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Preface

Despite a long research history and robust findings about genetics, life course, and
treatment of attention-deficit hyperactivity disorder (ADHD), the disorder remains
a matter of public controversies and scientific debates. Descriptions of children suf-
fering from developmentally inadequate inattention, motor overactivity and impul-
sivity by European as well as American physicians go back to the 19th century. In the
20th century, empirical studies across the world substantially advanced our knowl-
edge of epidemiology, etiology, pathophysiology and treatment of the syndrome.
Nevertheless, controversy about the diagnosis remains, as evidenced by different
diagnostic standards in the Diagnostic and Statistical Manual of the American
Psychiatric Association (4th ed.; DSM-IV), and the International Classification of
Diseases (10th ed.; ICD-10), which is more restrictive and is the obligatory diagnos-
tic standard for European psychiatrists. Due to the immense international scientific
support for the DSM-IV approach to the diagnosis of ADHD, it is applied in this vol-
ume of Key Issues in Mental Health.

Although disbelieved for many decades, longitudinal studies performed since the
1970s in the USA, Canada and other countries have clearly shown that ADHD per-
sists into adulthood and is associated with high risk for comorbid psychiatric disor-
ders and social impairment. Until recently, in Germany and other European
countries, the lifespan perspective of this disorder has failed to be recognized. In the
last decade, scientific and clinical interest in ADHD have increased dramatically in
Germany, but there remains a deep transatlantic gap regarding treatment opportuni-
ties, and views about the benefits of treatment, for adult ADHD patients, in spite of
ample empirical evidence supporting treatment efficacy.

In this volume of Key Issues in Mental Health, we have brought together scientists
from the USA and Germany to provide an overview about several important aspects



of ADHD across the lifespan. The topics include epidemiology, neurobiology, psy-
chopathology, longitudinal course, comorbidity and social impairment. Moreover,
diagnostic problems and therapeutic options regarding this disorder are discussed.

In the first chapter, Paul H. Wender and David A. Tomb give a synopsis of adult
ADHD from the authors’ extended work at the University of Utah. Formal and mole-
cular genetic studies are reviewed by Christine M. Freitag and Wolfgang Retz in chap-
ters 2 and 3, followed by chapter 4, where Christina G. Baehne and Andreas J.
Fallgatter report findings from neurophysiological studies of adult ADHD. An
overview of morphological and functional imaging studies in adult ADHD is pro-
vided by Marc Schneider and coworkers in chapter 5. The subsequent chapters refer
to clinical aspects of ADHD in adults, starting with diagnostic issues of adult ADHD,
presented in chapter 6 by Rolf-Dieter Stieglitz. The very important issue of comor-
bidity in adult ADHD is reviewed by Rachel G. Klein and Salvatore Mannuzza in
chapter 7, and in chapter 8 aspects of social dysfunctioning in adults with ADHD are
discussed by Michael Rösler. The last two chapters give insights into therapeutic
approaches in adult ADHD. In chapter 9, Alexandra Philipsen and coworkers report
on psychotherapeutic approaches for adults with ADHD, with a main focus on the
development of a group therapy in Germany, and in chapter 10 Götz-Erik Trott sum-
marizes options of pharmacological treatment.

In order to continue the tradition of Key Issues in Mental Health, the editors and
contributing authors endeavored to give an overview of the most relevant research
and treatments in an important field of contemporary psychiatry. We hope that this
volume will be a useful tool for physicians and therapists who work with ADHD
patients.

Wolfgang Retz
Rachel G. Klein

VIII Preface



Chapter 1

Retz W, Klein RG (eds): Attention-Deficit Hyperactivity Disorder (ADHD) in Adults.

Key Issues in Mental Health. Basel, Karger, 2010, vol 176, pp 1–37

Attention-Deficit Hyperactivity Disorder in 
Adults: An Overview
Paul H. Wendera � David A. Tombb

aDepartment of Psychiatry, Harvard Medical School, Boston, Mass., and bDepartment of Psychiatry, University of 

Utah School of Medicine, Salt Lake City, Utah, USA

Abstract
Attention-deficit hyperactivity disorder (ADHD) is a common, genetically transmitted neurological 

disorder, with onset in childhood, probably mediated in part by decreased brain dopaminergic func-

tioning. The first author and colleagues were among the earliest (1976) to describe the persistence 

of symptoms into adulthood and to perform a methylphenidate trial. Prevalence and natural history 

data suggest that of the 3–10% of children diagnosed with ADHD, one- to two-thirds continue to 

manifest appreciable ADHD symptoms as adults. This chapter reviews how ADHD in adults can be 

readily diagnosed and treated using the Wender Utah diagnostic criteria to identify adult character-

istics of the disorder. Stringent diagnosis is key to determining effective treatment. This chapter also 

addresses core hypotheses of etiology and treatment. Dopamine agonist stimulant medications 

appear to be the most effective in treating ADHD. About 70% of patients receiving stimulant medi-

cation have shown moderate to marked improvement, as compared with 20% of those receiving 

placebo. The core symptoms of hyperactivity, inattention, mood lability, temper, disorganization, 

stress sensitivity, and impulsivity have been shown to respond to treatment with stimulant medica-

tions more than to other drugs. Appropriate management of adult patients with ADHD includes 

psychoeducation and counseling when necessary while the roles of supportive problem-directed 

therapy, behavioral intervention, coaching, and couples and family therapy remain to be evaluated.

Copyright © 2010 S. Karger AG, Basel

Attention-deficit hyperactivity disorder (ADHD) is very likely the most common and 

undiagnosed psychiatric disorder of adult life. Increasingly recognized only since the 

1970s, ADHD had previously been believed to diminish in adolescence and disappear 

in adulthood. About 30 years ago, the senior author noted that the parents of ADHD 

children described similar problems in their own childhood and for many these prob-

lems had continued throughout life. A frequent comment by a spouse was: ‘What do 

you mean used to have?’ The senior author was then faced with two primary ques-

tions: [1] what clinical features characterize ADHD in adults (this work antedated 

DSM-III) and [2] how does one determine if the adults would have met the criteria 
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for ADHD as children since it is believed that the condition does not appear de novo 

in adulthood.

With a focus on adults, this chapter outlines the history of the diagnostic concept, 

its prevalence, clinical medical symptoms, diagnosis and differential diagnosis, pre-

sumed etiology and (briefly) treatment. Much of this is based on 30 years of work 

conducted by Wender and colleagues and their efforts to clarify the two essential 

questions above. The interested reader is referred to his recent review article or book 

Attention-Deficit Hyperactivity Disorder in Adults for more detail [1, 2].

History of the ADHD Concept

The names and criteria for the syndrome of ADHD have changed frequently. What 

is now referred to as ADHD has been variously designated as ‘minimal brain dam-

age’, ‘minimal brain dysfunction’, ‘minimal cerebral dysfunction’, ‘hyperkinesis’, and 

the ‘hyperactive child syndrome’. The main behavioral and/or cognitive abnormali-

ties contained within the syndrome usually included overactivity, inattentiveness, 

impulsivity, affective lability and ‘immaturity’. Associated abnormalities included, but 

were not limited to, poor peer relations, defiance, hostility, ‘acting out’ behaviors and 

‘learning problems’. The earliest descriptions of a behavioral condition akin to ADHD 

were provided by George Still at the turn of the century [3]. He posited an overarch-

ing failure in moral control and proposed a biological substrate (either hereditary 

and/or the result of some acquired encephalopathy). His formulation of underlying 

CNS damage was reflected in the early diagnostic terms of minimal brain damage or 

minimal brain dysfunction (both MBD), which prevailed throughout the first half of 

the 20th century.

Subsequent conceptual shifts are reflected in the several versions of the Diagnostic 

and Statistical Manual of Mental Disorders (DSM) published by the American 

Psychiatric Association. A more descriptive view was taken in 1968 such that the sec-

ond edition called the disorder Hyperkinetic Reaction of Childhood, and stressed 

abnormally high levels of motor activity as the primary deficit. Later research 

emphasized deficits in attention and impulse control, as well as hyperactivity [4]. 

Consequently in 1980 the third revision of the DSM (DSM-III) re-titled it Attention 

Deficit Disorder (ADD), with two subtypes (with or without hyperactivity) [5]. 

Debates continued as to the central importance of problems with hyperactivity, and 

in 1987 the disorder was renamed Attention Deficit/Hyperactivity Disorder (DSM-

III-R). ADD without hyperactivity was named Undifferentiated Attention Deficit 

Disorder, and thought by many to embody a separate disorder of attention [6–8]. 

The most current DSM-IV (1994) melds the different emphases by titling the disor-

der ADHD/Primarily Inattentive Type, or ADHD/Primarily Hyperactive-Impulsive 

Type, or ADHD/Combined Type, depending on the mix of inattentive, hyperactive or 

impulsive symptoms [9].
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All of the above terminology reflects evolving theories of etiology or key symp-

toms. Future advances in understanding the biology and pathophysiology of the dis-

order may yet lead us to further nosological shifts [see, for example, Retz and Freitag, 

Baehne and Fallgatter, and Schneider et al., chapters 3, 4 and 5].

Core Symptoms

Although a former version of the DSM included the category of ‘ADHD-residual type’, 

there are no specific criteria for ADHD in adults. The DSM-IV’s symptomatic criteria 

were developed for children and, not surprisingly, many of them are age-limited and 

look exclusively at behavior. In this category are behaviors such as ‘often runs about 

or climbs excessively...’ or ‘often has difficulty playing or engaging in leisure activities 

quietly’. These criteria are not applicable to adulthood, which makes defining relevant 

and age-appropriate symptoms a critical issue. Versions of DSM-III (1980–1994) upon 

which much research has been based was even more inappropriate by using descrip-

tions such as: ‘has difficulty waiting turn in games or group situations.’ Moreover, the 

DSM criteria focus on only three symptoms/behaviors of adult ADHD: inattention, 

hyperactivity, and impulsivity. There is no effort to assess the variety of broader prob-

lems that appear to accompany ADHD in adults. Accordingly, since 1976, the senior 

author has been developing tentative operational criteria for ADHD in an attempt to 

better specify characteristics more directly relevant to adults.

Childhood Status

By definition, ADHD begins in childhood. Thus the first task of the clinician is to 

determine the psychiatric status of the patient as a child and to make a retrospec-

tive diagnosis of childhood ADHD. Some patients may have been evaluated or 

treated as children. For others we inquire about the presence or absence of DSM-IV 

ADHD symptoms during childhood. However, many ADHD adults’ memories of 

their childhood are cloudy and inaccurate and we lack a measure of reliability. In 

2002, Mannuzza interviewed ADHD subjects and controls as children and then again 

about their childhood symptoms when they were adults and found that retrospec-

tive diagnoses of ADHD in childhood, based on the subjects’ adult memories, were 

inaccurate in 73% of cases. As a screening procedure one can seek to obtain a his-

tory of the more macro (and presumably better recalled) behavioral characterizations 

(see below). To further circumvent a memory problem we have also employed the 

three approaches outlined below. Parental interview is the first and preferred method 

of obtaining childhood symptoms. If this is not possible, a useful second approach 

is for the patient’s parents to rate their (now) adult offspring as he or she had been 

in childhood, using the ‘Parents Rating Scale’ (PRS) (see appendix A). The PRS is a 
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10-item adaptation of the Conner’s Rating Scale popularly used for childhood ADHD 

assessment, and yields an index of the magnitude of an adult’s hyperactivity during 

childhood [10]. The PRS has been normed and a score of 12 or greater (0–3/item) 

places the adult patient in the 95th percentile for childhood ‘hyperactivity’ within the 

United States population. Other populations will require further standardization. The 

third technique is to administer the Wender Utah Rating Scale (WURS). It is a patient 

self-rating scale for childhood behavior and symptoms of 61 items consistent with 

ADHD/Combined Type (see appendix B).

The 25 most discriminating items are scored in a 0–4 rating scale [11]. This scale 

has been standardized in normal adults, adults with a major depressive disorder, 

and adults with ADHD and has been translated into and standardized in German 

[12].

Utah Criteria

The senior author and his collaborators have developed a set of characteristics to 

specify both necessary childhood criteria and current ADHD symptoms in the adult. 

These ‘Utah Criteria’ are as follows:

I. Childhood Characteristics

A childhood history consistent with ADHD is established through the methods dis-

cussed above.

The ‘Utah Criteria’ require that a patient must have met either the ‘narrow’ or the 

‘broad’ criteria as a child measured by either the PRS and/or the WURS. The follow-

ing are those necessary standards for ADD in childhood.

A. Narrow Criteria (DSM-IV)

That the individual meet full DSM-IV criteria for ADHD in childhood.

B. Broad Criteria

Both characteristics 1 and 2, and at least one characteristic from 3 through 6 below:

1 Hyperactivity: more active than other children, unable to sit still, fidgetiness, rest-

lessness, always on the go, talking excessively

2 Attention deficits: sometimes described as a ‘short attention span,’ distractibility, 

unable to finish schoolwork

3 Behavior problems in school

4 Impulsivity

5 Overexcitability

6 Temper outbursts
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II. Adult Characteristics

The Utah scheme requires that ADHD patients have both symptoms A and B below, 

plus two of the remaining symptoms (e.g., must be ADHD/Combined Type). At the 

time of the development of these criteria, Inattentive and the Hyperactive-Impulsive 

subtypes were not well validated (see above and below). Even now, more work needs 

to be completed to validate the existence of exclusively Inattentive or Hyperactive-

Impulsive subtypes in adults. The reader should also be aware that the Utah criteria are 

not based exclusively on the behavioral criteria outlined in the DSM because ADHD 

is viewed as a polythetic condition, consisting of several diverse, non-overlapping 

features. Thus the criteria also include associated features and subjective symptoms 

(e.g., low frustration tolerance, temper outbursts, etc.) which the adult undergoing 

evaluation and his/her partner report [13, 14]. Exactly which symptoms were chosen 

for inclusion was based upon the best judgment of the senior author. Likewise, the 

‘cutting point’ where a difficulty becomes a symptom was similarly decided. Since this 

is a reflection of the probable polythetic nature of adult ADHD, it will only become 

clarified through experience and research which attempts to define a ‘pure culture’ or 

‘gold standard’ picture of adult ADHD.

