2009) reported that in 2009 physicians were required
by the Stockholm city “drug formulary committee to limit
first line treatments for all anxiety disorders to citalopram
produced by Sandoz and sertraline produced by Krka
(http://SEARCH&gID¼3147).” Neither of these medica-
tions has been approved by the Swedish Medicinal Prod-
ucts Agency (Swedish national regulatory agency) for the
treatment ofGAD.Neithermedication has been approved
for PTSD and citalopram is not approved for the treat-
ment of social anxiety disorder. These restrictions ignore
“the evidence-based process of regulatory approval and
the offset effect that a more extensive treatment may
have on time to remission and time to return to work”
(Allgulander, 2009). Pharmaceutical companies increas-
ingly question the value of spending money to get regula-
tory approval for their medications for new indications
and physicians increasingly question the value of consen-
sus and evidence-based guidelines, if the decisions about
first- and second-line treatments for psychiatric disorders
are increasingly made by high school graduates and
accountants without medical degrees.
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CONCLUSION

Although GAD is prevalent in clinical practice, it has not
been researched neurobiologically in the same depth and
detail as many other anxiety and mood disorders. Some
of this relates to the ever-shifting diagnostic criteria in
GAD compared to other Axis I disorders, making it
something of a moving target. Investing in research
and developing treatments for a disorder with an unsta-
ble image, that is notoriously comorbid with other con-
ditions and very rare in its pure form, is not an attractive
proposition. Some skeptics fear it may be a state reflect-
ing the ashes of last year’s disorder or the prodrome of
next year’s other disorders and that most cases of GAD
are not stable over time. Since regulatory agencies in
many countries are increasingly ignored or their indica-
tion approvals not heeded by other federal, state, and
local government agencies controlling reimbursement
for treatments, there is little incentive for those devel-
oping new treatments to pursue a GAD treatment indi-
cation. The incremental return on investment in getting
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a GAD treatment indication beyond obtaining an indi-
cation for MDD only or one anxiety disorder is less and
less clear. The result is a flight from investment in all
research on GAD over the past several years. This is
further compounded by a paucity of novel mechanisms
of action and promising new treatments for anxiety
disorders in general. Currently this shows no sign of
changing over the next 5–10 years, absenting some ser-
endipitous findings. It is very likely that the treatments
in clinical practice and our knowledge of the neurobi-
ology of GAD will have changed little 5–8 years from
now. It is also likely that scientific contribution in this
field will come more from scientists outside than
within the USA in the next decade, compared to the last
two decades.

Because GAD is more disabling than expected and
is frequently associated with overutilization of
medical services, it is a significant cost burden to the
healthcare system. Some or even much of this cost could
be contained with efficient and early diagnosis and
treatment. These concerns will continue to attract atten-
tion to GAD. Currently there are several very effective
treatments for GAD. Although time to remission is slow
and long-term treatment is usually necessary, many
achieve good outcomes when properly managed.
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INTRODUCTION

Panic disorder (PD) is a prevalent, distressing, and dis-
abling anxiety disorder which is characterized by recur-
rent panic attacks and which may be complicated by
agoraphobia (American Psychiatric Association, 2000).
Although long-described in the clinical literature, diag-
nostic criteria were included in the official nomencla-
ture only in 1980 (American Psychiatric Association,
1980). Subsequent decades saw the introduction of
effective pharmacotherapy and psychotherapy for the
treatment of PD, and a range of systematic studies of
its neurobiology. Advances in laboratory investigations
of fear, as well as in clinical research methods (e.g.,
structural and functional neuroimaging, neurogenetics),
have further contributed to current understanding of
this condition. This chapter covers the diagnosis, assess-
ment, and treatment of PD, but focuses in particular on
underlying psychobiology.
CLINICAL

DSM-IV-TR diagnosis

PD is an anxiety disorder characterized by frequent
panic attacks that are unforeseen and sudden
(American Psychiatric Association, 2000). Panic attacks
are defined as a period of overwhelming distress and
anxiety, in which four or more symptoms (e.g., sweat-
ing, heart palpitations, fear of dying) quickly develop
and reach a climax within 10 minutes. While panic
attacks may be seen in a range of mood and anxiety
disorders (e.g., social phobia), in PD there is enduring
distress about the possible occurrence of future attacks;
*
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fears about what will happen as a result of the attacks; or
change in behavior, as a result of these recurrent attacks.

There is substantial inter- and intraindividual
variation in the presentation of panic attacks in PD.
Symptoms associated with panic attacks range from
shortness of breath or feelings of choking, as well as
nausea, to flatulence and digestive problems. PD is
not diagnosed when panic attacks are a consequence
of general medical disorders (e.g., hyperthyroidism, par-
tial complex seizures) or substances (e.g., caffeine, stim-
ulants) (Simon and Fischmann, 2005). Nevertheless, PD
is associated with a number of comorbid cardiovascular,
respiratory, and otological disorders and may be exacer-
bated by substances (Simon and Fischmann, 2005).

PD is frequently associated with comorbid psychopa-
thology such as major depression (Kessler et al., 1998),
bipolar illness (Goodwin and Hoven, 2002), alcohol
abuse (Zimmerman et al., 2003), and other anxiety
disorders (Goisman et al.,1995). PD typically precedes
the onset of comorbid depression, and comorbid
panic–depression may be associated with particularly
high morbidity. PD may lead to the development of
agoraphobia, which is characterized by the avoidance
of certain places or situations that induced panic attacks
in the past (American Psychiatric Association, 2000).

PD results in functional impairment and diminished
quality of life (Mendlowicz and Stein, 2000; Lochner
et al., 2003). Additionally, as panic attacks may simulate
a range of medical illnesses, patients frequently have
unnecessaryhealthcareappointments,procedures,and lab-
oratory tests (Katon, 1984; Roy-Burne et al., 1999). PD pa-
tientsoftenmissworkas a resultof their condition,orwork
less productively than their colleagues (Roy-Burne et al.,
te Schuur Hospital, J-2 Anzio Road, Observatory, 7925, South

158, E-mail: larahoppe@gmail.com
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2006). PD therefore carries with it high personal, social,
and economic costs (Roy-Burne et al., 2006).

The National Comorbidity Survey-Replication, a
nationally representative survey of the incidence of psy-
chiatric disorders in the USA, reported lifetime and
12-month prevalence rates for PD of 4.7% and 2.7%,
respectively (Kessler et al., 2005a, b). Although, preva-
lence rates differ in studies using different methods and
diagnostic criteria (Weismann et al., 1997; Eaton et al.,
1998; Kessler et al., 1998; Bromet et al., 2005; Goodwin
et al., 2005; Kawakami et al., 2005), epidemiological
research is consistent across a range of cultures and
countries in demonstrating that there are predominantly
more females with PD than men, that onset of PD is
in late adolescence to early adulthood, and that PD is
associated with major depression and agoraphobia.

Some investigators have suggested that PD is character-
izedbydifferentsubtypes,suchas thepredominantly respi-
ratory subtype (Wilhelm andRoth, 2001).However, it is no
simple task identifying those dimensions that optimally
delineate subtypes (Goodwinet al., 2002), as it isnot always
possible todiscriminate betweenputative subtypes (suchas
nocturnal versus diurnal PD) on the basis of clinical
features or treatment outcome (Craske et al., 2002).

Assessment and treatment

SEVERITY

Standardized rating scales such as the Panic and Agora-
phobia Scale (Bandelow et al., 1998) and the Panic Dis-
order Severity Scale (Shear et al., 2001) are useful in
determining the severity of a patient’s PD, and are use-
ful outcomemeasures in randomized controlled trials of
panic disorder interventions.

COMORBIDITY

Psychiatric comorbidity is common in patients diag-
nosed with PD, and it is therefore important to assess
the PD patient for comorbid disorders and symptoms,
including suicidal thoughts. It is also important to rule
out medical conditions related to PD, such as respiratory
and cardiac disorders (Muller et al., 2005). Panic attacks
can occur in patients with temporal lobe epilepsy
(Beyenburg et al., 2005) and other temporal lobe neuro-
logical lesions (Stein, 2003). In the future it may be use-
ful to use ambulatory physiological monitoring to assess
patients presenting with PD (Wilhelm and Roth, 2001).

PHARMACOTHERAPY/
PSYCHOTHERAPY

Selective serotonin reuptake inhibitors (SSRIs) and
cognitive-behavioral therapy (CBT) are considered
first-line medication and psychotherapy interventions,
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respectively, in the treatment of PD (Bandelow et al.,
2002; Canadian Psychiatric Association, 2006; Baldwin
et al., 2008). A meta-analysis has concluded that both
forms of intervention are successful in treating PD
(Mitte, 2005). Other meta-analyses demonstrated that
combining these approaches may also prove useful in
treating PD (Kampman et al., 2002; Furukawa et al.,
2006). Nevertheless, two trials in which patients received
CBT alone or in combination with medication reported
poorer outcomes in the combined treatment group after
medication was discontinued (Marks et al., 1993; Barlow
et al., 2000a). Replication of these studies will determine
the validity of these results (Roy-Burne et al., 2006).

PHARMACOTHERAPY

Selective serotonin reuptake inhibitors

TheSSRIsarewidely regardedas first-line agents in treating
PD. Findings fromanumber of randomized controlled trials
of agents in this class (e.g., fluoxetine, fluvoxamine, sertra-
line, paroxetine, citalopram, and escitalopram) demonstrate
that they are efficacious in treating PD (Roy-Burne and
Cowley, 2002). The view of SSRIs as first-line agents is
supportedbymeta-analyses and systematic reviews of phar-
macotherapy for this disorder (Boyer, 1995; Otto et al.,
2001; Bakker et al., 2002; Mitte, 2005). Although many of
the studies have a short duration, a few longer trials have
demonstratedthatSSRIsareeffectiveduring1yearofmain-
tenance treatment (Pollack et al., 2003). Although there are
differences between the side-effect profiles of the different
SSRIs, the costs and accessibility of the generic forms of
this medication are probably greater factors in determining
how widely they are used (Roy-Burne et al., 2006).

Other pharmacotherapy for PD

Placebo-controlled trials have shown that a number of
other second-generation antidepressant agents such as
venlafaxine can be useful in treating PD (Bradwejn
et al., 2005). There is also evidence for the efficacy of
old tricyclic antidepressant agents (e.g., imipramine),
though these agents are associated with significant
drug-related adverse events (Roy-Burne and Cowley,
2002). Any benefit of using benzodiazepines (e.g., work
within a few days to a week, are well tolerated, have
many accessible generic forms) in treating PD has to
be weighed against the risk of abuse and dependence
associated with their use (Bruce et al., 2003).

PSYCHOTHERAPY

Cognitive-behavioral therapy

Cognitive therapy (Beck et al., 1992, 1994; Clark et al.,
1999) and CBT (Craske et al., 1995; Barlow et al.,
2000b) have demonstrated efficacy in treating PD. This
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is supported by meta-analysis and systematic reviews.
Moreover, the size of the combined effect of these in-
terventions across trials is relatively large (Westen and
Morrison, 2001; Mitte, 2005). CBT is commonly used
in treating PD and has proven effective when adminis-
tered to a person alone, or in a group setting (Roy-Burne
et al., 2006). Two main types of CBT have been devel-
oped to treat PD (Roy-Burne et al., 2006). These are
Barlow and Craske’s panic control treatment and
Clark’s cognitive therapy for panic. Interoceptive condi-
tioning and cognitive theories form the basis of these
treatment approaches. CBT will be discussed in more
detail later in this chapter.

Other psychotherapy

Other forms of psychotherapy have been used by
clinicians to treat PD. These include insight-oriented
therapies, relaxation training without exposure, stress
management, hypnosis, and eye movement desensitiza-
tion and reprocessing therapy. However, it is important
to note that there is a paucity of rigorous controlled
trials supporting the use of these modalities in treating
PD (Roy-Burne et al., 2006).

PANIC D
COGNITIVE-AFFECTIVE
NEUROSCIENCE

Neurocircuitry of the fear response

Work on the neurobiology of fear conditioning may be
useful in understanding which circuits are involved in
PD. While there are differences between fear in animals
and panic in humans, there is likely to be significant
overlap in the relevant mediating mechanisms
(Gorman et al., 2000). For example, rising blood pres-
sure in a rodent after hearing a sound that was previ-
ously paired with an adverse stimulus would appear to
provide a good model of the autonomic response typi-
cally observed in a panic attack (Gorman et al., 2000).
Nevertheless, there are still questions regarding the va-
lidity of generalizing from the biology of fear to that of
anxiety disorders (Klein, 1993b). Conditioning theories
perhaps also fail to account for a person’s first panic
attack (i.e., before conditioning takes place), or for
the fact that panic attacks do not always develop when
a person encounters the feared stimulus (Clark, 1988).
Accordingly, although fear conditioning may play a sig-
nificant role in the development of PD, it may not offer
a sufficient explanation of PD on its own (Stein, 2005).

Nevertheless, the study of fear conditioning using
animal research and neuroimaging technologies has
allowed basic hypotheses about the neuroanatomy of
fear and PD to be assessed. The amygdala, the hippo-
campus, rostral perirhinal cortex, and ventriculolateral
prefrontal cortex/anterior insula are implicated in the
development and modulation of fear of aspects of the
external environment, otherwise known as contextual
fear (Davis, 2002) These structures may therefore con-
tribute to the avoidance behavior that is characteristic of
some patients with PD (Gorman et al., 2000; Charney,
2003). The relative activation of these brain regions
may vary as a function of interindividual differences,
as well as characteristics of the environment (such as
the proximity of the feared stimuli; Mobbs et al.,
2007). Differences in the cognitive functions subserved
by these anatomical regions (e.g., the amydala and
hippocampus in implicit and explicit memory systems,
respectively; Bouton et al., 2001) may partly explain
intra- and interindividual heterogeneity in the presenta-
tion of PD symptoms.

The amygdala plays a key role in fear processing and
in linking fear reactions to particular sensory stimuli
(Davis, 1992). The central amygdala receives sensory
input from the primary and sensory association cortices
(Charney and Drevets, 2002; Charney, 2003) from the
sensory thalamus via the lateral nucleus of the
amygdala.

Efferent pathways are in turn involved in disseminat-
ing information to organize autonomic and behavioral
reactions by means of projections to multiple regions
(Charney and Drevets, 2002). These include the para-
barachial nucleus (involved in controlling respiratory
rate), the lateral hypothalamus (triggers the sympathetic
nervous system), the locus coeruleus (augments the
sympathetic response and the release of norepineph-
rine), the paraventricular nucleus of the hypothalamus
(increases the release of adrenocorticoids), and the peri-
adequeductal gray area (involved in mediating motor
responses such as defensive behaviors and postural
freezing) (Gorman et al., 2000; Charney, 2003). The con-
sequences of activation via projections to each of the
areas can differ between different people and over time,
potentially explaining differences in symptoms that pre-
sent as part of a panic attack (Gorman et al., 2000).

Fear extinction (new learning of fear inhibition) may
be important in understanding how antipanic treatments
work (Garakani et al., 2006). The amygdala, medial pre-
frontal cortex, and hippocampus are implicated in fear
extinction (Garakani et al., 2006). Moreover, pharmaco-
logical agents such as D-cycloserine (a partial N-methyl-
D-aspartate agonist) have been found to augment extinc-
tion during behavior therapy of certain anxiety disorders
(Ressler et al., 2004).

Consistent with our understanding of the neurocir-
cuitry of fear response and extinction, imaging studies
have shown that PD is characterized by functional and
structural changes in temporal regions (Reiman et al.,
1986; Ontiveros et al., 1989; Fontaine et al., 1990;
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Nordahl et al., 1990; de Cristofaro et al., 1993; Bisaga
et al., 1998; Vythilingam et al., 2000; Bystritsky et al.,
2001; Eren et al., 2003; Massana et al., 2003a, b; Uchida
et al., 2003; Sakai et al., 2005; Lee et al., 2006), the
cingulate (Bystritsky et al., 2001; Pilay et al., 2007;
Han et al., 2008), the basal ganglia (Yoo et al., 2005),
and the brainstem (Sakai et al., 2005; Protopopescu
et al., 2006). Studies have shown that abnormalities in
these areas normalize following successful pharmaco-
therapy and psychotherapeutic treatment (Nordahl
et al., 1998; Boshuisen et al., 2001; Carli et al., 2002;
Prasko et al., 2004; Sakai et al., 2006).

Neurochemistry

Several neurotransmitter systemshavebeen studied inPD.

NOREPINEPHRINE

Many panic attack-related symptoms seem to involve
autonomic arousal (Gorman et al., 2000), suggesting
the involvement of norepinephrine in PD (Gorman
et al., 2000; Stein, 2005). Support for this assertion
comes from the finding that stimulation of the locus
coeruleus (Redmond and Huang, 1979), a region con-
taining a high density of norepinephrine receptors,
elicits a fear response. Increased peripheral sympathetic
arousal in PD (Charney et al., 1984a) also points to ele-
vated central norepinephrine activity (Charney and
Drevets, 2002). Finally, a large body of research in the
form of pharmacological challenge studies indicates that
PD is linked (Nesse et al., 1984; Pohl et al., 1988; Johnson
et al., 1995) to abnormalities in peripheral measures of
presynaptic and postsynaptic b-adrenergic (Nesse et al.,
1984; Pohl et al., 1988) and central a2-adrenergic receptor
function (Charney et al., 1984b, 1992; Brambilla et al.,
1995; Johnson et al., 1995; Yeragani et al., 2003).

There have been inconsistencies in research on
changes in levels of peripheral norepinephrine in PD
(Schittecatte et al., 1988, 1992; Uhde et al., 1989; Abelson
et al., 1992); this may reflect differences in the samples
included in the studies and poor sensitivity/specificity of
this measure (Johnson et al., 1995). In addition, elevated
levels of norepinephrine may arise as a secondary effect
of dysregulation in other regions of the brain (Charney
and Drevets, 2002). Molecular imaging of norepineph-
rine receptors in PD may be useful.

SEROTONIN

Evidence from multiple sources suggests that PD may
be characterized by disruptions in serotonergic neuro-
transmission. For instance, lower concentrations of
serotonin have been detected in the blood plasma of
PD patients (Evans et al., 1985; Schneider et al., 1987)
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as well as peripherally in platelet levels (Norman
et al., 1986; McIntyre et al., 1989). Studies with direct
(e.g., ipsapirone) and indirect (e.g., fenfluramine) sero-
tonin agonists have also demonstrated a selective effect
in PD patients relative to controls (Targum and
Marshall, 1989; Lesch et al., 1992; Johnson et al., 1995;
Meyer et al., 2000). Research suggests that PD patients
have reduced brain serotonin (5-HT)1A binding
(Neumeister et al., 2004), diminished 5-HT transporter
(5-HTTLPR) binding (Maron et al., 2004), and elevated
5-HT turnover (Esler et al., 2007). The role of 5-HT in
panic is comprehensively detailed elsewhere (Graeff,
2004; Maron and Shlik, 2006).

Differences in 5-HT function may represent signifi-
cant vulnerability and adaptive factors in people with
PD, even if this is not the main etiological factor in
PD (Maron and Shlik, 2006). Projections from the sero-
tonin receptor-rich raphe neurons to the periaqueductal
gray are thought to be involved in regulating change
defense/escape behaviors (Deakin and Graeff, 1991;
Viana et al., 1997). Research also indicates that long-term
treatment with an SSRI may help decrease the amount of
corticotropin-releasing factor (CRF) released by the
hypothalamus (Brady et al., 1992). CRF is a neurotrans-
mitter that initiates the chain reaction necessary for the
production of cortisol and is known to intensify the fear
response (Elkabir et al., 1990). CRF antagonists reduce
the behavioral (Griebel et al., 1988) and physiological
components (Baram et al., 1996) of the fear response.
Finally, SSRIs may also act on the central nucleus of
the amygdala in reducing the occurrence of panic
attacks (Tork and Hornung, 1990; Stutzmann and
LeDoux, 1999). This forms the core of the argument that
medications which are successful in treating PD reduce
the activity of brainstem centers via moderating input
from the central nucleus of the amygdala, and thereby
managing autonomic and neuroendocrine reactions dur-
ing attacks (Gorman et al., 2000).

ET AL.
g-AMINOBUTYRIC ACID

PD may be characterized by abnormal concentrations of
the inhibitory neurotransmitter, g-aminobutyric acid
(GABA). GABA/benzodiazepine receptors are found
in the part of the brain that is implicated in fear proces-
sing (i.e., basolateral and lateral amygdala nucleus and
hippocampus) (Coplan and Lydiard, 1998). High-
potency benzodiazepines can be effective for treating
people with PD (Tesar et al., 1991; Cross-National
Collaborative Panic Study, 1992; Lydiard et al.,
1992b; Schweizer et al., 1993a, b; Noyes et al., 1996).
Agonist challenge studies demonstrate that some PD
patients have lowered benzodiazepine receptor sensitiv-
ity (Roy-Burne et al., 1989, 1996; Charney, 2003).
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Additionally, flumazenil, a benzodiazepine receptor an-
tagonist, has been linked to panic attacks and elevated
anticipatory anxiety in some PD patients, but not in con-
trols (Nutt et al., 1990; Woods et al., 1991; Coplan and
Lydiard, 1998). More persuasively, perhaps, individuals
with PD have lower GABA levels in the occipital cortex
(Goddard et al., 2001). These levels remain low even after
successful treatment with benzodiazepines (Goddard
et al., 2004), suggesting that thismight be a useful biolog-
ical marker of PD. Additionally, there is evidence that
patients with PD have less central nervous system benzo-
diazepine receptor binding in certain areas of the brain,
such as the right orbitofrontal cortex, the insula, occi-
pital, temporal and cortical regions (Schlegel et al.,
1994; Kaschka et al., 1995; Malizia et al., 1998; Charney,
2003; Cameron et al., 2007; Hasler et al., 2008).

CHOLECYSTOKININ

Cholecystokinin (CCK) receptor hypersensitivity has
been implicated in PD (Coplan and Lydiard, 1998; Char-
ney, 2003). The CCK receptor agonist, CCK-4 (the tetra-
peptide form of CCK), seems to have direct anxiogenic
characteristics, whereas CCK receptor antagonists have
anxiolytic qualities (Coplan and Lydiard, 1998; Charney,
2003). Moreover, people with PD possess reduced
concentrations of cerebrospinal fluid concentrations
of CCK (Lydiard et al., 1992a) and are more vulnerable
to the effects of CCK-4 (Bradwejn et al., 1991; Strohle
et al., 2000) relative to controls.

HPA AXIS

Exposure to extreme stress triggers the activation of the
hypothalamic–pituitary–adrenal (HPA) axis and can
result in adaptive modifications that consequently result
in less adrenocorticotropic hormone being secreted
(Kellner and Yehuda, 1999). However, data on the func-
tion of HPA axis as measured by plasma cortisol levels
(Goldstein et al., 1987; Holsboer et al., 1987), urinary free
cortisol (Kathol et al., 1988; Wilkinson et al., 1998),
cortisol nonsupression subsequent to dexamethasone
dispensation (Coryell and Noyes, 1988), and adrenocor-
ticotropic hormone reaction to corticotropin-releasing
hormone (Roy-Burne et al., 1986; Rapaport et al.,
1989; Charney and Drevets, 2002) are less consistent.
An a2-agonist clonidine challenge study showed that
the normal link between the HPA axis and norepineph-
rine may be disrupted in PD patients during treatment
with fluoxetine (Coplan et al., 1995).

CAFFEINE

People with PD are more susceptible than controls to the
effects of caffeine in inducing panic attacks (Boulenger
et al., 1984; Charney et al., 1985). Moreover, association

PANIC D
studies of the a2A-adenosine receptor genetic polymor-
phism in PD confirms that caffeine does affect PD
(Alsene et al., 2003; Lam et al., 2005).

SUBTYPES

Challenge studies (CO2)

People diagnosed with PD are typically more likely than
controls to respond to inhalation of CO2-enriched air
with an elevated respiratory rate and symptoms of anx-
iety (Papp et al., 1997). However, responses to CO2 chal-
lenge vary between PD subjects as well, indicating that
this paradigm may be useful in identifying different
PD subtypes (Martinez et al., 2001). These subtypes
may be discernible by differences in the sensitivity
of PD patients to CO2 (Biber and Alkin, 1999). Future
research could investigate possible candidate genes
that moderate sensitivity to CO2, and connect these with
symptom subtypes and treatment efficacy (Stein, 2005).

Hyperventilation has been used in experimental
settings to induce panic attacks. As with CO2, PD pa-
tients are more susceptible to the effects of hyperventi-
lation than healthy controls (Nardi et al., 1999). Again, a
systematic review showed that there is variation in sus-
ceptibility of PD to CO2-induced hyperventilation (Papp
et al., 1993), and sensitivity to hyperventilation has
accordingly also been proposed to distinguish between
different PD subtypes.

ORDER 367
GENE/ENVIRONMENT

PD has a familial component, with the highest heritabil-
ity quotient (0.48) of any anxiety disorder (Hettema
et al., 2001). A variety of candidate genes, such as genes
in the monoamine systems and the amino acid neuro-
transmitter systems, have been investigated in PD
(Domschke et al., 2007; Gratacos et al., 2007). However,
genetic studies have not yet been able to determine the
main candidate genes involved in its pathogenesis
(Gratacos et al., 2007).

Genomewide scans have found significant connections
between PD and chromosomes 9 (Thorgeirsson et al.,
2003), 13 (Hamilton et al., 2003), 15 (nearGABAA receptor
subunit genes; Fyer et al., 2006), and 22 (Hamilton et al.,
2003). There also appears to be a link between chromo-
somes 1 and 11 in patients with PD (Gelernter et al., 2001).

Environment

COGNITIVE-BEHAVIORAL THEORIES

An influential theory of the etiology of PD involves the
concept of “catastrophic misinterpretation” of confus-
ing feelings. According to this theory, bodily feelings
that cannot easily be explained by an identifiable
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physical or situational cause result in catastrophic
thoughts about their significance, which in turn leads
to panic (Chambless et al., 2000; Austin and Richards,
2001). The subsequent orientation on somatic panic-
induced symptoms intensifies feelings of anxiety, as
part of a positive-feedback loop. The reinforcement
of the catastrophic thoughts that result from this process
increases the likelihood of future panic attacks. Studies
have provided some evidence for this model of PD (Holt
and Andrews, 1989; Harvey et al., 1993; Clark et al.,
1997; Chambless et al., 2000; Austin and Richards,
2001; McNally, 2002). However, there is little research
linking this theory with the neurobiology of PD (Stein,
2005).
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Anxiety sensitivity and behavioral inhibition may predis-
pose people to develop PD. Specifically, studies have
demonstrated that children of parents with PD are more
likely to be cautious, quiet, introverted, and shy in unfa-
miliar situations (Rosenbaum et al., 2000), exhibit fewer
exploratory behaviors on exposure to anxiogenic stimuli
(Battaglia et al., 1997), and be at greater risk of develop-
ing anxiety disorders themselves (Biederman et al., 1990;
Rosenbaum et al., 1993). Unlike catastrophic misinter-
pretation accounts of PD, individuals with heightened
anxiety sensitivity are scared of anxiety-related symp-
toms and think that these symptoms may cause them
unpleasant experiences in the short and long term, re-
gardless of whether they are able to identify the source
of body sensations. People with PD experience elevated
anxiety sensitivity compared to people with other anxi-
ety disorders (except posttraumatic stress disorder)
(Taylor et al., 1992). Subclinical PD symptoms have also
been associated with elevated anxiety sensitivity (Rapee
et al., 1992; Rapee and Medoro, 1994; Eke and McNally,
1996; Rassovsky et al., 2000), though not in all studies
(Koszycki et al., 1996; Koszycki and Bradwejn, 2001).
Although there is evidence that anxiety sensitivity may
be heritable (Stein et al., 1999), there is once again
relatively little research on the neurobiological media-
tors of PD and anxiety sensitivity.
SEPARATION AND STRESSORS

PD is associated with exposure to significant stressors
(e.g., separation and bereavement) (Klein and Fink,
1962; Faravelli et al., 1985; Stein et al., 1996; Friedman
et al., 2002), as well as past separation anxiety
(Gittelman and Klein, 1984; Ayuso et al., 1989; Klein,
1993b). Nevertheless, data have been inconsistent, with
only a minority of people with PD having been exposed
to these types of stressful life event (Tweed et al., 1989).
EVOLUTIONARYAPPROACHES

One of the major evolutionary models of PD theorizes
that panic attacks are a false suffocation alarm
(Klein, 1993a). This theory postulates that a physiologi-
cal misreading by a suffocation monitor activates an ad-
vanced suffocation alarm system. This results in sudden
respiratory distress and then a short duration of hyper-
ventilation, panic, and the urge to run away. It is argued
that CO2 sensitivity is due to a defect in the suffocation
alarm monitor. This accounts for elevated panic in pa-
tients with respiratory problems, whilst they are sleeping
and relaxing and before their period (i.e., more partial
pressure of CO2); and decreased panic in patients with-
out a suffocation alarm (Ondine’s curse: also called
congenital central hypoventilation syndrome, which is
an acute illness where one does not have CO2 percep-
tion) (Pine et al., 1994) and during parturition (i.e., there
is less partial pressure of CO2) (Klein, 1993a).
CONCLUSION

There have been significant advances in the treatment of
PD, as well as in understanding its psychobiology. At the
same time many questions remain. In clinical settings,
there are relatively few data on real-world effectiveness,
and there continues to be a need to develop more
effective agents for refractory patients. In the research
context, much additional investigation is needed to de-
lineate fully the neurocircuitry and neurochemistry of
PD, and to determine the ways in which genes and
environments intersect to create vulnerability. Ulti-
mately future advances in the basic neuroscience of fear
and anxiety may lead to novel and useful treatments.
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INTRODUCTION

Obsessive-compulsive disorder (OCD) is a chronic
psychiatric disorder characterized by recurrent persis-
tent thoughts (obsessions) and/or repetitive compulsory
behaviors (compulsions).

Until the 1970s, OCD was thought to be a rare
treatment-resistant disorder of psychological origin
(Zohar and Insel, 1987; Zohar et al., 1991). Research from
1980 on has necessitated some rethinking of this perspec-
tive. Bolstered by the clinical finding that OCD could be
treated with serotonergic medications (Murphy et al.,
1989), more attention was directed to OCD. Epidemio-
logical studies, which have shown that OCD,with a world-
wide prevalence of about 2% (Sasson et al., 1997), is not a
rare disorder, also helped to put OCD “on themap.” Later
developments in the field of neuroimaging repeatedly
identified neurological circuits, namely the frontal–basal
ganglia–thalamic circuits, as central to OCD pathophysio-
logy (Baxter et al., 1987, 1992). Facing all of these findings,
the concept ofOCDas a rare, treatment-resistant disorder
of psychological origin was gradually replaced by the
notion of OCD as a common, treatable condition with a
biological basis and defined neuronal circuitry (Murphy
et al., 1989).

This chapter explores our current knowledge relating
to the serotonergic hypothesis of OCD, highlights the
research implicating dopamine systems in OCD psycho-
pathology, and touches upon the immune system and
OCD. A review of obsessive-compulsive brain circuitry
will also be offered. Although the circuit-based treat-
ments for OCD that have continued since the 1940s
(modified stereotactic ablation and newer focal brain
stimulation) developed largely empirically, the evolving
conceptions of OCD circuitry provide a context for
*
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current understanding and further development of these
approaches (Greenberg et al., 2010b).

THE 5-HTHYPOTHESISOFOCD

The strongest and most consistent evidence for the
involvement of the serotonin (5-HT) system in OCD is
that, to date, only serotonergic reuptake blockers are
effective treatments for this disorder. This specific
response is well documented in studies in which seroto-
nergic antidepressants, but not comparator noradrener-
gic antidepressants, were found to be effective (Zohar
and Insel, 1987; Goodman et al., 1991). In the first study,
which specifically addressed this issue, the serotonergic
tricyclic antidepressant clomipramine was found to be
effective, but the noradrenergic tricyclic desipramine
was not (Zohar and Insel, 1987). In a subsequent study,
the selective serotonin reuptake inhibitor (SSRI) fluvox-
amine was an effective treatment for OCD, but not the
noradrenergic antidepressant desipramine (Goodman
et al., 1991). Although these studies suggest that 5-HT
may be involved in the therapeutic effects, they do
not necessarily indicate that 5-HT is related to the
pathophysiological basis of this disorder.

Some researchers have conducted pharmacological
challenges utilizing serotonin agents in patients with
OCDinorder todetermine the roleof5-HTin thepathogen-
esis of OCD. For example, meta-chlorophenylpiperazine
(mCPP) was found to exacerbate OCD symptoms in four
studies (Zohar et al., 1987; Pigott et al., 1991; Hollander
et al., 1992; Khanna et al., 2001) but not in two others
(Goodman et al., 1991; Ho Pian et al., 1998). Other anxio-
genic challenges, however, have not provoked the same
response. The lack of specific symptom changes following
administration of lactate (Gorman et al., 1985), carbon
ychiatry, Chaim Sheba Medical Center, Tel Hashomer 52621,
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dioxide (Perna et al., 1995), yohimbine (Rasmussen et al.,
1987), and cholecystokinin receptor agonists (de Leeuw
et al., 1996) suggests that OCD patients are not sensitive
to all anxiogenic challenges and that the serotonergic
component of the mCPP challenge may play a critical role
in the pathology of OCD.

Those findings led to a formulation which postulated
that a subset of 5-HT receptors is hypersensitive
in OCD (Zohar et al., 2004) and that effective treatment
is associated with adaptive downregulation of these
5-HT receptors (Zohar et al., 1988). This proposition has
been supported by the relative success in treating OCD
with various specific SSRIs but not noradrenergic med-
ications (Zohar et al., 1992), by the positive finding in
some serotonergic challenges, and by the relatively long
“therapeutic lag” (the time needed to get a therapeutic
effect), which is 8–12 weeks in OCD.

In order to explore further the role of 5-HT in OCD,
subjects with OCD were given metergoline, a non-
selective serotonin antagonist, prior to receiving mCPP,
whilst other subjects received placebo, mCPP only, or
metergoline only (Pigott et al., 1991). Subjects who
received mCPP alone experienced an increase in anxiety
and obsessive-compulsive symptoms, but those who
received metergoline first did not. Since preadminis-
tration of metergoline blocked the exacerbation, the
authors concluded that the exacerbation of obsessive-
compulsive symptoms was indeed related to the 5-HT
system.
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The 5-HT1B hypothesis

However, as it became evident that there are multiple
5-HT receptors, the need for further fine-tuning led to
a series of studies in which different 5-HT agonists were
given and the specific behavioral (i.e., changes in
obsessive-compulsive symptoms) as well as neuroendo-
crine responses were studied. In those pharmacological
challenge studies, it was noted that not all of the agents
that affect serotonergic systems have been found to
change OCD symptoms. Only mCPP has been reported
Table 21.1

The effects of different agents on symptoms of obsessive-comp

Drug OCD effect 5-HT1A

mCPP (oral) Worse Agonist
MK-212 None Agonist

Ipsapirone None Agonist
Sumatriptan Worse
Metergoline None Antagonist

mCPP, meta-chlorophenylpiperazine.
to exacerbate OCD symptoms (Zohar et al., 1987; Pigott
et al., 1991; Hollander et al., 1992; Khanna et al., 2001),
whereas MK-212 (Bastani et al., 1990), ipsapirone (Lesch
et al., 1991), and metergoline (Pigott et al., 1991) were
not. A closer look at the known actions of these agents
(Table 21.1) supports the concept of a potential role for
5-HT1B.

The 5-HT1B receptor has a role as a presynaptic auto-
receptor that under normal conditions reduces serotonin
transmission. Theoretically, in the brain of a person with
OCD, this receptor could be hypersensitive. This theory
would explain why a 5-HT1B agonist like mCPP can
cause acute worsening of OCD symptoms. Moreover,
5-HT1B is densely located in the basal caudate area as
well as prefrontal areas, regions that are part of the
brain circuitry involved in OCD (to be discussed later
in this chapter). The 5-HT1B receptor also has a role in
postsynaptic locations. The presynaptic and postsynap-
tic presence of the 5-HT1B receptor raises the possibility
that it modulates and regulates obsessive-compulsive
behaviors.

To explore the possibility that 5-HT1B is involved in
OCD, Stern et al. (1998) and Gross-Isseroff et al. (2004)
conducted challenge studies with the 5-HT1B agonist
sumatriptan. They hypothesized that if 5-HT1B is indeed
involved in OCD, then activation of this receptor by
sumatriptan, which is usually used to treat migraine
headaches, would be associated with a worsening of
obsessive-compulsive symptoms. Indeed, transient exac-
erbation of OCD symptoms, comparable to the exacer-
bation observed after administration of mCPP, was
observed.

These results were partially replicated by Koran and
colleagues (2001), who studied 10 medication-free OCD
patients, but not by another study (Pian et al., 1998). A
subsequent study (Boshuisen and den Boer, 2000) with
another 5-HT1B challenge – zolmitriptan – also noted no
change in obsessive-compulsive symptoms.

Hollander et al. (2000) extended the relevance of
5-HT1B beyond OCD to repetitive behavior across neuro-
psychiatric disorders. In this study, the investigators

ET AL.
ulsive disorder (OCD) and serotonin receptors

5-HT1B 5-HT2C 5-HT3

Agonist Partial Agonist
Not Agonist

Not
Agonist
Antagonist Antagonist
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reported that the growth hormone (GH) response to
administration of sumatriptan in adult autistic patients
was significantly positively correlated with the severity
of compulsive symptoms measured by the Yale–Brown
Obsessive Compulsive Scale (Y-BOCS). In contrast,
5-HT1B sensitivity was not correlated with the severity
of autism or the other symptom domains of social or
language function, but only to the repetitive behavior
domain.

Genetics and the 5-HT1B hypothesis

Family and genetic studies may provide further support
for a discrete pathophysiology, provided that it is
genetically based. Family studies have shown a higher rate
of OCD among relatives of patients with OCD than
among relatives of healthy controls. This finding may
imply a degree of genetic heritability in certain subtypes
of OCD, but, because of the study designs, a learned
behavior component cannot be ruled out. For example,
Pauls and colleagues (1995) interviewed 466 first-degree
relatives of 100 probands with OCD and 113 first-degree
relatives of psychiatrically healthy control subjects. The in-
vestigators found that OCD, subthreshold OCD, and tics
were significantly (P< 0.05)more common in relatives of
OCD probands than in relatives of control subjects.

A number of candidate genes possibly involved in
OCD and related disorders have been identified, among
them the 5-HT1B gene (Table 21.2). The G and C alleles of
this gene differ by a single basepair. This difference
changes the amino acid coded and has some functional
implications. Mundo and colleagues (2002) have
studied the association between OCD and the G allele
of the G861C polymorphism of the 5-HT1D gene as well
as the linkage disequilibrium between this polymor-
phism and the T371G polymorphism in patients with
OCD and their families (n ¼ 121 families). The G861
allele was preferentially transmitted to those patients with
OCD symptoms (P ¼ 0.02). Another study (Camarena
et al., 2004) reported higher Y-BOCS obsession scores
in those subjects with preferential transmission of the

OBSESSIVE-COMP
Table 21.2

Genes possibly involved in obsessive-compulsive disorder

5-HT1B
5-HT2A
5-HTT/ SLC6A4
COMT
DRD4

MAO-A
MOG-4

COMT, catechol-O-methyltransferase; MAO-A, monoamine oxidase

A; MOG, myelin oligodendrocyte glycoprotein.
G861 allele versus those with the C861 allele. This finding
was replicated in a study in which G861C polymorphism
of the 5-HT1Bb gene was analyzed in a sample of 72 trios
(Camarena et al., 2004), but not in another study (Di Bella
et al., 2002). These results suggest that the G allele of the
5-HT1B gene plays a role in at least some aspects of
OCD symptomatology. Once the genetics of OCD are
understood, different interventions for specific pheno-
types of the disorder can be developed.

Conclusion

The specific response of OCD patients to serotonergic
medications highlights the potential role of 5-HT in
mediating the therapeutic response in this disorder and
sets the stage for the serotonergic hypothesis of OCD.
The hypothesis suggests that 5-HT is related to the under-
lying pathophysiology ofOCD.Based on the sensitivity of
OCD patients to serotonergic challenges (with mCPP) and
its specific effect on OCD symptoms (transient exacerba-
tion), the hypothesis suggests that effective treatment is
associated with adaptive downregulation of these specific
5-HT receptors (Zohar et al., 1988). However, as it became
evident that there are multiple 5-HT receptors, the need
for further fine-tuning led to a series of studies in which
different 5-HT agonists were given and the specific be-
havioral (i.e., changes in obsessive-compulsive symptoms)
as well as neuroendocrine responses were studied. In
pharmacological challenge studies, it was noted that fur-
ther studies support the potential role of 5-HT1B in OCD.
The 5-HT1B receptor agonists mCPP and sumatriptan
caused an exacerbation of obsessive-compulsive symp-
toms, whereas the other agents, which are not agonists
of the 5-HT1B receptor, did not cause such an exacerba-
tion. The 5-HT1B receptor is densely located in the basal
ganglia, which fits well with the functional neuroimaging
data of OCD (discussed later in this chapter).

Data from some genetic studies that suggest a role for
polymorphism of the 5-HT1B gene in OCD are also in line
with the 5-HT1B hypothesis of OCD. However, studies
utilizing triptans that more readily pass the blood–brain
barrier, such as naratriptan, rizatriptan, and zolmitriptan
(Millson et al., 2000), are warranted. Also, further work
focusing on the possible interaction between 5-HT1B poly-
morphism, utilizing functional brain imaging in parallel
with phenotyping, andmeasuring responses to specific in-
terventions, are warranted in order to explore further the
role of 5-HT in the obsessive-compulsive spectrum in
general and in OCD in particular.

DOPAMINE

Evidence for the involvement of dopamine in OCD may
be obtained from: (1) animal models; (2) measurements
of dopamine concentrations and pharmacochallenge
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studies; (3) pharmacotherapeutic studies; (4) single-
photon emission computed tomography (SPECT) and
positron emission tomography (PET) binding studies;
and (5) genetic association studies.

Animal models

Campbell et al. (1999a) created transgenic mice in which
dopamine D1 receptor-expressing (D1þ) neurons in the
cortex and amygdala articulated a neuropotentiating
cholera toxin (CT) transgene. The D1CT mice engage
in complex biting, locomotor and behavioral persever-
ance abnormalities that resemble symptoms of OCD
and are different from cocaine-induced stereotyped
behaviors (Campbell et al., 1999b). Campbell et al. sug-
gested that chronic potentiation of cortical and limbic D1

neurons may cause obsessive-compulsive behaviors
(Campbell et al., 2000; McGrath et al., 2000). Rats
chronically treated with the selective D2/3 receptor
agonist quinpirole perform a ritual-like set of behavioral
acts resembling OCD checking behavior (Einat and
Szechtman, 1995; Szechtman et al., 1998, 2001; Ben Pazi
et al., 2001). Postmortem changes in central dopa-
minergic terminal regions following quinpirole showed
regional changes in dopaminergic function such as
increased dopamine tissue levels in nucleus accumbens
and right prefrontal cortex (Sullivan et al., 1998).

Dopamine concentrations and
pharmacochallenge studies

Baseline measures of dopamine and its metabolite
homovanillic acid in psychotropic-naive patients
may provide direct evidence for the involvement of
dopamine in OCD. The few direct biochemical investiga-
tions of dopamine metabolites in OCD patients have
mostly yielded normal results, and, as of yet, there is
a lack of clear evidence of abnormalities in dopaminer-
gic system in OCD when baseline markers are obtained.
Another approach to assess the status of the dopaminer-
gic system in OCD is the evaluation of behavioral
responses and neuroendocrine effects to indirect dopa-
mine agonists such as cocaine and amphetamine, or
direct agonists such as apomorphine and bromocriptine.
Chronic use of cocaine is associated with stereotyped
examining, searching, and sorting behaviors, and exac-
erbation of obsessive-compulsive symptoms (Koizumi,
1985; McDougle et al., 1989; Satel and McDougle,
1991; Rosse et al., 1993, 1994). Methylphenidate and
amphetamine have been reported to exacerbate or
induce (Frye and Arnold, 1981; Koizumi, 1985; Lemus
et al., 1991; Kouris, 1998; Iyo et al., 1999; Kotsopoulos
and Spivak, 2001) as well as to improve OCD symptoms
(Insel et al., 1983; Joffe and Swinson, 1987; Joffe et al.,
1991). Pitchot et al. (1996) failed to find changes in GH
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response to 0.5 mg apomorphine in OCD patients com-
pared to healthy male volunteers, whereas Brambilla
et al. (1997a) found a blunted (GH) response to apomor-
phine stimulation in 15 OCD patients, indicating possible
postsynaptic dopamine receptor subsensitivity due to an
increased presynaptic dopamine secretion.

Pharmacotherapy

Other evidence for a role of dopamine in OCD comes
from studies of the therapeutic effects of pharmacolog-
ical agents that modulate the dopaminergic system.
Addition of pimozide and haloperidol to serotonin
reuptake inhibitors (SRIs) proved effective for patients
who were refractory to treatment, in particular for pa-
tients with comorbid chronic tic disorders or schizotypal
personality disorders (McDougle et al., 1990). Following
the successful combination of typical antipsychotics
with SRIs for treatment-refractory patients, there are
a number of studies combining atypical antipsychotics
with SRIs. Although some negative studies have been
published (Sevincok and Topuz, 2003; Shapira et al.,
2004), risperidone, olanzapine, and quetiapine appear
to be efficacious in addition to SRIs for therapy-
refractory patients. Zhang et al. have shown in rats that
the combination of olanzapine with fluoxetine may
increase synergistically extracellular dopamine and
norepinephrine levels in the prefrontal cortex, and
Denys et al. found that the combination of quetiapine
with fluvoxamine may cause a synergistic dopamine in-
crease in the prefrontal cortex and the thalamus (Zhang
and Bymaster, 1999; Zhang et al., 2000; Denys et al.,
2004a). Additional research must be conducted to
determine whether changes in extracellular dopamine
levels may account for the clinical efficacy of addition
strategies with atypical antipsychotics in OCD.

Receptor-binding studies

In vivo imaging of dopamine transporters (DAT) and re-
ceptors with PET or SPECT offers another tool to probe
the dopaminergic function in OCD. Van der Wee et al.
(2001) found higher binding ratios of [123I]beta-CIT to
the DAT in the left basal ganglia in 15 drug-naive
patients with OCD. Kim et al. (2003) found an increased
DAT-binding ratio in the right basal ganglia and a ten-
dency towards an increased DAT-binding ratio in the
left basal ganglia with [123I]IPT SPECT in 15 OCD
patients. Pogarell et al. (2003), on the other hand, failed
to detect changes in striatal DAT [123I]beta-CIT binding
in 7 patients. Finally, Denys et al. (2004b) observed in 10
OCD patients a decreased [123I]IBZM binding in the left
caudate, suggesting a downregulated dopamine D2

receptor. Altogether, these findings indicate that the
dopamine system of the basal ganglia could be involved
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in OCD. Higher DAT densities in tandem with a down-
regulation of the D2 receptor suggest higher synaptic
concentrations of dopamine in the basal ganglia in OCD.

Genetic association studies

A number of candidate gene studies have been conducted
in order to elucidate the contribution of the dopamine
system in OCD (Denys et al., 2004c). Investigations of
the role of the DAT and dopamine D3 receptor showed
no significant association between a particular allele
andOCD (Catalano et al., 1994; Nicolini et al., 1996; Frisch
et al., 2000; Hemmings et al., 2003). Except for the TAQ I
A2 allele, which was found to be associated with male
OCD patients and patients with tics (Nicolini et al.,
1996; Denys et al., 2004d), no statistically significant dif-
ferences in allele frequencies or genotype between OCD
patients and controls was found with regard to dopamine
D2 receptor (Novelli et al., 1994; Billett et al., 1998). Cruz
et al. (1997) and Millet et al. (2003) found an association
with the dopamine D4 receptor, but other reports were
negative (Di Bella et al., 1996; Billett et al., 1998; Frisch
et al., 2000; Hemmings et al., 2003). The role of
catechol-O-methyltransferase has been extensively inves-
tigated and has frequently been found to be associated
with OCD (Karayiorgou et al., 1999; Cavallini et al.,
2000; Schindler et al., 2000; Alsobrook et al., 2002;
Meira-Lima et al., 2004).

Conclusion

Though studies evaluating the dopamine systems in
OCD are sparse and some results are inconsistent,
there is some evidence that OCD is associated with
increased midbrain dopamine transmission. The hypo-
thesis of increased dopamine transmission in the
basal ganglia is attractive since it is in agreement with
various working hypotheses of the pathophysiology of
OCD, such as: (1) the hyperactive corticostriatal model;
(2) the amygdalocentric model; or (3) the model of
behavioral addiction.

The corticostriatal working model of OCD suggests
an imbalance of the direct versus indirect pathway that
produces a hyperactive circuit responsible for the repet-
itive behaviors seen in OCD (Jenike et al., 1998; Saxena
et al., 1998). Since D1 preferentially activates the direct
and D2 the indirect pathway, and the density of D1 recep-
tors in the basal ganglia is higher than the density of D2

receptors, increased concentrations of dopamine are
most likely to result in a dominant D1-regulated direct
circuit, and consequently in a hyperactive corticostriatal
system.

In the amygdalocentric model, the acquisition and
expression of conditioned fear mediated by the amyg-
dala are believed to be actively inhibited by feedback

OBSESSIVE-COMP
mechanisms from the medial prefrontal cortex
(LeDoux, 1996). One way to understand OCD is that
the normal cortical inhibition of the amygdala is mal-
functioning and that the anxiety responses induced by
the amygdala become more intrusive and chronic.
Rosenkranz and Grace (2002) demonstrated that the
response of the amygdala to cortical inhibition is
potently affected by alterations of the mesolimbic
dopaminergic system. When dopamine is increased,
the ability of the prefrontal cortex to suppress the affec-
tive responses generated in the amygdala is attenuated.

A number of phenomenological characteristics of
OCD, such as loss of voluntary control, repetitiveness,
compulsiveness, reinforcement of behavior, aberrant
habit learning, and uncertainty, resemble addictive
behavior and may be understood within the conceptual
framework “behavioral addiction” (Holden, 2001). In
particular, ritualistic-compulsive actions share similari-
ties with addictive behavior. There is little doubt that
midbrain dopamine has positive reinforcing properties,
and it is feasible that the reinforcing nature of compul-
sions originates from increased dopamine transmission.
Fiorillo et al. (2003) demonstrated that dopamine
neurons show increased firing during prolonged periods
of uncertainty, which is an essential phenomenological
feature of OCD.

To explore these hypotheses, more direct studies of
the dopamine function in OCD are needed, in particular
measurements of dopamine and its metabolite, and
pharmacochallenge studies with dopaminergic probes
during behavioral stimulation. To date, there is some
preclinical and clinical evidence connecting OCD with
the dopamine system, but more studies are warranted
to understand the function of dopamine in the patho-
physiology of OCD.

IMMUNOLOGYANDOCD

PANDAS

In 1998, Swedo et al. introduced a newly recognized
clinical phenomenon in OCD, pediatric autoimmune
neuropsychiatric disorders associated with streptococcal
infections (PANDAS), which was based on a sample of
50 children suffering from tics and OCD, apparently
provoked by a preceding streptococcal infection.
PANDAS implies that immune factors may be directly
implicated in the pathophysiology of some subtypes
of OCD. According to the PANDASmodel, an infection
with b-hemolytic streptococcus induces an autoimmune
reaction, wherein antibodies cross-react with host tissue
antigens located in the basal ganglia, disrupt the cortico-
striatal circuit, and generate obsessive-compulsive
symptoms (Perlmutter et al., 1999). The symptoms
with a typically prepubertal onset seem to respond to
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antibiotics and experimental immune therapies, such
as plasma exchange and intravenous immunoglobulin.
The PANDAS hypothesis was given some support by
the observation that the B-lymphocyte antigen D8/17,
which is a vulnerability marker for rheumatic fever,
was more common in patients with childhood OCD than
in controls, although negative results have been reported
as well (Murphy et al., 1997; Hoekstra et al., 2004).
Serum levels of antibodies for somatostatin-14 and 28,
and prodynorphin, which modulate the basal ganglia,
have been found to be elevated in OCD by Roy et al.
(1994), and Khanna et al. (1997) reported elevated herpes
simplex viral antibodies in the cerebrospinal fluid of
OCD patients.

Immune changes in OCD

Despite the possibility of an immediate link between an
immune response and the pathophysiology of OCD, the
systematic investigation of immune parameters in adult
OCD is limited to date. A few studies have examined
immune levels, with conflicting results (Table 21.3).
Marazziti et al. (1999) reported increased CD8þ
(T-suppressor) cells and decreased CD4þ (T-helper) cells,
Ravindran et al. (1999) observed elevated numbers of
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Table 21.3

Overview from the literature of immune parameters in adults

Increase Decrease

IL-1b Brambilla et al., 1997b

IL-2

IL-2 receptor
IL-3-LA
IL-4

IL-6

IL-6 receptor

IL-10
TNF-a Brambilla et al., 1997b; M

1998; Denys et al., 200
IFN-gamma

T-cell subsets
CD4þ Sobin et al., 2000
CD8þ Marazziti et al.,

1999
NK cells Ravindran et al.,

1999: males

NK activity Denys et al., 2004e*

All results are expressing plasma levels, except for *in vitro cytokine pro

IL, interleukin; IL-3-LA, interleukin-3-like activity; TNF-a, tumor necros
natural killer (NK) cells in male OCD patients and
Denys et al. (2004e) reported decreased NK cell activity.
Cytokine concentrations generally have been reported to
be unaltered in OCD, except for interleukin (IL)-1b and
tumor necrosis factor (TNF)-alpha. TNF-alpha has
been found to be decreased in three independent studies,
both in plasma and after lipopolysaccharide stimulation
(Brambilla et al., 1997b; Monteleone et al., 1998; Denys
et al., 2004e). The finding is interesting, since TNF-alpha
clearly interacts with serotonin and dopamine, and fits
therefore with the assumption that OCD is associated
with alterations of the serotonin and dopamine system.
One study has shown that treatment with antidepressants
did not alter immune activity in OCD (Denys et al., 2006).

Conclusion

Determining the significance of immune alterations in
OCD presents a considerable challenge. Since most
cytokines have ubiquitous biological activities and the
complex network of processes responsible for the regu-
lation of immune factors is at the moment not well
understood, their significance as regulators of brain
physiology is difficult to assess. The PANDAS concept
is a fascinating hypothesis but needs replication in other
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with obsessive-compulsive disorder

Normal

Maes et al., 1994; Weizman et al., 1996;
Monteleone et al., 1998*

Weizman et al., 1996*

Maes et al., 1994; Monteleone et al., 1998
Weizman et al., 1996*
Denys et al., 2004e*

Maes et al., 1994; Monteleone et al., 1998;
Carpenter et al., 2002){

Maes et al., 1994; Monteleone et al., 1998

Denys et al., 2004e*
onteleone et al.,
4e*

Denys et al., 2004e

Barber et al., 1996; Denys et al., 2004e*

Ravindran et al., 1999: females;
Denys et al., 2004e*

duction, and {cerebrospinal fluid levels.

is factor-a; IFN, interferon; NK, natural killer.
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groups and extension in larger samples. The limited
immune studies available in OCD hint at a decrease
of TNF-alpha.

BRAINCIRCUITRYANDOCD

Functional neuroimaging studies beginning in the 1980s
established that frontal–basal ganglia–thalamic circuits
are central to OCD pathophysiology. Influential neuro-
circuitry models thus emerged early for OCD compared
to other disorders (Rauch et al., 1998a; Saxena et al.,
1998). Recent functional imaging work, shaped by
advances in phenomenological approaches to OCD,
suggests that the neuroanatomical underpinnings of
the dimensional symptom subtypes within the broad cat-
egorical construct ofOCDmight be separable. Structural
imaging methods, both established and emerging,
are also contributing to our understanding of OCD
circuitry.

Evidence from a variety of other sources is consistent
with multifaceted imaging data. The clinical and familial
associations between tic disorders and OCD are well
known, again implicating frontal cortex–basal ganglia–
thalamic functioning in OCD. The emerging, although
less familiar, relationship between OCD and certain
forms of dystonia (Cavallaro et al., 2002) further streng-
thens this case. OCD or OCD symptoms appear or
dramatically worsen after brain lesions or injury within
the hypothesized circuitry. In addition, neuropsychologi-
cal studies have yielded an intriguing pattern of findings,
suggesting that cognitive processing in OCD reflects both
corticobasal dysfunction and compensatory processes
elsewhere. Finally, OCD circuitry models are being used
to understand the effects of neurosurgical interventions
for severely affected OCD patients who fail to respond to
conventional behavioral and medication treatments. The
models permit hypothesis-testing that may help to refine
existing neurosurgical approaches (lesion procedures or
deep-brain stimulation (DBS)) as well as other potential
brain circuit-based interventions for OCD (such as
transcranial magnetic stimulation (TMS), which remains
little explored in the illness).

Functional imaging

PET, SPECT, and functionalmagnetic resonance imaging
(fMRI) continue to be widely used inOCD research. They
support hypotheses of corticostriatopallidothalamic
involvement in OCD (Rauch et al., 1998a; Saxena et al.,
1998), which were influenced by Alexander and col-
leagues’ description of parallel frontobasal-thalamic
circuits Alexander et al., 1986, 1990; Rauch, 2003). Func-
tional imaging studies have established that metabolism
or perfusion in these circuits: (1) is abnormally elevated
in the resting state in symptomatic patients; (2) increases
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during obsessive-compulsive symptom provocation; and
(3) decreases in response to successful medication or
behavioral treatment (Rauch and Jenike, 1993; Baxter
et al., 1996; Hoehn-Saric and Greenberg, 1997; Saxena
et al., 2001). Activity within the orbitofrontal component
of this circuit predicts subsequent response to treatment
with medication or behavior therapy (Rauch et al., 2002;
Brody et al., 1998). Moreover, while OCD patients had
abnormally correlated metabolism in orbitofrontal cor-
tex, caudate nucleus, and thalamus in the right hemi-
sphere before treatment, these correlations disappeared
after behavior therapy (Schwartz et al., 1996), further
supporting the hypothesized relationship between circuit
activity and OCD symptoms.

Taken together, the neuroimaging findings above
support a cohesive neuroanatomical model of OCD.
However, a primary pathological process underlying
core OCD symptoms has yet to be identified. It is likely
that multiple factors affecting this circuitry can give rise
to obsessions and compulsions. Beyond that, it is now
recognized that the categorical Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM: American
Psychiatric Association, 2000) and International Statis-
tical Classification of Diseases and Related Health
Problems (ICD: World Health Organization, 1992)
definitions of the illness are incomplete. OCD has
different symptom dimensions, which appear associated
with separable patterns of course, comorbidity, fami-
liality, and treatment response (see below). Defining
neurobiological correlates of OCD symptom factors is
important for establishing more specific phenotypes
for research and in developing more effective treat-
ments. Most, although not all, neuroimaging data were
obtained in groups of patients who were heterogeneous
with respect to OCD symptom subtypes, possibly
obscuring meaningful differences in the brain circuits
involved. Phenotypic variation has been addressed in
analysis of imaging data and in using data acquisition
paradigms targeted at specific obsessive-compulsive
phenomena. In an early study, a group of OCD patients
with heterogeneous symptoms performed a continuous
performance task during PET scanning. Scores on factor-
analytically derived OCD symptom dimensions (obses-
sions/checking, contamination/washing, and symmetry/
ordering symptoms) showed distinct patterns of correla-
tion with regional glucose metabolism (Rauch et al.,
1998b). A subsequent symptom provocation study in a
sample of multisymptomatic OCD patients used probe
stimuli specific to washing, checking, and hoarding
symptom dimensions of OCD, and observed activations
of distinct but partially overlapping neural systems
(Mataix-Cols et al., 2004).

A complementary line of research has used imaging
during presentation of symptom-related stimuli in

SIVE DISORDER 381



R

patients selected for symptoms belonging predomi-
nantly to one subtype, OCD patients with predominant
washing compulsions (“washers”). One study showed
insula activation on fMRI when shown pictures relevant
to their washing compulsions, while patients with pre-
dominant checking compulsions (“checkers”), shown
the same images, activated frontostriatal regions instead
(Phillips et al., 2000). Insula activation in the “washers”
was taken to reflect primarily their emotional reaction
to the symptom-triggering pictures, which included
prominent disgust in addition to fear and anxiety. A
subsequent study of a similarly selected OCD group
(predominant contamination symptoms) also found
insula activation during presentation of disgust-inducing
pictures. Notably, patients and healthy volunteers showed
similar areas of activation in response to threat-related
stimuli, the results diverged for the disgust-related stim-
uli, with patients showing greater activations in the right
insula and parahippocampal and inferior frontal regions
(Shapira et al., 2003). The first imaging study to compare
OCD patients with predominant hoarding symptoms to
nonhoarding OCD patients showed that the hoarders
had lower glucose metabolism in the posterior cingulate
gyrus and cuneus; conversely, nonhoardingOCD patients
had higher metabolism in the thalamus bilaterally and in
the caudate (Saxena et al., 2004).

It is important to note that this approach to neuro-
imaging in OCD has thus far depended largely, though
not completely, on factor analytical approaches to the
a priori items in the Y-BOCS symptom checklist to
derive dimensional structures of OCD (Baer, 1994;
Leckman et al., 1997; Mataix-Cols et al., 1999; Denys
et al., 2004f). This continuing line of work on dimen-
sional phenotypes of OCD is likely to yield further
insights relevant to neuroimaging and brain circuitry.
A fuller account of brain circuitry in OCD will also take
into account brain mechanisms mediating individual
differences in personality traits that are continuously
distributed in the population and not restricted to cate-
gorically defined disorders. Recent work, suggesting
that the volume of the medial orbitofrontal cortex on
morphometric MRI (mMRI) is associated with both
personality traits (Rauch et al., 2005) and retention of
extinction of responses to fear-related stimuli (Milad
et al., 2005), has notable heuristic potential in this regard.
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Structural imaging

A number of studies have found structural abnormali-
ties in components of frontobasal-thalamic circuits
implicated in OCD, in both white and gray matter.
Several different techniques with complementary
strengths have been used, including mMRI, magnetic
resonance spectroscopy (MRS), and diffusion tensor
MR imaging (DTI). Subtle caudate nucleus volumetric
abnormalities have been seen in some (Scarone et al.,
1992; Robinson et al., 1995; Jenike et al., 1996), but not
all (Aylward et al., 1996) mMRI studies of adults with
OCD. mMRI findings in affected children have included
abnormal volumes of the thalamus (Gilbert et al., 2000),
putamen (Rosenberg et al., 1997), and globus pallidus
(Szeszko et al., 2004). Children with OCD or tics associ-
ated with streptococcal infection had abnormal mMRI
volumes in the caudate, putamen, and globus pallidus
(Giedd et al., 2000). Findings of striatal abnormalities
in OCD are consistent with the results of cognitive acti-
vation studies indicating deficits in striatal recruitment
and thalamic gating as well as possible compensation
via hippocampal activation (Rauch et al., 1997).

Regional volumetric abnormalities beyond the
striatum or thalamus in OCD have included increased
white-matter volume (Breiter et al., 1994; Jenike et al.,
1996) and reduced volume of orbitofrontal cortex and
amygdala (Szeszko et al., 1999). The emerging technique
of MRI voxel-based morphometry found reduced gray-
matter volume in the medial frontal gyrus, the medial
orbitofrontal cortex, and the left insulo-opercular
region. A relative increase in gray matter was observed
bilaterally in the region of the ventral putamen and in
anterior cerebellum (Pujol et al., 2004). The use of
another new technique, DTI, found structurally abnor-
mal anterior cingulate white matter in OCD (Szeszko
et al., 2005). MRS measurement of N-acetyl aspartate
(NAA), thought to be a marker for healthy neuronal
density, was reduced in anterior cingulate and right cau-
date nucleus (Ebert et al., 1997). In other studies, reduced
NAA on MRS was also found in striatum (Bartha et al.,
1998), but not the lenticulate (Ohara et al., 1999).

Thus, despite some inconsistencies in the data, struc-
tural imaging methods support the prevailing model
of frontal cortex–basal ganglia–thalamic involvement
in OCD symptoms. Some evidence from studies
using TMS as an anatomical probe and/or a potential
treatment in OCD is also consistent with this view
(Greenberg et al., 1997, 1998, 2000; Sachdev et al.,
2001). At the same time, our views of these circuits
themselves are evolving. Pioneering neuroanatomical
research (Haber et al., 2000) emphasizes the interaction,
rather than segregation, of information across these
circuits in health and potentially in disease. In this
model, information flows (“spirals”) from circuit
components involved in motivation to those subserving
cognition and motor behavior. Neuropsychiatric symp-
toms might then arise from a failure in the smooth
cascade of information across the various parallel cir-
cuits, rather than from localized dysfunction. In OCD,
cognitions and motivations to act would persist (as
obsessions with attendant anxiety), since feedback from
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motor behavior would fail to reset these thoughts and
motivations, driving repetitive stereotyped behaviors
(compulsions) (Rauch, 2003).

Associations between brain lesions or injury
and development of obsessive-compulsive

symptoms

Although relatively few in number, there are striking
case reports in which obsessions and compulsions
developed after damage to corticobasal sites implicated
in OCD, including the basal ganglia (Laplane et al.,
1989; Demirkol et al., 1999; Thobois et al., 2004), orbito-
frontal cortex (Ogai et al., 2005), a midline tumor
affecting the caudate, lenticulate, internal capsule, and
interventricular septum (Gamazo-Garran et al., 2002),
or traumatic brain injury (Ko, 1997; Berthier et al.,
2001), including focal contusions in the frontotemporal
cortices, subcortical structures (caudate nucleus), or both.
More recently, obsessional symptomswere reported to in-
crease rapidly after resection of left frontal primary brain
tumors (Mainio et al., 2005).

OCD neurosurgery and brain circuits

Stereotactic ablation for OCD has remained in use at
specialized centers since the 1940s. The newest lesion
method, gamma ventral capsulotomy, was developed
in the early 1990s and is currently the subject of a
controlled clinical trial (Lopes et al., 2009). The late
1990s saw the first application of DBS to OCD, its first
systematic use for any psychiatric illness (see below).
In 2009, the US Food and Drug Administration granted
humanitarian approval for DBS for otherwise intra-
ctable OCD, the first such approval for a psychiatric
illness. The neuroimaging research reviewed above has
substantially influenced current models of pathophysi-
ology in OCD, implicating frontal–basal ganglia–
thalamic–frontal circuitry (Saxena et al., 1998; Graybiel
and Rauch, 2000). It has been theorized that neuro-
surgical treatments for OCD (stereotactic lesion pro-
cedures, including anterior cingulotomy, subcaudate
tractotomy, limbic leucotomy, anterior capsulotomy,
and DBS at functionally related targets) might likewise
have their therapeutic effects (Greenberg et al., 2003) by
changing activity in this same circuitry (Rauch, 2003).

DBS is reversible, unlike ablative neurosurgeries, and
can be adjusted to optimize benefit.

It remains an empirical question whether the long-
term effects and burdens of DBS will ultimately prove
superior to contemporary lesion procedures in clinical
application for OCD. Readers of this literature will need
to bear in mind several important issues: possible sys-
tematic differences in patients included across clinical
trials or case reports. And in terms of lesion procedures
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especially, there may be marked differences in adverse
effect burdens due to heterogeneity even in surgical
procedures that are all given the same generic name,
such as anterior capsulotomy.

For example, data from an important retrospective
study of large-volume or repeated ablative procedures
done prior to about the mid-1990s (considered together
as variants of capsulotomy) raised concern about the
safety of lesions in these anatomical regions for OCD
(Ruck et al., 2008). Tissue volumes lesioned were large
in comparison to contemporary procedures, and there
appeared to be substantial variations in ultimate total
lesion volume across patients (e.g., some patients judged
to have suboptimal responses underwent repeated abla-
tions). Differences in the tempo of lesion development
(essentially immediate for thermocapsulotomy, weeks
to months for radiosurgery) may also be important.
Interestingly, Ruck et al. (2008) found that the smaller
lesions appeared superior, not only in terms of adverse
effect burden, but also in terms of improvement in OCD
severity. The specific territory lesioned also seemed to
play a role in effectiveness outcomes. In general, it
would be expected that adverse effect burdens would
be greatest for the largest total lesion volumes.

Small-scale or case studies of severely ill, treatment-
resistant OCD patients treated with DBS of the anterior
limb of the internal capsule and/or the adjacent ventral
striatum (based on the anterior capsulotomy target) are
encouraging (Nuttin et al., 1999, 2003; Anderson and
Ahmed, 2003; Sturm et al., 2003; Aouizerate et al.,
2004; Abelson et al., 2005), supporting the therapeutic
potential of DBS in this otherwise untreatable popula-
tion. DBS appears generally well tolerated (Gabriels
et al., 2003). The effects of DBS on the subthalamic
nucleus in two patients with severe Parkinson’s disease
who also had moderately severe OCD were reported. In
that study, improvement in OCD symptoms was substan-
tial by 2 weeks after the start of DBS (Mallet et al., 2002).
Similar effects were seen more recently in an additional
case (Fontaine et al., 2004). The latter pilot work, plus an-
atomical considerations, led to a multicenter trial of DBS
of the subthalamic nucleus for OCD (Mallet et al., 2008),
which found, using a crossover design, evidence of a sig-
nificant effect when active DBS preceded sham stimula-
tion, although therapeutic effects were less clear when
shamDBS came before active. The adverse-effect burden
was noted to be relatively high in that study, including one
intracerebral hemorrhage due to the device insertion
surgery which had lasting sequelae, and two serious
infections (necessitating device removal) of 17 patients
implanted. This was possibly due to the particular surgical
target and possibly also because none of the implanting
centers was highly experienced with this new procedure
for OCD.
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Combined long-term results of studies by four collab-
orating centers studying DBS for OCD have been pre-
sented (total n ¼ 26). The research groups (Leuven/
Antwerp; Butler Hospital/Brown University, the
Cleveland Clinic, and University of Florida) used compa-
rable patient selection criteria and surgical targeting.
Targeting, but not selection, evolved during the nearly
decade-long data collection. There were statistically and
clinically significant symptom reductions, and clinically
meaningful functional improvements in over 60% of
patients who had otherwise intractable illness (Greenberg
et al., 2010a). Adverse effects included one each of a single
intraoperative seizure and a superficial wound infection.
There were two insertional hemorrhages, one asymptom-
atic, the other intracerebral and associatedwith apathy, that
resolvedover 3months. Stimulation-relatedadverse effects
includedfour episodesofmarkeddepression re-emergence
when DBS stopped (usually due to battery depletion), and
two serious episodes of hypomania associated with stimu-
lation onset. No adverse event was permanent, and neuro-
psychological testing indicated no systematic decline in
cognition in any patient.Results generally improved for pa-
tients implanted more recently, suggesting a “learning
curve” both within and across centers, a well-known phe-
nomenon indicating improved outcomes as experience is
gained. The main factor accounting for this appeared to
bemodification of the surgical target. The overall response
rate of about 60%of patients achieving a 35%or better im-
provement in Y-BOCS OCD severity appears comparable
to preliminary outcomes of gamma ventral capsulotomy
at experienced centers (Noren et al., 2002; Lopes et al.,
2009). More data will be available on the efficacy and
adverse effect burdens of these procedures over the next
several years. Both ventral capsule/ventral striatum DBS
and gamma ventral capsulotomy are the subject of ongo-
ing, prospective, controlled clinical trials in comparably ill
and comparably refractory patients (ClinicalTrials.gov
identifiersNCT00640133 andNCT01004302, respectively).

The combination of functional neuroimaging and
DBS represents a powerful means of studying the
neurocircuitry underlying its therapeutic effects in
OCD. An initial study in six patients found that acute
DBS localized to the ventral striatum and its border with
the ventral capsule produced significant activation of
orbitofrontal cortex, anterior cingulate cortex, striatum,
pallidum, and thalamus on perfusion (O15) PET (Rauch
et al., 2006). Further findings in a separate sample of six
OCD patients found that chronic DBS of the anterior
capsule, including adjacent ventral striatum, was associ-
ated with decreases in OCD and depression severity (on
the Y-BOCS and Hamilton Depression Rating
Scale, respectively). These symptom severity changes
were inversely related to metabolic (18F-fluoro-2-
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deoxyglucose PET) activity changes in the left ventral
striatum, left amygdala, and left hippocampus (Van
Laere et al., 2006). Further studies will be necessary to
replicate these findings, to determine the neural effects
associated with therapeutic responses to chronic ventral
capsule/ventral striatum DBS, and to investigate whether
pretreatment imaging profiles can be used to predict
clinical responses to DBS. The study by Van Laere
et al. (2006) described above supports this possibility,
finding intriguing evidence that preoperative resting
metabolic activity in the subgenual anterior cingulate
was predictive of therapeutic response.

CONCLUSION

The remarkable growth in our understanding of the
neurobiology of OCD might set a model for the revolu-
tion that psychiatry has been going through in the last 30
years; OCD has moved from a disorder that was consid-
ered rare, treatment-refractory and of psychological
origin, to a disorder that was found in several well-
designed epidemiological studies to be rather prevalent
(2% in the general population), amenable to treatment,
and to have underlying neurobiology steadily unfolding
(Hollander et al., 2009).

Based on the clinical observations, which later have
been repeatedly replicated, that serotonin reuptake inhib-
itors (clomipramine) and SSRIs (fluoxetine, fluvoxamine,
paroxetine, sertraline, citalopram, and escitalopram) are
clinically efficacious, the hypothesis linking serotonin to
OCD has been put forward. However, in this chapter,
the role of dopamine inOCDwas presented aswell, along
with touching upon the immune system and OCD.

One of the impressive advances in studying the biology
of OCD has been associated with the implementation of
functional neuroimaging in this intriguingdisorder. Those
studies that established quite convincingly the frontal–
basal ganglia–thalamic circuits have been key in contribut-
ing to the deepening of our understanding ofOCD.More-
over, the well-defined circuitry could serve not only to
refine treatment (stereotactic ablation,DBS,orpotentially
other circuitry-based treatments) but also as an endophe-
notype tool. It could help to explore the relationship of
OCD with other disorders (i.e., other anxiety disorders
onone hand, and behavioral addictions on the other hand).
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Attention-deficit/hyperactivity disorder (ADHD) is char-
acterized by persistent inattention and/or excessive
motor restlessness and impulsivity. The inattentive
symptoms can manifest as poor organizational skills,
careless errors, forgetfulness, difficulty listening, and
distractibility. The hyperactive/impulsive symptoms
may present as restlessness, fidgeting, excessive talking,
interrupting and, in younger children, difficulty staying
seated and context-inappropriate running around.
Symptom manifestation should be developmentally
inappropriate and exhibited in two or more settings
(e.g., home and school or home and work). This chapter
will review current findings in regard to the epidemio-
logy, genetics, neuropsychological models, neurosci-
ence perspectives, and recommended clinical practices
for ADHD.

EPIDEMIOLOGY

The Diagnostic and Statisical Manual of Mental
Disorders, fourth edition (DSM-IV-TR), reports a
3–7% prevalence of ADHD among school-aged children
(American Psychiatric Association, 2000). A review of
19 community-based epidemiological studies of ADHD
by Scahill and Schwab-Stone (2000) reports best esti-
mate of prevalence as 5–10% of school-aged children.
ADHD prevalence among preschool children has been
less studied. A review of five preschool studies report
ADHD prevalence of 2.0–5.7% in clinical consensus
or semistructured interview assessments, and 11.4%
*Correspondence to: Julie Schweitzer, PhD, Associate Professor, D
California DavisMedical School, UCDavisMIND Institute Directo

Tel: 916 703-0450, Fax: 916 703-0244, E-mail: Julie.schweitzer@uc
had ADHDwith mild impairment by structured parental
interview (Lavigne et al., 2009). A longitudinal assess-
ment of 4–6-year-old youth with ADHD indicates that
ADHD subtype is relatively unstable over early develop-
ment, with most hyperactive-impulsive subtype youth
meeting criteria for combined type at later assessments
(Lahey et al., 2005). Adult data indicate that ADHD is an
important public health concern beyond the school
years. The National Comorbidity Replication Survey es-
timates ADHD prevalence of 4.4% among a nationally
representative sample using blinded clinical interviews
(Kessler et al., 2006).

ADHD is consistently more prevalent in males than
females. Male children may be more likely to be identi-
fied and referred for treatment than females because
of greater likelihood of disruptive behavior and aggres-
sion (Biederman et al., 2005). Gershon (2002) reported
that prevalence differences are greater in clinical samples
(close to 9:1) compared to epidemiological samples (3:1);
and Gaub and Carlson (1997) reported that ADHD male
children have been found to be significantly more aggres-
sive and inattentive than female children in epidemiolog-
ical samples but not in clinically referred children.

GENETICSANDADHD

There have been considerable research efforts to deter-
mine the underlying genetics of ADHD. ADHD demon-
strates a strong genetic component, as demonstrated
through twin, adoption, and family pedigree studies
epartment of Psychiatry and Behavioral Sciences, University of
r, ADHD Program, 2825 50th St., Sacramento, CA 95817, USA.
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(Wallis et al., 2008; Cichon et al., 2009; Forero et al.,
2009; Franke et al., 2009; Gizer et al., 2009; Sharp
et al., 2009). Although twin concordance of less than
100% indicates environmental contributions to the phe-
notype (Forero et al., 2009), heritability (the variability
of the ADHD phenotype that can be attributed to ge-
netic cause) has been estimated at 0.6–0.8 (Faraone
and Biederman, 1994, 1998; Silberg et al., 1996; Levy
et al., 1997; Sherman et al., 1997; Coghill and
Banaschewski, 2009; Mick et al., 2009). Genetic hetero-
geneity (different genes or variants in a single gene
resulting in a similar behavioral phenotype) is suggested
in part by findings for modes of genetic transmission of
ADHD that include both polygenic and single-gene
models (Gillis et al., 1992; Schmitz et al., 1995; Thapar
et al., 1995; Gjone et al., 1996).

The two predominant approaches to investigate the
molecular genetics underlying ADHD are linkage ana-
lyses and association studies. Linkage analyses examine
large numbers of families to identify genetic markers
that are consistently present in family members with a
condition, and absent in family members without the
condition. In contrast, association studies use unrelated
affected subjects and unaffected controls to see whether
narrowed chromosomal regions or candidate genes are
associated with the condition of interest. More recently,
tools that allow examination of changes in the small
molecules comprising DNA (single nucleotide polymor-
phisms (SNPs)) or differences in the number of copies of
large or small genomic regions (copy number variations)
across the entire genome have permitted hypothesis-free
genomewide association studies (GWAS).

Linkage analyses for ADHD have yielded diverse
findings. An array of genomic regions have been impli-
cated using different populations; however, a study
using genomewide SNP linkage analysis was only able
to replicate with nominal significance findings for chro-
mosome 8 (Kuntsi et al., 2004). Results have been
diverse for candidate gene studies as well. Candidate
genes have generally focused on those in the mono-
amine and serotonin synthesis andmetabolism pathways
(for reviews, see Lasky-Su et al., 2008; Ouellet-Morin
et al., 2008; Mick et al., 2009). In monoamine pathways,
dopamine-related genes include DRD4, DRD5, DRD3,
DAT, DBH, TH, COMT, and MAOA; norepinephrine-
related genes include ADRA2A, ADRA2C, ADRA1C,
andNET. Serotonin genes include 5HT,HTR1B,HTR2A,
5HTT, and TPH1. Additional candidate genes have been
identified in the acetylcholine pathway, such asCHRNA4
and CHRNA7; as well as glutamate receptors such as
GRIN2A and synapse-associated genes, for example,
SNAP25. This list is by no means exhaustive, as genes
outside these pathways have also been implicated in
ADHD. For example, the steroid sulfatase (STS) gene
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has been strongly implicated in ADHD, particularly the
inattentive subtype (Sprich et al., 2000; Rietveld et al.,
2003). To date, there have been five GWAS studies con-
ducted for ADHD. Four have used the International
Multicenter ADHD Genetics (IMAGE) parent–child
samples, and one used adults with ADHD and a control
group (reviewed in Faraone et al., 2000; Franke et al.,
2009).When stringent genomewidemultiple comparison
corrections are applied, previously identified candidate
genes are not significant. However, less stringent statis-
tical analyses suggest that some of these genes may be
significant in future studies with increased power. Over-
all, genetic findings continue to support many genes,
each with small effects contributing to ADHD, and indi-
cate genetic heterogeneity underlying similar ADHD
phenotypes across populations.

Environmental risk factors during pregnancy, includ-
ing repeated courses of glucocorticoids (Kapoor et al.,
2008; Diaz Heijtz et al. 2010), exposure to environmental
toxins, cigarette smoke, and alcohol (Neuman et al., 2007;
Herrmann et al., 2008; Nigg et al., 2010; Sagiv et al., 2010),
and maternal eating disorders such as binge-eating
(Cortese et al., 2007), have been associated with risk for
ADHD in both children and animal models (reviewed in
Linnet et al., 2003; Herrmann et al., 2008). Investigations
of gene–environment interactions have further demon-
strated genetic contributions to heterogeneity for many
of these environmental factors (Neuman et al., 2007;
Thapar et al., 2007; Vanyukov et al., 2007; Retz et al.,
2008; Ficks and Waldman, 2009; Stevens et al., 2009).

MODELSOFADHD

Current models of ADHD focus on deficits in executive
functioning or cognitive control impairment, response in-
hibition (Schachar and Tannock, 1993; Pennington and
Ozonoff, 1996; Barkley, 1997), irregularities in
motivation and response to reward (Sagvolden et al.,
2005; Sonuga-Barke, 2005), and the ability to modulate
response to internal and external events (Douglas et al.,
1999; Sergeant, 2005). Impairments in executive function-
ing are not universal in ADHD; however, there are suffi-
cient data, with moderate effect size (Willcutt et al.,
2005), to demonstrate that executive functioning and
the prefrontal cortical area that subserves those functions
are affected in ADHD (Rubia et al., 2005; Vaidya et al.,
2005; Fassbender and Schweitzer, 2006). A number of
studies on working memory in ADHD have also found
support for working memory deficits across the disorder
in adults and children (Hervey et al., 2004; Martinussen
et al., 2005; Willcutt et al., 2005). Indeed, working mem-
ory, particularly when it involves manipulation of infor-
mation (Martinussen et al., 2005), demonstrates the
most robust evidence for deficits in cognitive control
functioning in ADHD.
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In order to explain the variation in behaviors evident
in ADHD, Sonuga-Barke and colleagues (Sonuga-
Barke, 2003; Castellanos et al., 2006) proposed that
there are parallel pathways impaired in ADHD that
can result in the heterogeneity expressed in ADHD.
Their theory suggests that ADHD symptoms arise from
a mixture of two independent causes. The first potential
cause is an overdependence on immediate reward, or an
extreme aversion to reward delay. This motivational re-
ward deficit appears linked to dysfunction in the meso-
limbic dopamine system (Sagvolden et al., 2005) and
there are several lines of support for this model. For ex-
ample, ADHD is associated with reduced neural re-
sponse to reward in functional magnetic resonance
imaging (fMRI) studies (Scheres et al., 2006, 2007;
Plichta et al., 2009) in regions associated with dopamine
transmission. A recent study by Volkow and colleagues
(2009) found that adults with ADHD have lower D2/D3

receptor and dopamine transporter availability in the nu-
cleus accumbens and midbrain, areas associated with re-
ward and motivation. A hyporeactive dopamine system
is believed to cause an elevated “dopamine appetite” un-
der the supposition that ADHD individuals are driven to
high-risk behaviors in order to elevate dopamine to ho-
meostatic levels. A second potential cause for ADHD
symptomatology in the Sonuga-Barke model is a deficit
in cognitive control, related to improper function of the
prefrontal cortex (PFC), a brain region delayed in devel-
opment in ADHD (Shaw et al., 2007). The PFC is impli-
cated in modulation of reward choice and theoretically
does not work to inhibit the draw of immediate rewards
that are being facilitated by impairments in ventral stri-
atum functioning. Future studies are likely to investigate
the relationship between executive functioning, motiva-
tional deficits, and the timing of development of the PFC
and basal ganglia to improve our understanding of the
heterogeneity that presents in ADHD (Nigg et al., 2005).

A related model of ADHD impairment explores
the imbalance between the network of brain regions
activated during, and responsible for, higher-order
cognitive control and the network of regions (e.g., mid-
line regions, posterior cingulate) usually deactivated
during these higher-order cognitive tasks and that is
activated by task-irrelevant thought processes during
noncognitively demanding periods (Sonuga-Barke and
Castellanos, 2007; Castellanos et al., 2008). Brain activ-
ity associated with task-irrelevant periods is known as
default-mode network activity. Fassbender et al (2009)
found that heightened distractibility in participants with
ADHD, as indexed by increased intraindividual reaction
time variability (IIV), is associated with a failure to sup-
press activation in the default attention network suffi-
ciently during cognitively demanding situations. Thus,
greater IIV may be a marker of the presence of greater
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inattention and distractibility in ADHD and difficulty
suppressing activation in task-negative networks to free
them up for task-relevant work. A large body of research
in ADHD suggests that higher IIV in reaction time is
fairly ubiquitous, with multiple studies of response inhi-
bition (Klein and Wald, 1987; Shallice et al., 2002;
Bellgrove et al., 2005; Kuntsi et al., 2005; Lijffijt et al.,
2005; Epstein et al., 2006; Hervey et al., 2006; Alderson
et al., 2007; Johnson et al., 2007; Cao et al., 2008; de
Zeeuw et al., 2008), working memory (Karatekin, 2004;
Piek et al., 2004; Klein et al., 2006; Buzy et al., 2009),
response to stimulant medication (Spencer et al., 2009),
and genetic findings (Bellgrove et al., 2005; Wood
et al., 2009) related to ADHD functioning.

The primary models of neurochemical dysfunction in
ADHD focus on catecholamine transmission. Indeed,
medications traditionally used to treat ADHD all en-
hance catecholamine transmission, such as methylpheni-
date which appears to enhance the release or inhibit the
reuptake of both dopamine and norepinephrine. Work
by Volkow et al (1998, 2009) and others (Daly et al.,
1999; Tahir et al., 2000; Bobb et al., 2005; Casey
et al., 2005) clearly implicates altered dopamine recep-
tors and transporters. Norepinephrine is increasingly
recognized for its role in ADHD (including the use of
medications such as atomoxetine, a selective norepi-
nephrine reuptake inhibitor, and a2-adrenergic
agonists such as clonidine and guanfacine).

BRAIN-IMAGINGFINDINGS INADHD

Structural (volumetric) findings in ADHD

Literature from structural MRI methods is perhaps the
most consistent at this point within the ADHD imaging
studies. Comparisons in global brain volume between
children with ADHD and healthy comparison children
repeatedly find evidence of significantly reduced total
brain volume (Durston et al., 2001, 2004; Castellanos
et al., 2002; Mostofsky et al., 2002) and frontal cortical
volume (Castellanos et al., 1996; Filipek et al., 1997;
Kates et al., 2002; Mostofsky et al., 2002; Sowell
et al., 2003; Yeo et al., 2003; Seidman et al., 2004).
A number of other studies (Filipek et al., 1997; Over-
meyer et al., 2001; Kates et al., 2002; Mostofsky
et al., 2002) using gray-white-matter segmentation tech-
niques confirmed the presence of reductions in frontal
regions in ADHD.

The basal ganglia are of inherent interest in ADHD
given their functional attributes and that the basal gang-
lia are a clear target of the most common treatment for
ADHD (i.e. stimulants) (Volkow et al., 1998). A series of
studies have shown decreased caudate and globus palli-
dus volume in ADHD (Hynd et al., 1993; Aylward et al.,
1996; Castellanos et al., 1996, 2002; Hill et al., 2003;
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Semrud-Clikeman et al., 2006), while others have found
no difference in the caudate (Bussing et al., 2002; Pineda
et al., 2002; Hill et al., 2003) or a larger caudate (Mataro
et al., 1997) in ADHD. There do appear to be age-related
changes associated with caudate volume, with smaller
caudate volumes normalizing during adolescence
(Castellanos et al., 2002). Data on cerebellar hemi-
spheres and the posterior–inferior cerebellar vermis
are more consistent and they appear to be significantly
smaller in individuals with ADHD (Berquin et al., 1998;
Mostofsky et al., 1998; Bussing et al., 2002; Castellanos
et al., 2002).

The acquisition of high-resolution MRI scans has
allowed investigators to compare the cortical (gray-
matter) thickness between individuals with ADHD and
controls. Children with ADHD demonstrate significant
thinning of the cortex overall, particularly in prefrontal
and precentral regions of the brain (Shaw et al., 2006).
However, one study (Wolosin et al., 2009) found no sig-
nificant differences in cortical thickness in children with
ADHD compared to healthy controls, even in the pres-
ence of overall decreases in total cerebral and cortical
volumes and significant decreases in cortical folding
in the ADHD group. Delays in the maturation of cortical
thickness are associated with ADHD (particularly in the
lateral and dorsolateral PFC) whereas there appears to
be early thickening in the primary motor cortex for
the ADHD group (Shaw et al., 2007).
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Functional neuroimaging findings in ADHD

Similarly to the volumetric examinations of ADHD, the
frontal cortex is a region of frequent study in functional
imaging research, given its association with higher-level
cognition and execution functioning thought to be im-
paired in ADHD. Studies using a variety of functional
imaging techniques primarily suggest decreased brain
activation in the frontal cortex in ADHD (Zametkin
et al., 1990; Rubia et al., 1999; Schweitzer et al.,
2000a, 2004; Zang et al., 2005; Kobel et al., 2009); how-
ever, others have demonstrated relative increased re-
gional brain activation (Vaidya et al., 1998; Schulz
et al., 2005). A meta-analysis of neural activity in indi-
viduals with ADHD revealed patterns of hypoactivity in
the dorsolateral and inferior PFC, although decreased
activation in the inferior PFC was primarily linked to
tasks related to response inhibition (Dickstein et al.,
2006). Other cortical regions, such as the parietal
cortex, are implicated in ADHD dysfunction as well.
Less activity in this region has previously been reported
in adolescents with ADHD (Silk et al., 2005; Mostofsky
et al., 2006; Smith et al., 2006; Tamm et al., 2006) and in
children (Vance et al., 2007; Cao et al., 2008).
Accumulating evidence also suggests irregular pat-
terns of anterior cingulate cortex (ACC) activity in
ADHD. The ACC has been implicated in performance
monitoring (see Ridderinkhof et al., 2004, for a review),
response selection (Rudebeck et al., 2008), regulating
context-dependent behaviors (Bartholow et al., 2005;
Tays et al., 2008), and is thought to modulate reward-
based decision making (Bush et al., 2002). Therefore
it represents an important anatomical region in the focus
of ADHD dysfunction. The ACC is often hypoactive in
both child and adult participants using a variety of tasks
and techniques, including event-related potential
(ERP) studies (Bush et al., 1999; Rubia et al., 1999;
Langleben et al., 2002; Ernst et al., 2003; Schweitzer
et al., 2004; Tamm et al., 2004; Liotti et al., 2005; Zang
et al., 2005; Konrad et al., 2006; Pliszka et al., 2006;
Durston et al., 2007; Smith et al., 2008). The direction
of the activity (i.e., increased or decreased) depends on
the specific region and perhaps side of the ACC (Ernst
et al., 2003). Increases inACC activity have been observed
following stimulant treatment inADHDusing both fMRI
(Bush et al., 2008) and ERP (Pliszka et al., 2007).

Similarly to the volumetric data, alterations are con-
sistently found in the basal ganglia in functional brain
imaging studies. In addition to their role in motor con-
trol, the basal ganglia are implicated in learning, motiva-
tion, and reward processing. Early single-photon
emission computed tomography (SPECT) studies sug-
gested altered functioning in basal ganglia (Lou et al.,
1984, 1989, 1990). Despite a number of methodological
concerns with these early SPECT studies, decreases in
basal ganglia activation have subsequently been con-
firmed (Vaidya et al., 1998; Rubia et al., 1999; Shafritz
et al., 2004; Epstein et al., 2007; Vance et al., 2007; Dur-
ston et al., 2008), while others have found increased
basal ganglia activation (Bush et al., 1999; Schweitzer
et al., 2000b, 2004) in adults with ADHD. Stimulants ap-
pear to increase brain activation in children with ADHD
(Lou et al., 1989; Vaidya et al., 1998; Teicher et al., 2000;
Kim et al., 2001; Shafritz et al., 2004) in the basal gang-
lia; however, they may decrease activation in the puta-
men (Matochik et al., 1994). Adolescents (Scheres
et al., 2007) and adults (Strohle et al., 2008) with ADHD
display hypoactivity during reward anticipation, yet
hyperactivity following reward delivery in the striatum
in comparison to controls. Hyperresponsiveness to
reward in ADHD was confirmed with ERP (Holroyd
et al., 2008). In sum, the volume of studies that have
found atypical frontostriatal activity in ADHD supports
this region as a core site of neuropathology in ADHD
(Vaidya and Stollstorff, 2008).

Another subcortical structure, the cerebellum, also
appears to be altered in function in ADHD during time
estimation, response inhibition, and working memory

ER ET AL.



PE
tasks (Schweitzer et al., 2004; Valera et al., 2005;
Durston et al., 2007). Methylphenidate appears to in-
crease cerebellar vermis activity, but only in a non-
task-related fashion (Mehta et al., 2000; Anderson
et al., 2002; Schweitzer et al., 2003, 2004). Rates of hy-
peractivity and response to methylphenidate treatment
also appear to be linked to the degree of activity in
the vermis (Anderson et al., 2002; Schweitzer et al.,
2003). Associations between the cerebellum, basal gang-
lia, and PFC (Middleton and Strick, 1994) suggest
that abnormalities found in these regions may reflect a
circuit-wide dysfunction in prefrontal–basal ganglia–
cerebellar loops in ADHD.

While there is consistent evidence for fronto-striatal-
cerebellar dysfunction in ADHD, it is clear that we are
still learning about the conditions that influence the
direction of neural activity in ADHD. We suspect that
the discrepancies within the functional neuroimaging
literature are due to differences in task demands, the
heterogeneity of the cognitive deficits, symptom presen-
tation, and presence of subgroups within ADHD. It is
also plausible that discrepancies in the direction of activ-
ity in particular regions reflect compensatory brain acti-
vation and cognitive strategies (Schweitzer et al., 2000a;
Ernst et al., 2003; Schulz et al., 2004; Fassbender and
Schweitzer, 2006). Future studies that combine imaging
techniques (e.g., diffusion tensor imaging: Ashtari
et al., 2005) and genetic methods (Casey et al., 2005)
and examine the spectrum of ADHD symptoms should
increase the interpretability of the functional and struc-
tural imaging studies. These combined methods should
also lead to more targeted treatments for ADHD.

ATTENTION-DEFICIT/HY
EVALUATIONOFADHD

DSM-IV-TR (American Psychiatric Association, 2000)
lists nine possible inattentive and nine hyperactive-
impulsive symptoms of ADHD (Table 22.1). An individ-
ual must have at least six symptoms for at least 6 months
to meet criteria for either symptom category. These
symptoms must cause functional impairment in more
than one setting, and onset of symptoms must have
started by age 7 years. The ADHD diagnostic subtype
is determined by whether or not this threshold is met
for inattentive, hyperactive-impulsive, or both symptom
categories. Thus, an individual may be diagnosed
with ADHD combined type, ADHD predominantly
inattentive type, or ADHD predominantly hyperactive-
impulsive type.

The American Academy of Child and Adolescent
Psychiatry practice guidelines for assessment of youth
with ADHD (Pliszka and AACAPWork Group on Qual-
ity Issues, 2007) recommend a comprehensive evalua-
tion including clinical interview of the child and
parent, collection of teacher/day care provider report
of child functioning, and evaluation for ADHD psychi-
atric comorbidities. ADHD rating scales (parent and
teacher report) are recommended for both evaluation
of ADHD as well as monitoring treatment response.
Co-occurring psychiatric conditions are common in
pediatric ADHD. An estimated 42–90% of patients with
ADHD have a co-occurring disruptive behavior disorder
(oppositional defiant disorder and/or conduct disorder)
and 13–51% have a co-occurring mood or anxiety dis-
order (Rommelse et al., 2009). Children with greater
ADHD symptom severity are at increased risk of adoles-
cent oppositional defiant disorder/conduct disorder (Gau
et al., 2010). In youth with co-occurring depression,
ADHD symptoms often precede onset of mood episodes
(Daviss, 2008). Children with the combined subtype of
ADHDare generallymore likely to qualify for a comorbid
disorder than those with the inattentive or hyperactive-
impulsive subtype (Nolan et al., 2001). Future research
is needed to understand better how childhood ADHD
treatment can best be structured to prevent onset of these
co-occurring conditions. Evaluation for possible sub-
stance abuse in adolescents and adults is also important,
since both ADHD and co-occurring disruptive behavior
disorders are risk factors for substance abuse.

Similarly for adults with suspected ADHD, we recom-
mend conducting a clinical interview that includes
assessmentforcomorbiddisordersandareviewofoccupa-
tional and relationship functioning. We recommend that
adult patients complete current and retrospective rating
scales reviewing their childhood, but that they also include
retrospective ratings from an adult (e.g., parent, older sib-
ling)whoknew themwhen theywere children.Anobserver
(i.e., spouse,friend,colleague,or roommate)alsoshouldbe
asked to complete a rating scale on the patient’s current
functioning. Collateral information such as report cards
from childhood can be helpful in establishing a history
of ADHD, which is required to qualify for the diagnosis.
Because there are some concerns that adults may try to
feign the diagnosis in an effort to obtain stimulant or
cognitive-enhancing medications, we recommend that
collateral current and childhood information on function-
ing be obtained to assist in establishing sufficient evidence
for the diagnosis. For an indepth review of rating
scales and interview methods for pediatric and adult
patients the interested reader is referred to Barkley and
Murphy (2006).

There is currently no standard battery of tests for diag-
nosing ADHD, and ADHD does not necessarily produce
repeatable, distinctive profiles on commonly used neuro-
psychologicalmeasures (Katz et al., 1998; Seidman, 2006).
Indeed, the most important contribution of psychological
tests may lie in their ability to rule out alternative condi-
tions and identify comorbid disorders, including learning
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Table 22.1

DSM-IV-TR criteria for attention-deficit/hyperactivity disorder

A. Either (1) or (2):

(1) Six (or more) of the following symptoms of inattention have persisted for at least 6 months to a degree that is maladaptive
and inconsistent with developmental level:

Inattention

(a) Often fails to give close attention to details or makes careless mistakes in schoolwork, work, or other activities

(b) Often has difficulty sustaining attention in tasks or play activities
(c) Often does not seem to listen when spoken to directly
(d) Often does not follow through on instructions and fails to finish school work, chores, or duties in the workplace (not due

to oppositional behavior or failure to understand instructions)
(e) Often has difficulty organizing tasks and activities
(f) Often avoids, dislikes, or is reluctant to engage in tasks that require sustained mental effort (such as schoolwork or

homework)
(g) Often loses things necessary for tasks or activities (e.g., toys, school assignments, pencils, books, or tools)
(h) Is often easily distracted by extraneous stimuli

(i) Is often forgetful in daily activities
(2) Six (or more) of the following symptoms of hyperactivity–impulsivity have persisted for at least 6 months to a degree that is

maladaptive and inconsistent with developmental level:
Hyperactivity

(a) Often fidgets with hands or feet or squirms in seat
(b) Often leaves seat in classroom or in other situations in which remaining seated is expected
(c) Often runs about or climbs excessively in situations in which it is inappropriate (in adolescents or adults, may be limited

to subjective feelings of restlessness)
(d) Often has difficulty playing or engaging in leisure activities quietly
(e) Is often “on the go” or often acts as if “driven by a motor”

(f) Often talks excessively
Impulsivity

(g) Often blurts out answers before questions have been completed
(h) Often has difficulty awaiting turn

(i) Often interrupts or intrudes on others (e.g., butts into conversations or games)
B. Some hyperactive–impulsive or inattentive symptoms that caused impairment were present before age 7 years
C. Some impairment from the symptoms is present in two or more settings (e.g., at school (or work) and at home)

D. There must be clear evidence of clinically significant impairment in social, academic, or occupational functioning
E. The symptoms do not occur exclusively during the course of a pervasive developmental disorder, schizophrenia, or other

psychotic disorder and are not better accounted for by another mental disorder (e.g., mood disorder, anxiety disorder,

dissociative disorders, or a personality disorder)
Code based on type

314.01 Attention-deficit/hyperactivity disorder, combined type: if both criteria A1 and A2 are met for the past 6 months

314.00 Attention-deficit/hyperactivity disorder, predominantly inattentive type: if criterion A1 is met but criterion A2 is not met for
the past 6 months

314.01 Attention-deficit/hyperactivity disorder, predominantly hyperactive–impulsive type: if criterion A2 is met but criterion A1 is
not met for the past 6 months

Coding note: For individuals (especially adolescents and adults) who currently have symptoms that no longer meet full criteria, “in
partial remission” should be specified.

DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision.

(Reproduced from American Psychiatric Association, 2000.)
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disabilities. Nevertheless, psychological testing may be
helpful when the results are used in combination with in-
formation obtained via other means. Most neuropsycho-
logical tests used in ADHD typically focus on the
measurement of working memory, response inhibition,
vigilance, set-shifting, sequencing, planning, and organi-
zation (Pennington and Ozonoff, 1996; Berlin et al.,
2004; Oosterlaan et al., 2005; Seidman, 2006).
TREATMENT

Multimodal treatment study of children
with ADHD (MTA) study

The landmark MTA study has significantly contributed
to our understanding of pediatric ADHD treatment
(The MTA Cooperative Group, 1999). In this study co-
sponsored by the National Institute of Mental Health
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and the US Department of Education, youth aged 7–9
years with combined-type ADHD were randomized to:
(1) stimulant treatment only (med); (2) psychosocial
intervention only (beh); (3) combined stimulant and
psychosocial treatment (comb); (4) referral to a commu-
nity treatment provider (cc). The med group involved
one month of blinded methylphenidate dose titration in-
cluding a placebo dose.Ongoing dosage adjustmentswere
permitted at monthly medication visits to manage side-
effects or to improve treatment response. The beh group
involved carefully coordinated psychosocial interven-
tions, including teacher consultation, parenting skills
training, a summer school program, and child behavior
management. The comb group received both psychosocial
and medication interventions. Two main objectives of the
studywere to compare outcomes ofmonotherapy (medor
beh)withmultimodal treatment (comb), aswell as to com-
pare outcomes of systematic, more intensive treatment
with standardcommunity care (Richters etal., 1995).After
14 months of randomized treatment, the participants
were free to seek out whatever type of ADHD treatment
they were interested in and the investigators completed
follow-up assessments as part of an observational study.

The authors of the study found no differences be-
tween the med and comb groups in the primary outcome
of ADHD symptom reduction at the end of the 14
months of treatment (The MTA Cooperative Group,
1999). The two groups had greater improvement on
ADHD parent and teacher rating scales than the beh
and cc groups. However, the comb group had lower
stimulant doses than the med group, suggesting that
youth who received multimodal treatment did not
require the same dosage to achieve the same effect as
the medication-only group (Vitiello et al., 2001).
Although many patients who received a community re-
ferral were prescribed stimulant medication, the differ-
ences in ADHD improvement may have been due to the
systematic comparison of different dosage strengths to
determine the best maintenance dose, as well as the
more frequent reassessments to adjustment dose and
optimize response. Psychiatric co-morbidity was also ex-
amined. Youth with co-occurring anxiety disorders
responded equally well to medication and behavioral in-
terventions, although youth with anxiety plus opposi-
tional defiant/conduct disorder responded best to the
combined, multimodal treatment (Murray et al.,
2008). Youth with comorbid oppositional defiant disor-
der/conduct disorder had poorer outcomes compared to
ADHD only, and responded better to the medication
only and combination multimodal treatment groups
(Murray et al., 2008). Eight year observational follow
up indicated that the type or intensity of the randomized
treatment did not predict functioning at long term fol-
low up (Molina et al., 2009).

ATTENTION-DEFICIT/HY
Psychopharmacological ADHD treatment

Stimulant medication is the recommended first-line psy-
chopharmacological treatment of ADHD. There are two
general categories of stimulant medications prescribed,
the methylphenidate or amphetamine stimulants. There
is no evidence of difference of efficacy between these
two types of stimulant, although individuals may respond
differently to the two types. If a stimulant medication is
tolerated but does not achieve adequate response with
adequate dosing, a trial of a stimulant from the other
class is generally recommended before proceeding to a
second-line agent. Recent years have been characterized
by advances in innovative stimulant delivery systems and
availability of longer-acting, once-a-day medications.
Longer-acting medications have the advantage of im-
proved compliance and more consistent symptom
coverage over the school day, but they also have the dis-
advantage of longer medication exposure for youth who
have significant tolerability issues (e.g., poor appetite).
Compared to other psychiatric medications, the effect
of a given stimulant dose is evident quickly, and does
not require build-up of dose over several days or weeks.
Further, stimulant medications can be abruptly discontin-
ued for medication holidays (e.g., during school
vacations) without physical withdrawal symptoms.
Medication monitoring

Stimulant treatment should be monitored to assess:
(1) treatment adherence; (2) side-effects; and (3) benefits
of treatment. It is important to assess treatment adher-
ence during dosage titration to avoid unnecessary dose
increases for individuals who have not taken the medi-
cation consistently. Adherence can be affected by many
factors, including a child’s unwillingness to take a
medication, a parent’s own problems with inattention
or disorganization, and the challenges of medication
administration for a child who lives in more than one
household. It is useful to identify potential adherence
obstacles before starting treatment, and proactively dis-
cuss possible solutions to support good adherence. Effi-
cacy of stimulant treatment should include feedback
fromobservers inmore than one setting. This information
can be collected systematically from parent and teacher
report ADHD rating scales. It is often helpful to collect
rating scales from teachers who see the student through-
out the day to assess if a medication is wearing off at a
certain time of day or if the child is having a focused prob-
lem in just one subject matter, which may be related to a
specific learning problem or situational issue in that class.

Decreased appetite and insomnia are commonly
reported stimulant side-effects. Decreased appetite is
concerning in pediatric treatment because of the potential
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effects on growth. While the practicing clinician is unable
to predict which individuals will experience appetite sup-
pression, the prescriber can monitor whether the child is
maintaining a consistent growth trajectory by tracking the
body mass index percentile (see calculator at www.cdc.
gov/healthyweight/assessing/bmi). Pediatric consultation
and reassessment of the risk:benefit ratio should be con-
sidered for youth who experience a deceleration in
growth. Strategies to manage stimulant-induced insom-
nia include: (1) reduce dose; (2) administer dose earlier;
or (3) switch to a shorter-acting stimulant (Kratochvil
et al., 2005). These options may be considered along with
sleep hygiene interventions before adding a sleep agent.
Another possible side-effect is the development of tran-
sient motor or vocal tics. However, stimulant medications
are not contraindicated in individuals with tic disorders,
and these medications are often well tolerated in this pop-
ulation (Shprecher and Kurlan, 2009). Stimulant medica-
tion can increase blood pressure and pulse: estimated
at around a 2–6 beat increase in pulse per minute and
a 2–4 mmHg increase in systolic blood pressure
(Vitiello, 2008). Since hypertension may be asymptom-
atic, baseline assessment of blood pressure can help dif-
ferentiate idiopathic hypertension from a newmedication
side-effect. An initial recommendation by the American
Heart Association to obtain baseline electrocardiograph
(ECG) screening prior to stimulant treatment (Vetter
et al., 2008) was later revised to indicate that ECG screen-
ing should only be conducted in individuals with identi-
fied cardiovascular risk factors.
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Nonstimulants

Nonstimulantmedicationsmay be considered for patients
who have failed trials of stimulant medications either for
efficacy or tolerability reasons, patients who prefer treat-
ment with a noncontrolled substance, and patients in
which there is significant concern or past history of abus-
ing controlled substances. Atomoxetine is a selective nor-
epinephrine reuptake inhibitor that has a Food and Drug
Administration (FDA)-labeled indication for ADHD
treatment in adults and pediatric patients as young as 6
years old. Compared to stimulant medication, the effect
of a given dose is not evident quickly (Hammerness et al.,
2009) and parents do not have the option of routinely
holding the medication for weekend drug holidays. How-
ever, some parents may prefer for their child to be treated
with a noncontrolled substance. An editorial by Vitiello
(2008) that reviews atomoxetine versus stimulant com-
parison studies summarizes that stimulant medications
are superior to atomoxetine in improving ADHD symp-
toms; however, there may be some differences in tolera-
bility issues (e.g., greater weight loss with stimulant
medication) that may also influence medication selection
for specific patients. In 2005, the FDA required the
manufacturer to include a boxed warning about the in-
creased risk of suicidal thinking in youth treated with ato-
moxetine. The average risk of suicidal thinking in
placebo-controlled trials was reported by the FDA as 4
per 1000 patients in atomoxetine-treated versus no events
in placebo-treated patients (www.fda.gov/Drugs/Drug-
Safety/PublicHealthAdvisories/ucm051733.htm). This
concern should also be factored into the risk:benefit
ratio of different medication options, particularly for
individuals with known depression comorbidity.

The American Academy of Child and Adolescent
Psychiatry practice guidelines (Pliszka, 2007) recom-
mend, for children with poor response to FDA-indicated
ADHD medication, off-label use with buproprion,
tricyclic antidepressants, or a2-adrenergic agonists
(clonidine or guanfacine). Since these guidelines
were published, a long acting form of guanfacine has
recently been approved for monotherapy and as adjunc-
tive therapy to stimulant medication for treatment of
ADHD. In assessing the risk:benefit ratio of these med-
ications with less established efficacy, safety issues need
to be carefully considered. A concern with tricyclic an-
tidepressants and a2-agonists is the effect of these
medications on cardiovascular parameters. Tricyclic an-
tidepressant medication requires baseline and follow-
up ECG monitoring, because of risk of prolonged QT
interval (Sicouri and Antzelevitch, 2008). a2-Agonists
are antihypertensive agents, and can cause rebound
hypertension if stopped abruptly, so parents/patients need
to be counseled on the importance of medication compli-
anceand themedication shouldbe taperedwhendiscontin-
ued. Buproprion is an antidepressant medication that
comes in short- and extended-release forms. In 2009,
the FDA updated a boxed warning on buproprion to alert
of riskof suicidal thoughts, depressedmood, hostility, and
change in behavior on this medication (www.fda.gov/For-
Consumers/ConsumerUpdates/ucm170356.htm). Bupro-
prion should also be avoided in patients with seizure
disorders because it lowers the seizure threshold (Pliszka
and AACAP Work Group on Quality Issues, 2007).

ER ET AL.
Behavioral and cognitive interventions

Behavioral interventions are necessary for the 20–30%
of patients who do not respond to stimulants (Connor,
2006), for those who experience significant side-effects
from pharmacological agents, and to treat other psycho-
social difficulties that may occur with ADHD. Perhaps
most importantly, these interventions can also address
comorbidity such as anxiety (The MTA Cooperative
Group, 1999), parent–child conflict, and stress in the
parent. It also may permit the use of lower doses of
medication. Because ADHD for most is a chronic disor-
der, it requires active, ongoing evaluation and modifica-
tions in the focus of the behavioral treatment as the

http://www.cdc.gov/healthyweight/assessing/bmi
http://www.cdc.gov/healthyweight/assessing/bmi
http://www.fda.gov/Drugs/DrugSafety/PublicHealthAdvisories/ucm051733.htm
http://www.fda.gov/Drugs/DrugSafety/PublicHealthAdvisories/ucm051733.htm
http://www.fda.gov/ForConsumers/ConsumerUpdates
http://www.fda.gov/ForConsumers/ConsumerUpdates
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patient develops and the circumstances and stressors
change over time. Behavioral interventions for children
with ADHD have been studied for over 25 years and
there is sufficient empirical support for the application
of specific techniques such as behavioral parent training
and behavioral classroom interventions (Pelham et al.,
1998; Chronis et al., 2006). Parent training programs
are typically conducted on an individual or group basis
for 6–12 consecutive weekly sessions in a clinic setting.
Sessions begin with an educational component review-
ing causes of defiant behavior and general knowledge
of ADHD and proceed on to teach basic behavioral tech-
niques, including giving effective commands, the estab-
lishment of reward programs for appropriate behavior,
response cost, and time out (Sonuga-Barke et al., 2001;
Anastopoulos et al., 2006). Adolescence is a particularly
difficult time for children with ADHD and behavioral
programs have been developed to address specifically
training families of the ADHD adolescent (Robin,
2006). Parents of younger children and adolescents
are often encouraged to implement “daily report cards”
programs as a mechanism for parents to deliver conse-
quences at home based on behavior exhibited at school
(Chronis et al., 2006). School-based interventions are
also recognized as a crucial component of any behav-
ioral intervention and encourage consistency between
environments for the child. A recent series of studies
support the use of behavioral and cognitive-behavioral
therapy for adults with ADHD (Safren et al., 2005; Ros-
tain and Ramsay, 2006; Solanto et al., 2008; Weiss et al.,
2008). Computerized cognitive training programs are
also being explored for ADHD; however, further evi-
dence for their efficacy and generalizabilty is necessary
before they can be recommended to treat ADHD symp-
toms directly. We think that the development of novel
behavioral, cognitive, and pharmacological treatment
can all be enhanced if it is informed by advances in
neuroscience research.
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Autism and related disorders
JAMES MCPARTLAND* AND FRED R. VOLKMAR

Yale Child Study Center, New Haven, CT, USA
Autismand thepervasivedevelopmentaldisorders (PDDs)
are conditions characterized by significant difficulties in
social interaction and communication and unusual behav-
iors. These conditions and their features are summarized
inTable23.1.Morerecently, a subgroupof thesedisorders,
autisticdisorder,Asperger’sdisorder, andPDD,notother-
wise specified (NOS), have been referred to as autism
spectrum disorders (ASDs). Of these conditions, autistic
disorder has been the most extensively studied.

DIAGNOSTICCONCEPT

History

Infantile autism was first described in 1943 by Leo
Kanner. He reported on 11 children who exhibited an
inability to relate to others from very early in life but
who were overly concerned with change in the nonsocial
environment. Many of the children never talked. Those
who did had language that was unusual in various ways,
such as echolalia, pronoun reversal, idiosyncratic lan-
guage, and difficulties with social language. Kanner
also observed atypical behaviors, including ostensibly
purposeful repetitive motor movements like hand flap-
ping or body rocking. For some time after Kanner’s
initial description, autismwas thought to be an early-onset
form of schizophrenia. In the 1970s, several converging
lines of data suggested that autism was a brain-based
disorder with a strong genetic component.

The year following Kanner’s report, Hans Asperger
published a paper in German about a cohort of children
with good verbal skills but major problems in social
interaction and motor function (Asperger, 1944). They
exhibited highly developed circumscribed interests that
interfered with acquisition of other skills. Fathers often
had similar problems. Asperger used the word “autism”
*Correspondence to: James McPartland, PhD, Yale Child Study Ce

Tel: 203 785–7179, Fax: 203 764–4373, E-mail: james.mcpartland@
in describing this condition, unaware of Kanner’s work
the previous year. The condition received little attention
in the English literature until an influential review by
Wing (1981) introduced the concept to a broader audience.

Two of the presently recognized PDDs are associated
with significant regression in skills. In Rett’s disorder,
birth and early development are normal but head growth
slows and development then deteriorates (Van Acker
et al., 2005). Unusual hand-washing stereotyped manner-
isms develop and purposeful hand movements are lost.
Rett initially believed the condition might be a form of
autism, but social difficulties become much less promi-
nent as children, almost all girls, enter the school years.
The disorder is now known to be due to a defect in
the MECP-2 gene. In childhood disintegrative disorder
(CDD), early development, through (at least) the first
24 months, is normal. A period of relatively acute regres-
sion then occurs with onset of a clinical picture similar to
that seen in autism (Volkmar et al., 2005). The condition,
first described in 1908, is rare and was referred to as
disintegrative psychosis in the past. Extensive medical
investigations have failed to reveal a specific common
etiology. Unlike progressive neuropathological processes,
the child loses skills but stabilizes with no further deteri-
oration or progress. The outcome is considered worse
than for autism.

The most common, and somewhat paradoxically
least studied, of the PDDs is the “subthreshold” form
(PDD-NOS, or atypical autism). In these cases, some
features suggestive of autism are present but full cri-
teria for autism or another specified PDD condition
are not met (Towbin, 2005). Interest in this diagnostic
construct has grown with awareness of the relevance
of genetic factors to autism and the “broader autism
phenotype” (Piven et al., 1997).
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Table 23.1

Differential diagnostic features of autism and nonautistic pervasive developmental disorders

Feature

Autistic

disorder

Asperger’s

disorder Rett’s disorder

Childhood
disintegrative

disorder

Pervasive developmental

disorder NOS

Age at recognition

(months)

0–36 Usually >36 5–30 >24 Variable

Sex ratio M>F M>F F (?M) M>F M>F
Loss of skills Variable Usually not Marked Marked Usually not
Social skills Very poor Poor Varies with age Very poor Variable

Communication skills Usually poor Fair Very poor Very poor Fair to good
Circumscribed
interests

Variable
(mechanical)

Marked
(facts)

NA NA Variable

Family history of
similar problems

Sometimes Frequent Not usually No Sometimes

Seizure disorder Common Uncommon Frequent Common Uncommon

Head growth
decelerates

No No Yes No No

IQ range Severe MR to

normal

Mild MR to

normal

Severe MR Severe MR Severe MR to normal

Outcome Poor to good Fair to good Very poor Very poor Fair to good

NOS, not otherwise specified; MR, mental retardation.

(Adapted from Volkmar and Cohen, 1991, with permission.)
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Diagnostic criteria

Criteria for autistic disorder, as used in the International
Classification of Diseases and Related Health Problems
(ICD-10: World Health Organization, 1992), are pro-
vided in Table 23.2. These are essentially the same as
in the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition, text revision (DSM-IV-TR:
American Psychiatric Association, 2000). Problems
focus upon the traditional “triad” of impairments in
social development, communication/play, and restricted
interests and repetitive behaviors, with the social
features weighted most heavily. This definition, based
on the results of a large, international field trial, has
been shown to have a good balance of sensitivity and
specificity across the IQ range and to increase the
diagnostic reliability of less experienced clinicians
(Volkmar et al., 1994).

For Asperger’s disorder, the social and atypical
behavior criteria are met without clinically significant
language delay; these criteria have been criticized as
insufficiently precise, and as a result the diagnosis
remains somewhat controversial (Miller and Ozonoff,
1997; Woodbury-Smith et al., 2005). For PDD-NOS,
social criteria are met with additional symptoms in
communication or repetitive behaviours or in both but
of reduced severity. For CDD a period of 2 years of nor-
mal development is required before clinically significant
loss of skills in multiple areas (e.g., social, communica-
tion, play, motor, toileting skills) and the onset of
characteristic autism symptoms (Volkmar et al., 2005).
For Rett’s disorder early development is normal, fol-
lowed by a period of decelerated head growth, loss of
purposeful hand movement, poor trunk stability and
gait problems, and impaired language and psychomotor
retardation. These features develop between 5 and
48 months; social engagement is most impaired in
younger children but gains in this area are made later
(Van Acker et al., 2005).

Clinical features

The onset of autism is definitively before age 3 years; in
most cases parents are worried in the first year of life
(Volkmar et al., 1994). Occasionally a period of normal
or near-normal development is noted, although there is
some evidence suggesting that marked regression in the
absence of prior indications of atypical development is
relatively uncommon. The social problems of children
with autism are severe and persistent. Some children
with autism never talk and those who do often have
speech remarkable for echoed language (echolalia),
problems with pronouns and social language use, idio-
syncratic use of words, and marked problems with
prosody and speech modulation (Paul and Wilson,
2009). Stereotyped behaviors and unusual responses



Table 23.2

ICD-10 criteria for childhood autism (F84.0)

A. Abnormal or impaired development is evident before the age of 3 years in at least one of the following areas:

1. Receptive or expressive language as used in social communication
2. The development of selective social attachments or of reciprocal social interaction
3. Functional or symbolic play

B. A total of at least six symptoms from (1), (2), and (3) must be present, with at least two from (1) and at least one from each of

(2) and (3).
1. Qualitative impairments in social interaction are manifest in at least two of the following areas:

a. Failure adequately to use eye-to-eye gaze, facial expression, body postures, and gestures to regulate social interaction

b. Failure to develop (in a manner appropriate to mental age, and despite ample opportunities) peer relationships that
involve a mutual sharing of interests, activities, and emotions

c. Lack of socioemotional reciprocity as shown by an impaired or deviant response to other people’s emotions; or lack of

modulation of behavior according to social context; or a weak integration of social, emotional, and communicative
behaviors

d. Lack of spontaneous seeking to share enjoyment, interests, or achievements with other people (e.g., a lack of showing,

bringing, or pointing out to other people objects of interest to the individual)
2. Qualitative abnormalities in communication as manifest in at least one of the following areas:

a. Delay in, or total lack of, development of spoken language that is not accompanied by an attempt to compensate
through the use of gestures or mime as an alternative mode of communication (often preceded by a lack of

communicative babbling)
b. Relative failure to initiate or sustain conversational interchange (at whatever level of language skill is present), in which

there is reciprocal responsiveness to the communications of the other person

c. Stereotyped and repetitive use of language or idiosyncratic use of words or phrases
d. Lack of varied spontaneous make-believe play or (when young) social imitative play

3. Restricted, repetitive, and stereotyped patterns of behavior, interests, and activities are manifested in at least one of the

following:
a. An encompassing preoccupation with one or more stereotyped and restricted patterns of interest that are abnormal in

content or focus; or one or more interests that are abnormal in their intensity and circumscribed nature, though not in
their content or focus

b. Apparently compulsive adherence to specific, nonfunctional routines or rituals
c. Stereotyped and repetitive motor mannerisms that involve either hand or finger flapping or twisting or complex whole-

body movements

d. Preoccupations with part-objects or nonfunctional elements of play materials (such as their odor, the feel of their
surface, or the noise or vibration they generate)

C. The clinical picture is not attributable to the other varieties of pervasive developmental disorders: specific development

disorder of receptive language (F80.2) with secondary socioemotional problems, reactive attachment disorder (F94.1), or
disinhibited attachment disorder (F94.2); mental retardation (F70–F72) with some associated emotional or behavioral disorders;
schizophrenia (F20) of unusually early onset; and Rett’s syndrome (F84.12)

ICD-10, International Classification of Diseases and Related Health Problems (World Health Organization, 1992).
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to the environment are frequent and can interfere with
provision of educational programs. Cognitive abilities
are typically very scattered with areas of strength in
nonverbal skills.

Approximately 10% of individuals with autism
display islets of unusual ability, or savant skills. These
abilities significantly exceed the overall intellectual
ability of the affected individual and, more generally,
of the typical range of skill. Examples of common
domains of savant skills include musicianship, drawing
ability, extraordinary memory, or calendrical calcula-
tion, i.e., the ability to name days of the week corre-
sponding to dates (Hermelin, 2001). The neural basis
of these special skills is incompletely understood, but
acquired savant skills in nonautistic individuals have
been associated with damage to left frontotemporal
regions. Like the broader syndrome of ASD, savant
skills have been theoretically linked to decreased long-
range connectivity and enhanced local connectivity
(Hughes, 2010). Many individuals with autism display
outstanding facility in decoding letters and numbers,
or hyperlexia (Newman et al., 2006).

In Asperger’s disorder, overt verbal skills are pre-
served, though communication, especially the social
facets, is often affected. Asperger referred to these
children as “little professors,” noting a characteristic
pedantic style and a tendency to fixate on topics of spe-
cial interest (Klin et al., 2005a). Gross motor and fine
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motor delays are frequently noted. In contrast to autism,
verbal cognitive skills are often an area of strength, and
the individual may exhibit the profile of nonverbal
learning disability (Volkmar and Klin, 1998). As per
Asperger’s original impression, some studies have
observed recurrence risk in family members higher than
that in autism (Klin et al., 2005a).

In Rett’s disorder the development of the clinical pic-
ture described above typically takes place in the first
years of life. Psychomotor retardation is severe, as are
movement problems, and seizures are frequent. In
CDD the onset of the condition may be heralded by a
period of nonspecific agitation or anxiety. Once the
condition has had its onset subsequent gains tend to
be minimal.

In PDD-NOS the clinical presentation is highly vari-
able. Given the nature of the “subthreshold” definition,
it is not surprising that various attempts have been made
to identify potential subtypes and subgroups, e.g., those
in which either attentional or affective symptoms are
more prominent (Towbin, 2005). Advances in genetics
may help to clarify issues of subtypes in relation to
specific genes that contribute to autism (Gupta and
State, 2007).

Differential diagnosis

Autism and related conditions must be differentiated
from each other as well as from other developmental
disorders. Both history and clinical examination are
helpful in this process. Features relevant to differential
diagnosis within this group of conditions are presented
in Table 23.1. In intellectual deficiency/mental retarda-
tion not associated with autism, social and communica-
tion problems are typically impaired on par with overall
cognitive level; in contrast, children with ASD display
social skills lagging behind their overall developmental
level. Children with language disorders typically have
preserved social skills and attempt to communicate
using compensatory strategies, rather than the dramat-
ically reduced communication characteristic of autism.
Children who are blind and deaf may show some behav-
iors suggestive of autism (e.g., stereotyped movements)
without the broader constellation of impairments asso-
ciated with autism.

EPIDEMIOLOGY

Prevalence and incidence

In the recent past, autism was considered a relatively
rare disorder with a prevalence rate of 4.5 in 10 000
individuals (Lotter, 1966). More recent studies have pro-
vided successively higher prevalence rates. A thorough
review conducted in 2005 estimated the prevalence of
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ASDs to be 60 per 10 000 (Fombonne, 2005). The Cen-
ters for Disease Control reported a prevalence rate of
1 in 150 children in 2007 (Autism and Developmental
Disabilities Monitoring Network Principal Investigators,
2007) and 1 in 110 in 2009 (Autism and Developmental
Disabilities Monitoring Network 2006 Principal Investi-
gators, 2009). A recent and highly publicized study
reported a rate of 1 in 90, but this estimate was based
on unverified parent report in the context of a phone
interview (Kogan et al., 2009). Despite this observed
increase in prevalence and public outcry regarding an
autism “epidemic,” it remains unclear that rising preva-
lence reflects more cases of the disorder rather than
increased diagnosis of a consistent base rate in the
population. Factors speculated to contribute to this in-
crease in prevalence include increased awareness, more
accurate recognition of higher- and lower-functioning
ends of the autism spectrum, diagnostic substitution,
and the influence of cultural and politicolegal factors,
such as public perception and access to services (King
and Bearman, 2009).

Gender

ASDs occur more frequently in boys than girls. This
ratio has traditionally been estimated at 3–4:1 ratio,
though recent studies have reported ranges both more
and less pronounced (Fombonne, 2005; Autism and
Developmental Disabilities Monitoring Network Princi-
pal Investigators, 2007; Autism and Developmental
Disabilities Monitoring Network 2006 Principal Investi-
gators, 2009). Intellectual functioning interacts with
gender such that, among higher-functioning individuals,
the ratio of boys to girls is higher (�6:1) than in lower-
functioning samples (�1.5:1). Asperger’s disorder tends
to have an even more pronounced gender bias of 9 to 1
(Fombonne and Tidmarsh, 2003).

Culture and socioeconomic status

Kanner’s initial impression that autism occurs at a
higher frequency among children of higher socio-
economic status has not been supported by subsequent
research. Prevalence does not vary across racial and
socioeconomic groups (Yeargin-Allsopp et al., 2003),
though parents of higher socioeconomic status and with
greater financial resources may more effectively
obtain diagnostic evaluations and thus be reflected
disproportionately in community samples (Autism and
Developmental Disabilities Monitoring Network 2006
Principal Investigators, 2009). Increased public aware-
ness, through governmental and private initiatives,
and greater insurance coverage for autism-related clin-
ical services facilitate recognition and service provision
for children from diverse socioeconomic backgrounds.

F.R. VOLKMAR



AUTISM AND RELA
ETIOLOGYANDPATHOPHYSIOLOGY

Genetic and environmental factors

Though genetic contributions were mentioned in original
accounts of ASDs, subsequent theories of the causes
focused on parenting, specifically suggesting that emo-
tionally aloof “refrigerator” mothers caused children to
retreat from the social world. In the 1970s, mounting
evidence indicating genetic and biological factors led
to the justified rejection of speculation regarding a
psychogenic etiology. ASDs are currently recognized to
be the most heritable of childhood psychiatric disorders,
with shared genetic mechanisms common to all ASDs
(Frith, 2004). The initial approach to genetic analysis
of autism focused on comparison of concordance
rates among monozygotic and dizygotic twins. These
studies and a number of follow-up studies indicated
significantly higher concordance rates for both ASD
and a broader autism phenotype (e.g., language or social
difficulties without meeting clinical criteria for ASD) in
monozygotic compared to dizygotic sibling pairs (Bailey
et al., 1995). Evidence for a genetic contribution also
comes from recurrence in siblings of children with
ASD much higher than the general prevalence (Jones
and Szatmari, 1988; Ritvo et al., 1989). Though much
attention has been devoted to the genetics of ASD in
the 30 years following initial twin studies, a clear genetic
etiology has not emerged; heritability is inferred to be
complex, with multiple genes involved in assumedly
diverse genetic pathways culminating in the disorder
(Risch et al., 1999). Despite the lack of a clear or universal
geneticmechanism, research has revealed specific genetic
causes for isolated cases as well as a number of candidate
genes and chromosomal regions indicated as relevant
across multiple studies, including 2q, 7q, 15q, 17q, and
11 (Freitag, 2007; Gupta and State, 2007; Szatmari
et al., 2007).

Because concordance among monozygotic twins is
not 100%, environmental or experiential factors are
presumed to contribute to the development of ASD.
Obstetric and pre- and perinatal complications have
been explored, but no consistent correlate has emerged;
moreover, increased observation of such difficulties
may reflect a consequence, rather than cause, of the
condition. Immunological factors (e.g., fetal vulnerabil-
ity to maternal antibodies) and viral infections during
pregnancy have been explored without a clear connec-
tion emerging. Vaccines have recently received public
scrutiny as a cause of autism, in terms of both
mercury-based chemicals used as preservatives and the
weakened virus itself. Extensive epidemiological research
suggests the absence of a correlation between vaccine
administration and development of ASD (DeStefano,
2002). Amajor thrust of current research is to understand
interactions among genetic or metabolic vulnerabilities,
such as mitochondrial dysfunction, and environmental
factors.

Psychological theories of ASD

Two prevailing classes of theories attribute autistic
impairments to: (1) core impairment in social function-
ing and dysfunction in corresponding brain systems
(Dawson et al., 2005); and (2) dysfunctional processing
of information that is complex or requires perception
or manipulation at the gestalt level. Social accounts
of ASD posit that specific human brain systems exist
to process information pertaining to other humans
(Brothers, 1990), and autistic dysfunction originates in
these brain systems, exerting secondary, peripheral
impacts through developmental effects. For example,
the social motivation hypothesis posits that reduced
social drive leads to inattention to people and conse-
quent failure of developmental specialization in
experience-driven brain systems, such as the face per-
ception system (Dawson et al., 2005). Within the class
of social brain theories, the “theory of mind” account
suggests specific difficulty with attribution of mental
states to others; a criticism of this conceptualization
has been that it fails to account for the earliest emerging
and most developmentally basic symptoms of ASD.

Interconnectivity theories of ASD have taken several
forms. The “weak central coherence” account posits a
lack of a central drive for coherence, with the consequent
focus on dissociated fragments rather than integrated
“wholes,” leading to a fragmentary and overly concrete
experience of the world. Another hypothesis posits defi-
cits in “executive functioning,” i.e., in the capacity to
abstract rules, inhibit irrelevant responses, shift attention,
and, generally, to “multitask.” A commonality among
these theories is that, in contrast to social information-
processing theories, they generally cite nonspecific brain
processes in which the nature of the information pro-
cessed is relevant only insofar as it requires distributed
brain function (Horwitz et al., 1988; Just et al., 2004).
For example, it has been posited that, due to poor long-
range connectivity, simple, local processing is intact while
complex, distributed information processing is impaired
in ASD (Minshew and Williams, 2007). Because social
interaction tends to be complex, these theories suggest
that it is particularly vulnerable to disruption.
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Neurobiological accounts

ASDs are recognized to be brain-based neurodevelop-
mental disorders, with differences emerging early in
childhood. However, as is the case for genes, no univer-
sal neurofunctional or neuroanatomical abnormality has
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been discovered; as is also the case for genes, this, in
part, likely reflects heterogeneity in etiological and
developmental course. Cytological studies of brain
structure have revealed reduced neuronal size and in-
creased cell-packing density in the hippocampus, amyg-
dala, mammillary body, anterior cingulate cortex, and
septum. Furthermore, decreased numbers of Purkinje
cells and granule cells in the cerebellum have been de-
scribed (Minshew et al., 2005). Multiple structural brain
studies have also revealed abnormalities in cerebellar re-
gions, but specific areas affected have varied between
studies. Several studies have also indicated reduction
in the connective tract of the corpus callosum
(Minshew et al., 2005). A combination of early-
childhood pediatric data and subsequently collected
magnetic resonance imaging data suggest that a signif-
icant portion of children with ASD exhibit increased
atypical development of brain volume, with temporal
lobe white matter showing overgrowth during the sec-
ond year of life despite typical size at birth
(Courchesne et al., 2001; Hazlett et al., 2005). Studies
of neurochemistry have revealed various atypicalities
in individuals with ASD, though elevated blood seroto-
nin levels have been reported with the greatest
frequency. Other findings have included abnormal pep-
tide excretion, neuroendocrine/hypothalamic–pituitary–
adrenal function, amino acid levels, uric acid excretion,
and central cholinergic and GABAergic receptors
(Anderson and Hoshino, 2005). A current topic of great
interest is the role of oxytocin and vasopressin in autistic
neuropathology. Because of their role in prosocial
behavior and social bonding (Lim and Young, 2006),
these neuropeptides have long been speculated to be in-
volved in autistic social dysfunction (Modahl et al.,
1992). Oxytocin has been shown to increase eye gaze
in typical individuals (Guastella et al., 2008), and a
recent study found that administration of intranasal
oxytocin improved emotion recognition in adolescents
with ASD (Guastella et al., 2010). Variation in the
oxytocin receptor gene has been associated with ASD
in some populations (Wermter et al., 2010), but
current evidence suggests this is not true for all groups
(Tansey et al., 2010).

Functional brain imaging studies have also revealed a
variety of atypicalities without an emergent universal
pattern. Rates of seizure are increased in children
with ASD, and electroencephalographic recordings
(EEGs) reveal an increased incidence of anomalous
EEG in children with ASD, even among those without
seizure disorder, most notably among individuals with
significant cognitive impairment (Minshew et al.,
2005). Following from the aforementioned social brain
theories of ASD, numerous functional magnetic reso-
nance imaging (fMRI) and event-related potential
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studies of hemodynamic and electrophysiological brain
responses suggest anomalous functioning of brain re-
gions subserving the processing of social information
(Dawson et al., 2005; Schultz, 2005). Affected brain sys-
tems have been posited to include: face perception,
linked to the fusiform gyrus (Puce et al., 1996; Kanw-
isher et al., 1997); biological motion perception, linked
to the superior temporal sulcus (Pelphrey et al., 2003);
the action perception system, linked to the inferior fron-
tal gyrus and inferior parietal lobe (Iacoboni et al., 1999;
Rizzolatti and Craighero, 2004); perception of emotional
states and emotional experience, linked to the amygdala
and limbic system (LeDoux, 1994; Adolphs et al., 1995);
visual perception of the human body, linked to the extra-
striate body area in lateral occipitotemporal cortex
(Downing et al., 2001); social reward and reinforcement,
linked to the orbitofrontal cortex (Bechara et al., 1994;
Cools et al., 2002); and theory of mind, linked to the
ventromedial prefrontal cortex (Castelli et al., 2002).

An additional body of research, paralleling psycho-
logical theories of impaired processing of complex or
global information, has investigated connectivity in
the brains of individuals with autism. Several studies
have directly measured connectivity through imaging
of white-matter tracts connecting different brain re-
gions, demonstrating atypical patterns of connective
tissue in ASD (Barnea-Goraly et al., 2004; Herbert
et al., 2004; Keller et al., 2007); however, most evidence
for atypical interconnectivity in ASD has relied on fMRI
to examine covariation in activity in distal brain regions.
This approach has demonstrated atypical connectivity at
rest (Cherkassky et al., 2006; Di Martino et al., 2009)
and during a wide range of tasks, including face percep-
tion (Welchew et al., 2005; Bird et al., 2006; Kleinhans
et al., 2008; Koshino et al., 2008), attribution of mental
states during viewing of animations (Castelli et al., 2002;
Kana et al., 2008), language processing (Just et al., 2004;
Kana et al., 2006), executive function (Koshino et al.,
2005; Just et al., 2007), visual-motor action (Villalobos
et al., 2005; Mizuno et al., 2006; Turner et al., 2006),
and response inhibition (Kana et al., 2007). This body
of research reveals inconsistent patterns of results
across studies, including underconnectivity, overcon-
nectivity, and typical patterns of connectivity, suggest-
ing that connectivity problems may not be a universal
feature of ASD (Kleinhans et al., 2008).

ASSESSMENT

Diagnostic assessment

Diagnostic assessment of ASD is made according to
clinical assessment of the presence of ICD-10 or
DSM-IV-TR criteria. Assessment for ASD should entail
both a parent interview and direct observation of the

F.R. VOLKMAR
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individual. Parent interview should inquire about social
and communicative functioning, especially in the
context of peers, and the presence of repetitive and
stereotyped behaviors and interests. This should also
include a thorough developmental history, emphasizing
early social development to confirm stability of symp-
toms from early childhood forward. Observation should
directly assess social and communicative behavior
through play- or interview-based methods, also monitor-
ing atypical behaviors (e.g., motor mannerisms, sensory
behaviors) or rigid or repetitive interests or behavioral
routines. It is helpful to observe a child across structured
and unstructured contexts, as high-functioning children
with ASD often appear more typical in highly structured
or stereotyped interactions, such as greeting routines or
standardized testing. The social disability is often most
evident when guidance for social behavior is minimized
and predictability is reduced. An interview should
address peer and romantic relationships, interests and
hobbies, recreational activities, insight into the pers-
pective of others (including the impact of one’s own
behavior on others), comprehension of figurative lan-
guage, and insight into the nature of social relationships
and emotional experiences. Because individuals with
ASD may underreport or misperceive status of social
relationships, accounts should be verified independently
by parents or educators. Given high comorbidity of anx-
iety and depression, especially among high-functioning
adolescents and adults with ASD, attention should also
be paid to mood symptoms. Assessment of mental
health status, including integrity of thought process, is
also indicated.

Standardized self-report, parent/teacher report, and
direct observation measures have been developed to
screen for and diagnose ASDs. Though many are effec-
tive for this purpose, none, to date, reliably distinguishes
among individual ASDs, such as discriminating Asper-
ger syndrome from autistic disorder (Campbell, 2005;
Lord and Corsello, 2005). The current “gold standard”
diagnostic protocol for ASDs consists of a parent inter-
view, the Autism Diagnostic Interview – Revised (Lord
et al., 1994), and a semistructured conversation/play-
based interview, the Autism Diagnostic Observation
Schedule (Lord et al., 2000). Both instruments require
specific training to administer and score reliably. Differ-
ential diagnosis among ASDs continues to rely on the
judgment of experienced clinicians.