A. Motor Hyperactivity

Manifested by restlessness, inability to relax; ‘nervousness’ (meaning inability to set-

tle down, not anticipatory anxiety); inability to persist in sedentary activities (e.g., 

watching movies or TV, reading the newspaper); always on the go, dysphoric when 

inactive.

B. Attention Deficits

Manifested by an inability to keep one’s mind on conversations; by distractibility (inca-

pacity to filter extraneous stimuli); difficulty keeping one’s mind on reading materials 

or tasks (‘mind frequently somewhere else’); frequent ‘forgetfulness’; by often losing 

or misplacing things; forgetting appointments, plans, car keys, purse, etc.

C. Affective Lability

Usually described as antedating adolescence, and in some instances as far back as the 

patient can remember. Manifested by definite shifts from a normal mood to depres-

sion or mild euphoria or – more often – excitement; depression described as being 

‘down,’ ‘bored,’ or ‘discontented’; anhedonia not present; mood shifts usually last hours 

to at most a few days and are present without significant physiological concomitants; 

mood shifts may occur spontaneously or be reactive.

D. Hot Temper, Explosive Short-Lived Outbursts

A hot temper, ‘short fuse’, ‘low boiling point’; outburst usually followed by quickly 

calming down. Subjects report that they may have transient loss of control and be 
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frightened by their own behavior; easily provoked or constant irritability; temper 

problems interfere with personal relationships.

E. Emotional Overreactivity

Subjects cannot take ordinary stresses in stride and react excessively or inappropri-

ately with depression, confusion, uncertainty, anxiety, or anger; emotional responses 

interfere with appropriate problem-solving – they experience repeated crises in deal-

ing with routine life stresses; describe themselves as easily ‘hassled’ or ‘stressed out’.

F. Disorganization, Inability to Complete Tasks

A lack of organization and performing on the job, running a household, or perform-

ing school work; tasks are frequently not completed; the subject goes from one task to 

another in haphazard fashion; disorganization in activities, problem-solving, organiz-

ing time; lack of ‘stick-to-itiveness’.

G. Impulsivity

Minor manifestations include talking before thinking things through; interrupting 

others’ conversations; impatience (e.g., while driving); impulse buying. Major mani-

festations may be similar to those seen in mania and Antisocial Personality Disorder 

and include poor occupational performance; abrupt initiation or termination of rela-

tionships (e.g., multiple marriages, separations, divorces); excessive involvement in 

pleasurable activities without recognizing risks of painful consequences (e.g., buying 

sprees, foolish business investments, reckless driving); inability to delay acting without 

experiencing discomfort. Subjects make decisions quickly and easily without reflec-

tion, often on the basis of insufficient information, to his/her own disadvantage.

H. Associated Features

Associated features include marital instability, academic and vocational success less 

than expected on the basis of intelligence and education, alcohol and drug abuse, and 

family histories of ADHD in childhood and parents with alcoholism and Antisocial 

Personality Disorder.

The Utah Criteria have been chosen to be highly restrictive. Even though we do 

recognize that ADHD occurs with other psychiatric illnesses, its diagnosis in an 

adult is only made when other psychological and psychiatric disorders, such as rapid 

cycling bipolar illness, schizophrenia, etc. have been eliminated. For example, bipolar 

disorder may coexist with or be mistaken for ADHD. The senior author has treated 

ADHD patients with Major Depressive Disorder and Bipolar I and II Disorders, yet 

patients with such comorbid conditions were not included in the development of the 

Utah Criteria. This stringency in terms of the avoidance of other psychiatric diagno-

ses is somewhat unique among diagnostic schemas.

Often considered the most stringent of diagnostic schema, the Utah Criteria make 

childhood hyperactivity continuing into adulthood a mandatory diagnostic symptom. 



ADHD in Adults: An Overview 7

This criterion obviously eliminates that subgroup of ADHD children and ADHD 

adults who were, and are, characterized by inattentiveness without hyperactivity and 

impulsivity. As these criteria were developed prior to the more recent onset of ADHD 

subtyping, the current Predominantly Inattentive subtype might not fit as well into 

this framework. For example, the much less stringent criteria used in the rating scale 

by Biederman relies upon the 18 DSM-IV signs and thus admits a much larger group 

of patients into research studies. The more stringent requirements were employed 

in the senior author’s research in order to limit investigations to the most clear-cut 

subgroup of adult patients with ADHD. What was useful, however, for research pur-

poses need not be helpful clinically, because it is clearly the case that many children 

and adults with inattention alone respond to the same treatments. This also implies a 

common or related underlying pathophysiology.

A formal diagnosis of adult ADHD using the Utah Criteria is made using the 

Wender-Reimherr Adult Attention Deficit Disorder Scale (WRAADDS), a structured 

interview which evaluates the seven symptoms of the Utah Criteria (see appendix C). 

These symptoms are rated from 0 – not present, 1 – slight, 2 – moderate, 3 – quite a 

bit, to 4 – very much. A diagnosis of adult ADHD is made if the patient has a rating of 

3 or greater on attentional difficulties and hyperactivity and a total score ≥17.

The Utah diagnostic criteria are similarly stringent in excluding patients with cer-

tain comorbid psychiatric diagnoses such as Schizophrenia, Antisocial Personality 

Disorder, and Schizotypal or Borderline Personality Disorders. Again, it was not the 

intention to thereby deny the frequent comorbidity between ADHD and those con-

ditions [see Klein and Mannuzza, chapter 7]. This rather represented the desire to 

investigate a more homogeneous sample. Individuals diagnosed with these excluded 

categories often also have prominent ADHD symptoms and, thus, ADHD remains 

to be studied in conjunction with such comorbid conditions. Moreover, an impor-

tant additional area for further investigation is the influence of drug treatment on the 

ADHD symptoms of adults with comorbid disorders.

Other Common Comorbidities

ADHD children are often comorbid for Conduct Disorder (CD) and most CD 

children have ADHD as well. While there are many ADHD children without CD, 

such an elevated association should come as no surprise. This observation is also an 

important prognostic sign as about one-half of children with CD go on to develop an 

Antisocial Personality Disorder (APD). Moreover, there appears to be a dose associa-

tion between ADHD in children and Oppositional Defiant Disorder (ODD), a rela-

tionship which may extend into adulthood. Little is known about the value of drug 

treatment of ADHD in the presence of CD, APD, or ODD, despite reports of the high 

prevalence of ADHD and some treated ADHD in the criminal population. However, 

ADHD in children comorbid with CD/ODD appears to respond well to stimulants 
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[15]. The relationship of adult ADHD with ODD and/or APD requires study [also see 

Rösler, chapter 8].

Lastly, the Utah studies encountered a high frequency of learning disorders (LD) 

in the adult ADHD patients. Similar to conduct problems, the continuation of these 

disorders could have been anticipated because ADHD children have an increased 

incidence of LDs in reading, spelling, and mathematics as well as expressive language 

disorders. These skills are rarely assessed in conventional psychiatric evaluations of 

adults and the degree to which they extend into adulthood remains to be determined. 

Thus it is often important to evaluate them in adults with ADHD, and to treat them 

appropriately, since learning disorders often still impact adult life.

It remains an open question as to where to draw the line between which conditions 

are comorbid with ADHD and which are developmental extensions of this condition. 

It could well be that some of the presumably independent conditions such as LD and 

CD which are found in APD represent genetic pleiotropism (a single gene produces 

multiple effects) and that ADHD as it finally expresses itself is much more polythetic 

(possessing many features) than previously believed. Just as a single agent, group A 

streptococci, can produce rheumatic fever that can be expressed through a variety 

of symptoms such as polyarthritis, Sydenham chorea, myocarditis, endocarditis, and 

damaged heart valves, so it possible that ADHD may result not only in the symptoms 

typically associated with it but also ‘polythetically’ in conditions such as LD and CD. 

Thus, perhaps the best way to determine the complete signs and symptoms of adult 

ADHD would be to due longitudinal, follow-up studies. This is a topic very much in 

need of further research.

Differential Diagnosis

One major diagnostic dilemma will be discussed here: the differentiation between 

ADHD and other psychiatric diagnoses with very similar symptoms. As indicated 

previously, differential diagnosis of this disorder is greatly aided by the presence of 

an ‘other’ such as spouse, partner, adult children, or parents of the adult patients. 

Without their observations critical symptoms may be underestimated or simply not 

disclosed.

Adult ADHD individuals often exhibit depression, affective lability, and irritabil-

ity. Consequently, ADHD may sometimes be confused with mood disorders such as 

Bipolar Disorder, Cyclothymic Disorder, and Borderline Personality Disorder (BPD). 

However, the hypomanic mood shifts typically seen in Cyclothymic Disorder are of 

weeks or months duration, and differ from the hour-to-hour or day-to-day shifts seen 

in ADHD. Likewise, anhedonia and physiological concomitants of depression are 

absent in ADHD, as are the depressive personality traits which Akiskal [16] describes 

as ‘subaffective dysthymia’. Patients with ADHD and BPD appear to share symp-

toms of impulsivity, affective instability, angry outbursts, and feelings of boredom. 
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However, both quantitative and qualitative differences are seen between the two diag-

nostic groups. The impulsivity in ADHD is typically short-lived and thoughtless, 

rather than ‘driven’. Similarly, the ADHD patients’ anger is short-lived and episodic, 

as opposed to the brooding anger typical of the BPD patient. Other major differences 

between ADHD and BPD patients is that the former do not have the intense con-

flicted relationships, suicidal preoccupations, self-mutilation, identity disturbances, 

or feelings of abandonment seen in BPD. Nevertheless, these differences are not clear-

cut in all instances, and medications useful in the treatment of ADHD might be of 

value in treating ADHD-like symptoms in some BPD patients.

A peculiar situation occurs when the patient shares ADHD and Bipolar Disorder 

(BP). It is increasingly recognized that BP may have its onset in childhood and that a 

very large fraction of early onset patients with BP have ADHD as well. The import of 

this is that the ADHD symptoms do not respond to either the mood stabilizers or sec-

ond generation antipsychotics used for BP. It has been the senior author’s experience 

with several adults with BP whose symptoms have been controlled with medication 

that they continue to manifest symptoms of ADHD. Cautious addition of stimu-

lants has controlled their ADHD symptoms without exacerbating their BP. This is 

important because one quarter of adults with BP had childhood BP and most of those 

also had childhood ADHD. Consider a controlled trial of stimulants if an adult BP 

patient’s symptoms are not well controlled with mood stabilizers and the symptoms 

that remain have the appearance of ADHD.

Prevalence

There are no definitive epidemiological studies of the prevalence of ADHD in adults. 

We can, however, reach an order of magnitude calculation for its prevalence from 

studies estimating the prevalence of ADHD in children and the proportion of these 

cases that persist into adulthood. Depending on the methodology employed, and the 

cutoff scores chosen, the prevalence of ADHD in childhood ranges from 3 to 10%. In 

all studies the disorder is found to be at least 2–3 times as common in boys as in girls. 

Prevalence rate in different studies varies depending on the setting, the reporter (par-

ent, teacher or self) and the requirements for diagnosis. For example, the prevalence 

rate is lower when the disorder is required to be pervasive (evident in more than one 

setting) [17, 18]. Unfortunately, the absence of a diagnostic gold standard limits the 

determination of the ‘true’ prevalence of ADHD. That is, we lack the sort of micro-

biological, pathological, and physiological markers which are often associated with 

other illnesses, and which permit us to more definitively ascertain the reliability of 

our diagnosis. It is difficult to meaningfully determine the sensitivity and specificity 

of our inclusion criteria for ADHD without a means by which to determine whether 

or not an individual patient ‘really’ has the disorder. When such a standard is absent, 

we must make a decision to employ either looser or more stringent criteria. This 
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decision is of course important in terms of determination of prevalence, as well as for 

determination of which patients we diagnose and subsequently treat. (This question 

will be further considered in the context of the ‘pay-off matrix’ in our discussion of 

treatment.)

The natural history of ADHD as a developmental disorder is best assessed by lon-

gitudinal studies of children followed into adult life. There are two relevant studies. 

Weiss and Hechtman [19] provided adult follow-up at age 25 of 60% of the ‘hyperac-

tive’ children they had treated when 6–12 years old. Two-thirds of their subjects com-

plained of at least one symptom of restlessness, distractibility, or impulsivity, versus 

7% in the controls. Approximately one-half of the patients continued to have moder-

ate or severe problems, while approximately one-quarter had developed Antisocial 

Personality Disorder. Mannuzza and Klein [13, 20, 21] also followed a cohort of 

‘hyperactive’ children from childhood to ages 18 and 26, and were able to obtain fol-

low-up data from nearly 100%. At age 18, 40% of the patients had ADHD (compared 

to 3% of the controls), 27% had Conduct Disorder or Antisocial Personality Disorder 

(versus 8% of the controls), and 16% had non-alcohol Substance Abuse Disorder (vs. 

3% of the controls) [22]. By contrast, at age 26 only 11% continued to have full or 

partial ADHD symptoms, while 18% had Antisocial Personality Disorder, and the 

same number (16%) continued to have non-alcohol Substance Abuse Disorder [23]. 

The apparent discrepant results between these two studies [see Klein and Mannuzza, 

chapter 7] may reflect differences in ADHD severity and/or comorbidity in the groups 

studied (Klein vs. Weiss). The most striking feature of these studies is the relative per-

sistence of ADHD through adolescence and its apparent decrease in early adult life. 

This reported drop in the prevalence of ADHD between the ages of 18 and 26 may 

be interpreted in two different ways. One obvious answer is that the children simply 

outgrew the disorder. Alternatively this drop may reflect reporter differences, since 

the investigators depended solely on self-report (of their 25-year-old subjects) for the 

adult cohort, whereas for child cohorts both the subject and parents were used as 

informants. In this regard, the Utah studies have consistently found that many adults 

with persistent ADHD do not report their symptoms or fail to report their severity 

[24]. From a practical standpoint, the patient’s spouses or other informants are also 

often helpful for initial assessment and in determining treatment response. As the 

above adult outcome studies were based only on reports from the patients themselves, 

results likely may have underestimated the true persistence of ADHD in adulthood.

Taken together, the existing prevalence and natural history data suggest that one- 

to two-thirds of the 3–10% of the childhood prevalence, or somewhere between 1 and 

6% of the general population continue to manifest appreciable ADHD symptoms into 

adult life. It should also be pointed out that these longitudinal studies were begun at 

a time when the diagnostic criteria of ‘hyperactivity’ were more narrowly defined. 

The male subjects so diagnosed might not be representative of more current clini-

cal cohorts which include the ‘inattentive subtype’, and which may also include more 

girls and women. No adequate prevalence data are available for these later subjects. 
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Thus the generalizability of the anterospective studies discussed above, regarding 

both adult prevalence and prognosis, may be primarily limited to only a subset of the 

ADHD population.

Presumed Etiology

Genetics

In the early 1970s the senior author advanced the hypothesis that the etiology of 

‘minimal brain dysfunction’ (as ADHD was then often still named) might be genetic 

in origin and produced by decreased functioning in the catecholaminergic system 

[25, 26]. Conjectures about a genetic origin were based on an apparently increased 

frequency of MBD symptoms among the siblings of children with that disorder, as 

well as an increased frequency of other forms of psychopathology (including alcohol 

abuse and Antisocial Personality Disorder) among the parents of these patients. In 

addition, the absence of such psychopathology in the adoptive parents of MBD chil-

dren suggested the transmission to be genetic in origin.

Since that time there have been many familial studies of ADHD, which allow 

one to come closer to the relative contributions of genetic versus environment and 

child-rearing factors. Investigators have looked at the familial association of ADHD; 

psychopathology in the first-degree relatives of ADHD children; concordance rates 

between monozygotic and dizygotic twins, and symptoms in foster or adopted chil-

dren with ADHD. The initial family studies reported an increased frequency of alco-

hol abuse and Antisocial Personality Disorder among male first-degree relatives and, 

possibly Somatization Disorder among female biological parents of ‘hyperactive’ chil-

dren as compared to controls; as well as an increased frequency of ‘hyperactivity’ in 

the siblings of hyperactive children [27–32].

The clustering of ADHD, Antisocial Personality Disorder and alcohol abuse is of 

interest because family studies conducted by investigators at Washington University 

found these three disorders to coexist in families, suggesting that the cluster has a 

genetic basis [33]. Subsequent family studies of ADHD have reported psychopathology 

in the parents of ADHD children who are comorbid for CD, as well as in the parents of 

children with ‘pure’ ADHD. Using other methods, a relationship between ADHD and 

alcohol abuse was reported by Tarter et al. [34] and Wood et al. [35], both of whom 

found ADHD to be associated with early-onset alcoholism. Furthermore, Goodman 

and Stevenson [36] found that the adopted-away sons of alcoholics who were alcoholic 

were more likely than the non-alcoholics to have had symptoms of ‘hyperactivity’ in 

childhood [also see Freitag and Retz, chapter 2]. Finally, a series of recent reports have 

associated ADHD with an increased family incidence of major affective disorder [37], 

bipolar disorder [38], conduct disorder [39], and anxiety disorder [40].

Since the familial clustering of psychiatric disorders may be due either to genetic 

or to environmental influences, other methods are necessary to differentiate between 
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these two modes of transmission. The study of concordance rates for ADHD 

among monozygotic and dizygotic twins is an effective tool for such investigation. 

Presumably, since both types of twins share the same familial psychological envi-

ronment, an increased concordance in the monozygotic pairs (who share a greater 

degree of genetic material than dizygotic pairs) is due to genetic factors. In a large 

sample of twins Goodman and Stevenson [36, 41] found an increased concordance of 

ADHD among monozygotic as compared to dizygotic twins, with an estimate of heri-

tability expressed by genetic linkage to be 64%. More recently, heritability estimates 

of 75–91% for ADHD, and 60–80% for attention problems on the Child Behavior 

Checklist have been reported, along with monozygotic concordance rates of 58–83% 

(versus dizygotic rates of 31 and 47%) [42–44]. These data support transmission of 

ADHD to be strongly genetic in nature. Monozygotic twins, however, may in fact 

experience a different psychological environment from that of dizygotic twins, and 

the twin methodology cannot completely control for this effect. An appropriate strat-

egy to resolve this question is to study foster and adopted children.

Safer [45] investigated the status of full and half-siblings of ADHD children who 

had been placed in foster care. He found an increase of ADHD-like psychopathology 

among the siblings which was twice as great among the full as opposed to the half-

siblings (as would be expected on genetic grounds). Two other older adoption studies 

investigated the psychiatric status of the biological parents of children with ADHD, 

the adoptive parents of children with ADHD, and the biological parents of children 

without psychiatric disorder [46, 47]. They again found an increased frequency of 

ADHD-like psychopathology only among the biological parents of ADHD children, 

while the adoptive parents did not differ from the controls.

The study of adult ADHD by molecular genetic techniques is still in early develop-

ment and has all been done on children. The genetic interplay in ADHD is complex 

with over one-half dozen promising candidate genes. Two of the genes currently felt 

to play a role in adult ADHD is the dopamine receptor D4 gene (DRD4) on chromo-

some 11 and the dopamine transporter gene (DAT1) on chromosome 5. Although 

these two genes are perhaps the ones most thoroughly studied as associated with 

ADHD, they still have a rather low lod score. This may well be due to the high degree 

of genetic heterogeneity in adult ADHD. Still, even though the lod score is low and 

even though the probable mechanisms of the genes have not yet been clarified, molec-

ular genetic studies are providing suggestive, but only suggestive [48], evidence of the 

importance of genes in the etiology and phenomenology of adult ADHD [49].

Taken together, these studies demonstrate the clear presence of genetic factors 

in the transmission of ADHD and suggest that children with ADHD may be at an 

increased risk for Antisocial Personality Disorder and alcohol abuse (for more details, 

see Wender [2]). It should also be noted that ADHD type symptoms can sometimes 

be caused by other acquired medical conditions such as traumatic brain injury and 

prenatal or perinatal insult. The biggest potential failing in both making the diagnosis 

of adult ADHD and then secondarily assessing the condition for a genetic basis is, as 
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with most other psychiatric conditions, the lack of a ‘gold standard’; at this point there 

is no way to know for certain that each of the patients being studied has the same 

condition, ADHD. This is the problem of any very heterogenous condition and the 

problem that the Utah Criteria seeks to address.

Catecholamine Hypothesis

Conjectures about the neurophysiological nature of ADHD, or the ‘catecholaminergic 

hypothesis’ (see Wender [25] who hypothesized that ADHD with minimal brain dys-

function was a genetically transmitted disorder mediated by decreased catecholamin-

ergic functioning), were based on several observations: the first being reports of the 

behavioral problems among children who had contracted von Economo’s encephali-

tis during the epidemic of the late teens and early 1920s. Many children who recov-

ered from the acute illness developed a Post-Encephalitic Behavior Disorder with 

symptoms very similar to those of mixed ADHD and Conduct Disorder. Moreover, 

adults who recovered from the acute encephalitis frequently displayed symptoms of 

Parkinson’s Disorder. Post-mortem examination of both adults and children who 

had died from the disorder revealed lesions in the basal ganglia and substantia nigra. 

These same subcortical brain regions were later linked to idiopathic Parkinson’s dis-

order, which is associated with decreased dopaminergic functioning due to degenera-

tion of dopaminergic neurons.

A second rationale for a dopaminergic hypothesis was the observation that many of 

the drugs that are most effective in reducing or dramatically eliminating the symptoms 

of ADHD, the amphetamines and methylphenidate, increase intersynaptic dopamine. 

As described below, the Utah studies of ADHD adults permitted the investigation of 

these factors without the risk of exposing children to invasive procedures. One of the 

first of these studies examined the level of homovanillic acid (HVA), the principal 

metabolite of dopamine, in the cerebral spinal fluid of adults with ADHD and in con-

trols [50]. As was also the case for people with Parkinson’s disorder, decreased levels 

of HVA were found in ADHD adults who had responded to treatment with meth-

ylphenidate. By contrast, increased levels of HVA were found in the non-responding 

ADHD patients. This replicated the results of two earlier smaller studies in ‘hyperac-

tive’ children and in children with minimal brain dysfunction [51, 52].

The second approach was to administer drugs with a comparatively specific 

action in patients with ADHD. The hypothesized relevant neurotransmitter dop-

amine is metabolized in the brain by monoamine oxidase B (MAO-A metabolizes 

serotonin, norepinephrine, and dopamine). In relatively low to moderate doses, two 

MAO inhibitors – pargyline (no longer marketed) and l-deprenyl (selegiline) – are 

specific MAO-B inhibitors, although in high doses they may affect MAO-A as well. 

Correspondingly, it was found that in low doses both drugs produced moderate-to-

marked improvement in about 60% of ADHD adults [35, 55]. Since at low levels these 

drugs presumably increase the availability of dopamine and do not increase levels of 

serotonin and norepinephrine, the results also support the dopaminergic hypothesis. 
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Further trials of selegiline (now available as an orphan drug but available in a patch) 

may be of interest although the likelihood of its utility seems limited.

Treatment

Medication

The Utah group has conducted placebo-controlled and open-label drug trials in 

over 300 patients, including over 225 ADHD patients treated with stimulants. These 

include four double-blind placebo-controlled trials: three of methylphenidate with 

varying subject numbers and one of 48 patients with pemoline [2, 24, 56, 57]. In addi-

tion, the Utah group treated 79 patients in open-label trials: pargyline, l-deprenyl 

(selegiline), bupropion, levodopa, d,l-phenylalanine, and l-tyrosine [35, 53–55, 58, 

59].

In crossover design studies about 60–70% of patients receiving stimulant medi-

cation showed moderate-to-marked improvement, as compared with 20% of those 

receiving placebo. These degrees of responsivity were reflected in Global Assessment 

of Functioning (GAF) scores in patients with moderate-to-marked improvement. The 

average pre-treatment GAF scores in the studies are about 55 (moderate symptoms) 

and post-treatment scores were about 75 (slight symptoms present only in reaction to 

stress). As mentioned, open studies of pargyline and selegiline in 27 patients found, 

again, that about 60% exhibited moderate-to-marked improvement to treatment with 

an MAO inhibitor. Lastly, a therapeutic trial of bupropion in 19 patients, who had 

previously responded to stimulants or MAO inhibitors, found that approximately 

half responded to bupropion and decided to remain on that drug [60]. More recently, 

Wilens et al. repeated these results with bupropion [61] and long-acting bupropion 

XL [62].

Turning to less dopaminergic drugs, the tricyclic antidepressants have generally 

not been useful in adults (or children). Children displayed an immediate response, 

but after 6–8 weeks became tolerant to the drug despite increased dose. Adults also 

seemed less tolerant of the side effects of these drugs than are depressed patients; 

complaining of the anticholinergic effects, weight gain, and impaired sexual func-

tioning. Thus, they may be more effective than placebo but the magnitude of change 

is low compared to stimulants. SSRIs appear to be of no value in ADHD patients who 

are not depressed or dysthymic, but may be of considerable benefit for those with 

comorbid depression or dysthymia. Atomoxetine and modafinil have shown some 

early success in treating ADHD children [63, 64] but have only modestly to moder-

ately demonstrated effectiveness in the treatment of ADHD adults when compared to 

stimulants.

There have been three attempts to replicate the Utah treatment studies. Mattes 

et al. [65] conducted a placebo-controlled trial of methylphenidate in 66 patients, 

but did not demonstrate a favorable response to the drug. There are several reasons 
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why this may have occurred. Sampling variables may be a factor: 60% of the sample 

did not meet the criteria of childhood ‘hyperactivity’ employed in the Utah studies 

and thus may have met diagnoses other than ADHD. Moreover, many of the patients 

were comorbid for substance abuse and BPD, patients who would have been excluded 

in the Utah studies. More recently, Spencer et al. [66, 67] were able to replicate the 

Utah findings with methylphenidate in a placebo-controlled trial of 146 subjects, and 

Rösler et al. [68] could demonstrate robust treatment effects of methylphenidate over 

24 weeks in another placebo-controlled trial.