Children thought to be at risk for ASD should be
referred for a multidisciplinary assessment by a team
with specific experience in the assessment of ASDs
(Klin et al., 2005b). This practice ensures that comple-
mentary disciplines are employed to differentiate ASD
from disorders with overlapping symptoms, such as ex-
pressive language disorder. Interdisciplinary assessment
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should entail thorough developmental and health history
and include minimally the disciplines of psychology,
speech, and medicine. Psychological assessment should
assess cognitive (or developmental) function, motor con-
trol, and adaptive functioning. Assessment of adaptive
skills is important to document functional deficits among
individuals with intact cognitive function (Klin et al.,
2007). Psychological assessment of cognitive or develop-
mental function should be employed to provide a frame
of reference for gauging social and communicative func-
tion and play to facilitate differential diagnosis of cogni-
tive impairment versus ASD. Speech and language
assessment should measure language production, lan-
guage comprehension, nonverbal communication and
gesture (including gaze and joint attention in young chil-
dren), pragmatic and figurative language, prosody,
rhythm, volume, and content of speech (Paul, 2005). In
addition to these discipline-specific assessments, formal
diagnostic evaluation should also be included, using stan-
dardized diagnostic assessments. Depending on the age
of the patient and presenting concerns, specialists in
the areas ofmotor function (e.g., occupational or physical
therapists), behavior modification, neurology, psycho-
pharmacology, academic preparation, or vocational train-
ing should be consulted in the context of the evaluation.

Additional assessments

Genetic screening for various inherited metabolic distur-
bances is now considered best practice. Genetic testing
should assess for conditions known to be associated with
inherited disorders, such as fragile X syndrome, or inher-
ited disorders that may have broader impact on physical
health, such as phenylketonuria. Audiological evaluation
is indicated to rule out contribution of auditory dysfunc-
tion to social and language impairments; brainstem
auditory evoked response can be applied for individuals
unable to comply with other methods of audiological
assessment. Neurological consultation is appropriate if
seizure activity is suspected, if late onset is observed,
or if other indications of gross neurological dysfunction
or soft signs are observed. EEGs and brain imaging, such
as fMRI, are not recommended in all cases as they are
neither diagnostic nor prescriptive in most cases; they
may, however, be appropriate on a case-by-case basis
if other factors suggest brain dysfunction beyond that
associated with ASD (Minshew et al., 2005).

TREATMENTANDINTERVENTION

Treatment objectives

Difficulties in social interaction and communication
represent major challenges for effective learning
(National Research Council, 2001). Recent studies using

TED DISORDERS 413



ND
eye-tracking methods suggest that as much as 90% of
social-affective information is lost to the developing
child with attendant problems in areas such as joint
attention, selective attention, and other skills important
for successful learning (Klin et al., 2002). Likely as a
consequence of this lack of social engagement and
difficulties learning, numerous problem behaviors de-
velop that pose further challenges for effective learning.
Essentially the goals for treatment of the child with
autism or a related disorder are to minimize, as much
as possible, those effects of autism that have a
negative impact on learning and, to the extent possible,
support normative developmental processes and learn-
ing skills (National Research Council, 2001). Goals for
the individual child should be based on that child’s
individual pattern of strengths and weaknesses. A man-
date, in the USA and other countries, for universal
childhood education marked a major shift in service
provision for this population.
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Psychoeducational approaches

Children with autism and related conditions typically
need intensive, well-structured educational services.
A series of model service delivery programs have been
developed (see National Research Council, 2001, for a
review). Most of these adopt a teaching approach based
on principles of applied behavior analysis, although
other programs are more eclectic or more developmen-
tally based. Data suggest that early sustained inter-
vention is most effective. Children with significant
cognitive impairment or behavioral difficulties present
the greatest challenges for programs and typically need
a highly structured classroom setting with much indi-
vidual attention. As children make gains, mainstream
settings becomemore important and peers can be impor-
tant models for learning and behavior change. Services
of many different specialists, including special educa-
tors, psychologists, speech therapists, and occupational
or physical therapists, are often needed. Because of the
prognostic importance of language communication
skills, this is typically an area of attention with a focus
on social and functional communication in addition
to basic language, such as vocabulary (Paul, 2005).
For children with no spoken language, augmentative
systems or assistive technologies may be indicated
(Mirenda, 2008). Explicit teaching of social skills with
extrinsic reinforcement is required, as children with
ASD tend not to acquire these abilities through imitation
or observation (Kransny et al., 2003). Behavioral inter-
ventions address problem behaviors and help children
profit from intervention programs (Powers, 2005); these
can be effective for addressing maladaptive behaviors in
home, academic, and community settings. In the past,
insight-oriented psychotherapy was frequently utilized
for more able individuals, but, presently, more emphasis
is placed on counseling and problem-focused therapies
from cognitive-behavioral perspectives (Volkmar and
Wiesner, 2009).

Pharmacological interventions

Drug treatments can help decrease problem behaviors
such as self-injury, aggression, repetitive stereotyped
movements, and irritability/overactivity (Scahill and
Martin, 2005). The core aspects of the condition (social
communication problems) have not proven to be drug-
responsive. Since individuals are often enrolled in
behaviorally based programs, behavioral data can fre-
quently be obtained and used to assist in monitoring drug
response. As with any medication, use must balance risk
and side-effects, e.g., sedation or weight gain. The major
tranquilizers (neuroleptics) have been most extensively
studied and an elegant double-blind, placebo-controlled
study by the Research Units on Pediatric Psychophar-
macology Group demonstrated significant benefit of
the atypical neuroleptic, risperidone, within 2 weeks
(McCracken et al., 2002). Although frequently pre-
scribed, the efficacy of other classes of medicine, e.g.,
the selective serotonin reuptake inhibitors, has been more
controversial. These agents have many potential theoret-
ical benefits but appear to work better in adolescents and
adults as compared to children (King et al., 2009). The
stimulant medications may help with attentional issues,
although rates of side-effects are relatively high and
may lead to treatment discontinuation (Jahromi et al.,
2009). Various other agents have been studied with lim-
ited empirical support. These include naltrexone, mood
stabilizers, and beta-blockers. For individuals with Asper-
ger’s disorder and, perhaps, higher-functioning autism
there appears to be a significant increase in risk of
depression in adolescence and young adulthood, and it
is important for the clinician to be alert to this potential
(Volkmar and Wiesner, 2009).

A host of alternative treatments are frequently
used. These include various diets and vitamin therapies.
Various somatic treatments have not proven particularly
useful. While most alternative and complementary
medicine treatments have relatively little risk, others,
such as chelating agents, have significantly increased
risk, including death (Jacobson et al., 2005).

Developmental course

The diagnosis of autism and related disorders in infants
and young children is an area of active investigation
(Chawarska et al., 2008). Not all required diagnostic
features may be present until around age 3 (often the re-
petitive behaviors are last to develop). Children with
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Asperger’s disorder usually do not come to attention
until enrolled in preschool due to their preserved lan-
guage and relative proficiency with adults. Children with
autism and related conditions frequently make major
developmental gains in the elementary school years,
particularly if they had received early and intensive
interventions. Behavior problems may also increase
during this time (Loveland and Tunali-Kotoski, 2005).
In adolescents some individuals make major gains while
other lose skills; the latter pattern may be associated
with the onset of seizure disorder (Shea and Mesibov,
2005). A progression in social skills development has
been noted by Wing (1997) with children moving from
a more aloof and uninterested to a passive and finally
to a more eccentric, one-sided social style.

Prognosis

ASDs tend to be lifelong conditions. Most optimal out-
comes involve adults who lead happy, fulfilling lives and
maintain gainful employment despite eccentricities or
socially oddities. The prognosis of the condition appears
to be improving for ASD, with perhaps 15% or more
now able to achieve adult independence and self-
sufficiency. Early and intensive intervention and man-
dates for school service appear to be involved in
improved overall prognosis (Howlin, 2005). Planning
for adulthood should begin in adolescence with con-
sideration of capacities for independent living and
vocational skills. Factors predicting long-term outcome
in autism include nonverbal cognitive ability in the
normal range, the presence of some functional language
by age 5, and adaptive skills.

For Asperger’s disorder and PDD-NOS the prognosis
is even better than for autism, although there is in-
creased risk for other mental health problems, including
depression and anxiety disorders (Klin et al., 2005c;
Towbin, 2005). For Rett’s and CDD the outcome is poor
(Van Acker et al., 2005; Volkmar et al., 2005).

FUTUREDEVELOPMENTS IN
TREATMENTANDRESEARCH

Evident in the research reviewed above, the field has
made great strides in elucidating the underpinnings of
autism and related conditions since study commenced
around 70 years ago. Recent advances have resulted
in increased recognition and earlier detection and inter-
vention, enabling enrollment of children into empirically
validated interventions. An increasing array of therapies
exists, recently including medications specifically ap-
proved for ASD. Despite extensive research into brain
and genetic mechanisms, specific etiologies for ASD
remain elusive. Likewise, the interaction between these
intrinsic factors and environmental influences remains
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unclear. In both cases, this likely reflects a relatively
crude diagnostic method reliant upon observed behavior
and probable conflation of distinct disorders with
variable etiologies despite grossly similar phenotypes.
Researchers are applying increasingly comprehensive
genetics assays and more sophisticated brain imaging
methods, enabling examination of time course and
connectivity among brain regions in terms of both brain
structure and functional activity. These methods are
being applied in a complementary fashion to examine
gene–brain–behavior relationships and to examine re-
sponsiveness to intervention which, in turn, may result
in more effective matching of intervention strategies
with individuals. Given these factors, it is likely that
the observed improvements in quality of life and prog-
nosis for individuals on the autism spectrum can be
expected to continue in coming years.
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Drug addiction is a historic and active participant in the
sociological landscape of most cultures. Depending on
the culture and the drug, use of addictive drugs ranges
from religious to socially acceptable to criminalized. Re-
gardless of the cultural or personal perspectives on drug
use, by definition the pharmacological actions of addic-
tive drugs elicit enduring pathological changes in brain
function. The pathological adaptations render the addict
less responsive to interpersonal and social relationships,
and subject to an intrusive drive to seek and use drugs
that successfully competes with engaging in biologically
adaptive behaviors. Thus, there are two cardinal behav-
ioral characteristics of addiction: (1) reduced responding
to biological rewards such as social cooperation; and
(2) inability to regulate the drive to seek drug reward.
From a sociobiological perspective, addiction is caused
by drug-induced changes in brain function that cause
the drive to obtain and use drugs to supersede the drive
to obtain biological rewards. Accordingly, a primary
goal for treating addiction is to restore brain function
and thereby allow addicts to regulate and suppress drug
use (O’Brien, 2005).

There are requisite pharmacological characteristics
that a drugmust possess in order to induce the underlying
neuroplasticity that results in addiction liability. However,
there are also strong environmental and genetic
influences that can promote or inhibit the behavioral
consequences of drug use. In this chapter, we will focus
primarily on the pharmacological basis of addiction as
this is driven by shared neurological events regardless
of different sociological or genetic vulnerabilities. How-
ever, we will also discuss the most prominent sociological
and genetic vulnerabilities that appear to make certain
*
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individuals and populations more or less susceptible to
the pharmacological and neuroadaptive influences of
addictive drugs.
EPIDEMIOLOGY

The use and abuse of addictive substances is rife
throughout the world. Tobacco and alcohol consump-
tion are the fourth and fifth greatest contributors to
the global burden of disease (World Health Organiza-
tion). In western society, characterized here by the
USA and UK, heroin and crack cocaine also make seri-
ous contributions to morbidity and mortality rates.
Table 24.1 details the 12-month prevalence for use of
the major substances of abuse in the USA and UK. In
the USA alone, it is estimated that over 20 million people
aged 12 or older are classified as dependent on legal and
illicit drugs, with an estimated annual economic burden
to society of $0.5 trillion (Volkow and Li, 2005).

In Europe, the UK has the highest prevalence for
most substances of abuse. Certain trends are seen in
Europe, for example cannabis remains the most widely
used drug, and its use increased markedly during the
1990s, especially in young people. Ecstasy has super-
seded amphetamines as the second most widely used
drug and has now been used by 1–4% of the adult pop-
ulation in most European countries. Cocaine use in-
creased in the UK fivefold between 1994 and 2004,
though this increase was generally not seen in the rest
of Europe. Crack cocaine and heroin use remains rela-
tively low but has the highest impact in terms of mortal-
ity and social cost. Methamphetamine use is low in
Europe, but an increase is expected following a decade
ychopharmacology Unit, Imperial College, London W12 0NN,



Table 24.1

12-month prevalence for use of the major substances of abuse in the USA and UK

Substance of abuse

12-month prevalence (%)

UK
(England and Wales)

USA

1994 2004 2004

Alcohol dependence 3.6 3.6 3.81
Heroin 0.5 0.2 0.2

Cannabis 8.4 10.8 10.6
Ecstasy (MDMA) 1.0 2.0 0.8
Cocaine (crack) 0.5 2.5 2.4 (0.5)

Amphetamines (methamphetamine) 2.4 1.5 1.2 (0.6)

Sources: SAMHSA, Office of Applied Studies, National Survey on Drug Use and Health 2004; EMCDDA statistical bulletin 2005; NESARC

2002; ANARP 2004, Department of Health; Home Office, Findings 182.

MDMA, 3,4-methylenedioxymethamphetamine.
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of dramatically increased use in the USA (Meredith
et al., 2005). Use of this drug is particularly problematic
in South-East Asia.

NEUROBIOLOGYOFADDICTION

Our understanding of the neurobiology of addiction is
derived primarily from two research directions. The first
major research effort has been to understand the acute
pharmacological actions of drugs of abuse that produce
reward and reinforce behavior. The second major direc-
tion has been to understand the enduring neuroplasticity
produced by addictive drugs that ultimately result in the
cardinal features of addiction (e.g., augmented drive to
obtain drug and diminished drive for biological re-
wards). Although most researchers focus on a single
drug class, there is an overall hypothesis that shared
pharmacological effects and cell biology of neuroplasti-
city between drugs will be discovered that mediate ad-
diction to all classes of addictive drug (Nestler, 2005).
To some extent this hypothesis has been borne out,
and in this section we will focus on these common
principles of drug-induced change, while sections on
specific drug classes will include neurobiological effects
specific for each class.
Dopamine transmission

The biological basis of the rewarding effects of addic-
tive drugs and their ability to reinforce drug-seeking be-
havior has been distilled to an activation of dopamine
transmission in corticolimbic brain regions. The effect
most widely agreed upon is that drugs promoting the re-
lease of dopamine into the nucleus accumbens will rein-
force behaviors to obtain more drug (Wise, 2002). Thus,
while the initial molecular binding site for various clas-
ses of addictive drug varies tremendously (see below),
all drugs have been found to increase dopamine release.
The significance of this common mechanism for the
development of addiction is clearly seen when one
considers that this is the primary mechanism whereby
we learn to reinforce behaviors that permit us to obtain
biological rewards such as food and sex (Kelley, 2004).
Thus, increased release of dopamine occurs upon en-
countering an environmental stimulus considered to
be biologically important (Robinson and Berridge,
2003). In simple terms, the release of dopamine prepares
neurons in the brain to more efficiently undergo the req-
uisite neuroplasticity to learn how to obtain or avoid the
important stimulus. The cellular neurobiology of how
this is accomplished is an area of intensive research
and involves dopamine receptor-mediated changes in
protein trafficking, postsynaptic morphology, as well
as associations between neuronal ensembles within
and between brain nuclei (Robinson and Kolb, 2004;
Jones and Bonci, 2005; Kalivas et al., 2005). Impor-
tantly, signaling through D1 dopamine receptors to pro-
mote protein kinase A and cAMP-response element
binding (CREB)-dependent gene transcription has been
shown to be critical (Nestler, 2001). Notably, this
involves the induction of long-lasting transcriptional
regulators, such as delta-FosB (Nestler et al., 2001).
A number of elegant studies in animal models show that
this cascade of changes leads to enduring alterations in
gene expression, and is critical for establishing the path-
ological neurobiology underlying addiction (Nestler,
2005). Importantly, while the neuroplasticity is initiated
by increased dopamine release and dopamine-dependent
cell signaling, the most enduring neurobiological
changes appear to reside in excitatory transmission in
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corticostriatal glutamatergic synapses, and these adap-
tations are thought to be most critical in establishing
and manifesting new behavioral responses. Thus, the
strengthening or weakening of excitatory transmission
appears to be the primary event that encodes a new
behavioral response, and dopamine release facilitates
excitatory neuroplasticity (Kelley, 2004; Jones and
Bonci, 2005; Kalivas and Volkow, 2005).

A well-established characteristic of dopamine release
by biological rewards is the rapid development of toler-
ance (Schultz, 2004). Repeated exposure to the same
stimulus results in progressively less dopamine release,
until activation of dopamine systems is undetectable un-
less there is a change in the stimulus. Thus, once an
adaptive behavioral response to a biological reward is
learned, dopamine release is no longer necessary to fa-
cilitate further learning. In marked contrast to this phys-
iological process, the release of dopamine by addictive
drugs is pharmacologically driven and, in general, does
not diminish with repeated exposure (Jones and Bonci,
2005; Kalivas and Volkow, 2005). Therefore, the facil-
itation of further neuroplasticity continues beyond the
learning of behaviors to obtain drug. In a sense, the
drug-seeking behaviors become overlearned (Kelley,
2004). It is this pathological process of overlearning that
is thought progressively to promote drug-seeking over
behavioral responding for biological rewards.

Glutamate transmission

As mentioned above, the progressive neuroplasticity
facilitated by repeated drug-induced dopamine release
resides to a great extent in excitatory synapses. The pop-
ulation of synapses most carefully studied in this regard
are the glutamatergic synapses in the caudate and nu-
cleus accumbens that arise from cortical and allocortical
brain regions (Kalivas and Volkow, 2005). Thus, endur-
ing changes in glutamate release, the morphology of
dendritic spines, and glutamate signaling have all been
shown in animal models of relapse (Robinson and Kolb,
2004; Kalivas et al., 2005). These discoveries have been
paralleled by behavioral studies showing that corticofugal
glutamatergic projections are necessary for drug-seeking
in animal models and correspond to areas showing in-
creased blood flow when craving is induced in addicts,
including the anterior cingulate, ventral orbital cortex,
and amygdala (Goldstein and Volkow, 2002; Kalivas
and McFarland, 2003; Wilson et al., 2004).

The fact that drug addiction results from pathologi-
cal changes in the neurocircuitry and cellular physiology
that underlies normal reward learning is knowledge that
identifies potential molecular targets for drug develop-
ment related to pathological neuroplasticity. However,
this understanding also highlights potential difficulties

SUBSTANCE AB
in dissociating treatments for addiction from unwanted
side-effects resulting from altering the biological sub-
strates needed for normal reward learning. Nonetheless,
general strategies to restore homeostasis in glutamate
transmission have emerged ranging from drugs affect-
ing glutamate release and postsynaptic signaling to
drugs enhancing inhibitory (gamma-aminobutyric acid
(GABA)) transmission (Kalivas and Volkow, 2005). In
all cases, the desired pharmacological effect is to limit
excitatory transmission and thereby blunt the over-
learned, uncontrollable drive to obtain drug.

STRESSANDDRUGSOFABUSE

Awell-established influence on the development and ex-
pression of addiction to drugs is exposure to environ-
mental stress, and the highly variable susceptibility of
individuals to stress (Moghaddam, 2002; Koob et al.,
2004). Importantly, considerable evidence has emerged
demonstrating that overlapping neurocircuitry and cell
biology exists between exposure to stress and drugs
of abuse. Thus, akin to addictive drugs, acute stress
activates corticolimbic dopamine transmission (Deutch
and Roth, 1990), and both stress and addictive drugs ac-
tivate cortocotropin-releasing factor (CRF) transmission
(Heinrichs and Koob, 2004). Indeed, the activation of
limbic CRF pathways is clearly critical for stress-
induced relapse in animal models and may also be sig-
nificant in other forms of relapse (e.g., relapse induced
by drug-associated cues or the drug itself) (Erb et al.,
1998; Koob et al., 2004; Wang et al., 2005).

In laboratory animals, there exists a deep behavioral
and neurochemical literature demonstrating interactions
between addictive drugs and stress, most notably be-
tween amphetamine-like psychostimulants and stress.
The development of behavioral sensitization to nonphar-
macological stressors and cross-sensitization with
psychostimulants is well established (Antelman et al.,
1980; Piazza et al., 1990; del Rosario et al., 2002), and
stress can both elicit relapse and facilitate the initial
acquisition of drug self-administration (Piazza and le
Moal, 1997). More recent studies have demonstrated
that the cellular basis of these behavioral interactions re-
lies on drug- and stress-induced CRF release regulation
of dopamine and glutamate transmission. Thus, acute
administration of drugs of abuse (amphetamine,
cocaine, alcohol, nicotine, morphine) or stress induces
an N-methyl-D-aspartate (NMDA)-dependent increase
in excitatory transmission on dopamine neurons (Saal
et al., 2003). The increase in glutamate transmission is
potentiated by CRF (Ungless et al., 2003), and results
in part from presynaptically increasing glutamate
release (Wang et al., 2005). The augmented glutamate
release by CRF is enduring and Pacchioni et al. (2006)
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showed that a single restraint stress induces long-lasting
behavioral sensitization to amphetamine that was asso-
ciated with increased dopamine release in the nucleus
accumbens. Taken together, these data provide the be-
ginning of a neurobiological basis for stress and drug
interactions, whereby stress both enhances the reinfor-
cing properties of the drug and contributes to relapse.
Accordingly, drugs that alter CRF transmission in brain
are currently being studied as a potentially important
new class of pharmacotherapeutic agents in treating
addiction (Gravanis and Margioris, 2005).

CLASSESOFADDICTIVEDRUGS

In this section we will outline the neurobiology of spe-
cific substances of abuse, drawing heavily on the mutu-
ally reinforcing findings from the preclinical and
neuroimaging literature. Neuroimaging techniques have
advanced rapidly over the last decade, presenting us
with an incredible array of tools for investigating the
neural substrate of addiction and the ability to evaluate
in human addicts the veracity of findings made in
animal models of addiction (Daglish and Nutt, 2003;
Lingford-Hughes et al., 2003; Lingford-Hughes, 2005).

Alcohol

We have known for over a century that excessive con-
sumption of alcohol causes structural damage to the
brain (Mann et al., 1995; Sullivan and Pfefferbaum,
2005), as well as mild to moderate cognitive impairment
(Crews et al., 2005). Early computed tomographic scans
showed increase in ventricle sizes (Pfefferbaum et al.,
1998a), but more recently magnetic resonance imaging
(MRI) has shown gray-matter loss (Pfefferbaum
et al., 1998b). It is, however, the loss of white matter that
appears to predominate in alcoholic brain disease
(Harper andMatsumoto, 2005). T2-weightedMRI, mag-
netic resonance spectroscopy (MRS), and diffusion ten-
sor imaging (DTI) techniques have allowed us to explore
with increasing detail these white-matter changes, and it
is now known that the degree of cerebral atrophy is pro-
portional to lifetime consumption of alcohol.

There is a spectrum of alcoholic brain damage with
Wernicke–Korsakoff syndrome (WKS) at the extreme
end. It was originally thought that the principal lesion
in WKS was degeneration of the mammillary bodies;
however, more recent studies have shown that there is
also a loss of white matter (Reed et al., 2003; Harper
and Matsumoto, 2005). In addition, the severe amnesic
state in WKS is inversely related to hippocampal volume
(Sullivan and Marsh, 2003). This suggests that the func-
tional lesion may not be a single anatomical site, but
instead may be a disruption at several nodes in a
diencephalic-hippocampal circuit (Sullivan, 2003). It is

422 A.G. RE
important to note that significant shrinkage of mammil-
lary bodies can also occur in nonamnesic alcoholics
(Sullivan et al., 1999).

It is well known that abstinence from alcohol helps
improve neural and cognitive function in alcoholics,
and is accepted that there is a partial reversal of
cerebral atrophy on stopping drinking (Mann et al.,
1995; Gazdzinski et al., 2005). MRS studies have helped
to unravel the mechanisms underlying the reversal of
white-matter loss. Changes in myelination and axonal in-
tegrity occur in alcoholic brain damage and abstinence
can allow for reversal of these changes (Schweinsburg
et al., 2001; Ende et al., 2003). In addition to specific
neural repair mechanisms, it is likely that the functional
improvements seen with abstinence involve mechanisms
of neural plasticity, giving rise to cortical functional re-
organization. Several studies using functional MRI
(fMRI) have addressed this issue (Pfefferbaum et al.,
2001; Desmond et al., 2003; De Rosa et al., 2004),
showing that recovered alcoholics seem to recruit more
widespread and “higher-order” brain regions while
controls used more “primitive” brain regions during
memory tasks. This suggests that, despite equivalent
performance, there is a loss of cognitive efficiency in
recovered alcoholics.

The principal neurotransmitters involved in mediat-
ing the central effects of alcohol are glutamate and
GABA, though the dopamine, opioid, and serotonin sys-
tems are also important (Chandler, 2003; Myrick and
Anton, 2004). Alcohol has its main effect through an
agonist action at the GABA–benzodiazepine receptor
complex (GBzR) (Nutt, 1999), which gives rise to feel-
ings of sedation and anxiolysis. There is also an antag-
onist action at glutamate NMDA receptors (Chandler,
2003). With chronic use increased sensitivity is seen
at the NMDA receptor and downregulation of GBzR
function. These adaptations may underlie glutamate-
mediated excitotoxic damage, particularly during
untreated alcohol withdrawal, when the increased sensi-
tivity at the NMDA receptor is unopposed by the down-
regulated GABA system. Positron emission tomography
(PET) studies generally show a reduction in frontal
GBzR levels in abstinent alcoholics (Gilman et al.,
1996; Abi-Dargham et al., 1998), even when changes in
gray matter are taken into account (Lingford-Hughes
et al., 1998). New PET tracers will allow us to examine
the distribution of the different subtypes of the GBzR,
such as the a5 subtype (Lingford-Hughes et al., 2002),
which may be involved in the reinforcing effects of
alcohol (June et al., 2001).

Recent work on the dopamine system has shown that
there is a persistent reduction in striatal dopamine D2 re-
ceptors (DRD2) in abstinent alcoholics (Volkow et al.,
2002; Tupala and Tiihonen, 2004), and this reduction
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correlates with increased severity of craving (Heinz
et al., 2004a). Craving also correlated with a reduced ca-
pacity to synthesize dopamine, and with increased sever-
ity of relapse (Heinz et al., 2005a). Reversible changes in
the level of dopamine transporter (DAT) (Repo et al.,
1999; Heinz et al., 2004b) are also noted. These new find-
ings of hypofunction of the dopamine system will have
major implications for the treatment of alcohol depen-
dence, for example in the use of dopamine partial
agonists.

The level of serotonin transporter (SERT) in alcoholics
is also reduced (Heinz et al., 1998) in those with the ll
polymorphism, which also correlates with negative mood
states (Heinz et al., 2004b). Heinz et al. (2005b) also show
there is a persistent increase in m-opioid receptor (MOR)
levels after detoxification, and this, too, correlated with
severity of craving. Zubieta et al. (2000) have similarly
shown an increase in the number ofMORs in the anterior
cingulate cortex (ACC) in abstinent cocaine and opioid
addicts. Maldonado (2003) explores further the idea that
the opioid system is as fundamental as the dopamine sys-
tem in the neurobiology of addiction.

Genetic factors that contribute protection or vulnera-
bility to alcohol addiction have been known for decades in
terms of genes encoding proteins that metabolize alcohol.
These pharmacokinetic factors are primarily variations in
the genes encoding the alcohol and aldehyde dehydroge-
nases, which are generally protective against the develop-
ment of alcoholism (Edenberg and Kranzler, 2005). In
addition, there are genetic variations in genes affecting
the aforementioned pharmacodynamic actions of alcohol
that also influence addiction liability. Most notably, poly-
morphisms in two genes encoding the BGzR (GABA-A2
and GABA-G3) affect the risk of developing alcoholism
(Edenberg and Kranzler, 2005). Studies have also shown
associations between polymorphisms in the dopamine D2

receptor and MOR genes that influence the course of ad-
diction to alcohol. Notably, in both cases the importance
of the polymorphism has been most clearly shown in the
use of D2 agonists andMOR antagonists in treating alco-
holism. Thus, the D2 agonist bromocriptine was most suc-
cessfully employed as a therapy in treating alcoholics
with one or two copies of the Taq I A polymorphism near
the D2 receptor gene (Edenberg andKranzler, 2005). Sim-
ilarly, polymorphisms in MOR are associated with in-
creased responsiveness of alcoholics to naltrexone
pharmacotherapy (Ray and Hutchison, 2004; McGeary
et al., 2006).

SUBSTANCE AB
Amphetamine-like psychostimulants

Cocaine is the most widely studied stimulant but there is
little evidence of significant structural change in the
brain following its abuse. In contrast, two other drugs
in this class, methamphetamine and MDMA (ecstasy),
produce lesions primarily in dopamine and serotonin
systems, respectively (Morgan, 2000; McCann and
Ricuarte, 2004). Regardless of toxicity, all drugs in this
class produce acute effects by binding to monoamine
transporters, with cocaine and methamphetamine
favoring DAT and MDMA favoring SERT. A primary
distinction between neurotoxic and apparently non-
neurotoxic psychostimulants is that the neurotoxic com-
pounds serve as a false substrate for transport (i.e., they
are transported into the cell akin to the endogenous
transmitter), while the nonneurotoxic drugs bind to the
transporter and block monoamine transport, but are
not themselves transported into the cell. Regardless of
the extent of ensuing neurotoxicity, all psychostimulants
reinforce drug-seeking behavior by this mechanism for
increasing dopamine transmission in the brain, notably
in the nucleus accumbens and prefrontal cortex. Re-
peated administration and increase in dopamine trans-
mission induce the requisite pathological
neuroplasticity discussed above, and can clearly be dem-
onstrated in PET studies in humans showing increased
dopamine ligand displacement following acute psychos-
timulant administration (Kegeles et al., 2000). Increased
levels of dopamine in the striatum measured with PET
correspond to the subjective effects of cocaine
(Schlaepfer et al., 1997) and amphetamine (Laruelle
et al., 1995). Blockade of the DAT by cocaine also corre-
lates with the sensation of “high” (Volkow et al., 1997a).
Another stimulant, methylphenidate, also blocks the
DAT; however, it does not give the same euphoric effect
as cocaine and has less abuse potential, primarily due to
inducing slower build-up of dopamine in the synaptic
cleft (Volkow et al., 1995; 1997b). As with alcoholics,
there is also a lower number of postsynaptic DRD2 in
abstinent cocaine and methamphetamine addicts
(Volkow et al., 1993), which suggests that this may be
a common finding across all substances of dependence.
The level of DRD2 varies in the normal population and it
seems that low levels allow for more pleasurable effects
from substances of abuse, e.g., alcohol (Yoder et al.,
2005) and methylphenidate (Volkow et al., 1999). It is
possible that innate variation in the level of DRD2
may reflect individual variation in the euphoria-inducing
effects of drugs of abuse, and that lower levels of stria-
tal DRD2 may predispose to drug addiction.

Although cocaine is generally considered not to cause
overt neurotoxicity, MRI (Franklin et al., 2002) and DTI
(Lim et al., 2002) studies have shown changes in gray
matter and white matter in the orbitofrontal cortex.
Not surprisingly, cocaine addiction is associated with
widespread hypoperfusion of the brain, due to its po-
tency as a vasoconstrictor, and focal ischemic cerebral
pathology and seizures can occur (Lyons et al., 1996;
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Goldstein and Volkow, 2002). A similar pattern is seen
with amphetamine. In methamphetamine dependence
both structural and functional changes have been seen
in imaging studies. Gray-matter loss in cingulate-limbic
cortices and the hippocampus with a corresponding
reduction in performance on memory and vigilance
tasks are key features (Thompson et al., 2004; London
et al., 2005). There is also a change in orbitofrontal
cortex and dorsolateral prefrontal cortex function
associated with impairment in decision-making tasks
(Paulus et al., 2002).

Several recent studies using single-photon emission
computed tomography in humans have shown a revers-
ible reduction in the level of SERT in current ecstasy
users, greater in women than in men, with levels of
SERT reported as normal in ex-users (Buchert et al.,
2004). Reneman et al. (2001) reported impairment in a
verbal working-memory task during abstinence from ec-
stasy, but several more recent studies have not shown
this (Daumann et al., 2003a, b, 2004). Thus, while animal
studies clearly show ecstasy-induced damage to seroto-
nin axon terminal fields (Morton, 2005), the long-term
neural and cognitive effects of taking ecstasy in humans
remain less clear (Easton and Marsden, 2006). Nonethe-
less, we should consider that differences in metabolism
and genetic susceptibility to damage between individ-
uals may have an impact on the long-term effects of
taking the drug.

Functional neuroimaging has been widely applied to
map craving and cognitive processes in addiction, and
shows involvement of prefrontal cortex and some allo-
cortical structures, such as amygdala, that are variably
correlated with self-reported levels of craving. Breiter
et al.’s (1997) pharmaco-fMRI study identified limbic,
orbitofrontal, and striatal regions as being involved in
the neural response to cocaine. As discussed above,
these regions are major components in the “reward cir-
cuitry” of the brain, and, correspondingly, this study
identified different subregions of this circuit to be cor-
related with the sensations of “high” versus “craving.”
A more recent study used the same approach and iden-
tified similar regions activated during craving (nucleus
accumbens, orbitofrontal cortex, anterior cingulate;
Risinger et al., 2005). Other studies have also investi-
gated the neural correlates of craving using cue
exposure techniques and have produced similarly over-
lapping but not identical results (Grant et al., 1996;
Childress et al., 1999; Wexler et al., 2001; Kilts et al.,
2004). These regional variations may reflect the complex
interplay between environmental, psychological, and
biological factors that intersect in phenomena such as
drug craving. One potent modifying factor that should
be taken into account is that of anticipation or expecta-
tion. Volkow et al. (2003) discovered that the reported
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experience of high in cocaine addicts receiving methyl-
phenidate was 50% greater when they were expecting
the methylphenidate compared with when they were
not. In addition, Wilson et al. (2004) point out that
cue exposure activates dorsolateral prefrontal cortex
and orbitofrontal cortex in nontreatment-seeking ad-
dicts, but not in addicts in treatment. Thus craving in ad-
dicts may have a different neural substrate depending
on whether they are in treatment or not. As discussed
above, this type of study highlights the complex inter-
play between the pharmacologically induced neuroplas-
ticity that underlies addiction and the sociological
circumstances regulating drug-seeking behavior.

Jovanovski et al. (2005) have provided a synthesis of
studies looking at the neuropsychological changes in co-
caine addiction. They found the largest effect size was
for measures of attention, then for visual memory and
working-memory tasks, and then for tests of verbal
fluency. These results agree with the general finding
of altered activation in ACC and orbitofrontal cortex.
For healthy individuals, orbitofrontal cortex is involved
in impulse control and ACC is implicated in attentional
processes. In trying to establish a theory of the cognitive
neuropsychology of addiction that takes into account
these findings, it has been suggested that increased
activity in orbitofrontal cortex may reflect hypersensi-
tivity to reward (Bolla et al., 2003), whereas reduced
activity in ACC may reflect hyposensitivity to losses
(Garavan, 2005).

Taken together, the preclinical and neuroimaging
studies with psychostimulants, in particular cocaine,
are a prototype for our understanding of neurobiology
of addiction. Thus, psychostimulant addicts show evi-
dence of blunted dopamine transmission that reduces
the learning of new adaptive behavioral responses to
seek biologically relevant rewards. This is combined
with overactivity in prefrontal cortical and allocortical
limbic areas in response to a drug-associated cue or
the drug itself, indicative of activated corticostriatal cir-
cuitry that will drive forward drug-seeking behavior.
This interpretation of the imaging literature is entirely
consistent with the preclinical observations showing crit-
ical involvement of dopamine in developing addiction,
and corticostriatal glutamate projections in the expres-
sion of addiction-related behaviors, such as relapse or
behavioral sensitization (Kalivas and Volkow, 2005).

ET AL.
Opioids

Neurobiological studies with opioids are not nearly as
extensive as with psychostimulants, but the extant data
support a similar neurobiological infrastructure that in-
volves dopamine transmission in the development of,
and cortical glutamate transmission in the expression
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of, opioid addiction. While mu-opioids activate dopa-
mine transmission by acting in the midbrain dopamine
cell body region to disinhibit dopamine cell firing, they
can also promote addiction by directly acting on cir-
cuitry in the nucleus accumbens in a dopamine-
independent manner (Vanderschuren and Kalivas,
2000). Moreover, a portion of the neurons projecting
out of the nucleus accumbens use the endogenous opi-
oid enkephalin as a neurotransmitter, and enkephalin
release into the ventral pallidum is altered by chronic
heroin administration and can affect relapse in animal
models of addiction (Olive and Maidment, 1998; Tang
et al., 2005). However, whilst it has been shown in var-
ious human imaging studies that the high from stimu-
lants is associated with an increase in dopamine, using
a similar 11C-raclopride PET protocol, intravenous dia-
morphine produced a high in heroin addicts without
measurable dopamine (Daglish et al., 2008).

It has generally been thought that no significant struc-
tural changes in the brain are associated with long-term
opioid use (Nutt and Daglish, 2002); however, one study
suggests theremay be subtle long-term changes (Kivisaari
et al., 2004). In terms of functional differences, Firestone
et al. (1996) have shown that there are increases in regional
cerebral blood flow (rCBF) with the short-acting opiate
agonist fentanyl. Schlaepfer et al. (1998) have also shown
that activation of theMOR is more involved in producing
euphoric effects than the k-receptor.

Methadone is an opioid that binds at the MOR and is
prescribed as a substitute for heroin as a treatment. It
had been presumed that higher doses of methadone
would occupy greater numbers of MORs; however,
two studies using different tracers failed to find evi-
dence of widespread occupation by methadone at the
MOR (Kling et al., 2000; Melichar et al., 2005). Bupre-
norphine is a newer treatment for opioid addiction. It is
a partial agonist with very high affinity at the MOR and
an antagonist at the k-receptor. In contrast to metha-
done, increasing doses of buprenorphine are associated
with reductions in the availability of MORs (Zubieta
et al., 2000; Greenwald et al., 2003). This suggests that
the mode of action of buprenorphine as a heroin substi-
tute is through MOR blockade, whereas that of metha-
done may be by desensitizing the MOR. Indeed,
preclinical studies demonstrate that, while methadone
and endogenous opioids promote internalization of
MOR, morphine does not (Finn and Whistler, 2001).
Interestingly an 11C-diprenorphine PET study suggests
that there is an increased number of opiate receptors
available in early abstinence from methadone – a find-
ing that mirrors what is seen in recently abstinent or co-
caine addicts, suggesting that increased opioid receptor
availability may underpin addiction to all substances of
abuse (Williams et al., 2007).

SUBSTANCE AB
Several studies have looked at neuropsychological
aspects of heroin addiction. For instance, showing her-
oin addicts heroin-related auditory stimuli (cues) gener-
ates increased rCBF in the ACC and orbitofrontal cortex
(Daglish et al., 2001, 2003), with increases in ACC inde-
pendent of craving. This suggests the ACC may be
respondingmore specifically to the cue, while the orbito-
frontal cortex may be involved in the experience of crav-
ing. A similar findingwith cocaine cravingwas described
by Wexler et al. (2001). Another series of studies (Ersche
et al., 2005a, b, c) have investigated performance on cog-
nitive tasks in opiate and amphetamine users. They found
that current opioid and amphetamine users were im-
paired on a set of executive and memory tasks, and that
this impairment persisted in subjects who had been absti-
nent for over a year. Consistent with the aforementioned
neurobiology of persistent pathological adaptations in
excitatory transmission, these studies suggest that there
are long-term changes in cognitive processing and corti-
cofugal glutamate transmission, in particular onworking
memory and decision-making tasks, in the brains of her-
oin and amphetamine users, and that these changes per-
sist into abstinence.
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Nicotine

Neuronal nicotinic acetylcholine receptors (nAChRs)
are well known for their role in the initiation and main-
tenance of nicotine addiction (Laviolette and van der
Kooy, 2004). nAChRs are abundantly expressed in the
ventral midbrain on both dopaminergic and nondopami-
nergic neurons, as well as on cortical glutamatergic
afferents. Two main nAChR subtypes can be distin-
guished according to their pharmacological and
functional properties. Dihydro-b-erythroidine (DHbE)-
sensitive, b2* nAChRs are mostly expressed on
dopaminergic and GABAergic neurons (Klink et al.,
2001). Activation of b2* nAChRs increases the firing
rate of dopaminergic neurons and stimulates the release
of dopamine in the nucleus accumbens. On the other
hand, methyllycaconitine-sensitive, a7-containing
nAChRs are mostly expressed on glutamatergic termi-
nals where they have been shown to regulate glutamate
release in the VTA (Mansvelder and McGehee, 2000).
The a7* nAChRs have been postulated to play a funda-
mental role in nicotine reinforcement and nicotine-
induced dopamine release in the accumbens, as well
as to contribute to the development of addiction-related
neuroplasticity to nicotine exposure (Champtiaux et al.,
2006). A role for increasing glutamate transmission on
to the midbrain dopamine cells in nicotine addiction is
consistent with similar aforementioned proposals for
initiating neuroplasticity in psychostimulant and alcohol
addiction (Jones and Bonci, 2005).
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Neuroimaging studies looking at the neural substrate
of smoking tobacco are beginning to emerge (Laviolette
and van der Kooy, 2004; McClernon and Gilbert, 2004).
As with most other substances of abuse, cigarette smok-
ing releases dopamine in the ventral striatum, albeit
indirectly, as shown using 11C-raclopride PET (Brody
et al., 2004). This study also revealed that this dopamine
release helped to reduce craving. Rose et al. (2003)
showed the importance of the context in which a drug
is taken through its effect on dopamine release. Addicts
become familiar with a certain environment in which they
use drugs, and this environment itself develops salience
and can influence both the neural and subjective effects
of taking the drug (Robinson and Berridge, 2000).

Cannabis

In recent years we have come to know much more about
the neurobiology of cannabis and cannabinoids. The
brain has at least two types of cannabinoid receptor –
CB1 and CB2 – and there are at least two types of endog-
enous cannabinoid – anandamide and 2-AG (Elphick
and Egertova, 2001). Regular consumption of cannabis
(marijuana) can give rise to dependence, and the same
dopaminergic reward pathways that underlie the devel-
opment of addiction-based pathological neuroplasticity
are activated by cannabis (Gardner, 2002). Thus, canna-
binoid receptors are in high density in the vicinity of
midbrain dopamine neurons. Moreover, preclinical
studies have shown that cannabinoids can interact with
other transmitter systems known to promote addiction
liability and addiction-related neuroplasticity, including
glutamate, opioid, and CRF (Rodriguez de Fonesca
et al., 1997; Tanda et al., 1997; Brown et al., 2003).

Cannabis has long been considered to be a potential pre-
cipitant of psychotic illness in those who are predisposed,
though the exact relationship has yet to be determined
(Arseneault et al., 2004). InitialMRI studies looking at reg-
ular use of cannabis report that there are no significant
changes in brain structure, including the hippocampus
(Block et al., 2000; Wilson et al., 2000; Tzilos et al.,
2005). Studies have also considered the impact of heavy
cannabis use on cognitive function. Kanayama et al.
(2004) suggest that heavy cannabis use increases the cogni-
tive load of working-memory tasks and that adaptive pro-
cessing strategies are required to maintain performance.
Gruber and Yurgelun-Todd (2005) also show that changes
in cortical function may affect inhibitory and decision-
making processes in the brains of heavy cannabis users.

CONCLUSIONS

To conclude, there is an ample and growing body of
preclinical and neuroimaging evidence that informs us
of the underlying neural circuitry of addiction and
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associated cognitive changes, both in terms of specific
substances of abuse and in terms of global theories of
addiction. It is notable that there is significant overlap
in the circuitry and neurochemistry between different
substance dependences. This includes increases in
dopamine transmission in cortical and striatal regions
produced by repeated drug use that facilitates patholog-
ical neuroplasticity underlying addiction, as well as
changes in excitatory transmission in corticostriatal pro-
jections that mediate the intrusive and uncontrollable
urges to take addictive drugs. Alternative to using phar-
macotherapy to modulate these systems, deep-brain
stimulation (DBS) may play a role. In a preclinical
model, DBS of the nucleus accumbens shell signifi-
cantly attenuated the reinstatement of cocaine seeking
(Vassoler et al., 2008). Individuals who underwent
DBS of the nucleus accumbens for a variety of neuro-
psychiatric conditions had higher rates of smoking ces-
sation than the general population (Kuhn et al., 2009).
The ability to translate in vitro and in vivo preclinical in-
vestigations into in vivo neuroimaging studies in addicts
represents a major leap forward for our ability to vali-
date and understand the neural substrates of addiction.
Based upon this type of iterative cross-validation be-
tween the laboratory and clinic, we can expect novel
pharmacotherapeutic targets to be identified that are ra-
tionally based on addiction neurobiology. Indeed, the
clinical trials with glutamatergic drugs in cocaine addic-
tion (e.g., N-acetylcysteine and modafinil) and opioid
antagonists in alcohol addiction constitute this type of
neurobiologically rationalized research. Likewise, pro-
posals to conduct trials with CRF antagonists or metabo-
tropic glutamate agonists are also based on recent
discoveries of the biological basis of addiction. It seems
likely that the near future will provide us with increas-
ingly effective and biologically targeted pharmacother-
apeutic treatments for drug addiction.
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Cognitive impairment in schizophrenia: profile, course,

and neurobiological determinants
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While schizophrenia is notable for its florid psychotic
symptoms, including delusions and hallucinations, and
negative symptoms associated with emotional blunting,
amotivation, and anhedonia, cognitive impairments are
a central feature of the illness. In fact, cognitive impair-
ments appear to be more strongly associated with
disability and reduced quality of life than the other
symptoms of the illness (Green, 1996; Green et al.,
2000). While schizophrenia has long been characterized
as a brain disorder with dementia-like features (e.g., de-
mentia praecox), the appreciation of the importance of
the cognitive deficits has often been minimal on the part
of clinicians treating the illness. Further, there have been
limited attempts to treat cognitive deficits, with the
current antipsychotic treatments that reduce psychosis
having notably little effect on cognitive impairments,
either beneficial or adverse (Harvey and Keefe, 2001).

Cognitive impairments may provide some insight
into possible neurobiological underpinning of schizo-
phrenia, despite the fact that consistent finding of essen-
tially no cross-sectional or longitudinal correlations with
psychotic symptoms suggests, at least superficially, po-
tentially differential origins for these different features
of the illness. In this chapter, we will discuss the course
and profile of cognitive impairments in schizophrenia
and relate these to potential neurobiological factors that
may cause or contribute to these impairments. Our eval-
uation of the cognitive impairments includes a descrip-
tion of the profile and severity of impairments, the
timing of onset of the impairments, and the course after
diagnosis. Of importance is the heterogeneity of schizo-
phrenia, which means that there are substantial interin-
dividual differences in severity of impairments and
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profiles of the deficits. We will evaluate the similarities
of these impairments to those seen in other conditions
where the neurobiology is better understood and also
present the evidence that allows for rejection of certain
possible causes for these impairments.

Our evaluation of neurobiology will address brain
structure and brain function, including neurotransmis-
sion and alterations in normal brain maintenance pro-
cesses as origins of the impairments. Also considered
will be the possibility of the occurrence of various de-
generative processes, including those that may be trig-
gered by other central nervous system (CNS) events,
such as the presence of psychosis or environmental or
social stressors. There are many of these theories and
space in this chapter is limited, so the reader will be
referred to primary sources throughout this review.
PROFILEOFCOGNITIVE IMPAIRMENT

Cognitive impairments in schizophrenia involve most of
the ability domains identified in clinical neuropsychol-
ogy. These include episodic learning and memory for
verbal and nonverbal information, working memory, at-
tention, executive functioning, processing speed, and rea-
soning and problem solving (Reichenberg and Harvey,
2007). These ability areas are typically performed at
levels that are over 1.0 SD worse than performance that
would be expected on the basis of premorbid intellectual
functioning. Premorbid functioning in schizophrenia is
itself reduced compared to general population stan-
dards, although these reductions are on the order of
0.5–0.75 SD below general population expectations
(Woodberry et al., 2008). These impairments appear to
atry and Behavioral Sciences, Director of the Division of Psy-
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be somewhat more substantial at the time of detection of
the first episode, compared to premorbid levels
(Mesholam-Gately et al., 2009).

There are some spared cognitive domains. These in-
clude long-termmemory for verbal and nonverbal infor-
mation learned previously and some elements of basic
perceptual functioning. In particular, one specific form
of long-term memory, word recognition reading perfor-
mance, is spared to the extent that it is routinely used as
an estimate of premorbid intellectual functioning
(Harvey et al., 2000). Although there have been many
arguments suggesting that the profile of cognitive im-
pairments in schizophrenia implicated regional brain
dysfunction (Goldberg et al., 1987; Saykin et al., 1991),
the evidence for domain-specific, regionally informa-
tive cognitive deficits is limited. Across large-scale
studies of cognitive deficits (Keefe et al., 2006) and
meta-analyses of performance across cognitive domains
(Dickinson et al., 2004), the recent conclusion has been
that there is a pattern of global impairments, affecting
nearly all ability areas, with some domains somewhat
more impaired than others. Areas with more impairment
include processing speed, typically indexed with coding
tests such asWechsler Scale digit symbol, episodic mem-
ory, indexed with serial learning tests, reasoning and
problem-solving tests, and working memory. Compared
to individuals with focal lesions, such as medial tempo-
ral lesions leading to anterograde amnesia, the differen-
tial impairments in the most impaired domains are
small, on the order of d ¼ 0.75 worse than the back-
ground levels of average impairment.

Thesemore severe impairments do not implicate a pat-
tern of regional cortical dysfunction as much as possible
impairments in circuitry (Dickinson and Harvey, 2009).
The impaired circuitry has long been described as
involving multiple areas of association cortex or, simi-
larly, linked subcortical–cortical networks (Buchsbaum,
1990; Keshavan et al., 2008). As a consequence, the
impairments in the function of any one of these linked
regions, or general reductions in efficiency or flexibility
of cognitive processing, could result in a deficit that could
appear to be regionally specific when in fact it is not.
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PREVALENCEOFCOGNITIVE
IMPAIRMENT

This has been a controversial topic and is very relevant to
any theory of the neurobiology of schizophrenia that
posits a uniform cause for the cognitive impairments.
While there are clearly some people with schizophrenia
whose cognitive performance is within the “average”
range of performance (e.g., �0.75 SD from the popula-
tion average, consistent with an “average” IQ), this is
typically a low proportion of cases (Palmer et al.,
1997). Estimates of the proportion of people with the ill-
ness whose performance, not considering their esti-
mated level of premorbid functioning, is within this
performance band varies across studies in the range
of 15–30%. It has been persuasively argued, however,
that the individuals whose performance is in this range
are also quite likely to have pre-illness levels of perfor-
mance that were above average to superior (Wilk et al.,
2005). This argument would suggest that even “normal-
range” or “average” performance is still the product of
cognitive decline from a higher, better level of function-
ing. Even in studies where some proportion of people
with schizophrenia are found to have performance
within this range, the severity of global impairment
and prevalence of overall impairment are substantially
greater than seen in similarly chronic people with other
psychotic severe mental illnesses (Reichenberg et al.,
2009).

When evaluating the overall profile of impairment in
schizophrenia, there have been attempts to compare per-
formance to that seen in various forms of dementing
condition with well-characterized neuropathology. Spe-
cifically, the cross-sectional profile of cognitive deficits
in schizophrenia has been characterized as resembling
that seen in frontostriatal conditions such as Hunting-
ton’s disease (Paulsen et al., 1995), in contrast to demen-
tias affecting the medial temporal lobe such as
Alzheimer’s disease. Impairments in rate of verbal
and spatial learning, free recall without prompts or cues,
and processing speed are common in both schizophrenia
and frontostriatal conditions (Harvey et al., 2002). In
contrast to medial temporal dementia, impaired delayed
recognition and cued recall are less substantial in both of
these conditions (Heaton et al., 1994). Direct compara-
tive studies have also shown that people with possible
Alzheimer’s disease have impaired delayed recognition
memory that is more severe than seen in people with
schizophrenia, whether or not the schizophrenia and
Alzheimer’s disease samples were matched on the sever-
ity of overall impairment (Heaton et al., 1994; Davidson
et al., 1996). We will return to the neurobiological impli-
cations of these similarities and differences later.

There is one form of degenerative dementia that ap-
pears similar cognitively to schizophrenia and that is
frontotemporal dementia (FTD). This condition has sev-
eral variants, based on specific aspects of neuropathol-
ogy, and some familial features. The neuropathology
includes tau, progranulin, valosin-containing protein,
and TAR DNA-binding protein 43 (TDP-43) neuronal in-
clusions, as well as CHMPB2 gene mutations in FTD
pedigrees. A recent study (Velakoulis et al., 2009) eval-
uated very-early-onset cases of neuropathologically con-
firmed reaction time and reported that 5 of 17 patients
had presented with a diagnosis of schizophrenia at least
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5 years before their dementia diagnosis. When these
authors performed a literature search, they found that,
in the worldwide literature, 33% of patients who had onset
of FTD prior to age 30 had an initial schizophrenia diag-
nosis and 20% of those whose onset was prior to 40 had
the same diagnosis. They noted that patterns of cognitive
impairment are quite similar in FTD and schizophrenia,
and FTD for years has been noted to have more executive
and less amnestic cognitive impairments at the time of ini-
tial presentation. A study of individuals genetically at risk
for FTD revealed a pattern of cognitive impairments sim-
ilar to that seen in schizophrenia several decades before
the onset of dementia and a formal diagnosis.

These findings suggest that frontal- and temporal-lobe
theories of the origin of cognitive impairments in schizo-
phrenia capture some of the cognitive features of the ill-
ness. Another set of conditions whose profile of cognitive
impairments has been shown to resemble schizophrenia
includes patients with various demyelinating conditions.
For instance, people with multiple sclerosis (MS) have a
profile of impairment that is also similar to that seen in
schizophrenia, with deficits in processing speed, execu-
tive functions, rates of learning in episodic memory tests,
and problem-solving deficits, with spared long-term
memory functioning (Arnett et al., 1997). Similarly, meta-
chromatic leukodystropy, also a white-matter disease, has
a profile of cognitive changes similar to that seen in
schizophrenia (Kumperscak et al., 2007). Two of the dif-
ferences between people with schizophrenia and those
with MS are the prevalence and severity of the cognitive
impairments, with the prevalence of cognitive deficits in
people with MS being generally lower than that in schizo-
phrenia; the level of severity of impairment is reduced as
well. The comparison of FTD and MS suggests that ab-
normalities in a variety of neurobiological substrates have
the potential to produce a profile of impairments that
share some to all of the cognitive features of schizophre-
nia. Later in the chapter we will examine the evidence for
white-matter changes in people with schizophrenia and
evaluate potential causes for those changes.

COGNITIVE IMPAIRME
COURSEOFCOGNITIVE IMPAIRMENTS

There are considerable etiological implications arising
from the course of cognitive impairments in people with
schizophrenia. A lengthy debate about whether cognitive
impairments in schizophrenia arise from neurodevelop-
mental abnormalities (Weinberger, 1987; Goldberg et al.,
1993) or are associated with degenerative (O’Donnell
et al., 1995) or otherwise progressive processes has oc-
curred over the past two decades, with the evidence ac-
crued during this time period suggesting that that both
perspectives are supported by evidence (Rapaport
et al., 2005). There is a large range of candidates for
neurodevelopmental influences, particularly in the do-
mains of genetic predispositions and intrauterine expe-
riences, that likely contribute to cognitive impairments
in schizophrenia. These factors are reviewed in detail
elsewhere, including in this volume.

Changes in cognitive functioning over the lifetime
appear to occur in subsets of people with schizophrenia
and appear limited to specific time periods during the
developmental course of the illness, both before and
after the formal diagnosis of the illness. Some of these
changes have been detected in longitudinal follow-up
studies and others have been detected through examina-
tion of archival records collected on individuals who
later developed schizophrenia. Most longitudinal studies
of younger patients with schizophrenia have detected
minimal changes in cognitive functioning (Rund,
1998). Many of these follow-up studies, however, have
been of durations that were far too short to detect mean-
ingful changes in functioning, because even populations
at the highest risk for cognitive decline (severely ill older
patients) show minimal changes in short-term follow-up
periods. If large-scale changes were detectable in
follow-up studies of first-episode patients, the level of
impairment that would be expected in middle-aged
and older patients would be phenomenal.

Studies of individuals who later developed schizophre-
nia and who were assessed prior to the onset of their ill-
ness have indicated consistent reductions in cognitive
performance. Both meta-analyses (Woodberry et al.,
2008) and large-scale studies (Davidson et al., 1999) have
yielded relatively consistent findings of impairments of
about 0.5 SD in premorbid intellectual functioning relative
to the population as a whole.While these findings are con-
sistent, they are also very nonspecific because about 25%
of the general population performs at or below this level.
Studies of the intellectual performance of individuals
who were examined at the time of their first episode of
illness have suggested impairments of approximately
1.0 SD, suggesting decline in cognitive functioning some
time between the premorbid and first-episode stage
(Mesholam-Gately et al., 2009). Identifying this decline
has been challenging, however, and it is not clear when
it takes place. Studies of individuals who are identified
as experiencing the prodromal phase of schizophrenia
have indicated that those who go on to develop the full
psychotic syndrome already manifest substantial cogni-
tive impairments at the time their prodromal state has
been detected (Lencz et al., 2006). Thus, the exact timing
of the occurrence of decline is still to be determined.

Studies of patients experiencing their first diagnos-
able schizophrenia episode have suggested that their im-
pairments in cognitive functioning are similar in profile
and severity to those in patients with extended illness
histories (Saykin et al., 1994). These findings suggest
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that cognitive impairments are not associated with treat-
ments for the illness, because they are largely equiva-
lently present in chronically treated and untreated
patients and there is minimal progression in the early
to middle course of the illness. Most of these studies
have also shown that symptomatic stabilization is not as-
sociated with improvements in cognitive functioning
and that most patients are still significantly impaired
in their cognitive functioning after their symptoms have
resolved from their first episode (Bilder et al., 2000).

It is a challenge to follow first-episode patients for
long enough periods to determine if there are progres-
sive cognitive changes, even in subgroups. Such long-
term follow-ups require large samples and extended
funding, both of which are difficult to maintain over
time. The subgroup of patients who would be expected
to decline is quite small, given the fact that many studies
have shown that, on average, outpatients with schizo-
phrenia who are in late middle age do not perform on
average any more poorly when compared to demo-
graphic norms than younger patients (Eyler Zorrilla
et al., 2000). Thus, it is likely that if there is cognitive
decline over the course of the illness it may be limited
to a subgroup of patients.

One such subgroup is patients who experience ex-
tremely poor lifetime outcome, often including chronic
institutional stay (Harvey et al., 1999). While such insti-
tutionalization was the norm prior to the advent of anti-
psychotic treatments, these treatments, combined with
pressure to reduce the number of long-stay patients to
reduce costs, has led to a limited subgroup of patients
who experience high levels of constant inpatient clinical
care. There is still a subgroup of patients whose func-
tional abilities are so poor that they receive high levels
of lifetime care (Harvey et al., 1998), but it is also clear
that social factors influence this outcome because some
locations in the USA provide essentially no long-term
custodial care to people with schizophrenia. These pa-
tients with extremely poor outcome have been shown,
in both cross-sectional and longitudinal studies, to man-
ifest levels of cognitive impairment that are substantially
worse than their premorbid functioning (Davidson et al.,
1995) and to evidence cognitive declines that are greater
than those in people with schizophrenia with a less im-
paired lifetime course of illness (Harvey et al., 1998).

These results have been reviewed in detail elsewhere,
but a brief overview can highlight these findings.
Changes in cognitive performance over periods of time
as brief as 18 months have been detected in these pa-
tients (Harvey et al., 1999), with these changes clearly
exceeding those expected in normal aging. The cognitive
changes are found to occur across the different cogni-
tive ability areas that are impaired in first-episode
patients. Older poor-outcome patients do not have a
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profile of impairment that is similar to cortical demen-
tia; in contrast, the profile of impairment in these older
patients is quite similar to that reported in younger sam-
ples. Also, the rate of change is not consistent with that
seen in patients with Alzheimer’s disease with similar
demographic characteristics (Davidson et al., 1996).
Longitudinal changes appear to be more substantial in
individuals with schizophrenia older than age 65,
whereas in the same study patients with Alzheimer’s dis-
ease showed no differences in the extent of 6-year cog-
nitive decline as a function of their age at the beginning
of the follow-up period (Friedman et al., 2001). Corre-
lates of these declines, beyond older age, included more
severe baseline negative and psychotic symptoms, lower
levels of education, and more severe psychosis during
the follow-up period.

In summary, cognitive functioning in schizophrenia is
widely impaired and there are more impaired than unim-
paired domains of functioning. Cognitive impairments
are detectable at the first sign of psychosis and can be
identified in the records of individuals who are assessed
prior to any observable signs of illness. Premorbid impair-
ments are smaller than those detected at the time of the
first psychotic episode and there is considerable evidence
to suggest that after this initial decline the course of cog-
nitive impairments is quite stable over the early and
middle years of life. There is evidence of deterioration
in a subgroup of older patients: those who had a course
of illness marked by chronic institutional stay. Among
those patients, decline seems concentrated in those with
more severe psychosis and lower educational attainment,
perhaps implicating lower levels of cognitive reserve
combined with chronic brain stress. Cognitive impair-
ments in schizophrenia bear more resemblance to fron-
tostriatal conditions than to cortical dementia affecting
the medial temporal lobe and there is no easily translat-
able pattern of cognitive deficits that points to consistent
dysfunction across patients in a single cortical region. We
will return to this issue later when we discuss the possibil-
ity of specific changes in brain regions in schizophrenia.

VEY
FUNCTIONAL CHANGES IN BRAIN
ACTIVITY

The original view of brain dysfunction during cognitive
processing on the part of people with schizophrenia was
the concept of hypofrontality (Franzen and Ingvar,
1975). The findings across high-load executive function-
ing (Weinberger et al., 1986), attentional (Buchsbaum
et al., 1982), and working memory (Callicott et al.,
2000) paradigms consistently revealed reduced relative
activity in the regions roughly corresponding to the dor-
solateral prefrontal cortex when compared to the brain
activation of healthy individuals performing similar
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tasks. Recently, it has been found quite consistently that
such tasks are not associated with a specific localized re-
duction in regional brain activation, leading to small
total level of brain activity, but rather with similar over-
all levels of brain activation in healthy and schizophrenia
populations and a differential pattern of regional distri-
bution. Specifically, it has been consistently reported
that reductions in anterior frontal-lobe activity are asso-
ciated with increases in activation in other regions,
typically the anterior cingulate, more posterior frontal
regions, and the occipital cortex, when compared to
healthy individuals (Callicott et al., 1999).

The hypothesis put forward to explain these appar-
ently contradictory findings is the idea that schizophrenia
patients may have a different memory load activation
response curve in the dorsolateral prefrontal cortex
than controls. A typical observation is that dorsolateral
activity increases as task load increases, until capacity
is exceeded, at which point dorsolateral activity decreases
on the part of people with schizophrenia. Callicott et al.
(1999) suggested that the relationship between task load
and dorsolateral activity may not be different in schizo-
phrenia and healthy individuals: The load–activity curve
may be the same, but patients may have lower capacity,
leading to a decline in activity at load processing lower
than in controls. For instance, brain activation of healthy
people performing a workingmemory test requiring them
to recall materials three items previously will often be
similar to that seen in people with schizophrenia operating
under one-back task demands. Glahn et al. (2005) per-
formed a meta-analysis of brain activation studies in
schizophrenia using the N-back task, finding clear sup-
port for hypoactivation in the dorslateral prefrontal cor-
tex in schizophrenia patients. At the same time, they also
documented consistently increased activation in the ante-
rior cingulate and left frontal pole relative to controls.
This pattern of findings suggests that dorsolateral distur-
bances in schizophrenia during executive tasks do not
represent focal abnormalities of a specific neuroanatom-
ical region, but probably an impairment in the ability to
engage functional networks subserving executive func-
tions in general.

Episodic memory functions in schizophrenia are
quite impaired, as noted above. While neurological pa-
tients with lesions in the hippocampus and medial tem-
poral lobes show impaired episodic memory, people with
schizophrenia generally do not have the dense amnestic
features and failure to respond to recognition prompts
or recall cues that these lesioned patients do. Further,
there is minimal evidence for substantial medial
temporal-lobe lesions in schizophrenia, although there
is evidence of some alterations in hippocampal volume
and structure. Imaging studies of episodic memory
have revealed several findings. These studies have
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provided relatively consistent evidence for abnormal
hippocampal activation in schizophrenia, at both encod-
ing (Barch et al., 2002) and retrieval stages of the
memory process (Heckers et al., 1998; Barch et al.,
2002). These activity changes have been in the form
of reductions in activity when encoding and retrieving
information, compared to healthy individuals.

Many of the functional imaging studies that have in-
vestigated cortical brain activation during performance
of episodic memory tasks in schizophrenia have also
demonstrated abnormalities in a range of prefrontal re-
gions, including both decreased activity (Heckers et al.,
1998; Barch et al., 2002) and increased activity (Weiss
et al., 2003). Studies of prefrontal activation during ep-
isodic memory encoding have been more likely to find
decreased than increased activation (Barch, 2005).
These studies have shown reduced activation in ventro-
lateral prefrontal regions, including BA47 and BA45, re-
gions associated with semantic elaboration or encoding
of information in memory (Wagner et al., 1998). It has
been suggested that reduced activation in these regions
reflects a failure to generate and/or apply effective
encoding strategies among individuals with schizophre-
nia (Barch, 2005). Hypoactivation for episodic retrieval
tends to be evident in left prefrontal cortex. In schizo-
phrenia, hyperactivation during retrieval is evident in
the right frontal polar prefrontal cortex. If this brain re-
gion is critical for episodic retrieval, then such a pattern
might reflect either inefficient processing in these
regions or the added effort that individuals with schizo-
phrenia require to retrieve poorly encoded information
(Heckers et al., 1998; Weiss et al., 2003).

In summary, cognitive impairments in schizophrenia
are accompanied by abnormal patterns of cortical acti-
vation. These activation abnormalities have been sum-
marized and synthesized by Tan et al. (2009), who
argue that these patterns of brain activation are the
product of poor regulation and organization of cortical
processing resources, with particular reference to those
requiring high-load processing of memory material.
They argue that these impairments are the product of
genetic variants that affect the dopamine system and
that they can be visualized through imaging technology.
They suggest integrated genetic imaging strategies as
the path forward to understand cognitive impairments
in schizophrenia.

BRAINSTRUCTURAL ABNORMALITIES
INSCHIZOPHRENIA

Ventricular and whole-brain volumes

Since the advent of the first neuroimaging technologies,
there have been findings of reductions in cortical vol-
ume and increased ventricular size in people with

IN SCHIZOPHRENIA 437



AR
schizophrenia (for an early example using computed to-
mographic scanning, see Weinberger et al., 1979). There
was a previous belief that volumetric reductions and in-
creased ventricular size were associated with specific
profiles of symptoms or cognitive impairments (Crow,
1980), but the bulk of the evidence has suggested that
small increases in ventricular size, not great enough
on average to be viewed as clinically abnormal, are pre-
sent in many people with schizophrenia (Elkis et al.,
1995). These cortical changes are present at the time
of the first episode (Vita et al., 2006) or even during pro-
dromal periods prior to formal diagnosis (Pantelis et al.,
2003) and have been reported quite consistently to pro-
gress, in terms of gray-matter loss, over follow-up
periods starting at that time (DeLisi, 2008). Evidence
suggests that these changes are slightly greater in indi-
viduals with poor lifetime functional outcomes who,
consistently with the evidence presented above, are at
the highest risk for experiencing cognitive and func-
tional declines in later life (Davis et al., 1998). Further,
some studies have shown that ventricular enlargement
is correlated with global aspects of cognitive impair-
ments (Goldberg et al., 1988). Findings of decreasing
cortical volume or increasing ventricular size in longitu-
dinal studies have led to the suggestion that these
changes are reflective of active illness processes, which
might be accounting for the cognitive changes with ag-
ing in poor-outcome patients described above.
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ABNORMAL GYRAL STRUCTURE AND VOLUME

One of the most well-replicated findings in schizophre-
nia is abnormalities in the volume of the superior tem-
poral gyrus (STG: Shenton et al., 2001). These changes
tend to be more exaggerated in the left hemisphere
and also to be progressive over time in the early course
of the illness (Kasai et al., 2003). As these findings are
not seen in first-episode patients with bipolar disorder
(Hirayasu et al., 2000), it is possible that this is one
point of differentiation between people with schizophre-
nia and other severe mental illnesses. While symptoms
such as hallucinations and communication disorders
seem obvious as candidates to be related to left-sided
temporal-lobe changes, there are also reports of cogni-
tive alterations associated with reduced STG volume.
Specifically, reductions in the volume of the STG
are found to be correlated with executive functioning
abnormalities (Nestor et al., 1993, 2007). In fact, Nestor
et al. (2007) noted that reductions in the size of the STG
were specifically associated with executive functioning
deficits, while reductions in the volume of the fusiform
gyrus were associated with impairments in the ability to
recall faces. Thus, while there are network connections
between many different brain regions, it is also clear
that different brain regions may have specific important
contributions to the schizophrenia phenotype. Further,
simple models of “temporal lobe versus frontal lobe”
schizophrenia may not be particularly powerful; there
are some suggestions that regional brain changes may
be occurring in the illness.

Gray-matter changes

Advances in neuroimaging technology have led to the
ability to examine gray and white matter separately.
Consistent findings suggest that gray-matter volumes
are reduced in schizophrenia across the lifetime course
of the illness. Recent studies have suggested that these
changes in cortical volume are associated with an in-
creased frequency of psychotic relapses, starting at
the time of the first episode (Cahn et al., 2009). These
findings are consistent with the late-life findings
reviewed above, suggesting that more severe and unre-
mitting psychotic symptoms are associated with cogni-
tive decline over follow-up periods ranging from 3 to
6 years in older patients. Further, younger patients with
very poor functional outcomes and greater cognitive im-
pairments have reduced cortical gray matter compared
to less impaired patients (Hulshoff Pol and Kahn, 2008).
Thus, progressive loss of cortical gray matter, corre-
lated with frequency of psychotic episodes, is a potential
determinant of cognitive impairments in schizophrenia.
These findings may seem contrary to the consistent find-
ings of stable cognitive impairments over the lifetime in
most cases. Failure to detect these impairments with
neuropsychological tests may be due to several reasons.
One is that most longitudinal studies of cognitive im-
pairment have either included very few poor-outcome
patients or have had very brief follow-up periods. It is
also likely the case that the gray-matter loss leads to very
subtle incremental cognitive changes, which are only
revealed later when a critical threshold, based on pre-
morbid function (likely correlated with education and in-
creased age), is crossed in certain patients.

White-matter abnormalities

Many theories of cognition in schizophrenia have
focused on impairments in connectivity as their central
feature. In addition, there are several neuropathological
abnormalities that implicate white-matter changes
(Davis et al., 2003). Most central is the finding that neu-
ronal density is increased in certain brain regions in
schizophrenia, in the absence of increases in cell number
(Selemon et al., 1995). This finding combines with find-
ings of decreased cellular arborization (Glantz and
Lewis, 2000) and fewer synaptic contacts (i.e., fewer
dendritic spines; Kolluri et al., 2005) to suggest that
findings of global reductions in cortical volumes could
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be due to abnormalities in white matter, particularly in
terms of decreased interneuronal neuropil. These indi-
rect suggestions have been confirmed by a series of
neuroimaging studies that suggest abnormalities in the
organization and integrity or cortical white matter. Cen-
tral among these findings have been studies using diffu-
sion tensor imaging (DTI). Through measuring water
diffusion in myelin sheaths, it is possible to visualize
the orientation of these axons, often referred to as “an-
isotropy.” Axons organized in parallel will have higher
anisotropy values and be organized more coherently.
Multiple studies have reported reductions in fractional
anisotropy in people with schizophrenia compared to
healthy controls, suggesting reduced coherence of
white-matter tracts (Kubicki et al., 2007). In a recent
study, we reported that the age of the patient (ranging
from 18 to 80 years) was associated with tract-specific
reductions in fractional anisotropy in the corpus callo-
sum in comparison with healthy controls who were sim-
ilar in age (Friedman et al., 2008). In a partially
overlapping sample of patients there was also reduced
fractional anisotropy in poor-outcome patients com-
pared to those with better lifetime outcomes, even when
the effects of age were also considered (Mitelman et al.,
2007). Thus, these findings do provide an initial sugges-
tion of progressive deterioration of white matter in peo-
ple with schizophrenia. We will return to white-matter
changes when reviewing neurotransmitter abnormalities
in schizophrenia, in that abnormalities in the functioning
of the glutamatergic system may have the potential to
have toxic effects on white matter. In summary, alter-
ations in the organization of white matter, particularly
in the corpus callosum, are present in people with schizo-
phrenia and are consistent with theories of schizophre-
nia based on impairments in cortical connectivity.
These impairments are cross-sectionally correlated with
both duration of illness and cognitively related func-
tional disability and have the potential to be one of
the central contributors to functional disability and
deterioration with aging in poor-outcome patients
with schizophrenia.

COGNITIVE IMPAIRME
Pyramidal cells

Approximately 75% of cortical neurons are pyramidal
cells, so designated because of their triangular shape.
These neurons utilize glutamate as a transmitter and
are regulated by interneurons, which utilize the inhibi-
tory transmitter g-aminobutyric acid (GABA). As noted
above, there is increased neuronal density in schizophre-
nia in the absence of any changes in cellular number.
The suggestion has been made that the reason for
increased density in the absence of loss of neurons
is due to reduced number of axons and dendritic
spines attached to the pyramidal cells (Selemon and
Goldman-Rakic, 1999). An implication of this situation
would be loss of afferent inputs from the thalamus,
which would lead to reduced cortical activation. A possi-
ble mechanism of this particular structural abnormal-
ity could be an excessive degree of normal pruning
processes which reduces the total number of dendrites
during adolescence (Lewis and Sweet, 2009). A further
and more speculative possibility is that of triggered ap-
optosis, possibly induced by altered dopamine and glu-
tamatergic functioning (Olney and Farber, 1995a). In
either case, increased neuronal density is one of the
more consistently detected neuropathological findings
in schizophrenia postmortem tissue and one that sug-
gests a direct connection between abnormal cortical
structure and functional activity of critical brain regions
in schizophrenia.

BRAINNEUROTRANSMISSION
ABNORMALITIES INSCHIZOPHRENIA

The section above gives a sense of the relationships be-
tween neuronal factors and patterns of distribution of
cortical activation in people with schizophrenia. Schizo-
phrenia has been extensively studied as a disease of im-
paired neural transmission due to the discovery of the
antipsychotic effects of chlorpromazine in the 1950s.
Recent increases in the understanding of the interactions
between different CNS neurotransmitters have led to a
more sophisticated understanding of the processes of cel-
lular activation and communication in the pathophysiol-
ogy of cognitive impairments in schizophrenia.

Dopamine

The primary effect of antipsychotic medications is to
blockade dopamine D2 receptors in the corpus striatum.
All effective antipsychotic medications have this prop-
erty and all medications that have been tried as antipsy-
chotic medications that lack this effect have failed in
clinical trials. Several influential theories of cognitive
impairment in schizophrenia have focused on cortical/
striatal dopamine balance (Davis et al., 1991). In healthy
individuals, increased activation of cortical dopamine
neurons is associated with reductions in striatal activity
and vice versa, reflecting a regulatory relationship be-
tween these regions. In contrast, there is apparently a
dysjunction in these regulatory processes in people with
schizophrenia, and blockade of striatal dopamine recep-
tors does not lead to a corresponding increase in cortical
dopamine tone.

Reduced cortical dopamine activity has been a prom-
inent idea regarding the origin of cognitive impairments
in the illness (Laruelle, 2003). Many cognitive functions
are related to dopaminergic activity and compounds that
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increase dopamine transmission, such as amphetamine,
lead to improvements in these functions and increased
cortical activation (Kimberg et al., 1997). For example, at-
tention, working memory, and related executive func-
tions are improved with amphetamine treatment (Barch
and Carter, 2005), and reduced regional cortical
activation, detected with functional magnetic resonance
imaging techniques as described above, is associated with
impaired performance on these types of task. Direct
stimulation of cortical dopamine receptors with dopa-
mine D1 agonists can reverse the adverse effects of aging
and chronic antipsychotic treatment on working memory
performance in monkeys (Castner et al., 2000), again
suggesting the dopamine relevance of many of the com-
mon cognitive impairments in people with schizophrenia.

It is possible that there is a preferential reduction in
the functioning of dopamine-containing neurons in the
prefrontal cortex in people with schizophrenia. There is
evidence of reduced signaling of both the synthesis reg-
ulator, tyrosine hydroxylase, and the dopamine trans-
porter in prefrontal regions (Akil et al., 1999),
suggesting reduced dopamine concentrations. Reduced
dopaminergic availability can lead to upregulation of the
receptor systems, which is likely to be insufficient to
compensate for the reduced dopaminergic activity.
Some evidence suggesting that underactivity at D1 re-
ceptors is directly related to cognitive impairments is
the finding that upregulation in dopamine D1 receptors
is directly correlated with impairments in working mem-
ory (Abi-Dargham et al., 2002).

Other evidence implicating dopamine in the cognitive
impairments seen in schizophrenia comes from studies
of the genetic variants associated with catechol-O-
methyltransferese (COMT). There are two polymor-
phisms associated with this gene, valine and methionine
(Val andMet), with the Val allele associated with greater
catabolic potential in the dopamine receptor region and
hence reduced levels of available dopamine. Val-Val ho-
mozygotes have been shown to have reduced levels of
cognitive functioning that are relevant to schizophrenia,
including working memory and executive functioning
(Egan et al., 2001). Although the evidence for COMT
as a susceptibility gene for schizophrenia is limited,
the fact that this dopamine-relevant genetic variation
is broadly associated with cognitive functioning, includ-
ing in individuals with schizophrenia-spectrum personal-
ity disorders, again indicates the role of dopamine in the
cognitive abnormalities in schizophrenia.
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Glutamate

Glutamate is an excitatory transmitter that is widely dis-
tributed in the CNS, but one of the potentially important
locations for these receptors is on dendritic spines. There
are at least two receptor subunits for glutamate: N-
methyl-D-aspartate (NMDA) and a-amino-3-hydroxy-5-
methyl-4-isoxazole propionic acid (AMPA), both of
which are also widely distributed. NMDA antagonists
such as ketamine and phencyclidine (PCP) trigger
syndromes in healthy individuals that are a close analog
to schizophrenia, including positive and negative symp-
toms, impairments in communication, and cognitive def-
icits (Krystal et al., 2003). People with schizophrenia are
even more sensitive to these effects than healthy
individuals.

There are two domains where glutamatergic
abnormalities might cause brain changes and cognitive
impairments. One is the suggestion that glutatmergic
hypoactivity, as would be induced by chronic hyper-
dopaminergic activity, similar to the effects of PCP and
ketamine, can trigger apoptosis (Benes, 2006). These pro-
grammed cell death processes would be difficult to detect
at autopsy because they do not necessarily cause gliosis at
the time of occurrence, although various signaling path-
ways have also been implicated in the concurrent in vivo
measurement of apoptosis (Chen et al., 2009). A second
area where glutamatergic abnormalities could be related
to cortical changes is through their potential direct effect
on white matter. Chronic glutamatergic hyperactivity,
which could be a consequence of impaired dopamine–
glutamate interactions, has been proven to be toxic to ol-
igodendrocytes (McDonald et al., 1998). This process may
be due to induction of dysregulation in calcium homeosta-
sis and increased intracellular calcium (Verity, 1992). As
oligodendrocytes are damaged, demyelination can occur,
which further reduces the ability of neurons to modulate
glutamate activity (Matute, 1998). Thus, alterations in cor-
ticalwhitematter previously detected inDTI studies could
possibly arise from glutamatergic processes, suggesting a
mechanism through which psychosis, cognitive impair-
ment, and disorganized behavior may be directly linked
to one another (Olney and Farber, 1995b).

A final mechanism through which glutamatergic dys-
regulation could impact on cognitive functioning is
through disruption of dopamine input to prefrontal sites
where critical cognitive operations are performed. Im-
paired excitatory input to cortical dopamine receptors
could lead to chronic changes in their functioning, on
both functional and morphological levels. One potential
consequence of this process, suggested by Lewis and
Sweet (2009), is that chronic reductions in excitatory in-
put to cortical D1 receptors could lead to compensatory,
but ineffective, upregulation of these neurons. This
upregulation could then cause a consequential down-
regulation in the synthesis of GABA. As GABA itself
regulates the level of glutatmatergic functioning, such
a process could contribute to further dysregulation in
the balance of these transmitters.
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GABA

Postmortem data have found reduced levels of GABA
signaling in a critical interneuronal subsystem: chandelier
cells. Specifically, about 33% of interneurons that contain
GABAare found to express essentially undetectable levels
of a critical regulator of GABA synthesis: glutamic acid
decarboxylase-67 (Volk et al., 2000). Glutamic acid decar-
boxylase-67 is an enzyme that regulates the production of
GABA and it is highly responsive to excitatory input
directed towards GABA-containing interneurons. Thus
reduced excitatory signaling into GABA neurons would
lead to reductions in synthesis of GABA. Interestingly,
levels of signaling of the primary transporter of GABA,
GABA transporter 1, are also undetectable in these same
interneurons. As GABA regulates levels of glutamtergic
activity, decreased GABA functioning has the potential
tocontribute to the cascadeofreducedcortical input, com-
pensatory upregulation of D1 receptors, andmaintenance
of multisystem dysregulation of neurotransmitters.
Acetylcholine

Acetylcholine is another transmitter potentially associated
with cognitive changes in schizophrenia. The nicotinic re-
ceptor subsystems of the cholinergic system appear to be
altered in people with schizophrenia. There are several
lines of evidence in this regard. There are alterations in
promoter variants for the alpha7 receptor subunit in indi-
viduals with schizophrenia (Leonard et al., 2002). Individ-
uals with schizophrenia are more likely to smoke than the
general population (Lasser et al., 2000), starting prior to
the onset of their illness, as well as smoking more heavily
and extracting more nicotine from cigarettes than non-
schizophrenic fellow smokers (Olincy et al., 1997). There
have been postmortem reports of altered nicotinic recep-
tor binding in people with schizophrenia as well, with both
the alpha7 and the alpha4/beta2 subunits affected in
hippocampal regions (Freedman et al., 1995).

There has been limited evidence of alterations in
muscarinic receptor systems in schizophrenia. The ma-
jority of postmortem studies have not found reductions
in indices of muscarinic activation or in levels of acetyl-
choline (Powchik et al., 1998). However, one study (Holt
et al., 1999) reported reduced levels of cholinergic inter-
neurons in the ventral striatum in schizophrenia, in the
absence of any evidence of other neurodegenerative
changes. One possible confound throughout this re-
search is the use of antimuscarinic medications to treat
extrapyramidal side-effects of antipsychotic medica-
tions. The long-term effects of these medications is un-
known, and whether their use in early and middle life
could influence the postmortem detection of illness-
related alterations in muscarinic activity is uncertain.
Peptide abnormalities

Neuropeptide systems in the CNS are associated with
stress response and coping. For instance, neuropeptide
Y counteracts the effects of stress and this peptide,
and its receptors, is densely located in areas in the brain
where critical cognitive processes in schizophrenia may
originate, including the hippocampus and striatum
(Caceda et al., 2007). In addition, recent theoretical
models of the course and correlates of schizophrenia fo-
cus on abnormal stress response and the possible ad-
verse effects of stress on critical brain regions, such
as the hippocampus, in schizophrenia (Walker et al.,
2008). Abnormalities of stress response and increased
levels of stress hormones such as cortisol are noted in
other conditions with alterations in brain structure and
function, such as posttraumatic stress disorder.

Perhaps the closest connection between peptide func-
tioning and schizophrenia has been found for neurotensin
(NT). NT is largely co-localized with the dopamine system
and has been proposed to be an endogenous antipsychotic
(Nemeroff, 1980). Low levels of cerebrospinal fluid NT
have been found to correlate with several clinical features
of schizophrenia, including disorganized behavior, com-
munication disorders, and negative symptoms (Garver
et al., 1991).While those studies did not examine cognitive
performance, these are the symptom dimensions in
schizophrenia that are most commonly correlated with
neuropsychological performance deficits. Interestingly,
normalization of negative symptoms was associated with
increased levels of cerebrospinal fluid NT, with this rela-
tionship being considerably smaller for psychosis.
Degenerative conditions

A consistent finding across many different postmortem
studies of people with schizophrenia is a general lack of
neuropathological changes consistent with Alzheimer’s
disease (Arnold et al., 1998). This finding is not surpris-
ing in the context of the quite different cognitive perfor-
mance profile shown between Alzheimer’s disease and
schizophrenia. Convincing evidence from prospective
studies of individuals examined during life and then
receiving postmortem neuropathological examination
after their death has suggested that, even among very cog-
nitively impaired people with schizophrenia, Alzheimer’s
disease-like changes are nomore common than in healthy
comparison subjects (Purohit et al., 1998).

An interesting related finding, however, is the contri-
bution to cognitive impairment of normal-range neuro-
pathological changes in people with schizophrenia. In a
study of postmortem brain specimens of people with
schizophrenia, assessed during their life, Rapp et al.
(2010) identified a subsample of 110 cases that did not
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meet criteria for definite, probable, or possible
Alzheimer’s disease or vascular dementia, Lewy body
dementia, Parkinson’s disease, or dementia. They then
related the density of neuritic plaques, hippocampal
neurofibrillary tangles, and ApoE4 carrier status to the
severity of cognitive impairment measured at the final
lifetime assessment. They found that plaque density
and ApoE4 status were related to the severity of cognitive
impairment in three of five cortical regions studied and
that severity of cognitive impairment, but not ApoE4 sta-
tus, was related to hippocampal tangle count. Thus, the
lifelong cognitive compromise of schizophrenia appar-
ently leads to increased sensitivity to aging-related
changes that do not cross the threshold into definitive
neuropathological diagnosis of dementia.
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CONCLUSION

This chapter has provided a broad overview of cognitive
impairment and associated neurobiological changes in
people with schizophrenia. Recent developments in
high-resolution imaging techniques and neurobiological
assessment have indicated patterns of brain changes in
people with schizophrenia that are consistent with their
cognitive impairments. Alterations in brain white matter
may be associated with disruptions of the dopamine,
GABA, and glutamate systems. These linked disrup-
tions may also provide an integrative way to think about
pathophysiological processes that can account for both
symptoms and cognitive deficits in people with schizo-
phrenia. Patterns of cortical activation during cognitive
assessment are consistent with reduced cortical capac-
ity, as would be expected in a situation where input to
cortical dopamine neurons is disrupted, and do not sup-
port a concept of regional brain dysfunction. The lack of
classical neuropathological changes seen in schizophre-
nia suggests that the cognitive decline seen in some older
patients with schizophrenia is not due to the develop-
ment of degenerative dementia. However, the long-term
cognitive compromise seen in schizophrenia could cer-
tainly make even normal-level neuropathological
changes have greater impact than in healthy people.
Changes in cognitive performance such as those seen
in older institutionalized patients are consistent with
the effects of persistent neurotransmitter dysregulation
associated with persistent psychotic symptoms.

Dementia praecox is no longer the dominant concep-
tual model influencing our thinking about schizophre-
nia. Progress in our understanding of the illness has
long since led us to think of the illness as having a uni-
form course across all people with the illness. However,
the idea that schizophrenia is a CNS disease is even more
consistently confirmed by the results of cognitive and
neurobiological research. When these research studies
are able to be translated into interventions to change
the course of schizophrenia, progress will truly have
been made in the study of schizophrenia.
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INTRODUCTION

Studies have identified anorexia nervosa (AN) to be the
third commonest chronic illness of adolescence with the
highest mortality of all psychiatric disorders (Nicholls
and Viner, 2005). The more secretive and ashaming
character of bulimia nervosa (BN) prevents patients
from seeking help, with the consequence that treatment
is delayed for many years.

DIAGNOSIS, EPIDEMIOLOGY,
ANDCOURSE

Excessive preoccupation with weight and shape and amor-
bid fear of gainingweight are the core features of both eat-
ingdisorders. InAN,weight loss is the result ofa severeand
selective restriction of food often accompanied by exces-
sive exercising. The pursuit of thinness persists in spite of
emaciation.Themajority ofpatients experience their symp-
toms as ego-syntonic, and there is often a denial of the dis-
order. Restricted interests focusing on weight, food, and
shape are followed by social isolation and withdrawal.

In BN, periods of dieting and fasting are interrupted
by binge-eating episodes accompanied by a feeling of
loss of control, in which a large amount of food is eaten.
Bingeing is compensated by self-induced vomiting, lax-
ative, diuretic, or other medication abuse or, more
rarely, nonpurging strategies like exercising and dieting
(for a review, see Herpertz-Dahlmann, 2009).

DEFINITIONANDCLASSIFICATION

According to the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV: American
*
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University, Neuenhofer Weg 21, 52074 Aachen, Germany.
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Psychiatric Association, 2000; Table 26.1), AN is classi-
fied into two subgroups: restricting and binge-eating/
purging type. Patients with binge-eating/purging type
may engage in bingeing and purging or only purging,
i.e., practice self-induced vomiting, laxative abuse,
or other extreme forms of weight control. The binge-
eating/purging type is associated with a poorer
prognosis.

An alternative to the “normal weight” criterion in
DSM-IV is a body mass index (BMI: calculated as
weight in kilograms/(height in meters)2) equal to or be-
low 17.5 kg/m2. BMI centiles must be used to define un-
derweight in children and adolescents, e.g., in Germany
a BMI lower than the 10th percentile is considered a
threshold for a diagnosis of AN.

BN is also divided into two subgroups, the purging
and the nonpurging type (Table 26.1).
COMORBIDITY

Both disorders are characterized by a high psychiatric
comorbidity, especially depressive symptoms and anxi-
ety disorders including obsessive-compulsive disorder.
Personality disorders comprise anxious-avoidant and
obsessive-compulsive disorders in AN and borderline
personality disorders in BN. A subgroup of patients,
more prominent in BN, practices substance abuse or
self-injurious behavior. Emaciation is often accompa-
nied by neuropsychological changes. Such changes as
well as depression and obsessive features are often alle-
viated by weight gain (Herpertz-Dahlmann, 2009).
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Table 26.1

Diagnostic criteria for anorexia nervosa according

to DSM-IV (abbreviated form)

Refusal to maintain body weight for age and height (less than
85% of that expected)

Intense fear of gaining weight or becoming fat
Disturbance in the way in which one’s body weight or shape is

experienced
Amenorrhea
Subtypes: Restricting and binge-eating/purging type

Recurrent episodes of binge eating
Recurrent inappropriate compensatory behavior, e.g., self-
induced vomiting, laxative abuse, or fasting

Frequency at least twice a week for 3 months
Self-worth is judged by shape and weight
Bulimic symptoms do not often occur during the context of

anorexia nervosa
Subtypes: Purging and nonpurging type

DSM-IV, Diagnostic and Statistical Manual of Mental Disorders,

fourth edition (American Psychiatric Association, 2000).
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EPIDEMIOLOGY

In adolescents and young females most studies found a
point prevalence rate for AN between 0.3% and 0.9%
(van Hoeken et al., 2003; Hoek, 2006). Lifetime preva-
lence rates for 20–40-year-old women are estimated be-
tween 1.2% and 2.2% (Hoek, 2006).

For BN the point prevalence is calculated as 1–2%
(van Hoeken et al., 2003).

Recent incidence rates for AN show an overall stabi-
lization, but report an increase in the adolescent and
young adult group; there was an increase in the inci-
dence of BN until the middle of the 1990s and a decrease
thereafter (Currin et al., 2005).

For both eating disorders the risk is highest for
females aged 15–19 years. The male-to-female ratio is
estimated to be 1:10 for AN, and about 1:30 for BN
(van Hoeken et al., 2003). According to recent studies
there is no appreciable change in this ratio over time.

It has been estimated that up to 50% of AN and even
more of BN cases are previously undetected by
the healthcare system (Hoek, 2006; Keski-Rahkonen
et al., 2007).
COURSEANDOUTCOME

Early studies report frequent seasonal fluctuations in
BN, but not in AN. Retrospective self-reports of patients
with BN point to a greater likelihood of binge eating and
purging during the winter than the summer months
(Blouin et al., 1992). Longitudinal analyses of AN sug-
gest a protracted course with several relapses.

In a meta-analysis of 119 studies Steinhausen (2002)
concluded that on average less than one-half of patients
recover, one-third improve, and 20% remain chronically
ill. Mortality is significantly increased with 5–5.9% suf-
fering a premature death. In adolescent AN outcome is
better, with two-thirds of patients recovered and a zero
mortality rate after 10–18 years (Wentz-Nilsson et al.,
1999; Herpertz-Dahlmann et al., 2001). However, many
patients suffer from other or additional psychiatric disor-
ders in later life, especially anxiety and affective disor-
ders, obsessive-compulsive disorders, Cluster C
personality disorders, and substance abuse.

In BN, follow-up studies ofmore than 10 years suggest
that 50–70%recover, while 10–30% still fulfill all diagnos-
tic criteria (Keel et al., 1999; Fichter and Quadflieg, 2004).
Mortality rate is much lower than in AN and estimated at
about 2% (Fichter and Quadflieg, 2004).

ETIOLOGY

Multifactorial models

The origin of eating disorders is widely thought to bemul-
tifactorial with several risk factors that have to be consid-
ered in a complex etiology model. These are a genetic
vulnerability, either for the eating disorder itself or, more
probably, via personality traits, biological factors asso-
ciated with starvation and malnutrition, sociocultural
factors, family and educational factors, and in some indi-
viduals precipitating life events like an experience of sep-
aration and loss, physical disease, abuse, or neglect (for a
review, see Treasure et al., 2010; Attia, 2010).

GENETICS AND MOLECULAR BIOLOGY

Many studies confirm the familial nature of eating
disorders. Previous results suggest that specific genes
may predispose individuals to an unspecific risk for eat-
ing disorders, e.g., for AN or BN or partial syndromes.
The lifetime risk for first-degree relatives of patients
with AN to develop the full syndrome of AN is approx-
imately 10-fold greater than that of healthy individuals.
In addition, there is a high prevalence of psychiatric
disorders in close relatives, such as anxiety (including
obsessive-compulsive disorder) and affective disorders.
However, family studies do not allow differentiation
between genetic and environmental risk factors.

Twin studies have yielded heritability estimates for
AN of between 48% and 76% depending on a narrow
or broad definition. For BN heritability rates are
estimated to be between 28% and 83%.

In the past decades several molecular genetic studies
to identify genes responsible for eating disorders have
been undertaken, involving both family-based linkage
studies and association studies. However, up to now,
they were not able to present unambiguous findings.

Recent linkage analyses managed to discover several
regions of interest on chromosomes 1, 2, 4, and 13 for
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AN. Fine mapping of these regions led to the identifica-
tion of genes that might fit into existing theories of the
pathophysiology of AN, e.g., of the serotonergic or can-
nabinoid system. A linkage analysis for BN reported
evidence for a susceptibility locus on chromosome 10p,
which was already identified in genome scans for obesity.

Association studies have mostly analyzed candidate
genes of systems involved in the regulation of hunger
and satiety, of body weight and the menstrual cycle.
In particular polymorphisms of the serotonergic and
dopaminergic system have been extensively investiga-
ted. Although there are some promising findings, like
those pertaining to the serotonin receptor 1D and the
dopamine D2 receptor gene, all of the previous results
warrant replication in independent and adequately pow-
ered samples. There are also several studies concerning
genes involved in neuropeptides and body weight
regulation, like ghrelin, leptin, neuropeptide Y, agouti-
related protein, hypocretin receptor 1 gene,. With the
exception of the opioid receptor delta-1 polymorphism
related to AN, no association was found. The latter also
warrants replication.

Probably, systematic genomewide screens could pro-
vide significant insight into heritabilitymechanismsofeat-
ing disorders. Collaborative investigations resulting in
large sample sizes are critical to identify risk alleles; how-
ever, up to now no significant results could be identified
(for a review, see Hinney et al., 2004; Bulik et al., 2007b).

Other prenatal and perinatal factors

Besides genetic disposition, the effect of other prenatal
factors has to be elucidated. For example, masculiniza-
tion of the central nervous system by prenatal tes-
tosterone exposure may contribute to sex differences
in the prevalence of eating disorders. Accordingly,
same-sex female twins had a much higher risk of
developing disordered eating than opposite-sex twins
(Culbert et al., 2008).

Similar to othermental disorders, pregnancy (especially
preterm birth) and perinatal complications are associated
with an increased risk for AN (Cnattingius et al., 1999).

ENVIRONMENTALRISK FACTORS

Sociocultural factors

Eating disorders are much more present in western
industrialized countries than in other parts of the world.
Thus, several studies have analyzed an association
between a culturally bound ideal to be thin and the
development of eating disorders. This relationship ismore
pronounced for bulimic eating disorders than for
restrictive AN (Ruderman, 1986). However, in a
well-designed study on the island of Curaçao, Hoek
et al. (2005) demonstrated that the incidence of AN
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among themajority black population was nil, while the in-
cidence among the minority mixed and white population
was similar to that of western societies. Interestingly,
most of the cases on Curaçao were subjects who had de-
veloped AN after visiting the Netherlands or the USA.

Familial factors

For several decades a model of dysfunctional family
interaction style was put forward to explain the devel-
opment of eating disorders. These interaction styles
comprised too close and age-inadequate family struc-
tures like overprotection and enmeshment in AN, and
indifference, family conflicts, and high criticism in BN.

Empirical studies yielded contradictory results (for a
review, see Jacobi et al., 2004). Whereas several studies
did not find any difference between family interaction
styles in families of eating-disordered patients and those
of healthy controls, others found high-concern parent-
ing style in AN and family discord in BN. However,
in comparison to psychiatric controls no differences
were found. Most of the studies were performed retro-
spectively. Thus it has to be taken into account that par-
enting style might change in response to starvation and
unhealthy eating behavior in the child.

Other risk factors

Higher rates of sexual abuse have been realized in clin-
ical samples of bulimic patients compared to normal
controls, but not in comparison to other psychiatric
groups (for a review, see Jacobi et al., 2004).

Only very few studies report on adverse life events
preceding the onset of the eating disorder, like loss of
a first-degree relative or separation from a close friend.
Again, this does not seem to be unique for eating-
disordered patients, but is also prominent in individuals
with other mental problems.

Further risk factors include chronic physical diseases
like diabetes (Herpertz et al., 2000), chronic bowel dis-
ease, and other somatic disorders associated with dieting
and weight changes.

NEUROIMAGING AND NEUROPSYCHOLOGICAL FINDINGS

Early lesion studies suggested that pathological eating
patterns occur after lesions in the prefrontal, temporal,
mesiotemporal cortices, and the thalamus, predominantly
on the right-hand side (see Uher and Treasure, 2005, for a
review). In addition, postmortem studies of acutely ill AN
patients first demonstrated reduced cerebral mass with
prominent sulci and small gyri (Neumärker et al. 1997).
With the advances of neuroimaging techniques during re-
cent years, more sophisticated analyses have been per-
formed on the brains of AN subjects. Structural brain-
imaging studies in acutely ill AN patients have provided
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further evidence for reduced cerebral volume along with
enlarged ventricles and large cerebrospinal fluid (CSF)
volumes (Katzman et al., 1996). The greater the absolute
weight loss and the faster the ratio of weight loss, the
smaller the total brain volume (Swayze et al., 2003).While
some studies found white-matter abnormalities with nor-
mal gray-matter volume (Swayze et al., 2003), others
showed only gray-matter deficits (mainly in the temporal
and parietal lobes) without white-matter abnormalities
(Castro-Fornieles et al., 2009). Region-specific gray-
matter loss has been reported in the right anterior cingu-
late cortex (ACC) in underweight AN patients
(McCormick et al., 2008). Furthermore, reduced pituitary
gland volume (Giordano et al., 2001) and amygdala-
hippocampal formation (Connan et al., 2006) reductions
have been reported.

Data regarding the reversibility of these abnormali-
ties after weight gain are conflicting. White and gray
matter seem to behave differently in this regard. Post-
mortem examination of brain tissue after weight gain
showed gray-matter deficits in recovered AN patients
(Neumärker et al., 1997). Longitudinal neuroimaging re-
search revealed small but persistent changes in gray-
matter loss, whilst CSF and white-matter volumes seem
to normalize after weight gain (Katzman et al., 1997). For
example, Muhlau et al. (2007) reported global gray- (but
not white-) matter volume decreases of approximately
1% in recovered patients with AN. In adolescent AN pa-
tients, Castro-Fornieles et al. (2009) reported both global
and region-specific, i.e., temporal and parietal, gray-
matter deficits in the underfed state. Global gray-matter
volume was restored, but regionally some parts in the
right temporal and both supplementary motor areas
were still smaller. One study focused on the volume of
the ACC, and demonstrated that right dorsal ACC vol-
ume reductions in the acute phase normalized with
weight restoration. Furthermore, the degree of right dor-
sal ACC normalization during treatment was associated
with treatment outcome (McCormick et al., 2008). A
possible explanation for the conflicting findings in re-
covered AN patients might be the duration of recovery.
In the sample with the longest time in recovery (>1 year
no bingeing, purging, or restricting behaviors, normal
weight, and menstrual cycles, not on medication), no ab-
normalities were found (Wagner et al., 2007), suggesting
that brain tissue normalization might lag behind clinical
improvement. So far, little is known regarding the mech-
anism behind structural brain changes and recovery dur-
ing weight rehabilitation in AN. Data on reversible brain
loss suggest that this reflects “pseudoatrophy,” resulting
fromacutemetabolic disruption as a consequence of star-
vation or stress or a combination of both. For example, it
has been speculated that the hyperactivity of the hypotha-
lamic–pituitary–adrenal (HPA) axis in eating disorders
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might contribute to decreased volumes of the amygdala-
hippocampal formation in eating disorders (Giordano
et al., 2001; Connan et al., 2006) as this area is a main
target for glucocorticoid effects during stress. In line
with this, Katzman et al. (1996) reported that HPA axis
activity was positively associated with CSF volume and
negatively with gray-matter volume in adolescents with
AN. In addition, the increase in gray matter after weight
restoration has been associated with a decrease in corti-
sol (McCormick et al., 2008). Since white matter is con-
stituted from myelinated axons with myelin consisting
of lipids, it could be speculated that reversibility of
white-matter loss after weight gain is due to the restora-
tion of the lipid/myelin level in the brain.

In addition, magnetic resonance spectroscopy studies
can give information on nerve cell damage by assessing
brain metabolites, such as choline, N-acetyl aspartate,
phosphorus, and myo-inositol. These studies suggest
state-dependent changes in brain metabolites that were
reversible with weight recovery (Kato et al., 1997).
Castro-Fornieles et al. (2007) suggested that improved
metabolic findings were also associated with a decrease
of cortisol levels (Castro-Fornieles et al., 2007).

The relevance of structural brain abnormalities for
brain function and cognitive performance has been
hardly addressed. While some studies found a relation-
ship between cognitive impairment and regional-specific
brain alterations, others reported that even in the pres-
ence of structural abnormalities in the hippocampus
no detectable impairment in memory function was
found (Connan et al., 2006).

During recent years, functional neuroimaging stud-
ies on eating disorders have been conducted, using
single-photon emission computed tomography and pos-
itron emission tomography (PET) as well as functional
magnetic resonance imaging (fMRI) methods. When de-
scribing functional imaging data, it is crucial to distin-
guish between resting-state findings where no specific
instruction or task is given to the subject in the scanner,
and findings based upon scanning paradigms, including
the presentation of a stimulus. The latter is often aimed
at provoking symptoms, though other aspects of psy-
chopathology or pathophysiology might be the target
as well. First, resting-state studies on eating disorders
provided evidence for a reduced global and regional
cerebral glucose metabolism with indications of restora-
tion after recovery. Second, functional imaging studies
during cognitive tasks have focused primarily on symp-
tom provocation techniques (e.g., by exposure to food
stimuli), neural correlates of body image distortion,
taste processing and reward mechanisms. An overview
of fMRI studies using cognitive and emotional
tasks is provided in Table 26.2. These studies suggest
dysfunctional brain activation patterns primarily in
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Table 26.2

Functional magnetic resonance imaging studies in eating disorders

Reference (year) Samples Task Main findings

Marsh et al. (2009) 20 patients with BN

20 controls

Simon Spatial Incompatibility Task

(self-regulation)

Patients with BN responded more impulsively and made more errors on the

task than did healthy controls; patients with the most severe symptoms
made the most errors. During correct responding on incongruent trials,
patients failed to activate frontostriatal circuits to the same degree as
healthy controls in the left inferolateral prefrontal cortex (BA 45), bilateral

inferior frontal gyrus (BA 44), lenticular and caudate nuclei, and anterior
cingulate cortex (BA 24/32). Patients activated the dorsal anterior cingulate
cortex (BA 32) more when making errors than when responding correctly.

In contrast, healthy participants activated the anterior cingulate cortexmore
during correct than incorrect responses, and they activated the striatum
more when responding incorrectly, likely reflecting an automatic response

tendency that, in the absence of concomitant anterior cingulate cortex
activity, produced incorrect responses

Redgrave et al.

(2008)

6 patients with AN

6 controls

Emotional Stroop tasks with fat, thin,

and neutral words compared to letter
strings (XXXX)

Contrast: Thin minus XXXX: AN showed increased activity in the left insula,

frontal and temporal lobes.
Contrast: Fat minus XXXX: AN showed reduced activity in the left DLPFC
and right parietal cortex

Sachdev et al.

(2008)

10 patients with AN

10 controls

Passive viewing of self and others’ body

images (matched for age, sex, and
BMI)

Self minus nonself: Control subjects had greater activation than AN patients in

the middle frontal gyri, insula, precuneus, and occipital regions while the
patients did not have greater activation in any region

Wagner et al. (2008) 16 women recovered from

restricting-type AN
16 controls

Taste processing and experience of

pleasure using a sucrose/water task

Individuals who had recovered from AN showed a significantly lower neural

activation of the insula, including the primary cortical taste region, and
ventral and dorsal striatum to both sucrose and water. In addition, insular
neural activity correlated with pleasantness ratings for sucrose in controls

but not in AN subjects
Schienle et al.
(2009)

17 overweight patients with
BED

17 overweight controls
19 normal-weight controls 14
normal-weight patients with
BN purging type

Visual exposure to high-caloric food, to
disgust-inducing pictures, and to

affectively neutral pictures after an
overnight fast

Each of the groups experienced the food pictures as very pleasant. Relative to
the neutral pictures, the visual food stimuli provoked increased activation in

the orbitofrontal cortex, anterior cingulate cortex, and insula across all
participants. The BED patients reported enhanced reward sensitivity and
showed stronger medial orbitofrontal cortex responses while viewing food
pictures than all other groups. The bulimic patients displayed greater

arousal, anterior cingulate cortex activation, and insula activation than the
other groups. Neural responses to the disgust-inducing pictures as well as
trait disgust did not differ between the groups

Continued



Table 26.2

Continued

Reference (year) Samples Task Main findings

Wagner et al. (2007) 13 recovered patients from
AN (�1 year of normal

weight, regular menstrual
cycles, without binge eating
or purging)

13 controls

Monetary reward task (guessing-game
paradigm)

Recovered women showed greater hemodynamic activation in the caudate
than comparison women. Only the recovered women showed a significant

positive relationship between trait anxiety and the percentage change in
hemodynamic signal in the caudate during either wins or losses. In contrast,
in the anterior ventral striatum, comparison women distinguished positive

and negative feedback, whereas recovered women had similar responses to
both conditions

Frank et al. (2006) 10 recovered patients from a

bulimic-type eating
disorder (�1 year)

6 controls

Administration of a solution of glucose

or artificial saliva

Individuals who recovered from a bulimic-type eating disorder

had significantly lower activation in the right anterior cingulate
cortex and in the left cuneus when glucose was compared with
artificial saliva

Santel et al. (2006) 13 patients with AN

10 controls

Presentation and rating of visual food

and nonfood stimuli for pleasantness
in a hungry and a satiated state

When hungry, AN patients displayed weaker activation of the right visual

occipital cortex than healthy controls. Food stimuli during satiety compared
with hunger were associated with stronger right occipital activation in
patients and with stronger activation in left lateral orbitofrontal cortex, the

middle portion of the right anterior cingulate, and left middle temporal
gyrus in controls

Uher et al. (2005) 9 women with BN, 13 patients

with AN
18 controls

Presentation and ratings of line

drawings of underweight, normal
weight, and overweight female bodies
for fear and disgust

In the three groups, the lateral fusiform gyrus, inferior parietal cortex, and

lateral prefrontal cortex were activated in response to body shapes
compared with the control condition (drawings of houses). The responses in
the lateral fusiform gyrus and in the parietal cortex were less strong in

patients with eating disorders compared with healthy control subjects.
Patients with eating disorders rated the body shapes in all weight categories
as more aversive than did healthy women. In the group with eating
disorders, the aversion ratings correlated positively with activity in the right

medial apical prefrontal cortex
Uher et al. (2005) 10 patients with BN

16 patients with AN

19 controls

Presentation and ratings of food and
aversive emotional stimuli

Women with eating disorders identified the food stimuli as threatening and
disgusting. In response to these stimuli, women with eating disorders had

greater activation in the left medial orbitofrontal and anterior cingulate
cortices and less activation in the lateral prefrontal cortex, inferior parietal
lobule, and cerebellum, relative to the comparison group. In addition,

women with BN had less activation in the lateral and apical prefrontal
cortex, relative to the comparison group. Between-group differences in
response to nonspecific emotional stimuli were found in the occipital
cortex, parietal cortex, and cerebellum



Wagner et al. (2003) 15 patients with AN
11 controls

Confrontation with own digitally
distorted body images using a
computer-based video-technique

Activation of the attention network as well as of structures involved in
visuospatial processing and self-reflection in both groups. Anorectic
patients showed a greater activation in the prefrontal cortex (BA 9) and the

inferior parietal lobule (BA 40), including the anterior intraparietal sulcus,
than did controls. However, an analysis of the BOLD response in the
inferior parietal lobule area revealed that anorectic patients showed a

specific increase in activation only to their own pictures and not to others,
indicating different visuospatial processing, while controls did not
differentiate

Uher et al. (2005) 9 recovered patients from

restricting AN
8 chronically ill patients with
restricting AN

9 controls

Presentation of food and emotional

visual stimuli

In response to food stimuli, increased medial prefrontal and anterior cingulate

activation, as well as a lack of activity in the inferior parietal lobule,
differentiated the recovered group from the healthy control subjects.
Increased activation of the right lateral prefrontal, apical prefrontal, and

dorsal anterior cingulate cortices differentiated these recovered subjects
from chronically ill patients. Group differences were specific to food
stimuli, whereas processing of emotional stimuli did not differ between

groups
Seeger et al. (2002) 3 patients with AN

3 controls
Digital pictures of own body image,
individually distorted by subjects
themselves

In anorectic patients, stimulation with their own body image was associated
with activation in the right amygdala, the right gyrus fusiformis, and the
brainstem region

BN, bulimia nervosa; BA, Brodmann area; AN, anorexia nervosa; DLPFC, dorsolateral prefrontal cortex; BMI, body mass index; BED, binge-eating disorder; BOLD, blood oxygen level-dependent.
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frontoparietal as well as in limbic and reward-related
neural networks.

As in other domains, BN has been less well studied
than AN with neuroimaging techniques. Previous stud-
ies suggest that abnormalities in brain anatomy and cor-
tical metabolism during resting state are less
pronounced in ill BN individuals compared to patients
with AN, although they also have decreased cortical
mass during the acute stage of illness (Andreason
et al., 1992; Husain et al., 1992; Delvenne et al., 1997).
Frank et al. (2007) recruited long-term recovered BN
patients and could not demonstrate regional cerebral
blood flow (rCBF) abnormalities, suggesting that
alterations in rCBF during the acute phase of BN may
be a state-related phenomenon that remits with recovery.
Interestingly, one study suggested that at least some of
the functional abnormalities in BN might be related to
mood problems since left lateral prefrontal metabolism
correlated negatively with depressive symptoms in BN
patients (Andreason et al., 1992).

Using fMRI, Uher et al. (2005) found that, in addi-
tion to a medial prefrontal activation, common with
AN, BN patients were specifically characterized by
lower levels of activation to food cues in the lateral pre-
frontal cortex (Uher et al., 2005), corresponding to the
lack of control over eating. However, more recently,
Marsh et al. (2009) demonstrated general abnormal
self-regulatory processes in women with BN, associated
with a failure to engage frontostriatal circuits appro-
priately, which may indicate that deficits in neural cir-
cuitries underlying self-regulation contribute to binge
eating and other impulsive behaviors in women with BN.

454 B. HERPERTZ-D
NEUROTRANSMITTER DYSREGULATION

There has been considerable interest in the role
of the monoamine systems, including serotonin
(5-hydroxytryptamine, 5-HT) and dopamine (DA), in
the etiology of eating disorders. These systems contrib-
ute to abnormal appetite regulation, disturbances of
impulse control and mood regulation, harm avoidance,
as well as obsessionality and anxiety.

However, the majority of investigations have been
performed in acutely eating-disordered patients so that
state- (starvation, sequelae of bingeing and purging) and
trait-related dysfunction cannot be differentiated. Diet-
ing and/or starvation lead to changes of neurotransmit-
ter concentration and to altered receptor sensivity.

During the active state of the illness AN patients have
a significant reduction in CSF 5-hydroxyindole acetetic
acid (5-HIAA) in comparison to healthy controls, which
may be a consequence of diet-related decrease in
tryptophan ingestion. In contrast, in BN, CSF levels of
5-HIAA are found to be in the normal range (for a re-
view see Kaye et al. 2009).
To avoid the acute consequences of diet and/or semi-
starvation, recent studies on the neurobiology of eating
disorders have been performed in so-called recovered
patients who have attained at least a minimal healthy
weight and resumed menses. Note, however, that these
former patients on average have a lower weight than
those who have never been eating-disordered. In addi-
tion, long-term starvation accompanied by hormonal
dysfunction probably has deleterious effects on the
brain, especially on the developing one. For example,
during puberty increase of the size of the hippocampus
is related to estrogen levels (Neufang et al., 2009).

In contrast to the ill state, CSF levels of 5-HIAA are
elevated in long-term weight-restored AN and in
recovered BN subjects. Interestingly, patients with
obsessive-compulsive disorder havebeen shown todisplay
elevated CSF levels of 5-HIAA. More generally, higher
CSF 5-HIAA levels may be associated with disorders of
behavioral overcontrol, anxiety, and dysphoric mood
(for a review see Kaye et al. 2009).

Dieting (especially in the beginning of an eating dis-
order) and binge–purge cycles tend to improve negative
mood states. Thus, Kaye et al. (2009) hypothesize that
eating-disordered behavior and restrictive eating are
reinforced by an alleviation of mood and obsessionality.

A dysfunction of the serotonergic systems involving 5-
HT1A, 5-HT1B, and 5-HT transporter has been confirmed
by several brain-imaging studies. However, despite all
these findings, medication aimed at the 5-HT system
has not proven to be effective (Walsh et al., 2006).

Dopamine is also probably involved in the patho-
physiology of eating disorders. AN patients in the ill
state have reduced levels of CSF homovanillic acid,
a dopamine metabolite, and these reduced levels often
persist after recovery. Reduced CSF dopamine metab-
olites have also been reported in high-frequency
binge–purging BN. A PET study demonstrated that re-
covered subjects with AN had increased striatal D2/D3
binding (Frank et al. 2005). Striatal dopamine dys-
function may contribute to an altered reward response
to eating and/or other pleasurable stimuli (for review,
see Brewerton and Steiger, 2004; Kaye et al., 2009).
Interestingly, genetic studies found several polymor-
phisms in the dopamine receptor D2 gene, which were
associated with the purging type of AN, although the
findings require replication in an independent sample
(Bergen et al., 2005).

NEUROENDOCRINEAND
NEUROPEPTIDEDYSREGULATION

Neuroendocrinology

AN and, to a lesser extent, BN lead to multiple endocrine
and metabolic changes. In general these abnormalities
are a consequence of semistarvation or an abnormal

LMANN ET AL.
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eating behavior with poorly balanced meals (or both)
and thus are mostly assigned as adaptive mechanisms
to conserve energy and protein. The increase of
b-hydroxybutyric acid in both AN and BN subjects
indicates the shift from glycogenolysis to lipolysis and
ketogenesis. Semistarvation and/or pathological eating
behavior may be associated with profound changes
in the hypothalamic–pituitary–gonadal axis, the HPA
axis, the hypothalamic–pituitary–thyroid axis, and the
hypothalamic–growth hormone–insulin-like growth
factor axis. A summary of these changes is shown in
Table 26.3.

EATING DISORDERS: ANORE
Neuropeptides

The number of studies on changes in neuropeptides in
AN and BN is still limited. To date, most studies
found neuropeptide alterations, which are apparent
during symptomatic states of AN and BN, to
be normalized after recovery of the disorder
(Table 26.3). This indicates that neuropeptide distur-
bances are consequences rather than causes of malnu-
trition. However, with respect to gut-related peptides,
there appears to be substantial evidence that eating
disorder-related alterations in neuropeptide secretion
or functioning may maintain eating disorder pathol-
ogy. Additional studies will be needed to assess
further these mechanisms in symptomatic eating-
disordered patients, and to identify stable trait-related
abnormalities that persist in individuals who have
recovered from an eating disorder.

Recently, autoantibodies directed against melano-
cortin peptides and other appetite-regulating peptide
hormones have been identified in healthy and eating-
disordered subjects and classified as important attributors
to mechanisms controlling motivation in eating behavior.
In AN and BN, serum levels of these autoantibodies
correlated with typical psychopathological traits. How-
ever, these findings have only been presented by one
group and need to be replicated in independent samples
of eating-disordered patients (Fetissov et al., 2008).

The following sections provide a brief summary of
neuropeptide alterations in AN and BN, focusing on
gut-related neuropeptides. An overview of the neuroen-
docrinological mechanisms involved in the regulation of
food intake is given in Fig. 26.1.
LEPTIN

The anorexigenic adipocyte hormone leptin plays an
important role in the hypothalamic regulation of energy
homeostasis. Untreated AN patients show significantly
reduced serum and CSF leptin levels, primarily reflecting
reduced fat mass. During therapeutically induced weight
gain leptin levels increase and have been found to be
disproportionately high at target weight in comparison
to a healthy control group when adjusted for BMI and
percentage body fat (Holtkamp et al., 2003). Presumably,
both total amount and rate of weight gain are relevant for
this upregulation. The relative hyperleptinemia is also
found in the central nervous system (Mantzoros et al.,
1997). The rapid transition from a state of hypoleptinemia
to one of relative hyperleptinemia within several weeks
entails an upregulation in energy expenditure adjusted
for fat-free mass (Hebebrand et al., 1997; Mantzoros
et al., 1997; Haas et al., 2005). Preliminary evidence sug-
gests that hyperleptinemia may be associated with an el-
evated risk of renewed weight loss (Holtkamp et al., 2004;
Haas et al., 2005).

Semistarvation-induced hyperactivity is viewed as an
animal model of AN and can be effectively suppressed
by the administration of leptin (Exner et al., 2000). Sig-
nificant correlation between leptin and different mea-
sures of physical activity and restlessness implicates
hypoleptinemia as an important factor contributing to
the behavioral pattern observed in acutely ill patients
with AN (Holtkamp et al., 2006). Thus, leptin has
been considered as a potential therapeutic agent in
acutely ill AN patients severely affected by hyperactivity
(Hebebrand et al., 2007), therapeutic agent in acutely ill
AN patients severely affected by hyperactivity.

Several studies have shown that the actions of leptin
are not restricted to the hypothalamus and the pitui-
tary. Many other brain areas, like the brainstem, cere-
bellum, amygdala, substantia nigra, and especially the
hippocampus, are highly enriched with leptin receptors.
Memory impairments are found in leptin-insensitive
rodents, and severely underweight AN patients also
display memory deficits which are often improved with
weight gain (Harvey, 2007).

A subgroup of BN patients has decreased leptin
levels despite a normal BMI, whereas normal levels
were observed in others (Jimerson et al., 2000;
Monteleone et al., 2002, 2003; Calandra et al., 2003).
It is still unclear why some subjects exhibit decreased
leptin levels after recovery from BN. This alteration
could be associated with the tendency to renewed weight
gain in bulimic patients.
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GHRELIN AND OBESTATIN

Ghrelin, an orexigenic peptide of the stomach mucosa, is
involved in the hypothalamic regulation of energy
intake. Obestatin, a relative of ghrelin derived from pre-
proghrelin, is reported to counteract ghrelin effects on
food intake (Monteleone et al., 2008). Fasting ghrelin
levels are negatively correlated with BMI and percent-
age body fat (Tolle et al., 2003). AN patients display
significantly increased circulating levels of both ghrelin



Table 26.3

Neuroendocrinological changes in anorexia nervosa (AN) and bulimia nervosa (BN) during the acute illness stage

AN BN Comment

Hypothalamic–
pituitary–adrenal
axis

Cortisol
Cortisol CSF

"
"

n (")
n

Findings indicate a mild to moderate
activation of the hypothalamic–
pituitary–adrenal axis

Intracerebroventricular
administration of CRH in rats
produces behavioral and
physiological changes similar to

symptoms of AN

ACTH

ACTH CSF

n

#
n

n
CRH CSF

CRH stimulation
(ACTH)

"
#

Dexamethasone
inhibition test

50–90% lacking
suppression

20–60% lacking
suppresion

Sustained lack of suppression after
weight restoration appears to be a

poor prognostic factor
Hypothalamic–
pituitary–gonadal

axis

LH # # n For resumption of menses a sufficient
leptin level is a necessary but not

sufficient condition

FSH # # n

Estradiol # n #
Hypothalamic–
pituitary–thyroid

axis

fT3 # n # Low fT3 syndrome (low fT3, normal
fT4 and TSH) indicates

semistarvation; substitution of
thyroxine is not indicated

fT4 n # n #
TSH n n

Hypothalamic–growth
hormone–IGF-1 axis

GH " n n " High GH and decreased IGF-1
levels indicate diminished

feedback of IGF-1 on GH
secretion during starvation/
malnutrition

IGF-1 # n #

Systemic peptide
hormones

Leptin i.s.
Leptin i.s. directly
after weight

restoration
Leptin CSF

#
" (relative to BMI)
#

n # During weight restoration an early
normalization of serum leptin
depends on the amount of

weight gain; hyperleptinemia
at target weight may be a
potential risk factor for renewed
weight loss

Ghrelin i.s. fasting
Ghrelin i.s.
postprandial

"
n

"
" (absent decline)

Dysregulation in the acute state of BN
may be involved in maintaining
binge-eating behavior

Cholecystokinin i.s.
postprandial

"# # In BN decreased postprandial release
may have a role in decreased
postingestive satiety

PYY i.s. fasting
PYY i.s.
postprandial

" n
n or # (blunted

increase)

n
# (blunted increase) Continuing postprandial

orexigenic stimulation may be

involved inmaintaining binge-eating
behavior

Opioid system b-endorphin CSF

b-endorphin in T

lymphocytes
Restrictive AN
Binge–purging AN

#
"
#

#
n

Pathophysiological relevance of
finding remains unclear; decreased

central opioid activity might
contribute to inhibition of
ingestion

" elevated; # reduced; n, normal; CSF, cerebrospinal fluid; ACTH, adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; LH,

luteinizing hormone; FSH, follicle-stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; TSH, thyroid-stimulating hormone;

GH, growth hormone; IGF-1, insulin-like growth factor, type 1; i.s., in serum; BMI, body mass index; PYY, peptide YY.
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Fig. 26.1. Neuroendocrinological regulation of food intake (dashed lines, inhibition; bold letters, orexigenic effect). MCH,

melanin-concentrating hormone; NPY, neuropeptide Y; a-MSH, a-melanocyte-stimulating hormone; CRH, corticotropin-releasing

hormone; ArGP, agouti-related protein; POMC, pro-opiomelanocortin; CART, cocaine- and amphetamine-regulated transcript;

TRH, thyroid-releasing hormone; GHRH, growth hormone-releasing hormone; ACTH, adrenocorticotropic hormone; LH,

luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone; GH, growth hormone.
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and obestatin (Monteleone et al., 2008). Weight gain de-
creases to normal elevated fasting ghrelin levels in pa-
tients with AN (Otto et al., 2001). The rise of ghrelin
levels before food ingestion and the return to baseline
levels shortly after meals designate its role in meal ini-
tiation. It is not clear whether AN subjects have resis-
tance against ghrelin in the cachectic state. In contrast
to normal-weight controls, ghrelin administration seems
to have no effect on appetite in acutely ill AN patients
(Miljic et al., 2006). On the other hand, Otto et al.
(2005) found no differences in postprandial ghrelin de-
crease during weight gain in AN subjects, indicating that
the suppression of ghrelin release is not disturbed by
acute changes in energy balance (feeding) and seems
to be independent of chronic changes (weight gain).

Preprandial ghrelin serum levels have been found to
be normal (Monteleone et al., 2008) or increased
(Tanaka et al., 2003, 2006) in symptomatic BN patients.
More importantly, BN subjects show a blunted ghrelin
response to food ingestion (Kojima et al., 2005), indicat-
ing a profound dysregulation of a gut–hypothalamic
pathway in the symptomatic state of BN that might be
involved in the maintenance of binge-eating behavior.

Obestatin levels in BN are similar to those of normal
controls (Monteleone et al., 2008).
PEPTIDE YY

Peptide YY (PYY) is thought to be a short-term appetite
regulator belonging to the neuropeptide Y family se-
creted from endocrine cells of the gut (Adrian et al.,
1985). Serum PYY rapidly increases after a meal and
then remains elevated for hours, suggesting its possible
role as a satiety signal (Batterham and Bloom, 2003). In
contrast, injections of PYY into cerebral ventricles of
mice potently stimulate feeding (Raposinho et al.,
2001). The exact physiological role of PYY is the subject
of intensive research. Few studies of PYY in eating dis-
orders have been published so far.

In AN some studies found fasting levels of PYY to be
elevated in the acute phase of the disorder (Kaye et al.,
1990; Misra et al., 2006; Pfluger et al., 2007), whereas
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others reported normal levels of PYY (Otto et al., 2007).
Short-term weight recovery was not associated with a
normalization of PYY in one study (Pfluger et al., 2007).
However, in long-term recovered AN patients another
study found normal levels of serum and CSF PYY
(Gendall et al., 1999). Postprandial PYY release inAN sub-
jectswas blunted in one study (Stock et al., 2005), whereas
another study reported a normal reaction of PYY (Otto
et al., 2007).While it is theoretically possible that increased
levels of PYY may play a role in a subset of patients with
AN, further studies are needed to establish a causal
relationship.

In BN two studies found normal preprandial PYY
levels, but an attenuated PYY response to a test meal
(Kojima et al., 2005; Monteleone et al., 2005a). Post-
prandial changes in circulating PYY were negatively
correlated with changes in serum ghrelin levels (Monte-
leone et al., 2005b). As mentioned above, dysregulation
of peripheral mechanisms involved in the short-term
regulation of feeding behavior might be involved in the
pathophysiology of BN.

458 B. HERPERTZ-D
CHOLECYSTOKININ

Cholecystokinin (CCK) is another satiety-inducing neuro-
peptide secreted by the gastrointestinal tract. CCK regu-
lates motor functions in the gastrointestinal tract such as
gastric emptyingandgutmotility and is thought to transmit
satiety signals via the vagal pathway (Peters et al., 2006).

The results of studies of CCK in AN are inconsistent.
Some studies found elevated basal plasma CCK levels
and/or increased postmeal secretion of CCK (Harty
et al., 1991; Tamai et al., 1993; Tomasik et al., 2004).
Other studies found normal or decreased levels of
CCK in AN subjects (Brambilla et al., 1995a; Bara-
nowska et al., 2000).

Basal levels of CCK were found to be decreased in
BN subjects during the acute stage of the disorder
(Lydiard et al., 1993; Brambilla et al., 1995b). Most stud-
ies suggest that meal-induced CCK release is diminished
in symptomatic BN subjects in comparison to controls
(Devlin et al., 1997; Keel et al., 2007) but returns to nor-
mal following treatment (Geracioti and Liddle, 1988). It
has been suggested that a blunted CCK response to a
meal may be one underlying factor for disturbances
of postingestive satiety found in bulimic patients.

Neuropsychological findings

Studies investigating neuropsychological functioning of
patients with eating disorders have shown inconsistent
results. On the one hand differences in methodology
and varying stages of illness are regarded as explanations
for differing results. On the other hand, only some of the
patients seem to be affected by cognitive deficits. Clinical
parameters like BMI, severity of the eating disorder, or
symptoms of depression do not allow prediction of cog-
nitive deficits (Bayless et al., 2002). In contrast, the pres-
ence and extent of neuropsychological deficits do not
seem to predict poor prognosis of the eating disorder.

Neuropsychological assessment during the acute
stage of AN demonstrates unspecific deficits of psycho-
motor speed and unspecific attention deficits (Lauer
et al., 1999). The most consistent neuropsychological ab-
normalities that could be found in both acutely ill pa-
tients as well as in weight-stabilized subjects with AN
affect implicit learning and set-shifting abilities (the
ability to change categories: Steinglass et al., 2006;
Roberts et al., 2007), indicating a disturbed functioning
of frontohippocampal–striatal circuits. Similar dysfunc-
tions are thought to underlie obsessive-compulsive
disorders. In addition to multiple clinical similarities
of AN and obsessive-compulsive disorder, these corre-
sponding neuropsychological deficits probably suggest
a shared biological background.

So far, few studies have been performed looking at
neuropsychological deficits in bulimic patients. The re-
sults mirror those found in subjects with AN and point
to state-dependent impairment of attention during the
acute stage of BN (Lauer et al., 1999) as well as persis-
tent deficits in set-shifting abilities after normalization
of eating behavior (Roberts et al., 2007).

LMANN ET AL.
TREATMENT STRATEGIES

There has been remarkably little empirically supported
research on the treatment of AN. This is likely due to
the relatively low prevalence of the disorder and a high
reluctance of patients to seek help. As a result, most rec-
ommendations are based on mainstream clinical opinion
with little empirical support. The only controlled trials
on behavioral interventions in adolescent AN have been
performed in the context of family-based therapy. These
studies consistently show that adolescents respond bet-
ter to this kind of therapy in comparison to individual
therapy, regardless of differences in design. However,
most of these family-based interventions are performed
on an outpatient basis, and patients are required to have
a minimum body weight. Thus, these findings may not
be transferred to severely emaciated patients.

In adult AN a nonspecific supportive clinical manage-
ment treatmentwasmoreeffective thanspecific treatments
like cognitive-behavioral therapy (CBT) or interpersonal
therapy (IPT) (McIntosh et al., 2005). In posthospitalization
treatmentCBTwasmoreeffective thannutritionalcounsel-
ing (for a review, see Fairburn, 2005).
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A variety of drugs have been investigated in AN,
mostly with negative results. Some well-designed stud-
ies demonstrated that selective serotonin reuptake inhib-
itors (SSRIs) are unlikely to provide substantial benefit
for patients with AN during acute treatment and preven-
tion. Second-generation antipsychotics are probably
helpful for some patients; however, olanzapine is the
only atypical neuroleptic that has been studied in more
detail with rather positive, but preliminary, results
(Bissada et al., 2008). To date, no medication for AN
has been approved by the Food and Drug Administration
(FDA) (for a review, see Bulik et al., 2007a; Herpertz-
Dahlmann and Sahlbach-Andrae, 2009; Herpertz-
Dahlmann and Hebebrand, in press).

In BN, CBT is the most frequently applied behavioral
intervention, with strong evidence for effectiveness. At
the end of treatment 30–40% of patients were symptom-
free, and many of these patients maintained their im-
provement at long-term follow-up. However, in a con-
trolled study at 1-year follow-up, IPT was as effective
as CBT (Shapiro et al., 2007; Schmidt, 2009; Herpertz-
Dahlmann and Sahlbach, 2009).

In contrast to AN there are several high-quality studies
that have investigated psychopharmacological agents in
BN. The SSRIs have been most studied in this disorder
and are the only pharmacological agents that have been
approved by the FDAfor the treatment of adult BN.Other
classes ofmedication that have proven helpful in adult BN
are topiramate and odansetron, although only in studies
with small sample sizes. The side-effect profile of topir-
amate is quite debilitating, with cognitive impairment
and neurological symptoms, so that the usefulness of
topiramate in eating disorders has to be questioned.

EATING DISORDERS: ANORE
CONCLUSION

AN and BN are complex psychiatric disorders probably
caused by genetic and environmental factors. The dieting
and starvation process itself provokes severe neuroendo-
crinological, neurotransmitter, and neuropsychological
alterations thatmayadd toorevenmaintaineatingdisorder
psychopathology. Althoughmuch progress has beenmade
in improving treatment, there is still a rather high propor-
tion of eating-disordered patients who fail to respond to
any kind of therapy. Much more research is needed to
come up with novel and more effective evidence-based
pharmaceutical and psychotherapeutic interventions.
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INTRODUCTION

Personality disorders are generally defined as pervasive
and inflexible patterns of inner experience and behavior
that differ markedly from cultural expectations, have
an onset in adolescence or early adulthood, appear to
be stable over time, and lead to impairment or distress
(American Psychiatric Association, 2000). In the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition, text revision (DSM-IV-TR) multiaxial sys-
tem, 10 specific personality disorders appear on Axis
II. These are divided into three clusters, as illustrated
in Table 27.1.

When a patient has features of several different types
without meeting criteria for any specific personality dis-
order, a diagnostician may use the category “personality
disorder not otherwise specified.”

The etiology of personality disorders is complex.
Genetic research suggests that a mixture of a genetic
diathesis and environmental influences accounts for
personality disorders in roughly equal proportions
(Cloninger et al., 1993; Torgersen et al., 2000; Plomin
et al., 2001; Distel et al., 2009). Research geared to
identifying single genes that are associated with single
personality traits has been frustrating. Complex poly-
genetic mechanisms with multiple allelic variations seem
to be at work (Rutter and Plomin, 1997). While one
would expect that biological markers might be linked
to genetic factors in personality, the search for clear
linkages has proven elusive.

Because of space limitations in this chapter, we will
summarize what we know about the neurobiology of the
three personality disorders that have been most studied:
*

Correspondence to: Glen O. Gabbard,MD,Menninger Department

icine, 6655 Travis, Suite 500, Houston, Texas 77030, Tel: 713-798-
antisocial, borderline, and schizotypal. For each of these
conditions, we will review the genetic, epidemiological,
and neurobiological research. We will also provide some
brief comments on treatment.
ANTISOCIAL PERSONALITYDISORDER

Antisocial personality disorder (ASPD) is characterized
by a longstanding pattern of disregard for violating the
rights of others. Although the diagnosis is not applied
until a person is 18 years of age, to warrant the diagnosis
one must have evidence of conduct disorder with onset
before the age of 15. According to the DSM-IV-TR
criteria, three of the following seven criteria must also
be present: (1) repeated behavior that would be grounds
for arrest, reflecting a failure to conform to social
norms and the expectation of lawful behavior; (2) re-
peated lying, conning others for personal profit or plea-
sure, use of aliases, and deceitfulness; (3) impulsivity or
poor planning for the future; (4) aggressiveness and
irritability leading to assaults and repeated physical
fights; (5) a reckless lack of concern for the safety of
other people and for oneself; (6) a pervasive pattern
of irresponsibility reflected in repeated failures to honor
financial obligations and work consistently; (7) lack of
remorse, reflected in indifference to others who have
been hurt or mistreated.

The prevalence of ASPD is probably between 1.5%
and 2% (Torgersen, 2005). An important epidemiologi-
cal feature is that the disorder is far more likely to be
diagnosed in men than in women. The male-to-female
ratio for ASPD varies from around 4:1 to 8:1
of Psychiatry and Behavioral Sciences, Baylor College ofMed-

6397, Fax: 713-798-7984.



Table 27.1

Clusters of personality disorders in the DSM-IV-TR

classification on Axis II

Cluster A: odd or eccentric

Paranoid
Schizoid
Schizotypal

Cluster B: dramatic, emotional, or erratic

Antisocial
Borderline

Histrionic
Narcissistic
Cluster C: anxious or fearful

Avoidant
Dependent
Obsessive-compulsive

DSM-IV-TR,Diagnostic and Statistical Manual of Mental Disorders,

4th edition, text revision (American Psychiatric Association, 2000).
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(Cadoret, 1986). ASPD is extensively linked to criminal
activity and substance abuse, although all people with
this diagnosis have not been arrested nor have they
necessarily served time in prison.

The term “psychopathy,” according to Hare and
Harpour (1991), defines a subgroup of antisocial
patients with more severe clinical manifestations and
more striking resistance to treatment. Approximately
25% of the incarcerated offender populations would
qualify as psychopaths (Hare and Harpour, 1991).
These patients appear to have substantial neurobiolog-
ical differences compared with patients who do not
meet criteria for psychopathy. They are both more
ruthless and more incapable of any type of emotional
attachment to others.

The genetics of antisocial personality
disorder

Research has consistently shown a greater prevalence of
ASPD in monozygotic than dizygotic twins, suggesting
genetic influences in the disorder, but adverse environ-
mental factors appear to be involved in a complex inter-
action with the genetic diathesis (Cadoret et al., 1995;
Raine et al., 1996, 1997; Hodgins et al., 2001; Caspi
et al., 2002; Foley et al., 2004). In the Dunedin Multidis-
ciplinary Health and Development Study (Caspi et al.,
2002), 1037 children were followed prospectively
from birth and evaluated at age 26. The investigators
determined that a functional polymorphism in the gene
responsible for the neurotransmitter-metabolizing en-
zyme monoamine oxidase-A (MAO-A) was found to
moderate the effect of childhood maltreatment. Males
with the low MAO-A activity genotype who were also
maltreated in childhood had elevated antisocial scores.
Males with high MAO-A activity did not have elevated
antisocial scores, even when they had experienced child-
hood maltreatment. Eighty-five percent of males with
both lowMAO-A activity genotype and severe maltreat-
ment developed antisocial behavior.

Foley et al. (2004) investigated conduct disorder in
514 male twins aged 8–17 years. Their findings repli-
cated those of Caspi et al. (2002). A Swedish study
(Nilsson et al., 2006) of a randomized sample of 81 male
adolescents provided another replication. The MAO-A
genotype appeared to have no effect on adolescent crim-
inal activity if the genotype was considered alone, with-
out the adverse environmental factors. Hence the three
studies together offer strong support for a specific in-
teraction between a genotype and traumatic events early
in life. In one study (Young et al., 2006) of 247 male
adolescent patients with conduct and substance abuse
problems, the investigators were unable to replicate
the findings of the Caspi et al. study. Heritable charac-
teristics of children may influence parental behavior and
thus contribute to the gene–environment interaction.
Reiss et al. (1995, 2000) studied 708 families with at least
two same-sex, adolescent siblings involving multiple
variations. Ninety-three families had monozygotic
twins, 99 had dizygotic twins, 95 had ordinary siblings,
181 had full siblings in stepfamilies, 110 had half-siblings
in stepfamilies, and 130 were characterized by geneti-
cally unrelated siblings in stepfamilies. Data on parent-
ing styles were collected by video recordings and by
questionnaire. Approximately 60% of the variance in
adolescent antisocial behavior could be accounted for
by negative and conflictual parental behavior directed
specifically at the adolescent.