Taken together, these studies clearly demonstrate the efficacy of methylphenidate, 

dextroamphetamine, and possibly selegiline (it is now available and likely to be used) 

in the treatment of adults with ADHD. However, although several medications have 

shown some effectiveness in treating adult ADHD, the stimulants are unquestion-

ably the most effective and the drugs of choice. Both dextroamphetamine and meth-

ylphenidate in one of its many formulations may be very effective but either one may 

not be effective in a particular patient. If one fails, in most cases the next step is to try 

the other stimulant. This should be done routinely since which stimulant is likely to 

be useful is unpredictable.

After evaluation and a discussion of the patient’s level of symptoms, the senior 

author utilizes the therapeutic pay-off matrix alluded to previously, i.e., the benefits 

and liabilities of a therapeutic trial of medication when he does or does not have 

the disorder. A consideration of the four possibilities reveals that the risks of treat-

ing a patient who does not have ADHD are minimal, while there are considerable 

disadvantages to not offering a trial of treatment to someone with the disorder. The 

above holds with the proviso that the use of stimulant drugs does not lead to abuse of 

those medications (fortunately, ADHD patients do not get ‘high’ with stimulants; an 

additional diagnostic feature of ADHD). For this reason, stimulants should be used 

cautiously or not at all in persons with a history of drug abuse. In general, however, 

it is emphasized that therapeutic trials are warranted whenever the diagnosis seems 

probable because the benefits can be assessed rapidly. Equally important, given the 

numerous conditions comorbid with ADHD, further research must be done on medi-

cation in the treatment of ADHD associated with these related conditions.

The Utah group has used a structured interview to assess adult ADHD symptoms 

and their changes in our treatment studies [2]. Symptom changes seen with effective 

treatment include the following:

1 Hyperactivity – Fidgeting and restlessness decrease; patients are able to relax; then 

are able to stay at their desks or at the dinner table or in a movie or in church.

2 Inattention – Concentration is greatly improved. It is not only that patients can 

concentrate better; they can concentrate when they want to. Distractibility dimin-

ishes or disappears. Attention to spousal conversation improves and frequently is 

quickly manifested in better marital relations.

3 Mood lability – Both highs and lows decrease, as do feelings of boredom; mood is 

described as ‘level’ or ‘stable.’
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4 Temper – The threshold for outbursts is raised. Patients are less irascible and their 

angry outbursts are less frequent, less extreme, and frequently disappear alto-

gether.

5 Disorganization – Organizational activities improve. This is evident at school, in 

running a household, in vocational function. Patients may spontaneously establish 

orderly strategies.

6 Stress sensitivity – Patient’s self-descriptions include having their thin skin thick-

ened, able to take life problems in their stride, feeling less ‘hassled’ about daily 

existence.

7 Impulsivity – Patients report that they do not interrupt others while listening to 

them (another feature that improves conversations and relationships), that they 

think before they speak, that they have become tolerant drivers and that they stop 

impulse buying.

Practically speaking, ADHD is a life-long disorder and the duration of drug treat-

ment may also be life-long [69]. Amphetamines have been used since 1937 with no 

long-term toxicities reported. However, both methylphenidate and d-amphetamine 

increase heart rate and blood pressure, which must be carefully monitored in adult 

patients. Their use may require adjuvant therapy to control heart rate and blood 

pressure. Whether such drugs interfere with the therapeutic action of the stimulants 

remains to be demonstrated.

Psychosocial Interventions

Appropriate management of adult patients with ADHD involves more than adequate 

drug therapy alone. Similar to the case for children, the best treatment involves edu-

cation about the disorder and psychotherapy addressing concomitant problems. Once 

the diagnosis has been made, we help patients recognize how ADHD is manifested 

in their current behavior. As the therapeutic relationship develops, discussion may 

broadened to include the role played by ADHD characteristics in the patient’s life his-

tory, including academic and vocational choices, friendships, sexual relationships, and 

functioning as a spouse and as a parent. ADHD symptomatology may be intimately 

woven into all these aspects of life, and it takes patients much time – during continu-

ing treatment – to identify and understand its contributions to their life story.

In educating patients we also help them understand that the chronic nature of the 

disorder has likely resulted in their developing compensatory techniques which are 

no longer adaptive. These maladaptive techniques may resolve spontaneously with 

pharmacotherapy, or they may require psychotherapeutic intervention. Supportive 

problem-directed therapy, behavioral intervention, coaching, or cognitive remedia-

tion can help with these problems [see Richter et al., chapter 9]. Couple therapy and/

or family therapy may be useful. Finally, ADHD does not prevent one from having 

other psychological problems and these may be more apparent, or therapeutically 

accessible, after the symptoms of ADHD have remitted with medication. In short, 

concurrent supportive psychosocial treatment can be key.
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Case histories of successful diagnosis and treatment are easy to come by these days. 

Below are two examples of such successes; one in a young woman and a second in an 

elderly man with comments by his wife. Recognize that treatment of ADHD with 

stimulants can produce some of the most dramatic positive effects in psychiatry.

Case Histories

Case I

A young woman was 18 years old when, prompted by her social worker aunt, she con-

tacted our adult ADHD clinic. Her young life had already been seriously disrupted. 

She had abused alcohol and marijuana between the ages of 12 and 16. Although she 

had superior intelligence, she had dropped out of high school (secondary school) 

after 2 years. At the ages of 15 and 17 she had two out of wedlock pregnancies. Her 

mother had thrown her out of the house and currently she was eking out an existence 

on welfare. She entered a double-blind placebo crossover trial of methylphenidate 

and placebo and showed no improvement on placebo, then was ‘very much’ improved 

on methylphenidate. She was maintained to her substantial benefit on methylpheni-

date with the following changes in her life.

She decided that she had made a serious mistake in dropping out of school and 

applied for and acquired a general equivalency diploma (GED; formal testing equiva-

lent to that required for secondary school graduation). When she expressed the desire 

to work, her mother forgave her and the patient came home where her mother could 

help take care of the 2 children. The patient began in an office (she did have secre-

tarial skills) and after 2 years was promoted to a higher position. At this juncture, she 

was the beneficiary of great luck. (Luck plays an essential role in human affairs but is 

never discussed as an important determinant of one’s fate by psychiatrists.) She met a 

young computer engineer who wanted to marry her – despite assuming responsibility 

of the 2 stepchildren – and shortly thereafter she expressed a wish to attend college. 

She easily passed the entrance requirements at the university and after 4 years was 

graduated with such high marks that she was given a tuition grant to attend graduate 

school in cognitive psychology. Two years ago, she contacted me to tell me that she 

had received a second grant. Her marriage was going smoothly, her children were 

adjusting well to their less disordered life and she was very happy.

Case II: George F.

Clinical Background

George F. is 49 years old and had been in the methylphenidate study for 3 years. 

George is adopted, and his family history is unknown. His symptoms at intake were 

varied and severe. He loved to read but was unable to do much, owing to attention and 

concentration difficulties. Professionally he has lost numerous jobs because of failure 

to complete important projects on time, and restlessness and fidgetiness that caused 
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him to (literally) jump around. Extreme disorganization at work and at home were 

major chronic problems; in fact, he and his wife have separate bedrooms because she 

can’t stand his messiness. His wife describes him as chronically irritable, hyperreac-

tive to sounds that don’t bother most people and periodically explosive at home and 

at work. ‘The kids never know when or at what he’s going to explode’.

Emotionally he was mildly depressed, expressed feelings of guilt and inadequacy 

about letting his family down, but seemed not to worry about problems his wife felt 

he should be worrying about. She was particularly upset about his pattern of mak-

ing impulsive, inappropriate remarks in social settings that his few close friends 

put up with and that he didn’t understand were inappropriate until much later, if 

at all. These severe difficulties continued to plague George even after 7 years of 

psychotherapy.

He has been receiving 40 mg of methylphenidate per day (10 mg every 3 h, 4 

times per day), and after 3 years in our study showed these changes: his score on the 

Global Assessment of Functioning has risen from 56 to 80, and his score on the Social 

Adjustment Scale has improved from moderate maladjustment [4] to good [2].

Statement of George F.

The controversy surrounding Attention Deficit Disorder is certainly understandable. 

Those who haven’t experienced it personally or through their children are only aware 

of the various issues through the simplified media coverage. I know. Even though I have 

the disorder, it took me a long time to realize that my various struggles could be much 

more than mere lack of self-discipline. From my understanding of the disorder through 

the press, I initially felt I didn’t suffer from ADD since I didn’t manifest the most obvi-

ous symptom: hyperactivity. After all, the other symptoms seem common to everyone 

to some degree or some of the time. It is hard for most people to comprehend that for 

a few of us these symptoms are constant and debilitating. It is not a simple disease like 

the measles or the common cold. We who suffer are so used to the struggle that we are 

unaware that we are not functioning at a level that others take for granted.

Like most critics, I thought that ADD was just another fashionable trend in medicine. 

I felt that taking a magic pill that could change the way your mind works was naïve. It 

was the easy answer for those who were merely avoiding the hard work of learning the 

skills of concentration, developing good work habits, and simply taking responsibility for 

one’s immaturity. I distrusted drugs in general. Unlike most of my friends in the 60s, I 

didn’t take marijuana or LSD. I didn’t want to give up what little control I had over my 

behavior.

For most of my life I held onto the belief that I could change my poor work habits if 

I could just find the right method of self-discipline. When I began to realize that all the 

efforts I had made to try to become more efficient, more focused, and more attentive 

were not working, I reached the level of profound despair. Nothing worked. To make 

things worse, my wife shared that despair. My marriage and family life were on the verge 

of failure, and I lost all hope.



ADHD in Adults: An Overview 19

Like many adult sufferers of ADD, it took outside pressure from my spouse to force 

me to submit to diagnostic tests. Even after I was accepted into the University of Utah’s 

ADD study group, I had lingering doubts about its worth. I was relieved to have a medi-

cal explanation for what I had considered serious personality flaws. However, a lifetime 

of dashed hopes had left me skeptical about much benefit from a mere pill. I took part in 

a double-blind test for 4 months. Neither the doctor nor I knew if I was taking placebos 

or Ritalin.

The first 2 months were discouraging, since I figured that at least one of the monthly 

supply of pills must of been Ritalin. There was no discernible difference in my behavior 

in either month. I received the third bottle of pills in November of 1992. Without much 

confidence, I took the first pill of this group that evening before I relaxed in my bedroom 

to read a difficult book that had stymied me for over a month. I didn’t feel anything at 

all from the pill. Somehow I expected a palpable rise in my awareness, a change in my 

mood or a bit of a high since Ritalin is, after all, a stimulant. So, I forgot about the pill, 

dismissing it again as worthless. Soon my wife called me to dinner, a little earlier than 

usual, I thought. I looked at my watch and realized nearly an hour had passed. As I 

marked my place in the book, I noticed with shock that I had read 30 pages without once 

losing my train of thought. This may not seem significant to most avid readers but to me 

it was astonishing. Although I read a great deal, it has always been a struggle for me. 

Only truly good fiction holds my attention for more than a paragraph. But I had read 

this particularly turgid non-fiction at a much faster rate than I had ever read any of my 

favorite books.

I became a believer in the miracle drug Ritalin. Why don’t people accept such a pos-

sibility when we all know that other drugs are equally amazing? We take aspirin for 

granted as one of the most effective medicines for pain, but no one has been able to 

discover how it works. This cheap, simple drug is now being recognized as helpful in 

controlling heart disease and preventing strokes.

During that next month other subtle changes occurred that were much more apparent 

to my wife and children. Before I describe the many ways this drug has affected my life, I 

have to give you an idea what my struggles were like for the previous four decades.

The first clear memory I have of my lack of attention was in fifth grade. I know it 

was obvious earlier because my mother told me that even my second grade teacher com-

mented on my ‘daydreaming’. But in fifth grade, I remember a specific day when we 

were reading silently in class about Mexico. As I was reading, I remember feeling anx-

ious that I wouldn’t finish the assignment before the class day ended. I kept looking at the 

clock to see how much time was left and trying to push myself to read faster. I looked at 

my neighbors’ books and noticed that they were much farther ahead than I. There was a 

wonderful photograph of a lush mountainside with a man taking a loaded donkey down 

a narrow trail. I began to think about being there on that trail, feeling the hot Mexican 

sun, and hearing the birds in the trees.

Soon I was thinking about the canyon near my home that cuts into the city from the 

foothills of the Wasatch Mountains. I remember seeing the Denver-Rio Grande train 
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going past the swimming hole one day of the previous summer. I looked out the window 

to see if the weather was good enough to go down there that day right after school. My 

teacher noticed me gazing out the window and asked me if I had finished already. She 

became angry when I said no and took me out into the hall. She gave me a stern lecture 

about my lack of ‘stick-to-itiveness’ and embarrassed me deeply. I remember vowing to 

never let that happen ever again. But, despite all my efforts, it occurred over and over 

again, even through college. Every time I caught my mind wandering from the text, I 

would try to force myself to focus. It never worked. In minutes my mind would be on 

another track. It was apparent that the harder I tried, the more anxious I became, which 

inevitably caused me to think about not getting finished and imagining the consequences 

instead of focusing. It never occurred to me that there was anything I could do besides 

vowing to learn how to change my bad habits. But none of the study techniques I tried 

seemed to help. I generally approached my work in a state of panic, spending late hours 

trying to catch up, and developing a chronic case of diarrhea.

All through school I never finished a single textbook. I specifically recall being des-

perate about chemistry. Despite my intense determination to do well I was only able to 

read two of the 17 chapters assigned for that year. I still managed to get a C in the class. 

In most of my classes, I survived purely by my wits. Fortunately, my memory for facts 

has been phenomenal and compensated for my inability to focus on my reading. Taking 

notes was a disaster since it got in the way of my listening. Since I got good grades, my 

parents never worried about my work and never pushed me to do better. They were just 

happy that I wasn’t a poor student like my three brothers. They didn’t suspect that I was 

having difficulties.

They didn’t have to push me because I already did so myself, mercilessly. I would con-

sistently stay up to one or two in the morning to work on assignments which should have 

taken half the time. I would come to school exhausted, often with my work unfinished. 

Teachers regularly gave me good grades on my incomplete papers because it was obvious 

that I understood the assignments. Report cards would usually comment on my incom-

pletes, that I was capable of doing much better.

Because I loved literature, my favorite class was English. I eventually majored in 

English in college. I often came early to my favorite high school English teacher’s class 

to talk about what we were reading in class and about other fiction as well. Despite my 

constant lack of full preparation I would still find time to read other things. She told me 

near the end of the year that I had a wonderful mind for literature but it was too bad 

that I didn’t work hard enough. I remember thinking that I couldn’t possibly work any 

harder.

One symptom I never had to any great degree was hyperactivity. Perhaps if I had, my 

ADD would have been recognized earlier in life. Of course, in the 1950s and early 1960s, 

hyperactivity was not yet considered anything more than poor behavior. The most I 

would do was bounce my leg rapidly in my chair or tap my pencil. This would irritate 

my parents, and later my wife, but I was only admonished to quit doing it. I could sit at 

my desk without jumping up and running around like other ADD kids.
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However, I was very impulsive. When my mind wandered away from the immediate 

tasks at hand I would think of other things I needed to do and drop what I was doing 

and pursue the distracting interest. Too many things had the capacity to distract me 

from the more crucial tasks. In a perverse way, this was often beneficial to my education. 

For instance, whenever I read an unfamiliar word, I would immediately look it up in the 

dictionary. Words have always fascinated me. However, once in the dictionary, I would 

look up synonyms, antonyms, and the etymologies of the word I was researching. Often 

the simple goal of looking up a single word would take half an hour or more. Although 

my vocabulary and spelling skills grew to be impressive, I wouldn’t be able to finish read-

ing anything within a reasonable time. Distractions would also benefit my later interest 

in architecture. The tendency to go off on a different angle would aid my designs because 

my divergent thinking often lead to unique ideas and other possibilities that could not be 

predicted in a strictly linear approach. Unfortunately, precious time would be lost, and I 

would have to work long hours to synthesize these ideas into a coherent whole. Usually 

this would leave me exhausted and many of the details needed to complete the design 

would be poorly thought out.

Usually the content of my reading would stimulate related, but diverging thoughts. 

This helped me to gain better insights about literature through analogy. Mention of an 

unfamiliar event, topic, or person would drive me to my encyclopedia in another time-

consuming digression.

This was also particularly noticeable in my speech. If I were talking with someone 

about some idea I would often veer off the track in mid-sentence with a related point. 

This would generally lead to yet another diverging explanation until I would lose all 

sense of my original direction. While listening to others, I would be thinking of my next 

thought, which I feared would vanish before I had time to respond. I would blurt out 

before the speaker had a chance to finish his point.

Since my mother also had this annoying tendency, our conversations were par-

ticularly chaotic. She would complain that I didn’t have a clutch on my tongue, that 

my speech would jerk into motion before I engaged my mind. Of course, her habit 

of finishing my sentences for me while I was searching for the right words drove me 

crazy.

Needless to say, my social skills did not develop in a normal manner. Many people 

would gradually drift away from me while I tried to talk to them. I tended to keep quiet 

whenever I met new people. Parties were never much fun. I was particularly uncomfort-

able when I met anyone who spoke with grace and ease. By the time I graduated from 

high school I was so resentful of the popular students that I was becoming bitter, sarcas-

tic and deeply depressed. I not only had not gained any confidence in myself but I began 

to lose hope that I would ever be able to perform the tasks necessary for success in any 

field that I wanted to pursue. When teachers or employers would give me instructions, 

my mind would often be racing along unproductive directions. I would try to take exten-

sive notes during and after instructions but they were inevitably chaotic and difficult to 

read.
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My attempts to organize my work led me to try many different techniques that would 

have been effective for the average person. But they rarely worked for me. I would be 

thinking of too many things at the same time and be frustrated about learning how to 

make priorities. Despite the many files I organized, I would usually lose some crucial bit 

of information and waste my energy trying to recover it. I became fanatical about hav-

ing all the information I needed to finish a project. If I didn’t know an answer to some 

matter, its importance would grow into an obsession. I grew more and more unable to 

make simple decisions.

Despite all my problems I managed to receive a degree in English literature and later 

a Masters in architecture. After I got my professional license, I began to believe that 

maybe I had grown out of my bad habits. However, they continued to persist and even 

got worse. Becoming an adult did not end my ADD. Of course, I didn’t realize that 

my problem had a neurological basis. I continued to feel depressed about the pervasive 

nature of my problems. Nothing seemed to work for me. In 20 years of professional prac-

tice, I did not advance to the level of income, performance, and ability that I knew I was 

capable of achieving if I could only work productively. I resented my colleagues who did 

much better than I, those whose design abilities were less than mine. Of course, I ratio-

nalized, they knew how to use the system better than I. I became very adept at finding 

excuses for losing jobs, blaming others for my failures.

I turned this on to my wife as well. My negativity almost destroyed my marriage. 

I blamed her for being too difficult, too demanding. I realize now how badly I abused 

her trust and love. Even though I knew she had the right to expect me to be home when 

I said I would be, my inability to predict how long the project would take drove her to 

despair. It was so hard to keep my work timely and give her and our children the atten-

tion they deserved. My frustration with work left me irritable with my family. Often, 

I would explode in unpredictable anger. Thankfully, they kept their faith in me long 

enough for me to discover the possibility that I had ADD.

It would be an exaggeration to claim that my life has changed overnight into a won-

derful dream since I have been on Ritalin, but the long nightmare is at last over. Although 

I still have a lot to relearn about organization, time management, social skills, and obses-

sion with detail, I no longer feel despair or anxiety. I can now make reasonable estimates 

about the time necessary to complete projects and finish them without resorting to long 

anxiety-ridden nights. My relationships with my employers and fellow workers have 

improved significantly. I’m more cooperative and attentive to their needs. Architecture 

has now become the delightful profession I had long ago wished it would be. I no longer 

drag myself to work late and exhausted because I stayed up late trying to catch up.

Ritalin literally saved my marriage and my relationships with my children and close 

friends. I pay attention to them without getting defensive, critical, or insensitive. The 

last 3 years with my wife have been a marvelous restoration of our initial love for each 

other. We share much more time with each other and her trust in me continues to grow. I 

no longer keep her waiting up for me past the time I have told her that I would be home. 

I don’t make us late for movies or parties because I always know where I leave my keys 
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now. She tells me her feelings and without fear that I will criticize them as irrational, 

which they never were.

Distractions still occur, of course, but I do not impulsively respond to them. I have 

limited my non-architectural interests to those that are important to me. I have enjoyed 

researching a particular social problem (not ADD) that I have deeply cared about for 11 

years. My writing about it has received recognition from the international press and a 

growing audience of those intimately involved in it. One of the rewards of this effort has 

been several opportunities to travel and speak to the public. Last year I went all the way 

to Melbourne, Australia, to speak to the Victorian Parliament, several other groups, and 

to the press.

This is amazing to me since I had never been comfortable speaking about ideas for 

fear that I would make a complete fool of myself. I can confidently speak to many people 

at once and maintain a coherent direction without confusing them with digressions. 

This is immensely satisfying after a lifetime of being unable to express myself.

As I said at the start, I can understand the lack of acceptance of ADD as neurological 

disorder and the effectiveness of its treatment through a mere drug. Unless someone has 

gone through the agony of my experiences, it is difficult to accept. I can only hope that 

critics can suspend judgment about this until more evidence is gathered. I am confident 

that it will be appreciated in the near future and that the medical profession will finally 

recognized the validity of the diagnosis and its treatment. Scientific revolutions have 

often been dismissed as false, even blasphemous. Galileo, Darwin, Pasteur, and many 

others had suffered the outrageous criticism that ADD researchers are now receiving 

from reactionary groups like the Church of Scientology. For the sake of the thousands of 

sufferers of Attention Deficit Disorder, both children and adults, I hope that sympathy 

and understanding will soon prevail over the hysterical forces of ignorance. They deserve 

the right to experience a life relatively free from confusion and despair.

Comment by Spouse of George F.

It’s always been hard to put my finger on exactly what was so difficult about living with 

George. By all standards, he was the ideal mate; he worked hard, was faithful, wasn’t 

abusive, was highly intelligent and extremely good-looking. My complaints were those of 

every married woman: he was uncommunicative, he kept me waiting for hours, he didn’t 

care about my feelings, our way of managing money and disciplining children were dia-

metrically opposed, etc.

The problems were run of the mill but abnormal in the sense that they were extreme 

and unrelenting, e.g. he would estimate that he had 3 or 4 hours of work before coming 

home but it turned out to be 18 hours, an ‘all-nighter.’

My emotional history made me very vulnerable to someone not showing up. I would 

be in a state of panic for hours. Even though I told George how much I suffered when he 

kept me waiting, he never changed his behavior.

I could never count on him to be on time, to help me with decisions or with children. 

He just could not attend to his inner world and to the rest of the problems of living.
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One night we came home at midnight and our 13-year-old son was playing catch at 

the corner. I yelled at him to come home. He didn’t. I asked George to deal with the prob-

lem and he got furious with me for yelling, thereby disturbing the neighbors.

An angry tone of voice always irritated him. Once he got mad because the sound 

of my daughter chewing croutons irritated him. It took hours of discussion for me to 

convince him to be reasonable. I thought that I was the one who was lacking in relating 

and communicating skills. This eroded my self-esteem. His behavior was unpredictable, 

impulsive and almost completely unresponsive to outside influence. Raising my voice, 

confrontation, asserting my needs, explaining, getting angry, moving out twice, not only 

failed to get my needs met but resulted in his asserting that I was the ‘bad guy’.

A typical scenario occurred the summer our 12-year-old daughter was in a recital 

at a music camp in St. George. After the 5-hour drive, George arrived rather disheveled 

and his appearance caused our daughter some embarrassment.

The next day we were attending the recital and after examining the program, George 

assumed that he would have time to go get a haircut before Jennifer’s turn. After 16 years 

of marriage I knew that it was useless to advise him not to do this. So he went and of 

course missed her performance. After everything was over, he insisted that she go to the 

piano and play the piece for him so that he could get a picture. She was upset and unco-

operative and George was irritated.

As my psychiatrist put it, being around George was like ‘having to walk on eggshells.’

The stresses of any change in his routine (like a vacation) exacerbated his condition: 

Once he lost a contact lens while taking it out at dusk at a windswept roadside stop; 

another time, he left his wallet on top of the car and lost it, thus ruining our skiing holi-

day. In France, he got so angry when a driver tailgated and passed us, that he had to 

follow the driver and do the same thing. He was not a mean person and as long as I left 

him alone and didn’t need anything from him, he was fine and quite mellow. He couldn’t 

tolerate the mildest of stresses of family life. The unremitting nature of his impulsive and 

irrational behavior and the inability to grow and develop into a fully sharing partner are 

the factors that made our problems different from the usual marital difficulties.

After 23 years of marriage plus 3 years of courtship, and after George had been in psy-

choanalysis for 7 years, I was ready to die: I had gotten nowhere in my various careers 

and I couldn’t love the man to whom I had committed so much of my life.

And then one final crisis and the miracle of the ADD diagnosis and the Ritalin cure 

occurred.

I had left my job when George had managed to hang on to a job for 2 years. Our 

daughter had been accepted at Yale and then, once again, he was laid off (the 17th time 

in 18 years).

This time, finally, I came to the certain conclusion that my husband suffered from 

a neurological problem. It had become imperative that he be correctly diagnosed and 

somehow taught to adapt to his handicap.

My conversations with George, like everyone else’s, were difficult to impossible. Either 

he said nothing but yes or no to questions that would normally require elaboration, 
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or he would go on and on and on about whatever topic had grabbed his interest at 

the moment, with no desire for input from the person who was listening to him. If I 

expressed disinterest even with just a look, he would become defensive.

I concluded that his disorder was very much analogous to being deaf as he seemed to 

not perceive other human beings’ non-verbal language and expectations.

The changes in George’s behavior in the two and a half years he’s been on Ritalin are 

as hard to describe as it is to describe the disorder. They are very subtle but the children 

and I can tell as soon as he opens his mouth whether or not he’s taken the medication.

Mainly, he isn’t so defensive; he doesn’t get his dander up at every little thing that 

doesn’t go his way. He listens, and he shuts up when he perceives that no one wants to 

listen to him. He is more spontaneous and invites me to share in some of his activities. 

He is accepting when I decline.

He always worked very hard and was phenomenally energetic. He never seemed to 

tire. Whereas before he dissipated his energy going from one project to another, focusing 

on his interest rather than on results, now he completes project after project: gardening, 

remodeling the house, writing, and of course his professional duties.

In summary, I really can’t find the words to express what a difference George’s treat-

ment with Ritalin has made in my life. The very first pill was more effective than 26 

years of love and patience and understanding and 7 years of psychotherapy.

I have a Masters degree in neurophysiology and have worked for nearly 30 years 

in neuroscience or as a teacher of disturbed adolescents. I am an expert on Freud. I 

would never have believed that a drug could have such a profound effect on someone’s 

behavior.