The investigators suggested that certain heritable
characteristics of the children evoke harsh and inconsis-
tent parenting. By contrast, siblings without those heri-
table characteristics did not evoke negative parental
behavior, and these siblings seemed to experience a pro-
tective effect when harsh parental behavior was directed
at the other sibling. Reiss et al. (2000) found that family
response to these heritable characteristics tended to take
one of four forms. It could: (1) enhance desirable fea-
tures of the child; (2) exacerbate troublesome behavior
of the child; (3) lead parents to back off from the diffi-
cult child in an attempt to protect the siblings with better
prospects; or (4) protect the child from the negative out-
comes related to difficult behavior.

In a subsequent report from the Caspi group, Kim-
Cohen et al. (2005), using a British cohort of 1116 twin
pairs, found that maternal depression occurring after,
but not before, the twins’ birth, was associated with
childhood antisocial behavior. Parental history of ASPD
symptoms accounted for approximately one-third of the
observed association between maternal depression and
children’s antisocial behavior.
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Neurobiological findings

In addition to the genetic findings reported above,
evidence is accumulating that there may be particular
biological substrates for ASPD and psychopathy. Levels
of 5-hydroxyindole acetic acid are significantly lower in
families with histories of ASPD than in those without
such family histories (Constantino et al., 1997). In
addition, a good deal of research has linked the risk
of criminal behavior to lowered autonomic nervous sys-
tem responsiveness (Raine et al., 1990, 1995; Brennan
et al., 1997). In fact, heightened autonomic nervous sys-
tem responsiveness appears to be protective against
criminal behavior in prospective follow-along studies
of teenagers.

Neuropsychological deficits may also play a role in
the development of ASPD. Children with attention-
deficit/hyperactivity disorder (ADHD) are at significantly
higher risk for subsequent ASPD (Mannuzza et al., 1998).
The brain volume of antisocial subjects may actually be
different from that in normal controls. Raine et al.
(2003) found that ASPD patients had an 11% reduction
in prefrontal gray-matter volume compared with healthy
subjects, psychiatric control subjects, and 26 subjects
with substance dependence. These investigators con-
cluded that this structural deficit may relate to the low
autonomic arousal, lack of conscience, and problematic
decision-making typical of antisocial and psychopathic
individuals.

A subgroup of studies has begun to differentiate
the neurobiology of psychopathy from that of ASPD.
Herpertz et al. (2001b) compared 25 psychopaths
with 18 subjects who have borderline personality disor-
der (BPD) and 24 control subjects. The subjects with
psychopathy were characterized by decreased electro-
dermal responsiveness, the absence of a startle reflex,
and less facial expression. The researchers noted
that the psychopathic individuals had a pronounced
lack of fear in response to events and a general deficit
in processing emotional information. They noted that
the emotional hyporesponsiveness was highly specific
to the individuals with psychopathy. Raine et al.
(2003) compared 15 men with high psychopathy scores
to 25 matched control subjects in a neuroimaging
study. Those with psychopathy had a statistically sig-
nificant increase in callosal white-matter volume, as
well as in callosal length. In addition, they showed
a 15% reduction in callosal thickness and an increased
functional interhemispheric connectivity. The resear-
chers suggested that atypical neural development
processes involving an arrest of early axonal pruning
or increased white-matter myelination may be res-
ponsible for these corpus callosum abnormalities in
psychopathy.
Treatment and prevention

There are no controlled studies suggesting that there are
effective treatments for patients with ASPD. No medi-
cation or psychotherapeutic strategies have been found
to be efficacious. The understanding of early environ-
mental factors that influence the expression of genes
has the potential to lead to preventive treatment at an
early age. Family therapy or individual psychotherapy
with parents may lead to alterations in parental behavior
that could decrease the likelihood of subsequent anti-
social behavior in the children.
BORDERLINEPERSONALITY DISORDER

BPD is a seriousmental disorder with a characteristic per-
vasive pattern of instability in affect regulation, impulse
control, interpersonal relationships, and self-image. It
affects about 1–2% of the general population – up to
10% of psychiatric outpatients, and 20% of inpatients
(Swartz et al., 1990; Torgersen, 2005). The disorder is
characterized by severe psychosocial impairment and a
high mortality rate due to suicide – up to 10% of patients
commit suicide, a rate almost 50 times higher than in the
general population. Because of substantial treatment use,
patients with BPD require more mental health resources
than do individuals with other psychiatric disorders.

Table 27.2 lists the nine DSM-IV criteria for BPD,
and this is the international classification. It can be or-
ganized into four sectors of psychopathology.

The first area is affective disturbance. Patients with
BPD have a range of intense dysphoric affects, some-
times experienced as aversive tension, including rage,
sorrow, shame, panic, terror, and chronic feelings of
emptiness and loneliness. These individuals can be dis-
tinguished from other groups by the overall degree of
their multifaceted emotional pain (Stiglmayr et al.,
2005; Ruesch et al., 2007b). Another aspect of their af-
fective disturbance is their tremendous mood reactivity;
patients often move from one interpersonally reactive
mood state to another, with great rapidity and fluidity,
experiencing several dysphoric states and periods of
euthymia during the course of one day.

Second is disturbed cognition. Patients show three
levels of cognitive symptomatology (Zanarini et al.,
1990): (1) troubling but nonpsychotic problems, such
as overvalued ideas of being bad, experiences of disso-
ciation in terms of depersonalization and derealization,
and nondelusional suspiciousness and ideas of refer-
ence; (2) quasipsychotic or psychotic-like symptoms –
transitory, circumscribed, and somewhat reality-based
delusions and hallucinations; and (3) genuine or true de-
lusions and hallucinations. The last category mostly hap-
pens in the context of psychotic depression. Serious



Table 27.2

DSM-IV-TR criteria for borderline personality disorder

(Lieb et al., 2004)*

Affective criteria
● Inappropriate intense anger or difficulty controlling

anger, e.g., frequent displays of temper, constant anger,
recurrent physical fights

● Chronic feelings of emptiness
● Affective instability due to a marked reactivity of mood,

e.g., intense episodic dysphoria, irritability, or anxiety

usually lasting a few hours and only rarely more than a
few days

Cognitive criteria
● Transient stress-related paranoid ideation or severe

dissociative symptoms
● Identity disturbance: striking and persistent unstable self-

image or sense of self
Behavioral criteria (forms of impulsivity)
● Recurrent suicidal behavior, gestures, or threats, or self-

mutilating behavior
● Impulsivity in at least two areas that are potentially self-

damaging that do not include suicidal or self-mutilating
behavior

Interpersonal criteria
● Frantic efforts to avoid real or imagined abandonment that

do not include suicidal or self-mutilating behavior
● A pattern of unstable and intense interpersonal

relationships characterized by alternating between
extremes of idealization and devaluation

*Five of nine criteria needed to diagnose borderline personality

disorder.

DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders,
4th edition, text revision (American Psychiatric Association, 2000).
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identity disturbance is thought to be in the cognitive
realm because it is based on a series of false beliefs,
e.g., one is good one minute and bad the next.

Third is impulsivity. Patients engage in two types: de-
liberately physically self-destructive, and more general
forms of impulsivity. Self-mutilation, suicidal commu-
nication, and suicide attempts are the constituent ele-
ments of the first type of impulsivity, and common
forms of the second are substance abuse, disordered
eating, spending sprees, verbal outbursts, and reckless
driving.

Fourth is intense unstable relationships, which are
characterized by two separate but interlocking types
of problem. The first is a profound fear of abandon-
ment, which tends to manifest itself in desperate efforts
to avoid being left alone, e.g., calling people on the
phone repeatedly or physically clinging to them. The sec-
ond is a tumultuous quality to close relationships, which
are marked by frequent arguments, repeated breakups,
and reliance on a series of maladaptive strategies that
can both anger and frighten others, e.g., highly emo-
tional or unpredictable responses.

Patients with BPD generally meet DSM criteria for
other psychiatric illnesses. In terms of Axis I disorders,
major depression, substance misuse, posttraumatic
stress disorder, other anxiety disorders, and eating dis-
orders are all common in these individuals (Oldham
et al., 1995; Zanarini et al., 1998a). In all, 40–80% of pa-
tients with BPD report a history of major depression,
and lifetime prevalence of other common Axis I disor-
ders was 10–40% for dysthymia, 10–20% for bipolarity,
65% for substance misuse, 46–56% for posttraumatic
stress disorder, 23–47% for social phobia, 16–25% for
obsessive-compulsive disorder, 31–48% for panic disor-
der, and 29–53% for any eating disorder. In terms of
Axis II disorders, avoidant, dependent, and paranoid
personality disorders are the most frequently diagnosed
comorbid conditions.

The cause of BPD is complex, with several factors
that interact in various ways with each other (Skodol
et al., 2002a): genetic factors and adverse childhood ex-
periences might cause emotional dysregulation and
impulsivity leading to dysfunctional behaviors and
psychosocial conflicts and deficits, which again might
reinforce emotional dysregulation and impulsivity. Data
on the role of genetic factors are sparse. In one twin
study, based on DSM-IV criteria, concordance rates
were seen for BPD of 35% and 7% in monozygotic
and dizygotic twin pairs, respectively, suggesting a
strong genetic effect in the development of the disorder
(Torgersen et al., 2000).

Various types of adverse event during childhood, in-
cluding ongoing experiences of neglect and abuse, are
reported by many patients (Zanarini et al., 1997,
1998b). The most frequent of these is childhood sexual
abuse, which is reported by 40–71% of inpatients with
BPD. The severity of borderline psychopathology has
also been linked to severity of childhood sexual abuse
(Silk et al., 1995; Zanarini et al., 2002).
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Course and prognosis

Research suggests that BPD, or at least some of its
symptoms, begins in the late latency period of childhood
but that treatment is typically not sought until late ado-
lescence (Zanarini et al., 2001). In two large-scale pro-
spective studies of the course of BPD, symptoms have
been noted to be less stable than previously recognized
(Shea et al., 2002; Zanarini et al., 2006). After 10 years’
follow-up, about 88% of patients with the disorder, all
of whom were hospitalized at the start of the study,
achieved remission (according to Revised Diagnostic
Interview for Borderlines and DSM-III-R criteria).
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Additionally, only 6% of those who achieved remission
had a later recurrence.

Several factors are associated with early remission,
including younger age, absence of adverse childhood
experience, no family history of substance abuse, and
absence of anxious cluster personality disorder.

PERSONALIT
Neurobiological findings

The dominant model of BPD emerging in the general
scientific literature is that deficits in the regulation of
emotion are central to the disorder. This model follows
Linehan’s theory (1993) that BPD results from a perva-
sive dysfunction of the emotion regulation system. Indi-
viduals with BPD have profound emotion vulnerability,
experiencing accentuated sensitivity to aversive emo-
tional stimuli, intense emotional reactions, and slow re-
turn to baseline emotional arousal. In a vicious cycle, the
use of dysfunctional behaviors (i.e., suicide attempts
and self-injury) to modulate aversive emotions is nega-
tively reinforced by a short-term reduction in the
intensity or experience of these emotions. Emotion dys-
regulation occurs across the entire emotional system,
impacting executive functions and affective learning
processes. In turn, the behavioral, physiological, cogni-
tive, and experiential subsystems of emotional respond-
ing are affected. The emotionally dysregulated patient
may experience inflexibility in cognitive perspective,
along with difficulty controlling impulsive behavior in
response to strong positive and negative affect. Further,
when emotionally aroused, BPD individuals may have
considerable difficulty organizing and coordinating
activities to achieve nonmood-dependent goals and
may freeze or shut down under very high stress.

The neurobiological factors of BPD, such as impul-
sivity and affect dysregulation, are poorly understood.
In view of the heterogeneity of the disorder, workers
have investigated distinct subgroups in search of differ-
ent endophenotypes (Siever et al., 2002; Skodol et al.,
2002b). Furthermore, sex seems to have an important
role in the neurobiology of this disorder. Several re-
searchers have recorded substantial differences between
male and female patients with respect to serotonergic
function (Leyton et al., 2001; New et al., 2002; Soloff
et al., 2003a). Structural and functional neuroimaging
has revealed a dysfunctional network of brain regions that
seem to mediate important aspects of BPD symptoma-
tology. This dysfunctional frontolimbic network consists
of the anterior cingulate cortex (ACC), the orbitofrontal
and dorsolateral prefrontal cortex, the hippocampus,
and the amygdala. Findings of fluorodeoxyglucose posi-
tron emission tomography studies have shown altered
baseline metabolism in prefrontal regions, including the
ACC (De la Fuente et al., 1997; Juengling et al., 2003;
Soloff et al., 2003b). These brain areas also seem to have
a role in dysfunctional serotonergic neurotransmission
(Soloff et al., 2000), which has been associated with dis-
inhibited impulsive aggression in patients with BPD. Fur-
thermore a reduction of frontal and orbitofrontal lobe
volumes (Lyoo et al., 1998; Tebartz van Elst et al.,
2003a, b) and N-acetyl aspartate, a marker of neuronal
integrity (Tebartz van Elst et al., 2003a, b), has been
reported. In challenge studies with emotional and stress-
ful stimuli, deactivation, or failure of activation, of the
ACC has been shown in patients with BPD (Schmahl
et al., 2003a, 2004a, b; Minzenberg et al., 2007; Silbers-
weig et al., 2007; Wingenfeld et al., 2009). Since the
ACC can be viewed as a brain region mediating affective
control, dysfunction in this area might be related to affec-
tive dysregulation, which is characteristic of the disorder.
Recently, increased glutamate metabolism could be dem-
onstrated in a magnetic resonance spectroscopy (MRS)
study in theACC of borderline patients. In this study, glu-
tamate levels were also correlated with impulsivity
(Hoerst et al., 2010a).

Studies have consistently revealed altered pain per-
ception in BPD in terms of heightened pain thresholds
under resting and stress condition (Bohus, 2000;
Ludaescher et al., 2007), but not in terms of an impaired
ability to detect pain thresholds (Schmahl et al., 2006;
Ludaescher et al., 2007; Kraus et al., 2009). In contrast
to healthy controls (HC), borderline patients show a spe-
cific pattern of cortical responses to pain stimulation
during functional magnetic resonance imaging (fMRI),
particularly a stronger activation in the dorsolateral pre-
frontal cortex and a deactivation in ACC and amygdala
(Schmahl et al., 2006; Kraus et al., 2009). This pattern of
neural activation during pain stimulation suggests a
neural antinociceptive mechanism to downregulate
emotional components of pain and might be related to
self-injurious behavior in patients with this disorder.

Work in animals has established that the amygdala has
a central role in emotional regulation (FanselowandGale,
2003). In a studywith an emotional stimulation paradigm
combinedwith fMRI, anenhanced signal in the amygdala
was recorded bilaterally in patients with BPD compared
with matched controls (Herpertz et al., 2001a). Donegan
and colleagues (2003) reported increased left amygdala
activation in response to facial expression of negative
emotions with fMRI. With MRS, Tebartz van Elst
et al. (2007) found a significant increase of left amygdala
total creatine concentrations in 12patientswithBPDcom-
pared to levels in 10HC,whileHoerst et al. (2010b) found
significantly reduced total N-acetyl aspartate and total
creatine concentrations in the left amygdala of 21 pa-
tients with BPD compared to 20 HC.

Results of structural imaging studies indicate re-
duced hippocampal and amygdala volumes in patients
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with BPD (Driessen et al., 2000; Schmahl et al., 2003b;
Tebartz van Elst et al., 2003a, b). Hippocampal volume
reduction could be confirmed in several studies,
whereas the findings regarding amygdala volumes were
inconsistent with some studies confirming reduced vol-
umes (Ruesch et al., 2003; Schmahl et al., 2003a; Tebartz
van Elst et al., 2003a, b; Irle et al., 2005; Soloff et al.,
2008), while other investigations revealed no significant
differences between amygdala volumes in BPD and HC
(Brambilla et al., 2004; Zetzsche et al., 2006; New et al.,
2007). Using voxel-based morphometry, Minzenberg
et al. (2008) even found significantly higher gray-
matter concentration in the amygdala in 12 unmedi-
cated borderline patients. Divergent findings may be
due to differences in sample size, gender homogeneity,
drug administration, anatomical masks as well as
different comorbidities such as depression or sub-
stance abuse. This wide range of methodologies also
makes direct comparison of findings from different
studies difficult. To create aggregated estimates for
hippocampus and amygdala volumes, Nunes et al.
(2009) pooled data across seven studies in a recent
meta-analysis and found significantly smaller volumes
bilaterally in hippocampus and amygdala in borderline
patients compared to HC.

Reduced volumes have also been found in prefrontal
regions, including the ACC (Tebartz van Elst et al.,
2003a, b; Minzenberg et al., 2008; Soloff et al., 2008)
and the orbitofrontal cortex (OFC) (Tebartz van Elst
et al., 2003a, b) in borderline patients compared to
HC. Studies using diffusion tensor imaging found alter-
ations in white-matter microstructural integrity in infe-
rior frontal brain regions (Grant et al., 2007) and the
OFC (Ruesch et al., 2007a) in BPD. Studies in teenagers
with first-presentation BPD revealed significantly smal-
ler volumes in the left ACC (Whittle et al., 2009) and in
the OFC (Chanen et al., 2008; Brunner et al., 2010), but
no alterations of the amygdala and the hippocampus
(Chanen et al., 2008; Brunner et al., 2010). Further stud-
ies in teenagers and longitudinal studies are needed to
elucidate whether brain alterations in adult BPD are ge-
netically determined or due to influences such as stress
or substance abuse.

In summary, both neuropsychological and neuroim-
aging findings seem to indicate that a weakening of pre-
frontal inhibitory control could contribute to amygdala
hyperactivity. Simultaneous limbic and prefrontal
disturbances suggest dual brain pathology as a neuro-
pathological correlate of hyperarousal–dyscontrol
syndrome, seen in patients with BPD. However, whether
the observed neurobiological dysfunctions are pre-
existing, i.e., due to genetic, pre/postnatal factors, or
adverse events during childhood, or the consequence
of the disorder itself is unknown.
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Treatment

PSYCHOSOCIAL INTERVENTIONS

Over the past 10 years, three structured psychotherapeu-
tic programs have emerged as effective interventions
for this disorder: (1) dialectical behavior therapy
(DBT), a variation of cognitive-behavioral therapy;
(2) mentalization-based therapy, a psychodynamic long-
term partial hospital program; and (3) schema-focused
therapy, a variation of cognitive therapy. Of the three,
DBT has the most empirical support from seven well-
controlled trials (for overview, see Lieb et al., 2004).
DBT is based on a combined capability deficit and a
motivational model of BPD, which states that: individuals
with this disorder do not have important interpersonal,
self-regulation (including emotional regulation), and
distress tolerance skills; and personal and environmental
factors sometimes block and inhibit use of behavioral
skills that patients have, and at times reinforce dysfunc-
tional behaviors. Patients with BPD enter treatment at
various levels of severity: most serious are those who
have severe behavioral dyscontrol. In these individuals
the first priority is to increase behavioral control and
reduce severely dysfunctional behaviors; the goal is to
get the patient functioning and productive. With suicidal
individuals, the first priority is to decrease life-threatening
behaviors, particularly suicidal behaviors, and the
level of suicidality should be actively and consistently
monitored. Once the patient has achieved adequate
behavioral control the patient’s intense dysphoria and
difficulties managing emotional experiences emerge as
the central target of therapy. Treatment at this stage
will focus most typically on reduction of experiential
avoidance. The suggestion that BPD patients do not
make medically serious suicide attempts is untrue
and, as noted above, the suicide rate in these individuals
is very high.
PHARMACOTHERAPY

Results of placebo-controlled trials suggest that
pharmacotherapy for BPD could be used to target certain
aspects, such as cognitive-perceptual symptoms, emo-
tional dysregulation, or impulsive-behavioral dyscontrol
(for review, see Lieb et al., 2004, and Table 27.3). In many
patients, medication might not only calm the patients but
also allow them to reflect before acting. This treatment
might be relevant to psychosocial interventions, providing
the possibility of discontinuing medication once patients
have learned to manage themselves.

Neuroleptics could be effective against cognitive
perceptual symptoms, such as suspiciousness, paranoid
ideation, ideas of reference, or transitory (stress-
related) hallucinations. Open studies testing atypical



Table 27.3

Placebo-controlled psychopharmacological studies on borderline personality disorder within the last 10 years

Drug
Patients verum/
placebo (n) Dose/day Duration (weeks) Major effects References

Fluvoxamine 38/19 166 � 27 mg 12 Rapid mood swings Rinne et al., 2002
Fluoxetine 9/8 20–60 mg 12 Global parameters,

anxiety, anger

Markovitz et al., 1991

Fluoxetine 13/9 40 mg 13 Anger Salzman et al., 1995
Olanzapine 19/9 5.3 � 3.4 mg 26 Anxiety, anger,

hostility,

interpersonal
difficulties

Zanarini and
Frankenburg, 2001

Olanzapine 20/20 2.5–20 mg 12 Global functioning

(CGI-BPD)

Bogenschutz and

Nurnberg, 2004
Olanzapine 30/30 (alle

zusätzlich DBT)
8.8 � 3.8 mg 12 Depression, anxiety,

impulsivity,

hostility

Soler et al., 2005

Aripiprazole 26/26 15 mg 8 Global
symptomatology

(SCL-90 GSI)

Nickel et al., 2006

Carbamazepine 10/10 Plasma-spiegel,
4 -7.1 mg/ml

4 – de la Fuente and
Lotstra, 1994

Valproic acid 12/4 ? 10 Global parameters

(CGI-I)

Hollander et al., 2001

Valproic acid 20/10 (alle
zusätzlich

Bipolar II-
St€orung)

850 � 249 mg 26 Interpersonal
problems,

aggression,
anger, hostility

Frankenburg and
Zanarini, 2002

Topiramate 19/10 (nur Frauen) 250 mg 8 Anger Nickel et al., 2004

Topiramate 22/10 (nur Männer) 250 mg 8 Anger Nickel et al., 2005
Topiramate 28/28 (nur Frauen) 200 mg 10 Global

symptomatology
(SCL-90 GSI);

interpersonal
problems (IIP)

Loew et al., 2006

Lamotrigine 18/9 200 mg 8 Anger Tritt et al., 2005

Omega-3-
fatty acids

20/10 1000 mg 8 Aggression,
depression

Zanarini and
Frankenburg, 2003

CGI, Clinical Global Impression (scale); BPD, borderline personality disorder; SCL, Symptom Checklist; GSI, Global Severity Index.
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neuroleptics show good tolerability and efficacy for clo-
zapine (Frankenburg and Zanarini, 1993; Chengappa
et al., 1999) and risperidone (Rocca et al., 2002). In
placebo-controlled trials, the atypical neuroleptics olan-
zapine (Zanarini and Frankenburg, 2001; Bogenschutz
and Nurnberg, 2004) as well as aripiprazole (Nickel
et al., 2006) were superior to placebo in the treatment
of all four core sectors of borderline psychopathology.
Soler et al. (2005) have published a randomized con-
trolled trial on the additional impact of olanzapine to
treatment with DBT. Placebo-controlled studies have
provided evidence for the efficacy of selective serotonin
reuptake inhibitors (SSRIs) on rapid mood shifts, anger,
and anxiety (Markovitz et al., 1991; Salzman et al., 1995;
Coccaro and Kavoussi, 1997; Rinne et al., 2002). The
possible toxic effects (e.g., after overdose), the potential
worsening of cognitive-perceptual symptoms by tricy-
clic antidepressants, and the difficulties in managing
borderline patients on monoamine oxidase inhibitors
could lead clinicians to consider SSRIs as first-line
agents in the treatment of the depressed, anxious, labile,
and angry patient (Soloff, 2000). Another option is
mood stabilizers. Several placebo-controlled studies of
these drugs have reported promising results for carba-
mazepine (De la Fuente and Lotstra, 1994), valproic acid
(Hollander et al., 2001; Frankenburg and Zanarini,
2002), topiramate (Loew et al., 2006), and lamotrigine
(Nickel et al., 2004, 2005).
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Despite these promising results, multicenter studies
with larger sample sizes are needed. Under normal clin-
ical conditions, psychopharmacological treatment will
always serve as a treatment adjunct to psychosocial in-
terventions (American Psychiatric Association, 2001).

SCHIZOTYPAL PERSONALITY
DISORDER

Schizotypal personality disorder belongs to the Cluster A
disorders, which include paranoid and schizoid personal-
ity disorders. Hallmark characteristics of schizotypal per-
sonality disorder include difficulty relating to others, odd
behavior or appearance, and suspiciousness. Patients also
often display cognitive impairment. Patients must meet at
least five of nine symptoms in order to meet criteria for a
diagnosis of schizotypal personality disorder according to
the DSM-IV (American Psychiatric Association, 1994).
These include ideas of reference, odd beliefs or magical
thinking, unusual perceptual experiences, odd thinking
and speech, suspicious or paranoid ideation, inappropri-
ate or constricted affect, peculiar behavior or appearance,
lack of close friends or confidants, and excessive social
anxiety motivated by paranoid fears. Depending on the
combination of symptoms met, i.e., predominantly nega-
tive or positive symptoms, each patientmay present some-
what differently. However, it is worthwhile noting that,
unlike schizoid personality disorder, some schizotypal pa-
tients often do want relationships despite social deficits.
Patients with schizotypal personality disorder are not
likely to seek psychiatric care, in large part because of
their nature, and are therefore not frequently seen in clin-
ical settings. If they do present, it is usually for related
symptoms, i.e., depression or anxiety. Reported preva-
lence is 3% of the population according to DSM-IV.

The prognosis for those with schizotypal personality
disorder is a stable one over their lifetime with symp-
toms neither abating nor worsening. In some cases, schi-
zotypal personality disorder symptoms are present in
individuals prior to onset of schizophrenia, although
most individuals with stable schizotypal symptoms that
persist after adolescence do not become psychotic.

Part of schizophrenia spectrum

Unlike some other personality disorders, schizotypal
personality disorder appears to exist with a continuum
of disorders that are part of the schizophrenia spectrum
(Siever andDavis, 2004). Patientswith schizotypal person-
ality disorder share qualitieswith schizophrenic patients in
the cognitive, phenomenological, and biological realms,
but they do not go on to develop psychosis. In addition,
schizotypal personality disorder appears more often in
relatives of patients with schizophrenia than in relatives
of controls. For example, schizotypal personality disorder
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occurred significantly more often in high-risk adoptees
(those with schizophrenic mothers) as compared to
low-risk adoptees (from mothers with nonschizophre-
nia spectrum disorders or no disorder) (Tienari et al.,
2003). There is research indicating that predominantly
negative symptom schizotypal patients may be more
closely typical of the schizophrenia spectrum. Schizotypal
patients who do have relatives with schizophrenia have
been found to display more negative symptoms –
such as inadequate rapport, odd communication, and
social isolation – than schizotypal patients without
schizophrenic relatives (Torgersen et al., 2002). Within
a group of schizophrenic patients, negative symptoms
in the probands were correlated with negative schizo-
typal symptoms in relatives (Fanous et al., 2001). Al-
though positive symptoms were also correlated with
the corresponding symptoms in relatives, the connec-
tion with the negative symptoms was more statistically
significant, adding to the evidence that negative symp-
toms may be more closely related to the schizophrenia
spectrum.

Cognitively, schizotypal personality disorder patients
have impairment in areas such as working memory, ver-
bal learning, and attention (Siever et al., 2002). Deficits
have also been demonstrated in context representation
(Barch et al., 2004), episodic memory, and delayed recall
(Mitropoulou et al., 2005). These deficits are often
similar to, but not as severe as, those seen in schizo-
phrenic patients.

Genetics

There is no specific gene associated with schizo-
typal personality disorder. However, self-reported
schizotypy scores have been related to the catechol-
O-methyltransferase (COMT) genotype, and subjects
homozygous for the high-activity allele had the highest
scores (Avramopoulos et al., 2002), particularly in the
negative symptom and disorganization areas (Stefanis
et al., 2004). In addition, the COMT Val/Met genotype
variation has been associated with task performance
requiring prefrontal cortex in schizotypal and other
personality disorders (Minzenberg et al., 2006). This
may contribute to processing deficits observed in schizo-
typal personality disorder. The same genotype variation
appears to be associated with performance stability
on the continuous performance task, also requiring
prefrontal cortex (Stefanis et al., 2005).

Neurobiology

The relationship of dopamine to schizotypal personality
disorder is of interest as it plays a critical role in schizo-
phrenia. By examining the dopamine metabolite homo-
vanillic acid (HVA), researchers have found that
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schizotypal personality disorder patients display signif-
icantly higher levels of plasma and cerebrospinal fluid
HVA than those with other personality disorders and
controls, and that these higher levels were also corre-
lated with psychotic-like symptoms (Siever et al.,
1991, 1993). However, dopamine release following am-
phetamine administration, while greater than in healthy
controls, was less than in acute schizophrenic patients
(Abi-Dargham et al., 2004).

Structural imaging

ImagingusingMRIhasdemonstrateddecreased temporal-
lobe gray matter in schizotypal personality disorder
compared with controls, but relatively intact white mat-
ter (Downhill et al., 2001). Others have also shown re-
duction in the superior temporal and medial temporal
regions (Kawaski et al., 2004). The volume of the cau-
date nucleus was found to be significantly smaller in
schizotypal patients versus controls, and was correlated
with difficulty in performing tasks requiring working
memory (Levitt et al., 2002). The ventral putamen was
also found to be smaller in schizotypal patients com-
pared to controls (Shihabuddin et al., 2001). In schizoty-
pal personality disorder, the splenium of the corpus
callosum was smaller than in controls, though not as
small as in schizophrenia. However, the genu of the cor-
pus callosum was larger than in controls, thought per-
haps to be a compensatory mechanism (Downhill
et al., 2000).

Pharmacological intervention

Although there is no approved medication to treat schi-
zotypal personality disorder, research studies have dem-
onstrated some improvement in cognition and social
deficit factors with some pharmacological agents. For
example, amphetamine was found to improve visuo-
spatial working memory in patients with schizophrenia
spectrum personality disorders (schizotypal and
paranoid personality disorders) compared to those with
nonschizophrenia spectrum-related personality disor-
ders (Kirrane et al., 2000). Amphetamine also improved
negative symptoms without worsening positive symp-
toms. Additionally, amphetamine was related to im-
proved performance on the Wisconsin Card Sorting
Test in schizotypal patients versus placebo (Siegel
et al., 1996). Guanfacine, an alpha 2A agonist that acts
postsynaptically in prefrontal cortex, has been shown
to improve performance in tasks requiring context
processing (McClure et al., 2007).

There has been some interest in atypical antipsychotic
medication for the treatment of schizotypal personality
disorder. Low-dose risperidone appears to improve
some of the positive and negative symptoms observed
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in schizotypal personality disorder compared with pla-
cebo (Koenigsberg et al., 2003). An open-label trial of
olanzapine resulted in improvement in psychosis and de-
pression ratings in schizotypal patients from baseline
(Keshavan et al., 2004).
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Treatment – other intervention

Other forms of therapy, for example psychosocial treat-
ment, may be helpful for some schizotypal patients, as
has been helpful in the management of schizophrenia.
However, currently no empirically validated treatment
exists. Patients with schizotypal personality disorder
do tend to hold down jobs, although often routine and
solitary. Psychosocial therapy may provide help in social
interactions by decreasing paranoid fears, and providing
vocational training in order to develop skills. The largest
hurdle, however, may be persuading a patient to become
initially involved in treatment.
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INTRODUCTION

Parkinson’sdisease (PD) isacommonneurologicaldisorder
that affects about 10 million people worldwide and is a
major healthcare issue, especially in the elderly. It is a
chronic, progressive degenerative disorder of the central
nervous system characterized by altered neurotransmis-
sion, especially, but not exclusively, of dopamine in the
basal ganglia. This may result in movement disturbances,
mobility and posture symptoms that cause severe disability
in patients. In this respect, James Parkinson’s original 1817
description of the “shaking palsy” is a remarkably accurate
account of the disease now bears his name. He focused his
essay on akinesia, tremor, and rigidity as cardinal motor
symptoms of PD, but he also reported on an array of fur-
ther, more secondary, clinical signs, which are not directly
related to the dysfunction of the motor system (Parkinson,
1817). These nonmotor symptoms also affect quality of life
inPDpatients.Theself-descriptionsofPDonsetbyWilhelm
von Humboldt or Michael J Fox initially mention motor
symptoms as the guiding clinical feature (Horowski et al.,
1995; Fox, 2003). Both of them also report nonmotor
features, such as apathy, anhedonia, and other depressive
symptoms, all of which may initially occur, but also later
in the further course of PD.

EPIDEMIOLOGY

PD is the secondmost commonneurodegenerativedisorder
after Alzheimer’s disease. Onset of PD typically occurs at
around 60 years of age and the prevalence rates increase
*
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with age. Estimates in Europe suggest a prevalence of
around 0.6% among people aged 65–69 years, rising to
2.5–3.5% among people aged over 75 years (Marras and
Tanner, 2004). In the USA, PD is estimated to affect 1%
of the population over the age of 60 years, and increased
age is associated with a rise in prevalence. Around 5–10%
of patients with PD are younger than 40 years of age. Al-
thoughsomeepidemiological studieshavefoundnosexdif-
ferences in the prevalence of PD, a meta-analysis of seven
studies suggests that men have a 1.5 times greater risk of
developing PD than women (de Rijk et al., 1997, 2000).

CAUSESOF PARKINSON’SDISEASE

The exact cause of PD is still unknown. Parkinson syn-
drome is considered as idiopathic, when symptomatic
causes, i.e., drugs and chronic toxin exposure, have been
excluded. There are various hypotheses on the origin of
PD: environmental and occupational risk factors, oxida-
tive stress, and genetic predisposition, whichmay comple-
ment each other. No clear environmental determinants
have been identified yet. Exposure to pesticides has been
widely implicated as a risk factor for PD (Tanner et al.,
2009). About 15% of patients with PD have a family his-
tory of PD, suggesting that genetics may play a part in the
etiology of PD. It is possible that gene–environment inter-
actions could render some people more susceptible to
developing PD; this remains a focus of further research
(Checkoway and Nelson, 1999; Ross et al., 2000; Nutt
and Wooten, 2005).
f Neurology, St. Joseph Hospital Berlin-Weibensee, Gartenstr.
0703, E-mail: th.mueller@alexius.de, thomas.mueller@ruhr-
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Prevention of Parkinson’s disease

Nicotine may be protective against PD, although ciga-
rette smoking is not recommended as a prevention strat-
egy. A previous smoking history seems to delay the
onset of PD compared with patients who have never
smoked. An inverse relationship has also been observed
between caffeine intake and the risk of PD. However,
results of these trials are still a matter of debate, since
nicotine and caffeine indirectly upregulate endogenous
dopamine synthesis linked via the adenosine neurotrans-
mitter system (Simola et al., 2008; Morelli et al., 2009).
Therefore it is debatable whether these compensatory
mechanisms delay an early diagnosis of PD, which
predominantly results from dopamine decrease-related
motor dysfunction.
Features of the chronic
neurodegenerative process

PERIPHERY

Neuronal cell loss in PD affects peripheral neurotrans-
mitter systems. Orthostatic hypotension reflects sympa-
thetic peripheral neurocirculatory failure, characterized
by cardiac sympathetic failure, which is in line with a
significant reduction of tyrosine hydroxylase activity
and correspondingly dopamine in the adrenal medulla
of PD patients. Thus PD is a disease that takes place
in the whole organism, with the appearance of typical
neuropathological features.
NEUROPATHOLOGY

Neuropathological findings, even hypothetically, sug-
gest a certain pattern of evolving neurodegeneration
beyond the striatal dopaminergic system (Riederer
and Wuketich, 1976; Braak et al., 1995, 2003). This
theory describes an initial formation of proteinaceous
inclusion bodies in PD in few susceptible neuronal
types of the human nervous system. According to this
view, the process may begin in the enteric nervous sys-
tem and then enter the central nervous system and pro-
gress via, particularly, the dorsal motor nucleus of the
vagal and the nucleus olfactory anterior in the lower
brainstem, and advance from there essentially upwards
through susceptible regions of the medulla oblongata,
pontine tegmentum, midbrain, and basal forebrain,
ultimately to the cerebral cortex. Multiple components
of the autonomic, limbic, and motor systems become
more and more involved, and consequently impaired,
as the disease progresses. There may be a close
interconnection of all these vulnerable subcortical
grays and cortical areas during the whole neurodegen-
erative process. These neuropathological observations,
in combination with the view that the stereotypic topo-
graphical expansion pattern of lesions may resemble a
falling row of dominos, finally generates the hypothe-
sis that PD starts outside the central nervous system.
A yet-unidentified pathogen, which is capable of pass-
ing the mucosal barrier of the gastrointestinal tract,
may cause the initial event. Retrograde axonal and
transneuronal transport enable the causative pathogen
to reach certain selective vulnerable subcortical nuclei
and, unimpeded, gain access to the cerebral cortex.
These still hypothetical and debated considerations
offer one possible explanation for the sequential and
apparently uninterrupted manner in which vulnerable
brain regions, subcortical grays, and cortical areas
become involved in the clinical features of idiopathic
PD (Przuntek et al., 2004; Hawkes et al., 2007; Burke
et al., 2008). In the brain, the neurodegenerative
process affects the predominant norepinephrinergic
locus coeruleus, the serotonergic raphe nuclei, and
the cholinergic nucleus basalis Meynert causes distur-
bances of cortical and limbic projections or dysfunc-
tion of vegetative innervation in the region of the
dorsal nucleus of the nervus vagus or the sympathetic
ganglia (Hornykiewicz, 1998; Gerlach and Riederer,
1999). Thus, serious cytoskeletal damage occurs in
glutamatergic, gamma-aminobutyric acid(GABA)-
ergic, cholinergic, noradrenergic, serotonergic, and
peptidergic neurons in addition to the altered nigro-
striatal dopaminergic pathway.

ET AL.
GLIAL DYSFUNCTION SUPPORTS NEURONAL DEATH

An altered glial cell function accompanies this neuronal
degeneration, which also involves neuroimmunomodu-
latory processes with increased synthesis and secretion
of proinflammatory cytokines. This immune-mediated
dysfunction of glial cells may represent an important
component of PD progression, which involves various
kinds of other pathophysiological mechanisms, i.e., mi-
tochondrial dysfunction, oxidative stress, increased
excitotoxin, and nitric oxide synthesis. All these pro-
cesses complement one another. The final neuronal cell
death occurs as a consequence of an initial intracellu-
larly reduced energy metabolism, which causes a slowly
occurring neuronal loss of function. Apoptosis and ne-
crosis may be the common result of all these extra- and
intracellular metabolic changes, i.e., decreased synthesis
or function of neurotrophic factors, altered function
of cytoskeleton-metabolizing proteases, and induction
of inflammatory mediators, in the various affected
neurotransmitter systems in PD (Jenner and Olanow,
1996; Lipton et al., 1997; Hirsch et al., 1998; Gerlach
et al., 1999; Lee et al., 2005).
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NEUROCHEMICAL CONSEQUENCES

OF NEURONAL DEATH

The loss of striatal dopaminergic neurons and terminals
leads to an impaired capacity to form, store, and regu-
late the presynaptic release of dopamine. They cause
extranigral neurodegeneration cognitive and behavioral
disturbances, which precede altered motor function
(Wolters et al., 2000; Braak et al., 2003; Przuntek
et al., 2004). The initially predominantly one-sided onset
of ongoing loss of nigral dopaminergic presynaptic neu-
rons mainly leads to the clinical diagnosis of PD after
the occurrence of motor symptoms. At that threshold,
nigral cell loss is about 50%, while striatal dopamine
content is reduced to approximately 80%.
PREMOTORSIGNSOF
PARKINSON’SDISEASE

Slow insidious, often transient, onset of disturbed motor
behavior often appears initially, combined with dull pain
syndromes, unspecific fatigue-like symptoms, distur-
bances of sleep, emotional, and personal behavior, re-
duced tolerance to stress, deficits of motivation and
impulse, lack of concentration, restlessness, and anxiety.
These psychomotor retardation, apathy, and anhedonia-
like symptoms are often initially diagnosed as depression
of the elderly or as early signs of mild cognitive impair-
ment or dementia in clinical practice (Müller, 2004).
Indeed, anxiety and depressive episodes are early
nonmotor manifestations of the underlying disease pro-
cess (Shiba et al., 2000). Further clinical nonspecific
symptoms may be cognitive slowing, impaired learning
capacities, olfactory dysfunction, and disturbed sleep
(Doty, 1989; Wszolek and Markopoulou, 1998; Tissingh
et al., 2001; Stiasny-Kolster et al., 2005; Postuma et al.,
2006; Wolters and Braak, 2006; Wolters, 2008). Distur-
bances of gastrointestinal function, bladder dysfunction,
and disorders of the lung are also more frequent in PD
patients than in the healthy population. This supports
the concept that PD is not only a brain disorder but also
affects the whole body (Sabate et al., 1996; Goetze et al.,
2006; Winge et al., 2006).

Various screeening tests have been developed to
enable an earlier diagnosis of PD before onset of the
motor symptoms (Tissingh et al., 2001; Stiasny-Kolster
et al., 2005; Postuma et al., 2006; Wolters and Braak,
2006). They deal with olfactory function, color vision,
rapid-eyemovement sleep behavior, cognition, finemotor
skills, and restless legs syndrome (Postuma et al., 2009).
However, the noticable problems are not specific for
PD as they also appear in other neurodegenerative dis-
eases and during the normal aging process (Hawkes
et al., 2007; Burke et al., 2008). Predominantly, execution
of the applied screening tests demands considerable cog-
nitive load, particularly in the mesolimbic system and in
the prefrontal cortex. The function of both structures also
depends greatly on dopamine and both are more sensitive
to even minimal changes in catecholamine levels com-
pared with alterations within the nigrostriatal system
(Arnsten and Li, 2005). Therefore one may also hypothe-
size that the reduced dopaminergic stimulation of these
areas results in onset of more nonspecific clinical symp-
toms as the essential early premotor feature of PD,
detected by lowered abilities on test performance. Clini-
cally, this mainly corresponds to apathy and related symp-
toms, dependent on the premorbid personality of the
subject. Therefore, to date, no specific tests dealing with
this phenomenon are currently available to screen and de-
tect an earlier phase of the neurodegenerative process in
PD. However, nearly all nonmotor features that are under
discussion for early premotor diagnosis of PDmirror this
kind of cognitive dysfunction, which may be responsible
for altered test execution. In the various pain types asso-
ciated with restless legs syndrome, onemay also assume a
relationship to pain syndromes as a consequence of the
initial rigidity of PD (Fig. 28.1).
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DIAGNOSISOF PARKINSON’SDISEASE
AFTERONSETOFMOTORSYMPTOMS

Patients with early PD sometimes experience tremor as
the initial symptom of disturbed movement. Other typ-
ical motor symptoms are often dull, nonspecific pain
syndromes in combination with reduced swinging of
upper limbs, disturbances of gait, and increased mus-
cular tone in the limb. The clinical diagnosis is mostly
based on patient history and the physician’s clinical
skill. To establish initially a diagnosis of PD at least
two of the three cardinal motor symptoms (bradykine-
sia, rigidity, and resting tremor) should be present.
Moreover there should be a definitive response to do-
paminergic stimulation. In this repect, testing with
levodopa (LD) is superior to the use of the dopamine
agonist (DA) apomorphine (Hughes et al., 1992; Müller
et al., 2003a). Specific biomarkers, morphological or
functional imaging techniques that unequivocally con-
firm the diagnosis of PD are currently not available or
are not specific (Behnke et al., 2009; Maetzler et al.,
2009; Godau and Berg, 2010); even the neuropatholog-
ical paradigm of an increased number of nigrostriatal
Lewy bodies is under debate (Sulzer, 2001; Burke
et al., 2008). A community study conducted in the
UK found that approximately 20% of patients seeking
medical attention with tremor or parkinsonian features
are not recognized as having the disease, while at least
15% of patients with a clinical diagnosis of PD did not
fulfill strict clinical criteria for the disease, suggesting
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that rates of misdiagnosis and underdiagnosis are
high (Schrag et al., 2002). Various laboratory tests
are employed to exclude symptomatic causes of
Parkinson’s syndrome.
DRUGTREATMENTOF PARKINSON’S
DISEASE

The observation of a dopamine deficit in the basal gang-
lia inaugurated the therapeutic concept of dopaminergic
substitution. Various kinds of compound are available.
The main drug classes are inhibitors of monoamine ox-
idase-B (MAO-B), DA, and the blood–brain barrier-
crossing precursor of dopamine, LD, combined with
its peripheral metabolism-inhibiting enzyme blockers
(Riederer et al., 2007). Nearly all of them may also con-
tribute to onset of nonmotor features in the course of
PD (Müller, 2002a, b).
Monoamine oxidase-B inhibitors

MAO-B inhibition stabilizes and reduces fluctuations
of dopamine levels in the synaptic cleft, since metabo-
lism via glial MAO is reduced. Thus the available
MAO-B inhibitors selegiline and rasagiline modulate
the dopamine uptake at pre- or postsynaptic striatal
uptake sites similar to N-methyl-D-aspartate antago-
nists, i.e., amantadine, adenosine A2 antagonists, or
5-HT1a agonists. MAO-B inhibitors are well tolerated,
but they show only a moderate effect on motor behav-
ior (Riederer et al., 2007).
Dopamine agonists

DAs act directly on postsynaptic dopamine receptors
without the need for metabolic conversion to dopamine,
storage, and release in degenerating nigrostriatal nerve
terminals. In addition, DAs decrease endogenous dopa-
mine turnover, which is enhanced by LD and is a potential
source of increased synthesis of neurotoxic free radicals
attributable to oxidation of accumulating dopamine
(Riederer et al., 2007). However, DAs are less tolerated
compared with LD. They have a long plasma half-life
and show at least partially a high affinity to postsynaptic
dopamine uptake sites. Common peripheral side-effects
of all DAs include nausea, vomiting, postural hypoten-
sion, dizziness, bradycardia, and other effects related
to stimulation of the peripheral autonomic system
(Riederer et al., 2007). Co-administration of the periph-
eral dopamine receptor blocker domperidone (partially
off-label use, USA) counteracts these symptoms
(Riederer et al., 2007). Slow-release DA showed better
tolerability and efficacy on additional nonmotor symp-
toms, i.e., on sleep, in clinical trials (Pahwa et al.,
2007). In daily practice, their handling and thus their
efficacy is better, since patients are asked to take the drug
only once a day, which improves compliance.

Levodopa

LD is the blood–brain barrier-crossing precursor of the
physiological neurotransmitter dopamine. LD is then
converted to dopamine by the enzyme tyrosine hydrox-
ylase within the brain, predominantly in presynaptic do-
paminergic neurons. Initially LD was administered as an
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infusion (Birkmayer and Hornykiewicz, 1961); later LD
was administered in dosages up to several grams per
day. This caused side-effects, i.e., nausea, due to the
fast peripheral degradation, since LD has a short plasma
half-life (Birkmayer and Hornykiewicz, 1961; Cotzias
et al., 1967, 1969). The introduction of the additional
administration of an aromatic amino acid decarboxylase
inhibitor (DDI) markedly reduced peripheral LD degra-
dation, lengthened the half-life up to 60–90 minutes
and, as a consequence, reduced the necessary daily
administered LD dosage to generally below 1000 mg
for improvement of motor symptoms in PD patients
(Birkmayer and Mentasti, 1967). Two different DDIs
are available: benserazide is administered with LD
on a 1:4 basis, and carbidopa on a 1 :10 basis (Kent
et al., 1990). Nowadays each oral standard LD formu-
lation is applied with a peripherally acting DDI. There-
fore LD is predominantly converted to its metabolite
3-O-methyldopa (3-OMD) by the ubiquitious enzyme
catechol-O-methyltransferase (COMT) in blood,
peripheral tissues, and catecholaminergic neurons.

COMT INHIBITORS

COMT inhibitors, as adjuncts to LD/DDI application,
further prolong the half-life of LD and therefore con-
vincingly improve the clinical efficacy on motor symp-
toms. Pharmacokinetic and placebo-controlled trials
with the peripherally acting entacapone and the addition-
ally centrally acting tolcapone proved this therapeutic
principle (Russ et al., 1999; Ceravolo et al., 2002). These
researchers showed that the antiparkinsonian clinical
effect of LD was further enhanced by its substantial
extension of the plasma elimination half-life and its sub-
sequently increased brain delivery (Baas et al., 1997;
Müller et al., 2000b; Poewe et al., 2002; Gershanik
et al., 2003; Olanow et al., 2004). This principle of LD
administration was further improved by the combina-
tion of LD, carbidopa, and entacapone in one tablet,
which supports compliance and acceptance by PD
patients (Müller, 2009a).

CLINICAL EFFICACY AND SIDE-EFFECTS OF ORAL

LD/DDI APPLICATION

To date, LD/DDI is the most efficacious and best ini-
tially tolerated dopaminergic antiparkinsonian com-
pound with dose-dependent efficacy (Fahn et al., 2004).
All idiopathic PD patients respond to LD application
with a distinct improvement of predominant akinesia
and rigidity and, to a lesser extent, tremor. A missing
response makes the diagnosis of idiopathic PD uncertain
or may indicate a gastrointestinal absorption problem.
Plasma appearance of LD improves with progression
of PD and inversely correlates with body weight
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(Müller et al., 2000a; Woitalla et al., 2006). Gastrointes-
tinal motility and controversial reduction of food consist-
ing of large neutral amino acids and proteins are
factors that influence the gastrointestinal and blood–
brain barrier-crossing pharmacokinetic behavior of LD
and thus its efficacy (Kurlan et al., 1988; Ogawa,
2000; Goetze et al., 2005). LD is well tolerated after in-
take. Onset of nausea, low blood pressure, or dizziness
may occur within a fast titration regime up to efficient
dosages, which depends on the severity of motor
symptoms.

Deep brain stimulation

With the very severe onset of these motor complications,
the PD patient enters the stage of deep brain stimulation,
predominantly of the subthalamic nucleus or the internal
pallidum. Dosing of dopaminergic drugs may be re-
duced; there is a better quality of life due to the proven
effects of deep brain stimulation on motor symptoms
and motor complications (Burn and Troster, 2004;
Deuschl et al., 2006; Lyons and Pahwa, 2006; Halpern
et al., 2009). Drawbacks are rare acute onset of neuro-
psychiatric syndromes, e.g., mania, euphoria, and de-
pression. Several trials and meta-analyses indicate that
personality changes, cognitive disturbances, or even de-
mentia occur in the long term; however, this is under de-
bate, since the literature relating to the neuropsychiatric
issues complicating surgical PD treatment frequently
suffers from methodological problems, lack of a sys-
tematic approach, and inadequate patient follow-up.

The emergence of neuropsychiatric problems in
association with surgery has shed new light upon the
pathophysiological mechanisms underpinning these
symptoms. Depression, hypomania, euphoria, mirth,
and hypersexuality have all been described following
deep brain stimulation procedures, although most stud-
ies have concentrated on the depressive features. Anxi-
ety has been described only rarely to date. Permanent
cognitive complications do not appear to be as rare as
initially thought, in particular when patients are folowed
for longer than 6 months; however, this is under debate
(Alberts et al., 2008; Witt et al., 2008; York et al., 2008;
Weaver et al., 2009; Zahodne et al., 2009). The optimal
management approach for surgically related neuropsy-
chiatric problems is unknown at present.

Infusion techniques

Present infusion systems, which administer dopaminer-
gic drugs in a more continuous fashion, showed clini-
cally relevant effects for the treatment of motor
complications. Their application modes may cause local
inflammatory reactions, i.e., subcutaneous nodules, at
the administration site in the case of apomorphine. They
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also have the potential to cause hardware problems in
the long run. Moreover these systems are expensive at
present and their handling demands technical know-
ledge (Stocchi et al., 2002; Nyholm, 2006; Samanta
and Hauser, 2007; Meiler et al., 2008).

LONG-TERMMOTORCOMPLICATIONS
RELATEDTODOPAMINERGIC

DRUG INTAKE

The clinically relevant disadvantages of dopaminergic
drug substitution are long-term complications concern-
ing motor behavior and metabolic changes.

Motor complications

Initially, motor complications are end-of-dose phenom-
ena or so-called predictable fluctuations of movement.
They appear with increased onset of more severe motor
symptoms in a time-dependent manner, predominantly
from the last LD intake within 5–10 years of initiation
of LD treatment. In this stage, more frequent dosing in-
tervals and the addition of COMT inhibitors to LD/DDI
may reduce these complications for a certain interval.
Use of controlled-release LD/DDI preparations was also
tried; however, a trial on this indication failed (Block
et al., 1997). This recurrent, predictable loss of efficacy
of LD, clinically described as “off” states, also indicates
the end of the so-called honeymoon period of LD admin-
istration (Obeso et al., 2000; Ogawa, 2000; Olanow and
Stocchi, 2004). However, onset of involuntary move-
ments, so-called dyskinesia, may also appear. Subtypes
of dyskinesia are peak dose dyskinesia, associated with
maximum LD plasma level during intervals with good
movement, termed “on” periods, whereas biphasic dys-
kinesia appears with increasing and/or decreasing LD
plasma level. Dystonia often appears early in the morn-
ing before the first LD intake. It is characterized by
spasms in the extremities, which may disappear shortly
after intake of a water-soluble LD compound or subcu-
taneous injection of apomorphine (Jenner, 2000, 2004;
Rascol, 2000). As the disease further progresses, these
movement fluctuations may become unpredictable,
which complicates the treatment of PD for patient, care-
giver, and treating neurologist.

Treatment of fluctuations depends on the
modes of LD delivery to the brain

There are several hypotheses on the origin of these
LD-associated motor complications. Loss of presynaptic
dopaminergic autoreceptor function with resulting non-
physiologically high synaptic dopamine concentrations,
consecutive altered postsynaptic dopamine receptor ac-
tivation, and further downstream intracellular changes
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currently represents one of the most widely accepted
theories. Thus continuous nigrostriatal postsynaptic
dopaminergic receptor stimulation may prevent the on-
set of motor complications (Durif, 1999; Chase and Oh,
2000). Therefore, stabilization of dopamine levels and
LD plasma levels via further inhibition of LD metabo-
lism with COMT inhibitors as adjuncts to LD/DDI
may be useful from the theoretical point of view, since
this may provide a more continuous brain delivery of LD
(Olanow and Obeso, 2000).

Motor fluctuations related to
nonmotor symptoms

During off periods, symptoms like anxiety, slowness of
thinking, and fatigue, all of which are closely related to
depression, are most common and frequent. On states
are often accompanied by features of psychosis or ma-
nia. They are characterized by euphoria, restlessness, ir-
ritability, hallucinations, and accelerated thinking
(Witjas et al., 2002; Juri et al., 2008).

Metabolic changes of long-term
application of LD/DDI

The motor side-effects of long-term LD therapy initi-
ated a long debate on the pros and cons of a putative
neurotoxicity of LD with performance of preclinical
studies in various cell culture and animal models and nu-
merous reviews. They mainly focus on the progression
of PD, but not on the putative atherosclerosis-promoting
effects of LD/DDI treatment. However, the occurrence
of increased hazard ratios for both ischemic heart and
cerebrovascular disease is known in LD/DDI-treated
PD patients (Gorell et al., 1994; Ben Shlomo and
Marmot, 1995). This debate did not consider that
O-methylation of LD to 3-OMD via COMT requires
Mg2þ as cofactor and S-adenosylmethionine as methyl
donor. This reaction is associated with the conversion
of S-adenosylmethionine to S-adenosylhomocysteine
and subsequently homocysteine, and cysteine (Fig. 28.2).
Cysteine and, in particular, homocysteine increase may
also be associated with the progression of peripheral
and central chronic neurodegeneration according to
experimental and clinical trials (Müller et al., 2004;
Lee et al., 2005). Homocysteine, and specifically, cyste-
ine induce substantial impairment of endothelial func-
tion, which is regarded as an independent risk factor
for atherosclerotic disease. Atherosclerosis of striatal
cerebral vessels hypothetically results in subsequent
onset of increased susceptibility to impaired mitochon-
drial energy metabolism, oxidative stress, and basal
ganglia circuit dysfunction, all of which represent typical
pathophysiological features of PD (Müller, 2009b;
Müller and Kuhn, 2009a). Exposure of the endothelium
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Fig. 28.2. Metabolic consequences of levodopa/decarboxyl-

ase inhibitor application as cause of homocysteine elevation.

COMT, catechol-O-methyltransferase; 3-OMD, 3-O-
methyldopa.
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to homocysteine induces release of nitric oxide, a further
excitotoxic compound under suspicion for contributing to
the ensuing neuronal degeneration in PD (Müller, 2008).
Further predisposing factors for this homocysteine-
mediated toxicity are certain genetic mutations of homo-
cysteine-metabolizing and catalyzing enzymes and/or
nutrition. Therapeutic approaches for reduction of homo-
cysteine levels are additional vitamin B complex and/or
folic acid supplementation, since they catalyze and en-
hance the metabolism of homocysteine to methionine,
or the application of COMT inhibitors as an adjunct to
LD/DDI treatment. On the one hand COMT inhibitors in-
crease the peripheral bioavailability of LD, but on the
other hand the combination of LD/DDIwith COMT inhib-
itors reduces O-methylation of LD and thus decreases
homocysteine levels (Miller et al., 2003; Müller and
Kuhn, 2006; Müller, 2008; Müller and Muhlack, 2009).
Homocysteine elevation promotes augmented onset of
psychiatric nonmotor symptoms, for example mood dis-
turbances. Clinical study outcomes showed conflicting re-
sults, but performed homocysteine determination after
overnight withdrawal of LD. Thus they did not consider
the acute effects of LD/DDI application and plasma ap-
pearance of LD (Nakaso et al., 2003; O’Suilleabhain
et al., 2004; Isobe et al., 2005; Hassin-Baer et al., 2006;
Müller andKuhn, 2009b). It is far fromclearwhether con-
tinuous lowering of homocysteine levels may be a puta-
tive preventive strategy to avoid the onset of psychiatric
nonmotor symptoms in PD patients.
NONMOTOR FEATURES IN
PARKINSON’SDISEASE

Sleep disturbances

Up to 75% of PD patients complain of insomnia, pre-
dominantly as a symptom of predormitum and/or
long-lasting sleep during the night. Reduced mobility
in correlation with the degree of akinesia may cause
lowered turning movements during bedtime. Onset of
dystonic cramps or pain due to increased stiffness
may disturb sleep at night. Bladder dysfunction in
combination with polyuria may cause further sleep
complications.
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SLEEPINESS

Dopaminergic substitution itself may cause sleepiness
and fatigue, sometimes combined with sudden so-called
sleep attacks during daytime (Olanow et al., 2000). Cen-
tral dopamine levels may increase vigilance, but PD pa-
tients often complain of these sedative adverse events
following the direct administration of dopaminergic
drugs like LD/DDI formulations or DA, in particular dur-
ing the titration period. An initial sign of fatigue, yawning
as an aura for an LD-induced “on” in PD patients, sup-
ports these clinical observations. They may result from
a decreased number of oxytocin-immunoreactive neu-
rons in the parkinsonian paraventricular nucleus of the
hypothalamus. This region receives afferent projections
from the midbrain dopaminergic neurons. Oxytocin re-
lease from this area in response to dopaminergic stimu-
lation is thought to mediate yawning. Other putative
theories for this sedative effect of dopaminergic stimula-
tion are dopamine–norepinephrine interactions and/or in-
hibition of histaminergic neurons by hypothalamic
dopaminergic nerve cells and/or stimulation of pre- and
postsynaptic dopaminergic nerve terminals (Andreu
et al., 1999; Müller et al., 2001; Hogl et al., 2002; Rye,
2003). More recently the total number of hypocretin neu-
rons was found to be almost halved in PD patients com-
pared with controls. The hypothalamic hypocretin
(orexin) system plays a central role in the regulation of
various functions, including sleep/wake regulation and
metabolism. The hypocretin-1 concentration in the pre-
frontal cortex was almost 40% lower in PD patients, while
ventricular cerebrospinal fluid levels were almost 25% re-
duced (Fronczek et al., 2007). It is generally accepted that
long-term dopaminergic stimulation induces tolerance to
several effects, like nausea and hypotension, but such a
phenomenon may also be postulated in the case of
fatigue.
THERAPEUTIC OPTIONS FOR A BETTER SLEEP QUALITY

Relief of sleep-onset as well as sleep-maintenance
insomnia induced by dopamine deficiency-related noc-
turnal akinesia, nocturia, and periodic limb movements
may be provided by the intake of sustained-release
LD preparations, their equivalent LD/CD/entacapone
formulations late in the evening and/or slow-release
DA (Müller et al., 2007; Pahwa et al., 2007). LD/DDI
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formulations may also be taken during waking periods
during the night. Sleep fragmentation and avoiding alco-
hol, caffeine, and nicotine are initial treatment options.
Since a further frequent psychopathological feature of
PD, depression, may be accompnied by sleep distur-
bances, intake of sedative antidepressant tetracylics,
like maprotiline, or tricyclics, like doxepine, occasion-
ally makes sense. GABAergic drugs are also useful.
Zolpidem with its short half-life and zoplicon with a
longer half-life are efficient drugs depending on the
kind of sleep disturbance, and influence motility.
Benzodiazepines, especially in the elderly, may some-
times cause paradoxical reactions, such as agitation;
moreover they may induce dependence. Therefore they
should be cautiously used. Sedative atypical antipsy-
chotic agents, like clozapine or quetiapine, should be
given in the case of vivid dreams in prepsychotic states
and psychosis (Factor and Brown, 1992; Müller, 2002b;
Lauterbach, 2004).

THERAPY FOR DAYTIME SLEEPINESS

Methylphenidate, dextroamphetamine, pemoline, mod-
efanil, and amantadine are known to improve wakeful-
ness and vigilance. Therefore these compounds may
also provide a certain benefit for daytime sleepiness
and sleep attacks (Andreu et al., 1999; Müller et al.,
2001; Hogl et al., 2002; Rye, 2003).

Depression

The phenomenology of motor symptom presentation in-
fluences the appearance ofmood disturbances not only in
early stages, but also in the further course of PD. A bad
motor situation or motor complications induce physical
impairment and therefore contribute to onset of depres-
sive mood, as quality of life is lowered. These reactive
components facilitate onset of endogenous mood distur-
bances, as chronic neurodegeneration also progresses in
nondopaminergic neurotransmitter systems.

THERAPY FOR DEPRESSION

Therapy for these mood changes with antidepressant
drugs or psychotherapy, or both, gains more and more
importance in the treatment of PD in the long term.
Up to 64% of PD patients additionally suffer from
mood disorders, which also have an impact on their
spouses – up to 34%. Treatment of these PD-related
neuropsychiatric phenomena increases drug costs and
demands for ancillary aids and augments caregiver
burden (Cote, 1999; Müller et al., 2003b). Newer results
with the DAs pramipexole, which report a certain posi-
tive effect on depression, reflect this changing attitude
from the focus on the effects of centrally acting
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compounds on the dopaminergic neurotransmission to-
wards a more general view of the disease with consider-
ation of concomitant occurrence of long-term
psychopathological features (Moller et al., 2005).
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Cognition

A further important nonmotor feature of PD is cogni-
tive slowing and apathy, both of which may respond
to adaequate dopamine substitution. The borders to-
wards a disturbed memory function are fluent. Initial
clinical symptoms of dementia are attentional deficits,
cognitive slowing, impairment of executive, visual-
spatial and memory function, and increased vulnerabil-
ity for onset of illusions or optic hallucinations by
centrally acting drugs. There are reports that describe
a cumulative incidence of up to 80%, which depends
on the mean age of the studied cohort (Aarsland et al.,
1996). However, a clear distinction between apathy, de-
pression, and dementia based on clinical observation is
difficult. A distinct cholinergic deficit in PD patients is
looked upon as the main cause for this nondopaminergic
feature of the disease, in particular from the neurochem-
ical point of view (Tiraboschi et al., 2000).
DRUG THERAPY FOR COGNITIVE PROBLEMS

Inhibitors of acetylcholinesterase improve symptoms of
dementia in patients with PD and allied conditions
(Emre, 2004). Predominantly open-label smaller trials
with donepezil and rivastigmine demonstrated a better
cognitive function in various kinds of patient with im-
pairment of motor and cognitive function (Werber
and Rabey, 2001; Giladi et al., 2003; Leroi et al.,
2004), whereas memantine only showed a limited effect
(Aarsland et al., 2009; Leroi et al., 2009; Litvinenko
et al., 2010). Rivastigmine, an inhibitor of both acetylcho-
linesterase and butyrylcholinesterase, is the best-studied
compound. It produced a moderate but significant
improvement in global ratings of dementia, cognition
with measurements of executive functions and attention,
and neuropsychiatric behavioral symptoms among
patients with dementia associated with PD (Emre et al.,
2004). This effect is particularly pronounced in PD
patients with a homocysteine elevation (Barone et al.,
2008). This effect of elevated homocysteine level-
associated therapeutic response was also seen with mem-
antine (Litvinenko et al., 2010).
Psychosis

The chronic neurodegenerative process and concomitant
dopaminergic stimulation for improvement of motor
symptoms predispose for onset of psychosis, probably
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triggered by an imbalance between the dopaminergic
and glutamatergic system (Lange et al., 1997). Vivid
dreams, fear, predominant optic illusions, anxiety, para-
noia, hallucinations, and loss of sleep are initial clinical
signs similar to delirium. Occurrence of symptoms may
be predisposed by the premorbid personality structure.

SYMPTOMATIC CAUSES OF PSYCHOSIS

Generally, all antiparkinsonian drugs may cause psycho-
sis, in particular in combination with dehydration. First
hydration and then careful reduction of dopaminergic
drug therapy with subsequent reduced motor function
are the most useful clinical means of treating and avoid-
ing exacerbation of psychosis. Treatment of additional
concomitant infections or other general diseases that
may induce psychosis and/or delirium is often neces-
sary. Reduction of medical, social, or other kinds of
stress, i.e., surgery and change of environment, are
further useful means.

DRUG TREATMENT OF PSYCHOSIS

Since classical neuroleptics, like butyrophenones and
phenothiazines, increase extrapyramidal symptoms,
predominantly atypical neuroleptics are used for the
treatment of psychotic symptoms in PD. The atypical an-
tipsychotic agent clozapine is well tested in clinical trials,
shows additional sedative and tremorlytic components
and prevents the recurrence of psychosis. However, rare
induction of leucopenia with resultant necessary blood
counts on a regular basis and sometimes initially
occurring transient subfebrile temperatures limit its
use. Since clozapine is metabolized via CYP1A2,
CYP3A4, CYP2C19, and CYP2D6, increase in drug
levels and/or intoxications may appear in combination
with drugs that have these metabolic pathways, i.e.,
selective serotonin reuptake inhibitors, such as paroxe-
tine or fluvoxamine, phenothiazines, and related com-
pounds (Müller, 2002b). Quetiapine, which shares a
certain structural similarity to clozapine, has the same
antipsychotic efficacy, although the sedative compo-
nents are not as pronounced. This is a drawback in the
case of acute psychosis treatment. However, this drug
has a distinctly lower muscarinergic potency in compar-
ison with clozapine (Matheson and Lamb, 2000; Juncos
et al., 2004). Quetiapine is also known to enhance dopa-
mine enrichment in the prefrontal cortex; therefore it
may reduce cognitive slowing (Kuroki et al., 2008;
Yamamura et al., 2009). Accordingly, several open trials
reported improvement of cognitive function even in PD
patients who did not respond to clozapine. This is an ef-
fect that may essentially reduce caregiver burden.
Therefore quetiapine appears to be more suitable for
the long-term use of antipsychotics for treatment or
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even prevention of onset of psychosis, which is often
performed in clinical practice in order to achieve an im-
proved motor condition in patients with advanced PD.
However, quetiapine failed in clinical trials for these in-
dications in PD patients. Therefore it is not regarded as
useful as clozapine by evidence-based medicine recom-
mendations, whereas clinicians widely use this com-
pound, sometimes even off-label, for the treatment of
their PD patients in some countries (Weiner, 2009). Fur-
ther treatment options are sedative and more expensive
antipsychotic drugs with a low dopamine receptor-
blocking potential, like the butyrophenones melperone
and pipamperone. However, these compounds also
worsen the motor situation in the long run, similarly
to other so-called atypical high-potential antipsychotic
compounds, like olanzapine and risperidone. Other anti-
psychotic typical drugs, such as the butyrophenone halo-
peridol or the thioxanthene flupentixol, should be
avoided due to their high affinity for postsynaptic dopa-
mine receptors (Matheson and Lamb, 2000; Müller,
2002b; Factor et al., 2003; Juncos et al., 2004).

Cyclic mood disorder with hypomania
or manic psychosis

Manic episodes or psychosis are often associated with
dopamine dysregulation syndromes; more rarely they
appear following deep brain stimulation. Treatment
options are atypical neuroleptics, i.e., clozapine and/or
quetiapine. An alternative may be reduction of dopa-
mine replacement therapy; however, this will worsen
the motor situation (Burn and Troster, 2004).

Dopamine-related impulsive-compulsive
disorders

Noticeable problems of the impulsive-compulsive spec-
trum do not occur so frequently, but their onset may be
related to PD itself, to the pharmacological management
of PD, or to both. These diseases comprise dopamine
deficiency syndrome with immediate reward-seeking
behavior, dopamine dependency syndrome with addic-
tion, and dopamine dysregulation syndrome with both
addiction and stereotyped behavior. Additionally im-
pulse control disorders, like pathological gambling,
compulsive shopping, binge eating, punding, and hyper-
sexuality, are observed. These changes are especially
seen in PD patients with young age of onset, higher
dosing of dopamine-substituting compounds, depres-
sion, recreational drug or alcohol abuse, and high
novelty-seeking personality traits. The role of dopamine
in the mesolimbic brain structures indicates that this
amine is not only involved in voluntary movement
control. Thus dopamine also plays an essential role in
the reward system and the modulation of behavior.
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Consequently most, if not all, drug-naive PD patients
suffer dysphoria, leading to mild immediate reward-
seeking behavior. Some patients under dopamine substi-
tution demand the intake of increasing quantities of LD,
above those required to treat motor features of PD
adequately. Therefore they show all the characteristics
of dopamine dependency. These patients may also de-
velop plastic changes in the striatal matrix, which may
support the onset of hyperkinesia, caused by extracellu-
lar fluctuations of striatal dopamine levels due to pulsa-
tility of dopamine replacement (Witjas et al., 2005;
Weintraub, 2008). As soon as these changes are also
seen in the striatal striosomes, in the framework of a do-
pamine dysregulation syndrome, stereotyped behaviors,
like punding, may occur. Thus impulse control disorders
may be regarded as adverse side-effects of stimulation
with dopamine (Wolters et al., 2008).
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TREATMENT CONCEPTS

Treatment of impulse control disorders is associated
with underlying pathophysiology. In the case of
dopamine deficiency, dopamine replacement will help.
Psychosocial strategies will help to improve the multi-
factorial dopamine dependency and dysregulation syn-
dromes, in particular addictive behavior. Stereotyped
behavior, like punding, may be covered by continuous do-
paminergic receptor stimulation. In case of drug-induced
or extrinsic impulse control disorders, a therapeutic
concept may be the reduction or the replacement of do-
pamine receptor agonists (Wolters et al., 2008). In case of
pathological gambling, this may be associated with other
abnormal actions such as pathological shopping, hoard-
ing, and hypersexuality. The incidence of these syn-
dromes varies widely from study to study but may be
up to 7% of users of dopaminergic agents. Recognition
of this problem has led drug regulatory agencies to add
precautions concerning pathological gambling to official
drug information for the entire class of PD drugs. The
literature is not entirely consistent and opinions differ
greatly, but combined dopamine D2/D3 receptor agonists
pramipexole and ropinirole may be especially likely to be
associated with pathological gambling, although the pre-
cise nature of the relationship is unclear and may also be
related to the widespread use of these two compounds. It
must be emphasized that clear treatment strategies are
not available yet. However, these syndromes are gaining
more and more attention (Evans and Lees, 2004; Witjas
et al., 2005; Weintraub, 2008).
CONCLUSION

PD patients suffer not only from motor symptoms, but
also from nonmotor features, particularly psychiatric
disturbances that reduce their quality of life. Thus
treatment of PD patients requires an individual and holis-
tic approach. Therefore therapy recommendations for PD
patients based only on so-called evidence-basedmedicine,
which overemphasizes the value of clinical randomized
placebo-controlled studies according to guidelines of
good clinical practice with its selected patient popula-
tions, are somewhat foolish and beyond reality in clinical
practice (Weiner, 2009). Putative interactions between
various applied drugs, recurrent appearance of nonmotor
features, and treatment of motor symptoms require com-
plex therapeutic interventions and careful drug titration.
Therefore close relationships between the patient and the
treating physician are necessary in the long term.
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INTRODUCTION

According to the American Heart Association, 700 000
strokes occur in the USA annually, with 200 000 of these
being recurrent strokes and 500 000 being new first-
episode strokes. There are estimated to be 5.5 million
survivors of stroke in the USA, with 10% of individuals
over age 75 being stroke survivors (Thom et al., 2006).
There are 163 000 stroke deaths per year in the USA,
making it the third leading cause of death following
heart disease and cancer. The cost of stroke is estimated
to be 51.2 billion dollars every year for acute care and
long-term consequences. The American Heart Associa-
tion reports that 88% of strokes are ischemic while 12%
are hemorrhagic. The death rate from hemorrhagic
stroke is approximately 37%, which is significantly
higher than the 10% death rate due to ischemic stroke.

The epidemiology of stroke, like most diseases, has a
dynamic evolution due to increasing knowledge and avail-
ability of healthcare. For instance, between 1945 and 1949,
the annual incidence of stroke was 190/100 000 in the
Rochester, Minnesota area, while in 1970–1974, the rate
in the same population had dropped to 104/100 000
(Garraway et al., 1979). In Japan, the incidence of cerebral
infarction declined by 34% and cerebral hemorrhage by
29% between the periods 1961–1966 and 1972–1978
(Ueda et al., 1981). This declining incidence of stroke in
the developed countries of the world has been widely at-
tributed to improved control of hypertension. Beginning
in approximately 1980, however, this four-decade-
long decline in the incidence of stroke either leveled off
or reversed itself. In Sweden, for example, there was a
38% increase in the incidence of stroke among women
from 1975 to 1978 compared to 1983–1985 (Terent, 1989).
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Community-based longitudinal studies performed in
Minnesota (Brown et al., 1996) and Massachusetts
(Derby et al., 2000) found that stroke incidence rates in
the USA were unchanged in the previous two decades.
Furthermore, the unchanged stroke incidence has been
accompanied in most countries by a decline in stroke
mortality (Howard et al., 2001). Based on the analysis
of mortality data in the USA between 1968 and 1996,
stroke-related deaths in Jefferson County, Alabama,
declined from 600 deaths per 100 000 in 1968 to 280 in
1996 (Howard et al., 2001). In Malmo, Sweden, Pessah-
Rasmussen et al. (2003) found that, although the mortal-
ity rates among men were unchanged from 1989 to 1998,
among women there was a significant decline from 12.3%
in 1989 to 2.0% in 1998 (odds ratio 0.89, 95% confidence
interval (CI) 0.8–0.95). The change in case fatality rates
appears to be related to declines in the first few weeks
after stroke as a result of specialized care in acute stroke
units. This continuing decline in stroke mortality would
be expected to influence the prevalence of stroke survi-
vors in the community. Muntner et al. (2002) reported
that in the USA age-, race-, and sex-adjusted prevalence
of stroke survivors increased from 1.41% in 1971–1975 to
1.87% in 1988–1994. The prevalence of stroke among the
US population (age 60–74 years) increased from 4.2% to
5.2% between 1973 and 1991, while the number of stroke
survivors increased from 1.5 million in 1973 to 2.4 million
in 1991 and 5.5 million in 2005.

Studies of twins and family pedigrees have generally
shown a tendency for strokes to cluster in families. Thus
far, there have been no genes identified associated
with an inherited risk of common stroke. The genetics
of known mendelian and mitochondrial disorders that
Penningroth Professor and Head, Department of Psychiatry,
242, USA. Tel: 319 356-1144, Fax: 319 356 2587, E-mail:
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cause ischemic stroke, hemorrhagic stroke, and cerebro-
vascular malformations, however, have been identified.

For example, cerebral autosomal-dominant arterio-
pathy with subcortical infarcts and leukoencephalopathy
(CADASIL) is a stroke syndrome caused by mutations
in notch3, a gene encoding a large notch3 transmem-
brane receptor (Joutel et al., 1996). Studies in animals
suggest the notch3 gene plays an important role in the
development of the central nervous system. Stroke, de-
mentia, psychiatric illness, and migraines are common
features of CADASIL. In a study of 102 patients from
29 families, 71% of patients presented with recurrent
transient ischemic attacks or ischemic stroke (mean
age at onset 46.1 years) (Dichgans et al., 1998). Cognitive
deficits were present in 48% of patients and more than
80% of the patients with dementia had accompanying
gait disorder, urinary incontinence, or both. Abnormal-
ities in the white matter can be observed on magnetic
resonance imaging well before patients present with
stroke or transient ischemic attack.

The use of tissue plasminogen activator, as well as
mechanical intravascular removal of thromboembolic
infarcts, has dramatically improved the outcome of pa-
tients who were able to receive treatment within 3 hours
following an acute stroke. Perhaps one of the most
exciting advances in stroke research, however, has been
the identification of neuronal regeneration after stroke
(Liu et al., 1998; Arvidsson et al., 2002). Arvidsson et al.
(2002) have shown that, in a rat model of stroke induced
by temporary occlusion of the middle cerebral artery,
stroke leads not only to a marked increase in the prolif-
eration of neuronal progenitor cells in the subventricular
zone, but also to the migration of these recently regen-
erated neuroblasts into the damaged striata. Two weeks
after the stroke, some of the migrating neuroblasts
had differentiated into mature neurons, and 5 weeks
after the stroke 42% of the population of cells had
differentiated into the dominant type of striatal neuron.
None of the new cells, however, were found in damaged
cerebral cortex and about 80% of the newly arrived neu-
rons had died within 6 weeks of the stroke. Thus, only
0.2% of the dead striatal neurons were replaced through
neurogenesis. Although many challenges face the
development of neuronal migration and differentiation
as treatment of stroke, this newly discovered potential
of neuronal regeneration may represent an important
new avenue to achieve functional brain reconstruction
and recovery. Although an entire volume could be
devoted to the advances in both the cause and treat-
ment of cerebrovascular ischemia and hemorrhage, this
chapter will focus on the neuropsychiatric disorders
associated with stroke.

Some of the neuropsychiatric disorders of stroke
have been recognized for more than 100 years, and
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neurologists and psychiatrists such as Hughlings-
Jackson (1915) and AdolphMeyer (1904) recognized that
emotional disorders that are newly expressed following
cerebral infarction constitute an important sequela of
stroke.

Within the past two decades, however, many empir-
ical data have been gathered examining the clinical
manifestations, clinical pathological correlations, and
treatment of these disorders. This chapter will summa-
rize these findings, beginning with the most common
emotional disorder associated with stroke, that is, post-
stroke depression.

D G. SPALLETTA
POSTSTROKEDEPRESSION

Epidemiology

Although epidemiological studies of poststroke depres-
sion are discordant, methodological issues of diagnosis,
time of assessment, and patient setting may be respon-
sible of this lack of concordance. When only studies are
considered using structured psychiatric interviews for
assessing Diagnostic and Statistical Manual of Mental
Disorders, third edition (DSM-III: American Psychiatric
Association, 1980) diagnostic criteria for mood disor-
ders, rates between 11% and 15% were found for post-
stroke major depression and between 8% and 12% for
poststroke minor depression in the community setting.
In the acute hospital, rates vary from 16% to 27% and
from 13% to 20% for major and minor depression re-
spectively. Finally, rates in the outpatient setting range
from 20% to 31% for major depression and from 13%
to 14% for minor depression (Robinson, 2006).
Diagnosis

While major depression is usually defined as “depres-
sion due to stroke with a DSM major depressive-like
episode (American Psychiatric Association, 2000),” def-
initions of minor depression are varied and sometimes
confusing. They may vary from dysthymic disorder
with a modified temporal criterion of 2 weeks instead
of 2 years, to some kind of subsyndromal major depres-
sion using International Statistical Classification of
Diseases and Related Health Problems (ICD: World
Health Organization, 1992) or DSM minor depression
(research criteria). Also, many structured interviews
have been used to diagnose mood disorders in stroke
patients. These include the Present State Examination,
Schedule for Affective Disorders and Schizophrenia,
Structured Clinical Interview for DSM, and Composite
International Diagnostic Interview. These different
interviews may have influenced the different rates of
major and minor depression across studies.
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The assessment of depressive symptoms among pa-
tients with stroke has been a challenge for both clinicians
and researchers. Four major approaches have been pro-
posed to assess mood symptoms in stroke patients
(Robinson, 2003): (1) an inclusive approach, in which
depressive symptoms are considered, even if they may
be related to the physical illness; (2) an etiologic ap-
proach, which counts symptoms of depression only if
they are assessed by the interviewer not to be the result
of physical illness; (3) a substitutive approach, which
substitutes psychological symptoms instead of somatic
symptoms of depression; and (4) an exclusive approach,
which considers only those symptoms that have been
demonstrated to be more frequent in depressed than
in nondepressed patients.

The effect of these four proposed methods of diag-
nosis was partially analyzed by Fedoroff et al. (1991),
Paradiso et al. (1997) (Fig. 29.1), and Spalletta et al.
(2005). All studies agreed that the inclusive approach

STR
Fig. 29.1. The frequency of vegetative symptoms of depression i

following stroke. Symptom frequency is shown over the 2-year fol

anergia were associated with depression throughout the entire 2-ye

while early-morning awakening was only seen late in the follow-u

of chronic medical illness and the phenomenology of depression
and the use of DSM criteria were sufficient to diagnose
categorical depression in stroke patients. For example,
Spalletta et al. (2005) found that all somatic and psycho-
logical symptoms were more prevalent in poststroke
patients with depression in comparison to poststroke
patients without depression.
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Relationship to functional
physical impairment

The literature is strongly concordant on the association
between severity of depression and severity of func-
tional physical impairment or failure of rehabilitation.
Robinson et al. (1983), in the first study analyzing this
issue, described a significant correlation between phys-
ical/functional impairment and severity of depression
at 2 weeks, 3 and 6 months following an acute stroke.
All other studies conducted in the following years in
North America (Parikh et al., 1990; Morris et al., 1992;
n patients with depressed mood and without depressed mood

low-up. Morning depression (i.e., diurnal mood variation) and

ar period. Loss of libido was only seen early in the follow-up,

p. These findings suggest changes over time in both the effects

following stroke (Robinson, 2006).
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Herrmann et al., 1998; Gillen et al., 2001) and in Europe
(Kotila et al., 1999; Paolucci et al., 1999; van de Weg
et al., 1999; Gainotti et al., 2001) reported similar results.
Furthermore, five of six studies found that poststroke
depression, diagnosed within the first 3 months follow-
ing stroke, was significantly associated with impaired
recovery in activities of daily living at 15 months to
2-year follow-up compared with nondepressed stroke
patients (Robinson, 2006).

Some studies have found that patients who
responded to antidepressant treatment (i.e., greater than
50% reduction of depression severity) improved more
in their activities of daily living than patients who failed
to respond to treatment (Chemerinski et al., 2001a, b).
Furthermore, Narushima and Robinson (2003) found
that antidepressant treatment that was begun within
the first month after the acute stroke was more effective
in improving impairment of activities of daily living than
if the treatment started after the first month from the
acute event among nondepressed as well as depressed
patients (Fig. 29.2). Thus, there is evidence that antide-
pressant treatment may influence the outcome of func-
tional impairment and rehabilitation in stroke patients
suffering from depression, but only among patients
who are treatment responders (Chemerinski et al.,
2001a, b).
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Mechanisms

Since 1975, laboratory studies in rats have demonstrated
that injury to axonal projections of biogenic amine-
containing neurons led to a shutdown of neurotransmitter
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Fig. 29.2. Recovery in activities of daily living as measured

by the Functional Independence Measure (FIM) over 2 years

of follow-up. All patients were treated for 12 weeks in a

double-blind study with fluoxetine or nortriptyline. Patients

who received treatment within 1 month of stroke (early) im-

proved significantly more than those who received treatment

after the first month poststroke (late). FIM scores were mea-

sured at the same times following stroke to control for group

differences in time since stroke when the 3-month treatment

was given. (Reproduced with permission from Narushima

and Robinson, 2003.)
production (Ross et al., 1975). Three major hypotheses
have been proposed to explain at least some of the dep-
ressive disorders that occur following stroke. As early
as 1979, Robinson hypothesized that lesions of the
left dorsal lateral frontal cortex or left basal ganglia
may interrupt the biogenic amine-containing axons as
they course through the basal ganglia to the cortex.
Injury to these ascending axonal projections has been
shown to lead to subsequent decrease in the produc-
tion of norepinephrine and/or 5-hydroxytryptamine
(5-HT) (Pearlson and Robinson, 1984), thus leading to
depression.

Swaab et al. (2000) proposed that hyperactivity of the
hypothalamic–pituitary–adrenal axis may be provoked
by stroke lesions of prefrontal (particularly left-sided)
cortex. This hypothesis proposes that left cortical lesions
lead to disinhibition of the paraventricular nucleus and
decreased inhibitory activity of vasopressin neurons
on the paraventricular nucleus, leading to increased
production of corticotropin-releasing hormone and sub-
sequent pituitary release of adrenocorticotropic hor-
mone and, ultimately, increased cortisol. Increased
cortisol is known to be associated with increased rates
of depression. Although this hypothesis has not been ex-
perimentally examined, with the exception that several
studies have shown that dexamethasone nonsuppression
of corticol was associated with poststroke depression
(Lipsey et al., 1985), this remains a viable hypothesis
to explain the etiology of poststroke depression.

A third hypothesis has been proposed regarding
the role of inflammatory cytokines in the production
of poststroke depression (Spalletta et al., 2006).
According to this hypothesis, the increased production
of proinflammatory cytokines such as interleukin
(IL)-1b, tumor necrosis factor-a, IL-6, or IL-18 result-
ing from stroke may lead to an amplification of the
inflammatory process, particularly in limbic areas.
This inflammatory process could also lead to the
widespread activation of indoleamine-2-3-dioxygenase
(IDO). The increased activation of IDO might then
lead to the subsequent depletion of serotonin by metab-
olizing tryptophan to kynurenin in paralimbic regions
such as the ventral lateral frontal cortex, polar tempo-
ral cortex, and basal ganglia, with the resultant physi-
ological dysfunction leading to poststroke depression
(Spalletta et al., 2006).

D G. SPALLETTA
Prevention and treatment

Five double-blind placebo-controlled studies and one
open study have attempted to prevent poststroke de-
pression. Palomaki et al. (1999) found that mianserin
60 mg/day for 1 year did not prevent depression in
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stroke patients compared with placebo. Narushima et al.
(2002), using an efficacy measure (i.e., treatment com-
pleters) over 12 weeks, found that fluoxetine 40 mg/day
(n¼ 17) and nortriptyline 10 mg/day (n¼ 15) groups had
a lower rate of depression in comparison with the pla-
cebo group (n¼ 16). Results of two sertraline studies,
however, were conflicting. The study of Rasmussen
et al. (2003) indicated that sertraline (n¼ 70) adminis-
tered for 12 months showed superior prophylactic effi-
cacy in preventing the onset of depression compared
with placebo (n¼ 67) during the period of 21–52 weeks
of administration. Almeida et al. (2006), however,
found no difference in the incidence of depressive
symptoms in patients treated with sertraline 50 mg/
day (n¼ 48) compared to those treated with placebo
(n¼ 51) for 24 weeks. Based on the Rasmussen
data, however, Almeida et al. may have missed the
prophylactic period by discontinuing medication at
24 weeks. This issue will require further study.

Finally, we recently reported the results of a 1-year
trial of escitalopram (10 mg for patients aged 65 or less;
5 mg for patients aged over 65), versus placebo or
problem-solving therapy in the prevention of poststroke
depression among 176 randomized patients recruited
from three medical centers. After controlling for history
of mood disorder, age, sex, treatment site, and severity
of impairment, patients given placebo were 4.5 times
more likely to develop depression than patients given
escitalopram (adjusted hazards ratio 4.5, 95% CI
2.4–8.2, P < 0.001) and 2.2 times more likely to become
depressed than patients receiving problem-solving
therapy (adjusted hazards ratio 2.2, 95% CI 1.4–3.5,
P < 0.001) (Fig. 29.3).

Lipsey et al. (1984) published the first study to report
that nortriptyline 100 mg/day (n¼ 14) was superior to
placebo (n¼ 20) in improving depressive symptoms in
poststroke depression patients. Robinson et al. (2000)
confirmed the superiority of nortriptyline 100 mg/day
(n¼ 16) in comparison to placebo (n¼ 17) or to the selec-
tive serotonin reuptake inhibitor (SSRI) fluoxetine 40
mg/day (n¼ 23) as treatment for poststroke depression.
In the same study there was no significant difference be-
tween fluoxetine and placebo in improving depressive
symptoms (Table 29.1).

Ten randomized placebo-controlled trials have been
conducted to assess the efficacy of SSRIs in the treat-
ment of mood disorders after stroke (Table 29.1).
Andersen et al. (1994a) demonstrated the superiority
of citalopram 20 mg/day versus placebo. The remaining
trials conducted with sertraline and fluoxetine, however,
reported conflicting results. Robinson et al. (2000),
Choi-Kwon et al. (2006), and Fruehwald et al. (2003)
all found that fluoxetine (20–40 mg/day) was not
superior to placebo in treating poststroke depressive

STR
symptoms. Wiart et al. (2000), however, reported that
fluoxetine was superior to placebo in improving depres-
sive symptoms over 6 weeks of treatment. Thus, the
efficacy of SSRIs in poststroke depression patients
requires further study.

Only the Rampello et al. (2005) study examined with
a randomized placebo-controlled trial the efficacy of a
serotonin/norepinephrine reuptake inhibitor reboxetine
(4 mg bid) in “retarded poststroke depression” charac-
terized by anergia, hypokinesia, hypersomnia, slowness,
hypomimia, and reduction of sexual activity. They
reported a superiority of reboxetine over placebo in im-
proving depressive symptoms and a good tolerability of
the drug.

There is only one randomized controlled study using
the psychostimulant methylphenidate in a rehabilitation
hospital setting in patients with stroke and no definite
depression diagnosis (Grade et al., 1998). A greater im-
provement in depressive symptoms was found in the
active treatment group (n¼ 10) compared with the pla-
cebo group (n¼ 11) during 3 weeks of treatment.

Finally, electroconvulsive (Murray et al., 1986;
Currier et al., 1992) and repetitive transcranial mag-
netic stimulation (Jorge et al., 2004) treatments have
been demonstrated to improve depressive symptoms
after stroke in small trials with a limited numbers of
patients.



Table 29.1

Treatment studies of poststroke depression

Reference
(year) N Medication (n) (max. dose) Duration

Evaluation
method Results Response rate Completion rate

Double-blind placebo-controlled studies

Lipsey et al.
(1984)

34 Nortrip (14) (max. 100 mg) 6 weeks HamD, ZDS Nortrip > placebo, int to treat
and efficacy

Completers: 100%
Nortrip

33% placebo

11 of 14 Nortrip
15 of 20 placebo

Reding et al.
(1986)

27 Traz (7) (max 200 mg)
Placebo (9)

32 þ 6 days ZDS Efficacy: Traz > placebo on Barthel
ADL for patients with DST

NR

Andersen et al.

(1994b)

66 Cital (33) (20 mg, 10 mg >
65 years) placebo (33)

6 weeks HamD,

MES

Int to treat Cital > placebo Completers: 61% Cital

29% placebo

26 of 33 Cital

31 of 33 placebo
Grade et al.
(1998)

21 Methyl 30 mg
(max. 30 mg) placebo

3 weeks HamD Int to treat Methyl >placebo NR 9 of 10 Methyl
10 of 11 placebo

Wiart et al.
(2000)

31 Fluox (20 mg) placebo 6 weeks MADRS Int to treat Fluox >placebo 62% Fluox
33% placebo

14 of 16 Fluox
15 of 15 placebo

Robinson et al.

(2000)

56 Fluox (23) (40 mg) Nortrip (16)

(100 mg) placebo (17)

12 weeks HamD Int to treat Nortrip >
bo¼ Fluox¼ placebo

14% Fluox

77% Nortrip
31% placebo

14 of 23 Fluox

13 of 16 Nortrip
13 of 17 placebo

Fruehwald

et al. (2003)

54 Fluox (28) (20 mg)

Placebo (26)

12 weeks Beck (BDI)

HamD

HamD >15 Fluox¼ placebo

HamD scores

69% Fluox HamD

<1375% placebo

26 of 28 Fluox

24 of 26 placebo
Rampello et al.
(2005)

31 Reboxetine (16) (4 mg)
placebo (15)

16 weeks Beck HamD Reboxetine > placebo for retarded
poststroke depression

NR NR

Murray et al.

(2005)

123 Sertraline 50–100 mg 26 weeks MADRS Sertraline¼ placebo 76% sertraline

78% placebo

38 of 62 sertraline

31 of 61 placebo
Choi-Kwon
et al. (2006)

51 Fluox (20 mg) 12 weeks BDI Fluox¼ placebo NR NR

(Reproduced from Robinson, 2006.)

Nortrip, nortriptyline; Traz, trazodone; Cital, citalopram; Methyl, methylphenidate; Fluox, fluoxetine; HamD, Hamilton Rating Scale for Depression; ZDS, Zung Depression Scale; MES, Melancholia

Scale (Acta Psychiatr Scand 73(Suppl 326):7-37, 1986); BDI, Beck Depression Inventory; Int to treat, intention to treat; ADL, activities of daily living; DST, dexamethasone suppression test; NR, not

reported.
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POSTSTROKEANXIETY DISORDER

Epidemiology

There is strong comorbidity between poststroke anxiety
disorder and poststroke depression. In a study of 301
acute stroke patients (Castillo et al., 1993), only 31 pa-
tients (10%) met DSM-IV-TR criteria (American Psychi-
atric Association, 2000) for generalized anxiety disorder
(GAD) (i.e., excluding the 6-month duration criteria) in
the absence of any mood disorder, while 36 patients
(12%) met criteria for both GAD and major depression.
If minor depression was included, 74% of patients meet-
ing criteria for GAD had either comorbidmajor or minor
depression.

Astrom (1996) also reported similar results in a 3-year
longitudinal study of 80 patients with acute stroke. In
this study, the prevalence of GAD in the acute stage
was 28% with no significant decrease in prevalence
throughout the 3-year follow-up. During the 3-year
follow-up, among patients who met criteria for GAD,
85% also met criteria for major depression at some time
point. Finally, Leppavuori et al. (2003) found among 277
patients at 4 months following stroke that 21% met
DSM-IV diagnostic criteria for GAD with 4% having
GAD alone while 17% had GAD plus poststroke
depression.
Imaging studies

Starkstein et al. (1990) found that computed tomogra-
phy revealed a significantly higher frequency of cortical
lesions among patients with comorbid depression and
GAD compared with the depression-only group or the
control group with no depression or GAD (Fig. 29.4).
Moreover, the depression-only group showed a signifi-
cantly higher frequency of subcortical lesions than did
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Fig. 29.4. Comparison of basal ganglia and cortical lesions

among patients with major depression only (Dep only), major

depression plus generalized anxiety disorder (Dep þ Anx),

and no mood or anxiety disorder (No Dep or Anx). Major de-

pression alone was associated with basal ganglia lesions,

while major depression plus generalized anxiety disorder

was associated with cortical lesions (Robinson, 2006).
the anxious depressed group. In a follow-up study,
Castillo et al. (1993) found that, among 301 patients with
acute stroke, patients with GAD plus major depression
had an increased frequency of left-hemisphere lesions
(7 of 17 patients with left-hemisphere lesions had major
depression plus GAD whereas only one had GAD
alone). In contrast, GAD alone was more frequent in
patients with right-hemisphere lesions (5 of 22 patients
with right-hemisphere lesions had GAD alone while
only 2 had GAD plus major depression; P¼ 0.04
for frequency of right, left lesions). Similarly, in the
3-year longitudinal study by Astrom (1996), GAD with-
out depression was significantly associated with right-
hemisphere lesions, whereas comorbid anxiety and
depression were significantly associated with left-
hemisphere stroke.

Longitudinal studies of poststroke GAD have also
shown that functional recovery of patients following
stroke was negatively affected by the presence of
GAD. Astrom (1996) found that impairment in activities
of daily living was associated with GAD, not only in the
acute period but at all time periods over 3-year follow-
up. In another study, Shimoda and Robinson (1998)
reported that, among 142 patients, those with GAD
and depression (n¼ 18) had significantly greater impair-
ment in activities of daily living at 2-year follow-up than
patients with poststroke depression alone (n¼ 9).
Although the initial severity of their impairments was
comparable, these authors suggest that one possible ex-
planation was related to the finding that the comorbidity
of depression and GAD is associated with a longer
duration of depression than poststroke depression alone
(Castillo et al., 1993). This prolonged depression might
lead to more profound adverse physical and social
outcomes.
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Treatment

Only one study thus far has examined the treatment of
GAD in patients following stroke (Kimura et al., 2003).
Patients receiving double-blind treatment with nortripty-
line (n¼ 13) showed significantly greater improvement
on their Hamilton Anxiety (Ham-A) scores during
6 or 9 weeks of treatment than did patients receiving
placebo (n¼ 14, F(3.75)¼ 5.35, P¼ 0.002) (Fig. 29.5).
Patients who received nortriptyline had significantly
lower Ham-A scores than patients given placebo at nor-
triptyline doses of 50, 75, or 100 mg (approximately
weeks 2, 5, and 9 of treatment). In addition, Ham-A
scores declined significantly more rapidly than Ham-D
scores during the first 2 weeks of treatment, suggesting
that the response of anxiety symptoms appears to be
more rapid and independent of the response of depres-
sive symptoms.
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498 R.G. ROBINSON AND G. SPALLETTA
MANIA

Epidemiology

Mania occurs much less frequently than depression fol-
lowing stroke. Robinson (2006) identified only 3 cases
among a consecutive series of more than 300 acute
stroke patients. Although numerous case reports and
empirical studies document that stroke is associated
with mania, there are no epidemiological studies that
document the incidence or prevalence of this condition.

Imaging studies

Robinson et al. (1988) studied 17 patients with mania due
to stroke (n¼ 9), tumor (n¼ 6), or trauma (n¼ 2) and
found that 12 had unilateral right-hemisphere lesions,
4 had bilateral infarcts, and only 1 had a left-hemisphere
lesion. The frequency of right-hemisphere lesions was
significantly higher compared to that in 31 patients with
major depression or in 28 patients with no mood disor-
der (Fig. 29.6). The lesions associated with mania were
either cortical (basotemporal cortex or orbitofrontal
cortex) or subcortical (frontal white matter, basal gang-
lia, or thalamus). A positron emission tomography
study using 18F fluorodeoxyglucose showed a focal
hypometabolic area in the right basal temporal cortex
in 3 patients with right subcortical lesions, not seen in
7 age-comparable normal controls (Robinson, 2006)
(Fig. 29.7). None of the patients or controls had a previ-
ous personal history of psychiatric disorder.

Treatment

No controlled treatment trials have been conducted in
poststroke mania. Starkstein et al. (1991) reported on
the retrospective study of 19 patients who developed
mania after brain injury. Ten of these patients clearly
responded to lithium treatment whereas 3 had no re-
sponse. Another 3 patients responded to a combination
of carbamazepine and lithium, whereas 2 failed to re-
spond to this treatment. The last patient had no record
of receiving treatment for mania. Bakchine et al.
(1989) reported, in a double-blind crossover treatment
of a single patient with mania following brain injury,
that clonidine (an adrenergic antagonist) 600 mg/day
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rapidly reversed manic symptoms, whereas carbamaze-
pine 1200 mg/day had no effect and L-dopa 375 mg/day
resulted in increased manic symptoms. Treatments,
such as valproate in combination with ziprasidone or
aripiprazole, needs to be evaluated in controlled treat-
ment trials.

ANOSOGNOSIA ANDDENIAL
OF ILLNESS

Epidemiology

Anosognosia is commonly defined as the inability to rec-
ognize the presence or appreciate the severity of deficits
in sensory, perceptual, motor, affective, or cognitive
functioning evident to clinicians and caregivers.

Epidemiological data are not concordant because of
the variety of measures and criteria applied by different
investigators, and at times also because of inaccuracy in
reporting results and methods. In the first studies, rates
of anosognosia were very high and ranged from 33% to
58% in stroke victims (Cutting, 1978; Bisiach et al.,
1986). In more recent studies they ranged from 17% to
28% (Appelros et al., 2003; Baier and Karnath, 2005).
Most of the cases tend to recover within 3 months from
the outset of the cerebral damage (Cutting, 1978; Jehko-
nen et al., 2000; Marcel et al., 2004). However, one-third
of hemiplegic patients still show anosognosia during the
chronic phase of the illness. Frequently, anosognosia is
associated with visual and tactile neglect (Starkstein
et al., 1992).

Imaging studies

The vast majority of anosognosics show a lesion involv-
ing the right hemisphere (Starkstein et al., 1992; Adair
et al., 1997; Vallar et al., 2003; Baier and Karnath,
2005; Coslett, 2005; Turnbull et al., 2005) (Fig. 29.8).

Modern neuroimaging techniques cast light on the in-
volvement of some specific cerebral areas in anosogno-
sia. In particular, anosognosia emerges more frequently
following lesions of the right prefrontal cortex, specif-
ically of the dorsolateral and medial regions, and of the
right parietotemporal areas. At a subcortical level, in-
volvement of right thalamus, insula, and basal ganglia
has frequently been reported.

Ramachandran (1996) suggested that in normal con-
ditions the left hemisphere is concerned with managing
small discrepancies in perception and thought, in order
to make daily life consistent and predictable. When the
discrepancies are so prominent that they cannot be ig-
nored or adjusted, the right hemisphere creates new
mental schemata or modifies the existing ones. In this
view, anosognosia would be a failure in this functional
balance between the two hemispheres.

STR
AGGRESSION

Epidemiology

Although aggressive behavior is a frequent complica-
tion of stroke, the aggression is generally not severe.
Paradiso et al. (1996) described a 5.8% rate of aggression
(defined as verbal or physical aggression directed at self,
others, or inanimate objects) in a sample of 308 patients
with acute stroke, when the threshold for aggression was
high. The same research group in a later study (Chan
et al., 2006) described 25% rate of aggression using a
milder level of aggression (i.e., verbal irritability or ag-
gressive behavior directed at others, self, or inanimate
objects). This relatively high frequency of verbal irrita-
bility or aggressive behavior was also reported by Kim
et al. (2002), who found a 32% rate in their sample,
Aybek et al. (2005), who found a 17% rate of aggressive-
ness, and Santos et al. (2006), who found anger in 35%
of their acute stroke patients, 13% of whom were se-
verely angry. In addition, several studies have found
consistent correlations between aggressiveness and cog-
nitive impairment (Fig. 29.9) of depression or anxiety
and left-hemisphere stroke in patients seen in either
acute (Paradiso et al., 1996; Chan et al., 2006) or rehabil-
itation hospitals (Spalletta et al., 2002).
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IMAGING STUDIES AND MECHANISMS

Imaging studies of aggressiveness in stroke patients
suggest that left frontal areas, or at least areas closer
to the frontal pole of the brain, may play a crucial role
in the pathophysiology of aggression (Paradiso et al.,
1996; Kim et al., 2002; Chan et al., 2006) (Fig. 29.9).
These findings are also consistent with investigations
of aggression in patients without brain lesions in whom
dysfunction in the inferior orbital frontal cortex, ante-
rior cingulate, and the interconnected areas were associ-
ated with aggressive behavior (Davidson et al., 2000).

TREATMENT

A double-blind controlled study of fluoxetine 20 mg/day
versus placebo (Choi-Kwon et al., 2006) reported the ef-
ficacy of fluoxetine in reducing aggression at 1, 3, and
6 months following stroke. Aggressive patients who had
a greater than 50% reduction in depression scores after
antidepressant treatment experienced a significant re-
duction in aggression severity compared to patients
who did not respond to antidepressant treatment.

Pathological emotions

EPIDEMIOLOGY

Pathological emotions disorder, also termed pseudo-
bulbar affect, emotionalism, or pathological laughing
and crying, is common among patients with acute
stroke. House et al. (1989) in a community-based study
of 128 first-ever stroke patients found that the preva-
lence of emotionalism was 15% at 1 month and 11% at
1 year following stroke. Similarly, Morris et al. (1993)
reported that 12 of 66 patients (18%) seen in a rehabili-
tation hospital following acute stroke had pathological
emotions. The largest study, however, was conducted
by Calvert et al. (1998). Among 448 patients, who were
within 1 month of stroke and without severe cognitive
impairment, pathological emotions were found in 101
(22.5%). A pooled analysis of all studies examining
pathological emotions following stroke (Robinson,
2006), found a mean prevalence rate of 14.9% among
patients with stroke.
IMAGING STUDIES

Imaging studies byHouse et al. (1989) in their community-
based study of first-ever stroke reported that left
anterior lesions were associated with emotionalism. Mor-
ris et al. (1993) found that patientswith frontal or temporal
lesions in either hemisphere had a significantly greater
frequency of pathological emotions than patients with
lesions in any other brain region (35% versus 11%, odds
ratio 4.4, 95% CI 1.1–19.9). Andersen et al. found that,
among 12 selected patients with involuntary emotional
expression disorder (IEED), the group with the most
frequent episodes of crying had bilateral, relatively large
pontine lesions without hemispheric infarction while the
intermediate group had bilateral, relatively large ante-
rior-hemisphere lesions involving the basal ganglia or
periventricular structures, while the least affected group
had mainly unilateral, large cortical lesions. Andersen
et al. (1993) concluded that poststroke IEED may be a
consequence of partial destruction of the serotonergic
raphe nuclei in the brainstem or injury to their ascending
projections.
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TREATMENT

Currently, there are four double-blind placebo-
controlled treatment trials assessing the treatment of
IEED following stroke. A summary of these treatment
trials is given in Table 29.2. The first treatment trials
were reported in 1993 by Robinson et al. and Andersen
et al. (1993). The results of these treatment studies dem-
onstrated that nortriptyline was significantly superior to
placebo at both 4 and 6 weeks of treatment (Robinson
et al., 1993), and that citalopram was superior to placebo
in 13 patients treated in a crossover design for 9 weeks
(Andersen et al., 1993). Furthermore, fluoxetine was
found to be superior to placebo in diminishing tearful-
ness among 19 patients treated for 10 days (Brown
et al., 1998) and sertraline produced a significantly
higher frequency of 50% reduction in the frequency
of crying episodes among 28 patients treated for 8 weeks
(Burns et al., 1999).
Psychosis
Matched control
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Fig. 29.10. Measurements of cortical sulci and ventricular-

to-brain ratios in patients who developed delusions and

hallucinations following stroke and lesion and age-matched

controls who were nonpsychotic. Although the psychotic

patients had higher mean � SEM ratios on all measures, the

significant differences were found in the frontal horn ratio
Poststroke psychosis

EPIDEMIOLOGY

Delusions or hallucinations are rare complications of
stroke. Rabins et al. (1991) screened all individuals over
age 60 who were admitted to a geriatric unit during a
9-year period and identified 5 cases with poststroke
psychosis. Levin and Finkelstein (1982) reported on
8 patients who developed hallucinations between 1 month
and 11 years after cerebrovascular infarction or traumatic
brain injury.
(distance between the frontal horns of the lateral ventricles

divided by the width of the brain at that level) and the third

ventricle ratio (area of the third ventricle divided by the tran-

spineal width). These findings indicate that the psychotic pa-

tients had greater subcortical atrophy than nonpsychotic

patients. This atrophy probably preceded the stroke, suggest-

ing that these patients may have had a premorbid vulnerability

that was brought out by the right hemisphere stroke.
IMAGING STUDIES

All patients in the Rabins et al. (1991) study had right
parietal lesions and a significantly greater amount of
subcortical atrophy as measured on computed tomogra-
phy compared with 5 stroke patients matched for age,
Table 29.2

Treatment of involuntary emotional expression disorder follow

Study n
Length of
treatment Rx type M

Robinson et al.
(1983)

28 6 weeks Nortriptyline versus
placebo

D

Brown et al.
(1998)

19 10 days Fluoxetine versus
placebo

D

Burns et al.
(1999)

28 8 weeks Sertraline versus
placebo

D

Andersen et al.

(1993)

13 9 weeks Citalopram versus

placebo

D

(Reproduced from Robinson, 2006.)
gender, and lesion size and location but without psycho-
sis (Fig. 29.10). Moreover, 3 of the 5 patients with post-
stroke psychosis had seizures, whereas no seizures were
found in any of the 5 nonpsychotic patients matched for
identical size and location of stroke. Similarly, Price and
Mesulam (1985) found, among 5 patients aged 45–78
years with delusions or hallucinations, following in-
farcts of the right hemisphere, that 2 patients had
epileptiform activity on electroencephalogram. Thus,
the relatively rare occurrence of delusions or hallucina-
tions following stroke may result from a combination of
right-hemisphere lesion and either seizure disorder or
prestroke subcortical atrophy.
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ing stroke

ethodology Results

ouble-blind Nortriptyline > placebo at weeks 4 and 6

ouble-blind Diminished tearfulness fluoxetine > placebo

ouble-blind 50% reduction in emotionalism
Sertraline > placebo

ouble-blind

cross-over

Citalopram > placebo, all citalopram versus

2 placebo patients had decreased crying
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TREATMENT

Anecdotal case reports have indicated that patients
respond to treatment with typical neuroleptic medica-
tions (Levin and Finkelstein, 1982). Some patients,
however, have been treatment-resistant and anticonvul-
sant medications have sometimes been reported to be
useful (Levin and Finkelstein, 1982). Currently there
are no studies examining treatment response using the
Table 29.3

Clinical syndromes associated with cerebrovascular disease

Syndrome Prevalence Clinical symptoms

Major depression 22% Depressed mood, diurnal m
energy, anxiety, restlessn
decreased appetite, early
delayed sleep onset, socia

irritability
Minor depression 20% Depressed mood, anxiety, r

diurnal mood variation, h

energy, delayed sleep ons
awakening, social withdr
decreased appetite

Mania Unknown, rare Elevated mood, increased en
decreased sleep, feeling o
speech, flight of disease,

Bipolar mood

disorder

Unknown, rare Symptoms of major depres

with mania
Anxiety disorder 18% Symptoms of major depres

anxious foreboding in ad

associated light-headedne
muscle tension or restles
concentrating or falling a

Psychotic disorder Unknown, rare Hallucinations or delusiona

Apathy

Without depression
With depression

11%
11%

Loss of drive, motivation, i
uncommon

Pathological
laughing and

crying

15% Frequent, usually brief, laug
crying not caused by sadn

to it; and social withdrawa
outbursts

Anosognosia 24% Denial of impairment relate

sensory perception, visua
modality with an apparen

Catastrophic

reaction

19% Anxiety reaction, tears, agg

swearing, displacement, r
and compensatory boasti

Aprosodia

Motor Unknown Poor expression of emotiona
good prosodic comprehen
denial of feelings of dep

Sensory 32% Good expression of emotio

gesturing, poor prosodic
gesturing, and difficulty

(Reproduced from Robinson, 2006.)
atypical antipsychotic medications. Treatment studies
of this infrequent consequence of stroke need to be
conducted.

CONCLUSION

In conclusion, numerous psychiatric disorders may
occur following stroke (Table 29.3). Depression and
anxiety disorder are two of the most common poststroke

D G. SPALLETTA
Associated lesion location

ood variation, loss of
ess, worry, weight loss,
-morning awakening,
l withdrawal, and

Left frontal lobe, left basal ganglia

estlessness, worry,
opelessness, loss of

et, early-morning
awal, weight loss, and

Right or left posterior parietal and
occipital regions

ergy, increased appetite,
f well-being, pressured
grandiose thoughts

Right basotemporal or right
orbitofrontal or right subcortical

sion alternating Right basal ganglia or right

thalamic lesions
sion, intense worry and
dition to depression,

ss or palpitations and
sness, and difficulty
sleep

Left cortical lesions, usually dorsal
lateral frontal lobe

l beliefs Right temporoparietal–occipital
junction

nterest, low energy, Posterior internal capsule

hing and/or crying;
ess or out of proportion

l secondary to emotional

Frequently bilateral hemispheric
Can occur with almost any location

d to motor function,

l perception, or other
t lack of concern

Right hemisphere and enlarged

ventricles

ressive behavior,

efusal, renouncement,
ng

Left anterior-subcortical

l prosody and gesturing,
sion and gesturing, and
ression

Right hemisphere posterior inferior
frontal lobe and basal ganglia

nal prosody and

comprehension and
empathizing with others

Right hemisphere posterior inferior

parietal lobe and posterior
superior temporal lobe
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neuropsychiatric disorders and they frequently occur as
comorbid conditions. In addition to producing signifi-
cant degrees of psychological distress, depression and
anxiety disorder have been shown to be associated with
particular lesion locations and to affect adversely both
physical and cognitive recovery from stroke as well as
to increase mortality. Similarly, mania, anosognosia,
aggression, IEED, and psychosis are disorders that
may occur in a significant number of patients following
stroke. Although not specifically studied, these disor-
ders also probably influence the course and recovery
as well as quality of life following stroke.

Although there are no genetic studies that have
identified the basis for any of these neuropsychiatric
disorders, animal studies, particularly of poststroke
depression and imaging studies, have identified lesion lo-
cations that are associated with an increased frequency
of these disorders. Poststroke depression within the first
2 months following stroke is significantly associated
with left frontal and left basal ganglia lesions while
mania is associated with lesions in the right hemisphere
of limbic-connected cortical regions as well as limbic-
connected subcortical regions. Aggression has been
associated with left-hemisphere lesions involving the
frontal lobe while anosognosia has been associated with
right-hemisphere lesions involving the frontal lobe or
basal ganglia. Psychosis has been associated with lesions
involving the right hemisphere at the intersection of the
occipital, parietal, and temporal lobes as well as permis-
sive factors such as seizure disorder or subcortical atro-
phy. Finally, pathological emotion has been associated
with bilateral brain injury as well as with frontal and tem-
poral lesions and posterior limb of the internal capsule.

Numerous well-controlled studies have demonstrated
that pharmacological treatment can effectively treat
poststroke depression and poststroke pathological emo-
tional disorders. Although psychological treatments
have not been demonstrated to be effective in the treat-
ment of poststroke depression, they have been shown
to prevent the development of poststroke depression.
Psychological treatment may also be useful in helping
patients adjust to and cope with emotional losses,
inadequate social support, and impairments following
stroke. Future research will hopefully identify the
most effective treatments for each of these poststroke
neuropsychiatric disorders.
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INTRODUCTION

Huntington’s disease (HD) is an autosomal-dominant,
neurodegenerative disease characterized by a triad of
symptoms and signs: (1) psychiatric syndromes; (2) a
movement disorder; and (3) cognitive impairment. The
clinical syndrome was delineated in 1872 by George
Huntington, who reported:

Hereditary chorea . . . confined to certain and for-
tunately a few families, and has been transmitted
to them, an heirloom from generations away back
in the dim past. It is spoken of by those in whose
veins the seeds of the disease are known to exist,
with a kind of horror . . . There are three marked
peculiarities in this disease: 1. Its hereditary na-
ture. 2. A tendency to insanity and suicide. 3. Its
manifesting itself as a grave disease only in adult
life (Huntington, 1872).

The mean age of onset is approximately 40 years, but
there are descriptions of individuals who became symp-
tomatic as early as 1 year old and as late as 80 years old
(Kremer, 2002; Walker, 2007). Death takes place
approximately 15–20 years after the first symptoms ap-
pear. HD occurs worldwide, with a prevalence of 4–7
per 100 000 (Harper, 1992), and has the highest preva-
lence of the neurodegenerative diseases. Mean duration
of HD is 17 years, but varies from 2 to over 40 years. Up
to half of all individuals present with purely psychiatric
symptoms before onset of the movement disorder
(Shiwach, 1994; Julien et al., 2007).

HD is caused by an abnormal expansion of trinucleo-
tide (cytosine-adenine-guanine (CAG)) repeats coding
for glutamine at the N-terminal of a protein of 3136
amino acids called “huntingtin” (IT15 at 4p16.3)
(Huntington’s Disease Collaborative Research Group,
*
Correspondence to: Raphael M. Bonelli, MD, DMedSc, Associat

Schnirchgasse 9a, 1030 Vienna, Austria. E-mail: rm.bonelli@gmai
1993). The function of normal huntingtin is unknown.
Themutation of huntingtin produces an expanded stretch
of glutamine (Gln) residues. This CAG/polyGln expan-
sion has 6–39 units in normal individuals and 36–180
units in HD patients. The normal function of huntingtin
and the pathogenetic mechanisms caused by the ex-
panded polyGln of mutant huntingtin remain incom-
pletely characterized. Huntingtin appears to be
associated with synaptic vesicles and/or microtubules
and seems to have an important role in vesicular transport
and/or the binding to the cytoskeleton. It is thought that
this protein is important in embryogenesis and that its mu-
tant form alters the function of themitochondrial respira-
tory chain. The toxic gain of function caused by
huntingtin could be either an overactivity of the normal
function or the introduction of a novel function. Its
interactions with other proteins could lead to an impair-
ment of the cellular function or to its own polymerization
to form insoluble aggregates. The intraneuronal aggre-
gates could affect gene transcription, protein interactions,
protein transport inside the nucleus and cytoplasm, and
the vesicular transport. However, since a dissociation be-
tween the aggregation of huntingtin and selective pattern
of striatal neuronal loss has been demonstrated, it is be-
lieved that other properties of the mutant huntingtin, like
proteolysis and the interactions with other proteins that
affect vesicular trafficking and nuclear transport, could
be responsible for the neurodegeneration.

On gross examination, 80% of HD brains show atro-
phy of the frontal lobes. A bilateral, symmetrical
atrophy of the striatum is observed in 95% of HD brains.
The mean brain weight in HD patients is approximately
30% lower than in normal individuals. Striatal degener-
ation has an ordered and topographic distribution. The
tail of the caudate nucleus shows more degeneration
e Professor of Psychiatry, Sigmund Freud University Vienna,
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than the head. Caudate atrophy is associated with grad-
ual atrophy and neuronal loss in other brain regions as
the disease progresses (Roth et al., 2005; Ruocco
et al., 2006). The striatal and cerebral cortex projection
neurons are much more susceptible to the disease than
interneurons. In the neostriatum, the levels of gamma-
aminobutyric acid (GABA), dynorphin, and substance
P are decreased, but the concentrations of somatostatin
and neuropeptide Y are increased (Bonilla, 2000). An
impairment of energy metabolism in HD and a sensitiv-
ity to oxidative stress and to the cytotoxic effects of glu-
tamate seem to contribute to neuronal death in HD. It is
proposed that melatonin should be assayed in cell
cultures and in transgenic animals due to its potent
antioxidant and free-radical scavenger properties.

An expanded IT15 CAG repeat of 37 or more is 100%
specific, and 98.8% sensitive, for HD (Kremer et al.,
1994). IT15 CAG repeat lengths of 36–39 are considered
indeterminant because of reports of variable disease
penetrance with CAG repeat lengths in this narrow
range. An inverse relationship between CAG repeat
length and age of onset has been demonstrated, such
that higher CAG repeat number is associated with earlier
age of onset (Andrew et al., 1993). The primary change is
a decline in the number of striatal medium spiny GABA
neurons, most markedly in the caudate, but also in the
globus pallidus (Hedreen and Folstein, 1995). Receptor
studies have demonstrated reduction in striatal D1-
and D2-receptor binding in HD patients (Turjanski
et al., 1995), which has been noted to be related to dura-
tion of illness (Ginovart et al., 1997).

In 6% of patients with HD, onset is before the second
decade of life (Westphal, 1883). This juvenile subtype of
HD (Westphal variant) is characterized by hypokinesia,
rigidity, and severe cognitive problems; in 50% of these
cases, epilepsy is present. Patients in whom the disease
occurs after the age of 65 years may suffer from pro-
found chorea but this is unusual and many of these in-
dividuals do have cognitive impairment, which may be
the only presenting feature. Early HD is characterized
by slowed thinking and impaired ability to manipulate
information (Crauford and Snowden, 2002). Memory
impairment is seen in HD. Recognition is generally
intact, but recall is deficient (Weingartner et al., 1979;
Butters, 1984). Executive function has long been charac-
terized as deficient in HD. These deficits can be seen
on formal testing and in problems with performance
of activities of daily living (Fisher et al., 1983;
Moskowitz and Marder, 2001). Rigid behavior and
trouble planning may be a reflection of executive dys-
function (Crauford and Snowden, 2002). Finally, HD
patients show deficits in skill and motor learning
(Knopman and Nissen, 1991), which are probably medi-
ated by frontal-striatal systems.
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PSYCHIATRIC SYNDROMES

Psychiatric disorders are prevalent in patients with HD
and a variety of disturbances have been observed, in-
cluding psychosis with visual hallucinations (rarely), a
delusional thought disorder, mania, obsessive behavior,
or rigidity of thought. Disabling or overwhelming apa-
thy is not unusual. Depression is common, as is emo-
tional lability with outbursts of disruptive behavior.

The original article by George Huntington states: “the
tendency to insanity and sometimes to that form of in-
sanity which leads to suicide is marked” (Huntington,
1872). A review of the literature on depression in HD
by Slaughter et al. (2001) found that, in the 16
English-language studies in existence, the overall preva-
lence of depression was 30% in HD patients. They also
noted that 5.6% of patients met Diagnostic and
Statistical Manual of Mental Disorders, third edition
(DSM-III: American Psychiatric Association, 1980), or
DSM-III-Revised (American Psychiatric Association,
1987) criteria for dysthymia in the six studies using those
criteria. Levy et al. (1998) found, in a sample of 34 HD
outpatients, that depression was not significantly
correlated with apathy (Naarding et al., 2009).

As with other psychiatric symptoms, onset of depres-
sion may occur several years prior to that of neurolog-
ical abnormalities, which argues against a purely
reactive depression. In fact, Folstein et al. (1983) ob-
served that depression might occur up to 5 years before
onset of movement abnormalities. Shiwach (1994) also
found, in a sample of 110 patients with HD, that the life-
time prevalence of depression was almost 40%. One-
third of these patients displayed mood symptoms prior
to onset of motor abnormalities. A case registry study by
Jensen et al. (1993) found that HD patients had signifi-
cantly more psychiatric admissions and diagnoses than
their unaffected relatives. HD patients have a high rate
of suicide when compared with that seen in the general
population, perhaps due to their reported poor impulse
control (Crauford and Snowden, 2002) or irritability,
discussed previously. Reported suicide rates in HD vary
from 3.0% to 7.3% of patients (Di Maio et al., 1993; Lipe
et al., 1993). Farrer (1986) reported a 27.6% rate of
attempted suicide in HD patients. This is significantly
elevated from the 10 per 100 000 average rate of suicide
in the general population. Lipe et al. (1993) found that
risk factors for suicide in HD were similar to those seen
in the general population: suicide was more likely in
patients who lived alone, were childless, unmarried,
and depressed.

The data on incidence of psychotic symptoms and
schizophrenia in HD are inconsistent. However, an
increased prevalence of schizophrenia seems to exist
in patients with HD compared with age-matched
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populations. Older studies reported that 4–12% of HD
patients met all criteria for schizophrenia (Oliver,
1970). In contrast, Folstein et al. (1983) did not find an
elevated prevalence of schizophrenia in their state-wide
sample of HD patients from Maryland, and Shiwach
(1994) found 3 patients with schizophrenia in a sample
of 110 patients with HD. On the other hand, Watt and
Seller (1993) found 12% prevalence in a sample of 65
HD patients.

Psychotic symptoms, which do not meet criteria for
schizophrenia, probably are more common in HD than
in the general population. In a case registry study,
Jensen et al. (1993) reported no schizophrenia, but did
find that other types of psychosis were more common
in HD patients than in their relatives (11% versus 3%,
respectively). Marder et al. (2000) found, in a study
of 960 HD outpatients, that hallucinations were
relatively uncommon, with 1.3% of patients reporting
auditory hallucinations at their baseline visit. In this
study, 5.4% of outpatients reported fixed delusions at
the baseline visit to a HD center. A review by Mendez
(1994) of 11 studies of HD patients found psychosis to
be present in 3–12% of patients, ranging from nonspeci-
fic paranoia to presentations similar to schizophrenia.

Increased irritability, lack of control, and aggression
can probably best be seen as a sign of frontal-lobe dys-
function. It can even be observed in presymptomatic
carriers (Kloppel et al., 2010). Irritability is commonly
seen in HD, and is often accompanied by aggression.
In a case review of 86 HD patients, Pflanz and col-
leagues (1991) found a history of irritability at some
stage in over 60% of patients, and aggression in over
40%. Nance and Sanders (1996) found in a retrospective
review that approximately one-third of HD nursing
home residents were aggressive. A more recent study
of 960 patients spanning a wide range of severity dem-
onstrated that over 60% of HD patients or their care-
givers reported aggressive behavior at their first visit
to a Huntington’s clinic (Marder et al., 2000). In male
patients, crime rates are significantly increased com-
pared with those in first-degree relatives and controls
(Jensen et al., 1998).

The prevalence of mania may be increased in HD
relative to age-matched populations. Mendez (1994)
reviewed seven studies, and found the overall rate
of mania in HD to be 4.8%; this estimate is somewhat
problematic in that differing definitions of mania were
used in the studies. Folstein (1989) reported manic or
hypomanic episodes in approximately 10% of HD
patients.

Although apathy is not a DSM diagnosis or classi-
fication, it deserves special attention. This symptom
is difficult to distinguish from depressive features in
some patients and it has also been mentioned in relation
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to personality change. A vast number of reports de-
scribe the neuropsychological functioning of patients
with HD. In a retrospective record study of all HD
cases reported to a health board in one region, Pflanz
and others (1991) found that 57% of patients had loss
of interest and concentration. Loss of interest tended
to appear at approximately the same time as the move-
ment disorder in the case records, which spanned vari-
ous stages of the illness. Caine et al. (1978) performed a
prospective study of 18 patients who did not have any
predominant psychiatric or cognitive problems. They
used a special, so-called parietal lobe battery and a
checklist to record subjective complaints. Owing to
problems in the planning and organization of the tasks,
the patients sometimes reported being “overwhelmed”
by too many stimuli at a time. Inertia and loss of initia-
tive were also prominent. The patients’ self-reports
revealed that most of them were fully aware of their
own emotional outbursts, dysphoria, aggression, and
inertia.

HD patients experience a spectrum of anxiety rang-
ing from appropriate concern over future disability to
debilitating anxiety. Pflanz et al. (1991), in their study
of 86 HD cases reported in a defined geographical
region, found that, in the 34 men and 52 women, prev-
alence of general anxiety did not differ by gender (28%
of men and 29% of women). They also found anxiety to
be a relatively early symptom, with 23% of men and 13%
of women reporting general anxiety as part of the pre-
senting syndrome. As noted in the study by Levy et al.
(1998), anxiety and depression were significantly corre-
lated in a sample of HD outpatients, suggesting that pa-
tients with anxiety should be evaluated for underlying
depression. Many anxiolytic medications exert their ef-
fects through GABA receptors. Reductions in brain
GABA, seen in HD, may contribute to development
of anxiety (Peyser and Folstein, 1990).

A review of 960 outpatients who were followed at
43 HD centers found that 22.3% had obsessions or
compulsions at their first visit to a Huntington’s center
(Marder et al., 2000). There have been several
case reports of obsessive-compulsive disorder in
HD (McHugh and Folstein, 1975; Cummings and
Cunningham, 1992; De Marchi et al., 1998; Scicutella,
2000). A study of 27 HD patients indicated that up to
50% of HD patients report obsessions or compulsions
(Anderson et al., 2001). This study also found signifi-
cant performance deficits on neuropsychological tests
with more executive elements in HD patients with ob-
sessions or compulsions compared with those without.
Presence of obsessions or compulsions did not correlate
with motor symptoms, duration of disease, or impair-
ment in function. Caregivers often find these symp-
toms to be problematic.
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MOVEMENT DISORDERS

Neurological symptoms in HD include both abnormal in-
voluntary movements and impairment of normal volun-
tary movements. George Huntington described the most
prominent signs: the involuntary, choreatic movements
(Huntington, 1872). Chorea, from the Greek meaning
“to dance,” is an involuntary movement around multiple
joints. It can consist of quick jerks such as the “cigarette-
flicking” movements commonly seen in the fingers or
fast contractions of facial muscles. More flowing and
somewhat slower choreoathetotic movements also often
occur with more advanced disease, as do fast, large-
amplitude, flinging movements resembling ballism.
Dystonia is prominent in the later stages of the illness
when patients can develop fixed, dystonic contraction
of limb and axial muscles leading to contractures and
immobility. Chorea tends to slow and may be replaced
by severe dystonia in the end stages.

A disorder of voluntary motor control contributes
prominently to the physical disability in patients with
HD. Bradykinesia generally coexists with chorea
(Sanchez-Pernaute et al., 2000; Garcia Ruiz et al.,
2002; van Vugt et al., 2003; Delval et al., 2006).
A parkinsonian state with prominent slowing of sac-
cadic velocity is seen in the juvenile-onset cases, which
may also have seizure disorders and myoclonus. Mimi-
cal apraxia is common, and ideomotor apraxia has been
reported (Shelton and Knopman, 1991; Hamilton et al.,
2003). Patients are unable to learn complicated motor
skills. Loss of voluntary motor control progresses
throughout the course of the illness until it causes com-
plete inability to perform any purposeful motor act.
Deep tendon reflexes are hyperactive.

Other neurological signs include ocularmovement dis-
orders (e.g., impairment of saccades and smooth pursuit)
(Lasker and Zee, 1997; Blekher et al., 2004), difficulty
with complex, voluntary motor actions, increasing prob-
lems with standing and walking (Reynolds et al., 1999;
Churchyard et al., 2001; Delval et al., 2007), speech and
swallowing difficulties (Leopold and Kagel, 1985; Hunt
and Walker, 1989; Kagel and Leopold, 1992), and in the
terminal phase of the disease, weight loss (Hamilton
et al., 2004). Especially in the late stages, hypokinesia, ri-
gidity, and dystonia are seen. Death is usually caused by
aspiration pneumonia in the late stage of the illness. By
clinical and pathological criteria, juvenile-onset cases
are often more rapidly progressive and old-onset cases
more slowly progressive (Myers et al., 1991).

COGNITIVE IMPAIRMENT

Cognitive decline appears to start before the so-called
clinical onset (i.e., onset of motor symptoms) of HD
(Jason et al., 1988; Foroud et al., 1995; Rosenberg
et al., 1995). A number of studies have revealed cogni-
tive decline in “asymptomatic”’ carriers of the HD mu-
tation (Campodonico et al., 1996; Hahn-Barma et al.,
1998; Berrios et al., 2001, 2002; Soliveri et al., 2002;
Ho et al., 2004; Lemiere et al., 2004). Problems in atten-
tion, working memory, verbal learning, verbal long-term
memory, and learning of random associations are the
earliest cognitive manifestations in neurologically
asymptomatic carriers (Lemiere et al., 2004). Actually,
dementia is demonstrable in virtually all patients with
HD when motor symptoms are noticeable, although
the rate and extent of intellectual failure vary consider-
ably (Chua and Chiu, 2000). In asymptomatic gene car-
riers, lower cognitive performance correlates with more
CAG repeats. In clinical HD, CAG repeats interact with
disease chronicity such that more repeats are associated
with worse performance over time; the overall effect of
this is small compared with the effect of disease chronic-
ity alone. Mood state seems to be unrelated to cognitive
performance in either patients with HD or asymptom-
atic gene carriers (Jason et al., 1997).

The dementia is generally progressive; there is a sig-
nificant decline in different cognitive functions over
3 years, involving primarily attention and executive
functions but also language comprehension, and visuo-
spatial immediate memory (Ho et al., 2003). Cognitive
decline in early HD is correlated with the number of
CAG repeats (Jason et al., 1997). In fact, tasks measur-
ing mainly attention, object and space perception, and
executive functions adequately assess the progression
of early HD disease, whereas other cognitive functions
do not significantly deteriorate in the first 3 years
(Lemiere et al., 2004). Many attention and executive
tasks adequately assess the progression of the disease
at an early stage. For other functions, the overlapping
of retest effects and disease progression may confuse
the results. Episodic memory impairment that was al-
ready present at the time of enrollment does not show
significant decline during the first years of the disease
(Ho et al., 2003).

When the disease progresses, the results of a
meta-analysis indicate that patients with HD are most
deficient on tests of delayed recall, followed by perfor-
mance on measures of memory acquisition, cognitive
flexibility and abstraction, manual dexterity, attention/
concentration, performance skill, and, finally, verbal
skill (Zakzanis, 1998). High interindividual and intra-
individual variability seem to be hallmarks of the disease
(Bachoud-Levi et al., 2001). Subsequent cognitive
decline is primarily a function of number of years
affected, although there is evidence that the presence
of more CAG repeats is associated with faster deterio-
ration (Jason et al., 1997). In clinically manifest HD, cog-
nitive impairment correlates with the number of years
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affected but not with the age at onset. Linear regression
has a negative intercept, suggesting impaired cognitive
function by the time of onset. Dementia can be a cause
of significant functional impairment, even more so than
the visible motor disturbances (Mayeux et al., 1986; Nehl
and Paulsen, 2004). Patients become unable to plan and
carry out routine tasks and inevitably are required to
give up gainful work, household duties, and self-care.

In the terminal stages of illness patients may develop
a global dementia, at which point deficits are profound
and encompass virtually all cognitive domains. Memory
deficits are usually present early but then may decline
gradually, in contrast to complex psychomotor tasks,
which show an accelerated decline (Bamford et al.,
1995). Central language function and general knowledge
are often preserved until late in the course of the disease
(Fisher et al., 1983). Insight is generally preserved in HD
but may vary with coincident mental illness (Caine et al.,
1978); unawareness of illness or deficits is frequent and
can have important diagnostic, treatment, and func-
tional implications (Flashman, 2002).

Most early studies to delineate the cognitive deficits
of HD typically adopted a cross-sectional approach
(Fisher et al., 1983; Josiassen et al., 1983; Taylor and
Hansotia, 1983) using various criteria and different
boundaries for subgroup staging to infer the pattern
of decline. The extrapolation of such findings to applied
settings, such as treatment trials, can only be tentative
and so longitudinal studies are clearly needed to estab-
lish better the time course and specific profile of cogni-
tive decline in HD (Taylor and Hansotia, 1983; Lawrence
et al., 1998). In a longitudinal study of 14 patients with
HD (Hodges et al., 1990), letter fluency, vocabulary,
and selective reminding performance declined over a
12-month period, but not confrontation naming, number
information, similarities, category fluency, or visual re-
production. A follow-up study of 6 patients with HD
over 3–5.8 years (Taylor and Hansotia, 1983) suggested
that tests involving psychomotor skill deteriorated
markedly over time, as did performance tests from
the Wechsler Adult Intelligence Scale battery, with aca-
demic skills being less affected.

More recently, larger longitudinal studies have
shown that, although global cognitive ability does not
appear to deteriorate (Kremer et al., 1999; Bachoud-Levi
et al., 2001), tests that tap attention or executive
function tend to undergo progressive impairment
(Bamford et al., 1995; Bachoud-Levi et al., 2001;
Snowden et al., 2001), although this was not found in
all studies (Kremer et al., 1999). There are also other
discrepancies between studies; for example, letter flu-
ency has been reported to deteriorate (Hodges et al.,
1990; Bachoud-Levi et al., 2001; Snowden et al., 2001),
improve (Kremer et al., 1999), or remain stable
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(Bamford et al., 1995) in HD. Similarly, with verbal
memory there is evidence for deterioration (Bamford
et al., 1995; Snowden et al., 2001), improvement
(Kremer et al., 1999), or no change (Bachoud-Levi
et al., 2001; Snowden et al., 2001). Language or semantic
functions may (e.g., picture naming: Bamford et al.,
1995; Bachoud-Levi et al., 2001) or may not (e.g., com-
prehension: Bachoud-Levi et al., 2001) deteriorate,
depending on the nature of the task used.

Largely, the performance pattern of HD patients on
the intelligence tests is what might be expected: tests of
well-learned material such as information, comprehen-
sion, similarities, and vocabulary hold up best; the more
unfamiliar the test material and the greater the role
played by reasoning, speed, or manipulation, the lower
the scores (Josiassen et al., 1982; Myers, 1983; Folstein
et al., 1990). Strauss and Brandt (1986) report that low-
ered scores on digit symbol, comprehension, and arith-
metic tests best discriminated HD patients from
controls. Small variations in this overall pattern may
occur between studies because different stages of the
disease are represented in the patient samples and/or
because sample sizes tend to be small. Frank and col-
leagues (1996) documented confrontation naming errors
in HD patients with mild to moderate dementia.
Language deficits also include decreased fluency
related to frontal-lobe dysexecutive function (Gordon
and Illes, 1987; Rosser and Hodges, 1994a; Troster
et al., 1998) and decreased comprehension of prosody
(Speedie et al., 1990). Neither age at onset of HD nor
parental mode of inheritance produces a clear-cut
differentiation in the pattern of cognitive impairment
or the rate of decline (Bamford et al., 1995), although
paternal inheritance causes declaration of HD at an ear-
lier age and, therefore, brings earlier onset of dementia.

Cognitive impairment in HD is often categorized as a
“subcortical dementia.” This term was originally used to
describe the cognitive deficits in progressive supra-
nuclear palsy (Albert et al., 1974). McHugh and Folstein
(1975) proposed a subcortical origin for the cognitive
deficits in HD. The concept of subcortical dementia
has been a topic of review and controversy because
one may argue that the subcortical lesions disrupt corti-
cal functions, creating symptoms referable to cortical
areas (Cummings and Benson, 1984; Huber and Paulson,
1985; Brown and Marsden, 1988; Cummings, 1990;
Domesick, 1990). The caudate nucleus receives input
from dorsolateral frontal, orbitofrontal, and anterior
cingulate cortices and serves as one stop along these
frontal subcortical circuits subserving behavior. Subcor-
tical dementia is characterized by deficits that have also
been seen in patients with prefrontal cortical lesions: slo-
wed mental processing or bradyphrenia, impaired atten-
tion, deficits in problem solving due to impaired ability
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to manipulate acquired knowledge, and forgetfulness,
which is frequently accompanied by apathy and depres-
sion (Cummings, 1990; Domesick, 1990; Huber and
Shuttleworth, 1990). This pattern of dementia resembles
some forms of frontotemporal dementia yet stands in
contrast to the frank amnesia, apraxia, agnosia, and
aphasia characteristic of Alzheimer’s disease (AD)
and other illnesses that predominantly involve the cere-
bral cortex. The dementia of HD has also been described
by deficits in frontal-executive functions (Mendez,
1994; Morris, 1995). Memory and visuospatial capacities
are affected, but, for the most part, central language
function and factual information are preserved (Fisher
et al., 1983), as well as insight (Caine et al., 1978), until
the most advanced stages of illness.