First of all, I thought that a drug’s action would be too global to be effective. Secondly, 

I thought George’s problems stemmed from having been brought up in a dysfunctional 

family and that he needed to learn new behaviors.

Now I am convinced that Ritalin affects the firing of neurons such that perception of 

the outside world is different than it is without the medication.

I hope these few pages succeed in showing my gratitude to Dr. Wender and his research 

team.

Conclusion

The take-away message from this overview is that ADHD in adults is a common genet-

ically transmitted neurological disorder, which is probably mediated by decreased 

brain dopaminergic functioning. It is usually undiagnosed, but it can be diagnosed 

fairly easily and can resemble or coexist with other psychiatric disorders. At least 60% 

of patients experience a substantial, and in many instances a dramatic, response to 

drug treatment, and such drug treatment can make ADHD patients more amenable 

to a number of psychotherapeutic approaches. The benefits of combined treatment 

may be of life-changing proportions.
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Appendix A

Parents’ rating scale: To be filled out by the mother of the subject (or father only if 

mother is unavailable).

Instructions: Listed below are items concerning children’s behavior and the problems 

they sometimes have. Read each item carefully and decide how much you think your 

child was bothered by these problems when he/she was between 6 and 10 years old. 

Rate the amount of the problem by putting a check in the column that describes your 

child at that time.
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Wender Utah Rating Scale: WURS scoring template: assign values (0–4 as indicated) 

to the 25 items shaded. Add scores. Scores of 41 or greater indicate probability that an 

adult had ADHD in childhood.

Not 

at all

Just 

a little

Pretty 

much

Very 

much

 1. Restless (overactive)

 2. Excitable, impulsive

 3. Disturbs other children

 4. Fails to finish things started (short attention span)

 5. Fidgeting

 6. Inattentive, distractible

 7. Demands must be met immediately; gets frustrated

 8. Cries

 9. Mood changes quickly

10.  Temper outbursts (explosive and unpredictable 

behavior)

   As a child I was (or had): 0 1 2 3 4

Not at 

all or 

very 

slightly

Mildly Moder-

a tely

Quite 

a bit

Very 

much

 1. Active, restless, always on the go

 2. Afraid of things

 3.  Concentration problems, easily distracted

 4. Anxious, worrying

 5. Nervous, fidgety

 6. Inattentive, daydreaming

 7.  Hot- or short-tempered, low boiling point

 8. Shy, sensitive

 9. Temper outbursts, tantrums
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Appendix B. Continued

   As a child I was (or had): 0 1 2 3 4

Not at 

all or 

very 

slightly

Mildly Moder-

a tely

Quite 

a bit

Very 

much

10.  Trouble with stick-to-it-iveness, not 

following through to finish things started

11. Stubborn, strong-willed

12. Sad or blue, depressed, unhappy

13.  Incautious, dare-devilish, involved in 

pranks

14.  Not getting a kick out of things, 

dissatisfied with life

15.  Disobedient with parents, rebellious, sassy

16. Low opinion of myself

17. Irritable

18.  Outgoing, friendly, enjoy company of 

people

19. Sloppy, disorganized

20. Moody, ups and downs

21. Angry

22. Friendly, popular

23. Well-organized, tidy, neat

24. Acting without thinking, impulsive

25. Tendency to be immature

26. Guilty feelings, regretful

27. Losing control of myself

28. Tendency to be or act irrational

29.  Unpopular with other children, didn’t 

keep friends for long, didn’t get along 

with other children

30.  Poorly coordinated did not participate in 

sports

31. Afraid of losing control of self

32. Well-coordinated, picked first in games
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Appendix B. Continued

   As a child I was (or had): 0 1 2 3 4

Not at 

all or 

very 

slightly

Mildly Moder-

a tely

Quite 

a bit

Very 

much

33. Tomboyish (for women only)

34. Running away from home

35. Getting into fights

36. Teasing other children

37. Leader, bossy

38. Difficulty getting awake

39. Follower, led around too much

40.  Trouble seeing things from someone else’s 

point of view

41.  Trouble with authorities trouble with 

school; visits to principals office

42. Trouble with police, booked, convicted

Appendix B. Continued

   Medical problems as a child: 0 1 2 3 4

Not at 

all or 

very 

slightly

Mildly Moder

a tely

Quite 

a bit

Very 

much

43. Headache

44. Stomach aches

45. Constipation

46. Diarrhea

47. Food allergies

48. Other allergies

49. Bedwetting
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Appendix B. Continued

   As a child in school, I was (or had): 0 1 2 3 4

Not at 

all or 

very 

slightly

Mildly Moder-

a tely

Quite 

a bit

Very 

much

50. Overall, a good student, fast

51. Overall, a poor student, slow learner

52. Slow in learning to read

53. Slow reader

54. Trouble reversing letters

55. Problems with spelling

56. Trouble with mathematics or numbers

57. Bad handwriting

58.  Able to read pretty well, but never 

really enjoyed reading

59. Not achieving up to potential

60. Repeating grades (which grades?)

61. Suspended or expelled (which grades?)

Wender-Reimherr Adult Attention Deficit Disorder Scale (WRAADDS), May 

2003

Subject Identification: . . . . . . . . . . . . . . . . Date: . . . . . . . . . . . . . . .  Rater: . . . . . . . . . . . . . . . .

This interview is intended to measure the severity of the seven target symptoms 

of the Utah Criteria in adults who have been diagnosed with Attention Deficit 

Hyperactivity Disorder (ADHD). The scale is not intended to diagnose ADHD. 

Clearly, all of these symptoms occur in other psychiatric disorders and this scale 

is useful only when other disorders have been assessed. The symptoms should be 

present chronically although they may be aggravated by stress.

The scale is most valid when obtained during a joint interview with the subject and 

a cooperative informant such as a partner, parent or sibling.
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The individual questions should be followed by general probes:

 How much (oft en, long, severe) has this occurred?

 Have others commented about this?

 What have they said?

 What diffi  culties or problems has this caused with other people, work or 

school?

The individual items should be rated as follows:

 0 – None, not present

 1 – Mild, somewhat or sometimes true

 2 – Clearly present or oft en true

The summary scores should be based on the ratings of the specific questions, 

together with any other symptoms in the area reported by the subject. The sum-

mary score should not be a simple average of the individual ratings. If only one 

question group is rated as clearly present, a rating of ‘4’ might be appropriate 

if this one factor is causing significant problems. A total score suggesting of 

ADHD is considered by the authors to be >18, although there is no data and it 

is the user’s decision.

Summary Ratings:

 0 – None

 1 – Mild

 2 – Moderate

 3 – Quite a bit

 4 – Very much

   Wender-Reimherr Adult Attention Deficit Disorder Scale (WRAADDS), May 

2003

Subject Identification: . . . . . . . . . . . . . . . . Date: . . . . . . . . . . . . . . .  Rater: . . . . . . . . . . . . . . . .

1. Attention Difficulties: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . .

Do you have difficulties keeping your attention on things, 0 1 2

 concentrating, focusing?

Do you have problems with your mind wandering?
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Are you easily distracted? 0 1 2

Do you have problems concentrating if sounds or any 

 other distractions are present?

Do you have difficulty keeping your mind on 0 1 2

 conversations?

Do others complain that you do not listen, that you 

 don’t pay attention to them when they’re talking?

In formal settings such as classes, meetings, church, 0 1 2

 programs or lectures,

do you have difficulty paying attention to the speaker?

(Do not rate this item if the subject does not engage in 

 these activities.)

Do you have difficulty keeping your mind on reading? 0 1 2

Do you avoid or dislike reading anything which is not 

 of special interest?

Do you frequently have to re-read because your mind 

 drifts off,

or do you have difficulty comprehending written material?

2. Hyperactivity/Restlessness: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . .

Do you have difficulty relaxing?  0 1 2

Do you often feel restless or tense?

Are you overactive; do you prefer to be always on the go?  0 1 2

Do you have difficulty remaining seated at work, school, 

 or home?

Do you have to get up and move around frequently?

Are you unable to sit through a movie or TV show?

Are you fidgety? Do people notice that you are fidgety? 0 1 2

Do you have difficulty sitting still; do you frequently 

 shift your position?

Do you drum your fingers, play with things, move your

legs, bite your nails, twirl your hair or tap your feet?

(either by report or observation)
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3. Temper: Summary Rating 0–4 . . . . . . . . . . . . . . . . .  . .

Do you frequently feel irritable or angry 0 1 2

with your spouse, children, or other family members

or at work, driving, or in other situations?

Do you have angry outbursts or lose your temper easily? 0 1 2

Do you have a ‘short fuse’ or a ‘low boiling point’?

Does your temper cause problems for you? 0 1 2

Do you lose control during temper outbursts?

(saying things you regret, becoming aggressive,

acting in a threatening manner, or behaving impulsively)

4. Affective Lability: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . . 

Prior to scoring this question, the rater must differentiate between a major mood 

disorder and the lability of mood in subjects with ADHD. ADHD-related dys-

phoria is generally brief, lasting hours, and usually has an identifiable precipitant. 

The exception is when the subject experiences persistent life problems (often self-

produced), when the period of dysphoria may be extended. Similarly, distinguish 

between excitement (which may be mild) and overenthusiasm from mood eleva-

tion with a manic quality.

ADHD subjects may be comorbid for a major depression. Determine duration and 

frequency of episodes and presence of somatic concomitants to help distinguish 

discouragement, moodiness, and demoralization found in ADHD from major 

depression with its loss of interest and loss of the ability to experience pleasure.

Does your mood change frequently, going up and down 0 1 2

– like a roller coaster in the sense of getting sad or 

 feeling ‘up’?

Do you often have periods of being sad, blue, or 0 1 2

 discouraged?

During these periods, are you overly self-critical or 

 down on yourself?

Do you often feel bored? 0 1 2

Do you easily lose interest in things?
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Do you have periods of being excessively active, hyper, 0 1 2

getting too excited, going too fast, or talking too much?

5. Emotional Overreactivity: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . . 

Do you easily get feelings of being overwhelmed? 0 1 2

Do you frequently feel ‘hassled’, frustrated?

Do you overreact to pressure, blow things out of 0 1 2

 proportion?

Do small problems seem too difficult;

do you ‘make mountains out of molehills’?

When these reactions occur,  0 1 2

do you have difficulties in managing tasks or getting 

 things done?

With pressures or stresses, do you become anxious, 

 disorganized or confused?

6. Disorganization: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . . 

Do you have problems with organization at home, 0 1 2

 work or school?

Do you have difficulties organizing your time, setting

priorities, working in an organized manner?

Do you jump from one task to another before finishing 0 1 2

 the first?

Do you have trouble ‘with stick-to-it-ive-ness’?

Do you start projects, but have trouble staying with them 

 to completion?

Are you forgetful? 0 1 2

Do you forget to return phone calls or to keep 

 appointments? 

Do you frequently misplace things like keys, purse, wallet,

or things around the house or at work?
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Do you have problems getting started, 0 1 2

putting things off, procrastinating?

Do you put off everything to the last minute?

Do you have trouble meeting deadlines?

7. Impulsivity: Summary Rating 0–4 . . . . . . . . . . . . . . . . . . . 

Do you have problems with being impulsive? 0 1 2

Do you frequently jump into things without thinking?

Do you make sudden decisions without thinking?

Are you impulsive in talking? 0 1 2

Do you interrupt others? Do you finish sentences for 

 others?

Do you say things without thinking, or blurt things out?

Do you frequently regret what you have said?

Are you impulsive with money? 0 1 2

Do you impulse buy or have trouble managing 

 money?

Do you rush through activities or work, try to 

 do things too quickly? 0 1 2

Do you frequently ignore details?

Do you make careless mistakes?

Are you impatient, or unable to wait? 0 1 2

Do others regard you as impatient (friends, 

 family)?

Total Score (sum of 7 summary items): . . . . . . . . . . . . . . . . . . . . . .
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Abstract
Twin and family studies in attention-deficit hyperactivity disorder (ADHD) did result in the findings 

of a strong heritable component (60–80%) of this disorder in children and adolescents. Twin studies 

have not yet been performed in adults. In addition to increased rates of ADHD in parents and sib-

lings of children with ADHD, family studies resulted in a high risk for ADHD in the offspring of par-

ents with ADHD implying strong familial, i.e. genetic or environmental risk factors in the adult form. 

This corroborates findings from twin studies, which suggested that persistent ADHD might be an 

interesting phenotype for molecular genetic studies. The present review thoroughly presents find-

ings from twin and family studies with regard to ADHD subtypes, sex differences, comorbidity rates, 

diagnostic aspects and environmental influences on ADHD. Besides persistent ADHD, ADHD with 

symptoms of conduct disorder or antisocial personality disorder might be another strongly geneti-

cally determined subtype, however family environmental risk factors have also been established for 

this pattern of comorbidity. Copyright © 2010 S. Karger AG, Basel

All psychiatric disorders are environmentally as well as genetically determined. To 

quantify the impact of these different factors on disease status or disease severity, 

family and twin studies are performed. These studies either estimate concordance 

rates of disease status in families or in monozygotic (MZ) and dizygotic twins (DZ) 

or the heritability of a disorder, i.e. the phenotypic variation due to additive genetic 

effects. Family studies allow to estimate a recurrence risk for the disorder, which can 

be translated into a heritability estimate, and additionally may allow to elicit a certain 

pattern of inheritance, if the disorder of interest seems to be a mendelian disorder. 