AD patients (the classical cortical dementia), in con-
trast, perform most poorly on language and delayed
memory subsections, while the HD patients obtain
their lowest scaled scores on the attention and visuospa-
tial/constructional subsections (Randolph et al., 1998).
Patients with AD are more impaired than patients with
HD and progressive supranuclear palsy on the memory
subtest, whereas patients with HD and progressive
supranuclear palsy are more impaired on the initia-
tion/perseveration subtest of the Dementia Rating Scale
(Rosser and Hodges, 1994b). This is evidence in favor of
the concept of cortical and subcortical dementias as sep-
arate, although overlapping, entities. Qualitative differ-
ences in the pattern of cognitive impairment in these
disorders can be detected with a brief cognitive status
examination (Rosser and Hodges, 1994b). However,
the discrimination of cortical from subcortical demen-
tias is not that easy, as some authors do not find explicit
differences (Paulsen et al., 1995). In an interesting study
of 80 HD and 105 AD patients tested with comparable
Mini Mental State Examination values, HD patients
did significantly better in word recall and orientation
tasks (both function of memory) but worse on the se-
rial-seven arithmetic (attention) and sentence writing
(executive functions) tasks (Brandt et al., 1988; Folstein
et al., 1990).

Some neurological problems contribute to decreased
test results in HD patients. Eye movements become dis-
turbed in several ways (Myers, 1983; Folstein, 1989).
They are generally slowed and have longer latencies in
response to stimulation; the approach to targets occurs
in short, jerky steps rather than a normal smooth sweep;
and visual tracking becomes inefficient because of in-
ability to maintain gaze on a moving target. With these
visual problems, it is not surprising that HD patients are
significantly slowed on visual tracking tasks, such as the
Trail Making Test and symbol substitution tasks (Caine
et al., 1986; Brandt et al., 1990). Oepen and colleagues
(1985) describe jerkiness on a pencil-tracking task, which
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was most prominent in the left hand; manual operations
become increasingly slowed and clumsy as the disease
progresses (Taylor and Hansotia, 1983). Specific defects
on a sequential movement task, which characterized HD
patients, included difficulty in initiating movements,
poor utilization of advance information, and relatively
greater deficits in performances by the nonpreferred
hand (Bradshaw et al., 1992). Slowed mental processing
and difficulties in shifting sets may also contribute
to performance failures on timed visuomotor tasks
(Huber and Paulson, 1987; Folstein, 1989).

The most common behavioral symptoms in HD are
loss of energy and initiative, poor perseverance and
poor quality of work, impaired judgment, poor self-
care, and emotional blunting. Affective symptoms such
as depression, anxiety, and irritability occurred in
around half the patients studied. Psychotic symptoms
(hallucinations and delusions) are rarely reported.
Factor analysis distinguished three clusters of behav-
ioral symptoms: apathy, depression, and irritability.
The apathy factor is highly correlated with duration
of illness, whereas no such relationship is observed
for the depression and irritability factors (Craufurd
et al., 2001).

D M.F. BEAL
THERAPY FOR PSYCHIATRIC
SYNDROMES

Research on therapy for psychopathology is scarce,
although the subject is relevant because of the co-
occurrence of psychiatric, neurological, and genetic
phenomena, which may lead to novel concepts in the un-
derstanding of brain function (Bonelli and Hofmann,
2007; Frank and Jankovic, 2010). Psychiatric symptoms
may occur at any stage of HD, including before the
onset of the movement disorder. No clear pattern of pro-
gression for behavioral symptoms has been shown
(Huntington Study Group, 1996). Age of onset and
presence of psychiatric symptoms have not been
shown to correlate positively with CAG repeat length
(Weigell-Weber et al., 1996; Zappacosta et al., 1996).
There have been only two double-blind, placebo-
controlled treatment studies for aggression in HD,
and one single-blind study to date for treatment of psy-
chosis. It is noteworthy that, to date, there have been no
controlled clinical trials for depression or anxiety in HD.
Possibly useful drugs for clinical practice would be ami-
triptyline and mirtazapine for depression; risperidone
for psychosis; and olanzapine, haloperidol, and buspir-
one for behavioral symptoms in HD (Bonelli and
Hofmann, 2007).

There are limited data on the treatment of psychotic
symptoms in HD.Most reports are from treatment trials
using neuroleptics for movement disorder (Caine and
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Shoulson, 1983; Bonuccelli et al., 1994), and their effect
on psychotic symptoms is reported incidentally or based
on chart review (Colosimo et al., 1995; Dallocchio et al.,
1999). There are two successful case reports available
on risperidone (Madhusoodanan and Brenner, 1998;
Erdemoglu and Boratav, 2002) in HD psychosis.
Moreover, a successful electroconvulsive therapy in a
treatment-resistant HD psychosis has been published
(Evans et al., 1987). Caine and Shoulson (1983) describe
a case series of 6 HD patients (3 schizophrenic, 2 atyp-
ical psychosis, and 1 paranoid) treated successfully by
various standard neuroleptics. In the authors’ opinion,
atypical neuroleptics are the first-line treatment for
psychosis, due to their decreased risk of side-effects.

Haloperidol was useful in a double-blind, crossover
study in 6 patients in treating irritability and aggressive
outbursts (Leonard et al., 1975). Two small open-label
studies on olanzapine (Squitieri et al., 2001; Paleacu
et al., 2002) showed a significant improvement in the
Unified Huntington’s Disease Rating Scale (UHDRS)
psychiatric subscores for depression, anxiety, irritabil-
ity, and obsessions. None of the patients reported
side-effects. Stewart et al. (1987), in a case study,
reported some positive findings on the effectiveness
of propranolol for aggressiveness. Other case reports
concern sertraline (Ranen et al., 1996a), fluoxetine
(De Marchi et al., 2001), olanzapine combined with
valproate (Grove et al., 2000), and buspirone
(Findling, 1993; Byrne et al., 1994; Bhandary and
Masand, 1997). However, severe behavioral distur-
bances need a multimodality treatment schedule
(Blass et al., 2001). Behavioral management, such as ad-
herence to a set schedule, may be helpful in prevention
(Moskowitz and Marder, 2001). Ranen and colleagues
(1993) suggest careful evaluation for differentiation be-
tween restlessness, irritability, and agitation, and con-
sideration of motivating factors for the behavior (e.g.,
hunger, thirst, or pain). Undiagnosed psychiatric condi-
tions such as depression, mania, or psychosis may be the
underlying cause, and this may influence the course of
treatment. A patient with HD and exhibitionism was
successfully treated with leuprolide, a gonadotropin-
releasing hormone agonist (Rich and Ovsiew, 1994). An-
other group used medroxyprogesterone acetate to re-
duce hypersexuality (Blass et al., 2001).

Despite the high incidence of depression in HD and
the clinical relevance, only low-level evidence is avail-
able on treatment of depression in this disorder. Positive
results were reported for an open-label study of 26 HD
patients (17 men) with a diagnosis of major depression,
treated for 4 weeks with venlafaxine. However,
approximately 1 in 5 patients developed significant
venlafaxine-related side-effects (nausea and irritability)
(Holl et al., 2010). Positive results were also reported
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for an open-label study with 10 depressed HD patients
treated with amitriptyline (n¼ 10) (Folstein et al.,
1983). The other case series consisted of 6 patients. Five
of them improved after treatment with electroconvul-
sive therapy (Ranen et al., 1994). Successful case reports
are published on imipramine (n¼ 1) (Whittier et al.,
1962), fluoxetine with augmentation (n¼ 1) (Patel
et al., 1996), phenelzine (n¼ 2) (Ford, 1986), isocarbox-
azid (n¼ 1) (Ford, 1986), amoxapine (n¼ 1)
(Moldawsky, 1984), and mirtazapine (n¼ 1) (Bonelli,
2003) (in a suicidal HD patient). Finally, a patient with
psychotic depression was successfully treated with clo-
zapine (Sajatovic et al., 1991). From these data, nothing
can be concluded with certainty. To summarize, stan-
dard medications, including selective serotonin reuptake
inhibitors, tricyclic antidepressants, and also electro-
convulsive therapy, for severe or refractory cases, are
all useful.

For the treatment of mania in HD, evidence is even
worse than for depression: only one case report (on pro-
pranolol) has been published so far (Stewart, 1993), and
it certainly does not represent the treatment of choice in
this condition. Manic episodes in HD responded well to
neuroleptics acutely, and to divalproex for long-term
management. Carbamazepine may also be used, but
its usefulness is limited by its interactions with other
medications. Lithium should be avoided, due to the dif-
ficulty of ensuring adequate hydration in a movement
disorder.

Apathy may be difficult to differentiate from depres-
sion, and family members may misinterpret it as such.
Education of family members may be helpful to prevent
them from putting unreasonable demands on the pa-
tient. With some patients, it is situational in that they will
engage, at least partially, in more structured activities or
participate if they are guided to do so, but will not ini-
tiate behaviors on their own (Caine and Shoulson,
1983). No pharmaceutical regimen has been tested so
far in HD patients in this indication.

To date, there is one case series in the literature de-
scribing the treatment of anxiety in HD (Caine and
Shoulson, 1983). Selective serotonin reuptake inhibitors
are often helpful for generalized anxiety in these pa-
tients, and obviously will treat concomitant depression,
although we do not have data on HD patients for this
indication. Small doses of benzodiazepines may also
be useful in the management of anxiety. However, the
clinical use of benzodiazepines in HD is poorly docu-
mented in case reports; the only data were gained with
3 patients (Peiris et al., 1976) and 1 patient (Stewart,
1988) with clonazepam, respectively, and 1 with diaze-
pam (Farrell and Hofmann, 1968).

There are no studies or case reports of treatment
for obsessions or compulsions in HD. However, the
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standard treatment for primary obsessive-compulsive
disorder is psychotherapy and treatment with selective
serotonin reuptake inhibitors.
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TREATMENTOFMOVEMENT
DISORDERS

Even for the management of motor symptoms, there is
poor evidence to date (Bonelli and Hofmann, 2007;
Walker, 2007). The evidence-based analysis of all avail-
able randomized controlled trial (RCT) studies fails to
result in any treatment recommendation of clinical rel-
evance (Table 30.1). Most substances defined the motor
function (mostly chorea) as their primary outcome mea-
sure. Surprisingly, no single dopamine antagonist shows
good data for the treatment of chorea. This is easily
explained by the fact that they all lack RCTs (Bonelli
and Hofmann, 2007). For daily practice, there is some
evidence for treating chorea with haloperidol or
fluphenazine, and less evidence for olanzapine.

Treatment of neurological problems in HD requires a
coordinated effort on the part of the medical, social ser-
vice, and physical/occupational therapy team (Ranen
et al., 1993). Treatment is tailored to the treatable symp-
tom complex and cannot be generalized to all patients or
to an individual patient over all stages of the illness.
Most treatment reports consist of small series or case
reports with a few small controlled trials. Moreover, it
is worth noting that the major effort in HD therapeutic
research was done in motor impairment, especially cho-
rea. All double-blind studies were performed with this
primary end point. Because of the small number of
RCTs, the practical management of HD is largely based
on empirical evidence or single randomized studies.

The movement disorder of HD patients may be di-
vided into accessory movements that are involuntary
(chorea, dystonia, rigidity) and impaired voluntary
movements (impairment in saccadic and smooth-
pursuit, fine motor tasks, gait, speech, and swallowing)
(Folstein, 1989). The voluntary movement abnormalities
steadily worsen over the course of the illness (generally
15–20 years) and correlate strongly with functional im-
pairment much more than the involuntary movements
do. Often patients are unaware of their involuntary
movements (Snowden et al., 1998; Vitale et al., 2001).
Some effective antichoreic medication may worsen the
voluntary movement abnormalities, such as gait or swal-
lowing, and may cause additional problems like depres-
sion, sedation, and tardive dyskinesia. It is, therefore,
extremely important to consider the indications for
antichoreic therapy. Before initiation of medication
for chorea, it may be helpful to determine whether non-
pharmacological strategies can be employed, such as gait
and balance training, swallowing and speech therapy,
orthotics, or use of leg weights to assist with upright
posture at mealtime (Moskowitz and Marder, 2001).

Although chorea is the feature most often associated
with HD, it may be one of the least disabling character-
istics of this disease. In general, treatment of chorea is
not advised unless symptoms are disabling (e.g., a pa-
tient cannot stand due to lurching motions from severe
chorea). Symptomatic treatment of the movement
disorder has included use of typical neuroleptics,
dopamine-depleting agents, and, more recently, atypical
neuroleptics. Treatment with typical neuroleptics has
been associated with improvement of chorea at the ex-
pense of worsening gait and swallowing, and risk of
causing tardive dyskinesia. For pharmaceutical treatment
a large number of proposed antichoreic agents are avail-
able today. Neuroleptic drugs are widely prescribed in
HD patients (Tyler et al., 1996); they all block central
dopamine receptors but they differ in duration of action,
unwanted effects, and mode of administration.
Anticipating the conclusion for symptomatic efficacy
in HD chorea, there is some evidence in double-blind,
placebo-controlled trials for the N-methyl-D-aspartate
(NMDA) antagonist amantadine, the dopamine-depleting
tetrabenazine, and the antipsychotic fluphenazine. How-
ever, these three agents probably do not represent the best
treatment option nowadays (as the two latter reveal seri-
ous potential adverse effects), but may reflect the lack of
placebo-controlled trials of clinically more promising
substances such as riluzole, olanzapine, or even
haloperidol (together with sulpiride, the most used drug
in HD today), in cases where intramuscular therapy
seems indicated, all drugs with lower evidence today.
Because of the high rate of noncompliance inHDpatients
(Bonelli and Thau, 2001), drugs that are as harmless as
possible are required.

Conventional antipsychotic drugs decrease chorea.
Care is needed not to increase to doses that impair the
individual’s functional level. Low doses of these neuro-
leptics are often well tolerated, whereas high doses are
rarely helpful and may impair oculomotor function
(Dursun et al., 2000), orolingual function, fine motor
tasks, swallowing (Moskowitz and Marder, 2001), and
cognitive function. Moreover, conventional antipsy-
chotics may accelerate functional decline (Young
et al., 1986) and may induce tardive dyskinesia (Schott
et al., 1989). The severity of dystonia in HD is statisti-
cally associated with the use of conventional antidopa-
minergic agents (Louis et al., 1999).

A small, single-blind, crossover study (Gimenez-
Roldan and Mateo, 1989) showed the same efficacy
of haloperidol compared to tetrabenazine with fewer
problematic adverse effects in the haloperidol group.
Barr et al. (1988) found low-dose haloperidol (less than
10 mg/day) to be effective in a open pilot study with little
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Table 30.1

Double-blind, randomized, placebo-controlled trials in Huntington’s disease (HD)

Active drug Versus First author, year HD diagnosis Effect n Study design Study duration

Antidopaminergics

1 Sulpiride Placebo Quinn and Marsden, 1984 Clinic Poor effect 11 Crossover 4 weeks

2 Tiapride Placebo Deroover et al., 1984 History Positive 23 Crossover 3 weeks
3 Tiapride Placebo Roos et al., 1982 History No effect 22 Crossover 2 weeks
4 Clozapine Placebo van Vugt et al., 1997 CAG Poor effect 26 Crossover 4 weeks

NMDA antagonists

5 Amantadine Placebo O’Suilleabhain and Dewey, 2003 CAG No effect 24 Crossover 2 weeks
6 Amantadine Placebo Verhagen et al., 2002 CAG Positive 24 Crossover 2 weeks

7 Riluzole Placebo Huntington Study Group, 2003 CAG Positive 41 Parallel 8 weeks
Dopa agonists

8 trans-Dihydrolisuride Placebo Stocchi et al., 1989 History No effect 10 Crossover 4 weeks

9 trans-Dihydrolisuride Placebo Bassi et al., 1986 Clinic Positive 10 Crossover 2 weeks
Others

10 Fluoxetine Placebo Como et al., 1997 NS No effect 12 Parallel 4 months
11 Cannabidiol Placebo Consroe et al., 1991 History No effect 15 Crossover 6 weeks

Neuroprotection

12 Coenzyme Q10 Remacemide, placebo Huntington Study Group, 2001 History or CAG Trend 76 Parallel 30 months
12 Remacemide CoQ10, placebo Huntington Study Group, 2001 History or CAG No effect 66 Parallel 30 months

13 Remacemide Placebo Kieburtz et al., 1996 History No effect 18 Parallel 6 weeks
14 Lamotrigine Placebo Kremer et al., 1999 CAG No effect 28 Parallel 30 months
15 OPC-14117 Placebo Huntington Study Group, 1998 History No effect 23 Parallel 3 months

16 Idebenone Placebo Ranen et al., 1996b History No effect 48 Parallel 12 months
17 Alpha-tocopherol Placebo Peyser et al., 1995 History No effect 40 Parallel 12 months
18 Baclofen Placebo Shoulson et al., 1989 History No effect 23 Parallel 30 months

NMDA,N-methyl-D-aspartic acid; study duration: the period that all patients underwent HD diagnosis; CAG, genetically proven; history, clinic and positive family history; clinic, clinical impression alone;

NS, not significant.
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clinical improvement on doses over this limit. There are
only two positive small open pilot studies on pimozide
(Arena et al., 1980; Girotti et al., 1984). Fluphenazine
(Terrence, 1976) was shown to reduce chorea in a
small controlled trial; there are moreover two positive
open studies available for this substance (Korenyi
and Whittier, 1967; Whittier and Korenyi, 1968). Contra-
dictory results were found for sulpiride (Quinn and
Marsden, 1984) and tiapride (Roos et al., 1982; Deroover
et al., 1984).

Tetrabenazine, causing a dopamine depletion of the
presynaptic vesicles, diminished chorea in two small
double-blind studies (Swash et al., 1972; Asher and
Aminoff, 1981). Among the adverse reactions are seda-
tion, insomnia, parkinsonism, depression, anxiety,
akathisia (Jankovic and Beach, 1997), and, rarely, neuro-
leptic malignant syndrome in HD patients (Burke et al.,
1981; Mateo et al., 1992; Ossemann et al., 1996), which
clearly limit its clinical usefulness.

Atypical antipsychotic drugs seem to be an interesting
new approach for the movement disorders associated
with HD. The first two open pilot studies (Squitieri
et al., 2001; Paleacu et al., 2002) on olanzapine (5 mg/
day) found some improvement in behavioral subscores,
whereas chorea did not improve significantly. None of
the patients reported side-effects. The third open pilot
study (Bonelli et al., 2002), however, titrated up to the
sixfold dosage (30 mg) to achieve significant ameliora-
tion of patients’ motor symptoms, not only in the chorea
item (49% improvement) but also in oculomotor func-
tion (17%), orolingual function (27%), fine motor tasks
(21%), and gait (35%). The parameters parkinsonism
and dystonia did not worsen with this dose. There are,
moreover, successful anecdotal case reports on risperi-
done (Dallocchio et al., 1999) and quetiapine (Bonelli
and Niederwieser, 2002). In contrast, clozapine (maxi-
mum 150 mg/day) (van Vugt et al., 1997) revealed poor
symptomatic effects in a controlled trial with 33 patients.

The data on glutamate antagonists is unsatisfactory.
Verhagen Metman et al. (2002) showed that amanta-
dine, a glutamate antagonist, lowered chorea scores,
with a median reduction in extremity chorea at rest of
36% for all 22 evaluated patients. Parkinsonian rating
scores did not worsen in this study, there was no con-
sistent change in cognitive measures, and the adverse
event profile was benign. However, these results are in-
consistent with those of an equally designed study
some months later (O’Suilleabhain and Dewey, 2003).
Riluzole, another NMDA receptor antagonist, was
tested in two small open-label studies (Rosas et al.,
1999; Seppi et al., 2001). The data suggest that riluzole
has transient antichoreatic effects, providing improve-
ment for no more than a few months. Other NMDA re-
ceptor antagonists, such as ketamine (Murman et al.,
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1997), remacemide (Kieburtz et al., 1996), or milacemide
(Giuffra et al., 1992), did not cause any symptomatic
effect in HD chorea.

All attempts to decrease chorea by influencing
GABAergic neurotransmission failed. Substances such
as isoniazid (Manyam et al., 1981, 1987; Perry et al.,
1982), gamma-vinyl GABA (Scigliano et al., 1984),
THIP (4,5,6,7-tetrahydroisoxazolo-{5,4,-c} pyridin-3-ol)
(Foster et al., 1983), L-acetyl carnitine (Goetz et al.,
1990), amino-oxyacetic acid (Perry et al., 1980), musci-
mol (Shoulson et al., 1978), baclofen (Shoulson et al.,
1989), and valproate (Symington et al., 1978) had no ben-
eficial effect on involuntary movements in HD patients.

Another important clinical finding is cachexia not
correlated with caloric intake. Reports disagree about
correlation with hyperkinetic movements. The cachexia
can worsen motor symptoms. This consistent finding
has led to investigations of possible metabolic defects
underlying HD. Treatment options include boosting
caloric intake, evaluation by a nutritionist, and, less
often, appetite stimulants.

TREATMENTOFCOGNITIVE
SYMPTOMS

Cholinesterase inhibitors proved ineffective in level III
trials (Fernandez et al., 2000; de Tommaso et al.,
2004) and a case report (Rot et al., 2002). However, un-
saturated fatty acids (Puri et al., 2002; Vaddadi et al.,
2002), riluzole (Seppi et al., 2001), and minocycline
(Bonelli et al., 2003) have been shown to provide mild
cognitive benefits (secondary endpoints) in open-label
trials. Therefore, the care of dementia in HD is mainly
supportive. Patients may benefit from instruction on
new strategies for approaching tasks. For example, pa-
tients may be advised to break tasks down into simpler
components and may also need to modify existing ex-
pectations for productivity to include fewer completed
tasks or activities in a given day. Patients may also ben-
efit from local HD support groups and aid services to
help with household duties and activities of daily living.
Driving may be precluded by the progressive movement
disorder of HD, as motor (visual tracking, movement
disorder), cognitive (visuospatial, motor impersistence),
and psychiatric (impulsivity, irritability) symptoms all
affect driving safety. At the end of life, feeding tube
placement in this incurable disease is controversial but
often done. Dementia represents a major impediment
to end-of-life decisions.

RESEARCHONNEUROPROTECTION

Evidence has accumulated in recent years that therapies
aimed at transcriptional modulation might target early
events in HD pathogenesis (Beal, 2005; Ryu et al.,

D M.F. BEAL



N

2005). Similarly, agents disrupting pathological interac-
tions of mutant huntingtin, either soluble or within
aggregates, might also target early pathogenetic steps
(Slow et al., 2006). The proximal events caused directly
by mutant huntingtin or its fragments in turn trigger
cascades of both damaging and compensatory molecu-
lar processes and genetic programs, ultimately leading
to increasingly fragile, atrophic, and dysfunctional
neurons susceptible to more generic stresses, such as ox-
idative injury, excitotoxic stress, disordered neurophys-
iology, expression of potentiating inflammatory signals,
proapoptotic signals, malfunctioning proteolysis, and
energy depletion, all of which might play roles in neuro-
nal death in HD and also provide more distal therapeutic
targets (Ryu et al., 2005).

The discovery of the HD gene and its product, hun-
tingtin, has improved understanding of the disease
process and opened new approaches to interventional
treatments (Bates and Hockly, 2003; Hersch, 2003).
Recent studies using transgenic mouse and Drosophila
models have helped resolve some of these issues and
raise hopes for development of therapeutic targets
(Orr and Zoghbi, 2000; Beal and Hantraye, 2001;
Hughes and Olson, 2001). Most neuroprotective studies
to date have employed interventions that attenuate or
modulate glutamatergic neurotransmission, enhance
bioenergetic mechanisms, or exert antioxidative proper-
ties (Kieburtz and Shoulson, 2002).

Based on the evidence that creatine, like coenzyme
Q10, enhanced mitochondrial oxidative functions
defective in HD, and motivated by positive results in
the transgenic mouse model, Tabrizi and coworkers
(2003, 2005) undertook an open-label study of 9 HD
patients on creatine. After 24 months of creatine treat-
ment, there was no significant deterioration in the
UHDRS (transcranial magnetic stimulation, functional
capacity scores, or neuropsychological testing), which
actually should be expected after 2 years. In a second
short-term open-label study, Bender et al. (2005) did
not find any motor effect, but noted a change in brain
metabolite levels after 8 weeks of treatment, measured
by proton magnetic resonance spectroscopy. Unfortu-
nately, a non-randomized 1-year double-blind placebo-
controlled trial of creatine in 41 patients with HD (stage
I–III) had different results (Verbessem et al., 2003).
Scores on the functional checklist of the UHDRS,
maximal static torque, and peak oxygen uptake de-
creased from the start to the end of the study in both
groups, independent of the treatment received. In a ran-
domized, double-blind, placebo-controlled study of 64
subjects with HD, 8 g/day creatine administered for
16 weeks was well tolerated and safe. Serum and brain
creatine concentrations increased in the creatine-treated
group and returned to baseline after washout. Serum

HUNTINGTO
8-hydroxy-20-deoxyguanosine levels, an indicator of ox-
idative injury to DNA, were markedly elevated in HD
and reduced by creatine treatment (Hersch et al., 2006).

Highly unsaturated fatty acids were found to be
effective in two small, short, double-blind, placebo-
controlled studies (Puri et al., 2002; Vaddadi et al.,
2002). The rationale was based on the role of highly
unsaturated fatty acids in cell membrane function,
which may affect the propensity of a cell to undergo
apoptosis and so may be effective in slowing the rate
of neuronal cell death, both within and outside the stri-
atum in HD (Rosser and Dunnett, 2002). However, as
the number of treated patients was small (3 and 9,
respectively), these results must be treated with caution.
Unfortunately, an RCT of 61 HD patients was inconsis-
tent with these findings (Puri et al., 2005). The authors
did not find a significant difference between unsatu-
rated fatty acids and placebo as regards motor score.
However, some subanalysis gives reason to hope. Any-
way, even larger RCTs are currently underway in the
USA and Europe.

Minocycline, an inhibitor of caspase and neuronal ap-
optosis, has been demonstrated to delay disease progres-
sion and extend survival by 14% in the R6/2 transgenic
mouse model of HD (Berger, 2000; Chen et al., 2000).
The first open-label pilot study on minocycline in HD
(Bonelli et al., 2003) showed a significant improvement
in several motor capacities as well as cognitive parame-
ters after 6 months. After 2 years (Bonelli et al., 2004),
patients exhibited stabilization in general motor and
neuropsychological function at endpoint, unlike the
expected natural course of HD. Moreover, a significant
improvement in psychiatric symptoms was present after
24 months. In contrast, a similarly designed open-label
study failed to find any effect after 6 months
(Thomas et al., 2004). A safety and tolerability study
found minocycline to be well tolerated and safe in
HD patients (Huntington Study Group, 2004); an RCT
is underway in the USA. An interesting case report is
available showing persistently beneficial effects of min-
ocycline for more than 1 year in 1 HD patient. Cessation
of minocycline for 3 weeks resulted in an exacerbation
of symptoms (Denovan-Wright et al., 2002).

The lipophilic free-radical scavenger OPC-14117
(Huntington Study Group, 1998) was shown to be a
safe drug in a 3-month RCT (n¼ 23 on active drug),
although no benefit on motor or cognitive function
was observed. Elevations of hepatic aminotransferases
in several subjects treated with OPC-14117 emphasized
the need for adequate safety and tolerability studies
before embarking on long-term neuroprotective
trials. Two more label I clinical trials on free-radical
scavengers have been carried out. A placebo-controlled
trial of alpha-tocopherol (Peyser et al., 1995) for 1 year in
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73 HD patients (n¼ 40 on active drug) did not show ben-
efits. A label I trial of the antioxidant idebenone (Ranen
et al., 1996b) in 91 HD patients (n¼ 48 on active drug)
over 1 year also failed to show any beneficial impact
on the progression of HD.

Three label I studies pursued antiglutaminergic strat-
egies. Baclofen and lamotrigine are thought to diminish
glutamate neurotransmission by inhibiting corticostriatal
glutamate release. However, a a placebo-controlled trial
of lamotrigine (Kremer et al., 1999) in 64 patients fol-
lowed for 30 months failed to show any benefit to the
progression of the functional decline in HD. The Hun-
tington Study Group (2001) examined the effect of the
glutamate antagonist remacemide and the enhancer of
bioenergetics, coenzyme Q10, after remacemide turned
out to be safe in a safety RCT (Kieburtz et al., 1996),
and coenzyme Q10 was tested in two open-label trials
(Feigin et al., 1996; Koroshetz et al., 1997). The authors
conducted a multicenter, parallel-group, double-blind,
2 � 2 factorial, randomized clinical trial. A total of
347 HD patients were randomized to receive coenzyme
Q10 300 mg twice daily, remacemide hydrochloride
200 mg three times daily, both, or neither treatment,
and were evaluated every 4–5 months for a total of
30 months on assigned treatment. However, neither in-
tervention significantly altered the decline in total func-
tional capacity of the UHDRS, although patients treated
with coenzyme Q10 showed a trend toward slowing in
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Table 30.2

Evidence-based assessment of available substances

Substance

Effective Poor/not effectiv

Ia Ib II III cr Ia Ib II I

Haloperidol 2 4 3 1

Fluphenazine 1 1

Sulpiride 1

Tiapride 1 1 1 2

Pimozide 3

Thiopropazate 1

Clozapine 1 1 1 1
total functional capacity decline over 30 months. Never-
theless, coenzyme Q10 could still be of value (Littarru
and Tiano, 2010; Mancuso et al., 2010).

In recent phase II clinical trials, latrepirdine (an
NMDA antagonist) demonstrated clinically relevant im-
provements in patients with AD and HD (Kieburtz et al.,
2010; Sabbagh and Shill, 2010). At the time of publica-
tion, phase III clinical trials had been initiated.

The first evidence-based review on HD (Bonelli and
Wenning, 2006) identified 218 publications on pharmaco-
logical interventions inHD since 1965. Among themwere
20 level I, 55 level II, 54 level III trials, and 89 case re-
ports. Chorea was the primary endpoint in all level I
and level II symptomatic intervention trials. The authors
concluded that there is some evidence for treating chorea
with haloperidol or fluphenazine, and less evidence
for olanzapine. These three drugs have been considered
“possibly useful” for the treatment of chorea in this anal-
ysis. Other substances (e.g., amantadine, riluzole, and tet-
rabenazine) are considered “investigational” for chorea.
There is still very little evidence for the treatment of other
problems: “possibly useful” drugs are L-dopa and prami-
pexole for rigidity; amitriptyline and mirtazapine for
depression; risperidone for psychosis; and olanzapine,
haloperidol, and buspirone for behavioral symptoms in
HD. Three substances are considered “investigational”
for possible neuroprotection: coenzyme Q10, minocy-
cline, and unsaturated fatty acids (Table 30.2).
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Efficacy

conclusions Safety

Implications
for clinical

practice
II cr

Insufficient

evidence

Acceptable

risk without
monitoring

Possibly

useful

Insufficient
evidence

Acceptable
risk without

monitoring

Possibly
useful

Unlikely
efficacious

Acceptable
risk without

monitoring

Efficacy
unlikely

Insufficient
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Acceptable
risk without

monitoring

Possibly
useful

1 Insufficient
evidence

Acceptable
risk without

monitoring

Investigational

Insufficient
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Insufficient
evidence

Investigational

Unlikely

efficacious

Acceptable

risk with
monitoring

Efficacy

unlikely



Table 30.2

Continued

Substance

Effective Poor/not effective

Efficacy

conclusions Safety

Implications
for clinical

practice
Ia Ib II III cr Ia Ib II III cr

Tetrabenazine 7 4 1 4 Insufficient
evidence

Insufficient
evidence

Possibly
useful

Olanzapine 1 8 2 Insufficient
evidence

Acceptable
risk without
monitoring

Investigational

Risperidone 4 Insufficient
evidence

Acceptable
risk with
monitoring

Investigational

Amantadine 1 1 1 1 1 2 1 Insufficient
evidence

Acceptable
risk without
monitoring

Investigational

Ketamine 1 Insufficient

evidence

Insufficient

evidence

Investigational

Milacemide 1 Insufficient
evidence

Insufficient
evidence

Investigational

Riluzole 1 2 1 Efficacious Insufficient
evidence

Clinically
useful

L-Acetyl-carnitine 1 Insufficient

evidence

Insufficient

evidence

Investigational

Isoniazid 1 3 2 Insufficient
evidence

Insufficient
evidence

Investigational

GABA 2 1 Insufficient
evidence

Insufficient
evidence

Investigational

THIP 1 Insufficient
evidence

Insufficient
evidence

Investigational

Amino-oxyacetic
acid

1 Insufficient
evidence

Insufficient
evidence

Investigational

Muscimol 1 Insufficient

evidence

Insufficient

evidence

Investigational

Baclofen 1 1 Insufficient
evidence

Acceptable
risk without

monitoring

Investigational

Apomorphine 3 1 Insufficient
evidence

Acceptable
risk with
monitoring

Investigational

SKF 39393 1 Insufficient
evidence

Insufficient
evidence

Investigational

trans-

Dihydrolisuride

1 1 Insufficient

evidence

Insufficient

evidence

Investigational

Bromocriptine 1 1 1 2 Insufficient
evidence

Insufficient
evidence

Investigational

Lisuride 1 1 Insufficient
evidence

Acceptable
risk without
monitoring

Investigational

OPC-14117 1 Unlikely
efficacious

Insufficient
evidence

Efficacy
unlikely

Unsaturated fatty
acids

2 Insufficient
evidence

Insufficient
evidence

Investigational

Fluoxetine 1 Unlikely
efficacious

Acceptable
risk without
monitoring

Efficacy
unlikely

Continued
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Table 30.2

Continued

Substance

Effective Poor/not effective

Efficacy

conclusions Safety

Implications
for clinical

practice
Ia Ib II III cr Ia Ib II III cr

Cannabidiol 1 Unlikely
efficacious

Insufficient
evidence

Efficacy
unlikely

FK 33-824 1 Insufficient
evidence

Insufficient
evidence

Investigational

Lithium 1 1 4 1 Insufficient

evidence

Acceptable

risk with
monitoring

Investigational

Cysteamine Insufficient

evidence

Insufficient

evidence

Investigational

Piracetam 2 Insufficient
evidence

Acceptable
risk without
monitoring

Investigational

Coenzyme Q10 1 2 Unlikely
efficacious

Insufficient
evidence

Not useful

Remacemide 2 Nonefficacious Insufficient

evidence

Not useful

Lamotrigine 1 Nonefficacious Insufficient
evidence

Not useful

Idebenone 1 Nonefficacious Insufficient
evidence

Not useful

Alpha-tocopherol 1 Nonefficacious Insufficient

evidence

Not useful

Baclofen 1 Nonefficacious Acceptable
risk without
monitoring

Not useful

Minocycline 1 1 Insufficient
evidence

Acceptable
risk without
monitoring

Investigational

Creatine 1 Insufficient
evidence

Insufficient
evidence

Investigational

(Modified from Bonelli and Wenning, 2006.)

GABA, gamma-aminobutyric acid; THIP, 4,5,6,7-tetrahydroisoxazolo-{5,4,-c} pyridin-3-ol.
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BASICSOF SLEEPRESEARCH

Modern sleep research began with the discovery of
rapid eye movement (REM) sleep by Aserinsky and
Kleitman in 1953. Over the following years, polysom-
nography was developed and the physiological sleep
profile of healthy subjects was elucidated. Polysomno-
graphy consists of the simultaneous recording of elec-
troencephalogram (EEG), electro-oculogram (EOG)
and electromyogram (EMG). Furthermore, modern
polysomnography includes cardiorespiratory parame-
ters, such as electrocardiogram (ECG), respiration
frequency, oxygen saturation, snoring, and leg move-
ments. The sleep EEG is routinely scored according to
the criteria described by Rechtschaffen and Kales
(1968) and more recently by the American Academy
of Sleep Medicine (Iber et al., 2007). Every 30-second
epoch of the recording is classified as a certain sleep
stage and the nocturnal sleep profile is compiled
(Fig. 31.1) on the basis of these 30-second epochs. In ad-
dition to an all-night polysomnogram, the Multiple
Sleep Latency Test (MSLT) or the Maintenance of
Wakefulness Test (MWT) may also be administered,
predominantly for the diagnosis of hypersomnia or nar-
colepsy (Carskadon et al., 1986). In the MSLT, the sleep
EEG is monitored at five defined time points, 09.00,
11.00, 13.00, 15.00, and 17.00 hours for a 20-minute pe-
riod, lying in bed with eyes closed in a dark room, in or-
der to test the ability to fall asleep. The MWT, the only
test that has medicolegal validity in some countries, is
performed four times during the day, at 09.00, 11.00,
14.00, and 16.00 hours. Each test lasts 40 minutes and
the subject sits in a comfortable armchair in a relaxed
position in the dark and his or her ability to stay awake
is assessed (Philip et al., 2008).
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NORMAL SLEEP

Sleep consists of two different states, REM and non-
REM (NREM) sleep. REM sleep is defined by the
presence of an EEG pattern of low-voltage fast waves
associated with the occurrence of REMs, isolated or
in bursts, along with postural relaxation, i.e., muscle
atonia. The muscle atonia is interrupted by bursts of
muscle tone, leading, at times, to jerking movements.
These twitches and bursts of eye movements are called
phasic events, occurring on a background of tonic mus-
cle inhibition, and define phasic REM sleep, in contrast
to tonic REM sleep, where the scored epoch consists
only of the REM sleep EEG and muscle atonia. Electro-
physiological studies performed on cats have shown that
the phasic events are associated with bursts of waves
that appear simultaneously in the pons, lateral genicu-
late, and occipital lobe (Jouvet, 1972; Laurent et al.,
1974). These waves are called pontogeniculo-occipital
(PGO) spikes or waves and their presence dissociates
phasic from tonic REM sleep in mammals. The term
“REM sleep” is synonymous with “desynchronized
(D) sleep,” “dream sleep,” “paradoxical sleep,” and,
in infants, “active sleep.”

NREM sleep, also called “synchronized sleep,” and,
in infants, “quiet sleep,” has been subdivided into four
sleep stages. Stage 1 (N1) is seen at sleep onset and is de-
fined by low voltage and mixed frequency (2–7 Hz),
with an absence of REM and presence of muscle tone.
Vertex sharp waves may be seen, and slow eye move-
ments are often present. Stage 2 (N2) is reached when
12–14-Hz sleep spindles and/or K complexes appear
against a background activity of relatively low-voltage
mixed EEG frequencies. Stage 3 is scored when a mod-
erate amount (20–50% of an epoch) of high-amplitude
ctor, Schoen Clinic Roseneck, Am Roseneck 6, 83209 Prien,

iken.de
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Fig. 31.1. Hypnogram of a healthy young adult. Nocturnal sleep consists of four to five sleep cycles, each beginning with light

sleep, then passing through slow-wave sleep, and concluding with rapid eye movement (REM) sleep. During the course of the

night, slow-wave sleep (N3) decreases and REM sleep increases.
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(75 mV or greater) slow-wave (0.5–3.5 Hz) EEG activity
is observed. Stage 4 is defined by a predominance
(greater than 50% of an epoch) of high-amplitude,
slow-wave activity. Stages 3 and 4 together are also
called slow-wave sleep (SWS), and SWS has also been
termed N3 (American Academy of Sleep Medicine,
2005).

A healthy young adult has the simplest pattern of
sleep, regardless of gender. Nocturnal sleep has a regu-
lar pattern with reoccurring sleep cycles. Individuals
first begin NREM sleep with stage 1 NREM, which lasts
only 1–7 minutes. This stage may be interrupted by
wakefulness. Stage 2 NREM sleep follows this short
transition from wakefulness and continues for 10–25
minutes. Progressive gradual appearances of high-
voltage, slow-wave signals switch to stage 3, followed
by stage 4, which lasts 20–40 minutes. A brief switch
to stage 2 may precede the occurrence of REM sleep.
The first REM period is short, lasting 4–8 minutes.
REM sleep often ends with a brief body movement,
and a new sleep cycle begins. NREM and REM sleep
continue to alternate throughout the night in a cyclical
fashion. As night progresses each sleep cycle differs
slightly from the preceding one. The average length of
the first sleep cycle is around 90 minutes and lasts for
about 100–120 minutes from the second to the fourth
cycle. The last sleep cycle is usually the longest. The
organization of NREM and REM sleep also changes
with each cycle. There is a predominance of SWS during
the first two sleep cycles and a predominance of REM
sleep in the last two cycles. SWS (N3) is rare to
nonexistent in the last cycle, while REM sleep is the
longest (Fig. 31.1).

Gender differences have been reviewed by Collop
et al. (2004) and Krishnan and Collop (2006). They re-
port a better sleep quality, including longer sleep dura-
tion, shorter sleep onset latency, and higher sleep
efficiency for women compared to men. Paradoxically,
though, women of all age groups complain more about
sleep problems.
Sleep patterns vary with age. Sleep develops during
infancy. During the neonatal period, REM sleep usually
accounts for more than 50% of total sleep time. This
percentage declines rapidly to around 25% during
the prepubertal period and then stabilizes at around
20% until old age (Roffwarg et al., 1966). SWS (N3)
is usually of maximum duration during childhood and
declines progressively during adulthood, with low levels
attained around 50–55 years of age (Feinberg and Floyd,
1979). There may be a sex difference in this decline, with
men showing a more notable decline (Fukuda et al.,
1999). The decline may be seen earlier than previously
reported based on definition of slow wave, i.e., if
an amplitude of 200 mV is required to score delta
waves, decrease may be seen as early as 30 years of
age in men and 34 years of age in women (Van Cauter
et al., 2000).

Age is a major determinant of sleep–wake behavior.
A newborn child exhibits a polyphasic sleep pattern, with
sleep periods interrupted by wake periods about every
3–4 hours. During childhood, sleep rhythm develops a
monophasic pattern with a major sleep period during
the night. In most industrialized societies, at the age
of 3 or 4 most children do not nap during the day. With
increasing age nocturnal sleep duration decreases until it
reaches about 7–8 hours during adulthood. Throughout
life the proportions of different sleep stages change
markedly. Reduction of the total amount of sleep during
a 24-hour day in the elderly has not yet been proven.
Although nocturnal sleep is frequently interrupted in
the elderly, the frequency of daytime sleep increases.
Polysomnography

Polysomnography is a term that has been coined to de-
scribe the monitoring of different biological variables
during sleep. Most of the vital functions are controlled
by the autonomic nervous system. Sympathetic and
parasympathetic activities very much depend upon
the state of alertness, and the balance between these
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two arms of the autonomic nervous system is state-
dependent and influenced by the NREM and REM sleep
cycle. The recording differs from basic EEG monitor-
ing, but uses the same 10–20 international electrode
placement system for EEG recordings. The EEG elec-
trodes used are C3, C4, frontal (Fpz), and occipital leads
(O1, O2), (American Academy of Sleep Medicine,
2005). These electrodes are referenced to the opposite
mastoid (M1, M2). Occipital leads may be set up as a bi-
polar montage referenced to each other. Electrodes for
recording the EOG are applied to the skin at the outer
canthus (or lateral temporal corner) of both eyes. The
EMG from the chin muscles is monitored with two elec-
trodes placed under the chin. The minimum require-
ments for identification of sleep states and stages are
three channels for EEG, two for EOG, and one for
EMG. An ECG channel is mandatory. It is usually the
derivation V2. In a standard montage, leg muscles
and respiration are monitored.

The electrode placement for leg EMG is on the skin
over the right and left anterior tibialis muscles. Respira-
tion may be monitored by different means. The montage
recommended by professional sleep societies and man-
datory in medicolegal cases comprises a nasal cannula/
pressure transducer system, a mouth thermistor, a neck
microphone, a thoracic as well as an abdominal
respiratory-inductive plethysmographic band, and a
pulse oximeter that also provides a plethysmographic
recording validating measurement of oxygen saturation
and allowing the ruling out of saturation artifacts. It is
possible, depending on the aim of the test, to measure
either transcutaneous or end-tidal CO2 or other
variables. The most common additions are esophageal
pressure measurement, which is systematically done in
some laboratories, esophageal pH, skin impedance,
pulse transit time, peripheral arterial tonometry, and
additional EEG leads. The signals obtained from these
sensors are amplified by nonspecific amplifiers (i.e.,
Grass amplifiers) or generic amplifiers related to the
computerized sleep system with which the signals are
monitored and scored. Amplifiers always add filters,
which may be a handicap when monitoring some vari-
ables, such as nasal cannula or esophageal pressure, that
always require a direct-current amplifier.

There are many commercially available sleep sys-
tems. A minimum of 16 channels must be available,
and commonly 32 channels are provided, but many sleep
laboratories, for economic reasons, monitor two beds
simultaneously on their 32-channel system. Sleep moni-
toring must include video recording of the sleeping
patient, which can be synchronized with the polysomno-
graphic recording. This is especially important for the
evaluation of nocturnal movement disorders and abnor-
mal behavior during sleep (parasomnias).

SLEEP D
The frequency at which signals are scanned is an
important variable. Usually the minimum is 128 Hz/
channel. This will not be sufficient if one wishes to per-
form specific analyses such as fast Fourier transforma-
tion of the ECG that allows investigations of the high
and low frequencies of the ECG reported to correspond
to sympathetic and parasympathetic activities during
sleep. A sampling frequency of 500 Hz is the minimum
required to collect sufficient and meaningful data.

Most of the variables recorded during sleep are qual-
itative or semiquantitative at best. For example, therm-
istors used to collect airflow only measure temperature
and have a very large margin of error (up to 1000%). Na-
sal cannula/pressure transducer systems are semiquanti-
tative sensors, but nonlinear in the low range. Their flow
limitation requires a visual and subjective interpretation
with commercially available systems, despite the fact
that this type of airflow monitoring is more sensitive
to nasal flow limitation than thermistors. Commercially
available combined nasal/oral cannula systems are not
satisfactory, and a mouth thermistor gives better results
(Norman et al., 1997). Use of end-tidal CO2 measure-
ment to investigate abnormal breathing to date results
in many more errors than the combined nasal cannula/
pressure transducer system and mouth thermistor
(Weese-Mayer et al., 2000).

Recently systems directly measuring nasal flow have
become commercially available. Polysomnography can
also be performed with portable equipment providing
up to 22 channels and video monitoring. The lower the
number of signals monitored, the lower the amount of
information that will be collected and the greater the
chance of missing pathology in different cases. Yet, por-
table equipment has the advantage of allowing sleep
monitoring under home conditions.
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CLASSIFICATIONOFSLEEP
DISORDERS

Different types of sleep disorder can be classified by the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-IV-TR: American Psychiatric Association, 1994)
(Table 31.1). In sleep medicine the most important clas-
sification system is the second version of the Interna-
tional Classification of Sleep Disorders (ICSD-2:
American Academy of Sleep Medicine, 2005), which
differentiates over 80 sleep disorders.

The generic term “dyssomnia” subsumes insomnias
and hypersomnias as well as circadian rhythm sleep dis-
orders. This must be differentiated from parasomnias,
consisting of NREM sleep (such as somnambulism
(sleepwalking) and pavor nocturnus, also known as
night terror disorder) and REM sleep parasomnias (such
as nightmare and REM behavior disorder).



Table 31.1

Different types of sleep disorder as classified by

DSM-IV-TR

Primary sleep disorders

Primary insomnia (307.42)
Primary hypersomnia (307.44)
Narcolepsy (347)

Breathing-related sleep disorder (780.59)
Circadian rhythm sleep disorder (307.45)
Dyssomnia NOS (307.47)

Parasomnias

Nightmare disorder (307.47)
Sleep terror disorder (307.46)

Sleep-walking disorder (307.46)
Parasomnia NOS (307.47)
Sleep disorders related to a psychiatric disorder

Insomnia related to the Axis I/II disorder (307.42)
Hypersomnia related to the Axis I/II disorder (307.44)
Other sleep disorders

Sleep disorder due to a medical condition (780.xx)

Insomnia .52
Hypersomnia .54
Parasomnia .59

Mixed type .59
Substance-induced sleep disorders

Insomnia

Hypersomnia
Parasomnia
Mixed type

DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders
(American Psychiatric Association, 1994).

NOS, not otherwise specified.

530 U. VODERHOLZER AND
Any patient suffering from sleep difficulties for
more than 1 month, and complaining about decreased
daytime productivity as well as reduced well-being,
should be examined for a medical condition and possible
psychiatric disorders that could cause the sleep prob-
lems. In this regard it is also important to consider sev-
eral drugs as well as psychological reasons as a cause
of sleep problems. In the case of chronic therapy-
refractory insomnia and hypersomnia of unclear origin,
polysomnography is necessary and useful to detect or-
ganic causes such as a breathing-related sleep disorder
or periodic leg movement disorder (PLMD). In the case
of a parasomnia, polysomnography is important to ex-
clude nocturnal epileptic activity, and dissociate NREM
from REM parasomnias.

Not only normal sleep measures but also prevalence,
pathophysiology, and clinical presentation can be
slightly different in sleep disorders between men and
women. A female predominance in prevalence is
reported for insomnia and restless-legs syndrome
(RLS). Men more often suffer from REM sleep behav-
ior disorder, Kleine–Levin syndrome, narcolepsy, and
central and obstructive sleep apnea (OSA) syndrome
(Krishnan and Collop, 2006).

C. GUILLEMINAULT
PRIMARYSLEEPDISORDERS

Dyssomnias

The term “dyssomnia” summarizes sleep disorders that
consist of either difficulties falling asleep and maintain-
ing sleep or pathologically increased daytime sleepiness.

PRIMARY INSOMNIA

Clinical features

Insomnia is defined by a prolonged sleep latency and in-
cludes difficulties with maintaining sleep and experienc-
ing sleep as nonrestorative, coupled with impairments of
daytime functioning, reduced alertness, exhaustion, and
dysphoria (Morin, 1993). For a diagnosis of insomnia
these symptoms must have lasted for at least 4 weeks.
DSM-IV subdivides insomnias into primary insomnia,
insomnia related to a medical or mental disease, and
insomnia related to the intake or abuse of substances.
ICSD-2 further specifies 11 subtypes of insomnia,
encompassing, among others, acute, idiopathic, psycho-
physiological, paradoxical, and substance-induced
insomnia. The diagnosis of insomnia is based on the sub-
jective reports of sleep behavior (sleep questionnaires)
and on sleep diaries kept by the patient. In each case col-
lection of a thorough case history is important, as well
as a general medical and psychiatric examination to
exclude organic/psychiatric causes or sleep-specific or-
ganic causes (periodic leg movements, apnea syndrome).
A polysomnogram in a sleep laboratory is not necessarily
required for the diagnosis, but should be performed
when the insomnia is chronic and therapy-refractory,
and suspected of having sleep-specific organic causes.

Patients with insomnia often think about their sleep a
lot and worry about negative consequences for their
health. Many patients with insomnia show psychological
symptomatology in personality questionnaires, e.g.,
increased scores for depression, hypochondria, and
anxiety, without fulfilling the diagnostic criteria for a
psychiatric disorder.

Epidemiology

As a symptom, insomnia is a very common health com-
plaint, affecting up to 50% of the general population
depending on the criteria applied. The prevalence of pri-
mary insomnia as a diagnostic entity is estimated to
range from 3% to 5% in the general population
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(Ohayon, 2002). If insomnia is defined as a sleep distur-
bance with long sleep latency and/or awakening after
sleep onset with difficulty in falling asleep again that
lasts for at least 4 weeks and is associated with daytime
consequences, the prevalence oscillates between 9% and
13% in European and North American studies.

Etiology

There is evidence that hyperarousal processes ranging
from the molecular to the higher organizational levels
play an important role in the pathophysiology of primary
insomnia. Neuroendocrine, autonomous, electrophysio-
logical, neuroimmunological, and neuroimaging studies
show increased levels of arousal in primary insomnia
during the night as well as during daytime. Neurobiolog-
ical theories of sleep–wake regulation hypothesize that
insomnia is the result of the interaction between a ge-
netic vulnerability for an imbalance between arousing
and sleep-inducing brain activity and psychosocial and
medical stress factors as well as perpetuating mecha-
nisms, including dysfunctional sleep-related behavior,
and cognitive factors such as ruminating about sleep a
lot (Riemann et al., 2009).

Therapy

Pharmacological as well as cognitive-behavioral inter-
ventions can be implemented in the treatment of pri-
mary insomnia. For the pharmacological treatment of
insomnia the most frequently used substances are
benzodiazepine receptor agonists (direct agonist or Z
drugs), sedating antidepressants, neuroleptics, herbal
drugs (e.g., valerian), and melatonin receptor agonists.
Since their introduction in the 1960s, benzodiazepines
and other gamma-aminobutyric acid (GABA)-ergic hyp-
notics have assumed the foremost position in the treat-
ment of insomnia. Over the last years, however, many
objections to the uncritical prescription of benzodiaze-
pines have been made. Reasons for this are, among
others, that benzodiazepines alter the physiological sleep
structure, suppress REM sleep as well as deep-sleep
stages, and can provoke a rebound effect after abruptly
discontinuing intake. General guidelines for a benzodi-
azepine regimen are a clear indication, small dose, short-
term administration, and slow removal (gradual phasing
out). In the past 10 years the nonbenzodiazepine drugs
(also called Z drugs) with fewer side-effects and ab-
sence of tolerance for at least 6 months, as demon-
strated in control studies, have been the most
commonly prescribed hypnotics. The newer generation
of melatonin agonist-type medications have a very dif-
ferent mechanism of action than the previous one and
have predominantly been prescribed as hypnotics for
subjects with maintenance insomnia.

SLEEP D
Antidepressants and neuroleptics have been primar-
ily used for the treatment of sleep disorders in psychiat-
ric patients. Both substance groups do not cause
dependence and addiction problems. Over the last few
years they have also been used to treat primary insom-
nia. For sedative antidepressants like amitriptyline,
doxepine, or trimipramine, considerably lower doses
(10–50 mg) are ordered than in the treatment of depres-
sion. Without any doubt, they can cause unpleasant an-
ticholinergic adverse effects and blood count changes.
Possible side-effects and risks must be minimized by
means of blood pictures, control ECGs and EEGs con-
comitant with therapy, particularly when applying
higher doses. Antidepressants should only be considered
in cases of chronic therapy-refractory insomnia with
clearly demonstrated mood disorders.

Psychological interventions for the treatment of
insomnia include psychoeducation, correcting unfavor-
able sleep habits, relaxation techniques, such as the pro-
gressive muscle relaxation developed by Jacobson
(Field, 2009), as well as cognitive methods and techniques
for structuring sleep–wake rhythm. In general, psycho-
logical treatment should be preferred over pharmacolog-
ical treatment of insomnia. Meta-analyses (Morin et al.,
1994) have shown that the effectiveness of psychotherapy
can be increased by combining different psychotherapeu-
tic elements. Today, the efficacy of cognitive-behavioral
therapy for the treatment of insomnia has been estab-
lished by a variety of empirical studies (Murtagh and
Greenwood, 1995; Morin et al., 1999, 2009).

PRIMARY HYPERSOMNIA

Clinical features

Generally, increased, excessive daytime sleepiness lies at
the heart of primary hypersomnia.Monotonous situations
promote falling asleep, and on waking up patients do not
feel refreshed. If they aren’t woken, patients can sleep for
long periods of time, yet still feel drowsy afterwards – a
circumstance that often negatively affects social activi-
ties. Some patients are unable tomake it to school or work
on time, despite using several alarm clocks. Imperative
sleep attacks, as are typical for narcolepsy, are rare.
The illness usually begins during adolescence; however,
the correct diagnosis is frequently not made until many
years have passed. Hypersomnia is viewed as a chronic
disease, persisting throughout life.

Epidemiology

Estimates assume a prevalence of 0.03–0.06% in the
general population. A total of 5–8% of patients who pre-
sent themselves at a sleep center with the symptoms de-
scribed above are diagnosed with primary hypersomnia.

RDERS 531



532 U. VODERHOLZER AND
Etiology

Familial studies indicate a genetic factor for primary
hypersomnia. The neurophysiological basis of hyper-
somnia is supposed to lie in a disturbance of sleep–wake
regulation with a dominance of the NREM sleep system
over the activating system of the reticular formation.

Correct investigation of the pathology, ruling out
organic syndromes (e.g., narcolepsy, sleep apnea syn-
drome, and upper-airway resistance syndrome), other
syndromes (e.g., substance-induced hypersomnia, in-
cluding opioid intake for pain or methadone prescrip-
tion), and delimitation of psychiatric illnesses
(e.g., depression), is crucial for arriving at the correct di-
agnosis. Furthermore, a polysomnogram with an MSLT
is essential (Carskadon et al., 1986). The polysomnogram
often shows an inconspicuous sleep structure and a nor-
mal distribution of NREM and REM cycles. Reduced
sleep latency is often noticeable in the night sleep profile,
as is an overall prolonged sleep period. In the MSLT the
sleep latency is also shortened, but is frequently longer
than in the case of narcolepsy (>5 minutes). Monitoring
of ad libitum sleep during a 24-hour period may be
necessary (Vernet and Arnulf, 2009).
Therapy

Nonpharmacological techniques, such as the establish-
ment of a stable sleep–wake rhythm with regular bed-
times and the avoidance of sedative substances, are an
important component of the treatment of hypersomnia.
With regard to the reduced daytime vigilance and day-
time sleepiness, medical treatment with stimulants that
are also used in the treatment of narcolepsy may be
tried. However, the outcome is usually often limited.
NARCOLEPSY

Clinical features

Patients with narcolepsy suffer from a strongly in-
creased sleep tendency, which usually appears in mono-
tonous situations. In most cases the sleep attacks are
“imperative,” i.e., patients cannot fight them. Many
studies have shown though that the “attacks” can also
be explained by the fact that patients fight sleepiness
for a long time and that the term “attacks” is probably
a misnomer. They can also occur in situations in which
healthy individuals would not fall asleep, e.g., during a
stimulating conversation, a meal, or an important exam.
The sleep episodes last for 10–20 minutes, after which
patients feel refreshed for a short time. The brief naps
and the feeling of refreshment are important criteria for
the delimitation of narcolepsy from hypersomnia. Yet,
if narcoleptics are left to sleep for longer periods, the
“sleep inertia” that follows the occurrence of some delta
sleep will mask this differential criterion.

In the course of the condition a continuous tiredness
develops, which leads to a strong impairment of quality
of life. The excessive daytime sleepiness usually appears
in association with one or more auxiliary symptoms, such
as hypnagogic hallucinations, sleep paralysis, and cata-
plectic attacks. A cataplectic attack is a sudden temporary
loss of muscle tone in the body and mostly occurs bilater-
ally and symmetrically. Cataplexy commonly is incom-
plete and involves facial or head and neck muscles. It is
pathognomonic of narcolepsy, and is always associated
with a temporary loss of deep tendon reflexes that return
to normal at the end of cataplexy. If one observes a cat-
aplectic attack and there is a temporary absence of tendon
reflexes, the diagnosis of narcolepsy is confirmed.

Sleep paralysis and hypnagogic hallucination are the
most common auxiliary symptoms of narcolepsy,
afflicting approximately 70% of patients. They possess
limited diagnostic value as both symptoms are seen in
the normal general population (Ohayon et al., 1999).
Nonetheless, they may be helpful if the diagnosis of
narcolepsy is suspected based on frequently recurring
daytime sleepiness.

To confirm the diagnosis of narcolepsy polysomno-
graphy, MSLT, and human leukocyte antigen (HLA)-
DR2 status are needed, despite the fact that none of
the findings by itself allows a definite diagnosis of narco-
lepsy. Documenting absence of hypocretin/orexin in
the cerebrospinal fluid is the only test that confirms
narcolepsy. The night sleep profile is fragmented and fre-
quently shows sleep-onset REM (SOREM: REM sleep
within 10minutes of falling asleep). In theMSLT the sleep
latency averages <5 minutes, and there are at least two
immediate REM periods after falling asleep. However,
this criterion is far from pathognomonic, as several stud-
ies have shown that up to 11% of the general population
will go through at least two SOREM periods (Mignot
et al., 2006), confirming prior data obtained on smaller
groups (Singh et al., 2006). Huang et al. (2006) found that
narcoleptics have a greater number of SOREMs (i.e., four
or five) and shorter sleep latencies (< 2 minutes) than
nonnarcoleptics with two or more SOREMs.

Epidemiology

The incidence in the general population is estimated at
0.03–0.16%. Narcolepsy frequently begins during youth
and rarely after the age of 35. Men and women are
equally afflicted.

Etiology

The existence of the HLA-DR2 gene in over 92% of
all affected individuals points towards a considerable
genetic component for narcolepsy. Negative HLA-D
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QB1-0602 results without a positive history of cataplexy
make the diagnosis very improbable (<1%). However,
positive proof of HLA-DQB1-0602 does not necessarily
equal a diagnosis of narcolepsy, as over 11% of the
normal population are HLA-DQB10602-positive. More-
over, it could be demonstrated that the presence of
specific alleles such as DQB1-0603 protect against nar-
colepsy in the heterozygote state. Recently (Hallmayer
et al., 2009), another gene was isolated, implicating
the T-cell receptor alpha in narcolepsy. This would in
part explain the existence of DQB1-0602-negative
patients.

SLEEP D
Therapy

Although narcolepsy is a purely somatic illness, some
nonmedicinal measures are recommended for all pa-
tients. Weight loss slightly reduces the inclination to
sleep, and abstaining from alcohol and nicotine also
has a positive effect. Appropriate sleep hygiene, such
as a stable sleep–wake rhythm and scheduled naps dur-
ing the day, reduces the risk of sudden sleep attacks.
Psychotherapeutic techniques can help, including
psychoeducation about the syndrome. Cataplexy, sleep
paralysis, and hypnagogic hallucinations are REM
sleep-associated, and therefore can be treated by
substances that suppress REM sleep. Tricyclic antide-
pressants (e.g., clomipramine, imipramine, or even des-
methylimipramine) and monoamine oxidase inhibitors
(e.g., tranylcypromine, moclobemide, and selegiline)
have been recommended but should be avoided due to
side-effects. The most widely used drugs for the past
10 years have been venlafaxine, fluoxetine, and sodium
oxybate, the only drug for the treatment of cataplexy
officially approved by the Food and Drug Administra-
tion and European Community regulatory agencies.
To treat daytime sleepiness in particular, substances that
improve vigilance, such as pemoline (which is mostly
not used due to rare and sometimes fatal hepatotoxic-
ity), amphetamine derivatives, or methylphenidate are
recommended. Yet, amphetamine medications that
deplete dopamine and norepinephrine-containing pre-
synaptic vesicles while blocking synaptic reuptake are
responsible for well-known rebound hypersomnia and,
with the exception of methylphenidate, are not recom-
mended as first-line therapeutics. Modafinil differs in
its mechanism of action from the classical stimulants
and, until now, does not seem to induce tolerance or
dependence. It acts on dopamine transporters and hista-
minergic neurons, and a novel compound (L-modafinil),
which is the L-enantiomer of modafinil, has a longer
duration of action. Sodium oxybate also counteracts
sleepiness but the effect of the drug takes up to 4–6
weeks to unfold a clear effect on sleepiness, which is
indicative of a secondary effect not mediated by its
GABA-2 agonist property (Black and Houghton,
2006; Huang and Guilleminault, 2009).

NOCTURNAL BREATHING DISORDERS

Clinical features

Sleep apnea syndromes are characterized by continual
suspension of breathing during sleep, for a duration
of at least 10 seconds (i.e., three breaths in an adult).
The respiratory interruptions can last up to over 60
seconds. In the meantime oxygen saturation in the blood
usually drops. The obstructive sleep apnea syndrome
(SAS) is based on an obstruction of the upper respira-
tory tract and is differentiated from the central apnea
syndrome that results from a lack of activation of
muscle groups involved in breathing. Daytime sleepi-
ness is primarily increased, but at least one-third of
patients complain of insomnia, particularly “mainte-
nance insomnia.” Snoring and interrupted breathing
may be observed by the bed partner.

Epidemiology

The prevalence of SAS was calculated to be approxi-
mately 2–4% in 1993 (Young et al., 1993) but the obesity
epidemic has greatly boosted this number and the cur-
rent calculated prevalence in industrialized countries
oscillates between 5% and 9%. While obstructive SAS
can appear, in principle, at every age, it preferentially
afflicts men between the age of 40 and 60. Central
SAS becomes more frequent with increasing age,
and frequently is indicative of an unrecognized mild
cardiac failure.

Etiology

In the case of OSA, the complex, central nervous
system-controlled interplay of different muscles in-
volved in the breathing process is temporarily disturbed.
This can even lead to a complete collapse of the throat
tube, with pharyngeal obstructions occurring particu-
larly when the head is in a supine position. Many patients
also show bouts of hypoventilation accompanying com-
plete pharyngeal obstruction. The resulting apnea man-
ifests as a CO2 increase that can only be detected with
breath-by-breath measurement of end-tidal CO2. Non-
obese patients with OSA mostly do not show any hypo-
ventilation (textbook-defined by CO2 retention). During
a complete apnea, the air flow is reduced by as much
as 90% and may be accompanied by a lack of oxygen
repletion. Most commonly, though, patients present
“hypopneas,” defined as a reduction of nasal flow at
a nasal cannula pressure transducer of at least 30%
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and associated with drop-offs in oxygen saturation or
presence of an EEG arousal at the end of such an event.

Central SAS have different causes, with the number
one cause being cardiovascular in nature. Cardiac fail-
ure may not be obvious and may be masked by atrial
fibrillation. With the recently ever-increasing usage of
pain medication (codeine derivatives, opioids, including
methadone), central sleep apneas have often been asso-
ciated with pain medication intake (blockade of the
mu-opioid receptors in the pre-Botzinger complex of
the medulla is one of the mechanisms suggested for this
effect). Central sleep apneas may stem from a respira-
tory loop gain phenomenon and an instability of sleep
with repetitive arousal. They may be iatrogenically in-
duced by abnormal nasal continuous positive airflow
pressure (CPAP) calibration and resolve spontaneously
within 4–12 weeks and by administering hypnotics.
Patients with neuromuscular disorders often manifest
central events. This is common in the preterminal phase
of amyotrophic lateral sclerosis. Brainstem pathology is
rarely involved in central apneas that may manifest after
bilateral ventrolateral lesions.
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Therapy

Behavioral measures like weight loss, alcohol, and nico-
tine abstinence, not using sedative breath-depressing
substances, avoiding the supine position during sleep,
and the establishment of a stable sleep–wake rhythm
are important elements in the therapy of obstructive
SAS. If the SAS is mild, these measures alone can lead
to an improvement but will never completely keep the
syndrome in check. As OSA has been shown to be a syn-
drome with progressive destruction of upper-airway re-
ceptors and development of a chronic local neuropathy
(Friberg et al., 1997, 1998; Friberg, 1999; Guilleminault
et al., 2005a; Nguyen et al., 2005), it is imperative to
treat the underlying cardiovascular disease, including
hypertension, myocardial infarction, stroke, and cogni-
tive impairment with prefrontal involvement. Epidemio-
logical studies have shown that the presence of OSA in a
patient already having suffered a first stroke very sig-
nificantly increases the risk of a second stroke. Treat-
ment of choice for clearcut obstructive SAS is the
nocturnal nasal CPAP or bilevel therapy. Treatment of
choice for central SAS depends on the etiology: beta-
blockers are a must in patients with an indication of car-
diac failure, but, as shown by the Canadian CPAP trial
study (Bradley et al., 2005), prescription of nasal CPAP
must be carefully evaluated as it may lead to impairment
of cardiac venous return and a decrease in ejection frac-
tion. This can lead to premature death in some partici-
pants. Patients suffering from central apnea due to
opioid intake respond to bilevel therapy with back-up
rate, as do patients with neuromuscular disorders,
including amyotrophic lateral sclerosis. Treatment with
state-of-the-art equipment includes a nasal mask that al-
lows the administration of high positive pressure while
delivering a calculated volume, as in a ventilator, and
makes it possible simultaneously to apply a positive
end-expiratory pressure that helps to avoid inducing
obstructive events, as known from old intermittent
positive-pressure ventilation machines. The problem of
rendering the upper airway “floppier” and thereby induc-
ing some degree of flow limitation that is a cause of sleep
disruption remains a problem. It necessitates keeping the
inspiratory and expiratory positive airway pressure within
a maximum range of usually 6 cmH2O of one another,
something not needed in intubated patients. In very se-
vere or terminal patients, tracheostomy and the use of
a ventilator during sleep may be required.

CIRCADIAN RHYTHM DISORDERS

Delayed sleep phase syndrome

Clinical features. Late bedtime and waking time are
typical for delayed sleep phase syndrome. The affected
persons do not feel tired at socially acceptable bedtimes.
They normally do not complain about sleep disturbances
as long as they are free to follow their own rhythm and
can get up whenever they want. Problems arise whenever
the delayed sleep–wake rhythm interferes with work or
social life.

Epidemiology. The syndrome appears quite fre-
quently in teenagers in western industrialized nations
– up to 25% suffer from mild forms. The appearance
of pronounced symptoms in adulthood is much rarer.

Etiology. Examinations of hormonal rhythms, body
temperature, and sleep–wake rhythm showed that both
minima and maxima, e.g., for the release of cortisol and
of body temperature, appear at a later point of time than
in control persons. A genetic predisposition probably
exists.

Therapy. Chronotherapeutic methods are well tried in
the treatment of the delayed sleep phase syndrome. The
bedtime and waking-up time are progressively moved
back every day, until socially desired bedtimes are
reached. Additionally, exposure to light in the morning
and the administration of melatonin at the desired
bedtime have proven successful.

Jet-lag syndrome

Clinical features. The jet-lag syndrome can be con-
firmed by the close association of sleeplessness and a
flight across multiple time zones. As a result of speedily
progressing through time zones, a discrepancy arises
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between the inner biological rhythm, the sleep–wake
rhythm and the light–dark cycle. Patients suffer from
a variety of symptoms, including daytime sleepiness,
loss of appetite, nausea, vomiting, digestive problems,
or insomnia.

Therapy. Preventive measures are recommended for
the mitigation of jet-lag symptoms. In the case of short
stays in the new time zone, the old rhythm and synchro-
nization should be maintained as far as possible. For
longer stays, adjustments to the new local time should
already begin in the airplane and be followed by imme-
diate exposure to the new social timing on arrival. Expo-
sure to light at the final destination is very important
since natural light is a potent stimulus for the modifica-
tion of the circadian rhythm.

NOT OTHERWISE SPECIFIED DYSSOMNIAS

Restless-legs syndrome and periodic leg
movement disorder

Clinical features. Persons suffering from RLS report
uncomfortable or odd sensations in their legs, that can
also affect the arms or the torso. Moving the legs or
walking around can provide temporary relief. Charac-
teristic of the syndrome is the circadian distribution
of the symptoms that always peak in the evening close
to bedtime. Absence of this circadian factor is a strong
reason for questioning the presence of the syndrome
(Allen et al., 2010). The symptoms cause trouble falling
asleep and/or maintaining sleep. RLS may be accompa-
nied by periodic leg movements during sleep, which can
be objectively verified by polysomnography. The leg
movements are caused by extension movements of the
big toe; occasionally, movements in the foot, knee,
and hip joint also appear during sleep in rhythmic inter-
vals (20–40 seconds). These stereotyped movements can
disturb sleep. Periodic leg movements during sleep are
not necessarily related to RLS, and their most common
cause is disordered breathing during sleep associated
with a flow limitation without events corresponding to
the definition of hypopneas.

An elaborate medical history and physical examina-
tion are required to corroborate the diagnosis of RLS.
Polysomnography is not mandatory to make the diagno-
sis. Leg cramps, peripheral neuropathy, and radiculo-
pathy should be considered as possible differential
diagnoses.

Epidemiology. The prevalence of RLS in the general
population lies between 5% and 7% (Ekbom, 1960). Ex-
act data about the prevalence of nocturnal periodic leg
movements are not available yet, and these movements
can clearly be associated with various other sleep
disorders.

SLEEP D
Etiology. A common mechanism involving a central
nervous origin is discussed for RLS and PLMD. It is sus-
pected that an increased excitability of mono- and poly-
synaptic reflex circuits at the level of the brainstem and
spinal cord leads to disinhibitory phenomena in the des-
cending reticular system. But, if the idea of a common
final pathway is entertained, the initial mechanisms
seem different. RLS is clearly associated with low ferri-
tin level in some women and iron supplementation may
eliminate the syndrome. Response to dopamine agonists
and the fact that iron is a cofactor in the enzymatic cas-
cade leading to build-up of dopamine has spurred a
search for an abnormal dopamine metabolism, some-
thing that has not been demonstrated to date.

Therapy. For the treatment of idiopathic RLS, several
pharmaceutical intervention strategies have proven
successful. Initially L-dopa (62.5–450 mg), especially
its sustained-release formulation, was the first choice.
However, because of the rapid development of rebound
and augmentation of symptoms following L-dopa, dopa-
mine agonists are now considered as first-line treatment.
Pramipexole is probably the most commonly used med-
ication. Ropinirole is commonly used, too, while pergo-
lide is less effective and produces more adverse effects.
The same substances are also used to treat PLMD.
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Chronic fatigue syndrome

Clinical features. Chronic fatigue syndrome (CFS) has
only recently been described as an independent entity
(Craig and Kakumanu, 2002). The main symptoms of
CFS are permanent fatigue and increased exhaustion,
that need not be coupled to daytime or prolonged night-
time sleep. Patients report a variety of physical troubles,
such as muscle aches and headaches, tinnitus, or pares-
thesia, and even symptoms of depression.

Epidemiology. To date, there are no scientific exam-
inations on the frequency of CFS. It is supposed that
many patients with CFS also suffer from other sleep dis-
orders that cause similar symptoms, e.g., SAS or nightly
periodical leg movements.

Etiology. Acute and chronic virus infections are dis-
cussed as causes of CFS. Until now, it has not been pos-
sible to find a common, immunologically striking
parameter in CFS patients.

Therapy. Cognitive-behavioral therapy is recom-
mended to learn strategies for coping and adjusting
one’s lifestyle. Up until now, no convincing evidence
could be produced to justify pharmacological inter-
ventions (Reid et al., 2001). Treatment with antide-
pressants, e.g., selective serotonin reuptake inhibitors
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(e.g., fluoxetine) or new reversible monoamine oxidase-
A inhibitors, can be considered (e.g., moclobemide).

Parasomnias

NIGHTMARES

Clinical features

Normally, nightmares are recalled in vivid detail, often
containing fierce or looming dangers, such as being
followed and threatened. Strong feelings of anxiety
are frequently experienced, but with fewer peripheral
symptoms than in the case of pavor nocturnus (night ter-
ror). After waking up from a nightmare the affected
persons are immediately and completely oriented and
the surroundings are perceived clearly.

Epidemiology

Almost everybody has experienced nightmares. Women
are affected more frequently than men. Clinically
relevant nightmares predominantly appear during the
second decade of life.

Etiology

The first occurrence of nightmares is frequently linked
to a meaningful life event. This applies particularly to
severe, drastic, and traumatic life events like road acci-
dents, natural disasters, and torture (Kramer, 1979).
Patients with nightmares often suffer from other para-
somnias, such as pavor nocturnus and somnambulism.
Nightmares appear with particular frequency in patients
suffering from posttraumatic stress disorder.

Therapy

Occasional or rare nightmares require no treatment. If
the nightmares appear more than once a week over a lon-
ger period of time, then professional help should be
sought. Nightmares can point to a conflict situation that
should be dealt with in the context of psychotherapy.
Special methods for patients with nightmares often in-
clude tools such as imaginary confrontation and emo-
tional reassessment of the contents of the nightmare.
Temporarily, a treatment with REM sleep-suppressing
substances such as tricyclic antidepressants is possible
to suppress nightmares immediately and to relieve the
suffering.

PAVOR NOCTURNUS

Clinical features

The episodes of pavor nocturnus (sleep or night terror)
begin with a loud, fear-stricken cry in the first third of
the night. There is usually a close correlation with deep

536 U. VODERHOLZER A
(delta) sleep stages. This fear can reach the extent of
panic. Patients sit up or may even jump out of bed
and show excited behavior. The facial expression is
marked by fear. Autonomic activation like sweating,
faster breathing and pulse frequency (up to 160 beats/
minute) is common. Dream content either cannot be
recalled at all or only in fragments. In the morning,
patients are usually amnesic about the attacks.

Epidemiology

Pavor nocturnus primarily strikes in early childhood and
adolescence. About 3% of all children/teenagers aged
<15 years display at least one episode. The illness begins
between 6 months and 15 years of age. An initial man-
ifestation after the age of 30 is rare.

Etiology

Broughton (1968) suggested that pavor nocturnus and
somnambulism are both based on a disturbance of the
arousal process during the transition from NREM sleep
to becoming awake. Familial predisposition exists for
both disorders. In adults the appearance of pavor noc-
turnus is often accompanied by psychopathological ab-
normalities. Furthermore, stress can precipitate such
episodes. Adult patients usually have a history of pavor
nocturnus as children. Like sleepwalking, sleep terrors
have recently been extensively studied. In the late
1990s, Zucconi et al. (1995) were the first to indicate that
NREM parasomnias were associated with an abnormal
cyclical alternating pattern (CAP) count. Since then
many studies have been performed. NREM parasom-
nias appear during delta sleep, but, as shown by Gau-
dreau et al. (2000) and confirmed by Guilleminault
et al. (2006), quantified EEG analysis shows that in fact
delta power is decreased in sleep terrorized and sleep-
walking subjects. This decrease is significant during
the first and still present during the second sleep cycle.
It is associated with an increase in CAP rate during A2
and A3 and decrease in CAP rate during A1. All findings
indicate an instability of NREM sleep.

Bruni et al. (2008) have shown that NREM parasom-
nias are in fact associated with an abnormal recurrence
of phase B of CAP, which is indicative of an interruption
of the normal progression of sleep from a sleep spindle
state to a delta state. Guilleminault and colleagues have
shown that, in both children (Guilleminault et al., 2003)
and adults (Guilleminault et al., 2005a), these two para-
somnias are most commonly associated with another
sleep disorder (more specifically sleep-disordered
breathing (SDB), such as upper-airway resistance syn-
drome) and that treatment of the concomitant syndrome
eliminates the parasomnia. In two general population
studies (adult: Ohayon et al., 1999; children: Goodwin
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et al., 2004) the association between SDB and these
two parasomnias was shown to be the most common
association.

SLEEP D
Therapy

If the pavor episodes appear frequently, it is important
to inform the patient about the harmlessness of this
phenomenon. Regular bedtimes and taking afternoon
naps to reduce sleep pressure in the evening are helpful
measures. In the past, psychotherapy, including hypno-
therapy, has helped reduce pavor nocturnus. As far as
pharmacological interventions are concerned, sub-
stances like diazepam or imipramine can be used, since
they lead to a reduction of NREM sleep. Prolonged and
recurrent sleep terror or sleepwalking should precipitate
the search for another sleep disorder. SDB is the most
common one, but frequently it is not the typical OSA,
but rather the presence of “flow limitations,” as seen
in subjects with nasal problems: nasal allergies with en-
larged inferior nasal conchae, deviated septum with sig-
nificant obstruction or blockage of one nostril, enlarged
adenoids and tonsils and orthodontic problems with nar-
row and high hard palate or mandibular retrognathism.
Treatment of the local problem, including orthodontic
treatment with rapid maxillary extension, can eliminate
the problem and may have a positive effect on another
parasomnia, namely nocturnal enuresis.
SOMNAMBULISM

Clinical features

Sleepwalking, just like pavor nocturnus, mainly occurs
during the first third of the night and during NREM
sleep. Individuals sit up in bed and show seemingly
senseless behavior. The eyes are open and the sleep-
walker can execute simple actions such as walking about
and occasionally even speaking. However, complex
behaviors like driving a vehicle are extremely rare. The
episodes last from a few seconds to several minutes;
longer episodes are unusual. They can normally not be
recalled the next morning. Prior to a sleepwalking
episode the EEG shows slow-wave delta activity.
Epidemiology

Somnambulism is primarily a disturbance occurring
during childhood and adolescence. Epidemiological
studies have revealed that approximately 20–40% of
children experience at least one episode, and 3–4% have
more than one (Stores, 2009). Sleepwalking is more fre-
quent in boys than in girls. Approximately 2.5% of the
adult population occasionally sleepwalks.
Etiology

As indicated in the section on sleep terror, instability of
NREM sleep has been shown in this parasomnia and a re-
sponse to similar treatment approaches has been demon-
strated. A genetic component exists: 80% of patients
have relatives who also walk in their sleep or suffer from
pavor nocturnus. Recently the question of the genetic
component has been raised, but is it a genetic component
related to parasomnia or a genetic component related to
the cause of the NREM sleep instability leading to para-
somnia? As an example, deviated septa are supposedly
genetically related, as are upper-airway allergies and
OSA that are causes of NREM instability. The crucial
question thus is whether any “genetic factor” whatsoever
is related to the cause of the instability of NREM sleep,
which again spawns the parasomnia or whether there is a
specific gene that facilitates the occurrence of the para-
somnia against the backdrop of a NREM sleep instability
that is due to other causes, themselves bearing genetic
components. The answer is not known yet.
Therapy

In general, sleepwalking in childhood and youth is harm-
less and subsides during puberty, thereby avoiding the
need for any therapy. However, measures must be taken
to prevent injuries to the sleepwalker, e.g., locking win-
dows and doors and placing the bed at ground level to
avoid falls. If sleepwalking occurs frequently, the phy-
sician should first look for and treat any underlying
sleep disorder and potential causes of NREM sleep
instability. Psychotherapeutic techniques can be used
as it seems that high levels of stress may increase NREM
sleep instability. Note though that psychotherapy alone
is much less successful than treatment of the underlying
sleep disorder (Guilleminault et al., 2005b). Here, diver-
sion techniques as well as muscle relaxation are recom-
mended. Furthermore, simple measures of adequate
sleep hygiene are important, like maintaining a regular
sleep–wake rhythm. For pharmacological treatment
NREM sleep-reducing substances like diazepam or
imipramine are recommended.
NOT OTHERWISE SPECIFIED PARASOMNIA

REM behavior disorder

Clinical features. Patients show increased motor activ-
ity during sleep, partially accompanied by complex
actions that are carried out during REM sleep. Fre-
quently, this results in serious injuries to the patients
themselves and to others. After waking up, patients
remember dream contents in detail, which often consist
of feeling followed and threatened.
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Epidemiology. REM sleep behavior disorder is rare
and has only recently been described (Fantini et al.,
2005). Therefore exact numbers on frequency and pro-
gression of the disease do not exist. Men are probably
more frequently affected than women. First manifesta-
tion is usually at the age of 50 or above. Long-term stud-
ies indicate that 50% of affected persons develop
Parkinson’s disease later in life. The most recent studies
show that REM behavior disorder is associated with
synucleinopathy, related to Lewy body disease, leading
not only to Parkinson’s disease but also to multiple sys-
tem atrophy. Association with a tautopathy has also
been reported but it appears to be much less common.
The most important question concerns the value of
REM behavior disorder as a harbinger of a daytime neu-
rological syndrome, often associated with some degree
of dementia and neurological impairment. The longitu-
dinal studies predominantly carried out by the group of
Mahowald et al. (2007) strongly support such a develop-
ment. In addition, the systematic histological studies
performed at the Mayo Clinic (Boeve et al., 2007) point
in the same direction. Systematic autopsies of patients
with REM behavior disorder but without other neuro-
logical symptoms showed the presence of Lewy bodies
in the lower brainstem that had not yet invaded struc-
tures leading to daytime symptoms.

Etiology. As mentioned above, synucleinopathy seems
the number one association with REM behavior disor-
der, but other neurological diseases have been associ-
ated with the syndrome, too. In these cases the
descending pathways controlling the active inhibition
of muscle tone during REM sleep are affected. The first
such association was reported from Japan (Sugano et al.,
1980) and was associated with toxic delirium. One article
demonstrated an association of REM behavior disorder
with olivopontocerebellar degeneration (Quera-Salva
and Guilleminault, 1986). Any traumatic, tumoral, or
inflammatory bilateral interruption of the descending
brainstem pathway involved in REM sleep atonia will
lead to REM behavior disorder. One specific case is nar-
colepsy where the destruction of the hypocretin/orexin-
containing nucleus in the lateral hypothalamus leads to a
(sleep–wake) state instability with cataplexy during
wakefulness and REM behavior disorder during sleep.
Nonetheless, the clinical picture is different from the
classical REM behavior disorder.

Therapy. Therapeutic success can be achieved with
REM-depressing substances, e.g., clonazepam and mel-
atonin; some dopamine agonists have been reported to
have some, albeit limited, impact. Furthermore, it is
recommended to implement measures to keep the af-
fected person – and perhaps even the bed partner – safe,
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such as setting the bed up close to ground to avoid
injuries from falls.

SLEEPDISORDERSAS PARTOF
PSYCHIATRICDISEASES

Almost every psychiatric disease is accompanied by
sleep problems. As a result, a psychiatric/psychological
examination should always be included in the diagnosis
of sleep disorders. In particular, depression, anxiety dis-
orders, substance dependence, eating disorders, and
schizophrenia should be considered. Sleep disturbances
can contribute to the chronic manifestation of the psy-
chiatric disorder and can complicate the treatment. In
the context of the differential diagnosis interdisciplinary
cooperation with neurologists and specialists in internal
medicine or a sleep specialist makes sense.

OTHERSLEEPDISORDERS

Sleep disorders within organic diseases

Almost all somatic illnesses can induce insomnia or
hypersomnia, e.g., chronic pain or rheumatism. In this
case, treatment of the underlying disease should be
the primary target in curing the sleep disorder.

Substance-induced sleep disorders

Insomnia or hypersomnia can be provoked by a variety
of substances affecting the central nervous system. The
treatment of substance-induced sleep disorders can be
problematic if the symptomatology appears as a result
of a medicinal therapy with severe effects on the patient.
Information about possible side-effects of the treatment
is essential in every case to avoid uncertainties for the
patient.
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Depression and cardiovascular disorders
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DEPRESSIONANDTHERISK FOR
CORONARYHEART DISEASE

The term “broken heart” has been coined to characterize
an association between mood disorders and heart dis-
ease. As early as 1937, Malzberg described an increased
cardiovascular mortality in hospitalized patients with
“involutional depression.” Of course, mere association
of disorders does not allow one to assume a causal re-
lationship and longitudinal studies had to be awaited
in order to determine whether depression indeed is a risk
factor or, at least, a risk indicator for coronary heart dis-
ease. Only studies with participants without any history
of heart disease at baseline, sufficient length of follow-
up, and the possibility to control for the most relevant
known risk factors could substantiate the assumption
of a causal relationship.

In the meantime, more than a dozen studies with
750–7900 coronary healthy subjects had been carried
out in order to assess the relative risk of a cardiac event
in persons with affective disorders compared to those
without (for review, see Carney and Freedland, 2003;
Rudisch and Nemeroff, 2003). The majority of these
studies supported the assumption – even after control-
ling for major risk factors (e.g., age, cholesterol, smok-
ing) – that the presence of depressive symptoms or a
diagnosis of major depressive disorder at the time of in-
clusion in the study increases the risk for prospective
heart disease, with the relative risk varying between
1.5 and 6.1. Meta-analysis showed the relative risk to
be increased by 1.62 after controlling for other risk fac-
tors (Rugulies, 2002). Thus, depression is prospectively
associated with a risk for coronary heart disease that is
at the lower end of the odds ratio for other risk factors,
such as diabetes, hypercholesterolemia, smoking, and
hypertension (Table 32.1).
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Several studies investigated whether severity of
depression plays a role concerning the prospective
risk for heart disease. In fact, most of these studies
confirmed a “severity–coronary risk” relationship
(Rugulies, 2002), thus supporting the assumption that
depression is not only a risk indicator, but also a risk fac-
tor. Moreover, several prospective studies showed neg-
ative affects, like pessimism (Kubzansky et al., 2001),
rumination (Schwartz et al., 2000), hopelessness
(Anda et al., 1993; Everson et al., 1996), and, related
to type A personality, anger and hostility (Williams
et al., 2000), to be associated with untoward cardiovas-
cular function test results and prognosis. Thus, subsyn-
dromal conditions of negative affects may predispose to
an increased cardiovascular risk. Possibly, depression is
just the tip of the iceberg and is indicative of a less fa-
vorable cardiovascular prognosis. Also, not necessarily
depression per se, but the liability to affective disorders,
may increase the cardiovascular risk. This may be con-
cluded from a 5-year longitudinal study that showed that
the cumulative length of patients’ depressive episodes is
not related to their individual cardiovascular risk. Instead,
the trait “lifetime depression” may be more appropriate
to confer coronary risk (Coryell et al., 1999).

Thus, several aspects support the assumption that de-
pression is a coronary risk factor: a significantly higher
risk for coronary heart disease, increased mortality in
depressed patients with manifest heart disease, and a
“severity–coronary risk” relationship. However, such a
causal relationship may only be assumed, when treat-
ment or prevention of the proposed risk factor, in fact,
helps to lower the risk of the endpoint. So far, several
studies have indicated that surrogate endpoints are im-
proved under treatment of depression, while controlled
antidepressant treatment studies with coronary morbid-
ity or mortality as endpoints are still awaited.
te of Mental Health, J 5, 68159 Mannheim, Germany.
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Table 32.1

Prospective risk for heart disease and coronary risk factors in subjects with depressive symptoms, major depressive episode, or, for comparison, traditional risk factors

Study Reference n Endpoint Relative risk

Depression

Women in Gothenburg Hällstr€om et al., 1986 795 Incidence of angina 5.4

Stirling County Study Murphy et al., 1989 1003 Mortality from CHD 2.1
National Health Examination Follow-up Study Anda et al., 1993 2832 Incidence of CHD 1.6
Mini-Finland Health Survey Aromaa et al., 1994 5355 Cardiovascular mortality 2.0

Vogt et al., 1994 2573 Incidence of CHD 0.9
Kuopio Ischemic Heart Disease Study Everson et al., 1996 2428 Cardiovascular mortality 2.1
Glostrup Cohort Study Barefoot and Schroll, 1996 730 Incidence of MI 1.7
SHEP Cooperative Research Group Wassertheil-Smoller et al., 1996 4367 Incidence of MI 1.2 (each 5 CES-D points)

Epidemiologic Catchment Area Study Pratt et al., 1996 1551 Incidence of MI 4.5
John Hopkins Precursors Study Ford et al., 1998 1190 Incidence of CHD 2.1

Penninx et al., 2001 2847 Mortality from CHD 3.0

Hypercholesterolemia

Monique Verschuren and
Kromhout, 1995

49 000 Mortality from CHD Men: 3.0*
Women: 3.8

Lowe et al., 1998 19 189 Mortality from CHD Men: 1.6{

Women 1.
Lindquist et al., 2002 1462 Incidence of MI Women: 1.1

(each 1 mmol/l increase of cholesterol)
Heidrich et al., 2003 1012 Incidence of MI Men: 1.6{

Hypertension

Lowe et al., 1998 19 189 Mortality from CHD Men: 2.5}
Women: 3.1

Heidrich et al., 2003 1012 Incidence of MI Men: 2.4#

Smoking}

Lowe et al., 1998 19 189 Mortality from CHD Men: 1.9
Women: 2.9

Heidrich et al., 2003 1012 Incidence of MI Men: 3.8
Diabetes

Heidrich et al., 2003 1012 Incidence of MI Men: 1.6

CHD, coronary heart disease; MI, myocardial infarction; CES-D, Center for Epidemiological Studies Depression scale.

*Highest versus lowest quintile.
{Cholesterol serum concentration �6, versus <5.2 mmol/l (relative risk¼ 1).
{Hypercholesterolemia defined as ratio of total cholesterol to high-density lipoprotein-C � 5.5.
}High versus optimal.
#Treated hypertension versus no hypertension.
}> 20 cigarettes/day.



DEPRESSION AND CARDIO
DEPRESSIONANDCARDIOVASCULAR
RISK

The strength of the association between depression and
subsequent morbidity and mortality of coronary heart
disease and the “severity of depression–coronary risk”
relationship support the assumption that depression, in
fact, is a risk factor for coronary heart disease. How-
ever, it is assumed that treatment or prevention of a risk
factor lowers the incidence of the endpoint (this point
will be discussed below) and that a pathophysiological
relationship between the risk factor and the endpoint
can be established. Thus, proving hypotheses about
the pathophysiological links between affective and cor-
onary disorders is important for defining depression as
a coronary risk factor, as well as for the development
of therapeutic interventions. Activation of stress-
responsive systems, autonomic nervous dysregulation,
platelet activation, hypercortisolemia-induced visceral
obesity, metabolic disorders like diabetes mellitus and
dyslipidemia, and changes in health-related behaviors
have been related to the increased coronary risk of
depressed patients.
Autonomic nervous system and heart
rate variability

Dysregulation of the autonomic nervous system is a
plausible candidate to explain the relationship between
depression and heart disease (Carney et al., 2002).
Reduced parasympathetic or increased sympathetic tone
may increase the risk of ventricular arrhythmia, myocar-
dial ischemia, or sudden cardiac death in patients with
coronary heart disease (Podrid et al., 1990). Not surpris-
ingly, refined studies confirmed increased sympathetic
activity in medically healthy depressed patients (Veith
et al., 1994).

Evenrestingheart rate,a risk indicator forcardiacdeath
(Kannel et al., 1987), as well as heart rate response due to a
stressor are increased in depressedpatients (Lahmeyer and
Bellier, 1987). Heart rate variability (HRV) may give more
specific information about autonomic cardiac regulation.
HRV, the short-term fluctuations of the temporal distance
between two consecutive heart actions, is a significant pa-
rameter to estimate the prognosis inpatientswith coronary
heart disease (Farrell et al., 1991) that is increasingly used in
stress research in order to measure cardiac autonomic ac-
tivity. HRV is an important measure of the activity of the
autonomic nervous system and ismodulated by both sym-
pathetic and vagal activity (Task Force of the European
Society of Cardiology and the North American Society
of Pacing and Electrophysiology, 1996). Increased sympa-
thetic activity has been found to be associated with low
total HRV in time domain measurements, which again is
related to an increased risk of arrhythmia andmay precede
silent ischemia (Goseki et al., 1994; Lombardi et al., 2000).
It may be assumed that HRV is reduced in depressed
patients (Rechlin, 1994).More importantly, several studies
found HRV to be lowered in depressed patients with cor-
onaryheartdiseasecompared topatientswithcardiovascu-
lar disease without psychiatric disorders (Carney et al.,
1988b, 1995, 2001; Krittayaphong et al., 1997; Stein et al.,
2000). The Multicenter Post Infarction Project showed
very low frequency power (<5.2) – a measure derived
from frequency domain analysis – to be a
strong predictor of cardiac mortality within 2.5 years
after a myocardial infarction (MI: odds ratio 4.7;
Biggeret al., 1992).Sincemoredepressed (17%)whencom-
pared to nondepressed post-MI patients (7%) have very
low frequency power below this value, it seems
reasonable to assume that low HRV may impair cardiac
prognosis in depressed patients with coronary heart
disease.

Antidepressants with anticholinergic or antiparasym-
pathetic effects contribute to lowered HRV. Therefore,
tricyclic antidepressants and other anticholinergic anti-
depressants should be avoided in patients with heart dis-
ease. In contrast, treatment with selective serotonin
reuptake inhibitors (SSRIs) has been shown to be asso-
ciated with modest HRV improvement in depressed pa-
tients by some (Balough et al., 1993; Kaykin et al., 1998;
McFarlane et al., 2001), but not all authors (Rechlin
et al., 1994; Roose et al., 1998a; Lederbogen et al.,
2001; Pohl et al., 2003).
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Platelet activation and aggregability

Platelets play a major role in the pathogenesis of acute
coronary heart disease by determining, together with
other factors, the extent of thrombus formation after
plaque rupture within a coronary artery (Trip et al.,
1990). After survival of anMI or after invasive coronary
interventions, increased patelet reactivity is related to
a high incidence of cardiac events (Trip et al., 1990;
Tschoepe et al., 1993). Antiplatelet interventions are
the mainstay in the treatment of acute and chronic cor-
onary disease (Antiplatelet Trialists’ Collaboration,
1988). Within the circulation platelets may be either
silent or activated. The latter condition is, at least par-
tially, reversible and the extent of platelet reactivity state
is assumed to be influenced by stress-responsive
systems.

Several studies indicate platelet activity to be in-
creased in depressed subjects compared to healthy con-
trols. In depressed patients, procoagulatory peptides
secreted by platelets are found to be increased in serum
(Laghrissi-Thode et al., 1997), while platelets as such
tend to aggregate more strongly due to a given stimulus
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(Lederbogen et al., 2001), and platelet reactivity to mild
stress is also increased (Musselman et al., 1996)

Platelet reactivity increases during both physical and
mental stress, which is thought to be mediated through
catecholaminergic activity (O’Brian, 1963), especially
via a2-adrenergic receptors (Grignani et al., 1991;
Pietraszek et al., 1991). Thus, unusual physical activity
or public speaking, for example, may significantly
increase platelet activity (Levine et al., 1985; Tokuue
et al., 1996). In fact, there is at least partial evidence that
stress-responsive systems may act to increase not only
coagulation (von Kanel et al., 2001), but also activity
and aggregation of platelets (Markovitz and Matthews,
1991). Interestingly, platelets of depressed patients also
show a greater density of a2-receptors (Manji et al.,
1994), which, together with increased sympathetic tone,
may partially explain the excessive platelet activity in
stressed or depressed patients.

Additionally, serotonergicmechanismsmay also be in-
volved in the activation of platelets in depressed patients
(Lopez-Vilchez et al., 2009). Glucocorticoids are thought
to lead to a heightened density of serotonin transporters
(Tafet et al., 2001; Glatz et al., 2003), whichmay then con-
tribute to the activity of procoagulant peptides on the
platelet surface (Dale et al., 2002) and the enhanced re-
lease of a-granules (Walther et al., 2003). Underscoring
these hypotheses, depressed patients’ platelets have been
shown to carry an increased density of serotonin-2A
(5-HT2A) receptors, while the serotonin transporter
(5-HTT) is found to be downregulated, which may be
explained by antidepressant pretreatment (Nemeroff
et al., 1994; Horschitz et al., 2001). Finally, activation of
the immune system and increased serum concentrations
of cytokines during depression may also contribute to
changes in platelet activity (Appels et al., 2000).

So far, it is not completely clear whether depressed
patients’ heightened platelet activity in fact subsides
during the course of antidepressant treatment. Lowered
activation to collagen, but not other stimuli, was found
by Markowitz and colleagues (2000) after treatment
with sertraline, while others found platelet activity to
decline during treatment with SSRIs, but not tricyclic
antidepressants (Pollock et al., 2000).

Taken together, there is consistent evidence that
platelets may play a role in mediating an increased cor-
onary risk in depressed patients. It may be assumed that
treatment with serotonin reuptake inhibitors may lead to
a normalization of platelet activity.
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Visceral obesity

Major depression is associated with several neuro-
endocrine disturbances. The most frequent finding is
the increased activity of the hypothalamic–pituitary–
adrenal (HPA) system (Heuser et al., 1994), resulting
in an elevated secretion of 24-hour cortisol and adreno-
corticotropic hormone (Deuschle et al., 1997). An impor-
tant endocrine consequence of hypercortisolemia is
hyperinsulinemia, due to impaired insulin sensitivity
(Wang, 2005). There is also evidence for the suppression
of the hypothalamic–pituitary–somatotrophic system
(Rivier and Vale, 1985) and the hypothalamic–pituitary–
gonadal system (MacLusky et al., 1988), so that in men
suffering a major depressive episode both growth
hormone (Matussek et al., 1980) and testosterone levels
are low (Schweiger et al., 1999), whereas concentrations
of testosterone in depressed women are found to be
abnormally high (Weber et al., 2000a).

Interestingly, this endocrine disturbance has similarly
been found in patients suffering from the metabolic
syndrome and is suggested to be an important promoter
of the development of visceral obesity (Bjorntorp, 2001).
In contrast to subcutaneous body fat, it is the accumu-
lation of intra-abdominal fat that is associated with car-
diovascular risk factors such as impairment of glucose
tolerance, resistance to insulin, hypertension, and dys-
lipidemia. This cluster of symptoms constitutes the
metabolic syndrome (Adult Treatment Panel III, 2001)
and has also been named the “deadly quartet” because
of its association with an increased risk for MI and
stroke (Kaplan, 1989).

The difference in cardiovascular relevance found
between the two fat types might be attributed to their
different enzyme and receptor profiles. Thus, compared
to subcutaneous fat, intra-abdominal adipocytes con-
tain both a high density of glucocorticoid receptors
(Rebuffé-Scrive et al., 1990) and an elevated activity
of the enzyme 11b-hydroxysteroid dehydrogenase type 1,
which converts inactive cortisone into active cortisol
(Bujalska et al., 1997). Therefore, even a slight increase
in circulating glucocorticoid concentrations within the
visceral compartment results in a marked amplification
of their anabolic effects on fat metabolism. In concert
with hyperinsulinemia, hypercortisolemia stimulates
the proliferation and differentiation of the adipocytes
(Hauner et al., 1989) and increases the activity of the
enzyme lipoproteinlipase, which promotes the uptake
of triglycerides into the adipocytes as well as the activity
of the enzyme 11b-hydroxysteroid dehydrogenase type 1.
The model of a transgenic mouse with hyperactivity of
the enzyme 11b-hydroxysteroid dehydrogenase type 1
demonstrates the importance of local overproduction
of cortisol independent of circulating concentrations
for the development of the metabolic syndrome as this
mouse suffered from visceral obesity, diabetes mellitus,
and hypertension (Masuzaki et al., 2001).

Finally, both hyperinsulinemia and hypercortisolemia
override the lipid-mobilizing effects of growth hormone
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and testosterone, which are suppressed during stress
or depression, so that the lipid-accumulating effect
dominates.

In patients suffering from major depression re-
searchers found an increased accumulation of visceral
fat. In a first study by Thakore et al. (1997), visceral
fat depots were quantified by computed tomography
in seven premenopausal depressed women and seven
healthy controls. Although body mass index did not
differ between these groups, visceral fat depots were
greater in depressed patients compared to control sub-
jects. Basal cortisol concentrations were also higher in
patients than in controls. Similarly, using magnetic
resonance imaging, increased visceral fat mass was
found in 18 premenopausal depressed patients with co-
morbid borderline personality disorder but not in pa-
tients suffering from personality disorder without
depressive symptoms or in matched controls (Kahl
et al., 2005). In comorbid depressive patients insulin
sensitivity was reduced and correlated with the amount
of visceral fat. Further, greater intra-abdominal fat de-
pots were found in hypercortisolemic postmenopausal
depressive women compared to normocortisolemic pa-
tients. Hypercortisolemic patients also showed impaired
insulin sensitivity, which was associated with intra-
abdominal fat mass (Weber-Hamann et al., 2002). In
all cited studies the increased accumulation of visceral
fat in depressed patients was not a consequence of body
weight gain in general, as body mass index was similar
throughout the different study groups. Therefore, other
mechanisms are thought to play a role, with particular
emphasis on endocrine dysregulation.

Altogether, however, an increase in body weight
might nevertheless be an important risk factor for the
development of visceral obesity. Unfortunately, treat-
ment with antidepressive medication is frequently
accompanied by considerable weight gain (Schwartz
et al., 2004; Himmerich et al., 2005) with the noted ap-
petite stimulation mainly caused by a blockade of hista-
mine 1 and 5-HT2C receptors (Bouwer and Harvey, 1996;
Virk et al., 2004). In a follow-up study over 1–2 years,
depressed patients were treated with various antidepres-
sants (tricyclic substances, serotonin reuptake inhibi-
tors, venlafaxine, mirtazapine, lithium, and valproate)
under “naturalistic conditions.” Although the observed
increase in body weight did not differ between the study
groups, depressed patients accumulated substantially
more visceral fat mass than healthy controls. Interest-
ingly, there was no difference in intra-abdominal fat ac-
cumulation between hypercortisolemic and
normocortisolemic patients. Thus, neither an increase
in body weight nor the neuroendocrine dysbalance alone
are sufficient to explain the greater visceral fat depots in
major depression during follow-up. There are a number
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of additional aspects that also need to be taken into ac-
count, such as a dysregulation of adipokines, physical
inactivity, and consequences of symptoms of “sub-
threshold depression” frequently found during the
“healthy” interval.
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Diabetes mellitus

Major depression is not only an emotional response to
diabetic complications but constitutes an independent
risk factor for the development of type 2 diabetes mel-
litus (Eaton et al., 1997; Kawakami et al., 1999). Further,
patients suffering from diabetes mellitus type 2 have
a three to four times higher risk of developing major
depression. The prevalence of depression in these pa-
tients is about 9–27%, when using diagnostic interviews
(Gavard et al., 1993; Anderson et al., 2001). Comorbid
patients experienced poorer glycemic control and a
higher rate of diabetes-induced complications such
as retinopathy, nephropathy, neuropathy, and sexual
dysfunction (de Groot et al., 2001).

Apart from behavioral causes, several biological
mechanisms are thought to be mediating the association
of depression and diabetes. During its course major
depression is frequently accompanied by endocrine
disturbances such as elevated activity of the HPA sys-
tem (Heuser et al., 1994) and the sympathoadrenergic
system as well as suppression of the HPA system
(Rivier and Vale, 1985), counteracting the effects of
insulin. Furthermore, alterations in glucose transport
function and increased immunoinflammatory activation
may be involved in decreasing the sensitivity to insulin in
major depression.

Studies in depressed patients revealed an impairment
of insulin sensitivity but offered little information on
the underlying causes. Using the oral glucose tolerance
test in depressed patients, glucose and insulin concentra-
tions increased to values that are typical for insulin
resistance (Winokur et al., 1988). A 24-hour profile of
glucose and insulin concentrations showed no differ-
ence between hypercortisolemic depressed patients
and healthy controls, despite a substantially lower intake
of calories by patients. After stimulation with a liquid
test meal enriched with carbohydrates and proteins,
serum glucose and plasma insulin levels in hypercortiso-
lemic patients were notably higher than thosemeasured in
matched controls (Weber et al., 2000b). To demonstrate
further that an elevated activity of the HPA systemmight
play a role in the development of resistance to insulin, de-
pressed patients were divided into four groups according
to their free morning cortisol concentrations. Patients
with “very high” cortisol levels also showed the highest
glucose values. Furthermore, ISIHOMA (insulin sensitivity
index, derived from the homeostasis model assessment),
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a measure of insulin receptor sensitivity, was negatively
associated with mean morning cortisol concentrations
(Weber-Hamann et al., 2005). Cortisol is well known to
counteract the effects and mechanism of insulin by stim-
ulating gluconeogenesis and lipolysis in the liver
(Diamant and Shafrir, 1975; Friedman et al., 1993; Argaud
et al., 1996) and by inhibiting peripheral glucose transport
and utilization in the adipocyte (Oda et al., 1995) andmus-
cle cell (Dimitriadas et al., 1997). Therefore, cortisol may
play a role in inducing resistance to insulin in depressed
patients.

There are several small-scale studies examining the
effect of antidepressant treatment on insulin sensitivity
in depressed patients as well as in patients suffering
from diabetes mellitus and major depression.

Serotonin reuptake inhibitors such as fluoxetine and
sertraline appeared to be associated with hypoglycemia
(Goodnick et al., 1995) and the improvement of both
depression and glycemic control in comorbid patients
(Lustman et al., 2000b). In contrast, nortriptyline,
although effective in the treatment of depression, wors-
ened glycemic control in patients with diabetes mellitus
and major depression (Lustman et al., 1997).

However, regarding studies in depressed patients
without overt diabetes mellitus, treatment not only with
serotonin reuptake inhibitors, such as paroxetine, but
also with tricyclic and tetracyclic antidepressants, such
as amitriptyline and maprotiline, improved insulin resis-
tance in patients with major depression (Okamura et al.,
2000; Weber-Hamann et al., 2006). However, additional
large-scale, longitudinal studies are necessary to iden-
tify the different effects of antidepressants on insulin
sensitivity.
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Dyslipidemia

Epidemiological studies and intervention trials with
lipid-lowering drugs have suggested depressive syn-
dromes to be associated with low cholesterol in some,
but not all, trials (Oxenkrug et al., 1983; Wardle, 1995;
Olusi and Fido, 1996; Borgherini et al., 2002). Further,
low levels of cholesterol were found in patients with sui-
cidal ideation (Partonen et al., 1999). However, effects
of depression and antidepressant treatment on lipid me-
tabolism are as yet poorly understood. Recently, a con-
sistently negative relationship between HPA system
activity and all measures of low-density lipoprotein
(LDL) cholesterol was found in overweight depressed
patients, linking low LDL cholesterol in depression to in-
creased HPA system activity (Kopf et al., 2004). A direct
influence of cortisol on lipid metabolism in the liver was
hypothesized. Cortisol might have stimulated the
expression of the peroxisome proliferation activator
receptor alpha, an intracellular transcription factor
and key regulator of hepatic lipoprotein synthesis that
attenuates synthesis of apolipoprotein B-containing
lipoproteins.

During antidepressant treatment of inpatients with
either the tricyclic antidepressant amitriptyline or the
serotonin reuptake inhibitor paroxetine, a stronger
increase of high-density lipoprotein cholesterol than of
LDL cholesterol was observed. LDL triglyceride con-
tent, a measure of atherogenicity of LDL particles,
was slightly reduced. These changes might be due to
mechanisms other than medication, such as physical
activity and changes in diet, suggesting that comprehen-
sive care for hospitalized depressed patients contributes
to the reduction of cardiovascular risk factors.
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Blood pressure

Several cross-sectional studies could not conclusively
confirm a higher prevalence of hypertension in
depressed patients (Davidson et al., 1998; Lederbogen
et al., 2003). So far, only one study has provided evi-
dence that dysregulation of blood pressure in depressed
patients is associated with activation of the HPA system
(Pfohl et al., 1991). In contrast, there is clear evidence
from three studies that subjects with depressive
symptoms, prospectively, have an increased risk of
hypertension (Jonas et al., 1997; Davidson et al., 2000;
Meyer et al., 2004).
Depression and behavior

Depression has an adverse effect on a number of behav-
iors that could interfere with coronary heart disease.
This phenomenon has been studied thoroughly for dia-
betes self-care behavior such as dietary management,
physical activity, and adherence to medical treatment
(Clouse et al., 2003). Adherence to diet and exercise
guidelines reduces the risk of coronary heart disease
in general (Stampfer et al., 2000). Poor adherence, on
the other hand, unfavorably influences metabolic con-
trol, thus leading to greater mortality from coronary
heart disease (Biderman et al., 2000). Depression has
been associated with both poor adherence to medical
regimens and higher percentage of glycosylated hemo-
globin in diabetic subjects (DiMatteo et al., 2000;
Lustman et al., 2000a). Compared with nondepressed
patients, the odds that depressed patients will not com-
ply with medical treatment recommendations are three
times greater (DiMatteo et al., 2000). This might explain
why depressed diabetic patients are noncompliant with
home glucose monitoring (McGill et al., 1992) and typ-
ically have poorer metabolic control than nondepressed
cohorts (Lustman et al., 2000a). Furthermore, depres-
sion is associated with obesity and physical inactivity,
both important risk factors for coronary heart disease
(Bogardus et al., 1985; Schwartz, 1987).
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Nevertheless, these behavioral factors cannot be held
solely responsible for the existing risk, as patients with
major depression have increased cardiovascular morbid-
ity and mortality even after controlling for relevant geo-
graphical and disease variables (Anda et al., 1993; Pratt
et al., 1996; Wassertheil-Smoller et al., 1996; Ford et al.,
1998; Spertus et al., 2000).
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Does stress cause cardiovascular disease in
depressed patients?

As outlined above, the activation of stress-responsive
systems is a plausible pathomechanism in depressed
patients to predispose this group to cardiovascular dis-
orders (Fig. 32.1). Nevertheless, alternative hypotheses
have to be discussed. Either activation of the immune
systems or genes predisposing subjects to both cardio-
vascular and affective disorders have to be considered.

Regarding common genes, the length polymorphism
of the serotonin transporter (5-HTT) is a candidate.
The polymorphism of this gene is not only related to
the risk for affective disorders in a complex gene–
environmental manner (Caspi et al., 2003): the 5-HTT
length polymorphism has also been related to risk
factors for cardiovascular disease, both by lipid
metabolism and by platelet activity (Comings et al.,
1999; Whyte et al., 2001). Thus, it is not surprising that
this polymorphism could be related to depression as well
as to cardiac events in patients with acute MI (Nakatani
et al., 2005). Similarly, other candidate genes, for
example polymorphisms of the angiotensin I-converting
enzyme (Bondy et al., 2002), have been discussed as
common risks for both disorders and it has to be as-
sumed that in the near future a number of additional
candidate genes will be reported.

Similarly, activation of the immune system may be a
common pathway for affective and cardiovascular dis-
orders. Clearly both depression and cardiovascular
Fig. 32.1. Integration of mechanisms involved in the mediation o

variability; FA, fatty acids.
disease are related to a complex immunological re-
sponse (Maes, 1995; Ross, 1999). Since activation of
the immune system may be involved in the pathophysi-
ology of both disorders, it could either play a role as a
common mechanism leading to both disorders or be a
mediator leading from one disorder to the other (Kop
and Gottdiener, 2005).

Taken together, the stress hypothesis of depression-
induced cardiovascularmorbidity andmortality integrates
a number of different pathophysiological mechanisms.
Although ongoing research increasingly confirms these
links, it may not be assumed that activation of the
stress-responsive systems is enough to explain fully the
mutual interplay of cardiovascular and affective disor-
ders. Obviously, stress plays an important role in this
multifactorial relationship, but other mechanisms have
also to be considered.
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DEPRESSION IN PATIENTSWITH
CORONARYARTERYDISEASE

Studies of patients who have recently suffered an MI,
using structured interviews and diagnoses based on
Diagnostic and Statistical Manual of Mental Disorders,
third edition (DSM-III: American Psychiatric Associa-
tion, 1980) criteria, report a rate of depression between
18% and 30% and, importantly, an additional 20–25% of
patients have significant depressive symptoms evi-
denced by elevated scores on the Beck Depression
Inventory (BDI) (Carney et al., 1988a; Schliefer et al.,
1989; Forrester et al., 1992; Frasure-Smith et al., 1993).
Most clinicians have assumed that depression in post-
MI patients is a “reactive” condition, an understandable
consequence to a life-threatening event. However, stud-
ies of patients undergoing cardiac catherization before
an MI also report a rate of depression approaching
20%, and in the study of antidepressant treatment
for depression post-MI, the depression preceded
f cardiovascular risks in depressed patients. HRV, heart rate
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hospitalization in 53% of patients (Gonzalez et al., 1996;
Glassman et al., 2002). Given the association between
depression and platelet aggregability that has been pre-
viously discussed (Musselman et al., 1998), it may well
be that in many patients it is the state of depression that
contributes to the precipitation of an ischemic event
rather than the other way around.
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Depression as a risk factor for cardiac
mortality in patients with heart disease

Depression is associated with an increased risk of cardiac
morbidity andmortality in patients post-MI, with unstable
angina or congestive heart failure, and post heart trans-
plant. In the seminal study in this field, Frasure-Smith
et al. (1993) reported that, in a cohort of patients followed
for 18months post-MI,major depressionwas a significant
predictor of adverse outcome independent of other estab-
lished predictors of mortality post-MI (adjusted hazard
ratio 4.29; 95% confidence interval 3.14–5.44). Intrigu-
ingly, the same group reported that, in a cohort of 896
post-MI patients followed for 5 years, increased cardiac
mortality was directly proportional to increased BDI
scores (Lesperance et al., 2002). Patients with major de-
pression as evidenced by BDI scores�19 had the highest
increase in cardiac mortality, but evenminimally elevated
BDI scores in the 5–9 range were associated with a signif-
icant increase in post-MI mortality rate compared with
that in patients with BDI scores less than 5.

Though cardiovascular disease presents almost a de-
cade earlier in men than in women, coronary artery dis-
ease (CAD) is by far and away the leading cause of
death among women, as it is among men. Thus, the find-
ings of the Stockholm Female Coronary Risk Study are
particularly important (Horsten et al., 2000). In this
study, 292 women were followed for at least 5 years
post-MI; there was a significant increase in risk of fur-
ther cardiac events (mortality, acute MI, or revascular-
ization interventions) in patients with at least two
depressive symptoms at baseline. Given the range of
BDI scores that are associated with increased cardiac
mortality post-MI, the question arises: what actually
carries the increased risk of cardiac mortality? Is it
the severity of some core depressive symptoms or the
cumulative effect of multiple symptoms?

Jonge et al. (2006) applied factor analysis to BDI
scores of over 2500 post-MI patients and determined
that there were three symptom dimensions: somatic/
affective, cognitive/affective, and appetitive. Though
the somatic/affective depressive symptoms were associ-
ated with poor health status, even after controlling for
baseline cardiac measures, this dimension of symptoms
was the only one to be prospectively associated with
cardiac prognosis. A compelling area of research is
the further study of what depressive symptoms are
strongly associated with increased cardiovascular mor-
tality in patients with coronary heart disease and the
physiological dysfunctions underlying those symptoms.

TREATMENTOF DEPRESSION
IN PATIENTSWITHCAD

Given the prevalence of depression in patients with CAD
and the replicated finding that depressed patients with
CAD have a higher risk of cardiovascular morbidity
and mortality than comparably ill nondepressed pa-
tients, the two obvious questions are: (1) Is there a treat-
ment proven to be safe and effective for depression in
patients with CAD? and (2) Does effective treatment of
depression in patients with CAD reduce the associated
increase in cardiac morbidity and/or mortality? System-
atic clinical trials have produced sufficient and consis-
tent evidence to answer the first question reasonably,
if not definitively, but, despite the completion of recent
studies designed to address the second question, the
answer to this remains elusive.

Cardiovascular effects and risks
of tricyclic antidepressants in patients

with heart disease

At therapeutic plasma levels tricyclics increase heart
rate by 11%, have a significant orthostatic effect that
can result in falls, and slow cardiac conduction in the
His bundle and below. This last effect can result in a
potentially fatal 2:1 atrioventricular block in patients
with pre-existing bundle branch block. Tricyclics do
not appear to have a direct adverse effect on left
ventricular function, even in patients with significant
congestive heart failure. Perhaps the most striking char-
acteristic of tricyclics is that they have an electrophys-
iological profile similar to type 1A antiarrhythmic
compounds such as quinidine and mirizazine, specifi-
cally an effect on the initial inward sodium current
of the Purkinje fiber and a reduction of intraventricular
conduction velocity (Roose and Glassman, 1989). This
action accounts for the significant antiarrhythmic activ-
ity characteristic of the tricyclics but also may signifi-
cantly contribute to the high rate of mortality after
tricyclic antidepressant overdose. The risk of tricyclic
use in patients with CAD was only fully appreciated
after completion of the Cardiac Arrhythmia Suppres-
sion Trial (CAST), studies that addressed whether the
treatment of post-MI ventricular irritability would
decrease cardiac mortality (Cardiac Arrhythmia Sup-
pression Trial, 1989, 1992). The CAST trials were pre-
maturely discontinued because the antiarrhythmic
agents, ecainide and flecainide, both type 1C antiar-
rhythmics, and morizizine, a type 1 antiarrhythmic,
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were associated with a significant increase in mortality
rate compared to placebo. The increased mortality may
result from an interaction between the antiarrhythmic
drug and ischemic myocardium that increases the vul-
nerability to ventricular fibrillation. If so, the risk of
mortality associated with antiarrhythmic medication
would increase with the severity of the underlying
CAD, i.e., the likelihood of a subsequent ischemic
event. Given our current state of knowledge, tricyclics
are considered relatively contraindicated in patients
with ischemic disease (Glassman et al., 1993).

DEPRESSION AND CARD
The safety and efficacy of SSRI treatment
in patients with coronary artery disease

The obvious question is: do other classes of antidepres-
sant have similar efficacy and a significantly improved
safety profile compared to the tricyclics in depressed pa-
tients with heart disease? Most of the recent studies that
systematically assess the cardiovascular effects of anti-
depressants have focused on the SSRIs. As a class of
medications, the SSRIs do not slow cardiac induction,
do not cause orthostatic hypotension, and heart rate
may be slightly decreased at what would appear to be
a clinically insignificant effect, 3 beats/min, though
cases of sinus bradycardia have been reported. The
SSRIs do not appear to have an adverse effect on left
ventricular function or any antiarrhythmic properties.
Studies of paroxetine, fluoxetine, and sertraline show
no effect on heart rate or QT variability. Perhaps of
most clinical significance to all depressed patients, not
just depressed patients with heart disease, is that, in con-
trast to the tricyclics, the SSRIs are rarely fatal when
taken in overdose (Barbey and Roose, 1998).

Another effect of the SSRIs that may prove to be
very beneficial for patients with CAD is that the SSRIs
interfere with serotonin accumulation in platelets. As
previously discussed, healthy depressed patients and
particularly depressed patients with CAD have in-
creased platelet activation and aggregation compared
to nondepressed controls, and SSRI treatment normal-
izes elevated indices of platelet activity in patients with
depression and CAD. The antiplatelet effect of the
SSRIs is not linked to the antidepressant effect of the
medications. In a study comparing paroxetine to nortrip-
tyline in depressed patients with ischemic heart disease,
at low doses of the medication and before any antide-
pressant effect was manifest, treatment with paroxetine
normalized increased indices of platelet activity (Pollock
et al., 1998). Furthermore, this effect was specific to the
SSRI and did not result from effective treatment of the
depression. In the same study, patients treated with nor-
triptyline had a robust antidepressant response but there
was no reduction in the indices of platelet activity.
Studies of antidepressant treatment
in patients with heart disease

In an open-label study, fluoxetine 20–60 mg/day was
given for 7 weeks to patients with major depression
and at least one of the following conditions: (1) ejection
fraction�50%; (2) QRS interval�0.1 seconds; or (3) 10
or more ventricular premature depolarizations per hour
(Roose et al., 1998a). The study enrolled 27 patients,
mean age 73 years, 26% female, mean baseline
Hamilton Rating Scale for Depression (HRSD) 27,
44% with a history of MI, 52% with left ventricular
impairment, and 63% with QRS prolongation. After 2
weeks of treatment with fluoxetine 20 mg/day, there
was no evidence of increased conduction times or any
effect on ventricular arrhythmias, but fluoxetine did
increase supine systolic pressure from 128 mmHg to
131 mmHg and decreased heart rate from 78 beats/min
to 73 beats/min. After 7 weeks of fluoxetine treatment
at significantly higher doses, there were no additional
significant findings. However, 30% of the sample
(8 of 27) discontinued medication and 5 had significant
adverse events, although none was cardiac.

There is only one study that directly compares safety
and efficacy of an SSRI to a tricyclic antidepressant in
depressed patients with ischemic heart disease. In this
study patients with major depression (baseline HRSD
�16) and ischemic heart disease, as evidenced by
previous MI, coronary artery bypass graft, angioplasty,
positive stress test, or angiographic findings of coro-
nary luminal occlusion, were randomized in a 6-week
double-blind trial comparing paroxetine (20–30 mg/
day) to nortriptyline (dose adjusted to achieve a plasma
concentration of 80–120 mg/ml) (Roose et al., 1998b).
The study randomized 81 patients, mean age 58, and
there were no significant differences in demographic
or baseline illness characteristics between the paroxetine
and nortriptyline groups. Using stringent remission cri-
teria of a final HRSD �8, both medications evidenced
good effectiveness with an intent-to-treat remission rate
of 61% and 55% for paroxetine and nortriptyline respec-
tively. With respect to cardiovascular effects, both
paroxetine and nortriptyline induced significant in-
creases in heart rate at the 2-week assessment; however,
the heart rate returned to baseline in the paroxetine-
treated patients whereas the nortriptyline patients still
had a significant increase in heart rate at week 6. Parox-
etine induced a 4-mmHg increase in systolic blood pres-
sure after 6 weeks (P < 0.03), whereas nortriptyline
caused an 8-mmHg decrease (P < 0.01). At no time
point did either drug cause significant changes in dia-
stolic blood pressure or cardiac conduction intervals.
However, the most important finding with respect to
cardiac safety was that the number of patients with
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significant adverse cardiac events, defined as a develop-
ment that prompted the study cardiologist to discon-
tinue the study medication, was significantly greater
in the nortriptyline group (7 of 40) compared with the
paroxetine group (1 of 41) (P¼ 0.03). Since this study
popularly represents the last systematic evaluation of
tricyclic treatment in patients with ischemic heart dis-
ease, special mention should be made of the sustained
increase in heart rate associated with nortriptyline treat-
ment. Multiple studies suggest that the tricyclics are as-
sociated with a sustained increase in heart rate of the
order of 10–20% over baseline. If a patient starts with
a baseline heart of 72 beats/min, the tricyclic effect will
increase the heart rate to 80–85 beats/min, a change that
will not be experienced by the patient, nor give the clini-
cian cause to worry, nor raise concern in the researcher
over the course of a typical antidepressant trial (6–8
weeks). However, this increase in heart rate has probably
been overlooked as a potential source of long-term con-
sequences of tricyclic treatment in patients with ische-
mic heart disease. Depressed patients require a
minimum of 6 months of antidepressant treatment to
prevent relapse of the current episode and patients with
recurrent illness require maintenance medication. The
cumulative effect of months, and perhaps years, of
the increased cardiac work associated with a 10–20% in-
crease in heart rate may result in significant adverse car-
diac events, events that would be so removed in time
from the initiation of tricyclic treatment that a cause-
and-effect relationship could be easily overlooked.

Bupropion is the only antidepressant other than the
tricyclic antidepressants and SSRIs that has been sys-
tematically studied in depressed patients with heart dis-
ease. In a study that enrolled 36 patients with major
depression and congestive heart failure, and/or conduc-
tion disturbance, and/or ventricular arrhythmias, bupro-
pion at relatively high doses, 450 mg/day, was given for
6 weeks (Roose et al., 1991). There was no significant
effect observed on heart rate, ejection faction, or car-
diac conduction but bupropion did cause a statistically
significant 5-mmHg increase in supine systolic blood
pressure (P < 0.01) and a 3-mmHg increase in supine
diastolic blood pressure (P < 0.005).
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Treatment of depression in patients post-MI

Currently there are two completed and published stud-
ies of the treatment of depression in patients post-MI,
the Sertraline Antidepressant Heart Attack Randomized
Trial (SADHART) (Glassman et al., 2002) and the
Enhancing Recovery In Coronary Heart Disease
(ENRICHD) randomized trial (ENRICHD Investiga-
tors, 2003). The Canadian Cardiac Randomized Evalua-
tion of Antidepressant and Psychotherapy Efficacy
(CREATE trial) was the first large study to compare
an antidepressant and a psychotherapeutic intervention
in depressed patients with nonacute CAD (Lesperance
et al., 2007).

In the SADHART study, patients hospitalized with
an MI or unstable angina and determined to have major
depression received 2 weeks of single-blind placebo and
then were randomized to either sertraline (flexible dose,
50–150 mg/day) or placebo for 24 weeks. SADHART
was powered to be a safety study and so the primary
outcome measure was change from baseline in left ven-
tricular ejection fraction. The frequency of subsequent
cardiovascular events and cardiac mortality were only
secondary measures because the total number of the
study was sufficient to test these as primary hypotheses.
In the study, 369 patients, mean age 57, 63% male, 80%
hospitalized because of MI, and 20% with unstable
angina, were randomized to sertraline or placebo. The
treatment groups were not significantly different in
coronary risk factors such as smoking, hypertension,
diabetes, hyperlipidemia, and obesity, nor were they
significantly different in baseline ejection faction, fre-
quency of ventricular premature depolarizations, his-
tory of heart failure, or prior MI. With respect to
cardiovascular variables, sertraline had no significant
effect on heart rate, blood pressure, cardiac conduction,
left ventricular function, ventricular ectopy or any
component of HRV. Furthermore, a comparison of
the effect of sertraline compared to placebo showed
no significant differences in any cardiovascular param-
eter. The incidence of severe cardiovascular adverse
events (death, MI, congestive heart failure, angina,
and stroke) was numerically, but not significantly,
greater in the placebo group, 22.4%, compared to the
sertraline group, 14.5%. This result is suggestive but
by no means definitive.

There were two other notable findings in this study.
First, in 50% of the patients the depression preceded the
cardiac event, a fact that emphasizes that the cause-and-
effect relationship between MI and depression is com-
plex and bidirectional. Second, the efficacy of sertraline
compared to placebo was most evident in patients clas-
sified as having a “severe” form of depression, defined
as two prior episodes and a baseline HRSD score >18.
However, it has not yet been determined whether the
reduction in cardiovascular events associated with ser-
traline treatment occurs in treatment responders, thus
implying that the reduction is related to the resolution
of the depression, or whether the reduction occurs in
both responders and nonresponders, thus implying that
the result may be due to the antiplatelet effect of the
SSRI and not the antidepressant effect.

The ENRICHD study was designed to test the
hypothesis that a treatment intervention in post-MI
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patients who had major or minor depression and/or low
social support would reduce cardiac mortality and non-
fatal recurrent infarctions. Patients were randomized
between cognitive-behavioral therapy and treatment as
usual. In contrast to SADHART, the projected size of
this study permitted the primary outcome measure to
be death or recurrent MI, and so this is the first study
that was designed to address the issue of whether effec-
tive treatment of depression will result in decreased
cardiac morbidity and mortality. The study enrolled
2481 patients, mean age 61, 44% women, and 40% met
criteria for depression, 26% for low social support,
and 35% for both. The baseline rates of cardiovascular
risk factors and current medications were evenly distrib-
uted between the two randomized groups and were in
fact quite similar to the rates for patients included in
the SADHART study. The cognitive-behavioral therapy
intervention focused on behavioral activation, cognitive
restructuring, social skills training, and mobilization
of social resources. The sessions were spread out over
6 months and individual sessions could be supplemented
by group sessions. Most importantly, antidepressant
pharmacotherapy could be prescribed for patients
who appeared to be nonresponders to the cognitive-
behavioral therapy and were severely depressed.

The patients in the intervention group did have a
statistically significant greater improvement from the
baseline HRSD score (P < 0.001) but the magnitude
of the difference between the intervention and usual-
care group was only 1.5 points. There was no difference
between the intervention and the treatment-as-usual
group in the frequency of primary and secondary clini-
cal events, including death or nonfatal MI, all-cause
mortality, cardiovascular mortality, recurrent nonfatal
MI, revascularization procedures, or cardiovascular
hospitalization. However, treatment with SSRIs
(n¼ 353), compared to no antidepressant medication
(n¼ 1481), was associated with a lower risk of all-cause
mortality, 7.4% versus 15.3% (P¼ 0.0004), and cardiac
mortality, 4.5% versus 9.8% (P¼ 0.0003), in both the in-
tervention and the treatment-as-usual groups. These
data are consistent with the SADHART results, al-
though the mechanism by which the SSRIs reduce car-
diac mortality still remains to be established.

In contrast to SADHART and ENRICHD, the
CREATE trial was primarily done in order to compare
the effects of treatment with an SSRI (citalopram) and
a short-term psychotherapeutic intervention, interper-
sonal psychotherapy, in patients with nonacute CAD
and major depression. The trial was over 12 weeks in
which the participants were randomized to interpersonal
psychotherapy plus clinical management versus clinical
management only and citalopram (20–40 mg) versus pla-
cebo, respectively. With regard to all outcome measures,
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citalopram was superior to placebo, although with a lim-
ited effect size. In contrast, there was no evidence of a
benefit of interpersonal therapy over clinical manage-
ment. Based on this trial and the SADHART trial, the
authors conclude that citalopram or sertraline plus
clinical management should be considered first-step
treatments for patients with CAD and major depression
(Lesperance et al., 2007).
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CONCLUSION

The evidence from many systematic studies of SSRI
treatment in patients with depression and heart disease
strongly supports the conclusion that the SSRIs are a
safe and effective intervention in this patient popula-
tion. Furthermore, data from two studies, SADHART
and ENRICHD, both strongly suggest that treatment
with SSRIs reduces the increased risk of cardiac mortal-
ity and morbidity associated with depression in patients
post-MI.

However, to determine whether reduction in cardio-
vascular mortality is associated with antidepressant re-
sponse or the antiplatelet effect of SSRIs will require
larger studies with different study designs. Only when
studies are complete will the clinician have the evidence
to make informed treatment decisions for post-MI
depressed patients.
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INTRODUCTION

Symptomsofanxiety anddepressionare commonpsycho-
physiological reactions to life-threatening disease (Voogt
et al., 2005). However, during the period that follows a di-
agnosis of cancer, most patients are able to cope well with
their illness (Rosenbaum et al., 2004). In the absence of
psychopathology, most patients will also be able to cope
with a poor prognosis (Kubler-Ross, 1974; Spiegel,
1999a, b). An increase in the prevalence of psychiatric dis-
orders with disease progression has been found following
a cancer diagnosis (Harter et al., 2001). This increased
prevalence could be attributable to decrease in physical
functioning, pain, and poorer prognosis (Spiegel and
Bloom, 1983b; Spiegel, 1994; Van Spijker et al., 1997;
Butler et al., 2003; Spiegel and Giese-Davis, 2003).

The first systematic study usingDiagnostic and Statis-
tical Manual of Mental Disorders, third edition (DSM-
III-R: American Psychiatric Association, 1980) criteria for
assessment of psychiatric disorders in cancer patients
(Psychosocial Collaborative Oncology Group: PSYCOG)
was published in 1983. In this study, almost half of patients
had a psychiatric disorder, with the milder adjustment dis-
orders being the most prevalent (Derogatis et al., 1983).
Other studies using DSM criteria have been conducted
(Table 33.1). These studies identified a strong relationship
between psychiatric disorders and poor quality of life, poor
cancer treatment outcome, and survival reduction.

Chronic distress produced by a cancer diagnosis is as-
sociated with endocrine (e.g., cortisol-based) and immune
changes (e.g., interleukin-6) that induce a depression-like
syndrome (“sickness behavior”) (Musselman et al., 2001).
The increased level of cortisol is associated with morpho-
logical changes in the brain such as hippocampal atrophy
*

Correspondence to: Antonella Ciaramella, MD, Multidisciplin
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(Sapolsky et al., 1990; Uno et al., 1994; Lupien et al., 1998;
McEwen, 1999; McEwen and Seeman, 1999). Small (5%)
but significant atrophy of the left hippocampus has been
found in cancer survivors (Nakano et al., 2002; Inagaki
et al., 2004).

THEEPIDEMIOLOGYOF PSYCHIATRIC
DISORDERS INONCOLOGY

Adjustment disorders

Adjustment disorders were found to be themajor common
psychiatric disorders in cancer patients, although a critical
perspective about the conceptual validity of the adjustment
disorder construct has been published (Ronson, 2005).

The reported prevalence of these disorders ranges
from 21% of cancer patients admitted to hospital
(Razavi et al., 1990) to 32% in the PSYCOG study
(Derogatis et al., 1983). Kissane and colleagues (2004)
found no significant differences in the prevalence of ad-
justment disorders in comparing patients with early-stage
and metastatic breast cancer (28% versus 26%, respec-
tively). In one study of patients from two cancer centers
who were referred for psychiatric treatment, adjustment
disorders were the most frequent psychiatric diagnosis –
34% in undefined staging illness and 16.3% in terminally
ill cancer patients (Akechi et al., 2001a, 2004).

Mood disorders

BIPOLAR DISORDERS

Bipolar disorders were reported in the PSYCOG study
(Derogatis et al., 1983) (0.5% observed in 215 patients),
but few studies have reported investigations of this
ary Pain Therapy and Palliative Care Unit, Department of
56100 Pisa, Italy. Tel: þ39 050 992161, Fax: þ39 050 992065,



Table 33.1

Prevalence of psychiatric disorders in cancer populations using structured and clinical interviews for DSM

Year Authors Disorders Disorder subtype Sample type
Sample
number Assessment Prevalence

1983 Derogatis
et al.

Overall PSYCOG (USA)
Ambulatory and

hospitalized

215 Formal interview
for DSM-III

44%

Adjustment
disorders

32%

Major affective

disorders

6%

Unipolar 4%
Bipolar 0.5%

Atypical 1.5%
Dysthymic 0.5%

Anxiety

disorders

2%

Generalized
anxiety

disorder

0.5%

Simple phobia 0.5%
Obsessive-

compulsive

disorder

1.0%

Organic
disorders

4%

1990 Razavi
et al.

Adjustment
disorder

1/10 randomly
selected

128 DIS for DSM-III
Endicott criteria
Depressive

episode

51.6%

Major depressive
disorder

7.8%

Organic 4.7%

No psychiatric
disgnosis

35.9%

1990 Massie and

Holland

Depression and/

or suicide

440 inpatients

100 outpatients

546 Clinical for

DSM-III

59%

1994 Breitbart Depression Review 20–25%

Suicide risk MSKCC
psychiatric
consultations

8.6%

Anxiety ?
Reactive ?
Organic ?
Phobias and

panic

MH in MRI 20%

Delirium Hospitalized 15–20%
2001b Akechi

et al.

Substance-

related
disorders

Nicotine

dependence

Unresectable

nonsmall
cell lung
carcinoma

129 SCID 46%

Alcohol
dependence

8%
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Table 33.1

Continued

Year Authors Disorders Disorder subtype Sample type
Sample
number Assessment Prevalence

Adjustment
disorder

14%

Major depression 5%

Bipolar NOS 0.8%
Anxiety Panic 1.6%

Social phobia 0.8%

Simple phobia 0.8%
Schizophrenia 0.8%
No diagnosis 20.9%

2001a Akechi
et al.

Adjustment
disorders

Psychiatric
consultation

(78% inpatient
cancer

patients)

1790 Clinical for
DSM-IV

34%

Organic Delirium 17.4%
Dementia 2.1%

Mood disorders Major depressive
disorder

14.4%

Bipolar 1.4%

Substance-
related
disorder

Alcohol
dependence

0.8%

Schizophrenia 1.6%
Anxiety
disorders

Panic 1.0%

Generalized

anxiety
disorder

0.7%

2002 Prieto et al. Overall Hospitalization

for
hemopoietic
stem cell

transplantation
(admission
previously
reported)

220 DSM-IV criteria.

Major
depression
criteria

modified

44.1%

Adjustment
disorders

22.7%

Any mood

disorders

9.1%

Major depression
disorder

8.2%

Dysthymic 0.9%
Any anxiety
disorders

3.2%

Phobic disorder 1.8%
Generalized
anxiety
disorder

1.8%

Continued
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Table 33.1

Continued

Year Authors Disorders Disorder subtype Sample type
Sample
number Assessment Prevalence

Panic 1.8%
Delirium 0%

2004 Massie Major depression Review From DSM-II to

DSM III-R

0–38%

2004 Pirl Major depressive
disorder

Review DSM criteria for
major

depressive
disorder

10–25%

DSM,Diagnostic and Statistical Manual of Mental Disorders; PSYCOG, Psychosocial Collaborative Oncology Group; DIS, Diagnostic Interview

Schedule; MSKCC, Memorial Sloan-Kettering Cancer Center; MH in MRI, Memorial Hospital patients scheduled to have magnetic resonance

imaging developed anxiety; SCID, Structured Clinical Interview for DSM-III-R; NOS, not otherwise specified.
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disorder in relation to cancer. In a lung cancer sample,
bipolar disorder not otherwise specified was present in
0.8% of the sample. Not surprisingly, the prevalence
was higher (1.4%) among those referred for psychiatric
evaluation (Akechi et al., 2001a).
DYSTHYMIC DISORDERS

The prevalence of dysthymia in 200 cancer patients was
4% and 5%, respectively, for 1 and 12 months (Harter
et al., 2001).
DEPRESSION

Risk

Depression is the most investigated psychiatric disorder
in the cancer population. Depression is a frequent cancer
comorbidity and is associated with poor prognosis and
increased morbidity. Patients with a history of depres-
sion have an increased risk (2.6-fold) of dying from can-
cer compared to subjects without lifetime depression
(Stommel et al., 2002; Okamura et al., 2005). The risk
factors are related to the patient, and not to the disease.
Younger age, previous psychological problems, help-
lessness/hopelessness, noncancer-related difficulties,
and lack of social support are the main risk factors
for depression in cancer patients (Burgess et al., 2005;
Okamura et al., 2005).
Methodology

Although depression is common in patients with cancer,
few available studies have determined the exact preva-
lence range because of the following factors:
1. heterogeneous population evaluation with different

progression of cancer
2. undetermined clinical staging of cancer

3. methodological assessment of depression (struc-
tured versus self-report)

4. small samples.
The diagnostic criteria approach for diagnosis of de-
pression in cancer patients is controversial. It is difficult
to determine whether somatic symptoms are an expres-
sion of depression or of the cancer disease itself. For this
reason, Endicott (1984) proposed to substitute somatic
for cognitive symptoms as a measurement of depressive
episodes in cancer patients (the substitutive approach).
Alternative diagnostic approaches have been proposed
to exclude all somatic symptoms of depression (exclu-
sive approach) or only those that are probably the result
of cancer (etiological approach) (De Florio and Massie,
1995). Another approach to diagnosis of depression in
cancer patients is the inclusive approach, in which all
symptoms are considered when making the diagnosis
(Newport and Nemeroff, 1998; Raison and Miller,
2003; Evans et al., 2005). Despite the inclusive approach
being recommended, in the clinical setting, a difference
in prevalence was identified, with the substitutive ap-
proach identifying 29% as depressed (with the Endicott
criteria) and 49% being identified with the inclusive
approach (Ciaramella and Poli, 2001).
Prevalence

Several studies show an up to fourfold increase in the
prevalence of depression in cancer patients compared
to other populations (prevalence rate: 22–29%) (see
Raison and Miller 2003, for review).
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Gender

Weissmann and colleagues (1993) found no significant
sex distribution of depression in cancer patients
(4.5–9.3% for women and 2.3–3.2% for men). A review
of 49 studies (De Florio and Massie, 1995) identified a
very small number of studies that showed a higher
prevalence of depression in women than in men among
cancer patients. Some studies, however, reported more
depressed men than women (Plumb and Holland, 1981).
Another study found that the prevalence of depression
in one sex or the other was related to the stage of disease;
morewomen suffered depression in early-stage andmore
men in late-stage cancer (Baile et al., 1992).

Disease severity

Rates of depressive states reported for cancer inpatients
are roughly comparable to similarly ill patients with
other medical diagnoses (Evans et al., 1999). Studies
of medical inpatients show that one-third report mild
or moderate symptoms of depression, and up to one-
fourth may suffer from major depression (McDaniel
et al., 1995) or a depressive syndrome (Atkinson et al.,
1988; Katon and Sullivan, 1990), although not all studies
concur (Lansky et al., 1985; Atkinson et al., 1988; Katon
and Sullivan, 1990). Comorbid depression, in turn, is
associated with increased functional impairment and
poorer quality of life over the course of chronic illness
(Katon and Sullivan, 1990; Weitzner et al., 1997), as well
as reduced optimism about the effectiveness of medical
treatment (Cohen et al., 2001) and poorer adherence to
medical treatment (Raison and Miller, 2003). Cancer
and depression severity have interactive and deleterious
effects on quality of life. More rapid progression and
increased symptoms of cancer, especially pain
(Spiegel and Bloom, 1983b), are associated with more
severe depression (Bukberg et al., 1984; Spiegel, 1994;
Spiegel and Giese-Davis, 2003).

Site

The prevalence of depression in cancer patients varies
relative to the location of the cancer.

Breast is one of the most investigated cancer sites in
terms of psychosocial consequences. Depression preva-
lence among breast cancer patients has been reported to
range from 1.5% to 46% (Massie, 2004). Some evidence
suggests that depression persists after surgical treat-
ment from 2 (Morris et al., 1977) to 5 years later
(Meyer and Aspergren, 1989). However, a significant
reduction of depression (from 32% to 21%) at 1-year
follow-up (Goldberg et al., 1992) was identified in one
sample. A review found that 19 of 24 trials indicated that
depression predicted shorter cancer survival (Spiegel
and Bloom, 1983a; Spiegel, 1994; Butler et al., 2003;
Spiegel and Giese-Davis, 2003). For example, Watson
and colleagues (1999), in a 5-year prospective study,
found a significant link between high depression/hope-
lessness and reduced survival. A high prevalence of de-
pression has not been found among patients with benign
breast lesions (Maguire et al., 1978; Goldberg et al.,
1992). Another study found a relationship between
lifetime and current depression but not between pro-
gression of disease and prevalence of depression
(Silberfarb et al., 1980; Kissane et al., 1998). The rate
of depression also depends on whether the decision
for surgery was made by the doctor or the patient
(Fallowfield et al., 1990). Indeed, noninvolvement in
the choice of procedure is a better predictor of depres-
sion than the choice of lumpectomy and radiation or
modified radical mastectomy (Levy et al., 1992). As
has been reported in several studies, the cognitive atti-
tude of hopelessness, helplessness, or being resigned
to one’s fate may increase the risk of relapse into
depression (Kissane et al., 2004; Burgess et al., 2005).

Gynecological. A small number of studies have inves-
tigated the psychosocial consequence of gynecological
cancer. Hospitalized women have a 23% rate of major
depression (Evans et al., 1986; Golden et al., 1991).

Oropharynx. The prevalence of major depression in
neck and cancer patients is 16.8%. A significant relation-
ship between the progression of disease and psycholog-
ical distress was also found (Kugaya et al., 2000). Other
studies have found that the degree of depression and
distress decreases with increasing age (Hutton and
Williams, 2001).

Lung. After nicotine, alcohol dependence, and adjust-
ment disorders, major depression is the fourth most
prevalent (past history 13.2%, current 4.7%) psychiatric
disorder in unresectable, nonsmall-cell lung carcinoma
(NSCLC) patients, and has been found to increase with
the presence of pain (Akechi et al., 2001b). The preva-
lence of depression appears to be higher among western
(12%) than Asian lung cancer patients (4.7%).

Blood. The prevalence of major depression on admis-
sion for stem-cell transplantation patients is 8.2%, which
increased 3.2% during hospitalization. The presence of
depression and other psychiatric disorders is a positive
predictor for an increase in the number of overnight
stays from transplantation until hospital discharge
(Grassi et al., 1996; Prieto et al., 2002).

Skin. The most investigated skin cancer from the
psychosocial perspective is melanoma. In a recent study,
6% of the total sample (with past and current
melanoma) had a total score on the Hospital Anxiety
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Depression scale of �8, which is designated as “consid-
ered depressed” (Bergenmar et al., 2004). Some studies
have found similar results: a lower level of basal distress
was associated with recurrence of disease and with death
(Fawzy et al., 1993; Bergenmar et al., 2004). The low level
of distress after diagnosis of cancer could indicate high
levels of minimization or denial. If the minimization per-
sists, it could influence coping and mobilization. Patients
with high levels ofminimization can lack awareness of the
physiological threat of disease and not be in compliance
with treatment or follow-up. A special psychological state
often associated with underreported distress is emotional
suppression (Giese-Davis and Spiegel, 2001). Emotional
suppression is linked to greater mood disturbance, such
as depression or anxiety, and a low fighting spirit (an at-
titude of optimism in the face of a realistic appraisal of
the illness) that have been associated with poor adjust-
ment to cancer, poor coping, and consequently lower sur-
vival (Watson et al., 1991; Sephton et al., 2000; Cordova
et al., 2003; Giese-Davis and Spiegel, 2003; Sephton
and Spiegel, 2003).
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Gastrointestinal. Psychiatric disorders have been in-
vestigated in unaffected relatives and probands for
hereditary nonpolyposis colorectal carcinoma. A total
of 21.42% of all samples met criteria for major depres-
sion, acute stress disorders, and posttraumatic stress dis-
orders (PTSDs) using a structured clinical interview for
DSM-III-R (American Psychiatric Association, 1987)
or DSM-IV (American Psychiatric Association, 1994;
Murakami et al., 2004). Several studies investigated
psychosocial factors, often depression, related to modi-
fication of survival of gastrointestinal cancer patients.
Self-rated depression has been found to be a predictor
of the incidence of colorectal cancer but not of colorectal
adenomas (Kroenke et al., 2005). Other studies have
shown a direct relationship between an increasing
score on a depression-rating scale and an increase in
serum levels of soluble interleukin 2 receptor alpha
(sIL-2R-alpha), which increased as survival decreased.
This study thus found an immunological relationship
between survival and the presence of depression
(Allen-Mersh et al., 1998).

It is believed that patients with pancreatic cancer have
an increased rate of depressive disorders. The preva-
lence of major depression in pancreatic cancer is higher
than that identified for other cancer sites, even with
comparably poor prognosis. The prevalence ranges
from 50% to 76%, compared to a mean of 20% for other
abdominal cancers (Fras et al., 1967; Shakin and
Holland, 1988). The high prevalence rate was attribut-
able in the past to the presence of pain. This association
can be independent of pain complaints, but may be the
result of the disruption of glucocorticoid-mediated
pathways (Joffe et al., 1986; Alter, 1996).

Brain. A prevalence of depression (using the Beck De-
pression Inventory) of 35% was identified after neuro-
surgery for brain tumors. Depression was much more
highly correlated with lower quality of life 3 months
postsurgery in female patients (Mainio et al., 2006).
In a large-sample study of patients with high-grade
glioma, symptoms of depression were common immedi-
ately after surgery and increased throughout the
6-month postoperative period. In the early postoperative
period, physicians reported depression in 15% of
patients, whereas 93% of patients reported symptoms
consistent with depression. The incidence of patient
self-reported depression remained similar at 3- and
6-month follow-up, whereas physician-reported depres-
sion increased from 15% in the early postoperative
period to 22% at both 3- and 6-month follow-up
(Litofsky et al., 2004). In another study of brain tumor
patients, current major depressive disorder (MDD,
using DSM-IV criteria) was reported to be 28%. Key
predictors of MDD included tumor location in the fron-
tal region and family psychiatric history (Wellisch et al.,
2002). Depression also can be a symptom of a silent
brain tumor. In a retrospective study of a sample with
meningioma (benign tumor), the prevalence of depres-
sion (diagnosis according to DSM-III-R criteria, made
by two psychiatrists) was 18%, and almost 45% of
these presented with atypical features of depression
(Gupta and Kumar, 2004).

Anxiety disorders

Anxiety disorders are relatively common among cancer
patients. For example, a total score of anxiety �8 using
a self-rating scale (Hospital Anxiety Depression Scale)
was found to occur at a frequency of 21% among
patients with malignant melanoma (Bergenmar et al.,
2004). In a breast cancer sample, simple phobia was
found to be the most frequent anxiety disorder (4.3%
in the early stage and 2% in metastatic breast cancer).
Panic disorder prevalence was 1.3% in early stages of
cancer; PTSD (chronic) prevalence was 1.7% and 1.7%
in early and metastatic cancer, respectively; and gener-
alized anxiety disorder was 1.0% and 1.5% in early and
advanced cancer, respectively (Kissane et al., 2004).

Several studies investigated PTSD in a cancer popu-
lation when the life-threatening illness was considered a
potential traumatic event and included in the diagnostic
criteria in the DSM-IV. The prevalence range of PTSD
changed on the basis of the methodology used. No sig-
nificant difference of PTSD prevalence as a function of
progression of disease was reported in several studies.
A current PTSD prevalence of 2.5% after 6.5 months
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of treatment (surgery and/or chemotherapy) was identi-
fied in one breast cancer sample (Green et al., 1998). At
30 and 37 months after surgery and/or chemotherapy for
breast cancer, the prevalence of PTSD using DSM-IV
criteria was respectively 5.5–10.9% (depending on the
methods) and 5% (Cordova et al., 1995; Andrykowski
et al., 1998). When female cancer patients were evalu-
ated 4.6 years after treatment, the PTSD prevalence
(using DSM criteria) was 4% (Alter et al., 1996). Greater
use of avoidance-based coping processes, decreased
perceptions of social support, and greater social
constraints have been found to be associated with an
increase in more traumatic appraisals and PTSD
symptoms (Widows et al., 2000).

PSYCHIATRIC DISORDERS
Somatoform disorders

In a sample of cancers at various sites the somatoform
pain disorders increased from 1 to 12 months of follow-
up (2.5% and 7.5% respectively). No other somatoform
disorders were identified in this study (Harter et al.,
2001). Somatic symptoms (pain, fatigue, and sensory
symptoms) may persist in cancer patients in a disease-
free or residual-disease period. These symptoms are
associated with the presence of anxiety and depressive
disorders (19%) and atypical somatoform disorder
(15%) (Chaturvedi and Maguire, 1998).
Substance addiction

Nicotine dependence was the most prevalent substance
addiction in a breast cancer sample. The dependence did
not change with disease progression (8.9% in the early
and 8% in the metastatic cancer phase) (Kissane et al.,
2004). In this sample, the prevalence of alcohol depen-
dence was very small compared to that of nicotine addic-
tion (0.3% in the early and 1% in the metastatic cancer
phase for alcohol dependence) (Kissane et al., 2004).
Alcohol dependence but not nicotine dependence was
reported among a large group of cancer patients from
cancer centers referred for psychiatric evaluation. The
prevalence was 0.8%, and the most common sites of
cancer were lung, breast, and head and neck (Akechi
et al., 2001a). Not surprisingly, nicotine dependence
was the most frequent psychiatric disorder (45.7% cur-
rent and 66.7% lifetime) in consecutive lung carcinoma
(NSCLC) patients newly admitted in an oncology divi-
sion, while the prevalence of current alcohol dependence
was 7.8%, and 13.2% for lifetime (Akechi et al., 2001b).
An analysis of eight cohort studies examining alcohol in-
take and risk for colorectal cancer found a positive as-
sociation, independent of the sex of subjects or type of
alcoholic beverage, between alcohol consumption and
colorectal cancer (Cho et al., 2004).
Schizophrenia

In an observational study, the prevalence of schizophre-
nia and other psychotic disorders was 0% for 4 weeks,
1.0% for 12 months, and 4% lifetime (Harter et al.,
2001). Schizophrenia was identified in 1.6% of psychiat-
ric referral patients at a hospital cancer center (Akechi
et al., 2001a). The major interest in schizophrenia arises
from the general conviction that these patients have a
lower cancer risk. The incidence of cancer in patients di-
agnosed with schizophrenia was compared with the inci-
dence in the general population in a multiethnic study.
The results showed that the cancer standardized inci-
dence ratios for all sites were significantly lower among
individuals with schizophrenia (Grinshpoon et al., 2005).
The observed higher natural killer activity in schizophre-
nia patients may help explain the surprising reports of
low incidence of lung cancer and other malignancies
in schizophrenic patients, despite their higher rate of
smoking (Yovel et al., 2000). On the other hand, another
study that attempted to determine whether a genetic pro-
tection against cancer existed in parents of offspring
with schizophrenia found no support for this hypothesis
(Dalton et al., 2005).

Suicide

In a large primary cancer sample in the USA, it was
found that major depression, generalized anxiety disor-
der, and alcohol addiction were more common in
patients with suicidal ideation (Goodwin et al., 2003).
Factors associated with an increased risk of suicide in
cancer patients are as follows: pain (suffering aspect),
multiple physical symptoms, advanced illness, depres-
sion, delirium (disinhibition), control (helplessness),
pre-existing psychopathology, suicide history, family
history, and inadequate social support (Breitbart,
1994). In another study, old age and severity of depres-
sion were the two risk factors for suicidal ideation
(Akechi et al., 2000). Depression is often correlated with
suicidal ideation (Ciaramella and Poli, 2001) and is a fac-
tor in 50% of suicides (Breitbart, 1994). Cancer patients
commit suicide most frequently in the advanced stages
when severe depression increases to 77% (Bukberg et al.,
1984). Hopelessness is the key that links depression with
suicide (Breitbart, 1994). Two-thirds of patients request-
ing assisted suicide meet criteria for major depression
(Chochinov et al., 1995; Chochinov, 2000, 2001).

Delirium

Breitbart (1994) reported that the prevalence range of
delirium is 15–20% and is the most common psychiatric
disorder in advanced cancer. Delirium has been de-
scribed as an etiologically nonspecific global cerebral



A

dysfunction in which acute and abrupt onset of disorien-
tation and fluctuations in attention, memory, conscious-
ness, perception, and thinking are critical features.
Delirium is a reversible process except in the last 24–48
hours of life, and is always treatable with attention to
metabolic, infectious, or other causes and judicious use
of neuroleptics. Early symptoms of delirium can be mis-
diagnosed as psychosis, anxiety, or depression. Factors
that increase the risk of delirium are: old age (<65 years),
impaired renal function (creatinine >1.5 mg/dl),
and high-dose or multiple treatments. It has been
reported that, during hospitalization, nonterminally ill
patients exhibited delirium at a frequency of 18%
(Liubisavljevic and Kelly, 2003; Milisen and Foredam,
2004). Delirium was the second most frequent
psychiatric disorder after adjustment disorders in a large
sample of patients who received psychiatric referrals
from a Japanese cancer center (17.4%); almost all
had hyperactive and/or mixed state-type delirium,
including psychomotor agitation symptoms. The
remaining 10% had reduced vigilance and hypoactivity
(Akechi et al., 2001a).
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Psychiatric complications of
chemotherapeutic agents

Adverse effects during chemotherapy increase emo-
tional distress, disrupting the activities of daily living
(Love et al., 1989) and treatment compliance. Some an-
ticancer drugs, particularly corticosteroids, vinblastine,
vincristine, procarbazine, asparaginase, tamoxifen, and
interferon (IFN-a), can cause depression (Massie et al.,
1994). Treatment with doxorubicin/cyclophosphamide in
a breast cancer sample showed a borderline significant
relationship with the onset of psychiatric disorders
(major depression, adjustment disorders, and PTSD)
(Okamura et al., 2005).

Although there are a large number of studies exam-
ining depression induced by treatment with tamoxifen,
there is no definitive evidence to confirm a relationship.
Familial aggregation or pre-existing depression is the
most relevant high-risk factor related to depression after
tamoxifen treatment (Day et al., 2001).

Interferon (IFN)-a induces depression that is similar
to the “sickness behaviour” often seen with infectious
disease (Capuron et al., 2002; Raison et al., 2005), al-
though the exact mechanism is not fully understood
(Cai et al., 2005). Significant depressive symptoms occur
in 21–58% of patients receiving IFN-a with symptoms
over the first several months of treatment. Pretreatment
with a selective serotonin reuptake inhibitor (SSRI) can
prevent the development of depression in this cyto-
kine-induced depression (Musselman et al., 2001). Other
neuropsychiatric adverse effects have been reported
after IFN-a treatment, including acute confusional state
and a manic condition, often characterized by irritability
and agitation instead of euphoria (Raison et al., 2005).

Many patients receiving corticosteroids experience
insomnia, anxiety symptoms, and delirium. Delirium
was reported after chemotherapeutic agents, including
methotrexate, fluorouracil, vincristine, vinblastine,
bleomycin, carmustine, cisplatinum, asparaginase, and
procarbazine (Breitbart, 1994).

CANCER PAINAND
PSYCHOPATHOLOGY

Pain produces suffering. Suffering is the perception of
serious threat or damage to the self (Chapman and
Gavrin, 1999), and psychological distress is almost always
associated with chronic pain. The strong association with
chronic pain and psychiatric disorder does not change on
the basis of the etiopathogenesis of pain (Ciaramella
et al., 2004). In cancer patients, the prevalence of depres-
sive and anxiety disorders was found to be increased in
the presence of pain (Massie and Holland, 1987; Spiegel
et al., 1994). The PSYCOG study reported that the 39% of
subjects with a DSM-III psychiatric diagnosis had signif-
icant pain compared to the 19% without a psychiatric
diagnosis (Derogatis et al., 1983). Pain was reported by
50–60%of terminal-care patients. The pain syndrome fits
into three major groups, based on etiology: (1) 77% asso-
ciated with direct tumor involvement; (2) 19% associated
with cancer therapy; and (3) 3% unrelated to either (Foley,
1999). Rates of pain are higher (e.g., 70–100%) in
palliative care or pain management settings. Pain, depres-
sion, fatigue, and dyspnea (difficulty breathing) are pain
comorbidities, and an effective model for palliative and
end-of-life care management includes simultaneous as-
sessment and treatment of all of these symptoms
(Francoeur, 2005).

PSYCHIATRICCOMORBIDITYAND
QUALITYOF LIFE INCANCER

Quality of life of cancer patients worsens with the pres-
ence of psychiatric disorders. Surtees and colleagues
(2003) studied the functional health status of 19 535 par-
ticipants and assessed medical outcomes using the study
Short Form 36 questionnaire. They found that cancer
was associated with the smallest reduction in physical
and psychological functioning compared with other
medical conditions (Surtees et al., 2003).

Using the European Organization for Research and
Treatment of Cancer QLQ-C30 and QLQ-BR23, re-
searchers produced evidence showing that psychiatric
disorders were associated with lower functional scales
(emotional functioning, body image, and future per-
spective) and higher symptom scales (appetite loss,

ND D. SPIEGEL
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diarrhea, fatigue, nausea and vomiting) in quality of life
(Okamura et al., 2005). When anxiety was comorbid
with depression, the quality of life was worse compared
with the presence of a single psychiatric disorder. A re-
duction in physical function and role function, along
with fatigue, sleeplessness, and an increase in constipa-
tion, was found when depression coexisted with anxiety
(Zhou et al., 2005). The long-term side-effects of
chemotherapy, such as difficulty concentrating, are as-
sociated with depressive symptoms, intrusive thoughts
regarding the cancer, and a worsening of quality of life,
especially physical function (Ganz et al., 2004).

PSYCHIATRIC DISORDERS
PSYCHONEUROENDOCRINOLOGY
ANDIMMUNOLOGYOFCANCER

Research indicates that there are consistent abnormali-
ties of hypothalamic–pituitary–adrenal (HPA) axis func-
tion associatedwith cancer and its progression.Mormont
andLevi (Mormont andLevi, 1997;Mormont et al., 2002)
report multiple circadian abnormalities in cancer pa-
tients. In particular, they note phase shifts and mean in-
creases in corticosterone levels in murine models with
osteosarcoma. Animal studies also suggest that cancer
may be associated with loss of diurnal variation in corti-
sol. Breast and ovarian cancer patients have abnormali-
ties in the circadian rhythm of cortisol (Touitou et al.,
1995). Among breast cancer patients, these abnormalities
include high basal levels along the 24-hour scale (Touitou
et al., 1995; Van der Pompe et al., 1996). Loss of normal
circadian variation in cortisol, similar to that observed in
depression, predicts earlier mortality among metastatic
breast cancer patients (Sephton et al., 2000; Sephton
and Spiegel, 2003). Other recent studies have shown that
female night-shift workers are at higher risk for breast
cancer (Davis et al., 2001; Schernhammer et al., 2001).
While these authors attribute this effect to suppressed
melatonin levels (Shafii and Shafii, 1998), disruption of
circadian cortisol rhythms is also a possible mechanism
(Spiegel and Sephton, 2002; Sephton and Spiegel,
2003). Indeed there is also evidence that in certain pros-
tate cancer cell lines the androgen receptor becomes
cortisol-sensitive, thereby allowing physiological levels
of cortisol to stimulate tumor growth (Zhao et al.,
2000). While Mormont et al. (2002) did not observe
a significant effect of blunted diurnal cortisol rhythms
in patientswith gastrointestinal tumors, therewas a trend
in their data suggesting earlier mortality in patients with
blunted rhythms, and they utilized a categorical rather
than continuous test of significance which restricted
statistical power. Filipski et al. (2002) advanced this area
of research by dysregulating diurnal cortisol in an
animal model. They ablated the suprachiasmatic nucleus
in mice, demonstrated that circadian corticosterone
rhythm was blunted, and observed that implanted oste-
osarcomas and pancreatic adenocarcinomas grew sig-
nificantly more rapidly than in sham-operated animals.
Thus the clinical observations in humans have been
supported in an experimental animal model.

Potential mechanisms of
endocrine effects on cancer

Mechanisms have been proposedwhereby the neuroendo-
crine correlates of stress may promote neoplastic growth.
Stress hormones may suppress immune resistance to tu-
mors (Landmann et al., 1984; Callewaert et al., 1991) or act
via differential effects on gluconeogenesis in healthy
versus tumor cells (Sapolsky and Donnelly, 1985; Rowse
et al., 1992). Tumor cells may become resistant to the cat-
abolic action of cortisol, which inhibits the uptake of glu-
cose in numerous cell types. In such cases, energy would
be preferentially shunted to the tumor, and away from
normal cells by cortisol (Romero et al., 1992). Several
studies have found an association between stress-related
elevation of glucocorticoids and more rapid tumor
growth in animals (Sapolsky et al., 1985; Ben-Eliyahu
et al., 1991; Rowse et al., 1992). Another hypothesis sug-
gests that hormones of the HPA axis may actually pro-
mote the expression of breast cancer oncogenes due to
activation of pro-opiomelanocortin (POMC) genes by
corticotropin-releasing hormone. The POMC promoter
has homology with POMC transcription factors that bind
to human MAT-1 breast cancer oncogenes (Licinio et al.,
1995). In addition, since stress-related increases in sympa-
thetic nervous system and HPA activity are known to
have generally suppressive effects on immune function,
it is plausible that immune functions important in resis-
tance to breast tumor growth are thereby suppressed
(Bovbjerg, 1989; Andersen et al., 1994; Bergsma, 1994;
Souberbielle and Dalgleish, 1994). More recently, fasting
insulin levels have been found to predict subsequent mor-
tality in breast cancer, while levels of insulin-like growth
factor-binding proteins predict recurrence but not mortal-
ity (Goodwin et al., 2002). Thus there is a variety ofmeans
by which depression-related abnormalities in HPA func-
tion could affect the rate of cancer progression. One lead-
ing hypothesis is an association between HPA and
immune dysfunction, since glucocorticoids are potently
immunosuppressive.

TREATMENTOF PSYCHIATRIC
DISORDERS INCANCER

Psychopharmacological treatment

In 2002 in the USA, the National Institutes of Health
State-of-the-Science Conference examined the current
state of knowledge regarding the management of
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depression in cancer patients. It was agreed that phar-
macological treatment is the treatment of choice for
severe depression and to prevent suicide risk in cancer
patients. Although there are many reports of the effi-
cacy of antidepressants, only 13 randomized controlled
trials of pharmacological treatment of depression in
cancer patients exist (Massie et al., 1994; Pirl, 2004).
The side-effect profile of tricyclic antidepressants
consisted primarily of anticholinergic effects (e.g., dry
mouth, blurred vision, constipation, lethargy, and seda-
tion), which limited their use in individuals with cancer.
On the other hand, in cancer pain patients, treatment
with tricyclic drugs was suggested for their mood-
independent analgesic activity (Coquoz et al., 1993).
Cancer patients showed a tricyclic therapeutic response
with much lower doses than are usually required in
physically healthy but depressed patients (Breitbart,
1994; Massie et al., 1994).

SSRIs are a recently preferred treatment for depres-
sion in cancer patients because of the fewer side-effects
compared to tricyclics (Bayley et al., 2005). A controlled
study showed a similar significant improvement in de-
pression intensity and quality of life with fluoxetine ver-
sus desipramine treatment in women with advanced
cancer (Holland et al., 1998). Other controlled studies
confirmed the efficacy of SSRIs in the treatment of
depression in cancer patients if the treatment is used
for almost 5 weeks (Razavi et al., 1996; Musselmann
et al., 2001). Dual-action serotonin and norepinephrine
agents (SNRIs), such as venlafaxine, were reported
not to have many advantages in cancer patients when
compared with placebo (Aapro and Cull, 1999). There
is, however, current preliminary evidence indicating that
the SNRIs are more effective than SSRIs in relieving
pain (Tasmuth et al., 2002; Maizels and Mccaerberg,
2005). In a pilot, open crossover trial, mirtazapine was
shown to be effective in improving multiple symptoms,
lessening depression, and improving quality of life in
patients with advanced cancer (Theobald et al., 2002).
Low doses of psychostimulants (dextroamphetamine,
methylphenidate, pemoline) promote a sense of well-
being, decrease fatigue, and stimulate appetite. Their
rapid onset of antidepressant action is an advantage com-
pared to the late onset of tricyclics (Massie et al., 1994).

The treatment of depression in cancer, however,
benefits from a psychosocial approach, and antidepre-
ssants alone are not justified for treating mild depres-
sive symptoms (Coyne et al., 2004). Treatment of
bipolar disorders in cancer also requires caution. Lith-
ium, associated with some chemotherapeutic agents
(e.g., cisplatinum), increases their nephrotoxicity. An
increase in cognitive dysfunction in brain tumor or
brain metastasis has also been identified with these
drugs (McLaren and Marangell, 2004). Carbamazepine
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amplifies the bone marrow suppression induced by
chemotherapy.

There is some concern on the part of patients and
physicians that treatment of psychiatric disorders may
be associated with an increased risk of cancer. As
reported in a review by Sternbach (2003) of preclinical
and clinical studies examining the carcinogenic proper-
ties of antidepressants, there is no evidence to justify
this point of view. Systematic reviews of epidemiologi-
cal studies found no relationship between the intake of
antidepressants and increased cancer risk (Lawlor et al.,
2003; Gonzalez-Perez and Garcia Rodriguez, 2005).
An association was reported with treatment using
antipsychotic dopamine antagonists: a 16% increase in
the risk of breast cancer was identified in this retrospec-
tive cohort study (Wang et al., 2002).

Neuroleptic medications have been the principal
pharmacological tool for the management of delirium.
Haloperidol is the principal drug of choice for treatment
of delirium because of its useful sedative effects
and low incidence of cardiovascular and anticholinergic
effects (Breitbart, 1994). Methylphenidate improved
cognitive function in patients with advanced cancer
and hypoactive delirium (Gagnon et al., 2005).Olanzapine
has been safely used in cancer and showed antiemetic
and analgesic effects (Passik et al., 2002) as
well as efficacy in the treatment of delirium
(Breitbart et al., 2002).

ND D. SPIEGEL
Psychotherapy

As medical treatments continue to improve, cancer is
becoming more a chronic rather than terminal illness.
However, given the progressive nature of the disease,
and the fact that approximately half of all people diag-
nosed with cancer will eventually die from it, the provi-
sion of effective psychosocial support is even more
important. A variety of psychosocial interventions
appear to benefit patients with cancer (Andersen, 1992;
Andersen et al., 1994; Devine andWestlake, 1995; Fawzy,
1995; Fawzy et al., 1995; Meyer and Mark, 1995; Ashby
et al., 1996; Linden et al., 1996; Kibby et al., 1998).
Key elements of psychosocial intervention include cog-
nitive restructuring and psychoeducation, building new
social support, encouraging the expression of emotion,
addressing existential concerns, enhancing communica-
tion with physicians, improving family relationships,
and teaching self-management skills for controlling pain
and anxiety (Spiegel, 2000). During the past 20 years, a
growing number of research studies assessing the bene-
fit of psychosocial interventions for cancer patients
have been conducted (Andersen, 1992; Andersen et al.,
1994; Devine and Westlake, 1995; Fawzy et al., 1995;
Meyer and Mark, 1995; Ashby et al., 1996; Linden
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et al., 1996; Kibby et al. 1998; Classen et al., 2001). These
interventions have a positive effect on psychological dis-
tress (Gustafson and Whitman, 1978; Wood et al., 1978;
Ferlic et al., 1979; Spiegel et al., 1981; Spiegel and Bloom,
1983a; Mulder et al., 1992), coping skills (Fawzy et al.,
1993; Boesen et al., 2005), and quality of life (Spiegel
and Bloom, 1983a). Psychoeducation and cognitive-
behavioral interventions for cancer patients have led to
improved treatment adherence (Richardson et al.,
1990), stress reduction and enhanced psychological
well-being (Richardson et al., 1990; Fawzy et al., 1993;
McQuellon et al., 1998; Helgeson et al., 1999; Kuchler
et al., 1999; McCorkle et al., 2000; Antoni et al., 2001;
Allen et al., 2002). Interventions designed to combat
side-effects of cancer treatment are important for im-
proving treatment adherence (Fallowfield, 1992). For
some patients, a combination of medication and behav-
ioral techniques further reduces the noxious effects of
cancer treatments, especially the anticipatory nausea
in chemotherapy patients (Compas et al., 1998).

Hypnosis

Hypnosis is an altered state of consciousness, composed
of heightened absorption in focal attention, dissociation
of peripheral awareness, and enhanced responsiveness
to social cues (Spiegel and Maldonado, 1999; Spiegel
and Spiegel, 2004). It has a long tradition of effectiveness
in controlling somatic symptoms such as pain and anxi-
ety, and has more recently been applied to pain, anxiety,
and depression among cancer patients (Rajasekaran et al.,
2005). Patients with the requisite hypnotic capacity can be
taught to utilize self-hypnosis to reduce or eliminate pain
and the tension that accompanies it. Hypnotic techniques
have been shown to reduce cancer pain effectively
(Spiegel and Bloom, 1983a) and to facilitate medical pro-
cedures (Lang et al., 2000). It has been shown to be effec-
tive among pediatric cancer patients, especially when
used as a structured exercise conducted by a therapist
(rather than the self-hypnosis that works well among
adults) (Liossi and Hatira, 2003; Wild and Espie, 2004).
It has also proven helpful in addressing patients’ existen-
tial concerns in conjunction with anxiety management
(Iglesias, 2004). Hypnosis offers an opportunity to com-
bine focused attention directed toward problem solving
or analgesic coupled with physical relaxation (Spiegel
and Spiegel, 2004).

CONCLUSION

Distress is expected among cancer patients, and a sub-
stantial minority develop comorbid anxiety, mood,
and cognitive disorders. These disorders adversely
affect quality of life, treatment adherence, and social
support, and, in the case of depression at least, may

PSYCHIATRIC DISORDERS
affect disease progression.Avariety of effectivepsycho-
pharmacological and psychotherapeutic treatments are
available that can reduce symptoms, enhance coping,
and increase social support.
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DEFINITION

Chronic fatigue syndrome (CFS) is a complex illness de-
fined by unexplained disabling fatigue as its core feature
and a combination of other accompanying symptoms,
such as diffuse pain, subjective cognitive impairment,
and sleep problems. Similar symptom constellations have
been described for at least two centuries and a changing
list of names has been used to label them: neurasthenia,
neuromyasthenia,myalgic encephalomyelitis,myalgic en-
cephalopathy, poliomyelitis-like illness, Akureyri disease,
postviral fatigue, and chronic mononucleosis are some
examples (Straus, 1991; Briggs and Levine, 1994). The first
formal case definition of the illness, published in the
USA in 1988 (Holmes et al., 1988), suggested the name
“chronic fatigue syndrome” or CFS. In 1994, an interna-
tional collaborative group that included authors of the
previous case definitions published the current CFS re-
search case definition (Fukuda et al., 1994). The 1994 case
definition requires at least 6 months of persistent fatigue;
this fatigue cannot be substantially alleviated by rest, is
not the result of ongoing exertion, and is associated with
substantial reductions in occupational, social, and per-
sonal activities. In addition, at least four of the following
eight symptoms must occur with fatigue in a 6-month
period: (1) impaired memory or concentration; (2) sore
throat; (3) tender glands; (4) aching or stiff muscles; (5)
multijoint pain; (6) new headaches; (7) unrefreshing sleep;
and (8) postexertional fatigue. Medical conditions that
may explain the prolonged fatigue as well as a number
of psychiatric diagnoses exclude a patient from the diag-
nosis of CFS (Reeves et al., 2003). More recently, efforts
have beenmade to assess case-defining symptoms of CFS
objectively. Persons are classified as having CFS if they
meet the following three empirically derived criteria as
assessed by psychometrically evaluated questionnaires
*
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(Reeves et al., 2005): (1) severe fatigue; (2) substantial
functional impairment; and (3) presence of substantial
accompanying symptoms.

Because CFS is a diagnosis of exclusion, a thorough
medical history and assessment are required before the
diagnosis can be formally established. As outlined in a
recommendation of the International CFS Study Group
(Reeves et al., 2003), the following medical conditions
should be considered as permanent exlcusions: (1) organ
failure (e.g., emphysema, cirrhosis, cardiac failure,
chronic renal failure); (2) chronic infections (e.g., ac-
quired immune deficiency syndrome (AIDS), hepatitis
B or C); (3) rheumatic and chronic inflammatory dis-
eases (e.g., systemic lupus erythematosus, Sj€ogren’s syn-
drome, rheumatoid arthritis, inflammatory bowel
disease, chronic pancreatitis); (4) major neurological dis-
eases (e.g., multiple sclerosis, neuromuscular diseases,
epilepsy, or other diseases requiring ongoing medication
that could cause fatigue, stroke, head injury with resid-
ual neurological deficits); (5) diseases requiring systemic
treatment (e.g., organ or bone marrow transplantation,
systemic chemotherapy, radiation of brain, thorax, abdo-
men, or pelvis); (6) major endocrine diseases (e.g., hypo-
pituitarism, adrenal insufficiency); and (7) primary sleep
disorders (e.g., sleep apnea, narcolepsy).

Temporary medical exclusions include treatable con-
ditions that require evaluation over time to determine
the extent to which they contribute to the fatiguing ill-
ness. These encompass four general categories: (1) con-
ditions discovered at onset or initial evaluation (e.g.,
effects of medications, sleep deprivation, untreated
hypothyroidism, untreated or unstable diabetes mellitus,
active infection); (2) conditions that resolve (e.g., preg-
nancy until 3 months postpartum, breastfeeding, major
surgery until 6 months postoperation, minor surgery
, University of Marburg, Gutenbergstrasse 18, 35037 Marburg,
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until 3 months postoperation, and major infections such
as sepsis or pneumonia until 3 months postresolution;
sleep disorders such as restless-leg syndrome and peri-
odic limb movement should be considered temporary
exclusions for research criteria, if they are severe, but
not if the degree of the sleep problem is insufficient
to explain the severity of the fatigue); (3) major condi-
tions whose resolution may be unclear for at least 5 years
(e.g., myocardial infarction, heart failure); and (4) morbid
obesity (body mass index (BMI) > 40 kg/m2). The 1994
CFS case definition (Fukuda et al., 1994) specified a
BMI> 45 kg/m2. While both cut-off values are arbitrary,
a BMI > 40 kg/m2 defines morbid obesity and is a more
inclusive contributing factor to explain chronic fatigue
(Reeves et al., 2003).

Permanent psychiatric exclusions include lifetime
diagnoses of bipolar disorder, schizophrenia of any sub-
type, delusional disorders of any subtype, dementias of
any subtype, organic brain disorders, and alcohol or sub-
stance abuse within 2 years before onset of the fatiguing
illness. The 1994 case definition stated that any past or
current diagnosis of major depressive disorder with
psychotic or melancholic features, anorexia nervosa,
or bulimia permanently excludes a subject from the clas-
sification of CFS. Because only active disease or disease
requiring prophylactic medication would contribute to
confusion with evaluation of CFS symptoms, it is now
recommended that if these conditions have been
resolved for more than 5 years before the onset of the
current chronically fatiguing illness they should not be
considered exclusionary (Reeves et al., 2003).
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COMORBIDITY

Fatigue features prominently in many medical conditions
(Clauw and Chrousos, 1997), and a thorough medical
assessment should therefore be conducted in order to as-
certain that a primarymedical condition is not responsible
forapatient’scomplaints.Fatigue ismostprevalent inneu-
rological disorders (Chaudhuri and Behan, 2004), but
also in infectious mononucleosis (Candy et al., 2003),
ankylosing spondylitis (vanTubergen et al., 2002), chronic
hepatitis C infection (Wessely and Pariante, 2002), celiac
disease (Siniscalchi et al., 2005), inflammatory bowel
disorder (Minderhoud et al., 2003), and cancer
(Jereczek-Fossa et al., 2002; Tavio et al., 2002; Reuter
and Harter, 2004), to name a few examples.

There is a considerable overlap between CFS and
psychiatric disorders. For example, the prevalence for
current generalized anxiety disorder in CFS ranges be-
tween 15% and 56.6% (Buchwald et al., 1997; Fischler
et al., 1997; Skapinakis et al., 2003a). Consistent with
the fact that fatigue is a common symptom in depressive
disorders, a substantial overlap in diagnoses of CFS and
depression has been reported, with about 15–67% of CFS
patients fulfilling the diagnosis of a depressive disorder
(Wessely et al., 1996; Buchwald et al., 1997; Fischler
et al., 1997; Skapinakis et al., 2003a). However, while
there is some symptom overlap between these psychiat-
ric conditions and CFS, there are also distinct symptoms,
such as suicidal ideation in depression, and panic attacks
in anxiety disorders, that are not more frequently
present in CFS patients than in the general population.
Indeed, between a third and a half of patients with
CFS do not meet current criteria for any other psychiat-
ric disorder (Buchwald et al., 1997; Fischler et al., 1997),
indicating that CFS is not merely a psychiatric
epiphenomenon.

CFS often co-occurs with other medically unex-
plained syndromes such as fibromyalgia, multiple
chemical sensitivities, irritable bowel syndrome, and
temporomandibular joint disorder. These disorders have
in commonwith CFS the fact that they are defined as dis-
orders that, after appropriate medical assessment, can-
not be explained in terms of a conventionally defined
medical disease (Barsky and Borus, 1999). CFS has been
best studied in relation to fibromyalgia, a syndrome of
characteristic tender points and chronic diffuse body
pain (Wolfe, 1990). It is estimated that 21–80% of fibro-
myalgia patients also fulfill criteria for CFS (Aaron and
Buchwald, 2003). In another disabling illness, irritable
bowel syndrome, co-occurring fatigue is also highly
prevalent (Whitehead et al., 2002; Piche et al., 2007). De-
spite the different primary symptom foci of each of
these disorders, a meta-analysis found a substantial
symptom overlap between these conditions (Wessely
et al., 1999). The overlap in case definitions, reported
symptoms, patient characteristics, and treatments for
manymedically unexplained syndromes has led some re-
searchers to suggest that these conditions are arbitrarily
classified and should be considered as different mani-
festations of the same biomedical and psychosocial pro-
cesses. A logical consequence of this point of view is a
tendency to espouse the abandonment of distinct illness
categories in favor of a dimensional, symptom-based ap-
proach (Wessely et al., 1999). However, it is worth noting
that strong feelings exist on both sides of the categorical
disease model–dimensional approach controversy and
the issue is not likely to be resolved in the near future
(Barsky and Borus, 1999; Wessely and White, 2004).

Taken together, CFS co-occurs and shares core symp-
toms with a variety of medical and psychiatric condi-
tions, suggesting that similar pathways may be
involved in the etiology and development of these path-
ological states. However, no studies so far have assessed
such a pathway in a longitudinal perspective. Thus, it is
not clear whether certain conditions might predispose
patients to the later development of CFS, or vice versa.
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PREVALENCE

CFS is relatively common in the community, in primary
care, and in hospital settings. An early interview-based
survey ofCFS in the UK estimated the lifetime prevalence
at 7 per 100 000 persons (Price et al., 1992). An investiga-
tion using a physician-based surveillance system for CFS
in four USmetropolitan areas (Atlanta, Georgia; Wichita,
Kansas; Grand Rapids, Michigan; and Reno, Nevada)
showed that age-, sex-, and race-adjusted prevalences
of CFS for a 4-year surveillance period ranged from 4.0
to 8.7 per 100 000 population (Reyes et al., 1997). In a
cross-sectional telephone screening survey of households
in San Francisco, followed by interviews with fatigued
and nonfatigued residents, a total of 33 adults (0.2% of
the study population) were classified as CFS-like cases
and 259 (1.8%) as idiopathic chronic fatigue-like
cases (Steele et al., 1998). Findings from a random
community-based sample in Chicago indicated that CFS
occurs in about 0.42% of the population (Jason et al.,
1999). The overall weighted point prevalence of CFS,
adjusted for nonresponse, in a population-based study in
Wichita, Kansas, was 235 per 100 000 persons (Reyes
et al., 2003). A recent study found a high prevalence of
2.54% in Georgia, USA (Reeves et al., 2007). These higher
numbersmight bedue tobroader screeningcriteriaanddif-
ferences in the CFS diagnostic criteria employed by other
studies. Thus, the overall prevalence of chronic fatigue
andCFS in the general population is reported to be between
0.1% and 2.5%. It is estimated that 2.2 million Americans
suffer with CFS and that the disorder is more common in
rural than urban populations (Bierl et al., 2004). Rates
for CFS in primary care are, not surprisingly, higher than
rates seen in the community (Bates et al., 1993; Skapinakis
et al., 2003a). If broader symptom patterns of fatigue are
considered, and not just the formal diagnosis of CFS,
an even higher prevalence (9% for unexplained chronic
fatigue and13.4%for chronic fatigue) is found (Skapinakis
et al., 2003b). Notably, prevalence rates are uniformly
higher in women than in men in the reported studies.
PATHOPHYSIOLOGY

The pathophysiology of CFS is complex and far from
being fully understood, despite the fact that literally
thousands of research publications have attempted to
address the issue since CFS was first formalized with
the case definition of 1988. This section summarizes
findings regarding immune, endocrine, autonomic, cen-
tral nervous system, and behavioral alterations that have
been reported in the context of CFS. As this section
shows, the science of CFS has yet to account fully for
the intricate relationships of these systems and their role
in the manifestation of CFS pathology.
Immune system changes

Many findings suggest that infectious agents (viral
and bacterial infections) and immunological dysfunc-
tion (e.g., inappropriate production of cytokines) may
play a role in the pathophysiology of at least some cases
of CFS (Lyall et al., 2003). The first descriptions of CFS
were linked with both viral and bacterial infections.Most
studies on viral infections have focused on Epstein–Barr
virus (EBV), which has been consistently associated with
the ability to induce CFS-like syndromes. In the 1980s,
several reports of unexplained illnesses reminescent of
CFS were published, all of which observed increased
EBV titers in these patients (Jones et al., 1985; Straus
et al., 1985; Centers for Disease Control, 1986). How-
ever, subsequent studies have failed to show a causative
relationship between EBV and CFS (Buchwald et al.,
1987; Hellinger et al., 1988). Other studies examining
human herpesviruses (HHV) in CFS could not find asso-
ciations between HHV6, cytomegalovirus, or EBV
(Buchwald et al., 1996; Wallace et al., 1999). Taken to-
gether, the relationship between human HHV and CFS
is questionable (Soto and Straus, 2000). CFS has also
been associated with enteroviruses and parvoviruses, al-
though the relationship is still controversial (Chia, 2005).

Regarding bacterial infections, fatigue is a common
sequela of Borrelia burgdorferi, Mycoplasma, and
Chlamydia infections (Devanur and Kerr, 2006; Appel
et al., 2007), and the post-Lyme borreliosis syndrome
is similar to CFS, in that its main symptoms include
fatigue, musculoskeletal pain, and neurocognitive dis-
turbances (Gaudino et al., 1997; Cairns and Godwin,
2005). However, no study so far has shown a relation-
ship between bacterial infections and CFS. In conclu-
sion, the literature on the role of infectious agents in
CFS is relatively abundant, but no conclusive statement
about a causation of CFS can be drawn.

Other studies have indicated signs of immune distur-
bance in patients with CFS, especially in the form of ele-
vated proinflammatory cytokine levels (Patarca, 2001;
Patarca-Montero et al., 2001), such as interleukin-6 and
tumor necrosis factor-alpha in serum and cerebrospinal
fluid (Straus et al., 1989; Borish et al., 1998). Consistent
with these findings, increased in vitro inflammatory cyto-
kine release has been reported in stimulated peripheral
blood mononuclear cells of CFS patients (Cannon
et al., 1997). Other indices of cytokine-mediated immune
alterations that have been reported in patients with CFS
include increased levels of autoantibodies, decreased nat-
ural killer cell activity, high levels of type 2 cytokine-
producing cells, activated T lymphocytes, CD19þ B cells,
neopterin (a marker of activated cell-mediated immu-
nity), and activated complement (Mawle et al., 1997;
von Mikecz et al., 1997; Whiteside and Friberg, 1998;
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Skowera et al., 2004). In addition, alterations in the
expression of genes involved in immunity have been
detected (Steinau et al., 2004). However, despite multiple
indications of immune system activation in CFS, the best-
replicated immunological findings in this disorder are
suppression of several immune functions, especially nat-
ural killer cell activity and mitogen-induced lymphocyte
proliferation (Whiteside and Friberg, 1998; Bounous
and Molson, 1999). Nonetheless, these multiple findings
need to be interpreted in light of an influential meta-
analysis (Lyall et al., 2003) that found no evidence for
clear immune abnormalities in CFS, and that, indeed,
the better the study design employed, the less likely pos-
itive findings were to emerge.
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Neuroendocrine changes

A substantial body of research on the pathophysiology
of CFS has focused on dysregulation of the neuroendo-
crine system. The hypothalamic–pituitary–adrenal
(HPA) axis has been of primary interest, because hor-
mones of the HPA axis may contribute to the peripheral
and central causes of chronic pain and fatigue. For
example, glucocorticoid deficiency is associated with
symptoms of CFS, such as fatigue, malaise, somno-
lence, myalgia, and arthralgia (Clauw and Chrousos,
1997). Research on HPA axis dysfunction in CFS began
when Poteliakhoff (1981) described attenuated basal
plasma cortisol levels in patients suffering from chronic
fatigue. Since that time, a wealth of information has ac-
cumulated on both basal and challenge outcomes of en-
docrine functioning. In a seminal study by Demitrack
and colleagues (1991), low levels of cortisol in 24-hour
urine of CFS patients were found in comparison to
healthy controls. These findings were among the first
to suggest hypoactivity of this axis in CFS. Subsequent
studies of basal HPA axis found similar results. Three
studies reported on lower cortisol levels after awakening
in comparison to healthy controls (Strickland et al., 1998;
Roberts et al., 2004; Jerjes et al., 2005). Furthermore, a
generally reduced diurnal fluctuation of salivary corti-
sol in CFS compared to healthy controls was observed
(Jerjes et al., 2005; Nater et al., 2008). However, other
studies found no difference in salivary cortisol concen-
trations between CFS and healthy controls (Young et al.,
1998; Gaab et al., 2002). A similar pattern of positive and
negative studies has emerged in the examination of uri-
nary free cortisol (UFC), with some studies finding no
differences between CFS and control groups (Cannon
et al., 1998; Hamilos et al., 1998; Young et al., 1998;
Crofford et al., 2004; Inder et al., 2005) and others
observing lower UFC levels in CFS (Demitrack et al.,
1991; Scott and Dinan, 1998; Cleare et al., 2001a, b; Jerjes
et al., 2006a). A morrecent study (Jerjes et al., 2006b)
reported numerically, but not statistically, lower UFC
levels in CFS compared to nonfatigued controls. Simi-
larly, some studies assessing plasma cortisol repeatedly
over the course of the day did not find significant dif-
ferences (Korszun et al., 1999; Altemus et al., 2001;
Crofford et al., 2004; Di Giorgio et al., 2005; Inder
et al., 2005), whereas several other studies reported a re-
duced mean plasma cortisol concentration in CFS
(Hamilos et al., 1998; MacHale et al., 1998; Cevik
et al., 2004; Gur et al., 2004).

Some studies have examined HPA axis dysregulation
on the level of the pituitary gland. In one study, adreno-
corticotrophic hormone (ACTH) concentrations were
slightly higher in both the morning and evening
(MacHale et al., 1998). In a sample of 36 CFS patients
and 20 controls, blood samples were taken every 4 hours
during a single 24-hour period. The circadian rhythm of
ACTH was statistically significant in both CFS and con-
trol groups. At 2400 and 0400 hours the CFS patients
showed lower ACTH levels than healthy subjects
(Racciatti et al., 2001). In a study collecting blood every
10 minutes over 24 hours, ACTH pulsatility was
analyzed, revealing no differences between patient
and control groups (Crofford et al., 2004). One study
using 24-hour sampling found a reduced mean ACTH
secretion in patients with CFS over the whole monitoring
period, and a differential pattern of ACTH release. Post
hoc analysis showed reduced ACTH levels in CFS dur-
ing the 8–10 a.m. period. Cosinor analysis found that the
ACTH rhythm differed, with CFS patients showing an
earlier acrophase (Di Giorgio et al., 2005).

Further insight has been gained from pharmacologi-
cal challenge studies testing specific levels of HPA axis
regulation. Enhanced feedback sensitivity has been
shown using the low-dose dexamethasone and prednis-
olone suppression tests (Gaab et al., 2002; Segal et al.,
2005; Jerjes et al., 2007). Using the ACTH stimulation
test, patients demonstrated significantly increased adre-
nocortical sensitivity to ACTH, and a reduced maximal
response in cortisol compared to normal subjects
(Demitrack et al., 1991). The latter finding was replicated
in another study (Scott et al., 1998b). However, other
studies found no differences using the 1-mg short
Synacthen test (Hudson and Cleare, 1999) and low-dose
and high-dose ACTH challenge tests (Gaab et al., 2003).
At the level of the pituitary, studies using corticotropic-
releasing hormone challenges have found attenuated
ACTH responses in CFS patients (Demitrack et al.,
1991; Scott et al., 1998a). However, no differences for
either ACTH or cortisol have been found in both adoles-
cent (Kavelaars et al., 2000) and adult CFS patients and
controls (Cleare et al., 2001b).

In conclusion, some data indicate that CFS may be
associated with reduced cortisol output, heightened
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negative feedback, and increased adrenocortical sensi-
tivity. Although the reported results are somewhat con-
tradictory, the overall picture may be summarized as a
relative hypoactivity of the HPA axis in CFS patients.
Because it has been suggested that glucocorticoid
deficiency is associated with CFS-like symptoms
(Clauw and Chrousos, 1997), this phenomenon might
potentially be able to explain at least some of CFS symp-
tomatology. However, no study so far has been able to
show a causal relationship between HPA axis alterations
and CFS, clearly showing that more work is needed
using prospective designs.

CHRONIC FATI
Autonomic nervous system changes

A number of studies have examined the involvement of
the autonomic nervous system (ANS) in the pathophys-
iology of CFS based on the observation that many CFS
symptoms are also observed in conditions of known
dysautonomia, including disabling fatigue, dizziness,
diminished concentration, tremulousness, and nausea
(Komaroff and Buchwald, 1991). The close relationship
between these symptoms and dysautonomia has
prompted many researchers to study ANS function in
CFS patients. Initial studies found an increased preva-
lence of neurally mediated hypotension in CFS patients
in response to the head-up tilt (HUT) table test (Bou-
Holaigah et al., 1995; Rowe et al., 1995). Subsequently,
numerous studies have found evidence of increased
occurrence of orthostatic intolerance, which includes de-
velopment of symptoms upon assuming and maintain-
ing upright posture, as tested by either prolonged
standing in CFS compared to healthy control groups
(Tanaka et al., 2002) or the aforementioned HUT (De
Lorenzo et al., 1996; Yataco et al., 1997; Stewart et al.,
1998, 1999; Schondorf et al., 1999). However, results
are not consistent, with some studies finding no differ-
ences between CFS and control groups regarding ortho-
static symptoms (Duprez et al., 1998; LaManca et al.,
1999; Poole et al., 2000; Jones et al., 2005).

Another line of research in the study of ANS alter-
ations in CFS has focused on cardiovascular autonomic
measures. Many studies have found increased heart rate
measures in CFS both at rest and due to challenge
(Freeman and Komaroff, 1997; Duprez et al., 1998;
van de Luit et al., 1998; Karas et al., 2000; Streeten
et al., 2000; Naschitz et al., 2001; Winkler et al.,
2004). This is in accordance with other studies showing
low vagal tone (Sisto et al., 1995; Cordero et al., 1996;
Freeman and Komaroff, 1997; Stewart, 2000) and a gen-
eral sympathetic overactivity (Pagani et al., 1994; De
Becker et al., 1998; Stewart et al., 1998). However, there
are also reports of decreased heart rate in response to
exercise (Montague et al., 1989) or mental stress
(Soetekouw et al., 1999), or no differences between
CFS and healthy controls at all (Yataco et al., 1997; De
Becker et al., 1998; Soetekouw et al., 1999).

In sum, the majority of the findings on ANS changes
in CFS point to abnormal responses to orthostatic stress
and tachycardia compared to healthy controls. While
these findings suggest alterations in the ANS in CFS,
the contradictory nature of the overall literature pre-
vents one from reaching a definitive conclusion. It is
critical to note that some symptoms of CFS, such as sore
throat, myalgia, and cognitive alterations, cannot be at-
tributed to dysautonomia. Thus, the explanatory power
of findings of autonomic alterations in the pathophysi-
ology of CFS remains limited.
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Central nervous system changes

Studies of the central nervous system in CFS have exam-
ined both structural and functional alterations. Early
studies using magnetic resonance imaging (MRI) found
a number of morphological changes when comparing
CFS patients to healthy controls. Most evident were
lesions in the white matter of CFS patients (Buchwald
et al., 1992; Natelson et al., 1993), particularly in a sub-
group with no psychiatric comorbidity (Lange et al.,
1999). However, other studies found no white-matter
differences between CFS and healthy controls (Cope
et al., 1995; Greco et al., 1997). Further studies examining
structural differences found larger ventricular volumes
in CFS than in a control group (Lange et al., 2001) and
reduced gray-matter volume (Okada et al., 2004; de
Lange et al., 2005). Interestingly, it was shown that
gray-matter reductions were associated with CFS
symptoms, such as fatigue severity (Okada et al.,
2004), and a reduction in physical activity (de Lange
et al., 2005). Similarly, another study found structural
abnormalities to be associated with increased physical
impairment in CFS (Cook et al., 2001), suggesting a
strong clinical relevance of brain morphology alter-
ations. Taken together, the findings of structural
changes generally point to subtle morphological changes
found in CFS, which might potentially be related to
functional impairment. Nonetheless, similar abnormali-
ties have been observed in many conditions highly
comorbid with major depression, suggesting that these
abnormalities may not be specific for CFS.

Compared to the static structural data resulting from
MRI studies, techniques such as single-photon emission
computed tomography (SPECT), positron emission to-
mography (PET), and functional MRI (fMRI) provide
dynamic measures of brain function. A number of early
studies using SPECT reported global cerebral hypoper-
fusion in patients with CFS (Ichise et al., 1992; Schwartz
et al., 1994), although these findings are somewhat
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limited by the fact that psychiatric comorbidity was not
taken into account. To compensate for this weakness,
several studies compared CFS groups to patients with
major depression and healthy controls. In one study
(Costa et al., 1995), decreased brainstem perfusion
was found and in another increased perfusion of the
thalamus was observed in CFS (MacHale et al., 2000),
whereas these changes were not found in the two com-
parison groups. However, findings of cerebral blood
flow differences remain equivocal with several studies
finding no differences between CFS patients and con-
trols (Peterson et al., 1994; Fischler et al., 1996; Lewis
et al., 2001). While these studies have measured cerebral
blood flow changes at rest, one study found greater ac-
tivation during a demanding cognitive task in CFS com-
pared to healthy controls (Schmaling et al., 2003).

PET has been used in studies of CFS in order to
measure brain metabolism. A study comparing CFS,
depression, and healthy control groups found brainstem
hypofunction in CFS, but not in the other two groups
(Tirelli et al., 1998). Another study, however, found no
specific region of hypometabolism in CFS, although half
of the patients examined showed generalized hypometa-
bolism (Siessmeier et al., 2003). A third study found a re-
duction of 5-HT1A receptor-binding potential in CFS,
which the authors explained by an overall increased sero-
tonergic synaptic neurotransmission, which might, if pro-
longed, result in a downregulation of 5-HT1A receptors
(Cleare et al., 2005).

Another line of neuroimaging research in CFS has
made use of fMRI. Functional differences as evidenced
by fMRI between CFS and healthy controls have been
found using motor and visual imagery tasks (de Lange
et al., 2004), auditory information (Lange et al., 2005;
Tanaka et al., 2006), and working-memory tasks
(Caseras et al., 2006).

Taken together, neuroimaging studies seem to con-
vey general abnormalities of the central nervous system
in patients with CFS. However, no alterations in specific
regions that might be associated with CFS can be iden-
tified based on the currently available literature.

Risk factors of CFS

GENETIC FACTORS

Evidence is accumulating that hereditary factors or ge-
netic predisposition might determine whether an individ-
ual is at risk for CFS. Higher rates of CFS in the relatives
of CFS cases compared with the relatives of control sub-
jects have been observed (Walsh et al., 2001). Twin study
results also support a moderate genetic effect in chronic
fatigue or CFS, with findings of higher rates of fatigue
in monozygotic twins than in dizygotic pairs (Farmer
et al., 1999; Hickie et al., 1999a, b; Buchwald et al.,
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2001), and showing the complex interaction of environ-
mental and genetic factors in chronic fatigue (Sullivan
et al., 2005).

Genetic association studies using cases and controls
from unrelated individuals also extend a role for genetic
risk factors in CFS. The long allele of the serotonin
transporter (5-HTT) gene promoter polymorphism was
associated with CFS (Narita et al., 2003). Increased risk
for CFS in Gulf War veterans was also associated with
the insertion/deletion polymorphism in the angiotensin-
converting enzyme gene (Vladutiu and Natelson, 2004).
Finally, a few studies examined polymorphisms related
to HPA axis regulation. In one study, homozygosity for
the serine allele of the corticosteroid-binding globulin
gene was found in CFS (Torpy et al., 2004), and in a
more recent study on the glucocorticoid receptor gene
(NR3C1), an association with multiple single-nucleotide
polymorphisms with CFS and CFS-related symptoms
was found (Rajeevan et al., 2007). Notably, NR3C1
and 27 other genes (out of several million possible poly-
morphisms) were highly predictive of people developing
CFS (Goertzel et al., 2006). Concordant with these find-
ings, Smith et al. (2006) reported that three out of five
clinically distinct classes of fatigued people were asso-
ciated with multiple genes known to be involved in
HPA axis and neurotransmitter regulation. Further-
more, one study identified positive associations of
cytokine-related polymorphisms in CFS (Carlo-Stella
et al., 2006), suggesting a role for the immune system
in the manifestation of CFS. This latter finding is partic-
ularly interesting in the context of studies showing
changes in gene expression related to the immune
system of CFS subjects (Powell et al., 2003; Steinau
et al., 2004; Kaushik et al., 2005).

Taken together, there is reason to believe that CFS
does have a genetic component. Genetic variations
might be a possible mechanism through which the
above-discussed alterations in immune, HPA axis,
ANS, and central nervous system function, as well as
behaviors that are characteristic of CFS, may manifest.
Clearly, the study of genetic underpinnings in CFS has
only begun and technological developments in human
genomics will dramatically increase our understanding
of the genetics of CFS.

ET AL.
PERSONALITY FACTORS

Personality factors are also risk factors for CFS or con-
tribute to the maintenance of the disorder. Early findings
have suggested a relationship between uncommon tired-
ness and emotional instability as well as introversion in
a student population (Montgomery, 1983). Following up
on this initial report, several studies have examined the re-
lationship between fatigue and neuroticism (or negative
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affectivity/emotional reactivity), which is defined as a ten-
dency to experience a broad range of somatic and dys-
phoric states. In general, a positive association between
neuroticism and fatigue has been found (Magnusson
et al., 1996), with CFS patients showing higher levels of
neuroticism than healthy controls (Buckley et al., 1999)
and than the general population (Taillefer et al., 2003).
However, it should be noted that a review concluded that
associations between neuroticism and CFS might be
mostly due to methodological issues in these studies
(van Geelen et al., 2007).

Other studies have examined the impact of comorbid
depression in CFS on personality measures, showing that
personality alterations were most prevalent in CFS
patients also showing depressive symptoms (Johnson
et al., 1996; Wood and Wessely, 1999), although the
opposite has also been reported (Henderson and Tannock,
2004). In this context, the question arises whether person-
ality dispositions are a premorbid risk factor or whether
they are a consequence of the chronicity and severity of
CFS (and comorbid conditions). While some authors have
raised the possibility that personality alterations are
merely sequelae of the illness itself (Christodoulou
et al., 1999), a study in a population-based sample of twins
found that emotional instability assessed 25 years earlier
was associated with chronic fatigue (Kato et al., 2006).
Although no diagnosis of CFS was ascertained in this
study, this finding is still relevant for the understanding
of the relationship between personality and CFS because
its use of a prospective, longitudinal design allows strong
inferences to be made regarding the potentially causative
contribution of personality in the development of
fatiguing illness.However, despite this important finding,
the question of whether personality is primarily a predis-
position or is a result of full-blown diagnostic CFS still
awaits empirical evaluation.

CHRONIC FATI
COGNITIVE-BEHAVIORAL FACTORS

Cognitive-behavioral factors have been frequently
implicated in the etiology and maintenance of CFS
(Surawy et al., 1995), with research primarily focusing
on the two broad categories of illness perceptions and
coping styles. Concerning illness perceptions, CFS pa-
tients often report that they believe that their illness is
due to a physical condition (Clements et al., 1997; Deale
et al., 1998). It has been shown that patients who consid-
ered their illness to be a serious condition, who believed
that they had no control over their illness, and who saw
little possibility for cure reported more impairment and
increased symptom load (Heijmans, 1998). Similarly, a
tendency to make somatic attributions of fatigue symp-
toms resulted in more symptoms in another study
(Cathebras et al., 1995). Low self-efficacy (Findley
et al., 1998), as well as self-serving attributional style
and illness attributions (Creswell and Chalder, 2003),
were also found to be typical in CFS patients. Interest-
ingly, illness beliefs may influence the later development
of fatigue symptoms. A study by Candy et al. (2003) has
shown that fatigue manifestation 3 and 6 months after
infectious mononucleosis was predicted by the subjects’
expectations of how long it would take them to recover.
However, CFS may be associated not only with altered
perception of illness on the part of the patient, but also
on the part of caregivers. A study by Lehman et al.
(2002) has shown that lack of illness legitimization by
the physician may lead to higher depression and anxiety
scores in CFS patients. What is more, a recent survey of
general health practitioners revealed that about half of
the surveyees did not believe that CFS even existed
(Thomas and Smith, 2005). Thus, if CFS patients and their
physicians have both a lack of adequate knowledge about
CFS and the belief that the illness is caused by medical
factors, the outcome may be unfavorable.

A broad literature on dysfunctional coping styles in
CFS patients exists, with several studies documenting
maladaptive coping styles in CFS (Ax et al., 2002).
Patients with CFS were shown to use significantly
more escape/avoidance strategies than healthy controls
(Blakely et al., 1991; Cope et al., 1996). Escape/avoidance
strategies involve disengaging or staying away from a
stressful situation and its behavioral and cognitive/emo-
tional consequences. In accordance with this finding,
Afari and colleagues (2000) observed that twins with
CFS or other chronic fatigue utilized more avoidance
strategies than their nonfatigued siblings. Another study
showed that CFS patients more frequently employed de-
fensive coping styles than did healthy controls or patients
with other chronic illness (Creswell and Chalder, 2001),
and a population-based study found that CFS cases used
escape/avoidance coping strategies significantly more
frequently than non-ill controls (Nater et al., 2006). Inter-
estingly, cognitive appraisals and maladaptive coping
styles were associated with clinical features of CFS
(e.g., severity of fatigue, impairment, illness burden, psy-
chosocial problems, and psychiatric comorbidity) (Antoni
et al., 1994), with another study of a population-based
sample of CFS cases showing specifically that escape/
avoidance coping was related to fatigue severity, pain,
and disability (Nater et al., 2006). Despite this relative
convergence of results, another community-based study
of chronic fatigue showed no differences with regard
to coping styles between individuals with CFS and healthy
controls (Jason et al., 2003).

Taken together, these studies indicate that CFS is
associated with maladaptive illness beliefs and coping
strategies, potentially resulting in inadequate treatment
efforts and regulatory adaptation to challenge, with the
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consequence of persistent fatigue and other related
symptoms. Identification of cognitive-behavioral
factors might ultimately lead to the further development
of intervention strategies based on cognitive and
behavioral changes.
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STRESS FACTORS

Several studies suggest that stress plays an important
role in CFS. For example, the physical symptoms of
CFS were exacerbated by the stress inflicted on people
by Hurricane Andrew (Lutgendorf et al., 1995), and
CFS patients appear more likely to report histories of
stressful life events compared to controls (Reyes
et al., 1996; Kane et al., 1997). These findings have been
corroborated in a number of other studies examining the
role of stressors prior to onset of CFS symptomatology
(Salit, 1997; Theorell et al., 1999; Masuda et al., 2002;
Sundbom et al., 2002; Hatcher and House, 2003). While
these studies were retrospective in nature, findings from
a prospective study indicated that stress levels prior to
manifestation of CFS predicted the risk for developing
CFS (Kato et al., 2006). These results are supported by
studies investigating the role of stress in symptom devel-
opment in occupational groups at high risk for stress, in-
cluding Gulf War veterans (McCauley et al., 2002; Kang
et al., 2003) and nurses (Jason et al., 1998), who show
higher rates of CFS than the general populaton. Interest-
ingly, a decreased regional prevalence of fatiguing ill-
nesses in the aftermath of the terrorist attacks in New
York of September 11, 2001 was found. The causes of this
effect are unknown but might involve acute psychologi-
cal and physiological adaptations that modify the percep-
tion or manifestation of fatigue (Heim et al., 2004).

Studies have also shown that exposure to significant
stress early in life might play a role in the etiology and
manifestation of fatigue-like states or CFS later in the
life course. In a questionnaire-based study of 1931
women, a history of childhood sexual or physical abuse
was associated with increased levels of fatigue and pain
in adulthood (McCauley et al., 1997). A similar study
found that a variety of medical problems, chronic fatigue
among them, were highly associated with one or more
types of childhood abuse (Romans et al., 2002). In clinical
studies of CFS patients, a similar pattern has been found,
with higher prevalences of emotional neglect and abuse
and of physical abuse (Van Houdenhove et al., 2001)
and increased reports of sexual assault or physical battery
as children or teenagers in CFS compared to healthy con-
trol groups (Sundbom et al., 2002). In a population-based
study, it was shown that higher levels of childhood
trauma and psychopathology can be found in CFS
patients than in healthy controls. In this study, exposure
to childhood trauma increased risk for CFS three- to
eightfold (Heim et al., 2006).

Thus, stress seems to play an important role in trig-
gering CFS symptomatology, although it is likely that
stress interacts with other vulnerability factors in people
who go on to develop the disorder. Ongoing or acute
stressors might elicit physiological changes in the predis-
posed body, ultimately leading to pathophysiological
changes associated with CFS.

ET AL.
TREATMENT

Consonant with the absence of clearly identified patho-
physiologicalmechanismsforCFS, treatment for thedisor-
der remains controversial and far from adequate. Indeed,
the perplexing array of behavioral, pharmacological, and
alternative treatments employed by patients with CFS tes-
tifies to howmuch remains to be done in terms of develop-
ing, testing, and implementing fully effective therapies for
this often devastating condition (Whiting et al., 2001).

Of all treatment approaches, cognitive-behavioral ther-
apy (CBT) and graded exercise are best supported by ran-
domized, double-blind trials, as well as meta-analyses of
these trials. CBT strategies for CFS typically involve orga-
nizing activity and rest cycles, initiating graded increases in
activity, establishing a consistent sleep regimen and
attempting to restructure beliefs around self, aswell as dis-
ease attributions (Rimes andChalder, 2005). CBT has been
shown to reduce fatigue and improve functioning in adults
andadolescentswhencompared towait-list aswell as active
(frequently relaxation) interventions (Sharpe et al., 1996;
Deale et al., 1997, 2001; Prins et al., 2001). One study found
thatbenefitsweresustainedover5years (Deale etal., 2001),
while another study found no long-term benefit for CBT
(Leone et al., 2006). Another study suggests that CBT
may also improve self-perceptions of cognitive difficulty
without improvingactual cognitiveperformance inpatients
with CFS (Knoop et al., 2007).

Graded exercise therapy aims to help patients de-
velop a structured activity program designed to increase
aerobic activity gradually, usually in the form of walk-
ing (Rimes and Chalder, 2005). As with CBT, random-
ized trials suggest efficacy (Fulcher and White, 1997;
Wearden et al., 1998; Powell et al., 2001, 2004; Wallman
et al., 2004), although graded exercise appears to be less
tolerable for many patients than is CBT (Wearden et al.,
1998; Ridsdale et al., 2004). However, CBT is subject to
significant limitations as well, including low rates of dis-
ease remission, greater effect on self-perception of dis-
ability than on functioning itself (Knoop et al., 2007),
and unpopularity with many CFS patients (Abbot and
Spence, 2006). Moreover, response rates to CBT in clin-
ical practice appear to be significantly lower than those
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observed in controlled trials. Consistent with this, rates
of response appear to be lower even in controlled trials
when relatively less experienced therapists are involved
in the intervention (Prins et al., 2001). Outcomes to both
CBT and graded exercise can likely be optimized by ap-
propriate patient selection. In general, patients with poor
social functioning, a low sense of control in relationship
to symptoms, and a high degree of somatic preoccupa-
tion and/or attribution of illness to purely somatic
causes are less likely to respond to either behavioral in-
tervention (Rimes and Chalder, 2005).

Responses to all manner of pharmacological interven-
tions have been uniformly disappointing in patients with
CFS. Unlike comorbid conditions such as major depres-
sion or generalized anxiety disorder, in CFS no currently
available pharmacology strategy reliably induces remis-
sion of symptoms, and even the more modest goal of
symptomatic improvement has been elusive when agents
are put to double-blind, placebo-controlled trial. Antide-
pressants are almost certainly the most often prescribed
agents, and yet the meager controlled data available sug-
gest that they are not effective for the condition (Natelson
et al., 1996; Vercoulen et al., 1996), and to the extent that
they might help, are more likely to ameliorate comorbid
mood symptoms than core features of CFS (Wearden
et al., 1998). Of the antidepressants, agents that block
the reuptake of both norepinephrine and serotonin may
have more efficacy than agents that target serotonin
alone, given several large recent double-blind trials indi-
cating that the norepinephrine–serotonin inhibitor dulox-
etine reduces core symptoms of fibromyalgia, a disorder
that considerably overlaps with CFS (Arnold et al., 2004,
2005).Other psychopharmacological agents thatmay ben-
efit patients with CFS include psychostimulants, sleeping
aids, and the novel wakefulness-promoting agent moda-
finil, although use of these agentsmust be considered em-
pirical. Some data suggest that glucocorticoid therapy
may benefit patients with CFS (Cleare et al., 1999), but
the results remain inconclusive (Rowe et al., 2001). Al-
though nutritional supplements and complementary/alter-
native treatments are commonly used by patients with
CFS, none has shown benefit when subjected to well-
designed clinical trials (Rimes and Chalder, 2005).
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INTRODUCTION

From the very beginning of the human immunodefi-
ciency virus (HIV) epidemic, neurocognitive deficits
have been observed in the very early stages of HIV
infection. Since HIV was associated with progression
to acquired immune deficiency syndrome (AIDS),
poorer prognosis, and mortality (Navia and Price,
1987), there has been considerable interest in the early
detection of prodromal signs of neuropsychological
impairment in HIV-infected patients.

With the introduction of the new antiretroviral treat-
ment combinations, HIV mortality has been dramatically
reduced, though neurocognitive deficits continue to be
very prevalent in HIV infection and neuropsychological
deficits may persist in a substantial proportion of patients
despite long-term antiretroviral treatment (Tozzi et al.,
2007). The pattern of neuropsychological impairment
differs between the eras before highly active antiretroviral
therapy (HAART) and now with HAART, with an
improvement in attention, verbal fluency, and visuocon-
struction deficits, but a deterioration in learning effi-
ciency and complex attention (Cysique et al., 2004).

Neuropsychological impairment is seen in approxi-
mately one-third to one-half of patients infected with
HIV (Heaton et al., 1995; McArthur and Grant, 1998).
Therefore, neuropsychology provides an important con-
tribution to the evaluation and management of patients
with HIV infection.
*
Correspondence to: Jordi Blanch, MD, PhD, Consultant, Departm

Villarroel 170, 08036 Barcelona, Spain. E-mail: jblanch@clinic.ub.
A neuropsychological evaluation is useful for
(Woods and Grant, 2006):

1. detecting the nature and extent of cognitive deficits
ent

es
and/or changes

2. identifying the most probable etiology or etiologies
of mild and recent onset of cognitive changes,
especially when accompanied by a comprehensive
neuromedical evaluation
3. delineating a profile of neuropsychological strengths

and weaknesses, which may guide development of
strategies to lessen the impact of cognitive deficits
on day-to-day functioning
4. monitoring changes in neuropsychological status

that are related to treatment and/or disease
progression
5. informing decision-making processes regarding the

appropriateness and practicality of medical interven-
tions for a patient (e.g., adherence to a complicated
medication regimen)
6. assessing the individual’s capacity to provide

informed consent to treatment
7. guiding decisions related to planning for future

financial, legal, and living arrangements (Tr€oster
and Woods, 2003).
The purpose of the present chapter is to review the most
recent evidence regarding the neuropsychological defi-
cits observed in HIV-infected patients and to describe
of Psychiatry, Institute of Neurociences, Hospital Clı́nic,



Table 35.1

Classification of human immunodeficiency virus (HIV)-

associated neurocognitive impairment

Acronym Term Definition

HAND HIV-associated
neurocognitive

disease

Condition comprised of
ANI, MND, and HAD

ANI Asymptomatic
neurocognitive
impairment

Cognitive impairment (at
least 1 SD below the
mean), involving at least

two cognitive domains.
The cognitive
impairment does not

interfere with everyday
functioning

MND Mild

neurocognitive
disorder

Cognitive impairment

(at least 1 SD below the
mean), involving at least
two cognitive domains.

The cognitive

CH ET AL.
the most important instruments used to measure
them. The results of this review are presented in the
following format.

First, we will briefly describe the pattern of HIV-
associated neurocognitive disease which appears in three
clinical forms (Antinori et al., 2007): (1) asymptomatic
neurocognitive impairment; (2) mild neurocognitive
disorder; and (3) HIV-associated dementia (HAD).

Second, we will go through the main neuropsycholog-
ical domains and review which tests are most frequently
used to explore these different areas in HIV-infected
patients, and the significant findings obtained in studies
of HIV-infected patients. At this point, wewill emphasize
the studies that use computerized assessment.

Third, we will analyze a selection of the most useful
screening tools to detect neurocognitive impairment in
HIV infection.

Finally, we will describe the neuropsychological
changes associated with the progression of HIV, and
the relationship between depression and neurocognitive
performance.
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impairment produces at
least mild interference in
daily functioning

HAD HIV-associated
dementia

Marked cognitive
impairment (at least 2 SD

below the mean),

involving at least two
cognitive domains. The
cognitive impairment

produces marked
interference with
day-to-day functioning
NEUROCOGNITIVEDISORDERS
INHIV INFECTION

Patterns of impairment

HIV is a lentivirus that has a predilection for both invading
(neurotropism) and causing disease (neurovirulence) in
the central nervous system (CNS). The typical pattern
of neurocognitive impairment due to HIV CNS infection
is described as “subcortical,” and is characterized
by a neuropsychological symptomatology of cognitive
decline that includes memory dysfunction, attentional
difficulty, executive dysfunction, and cognitive slowing
(Hinkin et al., 1995).

In 1991, the American Academy of Neurology
AIDS Task Force published the criteria for two neuro-
behavioral disorders in HIV infection: HIV-associated
dementia complex (HADC) and HIV-associated minor
cognitive and motor disorder (MCMD). Collectively,
these two disorders were included in the HIV-associated
cognitive/motor complex; HADC showed more severe
neuropsychological impairment and degree of impair-
ment in daily living.

In 2007, the American Academy of Neurology AIDS
Task Force (Antinori et al., 2007) published criteria
describing three neurocognitive disorders in HIV
infection: (1) asymptomatic neurocognitive impairment;
(2) mild neurocognitive disorder; and (3) HAD.
Collectively, thesedisordersare includedasHIV-associated
neurocognitive disease, and are differentiated by the
severity of neuropsychological impairment and the degree
of impairment in daily living (Table 35.1).
Since the beginning of the use of HAART, the inci-
dence of HAD has significantly decreased (Sacktor
et al., 2001), and reduced from 15–19% pre-HAART
to 4–6% during the HAART era (Dore et al., 1999;
Simioni et al., 2010), although its prevalence has signif-
icantly increased (McArthur, 2004). Similarly, the prev-
alence of other forms of neurocognitive impairment
associated with HIV infection has increased, even with
the widespread availability of HAART, mainly due to
the fact that HIV-positive patients live much longer than
before the introduction of HAART (Neuenburg et al.,
2002; Robertson et al., 2007; The Antiretroviral Therapy
Cohort Collaboration, 2008; Schouten et al., 2011).
Clinical features and course

HAD is recognized when a patient’s cognitive abilities
decline over a period of weeks or months, and when a
characteristic triad of cognitive, behavioral, and motor
dysfunction appears. There is impairment in cognitive
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functioning, particularly attention, memory, psychomo-
tor speed, new learning and executive functions, with a
pattern similar to other subcortical dementias. Higher
cortical dysfunction such as aphasia and agnosia is usu-
ally absent until the end stage of the disease. Impairment
in motor functioning can also occur, with complaints of
difficulty with handwriting, clumsiness, unsteadiness of
gait, hyperreflexia, motor slowing, and deficits in motor
complex (Ances and Ellis, 2007).

The course of HAD has changed with the introduction
of HAART. The following subtypes have been proposed
(Brew, 2004): (1) subacute progressive dementia, in
untreated patients with severe progressive dementia;
(2) chronic active dementia, in patients on HAART but
with incomplete virological control and a more slowly
progressive dementia; (3) chronic inactive dementia, in
people with virological suppression onHAARTwho have
some recovery from neuronal deficits and are neurolog-
ically stable; and (4) reversible dementia, in patients on
HAART whose neurological deficits have reversed with
effective virological suppression. HADC is associated
with a poorer prognosis (death within 1 year).

Asymptomatic neurocognitive impairment and mild
neurocognitive disorder profiles are characterized by
impaired motor speed and working memory; in contrast,
attention, visuoconstructive abilities, and memory are
relatively unimpaired (Selnes et al., 1995).

The HIV Neurobehavioral Research Center proposed
a diagnostic scheme that departs from the American
Academy of Neurology 1991 criteria, primarily in the in-
clusion of an asymptomatic neurocognitive impairment
category that relies on cognitive disturbances as a nec-
essary criterion for diagnosis, without requiring declines
in daily functioning, motor, or other behavioral abnor-
malities (Cherner et al., 2007). Before the new American
Academy of Neurology classification, asymptomatic
neurocognitive impairment and mild neurocognitive dis-
order were grouped together under the definition of mi-
nor cognitive motor disorder or MCMD. MCMD was
associated with a shortened survival, low antiretroviral
adherence, and poor employability, and its presence is
predictive of HAD.

The pathophysiological mechanism that leads to
cognitive dysfunction is unclear, but is thought to be re-
lated to HIV replication in the brain, activation of HIV-
infected brain microglial cells, liberation of inflamma-
tory neurotoxins (e.g., cytokines, tumor necrosis
factor), and impairment in natural host repair mecha-
nisms, ultimately resulting in a level of neuronal
dysfunction, injury, or death. The areas most affected
are the subcortical brain regions and the frontostriatal
circuitry (Tylor et al., 1995; Tan and Guiloff, 1998).

The degree of cognitive impairment depends on
several factors. Although several studies have shown
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that HAART use was associated with an improvement
in cognitive function (Ferrando et al., 1998; Deutsch
et al., 2001), not all drugs improve cognition in the
same way, not all antiretroviral drugs cross the
blood–brain barrier in the same way, and some
antiviral drugs produce cognitive impairment or neu-
ropsychiatric side-effects. CNS penetrance effective-
ness (CPE) is a measure of the efficacy of a
particular drug in reducing cerebrospinal fluid (CSF)
viral load. This factor depends on the chemical char-
acteristics of the drug, the CSF pharmacology, and
the clinical effectiveness of the drug (Letendre
et al., 2008). Higher CPE score regimens showed some
benefits, but studies are contradictory (Cysique and
Brew, 2009; Tozzi et al., 2009). Other risk factors re-
lated to HIV infection that have been shown to impair
cognition are longer time since HIV infection (Ellis
et al., 2010), previous AIDS events (Bhaskaran et al.,
2008), previous opportunistic/HIV-related CNS diseases,
nadir CD4 count (Bhaskaran et al., 2008), and viral load
(in plasma and CSF) (Bhaskaran et al., 2008). Host fac-
tors that can have an impact on cognition include the
person’s age (Valcour et al., 2004; Sacktor et al.,
2007), education, biological vulnerability to cognitive
disorders, other systemic conditions with vascular risk
factors (hypertension, diabetes, dyslipidemia, stroke),
neuropsychiatric effects of medication used to treat
HIV disease, hepatitis C virus coinfection (Clifford
et al., 2005; Aronow et al., 2008), premorbid primary
psychiatric and substance use (alcohol, cocaine,
methadone, tetrahydrocannabinol (THC) and intrave-
nous drug use (IDU)) disorders (Rippeth et al., 2004;
Jayadev and Garden 2009), psychotropic medication
(benzodiazepines,, antidepressants, antiepileptic drugs,
antipsychotics), and the psychological impact of a
life-threatening illness (Table 35.2).
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NEUROPSYCHOLOGICALEVALUATION

Role for neuropsychology

Routine baseline neuropsychological evaluations early
in the symptomatic stage of HIV infection provide a
more accurate picture of an individual’s premorbid
functioning, and thereby assist in detecting neurobeha-
vioral changes if they emerge later in the disease course.

It is important to define the patterns of HIV cognitive
impairment, such as disturbances in speeded informa-
tion processing, motor speed, attentional set shifting,
and retrieval of new information. These disturbances
are typical of the “subcortical” pattern of neurocogni-
tive dysfunction associated with HIV infection.

In 1989 the National Institute of Mental Health
(NIMH) (Butters et al., 1990) recommended the areas



Table 35.2

Clinical risk factors for neurocognitive impairment

(detectable in a clinical setting)

Factors related to HIV

infection

Factors related to patient’s

characteristics

Time since HIV infection Age

Previous AIDS events Education
Opportunistic/HIV-
related CNS diseases

Non-HIV-related CNS illnesses

Nadir CD4 cell count HCV coinfection

Viral load (in plasma and
CSF)

Vascular risk factors
(hypertension, diabetes,
dyslipidemia, smoking)

Type of ART/CPE score/
compliance

Psychiatric disorders and
substance use (alcohol,
cocaine, methadone,

cannabis, intravenous drug
users

Immune reconstitution

inflammatory
syndrome

Psychotropic medication

(benzodiazepines,
antidepressants, antiepileptic
drugs, antipsychotics)

HIV, human immunodeficiency virus; AIDS, acquired immune defi-

ciency syndrome; CNS, central nervous system;HCV, hepatitis C virus;

CSF, cerebrospinal fluid; ART, antiretroviral treatment; CPE, CNS

effectiveness.
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that had to be assessed in patients with HIV infection:
premorbid intelligence, attention, speed of processing,
learning and memory, abstraction, language, visuo-
perception, constructional abilities, motor skills, and,
finally, mental status through a psychiatric interview.
A careful history should always be the starting point
of the clinical evaluation.
Neuropsychological tests

Before a neurocognitive diagnosis is assigned, the
patient should be examined by standardized, normative
cognitive assessment procedures that have documented
validity and reliability. However, it is important to re-
member that there is not a perfect test that corresponds
exactly to a putative cognitive ability. On the other hand,
neuropsychological tests also vary in terms of their
reliability, sensitivity, and specificity, and in the degree
to which they are affected by person-specific character-
istics, such as effort, age, education, and cultural back-
ground. For all of this, it is important to assess several
cognitive domains utilizing more than one test of each
domain (Woods and Grant, 2006). We use the term
“neuropsychological deficit” to denote a clear-cut
abnormality in a cognitive ability area. However, to
define neurocognitive impairment more than one ability
area must be deficient.

Test selection

The selection of particular neuropsychological test
depends on the purpose of the assessment, as well as
onmore practical considerations. Thus a fairly comprehen-
sive neuropsychological test battery will be required
if the purpose of testing is to determine whether an
otherwise healthy seropositive individualwhohas cognitive
complaints might be suffering from amild neurocognitive
disorder, because this impairment is subtle and does not
affect all ability areas uniformly. In contrast, if testing
confirms the diagnosis of HIV dementia in a person
with AIDS, then a much briefer protocol focusing on
highly specific measures may be indicated (Woods and
Grant, 2006).

In the next section we will describe the main studies
which used neuropsychological tests in HIV-infected pa-
tients, and show the significant results obtained in these
studies. We will try to classify the studies according to
the neuropsychological areas they explore. Some studies
may appear several times, because they use tests that
explore different areas. In Table 35.3 we list the most
important neuropsychological tests proposed to be used
to assess several ability domains in HIV-infected
patients (Moore et al., 2006; Muñoz-Moreno, 2007).

PREMORBID INTELLIGENCE

In 1978, Nelson and O’Connell developed the National
Adult Reading Test (NART; revised version, NART-R)
to estimate premorbid intellectual ability in patients
suffering from intellectual deterioration due to demen-
tia. The test consists of 50 words, graded in difficulty,
whose pronunciation cannot be determined from their
spelling. The ability to read irregularly spelt words
successfully is relatively robust in the face of current
cognitive impairment and is a sensitive marker of
intellectual attainment. NART has become a widely
validated method for estimating premorbid levels of
intelligence in neuropsychological research; however,
equivalent tests need to be devised in other languages
(Bright et al., 2002; Mackinnon and Mulligan, 2005).

Scores on the NART can be converted to prorated
IQs for analysis (Nelson and Williosn, 1991), using the
vocabulary subtest from theWechsler Adult Intelligence
Scale-Revised (WAIS-R) (Wechsler, 1981) that correlates
with 0.85% level of verbal intelligence.

Another test that is useful in estimating premorbid
verbal intelligence is the oral word reading subtest
from the Wide Range Achievement Test-Revision 3
(WRAT-3) (Wilkinson, 1993).

ET AL.



Table 35.3

Neuropsychological tests proposed to be used in the

determination of neuropsychological regional and domain

clinical ratings

Ability domain/tests

Premorbid intelligence
Wechsler Adult Intelligence Scale – third edition (WAIS-III)

vocabulary test (Kaufman and Lichtenberger, 1999)
National Adult Reading Test (NART) Full IQ Scale (FIQS)
(Blair and Spreen, 1989)

Verbal fluency
Controlled Oral Word Association (COWAT)
(Benton et al., 1983)

Animals Test (Gladsjo et al., 1999)
Boston Naming Test (Kaplan et al., 1983)
Executive functions
Stroop Test (Golden, 1978)
Trail Making Tests (TMT) Part B (Reitan and Davidson, 1974)
Wisconsin Card Sorting Test (WCST) (Heaton et al., 1993)
Category Test (Reitan and Davidson, 1974)

Processing speed/reaction time
TMT Part A (Reitan and Davidson, 1974)
Symbol Digit Modalities Test (SDMT) (Smith, 1973)

CalCAP (Miller, 1999)
Attention/working memory
California Computerized Assessment Package (CalCAP)

(Miller, 1999)
Paced Auditory Serial Addition Task (PASAT) (Gronwall,
1977)

WAIS-III Digits Test (Kaufman and Lichtenberger, 1999)

WAIS-III Letter-Numbers Test (Kaufman and Lichtenberger,
1999)

Continuous Performance Tests, second Edition (CPT-II)

(Conners, 2000)
Learning/memory
California Verbal Learning Test, second edition (CVLT-II)

(Delis et al., 2000)
Rey Auditory Verbal Learning Test (Rey, 1962)
Wechsler Memory Scale – Revised (WMS-R) (Wechsler, 1987)

Motor function
Grooved Pegboard Test (GPT) (Lezak, 1995)
Electronic Tapping Test (ETT) (Western Psychological
Services, 2000)

Visuoconstruction
Rey Complex Figure Test (Meyers and Meyers, 1995)
WAIS-III Block Design Test (Kaufman and Lichtenberger,

1999)
Emotional status (depression, anxiety)
Hospital Anxiety Depression Scale (HADS) (Zigmond and

Snaith, 1983)
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VERBAL FUNCTIONING

Adults with HIV infection often report difficulties in
finding words and slowed thinking (More et al., 1997;
Lopez et al., 1998). A verbal fluency measure provides
a way of quantifying these difficulties and it has been
shown to be impaired, relative to healthy controls, in in-
dividuals with HIV infection (Marsh and McCall, 1994).

Deficient verbal fluency performance is also common
among individuals with HAD (Hestad et al., 1993; White
et al., 1997) and may be a harbinger of incipient dementia
in cognitively impaired HIV-infected persons who are
immunosuppressed (Stern et al., 2001). This verbal flu-
ency impairment is purported to arise from a disruption
of prefrontal-striatal circuits (Hestad et al., 1993; White
et al., 1997). Fluency impairment may also be the result
of other cognitive impairment such as slowness or execu-
tive dysfunction (Dawes et al., 2008; Woods et al., 2008).

One testused tomeasureverbal functioning is the test of
letter fluency (Controlled Oral Word Association Test:
COWAT-FAS; Benton et al., 1983). This consists of three
separate 60-second trials in which the subject is asked to
generate as many words as possible beginning with the let-
ters F,A, andS, respectively.Anotherwayof assessing ver-
bal fluency is the test of category fluency, which evaluates
semantic clusters by asking for consecutive names of ani-
mals that share ahabitat or that comefromacommonclass.

Troyer (2000) developed a method of quantifying
clustering and switching within verbal fluency perfor-
mance. Phonemic clustering describes the average num-
ber of phonemically related words that are generated
consecutively (e.g., using the same first two letters:
“see” and “seek,” or words that differ by one sound:
“foster”, “faster”). Switching is a more complex process
that involves disengaging from a given phonemic word
cluster and then searching for and accessing a new clus-
ter from which to retrieve words (e.g., “see”, “seek” . . .
“spa”). Both components play a critical role in success-
ful verbal fluency performance. Clustering and switch-
ing also show high interrater reliability in terms of
scoring (Tr€oster et al., 2002) and modest test–retest
reliability (Beatty et al., 2000). Findings from several
clinical and quasiexperimental studies support the con-
struct validity of clustering and switching as indicators
of temporal and prefrontal-striatal functioning, respec-
tively. Specifically, the ability to switch between phone-
mic and semantic clusters provides an index of
frontotemporal or frontostriatal brain system integrity
in individuals with HIV infection and AIDS.

Analysis of verbal fluency errors is another qualita-
tive aspect of verbal fluency performance. Examples
of error types include intrusions (e.g., a response
beginning with an incorrect letter), perseverations (i.e.,
repetition of a previously generated response),
and variants (i.e., previously given word, but with a dif-
ferent suffix). In 1992, Crowe posited that frontal-system
dysfunction is associated with unusually high proportions
of response errors in the setting of reduced verbal fluency
production. It is known that HIV infection is associated
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with dysfunction in frontal and subcortical brain systems
and several neuroimaging studies have demonstrated
structural and functional abnormalities in the basal gang-
lia (Chang et al., 1999) and frontal lobes (Chang et al.,
1999, 2000; Pomara et al., 2001).

In a study by Woods et al. (2004), the authors
observed fewer total correct words, fewer switches,
and a higher proportion of response errors (especially
intrusion errors) in a group of HAD patients relative
to healthy controls and nondemented HIV-positive
groups. These findings were attributable to alteration
of frontobasal ganglia circuits conditioning a disruption
of rule-guided lexical-semantical search strategies,
rather than a deplection of lexical-semantic stores medi-
ated by temporal structures. Finally, this study did not
find differences between healthy controls and nonde-
mented HIV subjects in the letter fluency task, or any
of the qualitative variables. In fact, in contrast to other
putative measures of frontal system functions such as
working memory, verbal fluency tasks are generally
unimpaired in persons with subsyndromic HIV infection
(Becker et al., 1997; Damos et al., 1997).

In a study by Millikin et al. (2004) advanced HIV
infection was associated with a greater incidence of
impairment in phonemic fluency performance (total
words produced and switching performance). Given that
switching is a marker of frontostriatal dysfunction,
these results provide further evidence of progressive
frontostriatal dysfunction with increased severity of
HIV infection (Becker et al., 1997; Chang et al., 2000).
It is notable that lower CD4 counts were associated with
poorer performance on FAS total words and switching,
but plasma viral load was not associated with fluency
performance (Millikin et al., 2004).

In the same study the authors found that adults with
AIDS and comorbid depressed mood did not show dis-
proportionate impairment on any other verbal fluency
parameter, which is consistent with previous research
suggesting that depression in adults with HIV infection
is unlikely to compromise neuropsychological function-
ing (Goggin et al., 1997; Richardson et al., 1999). There-
fore, these results may not be applicable to samples of
adults with HIV infection who meet criteria for major
depressive disorder.
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EXECUTIVE FUNCTIONING

Neuropsychiatric disturbances were significantly more
prevalent among HIV-positive individuals and were as-
sociated with specific neurocognitive deficits suggestive
of executive dysfunction.

In a study by Castellon et al. (2000), the authors
explored the degree to which apathy or irritability
(independently of mood disorder) was associated with
performance on neurocognitive measures. Those
HIV-positive individuals with evidence of prominent
apathy and/or irritability showed deficits in dual-task
reaction time paradigm, but not single-task perfor-
mance and on the interference condition of the Stroop
task (Golden, 1978). Unexpectedly, the neuropsychiatric
disturbance did not show a robust relationship with HIV
disease stage. These results suggest that the presence of
prominent apathy and/or irritability among HIV-positive
individuals may have a greater HIV-associated CNS
involvement. In HIV/AIDS, the disruption of frontal-
subcortical circuits may be a common mechanism caus-
ing both executive dysfunction and neuropsychological
disturbances.

In a different publication, Sahakian et al. (1995)
studied executive function in asymptomatic and symp-
tomatic HIV-seropositive men. Subjects were given a
computerized neuropsychological test from the Cam-
bridge Neuropsychological Test Automated Battery
(CANTAB) (Sahakian and Owen, 1992), which assessed
visuospatial memory, attention, and executive function.
Both the asymptomatic and symptomatic HIV-1 patients
showed a selective pattern of deficit relative to the con-
trols, and were subtly but significantly impaired on test
of executive function but unimpaired in certain tests of
visual memory. These findings support the hypothesis
that frontostriatal dysfunction occurs in HIV-1-infected
individuals even before the expression of clinical
symptoms.

In the Stroop task, which examined controlled
processing, response inhibition, and set adoption,
HIV-seropositive subjects were significantly slower than
seronegative controls. The HIV-positive individuals did
profit from the blocking manipulation on the Stroop-
RT, suggesting that set adoption is retained in HIV in-
fection, implying deficit response inhibition, possibly
secondary to frontostriatal and dopaminergic dysfunc-
tion (Hinkin et al., 1999).

ET AL.
PROCESSING SPEED

It has been suggested that cognitive slowing represents
the cardinal symptom of HIV-associated neurocognitive
disorder. Extending this argument, Becker and
Salthouse (1999) considered that cognitive slowing
may be the single common explanatory pathway leading
to deficits in other cognitive domain.

Measures of reaction time, and computerized mea-
sures in general, offer practical and clinical advantages
such as less opportunity for error variance and greater
precision in measurement (i.e., milliseconds rather than
seconds). Reaction time tasks possess greater sensitivity
and are able to detect subtle deficits that may be missed
by traditional clinical evaluations.
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Several studies have examined “basic” simple and
choice reaction time in HIV-infected adults. “Basic”
means simple detection or discrimination (an easy task
with few processing demands) employing elemental
stimuli. In simple reaction time tasks the same response
is required for all stimuli, whereas in choice reaction time
tasks only certain stimuli require a response. Thus,
reaction time is based on very fundamental detection
and discrimination processes. Martin et al. (1992a) found
that simple reaction time to a target stimulus was slower
only in symptomatic HIV, while choice reaction time was
slower in symptomatic and asymptomatic HIV. In con-
trast, Miller et al. (1991) found no significant group dif-
ferences. Differences in degree of HIV-related reaction
time slowing are presumably due to differences in
HIV-infected subject samples across studies as well as
differences in reaction time task parameters. It needs
to be noted that a significant percentage of studies failed
to find that HIV infection led to reaction time slowing.

Reaction time is usually, though not always, slower
for HIV-positive individuals. This finding is generally
compatible with HIV-related psychomotor slowing
often observed with standard neuropsychological tests
(Hinkin et al., 1998).

Results of Britney plot analyses, a technique that
shares commonalities with meta-analysis, reveal that
HIV-infected patients diagnosed with AIDS are on aver-
age 22% slower than uninfected controls (Hardy and
Hinkin, 2002).

Because peripheral neuromuscular and sensory dis-
orders can lead to motor slowing and thus complicate
the interpretation of reaction time data, from a cognitive
perspective, studies of decision time are frequently
more illuminating. Using a simple subtractive methodol-
ogy, decision time is defined as the difference between
choice and simple reaction time. For instance, several
early studies (Perdices and Cooper, 1989; Dunlop
et al., 1992) found the group differences in reaction time
to be larger in choice versus simple conditions. Because
motor response requirements were the same in these
reaction time tasks, a larger group difference in choice
reaction time is suggestive of HIV-related slowing, not
simply in motor speed, but also in basic discrimination
and decision-making processes.

In addition, research to date that has employed reac-
tion time tasks in the evaluation of HIV patients has
found that HIV infection leads to a mild degree of
cognitive slowing that tends to worsen with increasing
disease severity (Hardy and Hinkin, 2002).

Slower reaction time in symptomatic HIV-1 infection
(Hardy and Hinkin, 2002) and AIDS dementia complex
(Dunlop et al., 1992; Maruff et al., 1995) are reported.
On the other hand, reaction time measures correlated
with plasma viral load, and it can be argued that slowed
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reaction time may be a useful marker of higher
virological activity in the plasma. Nevertheless, the
plasma viral loads did not correlate with most conven-
tional psychomotor neuropsychological measures
(Cysique et al., 2006).
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ATTENTION/WORKING MEMORY

Attention problems have been reported to be the most
frequent cognitive symptom in HIV-infected adults
(Martin et al., 1992b; Heaton et al., 1995; Hinkin et al.,
2000).

The first study of HIV-infected adults to compare
directly verbal versus spatial working-memory
performance, using identical test stimuli across task
conditions, suggested that HIV infection is associated
with a decrement in working memory efficiency that
is equally apparent for both verbal and spatial proces-
sing. This decline in working memory may contribute
to other HIV-associated neuropsychological deficits,
such as central executive dysfunction (Hinkin et al.,
2002).

To pinpoint when attention impairment in the course
of information processing can be detected, a study of
perceptual span task was performed in HIV-infected
adults. In this task a target had to be identified in a
briefly presented (50 ms) array of 1, 4, or 12 letters/char-
acters. Response accuracy was differentially worse in
the HIV-positive group in the most difficult condition,
the 12-item array, but not in the easier condition. There
was no evidence of a group difference in response strat-
egy due to disinhibition or in psychomotor speed. These
data suggest that HIV infection leads to a reduction in
early visual processing capacity (or span of apprehen-
sion), leading to a new type of attentional deficit in
HIV (Hardy et al., 2004).

It appears that HIV individuals have deficits in
rapid orienting of visual attention (Martin et al.,
1992b; Sorenson et al., 1994; Maruff et al., 1995) and re-
ductions in early visual processing capacity (Hardy
et al., 2004). The useful field of view (UFOV) is a com-
puterized measure that assesses the time it takes for
an individual to acquire both central and peripheral
visual information accurately without head or eye move-
ment. It consists of three subtests (processing speed,
divided attention, and selective attention) assessing
visual processing under increasingly demanding task
conditions. In this study (Marcotte et al., 2006) HIV par-
ticipants performed significantly worse than controls
on UFOV, particularly on the divided attention subtest,
and this occurred at least partially independently
of disease progression. Poor UFOV performance was
associated with higher driving accident rate.
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To evaluate neural correlates of attention and work-
ing memory deficits in HIV, a study was done using
functional neuroimaging while patients performed a
battery of tasks that required different levels of atten-
tion for working memory. Patients with HIV showed
greater brain activation (blood oxygenation level-
dependent signal changes) in some regions: for simpler
tasks, patients showed greater activation in parietal
regions; with more difficult tasks, they showed greater
activation additionally in the frontal lobes. The task-
dependent increase in frontal activation in patients with
HIV suggests that the neural correlate of attentional
deficits may be attentional modulation as a result of
frontostriatal brain injury (Chang et al., 2001).

HIV-1 infection leads to deficit in divided attention
and the simultaneous processing of competing stimuli,
deficits that have been linked to disruption of the ante-
rior attentional system (Hinkin et al., 2000).

The frontal lobe, mainly the prefrontal cortex, has
a specialized role in working memory processes
(Goldman-Rakic, 1992). Working memory is a complex
memory system that supports higher cognitive function-
ing and therefore enables us to perform complex
cognitive skills. On the basis of behavioral, neuro-
psychological, and functional neuroimaging data, three
different working memory systems – verbal, spatial,
and object recognition working memory – have been
characterized (Jonides and Smith, 1997). A few neuro-
psychological studies have evaluated working memory
in HIV-infected individuals, and all of them found
impairment only in symptomatic subjects (Law et al.,
1994; Stout et al., 1995; Bartok et al., 1997). HIV-infected
individuals who are immunocompromised (even
while asymptomatic) seemed to show an increased
risk of neuropsychological impairment (Boceralli
et al., 1993).

In a study by Grassi et al. (1999), the authors inves-
tigated the spatial component of working memory in a
group of asymptomatic HIV individuals through the
administration of a digit span test. Their findings did
not show any spatial working memory impairment
during the asymptomatic phase of HIV infection,
suggesting that, although structural and functional
frontosubcortical abnormalities were found in HIV in-
fection, they do not imply neuropsychological deficits
in working memory during the early, asymptomatic
stage of the illness.

On the other hand, in a more recent study by
York et al. (2001), the authors evaluated the verbal
working memory in HIV-infected patients using a Ver-
bal Memory Span Test. Their findings suggested that
deficits in simultaneous short-term storage and pro-
cessing occur during both early and later stages of
HIV-1 infection.
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LEARNING AND MEMORY

Research focused on the effects of HAD on learning
and memory has been sparse. Sadek et al. (2004) exam-
ined remote memory in a HAD sample, finding a mild
retrograde amnesia consistent with frontostriatal dys-
function. White et al. (1997) found, in a small sample
of HAD, verbal episodic memory to be most affected,
with semantic memory relatively spared, with a pattern
of a retrieval deficit (i.e., intact recognition memory and
spared retention of information across trials). Murji
et al. (2003) noted that recency recall was an important
component of a learning efficiency factor in a factor
analysis of memory profiles in a nondemented
HIV-positive sample (i.e., an increase in percentage
recency recall was associated with decreased learning
efficiency).

The serial position paradigm has been a prominent
aspect of human memory for over a century
(Ebbinghaus, 1902; Stigler, 1978). Serial position effects
in free recall refer to the dissociations that produce a
characteristic pattern of list learning in neurologically
intact individuals, with the items at the beginning and
end of a list having the highest probability of being
recalled (referred to as primacy and recency effects, re-
spectively). In contrast, the items in the middle portions
of a list have the lowest probability of recall, resulting in
a U-shaped serial position curve. In a study by Scott et al.
(2006), the pattern of serial position effects in HADwas
examined, using the Hopkins Verbal Learning Test-
Revised (HLVT-R) (Benedict et al., 1998). Briefly, the
HLVT-R consists of three groups of four (nonconsecu-
tive) semantically related words, which are read aloud
with interstimulus intervals of approximately 2 seconds.
The HLVT-R includes three consecutive learning trials,
a free recall trial after a 20–25-minute delay (trial 4), and
a recognition trial, which contains 24 words consisting
of 12 target words from the original list and 12 nontarget
words. Six of the 12 nontarget words are semantically
related to words on the original list. For comparison
of positional effects, HVLT-R was divided into three
regions: stimulus positions 1–4 (primacy), 5–8 (middle),
and 9–12 (recency). HAD participants showed impair-
ment in all dependent measures of verbal episodic mem-
ory, except for recall consistency. The HAD group
performed worse in measures of recognition testing, in-
dicating poor encoding, and also in measures of re-
trieval. Examination of serial position recall revealed
that HAD individuals displayed decreased recall from
the middle region of the list, which may reflect proactive
interference from rehearsal of words from the primacy
region in combination with retroactive interference
from recency word recall (Delis et al., 2000). In addition
HAD subjects relied disproportionately on recency
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effects, indicating a passive recall style of echoing only
the words within their auditory attention span. More-
over, results revealed a low level of overall and short-
delay recall for HAD, especially regarding words from
the middle region, indicating a low level of learning, in-
effective method of encoding, and deficits in long-term
storage. Interestingly, HAD participants did not show
significant improvement on measures of recognition,
a finding that suggests that the serial position effect
is most consistent with a primary encoding deficit.

These findings, in combination with those of Peavy
et al. (1994) (no evidence of serial position effects in
nondemented HIV-positive sample), and Delis et al.
(1995) (abnormally elevated regency effect in HIV-
infected with minor cognitive motor disorder), lend sup-
port to the theory that increasing disease severity may
lead to a serial position effect that is driven by deficits
in encoding.

Standard clinical learning and recall indexes from the
HVLT-R are among the most sensitive indicators of
neuropsychological impairment in persons with HIV in-
fection (Carey et al., 2004). Woods et al. (2005) exam-
ined the construct validity of HVLT-R component
process indices in a sample of HIV individuals and sero-
negative controls. In agreement with prior research
(Carey et al., 2004), the HIV-1 sample performed signif-
icantly below the seronegative group on the HVLT-R
total and delayed recall measures, semantic clustering,
and retrieval index.

Emerging evidence also supports the construct valid-
ity of the HVLT-R for the purpose of examining more
specific component process aspects of encoding, consol-
idation, and retrieval (Bruce and Echemendia, 2003),
which are indices more commonly associated with the
California Verbal Learning Test (CVLT).

Consistent with a prefrontostriatal neuropathogen-
esis, prior research using the CVLT has revealed deficits
in free recall, inconsistent recall across learning trials,
repetition errors, and diminished semantic clustering
(Peavy et al., 1994; Becker et al., 1995; Delis et al.,
1995). Such impairments are contrasted with deficits
in consolidation (i.e., forgetfulness) that are not com-
mon in HIV (Delis et al., 1995). Thus, the profile of
memory deficits in HIV-1 infection is thought to reflect
deficient executive control of encoding and retrieval
(Murji et al., 2003).

It is important to highlight the potential clinical impli-
cations of the study findings. In a subset of persons with
HIV-1 infection, deficits in episodic verbal memory ad-
versely impact performance of instrumental activities of
daily living. Consistent with prior data (Delis et al., 1995;
Woods et al., 2005), persons with HIV-1 infection are
able to retain and recognize information that is effec-
tively encoded. Thus, remedial techniques that focus
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on the use of active organizational strategies (e.g., clus-
tering techniques) as well as salient external reminders
(e.g., electronic reminders) might temper this impact.

SIMPLE MOTOR ABILITIES

The Grooved Pegboard (Lezak, 1995) task measures
speed and dexterity of upper-extremity fine motor
movements. Subjects must rapidly place small pegs that
require subtle manipulation to fit in their respective
pegholes. Two trials were typically administered, one
for the dominant and one for the nondominant hand.

The Finger Tapping Test (Reitan and Davidson, 1974)
measures motor speed by assessing the number of times
subjects can depress a keyboard key using the index
finger of their dominant and nondominant hands.

There is a study that examined eye and head move-
ments in HIV-1-infected patients using magnetic search
coil oculography. Compared to normal subjects, HIV-
infected patients performed the antisaccade test poorly.
Abnormalities in vertical eye movements and relative
asymmetries in smooth-pursuit gains, both horizontally
and vertically, are more sensitive and consistent indica-
tors of CNS dysfunctions than are horizontal eye move-
ment abnormalities or measurements of absolute
smooth-pursuit gain and phase (Johnston et al., 1996).

In another study HIV patients without neurological
deficits were examined with transcranial magnetoelec-
trical examination. Whereas central conduction was nor-
mal, conduction between cervical or lumbar roots and
muscle was prolonged. Results were correlated with
those of a motor test battery, which revealed slowing
of fast alternating movements similar to findings in
extrapyramidal disorders. Data indicate that proximal
parts of the peripheral nervous system and extrapyrami-
dal structures are subclinically involved in early HIV in-
fection whereas the fastest corticospinal projections
remain intact (Arendt et al., 1992a).

SCREENINGTOOLS

Typically, screening examination includes test of orien-
tation to person, place, time, digit span, four-word im-
mediate registration, and 5-minute recall, serial sevens,
Luria repetitive hand sequences maneuvers, and the
Trail Making Test (A and B) (Citron et al., 2005).

Focused neuropsychological batteries

The focused neuropsychological battery recommended
by the NIMH workgroup emphasized the areas of pre-
morbid verbal intelligence (vocabulary subtest from
the WAIS-R), attention (visual span subtest from the
WAIS-R), speed of processing (Paced Auditory Serial
Addition Test), learning and memory (California Verbal
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Learning Test), and mood state (Hamilton Depression
Scale and State-Trait Anxiety Inventory). This battery
would take approximately 1–2 hours to administer
(Gendelman et al., 2005).
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HIV Dementia Scale

The HIV Dementia Scale (HDS) was originally designed
to serve as a valid screening tool, to begin a reliable and
quantitative scale, to identify HIV dementia, and to
monitor therapeutic effects on the CNS (Power et al.,
1995; Dougherty et al., 2002).

Initially, the HDS was shown as superior to other
widely used rapid screening tests (Mini-Mental State
Examination (MMSE) and Grooved Pegboard) and to
be especially effective in asymptomatic and AIDS-
defined, but nondemented patients. The efficiencies
of each instrument for identifying HIV dementia were
as follow: HDS 84%, Grooved Pegboard 86%, and
MMSE 72% (Power et al., 1995).

The HDS is comprised of four tasks that evaluate the
domains of memory (recall of four items at 5 minutes),
attention (antisaccadic errors), psychomotor speed
(timed written alphabet), and construction (cube copy
time). A subscore and sum score are calculated for each
domain (Power et al,. 1995).

It is common knowledge that psychomotor slowing
(i.e., minor motor deficits) predicts dementia, AIDS,
and death (Arendt et al., 1994; Sacktor et al., 1996).
For this reason, Von Giesen et al. (2005) decided to ex-
plore the relationship between HDS scores and psycho-
motor performance, evaluating basal ganglia function
by electrophysiological motor test battery. In 1987 a cen-
tral motor testing for HIV-positive patients was estab-
lished, including analysis of the following (Arendt
et al., 1990, 1992b):

1. postural tremor of the outstretched hands (tremor

peak frequency)
2. most rapid alternating movement (MRAM) of

index finger
3. most rapid isometric contraction (extension) of

index finger, including simple reaction time and
contraction time (time between the onset of the
contraction and the point at which it reached its
maximum).
As the basal ganglia play a pivotal role in movement con-
trol (Freund and Hefter, 1993), the HDS empha sizes
motor skills and timed tasks. Psychomotor speed is
assessed with the timed, written alphabet and represents
the most important subscore (6 out of 16 points). The
construction task (cube copy time) scores the time
needed to copy a cube correctly (another 2 points). Mo-
tor performance correlated significantly with the time-
dependent HDS subscores for psychomotor speed and
construction and HDS sum score. Accordingly in this
study patients with mild dementia (HDS score �10)
showed significant slowing of MRAM and significantly
prolonged contraction time compared with nondemen-
ted HIV patients (HDS >10).

Contraction time andMRAMhave been shown to de-
scribe psychomotor speed sensitively in HIV-positive,
clinically unaffected patients. Both parameters
correlated with the timed tasks of HDS. Memory and
attention did not correlate with contraction time or
MRAM.

In this study HDS scores showed significant correla-
tions with age, premorbid and actual intelligence, and
duration of HIV seropositivity. Accordingly, as in the
original HDS (Power et al., 1995), the authors stated that
the HDS might be insensitive to mild HIV dementia in
highly educated patients. In contrast, the electrophysio-
logical motor testing, as quantified as MRAM and con-
traction time, was almost completely independent of
both premorbid and actual intelligence. These findings
are in contrast to other studies (Satz et al., 1993) and
probably reflect that the test battery focuses on motor
performance. In this study electrophysiological motor
testing is not influenced by intravenous drug use (von
Giesen et al., 1994), concomitant depression (von Giesen
et al., 2001), or peripheral nerve damage (von Giesen
et al., 2002).

Compared to the HDS, this test battery cannot serve
as a simple screening tool for reasons of equipment.
However, as a more quantitative method, it is useful
in monitoring the course of dementia and response to
antiretroviral therapy. Furthermore, it is useful in stud-
ies on HIV neuropathogenesis, with a special focus on
basal ganglia dysfunction.

Another study by Davis et al. (2002) assessed HAD
using a simpler version of the HDS, the modified
HDS (M-HDS), and comparing it with the Grooved Peg-
board test (nondominant hand). Results showed both the
M-HDS and Grooved Pegboard nondominant differen-
tiated demented from nondemented persons. These
were found to be equally sensitive and specific in
categorizing and staging HAD. However, the M-HDS
requires no equipment and is simpler to administer, so
it may be more useful for screening.

Smith et al. (2003) showed that HDS lacks sufficient
sensitivity to screen for neuropsychological findings be-
yond frank dementia, suggesting that a more complete
battery should be administered in those cases in which
subtle neurocognitive deficits are suspected. This does
not rule out HADS for the purpose for which it was
designed, to detect patients with frank dementia.

In the same way, Bottiggi et al. (2007) concluded that,
while HDS is a useful and quick bedside test to assist in
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diagnosing suspected cases of frank HIV dementia, the
HDS, as a screen, is less efficient in predicting the pres-
ence of subtle and mild HIV dementia. The authors also
stated that an increasing prevalence of neurocognitive
disorders following the introduction of HAART, the
development of more sensitive bedside measures is
essential in order to identify individuals with these
disorders and monitor treatment regimens.

CogState

Brief computerized assessment of cognitive function
offers a valuable option for screening of HIV-
associated neurocognitive impairment as its administra-
tion is standardized and the timing of responses is
recorded accurately (Citron et al., 2005).

Cysique et al. (2006) demonstrated that a new comput-
erized cognitive test battery called CogState was sensitive
to neurocognitive impairment of increasing severity in
HIV-positive individuals, correlated with conventional
neuropsychological measures, and was associated with
measures of HIV illness status. CogState battery has
good specificity and acceptable construct validity for
use in the assessment of cognitive function in HIV-
positive individuals. It takes 10–15 minutes to be per-
formed and it assesses three cognitive areas. It consists
of eight tasks in the form of card games that were pre-
sented in succession on a green background. The battery
contains measures of psychomotor function (simple
detection task), visual attention (identification, simple
matching, andmotoring tasks), executive function (work-
ing memory and complex matching tasks), and memory
(learning). This battery is able to document mild forms of
HIV-associated neurocognitive impairment and to
identify characteristics of increased severity in cognitive
functioning in patients with dementia complex.

However, there is less experience and experimental
evidence with this computerized screening tool. Perhaps
the fact that equipment and software need to be bought
has limited its widespread use (Garvey et al., 2009).
Maruff et al. (2009) evaluated its ability to detect im-
pairment across a range of disease severity. Using the
HIV Neurobehavioral Research Center (HNRC) as a
standardized reference, the CogState classified as im-
paired a similar percentage of patients in three different
groups: (1) HIV-positive, clinically asymptomatic pa-
tients; (2) patients with AIDS; and (3) patients with
AIDS dementia complex.

HIV Neurobehavioral Research Center
Group

Carey et al. (2004), from the HNRC group in San Diego,
published a report offering relevant data about
HIV-associated neurocognitive disease screening. The
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authors aimed to develop and validate a screening
battery of tests to detect HIV-associated neuropsycho-
logical impairment and, to reach this, they analyzed dif-
ferent measures representing the most commonly
affected cognitive areas in HIV infection. This allowed
investigators to study 14 paired combinations of scores
in relationship to its precision in detecting impairment.
They concluded that the most sensitive test combina-
tions for a screening battery for the detection of HIV-
associated neurocognitive impairment were the HTLV-
R/Grooved Pegboard Test and the HTLV-R/WAIS-III
Digit Symbol. Both test combinations were more accu-
rate than the HIV Dementia Scale in the detection of pa-
tients with HIV-related neuropsychological impairment.
Specifically, the combination of first scores showed a
sensitivity of 0.78 and specificity of 0.85, and the second
0.75 and 0.92 respectively.

Brief Neurocognitive Screen

Robertson et al. (2007) also recommended the use of a
reduced battery of tests to screen suspicion of HIV-
related neurocognitive impairment. The Brief Neuro-
cognitive Screen (BNS) battery was initially used to de-
tect neurocognitive changes and even treatment effects
on CNS functions (Tross et al., 1988), and these authors
chose the same method to assess the prevalence and
incidence of neurocognitive worsening in the HAART
era. In the setting of the AIDS Clinical Trials Group, a
longitudinal linked randomized trial was developed
recruiting 1160 subjects, and the BNS battery specifically
included the following tests: Trailmaking Test A and B
and the WAIS-R Digit Symbol subtest. To date, other
international trials are also using this method in their
study designs and it is expected that additional findings
involving this method will be provided.

NEUROPSYCHOLOGICAL CHANGES
WITH PROGRESSIONOFHIV-1

INFECTION

Reger et al. (2002) did a meta-analysis of 41 studies of
neuropsychological functioning in HIV-1 infection
which examined cognitive decline with respect to disease
progression, revealing small effects in asymptomatic
patients, small to moderate effects in symptomatic par-
ticipants, and moderate to large effects in participants
with AIDS. The domains that showed the greatest ef-
fects were motor functioning, executive functioning,
and information-processing speed.

In a more recent study by Baldewicz et al. (2004),
cognitive performance was observed over an 8-year pe-
riod in 59 HIV-1-seropositive men who were clinically
asymptomatic at study entry. This study found deficits
in specific areas with HIV-1 disease progression over

IN PATIENTS WITH HIV 599



CH
time, specifically in the slowing of fine motor skills and
speed of information processing. It was unexpected to
find no significant group difference in executive func-
tioning, as has been noted in previous research
(Sahakian et al., 1995; Castellon et al., 2000). Deficits
in verbal memory were not found, in contrast to prior
studies (Peavy et al., 1994; York et al., 2001).

This study found a relationship between depressive
symptoms and cognitive performance. Depressive
symptoms were associated with diminished perfor-
mance in measures of attention, executive functioning,
and speed of information processing. Performance was
further slowed in the presence of depressive symptoms.
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RELATIONSHIPBETWEEN
DEPRESSIONANDNEUROCOGNITIVE

PERFORMANCE

Although depression has been linked to neurocognitive
compromise, to date the majority of studies have failed
to find a consistent relationship between mood and cog-
nition among HIV-seropositive individuals, suggesting
that these constructs are independent of one another
(Bornstein et al., 1993; Mapou et al., 1993; Bix et al.,
1995; Goggin et al., 1997; von Giesen et al., 2001).

Relative to population-based rates, both syndromal
depression and depressive symptomatology are highly
elevated among HIV-positive persons. It is generally ac-
cepted that HIV infection can lead to mood disturbance
through both direct (e.g., primary effect of the virus in the
CNS) and indirect pathways (e.g., response to increased
medical/social/financial stressors, mortality issues).

The depression is a multidimensional syndrome con-
taining cognitive, affective, somatic, and motivational
components. Castellon et al. (2006) explored which
meaningful components of the Beck Depression Inven-
tory (BDI: Beck, 1987) were differentially associated
with cognitive performance among HIV-infected indi-
viduals. They reported that a BDI factor reflecting dis-
turbance in mood and motivation was more strongly
associated with neurocognitive performance than were
factors representing either negative self-view or somatic
disturbance. In this study, only the BDI mood motiva-
tion factor was consistently related to neurocognitive
performance. The neurocognitive domains most closely
associated with the mood and motivation disturbance
factor were verbal memory, executive functioning,
and motor performance. These findings suggest that
certain items from depression-rating scales may bemore
indicative of CNS dysfunction. Possible neurochemical
and neuroanatomical mechanisms of both mood distur-
bance and neurocognitive impairment may be chronic
abnormalities in the hypothalamic–pituitary–adrenal
axis and the resultant increase in cortisol levels
(McAllister-Williams et al., 1998), and/or changes in
dopaminergic regulation in HIV/AIDS (Berger and
Arendt, 2000).

Finally, mood and motivation disturbance was asso-
ciated with both episodic and procedural memory,
whereas self-reproach was associated with subjective
complaints of memory deficits (Castellon et al., 1999).

CONCLUSION

The neurological manifestations of HIV infection con-
tinue to be a major source of morbidity and mortality,
despite advances in HAART during the past decade.

HIV-related neurocognitive impairment is regarded
as a direct manifestation of HIV-1 infection of the CNS.

The neuropsychological deficits reported in HIV in-
fection include decreased attention and concentration,
psychomotor slowing, reduced speed of information
processing, executive dysfunction (abstraction, divided
attention, shifting cognitive sets, response inhibition)
and verbal memory impairment (particularly retrieval
of stored information).

The consequent reduced functional capacity of af-
fected individuals will significantly affect quality of life
and increase mortality.

Despite the overall benefit for cognitive function, the
long-term efficacy of HAART in treating HIV-related
neurocognitive impairment remains to be determined.
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INTRODUCTION

The association of gastrointestinal (GI) function with
emotions and alterations in these associations has been
recognized by ancient eastern and western healing
traditions, and in modern times by psychologists and
physiologists. In addition, the association between sev-
eral chronic GI disorders and psychiatric symptoms
and syndromes has long been appreciated by clinicians
and patients. While different theories have been
proposed over time to explain these associations, the
direction of causality and pathophysiology of the clini-
cal observations have long been debated, and a scientific
understanding of the neurobiological mechanisms
underlying the association remains incomplete.

Major breakthroughs in the scientific understandingof
bidirectional brain–gut interactions during the last few
decades have come from different directions, primarily
from the emerging field of “enteric neuroscience” and
“emotional neuroscience,” including biological psychia-
try. The characterization of the enteric nervous system
(ENS) as the third branch of the autonomic nervous
system (ANS), the characterization of the effects of the
central stress response on GI function, including mucosal
immune function, and the recent renaissance of the con-
cept of interoception and its modulation have played a
major role in this development.

However, despite recent progress in understanding
of the brain–gut axis and its role in health and disease,
clinicians continue to adhere to the cartesian split in
dealing with chronic GI disorders. On the one side, the
great majority of gastroenterologists continue to ignore
or deny a significant role for the central nervous system
*
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eases, David Geffen School of Medicine at University of Califo

Angeles, CA 90095-6949, USA. Tel : (310) 206-0192, Fax: (310) 20
(CNS) in disorders such as functional or inflammatory
bowel disorder (IBD), or chronic esophageal disorders
(including functional heartburn (FH) and functional
chest pain (FCP)), and dismiss psychological or psychi-
atric comorbidity as neurotic or hysterical behavior,
peripheral to the disease process. Similarly, GI re-
searchers continue the search for the single gut-based
etiology for functional GI disorders. On the other hand,
psychiatrists have been more open to the concept of
somatization, e.g., the expression of CNS pathology in
the form of physical symptoms, but have not produced
a neurobiological basis for various symptom-based
somatic syndromes.
HISTORICALDEVELOPMENTOF
THEORIESABOUT THERELATIONSHIP

OF PSYCHIATRICAND
GASTROINTESTINALDISORDERS

Early psychosomatic concepts

The question of how the brain and the viscera interact in
the generation of emotions and alterations in GI func-
tion has been addressed by philosophers and ancient
healers, and by prominent psychologists, psychiatrists,
and physiologists during the later part of the 19th and
earlier part of the 20th century. Psychosomatic concepts
originated from Greek philosophy (Hippocrates) and
medieval medical systems (Galen), where the humoral
pathology paradigm (Saeftelehre) offered a philosophi-
cal framework postulating a relationship between dif-
ferent GI fluids, emotional states, and personality
Center for Neurobiology of Stress, Division of Digestive Dis-
rnia, Los Angeles, 10945 Le Conte Avenue, Suite 2338F, Los

6-3343, E-mail: emayer@ucla.edu
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traits (Lipowski, 1984; Johnston et al., 1995). In the mid
19th century, the French physician Briquet was one of
the first to focus on the psychosomatic aspect of chronic
GI symptoms. He examined over 400 patients, reporting
a wide variety of unexplained psychopathological sym-
ptoms. Symptoms referred to the epigastric region
(corresponding to today’s syndrome of functional dys-
pepsia (FD)) were the most frequently reported in this
sample (Briquet, 1859). The observation of frequent unex-
plained physical symptoms led Briquet to the concept of
hysteria, assuming that the uterus (Greekste�ra, hystera)
is the organ responsible for symptoms. Similar findings
were reported by the American physician Beard, who
introduced the term “neurasthenia” to refer to such
syndromes. Under this diagnostic term, GI-related symp-
toms as well as a symptom constellation reminiscent of
today’s diagnostic criteria for chronic fatigue syndrome
(including unexplained and persistent exhaustion, sleep-
ing disorders, and “brain fog”) were the most prominent
symptoms (Beard, 1880; Fukuda et al., 1994). In 1818 the
German psychiatrist JCA Heinroth introduced the term
“psychosomatics,” implying that most functional GI
syndromes were psychological in nature. In 1833 the
American military physician William Beaumont (1833)
reported the classical findings in his patient Alexis Saint
Martin, about the influence of psychological factors on
gastric function. In this patient with a gastric stoma, he
could observe the effect of specific emotional states such
as anger and fear on gastric secretion and blood flow. In
1931, Wittkover made the discovery that the relationship
between hypnotically induced emotional states and gastric
function showed considerable interindividual variability:
while specific emotional states resulted in reproducible
gastric secretion patterns in a given individual, other
patients produced completely different secretion pattern
under similar emotional states. Analogous findings were
seen regarding colonic motility (Almy and Tulin, 1947).
These observations pre-emptied the modern concept of
the emotional motor system (EMS) (Holstege et al.,
1996), which encompasses a set of parallel outflow
systems from the brain to the body that are engaged
differentially by specific emotions and perturbation of
homeostasis (for details, see below).
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Early theories of emotion related to
brain–gut interactions

In the 1880s William James and Carl Lange simulta-
neously formulated a comprehensive theory (James–
Lange theory of emotions) which was based on the cen-
tral concept that emotional stimuli induce bodily
changes (e.g., increased heart rate, sweat), and that
the afferent feedback of these peripheral changes to
the brain is essential in the generation of specific emo-
tional feelings (William, 1884). In the late 1920s, Walter
Cannon in collaboration with Philip Bard provided
experimental evidence to challenge the James–Lange
theory, and provided an influential alternative theory,
postulating that emotional feelings are generated by
subcortical brain regions, in particular the hypothala-
mus. According to Cannon–Bard theory, bodily changes
associated with emotional states are simply byproducts
of these brain changes, and are not essential for the sub-
jective experience of emotional feelings (Cannon, 1929).
Modern theories of emotion by Damasio (1994), LeDoux
(1996), and Craig (2002) have incorporated a wealth of
recent scientific preclinical and clinical evidence into the
earlier concepts, but have largely overcome the long-
lasting controversy about the directionality of brain–
visceral interactions in the generation of emotions.

. BRUNNHUBER
Psychoanalysis and brain–
visceral interactions

Based on extensive clinical experience, Sigmund Freud
postulated that adverse early-childhood experiences
can have an important influence on the mental states
of the adult, ultimately resulting in distinctive clinical
signs and psychopathological symptoms of the affected
individual. In the case of GI-related syndromes, Freud’s
description of the Wolfsmann has become legendary.
This patient, who presented with obsessive-compulsive
disorder and GI symptoms, consistent with today’s diag-
nosis of irritable bowel syndrome (IBS), is one of the
first examples where Freud introduced his developmen-
tal concept that maladaptive behavioral patterns within
the anal phase of the child between 3 and 4 years of age
(“analerotic”) can become an important determinant for
future functional GI symptoms (Freud, 1918). Freud
later tried to explore specific personality traits associ-
ated with gut disorders, especially traits of controlling
and cleaning, or obsessive-compulsive behaviors.
Simmel elaborated Freud’s developmental theory of
psychological energy (libido) and conversion. According
to Simmel, GI symptoms themselves reflect an uncon-
scious compromise, where conflicts and interpersonal
problems could not be verbalized consciously, but are
expressed in the form of physical symptoms (“conver-
sion”). GI symptoms, in this view, represent a symbolic
function within the biographical context of the patient.
Interestingly, Simmel already emphasized in 1937 that
not psychoanalysts but “in the future endocrinologists
will find out more and more on how hormones will
influence the psyche.”

Later on, the psychoanalyst Alexander tried to over-
come the apparent controversy between early physiolog-
ical findings and freudian theory, by proposing specific
psychological models for specific diseases. He distin-
guished classical conversion “hysteria” on the one side
from specific “organ neuroses,” the latter being defined
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as disturbances of organ function mediated by alter-
ations in autonomic regulation of the respective organ.
He postulated a psychosomatic basis for seven common
diseases, including hypertension, bronchial asthma, neu-
rodermitis, rheumatoid arthritis, hyperthyroidism and
several GI disorders, including peptic ulcer disease
(PUD) and ulcerative colitis (UC). In 1951 he included
a chapter in his famous textbook for psychosomatic
medicine on “emotional factors in gastrointestinal disor-
ders” (Alexander, 1951). Alexander postulated a causal
link between a specific psychological conflict and the af-
fected organ (Konfliktspezifit�t und Organwahl).
According to this concept, the psychological conflict
precedes and triggers any dysfunction in internal vis-
ceral organs. Physical symptoms are the result of an on-
going suppression of emotional feeling states. This
suppression results in a vagal–sympathetic imbalance,
leading to chronic irritation of targets within the body,
and to chronic disease.

Even though many of the psychoanalytical concepts
have been abandoned based on emerging scientific evi-
dence, many of the concepts outlined above, such as the
effect of early-life experiences on adult pathophysiol-
ogy and the concept of GI dysfunction mediated by
target-specific autonomic dysregulation, are strongly
supported by modern research, as discussed below.

GASTROINTEST
Learning and visceral function

Parallel to the psychoanalytical school, Iwan Petrowitch
Pawlov (1849–1936), the founder of the learning theory,
also started his legendary conditioning experiments
(Pawlov, 1954). In 1926 Bykov and Berkmann demon-
strated the feasibility of conditioning of organ re-
sponses to interoceptive stimuli (Bykov, 1957). Their
experiments demonstrated that visceral function can
be modulated by the learning process and stimulated
further research into pavlovian conditioning to intero-
ceptive stimuli (Chernigovskiy, 1967). Six principles of
interoceptive pavlovian conditioning have been cited:

1. Interoceptive stimulation leads to largely uncon-

scious reactions.
2. Interoceptive conditioning is readily obtainable.

3. Interoceptive conditioning is a built-in function,
constantly generated and regenerated.

4. Interoceptive conditioning is slower to form but
more resistant to extinction.

5. Interoceptive conditioned reactions are dominant
over exteroceptive.

6. Exteroceptive and interoceptive stimuli with the
same conditioned reaction tend to decrease the in-
tensity of the conditioned effect (Razran, 1961).
There is renewed interest in these concepts of interocep-
tive learning and memory formation in neuroscience,
with particular relevance for the pathophysiology of
functional GI disorders.

In summary, there are several aspects of the older
theories of brain–visceral interactions that continue to
be relevant in a better understanding of the relationship
between mental states and chronic GI disease. First,
there is a close link between emotional factors and GI
symptoms, whether they are considered to be “func-
tional” or organic. Second, the observation that aversive
early-life events are relevant for the onset, severity, and
expression of GI symptoms in the adult has been con-
firmed by many subsequent studies. Thirdly, physiolog-
ical functions, such as gastric secretion and motility, are
influenced by the brain, and can be modulated through
conditioning and learning. Finally, altered central pro-
cessing and modulation of interoceptive information
from the GI tract play a major role in symptoms of pain
and discomfort, and prediction errors based on distorted
interoceptive memories have been implicated in the
pathophysiology of anxiety disorders (Paulus and Stein,
2006) as well as functional pain disorders (Mayer and
Bushnell, 2009).
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CLINICAL EVIDENCEFOR
BRAIN^GUT INTERACTIONS IN

GASTROINTESTINALDISORDERS

Based on the close interaction of the brain and the GI
tract, important alterations in the bidirectional relation-
ships between brain function and emotional states are
likely to exist for a wide variety of functional and or-
ganic GI disorders, and such alterations are supported
by clinical experience. One may speculate that influ-
ences of the brain on the gut may be more important
for functional GI disorders, while influences of gut in-
flammation on brain function may be more important in
organic GI disorders. However, since solid epidemiolog-
ical and experimental evidence for such interactions in
chronic esophageal disorders, inflammatory bowel dis-
eases, and possibly even chronic liver disease is limited,
this chapter will focus primarily on functional GI disor-
ders, with reference to the other group of disorders
when data are available.

PREVALENCEOF FUNCTIONAL
GI DISORDERS

IBS, FD, FH, and FCP of presumed esophageal origin
are characterized by chronic, recurrent symptoms of
pain and discomfort referred to the lower abdomen
(IBS), the epigastrium and upper abdomen (FD), and
the retrosternum (FCP, FH), respectively. They belong
to the family of functional GI disorders, comprising a
wide spectrum of chronic GI disorders, which are com-
mon in both the adult and pediatric population. Unlike
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organic disease, and in the absence of disease-specific,
agreed-upon biomarkers, functional GI disorders are
currently classified purely by selected symptoms, and
the diagnosis of a functional GI disorder requires the ab-
sence of pathology that may account for the symptoms
(Drossman et al., 2006). Based on the shared clinical
features, frequent comorbidity in the same patient,
and similar treatment responses, it is generally assumed
that these disorders all share similar alterations in brain–
gut interactions (Mayer and Bushnell, 2009). Despite the
benign prognosis of functional GI disorder, the health-
related quality of life in functional GI disorder patients
can be significantly affected by their symptoms, and
impairment is often more pronounced than in organic
disease.

Irritable bowel syndrome

The hallmark symptoms of IBS are chronically recurrent
abdominal pain and discomfort associated with alter-
ations in bowel habits (Drossman et al., 2006). Different
sets of diagnostic criteria have been proposed by inter-
national committees of experts to define the constella-
tion of these hallmark symptoms as a distinct
syndrome, separate from other functional disorders
without pain, and from chronic abdominal pain disor-
ders. The most recent version of this definition has been
in the form of the so-called ROME III criteria
(Drossman et al., 2006). IBS is the most common func-
tional GI disorder, with worldwide prevalence rates
ranging from 9% to 23% (Drossman et al., 2002). Sev-
eral population-based studies have demonstrated IBS
symptoms to be more common in women, with preva-
lence ratios ranging from 2 to 3:1 (Heaton et al.,
1992b; Chang and Heitkemper, 2002). Based on differ-
ent epidemiological studies performed in different
countries, 20–75% of individuals meeting symptom cri-
teria for IBS will seek medical care for their symptoms
at some point in their lives (Sandler et al., 1984; Heaton
et al., 1992b; Talley et al., 1997).

Functional dyspepsia and heartburn

In a population-based sample about 30% of patients
expressed symptoms of indigestion (“dyspepsia”)
(Morris, 1991). About 1% of patients with dyspeptic
symptoms seek medical care and in about 50% of them
no organic cause is found (Pauli et al., 1992). A large
subgroup of FD patients express psychiatric comorbid-
ities (86.7%) compared to organic dyspepsia (25%)
(Magni et al., 1987). The main psychiatric diagnosis
seems to be anxiety disorders (Haug et al., 1994b; Van
Oudenhove and Tack, 2009). Whether FD patients are
exposed to higher adverse life events or whether they
simply evaluate retrospective events more negatively
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remains to be determined (Hui et al., 1991). Heartburn
is present in 20–40% of subjects in western populations,
and two-thirds of patients with heartburn report stress-
induced symptom exacerbation. Over 10% of patients
presenting with typical heartburn have negative findings
on both upper GI endoscopy and 24-hour pH monitor-
ing, suggesting a diagnosis of “functional heartburn”
(Martinez et al., 2003). There is a high comorbidity of
both FD and FH with IBS, suggesting a shared underly-
ing pathophysiology.