Heritability estimates as well as the quantification of shared and non-shared envi-

ronmental effects in twin studies are obtained by a comparison of the phenotypic 

variance within and between MZ and DZ twin pairs. Studies on twins reared apart 

or adoption studies are other designs to assess the influence of genetic and environ-

mental risk factors. Estimation of genetic and environmental effects on the disorder 
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in these studies is based on the assumption of random mating, absence of gene-gene 

and gene-environment interaction and unlinked loci.

In attention-deficit hyperactivity disorder (ADHD) most family and twin studies 

have been performed in children and adolescents, and not in adults. This mainly has 

been due to the diagnostic difficulties encountered in adult ADHD (see chapter 3) 

and in the past also due to a limited recognition of the disorder in adults. This chap-

ter, therefore, differentially reports results of family and twin studies in children and 

adolescents as well as of family studies in adults. It further discusses the stability of 

environmental and genetic influences over the lifespan on disease status or disease 

severity as well as on rates of comorbidity (also see chapter 4).

Twin Studies

The earliest twin study on the heritability of hyperactivity was performed by 

Willerman [1] in 1973. This study, however, used a volunteer sample and question-

naires of uncertain validity. Due to the nature of the variance components method 

used to assess heritability, a volunteer sample might falsify results, because the more 

equal the environment the stronger the calculated genetic effects and vice versa. 

The first representative twin study, which assessed ADHD symptoms by the Rutter 

teacher and parent questionnaires, found that genetic effects accounted for around 

75% of the explainable variance of hyperactivity and attention difficulties [2, 3]. Since 

then, numerous twin studies in children and adolescents have been performed, and 

the finding of a heritable component of about 60–80% [4] was replicated in differ-

ent populations, however mainly of Caucasian origin. These heritability estimates 

were independent of age and sex distribution of the twin samples. Several issues as 

the definition of ADHD as category or continuum, subtypes within ADHD, assess-

ment instruments, differential effects of informants or rater contrast, sex differences, 

comorbidity rates, environmental risk factors, and the impact of genetic and environ-

mental risk factors on the course of the disorder were additionally addressed. Only 

one twin study in adults has been performed to date, which assessed the efficacy of 

retrospective recall of ADHD symptoms in adults around age 50 years [5].

Categorical Diagnosis or Continuously Distributed Trait

Differing from family studies, which often obtained categorical diagnoses and com-

pared rates of disorders in relatives, most twin studies were based on rating scales, 

resulting in a continuously distributed measure of ADHD symptoms in the study pop-

ulation. The study by Levy et al. [6] compared heritability estimates obtained either 

by continuous or categorical data, and also estimated heritability by sibling data. A 

rating scale based on DSM-III-R diagnostic criteria as well as a structured diagnostic 

interview was used. Definition of ADHD by continuous or categorical data as well 

as familial relationship did not change the resulting estimates of an additive genetic 
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effect in the range of 75–90%. This finding is supportive of a continuously underly-

ing trait, which most likely is mediated by several genes. Therefore, ADHD might be 

conceptualized as an oligogenic or polygenic disorder. The concordance rate <100% 

in MZ twins, however, also implies environmental effects in ADHD.

Another study [7] found a heritability of 89% by comparing concordance rates 

(categorical diagnoses) obtained through a structured interview with the mother, 

and a heritability of 73% by categorical diagnoses obtained through teacher question-

naires. Combined mother and teacher data resulted in a heritability estimate of 79%. 

This points to differential reporter or rater effects (see below). It can be concluded 

that categorical or continuous measurements did result in comparable heritability 

estimates for childhood ADHD from twin studies.

The above-mentioned and other twin studies [8–10] assessed attention and hyper-

activity/impulsivity symptoms together. In DSM-IV [11], however, the inattentive 

subtype has become a separate diagnosis from the hyperactive/impulsive subtype and 

the combined disorder. This has posed, first, the question of heritability of the respec-

tive subtypes and, second, of shared genetic factors underlying these subtypes.

Heritability of ADHD Subtypes

The heritability of attention difficulties as measured by the Child Behavior Checklist 

(CBCL), a parent questionnaire [12], was assessed by several twin studies [13–16]. 

Estimates of heritability of attention problems lay around 70–80%, with non-shared 

environmental influences accounting for the remaining variance. The CBCL, how-

ever, does not contain the same attention items as DSM-IV or DSM-III-R. Therefore, 

it was necessary to replicate these findings for attention difficulties as assessed by 

DSM-III-R or DSM-IV criteria.

In boys, one study [17] did show far lower heritability estimates for attention dif-

ficulties due to DSM-III-R criteria as rated by teachers (39%) compared to mothers 

(69%). The hyperactivity/impulsivity subtype, which was also assessed in this study, 

was found to show a higher heritability, both in teacher (69%) and mother ratings 

(91%). The same study found that common genetic factors might influence both sub-

types, however, again teacher ratings (33%) and mother ratings (86%) did differ con-

siderably. These findings again are indicative of rater effects, which can confound 

heritability estimates (see below).

Still, the study shows stronger genetic influences on hyperactivity/impulsivity 

symptoms than on attention problems. Strong genetic influences on hyperactivity 

symptoms as assessed by the Rutter A scale as well as indication of a rater-contrast 

effect were also observed in two other twin studies [18, 19].

A further study in 8- to 16-year-old twins [9] assessed the three dimensions inat-

tention, hyperactivity and impulsivity separately at two different time points. In 

contrast to the above-mentioned study, data were indicative of a differential genetic 

determination of inattention as compared to hyperactivity and impulsivity, the latter, 

however, sharing the same genetic risk factors. Similar results had been obtained in 
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the analysis of a bigger set of twin data from the same study at only one time point 

[20]. In the latter study, additionally multiple measures of ADHD symptomatology 

were compared, i.e. an investigator-based interview, the Rutter parent and teacher 

questionnaires and the CBCL. Maternal measures indicated that on the phenotypic 

level the different measurement instruments assessed the same underlying behavioral 

construct for inattention, hyperactivity and impulsivity problems respectively. Again, 

rater-specific variance was found for both parent and teacher data.

Another approach assessing subtypes has been data-driven. These studies first 

established the latent class structure of DSM-IV symptoms in population-based sam-

ples of twins to parse individuals empirically into subtypes on a purely statistical, 

i.e. probabilistic, level. Second, concordance rates or recurrence risk in MZ and DZ 

twins were compared to differentially assess the genetic background of each subtype. 

DSM-IV symptoms were obtained by mother/parent ratings only. Studies across cul-

tures (USA and Australia) elicited 8 subtypes, of which 3 were severe classes (severe 

inattentive, severe combined, severe hyperactive/impulsive) which roughly cor-

respond to the DSM-IV-based subtypes. The other 5 classes consisted of individu-

als with mild inattentive, mild hyperactive/impulsive or mild combined symptoms, 

which did not reach diagnostic criteria according to DSM-IV. The few symptom class 

was comprised of unaffected individuals. One symptom pattern emerged which is not 

covered by DSM-IV, a talkative-impulsive subtype [21–24]. Differences between MZ 

and DZ in either concordance rates or recurrence risks were found for the 3 severe 

and the 3 mild classes as well as for the talkative-impulsive subtype, with strongest 

genetic influences on the severe inattentive and the severe hyperactive-impulsive sub-

types [24, 25]. Cross-subtype recurrence risks were far lower. These studies, therefore, 

are supportive of the DSM-IV distinction of attention-deficit, hyperactivity-impul-

sivity and the combined ADHD and its relevance for genetic studies. Further, they 

also support the continuous trait model of ADHD. As the mild and severe combined 

type did show a smaller recurrence risk ratio than the severe inattentive and severe 

hyperactive-impulsive subtypes, they also indicate a differential genetic determina-

tion of attention difficulties and other symptoms in ADHD.

In conclusion, there is some inconsistency between studies regarding the amount 

of genetic influences on attention problems. The studies agree with regard to a pre-

vailing differential genetic determination of attention problems and hyperactive-

impulsive symptoms, however with some genetic overlap between symptoms.

Rater Effects

The above-mentioned studies assessed ADHD symptoms by parental and/or teacher 

questionnaires. Informant-specific ratings were obtained in almost all studies, with 

considerable varying heritability estimates, when only parental (typically, maternal), 

teacher or combined ratings were taken into account [7, 8, 17, 26–28]. In most stud-

ies, mothers did show a rater-contrast effect by rating the child with high ADHD 

symptoms higher, and the child with low ADHD symptoms less severely than the 
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teacher, making ‘true’ differences in behavior unlikely [26]. These rater-contrast 

effects, however, might also be measurement-specific, as studies assessing ADHD 

symptoms by the Rutter A scale or the DuPaul ADHD scale did show a stronger 

difference between DZ twins, indicating rater-contrast effects, than studies using 

other measurement instruments [6, 14, 20, 27, 29, 30]. Interestingly, a study using 

the Strengths and Weaknesses of ADHD-Symptoms and Normal-Behavior (SWAN) 

scale as parent rating scale, which includes above-average performance on attention 

and activity, resulted in higher DZ twin concordance and lower variability in DZ 

measurements, implying less rater-contrast effect for this scale [31]. If due to rater-

contrast effects variability between DZ twins is estimated higher and concordance 

lower than between MZ twins, this will result in an overestimation of heritability 

and underestimation of environmental effects as well as in contradicting results with 

respect to the impact of shared and non-shared environmental influences on the dis-

order. On the contrary, the same teacher in one study tended to rate twin pairs in 

general more similar than different teachers, resulting in a possible underestimation 

of heritability [26].

In addition to rater-contrast effects, several studies have shown that agreement 

between mothers/parents and teachers or between teachers on corresponding 

ADHD scales generally is quite low (e.g. Sherman et al. [17]: r = 0.3 parent-teacher; 

Simonoff et al. [26]: r = 0.5 teacher-teacher; Thapar et al. [27]: r = 0.4 parent-

teacher). This points towards the possibility that mothers/parent and teacher 

questionnaires might assess somewhat differing pathology. Due to this problem, 

attempts have been made to utilize pervasive ADHD, i.e. the categorical diagnosis 

obtained by mother/parent as well as teacher reports simultaneously as phenotype 

in molecular genetic studies to avoid inclusion of phenocopies of the disorder and 

to improve power of genetic association studies. It has been shown that the perva-

sive subtype is as heritable as the mother/parent-rated ADHD, and in some studies 

has shown a better predictive validity than ADHD as defined by mother/parent or 

teacher ratings only [20, 28, 32].

Sex Effects

The above-mentioned studies were performed in female and male children and ado-

lescents. As the sex difference in prevalence estimates of ADHD is about 3:1 with 

slightly higher rates of the combined type in male individuals and slightly lower sex 

differences for the inattentive subtype [33, 34], twin studies have also been analyzed 

with regard to differing genetic and environmental effects in female and male twins. 

No effects of sex on heritability estimates regarding the three subtypes and only small 

differences in environmental effects regarding shared and non-shared environmental 

factors were detected. However, the pattern of associated comorbidities (see below) 

did differ [9, 10, 35, 36]. One study found higher rates of ADHD symptoms in the DZ 

co-twins or siblings of girls with ADHD compared to boys with ADHD, indicative of 

a polygenic multiple threshold model [37].
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Comorbidity of ADHD

In children with ADHD, high rates of comorbidity are found. In a population-based 

sample of twins aged 8–18 years, around 70% of the children with the inatten-

tive or the hyperactive/impulsive subtype and around 90% of the children with 

the combined subtype did show at least one comorbid disorder [38]. The most 

prevalent comorbid disorders were Oppositional Defiant Disorder (ODD; 40–65%), 

Conduct Disorder (CD; 27–47%), Major Depressive Disorder (MDD; 0–24%) and 

Generalized Anxiety Disorder (GAD; 13–21%), similar to rates estimated from epi-

demiological studies [39]. ODD and CD were higher in the combined ADHD sub-

type only (ODD: 66%; CD: 47%), whereas MDD was associated with the inattentive 

(24%) and the combined subtypes (22%). Another frequent comorbidity of ADHD 

is reading disability (RD; around 40%), which in most studies did show a stron-

ger association with attention problems than with hyperactive/impulsive symptoms 

[39–42].

Regarding the etiology of the comorbid symptoms and disorders, most studies on 

RD and ADHD agree with respect to common genetic factors influencing RD and 

inattention [43]. All of these studies used mother/parent reported problems only. In 

the study by Willcutt et al. [34], about 95% of the phenotypic covariance between 

RD symptoms of inattention was attributable to common genetic influences, whereas 

only 21% of the phenotypic overlap between RD and hyperactivity/impulsivity was 

due to the same genetic factors.

Epidemiological twin studies on maternally/paternally rated comorbidity of 

ADHD and ODD or CD elicited sex differences with regard to ODD/CD symptom 

severity with more ODD/CD symptoms in males [18]. A study in 7- to 13-year-old 

twins, adjusted for rater-contrast effects [36], found ODD/CD symptoms in males 

to be more strongly genetically determined that in females (heritability males: 66%, 

females: 50%). Covariation of ADHD and ODD/CD symptoms, however, did not 

show differences between females and males and implicated a common genetic factor 

underlying the comorbidity of ADHD and ODD/CD symptoms. About 50% of the 

additive genetic effects were shared between ADHD and ODD/CD as well as about 

40% of the unique environmental effects. Interestingly, with regard to ODD/CD 

symptoms, no rater-contrast effects were found, contrary to the findings in ADHD. 

Similar findings were obtained in 5- to 17-year-old twins with or without comorbid 

CD symptoms. Heritability estimates for CD symptoms lay around 50%, and com-

mon genetic influences were postulated for ADHD and CD, indicating a genetically 

more extreme variant of ADHD [44]. However, additional shared and non-shared 

environmental influences were found for CD only.