Inflammatory bowel disorders

The prevalence of IBDs, including Crohn’s disease and
UC, shows ethnic and geographical variations. Among
Caucasians, the incidence ranks from 3% to 15%, with
a prevalence of 50–80/100 000 in the general population.
The highest rates are found in the USA, Sweden, and
Denmark, and the lowest in South America. IBDs are
equally distributed between genders (Ali and Tamboli,
2008). Studies have suggested that UC presents with
30–62% psychiatric comorbidities (Andrews et al.,
1987; Magni et al., 1991), but other studies have failed
to show an increased prevalence of psychiatric comor-
bidity. An increased frequency of IBDs has been ob-
served worldwide as societies become more developed
or modernized. Estimates of prevalence in the USA con-
tinue to rise and are now in the range of 1–1.5 million
people (Kappelman et al., 2007). This rise may be linked
to changes in the GI microbiota, development of the im-
mune system, and the risk of inflammatory diseases
(Shanahan and Bernstein, 2009).

COMORBIDITY OF IBS WITH OTHER PERSISTENT

PAIN SYNDROMES

Patients with IBS show high comorbidity with other func-
tional GI disorders (e.g., with FD, FH, and FCP) and other
somatic pain syndromes (including fibromyalgia, chronic
fatigue syndrome, chronic pelvic pain, interstitial cystitis/
painful bladder syndrome, temporomandibular joint dis-
order; Table 36.1), as well as with various psychiatric syn-
dromes (in particular, anxiety disorders, depression, and
somatization; Table 36.2) (Mayer and Bushnell, 2009).
For example, comorbidity of IBS with other functional
GI syndromes ranks from 29% to 92% (Palsson and
Whitehead, 2005). The number of GI symptoms directly
correlates with the prevalence of psychiatric comorbid-
ities. For example, patients with a single GI symptom
versus noGI complaints have a higher lifetime prevalence
for major depression (7.5% versus 2.9%) and panic
disorders (2.5% versus, 0.7%), and this ratio increases
to 13.4% for major depression and to 5.2% in panic
disorders, if two GI symptoms are present (Walker
et al., 1992).
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Table 36.1

Comorbidity of irritable bowel syndrome (IBS) with other

gastrointestinal disorders, and with nongastrointestinal

disorders

Disorder

Prevalence of
IBS in the
disorder

Prevalence of
the disorder in
IBS

Gastrointestinal

Gastroesophageal reflux
disease

31–71% 28–80%

Functional dyspepsia 28–47% 28–57%
Other somatic

Fibromyalgia 32–77% 28–65%

Chronic fatigue
syndrome

35–92% 14%*

Chronic pelvic pain 29–79% 35%*

Dysmenorrhea or
premenstrual
syndrome

50%* 10–18%

Temporomandibular
joint disorder

64%* 16%*

Interstitial cystitis 30.2%*

*Based on results of only one study.

(Reproduced with permission from Chang and Drossman, 2009.)
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The reasons for the overlap between functional GI
syndromes and chronic somatic pain syndromes remain
incompletely understood. However, it is likely a
reflection of the limitation of categorical disease-based
diagnoses, which focuses on subspecialty-related syn-
drome definitions. This limited definition does not
Table 36.2

Prevalence of psychiatric disorders in functional bowel disord

Study Subjects
Psychiatric
interview F

Macdonald and
Bouchier, 1980

FBD CIS 5

Colgan et al., 1988 FBD CIS 5
Corney and Stanton, 1990 IBS CIS 4
Craig and Brown, 1984 FBD PSE 4
Ford et al., 1987 IBS PSE 5

Toner et al., 1990 IBS DIS 5
Blanchard et al., 1990 IBS DIS 5

Only studies are shown which used standardized research psychiatric inte

CIS, Clinical Interview Schedule; DIS, Diagnostic Interview Schedule; P
accept multiple other symptoms as part of a more com-
plex syndrome affecting multiple organ systems, and
which is composed of multiple, shared endophenotypes
(Fig. 36.1) (Mayer and Bushnell, 2009).
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PREVALENCE OF DISORDERS OF MOOD AND AFFECT

IN IRRITABLE BOWEL SYNDROME

IBS patients report scores of depression and anxiety that
are intermediate between those of psychiatric popula-
tions and healthy controls (Table 36.2). Even though
the presence (and severity) of the psychological distress
relates to healthcare-seeking status, it is also observed in
so-called nonconsulters. Even though the comorbidity
has most extensively been studied in IBS, limited
evidence suggests similar findings in other functional
GI disorders.
Treatment-seeking samples

Published data on the proportion of IBS clinic patients
with psychiatric diagnoses have been summarized by
Creed et al. (2006). Prevalence figures from studies
using standardized research psychiatric interviews are
shown in Table 36.2. These studies show that 50–60%
of patients with IBS seen in gastroenterology clinics
have psychiatric disorders. The proportion of patients
entering treatment trials who have psychiatric disorders
is similar (Creed, 1999). While symptomatic volunteers
for treatment studies typically have milder psychiatric
disorders (phobias, anxiety) (Blanchard et al., 1990), a
greater proportion of refractory GI clinic attenders have
depressive disorders (Guthrie et al., 1991). For example,
er (FBD)/irritable bowel syndrome (IBS)

% with anxiety and depressive disorder

Comparison groups

BD

Organic
gastrointestinal
disorder

Healthy
controls

3% (n ¼ 35) 20% (n ¼ 32)

7% (n ¼ 37) 6% (n ¼ 2)
8% (n ¼ 42)
2% (n ¼ 79) 18% (n ¼ 56) 8% (n ¼ 135)
4% (n ¼ 134) 12.5% (n ¼ 16)

9% (n ¼ 44) 14% (n ¼ 19)
6% (n ¼ 68) 25% (n ¼ 44) 18% (n ¼ 38)

rviews to make a diagnosis.

SE, Present State Examination.



Fig. 36.1. Intermediate phenotype approach to functional gastrointestinal pain disorders. (A) The first column shows a progres-

sion from the complex symptom-based clinical phenotype (top) all the way to the gene. In between, there are several intermediate

phenotypes, some of which can be studied in animal models. The matrix on the right illustrates examples of intermediate

phenotypes, some of which are relevant for more than one of the disorders listed in the top row. It is proposed that all the complex

clinical syndromes represent “mosaics,” composed of aggregates of several shared intermediate phenotypes and related genes.

IC/PBS, interstitial cystitis/painful bladder syndrome; IBS, irritable bowel; FM, fibromyalgia; PTSD, posttraumatic stress

disorder; BH, bowel habits; DA, dopamine; NE, norepinephrine; E, epinephrine; 5-HT, serotonin; CRF, corticotropin-releasing

factor; COMT, catechol-O-methyltransferase; AR, adrenergic receptor; SERT, serotonin transporter; VGF, vascular growth

factor; BDNF, brain-derived neurotrophic factor; ENS, enteric nervous system. (B) Intermediate phenotypes result from the

interactions of genes, sex, and environmental factors (psychosocial and physical stressors). Similar mechanisms are thought

to apply to both central and peripheral (enteric nervous system) endophenotypes. (Reprinted with permission from Mayer

and Bushnell, 2009.)
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patients with IBS recently referred to a gastroenterology
practice have more anxiety than depression (Rumsey,
1991; Heaton et al., 1992a), whereas in chronic GI clinic
attenders with persistent or refractory GI symptoms the
prevalence of depression (39%) is fourfold higher than
anxiety (10%) (Guthrie et al., 1992). These findings sug-
gest that, while symptoms of anxiety, and particularly
symptom-related worries and fears (and the underlying
pathophysiological mechanisms) are closely related to
IBS, the high comorbidity of depression in chronic clinic
attenders is more related to the independent, enhancing
effect of depression on healthcare-seeking (Katon et al.,
1990; Katzelnick et al., 1997). Alternatively, the comor-
bidity of IBS and depression may occur in a genetically
distinct subset of patients who are more refractory to
standard IBS treatments. This subgroup may also have
a higher prevalence of comorbid fibromyalgia, which is
frequently associated with depression (Arnold et al.,
2006).

The high prevalence of affective disorders in
clinic samples of IBS patients could be a reflection
of: (1) a high comorbidity in all affected patients;
(2) a “self-selection hypothesis” (Drossman and
Thompson, 1992); or (3) it could result from a combi-
nation of both phenomena. The first possibility would
be expected if the neurobiological mechanisms under-
lying affective disorders (endophenotypes) overlap
with endophenotypes underlying the central alterations
involved in the generation of IBS symptoms (Fig. 36.1).
The self-selection hypothesis (second possibility) states
that only those patients with the most severe and
refractory IBS symptoms are selected into tertiary re-
ferral clinics, including psychiatric referrals. The third
possibility would indicate that, while IBS and affective
disorders do share common central pathophysiological
mechanisms, affective disorders, such as depression,
anxiety, and somatization, by themselves will influence
healthcare-seeking behavior, regardless of what the
comorbid medical disorder is (Katon et al., 1990;
Katzelnick et al., 1997).

GASTROINTEST
POPULATION-BASED SAMPLES

Lydiard et al. (1994) surveyed the prevalence of GI
symptoms (including an IBS “composite” of such symp-
toms) in individuals with psychiatric disorders in a
national community survey of 13 537 respondents
(National Institutes of Mental Health (NIMH) Epidemi-
ologic Catchment Area (ECA) study). Persons with
panic disorder had the highest rate of unexplained GI
symptoms (7.2%) compared with the other diagnostic
categories. There was a nearly fivefold increased risk
that persons with panic disorder would have the IBS-like
composite of symptoms compared with persons without
panic disorder. Walker et al. (1992) reviewed structured
psychiatric interviews from nearly 19 000 subjects from
the NIMH ECA study for prevalence of GI distress
symptoms and selected psychiatric disorders. The prev-
alence of unexplained GI symptoms in this sample of the
general population ranged between 6% and 25%. Sub-
jects who reported two GI symptoms had significantly
higher lifetime prevalence rates for depression, panic,
and agoraphobia compared to no reported GI symp-
toms. In summary, the findings of these studies strongly
suggest an association of affective disorders with func-
tional GI symptoms in subjects not seeking healthcare
for their abdominal symptoms, and argues against a
simple self-selection hypothesis.

Role of affective disorders in determining
healthcare-seeking behavior

It is commonly assumed that psychological factors,
including affective disorders and life stresses, are the
primary predictors of healthcare-seeking amongst
individuals with IBS symptoms (Drossman et al., 1988;
Whitehead et al., 1988). In contrast, a population-based
study performed inAustralia found that neuroticism, psy-
chological comorbidity, and a history of abuse did not ex-
plain healthcare-seeking for IBS symptoms (Talley et al.,
1998). In contrast, severity and duration of abdominal
pain had statistically significant and independent effects
on the probability of subjects with IBS symptoms ever
having sought care for abdominal pain and discomfort.
In a survey of several studies in which subjects with
IBS symptoms who sought medical care for their symp-
toms were compared with those who did not, the severity
of abdominal pain was found to be the most consistent
distinguishing factor, while anxiety and depression
were found less consistently (Creed, 1999). In the two
population-based studies, psychological factors did not
predict healthcare-seeking behavior for IBS symptoms.

In summary, depression and anxiety have been found
to bemore prevalent in clinic populations of IBS sufferers
compared to nonconsulting subjects with similar symp-
toms. While these findings are consistent with similar re-
ports about users of medical services in general (Katon
et al., 1990; Katzelnick et al., 1997), these differences
seem todisappear in the case of the IBS studies,when con-
trolled for severity and duration of abdominal pain.

COMORBIDITY OF INFLAMMATORY BOWEL DISORDERS

WITH DISORDERS OF MOOD AND AFFECT

An association between IBDs and disorders of mood
and affect had long been observed by clinicians, and
such a connection had been formalized in the early part
of the 20th century by Alexander as one of the “organ
neuroses” (see above). However, the literature on such
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a correlation has been contradictory and, until recently,
has resulted in a rejection by researchers in the field of
the concept of brain–gut interactions in the pathophys-
iology of IBD. However, a series of epidemiological
studies on the Manitoba IBD cohort showed higher rates
of panic, generalized anxiety disorder, and obsessive-
compulsive disorder compared to historical controls,
and higher rates of depression compared to matched
controls (Walker et al., 2008). IBD patients with psychi-
atric comorbidity reported lower quality of life and
earlier onset of IBD symptoms compared with those
IBD patients without comorbidity. Treatment with
corticosteroids can induce psychiatric symptoms in
vulnerable patients. Insufficient data are available to
identify anxiety and depression as risk factors for
IBD (Graff et al., 2009a).
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ANDCOPINGMECHANISMS INGI

DISORDERS

Many organic and functional GI disorders show stress
sensitivity of their symptoms, and this association is
most pronounced for functional GI disorders, including
IBS. Psychosocial factors that adversely affect health
status, clinical outcome, and health utilization include:
(1) a history of emotional, sexual, or physical abuse
(Drossman et al., 1996); (2) stressful life events
(Whitehead et al., 1992); (3) chronic social stress
(Bennett et al., 1998); and (4) maladaptive coping styles
(Drossman et al., 2000).
Irritable bowel syndrome

In IBS, stressors are strongly associated with first symp-
tom onset (Walker et al., 2001) and symptom severity in
the majority of patients (Drossman et al., 1996). Chronic
life stress has been found to be the main predictor of
IBS-like symptom intensity in chronic states over 16
months (Bennett et al., 1998) and IBS patients report
more lifetime and daily stressful events (Drossman
et al., 1988; Levy et al., 1997). Patients with IBS more
often report stressors leading to abdominal pain (73%)
than healthy controls (54%) (Lipowski, 1984). A relation-
ship between a history of early-life trauma and a diag-
nosis of functional GI disorder has been reported
(Drossman et al., 2000a). For example, a history of
sexual abuse, in particular when experienced during
childhood, may be more likely to result in adult IBS-like
symptoms (Felitti, 1991; Drossman et al., 2000b) and in
chronic pelvic pain symptoms (Drossman et al., 1990;
Walker et al., 1993). Patients with functional GI disor-
ders were found to have a greater prevalence of sexual
abuse history compared to patients with organic GI syn-
dromes (Drossman et al., 1990).
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Peptic ulcer disease and
gastroesophageal reflux disease

PUD has long been considered to be a stress-sensitive
disorder (Beaumont, 1833; Pawlov, 1954).

Even though the discovery of Helicobacter pylori as
an important and treatable vulnerability factor for PUD
has nearly abolished the interest in the role of stress
and brain–gut axis dysregulation in the pathophysiology
of PUD, there is considerable evidence to support a role
for stressful life events (Spicer et al., 1944; Pomakov
et al., 1993; Lam et al., 1995; Nice et al., 1996; Levenstein
et al., 1997, 1999; Aoyama et al., 1998). Furthermore,
more than 80% of H. pylori-infected individuals (and
the majority of nonsteroidal anti-inflammatory drug
(NSAID) users) never develop an ulcer, while at least
10% of non-NSAID-related peptic ulcers are not infected
with H. pylori (Peterson and Graham, 1997). It is intrigu-
ing to speculate on the role of certain life stressors as risk
factors that determine which H. pylori-positive individ-
uals develop an ulcer and which patients develop symp-
toms of dyspepsia instead, without an ulcer.

The epidemiological evidence to support a causal
relationship between life events and disease activity in
gastroesophageal reflux disease (GERD) is less conclu-
sive. The primary information on the role of stressful
life events is based on a population-based survey in
which 64% of patients with GERD indicated that stress
increased their symptoms (The Gallup Organization,
1988). GERD patients who are anxious and are exposed
to long periods of stress are more likely to notice stress-
induced symptom exacerbation (Bradley et al., 1993).
Inflammatory bowel disorders

In IBDs, studies on the relationship between stressful
life events and onset or disease exacerbation have failed
to demonstrate a consistent relationship (Lerebours
et al., 2007; Lix et al., 2008). Although there is strong
evidence for an association between perceived stress
levels and disease flares (Levenstein et al., 2001), there
is a weaker association between the occurrence of
stressful life events and flares (Singh et al., 2009). No
difference was found in the way IBD patients cope
with psychological stressors (Graff et al., 2009b). Acute
stressors, transmitted by cultural, economic, and social
determinants (Levenstein et al., 2001), do play a role
in disease relapse and clinical course (Mawdsley
and Rampton, 2006). Within IBD, patients with UC
seem to be more prone to stress-induced symptom
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exacerbations, especially with comorbid depression
(Maunder and Levenstein, 2008).

CURRENTNEUROBIOLOGICAL
CONCEPTSABOUTMIND^BRAIN^BODY

INTERACTIONS INHEALTH AND
GASTROINTESTINALDISORDERS

The central stress system

Stress is defined as an acute threat to the homeostasis of
an organism (Selye, 1950; Chrousos and Gold, 1992),
whether real (physical) or perceived (psychological),
and whether posed by events in the outside world or from
within, evoking adaptive responses that serve to defend
the stability of the internal environment and to assure
the survival of the organism (McEwen and Stellar,
1993; Sawchenko et al., 2000). Whether interoceptive
stressors like gut infections, mucosal inflammation, or in-
ternal hemorrhages or exteroceptive, psychosocial
stressors, all perturbations can alter an integrated neuro-
biological response for any specific individual in a given
situation. Perturbation of homeostasis is generally associ-
ated with change in emotional state. The ability to defend
homeostasis (that is, to maintain stability) through change
has been referred to as allostasis (McEwen, 2000). Espe-
cially in individuals where the susceptibility to stress is al-
tered by genetics and traumatic events previous to the
current symptoms, the type, severity, and chronicity of
such stressors can cause amaladaptive stress response, re-
ferred to as allostatic load (McEwen, 1998). Certain stress-
ful life events, like adverse childhood experiences (Stamm
et al., 1997), posttraumatic stress later in life (Drossman
et al., 1990, 1995), as well as chronic stressors like unem-
ployment, losses, financial threat, and divorce (Bennett
et al., 1998), have been associated with the onset or exac-
erbation of symptoms in some of the most common
chronic disorders of the digestive system, including func-
tional GI disorders, IBD, GERD, and PUD.

The emotional motor system

The organism’s response to stress is generated by a net-
workof integrativebrain structureswhich includecortical,
subcortical, and brainstem components (Holstege et al.,
1996; Mayer, 2000a). The core of the stress system com-
prises subregionsof the hypothalamus (i.e., the paraventri-
cular nucleus), amygdala, and periaqueductal gray. This
basic stress circuit receives input from visceral and so-
matic afferents, and fromcortical structures.While affer-
ent input from the periphery (interoceptive input) informs
the brain about a wide range of homeostatic parameters
(temperature, blood oxygen levels, pH, food intake;
Fig. 36.2), cortical inputs to the central stress system
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inform the brain about the context, environmental events,
andmemory of previous stressors. In turn, the integrative
stress circuit provides outputs to the pituitary and to pon-
tomedullary nuclei, which mediate the neuroendocrine,
autonomic, and pain-modulatory output to the body, re-
spectively (LeDoux, 1996;Bandler et al., 2000; Sawchenko
et al., 2000). An important circuit involved in the stress re-
sponse involves reciprocal interactions between
corticotropin-releasing factor (CRF)-positive neurons of
the amygdaloid complex, including the bed nucleus
of the stria terminalis, and catecholaminergic neurons
of the locus coeruleus complex (Plotsky et al., 1989;
Chrousos, 1995; Taché et al., 1999; Valentino et al., 1999).

Outputs from the central nucleus of the amygdala,
the bed nucleus of the stria terminalis, and the hypothal-
amus can stimulate noradrenergic outputs from the
locus coeruleus to the medial prefrontal cortex, insula,
and dorsal anterior cingulate cortex, which in turn pro-
ject back to the amygdala, forming a feedforward
system (“emotional arousal circuit”) associated with
increased arousal, as well as ANS and hypothalamic–
pituitary–adrenal (HPA) axis responses. Circulating
glucocorticoids contribute to this feedforward system
in the amygdala, but exert inhibitory control via central
glucocorticoid receptors located in the hippocampus and
in the medial prefrontal cortex (Sternberg et al., 1992).
The parallel outputs of this circuit are called the
emotional motor system, or EMS (Mayer, 2000b).
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Factors influencing the responsiveness
of the EMS

As emphasized by McEwen (1998) and LeDoux (1996),
the activation of different subcircuits of the EMS in re-
sponse to real or perceived perturbations of homeostasis
serves adaptive functions. Similarly, differences in indi-
vidual EMS circuits programming the organism to be
more vigilant, more aggressive, or more affiliative
may be highly adaptive to particular environmental con-
ditions. As suggested by Taylor et al. (2000), the adap-
tive value of a particular EMS pattern may also be
contingent on the sex of the individual. Thus, when chal-
lenged with an aggressor, a “fight or flight” response
pattern may be most useful for males, while a “tend
and befriend” pattern may be more adaptive for fe-
males, who are primarily responsible for the young.
The responsiveness and output pattern of the EMS is
likely to be under partial genetic control (Glowa et al.,
1992; Eley and Plomin, 1997) but shows considerable
plasticity in response to early-life events (Ladd et al.,
2000) and to certain types of pathological stress
(Fuchs and Fluegge, 1995; Fluegge, 1996).



Fig. 36.2. Hierarchical organization of homeostatic reflex systems involving the sympathetic nervous system. (A) Homeostatic

afferents that report the physiological condition of all tissues in the body, including the gastrointestinal tract, terminate in lamina I

of the dorsal horn. The ascending projections of these neurons provide the basis for reflex arcs at the spinal, medullary, and mes-

encephalic levels. Limbic, paralimbic, and prefrontal centers provide modulatory influences on the gain of these reflexes. PAG,

periaqueductal gray; RVLM, rostral ventrolateral medulla; VMM, ventromedial medulla; ANS, autonomic nervous system. (Rep-

rinted with permission from Craig, 2002.) (B) Cortical modulation of homeostatic afferent input to the central nervous system.

Prefrontal cortex regions (dorsolateral prefrontal cortex (dlPFC), orbitofrontal cortex (orbFC)) modulate activity in limbic and

paralimbic regions (amygdala (Amy), dorsal and rostral anterior cingulate cortex (ACC) subregions, and hypothalamus (Hypoth)),

which in turn regulate the activity of descending inhibitory and facilitatory descending pathways through the periaqueductal gray

and pontomedullary nuclei. Activity in these corticolimbic pontine networks mediates the effect of cognitions and emotions on the

perception of homeostatic feelings, including visceral pain and discomfort. RVM, rostroventral medulla. (Reprinted with per-

mission from Mayer et al., 2006a.)
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A series of studies in different patient populations
has demonstrated that the quality of the early family en-
vironment can serve as a major source of stress vulner-
ability in later life. Individuals who are the victims of
physical, emotional, or sexual abuse are at considerably
greater risk for anxiety disorders and depression in later
life (Bifulco et al., 1991; Hammen et al., 1992; Brown and
Anderson, 1993; Wissow, 1995; McCauley et al., 1997).

Other less dramatic influences in early life, such as
cold and distant parent–child relationships, and divorce
of the parents or death of the mother before age 10, have
also been associated with such enhanced vulnerability
later in life (Parker, 1981; Canetti et al., 1997; Russak
and Schwartz, 1997). The enhanced vulnerability is not
limited to affective disorders, but extends to a greater
risk of chronic illness in general (Dube et al., 2003),
including a greater risk for development of functional
and possibly inflammatory bowel disorders (Hill and
Blendis, 1967; Hislop, 1979; Lowman et al., 1987). It
has been suggested that this influence of early-life
events is mediated in part by parental influences on
the development of neural systems that underlie the ex-
pression of behavioral, autonomic, and neuroendocrine
responses to stress (De Bellis et al., 1994; Coplan et al.,
1996; Meaney et al., 1996; Heim et al., 1997; Francis and
Meaney, 1999).

Studies in animals and humans have clearly demon-
strated that certain types of pathological stress can alter
the responsiveness of feedback systems by downregula-
tion of pre- and/or postsynaptic receptors (adrenergic,
serotonergic, glucocorticoid receptors; Fuchs and
Fluegge, 1995; Fluegge, 1996) and, in the most severe
forms, by structural changes in certain brain regions
(Fuchs et al., 1995; Bremner et al., 1997a). Thus, patho-
logical stress can not only activate, but also fundamen-
tally change, the responsiveness and output of the
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central stress circuits. These alterations could affect the
individual output pathways of the general stress
response differentially and in different directions
(for example, increase or decrease specific sympathetic
outputs, increase or decrease certain vagal outputs,
up- or downregulate the HPA axis, and change pain
perception). Some of the best-characterized alterations
in this central adaptation to pathological stress are an in-
crease in CRF synthesis and secretion (Imaki et al., 1991;
Owens and Nemeroff, 1993; Bremner et al., 1997b), an
increase in the activity and sensitivity of central norad-
renergic systems (Curtis et al., 1995, 1999; Bremner
et al., 1997b; Reche and Buffington, 1998; Ladd et al.,
2000), and either a downregulation or a sensitization
of glucocorticoid receptors and adrenocorticotropic
hormone release (Yehuda et al., 1995). As a consequence
of these alterations in the central stress circuitry, sec-
ondary changes in receptor systems can occur in spinal
(Pertovaara, 1993) or peripheral target cells of the output
systems (Yehuda et al., 1993). Thus, in cases of patholog-
ical stress resulting in permanent changes in the central
stress circuitry, lifelong changes in peripheral receptor
systems may also be expected. Finally, changes in mood
and affect associated with alterations in the stress
response have been reported (Gold et al., 1988a;
McEwen, 1998).

Autonomic nervous system response and
gastrointestinal function

SYMPATHETIC NERVOUS SYSTEM

The classical description of the ANS response to stress
in the “fight or flight” response by Cannon (1929) has
focused on the stereotypical and global activation of
the sympathetic nervous system (SNS). However, de-
spite the integrated nature of the response to different
stressors, there is considerable variability in the target
specificity of the peripheral output. At the level of the
paraventricular nucleus of the hypothalamus, the cells
that give rise to major classes of visceromotor projec-
tions are separate, suggesting that they are not necessar-
ily called into play in a stereotyped “all or none” matter,
but rather that they may be differentially recruited
(Swanson and Kuypers, 1980). Evidence supports a
functionally distinct branch of the SNS dedicated specif-
ically to immune modulation (Felten, 2000; Jänig and
Habler, 2000). Noradrenergic sympathetic nerve fibers
innervate the vasculature and parenchyma of lymphoid
organs, including the gut (Felten et al., 1991). These
nerves and their principal neurotransmitter norepineph-
rine can influence: (1) basic immune cell function, such
as proliferation, differentiation, cell trafficking, and
cytokine production; (2) acquired immune responses;
and (3) autoimmune reactivity in susceptible strains
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(Felten, 2000). For example, activation of the sympa-
thetic system causes systemic secretion of interleukin-
6 (IL-6) from immune cells. IL-6, by inhibiting tumor ne-
crosis factor-alpha and IL-1a, and by activating the HPA
axis, participates in the stress-induced suppression of
the immune-inflammatory reactions (Perlstein et al.,
1993). Stress-related increases in plasma epinephrine
(and glucocorticoids) play an important role in
the facilitation of memory in amygdala–hippocampal
circuits, including in the development of conditioned
fear (Cahill et al., 1994). Epinephrine-stimulated vagal
feedback has also been implicated in the activation of
endogenous pain modulation circuits (Fillingim and
Maixner, 1995). Several polymorphisms in genes related
to the noradrenergic system (including catechol-
O-methyltransferase and beta-adrenergic receptors)
have been identified as vulnerability factors to develop
persistent pain disorders (Diatchenko et al., 2007), sug-
gesting a prominent role for the peripheral and central
components of the SNS in the pathophysiology of tem-
poromandibular joint disorder and comorbid disorders,
such as IBS and FD.
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PARASYMPATHETIC NERVOUS SYSTEM

In addition to activation of sympathetic pathways, var-
ious acute stressors produce a characteristic biphasic
pattern of parasympathetic activation, consisting of va-
gal inhibition and activation of sacral parasympathetic
output (Martinez et al., 1997). Enhanced activation of
this system has been implicated as a plausible mecha-
nism in mediating the characteristic gut responses seen
in IBS (increased distal colonic motility and secretion)
and FD (inhibition of gastric emptying) (Taché et al.,
1999, 2004). Similar to the different subclasses of
central sympathetic neurons, subpopulations of
function- and target-specific vagal motor neurons have
been identified. Pathological stress has also been asso-
ciated with persistent decreases in cardiovagal tone and
in cardiovagal responsiveness to stress (Musselman
and Nemeroff, 2000; Verrier and Mittleman, 2000).
ENTERIC NERVOUS SYSTEM

The ENS is a set of ganglionated plexuses sandwiched
between the layers of the GI tract, and is considered
the third branch of the ANS (Gershon, 1999; Furness,
2008; Wood, 2008). The ENS consists of over 50 million
neurons and is primarily concerned with mediating
adaptive reflex responses to perturbations of gut ho-
meostasis. It closely interacts with the other two
branches of the ANS, and with extrinsic afferent neu-
rons. Even though the ENS can fulfill its reflexive func-
tions without input of the CNS, close bidirectional



S

interactions between the ENS and CNS exist. The ENS
circuitry covers a surface area of over 300 m2, and in-
teracts closely with the gut-associated immune system
(containing about 80% of all lymphocytes) and the gut’s
endocrine system. Ninety-five percent of the body‘s se-
rotonin (5-HT) is located in specialized, enterochromaf-
fin cells within the gut epithelium (Gershon and Tack,
2007). Similar to the CNS, neurons within the ENS
communicate via multiple neurotransmitters and neuro-
modulators (Stamm et al., 1997), and individual neurons
have been characterized based on their morphology,
electrophysiology, and chemical coding. In response to
different luminal stimuli (irritation, toxins, mechanical
distortion), enterochromaffin cells release 5-HT in a
paracrine fashion, activating 5-HT receptors on intrinsic
(e.g., ENS) and extrinsic (primarily vagal) afferent
nerves. In addition, 5-HT is released into the gut lumen,
where it may interact with enteric microorganisms (Rhee
et al., 2009).

Signals arising from the lumen of the gut are encoded
by different types of chemo- and mechanosensitive
afferent neurons, and provide the input to homeostatic
reflexes. Homeostatic reflexes, which generate appropri-
ate gut responses to physiological as well as pathological
visceral stimuli and are aimed at re-establishing homeo-
stasis, occur at the level of the ENS, the spinal cord,
and the pontomedullary nuclei and limbic regions. The
great majority of homeostatic afferent inputs to the
CNS from the gut serve as direct input to these reflexes
(Ostrowsky et al., 2000). The efferent arms of these re-
flexes are primarily sympathetic and parasympathetic
motor neurons (for details, see Fig. 36.2).
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Autonomic nervous system and gut function

The influence of negative emotions on GI function in
humans was studied in experimental investigations in
the early part of the 20th century, when Almy et al.
(1950) interviewed patients undergoing sigmoidoscopy
and examined their colonic motor response. Anger
and negative emotions like hostility were associated with
increased contraction of the colon, including higher
pain scores. Kumar et al. (1990) compared IBS patients
with healthy controls and showed that the affected
patients scored higher in aggression, hostility, anxiety,
and obsession parameters. In both healthy humans
and animals, stressors have been shown to result in a
characteristic stress-induced slowing of gastric empty-
ing (Malagelada, 1991), an increase in distal colonic mo-
tility (Welgan et al., 1988), and an acceleration of
intestinal transit (Martinez et al., 1997). In the most com-
mon functional GI disorders (IBS and FD), alterations
of autonomic responsiveness and possible tone are likely
to play a role in altered bowel habits and alterations in
gastric emptying, respectively. Evidence for such alter-
ations in IBS includes increased responses of distal co-
lonic motility in response to laboratory stress (Welgan
et al., 1988) and possibly food intake (Niederau et al.,
1992), and delayed gastric emptying in a subset of pa-
tients (Evans et al., 1997). A model of IBS, taking into
account altered autonomic regulation of gastric and dis-
tal colonic function and based on an upregulation of
CRF-containing neurons in the locus coeruleus complex,
has been proposed (Valentino et al., 1999; Martinez and
Taché, 2006).

There is evidence that decreased cardiovagal tone is
present in certain patients with FD (Hausken et al., 1993;
Haug et al., 1994a), and in subsets of patients with IBS
(Hausken et al., 1993; Heitkemper et al., 1998). Evidence
from patients with functional constipation suggests
that, despite the heterogeneity of vagal motor neurons,
cardiovagal tone, vagal regulation of colonic transit, and
vagal regulation of colonic mucosal blood flow may all
be reduced in parallel (Emmanuel and Kamm, 1999).
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HPA axis

The HPA axis is the neuroendocrine arm of the EMS
which is acutely activated by interoceptive (Sternberg
et al., 1992; Chrousos, 1995) and exteroceptive stressors
(Gold et al., 1988a). This system is activated by physical
and psychological stressors and ultimately results in
the release of cortisol (or other glucocorticoids) into the
bloodstream. The system was initially understood to in-
crease energy in situations of stress by enhancing the
metabolism of protein and fat to increase blood glucose.
However, a range of other adaptive effects of increased
plasma glucocorticoids has been identified. For example,
peripheral glucocorticoids act in parallel with the SNS to
suppress the inflammatory response. In addition, stress-
induced HPA axis activation is normally downregulated
by feedbackmediated by glucocorticoid receptors in brain
regions, including hippocampus and medial prefrontal
cortex (Sapolsky et al., 1984;McEwen, 1995; see Fig. 36.1).

Some of the best-characterized alterations in this cen-
tral adaptation to pathological stress are an increase in
CRF synthesis and secretion (Imaki et al., 1991; Owens
and Nemeroff, 1993; Bremner et al., 1997a), and increase
in the activity and sensitivity of central noradrenergic
systems (Reche and Buffington, 1998; Curtis et al.,
1999; Ladd et al., 2000), and either downregulation or
sensitization of glucocorticoid receptors and adrenocor-
ticotropic hormone release (Yehuda et al., 1995). As a
consequence of these alterations in the central stress cir-
cuitry, secondary changes in receptor systems can occur
in spinal (Pertovaara, 1993) or peripheral target cells
(Yehuda et al., 1993), including the ENS (Grundy
et al., 2006; Van Nassauw et al., 2007).
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The responsiveness and output pattern of this net-
work are likely to be under partial genetic control
(Glowa et al., 1992; Eley and Plomin, 1997) and show
considerable plasticity in response to early-life events
(Ladd et al., 2000) and to certain types of pathological
stress. For example, studies in animals and humans have
clearly demonstrated that certain types of pathological
stress can alter the responsiveness of feedback systems
by downregulation of pre- and/or postsynaptic receptors
(adrenergic, serotonergic, and glucocorticoid receptors)
(Fuchs and Fluegge, 1995; Fluegge, 1996) and in the most
severe forms by structural changes in certain brain re-
gions (Fuchs et al., 1995; Bremner et al., 1997a). Thus
pathological stress can not only activate, but also funda-
mentally change, the responsiveness and output of
the central stress circuits. The feedback regulation of
the HPA axis can be modulated in various chronic dis-
ease states. For example, hyperactivity of the HPA axis
manifesting as hypercortisolism, as seen in certain
forms of depression, is a classic example of a general-
ized stress response that has escaped its usual counter-
regulation (Gold et al., 1988a). Similar HPA
hyperactivity has also been reported in anorexia nervosa
(Gold et al., 1986), panic disorder (Gold et al., 1988b),
and after sexual abuse (De Bellis et al., 1994). A decrease
in glucocorticoid receptor expression has been observed
in animal models of chronic stress (Jacobson and
Sapolsky, 1991) and in adult animals exposed to
perinatal stress (Ladd et al., 2000). A decrease in central
glucocorticoid receptors may be secondary to a
reversible downregulation of the receptor or a perma-
nent destruction of glucocorticoid-containing brain
regions (Bremner et al., 1995, 1997b; McEwen, 2000).
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Fig. 36.3. Schematic illustration of different, overlapping

brain networks mediating the effects of cognitions and emo-

tions on the perception of interoceptive signals, including vis-

ceral pain and discomfort. Differential dysregulations of one

or several of these networks could result in altered perception,

even in the presence of normal visceral afferent input to the

brain. (Reprinted with permission from Mayer et al., 2006.)
HPA axis and gut function

Alterations inHPA axis function have been demonstrated
in diarrhea-predominant IBS patients who showed
decreased 24-hour plasma cortisol, blunted cortisol
responses, and normal or elevated adrenocorticotropic
hormone responses to noxious rectosigmoid distension
(Chang et al., 2005).Heitkemper et al. (1996) reported that
urinary cortisol levels obtained immediately upon rising
were significantly higher in IBS women as compared to
female control subjects. Studies in carefully screened
patients without psychiatric comorbidity suggest that
enhanced HPA axis response is seen primarily in male
subjects with a history of early adverse life events, and
is not related to diagnosis or symptom severity (Chang
et al., 2008). These findings suggest a pattern of sensitized
glucocorticoid feedback also reported in victims of abuse
(Heim et al., 1999), in fibromyalgia (FM), and in chronic
fatigue syndrome (Stratakis and Chrousos, 1995), condi-
tions that show a significant overlap with IBS (Drossman
et al., 1990, 1995; Triadafilopoulos et al., 1991; Veale et al.,
1991; Moldofsky and Franklin, 1993). It remains to be de-
termined if these HPA axis changes are an epiphenome-
non in functional GI disorders, or play a role in
symptom generation and pathophysiology of these
syndromes.

Given the profound effect of cortisol on immune re-
sponses, it is plausible to postulate that dysregulations
of the HPA axis may play an important role in the
modulation of disease activity in IBDs, even though
no definitive data are available on this topic.
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Modulation of visceral and
somatic pain perception

Although not generally discussed in the context of the
classical stress response, modulation of perceptual
responses to interoceptive stimuli (including those
originating in the viscera and the musculoskeletal
system) or stimuli from the environment is an integral
component of an organism’s adaptation to potential
or realized perturbations of homeostasis.

An extensive literature exists on endogenous pain
modulation systems (Millan, 2002). Both clinical and an-
imal experimental data strongly support the concept of
stress- and fear-induced analgesia resulting in decreased
somatic pain perception (Basbaum and Fields, 1978;
Fanselow, 1986) (Figs 36.2 and 36.3). Stress-induced
analgesia is mediated by descending pain inhibitory
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pathways, and depending on the nature and severity of
the stressor is partially mediated by opioidergic, norad-
renergic, glutaminergic, and serotonergic systems
(Harris and Feinmann, 1990). The actual experience
of noxious stimuli or severe stress is sometimes char-
acterized by a decrease in the sensitivity to environ-
mental stimuli, including a powerful inhibition of the
pain experience. It is generally assumed that engage-
ment of endogenous pain inhibition systems occurs
in settings of a particular, inescapable stressor, and
that its output is mediated by the central nucleus of
the amygdala (Shi and Davis, 1999).

In contrast to the experience of inescapable pain, the
expectation of potentially harmful stimuli and the asso-
ciated increase in vigilance, attention, and anxiety are
associated with an increase of sensitivity in different
sensory modalities, including the visual, auditory, olfac-
tory somatosensory system (Porreca et al., 2002).
Duncan et al. (1987) have demonstrated that the antici-
pation of pain in nonhuman primates can activate the
same dorsal horn neurons normally activated by actual
pain, providing a possible neurobiological basis for the
amplification of pain during an anticipated harmful
stimulus. It is generally assumed that the engagement
of pain-facilitatory systems occurs in the setting of
uncertain and escapable stressors, and that in rodents
it depends on outputs from the bed nucleus striae termi-
nalis and the CRF/CRF1 receptor signaling system (Shi
and Davis, 1999). It is likely that both pain-facilitatory
and inhibitory systems are activated simultaneously in
response to acute stress, the effect at any point in
time being determined by the relative contribution of
these opposing influences (Wei et al., 1999; Porreca
et al., 2002).

In addition to the activation of descending systems
from the brainstem to the spinal cord, there are ascend-
ing systems originating in monoaminergic brainstem
nuclei that may contribute to stress-induced modula-
tion of perception of visceral and somatic stimuli. Nor-
adrenergic, serotonergic, and cholinergic neurons that
project to cortical (prefrontal cortex, anterior insula,
anterior cingulate cortex) and subcortical regions (in-
cluding paraventricular nucleus, amygdala, hippocam-
pus, and nucleus tractus solitarius) play an important
role in emotional arousal, attention, and vigilance to-
wards sensory stimuli. Recent attention has focused
on the central role of the anterior insula in integrating
interoceptive input, including afferent input from the
GI tract, with attentional, motivational, and emotional
inputs from different cortical and subcortical brain re-
gions (Mayer et al., 2006a). Activity within the anterior
insula, in particular on the right side, correlates with
subjective feeling states, including pain and discom-
fort. Thus the experience of increased abdominal pain
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and discomfort in patients with functional GI disorders
could result from central modulation of anterior insula
activity, in the presence of normal input from the vis-
cera, or even in the absence of such input (Berman
et al., 2007).

In addition to these acute stress-induced, phasically
responding pain modulation systems, there are tonic
pain-modulatory influences (including descending
serotonergic systems) that bias the system in accor-
dance with the general homeostatic state of the organ-
ism (Stables et al., 1998). A reduced activity of such
tonic pain inhibition systems has been implicated in
the increased pain sensitivity of patients with
depression.

Evidence for alterations in stress-induced modula-
tion of viscerosomatic sensitivity with direct relevance
to functional GI disorders comes from human and an-
imal studies. Rodents have been shown to develop a
persistent increase in visceral pain sensitivity following
repeated mild stress (stress-induced visceral hyperalge-
sia), which can be accompanied by a stress-induced de-
crease in somatic pain sensitivity (Coutinho et al., 1999;
Bradesi et al., 2003). In several published studies, IBS
patients show increased perception of aversive visceral
stimuli (Mayer et al., 2000), associated with cutaneous
hypoalgesia (Cook et al., 1987; Chang et al., 2000a),
similar to the pattern seen in rodent stress models
(Coutinho et al., 1999). However, others have reported
somatic (lower-extremity) thermal hyperalgesia in IBS
patients (Verne et al., 2001), and Giamberardino et al.
(1995) have provided evidence for deep muscular
hyperalgesia in IBS patients. Preliminary results using
a psychological laboratory stress in healthy volunteers
suggest a stress-induced increase in colonic or rectosig-
moid sensitivity to distension (Delvaux, 1999; Dickhaus
et al., 2003). Recent evidence from neuroimaging
studies has shown enhanced anterior insula activity as-
sociated with expected visceral pain (Berman et al.,
2007), and with enhanced perception of esophageal
pain in the context of viewing negative emotional faces
(Phillips et al., 2003).

In contrast to IBS, patients with UC in clinical remis-
sion showed reduced perception to rectosigmoid dis-
tension, and failed to demonstrate perceptual
sensitization during repeated noxious sigmoid disten-
sion (Chang et al., 2000b). This response pattern dif-
fered from that seen in IBS patients, and was
associated with normal engagement of corticolimbic
pontine pain inhibition circuits (Mayer et al., 2005). To-
gether with the clinical finding of relatively mild spon-
taneous pain ratings in patients with uncomplicated
IBD, these findings suggest that the majority of IBD
patients do not show the central pain amplification
characteristic of IBS patients.

. BRUNNHUBER
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In GERD, several studies have demonstrated that
experimental stress can increase the perception of
intraesophageal acid (Bradley et al., 1993; Naliboff
et al., 2004; Fass et al., 2008).
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Shared endophenotypes between
gastrointestinal and psychiatric disorders

Intermediate phenotypes, also known as endophenotypes,
are biologically related to the clinical phenotype of inter-
est, are stable over time and reproducible in different lab-
oratories, detectable at baseline or in the presence of a
provocative stimulus, and are often present in unaffected
familymembers (MayerandSaito,2010). Incontrast to the
clinical phenotype, which is based upon subjective and un-
stable patient reports (see above), intermediate pheno-
types are biological or physiological variables that can
beobjectivelymeasured, andwhich are thought to bemore
closely related to genetic factors (see Fig. 36.1). This can-
didate genotype–intermediate phenotype approach has
been successfully applied tomany polygenic disorders, in-
cluding chronic pain and schizophrenia (Mayer and Saito,
2010). For example, polymorphisms of the COMT gene
have been associated with objective measures of pain sen-
sitivity (Mayer and Saito, 2010), andwith endogenous opi-
oid release in the brain (Mayer and Saito, 2010).

A key assumption of the endophenotype approach is
that the genetic determination of a particular system
dysfunction (for example, a distinct mechanism under-
lying visceral or somatic hypersensitivity) in a particular
disorder (e.g., IBS, interstitial cystitis/painful bladder
syndrome, or FM) is likely to be relatively less complex
than that of the illness phenotype overall, given that the
latter incorporates multiple neural system dysfunctions
and summarizes the influences of all susceptibility
genes as well as environmental etiological influences.
In the particular case of the intermediate phenotype
of “pain sensitivity,” it must be emphasized that this
endophenotype is still quite complex, with multiple more
basic underlying endophenotypes, such as interoceptive
sensitivity, attentional processes, and emotional arousal
circuits contributing to the overall human pain experi-
ence. The consequence is the need to dissect the overall
clinical syndrome into its more discretely inherited neu-
robehavioral subcomponents, or endophenotypes. Endo-
phenotypes vary quantitatively among individuals at risk
for the disorder, regardless of whether the illness is
expressed phenotypically, making clinically unaffected
relatives of affected patients informative for genetic
linkage and association studies. Figure 36.1 illustrates
how the phenomics approach can be applied to dissect
various components of functional pain disorders and
frequently comorbid psychiatric conditions.
TREATMENT IMPLICATIONSFOR
DISORDERSOFBRAIN^GUT

INTERACTIONS

Over the past decade, a remarkable convergence of
research strategies pursued by different specialties (in
particular, pain, psychiatry, psychology, and stress
neurobiology) in understanding the interface between
stress, pain, and emotion has occurred (Mayer,
2000a). The fact that drugs acting at the brain–gut axis
make up an important aspect of every recent review
published on the pharmacological treatment of IBS indi-
cates the firm support of the field for this treatment ap-
proach (Mayer et al., 2006b). In the following, we will
focus on reviewing some of the currently available cen-
trally acting therapies for functional GI disorders, in
particular for IBS. Based on the earlier discussions of
the likelihood of shared pathophysiological mechanisms
underlying different functional GI disorders, these
treatment considerations are equally applicable to FD,
FH, and FCP. Recent reviews about peripherally tar-
geted therapies of IBS have been published elsewhere
(Camilleri and Chang, 2008)
Nonpharmacological treatments

Considerable evidence supports an important role of
psychological treatments in IBS (Naliboff et al.,
2008b). In a meta-analysis of 17 high-quality studies,
Lackner et al. (2004) reported an odds ratio of 12
(95% confidence interval 5.6–26) for efficacy, defined
as a 50% symptom reduction. Even though a wide range
of psychotherapeutic approaches have been used to treat
IBS patients, and solid evidence for superiority of one
over the other is currently not available, there is general
consensus that cognitive-behavioral approaches may be
the most effective treatments. In particular, it has been
shown in well-designed clinical trials that a short form of
cognitive-behavioral therapy (Lackner et al., 2008) is
superior to placebo in both adult and pediatric popula-
tions (Whorwell, 2005). A combination of cognitive-
behavioral approaches with pharmacological therapies
may be beneficial, but has not been evaluated in clinical
trials.
Pharmacological treatments

ANTIDEPRESSANTS

Multiple central and peripheral mechanisms have
been suggested as mediators of the beneficial effect
of different classes of antidepressant drug on IBS
symptoms. Proposed central mechanisms include the
treatment of comorbid depression, sleep restoration, an-
algesia, or antihyperalgesia, while proposed peripheral
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mechanisms include anticholinergic effects, normaliza-
tion of GI transit, and peripheral antineuropathic
effects. Tricyclic antidepressants (TCAs) have been
shown to decrease sensitivity to somatic pain and to im-
prove sleep; thus they might also be particularly benefi-
cial for functional GI disorder patients with associated
extraintestinal symptoms (Gorelick et al., 1998;
Rodenbeck et al., 2003). A detailed review of relevant
studies and a suggested paradigm for their use has been
reported (Clouse and Lustman, 2005).

Tricyclic antidepressants

Low doses of TCAs are prescribed for a number of pain-
related disorders, including neuropathic pain, migraine,
and fibromyalgia (Punay and Couch, 2003; Goldenberg
et al., 2004; Saarto and Wiffen, 2005), as well as func-
tional GI disorders. With regard to their beneficial
effects on clinical pain, a primary beneficial effect on
neuropathic pain has been implicated (Saarto and
Wiffen, 2005).

Most published studies have shown that TCAs im-
prove symptoms in functional GI disorder patients; how-
ever the quality and design of these trials have been
variable and largely suboptimal (Steinhart et al., 1981;
Myren et al., 1984; Mertz et al., 1998; Rajagopalan
et al., 1998).

Of the three meta-analyses that have evaluated possi-
ble beneficial effects of TCAs on functional GI symp-
toms, two concluded that such treatments were
beneficial (Jackson et al., 2000; Lesbros-Pantoflickova
et al., 2004), while one concluded that they were not su-
perior to placebo, for the treatment of IBS (Brandt et al.,
2002). In the largest randomized placebo-controlled trial
to date, including 431 female IBS and FD patients fol-
lowed for 12 weeks of therapy, Drossman et al. (2003)
evaluated the efficacy of a full dose of desipramine
(150 mg/day). The study demonstrated that treatment
with desipramine was superior to placebo only in the
per-protocol analysis (responder rate 73% versus 49%,
number needed to treat ¼ 5.2), but not the intention-to-
treat analyses. The beneficial effect of desipramine
was seen primarily in diarrhea-predominant patients with
moderate IBS symptom severity, with a history of abuse,
but interestingly, without depression. Treatment success
in clinical practice is often limited, due to intolerable side-
effects even to minimal doses of these drugs.

SEROTONIN REUPTAKE INHIBITORS

It has long been hypothesized that selective serotonin re-
uptake inhibitors (SSRIs) may have beneficial effects in
IBS patients mainly by treating comorbid depression and
anxiety. A direct effect on IBS symptoms remains to be
determined by high-quality randomized controlled trials.
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A double-blind, placebo-controlled study of the SSRI
citalopram showed benefits in a number of IBS symp-
toms compared to placebo in a group of nondepressed pa-
tients. After 6 weeks of therapy patients treated with
citalopram showed decreased abdominal pain and bloat-
ing, and increased overall well-being, though stool scores
showed little change (Tack et al., 2006). Other SSRI stud-
ies for IBS have shown benefit, but have not well differ-
entiated the improvement of psychological symptoms
from GI symptoms. In a study by Tabas et al. (2004),
81 IBS patients were randomized to paroxetine or placebo
and the paroxetine group showed greater improvements
in global well-being (63% versus 26%, P ¼ 0.01), but no
difference in abdominal discomfort or bloating.While the
global improvement scores did not appear to be due to
changes in depressive symptoms, anxiety symptoms sig-
nificantly improved in the paroxetine group, possibly me-
diating the overall improvement. Another study of
paroxetine for IBS compared it to usual care, showing im-
provement in the physical component of the SF-36 health-
related quality-of-life score, but not in abdominal pain
(Creed et al., 2003). Additionally, the study showed high
drop-out, with only 43 of an initial 86 patients completing
12 weeks of therapy. In a randomized placebo-controlled
12-week trial of low-dose fluoxetine (20 mg) in 44 consti-
pation-predominant IBS patients, a significant decrease
in the presence of discomfort, bloating, hard stool, and
decreased stool frequency was noted at 4 and 12 weeks
(Vahedi et al., 2005). However, this study did not report
a global improvement outcome measure and did not re-
port whether the symptom change was associated with
a change in psychological symptoms.
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SEROTONIN NOREPINEPHRINE REUPTAKE INHIBITORS

Newer monoamine reuptake inhibitors, such as the sero-
tonin and norepinephrine reuptake inhibitors (SNRIs)
duloxetine, venlafaxine, and milnacipran, have been
proposed as more effective treatments for chronic pain
conditions associated with depression (Bradley et al.,
2003; Barkin and Barkin, 2004). It is generally assumed
that the combined effect of these drugs on descending
serotonergic and noradrenergic pain inhibition systems
(similar to the effect of TCAs) may be responsible for
their effectiveness in the treatment of chronic func-
tional pain conditions, such as fibromyalgia (Arnold
et al., 2005), and in patients with painful diabetic neu-
ropathy (Raskin et al., 2005; Westanmo et al., 2005).
While theoretically there may be an advantage of
these newer drugs over TCAs and SSRIs for the treat-
ment of IBS symptoms, clinical trial evidence for such
a superiority in functional GI disorders is currently
not available.
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ANXIOLYTICS AND SEDATIVES

Despite the strong theoretical, preclinical, and empirical
rationale for the use of sedatives or anxiolytics, there are
no well-designed clinical trials of this class of compound
in treating functional GI disorder symptoms. Concerns
about the side-effects of sedation and the potential for
dependency have discouraged further investigation of
benzodiazepines.

In summary, the theoretical rationales for using cen-
trally acting drugs with antidepressant and anxiolytic
effects in the treatment of functional GI disorders are
strong, and include the anxiolytic effect of these drugs
on central mechanisms thought to play a role in IBS
pathophysiology (hypervigilance, symptom-related anx-
iety, increased stress-responsiveness), the potential anti-
hyperalgesic effects of TCAs and SNRIs (mediated
primarily by their effect on the noradrenergic system),
and the therapeutic effects on mood (mediated by the
serotonergic system). The use of low-dose TCAs and
full-dose SSRIs and SNRIs in selected patients (or pa-
tient populations) appears promising, though individual-
ized dosing and patient education may be essential to
avoid side-effects and to ensure compliance. Similar
to depression therapies, the combination of antidepres-
sants with cognitive-behavioral approaches may be supe-
rior to treatment with either modality alone. The reasons
for the effectiveness in subgroups of patients are incom-
pletely understood but may be related to differences in
underlying pathophysiology and possibly differences in
genetic polymorphisms.

In IBDs the role of centrally directed pharmacologi-
cal therapies has not been studied. A meta-analysis of
studies evaluating the effect of psychotherapy in IBD
patients suggests that such therapy does not have an im-
pact on the course of the disease but, in some cases, pos-
itively influences the patient’s psychological state (such
as depression, anxiety) as well as health-related quality
of life, or coping strategies with the disease (Von
Wietersheim and Kessler, 2006).
Complementary and alternative
medicine (CAM)

CAM approaches focus on self-efficacy, lifestyle
changes (diet, exercise), stress response reduction pro-
grams as well as extensive anecdotal information of dif-
ferent traditional medical systems (like traditional
Chinese medicine and naturopathy). Within the frame-
work of integrative or complementary medicine, these
treatments are designed to be administered complemen-
tary to conventional medicine, even though evidence
for additive or synergistic effects is lacking. Though
randomized controlled studies are often missing,
acceptance in the patient population is high (Eisenberg
et al., 1986). Among the most promising evidence-based
CAM interventions in functional GI disorders are mind-
based therapies, including mindfulness-based stress re-
duction programs (Keefer and Blanchard, 2001, 2002).
Current research proposes to integrate the constructs
of mindfulness and acceptance into conventional psy-
chological treatment plans (Naliboff et al., 2008a).
Partly positive (Shi et al., 2008), but largely inconclusive,
data on peppermint oil (Pittler and Ernst, 1998), phyto-
therapy (Jailwala et al., 2000; Madisch et al., 2004)
(like Psyllium, Plantago ovata, Boswellia serrata, Com-
miphora molmol, Vaccinium myrtillus) (Gerhardt et al.,
2001; Langhorst et al., 2005), including carminatives and
acupuncture (Schneider et al., 2005), are available. Clin-
ical evidence supports increase in quality of life through
acupuncture in IBS, including decreased saliva cortisol
and altered sympathetic response compared with con-
trols (Schneider et al., 2007).
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CONCLUSIONS

Substantial evidence supports the concept of bidirec-
tional brain–gut interactions and their alterations in
common GI disorders. While such interactions have
been conceptualized in different ways for more than
100 years, it has only been during the last two decades
that solid preclinical and clinical scientific evidence
has been provided to support the concept firmly in pre-
clinical and clinical studies. Most of the supporting ev-
idence has been in the area of functional GI disorders,
even though one may speculate that they equally play
a role in several other chronic digestive disorders, such
as chronic hepatitis, chronic abdominal pain syndrome,
and celiac disease. Despite impressive progress in char-
acterizing the different components of the brain–gut
axis in animal models, progress in understanding the im-
portance of such interactions for human disease, and in
developing effective therapies, has been much slower.
Research into the role of interoceptive signals from
the gut in influencing background emotions, and emo-
tional states associated with chronic GI disorders, is still
in its infancy. Similarly, the role of the outputs of the
EMS on disease activity in IBD, and the potential use
of such knowledge in the design of novel therapies,
are largely unknown.
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Role of psychotherapy in the management
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RELEVANCEOF PSYCHOTHERAPY
IN PSYCHIATRY

The question of whether psychotherapy is a central or a
peripheral aspect of the psychiatric treatment of mental
disorders deserves an equivocal answer: psychotherapy
is – in addition to pharmaco- and sociotherapy – an indis-
pensable part of the treatment of almost all subtypes of
mental illness. The relevance of psychotherapy as a treat-
ment component varies according to the kind, severity,
and phase of the disorder (Table 37.1). Even if organic
factors are associated with the mental disorder, behav-
ioral and neuropsychological strategies are relevant. In
certain disorders such as substance abuse, obsessive-
compulsive and other anxiety disorders, psychotherapy
may represent the most important part of treatment.

The use of psychotherapy has increased drastically
over the past few years. Epidemiological studies show
that about 20–30% of the general population suffer
from mental or psychosomatic disorders and the major-
ity require psychotherapeutic treatment (for review, see
Hohagen et al., 2009).

Shift from school- to disorder-oriented
psychotherapy

The field of psychotherapy has changed in the past de-
cade. Whereas in previous times there was a strict divi-
sion of therapy schools that postulated to be able to treat
all kinds of mental disorder, nowadays there is a trend
towards a more nonideological view in favour of evi-
dence-based and disorder-specific (i.e., tailored to char-
acteristics of a given disorder) approaches. This view
integrates on the one hand the knowledge about specific
disorders that grew because of increasing research, and
*
Correspondence to: Elisabeth Schramm, PhD, Department of Psyc

Hauptstraße 5, 79104 Freiburg, Germany. E-mail: elisabeth.schram
on the other hand the principles of general psychother-
apy (Grawe, 1998; Fig. 37.1).

Particularly in patients with severe mental disorders
where the prominent features include the risk of self-harm
or harming others and severe impairment of global func-
tioning, a therapy procedure tailored to disorder-specific
needs and requirements (rather than according to schools)
is indicated. That does not mean that individual aspects of
patients’ personality and developmental history, their per-
sonal problems, and their life context are to be neglected.
However, the disorder-specific concept assumes that dis-
easessuchasdepression,anorexianervosa,substanceabuse
disorders, or obsessive-compulsive disorders are the basis
for individuals with different personality/character traits
and life situations becoming very similar in behavior,
emotionalperception,andcognitive informationprocessing
due to the disease. For example, almost all severely
depressed individuals are inactive, down, hopeless, and suf-
fer from negative thinking and a lack of concentration.

The character of a disorder, and not the therapist’s ide-
ology, should determine the kind of psychotherapeutic
procedure. When the acute symptoms in more severe dis-
orders enter remission, or alternatively, in the case ofmild
disorders, an increasing individualization occurs, thismay
require a different psychotherapeutic action with greater
focus on self-recognition, clarification of interpersonal
relationships, life satisfaction, or personal fulfilment.

EVIDENCE-BASEDPSYCHOTHERAPY

Risk of plausible theories

The majority of the nearly boundless therapy methods
and schools are based on theories of normal and patho-
logical behavior. These theories are more or less
hiatry and Psychotherapy, University Medical Center Freiburg,

m@uniklinik-freiburg.de



Table 37.1

Differential therapy of the most important mental disorders

Pharmacotherapy Sociotherapy Psychotherapy

Organic psychosyndromes +++
+++

+
+

+
+
+

(+)
++

þþ +
+

++
+++

+++
+++
+++

++
++

Psychoses þþ
Affective disorders þ
Personality disorders þ
ADHD in adults þ
Anxiety disorders
Obsessive-compulsive disorder þ
PTSD
Substance abuse disorders þþ

ADHD, attention-deficit/hyperactivity disorder; PTSD, posttraumatic stress disorder.

Fig. 37.1. Model for an evidence-based and school-

independent psychotherapy. PTSD, posttraumatic stress

disorder.
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convincing and, because of their plausibility, are often
considered as legitimation of a psychotherapy school
and the use of the method, respectively. Furthermore,
the schools often claim universality of the theory and
of their treatment methods, from substance abuse over
Table 37.2

Medical examples of false surrogate conclusions based upon p

Preventive goal
(endpoint) Surrogate marker Intervention

Primary prevention
of coronary heart

disease

Serum cholesterol Clofibrate

# Osteoporosis
fractures

Bone density
(densiometry)

Sodium fluoride

# Sudden death

after heart attack

Ventricular

extrasystole

Ecainide,

flecainide,
moricizine
adjustment disorders to schizophrenia (e.g., psychoanal-
ysis or Roger’s client-centered therapy as a “treatment
method for all disorders”). Many schools (e.g., psycho-
analysis) lack recognition of the specific requirements
of the very disorder and resist integration of other
therapeutic methods such as pharmacotherapy, socio-
therapy, or other forms of psychotherapy. However,
according to the basic principles of evidence-based med-
icine, a seemingly plausible theory is no warranty for de-
riving and applying a therapy without evaluation, mainly
because of the danger of false surrogate conclusions
(Table 37.2). It has been shown in the area of medicine
that “plausible” therapy strategies can change surrogate
markers but have no, or even a negative, impact on the
essential goals of evidence-based medicine, i.e., a de-
crease in morbidity and mortality, and an improvement
in quality of life (Mühlhauser and Berger, 1996). For
example, a decrease in serum cholesterol by means of
fibrates was associated with an increase in mortality
lausible theories

Surrogate result Endpoint result (versus placebo)

# Serum cholesterol
(around 9%)

# Ischemic heart disease (around
20%); overall mortality 47%

higher
" Bone density
around 35%

New vertebral fractures (163 versus
136, P not significant)

" Extravertebral fractures (around
320%, 72 versus 24, P < 0.01) in
sodium fluoride group

Suppression of

ventricular
extrasystole

Rate of survival higher in placebo

group (95% versus 90%,
P < 0.0006)



NA
rates in the long term. Similarly, sodium fluoride for
prophylaxis of osteoporosis caused an increase in bone
density, but the number of extra vertebral fractures was
significantly higher compared to a placebo group. These
examples demonstrate that theoretically plausible
therapy strategies can be clinically irrelevant or even
harmful.

Another example from the field of psychotherapy re-
fers to the method of “debriefing” after a traumatic
event. The technique of debriefing (Mitchell and Everly,
1995) includes a description of the event, talking about
the cognitive and emotional reactions, as well as a de-
scription of the “hot spots” and symptoms, followed
by teaching and education. A Cochrane review (Rose
et al., 2002) of traumatic stress debriefing including
eight studies suggested that, 3–5 months after the
trauma, patients treated with debriefing did not develop
less frequently posttraumatic stress disorder (PTSD)
compared to no intervention. In one study, there was
even a significant worsening of patients treated with
debriefing 1 year after the trauma. A study of victims
of traffic accidents also showed a significant increase
in PTSD after debriefing (Mayou et al., 2000).

These aspects justify the postulation that the differ-
ent therapy approaches need to be studied for their
efficacy, differential indication, and mechanisms of
efficacy in randomized controlled trials (RCT) rather
than relying on plausible theories. On the basis of the
results of these RCTs, specific differential indications
can be derived and treatment guidelines for health
professionals can be developed.

ROLE OF PSYCHOTHERAPY IN THE MA
Psychotherapy studies

There are more than 1500 intervention studies on the
efficacy of psychotherapeutic treatment in psychiatry.
There is no doubt about the general efficacy of psycho-
therapy for the treatment of mental disorders. Several
meta-analyses and systematic reviews exist about differ-
ent psychotherapy approaches, the first one conducted
by Smith and Glass (1977). Another meta-analysis by
Grawe et al. (1994) showed that, until the mid-1980s,
cognitive-behavioral therapy (CBT) proved its efficacy
in more than 600 controlled studies. Current meta-
analyses confirm that psychotherapy is remarkably effi-
cacious (Wampold, 2001). And yet, the discussion about
the role of psychotherapy in the area of psychiatry is a
controversial one because of doubts that it is possible to
evaluate psychotherapy in the same way as pharmaco-
therapy. In fact, psychotherapy studies cannot be done
in a placebo-controlled, double-blind, randomized
way. However, psychotherapy researchers have found
solutions for acceptable study designs which account
for the special character of these interventions. The
different designs focus to different degrees on internal
versus external validity, which is another source of con-
troversy. Internal validity represents the degree to which
results of a study can be attributed to the intervention
itself and not to other factors. All other factors need
to be controlled, which reduces external validity. The ex-
ternal validity of a study, on the other hand, refers to the
degree of generalizability.

CRITERIA FOR THE EVALUATION OF A STUDY

Several criteria are used to evaluate the quality of a psy-
chotherapy study:

1. The exact definition of the study sample according to
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Diagnostic and Statistical Manual of Mental Disor-
ders (DSM: American Psychiatric Association, 1994)
or International Statistical Classification of Dis-
eases and Related Health Problems (ICD: World
Health Organization, 1992) criteria.

Problem: exclusion of comorbidity decreases
generalizability and external validity
2. Diagnosticians, interviewers, and rater need to be

trained (resulting in a high interrater reliability),
the randomization process must be blind, and
standardized interviews and measurements must
be used.
3. The intervention needs to be standardized and man-

ualized.
Problems:

(a) Some psychotherapy methods are difficult to
standardize (e.g., psychoanalysis) and, in gen-
eral, psychotherapy cannot be standardized to
the same degree as pharmacotherapy.
(b) Standardized approaches applied in studies are

usually more effective than psychotherapy ap-
plied in practice (e.g., because of selection of
therapists and intensive supervision).
(c) Additional medication and other interventions

need to be controlled, and this may lead to
the exclusion of more complex cases.
4. The control group needs to be randomized to a wait

list or a psychotherapy “placebo.”
Problems:

(a) No blinding is possible.

(b) There are nonspecific efficacy factors in the
control group (e.g., attention, scheduled
appointments).
(c) Expectation of the patient is an important effi-

cacy factor in wait list controls.
(d) There are ethical issues to consider in more

severely ill patients.
(e) There may be allegiance bias (i.e., the effect of

the preference of researchers for the experi-
mental condition).
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6. The analysis of efficacy factors and process (e.g.,
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dismantling studies).
Problems:

(a) This occurs post hoc.

(b) It is unclear whether factors are additive, repla-
cing, or potentiating.

7. The endpoint needs to be evaluated using validated,
consistent, and internationally recognized rating
scales by trained, blind raters.
Problem: clinical significance (according to norma-
tive values).
Meanwhile evidence-based psychotherapy approaches
tailored to a specific diagnosis (e.g., interpersonal
psychotherapy for depression, dialectic behavioral
therapy for borderline personality disorders, exposure
therapy for phobias) are dominating the field and ques-
tion the basis of psychotherapy schools. The following
examples demonstrate different aspects of validating
disorder-oriented approaches as evidence-based.
Example 1: Evidence-based psychological
treatment of depression

There is a complex differential therapeutic spectrum in
the treatment of depression considering the data in this
area. Meta-analyses of CBT (Gloaguen et al., 1998;
Cuijpers et al., 2008) and interpersonal psychotherapy
(de Mello et al., 2005; Cuijpers et al., 2011) show that,
in mild to moderate forms of depression, these
approaches are as effective as medication. However,
psychotherapy has a longer latency of response
(approximately 12 weeks of treatment) than medication
(approximatel. 4–6 weeks) (Thase et al., 1997a). On the
other hand, there is evidence that patients treated with
psychotherapy have better long-term outcomes in terms
of lower relapse rates and better social adjustment com-
pared to pharmacotherapy (Gloaguen et al., 1998).

More severe, chronic, and bipolar cases of depression
respond best to a combination of psycho- and pharmaco-
therapy (Thase et al., 1997a; Keller et al., 2000; Schramm
et al., 2007). In the maintenance treatment of recurrent
major depression (more than three episodes) the combi-
nation proved better than psychotherapy and pharmaco-
therapy alone (Frank et al., 1990; Reynolds et al., 1999,
2006; Cuijpers et al., 2011).
Example 2: Evidence-based psychological
treatment of anxiety disorders

The DSM-IV (American Psychiatric Association, 1994)
classification of anxiety disorders, along with defining
symptoms and examples of CBT approaches for each
disorder, appears in Table 37.3.
Also included in the diagnostic classification are:
anxiety disorder due to general medical condition, sub-
stance-induced anxiety disorder, and anxiety disorder
not otherwise specified. Overall, CBT is the treatment
of choice for the anxiety disorders, reliably producing im-
provement in symptoms and functioning, and generally
resulting in long-lasting improvement. CBT for the
majority of these disorders involves exposure-based treat-
ments. Exposure therapy has been shown to be extremely
effective in treating anxiety disorders (Rothbaum et al.,
2000a, b). Exposure therapy “involves helping individuals
to repeatedly confront safe but feared thoughts,
sensations, situations and activities in order to promote
emotional processing” (Foa et al., 2006, p. 8). According
to Rothbaum (2006), prolonged exposure to the feared
stimuli in the absence of feared consequences results in
processes of habituation and extinction, in which the
feared stimuli no longer elicit anxiety, thus modifying
the fear structure. Treatment strategies targeted at cer-
tain disorders, e.g. social phobia, also include some form
of skills training and anxiety management skills such as
thought stopping, preparing for a stressor, covert model-
ing, and role play.

An example of standard exposure treatment is the
Barlow and Craske (2000) model of treatment for panic
disorder. This model involves education and anxiety
management training consisting of muscle relaxation,
breathing retraining, and cognitive restructuring of cat-
astrophic thoughts, combined with graded exposure
to interoceptive cues (e.g., hyperventilation) and to
feared situations. Another standard treatment is Foa
and Kozak’s (1985, 1996) exposure treatment for
obsessive-compulsive disorder, which briefly consists
of exposure to the feared stimulus, such as a door han-
dle, combined with response prevention of related ritual
behaviors, such as hand washing.

ET AL.
POSTTRAUMATIC STRESS DISORDER

According to DSM-IV, PTSD is defined by exposure to
a traumatic event, involving actual or witnessed threat
of death, serious injury, or physical integrity, and a re-
sponse involving intense fear, helplessness, or horror.
This experience results in persistent symptoms, includ-
ing the re-experiencing of the traumatic event, avoid-
ance of stimuli associated with the trauma and
numbing of general responsiveness, and symptoms
of increased arousal. In the US population, lifetime
prevalence rates of PTSD range from 8% to 14%
(Breslau et al., 1998).

Psychosocial treatments for PTSD have been utilized
with several populations, including war veterans, civil-
ian disaster survivors, sexual assault victims, and child-
hood abuse victims. According to Foa and Meadows



Table 37.3

Diagnosis, symptoms, and treatment strategies of anxiety disorders according to DSM-IV

Diagnosis Defining symptoms CBT treatment strategies

Panic disorder
without
agoraphobia

Recurrent unexpected panic attacks
Persistent concern re: additional attack
Worry re: consequences of attack

Change in behavior relating to attack

Education, breathing retraining, interoceptive
exposure, in vivo exposure, cognitive
restructuring, anxiety management skills

Panic disorder with
agoraphobia

As above, plus avoidance relating to anxiety about
being in places/situations from which escape is
difficult or embarrassing

As above

Agoraphobia
without history
of panic

disorder

Presence of agoraphobia; criteria for panic disorder
not met

As above

Specific phobia Marked, persistent, excessive/unreasonable fear
cued by presence or anticipation of a specific

object or situation (e.g., animal, blood, injection,
injury)

Imaginal and in vivo exposure and response
prevention, anxiety management skills

Social phobia Marked, persistent, excessive/unreasonable fear of

social performance situations

As above; specific strategies such as attention

focusing, video-feedback
Obsessive-
compulsive
disorder (OCD)

Either obsessions (recurrent, persistent, intrusive
thoughts, impulses, images) or compulsions
(repetitive behaviors or mental acts that person is

driven to perform in response to obsession)

As above

Posttraumatic
stress disorder

(PTSD)

Exposure to traumatic event involving threat of
death, serious injury, or threat to physical integrity

and in vivo exposure of self/others; response of
intense fear, helplessness, horror. Persistent re-
experiencing, avoidance, and arousal symptoms

Education, imagination exercises, cognitive
restructuring, anxiety management skills

Acute stress
disorder

As for PTSD, with symptoms lasting at least 2 days,
max. of 4 weeks, occurring within 4 weeks of
traumatic event

As above

Generalized

anxiety disorder
(GAD)

Excessive chronic anxiety and uncontrolled worry

along with associated physical symptoms (e.g.,
fatigue, restlessness, sleep disturbance,)

Anxiety management skills training

DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edn (American Psychiatric Association, 1994); CBT, cognitive-behavioral

therapy.
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(1997), such treatments include hypnotherapy (Spiegel,
1989) and forms of brief psychodynamic therapy
(Lindy et al., 1983) and group process (Yalom, 1985).
Although these treatments may be useful in improving
symptoms of PTSD such as intrusion and avoidance,
many of the early studies were methodologically flawed,
thus making evaluation of efficacy difficult (Foa and
Meadows, 1997).

Exposure therapy is the CBT that currently has the
greatest empirical support for treatment of PTSD in
different populations (Foa et al., 2003). Based on Foa
and Kozak’s (1986) emotional processing theory, it
has been proposed that a pathological fear structure
develops in PTSD which contains associations between
trauma reminders, which are essentially safe, and
danger or a sense of incompetence. The emotional
processing model builds on Lang’s (1977) concept of
a fear structure, which proposes that the fear structure
cannot remain in storage, but must be accessed in order
to be available for modification. This fear structure
includes excessive response elements, including avoid-
ance of safe situations (Foa et al., 2006).

Cognitive processing therapy is based on another in-
formation processing theory which focuses on how in-
formation is encoded, stored, and recalled in memory.
In this model, symptoms of PTSD are conceptualized
as being caused by conflicts between new information
(schema-discrepant information) and prior schemata
(Resick and Schnicke, 1992). The model proposes that
other reactions aside from fear, such as confusion,
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anger, or guilt, may be related to later PTSD symp-
tomatology by interfering with integration and
assimilation of the information. Maladaptive cogni-
tions are addressed with a focus on five themes: safety,
trust, power, esteem, and intimacy, and an exposure
component (writing a detailed account of the trauma
memory) is also included. Average reduction in PTSD
symptom severity is 60–78% for prolonged exposure
(PE) and cognitive processing therapy treatment
(Foa et al., 2006).

Stress inoculation training (SIT: Meichenbaum, 1974;
Veronen and Kilpatrick, 1982) is a treatment program
for PTSD that is based on a skill deficit model and thus
focuses on teaching anxiety management coping skills
such as relaxation training, thought stopping, cognitive
restructuring, guided self-dialogue, covert modeling,
and role play, and also includes in vivo homework
assignments to confront feared and avoided situations.
A study by Foa et al. (1999) examined the efficacy of
SIT and PE versus PE alone in the treatment of PTSD,
and found that PE was superior to PE–SIT on measures
of posttreatment anxiety and global social adjustment
at follow-up.

Eye movement desensitization and reprocessing
(EMDR: Shapiro, 1995) is a form of exposure
treatment in which the patient is asked to visualize dis-
turbing trauma images, accompanied by saccadic eye
movements performed by tracking side-to-side
movements of the therapist’s finger or a light across
the patient’s visual field, or finger tapping. The cogni-
tive component involves identifying and replacing neg-
ative trauma-related thoughts with positive ones. In a
controlled study of PE versus EMDR in the treatment
of female rape victims with PTSD, Rothbaum et al.
(2005) found that PE and EMDR groups did not signif-
icantly differ in improvement immediately following
treatment as compared to the wait list control condi-
tion. However, at 6-month follow-up, PE participants
evidenced higher end-state functioning (78 versus
35%) than did EMDR participants, but not a lower rate
of PTSD diagnosis.
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VIRTUAL REALITY EXPOSURE THERAPY

FOR ANXIETY DISORDERS

Virtual reality exposure (VRE) therapy is a relatively
new and immersive form of exposure treatment in
which the stimuli are delivered to the patient via a
computer-based display. VRE is a controlled, thera-
pist-assisted form of human–computer interaction
which allows the participant to become actively involved
in a three-dimensional computer environment via a
head-mounted display consisting of video screens, ear-
phones, and a head-tracking device (Rothbaum, 2006).
The use of this technology was pioneered by Rothbaum
and colleagues in a controlled study of VRE in the treat-
ment of a specific phobia, fear of heights (acrophobia).
The treatment group received seven weekly individual
treatment sessions involving exposure to a virtual envi-
ronment which included footbridges, balconies, and an
elevator. As in standard exposure treatment, partici-
pants progressed at their own pace, but were encour-
aged to remain in the environment until their level of
anxiety decreased. Results indicated a significant de-
crease in anxiety, avoidance, and distress from pre- to
posttreatment for the VRE group, but not for the con-
trol group. Most importantly, there was strong evidence
that the results generalized to real-world stimuli, as evi-
denced by 7 of 10 treatment completers exposing them-
selves to height situations by the end of treatment
(Rothbaum et al., 1995). VRE has been successfully
utilized in the treatment of fear of flying, fear of public
speaking (social phobia), and other specific phobias
(Botella et al., 1998; Rothbaum et al., 2000a, b;
Anderson et al., 2003). VRE has also been used success-
fully in the treatment of 2001 World Trade Center attack
survivors suffering from PTSD (Difede and Hoffman,
2002). Recent evidence suggests that VRE may be facil-
itated by medication, specifically D-cycloserine (DCS), a
partial agonist at the N-methyl-D-aspartate receptor
which has been shown to enhance extinction of fear in
rodents (Ressler et al., 2004). In this study, 28 patients
meeting the criteria for acrophobia were treated with
two sessions of VRE (considered to be a suboptimal
amount of exposure) to heights from a virtual glass
elevator. Patients took a single study pill of placebo,
DCS 50 mg or DCS 500 mg before each of the two ther-
apy sessions. Significantly larger reductions of acropho-
bic symptoms, both in the virtual environment and on
real-world measures, were found for those receiving
VRE therapy with DCS compared with placebo
(Ressler et al., 2004).

In 1997, the first version of a graduated exposure
therapy treatment for combat-related PTSD was re-
leased in the form of virtual Vietnam (Rizzo et al.,
2005). This treatment environment included a virtual
clearing surrounded by a jungle, a virtual Huey helicop-
ter, along with visual and auditory stimuli such as time
of day and rocket fire. Following a successful use of this
application to a case study subject, an open clinical trial
of VRE for Vietnam veterans was initiated (Rothbaum
et al., 2001). Ten 90-minute exposure therapy sessions
were delivered over 5–7 weeks, and resulted in a signif-
icant reduction in PTSD and related symptoms
(Rothbaum, 2006). There is additional evidence indicat-
ing that VRE treatment can specifically impact the level
of psychophysiological response to combat trauma stim-
uli (Rothbaum et al., 2003). Building on this model of

ET AL.
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treatment, there currently exists an immersive virtual
environment to treat Iraq War veterans diagnosed with
PTSD. Virtual scenarios include city scenes and desert
road with Humvee convoy. This environment also in-
cludes tactile input in the form of vibration, and a scent
palette which includes scents such as burning rubber,
cordite, and diesel fuel. According to Rizzo et al.
(2005), the research suggests that this form of exposure
may be a valuable component of a comprehensive treat-
ment approach for combat-related PTSD.

In conclusion,CBThas beenvery successful in the treat-
mentofanxietydisorders.The treatmentofPTSDreviewed
aboveprovidesanexampleofa successful lineof treatment
that has been corroborated by different research groups,
usually involving some form of exposure to the traumatic
memory in a therapeutic manner. VRE therapy was
reviewed as a relatively recent addition to the exposure
therapy armamentarium, having been applied successfully
to a number of different anxiety disorders.

NEUROBIOLOGICAL CHANGESWITH
PSYCHOTHERAPEUTIC TREATMENT

A new field of research is the neurobiological basis of
disorders previously labeled as neurotic (such as anxiety
disorders), and the demonstration of neurobiological
changes with psychotherapy. There is evidence that neu-
robiological functional systems can normalize with psy-
chotherapeutic treatment. These findings helped to
abolish the dualistic view between a neurobiological
and mental level in favor of the recognition that neuro-
biology and psychiatry/psychotherapy influence each
other and are to be seen as dialectical units.

Recent data confirm that psychotherapy has measur-
able effects on neurobiological variables. On the other
hand, neurobiological factors can be predictors for the
effect of psychotherapy. Thase and colleagues (1997b)
showed that patients with disturbed sleep EEGs
responded significantly less to interpersonal psychother-
apy, independent from the severity of the depression,
compared to patients with normal sleep profiles. The
same group (Thase et al., 1996) also found that the re-
sponse to CBT in patients with high cortisol levels was
significantly lower than in patients with low stress hor-
mone levels.

SUMMARY

Psychotherapy plays an essential role in the treatment of
mental disorders. The use and research of psychological
treatment strategies increased drastically over the past
decade. The general efficacy of psychotherapy for the
treatment of psychiatric diseases is proved and docu-
mented in several meta-analyses. Psychotherapy re-
searchers have found solutions for acceptable study
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designs which account for the special character of these
interventions and studied the efficacy of psychothera-
peutic treatment in more than 1000 intervention trials.

Meanwhile evidence-based psychotherapy ap-
proaches tailored to a specific diagnosis are dominating
the field and question the basis of psychotherapy
schools.

A new field of research in psychotherapy is the
neurobiological basis of mental disorders and the
demonstration of neurobiological changes with psycho-
therapeutic treatment.
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Pharmacology and neuroimaging of antidepressant action
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In 2003, the global antidepressant market was esti-
mated to be a remarkable $19.5 billion (IMS World
Review, 2004). Antidepressant usage around the world
has expanded tremendously since the introduction of
fluoxetine (Prozac) in the late 1980s. Fluoxetine was
the first of a class of medications known as the selec-
tive serotonin reuptake inhibitors (SSRIs), whose im-
proved tolerability and broad efficacy profile led to
more extensive prescribing of antidepressants by non-
psychiatrists. The scope of current antidepressant
usage is all the more remarkable considering that
the exact mechanism by which these drugs exert their
mood-elevating properties is unknown. However, on-
going work in pharmacology, genetics, neuroscience,
and neuroimaging is stimulating new theories of anti-
depressant action, and holds out the promise of more
precise treatments in the future.

The classification of all medications that are effec-
tive in depressive syndromes under the rubric of “anti-
depressants” conveys an overly restricted view of their
therapeutic breadth. All but a few of the antidepressants
also have demonstrated efficacy for anxiety disorders.
In addition, the SSRIs are particularly effective in
impulse control disorders and eating disorders, and
the tricyclic antidepressants (TCAs) and serotonin–
norepinephrine reuptake inhibitors (SNRIs) are effective
in chronic pain states. Additionally, although antidepres-
sants do not elevate the mood of healthy subjects, mild
biasing of emotional information processing toward the
perception and memory of positively valenced stimuli
occurs in psychiatrically normal volunteers administered
them (Harmer et al., 2004). This chapter will focus on the
effect of these medications on the treatment of major
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depressive disorder, but it is likely that they have other
actions pertinent to these additional effects.
CLINICAL CHARACTERISTICSOF
ANTIDEPRESSANTS

The clinical characteristics of existing antidepressants
are now quite well delineated. Typically, there is a 2-
week or more delay after starting treatment before
noticeable improvements in mood occur (Gelenberg
and Chesen, 2000). Some researchers have argued that
the antidepressant effect can be observed before 2
weeks, and, indeed, a small minority of patients do have
rapid, robust responses to medication (Taylor et al.,
2006). There is heterogeneity in the speed at which spe-
cific symptoms improve, with depressed mood, guilt,
suicidal ideation, and anxiety improving early and in-
somnia, sexual interest, and appetite improving later
(Hirschfeld et al., 2005). An ongoing challenge is distin-
guishing the true antidepressant effect from the nonspe-
cific placebo effects of entering treatment, including
instilling hope, the expression of concern, and providing
an explanation for the illness (Frank and Frank, 1991).

Early termination of medication (prior to 6 months of
continuous treatment) is known to increase the risk for
relapse into another depressive episode, though the ideal
duration of treatment is unknown (Rush et al., 2006).
It is increasingly recognized that for many, if not most
patients, major depression is a relapsing or chronic dis-
order. The most robust factor predicting relapse is the
persistence of residual symptoms, even of mild severity
(Paykel et al., 1995; Judd et al., 1998). Along these lines,
the primary goal of antidepressant treatment has shifted
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in recent years from simply achieving a “response” (i.e.,
a significant reduction in the severity of the symptoms)
to “remission” (the near-complete absence of any de-
pressive symptoms or full return to the premorbid state)
(Keller, 2003). There is a general consistency across
antidepressant trials that about 50–60% of patients will
achieve a response to a single medication trial (defined
as a �50% reduction in symptoms as assessed by a
depression rating scale), whereas only about 30% of
patients achieve remission (defined as a score below a
threshold level on a depression rating scale) (Rush
et al., 2006). Remission rates in clinical trials are higher
if treatment is continued beyond the usual trial length of
6–8 weeks (Trivedi et al., 2006).

Six major clinical problems remain unresolved in the
currentmedication treatmentoptionsformajordepression:

1. Nonresponse to medication. Approximately one-
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third of patients do not show any response to initial
medication treatment, and about 10% are resistant
to all medication treatments (Souery et al., 1999).
2. Residual symptoms and nonremission. Quite com-

monly, continuing symptoms, particularly insom-
nia, reduced pleasure or drive, or impaired
concentration, persist despite the complete resolu-
tion of depressed mood or suicidal thinking
(Nierenberg et al., 1999).
3. Delay to response. Significant antidepressant effect

of existing medications usually requires at least 2
weeks to appear, and often longer (Gelenberg and
Chesen, 2000). Some patients lose hope and all pa-
tients continue tosufferwhile awaiting improvement.
4. Side-effects. While most side-effects resolve within

the first month of treatment, ongoing sexual dys-
function, weight gain, or anticholinergic side-
effects can lead to nonadherence to treatment
(Schwartz and Papakostas, 2005).
5. Loss of benefit. Although the rates of depressive

relapse or recurrence while taking medication
are uncertain, it is clear that a number of patients
experience a recurrence despite good adherence
to treatment (Byrne and Rothschild, 1998).
6. Lack of predictors for response to specific antide-

pressants. Perhaps the most commonly used are the
patient’s previous response to a medication, or a
family member’s response (Pare and Mack, 1971;
O’Reilly et al., 1994). Most often, the clinician sim-
ply makes a “best guess” about which medication
will work for the patient, considering the patient’s
symptom profile, comorbid psychiatric and medical
diagnoses, and willingness to tolerate side-effects.
However, an early response to treatment does
predict further development of the therapeutic
response (Stassen et al., 1996).
CLASSIFICATIONOF
ANTIDEPRESSANTS: EFFECTSON

MONOAMINESYSTEMS

Traditionally, antidepressants have been classified
based on their chemical structure (monoamine oxidase
inhibitors (MAOIs), TCAs and SSRIs). However, a
more clinically useful approach classifies antidepres-
sants based on their acute pharmacological actions, par-
ticularly on monoamine systems. Although there is a
correlation between the structure and function of these
compounds, there is some variability, particularly for
the TCAs. Specifically, antidepressants may be consid-
ered to act via three main functional effects: (1) mono-
amine oxidase inhibition; (2) monoamine reuptake
(transport) blockade; or (3) monoamine receptor bind-
ing. Table 38.1 categorizes the antidepressants based
on their primary and secondary effects on monoamine
systems, though it should be stated that binding
profiles in vitro may differ from in vivo actions, and
metabolites may exert differing effects from those of
the parent drug.

The MAOIs became the first class of antidepressants
identified when, in 1954, isocarboxazid (an MAOI being
used to treat tuberculosis) was found to improve the
mood of patients (Bloch et al., 1954). MAO is an enzyme
located on the outer mitochondrial membrane that ca-
tabolizes monoamines through the removal of the amine
group. Inhibiting the action of this enzyme raises levels
of serotonin, norepinephrine, and dopamine in the pre-
synaptic terminal, allowing greater monoamine release
with each action potential. Subsequently, in 1958, three
reports were published on the antidepressant activity
of imipramine (the first TCA), which had been devel-
oped as an antihistamine (Azima and Vispo, 1958; Kuhn,
1958; Lehmann et al., 1958). That two classes of medica-
tions improved mood through increasing levels of
monoamines (combined with the observed depresso-
genic effect of reserpine, which depletes monoamine
stores) led to theories that depression resulted from
deficiencies in monoamine signaling, and that antide-
pressants acted by reversing deficiencies of either nor-
epinephrine (Bunney and Davis, 1965; Schildkraut,
1965) or serotonin (Coppen, 1967; Lapin and Oxenkrug,
1969) transmission.

Imipramine and other TCAs were found to be potent
inhibitors of the reuptake of norepinephrine and seroto-
nin from the synapse (Sulser and Dingell, 1968). In the
1980s, the efficacy of the SSRIs demonstrated that inhi-
bition of serotonin reuptake alone could be sufficient to
induce antidepressant response. Positron emission to-
mography (PET) studies demonstrate that minimum
therapeutic doses of SSRIs result in occupation of
about 80% of available striatal serotonin transporters



Table 38.1

Functional classification of antidepressants

Primary action Secondary action Antidepressant Class

Monoamine oxidase inhibition
None Isocarboxazid Irreversible MAOI

Phenelzine Irreversible MAOI

DA reuptake inhibition Moclobemide* Reversible MAOI
Selegiline Irreversible MAOI
Tranylcypromine Irreversible MAOI

Norepinephrine reuptake inhibition

None Desipramine TCA
Maprotiline TCA
Nortriptyline TCA

Protriptyline TCA
Reboxetine* NRI

DA reuptake inhibition Amoxapine TCA

Bupropion Aminoketone
5-HT reuptake inhibition Amitriptyline TCA

Doxepin TCA

Imipramine TCA
Serotonin reuptake inhibition

None Citalopram SSRI
Escitalopram SSRI

Fluoxetine SSRI
Fluvoxamine SSRI
Sertraline SSRI

S-HT1a partial agonism Vilazodone SSRI
NE reuptake inhibition Clomipramine{ TCA

Desvenlafaxine SNRI

Duloxetine SNRI
Milnacipran{ SNRI
Paroxetine SSRI
Venlafaxine SNRI

5-HT2a receptor antagonism
None Trazodone Receptor antagonist

5-HT reuptake inhibition Nefazodone Receptor antagonist
5-HT2c receptor antagonism Melatonin receptor agonism Agomelatine* Receptor antagonist
Alpha-2 receptor antagonism

None Mianserin* Receptor antagonist
5-HT2a antagonism Mirtazapine Receptor antagonist

*Not approved for use in the USA.
{Not approved for treatment of major depression in the USA.

DA, dopamine;MAOI, monoamine oxidase inhibitor; 5-HT, 5-hydroxytryptophan (serotonin); NE, norepinephrine; TCA, tricyclic antidepressant;

SSRI, selective serotonin reuptake inhibitor; NRI, norepinephrine reuptake inhibitor; SNRI, serotonin–norepinephrine reuptake inhibitor.
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(Meyer et al., 2004). Although the effects of enhancing
monoamine transmission with these medications ap-
pears necessary to initiate an antidepressant effect, un-
certainty remains about the cellular and brain structure
effects of these altered monoamine levels.

Early findings of cortical b-adrenoreceptor downre-
gulation after chronic treatment with TCAs or electro-
convulsive therapy suggested that this effect was
necessary for antidepressant action (Banarjee et al.,
1977).However, studieswithprimarily serotonergicagents
foundnoeffectonb-adrenoreceptors (Ordwayetal., 1991;
Nalepa and Vetulani, 1993). Downregulation of postsyn-
aptic 5-HT2a receptors with treatment by serotonergic
agentshas alsobeenproposed to correlatewith antidepres-
sant effect, though the evidence is mixed (Massou et al.,
1997; Attar-Levy et al., 1999; Yatham et al., 1999).



Fig. 38.1. Schematic illustration of noradrenergic and serotonergic neuronal signaling. 5-HT1a, 5-HT1b, 5-HT2, serotonin recep-

tor subtypes; a1, a2, ß1, ß2, norepinephrine receptor subtypes; MAO, monoamine oxidase; NET, norepinephrine transporter;

SERT, serotonin transporter.
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Some medications with little effect on monoamine
reuptake transporters (e.g., nefazodone, trazodone, and
mirtazapine) may exert their antidepressant effects via
antagonism of the 5-HT2a receptor (Fig. 38.1).

The 5-HT1a autoreceptor is located on the cell bodies
of serotonergic neurons in the raphe nuclei, and controls
the frequency of serotonergic cell firing. A widely cited
theory of antidepressant action posits that the initial in-
crease in serotonin levels stemming from reuptake inhi-
bition results over time in the desensitization and
possible downregulation of somatodendritic 5-HT1a
autoreceptors, with consequent increased firing rates
of the serotonergic neurons (Blier et al., 1990; Artigas
et al., 1996). The time lag for the appearance of signif-
icant antidepressant effect after initiation of medication
treatment may be due to the time required for desensi-
tization to occur. This hypothesis has been tested
through the co-administration of pindolol (a 5-HT1a an-
tagonist and beta-blocker) with an SSRI, with the expec-
tation that pindolol should increase the speed of
response. Unfortunately, the studies to date have pro-
duced conflicting results, possibly due to differences
in doses of pindolol employed across studies (Segrave
and Nathan, 2005). Another type of autoreceptor, the
5-HT1b receptor located on the presynaptic serotonergic
nerve terminals, provides feedback inhibition on the
amount of 5-HT released with each action potential,
and may also be downregulated with chronic antidepres-
sant treatment (Cremers et al., 2000). In contrast, the
antidepressant efficacy of mirtazapine, which acts in
part as an a2-adrenergic receptor antagonist, results in
increased firing of both noradrenergic and serotoner-
gic neurons (Mongeau et al., 1994).

There is both specificity and overlap between the ac-
tions of antidepressants with primarily noradrenergic or
serotonergic effects. Dietary depletion of tryptophan
(the precursor amino acid for serotonin synthesis) in re-
mitted patients results in a return of depressive symptoms
only in patients treated with an SSRI or MAOI, not those
on norepinephrine-specific TCAs or bupropion (Delgado
et al., 1990; Evans et al., 2002; Segrave andNathan, 2005).
Likewise, treatment with alpha-methylparatyrosine (an
inhibitor of an enzyme involved in norepinephrine synthe-
sis) results in relapse of depression in patients success-
fully treated with noradrenergic reuptake inhibitors, but
not those who responded to an SSRI (Miller et al.,
1996; Berman et al., 1999).
AN EMERGINGTHEORYOF
ANTIDEPRESSANTACTION:

NEUROGENESISANDNEURAL
NETWORKS

The major challenge to the original monoamine hypoth-
eses of antidepressant action is the time lag between ad-
ministration of medication and clinical response. As
discussed above, the time required to induce downregu-
lation of autoreceptors may be responsible in part for
that delay (Blier and de Montigny, 1983). However,
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the improvement in research tools and expanding knowl-
edge of cellular biology have led to the emergence of
theories focusing on the signal transduction effects
resulting from receptor alterations (Manji et al., 2001).

The cellular or neurotrophic hypothesis of depression
proposes that deficient neurotrophic activity contributes
to disrupted functioning of the hippocampus and its re-
lated circuitry in depression, and that recovery with anti-
depressant treatment is mediated in part by reversal of
this deficit (Duman et al., 1997). The neurotrophins are
a family of molecules, including brain-derived neuro-
trophic factor (BDNF) and vascular endothelial growth
factor, involved in the maintenance, growth, and survival
of neurons and their synapses. Cyclic adenosine mono-
phosphate response element-binding protein (CREB) is
a protein activated via G protein-coupled receptors that
increases the expression of neurotrophic and neuropro-
tective proteins, and many other proteins as well. Specif-
ically, CREB increases the levels of BDNF and its
receptor, tropomyosin receptor kinase B (TrkB). BDNF
is believed to regulate the survival of neurons via its in-
teraction with the mitogen-activated protein kinases
(MAPK), which in turn can increase the expression of
Bcl-2, a protein that acts to inhibit the programmed cell
death of neurons. BDNF also regulates synaptic plasticity
through its effects on the N-methyl-D-aspartate (NMDA)
receptor, thus significantly affecting how networks of
neurons communicate (Manji et al., 2001).

The hippocampus is a site of neurogenesis in the
human brain and has been the focus of most investiga-
tions into the neuroproliferative effects of antidepres-
sants. In the mid-1990s, it was reported that chronic,
but not acute, administration of a variety of antidepres-
sants produced increased levels of CREB mRNA in the
hippocampus (Nestler et al., 1989; Nibuya et al., 1996).
Although CREB can be activated and regulated by G
protein-linked neurotransmitter receptors, several other
intracellular signaling cascades can alter CREB activity,
including those associated with growth factors and in-
flammatory cytokines. Subsequent work has revealed
a complex picture of the effects of antidepressants on
CREB activity and BDNF levels, with variability in dif-
ferent brain regions and between drugs, which will re-
quire further exploration to clarify (Tardito et al., 2006).

The first evidence that hippocampal cell proliferation
may be required for antidepressant effects was revealed
in a study of mice treated with fluoxetine or imipramine,
with or without prior irradiation of their hippocampus
(Santarelli et al., 2003). Animals receiving irradiation
prior to antidepressant administration did not develop
expected antidepressant behaviors, unlike the animals
that received the antidepressant without prior hippocam-
pal irradiation. Another component of this study found
that 5-HT1a receptor knockout mice treated with
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fluoxetine did not show the expected increase in cell pro-
liferation, whereas knockout mice treated with imipra-
mine did. These findings suggest that 5-HT1a receptor
stimulation may be necessary for the behavioral and
neurogenic effects of SSRIs. That antidepressants
may increase neuronal proliferation conforms to the
finding that chronic antidepressant treatment can in-
crease hippocampal volume in humans (Vermetten
et al., 2003).

More recent work suggests that SSRI antidepressants
affect hippocampal neurogenesis and development
through two separate processes. First, they can increase
the proliferation of early-stage progenitor cells, but not
the newborn stem-like cells, in the dentate gyrus of the
hippocampus (Encinas et al., 2006). Second, these drugs
increase the efficient survival of young neurons after
they complete mitosis and migrate to the granule cell
layer. BDNF signaling may play a crucial role in the
new cell’s formation of a dendritic tree and formation
of synapses with cells in the CA3 region of the hippocam-
pus (Sairanen et al., 2005) (Fig. 38.2). Interestingly, the
elimination of neurons through apoptosis increases con-
currently with the increase in neurogenesis in the hippo-
campus inmice treated with antidepressants. Thus, it may
be that antidepressants act by facilitating functional neu-
ronal connectivity and plasticity to improve information
processing in neural networks involved in mood regula-
tion (Castren, 2005). If these new synaptic networks rep-
resent a form of “learning,” then exposure to positive
events during treatment may be necessary for recovery
from depression.
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PHARMACOGENETICS: PREDICTING
DRUGEFFECTS FROMGENETIC

VARIATION

The completion of the Human Genome Project offers
the potential for researchers to identify specific genes
that can predict drug response or development of
medication-induced side-effects. Pharmacogenetics (the
study of variability in drug handling and drug response
stemming from genetic variation between individuals)
may eventually enhance the clinician’s ability to tailor
therapy individually for a particular patient. While the po-
tential is great, significant obstacles must be overcome
for this strategy to be successful. Most important is the
limited concordance between the genetic correlates of
mood disorders (classified currently by phenotype) and
those of the effects of antidepressants on neurobiological
targets. In particular, the biological heterogeneity be-
tween patients aggregated together under the rubric of
major depression is a source of significant confounding
in all genetic studies in depression. Another challenge is
that an individual genotype may contribute only a small
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proportion to the overall variance in treatment response,
thus requiring very large numbers of subjects to acquire
adequate power to detect associations. An emerging
approach to the second problem is to study haplotypes
(i.e., combinations of alleles at two or more closely linked
gene loci), which should increase the ability to detect
gene–treatment associations.

To date, variations in only one gene have been consis-
tently identified to affect the pharmacokinetics of anti-
depressants. The CYP2D6 gene, which codes for the
liver cytochrome P450 isoenzyme responsible for the
metabolism of TCAs, paroxetine and fluoxetine, and
others, is highly polymorphic (Meyer, 2000). Plasma
concentrations of antidepressants been found to corre-
late with CYP2D6 genotype (Hendset et al., 2006). This
association is particularly important for drugs such as
TCAs, which have a narrow therapeutic index.
Individuals with alleles coding for poor metabolism with
this isoenzyme may be at greater risk for anticholinergic
and cardiac adverse events if treated with standard dos-
ing of TCAs.

Polymorphisms in two genes involved in serotonin
signaling have been tentatively linked to antidepressant
drug response. An insertion/deletion polymorphism in
the promoter region of SLC6A4 (resulting in a “short”
or “long” form of the gene), which codes for the
serotonin transporter protein, emerged as predictive
of response in several studies (Ng et al., 2004). In Cau-
casians the long form of the allele has been associated
with SSRI response (Smeraldi et al., 1998; Zanardi
et al., 2000; Rausch et al., 2002), whereas in Asians the
short form was more frequent in SSRI responders
(Kim et al., 2000; Yoshida et al., 2002). These divergent
results demonstrate the complexity of genetic analysis
(other polymorphisms of the serotonin transporter exist)
and the need to use stratification by race in such analyses.
Along these same lines, polymorphisms in the gene
encoding for the 5-HT2a receptor predicted response to
citalopram in a large multicenter study of major depres-
sion (McMahon et al., 2006). The polymorphism provid-
ing the greatest reduction in risk of nonresponse to
citalopram was six times more frequent in white than
in black participants, and treatment in the study was less
effective among black participants.
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TOWARDA FUNCTIONAL
NEUROANATOMYOF DEPRESSION:
NEUROIMAGINGAPPROACHES

Unlike a “categorical” approach, a dimensional ap-
proach in psychopathology assumes that psychological
and motor processes vary on a continuum from rela-
tively normal to personality disorders to full psychiatric
states. From this perspective depression may be concep-
tualized as a multidimensional disorder. Dimensions
of depression can be categorized into behavioral
subsystems – mood and affect, circadian-somatic,
cognitive and motor – where mechanisms mediating
variations within a behavioral domain might be more
easily evaluated. Finally these dimensions provide a con-
ceptual framework to examine neural correlates and
heterogeneity in clinical presentation from an anatomi-
cal, physiological, and biochemical perspective (Bench
et al., 1993; Dunn et al., 2002).

Functional and structural neuroimaging has assumed
a unique position in defining the anatomy of depression.
PET and single-photon emission tomography studies of
cerebral blood flow and glucose metabolism in primary
depression and depression associated with specific neu-
rological conditions (focal lesions, degenerative dis-
eases, multiple sclerosis) have consistently revealed



Fig. 38.3. Model of the pathogenesis of depression. HPA,

hypothalamic–pituitary–adrenal axis.
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that depression is a system-level disorder affecting dis-
crete but functionally integrated cortical, subcortical,
and limbic pathways (Drevets, 2000; Mayberg, 2003).
Measures of brain metabolism or regional blood flow
in resting state studies of depressed patients prior to
treatment have identified alterations in ventral and dor-
sal prefrontal cortex, anterior cingulate, basal ganglia,
amygdala, and hippocampal regions. The best-replicated
behavioral correlate of a resting-state abnormality in de-
pression is that of an inverse relationship between pre-
frontal activity and depression severity (Ketter et al.,
1996). Changes in specific neural networks have also
been associated with symptomatic dimensions of
depression. Dorsolateral prefrontal activity has been
linked to psychomotor speed and executive functions
(Bench et al., 1993; Mayberg, 1994); parietal and para-
hippocampal with anxiety (Osuch et al., 2000); medial
frontal and cingulate with cognitive performance and
emotional bias (Dolan et al., 1994; Elliott et al., 2002).
Finally, a more complex ventral-dorsal segregation of
frontal-lobe functions has also been described with anx-
iety/tension positively correlated with ventral prefrontal
activity, and psychomotor and cognitive slowing nega-
tively correlated with dorsolateral activity (Brody
et al., 2001a). Studies of resting-state patterns are com-
plemented by functional activation experiments with
PET scans or functional magnetic resonance imaging
(fMRI) examining specific cognitive, motor, and affec-
tive processes in healthy volunteers or depressed
patients.

Functional imaging studies in patients with primary
depression have shown abnormal functions of the mid-
line prefrontal structures, including the dorsal and ven-
tral (orbital) medial part of the prefrontal cortex and
anterior cingulate cortex (ACC). The affective compo-
nent of the ACC (i.e., the ventral component, Brodmann
areas 25, 33, and 24) has extensive connections with the
amygdala and periaqueductal gray, and parts of it pro-
ject to autonomic brainstem motor nuclei. The affective
ACC is involved in autonomic regulation, monitoring of
reward, and assigning emotional valence to internal and
external stimuli. Abnormal activities in the ventral and
dorsal ACC have been related in depression to emotional
dysregulation, abnormal reward processing, as well as
decision-making deficits and psychomotor slowing
(Drevets, 2001).

Subtle variations in emotional and cognitive proces-
sing, such as the well-recognized bias toward negative
stimuli of depressed patients, can also be examined
(Elliott et al., 2002; Fossati et al., 2003). Siegle and col-
leagues (2002) have reported abnormally sustained
amygdala responses to negative words in depressed pa-
tients compared to normal controls. This sustained
amygdala response, in the context of negative
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information processing, is postulated to be an important
neural correlate of sustained self-rumination – a com-
mon clinical feature of a major depressive episode.

Mayberg (2003) further postulates that depression is
not simply the result of selective regional or pathway
dysfunction, but also involves failure of the remaining
systems to maintain homeostatic emotional control in
times of increased cognitive or somatic stress. For in-
stance, neuropsychological studies have consistently
reported that depression interferes with effortful pro-
cessing (Hartlage et al., 1993). fMRI experiments in
healthy subjects indicate that increasing cognitive de-
mand engages a pattern of brain activation character-
ized by a balance between increasing activity in
cortical cognitive areas and decreasing activity in the
limbic and paralimbic structures (Pochon et al., 2002).
The deactivation in limbic areas may represent an emo-
tional gating function aimed at inhibiting emotional
interference during cognitive effort. Studies have dem-
onstrated that patients with depression fail to modulate
medial prefrontal regions in response to cognitive
demand, suggesting that abnormal cortical-limbic inter-
actions may subserve performance decrements in
effortful tasks in depression (Harvey et al., 2005). While
the mechanisms mediating this “failure” are not yet
characterized, they are thought likely to be multifacto-
rial, with genetic vulnerability, affective temperament,
developmental insults, and environmental stressors all
considered important contributors (Frank and Thase,
1999; Jacobs et al., 2000; Kendler et al., 2001)
(Fig. 38.3). In such a model of dynamic brain adaptations
in depression, foci of “network” dysfunction identified
in the baseline depressed state are considered as both eti-
ological abnormalities as well as sites of adaptive and
maladaptive intrinsic compensatory processes.
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NEUROIMAGINGOFANTIDEPRESSANT
ACTIONS: BRAINCHANGESWITH

TREATMENT

Treatments for depression can be similarly viewed
within this limbic-cortical framework, and functional
neuroimaging studies may define what pathways medi-
ate depression remission and response to treatment.
Neuroimaging studies have usually assessed depressed
patients with PET or fMRI before and after 6, 8, or
10 weeks of treatment. Within this experimental design
regional brain changes associated with clinical responses
are systematically assessed and treatment-specific
effects and differences between responders and nonre-
sponders are evaluated.

Several studies have tested the effects of SSRI antide-
pressants: fluoxetine (Mayberg et al., 2000), paroxetine
(Smith et al., 1999; Brody et al., 2001b; Kennedy et al.,
2001), and sertraline (Buchsbaum et al., 1997). Some stud-
ies have tested the effects of the TCA imipramine
(Hurwitz et al., 1990) and more recently the SNRI venla-
faxine (Martin et al., 2001; Davidson et al., 2003; Davies
et al., 2003; Schaefer et al., 2006) and bupropion (Little
et al., 2005). Changes in regional metabolism or blood
flow are reported in cortical (dorsolateral, medial and
ventral prefrontal regions, parietal), limbic-paralimbic
(cingulate, amygdala, insula), and subcortical (caudate,
thalamus) areas. Almost all the studies reported the nor-
malization (i.e., absence of difference between patients
and controls in brain metabolism or blood flow) of many
regional abnormalities identified in the pretreatment
state. Improvement of frontal hypometabolism is the
Fig. 38.4. Changes in regional glucose metabolism in treatment

weeks of fluoxetine. Sagittal (left), axial (middle), and coronal (

associated with specific regional limbic-paralimbic decreases (gr

associated with a pattern identical to that seen in all patients at 1 w

and decreases in the posterior cingulate and prefrontal cortex. Num

Cg25, subgenual cingulate; hc, hippocampus; F9, prefrontal; ins,
best-replicated finding (Baxter et al., 1989; Martinot
et al., 1990). However, correction of frontal hypermeta-
bolism has also been described with venlafaxine and
paroxetine (Brody et al., 2001b; Goldapple et al., 2004).
Changes in metabolic activity after treatment in brain
regions that at baseline did not differ from controls have
also been described (Bench et al., 1995; Martin et al.,
2001). As suggested above, heterogeneity of clinical
symptoms, adaptive and maladaptive compensatory pro-
cesses, and treatment-specific effects may account for
contradictory findings and variations of brain patterns
associated with remission of depression.

Studies that assessed differences between responders
and nonresponders to a given treatment identified spe-
cific brain changes necessary for clinical response. May-
berg and colleagues (2000) examined the time course of
regional metabolic changes with fluoxetine in unipolar
depressed inpatients. Patients were divided into re-
sponders (reduction �50% on the Hamilton Depression
Rating Scale) and nonresponders after 6 weeks of treat-
ment. After 1 week of treatment, both responders and
nonresponders had similar clinical response (none)
and brain changes (i.e., increases in brainstem and hip-
pocampus; decrease in posterior cingulate). A specific
6-week metabolic change pattern appeared in re-
sponders and was not observed in nonresponders. Clin-
ical response was associated with limbic-paralimbic and
striatal decreases and brainstem and dorsal cortical in-
creases (prefrontal, dorsal anterior cingulate, posterior
cingulated, and parietal) at week 6 (Fig. 38.4). A study
from Little and coworkers (2005) using venlafaxine
responders (resp) and nonresponders (non-resp) following 6

right) views. Improvement in clinical symptoms is uniquely

een) and cortical increases (red). Nonresponse at 6 weeks is

eek of treatment – specifically, increases in the hippocampus

bers are Brodmann designations. pCg31, posterior cingulate;

anterior insula. (Reproduced from Mayberg et al., 2000.)
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and bupropion confirmed these results. The identical
pattern of brain changes seen in depressed patients
responding to placebo (Mayberg et al., 2002) or
cognitive-behavioral therapy (Goldapple et al., 2004)
suggests a final common pathway for the clinical remis-
sion of depression achieved through both pharmacolog-
ical and nonpharmacological treatments. However, the
presence ofunique specific changes inbrainstemandhip-
pocampus in fluoxetine-treated patients not observed in
placeboorcognitive-behavioral therapypatients supports
the hypothesis that both treatment-specific and response-
specific effects can be identified (Mayberg, 2002).

In light of the described differences between re-
sponders and nonresponders with treatment, an obvious
related question is whether baseline findings predict
eventual treatment outcomes. Several studies have
found that pretreatment metabolic activity in the rostral
(pregenual) cingulate uniquely distinguishes medication
responders from nonresponders (Mayberg et al., 1997),
a pattern replicated in other unipolar cohorts (Kennedy
et al., 2001; Pizzagalli et al., 2001). Canli and colleagues
(2005) using fMRI found that amygdala reactivity to
emotional faces in depressed patients predicts symptom
reduction after 8 months of treatment with antidepres-
sants. Harmer and coworkers (2006) administered 20
mg/day citalopram during 7 days in normal healthy con-
trols without depression. Volunteers receiving citalo-
pram (as compared to subjects receiving placebo)
showed decreased amygdala responses to masked pre-
sentation of threat stimuli. The amygdala has long been
thought to be involved in antidepressant drug action due
to the effect of serotonin to inhibit its reactivity. The
study of Harmer et al. suggests that SSRI modulates
amygdala responses directly without elevating mood
in nondepressed subjects. Taken together these data sug-
gest that antidepressants may exert their therapeutic ef-
fect through the modulation of reactivity of a limbic
network (amygdala and cingulate gyrus) to negative
emotional stimuli. This interpretation would be consis-
tent with the well-known anxiolytic properties of the
SSRI drugs.

PHARMACOLOGY AND NEUROIMA
FUTUREDIRECTIONS IN THE
NEUROIMAGINGOF DEPRESSION

To summarize, reciprocal corticolimbic interactions
with cortical increases and limbic decreases are critical
for clinical remission of depression regardless of which
type of antidepressant is used. The antidepressants, by
improving functional connectivity in dysfunctional
cortical-limbic pathways, may help the brain to restore
a homeostatic cognitive and emotional balance. Increases
in activity of the rostral anterior cingulate and the amyg-
dala before treatment may predict clinical response to the
drug. Considered together, treatment-specific effects and
response-specific effects emphasize the need for addi-
tional studies examining interactions between baseline ab-
normalities and response to specific treatments in order
to test whether a given treatment produces comparable
metabolic changes in patients with different pretreatment
abnormalities.

The studies discussed above described the short-term
effects of antidepressants. Long-term imaging studies
have not yet been done and are needed to define the
neural correlates of sustained remission of depression.
Preliminary data and findings from a deep-brain stimu-
lation study in major depression suggest that maintain-
ing persistent control of activity in the subgenual
cingulate cortex (Brodmann area 25) may prevent
relapse of depression (Mayberg et al., 2005).

Further clinical and experimental in vivo and in vitro
studies are needed to determine genetic and environ-
mental factors that regulate structural and functional
plasticity within the neural network regulating mood
and affective behavior, and to prepare the ground for
the development of novel antidepressant treatments.
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EMERGINGAREASOF
ANTIDEPRESSANTACTION

The coming years are likely to see themarketing of antide-
pressants that for the first timehavemechanismsofaction
unrelated to norepinephrine or serotonin signaling. There
is increasing interest in the effects of antidepressants of
dopamine signaling, particularly for the symptoms of an-
hedonia, impaired concentration, and psychomotor slow-
ing (Dunlop andNemeroff, 2007). Chronic treatmentwith
nearly all antidepressants increases responsiveness to do-
paminergic stimulation, perhaps due to enhanced signal-
ing through D2 or D3 receptors (Basso et al., 2005).
Beyond the monoamines, there is currently great interest
in altering the responsiveness of the hypothalamic–
pituitary–adrenal (HPA) axis of depressed subjects.
Hypersecretion of corticotropin-releasing factor (CRF)
and increased cortisol levels are found in many depressed
subjects, and elevated levels of cortisol inhibit neurogen-
esis and synaptic formation in the hippocampus
(Arborelius et al., 1999). Chronic treatmentwith amitripty-
line decreasesCRF receptor type 1mRNA in the amygdala
(Aubry et al., 1997). However, CRF receptor type 1 antag-
onists have not proven efficacious in clinical trials of pa-
tients with major depression. The glutamatergic system
and the NMDA receptor may also be involved in the re-
sponse to antidepressant treatment, as suggested by
recent studies using ketamine. NMDA receptor
antagonists produce antidepressant-like behavior in
some animal models of depression, and NMDA recep-
tors mediate some aspects of neural plasticity in the
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hippocampus (Petrie et al., 2000). Additionally, TCAs ex-
hibit antagonism at NMDA receptors in vitro (Reynolds
andMiller, 1998), and chronic antidepressant treatment al-
ters mRNA levels encoding NMDA receptor subunits
(Skolnick, 1999).
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CONCLUSION

Our current armamentarium for the treatment of major
depression is effective for most patients. However,
many others are left with residual symptoms short of re-
mission, or do not respond at all to existing medications.
Others experience burdensome side-effects or loss of
antidepressant response over time. All existing antide-
pressants act through an alteration in monoamine signal-
ing, but this effect is likely only the first step in the chain
of events that ultimately produces recovery. New re-
search is pointing to the importance of enhanced neuro-
nal cell proliferation and maturation in the hippocampus
as fundamental to the actions of antidepressants. Brain-
imaging studies reveal how antidepressants modify
brain activity. Functional changes in circuits involved
in mood and cognitive regulation are critical for short-
term remission of depression. Prospective imaging stud-
ies are needed to verify whether the enhanced functional
plasticity within this brain circuitry is associated with
structural changes that may prevent a long-term recur-
rence of depression.

It is hoped that further research will identify specific
genes or haplotypes thatwill enable clinicians of the future
to more successfully to choose an antidepressant that will
be effectiveorminimize side-effects for a specificpatient.
Although we have no good model for depression, a
general picture emerges with a multifactorial etiological
systemononehandandacommonpathwayforexpression
on the other. For the first part, identification of relevant
subtypes (along with corresponding tests or surrogate
markers) may help in achieving more specific treatments
for each subtype.A better understanding of the final com-
monpathwaymayalsohelp inpreventing thedevelopment
of cycling between mood episodes. The development of
new antidepressants targeting components of the HPA
axis, NMDA receptors, or second messengers involved
in signal transduction may allow for faster recovery of
patients currently resistant to our existing therapies.
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Antipsychotic drugs
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HISTORYOFANTIPSYCHOTICS

Prior to the 1950s, the treatment of psychotic disorders
involved primarily institutional and supportive interven-
tions, without effective treatment for the symptoms of
these illnesses. In 1952, however, the field was revolu-
tionized with the advent of chlorpromazine, the first
in the class of conventional or “typical” antipsychotics.
The discovery of the antipsychotic properties of chlor-
promazine was a serendipitous finding, as it was initially
developed as a synthetic antimalarial treatment during
World War II (Nasrallah and Tandon, 2009).

Previous researchers had discovered that phenothia-
zine derivatives such as methylene blue could be effec-
tive in the treatment ofmalaria. Many of the synthesized
derivatives proved to be inactive against malaria, but
had potent antihistaminic properties. One in particular,
promethazine, seemed to have potent sedative proper-
ties compared to its counterparts. It was used in 1949
by Henri Laborit, an anesthesiologist and surgeon in
the French navy, as part of a “lytic cocktail” (mixture
of narcotic, sedating, and hypnotic drug) to induce an
“artificial hibernation” to decrease anxiety and morbid-
ity from surgically induced shock. This led to further
search for similarly acting drugs by scientists at
Rhône-Poulenc in France. One of those scientists, Paul
Charpentier, synthesized a new phenothiazine called
chlorpromazine, which was tested on surgical patients
and shown to cause relaxation and indifference without
impairing consciousness. Laborit referred to this effect
as a “chemical lobotomy” (Nasrallah and Tandon, 2009),
similar to the surgical prefrontal lobotomy that was used
for violent psychotic patients prior to the psychophar-
macology era.

Chlorpromazine began to be tested on hospitalized
psychotic patients by two French psychiatrists, Jean Delay
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and Pierre Denikar. The drug was shown to have remark-
able treatment success in psychotic patients and its use
quickly spread to other parts of the world. In October
1954, Willis Bower at McLean Hospital, Massachusetts,
published the results of an open-label trial in the New
England Journal of Medicine. Due to chlorpromazine’s
success, other phenothiazines were synthesized and
tested, as well as molecules with a nonphenothiazine
chemical structure, which included haloperidol, loxapine,
thiothixene, and molindone. All in all, 51 neuroleptics
from six chemical classeswere developed: 12 are currently
available in the USA (Nasrallah and Tandon, 2009), and
are referred to as “first-generation,” “classic,” “conven-
tional,” or “typical” antipsychotics.

The efficacy of the first-generation antipsychotics
(FGAs) lay in their ability to suppress the positive symp-
toms of psychosis, including delusions, hallucinations,
and bizarre behavior. Ability to control these symptoms
led to massive discharges from psychiatric state hospi-
tals which had accounted for 50% of all hospital beds
in the USA in 1960. However, these medications proved
to have significant neurological side-effects. Psychia-
trists noticed that patients often developed signs and
symptoms of parkinsonism, as well as dystonia, dyski-
nesia, akathisia, and other extrapyramidal side-effects
(EPS), which led to a high rate of drug discontinuation
and relapse. Rates of antipsychotic-induced EPS were
estimated at up to 65% and for a long time believed
to be unavoidable and, even, evidence of antipsychotic
efficacy. Reports of tardive dyskinesia (TD) were first
made in 1959 in France, characterized by persistent oral,
buccal, and lingual movements. Because of the long-
term implications of these adverse effects, the search
began for more tolerable antipsychotics that would be
as efficacious as the “typical antipsychotics,” but with-
out the risk of EPS and TD (Nasrallah and Tandon,
try and Neuroscience, University of Cincinnati College ofMed-
cinnati, Ohio 45219, USA. Tel: 513-558-4615, Fax 513-558-4616,



D H.A. NASRALLAH
2009). The pharmaceutical industry did not introduce
any new antipsychotics between 1974 and 1993, when
the second-generation antipsychotics (SGAs), modeled
after clozapine, were introduced.

In 1959, clozapine was the first antipsychotic drug
synthesized without any risk of EPS, which led to it be-
ing labeled as an “atypical.” It was initially marketed in
Europe in 1972, but was withdrawn from the market in
1974 due to reports of many fatalities related to
agranulocytosis. In 1989, clozapine was reintroduced
in the USA after controlled studies showed efficacy in
treatment-refractory patients with persistent delusions
and hallucinations who had failed to respond to
several first-generation neuroleptics. Weekly leukocyte
monitoring was made a requirement for treatment, al-
though less than 1% incidence was observed. Following
the approval of clozapine, other “atypical antipsy-
chotics” were developed and approved by the Food
and Drug Administration (FDA) with lower levels of
EPS and somewhat broader efficacy on mood and neg-
ative symptoms, mimicking the effects of clozapine
without the risk of agranulocytosis. Today, the “atypi-
cal” SGAs have largely replaced FGAs because of their
benign and more tolerable neurological profile
(Nasrallah and Tandon, 2009). However, several
members of the atypical antipsychotic class have been
associated with metabolic complications (obesity, hyper-
lipidemia, and hyperglycemia), which will be discussed
later in this chapter.
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Classes

The FGAs are divided into six general chemical
classes based on structure. There are the phenothiazines,
which are further subdivided into aliphatic (chlorprom-
azine), piperazine (trifluoperazine), and piperidine
(thioridazine); butyrophenones (haloperidol); thiox-
anthines (thiothixene); dibenzoxazepines (loxapine);
dihydroindolones (molindone); and diphenylbutylpiperi-
dine (pimozide).

FGAs can also be subdivided into classes based on
their potency, the strength of the dopaminergic blockade
in comparison to effects at other neurotransmitter re-
ceptors, and the dose needed to achieve therapeutic
effectiveness. They are categorized as high-potency
(strong dopamine effect relative to other effects),
mid-potency (relatively equivalent dopamine effect to
other effects), or low-potency (low relative dopamine
effect to other effects). Low-potency medications tend
to have a greater variety of side-effects, which can make
them intolerable for patients (Rosenbaum et al., 2005;
Nasrallah and Tandon, 2009).
Chemistry and chemical structure

Phenothiazines share a tricyclic ring, but differ in substi-
tutions at the R1 and R2 positions, and are subdivided
based on the side chain in the R1 position. Aliphatic
phenothiazines have a dimethylamide substitution at the
10th carbon and tend to have less potency. Chlorproma-
zine is the main representative member of this class. Pi-
peridine phenothiazines have a piperidine ring at the
10th carbon, and members of this class have a less potent
effect on nigrostriatal D2 receptors as well as a greater
anticholinergic effect. This mitigates the EPS motor
side-effects. Thioridazine and mesoridazine are the only
members of this class available in the USA, and are now
minimally used due to significant QTc prolongation and
an FDA black-box warning imposed following a 1998
study (Haddad and Anderson, 2002). Finally, piperazine
phenothiazines have a piperazine group at the 10th car-
bon leading to stronger D2 receptor antagonism with rel-
atively less effect at other receptors, making them
among the most potent antipsychotics. This class in-
cludes fluphenazine, perphenazine, and trifluoperazine
(Rosenbaum et al., 2005; Nasrallah and Tandon, 2009).

Thioxanthenes are similar to the phenothiazines in that
they differ in the side-chain substitutions and thereby in
their pharmacological profile. Butyrophenones have a
three-ring carbon chain, and haloperidol is the most
widely used member of this class. The butyrophenones
tend to have strong dopamine antagonism with relatively
low anticholinergic, antihistaminic, or antiadrenergic ac-
tivity. Dibenzoxapines resemble tricyclic antidepressants
in their chemical structure and are represented by loxa-
pine, which has intermediate dopamine antagonism and
also has greater serotonin (5-HT2) antagonism than other
FGAs. Dihydroindolones are represented by molindone,
the only member of this class available in the USA and
the only conventional antipsychotic not associated with
weight gain or lowering the seizure threshold. Finally,
within the class of diphenylbutylpiperidines is pimozide,
also with high selectivity and potency for dopamine an-
tagonism but which can also prolong the QTc interval.
Pimozide is indicated for the treatment of Tourette’s syn-
drome but not schizophrenia (Rosenbaum et al., 2005;
Nasrallah and Tandon, 2009).
Pharmacology

FGAs are available in multiple formulations, including
oral tablet, liquid suspension, intramuscular/intrave-
nous, and long-acting intramuscular depot (haloperidol
and fluphenazine). For oral administration, peak plasma
levels typically occur within 1–4 hours of administration
(Nasrallah and Tandon, 2009). Blood levels have high
interindividual variation, which makes monitoring
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ineffective. The elimination half-life of the conventional
antipsychotics ranges from 16 to 45 hours. They are
highly protein-bound (85–90%) and are lipophilic in na-
ture, which leads to accumulation in nervous tissue.
Most are metabolized through glucuronidation, oxida-
tion, reduction, methylation, or hydroxylation in the
liver and excreted by kidneys or the gastrointestinal tract
(Nasrallah and Smeltzer, 2003).

Most of these medications are metabolized by the cy-
tochrome P450 enzymes, especially the 2D6 isoenzyme,
as well as by 1A2 and 3A4. Genetic variation in the rate
of 2D6 metabolism can have an impact on response in
certain patient populations that are poor metabolizers
or ultrarapid metabolizers (Nasrallah and Tandon,
2009). Furthermore, these medications may be suscepti-
ble to P450 inhibition or induction by other medications.

Parenteral administration of antipsychotics leads to
peak plasma concentration within 30–60 minutes. This
also circumvents first-pass metabolism, thereby leading
to plasma levels that are much higher than with oral ad-
ministration (Nasrallah and Tandon, 2009). Intravenous
administration of medications like haloperidol can lead
to increased risk of cardiac side-effects, specifically
QTc prolongation and cardiac arrhythmia.

Long-acting injectable “depot” formulations were
created by the esterification of the hydroxyl moiety to
an enanthate or decanoate ester, with longer half-lives
ranging from 2 to 6 weeks (Nasrallah and Smeltzer,
2003). In the USA, the only available first-generation
depot formulations are haloperidol (half-life 3–6 weeks)
and fluphenazine (half-life 7–10 days). These medica-
tions are administered by intramuscular injection and
are slowly released into the bloodstream, with higher
bioavailability that oral medications. They may require
up to 3–6 months to reach steady-state levels
(Nasrallah and Tandon, 2009).

ANTIPSYCH
Mechanism of action

Positive symptoms of schizophrenia (e.g., hallucina-
tions, delusions) are believed to be the result of dopami-
nergic hyperactivity in mesolimbic pathways of the
brain. FGAs are antagonists at postsynaptic D2 recep-
tors, and treat positive symptoms of schizophrenia by
reducing this dopaminergic activity. D2 blockade in
the mesocortical pathways also occurs, which can
worsen the cognitive and negative symptoms of schizo-
phrenia. FGAs bind to D2 receptors tightly and for long
periods of time, which can lead to an increase in adverse
effects (Stahl, 2008).

In addition to D2 antagonism, FGAs have effects at
other receptor sites. These include blockade at M1 mus-
carinic cholinergic receptors leading to anticholinergic
symptoms of constipation, dry mouth, blurred vision,
urinary retention, and sedation; blockade at H1 histami-
nic receptors leading to sedation and weight gain; and
blockade at a1-adrenergic receptors leading to dizziness,
orthostatic hypotension, and sedation (Stahl, 2008).
FGAs are divided into high-, mid-, and low-potency clas-
ses based on the strength of D2 blockade in comparison
to effects at these other receptors.

Efficacy and indications

Conventional antipsychotics are indicated for the treat-
ment of schizophrenia and schizoaffective disorder, par-
ticularly with positive symptoms of psychosis such as
hallucinations and delusions. They are effective in acute
exacerbations of illness as well as for long-term mainte-
nance. Negative symptoms of schizophrenia, such as ap-
athy, anhedonia, avolition, and alogia, can be worsened
through the use of these medications, specifically via ex-
cessive D2 antagonism in the mesocortical dopamine
pathways. Cognitive dysfunction and dysphoria are also
observed when EPS emerges. These medications can also
be effective in other psychotic illnesses, including the
treatment of substance-induced psychosis, though they
are likely less effective and may have increased risk of
adverse effects (Nasrallah and Tandon, 2009).

Antipsychotics have also been proven to be useful in
other mental disorders. They have long been used in the
treatment of affective disorders when psychotic fea-
tures are present (such as psychotic depression or bipo-
lar disorder with psychosis). They can also be used as
mood stabilizers in the management of acute mania.
FGAs are useful in transient psychosis that presents with
certain personality disorders, especially cluster B disor-
ders (Rosenbaum et al., 2005).

FGAs are effective in the treatment of Tourette’s
syndrome, which is postulated to be due to a hyperdopa-
minergic state. Pimozide is the only FDA-approved med-
ication for Tourette’s, but caution should be used because
of the risk of cardiac side-effects of QTc prolongation.
Psychosis and choreiform movements associated with
Huntington’s disease respond to dopamine antagonism.
Finally, antipsychotics can be useful in the management
of delirium, especially for the symptoms of agitation
and confusion. Although not FDA-approved, haloperidol
is the most frequently used for this condition, but should
be used in very low doses and monitored closely for the
emergence of EPS or cardiac arrhythmia (Rosenbaum
et al., 2005; Nasrallah and Tandon, 2009).

Adverse effects

The mechanisms of action of FGAs are not specific to
brain pathways involved in schizophrenia; rather, they
have effect throughout the body and can lead to signif-
icant adverse effects in a variety of organ systems.
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Within hours of initiation of antipsychotic treatment,
patients may develop dystonic reactions, including tor-
ticollis, oculogyric crisis (upward deviation of the eyes),
and life-threatening laryngospasm. Treatment should be
immediate and include airway protection as well as rapid
intramuscular administration of anticholinergic medica-
tion. D2 antagonism in the nigrostriatal dopamine
pathway can induce symptoms of rigidity, akinesia,
bradykinesia, tremor, and akathisia (sensation of inner
restlessness) – symptoms that are collectively known
as “extrapyramidal side-effects” several days to weeks
into treatment (Stahl, 2008). Motor side-effects can be
managed by the use of anticholinergic medications, such
as benztropine, trihexyphenidyl, or diphenhydramine.
Akathisia can be partially relieved by the use of
beta-blockers such as propranolol, or benzodiazepines.
These treatments may worsen the cognitive symptoms
of schizophrenia, and must be used with care (Stanilla
and Simpson, 2009). A more rational approach to man-
aging EPS is a reduction of 10–20% in the dose of FGA.

Long-term D2 antagonism can lead to TD, a chorei-
form movement disorder characterized by involuntary
movements of the face, tongue, trunk, and limbs, after
as little as 3–6 months of exposure but usually after
1–5 years. A differential diagnosis includes: Wilson’s
disease, Huntington’s chorea, Fahr’s syndrome, Meige’s
syndrome, postanoxic and postencephalitic extrapyrami-
dal symptoms, brain neoplasm, and heavy-metal
toxicity. Chronic antipsychotic treatment and high levels
of D2 receptor occupancy exceeding 80% are believed
to lead to D2 receptor hypersensitivity (i.e., upregulation)
and TD. Approximately 5% of patients on FGAs will de-
velop TD each year, with 25% affected at 5 years (Stahl,
2008). Discontinuation of the antipsychotic may lessen
symptoms, but, if not done in time, the molecular level
changes and clinical syndrome are often permanent.
Anticholinergic medications have been shown to worsen
TD, and drug holidays, such as skipping one’s dose over
weekends, was hypothesized to lessen the risk of TD, but
was shown in well-designed studies to increase, rather than
decrease,TDrisk.Other less frequent late-onsetmovement
disorders associated with chronic D2 receptor blockade in-
clude tardive akathisia and tardive dystonia. There are no
known treatments for all the tardive movement disorders.
CARDIOVASCULAR

Many of the conventional antipsychotics have shown an
increased risk in cardiac dysrhythmias, specifically with
prolongation of the QRS or QTc intervals. This can lead
to life-threatening ventricular arrhythmias such as tor-
sades de pointes or ventricular fibrillation. Risk factors
for the development of these dysrhythmias include high-
dose, rapid titration, and intramuscular or intravenous
administration (Rosenbaum et al., 2005).

METABOLIC

Thoughmetabolic and cardiovascular side-effects tend to
be more associated with SGAs, they can also occur with
FGAs. These medications have significant metabolic side-
effects that increase cardiovascular risk factors and mor-
tality. Antihistaminic and serotonin antagonism can lead
to weight gain and obesity, which lead to elevation in cho-
lesterol and triglycerides as well as insulin resistance and
an increased risk for diabetesmellitus. Low-potencymed-
ications (such as chlorpromazine and thioridazine) tend to
cause more of these effects than high-potency medica-
tions (Nasrallah and Smeltzer, 2003). However, several
studies published prior to the advent of the FGAs indi-
cated that diabetes and glucose dysregulation were com-
mon among persons institutionalized for psychosis.

AUTONOMIC

The effect of FGAs on a1-adrenergic receptors leads to
autonomic dysregulation while taking these medica-
tions. Low-potency antipsychotics have relatively more
autonomic effects than high-potency ones. Symptoms
of a1-adrenergic blockade include dizziness, orthostatic
hypotension, and sedation as well as reflex tachycardia.
Patients taking these medications should be advised to
drink plenty of fluids and avoid sudden changes in
posture (Nasrallah and Smeltzer, 2003).

GASTROINTESTINAL

Anticholinergic side-effects lead to constipation, nau-
sea, vomiting, and dry mouth. In severe cases this can
lead to paralytic ileus. Treatment should include regular
use of stool softeners and bulking agents to promote
regular bowel function.

A rare hypersensitivity reaction has been described
with the aliphatic phenothiazines, specifically chlorprom-
azine. The incidence of cholestatic jaundice is approxi-
mately 0.1% and often develops in the first 1–2 months
of treatment. Symptoms include nausea, fever, malaise,
pruritus, abdominal pain, and jaundice, and signs include
elevation of bilirubin and alkaline phosphatase (Nasrallah
and Tandon, 2009).

GENITOURINARY

Anticholinergic effects can also lead to urinary reten-
tion, which can increase the risk for urinary tract infec-
tion. Erectile dysfunction and retrograde ejaculatory
disturbance can result from certain antipsychotics such
as thioridazine (Mellaril).

H.A. NASRALLAH
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ENDOCRINOLOGICAL

In the tuberoinfundibular pathway from the hypothala-
mus to the pituitary gland, prolactin is under tonic inhi-
bition of dopamine. D2 blockade results in decreased
dopamine tone, thereby increasing the secretion of pro-
lactin. While this state is normal during the postpartum
period, it can lead to adverse effects in some patients
treated with an FGA. Symptoms of hyperprolactinemia
include gynecomastia, galactorrhea, amenorrhea, de-
creased libido, erectile dysfunction, infertility, and pos-
sibly decreased bone density (Stahl, 2008). Another less
frequent endocrinological disorder associated with the
older-generation antipsychotic drug use (and sometimes
with the selective serotonin reuptake inhibitor antide-
pressants) is the syndrome of inappropriate secretion
of antidiuretic hormone (SIADH), with polydipsia and
hyponatremia, which can be fatal in extreme cases, that
received much attention in the 1980s and 1990s but
seems to be less frequently reported with the SGAs.
The mechanism of how neuroleptic drugs cause SIADH
is unknown.

DERMATOLOGICAL

Most common hypersensitivity reactions are cutaneous
maculopapular rash and photosensitivity reactions.
Chlorpromazine use can lead to blue-gray discoloration
of skin with exposure to sunlight.

OPHTHALMOLOGICAL

Direct anticholinergic effects can lead to blurred vision
by causing mydriasis and cycloplegia. There is an in-
creased risk of open-angle glaucoma. There have also
been reports of lenticular opacities with some phenothi-
azines. In general, patients with schizophrenia have
much higher rates of lenticular opacity compared to
the general population, which may be related to other
risk factors in addition to antipsychotic treatment. Thi-
oridazine has been shown to cause permanent retinal
pigmentation with high doses, and this pigmentation
can progress even after the medication is discontinued.
Symptoms start with poor night vision and can progress
to poor visual acuity and blindness (Rosenbaum et al.,
2005; Nasrallah and Tandon, 2009).

SECOND-GENERATION
ANTIPSYCHOTICS

While the FGAs were successful at treating the symptoms
of schizophrenia and triggering the deinstitutionalization
movement, most patients with psychotic disorders were
still not able to regain social functioning. There continued
to be a high suicide rate among these patients and up to
25% of patients were treatment-resistant or refractory to
the FGAs. As described earlier, clozapine, which was
synthesized in 1959, was later discovered to be more
effective than the FGAs for both the positive and negative
symptoms of schizophrenia, which set it apart from the
first generation. However, with its significant risk of
agranulocytosis, it was ultimately FDA-approved only
for refractory schizophrenia in 1988 with a requirement
of cumbersome weekly blood monitoring. The SGAs
were modeled after clozapine’s receptor profile of
greater serotonin 5-HT2A antagonism than dopamine
D2 antagonism.

Chemical structure and
pharmacological profiles

The SGAs approved for use in the USA include cloza-
pine, olanzapine, risperidone, paliperidone, quetiapine,
ziprasidone, and aripiprazole, as well as two more that
were approved in late 2009: iloperidone and asenapine.
SGAs can be divided into classes based on chemical
structure or mechanism of action. If divided by mecha-
nism of action, classes would include serotonin/dopa-
mine antagonists (all except aripiprazole) and partial
dopamine agonist/serotonin antagonists (aripiprazole).
The following are the SGAs in the order they were
approved by the FDA:

1. Clozapine is a dibenzodiazepine with a seven-
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member central ring that resembles a tricyclic anti-
depressant. At therapeutic levels, clozapine has
low D2 occupancy, which likely leads to a lower
incidence of EPS. It also has high affinity for 5-
HT2A, 5-HT1C, adrenergic and cholinergic receptors,
with higher 5-HT2A relative to D2 affinity, which was
subsequently modeled by the atypical class. Cloza-
pine is available in oral tablet form. Peak plasma
concentration is 2 hours after administration with
an elimination half-life of 12 hours. It is primarily
metabolized by CYP 1A2 with some 2D6 and 3A3
(Marder and Wirshing, 2009).
2. Risperidone is a benzisoxazole derivative with high

D2 and 5-HT2 affinity in vivo. It has little to no
effect on muscarinic receptors and some effect
on H1 receptors. Because of higher occupancy of
D2 receptors, risperidone may lead to more EPS
in patients compared to other atypicals. It also
has relatively potent a2-adrenergic activity. Risper-
idone is available in oral and oral-dissolving formu-
lations. It is rapidly absorbed and peak plasma
levels are within 1 hour. It is 90% protein-bound.
A long-acting injectable formulation of risperidone
(Risperdal Consta) is comprised of risperidone
embedded in biodegradable glycolide-lactide
microspheres. These are not reliably released until
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approximately 3 weeks following administration
with maximal release at 5 weeks, so oral risperidone
must be administered during this time. Risperdal
Consta injections must be administered every
2 weeks. Risperidone is hydroxylated by CYP2D6
and can be affected by other substances that alter
metabolism in this pathway (Goff, 2009).
3. Olanzapine is a thiobenzodazepine derivative with

higher 5-HT2 affinity compared to D2, making it
most similar to clozapine. It also has high affinity
to H1 and a-adrenergic receptors (Ballon et al.,
2009). It is available in both oral and oral-dissolving
tablet forms, as well as in a short-acting injectable
form for acute agitation. It is well absorbed orally,
with a quicker onset of action for the oral-
dissolving form. Peak plasma concentration for
the injectable form is 15–45 minutes postadminis-
tration. CYP1A2 is primarily responsible for olanza-
pine’s metabolism and this can be impacted by
CYP1A2 inducers (cigarette smoke) or inhibitors.
4. Quetiapine is a dibenzothiazepine derivative. Like

clozapine, it has relatively low affinity for D2 recep-
tors (30% binding) compared to other antipsy-
chotics (60–80%). Despite its low binding
affinity, it is postulated that in the first 2 hours after
administration D2 occupancy is higher (60–70%),
but with more rapid dissociation from receptors
correlating with the episodic dopamine surges into
the synapses. Quetiapine also has effects at
many other receptors, including the 5-HT2 family,
a1-adrenergic and histaminic receptors (Buckley
and Foster, 2009). Quetiapine is available in both
direct-release and extended-release oral tablet forms.
For direct release, peak plasma levels are achieved in
2 hours and sustained for 6 hours, leading to twice-
daily dosing regimens. It is metabolized by CYP3A4
and can interact with inducers or inhibitors of this
isoenzyme, and is secreted in the kidney. The XR
formulation may have a lower incidence of side-
effects such as sedation (Buckley and Foster, 2009).
5. Ziprasidone is a benzisothiazolyl piperazine derivative

with greater 5-HT2 affinity than dopamine, though it
does have more D2 activity than olanzapine or cloza-
pine. Limited affinity for histaminic and a-adrenergic
receptors decreases the sedative and orthostatic
effects in comparison with other medications.
Ziprasidone is available as oral tablet and intramuscu-
lar injection for acute agitation. When administered
orally, absorption is enhanced by the presence of food
and it is recommended that ziprasidone be adminis-
teredwith at least 500 calories.With intramuscular ad-
ministration, bioavailability is 100% and peak plasma
concentration is within 30 minutes. Ziprasidone is
hepatically metabolized through the P450 system as
well as through reduction and S-methylation
(Newcomer and Fallucco, 2009).
6. Aripiprazole is a dihydroquinolinone with potent

antagonism at 5-HT2A receptors and a unique fea-
ture of partial agonism at D2 receptors, and could
be considered a “third-generation” antipsychotic
(Rosenbaum et al., 2005). The development of this
novel mechanism was prompted by the prevailing
“dopamine hypothesis” of schizophrenia, that
there is a biphasic disturbance in dopamine path-
ways with underactive dopamine in mesocortical
pathways (negative, cognitive symptoms) and
overactive dopamine in mesolimbic pathways
(positive symptoms). In addition, it has high
affinity for D3, D4, 5-HT2C, 5-HT7, a1-adrenergic,
and H1 receptors (Sharif and Lieberman, 2009).
Aripiprazole is available in oral tablet form as
well as oral-dissolving, oral solution, and intra-
muscular injectable forms. Aripiprazole and its ac-
tive metabolites are more than 99% protein-bound.
It is primarily metabolized by CYP2D6 and
CYP3A4.
7. Paliperidone is the active metabolite of risperidone,

9-hydroxyrisperidone, and has a similar receptor
profile. Compared to risperidone, however, it
minimally binds to H1 receptors (Goff, 2009). It is
available in an extended-release formulation. Ab-
sorption of this medication is enhanced by food ad-
ministration by 50%. In comparison to risperidone,
paliperidone is 74% protein-bound. In contrast,
paliperidone is primarily excreted unchanged in
the urine and can be safely administered to
patients with liver dysfunction (Goff, 2009). The
usual daily dose is 3–12 mg. The FDA recently
approved a long-acting injectable formulation of
paliperidone known as paliperidone palmitate
(Invega Sustenna), which is approved for once-
monthly administration.
8. Iloperidone is a recently approved oral SGA with a

serotonin 5-HT2A and dopamine D2 antagonist pro-
file. Its efficacy is similar to that of other members
of the atypical class. Iloperidone’s relatively higher
affinity for the norepinephrine a1 receptor accounts
for its tendency to cause orthostatic hypotension dur-
ing the initial up-titration. It has a benign EPS, met-
abolic, and prolactin profile. It is metabolized by
CYP3A4 and CYP206. Pharmacogenetic studies have
indicated that response to, and side-effects with, ilo-
peridone can be predicted using specific genetic
markers. The usual daily dose is 12–24 mg.
9. Asenapine is the only recently approved SGA that

is available only in a sublingual formulation. It is
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also a serotonin 5-HT2A and dopamine D2 antago-
nist, with overall efficacy similar to other atypicals.
It seems to have a better efficacy on negative symp-
toms than risperidone. It has a benign EPS, meta-
bolic, and prolactin side-effects profile. The usual
daily dose is 5 mg bid for schizophrenia and
10 mg bid for bipolar mania.
Mechanism of action

SGAs employ both serotonin and dopamine antagonism
to target symptoms, and this distinguishes them from
the first generation which have mainly strong dopamine
antagonism. This class was modeled around the mecha-
nism of action of clozapine which was noted to have rel-
atively higher serotonergic compared to dopaminergic
affinity. D2 antagonism tends to be more specific in that
it targets mesolimbic and mesocortical pathways and
has less effect on nigrostriatal pathways, leading to risk
of EPS. Of this class of medications, risperidone has
higher affinity for the D2 receptor and hence a dose-
related increase in EPS as well as prolactin. Serotonergic
antagonism occurs primarily at the 5-HT2A receptor.
Blockade of these receptors in the cortex leads to
decreased glutamate release from cortical glutamate
projections in the ventral tegmental area. This leads to
decreased excitation of dopamine neurons in the ventral
tegmental area and further blockade of positive symp-
toms of schizophrenia (Stahl, 2008).

SGAs also have some effects on cognitive, negative,
and affective symptoms of schizophrenia. These symp-
toms are thought to be due to low dopamine activity in
the mesocortical pathways. 5-HT2A blockade leads to in-
creased frontal dopamine (by releasing 5-HT inhibition
of dopamine), which may be the mechanism with which
these medications target these negative, cognitive, and
affective symptoms. In addition to 5-HT2A blockade,
these medications have effects at other serotonin recep-
tors, including 5-HT1A, 5-HT1D, 5-HT2C, 5-HT3, 5-HT6,
5-HT7, and the 5-HT transporter. They also work at
the D1, D3, and D4 receptors as well as muscarinic, his-
taminic, and a-adrenergic receptors. These medications
may also have effect in the insulin regulation system
(Stahl, 2008).

One of the SGAs, aripiprazole, acts as a partial D2

agonist, leading to effective reduction in psychotic
symptoms with minimal risk of EPS, and can be consid-
ered as a “third-generation antipsychotic” due to its
novel mechanism of action. In the mesolimbic pathways,
aripiprazole exerts D2 antagonism, leading to reduction
of dopamine output and psychotic symptoms. In the
nigrostriatal pathways, however, partial D2 antagonism
prevents reduction of dopamine tone and leads to
normal motor functioning (Stahl, 2008). However,
akathisia may emerge transiently during the initiation
of aripiprazole.

SGAs have a low affinity to dopamine D2 receptors
and, compared to FGAs, dissociate more from D2 recep-
tors. Landmark positron emission tomography (PET)
studies done by Kapur and Seeman (2001) show that
transient occupancy (60–65%) of D2 receptors is suffi-
cient for antipsychotic activity and results in a lower in-
cidence of EPS and other motor side-effects. This “hit
and run” theory is common to the SGAs and explains
improved tolerability of these medications (Nasrallah
and Smeltzer, 2003). The PET D2 occupancy studies also
found that EPS emerges when 78% or higher occupancy
is achieved.
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Efficacy and indications

The SGAs have a broad range of indications and are
effective in many psychotic disorders. All of the SGAs
have an FDA indication for treatment of schizophrenia,
for both acute exacerbation and long-term maintenance
treatment. These medications are mainly effective for
the treatment of positive symptoms (delusions, halluci-
nations, thought disorder), and to a lesser extent for
negative symptoms (apathy, blunted affect, asociality,
lack of motivation), and cognitive symptoms (impair-
ments in executive functions and memory) of schizo-
phrenia. Maintenance treatment is indicated to prevent
psychotic relapse. Without medications, the relapse rate
approaches 65–80% at 12 months versus 25% while on
maintenance treatment. Relapses in schizophrenia have
been shown to be associated with significant loss of glia,
dendritic spines, and neurite extensions, as well as treat-
ment resistance. Because nonadherence is almost en-
demic in schizophrenia, long-acting injectable FGAs
are very useful in many patients (Rosenbaum et al.,
2005). The SGAs are similarly effective in the treatment
of schizoaffective disorder, although only paliperidone
has been approved for that indication. Antipsychotic
medications in general tend to be less effective in the
treatment of delusional disorder and none of them is
officially approved for that diagnosis, although they
are used due to the lack of any alternative.

Clozapine in particular has unique indications in the
treatment of schizophrenia. First, it is approved for use
only in treatment-resistant and refractory schizophrenia
given its risk of agranulocytosis as a life-threatening ad-
verse effect. Current treatment recommendations state
that a patient must fail an adequate trial of two SGAs
prior to a trial of clozapine. Some evidence suggests that
clozapine may be less effective after initial administra-
tion of SGA compared to FGA. Clozapine also is the
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only drug that is FDA-approved for the treatment and
prevention of suicidality in patients with schizophrenia.
Epidemiological studies indicate that the suicide mortal-
ity rate and suicide attempt rate are lower in patients
taking clozapine (Marder and Wirshing, 2009).

All the SGAs have been FDA-approved for the treat-
ment of acute mania and mixed manic episodes in bipo-
lar disorder, which is not surprising given that increased
dopamine activity has been reported in mania. These
medications can often work faster in acute decompen-
sations than traditional mood stabilizers, as well as in
manic episodes with agitation and/or psychosis. SGAs
can also be effective in maintenance treatment in bipolar
disorder, and several of them have an FDA indication
for this adjunctive use. Two of the SGAs, quetiapine
in monotherapy and olanzapine (in combination with
fluoxetine), are also indicated for the treatment of bipo-
lar depression. Both quetiapine and aripirazole have also
received FDA approval as add-on therapy in major (uni-
polar) depression that fails to achieve remission after
one or two antidepressant trials.

One of the SGAs, aripiprazole, was recently FDA-
approved as an adjunctive agent with antidepressants
for the treatment of unipolar depression. All of the
SGAs are probably effective in the augmentation of an-
tidepressants in treatment-resistant depression, though
they are not specifically indicated for this use. In major
depression with psychotic features, evidence suggests
that antipsychotics in combination with antidepressants
are more effective than either treatment alone
(Rosenbaum et al., 2005). However, electroconvulsive
therapy continues to be the most effective treatment
for severe psychotic depression.

Like the FGA counterparts, SGAs are useful in the
treatment of a variety of other disorders. Studies are be-
ing conducted to look at the efficacy of treatment in var-
ious anxiety disorders and evidence-based trials have
been conducted with quetiapine as an adjunctive treat-
ment for generalized anxiety disorder, and submitted
to the FDA for approval. They can be used in the man-
agement of symptoms in delirium, though caution must
be exercised with increasing sedation and confusion due
to medication side-effects. In patients with dementia,
the SGAs have a 1.6-fold higher risk of mortality, likely
due to stroke or cardiac event; they have earned a black-
box warning from the FDA for use in dementia-related
psychosis, and should be used with caution. In the set-
ting of Parkinson’s disease, L-dopa psychosis is best trea-
ted with quetiapine or clozapine because those two
atypicals are the least likely to exacerbate the parkinson-
ism symptoms. Finally, similar to FGAs, SGAs can be
used to treat Tourette’s syndrome, psychosis in the con-
text of Huntington’s disease, delusional disorder (such
as pure paranoia, delusional marital jealousy, or
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parasitosis), schizoaffective disorder, and periods of
transient psychosis associated with some personality dis-
orders (Rosenbaum et al., 2005), for which no specific
drug has yet been approved (such as paranoid personal-
ity, schizotypal personality, and borderline personality
disorders).

H.A. NASRALLAH
Adverse effects

NEUROLOGICAL

Compared to the FGAs, the SGAs carry a much lower
risk of EPS and TD, and for this reason are often more
tolerable. This is likely due to the relatively low affinity
for D2 receptors in the nigrostriatal dopamine areas. In
addition, 5-HT antagonism leads to modulation of dopa-
mine release in the motor areas. Finally, the short occu-
pancy of dopamine receptors in the SGAs may also
contribute to the lower incidence of EPS. Both clozapine
and quetiapine carry almost no risk of EPS, even at high
doses. For the other SGAs, the risk of EPS increases with
increasing doses; however, it often takes the form of
akathisia or hypokinesia, and rarely as acute dystonia.
The incidence of TD is estimated to be 10 times lower
than with FGAs (0.5% per year versus 5% per year).
Studies have also shown that clozapine may be used
to treat TD effectively (Nasrallah and Smeltzer, 2003).

Clozapine is associated with increased risk of seizure,
especially at doses higher than 600 mg/day. Up to 5–10%
of those treated with clozapine will develop drug-induced
seizures. These can be mitigated with the concurrent use
of anticonvulsants such as valproate, gabapentin, and
topiramate when high doses are necessary.
METABOLIC

Most SGAs have been shown to cause weight gain and
other metabolic sequelae, including dyslipidemia, and
hyperglycemia (leading to type 2 diabetes mellitus).
Specifically, dyslipidemia includes hypertriglyceridemia
and low high-density lipoprotein levels. The SGAs are
divided into high- (olanzapine, clozapine), moderate-
(quetiapine, risperidone), and low- (ziprasidone, aripi-
prazole) risk classes for weight gain and metabolic
side-effects according to a consensus statement by the
American Diabetes Association and American Psychiat-
ric Association in 2004. Possible mechanisms for weight
gain include histaminic or serotonergic antagonism, or
insulin resistance. Monitoring recommendations include
measurement of waist circumference, fasting glucose,
triglycerides, high-density lipoprotein, and blood
pressure routinely in patients taking SGAs (Nasrallah
and Smeltzer, 2003; Rosenbaum et al., 2005; Marder
and Wirshing, 2009).
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CARDIOVASCULAR

The SGAs have prolonging effects on the QTc interval,
much like some of the FGAs, but are often not clinically
significant. One SGA in particular, ziprasidone, has a
modest risk of QTc prolongation that has led to a warn-
ing in its label but, over 8 years of use, no clinical cases
of torsades de pointes or sudden death have been
reported (Newcomer and Fallucco, 2009). Nevertheless,
care should be used in patients with a history of pre-
existing cardiac arrhythmia or elevated baseline QT.

Clozapine is sometimes associated with a risk of
myocarditis and cardiomyopathy. This is thought to be
from an immunoglobulin E-mediated hypersensitivity
reaction and is associated with eosinophilia. Up to
20% of cases may be fatal. Reports of respiratory and
cardiovascular symptoms should be evaluated promptly
in patients on clozapine, especially in the context of a
history of heart disease (Marder and Wirshing, 2009).
AUTONOMIC

Orthostatic hypotension as a result of a-adrenergic
antagonism is most prominent with clozapine, but
may occur with quetiapine, olanzapine, and risperidone.
It can be prevented with proper hydration, nighttime
dosing, and psychoeducation.
GASTROINTESTINAL

Transient elevation in liver enzymes may occur with
olanzapine early in treatment, but often resolves in
9–10 weeks. Anticholinergic effects with olanzapine,
clozapine, and quetiapine can result in constipation.
ENDOCRINOLOGICAL

Since risperidone has the highest affinity for D2 recep-
tors, it is at highest risk of hyperprolactinemia by lifting
the tonic inhibition of prolactin secretion in the tubero-
infundibular pathway. Patients should be screened for
sexual dysfunction, amenorrhea or oligomenorrhea,
gynecomastia, galactorrhea in females, and erectile
and ejaculatory dysfunction in males.
PREGNANCY

All SGAs are rated as category C by the FDA, which
means there are few or no animal or human data to in-
dicate absence of teratogenicity. Only haloperidol, an
older neuroleptic with 40 years of use, has been deemed
safe in pregnancy, but its neurological side-effects to
the mother and the fetus are a major drawback.
HEMATOLOGICAL

Clozapine is the only SGA with a risk of fatal agranulo-
cytosis, although a warning for blood dyscrasias was
recently added for all SGAs. Mandatory monitoring in-
cludes weekly complete blood counts for the initial 6
months of treatment followed by monthly monitoring
if white blood cell counts have been stable. The inci-
dence of agranulocytosis with clozapine is less than
1% in the USA. Clozapine should be discontinued upon
identification of leukopenia and should not be rechal-
lenged due to the risk of recurrence (Nasrallah and
Smeltzer, 2003; Marder and Wirshing, 2009).

OPHTHALMOLOGICAL

Quetiapine has been associated with cataracts in beagle
dog studies receiving four times the therapeutic dose,
but studies in humans did not show such an association.
Routine eye exams are recommended but not mandated
in patients being treated with quetiapine, and should be
considered in all patients with schizophrenia due to
the high rates of lenticular opacities in this patient
population (Nasrallah and Smeltzer, 2003; Buckley
and Foster, 2009).

COMPARISONOF FIRST-ANDSECOND-
GENERATIONANTIPSYCHOTICS

FGAs and SGAs have been compared in two large-scale
government-sponsored studies, the Clinical Antipsy-
chotic Trials of Intervention Effectiveness (CATIE)
and Cost Utility of The Latest Antipsychotics in Severe
Schizophrenia (CUtLASS) studies, between 1999 and
2004. In the CATIE study, patients with schizophrenia
were randomly assigned to treatment with perphenazine
(an FGA) or one of four SGAs (risperidone, olanzapine,
quetiapine, ziprasidone) over an 18-month period. Re-
sults showed no significant differences between the
FGA and SGAs in terms of discontinuation rate, symp-
tomatology, cognition, social functioning, or motor
side-effects. In the CUtLASS study, patients with a psy-
chotic illness were randomized to treatment with either
an FGA (11 options) or SGA (four options), and no sig-
nificant difference in quality of life was measured after
12 months of treatment. Based on the results of these
studies, a conclusion was drawn that there is no signif-
icant difference in the effectiveness of FGAs and SGAs
(Nasrallah and Tandon, 2009). However, both studies
suffer from methodological limitations. Further, recent
neuroplasticity studies show that SGAs can induce neu-
rogenesis and neurotropic factors while the FGAs do not
(Pillai et al., 2006; Nasrallah, 2008).

A recent meta-analysis conducted by Tiihonen and
colleagues (2009) looked at all-cause and cause-specific
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mortality rates in patients with schizophrenia taking
SGAs. Life expectancy was measured and found to be
higher (therefore lower mortality) in patients taking
SGAs than in patients not taking any medications.
One significant finding is that clozapine appeared to re-
duce mortality substantially compared to other SGAs,
despite its risk of significant adverse effects. This sug-
gests that clozapine should be re-evaluated for use in
populations other than “treatment-resistant” patients
(Tiihonen et al., 2009).

What, then, should guide us in our selection of the ap-
propriate antipsychotic? The CATIE and CUtLASS trials
indicate that the main advantage of the SGAs is the de-
creased risk of EPS and other motor side-effects while
exerting the antipsychotic effect. Thus, differences in
side-effect profiles between various antipsychotics,
coupled with individual variation in response and disease
pattern, can help guide antipsychotic choice, and allow
optimal outcomes (Nasrallah and Tandon, 2009).

Recent research into the role of brain tissue loss in the
pathogenesis of major psychotic andmood disorders has
led to greater understanding of therapeutic effective-
ness of medications used to treat them. SGAs have been
linked to neurogenesis in key regions such as the hippo-
campus and subventricular zone in animal studies
(Nasrallah et al., 2010). In contrast, FGAs do not seem
to be associated with adult neurogenesis. Human neuro-
imaging studies have shown that SGAs include salutary
neuroplasticity in limbic and prefrontal areas as well as
in white-matter regions, whereas FGAs are restricted to
undesirable proliferation in the substantia nigra and
striatum. These studies suggest that SGAs may be
neuroprotective, whereas FGAs are not, and this avenue
of research may provide new therapeutic targets for the
treatment of psychotic and mood disorders (Nasrallah,
2008).
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CONCLUSIONSANDFUTURE
DIRECTIONS

Given the significant differences between FGAs and
SGAs, onemight ask whether there is a method to choos-
ing a particular medication for a patient. In practice, the
choice of antipsychotic is often based on evaluating the
medical status, psychiatric symptoms, diagnosis, treat-
ment history, and metabolic profile, and evaluating each
medication for its effectiveness and side-effect profile.
Treatment is tailored to each individual patient given
these variables. In general, practice guidelines involve
two adequate SGA trials (highest tolerated dose for 12
weeks) prior to a trial of clozapine or an FGA, given
their relative safety, efficacy, and tolerability, as well
as because of recent research suggesting neuroprotec-
tive effects with SGAs.
Current research into antipsychotic medications is
moving into entirely new directions. For example,
GABAergic and glutamatergic pathways are being
looked at as potentially therapeutic targets for develop-
ing novel, more effective treatments. What is clear is
that the treatment of psychotic and severe mood ill-
nesses has come a long way since the discovery of chlor-
promazine, and the future holds a wide array of
innovations to treat severe psychiatric disorders.
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Chapter 40

Anxiolytics
LINDSEY I. SINCLAIR1 AND DAVID J. NUTT2*
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Anxiety is unusual amongst psychiatric disorders in that it
may occur as both a normal emotion and a pathological
state. During early human history anxiety was probably
adaptive and thus selected for. This may explain the high
lifetime prevalence of anxiety states (�15% of the popu-
lation) (Nutt, 2003). Pathological anxiety can be serious,
enduring, and disabling. Patients may find themselves
unable to lead a “normal life,” with a serious impact
on themselves, their family, and wider society. Anxiety
has been repeatedly demonstrated to cause significant
productivity losses and thus has economic as well as
personal consequences (Nutt and Ballenger, 2003). This
strengthens the case for treating clinically significant
anxiety.

Although anxiety has long been recognized as a clin-
ical problem, systematic study only began following
the publication of Diagnostic and Statistical Manual
of Mental Disorders, third edition (DSM-III) in 1980
(American Psychiatric Association, 1980). The current
diagnostic framework (DSM-IV: American Psychiatric
Association, 1994) lists six anxiety disorders:

1. panic disorder (PD)
*
Cor
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2. specific phobia

3. generalized anxiety disorder (GAD)

4. obsessive-compulsive disorder (OCD)

5. social anxiety disorder (SAnD)

6. posttraumatic stress disorder (PTSD).
Whilst anxiety is a disorder warranting treatment in the
vast majority of cases, its treatment is a controversial
area. Humans have, arguably, been using anxiolytics
for centuries, e.g., alcohol as “Dutch courage.” The first
widely prescribed class of antianxiety agents, or
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anxiolytics, was the barbiturates in the 1950s
(Fig. 40.1). Whilst alleviating symptomatology, barbitu-
rates had dangerous or undesirable side-effects that
led researchers to seek a safer alternative. Barbiturates
also had a well-known potential for abuse, so for these
reasons they are now little used. In the 1960s benzodiaz-
epines were developed; because they were a much safer
alternative to barbiturates, they rapidly became one of
the most commonly prescribed drugs worldwide. The
benzodiazepines were used for many indications, e.g.,
insomnia, anxiety, and muscle relaxation. Benzodiaze-
pines also have some potential for misuse and have
some toxicity in overdose (Ashton and Young, 2003;
Ashton, 2005). There was a backlash against their use
in the 1980s but now, although their use is much more
limited than in the past, a more balanced view of their
role as anxiolytics has emerged (Williams and McBride,
1998).

Barbiturates and benzodiazepines were both rapidly
effective in treating anxiety, which may explain why an-
tidepressants only began to be used to treat anxiety in the
1980s and 1990s, following the benzodiazepine backlash
(Table 40.1). Although several tricyclic antidepressants
(TCAs) were recognized as having anxiolytic (especially
antipanic) properties in the 1950s, they were less attrac-
tive treatment options than barbiturates and benzodiaz-
epines due to their slower onset of action and initial
worsening of anxiety (Fig. 40.2). Since the development
of the selective serotonin reuptake inhibitors (SSRIs),
antidepressant use as anxiolytics has greatly increased,
although SSRIs are themselves not without controver-
sies – most notably the suggestion of increased suicide
risk and violence (see review by Nutt, 2003).
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Table 40.1

Comparison of fast- and slow-acting anxiolytics

Fast (1–2 days) Slow (2–4 weeks)

Benzodiazepines SSRIs
Alcohol* Tricyclics (not SAnD)
Barbiturates* SNRIs

b-Blockers* Buspirone (GAD only)
Psychotherapies
Neuroleptics*

*Less suitable or limited use.

SSRIs, selective serotonin reuptake inhibitors; SAnD, social anxiety

disorder; SNRIs, serotonin and norepinephrine reuptake inhibitors;

GAD, generalized anxiety disorder.

Fig. 40.1. Evolution of anxiolytics. Tandospirone is only available in Japan. MAOIs, monoamine oxidase inhibitors; TCAs, tri-

cyclic antidepressants; NA, noradrenaline (norepinephrine); RIMAs, reversible inhibitors of monoamine oxidase A; SSRIs, se-

lective serotonin reuptake inhibitors; SNRIs, selective norepinephrine reuptake inhibitors.

Time (weeks)

1260

Anxiety
severity

Treatment period Withdrawal

Buspirone

Antidepressant
BDZ

Fig. 40.2. Comparison of the change in symptoms during

treatment with antidepressant, buspirone, and benzodiaze-

pines (BDZ).
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ASSESSMENTANDDIAGNOSIS

Drug treatment of anxiety is only part of the overall ther-
apeutic package, which should be patient-centered, indi-
vidualized, and appropriate. Prior to consideration of
treatment patients should receive a thorough assessment
of their difficulties so that a diagnosis can be made. Once
an accurate diagnosis has been made it is possible to dis-
cuss prognosis and treatment options with the patient.

Given thatmost patients with anxiety disorders are trea-
ted in primary care it would be unrealistic to expect a full
psychiatric assessment to be performed in every case. At-
tention shouldbefocusedonmakinganaccuratediagnosis,
identifying comorbidities (including alcohol and substance
misuse) and eliciting the patient’s views on his or her diffi-
culties and possible treatment. Comorbidity is common
in anxiety disorders and may significantly affect both
prognosis and treatment (Nutt and Ballenger, 2003).

The often paternalistic approach that doctors took
with patients in the past is, increasingly, becoming little
more than a memory. Patients are now seen as partners
in their care. In order for them to take an active part in
their care it is our responsibility to enable them to be-
come informed about both their condition and the treat-
ment options, a development that applies not just to
psychiatry, but to the whole of medicine.

BIOLOGICAL BASISOF THEORIES
OFANXIOLYTICACTION

As our knowledge of neurobiology improves, theories
of the neurobiology of anxiety are becoming more
complex. This is due to increased understanding of
the number of systems involved and the complex and
subtle interactions between them.
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ANXIOLY
Gamma-aminobutyric acid (GABA)

GABA is themain inhibitory neurotransmitter in the brain
and is present in up to 40% of all central synapses
(Ashton, 2005). GABAergic neurons are found through-
out the central nervous system, but are almost absent in
the peripheral nervous system. The balance between
GABA and excitatory neurotransmitters (e.g., glutamate)
determines the level of neuronal activity in the brain.
Changes in GABA tone may thus have major effects
on a range of brain functions (Nutt and Malizia, 2001).

There are two types of receptor: GABAA and
GABAB. The GABAA receptor is the brain’s main inhib-
itory receptor and so regulates the activity of many
types of neuron, including dopaminergic, noradrener-
gic, and serotonergic. GABAB receptors are the site
of action of baclofen, an antispastic agent, and are in-
volved in regulating neurotransmitter release in relation
to muscle tone, and possibly other functions. The
GABAA receptor consists of five protein subunits (most
commonly two a subunits, two b subunits, and one g
subunit) arranged around a central ion channel. There
are many different isoforms of these subunits (Nutt,
2005b) and a number of gene clusters encoding these
isoforms have been identified. The most common
GABAA receptor in the human brain comprises a1, b2,
and g2 subunits, encoded by a cluster of genes on
chromosome 5 (Nutt and Malizia, 2001).

Benzodiazepines reduce anxiety by binding to the ben-
zodiazepine receptor, an allosteric binding site found be-
tween the a and g subunits of the GABAA receptor, and
modulating the chloride conductance of the central Cl
channel. Thus benzodiazepines increase GABA-induced
chloride flow, enhancing brain GABAA function. Strong
evidence for the role of the benzodiazepine receptor in
anxiety comes from the close correlation found between
the binding affinity of the benzodiazepines and their
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Fig. 40.3. Correlation between peak plasma concentrations fo

benzodiazepine receptor. (Reproduced from Doble et al., 2004.)
clinical dose (Fig. 40.3). This is a similar relationship to
neuroleptic D2-binding affinity in schizophrenia.

There is considerable evidence that a downregulation
of benzodiazepine receptors or subfunction of the
GABAA system may underlie some forms of anxiety.
Selected examples include a ligand-binding study show-
ing that patients with PD have a significant global reduc-
tion in flumazenil binding to benzodiazepine receptors
(Malizia et al., 1998). There have been similar but more
localized findings in PTSD (Nutt and Malizia, 2004) and
GAD (Malizia, 2002). Intravenous flumazenil was
shown to provoke panic in patients with PD, but not con-
trols (Nutt et al., 1990), although this finding has not
been replicated in all studies. The suggested explanation
for this finding is a benzodiazepine receptor setpoint
shift towards the inverse agonist direction in PD, mak-
ing flumazenil a weak inverse agonist (Sandford
et al., 2000) (Fig. 40.4). This may be due to reduced
expression of benzodiazepine-sensitive receptor sub-
types or substitution of benzodiazepine-active subunits
(e.g., a1, a2, a3, a5) with inactive ones (e.g., a4). Levels

TICS 671
10 100 1000

Temazepam

Estazolam
Zopiclone

lunitrazepam

xazepam

idem

r affinity (Ki, nM)

r a series of benzodiazepines and their affinities for the



AND D.J. NUTT
of GABA receptor-modulatory neurosteroids have been
found to differ in patients with PD, perhaps contributing
to a change in GABAergic tone (Zwanzger and
Rupprecht, 2005). Finally the well-recognized role of
GABAA in memory encoding makes alterations on this
receptor system a prime candidate for explaining the ac-
quisition of avoidant learning that is such a feature of
anxiety disorders (Kalueff and Nutt, 1996) (Fig. 40.5).

Subtypes of GABAA subunits have been shown to
affect benzodiazepine response. For example, benzodi-
azepine response depends on the presence of the g2 sub-
unit (Nutt, 2005a). Mouse models have been used to
demonstrate the role of GABAA subunits in anxiety.
Heterozygous g2 knockout mice (homozygotes nonvi-
able) exhibit hypervigilance, anxiety, and decreased flu-
mazenil binding in a similar manner to patients with PD.
Mice with knockin mutations of the a1 subunits, that are
sensitive to GABA but not benzodiazepines, show main-
tained anxiolytic and anticonvulsant effects when given
benzodiazepines, but no sedative effects. Other experi-
ments have found the anxiolytic effect to require the a2
subunit. The localization of the a2 subtype in the limbic
system supports the role of this system in anxiety (Nutt
and Malizia, 2001; Basile et al., 2004).

It has been suggested that one possible mechanism
for benzodiazepine tolerance is downregulation of a1
and g2 subunits and upregulation of rarer subunits. This
may occur via inhibition of the gene cluster on chromo-
some 5, which encodes the a1, b2, and g2 subunits. Thus,
when benzodiazepine treatment is stopped GABA
function is reduced, leading to withdrawal symptoms
(Nutt and Malizia, 2001).

With increasing knowledge about GABAA subunit
subtypes have come efforts to develop subtype-selective
drugs. It remains to be seen whether dependence will be
an issue with these more selective compounds (Nutt and
Malizia, 2001).
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How might altered receptors lead to 
anxiety ?
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Fig. 40.5. The relationship between genotype, environment,

and phenotype for benzodiazepine receptors.
Serotonin (5-HT)

A large number of areas in the brain receive serotoner-
gic projections (Fig. 40.6) and this diffuse projection ex-
plains why so many different anxiety disorders whose
symptoms arise in discrete brain regions are amenable
to treatment with the SSRIs. There is conflicting evi-
dence about whether 5-HT is increased or decreased
in anxiety, but it is now thought that there are two dif-
ferent pathways from the raphe: from the medial and
dorsal raphe nuclei (MRN and DRN). The pathway from
the MRN is thought to modulate fear and anticipatory
anxiety, whereas that from the DRN is thought to mod-
ulate cognitive processes associated with anxiety
(Sandford et al., 2000). It is postulated that an excess
of 5-HT may be anxiogenic in one pathway and anxio-
lytic in the other, perhaps through actions at different
5-HT receptor subtypes (Nutt and Ballenger, 2003).

A large number of different 5-HT receptor subtypes
have been investigated for a possible role in anxiety.
5-HT1Areceptorsareautoreceptors,whichdecreaseseroto-
nergic neuron activity. Agonists at 5-HT1A have been
shown to be anxiogenic. There is some evidence to suggest
that early postnatal establishment of 5-HT transmission
(and its modulation via such autoreceptors) is critical in
establishing normal anxiety behavior in adults (Kent
et al., 2002). This could offer a neurotransmitter explana-
tion for psychological explanations of anxiety such as
attachment theory. 5-HT2A receptors are known to be in-
volved in the stress response and their activation causes
stress hormone release. Some atypical antipsychotics block
Fig. 40.6. Serotonergic projections from the raphe nucleus.

Projections go into the brain, affecting a large number of areas,

and also towards the spinal cord. Brain regions thought to be

involved in the generation of symptoms in the discrete anxiety

disorders are shown by the relevant abbreviations. SAD, social

anxiety disorder; GAD, generalized anxiety disorder; PTSD,

posttraumatic stress disorder; Depn, depression; OCD, obses-

sive-compulsive disorder; PD, panic disorder.



Table 40.2

The effect of tryptophan depletion (TD) in selective

serotonin reuptake inhibitor (SSRI)-recovered anxiety

Diagnosis Efficacy

Effect of

TD

Depression √ Relapse

Depression and anxiety √
Obsessive-compulsive disorder

(OCD)

√ No change

Anxiety disorders

Panic disorder √ Relapse
Social anxiety disorder √ Relapse
Generalized anxiety disorder √ Ongoing

Posttraumatic stress disorder √ ?

This illustrates the important role that serotonin plays in SSRI

response in depression and a range of anxiety disorders, with relapse

being triggered by tryptophan depletion. The same effect was not

seen in OCD, further adding to suggestions that OCD should be re-

moved from the category of anxiety disorders due to its divergent

neurobiology.

5HT and affective state

LYTICS 673
5-HT2Aandthishasbeenproposedasapossiblemechanism
for their anxiolyticeffect (Kentet al., 2002).Antagonists at
5-HT2C receptors have also been shown tobe anxiolytic and
desensitization of these receptors has been suggested as a
mechanism for decreased anxiety with chronic SSRI
administration (Kent et al., 2002).

As mentioned previously, 5-HT has effects on other
neurotransmitter systems, e.g., norepinephrine (see
below) and GABA, as illustrated in Fig. 40.7.

It is clear clinically that SSRIs are effective in a wide
range of anxiety disorders (Basile et al., 2004), although
their precise mechanism of action is not yet fully
understood. Serotonin agonists have been found to be
anxiogenic, whereas 5-HT precursors produced anxiolytic
effects (Sandford et al., 2000). Tryptophan depletion
(TD),which causes an acute, temporary, and reversible re-
duction in brain 5-HT levels, has been used to study this.
Combined with a challenge, TD tends to increase anxiety
and the rate of panic attacks and social anxiety symptoms
inpatientswith the respective disorders. The effects ofTD
on patients successfully treated with SSRIs are illustrated
in Table 40.2. Studies of TD in OCD have failed to show
significant effects, suggesting a different mode of action
in OCD for SSRIs (Basile et al., 2004; Bell et al., 2005).
The role of 5-HT in affective states is summarized in
Fig. 40.8.
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Fig. 40.7. Interactions between serotonin (5-HT) and gamma-

aminobutyric acid (GABA). As mentioned previously, we are

increasingly becoming aware of complex interactions between

systems, making any divisions (e.g., anxiety is solely as a re-

sult of GABA dysfunction) artificial and probably erroneous.

OFC, orbitofrontal cortex; TL, temporal lobe; BDZs, benzodi-

azepines; SSRIs, selective serotonin reuptake inhibitors;

BDNF, brain-derived neurotrophic factor.

5HT levels

Fig. 40.8. The proposed role of serotonin (5-HT) in determin-

ing affective state. A decrease in 5-HT leads to depression or

anxiety (negative affective valence), as part of either

tryptophan depletion or a disease process. Treatment that

increases 5-HT, e.g., selective serotonin reuptake inhibitors

(SSRIs), causes a return to a positive affective valence or

normal state. TD, tryptophan depletion.
in the locus coeruleus (LC) in the brainstem with projec-
tions throughout the brain. There are three types of nor-
epinephrine receptor: a1, a2, and b. b norepinephrine
receptors in the periphery are involved in mediating
the physical symptoms of anxiety. Their role centrally
has yet to be determined. a2 norepinephrine receptors
occur both presynaptically (feedback) and postsynapti-
cally (arousal, blood pressure, and growth hormone re-
lease) (Nutt and Ballenger, 2003).
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The sympathetic nervous system is linked to arousal,
e.g., the “fight or flight” response. Norepinephrine levels
have been studied in anxious patients and, at rest, are not
statistically different. However, when challenged (e.g.,
after a panic attack in one study) both epinephrine and
norepinephrine release are elevated in anxious patients,
although this was confined to the heart. The evidence
for an abnormality in noradrenergic function is most
compelling for panic disorder and PTSD (Nutt and
Ballenger, 2003). Administration of yohimbine, thought
to act as a presynaptic a2 antagonist, increases anxiety
and panic frequency in patients with PD, although the
extent to which this model reflects “real-life” panics
has been questioned (Sandford et al., 2000).

There are well-known links between the 5-HT and
norepinephrine systems. 5-HT projections from the
DRN inhibit LC firing, whereas noradrenergic projec-
tions cause excitation of the DRN cell bodies. It has been
suggested that SSRIs may increase the 5-HT input to the
LC, causing a decreased firing rate and consequential
decreased amygdala excitation (Kent et al., 2002).
Antidepressants probably alter brain norepinephrine
function by changing the function of regulatory recep-
tors, especially the a2 autoreceptor (Nutt, 1998).

Patients with PD were shown to have abnormal re-
sponses to clonidine, an a2 agonist that reduces LC firing
(Sandford et al., 2000). This, together with the effects of
yohimbine in such patients, is suggestive of a supersensi-
tivity of presynaptica2 receptors in PD,making the norad-
renergic systems more unstable (Alvarenga et al., 2006).

There is also evidence that adrenoceptors may be al-
tered by stress and conditioning, perhaps explaining the
well-known link between life events and panic
(Sandford et al., 2000).
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Glutamate

Forty percent of brain synapses are glutamatergic, yet
glutamate’s role in brain function was only recognized
in 1970. Glutamate has a role in learning, cognition,
neuroplasticity, and neuroendocrine secretion (Bergink
et al., 2004; Simon and Gorman, 2006). There are two
main types of receptor: ionotropic and metabotropic.
Ionotropic receptors are subdivided into N-methyl-D-
aspartic acid (NMDA), 2-amino-3-(5-methyl-3-oxo-1,2-
oxazol-4-yl)propionic acid (AMPA), and kainate.
NMDA receptors are responsible for fast excitatory
neurotransmission, with AMPA and kainate amplifying
the response (Simon and Gorman, 2006). Stress is
known to increase excitatory neurotransmission; in-
deed, the anxious brain was thought for many years
to be “overexcited.” A certain amount of glutamatergic
neurotransmission is required for functioning, but ex-
cess causes excitotoxicity, downregulation of NMDA
receptors (acutely) and (chronically) decreased dendritic
length and spines, further decreasing the number of
NMDA receptors (Simon and Gorman, 2006). There is
a lack of direct evidence for glutamate’s role in anxiety
disorders. Some of this may be due to our current lack
of tools for studying detailed neurobiology.

During threat appraisal the thalamus is activated.
Information is sent to the cortex for appraisal, but a
more rapid assessment is carried out via the amygdala
(involved in phobia acquisition) and parts of the limbic
system (Kent et al., 2002; Bergink et al., 2004; Simon
and Gorman, 2006). Radioligand binding studies have
shown high densities of NMDA receptors in cerebral
cortex, hippocampus, striatum, and amygdala (Li et al.,
2006). Excessive amygdala activity has been shown in
patients with PD, SAnD, and PTSD. It is thought that
presentation of the conditioned stimulus with the un-
conditioned stimulus causes a strong glutamatergic
response, reinforcing synaptic pathways and leading to
a fearful response to the conditioned stimulus alone
(which previously would have provoked only a weak
glutamatergic response).

Antidepressants have been shown to block the effects
of NMDA (Li et al., 2006) and during chronic treatment
may cause NMDA receptor downregulation as well as de-
creased glutamatergic activity in specific areas (Simon
and Gorman, 2006). It may be that recovery from depres-
sion or anxiety requires restoration of a basal rate of
neurogenesis, possibly via inhibition or adaptation of
NMDA receptors. NMDA antagonists have been shown
to enhance extinction of conditioned fear acquisition in
rodents, as well as having antianxiety, antidepressant,
and neuroprotective properties (Bergink et al., 2004; Si-
mon and Gorman, 2006). Unfortunately trials of NMDA
antagonists in healthy volunteers were limited by side-ef-
fects, including disturbances in perception and identity
(Bergink et al., 2004). Partial agonists facilitate the extinc-
tion of conditioned fears in rodents and humans (Simon
and Gorman, 2006). Riluzole, which decreases glutama-
tergic neurotransmission (exact mechanism unknown),
has some uncontrolled data suggesting efficacy in GAD
(Simon and Gorman, 2006). More specific targeting of
glumatate may produce more successful treatments.
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Corticotropin-releasing factor (CRF)

CRF is known to mediate the stress-induced activation
of the hypothalamic–pituitary–adrenal system. In re-
sponse to acute stress CRF and consequently adrenocor-
ticotropic hormone and cortisol are released. During
chronic stress CRF receptors are downregulated. There
are two types of CRF receptor: CRF1 and CRF2. CRF it-
self is known to be anxiogenic and CRF neurons are
found in the limbic system. CRF1 antagonists have been
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investigated preclinically and clinical trials are begin-
ning. As with other systems, there is an interplay
between CRF and norepinephrine (Kent et al., 2002).

Peptide tachykinins

These have been identified in areas of the brain known
to be associated with anxiety, e.g., amygdala, LC. Sub-
stance P is anxiogenic in animal models and is postulated
to act via 5-HT modulation or glutamate. Neuropeptide
Y was shown to be anxiogenic, possibly via norepineph-
rine. NK-1 receptor antagonists are anxiolytic in ani-
mals, but clinical studies with antagonists in anxiety
disorders have not yet been performed (Kent et al.,
2002).

CLASSESOF DRUGSUSED
ASANXIOLYTICS

Drugs acting via amino acid transmission

BENZODIAZEPINES

All known actions of benzodiazepines are mediated by
the GABAA receptor complex. Other psychoactive com-
pounds, e.g., alcohol, also act on the GABAA receptor,
with similar effects (Nutt and Ballenger, 2003). Benzo-
diazepines are predominantly effective in PD, GAD, and
SAnD and have a rapid onset of action. They also offer
patients the flexibility to change their dose in line with
their symptomatology (Baldwin et al., 2005).

Partial agonists such as pagoclone and bretazenil act
through the same site to reduce anxiety. Because they
are partial agonists they have fewer maximal side-
effects than full agonists, e.g., diazepam, but clinical tri-
als, though limited, are less promising than the animal
studies would have predicted.

Adverse effects

As discussed previously, although benzodiazepines are
generally well tolerated, concerns regarding their poten-
tial for misuse and dependence have led to controls on
their use in most countries. In many studies, a fifth to a
quarter of patients experience worsened anxiety when
stopping benzodiazepines: this is probably a reflection
of both the persistence of the underlying illness and a
withdrawing effect (Fig. 40.9).

Benzodiazepines have important sedative side-
effects, e.g., daytime drowsiness, impaired balance
and motor performance (Nutt, 1999; Blier, 2005; Kaplan
and Du Pont, 2005), which may cause problems with
daily tasks, e.g., driving. As they are metabolized by
the cytochrome 450 (CYP450) system there is a potential
for drug interactions, e.g., with some SSRIs that inhibit
CYP450 (Kaplan and Du Pont, 2005). Sedation and
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impaired motor performance could be increased by con-
current use of other drugs causing these effects, e.g.,
antihistamines and alcohol.
The benzodiazepine debate

When first introduced benzodiazepines rapidly became
widely used and one of the most commonly prescribed
classes of drug worldwide (Ashton, 2005). By the late
1970s concerns were being “raised about cognitive and
motor impairment, the sheer extent of prescribing
(peaking at more than 30 million prescriptions in the
UK in 1979)” and the increasing recognition of depen-
dence (Williams and McBride, 1998).

It has been repeatedly shown that benzodiazepine
dependence and withdrawal are real phenomena (Nutt,
2003; Ashton, 2005). Tolerance has been demonstrated,
most notably for the anticonvulsant and sedative
effects. Tolerance to hypnotic actions may occur but
to a lesser degree (Royal College of Psychiatry, 1997).
The development of tolerance to anxiolytic effects is
disputed as most patients use lower doses in the long
term than for acute anxiety control. Withdrawal symp-
toms can be unpleasant and may prolong benzodiaze-
pine use (Ashton, 2005). There are numerous regular
benzodiazepine users in the UK, estimated at 0.5–1
million, and many of these users may be dependent.
Similar situations exist in most other developed coun-
tries (Ashton, 2005). The recreational use of benzodiaz-
epines is also a problem, commonly as part of polydrug
use (Ashton, 2005). They are used to enhance highs from
other illicit substances, to reduce consequent withdrawal
symptoms, and as “downers” (Ashton, 2005). Doctors
prescribing benzodiazepines should be aware that there
is a risk of diversion to illicit use.

In the UK the Committee on Safety of Medicines
(CSM) responded by issuing guidelines on benzodiaze-
pine use. These stipulated that benzodiazepines should
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only be used short-term (2–4 weeks) for the relief of
anxiety or insomnia that was “severe, disabling or
subjecting the individual to unacceptable distress”
(CSM, 1988). Similar guidance was issued by many other
national groups, such as the UK Royal College of
Psychiatry and the American Psychiatric Association.
However, these usually recognize that “there are
circumstances in which longer-term prescription of
benzodiazepines may be considered desirable because
the alternatives to benzodiazepines are considered
worse.” The Royal College of Psychiatry (1997) also
stated that “the long-term risks of using benzodiaze-
pines need to be balanced against the benefits.”

It has been suggested that the history of a drug can
be split into three phases: (1) initial high hopes, publicity,
and possibly hype; (2) identification of problems and
increasing uncertainty; and (3) resolution of the uncertainty
and clearer definitions of the drug’s potential uses and
adverse effects. The history of the benzodiazepines, as
described above, clearly shows the first two phases.

The third phase is perhaps emerging in the use of
benzodiazepines in that, although there are significant
problems associated with their use, it is recognized that
there are situations where they are, perhaps, the least
worst option. It has been commented that “the primary
responsibility of the doctor is the best treatment for each
individual patient and it is not merely to reduce psycho-
tropic medication according to government-sponsored
guidelines” (Williams and McBride, 1998).

Although their use in anxiety remains controversial in
some quarters, they are still often indicated first-line in
anxiety, particularly for short-lived episodes where they
will only need to be used for a short period. They may be
used to treat increased anxiety during SSRI initiation.
Long-term monotherapy or combination therapy is most
likely to cause problems with discontinuation and is thus
reserved for those resistant to treatment with an SSRI
alone (Baldwin et al., 2005).
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ANTICONVULSANTS

Despite the problems associated with benzodiazepines,
GABA continues to be a major target for novel anxio-
lytics. Most anticonvulsant drugs act via GABA and glu-
tamate neurotransmission, thus offering promise for
novel anxiolytic therapies. Although preclinical research
shows anxiolytic properties for these drugs, the evidence
in humans is less impressive. It has yet to be conclusively
demonstrated that these drugs lack the dependence-
producing potential of the benzodiazepines.

Gabapentin and pregabalin are both synthetic GABA
analogs, which, however, appear not to act on GABAA

but via voltage-gated Ca2þ channels, causing decreased
release of several neurotransmitters (Ashton and Young,
2003). In animal models gabapentin has anxiolytic effects
similar to benzodiazepines, but clinical trials were disap-
pointing (Ashton and Young, 2003). Pregabalin, which
may also increase GABA synthesis (Ashton and Young,
2003), has shown short-term efficacy in GAD and is
now licenced in several countries (Nutt, 2005b). The
anticonvulsant properties of lamotrigine are mediated
via reducing glutamate release. Efficacy has been shown
in PTSD (Baldwin et al., 2005). Lamotrigine produces a
skin rash in 10% of patients, which may (rarely) include
the potentially fatal Stevens–Johnson syndrome. Its use
is therefore limited and the dose titrated upwards slowly
(Ashton and Young, 2003).

Vigabatrin binds irreversibly to GABA transaminase,
inhibiting GABA degradation, so increasing brain
GABA. Vigabatrin has shown similar efficacy to diaze-
pam in animal studies. Anxiolytic actions were demon-
strated in healthy volunteer studies and it was effective
in a small (n ¼ 3) open trial of patients with PD
(Zwanzger and Rupprecht, 2005). Long-term use of vig-
abatrin is restricted due to visual field constriction,
which may be irreversible (Ashton and Young, 2003).

Tiagabine blocks the GAT-1 GABA reuptake trans-
porter, increasing synaptic GABA.Anxiolytic effects were
demonstrated in animal work, human volunteer studies,
and in a small (n ¼ 4) open study of patients with PD
(Zwanzger andRupprecht, 2005). Improvements have also
been shown in small trials of patients withGADand PTSD.
The use of tiagabine is limited by side-effects, e.g., dizzi-
ness and sedation, requiring slow upward dose titration
(Zwanzger and Rupprecht, 2005). It is generally safe and
well tolerated, but concerns have been raised that it too
may cause visual field defects (Ashton and Young, 2003).

D-CYCLOSERINE

This is an indirect agonist at the NMDA glutamate re-
ceptor system that has been shown to increase learning
to overcome anxiety in rats. Recent human studies in
height and social phobic patients have shown that it
can accelerate the action of behavior therapy (Nutt,
2005b). The use of drugs to improve psychotherapy
may be one of the major growth areas in the future.

Drugs acting via monoaminergic
neurotransmission

ANTIDEPRESSANTS

The efficacy of the TCAs andmonoamine oxidase inhib-
itors (MAOIs) in the treatment of anxiety disorders was
established soon after their discovery in the 1950s. In the
1990s there was enormous growth in the use of safer
antidepressants (the SSRIs) for the treatment of anxiety
disorders.

D D.J. NUTT
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Antidepressants differ from benzodiazepines in the
speed of onset and course of their actions (see Fig. 40.2).
Most are associated with increased anxiety on initiation
of therapy (anecdotally, especially in patients with PD)
and a delayed anxiolytic effect. The newer anti-
depressants tend to have better long-term tolerability
due to fewer effects on psychomotor performance.
Withdrawal effects, particularly rebound, tend to be less
problematic than with benzodiazepines. Antidepres-
sants, in contrast to benzodiazepines, are also effective
at treating depressive comorbidity.

Tricylic antidepressants

The benefits of imipramine on panic attacks were noted
as early as the 1960s. The antidepressant efficacy of
TCAs is predominantly related to the reuptake inhibition
of serotonin. Imipramine and clomipramine have proven
efficacy in PD, imipramine and amitriptyline were par-
tially effective in PTSD treatment trials, imipramine
and trazodone have proven efficacy in GAD, and clomip-
ramine was the gold-standard treatment for OCD for
many years (Argyropoulos et al., 2000; Baldwin et al.,
2005). Their use is limited by their side-effect profile:

● anticholinergic effects, e.g., drowsiness, dry mouth
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● antihistaminergic effects, e.g., drowsiness, weight

gain
● a1-adrenergic blockade, e.g., postural hypotension.
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Fig. 40.10. Effect of selective serotonin reuptake inhibitors

during chronic administration. It is thought that acutely the

blockade of serotonin (5-HT) reuptake at the synapse leads

to activation of 5-HT1A autoreceptors on the cell body,

causing a decrease in serotonergic neuronal activity. During

chronic treatment these receptors are desensitized and the con-

centration of 5-HT in the cortex rises. It is thought that the

need for these receptors to desensitize accounts for the delay

in onset of therapeutic effect. The effect of 5-HT on postsyn-

aptic 5-HT1A receptors remains unclear.
TCAs are highly toxic in overdose. They interact ad-
versely with a number of drugs, particularly those that
inhibit CYP2D6 (Baldwin et al., 2005).

MONOAMINE OXIDASE INHIBITORS

These increase the synaptic availability of serotonin,
norepinephrine, and dopamine by inhibiting breakdown
following reuptake from the synapse. The traditional
MAOIs bind irreversibly to monoamine oxidase A,
but reversible inhibitors of monoamine oxidase A
(RIMAs) are now available, e.g. moclobemide. They
have evidence of efficacy in PD, SAnD, and PTSD,
but little evidence to support their use in GAD or
OCD (Argyropoulos et al., 2000).

Like TCAs, the MAOIs are associated with a signifi-
cant side-effect profile. Initiation can cause dizziness, in-
somnia, postural hypotension, and anticholinergic effects.
During long-term use weight gain and sexual dysfunction
may occur. MAOI use is further limited by the risk of a
hypertensive crisis following the ingestion of foods con-
taining tyramine (e.g., yeast products), necessitating die-
tary restrictions. A similar reaction can occur with drug
interactions, e.g., sympathomimetics, antihypertensives,
and most psychostimulant drugs. A drug-free period of
2 weeks is advised when switching fromMAOIs to other
antidepressants (Baldwin et al., 2005).
SELECTIVE SEROTONIN REUPTAKE INHIBITORS

SSRIs increase synaptic 5-HT by selectively blocking the
5-HT reuptake transporter (Fig. 40.10). Six SSRIs are
available:

1. citalopram/escitalopram (its active enantiomer)

2. fluoxetine

3. fluvoxamine

4. paroxetine

5. sertraline.
As a class they are considered to be first-line therapy for
each of the major anxiety disorders and are licenced in
the UK for all anxiety disorders except simple phobia
(Baldwin et al., 2005). Short-term efficacy (�6 months)
has been clearly demonstrated in randomized controlled
trials, but evidence is lacking concerning the treatment
duration. Nevertheless guidelines suggest treating
for 12–24 months, and longer if relapse risk is high
(Baldwin et al., 2005).

Although the side-effect and safety profiles of SSRIs
are superior to those of TCAs and MAOIs, they are not
without problems. Patients often feel more anxious af-
ter treatment initiation (the “jitteriness” syndrome),
which can lead to their stopping treatment (Fig. 40.11)
(Nutt, 2003). This may be overcome by PRN use of ben-
zodiazepines for a period of 2–3 weeks, until SSRI an-
xiolytic efficacy becomes apparent (Amsterdam et al.,
1994; Smith et al., 1998; Nutt, 2005b). SSRIs may cause
discontinuation symptoms, e.g., nausea, dizziness,
headache, and, rarely, “electric shocks” (Nutt, 2003).
This is more common with drugs such as paroxetine that
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have a shorter half-life. Other side-effects include
sexual dysfunction, sedation, and sweating (Baldwin
et al., 2005).

Venlafaxine

Venlafaxine is a serotonin and norepinephrine reuptake in-
hibitor (SNRI); however, below 150 mg/day serotonergic
effects predominate. The best evidence for its efficacy in
anxiety is in GAD, with recent evidence in SAnD. Side-
effects on initiation are similar to those with SSRIs, and
venlafaxine is also associated with discontinuation symp-
toms (Baldwin et al., 2005). There is some emerging evi-
dence that duloxetine (another SNRI) has efficacy inGAD.

Mirtazapine

Mirtazapine increases synaptic release of serotonin and
norepinephrine by blockade of presynaptic inhibitory a2
adrenoreceptors. It also blocks postsynaptic 5-HT2, 5-
HT3, and H1 receptors. It has shown efficacy in mixed
anxiety and depression (Nutt, 1999), and results from
early small-scale studies in anxiety disorders have been
positive, especially in PTSD, where its sleep-promoting
properties may help. Important side-effects include se-
dation and weight gain (Nutt, 2005b).

Buspirone

Buspirone is a partial agonist at postsynaptic 5-HT1A re-
ceptors in the limbic system and a full agonist at presyn-
aptic 5-HT1A receptors in the raphe. Acute doses cause
inhibition of serotonin release, which recovers with con-
tinued administration. Buspirone has well-established
efficacy in the treatment of GAD and anxiety symptoms
in depression, but is ineffective in other anxiety disor-
ders (Argyropoulos et al., 2000). When compared with
benzodiazepines in GAD, the onset of anxiolytic effects
is slower for buspirone but anxiolysis is equivalent at
4–6 weeks (see Fig. 40.2).

Buspirone is well tolerated, the main side-effects be-
ing dizziness, anxiety, nausea, and headache on treat-
ment initiation. These may be minimized by slow dose
titration (Nutt, 2005b). It does not cause sexual dysfunc-
tion or psychomotor impairment, lacks addictive poten-
tial, and is safe in overdose. Neither drug interactions
nor withdrawal are a significant problem.

b-BLOCKERS

These were used historically, but evidence from ran-
domized controlled trials is lacking. They have signifi-
cant side-effects, cannot be used in asthmatics, and
are toxic in overdose, so are not generally used. They
have a role in performance anxiety where tremor is a
problem, e.g., musicians (Nutt, 2005b). There have re-
cently been suggestions that, if given soon after a trau-
matic event, b-blockers may impair memory formation
and so decrease PTSD incidence (Kent et al., 2002).

ANTIPSYCHOTICS

These were used historically as major tranquilizers but
now have a limited role in treating refractory anxiety
disorders due to their side-effect burden and limited ev-
idence base (Blier, 2005). There is conflicting evidence
from trials for the use of atypical drugs such as olanza-
pine, risperidone, and quetiapine in treatment-resistant
OCD and GAD (Baldwin et al., 2005). It is not clear
whether they work via blocking dopamine D2 receptors
since most evidence suggests low dopamine function to
be associated with anxiety, especially in SAnD
(Sandford et al., 2000).

CONCLUSIONS

Many advances in our understanding of the neurobiol-
ogy of anxiety have occurred over the past two decades
that have, to some extent, increased the confusion sur-
rounding anxiolytics. It is becoming clear that anxiety
disorders are complex phenotypes with a number of dif-
ferent neurochemical systems involved, which also af-
fect each other’s activity. There is increasing evidence
that existing treatments for anxiety act via a number
of different systems, e.g., SSRIs acting on the 5-HT sys-
tem as well as possibly NMDA. There is currently no
“ideal treatment” for anxiety. Benzodiazepines act
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rapidly, but have risks of dependence, whereas SSRIs
lack dependence-producing potential, but act slowly
and cause initial worsening. It is to be hoped that drugs
acting on new targets identified by neurobiological
research may help to improve this situation.
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INTRODUCTION

Electroconvulsive therapy (ECT) is among the oldest
and most effective therapies currently available for psy-
chiatric disease. However, ECT is not effective for all
patients, is associated with a high relapse rate, and ad-
verse effects and social stigma have limited its utility
in certain populations. Consequently, over the past sev-
eral years, increasing attention has focused on other
brain stimulation techniques that may provide useful al-
ternatives to ECT. These include vagus nerve stimula-
tion (VNS), transcranial magnetic stimulation (TMS),
magnetic seizure therapy (MST), transcranial direct-
current stimulation (tDCS), direct cortical stimulation
(DCS), and deep-brain stimulation (DBS). In this chap-
ter, we begin with a review of the strengths and limita-
tions of ECT and then discuss the available data
supporting the use of other brain stimulation techniques
in major psychiatric illness.

ELECTROCONVULSIVE THERAPY

Modern ECT refers to the induction of seizures in patients
by electrical stimuli via surface electrodes with the goal of
treating neuropsychiatric illness. Tominimize side-effects,
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ECT is performed under general anesthesia, including
sedation andmuscle relaxation. ECT electrodes are usually
placed either unilaterally (temporal location over the
nondominant hemisphere and at the vertex) or bilaterally
(bifrontal or bitemporal). Usual parameters of seizure-
inducing currents are a pulse width of 0.3–2.0 ms at
20–120 Hz for 0.5–8 seconds with a current of 500–800
mA. The charge ismaximally about 1000mC, which corre-
sponds to 100–200 J. Muscle movement and EEG activity
are monitored during the seizure, which typically lasts for
25–60 seconds. A course of ECT includes about 10 ses-
sions, given 2–3 times per week. ECT can be easily admin-
istered in an outpatient setting provided the patient has
appropriate support in the home environment.

ECT was introduced in 1938. Its use initially became
fairly widespread, but decreased in the latter half of the
20th century, concordant with the advent of improved
pharmacotherapy for neuropsychiatric illness. For ex-
ample, in the Maudsley and Bethlem Royal Hospitals
in London in 1956, 34% of admissions were treated with
ECT, 30% in 1959, 21% in 1968, 5% in 1987, and 2% in
1991 (Eranti and McLoughlin, 2003a). However, there
was a notable increase in the use of ECT in the USMedi-
care population between 1987 and 1992 (Rosenbach
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et al., 1997); this resurgence of interest in ECT was likely
due, in part, to an increased recognition of treatment-
resistant depression (TRD) in older patients and less
social stigma associated with the treatment.

In its initial form, ECT was applied without sedation
and muscle relaxation and the electrical stimuli were less
efficient for seizure induction. While effective, severe
side-effects (fractures, cognitive impairment, and possi-
ble brain damage fromprolonged anoxia) occurred in sev-
eral patients. Today,ECT iswidely considered an efficient
and safe treatment and is indicated for several neuropsy-
chiatric conditions – in many patients, it may be the only
life-saving intervention available. However, ECT remains
a controversial treatment due to significant stigma and
misunderstandingby the laypublic, aswell asmanyhealth-
care professionals. It is hoped that efforts by prominent
individuals to educate the international public about the
potential utility of ECT will help decrease these impedi-
ments to access (Dukakis andTye, 2006).However, at this
time, rates of ECT use vary considerably between coun-
tries and reflect the availability of ECT facilities but also
social and political decisions concerning its use.

The mechanisms by which ECT exerts therapeutic
effects are not precisely known. It influences many neu-
ral systems, including the expression of neurotrophic
factors, cell growth, synaptic connectivity, secretion of
hormones, neuropeptides, and endogenic opioids, and
the concentration of neurotransmitters. ECT also clearly
affects brain metabolism in regions implicated in the
pathophysiology of neuropsychiatric illness (Wahlund
and von Rosen, 2003). Exciting new possibilities for the
mechanisms of action of ECT include the modulation
of gene expression, intracellular signaling, and neurogen-
esis – mechanisms that are also implicated in the neuro-
biology of several psychiatric disorders (Madsen
et al., 2000; Coyle and Duman, 2003; Altar et al., 2004).

In the scientific literature, ECT is generally consid-
ered an efficient treatment with broad indication for a
number of neuropsychiatric conditions. ECT is primarily
indicated as treatment for major depression, mania, and
some cases of schizophrenia. In most instances, ECT is
indicated only after psychotropic medications have
failed to yield adequate therapeutic benefit. However,
use of ECT prior to a psychotropic medication can be
reasonable, but should only be considered in the follow-
ing circumstances:

1. need for a rapid, definitive response because of
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the severity of a psychiatric or medical condition
(e.g., severe suicidal ideation or life-threatening
anhedonia/weight loss)
2. higher risk of other treatments compared to the

risks of ECT (e.g., psychotic depressive relapse in
a pregnant woman with bipolar disorder)
3. history of poor medication response or a good
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ECT response in one or more previous episodes
of the illness.
Diagnostic indications are based on either compelling data
supporting the efficacy of ECT or on a strong consensus
in the field supporting the use of ECT. These include ma-
jor depression, single episode and recurrent, as well as bi-
polar depression and mixed states. ECT may also be an
efficacious treatment for mania. Psychotic exacerbations
in schizophrenia are considered a potential diagnostic
indication when psychotic symptoms in the present epi-
sode have an abrupt or recent onset, in the catatonic sub-
type, and when there is a history of a favorable response
to ECT. It is also considered an efficacious treatment
for related psychotic disorders (schizophreniform and
schizoaffective disorder) and, finally, it may be useful
in patients with psychotic disorders not otherwise speci-
fied, especially when the clinical features are similar to
those of other major diagnostic indications.

For other diagnoses, the efficacy data for ECT are not
conclusive or only a partial consensus exists in the field
supporting its use. In such cases, standard treatments
have to be implemented first. The use of ECT in psychi-
atric conditions other than those mentioned above is not
adequately substantiated and should be carefully justi-
fied. ECTmay be effective in treating delirium of various
etiologies, including toxic and metabolic, and also in the
management of severe secondary affective and psychotic
conditionswith symptoms similar to those of primary psy-
chiatric diagnoses. Other conditions include Parkinson’s
disease (PD), neurolepticmalignant syndrome, and intrac-
table seizure disorder (ECT Task Force of the American
Psychiatric Association, 2001).

To ascertain the benefits and harms of ECT, the UK
ECT Review Group completed a meta-analysis of data
of short-term efficacy (at the end of an ECT treatment
course) from randomized controlled trials including
patients suffering from depressive illness. Real ECT was
significantly more effective than simulated ECT (256
patients in six trials published between 1963 and 1980).
Treatment with ECTwas significantly more effective than
pharmacotherapy (1144 participants in 18 trials published
between 1962 and 2000). Bilateral ECTwasmore effective
than unipolar ECT (22 trials, 1408 participants). It was
concluded that ECT is an effective short-term treatment
for depression, with bilateral ECTmoderately more effec-
tive than unilateral ECT, and high-dose ECT more
effective than low-dose. The reviewers noted that data
on cognitive functioning were far from comprehensive.
They tentatively concluded that cognitive impairments as-
sociated with ECT treatment mostly reflect changes in
memory, i.e., temporaryanterogradeandretrogradeamne-
sia (The UK ECT Review Group, 2003).
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In a Cochrane review, Tharyan and Adams (2005)
sought to determine whether ECT results in clinically
meaningful benefit with regard to global improvement,
hospitalization, changes in mental state, behavior, and
functioning for people with schizophrenia, and to deter-
mine whether variations in the practical administration
of ECT influence outcome. Twenty-six randomized
controlled trials with 50 reports were included. ECT
was more efficient compared with placebo or sham
ECT (n ¼ 392, 10 trials). There was a suggestion that
ECT resulted in fewer relapses in the short term than
sham ECT (n ¼ 47, two trials). There was no evidence
that this early advantage for ECT was maintained over
the medium to long term. When comparing ECT directly
with antipsychotic drug treatments (n ¼ 443, 10 trials)
results favored the medication group (n ¼ 175, three
trials). Limited evidence suggested that ECT combined
with antipsychotic drugs resulted in greater improve-
ment in mental state (n ¼ 40, one trial) than with
antipsychotic drugs alone. The authors concluded that
ECT, combined with treatment with antipsychotic drugs,
might be considered an option for people with schizo-
phrenia, particularly when rapid global improvement
and reduction of symptoms are desired and also in pa-
tients who show limited response to medication alone
(Tharyan and Adams, 2005).

ECT might induce a reduction in the frequency of
suicidal attempts (Bradvik and Berglund, 2006). For
patients at higher risk for suicide, ECT should be consid-
ered earlier than at its more conventional “last-resort”
position (Kellner et al., 2005). ECT is considered an
efficacious treatment with an acceptable side-effect
profile in elderly patients (ECT Task Force of the
American Psychiatric Association, 2001), and ECT in
children appears to have similar effectiveness as in
adults (Rey and Walter, 1997), though data are limited.

Relapse after a successful ECT treatment course
remains a major limitation. In depressed patients refrac-
tory to adequate medication trials, the relapse rate is still
estimated to be about 50%, with the majority of relapses
occurring within 6 months of treatment (Bourgon and
Kellner, 2000). Therefore, maintenance therapy after
a successful course of ECT is indicated, by drug
treatment, by maintenance ECT, or by a combined ther-
apy. Unfortunately, data on the efficacy of these various
maintenance strategies are limited; importantly, in a
large multicenter trial, continuation ECT was no more
effective than medication in preventing relapse follow-
ing remission with acute ECT (Kellner et al., 2006).

Contraindications to ECT, which must be weighed
against potential benefits, include severe cardiovascular
conditions and conditions affecting the central nervous
system such as increased intracranial pressure, recent
cerebral infarction or bleeding, cerebral angioma, or
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aneurysm. An estimate of ECT-related mortality is less
than 1 in 20 000 treated patients, which is similar to
the rate seen with minor surgical procedures involving
general anesthesia. Most ECT-related deaths are associ-
ated with general anesthesia required for the procedure.
Leading causes of death and significant morbidity are
cardiovascular and pulmonary causes. Therefore, patients
must be carefully assessed before the application of
ECT. Still, it has been shown that the all-cause mortality
rate associated with ECT is lower than that associated
with undertreated depression (Avery andWinokur, 1976).

Other adverse events are possible with ECT. Pro-
longed seizures need to be terminated with an anesthetic
agent or a benzodiazepine. Prolonged apnea, which usu-
ally resolves within 30–60 minutes, is rare. Headache is
observed in up to 45% of patients during and shortly af-
ter the postictal recovery period. Many patients com-
plain about muscle soreness and nausea (up to 23% of
patients). Some patients develop postictal delirium, in
which case pharmacological intervention with a rapid-
onset benzodiazepine (such as diazepam or midazolam)
or injectable antipsychotic is usually indicated. A small
number of patients with depression or mixed affective
states may switch into hypomania or mania during the
ECT course, and, in rare cases, manic symptoms may
worsen during an ECT course.

Cognitive side-effects, which are most severe during
the immediate postictal period, can limit the use of ECT.
Bilateral electrode placement (especially bitemporal
placement), sine wave stimulation, high electrical charge
relative to seizure threshold, closely spaced treatment
sessions, higher numbers of treatments, and high dosage
of barbiturate anesthetic agents are each independently
associated with increased cognitive side-effects. ECT is
frequently associated with mild to moderate retrograde
and anterograde amnesia. Usually, the extent of retro-
grade amnesia, which is usually specific to autobio-
graphical episodic memories, reduces with increasing
time after ECT, but in some patients the recovery will
be incomplete and there are reports that ECT can even
result in permanent memory loss (ECT Task Force of
the American Psychiatric Association, 2001). In one re-
view, at least one-third of patients treated with ECT
reported clinically relevant memory loss at 6 months
after a treatment course (Rose et al., 2003). A growing
database suggests that high-dose right unilateral and
bifrontal ECT may have similar efficacy to bitemporal
ECT with fewer cognitive side-effects (Sackeim et al.,
2000; Bakewell et al., 2004).

There is no conclusive evidence that modern, brief-
pulseECTperformedunder general anesthesia andhyper-
oxygenation has brain-damaging effects. One report on a
nonhuman primate model of ECT designed tomimic clin-
ical ECT demonstrated the absence of neuropathological
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lesions (Dwork et al., 2004). In a long-term follow-up
study of 10 ECT-treated patients (20–24 years after an
ECTseries), all 10werementallyandneuropsychologically
healthy (except for modest visual memory dysfunction),
and no major abnormalities were observed with clinical
and neuroimaging evaluation (Johanson et al., 2005).

Generally, biologically oriented psychiatrists con-
sider ECT a highly effective treatment that is seriously
underused. Prominent side-effects are most often tran-
sitory and of minor importance in the context of the se-
verely disabling and lethal condition that depression can
be if left untreated (Avery and Winokur, 1976, 1978;
Wulsin et al., 1999; Cuijpers and Smit, 2002). In a study
assessing the patients’ views on the benefits of and pos-
sible memory loss from ECT, over 80% of patients were
satisfied (Rose et al., 2003).

Challenges facing the field of convulsive therapy in-
clude maintaining response following an effective
course of ECT and establishing the most efficient treat-
ment conditions while limiting side-effects. The limited
availability of ECT in many countries is based more on
political, rather than scientific, considerations (Fink,
2001; Reisner, 2003). The confidence of patients, health-
care professionals, and society in the safety and efficacy
of ECT as a treatment for serious mental illness must be
strengthened by an accurate reporting of the clinical
data and the application of high-quality standards
(Eranti and McLoughlin, 2003b). ECT also remains an
important research tool. Although ECT has many
effects that may explain its antidepressant effects
(Wahlund and von Rosen, 2003), its precise mechanism
of action remains unclear.
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VAGUSNERVESTIMULATION

With VNS, an electrical stimulator is surgically con-
nected to a patient’s left vagus nerve and attached to
a programmable pulse generator implanted in the pa-
tient’s chest wall. Using an external device, the stimula-
tor can be programmed to deliver electrical pulses to the
vagus nerve at various frequencies and currents. Stimu-
lation parameters typically include 0.25 mA, 20–30 Hz,
250–500 ms pulse width, and an on/off cycle of 30 sec-
onds in every 3–5 minutes. Side-effects of VNS surgery
and chronic treatment are generally mild and well toler-
ated (Ben-Menachem, 2001). Incision pain is the most
commonly reported adverse event related to surgery;
other surgical complications are rare. Common side-
effects of chronic VNS treatment include voice changes,
hoarseness, and coughing, typically occurring during the
30-second “on” period of stimulation. VNS has been ap-
proved by the US Food and Drug Administration (FDA)
for treatment-resistant epilepsy (Ben-Menachem, 2002)
and the adjunctive long-term treatment of chronic or
treatment-resistant major depression that has not
responded to at least four antidepressant medications.

The initial rationale for VNS in the treatment of de-
pression was based on reported mood improvements in
patients with epilepsy, the mood-stabilizing effects of
certain anticonvulsant medications, and the potential
role of an anticonvulsant effect in the mechanism of ac-
tion for certain antidepressant treatments, such as ECT
(Sackeim, 1999; George et al., 2003). One open study
and one double-blind study showed modest mood-
elevating effects for VNS in nondepressed epilepsy pa-
tients (Elger et al., 2000; Harden et al., 2000). Based on
these data, studies of VNS as a treatment for depression
in nonepileptic patients were undertaken.

An open study in 60 nonepileptic patients with severe
TRD (with an average of five failed adequate antide-
pressant medications) demonstrated a 31% response rate
(>50% decreased in Hamilton Depression Rating Scale
(HDRS) score) and a 15% remission rate (HDRS<8) af-
ter 10 weeks of VNS treatment (Sackeim et al., 2001).
These response and remission rates were similar at 1
year (Marangell et al., 2002) and were somewhat greater
at 2 years postsurgery (Nahas et al., 2005). Amulticenter
European open-label study of VNS in TRD patients
(with an average of 3.5 failed adequate trials) found sim-
ilar results, with a 37% response and 17% remission rate
at 3 months and a 53% response and 33% remission rate
at 1 year (Schlaepfer et al., 2008a).

Despite these encouraging open-label data, a large,
sham-controlled study of VNS in TRD patients (with
an average of 3.5 failed adequate trials) failed to show
statistically significant acute antidepressant effects for
active VNS at 10 weeks on the primary outcomemeasure
(HDRS) (Rush et al., 2005a). At the end of the initial
10-week evaluation period, response rate was 15% with
active VNS and 10% with sham. This study did show a
statistically significant response rate on one of several
secondary outcomemeasures (the Inventory for Depres-
sive Symptomatology – Subject Rated (IDS-SR)):
at 10 weeks, 17% of active VNS patients showed
a >50% decrease in IDS-SR score compared to 7% of
sham-VNS patients. Following the initial double-blind
portion of this study, all patients then received open, ac-
tive VNS as well as treatment-as-usual (TAU) medica-
tion changes and potentially ECT based on the
judgment of the study psychiatrist. After 1 year of treat-
ment (VNS þ TAU), the response rate increased to 27%
and remission rate increased to 16% (Rush et al., 2005b).
Although still low compared to other antidepressant
treatments, these 1-year response and remission rates
compared favorably to the 13% response and 7% remis-
sion rates seen in a TAU, non-VNS, observation-only
comparison group of patients (TAU alone) with a simi-
lar level of TRD (George et al., 2005). Additionally, the
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1-year relapse rate following successful VNS þ TAU
was roughly 25–35% (Sackeim et al., 2007) versus about
60% following successful TAU alone (Dunner et al.,
2006). Combined with the initial response rate, this sug-
gests VNSþ TAU had an “effective” response rate of at
least �20% versus �5% with TAU alone. However, in
interpreting these data, it is critical to recognize that this
was not a randomized comparison, so the presence of
unidentified confounders cannot be ruled out.

The potential mechanisms of action of VNS in epi-
lepsy and depression are currently unknown but under
active investigation (Nemeroff et al., 2006). The vagus
nerve has extensive connectivity throughout the brain.
Indeed, the central projections of the vagus nerve via
the nucleus tractus solitarius innervate multiple brain
areas implicated in mood regulation, and functional
brain-imaging studies have confirmed that VNS alters
the activity of many of these cortical and subcortical
regions (Chae et al., 2003). VNS may affect function
of gamma-aminobutyric acid (Ben-Menachem et al.,
1995; Marrosu et al., 2003), dopamine (Carpenter
et al., 2004), and norepinephrine (Lechner et al., 1997;
Krahl et al., 1998; Hassert et al., 2004; Groves et al.,
2005) systems, though these data are not unequivocal
(Carpenter et al., 2004), and effects have not consis-
tently been associated with therapeutic response
(Ben-Menachem et al., 1995).

In summary, VNS is a relatively safe, well-tolerated
treatment that may have efficacy when used chronically
in patients with TRD. Current efficacy data are mixed,
with a large, sham-controlled study finding no statistically
significant acute antidepressant effects. However, long-
term follow-up data suggest response and remission
may increase over time in VNS-treated patients, and that
1-year response and remission rates may be superior to
those achieved with TAU. Additionally, maintenance of
antidepressant effects may be greater with VNS þ TAU
compared to TAU alone. However, no randomized, pla-
cebo-controlled data are available to support this conclu-
sion. The long-term effects of VNS in TRD are unknown,
and it is not yet clear which patients may be more or less
likely to benefit from this treatment. In particular, it is not
known whether patients who fail to respond to ECT are
likely to show a lasting response to VNS.

Finally, it should be noted that, at this time,Medicare,
Medicaid, andmost third-party payers in the USA do not
reimburse for VNS surgery and follow-up for TRD,
largely based on separate reviews of the data that con-
clude that VNS is still “experimental.” It is interesting
to note, however, that the data supporting the use of
VNS for medication-refractory epilepsy are also limited
and, arguably, no more compelling than the data
supporting use for TRD; yet VNS for this indication
is reimbursed by most third-party payers.

BRAIN STIMULATION THERAPIES
TRANSCRANIALMAGNETIC
STIMULATION

During TMS, an electromagnetic coil is placed on the
scalp and used to create a brief, rapidly changing mag-
netic field. This magnetic field passes through the scalp
and skull and induces a small, focal electrical current
within the underlying cortex, resulting in depolarization
of cortical neurons. The magnetic field generated expe-
riences little to no resistance from scalp and bone but
does decay rapidly in intensity with increasing distance
from the coil. Thus, with current technology, effective
stimulation with TMS is limited to neurons that lie
within 2–3 cm of the coil. Single-pulse TMS, in which
only one electrical pulse is generated in the cortex, is
an established diagnostic and research tool in humans
(Anand and Hotson, 2002). Repetitive TMS (rTMS),
where multiple pulses are generated in rapid succession,
has been studied extensively as a treatment for depres-
sion and other neuropsychiatric conditions. rTMS is
noninvasive and requires no anesthesia when used in a
nonconvulsive fashion (as compared to MST, which is
discussed separately below). rTMS was recently ap-
proved by the FDA for the treatment of depression that
has not responded to one or more antidepressant
medications.

In describing rTMS parameters, the series of rapidly
delivered pulses is referred to as a “train” of stimuli;
within a single rTMS session, several trains of stimuli
may be given. High-frequency or “fast” rTMS refers to
the stimulation pulses being delivered within each train
at a rate higher than 1 Hz (typically between 5 and 20
Hz); fast rTMS applied to the motor cortex is
associated with an increase in motor cortical excitability
that persists beyond the end of stimulation (Pascual-Leone
et al., 1994). Low-frequency or “slow” rTMS refers to
stimulation at frequencies of 1 Hz or less; slow rTMS is
associated with a decrease in motor cortical excitability
that persists beyond the end of stimulation (Chen et al.,
1997). Treatment intensity for rTMS is most commonly
based on the subject’s motor threshold (MT). MT is de-
fined as the intensity of single-pulse TMS required to gen-
erate a motor response in one of the small hand muscles
(often the abductor pollicis brevis or first dorsal inteross-
eous) during half of a series of trials. Therefore, rTMS
can be given at subthreshold (<100% MT), threshold
(100% MT), or suprathreshold (>100% MT) intensities.

The rationale for rTMS as a treatment for depression
was based on evidence implicating prefrontal cortical
dysfunction in depression and data showing focal
neuromodulatory and behavioral effects of rTMS in
animals and humans. Both neuroimaging and human
stroke data have supported a role for the dorsolateral
prefrontal cortices (DLPFC) in depression, with the most
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common finding being decreased activity of the left
DLPFC in patients with depression (Bench et al., 1992;
Biver et al., 1994; George et al., 1994). Given the excit-
atory effects of high-frequency rTMS applied to the mo-
tor cortex, it was hypothesized that rTMS might be used
to increase function in this apparently hypoactive brain
region in patients with depression (George et al., 1995).
Such intervention was supported in principle by data on
TMS in healthy subjects showing acute mood changes
with stimulation of the DLPFC, although the direction
of change was not consistent with the expected mood ef-
fects in depressed patients (George et al., 1996). Further,
rTMS showed behavioral changes in animals similar to
those achieved with electroconvulsive shock and
suggestive of an antidepressant effect (Fleischmann
et al., 1995).

Several early open and controlled studies showed
mild to moderate antidepressant effects with fast rTMS
applied to the left DLPFC, although sample size was
generally small (Burt et al., 2002). Some studies sug-
gested marked and rapid effects in patients with
TRD, encouraging further investigation. For example,
Epstein et al. (1998) found a 56% response rate in 32
medication-resistant patients treated with five sessions
of 10-Hz, left DLPFC rTMS at 110% MT intensity. Fol-
lowing these early studies, a number of larger (although
still relatively small) sham-controlled trials were con-
ducted. Several meta-analyses of these studies, each
using slightly different inclusion/exclusion criteria and
statistical methods, found that high-frequency (�5
Hz), left DLPFC rTMS given for at least 10 daily ses-
sions resulted in statistically significant antidepressant
effects (Holtzheimer et al., 2001; Burt et al., 2002; Kozel
and George, 2002; Martin et al., 2003). However, the re-
sponse rates to active rTMS treatment in these studies
did not consistently match those seen in earlier open tri-
als, and it was therefore unclear whether rTMS yielded
clinically relevant antidepressant effects.

In interpreting these data, a number of factors should
be considered. First, even though response rates have
been small, the overall effect size for these earlier stud-
ies showed an adjusted difference between active and
sham rTMS response and remission rates similar to those
seen with most other established antidepressant treat-
ments (Entsuah et al., 2001; Thase et al., 2001). Second,
one important reason for the lower response and remis-
sion rates seen with rTMSmay have been the higher level
of treatment resistance of the patients included in these
studies. Nearly every prior rTMS treatment study had
exclusively included patients with TRD, as it was known
that patients who failed to respond to even one previous
antidepressant medication trial (of adequate dose and
duration) were much less likely to respond to subsequent
antidepressant treatments, including ECT (Prudic et al.,
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1996; Fava, 2003). Third, early rTMS studies included pa-
tients with other demographic and/or illness factors that
may have negatively impacted overall response rates. For
example, pooled data suggest that older patients and
those with psychosis are less likely to respond to rTMS
(Gershon et al., 2003). Patients with a longer duration
of the current depressive episode also show a lower
rTMS response rate (Holtzheimer et al., 2004). Fourth
and finally, most of the prior rTMS treatment studies
likely used suboptimal treatment parameters that, while
able to generate a statistically significant antidepressant
effect, were not designed to maximize treatment re-
sponse. For example, increased stimulation intensity
(>100% MT), more daily treatment sessions (>10),
and greater overall number of magnetic pulses delivered
(>1200) are likely associatedwith greater antidepressant
efficacy with rTMS (Gershon et al., 2003). In support of
this, a later sham-controlled study of rTMS added to cur-
rent antidepressant medications using 15 sessions of
10 Hz, 110% MT, left DLPFC rTMS in 68 patients with
TRD found a 31% response rate and 20% remission rate
for active rTMS compared to a 6% response and 3% re-
mission rate for sham rTMS (Avery et al., 2006). A large
multicenter randomized, sham-controlled trial of rTMS
in medication-free patients who had failed one to four
adequate medications in the current episode found sta-
tistically significant effects for 20 sessions (4 weeks)
of high-frequency left DLPFC rTMS (O’Reardon
et al., 2007); additionally, a post hoc analysis showed that
the difference in antidepressant efficacy between active
and sham rTMS was much greater in patients who had
only failed one (but not more) antidepressant medica-
tions in the current episode (Lisanby et al., 2009). An-
other large, National Institutes of Mental Health-
funded multicenter study of rTMS in TRD is currently
underway.

Additional evidence for the clinical efficacy of rTMS
in depression comes from comparisons with ECT
(Grunhaus et al., 2000, 2003; Pridmore et al., 2000;
Janicak et al., 2002; Rosa et al., 2006). These studies
all tested high-frequency left DLPFC rTMS (typically at
threshold or suprathreshold treatment intensities for 10
or more sessions) compared to ECT in patients with
TRD. Consistently, these studies showed no statistically
significant difference in antidepressant response between
rTMS and ECT in nonpsychotically depressed patients
(although one of these studies showed ECT to be superior
to rTMS in treating patients with psychotic depression:
Grunhaus et al., 2000). There are some important caveats
in interpreting these studies: none was not powered to
demonstrate statistical equivalence between the two treat-
ments, none included a sham rTMS or ECT comparison,
and these studies did not consistently use the most
aggressive ECT parameters. However, data supporting
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superior efficacy for ECT over rTMS have also been
reported (Eranti et al., 2007). Along these lines, a review
of the current data suggested that rTMS is not as
effective as ECT for significantly treatment-resistant
depressed patients (Fitzgerald, 2007).

In addition to high-frequency left DLPFC rTMS,
other forms of rTMS have been tested for antidepres-
sant effects. Low-frequency rTMS applied to the right
DLPFC has demonstrated antidepressant effects in sev-
eral open (Feinsod et al., 1998; Menkes et al., 1999;
Brasil-Neto et al., 2003) and controlled studies
(Klein et al., 1999; Fitzgerald et al., 2003; Kauffmann
et al., 2004). Low-frequency left DLPFC rTMS has
shown efficacy in a few small controlled studies
(Kimbrell et al., 1999; Padberg et al., 1999; Rosenberg
et al., 2002). Other investigators have explored combina-
tions of various rTMS parameters, with mixed results
(Conca et al., 2002; Loo et al., 2003; Hausmann et al.,
2004), although a sham-controlled study of bilateral
(high-frequency left DLPFC and low-frequency right
DLPFC) rTMS showed a 44% response rate and 36% re-
mission rate with active bilateral rTMS compared to an
8% response rate and 0% remission rate with sham
rTMS (Fitzgerald et al., 2006). These data await replica-
tion and comparison with active unilateral treatment.

In addition to the treatment of major depression,
rTMS has been studied as a potential treatment for sev-
eral other conditions, including auditory hallucinations
in schizophrenia (Hoffman et al., 2000, 2003; Poulet
et al., 2005), mania (Grisaru et al., 1998; Kaptsan
et al., 2003; Michael and Erfurth, 2004; Saba et al.,
2004), depression in PD (Fregni et al., 2004), motor
symptoms in PD (Fregni et al., 2005), Tourette’s syn-
drome (Chae et al., 2004), posttraumatic stress disorder
(Rosenberg et al., 2002; Cohen et al., 2004), obsessive-
compulsive disorder (OCD) (Alonso et al., 2001;
Sachdev et al., 2001; Mantovani et al., 2006), pain
(Lefaucheur et al., 2001), epilepsy (Theodore et al.,
2002), and others. Except for the treatment of schizo-
phrenia (where rTMS has consistently been associated
with decreased treatment-resistant hallucinations), the
data supporting efficacy in these conditions are limited
and often mixed, and more study is necessary.

rTMS appears to be safe and well tolerated with few,
mild side-effects (O’Reardon et al., 2007). rTMS has
consistently shown no adverse cognitive effects as a
treatment for depression or other disorders (Loo
et al., 2001; Martis et al., 2003). Transient auditory
threshold increases have been reported with rTMS
(Loo et al., 2001), but this adverse effect can be elimi-
nated with the use of foam earplugs or other ear protec-
tion during treatment (O’Reardon et al., 2007).
A substantial minority of patients report a mild headache
during or following rTMS treatment. This headache
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typically resolves spontaneously or with over-the-counter
analgesics. Generalized tonic-clonic seizures are possible
with rTMS. However, the seizure risk associated with
rTMS is greatly attenuated when established safety
guidelines are followed (Wassermann, 1998); indeed, no
seizures have been seen in depression treatment studies
of rTMS that have followed these guidelines. rTMS
has been associated with the induction of mania, espe-
cially in patients with bipolar disorder (Nedjat and Folk-
erts, 1999; Erfurth et al., 2000; Dolberg et al., 2001;
Sakkas et al., 2003).

The mechanism of action of rTMS as a potential
treatment for depression remains largely unknown. Im-
aging data show a mixed picture of the cortical excit-
atory effects of fast and slow rTMS at the prefrontal
cortex (Teneback et al., 1999; Speer et al., 2000, 2003;
Nahas et al., 2001; Peschina et al., 2001; Mottaghy
et al., 2002; Nadeau et al., 2002), calling into question
the DLPFC “activation” hypothesis for fast rTMS. How-
ever, these same data also show that rTMS canmodulate
function of brain regions distant from the initial site of
stimulation but still implicated in the pathophysiology of
depression. rTMS has been associated with physiologi-
cal and behavioral effects in animals similar to those eli-
cited with established antidepressant treatments (Muller
et al., 2000; Post and Keck, 2001). Other data suggest
frontally applied rTMS may induce dopamine release
in subcortical structures (Strafella et al., 2001, 2003;
Keck et al., 2002; Zangen and Hyodo, 2002; Kanno
et al., 2004; Ohnishi et al., 2004) and may alter function
within other monoamine systems (Ben-Shachar et al.,
1999); however, these effects have not been specifically
tested for DLPFC rTMS in depressed humans.

In conclusion, rTMS appears to be a potentially use-
ful treatment for mild to moderate TRD, though more
study is needed to clarify the magnitude of its clinical
effects and mechanism of action. rTMS may also be
shown to be efficacious in other disorders. rTMS has
consistently been shown to be safe and well tolerated.
Of all the brain stimulation therapies currently under in-
vestigation for the treatment of neuropsychiatric disor-
ders, rTMS has the distinct advantages of being
completely noninvasive, requiring no anesthesia (except
as described in the next section) and having very
minimal adverse effects.
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MAGNETIC SEIZURETHERAPY

Although rTMS is generally used in a nonconvulsive way,
MSTuses rTMS to induce a generalized seizure intention-
ally. To date,MST studies have been primarily focused on
the use of this technique as a treatment for TRD. The ra-
tionalebehind thisuseof rTMS is thatmore focal formsof
ECTare associatedwithgoodefficacy but fewer cognitive
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side-effects (Sackeim et al., 2000; Bakewell et al., 2004).
By using an extremely focal stimulation to induce a sei-
zure, MST may show good efficacy (or at least efficacy
on a par with more focal forms of ECT) but have even
fewer cognitive side-effects compared to other forms of
convulsive therapy for depression. There is encouraging
preliminary evidence that MST is associated with similar
antidepressant effects and minimal cognitive side-effects
compared to ECT (Kosel et al., 2003; Lisanby et al., 2003).
One open-label matched comparison showed both ECT
and MST to result in antidepressant effects, though pa-
tients treated with ECT showed a greater antidepressant
response (White et al., 2006);MSTwas associatedwith de-
creaseduse ofmuscle relaxants andamore rapid return of
orientation.Larger, randomizedstudiesareneededtoclar-
ify the clinical effects of MST in relation to ECT.
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TRANSCRANIALDIRECT-CURRENT
STIMULATION

tDCS delivers a weak electrical current to the cerebral
cortex via two scalp electrodes. This current does not
cause direct depolarization of cortical neurons, but
likely modulates the likelihood of cell firing. A single
double-blind, randomized, controlled study found bene-
fits for left prefrontal tDCS compared to occipital and
sham tDCS in patients with TRD (Boggio et al., 2008).
Based on these preliminary findings, further investiga-
tion is warranted.
DIRECTCORTICAL STIMULATION

DCS is delivered through stimulation electrodes surgi-
cally placed directly over the cortex in either the epidural
or subdural space. Similar to VNS (and DBS, described
in more detail below), stimulation is driven by a pro-
grammable pulse generator implanted subcutaneously
in the chest wall. In a small, open-label study, 7 months
of bilateral medial and lateral prefrontal cortical stimu-
lation was associated with clinical remission in 3 of 5
patients with TRD (Nahas et al., 2010). Stimulation
was generally well tolerated, though 1 patient required
explantation due to a scalp infection.
DEEP-BRAINSTIMULATION

DBS involves the use of stereotactically implanted intra-
cerebral electrodes connected to a neurostimulator
(implanted in the chest wall) to provide constant stimu-
lation to neurons proximal to the electrodes. High-
frequency DBS has become the first-choice surgical al-
ternative to the medical treatment of idiopathic PD.
Other neurological indications include essential tremor
and primary dystonia (Benabid et al., 2005). Main tar-
gets in PD and dystonia are uni- or bilateral stimulation
of the globus pallidus internus and of the nucleus sub-
thalamicus (Benabid et al., 2005). Results of long-term
treatment of PD indicate that DBS is highly effective in
reducing severe motor complications (mainly tremor
and dyskinesias), whereas the overall process of degen-
eration is probably not arrested (Benabid et al., 2005;
Hilker et al., 2005).

Four general hypotheses concerning the mode of
action of DBS are discussed (depolarization blockade,
synaptic inhibition, synaptic depression, and stimula-
tion-induced modulation of pathological network activ-
ity) but the therapeutic mechanism probably represents a
combination of several phenomena (McIntyre et al.,
2004). DBS at specific stimulation parameters may in-
duce a “functional lesion,” e.g., a reversible and con-
trolled modification/inhibition of the function of a
given node within a specific neuronal circuit. DBS can
therefore be seen as an improved alternative to ablative
neurosurgical procedures, which are used for well-
defined groups of patients with extremely severe
treatment-refractory mental disorders.

The most common neurosurgical interventions for
intractable psychiatric disorders currently in use are
anterior cingulotomy, subcaudate tractotomy, limbic
leucotomy, and anterior capsulotomy. Through these
procedures, frontostriatal, frontothalamic, or cingulate
fibers are interrupted by direct (cutting) or indirect
(thermo- or radiocoagulation) interventions. The main
indications for neurosurgical intervention in neuropsy-
chiatry are severe, disabling, and treatment-refractory
OCD and major depressive disorder; however, reports
have also been published reporting the treatment
of pain, anxiety disorders, and self-mutilation
(Meyerson, 1998; Lippitz et al., 1999; Price et al., 2001;
Cosgrove and Rauch, 2003; Greenberg et al., 2003;
Christmas et al., 2004). In both depression and OCD,
up to 66% of patients treated are reported to improve
substantially, although definitions of response are often
modest (Bridges et al., 1994; Jennike, 1998; Christmas
et al., 2004). Stereotactic subcaudate tractotomy may al-
low up to 40–60% of patients to live normal or near-
normal lives, though significant psychiatric symptoms
may remain. A reduction in suicide rate to 1% postoper-
atively, from 15% before surgical treatment in cases of
uncontrolled affective disorders, has been reported
(Bridges et al., 1994; Greenberg and Rezai, 2003). Ad-
vantages of DBS compared to ablative neurosurgical in-
terventions include its reversibility (the entire system can
be turned off or explanted) and the ability potentially to
optimize stimulation variables for each patient to
maximize response and minimize side-effects.

Since neurosurgery for psychiatric disorders has
such a controversial history, DBS for these potential
indications needs special consideration and careful
prospective testing. Moreover, DBS is not devoid of
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side-effects. Most are tolerable, but severe surgery-
related side-effects (significant neurological impair-
ment following infections or bleeding) may occur in
up to 6% of patients (Grill, 2005). Therefore, DBS in
psychiatric patients should be studied applying the
highest ethical standards.

Among potential psychiatric indications, OCD and
depression have been the primary foci of DBS research
to date. In OCD, brain targets have been based on pre-
vious experience from neurosurgical (lesioning) inter-
ventions and from neuroimaging studies which
indicate consistently increased neuronal activity in the
orbitofrontal gyrus and the head of the caudate nucleus
when OCD symptoms are present (Whiteside et al.,
2004); the most commonly studied target includes the
anterior limb of the internal capsule (merging with the
ventral striatum and nucleus accumbens); this target is
generally referred to as the ventral capsule/ventral stri-
atum. In one early study, 2 out of 3 patients stimulated
in the anterior limb of the internal capsule experienced
sustained clinically meaningful improvement during a
follow-up period of up to 39 months (Gabriels et al.,
2003). Clinically significant improvement was further
described in a patient stimulated bilaterally in the ante-
rior internal capsule with benefits seen after 3 months of
stimulation and lasting for at least 10 months (Anderson
and Ahmed, 2003). Acute beneficial effects were
additionally described in 3 of 4 OCD patients bilaterally
stimulated in this location with effects verified in a
double-blinded crossover and long-term extension phase
of at least 21 months (Nuttin et al., 2003). Another
double-blind, crossover study involving 4 patients
receiving bilateral stimulation of the anterior limb of
the internal capsule showed favorable results, with 1
of 4 patients having a greater than 35% improvement
in OCD symptoms compared to baseline during the
double-blind testing phase (two blocks of 3 weeks’ active
stimulation alternated with 2 weeks without stimula-
tion). Two patients showed this level of improvement
during the open phase (between 4 and 13 months after
implantation) (Abelson et al., 2005).Worldwide experience
of chronic ventral capsule/ventral striatum DBS for OCD
(including 26 patients followed for 3–36 months) found
treatment to be generally well tolerated with reasonable
efficacy (Greenberg et al., 2010). Response rates
(�35% decrease in the Yale-BrownObsessive-Compulsive
Scale)were46%at6months (n¼24), 48%at 1year (n¼21),
65% at 2 years (n ¼ 17), and 58% at 3 years (n ¼ 12).

Other DBS targets for OCD have been explored
based on the neural network hypothesized to underlie
this disorder. Twelve months of bilateral stimulation
of the anterior portion of the caudate nucleus (including
the nucleus accumbens) resulted in significant improve-
ment in OCD and depressive symptoms in a single pa-
tient (Aouizerate et al., 2004). Bilateral stimulation of
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the subthalamic nucleus resulted in short-term clinical
response in 2 patients, with effects sustained for at least
8–15 months (Mallet et al., 2002). In another patient
suffering from PD and severe OCD, bilateral stimula-
tion of the subthalamic nucleus resulted in short-term
dramatic improvement of movement disorder as well
as psychiatric symptoms, with effects lasting for at least
1 year of chronic stimulation (Fontaine et al., 2004). Sub-
sequently, a multicenter, sham-controlled, double-blind
crossover study found statistically significant benefit
for subthalamic nucleus stimulation in 16 treatment-
refractory OCD patients (Mallet et al., 2008).

Indications that DBS might be effective in mood dis-
orders were first gathered from observations of neuro-
logical and OCD patients undergoing DBS (Bejjani
et al., 1999; Berney et al., 2002; Stefurak et al., 2003). Re-
finement of neural network models involved in TRD
(largely based on neuroimaging data) identified addi-
tional targets. This first published report of DBS for
TRD was a proof-of-concept study of 6 patients that
described an antidepressant response in 4 patients after
6 months of open-label bilateral DBS applied to the
subgenual cingulate white matter (Mayberg et al.,
2005). This study went on to include 20 patients fol-
lowed for at least 12 months and found that 60% of
patients showed an antidepressant response after 6
months of DBS, with 55% showing response 12 months
after surgery (Lozano et al., 2008). Chronic subgenual
cingulate DBS was not associated with any notable
adverse events. A multicenter, double-blind, sham-
controlled study of subgenual cingulate DBS for
TRD is currently underway in the USA.

Other targets for DBS in TRD have been proposed,
including the anterior limb of the anterior internal
capsule (ALIC, a previous target used for ablative treat-
ment in severe psychiatric disorders) (Greenberg et al.,
2005), nucleus accumbens (Schlaepfer et al., 2008b),
thalamic peduncle (Jimenez et al., 2005) and habenula
(Sartorius and Henn, 2007; Sartorius et al., 2010). DBS
of the ALIC has been associated with improvement in de-
pressive symptoms in patients with severe, treatment-
resistant OCD (Greenberg et al., 2006), and an open-label
study in 15 non-OCD patients with TRD showed a 40%
response rate at 6 months and a 53% response rate at last
follow-up (Malone et al., 2008). Nucleus accumbens DBS
was associated with a 50% response rate after 12 months
of stimulation in 10 TRD patients (Bewernick et al., 2010).

Although only data from small studies and case re-
ports are available, DBS seems a potentially promising
treatment intervention of OCD and depression. Indeed,
large placebo responses are unlikely in these carefully
selected, severely ill patients (Schatzberg and Kraemer,
2000). However, given the invasiveness of the procedure
and the risks involved, placebo-controlled data are crit-
ical to determining whether DBS may be a clinically
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effective intervention for TRD; such data will also help
to determine the relative efficacy and safety of the var-
ious targets under investigation. Additionally, essential
questions concerning mechanism of action still remain,
and should continue to be, a major component of studies
going forward.

SUMMARY

ECT is a well-established, effective, and safe treatment
for many neuropsychiatric conditions, especially major
depression. However, ECT is also associated with a high
relapse rate, notable side-effects, and significant social
stigma. Additionally, ECT is ineffective in a sizable
minority of patients. Based on this, several other brain
stimulation therapies are currently under active investi-
gation. VNS is approved in many countries for the treat-
ment of treatment-resistant epilepsy and TRD. The
available data suggest long-term VNS may have clini-
cally significant antidepressant effects, though more
data are needed to clarify how VNS might optimally
be used in the treatment of neuropsychiatric disease.
TMS offers a noninvasive technique for modulating
neural function, and preliminary studies support acute
efficacy in the treatment of depression and several other
neuropsychiatric illnesses; results from more definitive
studies are pending. Although early in development,
MST may develop as a form of convulsive therapy that
minimizes characteristic side-effects of ECT while
achieving similar efficacy; clearly, more data from
larger, controlled trials are needed. tDCS is in the early
stages of development, but may prove to be an effec-
tive, noninvasive alternative for treatment-resistant
patients with psychiatric disorders. DBS is the most
invasive of these brain stimulation therapies, but may
become an effective intervention for patients who have
failed other available treatments (including ECT). Very
preliminary data support the efficacy of DBS for spe-
cific neuropsychiatric conditions, and more definitive
data are eagerly awaited. Beyond their potential efficacy
for neuropsychiatric conditions, these various brain
stimulation therapies may help improve our understand-
ing of the neurobiology of neuropsychiatric disease.
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INTRODUCTION

Physicians have associated changes in biological rhythms
withmooddisorders for centuries.Oneof themost striking
clinicalphenomena inaffectivedisorders is theirperiodicity
of recurrence, ranging from seasonal depression to rapid-
cyclingmanic-depressive episodes that can be as short as 48
hours. Diurnal variation ofmood and early-morning awak-
ening in depression have been incorporated into established
diagnostic systems, as has the seasonal pattern modifier
defining winter depression (seasonal affective disorder,
SAD) (American Psychiatric Association, 1994). A great
deal of depression research has documented abnormal cir-
cadian rhythms in biochemistry, neuroendocrine function,
physiology, and behavior, often linked to changes in affec-
tive state: rhythms have been found to be shifted in timing,
diminished in amplitude, or of greater day-to-day variabil-
ity (Wirz-Justice, 1995, 2006; Germain and Kupfer, 2008).
Additionally, alterations in the sleep electroencephalogram
in depression, although not pathognomonic or specific,
display recognizable patterns of disturbance (Benca
et al., 1992). Whether these circadian rhythm disturbances
are of etiological significance with respect to mood disor-
ders or whether they are a consequence of altered behavior
is still unclear.

Today we are experiencing a flourishing of circadian
biology which has revealed themolecular basis of 24-hour
rhythmicity driven by clock genes as well as documenting
the importance of adequate daily “zeitgebers” (rhythm
phase resetters) to synchronize internal with external time
(Albrecht, 2002; Hastings and Herzog, 2004). We now
have the appropriatemethods to investigate the specificity
of circadian rhythm changes in affective disorders.
*Correspondence to: Dr. Anna Wirz-Justice, Centre for Chronobi

Strasse 27, CH-4012 Basel, Switzerland. Tel: 41 61 325 5473, Fax:
We also have important nonpharmaceutical treatments
that are more rapid in action than conventional
antidepressants.

Not only are daily and seasonal rhythms disturbed in
major depression, but the converse is true – manipulating
rhythms can resolve the symptoms, even to remission.
Over 35 years ago, an apparently paradoxical behavioral
treatment of major depression was first scientifically
studied. The clinical finding that sleep deprivation
rapidly improved severe depression the morning
after a night spent awake has been replicated in
thousands of cases (reviewed by Wirz-Justice and van
den Hoofdakker, 1999). Timing the sleep deprivation
to the second half of the night, with equivalent effects,
suggests a circadian component in this response as well.

Over 25 years ago, winter depression was “rediscov-
ered”: seasonal mood disorder was conceptualized in
terms of the role of day length in seasonal hibernation
and reproduction in animals (Rosenthal et al., 1984).
The idea of administering light therapeutically by simu-
lating a summer day was an obvious next step. Light
therapy emerged as the first successful treatment in psy-
chiatry based on neurobiological principles. Surpris-
ingly, however, further research showed light therapy
also useful for patients without SAD: it has great prom-
ise for disorders that include the sleep–wake cycle dis-
turbances in Alzheimer’s dementia, bulimia nervosa,
premenstrual dysphoric disorder, depression during
pregnancy, adult attention-deficit/hyperactivity disor-
der, and, importantly, nonseasonal major depression
(Lam, 1998; Terman and Terman, 2005, 2010; Terman,
2007; Wirz-Justice et al., 2009a).
ology, Psychiatric Clinics, University of Basel, Wilhelm Klein
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What is chronotherapeutics?

Chronotherapeutics can be defined as basic research in
chronobiology translated into valid treatments. The term
is broad, and the treatments subsumed under this heading
are not limited to affective disorders. Here, our focus will
be on treatments for depression that have undergone con-
trolled randomized clinical trials (light therapy) or have
been so widely studied over decades that clinical demon-
strations of efficacy are compelling (sleep deprivation).

This chapter summarizes the current state of the art
of chronotherapeutics, based on the consensus report of
a committee convened by the International Society for
Affective Disorders (ISAD) (Wirz-Justice et al., 2005).
This has been followed up by the publication of a man-
ual providing treatment guidelines for clinical practice
(Wirz-Justice et al., 2009a), and a non-profit website
Center for Environmental Therapeutics, www.cet.org.

Why chronotherapeutics?

Chronotherapeutics provides an untapped potential for
unmet needs in the treatment of depression. The onset
of action of antidepressants is still not rapid enough,
a proportion of patients do not respond, and others have
residual symptoms that portend relapse. We do not yet
have the next generation of antidepressants that ade-
quately address these issues. Strategies promoting adju-
vant therapy are on the increase, whether a combination
with other medications such as pindolol or thyroid
hormone, or a combination with psychological interven-
tions such as cognitive-behavioral therapy. Thus, it is ap-
propriate to address the use of the nonpharmaceutical,
biologically based therapies of sleep deprivation and
light therapy not only as potentially powerful adjuvants,
but also as antidepressants in their own right
(Wirz-Justice et al., 2004, 2005, 2009a).

NEUROBIOLOGICALUNDERPINNINGS

Sleep and mood are very closely linked. Given that sleep
disturbances are characteristic of major depression, a
brief overview of the principles underlying chronobiol-
ogy and sleep regulation may help the clinician under-
stand the why and wherefore of these apparently
paradoxical or unusual treatment paradigms.

The circadian system

The biological clock resides in the suprachiasmatic nu-
cleus (SCN), a master pacemaker that regulates circa-
dian rhythms in brain and body (Challet, 2007). Photic
information from the retina reaches the SCN via a direct
projection, the retinohypothalamic tract, and via an indi-
rect projection originating in the intergeniculate leaflet.
In addition, the SCN receives serotonergic input from the
raphe nuclei, which may modulate the response of the
SCN to light and are thought to be involved in the
phase-resetting effects of nonphotic stimuli (Challet,
2007). The classical cone and rod photoreceptors partici-
pate in light transduction, but the major transducer of
nonvisual circadian photic input to the SCN appears to
be the photopigment melanopsin in retinal ganglion cells,
which is highly sensitive to bluewavelength light (Hankins
et al., 2008). Nocturnal synthesis of the pineal hormone
melatonin is driven by the SCN and melatonin itself feeds
back on melatonin receptors in the SCN. In this respect,
exogenous administration of melatonin can act as a zeit-
geber. Even though the SCN is the so-called master clock,
circadian oscillators are found in every organ and, indeed,
in every cell (Balsalobre, 2002).Moreover, each organ has
its own appropriate zeitgeber. For example, light is the
major zeitgeber for the SCN, but it does not affect clocks
in the liver; the zeitgeber for the latter is food – which in
turn cannot synchronize the SCN (Stokkan et al., 2001).
This complex temporal organization helps in understand-
ing the ease with which internal desynchronization can oc-
cur between different clocks in body and brain, and
external desynchronization between the timing of body
rhythms with respect to the day–night cycle (e.g., with
shift work or crossing time zones). This misalignment
has profound effects on mood, sleep, and health.

Genetic vulnerabilty and stress influence circadian
rhythms and sleep timing, leading to the symptoms char-
acteristic of affective disorders. Circadian regulation
interacts with, and is determined by, neurotransmitter
function; for example, the highest concentrations of cen-
tral nervous system (CNS) serotonin are in the SCN
(Challet, 2007). CNS serotonin turnover undergoes
marked circadian and seasonal rhythmicity and is rapidly
stimulated by light exposure (Lambert et al., 2002). The
important role of light as circadian rhythm phase resetter
can thereby be linked to the established role of serotonin
in mood disorders. Conversely, direct serotonergic
manipulation by a selective serotonin reuptake inhibitor
can also reset the clock (Sprouse et al., 2006).
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Sleep regulation

The most accepted model of sleep regulation considers
the timing and architecture of sleep to be a consequence
of interactions between a homeostatic process of rising
sleep pressure dependent on the duration of prior wake-
fulness, that is dissipated during the sleep period
(process S), and an independent circadian clock
(process C) (Daan et al., 1984) (Fig. 42.1). This model
helps conceptualize possible abnormalities in depres-
sion. A deficit in process S would be manifested in a
slower build-up of sleep pressure during wakefulness
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Fig. 42.1. Schematic representation of the two-process model
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(Fig. 42.1, upper panel, dotted line). A full night’s sleep
deprivation would raise it nearer to normal values – at
least for the next day. A deficit in process C could be
manifested in lowered amplitude (many rhythms
measured in depressed patients are blunted), and/or
earlier or later phase (Fig. 42.1, lower panel, dotted line).
Zeitgebers such as light act directly on process C and not
on process S (Daan et al., 1984).
Sleep timing and mood

Individual preference in timing of the sleep–wake cycle
(the so-called chronotype, ranging from early birds or
“larks” to late-night “owls”) (Roenneberg et al., 2003)
is partially determined by clock genes. This characteris-
tic is independent of individual sleep duration (long
versus short sleepers) (Roenneberg et al., 2003), which
is also probably programmed in certain sleep genes
(Franken and Tafti, 2003). Since the timing of sleep ap-
pears to be important for mood, these genetic factors
may be relevant to a chronobiological vulnerability for
depression, in that wrong or poor alignment of internal
phase with the external world increases susceptibility to
depressive mood swings.

The usefulness of models to understand
chronobiological treatments

The two-process model of sleep regulation is also useful
to understand how chronobiological treatments differ in
their mode of action, by targeting either the sleep
homeostat or the circadian system.

Manipulations of the sleep–wake cycle, whether of
duration (total or partial sleep deprivation) or timing
(partial sleep deprivation, phase advance), have pro-
found and rapid effects on depressed mood in 60%
of all diagnostic subgroups of affective disorders
(Wirz-Justice and van den Hoofdakker, 1999). The ther-
apeutic effect of sleep deprivation is postulated to be
linked to an increase of homeostatic sleep pressure
(Wirz-Justice, 1995, 2006). However, a phase advance
of sleep alone, without sleep deprivation, also improves
mood, which suggests an important role for the circa-
dian system (Wehr et al., 1979). It works both ways, since
shifting phase relationships between processes C and S
can cause, in vulnerable individuals, mood decreases
(when rhythms are shifted later) or improvements (when
shifted earlier) (Wirz-Justice, 1995, 2006). A dramatic
example is the greater incidence of depressive episodes
when landing after a westward flight or manic episodes
after flying east (Jauhar and Weller, 1982).

Light therapy was originally developed as a zeitgeber
treatment for SAD patients, who become depressed as
the days shorten (with delayed sunrise) and spontane-
ously remit during the longer days in spring and summer
(Partonen and Pandi-Perumal, 2010). Bright light has
three major effects on the circadian system: it increases
amplitude and shifts phase (depending on the time of
application), thereby modifying phase relationships
between the internal clock and sleep (Wirz-Justice,
2006). Any of these effects might alone suffice for
mood elevation (as well as modifying serotoninergic
function; Lambert et al., 2002).

The importance of stable entrainment

What, then, is important in the connection of circadian
rhythms with depression (Wirz-Justice et al., 2009b)?
Stable internal and external phase relationships (i.e., the
timing between core body rhythms such as melatonin
and temperature as well as the timing of sleep with
respect to the day–night cycle) seem to be crucial for

HERAPY) AS A CLASS OF INTERVENTIONS 699



Table 42.1

Chronotherapeutics in major depression

Chronotherapeutics in major depression

Light therapy (for seasonal affective disorder, nonseasonal
depression)

Light therapy as adjuvant to selective serotonin reuptake
inhibitors (nonseasonal depression, chronic depression,

therapy-resistant depression)
Total sleep deprivation (wake therapy) or partial (in the
second half of the night) phase advance of the sleep–

wake cycle; combinations thereof with antidepressants,
lithium, pindolol, light therapy, phase advance (for major
depression)

Dark or rest therapy (to stop rapid cycling between mania
and depression)

Dark therapy (for mania)

Melatonin (for sleep disturbances in depression, enhancing
circadian phase advances with light)

Time of day (h)
24 8 4 8
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Fig. 42.2. The circadian rhythm of mood as measured in

healthy young men half-hourly over 26 hours under controlled

conditions. Sleep had slowly been shifted 2 hours earlier in the

sleep-advance group compared with the control fixed-sleep

group, but the circadian rhythm of melatonin in both groups

remained similar. We postulate that the sudden drop in mood

that lasted the entire night resulted from this slight difference

in phase relationships. VAS, visual analog scale. (Redrawn

from Wirz-Justice, 2008, with permission; original data in

Danilenko et al., 2003.)
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a stable, euthymic mood state. Any misalignment
brings with it the propensity for mood fluctuation, par-
ticularly in vulnerable individuals. However, the precise
neurobiological mechanisms by which altered circadian
phase relationships lead to altered mood state remain
unknown.

We have an experimental example of how a slight
shift in sleep timing can modify mood state even in
healthy subjects. In this controlled study, carried out
in near darkness, sleep timing was either slowly ad-
vanced by 20 minutes per day over 6 days or kept con-
stant (Danilenko et al., 2003). Sleep was shifted 2 hours
earlier but the melatonin rhythm remained near its orig-
inal phase. This slight misalignment was associated with
a sudden drop in nighttime mood (Fig. 42.2).

Chronobiologicalconceptsemphasize the important role
of zeitgebers to stabilize phase. Light andmelatonin are the
strongest zeitgebers, but dark (and rest) periods, regularity
of social schedules, andmeal times also play a role. The jus-
tification for resynchronizing disturbed phase relationships
between the clock and sleep is the resulting improvement in
mood (Wirz-Justice et al., 2009b).
ZEITGEBERSASTHERAPY

The physiological principles and clinical indications we
have discussed above provide the background for apply-
ing chronotherapeutics to major depression. A summary
of these treatments and their applications is given in
Table 42.1.
Light therapy

Light therapy can be considered the most successful clin-
ical application of circadian rhythm concepts to date.
Light therapy has attained consensus as the treatment
of choice for SAD (Partonen and Pandi-Perumal, 2010).
Beyond the additional demonstrations that the method
is also effective as monotherapy for nonseasonal depres-
sion, two research groups have demonstrated in double-
blind placebo-controlled studies that light therapy com-
bined with selective serotonin reuptake inhibitors leads
to more rapid improvement (within a week) with signifi-
cantly fewer residual symptoms (Benedetti et al., 2003;
Martiny, 2004) (Fig. 42.3). Exploratory clinical work indi-
cates that the advantage of combined approaches is not
limited to this category of antidepressants.

Dark therapy

Single case studies of rapidly cycling bipolars have
shown that extending darkness (or rest, or sleep) imme-
diately stops the recurring pattern, a rather astonishing
result in these therapy-resistant patients (Wehr et al.,
1998; Wirz-Justice et al., 1999). Further support for the
relevance of these findings is that extended darkness
(not rest, and not sleep) in bipolar patients can reduce
manic symptoms as rapidly as the conventional antipsy-
chotics generally used (Barbini et al., 2005). A similar
result can be achieved more easily by using eyeglasses
that specifically filter out the circadian-sensitive blue
wavelengths. A pilot study of these amber-coloured
glasses showed improvement in half of the bipolar pa-
tients studied with sleep-onset insomnia (Phelps, 2008).
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Fig. 42.3. Two randomized controlled studies of adjuvant

light in patients with nonseasonal major depression showed

a significantly more rapid improvement and greater symptom

reduction over the clinical trial than with medication and pla-

cebo. The upper panel (A) (redrawn from Figure 2, Benedetti

et al., 2003) compares depressive patients treated with citalo-

pram (40 mg) and additional morning green light (400 lux,

30 min/day) or citalopram and a placebo (deactivated negative

ion generator). The lower panel (B) (drawn from Table 6,

Martiny, 2004) compares depressive patients treated with

sertraline and adjuvant morning bright white light (10 000

lux, 1 hour/day) or sertraline and dim red light (50 lux, 30

min/day). HAMD-17, Hamilton Rating Scale for Depression-

17 items.
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Melatonin

Melatonin, exogenously administered, acts as a
zeitgeber to synchronize circadian rhythms and sleep
(for example, in blind persons) (Arendt, 2003). Melato-
nin induces sleepiness directly via thermoregulatory
changes – the “warm-feet effect” (Kräuchi et al.,
1999). The soporific action of increased distal body tem-
perature coupled with reduced core body temperature
points to the usefulness of melatonin for a variety of
sleep disorders. The few studies administering melato-
nin to depressed patients have found improvements in
sleep, but not mood (deVries and Peeters, 1997; Dolberg
et al., 1998).

The first novel antidepressant using chronobiological
principles is the melatonin agonist agomelatine. Given in
the evening, its zeitgeber action is identical to the mother
compound in that it advances circadian phase and its vaso-
dilatatory effect promotes sleep (Kräuchi et al., 1997). The
antidepressant properties appear to be related to its
serotonergic antagonist component (Millan et al., 2003).
Although not yet formally investigated (but already suc-
cessfully used clinically), evening melatonin combined
with morning light appears to potentiate circadian rhythm
phase advances, thereby expediting and enhancing the
antidepressant effect (see case study in Terman and
Terman, 2010). As such, melatonin is not being applied
as a direct soporific or hypnotic.

Wake therapy (sleep deprivation)

The slow response to most antidepressants is the biggest
problem for psychiatrists and their patients. In remarkable
contrast is the improvementwithin hours of staying awake
all night. Response to a singlewake therapy session occurs
in approximately 60% of patients with major depression,
across all diagnostic subgroups (Wu and Bunney, 1990;
Leibenluft and Wehr, 1992; Wirz-Justice and van den
Hoofdakker, 1999; Berger et al., 2003). However, because
relapse usually follows recovery sleep (or even short day-
time naps), this treatment has not caught on except inGer-
man-speaking countrieswhere itwas first described. It has
taken a new generation of researchers to be inventive, and
after attaining fast response with one or more nights of
wake therapy, adding various treatments to hold that re-
sponse (see below).

Phase advance of the sleep–wake cycle

A crucial experiment that shifted the timing of the sleep-
wake cycle 6 hours earlier demonstrated that being
awake during the second half of the night was critical
for antidepressant response rather than the sleep depri-
vation per se. The improvement occurred more slowly
(over 3 days) than the acute single total sleep depriva-
tion, but lasted longer (3 weeks) (Wehr et al., 1979).
The analogy with jet lag supported the idea that it was
important to realign abnormal internal phase relation-
ships. Although difficult to carry out the procedure on
an inpatient unit, it was theoretically important, and
led to further studies comparing phase advance with
phase delay following a single total sleep deprivation
(Riemann et al., 1999). Shorter and more practical ver-
sions of sleep phase advance therapy have now been
implemented (Voderholzer et al., 2003; Moscovici and
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Table 42.2

Timing of morning light therapy* based on MEQ score

MEQ score Begin light at

16–18 08:45
19–22 08:30
23–26 08:15

AND M. TERMAN
Kotler, 2009; Wu et al., 2009). In particular, following a
total night’s sleep deprivation there is little difficulty in
asking a tired but no longer depressed patient to go to
bed at 5 or 6 p.m. The sleep period is then shifted to 7
or 8 p.m. on the second night, and 9–10 p.m. (or habitual
sleep time) on the third night. This 3-day phase advance
provides an extra chronotherapeutic option that may
potentiate the other treatments.
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27–30 08:00
31–34 07:45
35–38 07:30
39–41 07:15

42–45 07:00
46–49 06:45
50–53 06:30

54–57 06:15
58–61 06:00
62–65 05:45

66–68 05:30
69–72 05:15
73–76 05:00

77–80 04:45
81–84 04:30

*Start of 10 000 lux, 30-minute session, approximately 8.5 hours after
Wake therapy and combinations

Several combination strategies have been used to main-
tain the rapid response after wake therapy. The antide-
pressant response can be successfully sustained with
lithium salts (Szuba et al., 1994; Benedetti et al., 1999;
Colombo et al., 2000), the 5-HT1a-antagonist pindolol
(Smeraldi et al., 1999), morning light therapy
(Neumeister et al., 1996; Colombo et al., 2000), and sleep
phase advance therapy (Riemann et al., 1999; Benedetti
et al., 2001a; Voderholzer et al., 2003). Recent promising
studies have used such combinations to expedite im-
provement (Martiny et al., 2011; Moscovici and Kotler,
2009; Wu et al., 2009).
estimated melatonin onset.

MEQ, Morningness–Eveningness Questionnaire.
LIGHT THERAPY:TREATMENT
GUIDELINES

A treatise on the methodology of light therapy has been
published and is recommended to readers (Terman and
Terman, 2005; www.cnsspectrums.com). Our detailed
treatment manual has been published (Wirz-Justice
et al., 2009). Here, we summarize the main conclusions
of these guidelines.

Timing of light therapy sessions

Timing of morning light appears to be important in SAD
patients (the greater the phase advance, the better the
response; Terman et al., 2001), and preliminary evidence
suggests that this careful timing is also important for
nonseasonal major depression (F Benedetti, personal
communication). Optimum timing of light treatment
is related to internal body clock time and not to external
time. A reasonable estimate of internal body clock time
without directly measuring the melatonin cycle is an
individual’s chronotype, as assessed by the Horne-
Östberg Morningness–Eveningness Questionnaire
(MEQ) score (Appendix). An algorithm for timing light
treatment based on the MEQ score has been developed
(Table 42.2). An online, automated version of the
MEQ (www.cet.org) returns the MEQ score and
recommends treatment time to the respondent
(Terman et al., 2002), and patients can complete this
exercise and print out results in preparation for the
psychiatric consultation session. Downloads are
also available in Chinese, Danish, Dutch, English,
French, German, Hungarian, Italian, Japanese, Polish,
Portuguese, Rumanian, Russian, and Spanish, with in-
formation about calculating the MEQ score and thus
determining recommended timing of light therapy
(Table 42.2).
Response assessment and monitoring

An extended version of the Hamilton Depression Scale
(SIGH-ADS, www.cet.org) (Williams and Terman,
2003) provides a structured interview covering both mel-
ancholic and atypical symptoms.

Light therapy is typically self-administered at home,
which can reduce compliance (obviously, sitting in front
of a light box involves more time and effort than taking
a pill). Given that timing is important to maximize the
therapeutic effect, compliance by outpatients can be
problematic. Hypersomnic patients can initially be
scheduled at the time of habitual awakening and then
edged earlier across days toward the target interval. Clin-
ical experience suggests that most such patients could
not sustain the earlier awakeningwithout the use of light.

http://www.cnsspectrums.com
http://www.cet.org
http://www.cet.org
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Apparatus

The second generation of bright light boxes has a number
of important improvements over early models: they are
smaller, portable, with raised and downward-tilted place-
ment of the radiating surface, a diffusion screen with
nearly complete ultraviolet filtering, and high-output
white fluorescent lamps with ballasts that eliminate
flicker, yielding maximum illuminance of approximately
10 000 lux at 30–33 cm distance. This configuration, with
direction of gaze downward toward the table surface,
provides nonglare illumination suitable for reading, and
is generally well tolerated. Critical design features have
not yet been specified or regulated, but miniature lighting
devices and blue-enhanced lamps are not recommended.
Suggested criteria are listed on the nonprofit Center for
Environmental Therapeutics website, www.cet.org. An
example of such a lamp is shown in Fig. 42.4.
Ocular safety

There is no obvious acute light-induced pathology or
longer-term sequela following even years of light
therapy (Gallin et al., 1995). New patients should have
had an eye exam within the past year. There are no
Glare-Free

Flicker-Free 

Height 
Adjustable 

Ample Screen Area

Tilt Adjustable

UV Filtered

Fig. 42.4. A portable, light-weight light treatment apparatus

that fulfills important safety and comfort criteria, and has been

shown to be antidepressant in controlled clinical trials

(Terman and Terman, 2006; www.cet.org).
definite contraindications for bright light treatment
other than for the retinopathies, and awareness of puta-
tive interactions with photosensitizing medications in
the ultraviolet or visible ranges of the spectrum.

At present, we recommend maintaining broad-
spectrum white illumination, but filtering wavelengths
lower than 450 nm to minimal levels, considering the po-
tential blue light hazard (www.mdsupport.org). Even
though the circadian photoreceptor system has been
found to be most sensitive in this short-wavelength
range, there are no long-term safety or efficacy studies
to allow narrow-band blue-light devices to be recom-
mended at present.

Side-effects

Adverse events are rare; emergent sleep disturbances
are usually related to timing and can be rapidly adjusted
(late-evening light can lead to initial insomnia, and early-
morning light to premature awakening). Infrequent
side-effects are hypomania, mild visual complaints, irri-
tability, headache, and nausea, which usually subside
within a few days of treatment or with dose decreases.

Light therapy for whom?

SEASONAL AFFECTIVE DISORDER

Light is the treatment of choice for winter depression.
Over the last 25 years a large number of controlled stud-
ies have yielded overwhelming consensus for the rapid
efficacy of bright light for SAD. Recent reviews and
guidelines provide further details of ongoing and devel-
oping applications (Lam, 1998; Even et al., 2007; Terman
and Terman, 2005, 2010; Westrin and Lam, 2007; Parto-
nen and Pandi-Perumal, 2010).

SUBSYNDROMAL SEASONAL AFFECTIVE DISORDER

The phenomenology of subsyndromal SAD (the winter
blues) is similar to that of SAD, except that patients
do not meet criteria for major depression (Kasper
et al., 1989b). However, the presence and severity of
atypical neurovegetative symptoms, including food
cravings and difficulty awakening, can be similar to
those in SAD, as can fatigability. Subsyndromal SAD
has far higher prevalence than SAD itself (Terman,
1988; Kasper et al., 1989b).

Clinical trials have demonstrated significant im-
provement with light therapy (Kasper et al., 1989a). Op-
timum light scheduling and dose appear to be similar for
subsyndromal SAD and SAD. Importantly, the lower se-
verity of depressed mood in subsyndromal SAD does
not imply that a lower dose of light will be sufficient
to relieve symptoms.
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BULIMIA NERVOSA

Anumber of studies indicate thatmorning bright light im-
proves mood as well as controlling bulimic symptoms,
whether or not patients have comorbid SAD (Lam, 1998).

PREMENSTRUAL DYSPHORIC DISORDER, ANTEPARTUM

MAJOR DEPRESSION

Preliminary investigations suggest that light therapy is a
viable option for the treatment of premenstrual dys-
phoric disorder and major depression during pregnancy
(Lam, 1998; Epperson et al., 2004). A recent double-
blind, randomized, placebo-controlled study of antepar-
tum depression supports the use of light therapy
(Wirz-Justice et al., 2011). This offers a safe somatic
treatment alternative to antidepressant drugs, whether
or not the woman has a history of seasonality.

NONSEASONAL MAJOR DEPRESSION

Beyond its established application for SAD, light ther-
apy for nonseasonal depression appears both safe and
effective. Kripke (1998) compared several controlled tri-
als in terms of the relative benefit of light versus various
placebo controls, and in as little as 1 week the results fell
within the range of classic antidepressant drug studies
of 4–16 weeks. Few of the early light studies in nonsea-
sonal depression were of sufficient duration to compare
with other treatments. Systematic reviews generally sup-
port efficacy of light treatment (Tuunainen et al., 2004;
Golden et al., 2005; Even et al., 2007). Light treatment in
patients with chronic major depression achieved a sur-
prising remission rate of 50% compared with a placebo
(low-density negative air ionization) (Goel et al., 2005).

The early light therapy studies in geriatric depression
showed only partial success. Light therapy has been used
to alleviate disruptive and cognitive symptoms of senile
dementia, though a summary review of the studies did
not find the evidence convincing (Forbes et al., 2009).
More research is required, particularly long-term studies,
since theseseriousdisturbancescannotbeeasilycontrolled
within a week or two. The first major double-blind con-
trolled study (Riemersma-van der Lek et al., 2008) follow-
ing demented patients over 3.5 years with light therapy
and/ormelatonin indicatedaneffect sizeequivalentorbet-
ter than with conventional anticholinesterase inhibitors.

COMBINATIONCHRONOTHERAPEUTICS

Bright light augmentation of
antidepressant drug treatment

Several investigators have combined light with drugs
and found accelerated improvement relative to drugs
alone (Levitt et al., 1991; Beauchemin and Hays, 1997),
and the method has already seen widespread use with
European inpatients (Benedetti et al., 2003). A large
Danish outpatient trial for patients with nonseasonal de-
pression on sertraline treatment (n¼ 102) found that re-
mission rate and speed of improvement were greater
under the active light condition (10 000 lux, 60 minutes)
than placebo (50 lux, 30 minutes) (Martiny, 2004) (see
Fig. 42.3). Withdrawal of light resulted in relapse (simi-
lar to findings with withdrawal of antidepressants;
Martiny et al., 2006). Even chronically depressed
patients, whose illness had lasted at least 2 years,
responded to adjunct light therapy, a finding of great
clinical importance (Goel et al., 2005). A large study
of patients with SAD (n ¼ 282) found that the relapse
occurring after light had been stopped could be
prevented by citalopram (Martiny et al., 2004).
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Wake and light therapy combined with
antidepressant drugs

In an expanded protocol, patients with nonseasonal
depression received light therapy, medications, and a
single session of late-night wake therapy at the start of
treatment, with marked improvement in 1 day and ben-
efit over a dim light control within 1 week (Neumeister
et al., 1996). In Italy, this model has been extended for
general inpatient use, following treatment studies of
nonseasonal major depression (in conjunction with cita-
lopram; Benedetti et al., 2003) and bipolar disorder
(in conjunction with lithium; Colombo et al., 2000) that
showed large benefits attributable to morning light ther-
apy. One controlled study yielded a remission rate of
43% in a group for whom standard antidepressants
and psychotherapy had been inadequate (Loving et al.,
2002). The successful completion of large-scale trials
in Europe strongly supports the implementation of ad-
junctive light and wake therapy for treatment of nonsea-
sonal major depressive disorder, with the prospect of
reduced duration of hospitalization (Wirz-Justice
et al., 2005). Combined wake and light therapy improved
the acute response in patients with bipolar I disorder
treated with antidepressants and lithium salts: 44% of
drug-resistant patients responded, and 70% with no pre-
vious history of drug resistance improved (Benedetti
et al., 2005). Importantly, a 9-month follow-up showed
that 57% of nonresistant responders (but only 17% of
drug-resistant responders) remained euthymic. This is
the first study documenting long-term remission rates
that are influenced by chronotherapeutics.

A second study of treatment-resistant patients com-
bined antidepressants with a week-long protocol of
wake therapy, phase advance, and light, also with acute
and long-term potentiation of “treatment as usual”
(Wu et al., 2009). A third long-term study compared
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duloxetine and a daily individual exercise program with
duloxetine combined with wake therapy, light therapy,
and guidance on sleep hygiene. Over the first 9 weeks
of the trial, the chronotherapeutic intervention induced
a rapid and sustained response superior to the response
seen in the exercise group (Martiny et al., 2011).

Newer exploratory nonpharmaceutical
treatments

DAWN SIMULATION

One drawback of bright light therapy is the required
daily time commitment. By contrast, dawn simulation
is presented during the last period of the patient’s sleep
episode, with a relatively dim signal gradually rising
over 90 minutes or longer from about 0.001 lux (near
starlight) to approximately 300 lux (attenuated sun-
rise). As with bright light therapy, there is an antide-
pressant response and normalization of hypersomnic
and abnormal sleep patterns (Terman et al., 1989;
Avery et al., 1993, 1994, 2001).

A large controlled study compared 3 weeks’ treat-
ment with bright light (10000 lux, 30 minutes) upon
habitual wake-up time, dawn simulation (250 lux maxi-
mum, beginning 90 minutes before habitual wake-up
time), or a brief light pulse (250 lux beginning 13 minutes
before habitual wake-up time, for total dose equivalence
in lux minutes with the dawn) (Terman and Terman,
2006). All three lighting conditions were equally
superior to the placebo condition. The effectiveness of
dawn simulation may depend on the presentation of
diffuse, broad-field illumination that reaches the sleeper
in varying postures. Such efficacy has not been
demonstrated for commercial alarm clock lamps, which
have small, directional fields.

NEGATIVE AIR IONIZATION

Negative air ionization presents a new therapeutic mo-
dality, whose routes of biological reception and nervous
system response are still unknown. The air circulation
outdoors varies greatly in negative ion content (higher
in humid, vegetated environments and at the seashore;
lower in urban environments and heated or air-
conditioned interiors). A controlled trial for treatment
of SAD (Terman et al., 1998) found a greater reduction
in depression ratings after 2 weeks of 30 minutes of
high-density ion exposure sessions every morning than
after low-density ion exposure (inactive placebo con-
trol). In the dawn simulation study described above,
two additional groups received high- or low-density neg-
ative air ionization for 90 minutes before habitual wake-
up time, with timing matched to the dawn condition
(Terman and Terman, 2006). After 3 weeks of

CHRONOTHERAPEUTICS (LIGHT AND WAK
treatment, the therapeutic effect of high-density ions
was similar that of bright light or dawn simulation,
but far exceeded improvement under low-density ions.

CHRONOTHERAPEUTICGUIDELINES

In order to provide practical guidelines for clinicians to
carry out chronotherapeutics, a treatment manual has
been written under the auspices of the Center for Envi-
ronmental Therapeutics (www.cet.org; Wirz-Justice
et al., 2009a). Chronotherapeutic combinations are flex-
ible and should be implemented step by step according to
the patient’s response (or nonresponse). Concomitant
antidepressants as required are included to provide treat-
ment as usual. Chronotherapeutic options begin with
light for outpatients or inpatients who cannot sustain
wake therapy. A second step is light combined with a sin-
gle night’s sleep deprivation. A third step includes a 3-
day phase advance. The full combination of light,
three-timeswake therapy, and 3-day sleep phase advance
will not be necessary or feasible in all cases. Operation-
ally, the options can be tied to a decision tree based on the
patient’s current state at a series of evaluation points.

Examples of such treatment options are presented as
a day-by-day strategy to follow while closely monitoring
response (Fig. 42.5).

1. Light therapy alone. The timing of light therapy at
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the circadian optimum for phase advances by morn-
ing light is derived from the 19-item MEQ (Appen-
dix). The patient goes to bed at his or her habitual
time, which will vary by about 6 hours across cases.
If a complete response to light does not emerge
within 3 days, the duration of exposure is gradually
increased from 30 to 60 minutes. The first example
(Fig. 42.5A) is for an 8-hour sleeper withMEQ score
of 58 (intermediate chronotype), for whom
Table 42.2 specifies light administration at 6 a.m.,
an hour earlier than habitual rise time. Bedtime is
concomitantly shifted 1 hour earlier. Light therapy
alone is for patients who refuse sleep deprivation
(or clinicians who think it is too drastic). Improve-
ment can be rapid, but satisfactory outcome often
takes several weeks.
2. If the situation permits, a single night of wake ther-

apy initiates the chronotherapeutic regimen, fol-
lowed by stabilizing light therapy at the circadian
optimum, as above (Fig. 42.5B). The patient remains
awake for 36 hours before beginning sleep 1 hour
earlier than on the habitual schedule.
3. If depression has not remitted, the single night of

wake therapy is followed by a 3-day sleep phase ad-
vance concomitant with light therapy at the circa-
dian optimum (Fig. 42.5C). The patient begins by
going to bed 5 hours earlier than on the habitual

http://www.cet.org
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Light 30 min
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LIGHT THERAPY AT CIRCADIAN OPTIMUM

SINGLE NIGHT AWAKE + LIGHT THERAPY

Fig. 42.5. Examples of chronotherapeutic schemata from the step-by-step decision tree for adjuvant chronotherapeutics. All pa-

tients continue ongoing medication or initiate antidepressant treatment before beginning the sequence. The timing of light therapy

is derived from the patient’s chronotype score and referenced to habitual sleep time. Example A uses gradually increasing light

“dosage” for outpatients or inpatients who cannot sustain wake therapy. Example B combines light with a single night’s wake

therapy. Example C adds a 3-day sleep phase advance. (Reproduced from Wirz-Justice et al., 2009a, with permission from

S Karger, Basel.)
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schedule, assisted by a short-acting hypnotic if sleep
does not come easily after 32 hours of wakefulness.
The patient is awakened for the second half of the
night, 4 hours preceding morning light therapy. If
the patient has responded at this point, sleep onset
is delayed in 2-hour steps over the next two nights
until it reaches the target bedtime, 1 hour earlier
than on the habitual schedule.
An elaborated decision tree continues to follow the
developing clinical response. If the depression remits
after one night of wake therapy, we continue with light
alone. Otherwise, we begin the sleep phase advance. If
the depression remits, we complete the sleep phase
advance over 3 days. If the depression continues, we
proceed to give a second wake therapy, and, if neces-
sary, a third (with sleep recovery nights in between).
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These are current examples of practice in several
inpatient units (Benedetti et al., 2007), with growing ac-
ceptance by once-skeptical psychiatrists. In particular,
New York Presbyterian Hospital has administered light
therapy on an inpatient unit for treatment-resistant pa-
tients who undergo multiple electroconvulsive therapy
(ECT), with some success. We do not suggest that light
therapy should replace ECT, but the encouraging results
imply a remarkable and important role for this simple
treatment even in serious, chronic major depression.

CHRONOTHERAPEUTICS (LIGHT AND WAK
CONCLUSION: CHRONOTHERAPEUTICS
ASA PRIMARY TREATMENT

Wake and light therapy are safe, with a minimal side-
effect profile. They do not interact negatively with on-
going medication (barring photosensitivity in the visible
range, e.g., with first-generation neuroleptics). An impor-
tant economic aspect is that they may also reduce dura-
tion of hospitalization. In a general psychiatric hospital
setting, the combination of wake therapy (three sessions
over a week) with antidepressants as usual resulted in
discharge 3 days earlier than with drug treatment alone
(Benedetti et al., 2005). Remarkable retrospective ana-
lyses have revealed a similar 3-day advantage for patients
exposed to more natural light in sunny hospital rooms
than those staying in dimmer rooms (Beauchemin and
Hays, 1996; Benedetti et al., 2001b).

The accumulated data on light therapy for SAD and
nonseasonal depression support its broader application
in psychiatric clinical practice, whether or not as
monotherapy. Clinicians should consider adjunctive light
therapy when the response to antidepressants is delayed
or incomplete. Emerging data suggest that light therapy
be used as a first-line treatment given together with the
chosen antidepressant, and, if possible, 1–3 nights of
wake therapy to trigger a rapid clinical response. We
have initiated a privacy-protected website forum for cli-
nicians to discuss this emerging field (www.chronothe
rapeutics.org).

In summary, circadian rhythm and sleep research has
led to a set of nonpharmaceutical therapies for depres-
sion suitable for everyday practice (Wirz-Justice et al.,
2004, 2005, 2009a). The use of the term “wake therapy”
instead of “sleep deprivation” has become more com-
mon and is recommended for clinical use, since it em-
phasizes to the patient that we are not taking away
sleep (which is anyway disturbed) but rather providing
an active treatment through prolonged wakefulness.
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Appendix

Morningness–Eveningness Questionnaire
SELF-ASSESSMENT VERSION (MEQ-SA)1

Name: _______________ Date: ____________
For each question, please select the answer that best

describes you by circling the point value that best indi-
cates how you have felt in recent weeks.
1. Approximately what time would you get up if you
om

ith
ifk
nu

EQ
or
ter
were entirely free to plan your day?

[5] 5:00 AM–6:30 AM (05:00—06:30 h)
[4] 6:30 AM–7:45 AM (06:30—07:45 h)
[3] 7:45 AM–9:45 AM (07:45—09:45 h)
[2] 9:45 AM–11:00 AM (09:45—11:00 h)
[1] 11:00 AM–12 noon (11:00—12:00 h)

2. Approximately what time would you go to bed if

you were entirely free to plan your evening?

[5] 8:00 PM–9:00 PM (20:00—21:00 h)
[4] 9:00 PM–10:15 PM (21:00—22:15 h)
[3] 10:15 PM–12:30 AM (22:15—00:30 h)
[2] 12:30 AM–1:45 AM (00:30—01:45 h)
[1] 1:45 AM–3:00 AM (01:45—03:00 h)

3. If you usually have to get up at a specific time in the

morning, how much do you depend on an alarm
clock?

[4] Not at all
[3] Slightly
[2] Somewhat
[1] Very much

4. How easy do you find it to get up in the morning

(when you are not awakened unexpectedly)?

[1] Very difficult
[2] Somewhat difficult
[3] Fairly easy
[4] Very easy

5. How alert do you feel during the first half hour

after you wake up in the morning?

[1] Not at all alert
[2] Slightly alert
e stem questions and item choices have been rephrased from the original instrument (Horne and Östberg, 1976) to conform

spoken American English. Discrete item choices have been substituted for continuous graphic scales. Prepared by TermanM,
in JB, Jacobs J, White TM (2001), New York State Psychiatric Institute, 1051 Riverside Drive, Unit 50, New York, NY 10032.
ary 2008 version. Supported by National Institute of Health Grant MH42931. See also: automated English version (Auto-

) at www.cet.org.
ne JA and Östberg O. A self-assessment questionnaire to determine morningness-eveningness in human circadian rhythms.
national Journal of Chronobiology 1976: 4, 97–100.
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[3] Fairly alert
[4] Very alert

6. How hungry do you feel during the first half hour

after you wake up?

[1] Not at all hungry
[2] Slightly hungry
[3] Fairly hungry
[4] Very hungry

7. During the first half hour after you wake up in the

morning, how do you feel?

[1] Very tired
[2] Fairly tired
[3] Fairly refreshed
[4] Very refreshed

8. If you had no commitments the next day, what time

wouldyougo tobedcompared toyourusual bedtime?

[4] Seldom or never later
[3] Less than 1 hour later
[2] 1–2 hours later
[1] More than 2 hours later

9. You have decided to do physical exercise. A friend

suggests that you do this for one hour twice a week,
and the best time for him is between 7 and 8 AM
(07—08 h). Bearing in mind nothing but your own in-
ternal “clock,” howdoyou think youwould perform?

[4] Would be in good form
[3] Would be in reasonable form
[2] Would find it difficult
[1] Would find it very difficult

10. At approximately what time in the evening do you

feel tired, and, as a result, in need of sleep?

[5] 8:00 PM–9:00 PM (20:00—21:00 h)
[4] 9:00 PM–10:15 PM (21:00—22:15 h)
[3] 10:15 PM–12:45 AM (22:15—00:45 h)
[2] 12:45 AM–2:00 AM (00:45—02:00 h)
[1] 2:00 AM–3:00 AM (02:00—03:00 h)



E T
11. You want to be at your peak performance for a test

CHRONOTHERAPEUTICS (LIGHT AND WAK
that you know is going to be mentally exhausting
and will last two hours. You are entirely free to plan
your day. Considering only your “internal clock,”
which one of the four testing times would you
choose?

[6] 8 AM–10 AM (08—10 h)
[4] 11 AM–1 PM (11—13 h)
[2] 3 PM–5 PM (15—17 h)
[0] 7 PM–9 PM (19—21 h)

12. If you got into bed at 11 PM (23 h), how tired would

you be?

[0] Not at all tired
[2] A little tired
[3] Fairly tired
[5] Very tired

13. For some reason you have gone to bed several hours

later than usual, but there is no need to get up at any
particular time the next morning. Which one of the
following are you most likely to do?

[4] Will wake up at usual time, but will not fall back

asleep
[3] Will wake up at usual time and will doze

thereafter
[2] Will wake up at usual time, but will fall asleep

again
[1] Will not wake up until later than usual

14. One night you have to remain awake between 4–6

AM (04—06 h) in order to carry out a night watch.
You have no time commitments the next
day. Which one of the alternatives would suit
you best?

[1] Would not go to bed until the watch is over
[2] Would take a nap before and sleep after
[3] Would take a good sleep before and nap after
[4] Would sleep only before the watch

15. You have two hours of hard physical work. You are

entirely free to plan your day. Considering only
your internal “clock,” which of the following times
would you choose?

[4] 8 AM–10 AM (08—10 h)
[3] 11 AM–1 PM (11—13 h)
[2] 3 PM–5 PM (15—17 h)
[1] 7 PM–9 PM (19—21 h)

16. You have decided to do physical exercise. A friend

suggests that you do this for one hour twice a
week. The best time for her is between 10 and 11
PM (22—23 h). Bearing in mind only your internal
“clock,” how well do you think you would
perform?

[1] Would be in good form
[2] Would be in reasonable form
[3] Would find it difficult
[4] Would find it very difficult
17. Suppose you can choose your own work hours. As-
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sume that you work a five-hour day (including
breaks), your job is interesting, and you are paid
based on your performance. At approximatelywhat
time would you choose to begin?

[5] 5 hours starting between 4 and 8 AM (04—08 h)
[4] 5 hours starting between 8 and 9 AM

(08—09 h)
[3] 5 hours starting between 9 AM and 2 PM

(09—14 h)
[2] 5 hours starting between 2 and 5 PM (14—17 h)
[1] 5 hours starting between 5 PM and 4 AM

(17—04 h)
18. At approximately what time of day do you usually
feel your best?

[5] 5–8 AM (05—08 h)
[4] 8–10 AM (08—10 h)
[3] 10 AM–5 PM (10—17 h)
[2] 5–10 PM (17—22 h)
[1] 10 PM–5 AM (22—05 h)

19. One hears about “morning types” and “evening

types.” Which one of these types do you consider
yourself to be?

[6] Definitely a morning type
[4] Rather more a morning type than an evening

type
[2] Rather more an evening type than a

morning type
[1] Definitely an evening type

_____ Total points for all 19 questions
INTERPRETINGANDUSING
YOURMORNINGNESS^EVENINGNESS

SCORE

This questionnaire has 19 questions, each with a number
of points. First, add up the points you circled and enter
your total morningness–eveningness score here:

Scores can range from 16 to 86. Scores of 41 and be-
low indicate “evening types.” Scores of 59 and above in-
dicate “morning types.” Scores between 42 and 58
indicate “intermediate types.”
16–30 31–41 42–58 59–69 70–86

definite
evening

moderate
evening

intermediate moderate
morning

definite
morning
Occasionally a person has trouble with the question-
naire. For example, some of the questions are difficult
to answer if you have been on a shift work schedule,
if you don’t work, or if your bedtime is unusually late.



Score 16–30 31–41 42–58 59–69 70–86

Sleep onset 2:00–3:00 AM
(02:00—03:00 h)

12:45–2:00 AM
(00:45—02:00 h)

10:45 PM–12:45 AM
(22:45—00:45 h)

9:30–10:45 PM
(21:30—22:45 h)

9:00–9:30 PM
(21:00—21:30 h)

Wake-up 10:00–11:30 AM
(10:00—11:30 h)

8:30–10:00 AM
(08:30—10:00 h)

6:30–8:30 AM
(06:30—08:30 h)

5:00–6:30 AM
(05:00—06:30 h)

4:00–5:00 AM
(04:00—05:00 h)
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Your answers may be influenced by an illness or medi-
cations you may be taking. If you are not confident
about your answers, you should also not be confident
about the advice that follows.

One way to check this is to ask whether your morn-
ingness–eveningness score approximately matches the
sleep onset and wake-up times listed in the table above.

If your usual sleep onset is earlier than 9:00 PM
(21:00 h) or later than 3:00 AM (03:00 h), or your wake-
up is earlier than 4:00 AM (04:00 h) or later than 11:30
AM (11:30 h),youshouldseek theadviceofa light therapy
clinician in order to proceed effectively with treatment.

We use the morningness–eveningness score to
improve the antidepressant effect of light therapy.
Although most people experience good antidepressant
response to light therapy when they take a regular morn-
ing sessionusing a 10000 luxwhite light device (seewww.
cet.org for recommendations) for 30 minutes, often this
will not give the best possible response. If your internal
clock is shifted relative to external time (as indirectly
measured by your morningness–eveningness score),
the timing of light therapy needs to be adjusted.

The table below shows the recommended start time
for light therapy for a wide range of morningness–even-
ingness scores. If your score falls beyond this range (ei-
ther very low or very high), you should seek the advice
of a light therapy clinician in order to proceed effec-
tively with treatment.
Morningness–Eveningness

Score

Start time for light therapy

23–26 8:15 AM

27–30 8:00 AM
31–34 7:45 AM
35–38 7:30 AM

39–41 7:15 AM
42–45 7:00 AM
46–49 6:45 AM
50–53 6:30 AM

54–57 6:15 AM
58–61 6:00 AM
62–65 5:45 AM

66–68 5:30 AM
69–72 5:15 AM
73–76 5:00 AM
If you usually sleep longer than 7 hours per night, you
will need to wake up somewhat earlier than normal to
achieve the effect – but you should feel better for doing
that. Some people compensate by going to bed earlier,
while others feel fine with shorter sleep. If you usually
sleep less than 7 hours per night you will be able to main-
tain your current wake-up time. If you find yourself
automatically waking up more than 30 minutes before
your session start time, you should try moving the ses-
sion later. Avoid taking sessions earlier than recom-
mended, but if you happen to oversleep your alarm
clock, it is better to take the session late than to skip it.

Our recommended light schedule for evening types –
say, 8:00 AM (08:00 h) for a morningness–eveningness
score of 30 – may make it difficult to get to work on
time, yet taking the light earlier may not be helpful.
Once you have noted improvement at the recommended
hour, however, you can begin inching the light therapy
session earlier by 15 minutes per day, enabling your
internal clock to synchronize with your desired sleep–
wake cycle and work schedule.

The personalized advice we give you here is based on
a large clinical trial of patients with seasonal affective
disorder (SAD) at Columbia University Medical Center
in New York. Patients who took the light too late in the
morning experienced only half the improvement of those
who took it approximately at the times indicated. These
guidelines are not only for SAD, but are also helpful
in treatment of nonseasonal depression, for reducing in-
somnia at bedtime, and for reducing the urge to oversleep
in the morning.

Our advice serves only as a general guideline for new
users of light therapy. There are many individual factors
that might call for a different schedule or dose (inten-
sity, duration) of light. Any person with clinical depres-
sion should proceed with light therapy only under
clinical guidance.

Reference: Terman M, Terman JS. Light therapy for
seasonal and nonseasonal depression: efficacy, protocol,
safety, and side effects. CNS Spectrums 2005; 10: 647–
663. (Downloadable at www.cet.org)

Copyright # 2008, Center for Environmental
Therapeutics, www.cet.org. All rights reserved. This ma-
terial may be copied without permission only for per-
sonal use. Use or distribution by commercial parties is
prohibited.

http://www.cet.org
http://www.cet.org
http://www.cet.org
http://www.cet.org
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Pharmacogenetics of antidepressants and mood stabilizers
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TREATMENTOFMOODDISORDERS:
CRITICAL ISSUES

Since the serendipitous discovery of imipramine in 1957,
different classes of antidepressant drug have been used
to treat depressive syndromes. Although their efficacy is
well established, 30–40% of patients do not show a sig-
nificant response (>50% reduction in baseline score on
the Hamilton Rating Scale for Depression (HAMD)) to
therapeutic doses of antidepressant medications admin-
istered for 6–8 weeks, while 60–70% fail to achieve full
remission (17-item HAMD <7) (Moncrieff and Kirsch,
2005). Partial remission has been associated with a
higher recurrence, a greater functional impairment,
and a worse quality of life (Fava et al., 2002; Tranter
et al., 2002). All antidepressants have a lag phase and
it takes at least 3–4 weeks toobserve the real effect of treat-
ment administration (Quitkin et al., 1996). Such a delayed
response may increase patients’ suffering and the risk of
suicidal behavior and early discontinuation of treatment.
Patients have to stay in hospital for longer periods and this
results in higher costs. Therefore early identification of
responders to a specific antidepressant treatment would
be of great use from both a clinical and economic point
of view. Unfortunately, in spite of evidence concerning
the predictive power of demographic characteristics, illness
features, and social factors (Goodnick, 1996; Esposito and
Goodnick, 2003; Nierenberg, 2003), none of such variables
could unequivocally be linked to treatment outcome and
antidepressant choice is still based on a trial-and-error
procedure.

Bipolar disorder has a typically recurrent course. It
has been shown that 90% of individuals with a single
manic episode have future recurrences. Initial inter-
episode time periods may average 2–3 years in young
adults, but these intervals tend to shorten to 8–9 months
after 6–8 recurrences; the total time spent in illness is
*Correspondence to: Alessandro Serretti, MD, PhD, Institute of P

Bologna, Italy. Tel: þ39 051 6584237, Fax: þ39 051 521030, E-ma
about 20–47%, with a predominance of depressive
phases (32%) (Suppes et al., 2000; Goldberg et al.,
2005). Lithium treatment has a positive impact on
long-term outcome in bipolar patients; however, it pro-
duces as many as one-third of nonresponders while only
30% of patients remain episode-free (Bowden, 2000;
Maj, 2003). This emphasizes the need for predictors
of individual response to lithium.

Inherited differences in drug response have been
described for a variety of compounds, supporting the
influence of genetic factors on treatment outcome
(Roden and George, 2002; Weinshilboum, 2003). This has
been investigated both in antidepressant short-term treat-
ment (Pare et al., 1962; Orsini, 1987; O’Reilly et al., 1994;
Serretti et al., 1998a) and for lithium long-term outcome
(Mendlewicz et al., 1972;Maj et al., 1984; Alda et al., 1994).

Further, one important determinant in treatment
decision-making is the occurrence of side-effects, which
can negatively impact compliance. This was reported to
be 40–90% in different studies of antidepressant drugs,
with an average of 65% (Cramer and Rosenheck, 1998).
The problem of side-effects is even more critical for lith-
ium prophylaxis. In a perspective (15 years) follow-up
study of 402 bipolar I patients who started lithium pro-
phylaxis at a specialized hospital center, 31% discontin-
ued treatment before end assessment, more often (84%)
on their own initiative. The alleged reasons for treatment
interruption were its perceived inefficacy (37%) and
side-effects (28%) (Maj et al., 1998). The prevalence
and severity of side-effects follow interindividual vari-
ations; therefore it is reasonable to hypothesize a genetic
basis for drug tolerability (Murphy et al., 2004). The
present chapter will review the literature concerning
genetic influence on the efficacy and tolerability of
antidepressant and mood-stabilizing drugs. Traditio-
nal approaches based on the analysis of candidate
sychiatry, University of Bologna, Viale Carlo Pepoli 5, 40123

il: alessandro.serretti@unibo.it



TT
genes that act throughout pharmacodynamic and phar-
machokinetic mechanisms are now integrated by com-
plementary genomewide approaches (Brown and
Botstein, 1999).

PHARMACOGENETICSOF
ANTDEPRESSANT DRUGS:

PHARMACODYNAMICASPECTS

Themonoaminehypothesis,which identifies thebiological
basis for depression in a deficiency of brain monoamine
neurotransmitters (Schildkraut, 1965), is still considered
a valid model to account for the mechanism of action of
antidepressant drugs (Bondy, 2002). Increasing evidence
demonstrates that monoaminergic systems and other
biological systems implicated in the pathophysiology of
depression, such as substance P and stress hormone sys-
tems, have reciprocal interactions, and ultimately stimu-
late neurogenesis (Reul and Holsboer, 2002; Schwarz
and Ackenheil, 2002). These pathways have been shown
to be affected by several antidepressant treatments; thus
they represent the main focus of pharmacogenetic re-
search. Other lines of investigation have included inflam-
matory cytokines (Schiepers et al., 2005) and the
endogenous clock system (Healy and Waterhouse, 2005).

Brain monoamine systems

TRYPTOPHAN HYDROXYLASE

Tryptophan hydroxylase (TPH) catalyzes the rate-
limiting step in serotonin (5-HT) biosynthesis. Its
prominent role in the pathophysiology of depression is
underscored by the fact that tryptophan depletion can
induce a transient depressive state in individuals with
a known history of depressive disorder (Booij et al.,
2003). The gene encoding TPH has been cloned and
mapped on 11p15.3-p14 (Craig et al., 1991). It includes
two biallelic polymorphisms at position 218 (A218C)
and 779 (A779C) of intron 7, which are in strong disequi-
librium (Nielsen et al., 1997). The A218C polymorphism
is located in a potential GATA transcription factor-
binding site; therefore it may influence gene expression,
and consequently antidepressant response. The rarer
TPH*A-allele of A218C polymorphism has been shown
to be associated with decreased 5-HT synthesis (Jonsson
et al., 1997), even if this finding has not been replicated.

The presence of this allele may predispose to suicidal
behavior, as emerged from two meta-analyses (Rujescu
et al., 2003; Bellivier et al., 2004). The A-allele was also
associated with a slower and less marked HAMD im-
provement in two double-blind trials with fluvoxamine
and paroxetine carried out in our center in Milan
(Serretti et al., 2001c, d) and in another study with cita-
lopram (Ham et al., 2007). Subsequent studies (Yoshida
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et al., 2002b; Ham et al., 2005; Hong et al., 2006; Kato
et al., 2007) failed to demonstrate a correlation between
the TPH A218C polymorphism and response to selective
serotonin reuptake inhibitors (SSRIs). Other polymor-
phismswithin the TPH gene have been associated with an-
tidepressant response (�7180 T/G,�7065 T/G,�5806 T/G)
(Peters et al., 2004), although they have not been con-
firmed (Peters et al., 2009). A new TPH isoform has been
discovered, TPH-2 (Walther et al., 2003), while the orig-
inal isoform is now TPH-1. The gene encoding TPH-2
(chromosome 12) is 150-fold more expressed in mouse
brain than the TPH-1 gene (Malek et al., 2005); therefore
itmight represent a promising candidate for pharmacoge-
netic investigation. Peters and colleagues (2004) tested
both TPH isoforms in 96 unipolar depressives treatedwith
fluoxetine for 12 weeks.While the TPH-1 genewas associ-
ated with general response, TPH-2 variants were impli-
cated in specific response to fluoxetine. These findings
are in line with the latest published studies demonstrating
that all TPH isoforms are expressed in the human brain,
with different levels of each isoform between the brain
areas (Zill et al., 2005). Two studies examined the relation-
ship between TPH-2 polymorphisms and resistant depres-
sion (Garriock et al., 2005; Zhang et al., 2005): a marginal
association emerged with the TPH-2 G1463A single-
nucleotide polymorphism (Zhang et al., 2005). Recently
a single study found a higher rate of rs2171363 heterozy-
gote carriers in responders than in nonresponders
(Tsai et al., 2009b). For study details, see Table 43.1.

I ET AL.
SEROTONIN TRANSPORTER

Extracellular monoamines are cleared from the synaptic
cleft and carried into the synaptic terminal by plasma
membrane proteins that are termed transporters. As
these proteins are high-affinity targets for psychostimu-
lants (cocaine, amphetamine) and different classes of
antidepressants, they are suitable candidates for phar-
macogenetic research. To date a large number of studies
have involved the serotonin transporter (SERT) gene.
The brain SERT is the principal site of action of many
antidepressant drugs (SSRIs, tricyclic antidepressants
(TCAs)) and mediates the behavioral and toxic effects
of cocaine and amphetamines. SERT knockout mice
show robust phenotypic abnormalities when compared
to normal mice, with increased anxiety and inhibited
exploratory locomotion (Holmes et al., 2003a). The
deletion of the SERT gene also produces a reduction in
aggressive behavior and home cage activity of knockout
mice; this effect is further enhanced by desensitization
of 5-HT1A and 5-HT1B receptors (Holmes et al., 2003b).

Ramamoorthy et al. (1993) identified and cloned a
single gene encoding the human SERT (SLC6A4), local-
ized to chromosome 17q11.1-q12. The gene spans 31 kb



Table 43.1

Tryptophan hydroxylase 1 and 2 gene polymorphism and antidepressant response

Polymorphisms Reference Study design Results

TPH-1 Serretti et al., 2001d n ¼ 216 (BP þ MDD)
Fluvoxamine

Slower response with A/A genotype
(A218C)

Serretti et al., 2001c n ¼ 121 (BP þ MDD)

Paroxetine

Worse response with A-allele

(A218C)
Yoshida et al, 2002b n ¼ 55 (MDD)

Fluvoxamine
No association
(A218C)

Peters et al., 2004 n ¼ 96 (MDD)

Fluoxetine

�7180 T/G, �7065 T/G, �5806 T/G associated with

treatment outcome
Ham et al., 2005 n ¼ 93 (MDD)

Various ADs
No association
(A218C)

Hong et al., 2006 n ¼ 224 (MDD)
Fluoxetine

No association
(A218C)

Ham et al., 2007 n ¼ 105 (MDD)

Citalopram

Better outcome with C-allele

(A218C)
Kato et al., 2007 n ¼ 100 (MDD)

Paroxetine or fluvoxamine
No association
(A218C)

Illi et al., 2009 n ¼ 86 (MDD), 395 healthy
Fluoxetine, paroxetine, or
citalopram

No association
(rs1800532)

Peters et al., 2009 n ¼ 96 þ 1914 (MDD)

(STAR*D)
Fluoxetine and citalopram

No association (citalopram) (�7180 T/G,

�7065 T/C, �5806 T/G)

TPH-2 Peters et al., 2004 n ¼ 96 (MDD)

Fluoxetine

rs1843809, rs1386492, rs1487276 associated with

treatment outcome
Garriock et al., 2005 n ¼ 182 (MDD)

No treatment definition
No association (treatment resistance) (1463 G/A,
1487 C/G, 1578 T/G)

Tzvetkov et al.,
2008

n ¼ 182 (MDD) rs10897346 and rs1487278 associated with response

Illi et al., 2009 n ¼ 86 (MDD), 395 healthy
Fluoxetine, paroxetine, or

citalopram

No association
(rs1386494)

Tsai et al., 2009b n ¼ 187 MDD
Fluoxetine or citalopram

rs2171363 heterozygote carriers higher in responders

Peters et al., 2009 n ¼ 96 þ 1914 (MDD)
(STAR*D)

Fluoxetine and citalopram

No association (citalopram) (rs1843809, rs1386492
rs1487276)

BP, bipolar disorder; MDD,major depressive disorder; ADs, antidepressants; STAR*D, Sequenced Treatment Alternatives to Relieve Depression.
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and consists of 14 exons (Lesch et al., 1994). Heils et al.
(1996) reported a polymorphism in the transcriptional
control region upstream of the SERT-coding sequence.
The polymorphism is located approximately 1000 bp up-
stream of the transcription initiation site within a region
composed of 16 repeat units (5-HTTLPR). It consists
of a 44-bp insertion/deletion involving units 6–8. It is
known that the long (l) 5-HTTLPR allele has twice the
SERT expression in the basal state than the short (s)
form. As the 5-HTTLPR polymorphism can affect SERT
expression and SERT is the main target of SSRIs, it is
reasonable to hypothesize the influence of 5-HTTLPR
variants on SSRIs response. This has been tested in sev-
eral studies (Table 43.2): a better outcome in l-allele car-
riers (Smeraldi et al., 1998; Pollock et al., 2000; Zanardi
et al., 2000, 2001; Rausch et al., 2002; Arias et al.,
2003; Joyce et al., 2003; Durham et al., 2004;
Murphy et al., 2004; Serretti et al., 2004c; Bozina
et al., 2008; Huezo-Diaz et al., 2009; Mrazek et al.,
2009; Wilkie et al., 2009) has been a consistent finding
among Caucasian patients. Instead Asian studies pro-
duced conflicting results, with some samples showing



Table 43.2

5-HTTLPR polymorphism and antidepressant treatment response

Reference Study design Positive association with response Ethnicity

Smeraldi et al., 1998 n ¼ 53 (BP þ MDD)
Fluvoxamine

L-allele
P ¼ 0.017

Caucasian

Zanardi et al., 2000 n ¼ 58 (BP þ MDD)

Paroxetine

L-allele

(s-allele slower)
P < 0.001

Caucasian

Pollock et al., 2000 n ¼ 57 (late-life MDD)
Paroxetine

L-allele
(S-allele slower)

P ¼ 0.028

Caucasian

Kim et al., 2000 n ¼ 120 (MDD)
Fluoxetine or paroxetine

S-allele P ¼ 0.007
Stin2 12/12 P ¼ 0.0001

Asian

Zanardi et al., 2001 n ¼ 155 (BP þ MDD)
Fluvoxamine

L-allele
P ¼ 0.029

Caucasian

Minov et al., 2001 n ¼ 104 (MDD)

Various ADs and ECT

No association Caucasian

Mundo et al., 2001 n ¼ 56 (BD)
Various SSRIs and TCAs

S-allele
(manic and hypomanic episodes

induced by AD)
P < 0.001

Caucasian and
Asian

Ito et al., 2002 n ¼ 54 (MDD)
Fluvoxamine

No association (Stin2) Asian

Rausch et al., 2002 n ¼ 51 (MDD)
Fluoxetine

L-allele
P ¼ 0.001

Caucasian

Yoshida et al., 2002a n ¼ 54 (MDD)

Fluvoxamine

S-allele

P ¼ 0.01

Asian

Yu et al., 2002 n ¼ 121 (MDD)
Fluoxetine

L-allele
P ¼ 0.013

Asian

Arias et al., 2003 n ¼ 131 (MDD)
Citalopram

L-allele
(s-allele more no remission)
P ¼ 0.006

Caucasian

Joyce et al., 2003 n ¼ 169 (MDD)

Fluoxetine or nortriptyline

L-allele

(ss slower response in patients
> 25 years)

P ¼ 0.026

Caucasian

Perlis et al., 2003 n ¼ 36 (MDD)
Fluoxetine

S-allele
P ¼ 0.03

Caucasian

Rousseva et al., 2003 n ¼ 305 (BD)
Various ADs

No association
(manic and hypomanic episodes

induced by ADs)

Caucasian

Durham et al., 2004 n ¼ 206 (MDD geriatric)
Sertraline or placebo

L-allele
(sertraline group)

P ¼ 0.01

Mostly
Caucasian

Lee et al., 2004b n ¼ 128 (MDD)
Various ADs

L-allele
Ss genotype poor

Long-term
(1–3 years) prognosis
P ¼ 0.005

Asian

Murphy et al., 2004 n ¼ 244 (MDD geriatric)

Paroxetine or mirtazapine

L-allele

(paroxetine group)
P ¼ 0.01

Mostly

Caucasian

Peters et al., 2004 n ¼ 96 (MDD)

Fluoxetine

Rs25533

P ¼ 0.037

Mostly

Caucasian
Serretti et al., 2004c n ¼ 221 (MDD þ BP)

Fluvoxamine or paroxetine
L-allele
P ¼ 0.034

Caucasian
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Table 43.2

Continued

Reference Study design Positive association with response Ethnicity

Yoshida et al., 2004 n ¼ 80 (MDD)
Milnacipram

No association
(5-HTTPR and Stin2)

Asian

Kato et al., 2005a n ¼ 81 (MDD)
Paroxetine or fluvoxamine

L-allele
(fluvoxamine group)

P ¼ 0.012

Asian

Kraft et al, 2005 n ¼ 96 (MDD)
Fluoxetine

L-allele if rs25531 ¼ A
S-allele if rs25531 ¼ G

P ¼ 0.03

Mostly
Caucasian

Hong et al., 2006 n ¼ 224 (MDD)
Fluoxetine

L-allele
P < 0.001

No association of Stin2

Asian

Kato et al., 2006 n ¼ 100 (MDD)
Paroxetine or fluvoxamine

L-allele
P ¼ 0.015

Asian

Kim et al., 2006 n ¼ 241 (MDD)

Fluoxetine or sertraline or
nortryptiline

S-allele

(SSRIs and nortriptyline)
P ¼ 0.006–0.003
Stin 12/12 (SSRIs)

P < 0.001

Asian

Smeraldi et al., 2006 n ¼ 228 (BP þ MDD)
Fluovoxamine

16D L-allele
P ¼ 0.047

Caucasian

Masoliver et al., 2006 n ¼ 289 (BD)
Various ADs

S-allele
(manic and hypomanic episodes

induced by ADs)
P ¼ 0.04

NA

Ng et al., 2006 n ¼ 35 (MDD)

Sertraline

No association Caucasian and

Asian
Hu et al., 2007 n ¼ 1755 (MDD) STAR*D

Citalopram
No association Mixed

Kang et al., 2007a n ¼ 101 (MDD)
Mirtazapine

S-allele
P ¼ 0.006

Asian

Kirchheiner et al., 2008 n ¼ 190 (BPþMDD)

Various ADs

No association Caucasian

Kronenberg et al., 2007 n ¼ 74 (MDD þ anxiety in
adolescent)

Citalopram

L-allele
P ¼ 0.04

Jewish

Benedetti et al., 2009 n ¼ 161 (MDD)
Lithium augmentation

S-allele
P ¼ 0.0002

Caucasian

Bozina et al., 2008 n ¼ 130 (MDD)

Paroxetine

L-allele P ¼ 0.0004

Stin 10/10 P ¼ 0.035

Caucasian

Dogan et al., 2008 n ¼ 64 (MDD)
Sertraline

No association
(5-HTTPR and Stin2)

Caucasian

Ferreira et al., 2009 n ¼ 112 (BD)
Various ADs

S-allele
(manic and hypomanic episodes
induced by ADs)

P ¼ 0.017

Caucasian and
Brazilian

Schillani et al., 2008 n ¼ 11 (depressed patients with
advanced cancer)

Sertraline

L-allele
mean P ¼ 0.040

Caucasian

Stamm et al., 2008 n ¼ 50 (MDD)
Lithium augmentation

S-allele
P ¼ 0.003–0.005

Caucasian

Continued
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Table 43.2

Continued

Reference Study design Positive association with response Ethnicity

Capozzo et al., 2009 n ¼ 21 (depressed patients with
advanced cancer)

Citalopram

L-allele
P ¼ 0.03

Caucasian

Gressier et al., 2009 n ¼ 103 (MDD)

Various ADs

L-allele

(female)
P ¼ 0.035

Caucasian

Huezo-Diaz et al., 2009 N ¼ 795 (MDD) GENDEP
Escitalopram and nortriptyline

L-allele
P ¼ 0.045

Caucasian

Maron et al., 2009 n ¼135 (MDD)
Escitalopram

No association Caucasian

Min et al., 2009 n ¼ 577 (MDD)
SSRIs or SNRIs

L-allele
Stin 12 allele

Asian

Mrazek et al., 2009 n ¼ 1755 (MDD) STAR*D
Citalopram

L-allele P ¼ 0.039
Stin 12/12 P ¼ 0.041

Mixed

Wilkie et al., 2009 n ¼ 166 (MDD)

Various ADs

L-allele P ¼ 0.02

Stin 10/10 P ¼ 0.01

Caucasian

Yoshimura et al., 2009 n ¼ 60 (MDD)
Paroxetine

No association Asian

BP, bipolar disorder; MDD, major depressive disorder; ADs, antidepressants; ECT, electroconvulsive therapy; BD, bipolar disorder; SSRIs, se-

lective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants; STAR*D, Treatment Alternatives to Relieve Depression; SNRI, selective

norepinephrine reuptake inhibitors.
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the same genotype response association pattern as in
Caucasians (Yu et al., 2002; Lee et al., 2004b; Kato et al.,
2005a, 2006; Hong et al., 2006; Min et al., 2009) and
others revealing a better response in 5-HTTLPR s-allele
carriers (Kim et al., 2000, 2006; Yoshida et al., 2002a;
Kang et al., 2007a) or no effect of the 5-HTTLPR
(Yoshida et al., 2004; Yoshimura et al., 2009). Most
likely the small sample sizes, different ethnicity, and dif-
ferent definition of responders do not allow one to draw
a definite conclusion on the role of the 5-HTTLPR poly-
morphism. This appears to influence treatment outcome
independently from other predictors, including antide-
pressant dose and SERT affinity (Rausch et al., 2002).

Recent studies suggest that the 5-HTTLPR polymor-
phism may also affect antidepressant tolerability. Thus
in a double-blind trial of elderly outpatient s-allele
carriers treated with paroxetine were characterized by
more severe adverse effects and higher discontinuation
rates compared to l/l homozygotes, while in a subgroup
on mirtazapine the s-allele was associated with a better
tolerability and fewer discontinuations (Murphy et al.,
2004). The association between s-allele and increased
side-effects during treatment with SSRIs was also con-
firmed (Popp et al., 2006; Hu et al., 2007; Smits et al.,
2008). Still the s-allele was shown to identify patients
at risk of developing insomnia and agitation with
fluoxetine treatment (Perlis et al., 2003) and headache
with escitalopram (Maron et al., 2009). However, other
studies reported no association between 5-HTTLPR var-
iants and side-effects occurring with SSRIs (Takahashi
et al., 2002; Kato et al., 2005a, 2006; Ng et al., 2006;
Tanaka et al., 2008). Two studies demonstrated an incre-
ased risk for antidepressant-inducedmaniawith carriage
of the s-allele (Mundo et al., 2001; Masoliver et al., 2006;
Ferreira et al., 2009), but negative findings were also
reported (Rousseva et al., 2003; Serretti et al., 2004b).

Over the last few years new polymorphisms within the
SERT gene have attracted attention as predictors of anti-
depressant response; their interaction with the 5-HTTLPR
has not yet been elucidated. Ogilvie et al. (1996) identified
a different variable number tandem repeat (VNTR) poly-
morphism in the second intron of the SERT gene (Stin2)
which was related to susceptibility to major depression
(Gutierrez et al., 1998). Some authors reported associa-
tion of Stin2 with antidepressant response (Peters et al.,
2004; Min et al., 2009; Mrazek et al., 2009), whilst others
did not replicate this finding (Ito et al., 2002;Maron et al.,
2009). Stin2 10 allele has been found to be associated with
increased side-effects (Popp et al., 2006), but this finding
has not been replicated (Smits et al., 2008). A single nu-
cleotide polymorphism (rs25531 SNP), located just up-
stream of the 5-HTTLPR, revealed a significant
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influence on antidepressant response to fluoxetine and,
intriguingly, a moderation effect on 5-HTTLPR alleles.
In the presence of the G-allele of this SNP, the l-allele
of the 5-HTTLPR is associated with nonresponse, as is
the s-allele, where it is expressed together with the
A-allele of the rs25531 SNP (Kraft et al., 2005).

NOREPINEPHRINE TRANSPORTER

Some reports have investigated the association between
polymorphisms of NET gene and antidepressant re-
sponse (Table 43.3). One study determined whether
NET gene variants could affect the response to milnaci-
pram (Yoshida et al., 2004). Significant associations
were reported with the T-128 C (T-allele predicting a bet-
ter response) and A1287G polymorphisms (slower onset
of response in A/A genotype carriers). A better response
has consistently been reported with G/G genotype
(NET A1287G) and nortriptyline, but not with SSRIs
(Kim et al., 2006). Nevertheless associations between
NET polymorphisms and response have not been re-
cently replicated (Min et al., 2009). From a genomewide
association study (GWAS), rs36029 and rs1532701
showed nominally significant associations with response
to nortriptyline but neither of them survived correction
for gene-wide or hypothesis-wide (Uher et al., 2009).

Monoamine oxidase A

Monoamine A (MAO-A) is a major degrading enzyme
in the metabolic pathways of monoamine neurotrans-
mitters (norepinephrine, dopamine, serotonin). The gene
encoding MAO-A – on chromosome Xp11.23 (Sabol
et al., 1998) – is supposed to influence the mechanism
of action of SSRIs through an interaction with SERT
(Maes and Meltzer, 1995). A polymorphism located

PHARMACOGENETICS OF ANTIDEP
Table 43.3

Norepinephrine transporter gene polymorphisms and antidepr

Polymorphisms Reference Study design

G1287A Yoshida et al., 2004 n¼ 96 (MDD)
Milnacipram

Kim et al., 2006 N ¼ 241 (MDD)
Fluoxetine or sert
or nortriptyline

Min et al., 2009 n ¼ 577 (MDD)

SSRIs or SNRIs
Others Uher et al., 2009 n ¼ 760 (MDD)

Escitalopram and

nortriptyline

MDD, major depressive disorder; SSRIs, selective serotonin reuptake inh
1.2 kb upstream of the MAO-A coding sequences
(VNTR) was reported to affect the transcription of
the MAO-A promoter (Sabol et al., 1998). Its influence
on antidepressant treatment efficacy was investigated in
several studies. Despite early negative results (Muller
et al., 2000; Cusin et al., 2002; Yoshida et al., 2002b;
Peters et al., 2004), in a sample of Chinese inpatients
with major depressive disorder (MDD) the 3-repeat var-
iant of the MAO-A VNTR was positively associated
with antidepressant treatment outcome in females
(Yu et al., 2005). In another Asian sample the long-
form polymorphism showed less reduction from base-
line than the short-form (Tzeng et al., 2009). Similarly,
in a Caucasian sample the longer MAO-A VNTR alleles
(3a, 4, 5) were found to confer a risk of slower and less
efficient overall response in females (Domschke et al.,
2008). Significant associations have also been reported
in other SNPs of MAO-A (Peters et al., 2004; Tadic
et al., 2007), as well as in placebo response (Leuchter
et al., 2009).

Catechol-O-methyltransferase (COMT)

COMT is involved in the catabolic pathways of norepi-
nephrine and dopamine. Moreover this enzyme can indi-
rectly affect brain 5-HT given reciprocal interactions
between dopamine and serotonin. Lachman and collab-
orators (1996) reported a functional polymorphism con-
sisting of a transition from guanine to adenine at codon
158, leading a substitution of Val to Met in MB-COMT
(and in position 108 in S-COMT). It has been shown that
the Met allele results in a three- to fourfold lower enzy-
matic activity than the Val allele (Weinshilboum et al.,
1999; Mannisto and Kaakkola, 2005). Two studies
reported that patients with Met-Met homozygosity are
less likely to respond to mirtazapine (Szegedi et al.,
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essant response

Results

Better response with T-allele (NET T-182 C)
Slower onset of response with A/A genotype (NET
G1287A)

raline
Better response with G/G genotype (NET G1287A)
and nortriptyline. NET polymorphism not
associated with an SSRIs response

No association

(T182C) (G1287A)
rs36029 and rs1532701 associated with response to
nortriptyline (did not survive correction for

gene-wide or hypothesis-wide)

ibitors; SNRIs, selective norepinephrine reuptake inhibitors.
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2005) and citalopram (Arias et al., 2006). Nevertheless,
Yoshida and colleagues (2008) demonstrated a faster
therapeutic effect to milnacipram in Met/Met genotype
carriers in an Asian sample, and a better response with
Met/Met genotype was also found in a Caucasian sam-
ple (Baune et al., 2008a). These findings were replicated
in Asian patients, even with an isolated effect of the
COMT genotype in males (Tsai et al., 2009a), as well
as in Caucasian patients (Benedetti et al., 2009). As
for SNPs of MAO-A, significant associations have also
been reported in placebo response (Leuchter et al.,
2009). Other SNPs associated with antidepressant re-
sponse have been recently described but no replications
have been produced (Perlis et al., 2009). Results of
monoamine catabolism genes (MAO-A and COMT)
polymorphisms and antidepressant response are shown
in Table 43.4.
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Beta1-adrenoceptor

These receptors serve as important regulators of central
nervous system-mediated behavior and of several neural
functions, including mood, memory, neuroendocrine
control, and stimulation of autonomic function and
are involved in the mediation of antidepressant effects
(Crissman et al., 2001). This may also explain why beta-
blocker medications are associated with side-effects
such as depression and lethargy (Kirigiti et al., 2000).

Beta1-adrenergic receptor gene ADRB1 was mapped
on 10q24-q26 (Yang-Feng et al., 1990). A polymorphism
in the intracellular cytoplasm tail, consisting of a G/C
transversion at position 1165 of the ADRB1 gene, was
shown to alter the receptor–Gs protein interaction, with
functional consequences on signal transduction (Mason
et al., 1999). This polymorphism was also found to af-
fect response to “noradrenergic” antidepressant agents,
even if the finding was only marginally significant (Zill
et al., 2002) and not subsequently replicated in a large
sample (Crowley et al., 2008) (Table 43.5).
Dopamine receptors

Dopamine-containing neurons are located primarily in
the midbrain and a number of experimental observations
suggested that a decreased dopaminergic neurotransmis-
sion might be associated with depression. Moreover, an
interaction between the serotonergic and dopaminergic
systems in the nucleus accumbens has been established,
since motivation and hedonia have been associated with
dopamine release in the nucleus accumbens (Zangen
et al., 2001). In spite of these data suggesting a pathoge-
netic role for the dopamine system in depressive disor-
ders, no significant association of DRD2 and DRD4
variants with SSRIs efficacy was observed in a large
sample (n ¼ 364) of depressed inpatients collected in
our center in Milan (Serretti et al., 2001b).

5-HT1A receptor

These receptors are located on cortical and limbic neu-
rons, at both postsynaptic and presynaptic level, where
they act as autoreceptors, preventing the further release
of 5-HT with a negative feedback. Pindolol is thought to
accelerate the onset of antidepressant action by blocking
5-HT1A autoreceptors (Perez et al., 1997). An SNP in the
promoter region of the 5-HT1A gene (G to C substitution
at position�1019 (Wu and Comings, 1999)) was associ-
ated with the diagnosis of major depression in a case–
control study (Lemonde et al., 2003) and, more recently,
with antidepressant treatment outcome (Table 43.6).
Since 2004, independent studies reported either a better
response to SSRIs drugs in 5-HT1A�1019 C/C homozy-
gotes (Hong et al., 2006; Kato et al., 2009) or a worse
response in G-allele carriers (Lemonde et al., 2004;
Serretti et al., 2004a; Arias et al., 2005; Parsey et al.,
2006), though not confirmed in other studies
(Peters et al., 2004; Levin et al., 2007; Illi et al., 2009)
or restricted solely to the female gender in another
one (Yu et al., 2006).

Baune and colleagues (2008b) found otherwise a bet-
ter outcome in G-carriers with melancholic depression.
A different Gly272Asp polymorphism was explored in
Japanese MDD outpatients treated with fluvoxamine.
Asp allele carriers showed a more marked reduction
in depressive symptomatology compared to Gly/Gly ho-
mozygotes (Suzuki et al., 2004). This finding was not
confirmed by subsequent studies (Yu et al., 2006; Levin
et al., 2007). Finally a recent study reported several other
polymorphisms within this gene associated with
better response as rs10042486C/C and rs1364043T/T
(Kato et al., 2009).

5-HT2A receptors

The activation of 5-HT2A receptors in medial prefrontal
cortex and anterior cingulate cortex is thought to medi-
ate the hallucinogenic properties of LSD, whereas in
amygdala the 5-HT2A receptor activation is a compo-
nent of antidepressant response. The 5-HT2A receptors
may mediate some of the antidepressant effects
seen in experimental animal models of depression
(Skrebuhhova et al., 1999). An antidepressant drug such
as nefazodone was found to (partially) exert its thera-
peutic effect via a 5-HT2A receptor antagonism
(Hemrick-Luecke et al., 1994). The gene coding for 5-
HT2A receptor was mapped to chromosome 13q14-q21
(Campbell et al., 1997). A T to C substitution at position
102 was implicated in antidepressant response (Minov
et al., 2001), even though the finding could not be



Table 43.4

Monoamine catabolism genes polymorphisms and antidepressant response

Polymorphisms Reference Study design Results

MAO-A Cusin et al., 2002 n ¼ 443 (BP þ MDD)
Fluvoxamine or
paroxetine

No association (VNTR)

(VNTR, 941 T/G
and others)

Muller et al., 2002 n ¼ 62 (MDD)
Moclobemide

No association (VNTR)

Yoshida et al.,
2002a

n ¼ 54 (MDD)
Fluvoxamine

No association (VNTR)

Peters et al., 2004 n ¼ 96 (MDD)
Fluoxetine

rs1465108G/A and rs6323A/C
associated with response

Yu et al., 2005 n ¼ 230 (MDD)

Fluoxetine

Better response with 3-repeat variant

(female)
(VNTR)

Tadic et al., 2007 n ¼ 102 (MDD)

Mirtazapine or
paroxetine

T/T showed better response to

mirtazapine than G-allele in female
group (941 T/G)

Domschke et al.,

2008

n ¼ 268 (MDD) þ 72

(BD)
Various ADs

The longer MAO-A alleles (3a, 4, 5)

conferred a risk of slower and less
efficient overall response (female)

(VNTR)
Leuchter et al., 2009 n ¼ 84 (MDD)

Active medication and
placebo

G/G associated with a significantly lower

magnitude of placebo response than
those with other genotypes

(rs6323 G/T)

Tzeng et al., 2009 n ¼ 48 (MDD)
Mirtazapine

Long-form polymorphism had less
reduction from baseline than patients
with the short form

(VNTR)
COMT
(Val-Met)

Szegedi et al., 2005 n ¼ 102 (MDD)
Mirtazapine or
paroxetine

Better response with Val-allele
(mirtazapine group)

Arias et al., 2006 n ¼ 346 (MDD)
SSRIs

Worse response with Met/Met genotype
(citalopram group)

Yoshida et al., 2008 n ¼ 81 (MDD)

Milnacipram

Faster response with Met/Met genotype

Baune et al., 2008a n ¼ 256 (MDD)
Various drugs

Better response with Met/Met genotype

Benedetti et al.,
2009

n ¼ 55 (MDD)
Paroxetine

Better response in Met/Met
homozygotes

Leuchter et al., 2009 n ¼ 84 (MDD)

Fluoxetine,
venlafaxine,
sertraline, or placebo

2 Met-allele showed a trend toward a

lower placebo response

Tsai et al., 2009a n ¼ 334 (MDD)

Various ADs

Association of Met allele with favorable

response in male patients only
COMT
(rs165599),

(rs165774),
(rs174696)

Perlis et al., 2009 n ¼ 250 (MDD)
Duloxetine

rs165599GG, rs165774GG, rs174696CC
better response

MAO, monoamine oxidase; BP, bipolar; MDD, major depressive disorder; BD, bipolar disorder; ADs, antidepressants; SSRIs, selective serotonin

reuptake inhibitors.
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Table 43.6

Serotonin receptor 1A gene polymorphisms and antidepressant response

Polymorphisms Reference Study design Results

5-HT1A (C1019G) Lemonde et al., 2004 n ¼ 118 (MDD)
AD þ pindolol vs flibanserin

Worse response with G/G genotype

Serretti et al., 2004a n ¼ 262 (MDD þ BP)
Fluvoxamine

Worse response with G-allele (BP)

Peters et al., 2004 n ¼ 96 (MDD)

Fluoxetine

No association

Arias et al., 2005 n ¼ 130 (MDD)
Citalopram

Worse response with G/G genotype
worse response

Hong et al., 2006 n ¼ 224 (MDD)
Fluoxetine

Better response with C/C genotype

Parsey et al., 2006 n ¼ 22 (MDD)
Various ADs and ECT

Better outcome after 1 year with C-
allele

Yu et al., 2006 n ¼ 222 (MDD)
Fluoxetine

Better response in female patients
with C/C genotype

Levin et al., 2007 n ¼ 130 (MDD)

Not defined SSRIs

No association

Baune et al., 2008b n ¼ 335 (MDD þ BP)
Various drugs

Better outcome in G-carriers with
melancholic depression

Illi et al., 2009 n ¼ 86 (MDD), 395 healthy
Fluoxetine, paroxetine, or citalopram

No association

Kato et al., 2009 citalopram n ¼ 137 (MDD)
Fluvoxamine, paroxetine, and

milnacipram

Better response in G-carriers

5-HT1A
(272Asp/Gly)

Suzuki et al., 2004 n ¼ 65 (MDD)
Fluvoxamine

Better response with Asp-allele

Yu et al., 2006 n ¼ 222 (MDD)
Fluoxetine

No association

Levin et al., 2007 n ¼ 130 (MDD)

Not defined SSRIs

No association

MDD, major depressive disorder; ADs, antidepressant; BP, bipolar; ECT, electroconvulsive therapy; SSRIs, selective serotonin reuptake inhibitors.

Table 43.5

Beta1-adrenergic receptor gene polymorphisms and antidepressant response

Polymorphisms Reference Study design Results

ADRB1 (G1165C) Zill et al., 2003 n ¼ 259 (MDD)
Various ADs

C/C genotype:
marginal association with

faster and better response

Crowley et al., 2008 n ¼ 873 (MDD) (STAR*D)
Citalopram

No association

MDD, major depressive disorder; ADs, antidepressants; STAR*D, Treatment Alternatives to Relieve Depression.
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replicated in other independent samples (Cusin et al.,
2002; Peters et al., 2004; Hong et al., 2006; Illi et al.,
2009) (Table 43.7). In addition more side-effects were
reported in patients with the 5-HT2A-102 C/C genotype
(Murphy et al., 2003; Wilkie et al., 2009) but another
study did not confirm this association of genotype with
tolerability (with respect to nausea) (Tanaka et al., 2008).

Another polymorphism in the promoter region of the
5-HT2A gene (�1438 G/A SNP) was independently
explored: two studies (Choi et al., 2005; Kato et al.,



Table 43.7

Serotonin receptor 2A gene polymorphisms and antidepressant treatment response

Polymorphisms Reference Study design Results

5-HT2A (T102C) Minov et al., 2001 n ¼ 173 (MDD)
Various ADs

Better response with C-allele

Cusin et al., 2002 n ¼ 443 (MDD þ BP)

Fluvoxamine or paroxetine

No association

Peters et al., 2004 n ¼ 96 (MDD)
Fluoxetine

No association

Hong et al, 2006 n ¼ 224 (MDD)

Fluoxetine

No association

Illi et al., 2009 n ¼ 86 (MDD), 395 healthy
Fluoxetine, paroxetine, or

citalopram

No association

5-HT2A (C-1420 T) Cusin et al., 2002 n ¼ 443 (MDD þ BP)
Fluvoxamine or paroxetine

T/T genotype: marginal association with
worse response

5-HT2A (�1438A/G) Sato et al., 2002 n ¼ 55 (MDD)
Fluvoxamine

No association

Peters et al., 2004 n ¼ 96 (MDD)

Fluoxetine

No association

Yoshida et al., 2004 n ¼ 96 (MDD)
Minalcipram

No association

Choi et al., 2005 n ¼ 71 (MDD)

Citalopram

Better response with G-allele

Kato et al., 2006 n ¼ 100 (MDD)
Paroxetine and fluvoxamine

Better response with G-allele
(fluvoxamine)

5-HT2A (rs1923882)
(rs6314)(rs3125)

Peters et al., 2004 n ¼ 96 (MDD)
Fluoxetine

rs1923882, rs6314, rs3125 associated with
response

Peters et al., 2009 n ¼ 96 þ 1914 (MDD)

(STAR*D)
Fluoxetine and citalopram

No confirmation of previous association

of rs1923882, rs6314, and rs3125

Wilkie et al., 2009 n ¼ 163 (MDD)
Various ADs

rs6314C/T associated with response and
remission

5-HT2A (rs1923884)
(rs7997012)

McMahon et al., 2006 n ¼ 1953 (MDD) (STAR*D)
Citalopram

rs7997012 A-allele associated with
response

Horstmann et al., 2008 n ¼ 300 (MDD) (MARS)

Various drugs

rs7997012 G-allele associated with

response
Illi et al., 2009 n ¼ 86 (MDD) 395 healthy

Fluoxetine, paroxetine, or

citalopram

No association

Perlis et al., 2009 n ¼ 250 (MDD)
Duloxetine

rs7997012 not associated with response.
Association of rs1923884

Peters et al., 2009 n ¼ 96 þ 1914 (MDD)
(STAR*D)

Fluoxetine and citalopram

Association of rs1923884 and rs7997012
in remitter and responder

MDD, major depressive disorder; ADs, antidepressant; BP, bipolar; STAR*D, Treatment Alternatives to Relieve Depression.
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2006) demonstrated a better response with G-allele, in
particular a greater improvement of “core” depressive
symptomatology and somatic anxiety (Choi et al.,
2005), whilst others did not find any association (Sato
et al., 2002; Peters et al., 2004; Yoshida et al., 2004;
Suzuki et al., 2006; Illi et al., 2009). More sexual dys-
function has been described during treatment with var-
ious SSRIs in 5-HT2A-1438 G/G genotype carriers
(Bishop et al., 2006), as well as more gastrointestinal
side-effects (Kato et al., 2006; Suzuki et al., 2006),
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but another study (Yoshida et al., 2003) did not confirm
this last finding. Finally the T/T variant of the 5-HT2A -
C1420T SNP revealed a marginal association with a
worse response to SSRIs treatment (Cusin et al.,
2002). Several other variants were also found to predict
response to antidepressants (Peters et al., 2004, 2009;
McMahon et al., 2006; Horstmann et al., 2008; Perlis
et al., 2009; Uher et al., 2009; Wilkie et al., 2009)
(Table 43.7).
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5-HT6 receptor

5-HT6 receptor is a G protein-coupled receptor that
stimulates adenylyl cyclase. In the rat it shows high
affinity for antidepressants such as mianserin and
clomipramine (Boess et al., 1997). 5-HT6 receptor an-
tagonists seem to improve retention performance in ex-
perimental animals, and this has implicated a role for 5-
HT6 in cognition enhancement (Meneses, 2001; Rogers
and Hagan, 2001). Kohen et al. (1996) reported a silent
polymorphism consisting of a thymidine to cytosine
substitution at position 267 (TC 267) within the first
exon of the 5-HT6 receptor gene. This SNP was inves-
tigated for association with antidepressant response in
four studies (Table 43.8). The first one, 34 MDD
patients receiving various antidepressants, yielded neg-
ative results (Wu et al., 2001). More recently, in a study
involving a larger MDD sample (n ¼ 71), 5-HT6 recep-
tor CT heterozygotes were found to have a better
response to antidepressant treatment than homozygotes
(CC þ TT genotypes) (Lee et al., 2005). One recent
study did not replicate this finding (Wilkie et al.,
2009), whilst another did not find an association be-
tween another SNP (rs1805054) and response
(Illi et al., 2009).
Table 43.8

5-HT6 receptor polymorphism and antidepressant response

Polymorphisms Reference Study design

5-HT6 (C267T) Wu et al., 2001 n ¼ 34 (MD
Various AD

Lee et al., 2005 n ¼ 91 (MD
Various Ads

Wilkie et al., 2009 n ¼ 163 (MD

Various AD
Illi et al., 2009 n ¼ 86 (MD

Fluoxetine, p

or citalopr

MDD, major depressive disorder; ADs, antidepressant.
Intracellular signal transduction pathways

G PROTEIN BETA-3 SUBUNIT

G proteins are key components of intracellular signal
transduction in all cells of the body, including neurons.
Inactive G proteins are trimers coupled with receptors
on the cell membrane. The active form is a GTP-bound
alpha monomer resulting from the dissociation of a
beta–gamma dimer (Neer, 1995). Chronic treatment with
fluoxetine was shown to attenuate GTP binding to
gamma subunit in the dorsal raphe nucleus of rats, thus
inducing desensitization of 5-HT1A receptors (Elena
Castro et al., 2003). The beta subunit is divided into three
subtypes. The gene encoding beta3 subunit (GNB3) is
located at human chromosome 12p13, in a region that
harbors other five genes (Ansari-Lari et al., 1996). Its se-
quence spans 7.5 kb and includes 11 exons and 10 in-
trons. A polymorphism in GNB3 exon 10 (C825T SNP)
has been shown to modulate signal transduction and
ion transport activity (Siffert et al., 1998). GNB3
825 T variant is associated with the occurrence of the
splice variant Gbeta3s, which, despite a deletion of 41
amino acids, is functionally active in reconstituted sys-
tems. To date five independent studies have demon-
strated a better antidepressant response in patients
with one or two copies of the Gbeta3 T-allele (Zill
et al., 2000; Joyce et al., 2003; Serretti et al., 2003b;
Lee et al., 2004a; Wilkie et al., 2007), results not repli-
cated in several Asian samples (Hong et al., 2006; Kang
et al., 2007b; Kato et al., 2008) (Table 43.9).

Stress hormone system

Stressful or traumatic events occurring in early life
significantly increase the risk for depression in
adulthood (Nemeroff and Vale, 2005). To underscore
Results

D)
s

No association

D) Better response in CT heterozygotes

D)

s

No association

D), 395 healthy
aroxetine,

am

No association



Table 43.9

G protein b3 subunit gene polymorphism and antidepressant response

Polymorphisms Reference Study design Results

C825T Zill et al., 2000 n ¼ 88 (MDD þ BP)
Various ADs

Better response with T/T genotype

Joyce et al., 2003 n ¼ 169 (MDD)

Fluoxetine or nortriptyline

Worse response to nortriptyline with

T-allele (<25-year group)
Serretti et al., 2003b n ¼ 490 (MDD þ BP)

Fluvoxamine or paroxetine
Better response with T/T genotype

Lee et al., 2004a n ¼ 106 (MDD)

Various ADs

Severe depression and better response

with T-allele
Hong et al., 2006 n ¼ 224 (MDD)

Fluoxetine
No association

Kang et al., 2007b n ¼ 101 (MDD)
Mirtazapine

No association

Wilkie et al., 2007 n ¼ 163 (MDD)

Various ADs

C allele showed better response

Kato et al., 2008 n ¼ 146 (MDD)
Paroxetine and

fluvoxamine

No association

MDD, major depressive disorder; BP, bipolar; ADs, antidepressant.
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the relationship between stress response and depressive
disorder, genes coding for components of the stress
hormone system have so far been associated with anti-
depressant treatment outcome (Table 43.10).

CRH RECEPTOR 1

A number of animal studies have displayed the antide-
pressant properties of CHR receptor 1 antagonists
(Seymour et al., 2003; Overstreet and Griebel, 2004).
A three-SNP haplotype within the corticotropin-
releasing hormone receptor 1 (CRHR1) could be associ-
ated with response to desipramine or fluoxetine in a
sample of Mexican Americans (Licinio et al., 2004), a
finding that was replicated in an Asian sample (Liu
et al., 2007). Other SNPs did not prove to be associated
with treatment outcome (Papiol et al., 2007).
GLUCORTICOID RECEPTOR GENE

A functional polymorphism of the glucorticoid receptor
(GR) gene (ER22/23EK) was associated with a faster
clinical response (van Rossum et al., 2006) but this find-
ing was not replicated in other studies (Brouwer et al.,
2006). Moreover, an SNP (rs1360780) within the gene
encoding the hsp90 co-chaperone FKBP5 (a part of
the mature GR heterocomplex that regulates GR sensi-
tivity) was shown to be associated with increased recur-
rence of illness and faster response (Binder et al., 2004).
Subsequent studies did not replicate this finding (Papiol
et al., 2007; Tsai et al., 2007) and found other SNPs
within this gene to be associated with treatment outcome
(Kirchheiner et al., 2008; Lekman et al., 2008).
Angiotensin-converting enzyme (ACE)
substance P system

ANGIOTENSIN-CONVERTING ENZYME

There is increasing evidence pointing to the involvement
of the substance P system in the pathophysiology of de-
pression. NK1 receptor antagonists have shownpreclinical
activity in several paradigms of anxiety and depression
(Gentsch et al., 2002; Czeh et al., 2005). Mutant mice
lacking the NK1 receptor gene have an increased firing
rate of dorsal raphe serotonergic neurons, an effect that
can also be seen after the administration of substance P
antagonists (Arranz Estevez, 2005). When given chroni-
cally, NK1 antagonists promote an enhancement of sero-
tonergic transmission in the hippocampus that seems to be
mediated by interaction with other neurotransmission
systems (Guiard et al., 2006). The clinical efficacy of such
drugs has also been demonstrated among patients
with major depression, although the results have been in-
conclusive (Kramer et al., 2004). In the central nervous
system substance P is colocalized with ACE, which is
thought to participate in its degradation. An intronic
insertion (I)/deletion (D) polymorphism determines



Table 43.10

Hypothalamic–pituitary–adrenal axis gene polymorphisms and antidepressant response

Polymorphisms Reference Study design Results

CRHR1 Licinio et al, 2004 n ¼ 80 (MDD)
Fluoxetine or desipramine

Better response with GAG haplotype of
rs1876828, rs242939, rs242941

Liu et al., 2007 n ¼ 127 (MDD)

Fluoxetine

rs242941GG better response; better

response GAG haplotype of
rs1876828, rs242939, rs242941

Papiol et al., 2007 n ¼ 159 (MDD)
Citalopram

No association

CRHR2 Papiol et al., 2007 n ¼ 159 (MDD)
Citalopram

Better outcome with rs2270007CC
genotype

FKBP5 (8 SNPs) Binder et al., 2004 n¼ 294þ 85 (BPþMDD)

Various drugs

Association with recurrence and AD

response
(rs1360780 TT)

Papiol et al., 2007 n ¼ 159 (MDD)

Citalopram

No association

(rs1360780)
Tsai et al., 2007 n ¼ 125 (MDD þ

dysthymic)

Fluoxetine

No association
(rs1360780)

Kirchheiner et al., 2008 n ¼ 179 (MDD)
Various ADs

rs3800373 C and rs1360780 T associated
with response

(venlafaxine and drug combination)

Lekman et al., 2008 n ¼ 1523 (MDD)
Citalopram

rs4713916A associated with remission

Perlis et al., 2009 n ¼ 250 (MDD)

Duloxetine

No association

Uher et al., 2009 n ¼ 760 (MDD)
Escitalopram and

nortriptyline

No association

MDD, major depressive disorder; BP, bipolar; ADs, antidepressant.
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functional variants of the ACE gene with a secondary
impact on substance P levels and antidepressant activity
(Table 43.11). Indeed, the D-allele, which determines
higher ACE plasma levels (Rigat et al., 1990), was associ-
ated with higher substance P levels (Arinami et al., 1996)
and a faster response to antidepressant treatments
(Baghai et al., 2001), including total sleep deprivation
(Baghai et al., 2003), particularly among females
(Baghai et al., 2004). This finding was replicated in one
study (Bondy et al., 2005), but not in another (Hong
et al., 2002). Interestingly, this polymorphism also influ-
ences hypothalamic–pituitary–adrenal (HPA) axis reac-
tivity in depressed patients, with patients carrying the
D/D genotype having the highest cortisol response in
the Dex-CRH test administered at admission (Baghai
et al., 2002). More recently another component of the
ACE substance P system, the angiotensin II receptor gene
(ATI), was added to outcome predictors in major depres-
sion (Bondy et al., 2005).
Proinflammatory cytokines

INTERLEUKIN 1-BETA

Interleukin-1 (IL-1), produced mainly by blood mono-
cytes, mediates the host reactions of acute-phase re-
sponse. In female rats IL-1 may induce a behavioral
complex called sickness behavior, characterized by
locomotor retardation, sleep disorders, soporific
effects, anorexia, weight loss, hyperalgesia, decreased
social exploration, and inhibition of sexual behavior
(Dantzer et al., 1998). This animal behavior, which re-
sembles human depression, can be inhibited by chronic
antidepressant treatment (Dunn et al., 2005). Increased
production of IL-1 has been reported in patients with
major depression and dysthymia (Anisman et al., 1999,
2002). IL-1, like other cytokines, may cause hyperactiv-
ity of the HPA axis and reduction in 5-HT levels, which
ultimately result in the onset of depression (Dunn et al.,
2005). The association of a biallelic polymorphism



Table 43.11

Angiotensin-converting enzyme (ACE) gene polymorphisms and antidepressant response

Polymorphisms Reference Study design Results

ACE (I/D) Baghai et al., 2001 n ¼ 99 (MDD)
Various ADs, ECT, and rTMS

Better response with D-allele

Hong et al., 2002 n ¼ 58 (MDD)

Venlafaxine or fluoxetine

No association

Baghai et al., 2003 n ¼ 56 (MDD)
Partial sleep deprivation (PSD)

Less relapse after PSD with D-allele

Baghai et al., 2004 n ¼ 313 (MDD þ BP)

Various ADs

Better response with D-allele in female

ACE (I/D) þ AT1
(A1166C)

Bondy et al., 2005 n ¼ 273 (MDD)
Various ADs

Better response with D-allele (ACE) and
C/C genotype (AT1)

MDD, major depressive disorder; ADs, antidepressant; ECT, electroconvulsive therapy; PSD, partial sleep deprivation; rTMS, repetitive transcra-

nial magnetic stimulation; BP, bipolar disorder.
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(�511 C/T SNP) located in the promoter region of the
IL-1beta gene to fluoxetine response was studied
in 119 depressed patients who underwent a 4-week
treatment with fluoxetine. Trial results showed a trend
towards T/T homozygotes having milder depressive
symptoms and a more favorable fluoxetine response
compared to C-allele carriers (Yu et al., 2003).
Endogenous clock system

CIRCADIAN LOCOMOTOR OUTPUT CYCLES KAPUT

(CLOCK)

The endogenous control of circadian rhythms is under
the control of a central pacemaker localized in the
suprachiasmatic nucleus of the anterior hypothalamus.
Several genes are thought to interact in rhythm control
and they are called “clock” after their function of reg-
ulation of timing in biological functions (Reppert and
Weaver, 2001). In particular the circadian locomotor
output cycles kaput (CLOCK) gene was identified in
Table 43.12

CLOCK gene polymorphism and antidepressant response

Polymorphisms Reference Study design

CLOCK
(3111 T/C)

Serretti et al., 2005 n ¼ 178 (MDD þ BP)
Fluvoxamine or paroxet

Kishi et al., 2009 n ¼ 121 (MDD)
Fluvoxamine

MDD, major depressive disorder; BP, bipolar.
mice (King et al., 1997) and in humans (Steeves
et al., 1999). The mRNA of human CLOCK gene has
been found in the suprachiasmatic nucleus, hippocam-
pus, piriform cortex, and cerebellum (Steeves et al.,
1999), all areas involved in biological rhythms.
One polymorphism, named 3111 T/C and located in
the 30 flanking region, has been shown to affect mRNA
stability and half-life (Mignone et al., 2002). The C al-
lele has been associated with significantly higher “even-
ingness” in healthy subjects and with a delay in
preferred timing for activity or sleep episodes, with
no changes in sleep architecture (Katzenberg et al.,
1998). In mood disorders the same C variant was asso-
ciated with higher recurrence rates in bipolar patients
(Benedetti et al., 2003), increased lifetime sleep distur-
bances (Serretti et al., 2003a), and persistence of
insomnia during antidepressant treatment (Serretti
et al., 2005). Recently a significant association between
rs3736544 (T allele) and response and between
rs3749474 (C allele) and remission has been found
(Kishi et al., 2009) (Table 43.12).
Results

ine
Persistence of insomnia with C/C genotype

Association between rs3736544 (T allele) and response
and between rs3749474 (C allele) and remission
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PHARMACOGENETICSOF
ANTIDEPRESSANT DRUGS:

PHARMACOKINETICASPECTS

Cytochrome P450 enzyme complex

The cytochrome P450 (CYP) superfamily exists in over
50 isoenzymes that catalyze the oxidation of many drugs
and chemicals. In humans seven isoforms – CYP1A,
CYP2A6, CYP2B6, CYP2C, CYP2D6, CYP2E1, and
CYP3A enzymes – account for approximately 70% of
the liver cytochromes. CYP2D6 has been implicated in
the metabolism of most antidepressant drugs (Lin and
Lu, 1998). So far, up to 75 different alleles have been
reported for CYP2D6; more than 15 of these encode
an inactive or no enzyme at all, while others consist
of gene duplications (Bertilsson et al., 2002). Such
gene variants have shown a clear influence on drug
metabolism – individuals are classified as poor (PM), in-
termediate (IM), extensive (EM), and ultrarapid (UM)
metabolizers according to their inherited genetic profile
(Nebert and Dieter, 2002); however, their effect on an-
tidepressant response and tolerability is less consistent
and still under investigation.

A direct correlation was observed between the num-
ber of functional CYP2D6 gene copies and plasma
levels of some TCAs such as nortriptyline (Dalen
et al., 1998). From these pharmachokinetic studies it
has been extrapolated that starting doses of nortripty-
line are probably enough to reach therapeutic plasma
levels in subjects with no or only one functional copy
of the CYP2D6 gene, among whom higher doses might
increase toxicity. On the contrary, high-normal doses
of the drug may be required for patients with two to
four copies (Bertilsson et al., 2002). Dose adjustments
according to CYP2D6 genotype have been proposed
for TCAs in view of their small therapeutic “windows”
(Kirchheiner et al., 2001).

Like TCAs, CYP2D6 variants have been shown to
modify the plasma concentrations of the SSRIs paroxe-
tine (Ozdemir et al., 1999) and the selective norepineph-
rine reuptake inhibitor venlafaxine (Veefkind et al.,
2000). For the latter a relationship between PM status
and the increased occurrence of cardiovascular side-
effects or toxicity has been reported. In contrast, no rela-
tionship between CYP2D6 genotype, tolerability, and ef-
ficacy was observed in a sample of geriatric inpatients on
paroxetine (Murphy et al., 2003). So, even if dose recom-
mendations based on CYP2D6 genotypes have been put
forward for SSRIs too, the relevance of such dose adjust-
ments is questionable given their flat dose–response curve
(Brosen and Naranjo, 2001). The impact of CYP2D6 var-
iants might be greater for SSRIsþ TCAs combined treat-
ments. Indeed, co-administration of paroxetine and
desipramine in EMwho had at least two functional copies
of the CYP2D6 gene was found to result in a fivefold de-
crease in desipramine clearance (Brosen et al., 1993).
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P-glycoprotein

P-glycoprotein is a member of the highly conserved super-
familyofATP-bindingcassette (ABC) transporterproteins.
It acts as a pump that, in view of its localization – liver,
kidney, and small capillaries of the blood–brain barrier
(Thiebaut et al., 1987) – appears to regulate the clearance
of xenobiotics and access to the brain for psychotropic
drugs (Schinkel et al., 1996). The gene encoding P-
glycoprotein – formerlyMDR1, now ABCB1 – is localized
to chromosome 16. An intronicABCB1 polymorphismwas
found to be associated with remission to antidepressant
therapy but not with drug plasma levels (Uhr, 2005). It is
therefore likely that ABCB1 variants influence antidepres-
sant response by affecting the transport of drugs across the
blood–brain barrier, with a mechanism that does not imply
modification of drug plasma concentration.
PHARMACOGENETICSOFMOOD-
STABILIZINGDRUGS

Compared to the extensive literature about antidepres-
sants, the pharmacogenetics of mood-stabilizing drugs
is still in its infancy. It has so far produced relatively
few studies that almost exclusively deal with lithium
treatment. Lithium prophylactic efficacy is well
known, but in clinical samples the effects of lithium
range from complete prevention of affective episodes
to no influence at all (Goodwin and Jamison, 1990; Maj,
2000, 2003). Clinical predictors account for <50% of
the prophylactic efficacy of lithium (Abou-Saleh and
Coppen, 1990; O’Connell et al., 1991; Maj, 1992;
Abou-Saleh, 1993) and it is probable that genetic fac-
tors play a substantial role. A positive family history
of bipolar illness has repeatedly been associated with
a better outcome and lithium responders proved to
have a higher genetic loading than did nonresponders
(Mendlewicz et al., 1972, 1973; Morabito et al., 1982;
Grof et al., 1994). In light of this evidence, lithium
response has been proposed (Smeraldi et al., 1984a, b)
and used as a tool to select homogeneous samples for
association studies with genetic markers (Cavazzoni
et al., 1996; Turecki et al., 1996). Instead the pharma-
cogenetics of lithium prophylaxis is a more recent
field of research. Candidate genes have been
selected from the genes coding for components of
neurotransmission, signaling transduction, and gene
transcription pathways.
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Dopamine neurotransmission

Lithium efficacy in controlling behaviors related to do-
pamine stimulants and manic states suggested that lith-
ium action may be mediated by dopamine receptors (van
Kammen et al., 1985; Barnes et al., 1986). Although this
interaction has been confirmed by several studies
(Gottberg et al., 1988; Acquas and Fibiger, 1996; Carli
et al., 1997b), its clinical importance might be modest.
In fact in a series of studies performed in our lithium
clinic no association was observed between polymor-
phisms in the genes coding for D2, D3, and D4 receptors
and response to lithium prophylaxis (Serretti et al.,
1998b, 1999a).

5-HT neurotransmission

Several lines of evidence support the view that lithium
enhances 5-HT neurotransmission. Thus lithium in-
creases cerebrospinal fluid 5-hydroxyindoleacetic acid
levels in manic patients (Fyro et al., 1975; Swann
et al., 1987) and enhances prolactin response to trypto-
phan (Price et al., 1989; Cassidy et al., 1998). Similarly,
chronic lithium administration was found to increase
the number of 5-HT uptake sites in cortical regions
(Carli et al., 1997a) and platelets (Born et al., 1980;
Coppen et al., 1980; Meltzer et al., 1983) as well as to
enhance electrophysiological and behavioral responses
mediated by 5-HT1a receptors with a significant reduc-
tion in 5-HT1-binding sites in the hippocampus
(Odagaki et al., 1990; Massot et al., 1999). More re-
cently, 5-HT1a and 5-HT2 receptors were involved in
the regulation of glycogen synthase kinase-3 (see be-
low), with the former having stimulatory and the latter
inhibitory effects on the enzyme (Quiroz et al., 2004a).
In view of these findings different targets in the seroto-
nin system have been investigated as predictors of lith-
ium response. To date the most compelling evidence has
been collected for the serotonin transporter gene. Del
Zompo and colleagues (1999) first reported the influ-
ence of 5-HTTLPR on lithium prophylaxis. In a sample
of 67 bipolar patients (Sardinia, Italy), they found a sig-
nificant excess of the l-allele in lithium nonresponders
compared to control subjects. In contrast, among 201 in-
patients (167 bipolar; 34 MDD) who were admitted to
our mood disorder center (Milan, Italy), subjects with
the s/s viariant of the SERT gene showed a worse re-
sponse to lithium compared to l/s and l/l variants
(Serretti et al., 2001a). Similar results were replicated
in a subsequent study (Serretti et al., 2004d). The list
of serotonergic candidate genes associated with lithium
outcome includes other polymorphisms in the TPH gene
(TPH A218C SNP: patients with the TPH*A/A variant
showed a marginally worse outcome compared to both
TPH*A/C and TPH*C/C variants) (Serretti et al., 1999b),
while negative results emerged with respect to 5-HT re-
ceptor polymorphisms (1A, 2A, 2 C) (Serretti et al.,
2000; Dmitrzak-Weglarz et al., 2005).
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Phosphoinositide system (protein kinase
C (PKC) pathway)

Different animal models of mood disorders, such as
kindling, behavioral/amphetamine sensitization, and
glucocorticoid administration, all emphasize an increased
PKC activity inmania (Post et al., 1992; Einat et al., 2003).
Moreover findings from magnetic resonance spectros-
copy studies further support the involvement of PKC sig-
naling in bipolar disorder, showing abnormalities in myo-
inositol concentrations (a precursor of PIP2, the second
messenger in PKC-signaling cascade) in different brain
areas, including frontal and temporal lobes, the cingulate
gyrus, and basal ganglia. These abnormalities are seen in
bipolar patients who are manic or depressed, but not in
euthymic patients or in healthy controls, possibly due to
a normalizing effect of treatment with mood stabilizers
(Silverstone et al., 2005). In fact lithium has been
demonstrated to inhibit inositol monophosphatase, the
rate-limiting enzyme in recycling and de novo synthesis
of inositol, thus leading to a reduced PIP2 pool for signal-
ing cascades (Berridge et al., 1989). PIP2 depletion is
expected to have a greater impact onmore active brain re-
gions where it would reduce overactivity (Nahorski et al.,
1991). Valproate also depletes brain inositol as a result of
its inhibitory effect on myoinositol-1-phosphate synthase
(Shaltiel et al., 2004).

In line with the inositol depletion hypothesis of lith-
ium activity, myoinositol phosphatases have attracted
attention as targets of pharmacogenetic research on lith-
ium. A small study (18 bipolar patients) reported that a
silent C973A transversion in the gene coding for inositol
polyphosphate 1-phosphatase (INPP1) was associated
with response to lithium treatment (Steen et al., 1998).
More recently two polymorphisms in the gene encoding
myoinositol monophosphatase 2 (IMPA2) (18p11.2) were
found to differentiate responders to lithium from non-
responder controls (Dimitrova et al., 2005).

Another component of the phosphatidylinositol sig-
naling system that has been related to lithium response
is phospholipase C (PLC). A preliminary study showed
that bipolar patients with an excellent response to
lithium prophylaxis had a higher frequency of a specific
dinucleotide repeat allele in the PLC gamma-1 (PLCG1)
genomic region (Turecki et al., 1998). The finding was
replicated in a different sample of bipolar subjects sub-
classified as lithium responders, partial responders, and
nonresponders (Lovlie et al., 2001).
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Neurogenesis

All eukaryotic cells have evolved regulatory pathways to
coordinate protein-folding reactions in the endoplasmic
reticulum with gene expression in the nucleus and mes-
senger RNA translation in the cytoplasm (Kaufman
et al., 2001). A few signal-transducers detect unfolded
protein accumulation and transmit signals to increase
transcription of a main subset of nuclear genes and to
reduce the rate of polypeptide synthesis. One such trans-
ducer, the transcription factor X-box-binding protein
1 (XBP-1), has been shown to couple unfolded protein re-
sponse and cell proliferation (Iwakoshi et al., 2003). This
makes XBP-1 a natural candidate for pharmacogenetic
studies on lithium, given that its prophylactic effect
is probably related to stimulation of neurogenesis
(Moore et al., 2000). The XBP-1 gene is located on
chromosome 22q12, which has been linked with bipolar
disorders in several studies. Associations have been
reported between a polymorphism (�116 C ! G) in the
promoter region of XBP-1 and bipolar disorders in
both case–control and family-based association studies
(Kakiuchi et al., 2003;Kato et al., 2005b), even if negative
findings are not lacking (Cichon et al., 2004; Hou et al.,
2004). XBP-1 -116 C/G has been shown to affect lithium
prophylaxis in a group of Japanese bipolar patients
(Masui et al., 2006). Neurogenesis is ultimatelymediated
by proteins that are termed neurotrophic factors. One of
them, brain-derived neurotrophic factor (BDNF), is con-
sistently implicated in the pathophysiology of bipolar
disorder and has been pointed to as a downstream
target of lithium and valproate (Hashimoto et al.,
2004). Two polymorphisms in the BDNF gene, Val66Met
and �270 C/T, were found to be marginally associated
with response to lithium prophylaxis in a small Polish
study (88 bipolar patients) (Rybakowski et al., 2005).

Glycogen synthase kinase (GSK-3beta)

GSK-3beta is a serine–threonine kinase that is normally
highly active in cells, and is deactivated by signals (i.e.,
phosphorylation) originating from numerous signaling
pathways such as the Wnt pathway, PI-30 kinase (PI3K)
pathway, protein kinase A, and protein kinase C, among
many others. GSK-3beta targets include transcription
factors (beta-catenin, CREB, and c-jun), proteins bound
to microtubules (Tau, microtubule-associated protein-
1B, kinesin light chain), cell cycle mediators (cyclin D,
human ninein), and regulators of metabolism (glycogen
synthase, pyruvate dehydrogenase), which accounts for
its involvement in the biological processes of neurodeve-
lopment, synaptic plasticity, cell survival, and glucose
metabolism (Frame and Cohen, 2001). Evidence suggests
an association between bipolar disorder and cell loss
and atrophy in circumscribed brain areas (Quiroz et al.,
2004b). These alterations may be partly mediated by
GSK-3beta which has pro-apoptotic effects, whereas
inhibiting the enzyme attenuates or prevents apoptosis
(Jope and Bijur, 2002). Data from in vitro studies (Li
et al., 2002;Hongisto et al., 2003) andmore recent in vivo
evidence (Gould et al., 2004) are consistent with the
hypothesis that the protective effects of lithium against
neurodegeneration occur via inhibition of GSK-3beta
activity. GSK-3beta is considered to be the mammalian
ortholog of the Drosophila gene SHAGGY, an enzyme
that exerts amajor role in the regulation of themolecular
clock located in the suprachiasmatic nucleus of the hypo-
thalamus (Martinek et al., 2001); the inhibition of GSK-
3beta could then be the mechanism by which lithium
lengthens and stabilizes the period of biological rhythms,
an effect that has been linked to its therapeutic efficacy
and to its specific effect on illness periodicity in mood
disorders (Klemfuss, 1992).

All of the above considerations led us to examine
GSK-3beta as a potentially useful pharmacogenetic
target. We studied the effect of an SNP (�50 T/C sub-
stitution) falling into the effective promoter region of
the GSK-3beta gene on therapeutic response to lithium.
The same polymorphism had already been linked with
different age at onset of bipolar illness (Benedetti
et al., 2004a) and different antidepressant response to to-
tal sleep deprivation (Benedetti et al., 2004b). In the new
study (88 bipolar I inpatients), data about recurrence rate
of mood episodes were collected for at least 2 years be-
fore lithium and 2 years on lithium. Results showed that
homozygotes for the wild variant (T/T) did not change
their recurrence index while carriers of the mutant allele
(C-allele) significantly improved (Benedetti et al., 2005).

Mitochondrial DNA

Studies have demonstrated the association of mitochon-
drial DNA 5178 and 10398 polymorphisms with bipolar
disorder (Kato et al., 2001). In a small sample of
Japanese bipolar patients (n ¼ 54), patients carrying
the 10398A polymorphism showed a significantly better
response to lithium (Washizuka et al., 2003).

NEWTRENDS IN
PSYCHOPHARMACOGENETICS

In spite of the popular claim that pharmacogenetics
holds promises for an individualized approach to psy-
chopharmacology, important shortcomings have so far
hampered the use of research data in clinical practice:

1. The literature provides us with an increasing num-
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ber of candidate genes; however, only few of them
could be consistently associated with drug efficacy
or tolerability.
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2. Even those genes with a proven influence on drug

PHARMACOGENETICS OF ANTIDEP
behavior could show opposite effects in different
studies.
3. Only a small amount of variance in individual re-

sponse to psychothropic drugs could be explained
by genetic factors.
Accordingly, improving the consistency of results
across studies and expanding the number of candidate
genes appear to be priorities in the agenda of today’s
psychopharmacogenetics.

In the study of clinical response, focus is classically
decreasing in overall psychopathology. However, in-
creasing evidence suggests that single candidate genes
can have a selective impact on few clusters of symptoms
rather than on the global clinical pictures of mood dis-
orders. For instance the therapeutic effect of 5-HTTLPR
variants is principally directed to somatic anxiety (Yu
et al., 2002; Kato et al., 2005a). Similarly, the C/C
genotype of the CLOCK gene was associated with per-
sistence of insomnia during SSRIs treatment while
it had no effect on overall antidepressant response
(Serretti et al., 2005). This may imply that a major cause
of contrasting findings in published studies is the pres-
ence of different symptom profiles in their samples.
So, future pharmacogenetic analyses should target
symptom dimensions.

Each candidate gene may also be related to factors
that independently affect treatment outcome. For exam-
ple, personality traits and disorders are known to worsen
the outcome of treated mood disorders; therefore genes
that are associated with these factors should predict a
poor drug response. Accordingly recent studies demon-
strate an excess of anxiety traits in the presence of the
5-HTTLPR s-allele (Lesch et al., 1996; Melke et al., 2001),
which was already linked with a negative prognosis of an-
tidepressant treatment (see above). Most findings in the
field of pharmacogenetics could be obtained by exploring
a relatively small number of candidate genes which
encoded proteins that were involved in drug activity. In
spite of some appreciable results, this hypothesis-driven
approach is probably too restrictive and leaves out a large
number of candidate polymorphisms. Indeed, all ob-
served gene variants do not reach the putative 50% of var-
iance explained by genetic factors in the complex trait of
antidepressant response. Pharmacogenomics may then
aid in identifying more candidates by discovering those
genes that are activated or deactivated in response to
treatment (Bailey et al., 1998).

One popular method of experimental genomics is ex-
pression array (Brown and Botstein, 1999). This involves
hybridization of fluorescent or radioactively labeled
mRNA species to cDNA arrays. So, thousands of
mRNA transcripts are analyzed simultaneously; those
that change after treatment are related to candidate
genes. Alternatively, proteomics evaluates gene activity
by detecting protein expression instead of mRNA tran-
cripts (Kao, 1999). Both animal and human tissues have
been used for these studies. Most literature has investi-
gated antidepressant treatment-related genomewide
mRNA expression changes in rodent brain tissue
(Landgrebe et al., 2002; Chen et al., 2003; Drigues
et al., 2003; Yamada et al., 2005). A few studies have
investigated the effects of antidepressant treatment
on peripheral blood monocytes (Palotas et al., 2004).
Overall, results have been largely inconsistent. In fact,
whole-genome SNP analyses have an expected high num-
ber of false-positive associations due to the high degree
of multiple testing. To bypass this problem the last few
years have witnessed the development of new experimen-
tal designs that combine the methods of linkage analysis,
pharmacogenomics, and proteomics. Examples of such
sequential approaches have been published, with promis-
ing results (Lachman et al., 1997; Niculescu et al., 2000).
Moreover, in a recent GWAS, Ising and colleagues (2009)
observed antidepressant drug response associated with a
multitude of genetic variants. In fact they could not
identify single SNPs signal that reached the criteria for
genomewide significance, but they constructed a geno-
type score with the number of favorable response allele
per patients of the set of 310 informative SNPs which sig-
nificantly predict treatment outcome results and catego-
rize patients as carriers of a high or low number of
response allele in both samples they analyzed. Another
recent GWAS (Garriock et al., 2010) found two asso-
ciations with two SNPs (rs6966038 and rs6127921) whose
effect size was quite low, also because they are located
near to only two genes (ubiquitin protein ligase E3C
gene and motor neuron and pancreas homeobox 1) not
previously associated with antidepressant response.

Besides individualizing drug treatment, pharmacoge-
netics/pharmacogenomics would offer a good solution
to the problem of biological diversity in psychiatric dis-
orders. Thus response to a given drug could be used to
identify homogeneous forms within pathophysiologi-
cally heterogeneous syndromes, which may facilitate
the discovery of new susceptibility genes for psychiatric
conditions. This strategy has been proposed and success-
fully applied to lithium response in bipolar disorder
(Alda, 1999). However, the emerging literature has
extended the influence of single genes to a wide range
of psychological and psychopathological phenomena
in addition to drug response. The SERT gene provides
a good example of such multiple effects. Indeed, the
5-HTTLPR polymorphism has been associated with dif-
ferent characteristics of mood disorders – age of onset
(Bellivier et al., 2002; Nobile et al., 2004), illness recur-
rence (Cusin et al., 2001; Rousseva et al., 2003), drug
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response (see above), reactivity to stressful life events
(Caspi et al., 2003), personality traits (Park et al.,
2004), and several psychiatric diagnoses such as alcohol-
ism (Feinn et al., 2005), smoking (Kremer et al., 2005),
psychosomatic disorders (Yeo et al., 2004), eating disor-
ders (Matsushita et al., 2004; Steiger et al., 2005), sui-
cide (Courtet et al., 2001), autism (Bartlett et al.,
2005), and attention-deficit/hyperactivity disorder
(Bobb et al., 2005). Future studies will clarify whether
such phenotypes are present simultaneously or at
different times in the same individual. Complex pheno-
typic profiles will then be obtained by pooling together
such different features on the basis of their linear asso-
ciation with gene variants (Serretti et al., 2006). This is a
simple methodology for including solitary data in com-
prehensive models, and we suggest it as a starting point
for future research on the role of crucial genes in mod-
ulating human behaviors.
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Vasopressin receptor gene expression

203, 204
Venlafaxine

anxiety disorders 678
cancer 566
classification 645
gastrointestinal (GI) disorders 622
generalized anxiety disorder (GAD)
351, 352, 352, 352, 353

Huntington’s disease (HD) 513
late-life depression (LLD) 269, 270,
270, 273, 274

narcolepsy 533
panic disorder (PD) 364
posttraumatic stress disorder (PTSD)
323

Ventricular volumes 437–438
Ventromedial prefrontal cortex (vmPFC)
66–68

Verbal functioning tests 593–594
‘Vietnam syndrome’ 299
Vietnam war 299
Vigabatrin 676
Vigilance 79
Vilazodone, classification 645
Vinblastine 564
Vincristine 564
Virtual reality exposure therapies (VRET)

327, 638–639
Visceral function 609
Visceral interactions 608–609
Visceral obesity 544–545
Visceral pain perception 619–621, 619
Voxel-based morphometry (VBM) 91

W
Wake therapy (sleep deprivation) 697,

701, 702, 704–705
‘War neurosis’ 297
‘Warm-feet effect’ 701
WAT (worry, anxious mood, tension)

Scale 356
Watson, James 3
Weather Prediction Test 79
Wechsler Adult Intelligence Scale-

Revised (WAIS-R) 592
Digit Symbol (WAIS-III) 599

Wechsler Memory Scale 317
Wechsler Test of Adult Reading 75
Wernicke, Carl 3
Wernicke–Korsakoff syndrome (WKS) 422
White-matter
abnormalities 438–439
hyperintensities 268

Whole-brain volumes 437–438
Wide Range Achievement Test 75
-Revision 3 (WRAT-3) 592

Wisconsin Card Sorting Test (WCST) 81,
471

Withdrawal, drug 155–156
Withdrawal/negative affect stage,

addiction cycle 153, 153
Wittkower, E. 608
Wolfsmann (Freud) 608
Working memory 80–81, 311, 436,

595–596
World Federation of Societies of

Biological Psychiatry 351
World Health Organization (WHO)

167–168, 213, 239
World Mental Health (WMH) Survey

Consortium 168, 186
Worry and Anxiety Questionnaire 356

Y
Yale–Brown Obsessive Compulsive

Scale (Y-BOCS) 233, 377, 382,
384, 689

Young Mania Rating Scale (YMRS)
232–233

Z
Zeitgebers 697, 699, 700–702, 700
Ziprasidone 499, 661, 662
Zolmitriptan 376, 377


	Series page
	Copyright
	Available titles
	Foreword
	Preface
	Contributors

	Psychiatry and neuroscience – history
	Neuroscience and the History And theory of Science
	Theories and Concepts of Localization and Genetics
	Historical Epistemologies of Neuroscience - Picturing The brain
	Neuroscience and Psychiatric Disorders - Dementia as a Model for the Interdependence of Basic and Clinical Science...

	Receptor signaling and the cell biology of synaptictransmission
	Introduction
	Methods for Receptor Analysis
	Radioligand Binding
	Receptor Quantitation
	Kinetics of Receptor Binding
	Modulation of Receptor affinity By G Protein

	G Protein-coupled Receptor Signaling
	Changes in Receptor Confirmation Upon Agonist Activation
	Inverse Agonism
	Regulation of Receptor Sensitivity
	Receptor Desensitization
	Heterologous Desensitization
	Homologous Desensitization
	Heterotrimeric G Proteins: the Next step in the Signaling Cascade
	Rgs Proteins
	Microdomains in the Plasma Membrane And Gpcrs Signaling
	G Protein Effectors
	Adenylyl Cyclase
	Insight to Adenylyl Cyclase From Its crystal structure
	Phospholipid Metabolism Mediated By G Protein-dependent Hormone Signals
	Phospholipase A2
	Phospholipase C
	Phospholipase D

	G Protein-activated Ion Channels
	G Proteins and Changes in Cell Structure
	Cellular Integration of Second-messenger signals

	Cyclic Nucleotide Phosphodiesterase
	The Intracellular Amplification Of extracellular Signals
	Second Messenger-activated protein Kinases
	cAmp-dependent Protein Kinases
	Exchange Proteins Activated By CAmp
	cGmp-dependent Protein Kinases
	Nitric Oxide and CGmp Signaling
	Changes in Intracellular Calcium
	Intracellular Calcium Channels
	Calcium-binding Proteins
	Calmodulin
	Calcium/calmodulin-dependent Protein Kinases (CaM Kinases)

	Protein Kinase C
	Phosphoprotein Phosphatases
	Serine/threonine Phosphatases
	Localization of Phosphatase Signaling
	Interplay Between Calcium/calmodulin And cAmp Signaling
	Ionotropic Receptors
	The Nicotinic Acetylcholine Receptor
	Glutamate Receptors
	Gaba Receptors
	Glycine Receptors
	5Ht3 Serotonin Receptor
	Receptors With Tyrosine Kinase Activity
	Kinase Cascades Promoting Cell Growth Or neuronal Differentiation
	Protein Tyrosine Phosphatase
	Effects of CAmp on Gene Transcription
	Neurobiology of Creb Family Proteins
	Nuclear Receptor Signaling
	Cross-talk Among Receptor Signaling Systems: Contribution to Synaptic Plasticity


	Human genetics of schizophrenia
	The Genetic Background of schizophrenia
	Linkage Studies
	6p24-p22
	13q14-q32
	1q21-q22
	8p22-p11
	22q11-q13.1
	Meta-analyses

	Candidate Genes for Schizophrenia Supported By linkage Findings
	G72/G30
	Rgs4
	Nos1Ap
	Nrg1
	Dntbp1

	Cytogenetic Evidence Supporting Specific Genes in Risk for Schizophrenia
	Disc1
	22q11 Deletion Syndrome
	Prodh2

	Genomewide Association Studies of Schizophrenia
	Copy Number Variation: a Newly Appreciated Genetic Contribution to Schizophrenia
	Emerging Principles Informed By Our Current Understanding of the Genetics of Schizophrenia

	Neurological and psychiatric aspects of emotion
	Introduction
	Depression
	Depression in Alzheimer's Disease
	Diagnosis of Depression in Alzheimer's Disease
	Frequency of Depression in Alzheimer’s Disease
	Longitudinal Evolution of Depression In Alzheimer's Disease
	Clinical Correlates of Depression in Alzheimer’s Disease
	Treatment of Depression in Alzheimer's Disease

	Depression in Stroke
	Diagnosis of Depression in Stroke
	Frequency of Poststroke Depression
	Longitudinal Evolution of Poststroke Depression
	Clinical Correlates of Poststroke Depression
	Treatment of Poststroke Depression

	Depression in Parkinson's Disease
	Diagnosis of Depression in Parkinson's Disease
	Frequency of Depression in Parkinson's Disease
	Longitudinal Evolution of Depression In Parkinson's Disease
	Clinical Correlates of Depression In Parkinson's Disease
	Treatment of Depression in Parkinson's Disease

	Depression in Traumatic Brain Injury
	Diagnosis of Depression in Traumatic Brain injury
	Frequency of Depression After Traumatic Brain injury
	Longitudinal Evolution of Depression After traumatic Brain Injury
	Clinical Correlates of Depression After Traumatic Brain Injury
	Treatment of Depression After Traumatic Brain injury


	Apathy in Neurological Disorders
	Apathy in Alzheimer's Disease
	Diagnosis of Apathy in Alzheimer's Disease
	Frequency of Apathy in Alzheimer's Disease
	Longitudinal Evolution of Apathy In Alzheimer's Disease
	Clinical Correlates of Apathy In Alzheimer disease
	Treatment of Apathy in Alzheimer's Disease

	Apathy in Stroke
	Diagnosis of Apathy in Stroke
	Frequency of Apathy in Stroke
	Long-term Progression of Apathy After Stroke
	Clinical Correlates of Apathy After Stroke
	Treatment of Poststroke Apathy

	Apathy in Parkinson's Disease
	Diagnosis of Apathy in Parkinson's Disease
	Frequency of Apathy in Parkinson's Disease
	Longitudinal Evolution of Apathy In Parkinson's Disease
	Clinical Correlates of Apathy In Parkinson's disease
	Treatment of Apathy in Parkinson's Disease

	Apathy in Traumatic Brain Injury
	Diagnosis of Apathy in Traumatic brain Injury
	Frequency of Apathy After Traumatic Brain injury
	Long-term Evolution of Apathy After Traumatic Brain Injury
	Clinical Correlates of Apathy in Traumatic Brain Injury
	Treatment of Apathy After Traumatic Brain injury


	Loss of Insight
	Anosognosia in Alzheimer's Disease
	Diagnosis of Anosognosia in Alzheimer's Disease
	Frequency of Anosognosia In Alzheimer's disease
	Long-term Evolution of Anosognosia In Alzheimer's Disease
	Clinical Correlates of Anosognosia In Alzheimer's Disease

	Anosognosia in Stroke
	Diagnosis of Anosognosia After Stroke
	Frequency of Anosognosia After Stroke
	Long-term Evolution of Anosognosia After stroke
	Clinical Correlates of Anosognosia After stroke

	Anosognosia in Traumatic Brain Injury
	Diagnosis of Anosognosia After Traumatic Brain injury
	Frequency of Anosognosia After Traumatic Brain Injury
	Long-term Evolution of Anosognosia After Traumatic Brain Injury
	Clinical Correlates of Anosognosia After traumatic Brain Injury
	Treatment of Anosognosia After Traumatic Brain Injury


	Neurology of Emotion
	Right Hemisphere Structures
	Amygdala
	Ventromedial Prefrontal Cortex
	Basal Ganglia
	Other Structures

	Conclusions and Future Directions
	Acknowledgments

	Research methods: cognitive neuropsychological methods
	Introduction: the Application Of neuropsychology to the Study of Psychiatric Illness
	Computerized Neuropsychological Testing

	Areas of Cognitive Function
	Memory
	Attentional and Executive Functions
	Decision-making

	Future Directions
	Acknowledgments

	Structural imaging in psychiatric disorders
	Introduction
	Structural Imaging: the Basics
	Density of Protons in a Tissue
	Diffusion Tensor Imaging (Dti)

	Structural Imaging in Psychiatric disorders
	Visually Observable
	Structural Imaging as an Aid to Understanding Pathophysiology
	Schizophrenia
	High-risk Schizophrenia

	Bipolar Disorder
	Major Depression
	Attention-deficit/hyperactivity Disorder (Adhd)
	Genes and Structural Imaging
	Structural Imaging as a Requisite For functional Imaging
	Structural Imaging in Psychiatric Disorders
	What Did We Learn?


	Future Use of Structural Imaging in Psychiatric Disorders

	Human functional neuroimaging
	Designing a Functional Neuroimaging Study
	The Conceptual Frame
	Tasks

	Acquiring a Functional Neuroimaging Data Set
	Postprocessing a Functional Neuroimaging Data Set
	Statistical Analysis of a Functional Neuroimaging Data Set
	Interpretation of a Functional Neuroimaging Study
	Summary and Conclusions

	Neurotransmitters and neuropeptides in depression
	Introduction
	Neuropathology: Structural Differences
	Cortical Neuronal and Glial Changes in Mood Disorders
	Subcortical Changes in Mood Disorders
	The Hippocampus in Mood Disorders

	The Central Position of the Hpa Axis
	Intense Interaction Between the Hpa Axis and Monoamines, Glutamate, Gaba, and Neuropeptides: Some Basic Aspects...
	Monoamines
	Glutamate and Gaba
	Neuropeptides


	The Monoamine Hypothesis Of depression
	Monoamine Depletion Paradigms
	Meta-analysis
	Acute Tryptophan Depletion
	Healthy Controls
	Recovered Mdd Patients
	Depressed Mdd Patients

	Acute Phenylalanine Tyrosine Depletion
	Healthy Controls
	Recovered Mdd Patients
	Depressed Mdd Patients


	Conclusions and Discussion of the Depletion of Monoamine Systems

	The Amino Acid Hypothesis Of depression
	The Glutamatergic System in Depression
	The Gabaergic System in Depression

	The Neuropeptide Hypothesis Of depression
	Crh in Depression
	Sex Difference in Depression: Relationship With Hpa Axis Activity
	Avp and Depression
	Different Avp Systems
	Chronic Stress, Avp, and Depression
	Avp in the Son and Pvn in Depression
	Avp in the Circadian System in Depression


	Depression in Alzheimer's Disease
	Conclusions
	Acknowledgments

	Animal models of psychiatric disorders
	Conceptual Framework for Animal Models
	Definitions of Animal Models Relevant To psychiatric Disorders
	Face and Construct Validity of Animal Models

	Animal Models of Depression: Reward and Motivational Measures
	Introduction and Definitions
	Face Validity and Construct Validity Of animal models of Reward Deficits In psychiatric Disorders
	Chronic Mild Stress as a Model of Depression
	Brain Stimulation Reward as a Measure of Reward Deficits Associated With the Chronic Mild Stress Model of Depression and Drug .
	Sucrose Intake/preference as a Measure Of reward Deficits Associated With The chronic mild Stress Model of Depression...
	Progressive-ratio Responding as a Measure Of reward Deficits Associated With the Chronic mild Stress Model of Depression...

	Validity of Animal Models of Reward Deficits

	Animal Models of Anxiety
	Selected Animal Models of Generalized anxiety
	Operant Conflict Test
	Elevated Plus Maze
	Defensive Withdrawal
	Defensive Burying
	Social Interaction

	Animal Models of Panic Disorder, Obsessive-compulsive Disorder, and Posttraumatic Stress Disorder
	Face and Construct Validity of Animal Models of Anxiety

	Schizophrenia
	Behavioral Correlates of Schizophrenia Symptoms
	Cognitive Symptoms
	Positive Symptoms
	Negative Symptoms

	Animal Models of Schizophrenia
	Pharmacological Models
	Neurodevelopmental Models
	Genetic Models


	Animal Models of Addiction
	Animal Models of the Binge/intoxication Stage of the Addiction Cycle
	Intravenous and Oral Drug Self-administration
	Brain Stimulation Reward
	Conditioned Place Preference
	Drug Discrimination
	Genetic Animal Models of High Alcohol Drinking
	Drug Taking in the Presence of Aversive Consequences
	Summary of Animal Models of the Binge/intoxication Stage

	Animal Models of the Withdrawal/negative Affect Stage of the Addiction Cycle
	Intracranial Self-stimulation
	Conditioned Place Aversion, Disrupted Operant Responding, and Drug Discrimination
	Measures of Anxiety-like Responses
	Drug Self-administration With Extended Access and in Dependent Animals
	Summary of Animal Models of the Withdrawal/negative Affect Stage

	Animal Models of the Preoccupation/anticipation (craving) Stage of the Addiction cycle
	Drug-induced Reinstatement
	Cue-induced Reinstatement
	Context-induced Reinstatement: ``renewal´´
	Cue-induced Reinstatement Without Extinction: ``relapse´´
	Stress-induced Reinstatement And conditioned withdrawal
	Second-order Schedules of Reinforcement
	Protracted Abstinence
	Summary of Animal Models of the Preoccupation/anticipation Stage

	Summary of Animal Models of Addiction

	Conclusions

	Psychiatric epidemiology
	Introduction
	Disorders With Onset In childhood
	Autistic Disorder
	Attention-deficit/hyperactivity Disorder
	Tourette's Disorder

	Schizophrenia and Other Psychotic Disorders
	Mood Disorders
	Unipolar Depression
	Bipolar Disorder

	Anxiety Disorders
	Panic Attacks, Panic Disorder, and Agoraphobia
	Specific Phobias
	Social Phobia
	Obsessive-compulsive Disorder
	Generalized Anxiety Disorder
	Posttraumatic Stress Disorder

	Somatoform Disorders
	Eating Disorders
	Personality Disorders

	Emerging methods in the molecular biologyof neuropsychiatric disorders
	Introduction
	Molecular and Genetic Analytical Methods for Studying Human Disease and Enhancing Diagnosis
	Choice of Target Tissues for Microarrays And proteomics
	Postmortem Human Brain Tissue
	Cerebrospinal Fluid (Csf)
	Use of Peripheral Cells: Peripheral Blood monocytes

	Methodology - Proteomics
	Methods in Proteomics
	Proteomics in Psychiatry

	Methodology - MRna Expression Analyses
	Methods for Microarrays
	Microarrays in Schizophrenia Research

	Methodology - Genomic Snp Studies
	Other Approaches

	Convergence of Animal (preclinical) and Human (clinical) Approaches to Neuropsychiatry
	Genetic Approaches in Animal Models
	Evaluating the Functional Relevance Of identified Genes and Proteins - Use of Animal Brain Tissue
	Evaluating the Functional Relevance Of identified Genes and Proteins - Molecular Manipulation

	Molecular and Genetic Manipulation of Neural Circuits for the Preclinical Study of Brain Function and Behavior
	Inducible Region-specific Control of Gene Expression During Development
	Conditional Regional Rescue of the 5-Ht1a Receptor - Demonstration of Neural Circuit Regulation of Anxiety-like Behavi...

	Inducible Region-specific Control of Gene Expression in Adult Animals
	Manipulation of Vasopressin Receptor Gene Expression Alters Partner Preference In a promiscuous Species
	Region-specific Genetic Blockade of the Bdnf Receptor Inhibits Extinction of Fear

	Use of Novel Genetic Tools for Precise Manipulation of Function in Neural Circuits
	Light-activated Bacterial Receptor That Allows Genetic, Temporally Controlled Activation Of neural Circuits


	Conclusions

	Clinical psychoneuroimmunology
	Introduction to the Psychoneuroimmunology Of depression
	Immune Findings in Major Depression
	Clinical Moderating Factors
	Effects of Clinical Treatment
	Biological Mediators
	Corticotropin-releasing Hormone
	Sympathetic Effector Mechanisms
	Neuroendocrine Axis

	Behavioral Mechanisms
	Physical Activity and Exercise
	Insomnia and Disordered Sleep

	Viral Specific and in Vivo Immune Measures
	Stimulated Cytokine Production
	Inflammation and Circulating Levels Of inflammatory Markers
	Clinical Implications of Psychoneuroimmunology
	Cardiovascular Disease
	Hiv
	Depression and Rheumatoid Arthritis: Neuroimmune Mechanisms


	Introduction to the Psychoneuroimmunology Of schizophrenia
	Microglia
	Astroglia
	Antibodies
	Against Neurotropic Viruses
	Autoantibodies Against Brain Structures

	Humoral Immunity
	Cellular Immunity
	Cytokines
	Hypotheses and Perspectives
	Infection Hypothesis
	Autoimmune Hypothesis


	Acknowledgments

	Psychiatric rating scales
	Rating Scales Used for Mood Disorders
	Hamilton Rating Scale for Depression (Ham-D)
	Montgomery-Åsberg Depression Rating Scale (Madrs)
	Beck Depression Inventory (Bdi)
	The Quick Inventory of Depressive Symptomatology (Qids)

	Nine-item Patient Health Questionnaire (Phq-9)
	Young Mania Rating Scale (Ymrs)

	Scales Used for the Assessment Of anxiety Disorders
	Hamilton Rating Scale for Anxiety (Ham-A)
	Yale-Brown Obsessive Compulsive Scale (Y-Bocs)
	The Beck Anxiety Inventory (Bai)

	Scales Used to Assess Schizophrenia and Related Psychotic Disorders
	Brief Psychiatric Rating Scale (Bprs)
	Positive and Negative Syndrome Scale (Panss)
	Mini-Mental Status Exam (Mmse)
	Montreal Cognitive Assessment (MoCa)
	The Cornell Scale for Depression In Dementia (Csdd)

	Assessment of Global Functioning Across Illnesses
	Global Assessment of Function (Gaf) Scale

	Assessment of Disorders In children and Adolescents
	Child Behavior Checklist (Cbcl)
	Children's Depression Rating Scale-Revised (Cdrs-R)


	Unipolar depression
	Introduction
	Monoamines and Depression
	Is Depression a Pathological Stress Response Gone Awry?
	The Role of Crf in Hpa Axis Hyperactivity
	Early-life Trauma and Hpa Axis Hyperactivity in Animals
	Early-life Trauma and Hpa Axis Hyperactivity in Humans
	The Glucocorticoid Receptor in Hpa Axis hyperactivity

	Where is Depression in the Brain?
	The Role of Neuroplasticity in Depression
	The Brain Circuits of Depression

	Where is Depression in the Body?
	Depression in the Medically Ill
	Mechanisms of Brain-body communication

	Why Do Humans Suffer From Depression?
	Acknowledgments

	Bipolar disorder
	Introduction
	The Affective Spectrum
	Epidemiology
	Treatment
	Mechanisms of Action of Lithium And mood stabilizers

	Etiology of Bipolar Disorder
	Genetic Epidemiology
	Environmental Factors
	Gene-environment Interactions

	Personality
	An Integrated Model of the Etiology of Bipolar Disorder
	Pathophysiology of Bipolar Disorder
	Neuropsychology
	Neuroimaging
	Neurochemistry
	Neuroendocrinology
	Monoamine Neurotransmission
	Signal Transduction and Neuroplasticity
	Kindling
	Circadian Rhythms

	Summary

	The neurobiology and treatment of late-life depression
	Introduction
	Neurobiology of Late-life Depression
	Diagnostic and Therapeutic Problems
	Efficacy of Antidepressant Treatments in Late-life Depression
	Have Antidepressants Proven Efficacy?
	Tricyclic Antidepressants
	Selective Serotonin Reuptake Inhibitors (Ssris)
	Monoamine Oxidase Inhibitors (Maois)
	Other Antidepressants

	Do Antidepressants Differ in Their Efficacy In late-life Depression?
	Can the Results From Rcts Be Generalized To daily Practice?
	Use of Electroconvulsive Therapy in Treatment-resistant Depression
	Other Nonpharmacological Antidepressant Treatments

	Tolerability of Antidepressants in Late-life Depression
	Pharmacokinetic and Pharmacodynamic Aspects
	Pharmacokinetic Aspects
	Pharmacodynamic Aspects

	Drug Interactions
	Practical Procedure
	Selection of Antidepressants
	Dosage of Antidepressants
	Treatment of Psychotic Late-life Depression
	Augmentation Strategies


	Seasonal affective disorder
	Definition, Symptoms, and Clinical Course
	Epidemiology
	Differential Diagnosis
	Pathophysiology
	Anatomical Background
	Ocular Mechanisms
	Circadian System, Melatonin, and Photoperiodism
	Monoamine Neurotransmitters
	Serotonin
	Norepinephrine
	Dopamine
	Summary of Neurotransmitter Studies


	Genetics
	Population Studies
	Genetic Association Studies
	Genetic Evolutionary Models of Sad


	Biological and clinical framework for posttraumaticstress disorder
	Introduction
	Overview
	The One Conditional Probability of Ptsd is Exposure to Extreme Threat

	Epidemiology
	Prevalence

	Etiology
	Genetic Contribution
	Early-life Trauma
	Disasters
	Combat and Other Predictive and Risk Factors

	History and Nosology of Ptsd
	Soldier's Heart, Sexual Abuse, and The contribution of Freud
	Shellshock and Traumatic Neuroses
	Dsm-I: Gross Stress Reaction
	After the Vietnam War: Towards Dsm-Iii
	Definition of an Event Involving Extreme Threat: the a Criterion
	Different Nosological System in Psychiatry: Dsm Versus Icd
	Towards Dsm-V

	The Clinical Framework: Diagnostic Features of Ptsd
	Diagnostic Categories: Vignette
	Delayed-type Ptsd: Incubation Time?
	Comorbid Conditions Associated With Ptsd
	Impact on General Health
	Dissociation and Ptsd
	Developmental Trauma Disorder
	Complex Ptsd
	Complicated Grief
	Towards Trauma Spectrum Disorders?

	Diagnostic Instruments
	Structured Clinician Interview for Dsm-Iiir and Dsm-Iv (Scid; Spitzer et al., 1990)
	Diagnostic Interview Schedule (Dis; Robins et al., 1981)
	Clinician-Administered Ptsd Scale (Caps; Blake Et al., 1995)
	Ptsd Symptom Scale-Interview (Pss-I; Foa et al., 1993)
	Structured Interview for Ptsd (Si-Ptsd; Davidson Et al., 1989)
	Ptsd Interview (Ptsd-I; Watson Et al., 1991)
	Life Charting for Ptsd (the Ptsd-Lcm; Osuch Et al., 2001)
	Early-life Trauma Assessment

	The Biological Framework in Fear Processing and Stress Regualtion: Brain, Neurohormonal, and Transmitter Regulation...
	Animal Experimental Models
	Brain Circuitry
	Hippocampus
	Amygdala
	Frontal Cortex
	Other Brain Structures

	Central and Peripheral Neurohormonal Regulation
	Norepinephrine
	Dopamine, Serotonin, Benzodiazepines, And neuropeptides
	The Hypothalamic-pituitary-adrenal Axis In the stress Response

	Linkage With Other Neurobiological Systems

	Long-term Alterations in Neurobiological Systems in Ptsd
	Introduction
	Norepinephrine
	Alterations in Hpa Axis
	Hypo- Versus Hypercortisolemia
	Hyperregulation and Increased Feedback Sensitivity
	Role of Comorbidity
	Subgroups in Dex/Crh
	Other Stressful Challenges
	Summary of Hpa Axis

	Memory Function
	Glucocorticoids and the Hippocampus
	Glucocorticoid Receptor Expression as a Risk Factor for Ptsd
	Sleep Dysfunction

	The Last Two Decades: Neuroimaging Studies
	Small Hippocampal Volume on Structural Neuroimaging With Magnetic Resonance Imaging (Mri)
	Functional Neuroimaging With Functional Mri and Positron Emission Tomography
	Heterogeneity of Response to Traumatic Reminders
	Emotional Undermodulation: Failure Of corticolimbic Inhibition
	Emotional Undermodulation and Failure of Corticolimbic Inhibition: Implications for Generalized Affective Disturbance in Ptsd..
	Emotional Overmodulation: Excessive Corticolimbic Inhibition

	Pharmacological Treatment
	General Considerations
	Pharmacotherapy
	New Developments in the Treatment of Stress-related Brain Changes

	Psychological Treatment
	Behavioral Treatments
	Flooding
	Systematic Desensitization
	Eye Movement Desensitization and Reprocessing

	Cognitive Therapy
	Anxiety Management Therapies
	Stress Inoculation Training
	Biofeedback

	Other Therapeutic Interventions and Modalities; Development of Computer-assisted Technologies

	Concluding Remarks

	Generalized anxiety disorder
	Introduction
	Epidemiology
	Prevalence
	Risk Factors

	Genetics and Neurobiology
	Genetics
	Neurobiology
	Neurochemistry
	Serotonin
	Gaba-benzodiazepine Complex
	Noradrenergic System

	Neuroendocrine
	Hypothalamic-pituitary-adrenal Axis
	Neurosteroids

	Autonomic System
	Neuroimaging


	Diagnosis
	Clinical Presentation
	Clinical Picture
	Comorbidities
	Medical Comorbidities
	Psychiatric Comorbidities

	Course

	Impairment
	Cost
	Treatment
	Psychosocial Treatment
	Pharmacological Treatment
	Antidepressants
	Snris and Ssris
	Tricyclic Antidepressants
	Trazodone (Ir)
	Monoamine Oxidase Inhibitors

	Azapirones: Buspirone
	Benzodiazepines
	Antihistamine: Hydroxyzine
	Anticonvulsants
	Valproic Acid
	Tiagabine
	Pregabalin

	Neuroleptics
	First-generation Neuroleptics
	Trifluoperazine

	Atypical Neuroleptics
	Risperidone
	Olanzapine
	Quetiapine


	Other Compounds
	Beta-blockers
	Agomelatine


	Combination of Psychosocial and Pharmacological Treatments
	Principles in Using Medication Treatments well
	Improving Diagnostic and Treatment Outcome Tracking in Gad
	The Brave New World of Treatment Decisions

	Conclusion

	Panic disorder
	Introduction
	Clinical
	Dsm-Iv-Tr Diagnosis
	Assessment and Treatment
	Severity
	Comorbidity


	Pharmacotherapy/psychotherapy
	Outline placeholder
	Pharmacotherapy
	Selective Serotonin Reuptake Inhibitors
	Other Pharmacotherapy for Pd

	Psychotherapy
	Cognitive-behavioral Therapy
	Other Psychotherapy



	Cognitive-affective Neuroscience
	Neurocircuitry of the Fear Response
	Neurochemistry
	Norepinephrine
	Serotonin
	gamma-Aminobutyric Acid
	Cholecystokinin
	Hpa Axis
	Caffeine
	Subtypes
	Challenge Studies (Co2)



	Gene/environment
	Environment
	Cognitive-behavioral Theories
	Endophenotypes
	Separation and Stressors


	Evolutionary Approaches
	Conclusion

	Obsessive-compulsive disorder
	Introduction
	The 5-Ht Hypothesis of Ocd
	The 5-Ht1B Hypothesis
	Genetics and the 5-Ht1B Hypothesis
	Conclusion

	Dopamine
	Animal Models
	Dopamine Concentrations and Pharmacochallenge Studies
	Pharmacotherapy
	Receptor-binding Studies
	Genetic Association Studies
	Conclusion

	Immunology and Ocd
	Pandas
	Immune Changes in Ocd
	Conclusion

	Brain Circuitry and Ocd
	Functional Imaging
	Structural Imaging
	Associations Between Brain Lesions Or Injury and Development of Obsessive-compulsive Symptoms
	Ocd Neurosurgery and Brain Circuits

	Conclusion

	Attention-deficit/hyperactivity disorder
	Epidemiology
	Genetics and Adhd
	Models of Adhd
	Brain-imaging Findings in Adhd
	Structural (volumetric) Findings in Adhd
	Functional Neuroimaging Findings in Adhd

	Evaluation of Adhd
	Treatment
	Multimodal Treatment Study of Children With Adhd (Mta) Study
	Psychopharmacological Adhd Treatment
	Medication Monitoring
	Nonstimulants
	Behavioral and Cognitive Interventions


	Autism and related disorders
	Diagnostic Concept
	History
	Diagnostic Criteria
	Clinical Features
	Differential Diagnosis

	Epidemiology
	Prevalence and Incidence
	Gender
	Culture and Socioeconomic Status

	Etiology and Pathophysiology
	Genetic and Environmental Factors
	Psychological Theories of Asd
	Neurobiological Accounts

	Assessment
	Diagnostic Assessment
	Additional Assessments

	Treatment and Intervention
	Treatment Objectives
	Psychoeducational Approaches
	Pharmacological Interventions
	Developmental Course
	Prognosis

	Future Developments in Treatment and Research

	Substance abuse disorders
	Epidemiology
	Neurobiology of Addiction
	Dopamine Transmission
	Glutamate Transmission

	Stress and Drugs of Abuse
	Classes of Addictive Drugs
	Alcohol
	Amphetamine-like Psychostimulants
	Opioids
	Nicotine
	Cannabis

	Conclusions

	Cognitive impairment in schizophrenia: profile, course,and neurobiological determinants
	Profile of Cognitive Impairment
	Prevalence of Cognitive Impairment
	Course of Cognitive Impairments
	Functional Changes in Brain Activity
	Brain Structural Abnormalities in Schizophrenia
	Ventricular and Whole-brain Volumes
	Abnormal Gyral Structure and Volume

	Gray-matter Changes
	White-matter Abnormalities
	Pyramidal Cells

	Brain Neurotransmission Abnormalities in Schizophrenia
	Dopamine
	Glutamate
	Gaba
	Acetylcholine
	Peptide Abnormalities
	Degenerative Conditions

	Conclusion

	Eating disorders: anorexia and bulimia nervosa
	Introduction
	Diagnosis, Epidemiology, And course
	Definition and Classification
	Comorbidity
	Epidemiology
	Course and Outcome
	Etiology
	Multifactorial Models
	Genetics and Molecular Biology

	Other Prenatal and Perinatal Factors

	Environmental Risk Factors
	Sociocultural Factors
	Familial Factors
	Other Risk Factors
	Neuroimaging and Neuropsychological Findings
	Neurotransmitter Dysregulation


	Neuroendocrine and Neuropeptide Dysregulation
	Neuroendocrinology
	Neuropeptides
	Leptin
	Ghrelin and Obestatin
	Peptide Yy
	Cholecystokinin

	Neuropsychological Findings
	Treatment Strategies


	Conclusion

	Personality disorders
	Introduction
	Antisocial Personality Disorder
	The Genetics of Antisocial Personality Disorder
	Neurobiological Findings
	Treatment and Prevention

	Borderline Personality Disorder
	Course and Prognosis
	Neurobiological Findings
	Treatment
	Psychosocial Interventions
	Pharmacotherapy


	Schizotypal Personality Disorder
	Part of Schizophrenia Spectrum
	Genetics
	Neurobiology
	Structural Imaging
	Pharmacological Intervention
	Treatment - Other Intervention


	Psychiatric, nonmotor aspects of Parkinson’s disease
	Introduction
	Epidemiology
	Causes of Parkinson's Disease
	Prevention of Parkinson's Disease
	Features of the Chronic Neurodegenerative process
	Periphery
	Neuropathology
	Glial Dysfunction Supports Neuronal Death
	Neurochemical Consequences Of neuronal death


	Premotor Signs of Parkinson's disease
	Diagnosis of Parkinson's Disease After Onset of Motor Symptoms
	Drug Treatment of Parkinson's Disease
	Monoamine Oxidase-B Inhibitors
	Dopamine Agonists
	Levodopa
	Comt Inhibitors
	Clinical Efficacy and Side-effects of Oral Ld/Ddi Application

	Deep Brain Stimulation
	Infusion Techniques

	Long-term Motor Complications Related to Dopaminergic Drug intake
	Motor Complications
	Treatment of Fluctuations Depends on the Modes of Ld Delivery to the Brain
	Motor Fluctuations Related to Nonmotor symptoms
	Metabolic Changes of Long-term Application of Ld/Ddi

	Nonmotor Features in Parkinson's Disease
	Sleep Disturbances
	Sleepiness
	Therapeutic Options for a Better Sleep Quality
	Therapy for Daytime Sleepiness

	Depression
	Therapy for Depression

	Cognition
	Drug Therapy for Cognitive Problems

	Psychosis
	Symptomatic Causes of Psychosis
	Drug Treatment of Psychosis

	Cyclic Mood Disorder With Hypomania Or manic Psychosis
	Dopamine-related Impulsive-compulsive Disorders
	Treatment Concepts


	Conclusion

	Stroke
	Introduction
	Poststroke Depression
	Epidemiology
	Diagnosis
	Relationship to Functional Physical impairment
	Mechanisms
	Prevention and Treatment

	Poststroke Anxiety Disorder
	Epidemiology
	Imaging Studies
	Treatment

	Mania
	Epidemiology
	Imaging Studies
	Treatment

	Anosognosia and Denial Of illness
	Epidemiology
	Imaging Studies

	Aggression
	Epidemiology
	Imaging Studies and Mechanisms
	Treatment

	Pathological Emotions
	Epidemiology
	Imaging Studies
	Treatment

	Poststroke Psychosis
	Epidemiology
	Imaging Studies
	Treatment


	Conclusion

	Huntington’s disease
	Introduction
	Psychiatric Syndromes
	Movement Disorders
	Cognitive Impairment
	Therapy for Psychiatric Syndromes
	Treatment of Movement Disorders
	Treatment of Cognitive Symptoms
	Research on Neuroprotection

	Sleep disorders
	Basics of Sleep Research
	Normal Sleep
	Polysomnography

	Classification of Sleep disorders
	Primary Sleep Disorders
	Dyssomnias
	Primary Insomnia
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Primary Hypersomnia
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Narcolepsy
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Nocturnal Breathing Disorders
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Circadian Rhythm Disorders
	Delayed Sleep Phase Syndrome
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Jet-lag Syndrome
	Clinical Features
	Therapy


	Not Otherwise Specified Dyssomnias
	Restless-legs Syndrome and Periodic Leg movement Disorder
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Chronic Fatigue Syndrome
	Clinical Features
	Epidemiology
	Etiology
	Therapy



	Parasomnias
	Nightmares
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Pavor Nocturnus
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Somnambulism
	Clinical Features
	Epidemiology
	Etiology
	Therapy

	Not Otherwise Specified Parasomnia
	Rem Behavior Disorder
	Clinical Features
	Epidemiology
	Etiology
	Therapy




	Sleep Disorders as Part of Psychiatric Diseases
	Other Sleep Disorders
	Sleep Disorders Within Organic Diseases
	Substance-induced Sleep Disorders


	Depression and cardiovascular disorders
	Depression and the Risk for Coronary Heart Disease
	Depression and Cardiovascular Risk
	Autonomic Nervous System and Heart Rate variability
	Platelet Activation and Aggregability
	Visceral Obesity
	Diabetes Mellitus
	Dyslipidemia
	Blood Pressure
	Depression and Behavior
	Does Stress Cause Cardiovascular Disease in Depressed Patients?

	Depression in Patients With Coronary Artery Disease
	Depression as a Risk Factor for Cardiac Mortality in Patients With Heart Disease

	Treatment of Depression In patients With Cad
	Cardiovascular Effects and Risks Of tricyclic antidepressants in Patients With heart Disease
	The Safety and Efficacy of Ssri Treatment In patients With Coronary Artery Disease
	Studies of Antidepressant Treatment In patients With Heart Disease
	Treatment of Depression in Patients Post-Mi

	Conclusion

	Psychiatric disorders among cancer patients
	Introduction
	The Epidemiology of Psychiatric Disorders in Oncology
	Adjustment Disorders
	Mood Disorders
	Bipolar Disorders
	Dysthymic Disorders
	Depression
	Risk
	Methodology
	Prevalence
	Gender
	Disease Severity
	Site
	Gynecological
	Oropharynx
	Lung
	Blood
	Skin
	Gastrointestinal
	Brain



	Anxiety Disorders
	Somatoform Disorders
	Substance Addiction
	Schizophrenia
	Suicide
	Delirium
	Psychiatric Complications of Chemotherapeutic Agents

	Cancer Pain and psychopathology
	Psychiatric Comorbidity and Quality of Life in Cancer
	Psychoneuroendocrinology And immunology of Cancer
	Potential Mechanisms of endocrine Effects on Cancer

	Treatment of Psychiatric Disorders in Cancer
	Psychopharmacological Treatment
	Psychotherapy
	Hypnosis

	Conclusion

	Chronic fatigue syndrome
	Definition
	Comorbidity
	Prevalence
	Pathophysiology
	Immune System Changes
	Neuroendocrine Changes
	Autonomic Nervous System Changes
	Central Nervous System Changes
	Risk Factors of Cfs
	Genetic Factors
	Personality Factors
	Cognitive-behavioral Factors
	Stress Factors


	Treatment

	Neurocognitive deficits in patients with humanimmunodeficiency virus infection
	Introduction
	Neurocognitive Disorders In hiv infection
	Patterns of Impairment
	Clinical Features and Course

	Neuropsychological Evaluation
	Role for Neuropsychology
	Neuropsychological Tests
	Test Selection
	Premorbid Intelligence
	Verbal Functioning
	Executive Functioning
	Processing Speed
	Attention/working Memory
	Learning and Memory
	Simple Motor Abilities


	Screening Tools
	Focused Neuropsychological Batteries
	Hiv Dementia Scale
	CogState
	Hiv Neurobehavioral Research Center Group
	Brief Neurocognitive Screen

	Neuropsychological Changes With Progression of Hiv-1 Infection
	Relationship Between Depression and Neurocognitive Performance
	Conclusion
	Acknowledgments

	Gastrointestinal disorders
	Introduction
	Historical Development of Theories About the Relationship of Psychiatric and Gastrointestinal Disorders
	Early Psychosomatic Concepts
	Early Theories of Emotion Related to brain-gut Interactions
	Psychoanalysis and Brain--visceral interactions
	Learning and Visceral Function

	Clinical Evidence for Brain-gut interactions in Gastrointestinal Disorders
	Prevalence of Functional Gi disorders
	Irritable Bowel Syndrome
	Functional Dyspepsia and Heartburn
	Inflammatory Bowel Disorders
	Comorbidity of Ibs With Other Persistent Pain syndromes
	Prevalence of Disorders of Mood and Affect In irritable Bowel Syndrome

	Treatment-seeking Samples
	Population-based Samples

	Role of Affective Disorders in Determining Healthcare-seeking Behavior
	Comorbidity of Inflammatory Bowel Disorders With Disorders of Mood and Affect


	Role of Psychosocial Stressors and Coping Mechanisms in Gi Disorders
	Irritable Bowel Syndrome
	Peptic Ulcer Disease and Gastroesophageal reflux Disease
	Inflammatory Bowel Disorders

	Current Neurobiological Concepts About Mind-brain-body Interactions in Health and Gastrointestinal Disorders
	The Central Stress System
	The Emotional Motor System
	Factors Influencing the Responsiveness Of the Ems
	Autonomic Nervous System Response and Gastrointestinal Function
	Sympathetic Nervous System
	Parasympathetic Nervous System
	Enteric Nervous System

	Autonomic Nervous System and Gut Function
	Hpa Axis
	Hpa Axis and Gut Function
	Modulation of Visceral and Somatic pain perception
	Shared Endophenotypes Between Gastrointestinal and Psychiatric Disorders

	Treatment Implications for Disorders of Brain-gut Interactions
	Nonpharmacological Treatments
	Pharmacological Treatments
	Antidepressants
	Tricyclic Antidepressants

	Serotonin Reuptake Inhibitors
	Serotonin Norepinephrine Reuptake Inhibitors
	Anxiolytics and Sedatives

	Complementary and Alternative Medicine (Cam)

	Conclusions
	Acknowledgments

	Role of psychotherapy in the managementof psychiatric diseases
	Relevance of Psychotherapy In psychiatry
	Shift From School- to Disorder-oriented Psychotherapy

	Evidence-based Psychotherapy
	Risk of Plausible Theories
	Psychotherapy Studies
	Criteria for the Evaluation of a Study

	Example 1: Evidence-based Psychological Treatment of Depression
	Example 2: Evidence-based Psychological Treatment of Anxiety Disorders
	Posttraumatic Stress Disorder
	Virtual Reality Exposure Therapy For anxiety disorders


	Neurobiological Changes With Psychotherapeutic Treatment
	Summary

	Pharmacology and neuroimaging of antidepressant action
	Clinical Characteristics of Antidepressants
	Classification of Antidepressants: Effects on Monoamine Systems
	An Emerging Theory of Antidepressant Action: Neurogenesis and Neural Networks
	Pharmacogenetics: Predicting Drug Effects From Genetic Variation
	Toward a Functional Neuroanatomy of Depression: Neuroimaging Approaches
	Neuroimaging of Antidepressant Actions: Brain Changes With Treatment
	Future Directions in the Neuroimaging of Depression
	Emerging Areas of Antidepressant Action
	Conclusion

	Antipsychotic drugs
	History of Antipsychotics
	First-generation Antipsychotics
	Classes
	Chemistry and Chemical Structure
	Pharmacology
	Mechanism of Action
	Efficacy and Indications
	Adverse Effects
	Neurological
	Cardiovascular
	Metabolic
	Autonomic
	Gastrointestinal
	Genitourinary
	Endocrinological
	Dermatological
	Ophthalmological


	Second-generation Antipsychotics
	Chemical Structure and Pharmacological profiles
	Mechanism of Action
	Efficacy and Indications
	Adverse Effects
	Neurological
	Metabolic
	Cardiovascular
	Autonomic
	Gastrointestinal
	Endocrinological
	Pregnancy
	Hematological
	Ophthalmological


	Comparison of First- and Second-generation Antipsychotics
	Conclusions and Future Directions

	Anxiolytics
	Assessment and Diagnosis
	Biological Basis of Theories Of anxiolytic Action
	Gamma-aminobutyric Acid (Gaba)
	Serotonin (5-Ht)
	Norepinephrine
	Glutamate
	Corticotropin-releasing Factor (Crf)
	Peptide Tachykinins

	Classes of Drugs Used As anxiolytics
	Drugs Acting Via Amino Acid Transmission
	Benzodiazepines
	Adverse Effects
	The Benzodiazepine Debate

	Anticonvulsants
	d-cycloserine

	Drugs Acting Via Monoaminergic Neurotransmission
	Antidepressants
	Tricylic Antidepressants

	Monoamine Oxidase Inhibitors
	Selective Serotonin Reuptake Inhibitors
	Venlafaxine
	Mirtazapine
	Buspirone

	beta-blockers
	Antipsychotics


	Conclusions

	Brain stimulation therapies for neuropsychiatric disease
	Introduction
	Electroconvulsive Therapy
	Vagus Nerve Stimulation
	Transcranial Magnetic Stimulation
	Magnetic Seizure Therapy
	Transcranial Direct-current Stimulation
	Direct Cortical Stimulation
	Deep-brain Stimulation
	Summary

	Chronotherapeutics (light and wake therapy) as a classof interventions for affective disorders
	Introduction
	What is Chronotherapeutics?
	Why Chronotherapeutics?

	Neurobiological Underpinnings
	The Circadian System
	Sleep Regulation
	Sleep Timing and Mood
	The Usefulness of Models to Understand Chronobiological Treatments
	The Importance of Stable Entrainment

	Zeitgebers as Therapy
	Light Therapy
	Dark Therapy
	Melatonin
	Wake Therapy (sleep Deprivation)
	Phase Advance of the Sleep-wake Cycle
	Wake Therapy and Combinations

	Light Therapy: Treatment Guidelines
	Timing of Light Therapy Sessions
	Response Assessment and Monitoring
	Apparatus
	Ocular Safety
	Side-effects
	Light Therapy for Whom?
	Seasonal Affective Disorder
	Subsyndromal Seasonal Affective Disorder
	Bulimia Nervosa
	Premenstrual Dysphoric Disorder, Antepartum Major Depression
	Nonseasonal Major Depression


	Combination Chronotherapeutics
	Bright Light Augmentation of Antidepressant drug Treatment
	Wake and Light Therapy Combined With Antidepressant Drugs
	Newer Exploratory Nonpharmaceutical Treatments
	Dawn Simulation
	Negative Air Ionization


	Chronotherapeutic Guidelines
	Conclusion: Chronotherapeutics as a Primary Treatment
	Acknowledgment
	Appendix
	Self-Assessment Version (Meq-Sa)11Some Stem Questions and Item Choices have Been Rephrased From the Original Instrument (Horn..
	Interpreting and Using Your morningness-eveningness Score


	Pharmacogenetics of antidepressants and mood stabilizers
	Treatment of Mood Disorders: Critical Issues
	Pharmacogenetics of Antdepressant Drugs: Pharmacodynamic Aspects
	Brain Monoamine Systems
	Tryptophan Hydroxylase
	Serotonin Transporter
	Norepinephrine Transporter
	Monoamine Oxidase A
	Catechol-O-methyltransferase (Comt)
	Beta1-adrenoceptor
	Dopamine Receptors
	5-Ht1A Receptor
	5-Ht2A Receptors
	5-Ht6 Receptor


	Intracellular Signal Transduction Pathways
	G Protein Beta-3 Subunit

	Stress Hormone System
	Crh Receptor 1
	Glucorticoid Receptor Gene

	Angiotensin-converting Enzyme (Ace) Substance P System
	Angiotensin-converting Enzyme

	Proinflammatory Cytokines
	Interleukin 1-beta

	Endogenous Clock System
	Circadian Locomotor Output Cycles Kaput (Clock)


	Pharmacogenetics of Antidepressant Drugs: Pharmacokinetic Aspects
	Cytochrome P450 Enzyme Complex
	P-glycoprotein

	Pharmacogenetics of Mood-stabilizing Drugs
	Dopamine Neurotransmission
	5-Ht Neurotransmission
	Phosphoinositide System (protein Kinase C (Pkc) Pathway)
	Neurogenesis
	Glycogen Synthase Kinase (Gsk-3beta)
	Mitochondrial Dna

	New Trends in Psychopharmacogenetics

	Index