Simultaneous analysis of teacher and parent/mother questionnaires obtained on 

8- to 16-year-old twins did result in slightly different findings: no sex differences in 

heritability for ODD/CD were found, and the genetic correlation between ADHD 

and CD symptoms was higher (64–82%) [9]. Again, substantial environmental effects 

were found for ODD/CD only. Further, inattention was influenced by a different 
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genetic factor than hyperactivity/impulsivity, and this factor also did influence the 

comorbidity of inattention and ODD/CD.

A further study assessed covariation among childhood externalizing disorders by 

interviews with the 14-year-old twins themselves [45]. Again, covariation among the 

three disorders ADHD, ODD and CD was attributed to shared genetic influence on 

the disorders as well as to non-shared environmental influences. For each disorder in 

this study, however, also some unique environmental influences were found.

Contrary to the above reported findings, a study in 11-year-old twins found a single 

shared environmental factor most strongly contributing to the covariation of ADHD, 

ODD and CD symptoms [46]. A bigger sample from the same study was analyzed 

differently to also assess informant effects, as in the study child and mother interview 

data were obtained. In males, higher self and mother reported ADHD, ODD and CD 

symptoms were found than in females. Correlations of mother and child reports were 

around 25% [47].

Self-reports resulted in less genetic influence on the three disorders as well as in 

different patterns of correlations between disorders compared to the mother data 

implying a shared environmental factor underlying the three disorders. Analysis 

of mother data, on the contrary, resulted in a strong genetic factor underlying the 

comorbidity of the three disorders.

In conclusion, studies do not agree with regard to genetic and environmental 

mediation of the high rate of comorbidity of ADHD with ODD or CD. The different 

findings might be due to the lack of distinction of ODD and CD in some studies (see 

below, section on family studies), to age differences between samples or to the differ-

ing measurement instruments used. As child report data do show a limited reliability 

and validity regarding externalizing disorders compared to parent/mother or teacher 

reports [48], the findings obtained from studies relying strongly on child report data 

should be viewed with some caution. Concluding from parent and teacher data, com-

mon genetic and non-shared environmental effects seem to influence the comorbidity 

of ADHD, ODD and CD, however additional genetic and environmental risk factors 

specific for each disorder cannot be excluded.

The impact of genetic or environmental influences on comorbidity rates of ADHD 

with MDD and anxiety disorders has rarely been studied in twin samples. In one study, 

using the latent class approach assessing information on separation anxiety, ODD and 

depression as well as ADHD symptoms by parent or child report in a sample of female 

twins aged 13–23 years, 9 latent classes emerged, of which 2 were ‘comorbid’ types, i.e. 

ADHD inattentive subtype + ODD and ADHD combined subtype + ODD for which 

heritability estimates of 63 and 81% were obtained. The ADHD combined subtype + 

ODD latent class comprised additional depression and anxiety items, which might 

be specific for a female sample [49]. These results support the previously mentioned 

studies with regard to common genetic as well as environmental effects underly-

ing comorbid ADHD and ODD. No specific additional genetic effects for comorbid 

MDD or anxiety were detected.
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Stability of Genetic and Environmental Influences on Lifespan

Longitudinal twin studies have been performed to assess the stability of ADHD diag-

nosis, subtype and comorbid ODD/CD to elicit genetic and environmental influences 

on stability and change. Three studies assessed the stability of ADHD symptoms. In 

the first study, twins were assessed for DSM-III-R-based ADHD symptoms at age 

8–9 years old and reassessed 5 years later [50]. Heritability at the first assessment was 

68% for girls and only 35% for boys, whereas at the second assessment, it was 61% for 

girls and 74% for boys. Genetic and non-shared environmental effects were impor-

tant for stability as well as for change. Due to the low heritability estimates obtained 

at wave I for boys in this study, however, these results have to be viewed with cau-

tion. In a sample of younger twins aged 2, 3, and 4 years, assessing only 4 ADHD 

symptoms rated by mothers/parents, a phenotypic correlation of around 50% over 

the years was elicited [51]. Heritability at age 2, 3, and 4 was estimated around 80% 

with non-shared environmental influences accounting for the remaining variance. 

Continuity of ADHD symptoms in this study was mediated 91% by additive genetic 

influences. The same sample was assessed at age 7 and 8 years by the Strengths and 

Difficulties Questionnaire and the Conners’ Rating Scales obtained from mothers/

parents [29]. In the univariate analysis at age 8 years, in addition to additive genetic 

(72%) and non-shared environmental factors (14%), also shared environmental risk 

factors (14%) were found. Phenotypic correlation across time points 2, 3, 4, 7, and 8 

years old were mediated by shared genetic influences (59–96%) and child-specific 

environmental influences the latter of which also accounted for change in behavior.

A third study assessed stability and change of CBCL derived Overactivity (OA) 

and Attention Problems (AP) in 3-, 7-, 10-, and 12-year-old twins [52]. The older 

the children, the more stable AP became in the individual. Across ages, additive and 

dominant genetic effects did influence the stability of AP (around 70%). 30% of the 

residual variance was explained by non-shared environmental effects. In this study, 

rater-contrast effects were not controlled for which might have resulted in an overes-

timation of genetic effects on the stability of symptoms.

One study has been performed which assessed the ADHD hyperactivity/impulsiv-

ity and inattention subtypes according to DSM-III and/or DSM-IV symptoms sepa-

rately at three time points (age 8–9, 13–14, and 16–17 years old; sample of Larsson et 

al. [50]). Cross-type correlations were as high as subtype-specific correlations. 45–90% 

of the total genetic variance in each measure was explained by persistent genetic 

influences. However, in most cases, persistent cross-subtype influences explained 

more genetic variance than persistent subtype-specific influences. Additionally, age-

specific genetic effects were present. Results were interpreted with regard to stron-

gest persistent genetic influences on the ADHD combined type with some support of 

differential genetic influences on the hyperactive/impulsive and inattentive subtypes. 

Furthermore, age-limited genetic effects suggested genetic contributions to changes 

in symptoms of ADHD. The remaining variance again was explained by non-shared 

environmental effects.
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Taken together, from childhood to adolescence, persisting combined ADHD as 

well as inattention seem to be influenced strongly by genetic effects and to a lesser 

extent by non-shared environmental effects. Therefore, persistent ADHD might be an 

interesting phenotype for molecular genetic studies. This also can be expected from 

ADHD persisting into adulthood. However, the problem of recall bias [5] as well as 

missing parental information on pregnancy and early development might lead to an 

increased rate of false-positive or false-negative diagnoses in adults with suspected 

ADHD reducing the power of molecular genetic studies.

Only one study has assessed the genetic structure underlying the persistence of 

ADHD and ODD/CD after 19 months in 8- to 16-year-old twins by mother and 

teacher rating scales [9]. Covariation among phenotypes across informants and 

over time were governed by a common set of genes, but not a single genetic factor. 

Substantial environmental effects were found for ODD/CD, but not for the covaria-

tion of ADHD and ODD/CD. The findings of this study are limited, as the sample 

comprised twins of a broad age range who were followed for a relatively short period. 

However, findings resemble the results of the cross-sectional studies, implying mainly 

genetic and to a lesser extent environmental risk factors for comorbid ADHD und 

ODD/CD as well as for their persistence. The genetic risk factors for comorbidity or 

persistence, however, might be distinct. Similar to persistent ADHD, ADHD with 

comorbid ODD/CD might be an interesting phenotype for molecular genetic studies 

in ADHD.

Family Studies

Resembling twin studies, family studies in ADHD have been performed since the 

1980s [53, 54]. Compared to twin studies, family studies provide some advantages. 

They are performed on individuals with ADHD and their families, therefore exclud-

ing risk factors associated with twinning itself, e.g. low birth weight, prematurity etc. 

Low birth weight in one twin study has been found to strongly influence discordant 

hyperactivity symptoms in MZ twins [55], implying factors associated with low birth 

weight as either shared or non-shared environmental risk factors for ADHD. On the 

other hand, genetic and environmental influences cannot easily be singled out in fam-

ily studies. An increase in familial recurrence risk might be due to genetic as well as 

environmental risk factors associated with the disorder. One environmental risk fac-

tor strongly associated with ADHD, replicated by epidemiological and twin studies, is 

maternal smoking during pregnancy [56–58]. Most family studies did not control for 

this risk factor, as it has been replicated only recently.

Adoption Studies

Adoption studies can prove both genetic and environmental influences on the disor-

der, however they are difficult to perform due to limited numbers of adopted children 
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as well as difficulties assessing the biological parents of the adopted children. The 

adoption studies performed in individuals with ADHD either did not assess the bio-

logical parents of the adopted children with ADHD [59] or did not use standardized 

assessment of ADHD symptoms [60–62]. Also, maternal smoking during pregnancy 

and other risk factors were not controlled for. Therefore, the findings of these studies 

are limited, however all studies lent some support to the hypothesis that ADHD has 

a genetic component.

Segregation Studies

In addition to heritability estimates, family studies also allow to explore the mode 

of inheritance underlying the genetics of ADHD. Segregation analyzes in families 

of children with ADHD [63] were indicative of a single major gene with low pen-

etrance in contrast to twin studies, which were indicative of a continuously under-

lying trait most likely mediated by several genes. To date, both models are still 

abundant, however, with the exception of some linkage studies [64] molecular 

genetic research is predominately based on the oligogenic/polygenic model with 

additional environmental risk factors for ADHD which is supported by most twin 

studies. In contrast to twin studies, the segregation study by Maher et al. [63] also 

implicated differential genetic effects in female and male individuals with ADHD. 

However, the study was based on a distinct clinical population, which limits the 

generalization of its results.

Family Studies in Children with ADHD

Family studies are performed to elicit the risk that an individual is affected, given that 

a relative is. Two measures are usually assessed. The recurrence risk is the conditional 

probability that a relative of a certain degree of relationship to an affected individual 

is also affected. An alternative measure is the relative risk, i.e. the increase in risk 

compared to the population prevalence, given that a relative is affected. Heritability 

estimates can be derived from family studies based on expected phenotypic correla-

tion between relatives. Estimates of genetic and environmental effects on phenotypic 

measures can be obtained by comparing different relatives with regard to recurrence 

risk or phenotypic correlation. The latter has rarely been done in family studies on 

ADHD, as in clinical and epidemiological settings it is difficult to gather data from 

greater than first-degree relatives.

Rates of ADHD and Other Psychiatric Disorders in Siblings and Parents of Children 

with ADHD

The first family studies in hyperactive children assessed psychiatric disorders in 

parents [65–70]. Due to non-blind rating, non-standardized diagnoses, insufficient 

control for SES or inadequate control groups, the results of these studies have to be 

viewed with caution. A first study assessing psychopathology in parents and siblings 

according to DSM-III criteria by direct interview with the parents and controlling for 
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SES elicited higher rates of attention-deficit disorder (ADD, DSM-IIII), ODD and 

MDD in first-degree relatives of 6- to 17-year-old children with ADD (n = 21) com-

pared to the first-degree relatives of healthy control children (n = 20) [53]. Not a 

single relative with bipolar disorder, mental retardation or pervasive developmental 

disorder was seen in children with ADD, whereas the rate of enuresis was non-sig-

nificantly increased. In an enlarged sample (n = 73) with an additional psychiatric 

control group (n = 26) without ADD, first-degree relatives of children with ADD did 

show higher rates of ADD, any antisocial disorder (combined ODD, CD, antisocial 

personality disorder) and drug dependence than both control groups [87]. Anxiety 

disorders and MDD were increased in first-degree relatives of both, children with 

ADD and children with another psychiatric disorder. Despite the familial aggregation 

genetic and environmental effects cannot be fully differentiated from family studies. 

The latter study, however, did explore psychosocial risk factors (low social class and 

separation/divorce in the family of origin) which were equally distributed in families 

with and without ADD, rendering these factors unlikely causes of DSM-III ADD. 

Comparable results on increased rates of ADDH (equal to ADD in DSM-III) in par-

ents of children with ADDH, ADDH+CD and CD but not in children with emotional 

disorder or control children were obtained in another family study using DSM-III-R 

criteria for ADDH [71]. Findings of increased rates of ADHD in parents and siblings 

of children with ADHD were replicated in several other studies on parents, siblings 

and one study on second-degree relatives of children with ADHD according to DSM-

III-R or DSM-IV criteria [72–75].

Similar to twin studies, the following aspects were differentially addressed in fam-

ily studies on ADHD: the validity and segregation of the DSM-IV defined subtypes 

inattention, hyperactivity/impulsivity and combined ADHD, sex differences, rates of 

comorbid disorders, and environmental risk factors associated with ADHD in chil-

dren and adolescents.

ADHD Subtypes

Only a few family studies have been performed analyzing the familial transmission 

of the inattentive, combined and hyperactive/impulsive ADHD subtypes separately. 

A recent study provided an analysis on the pooled data of six studies, exploring the 

familial transmission of the inattentive and combined ADHD subtypes [76]. New data 

were analyzed in addition to data from two twin [6, 24] and three family studies [75, 

77, 78]. Results were indicative of heterogeneity of the inattentive subtype, sharing 

some of its etiology with the combined type, however also including cases with non-

shared etiology. Further, in boys, the two subtypes were more clearly distinguishable 

than in girls. With regard to the hyperactive/impulsive subtype, no clear conclusions 

can be drawn from the family studies, as it is the rarest subtype, and family studies 

therefore lacked the power to elucidate differences regarding this subtype. Only one 

study indicated specificity of this subtype [79]. Taken together, results from family 

and twin studies agree on implying a prevailing differential genetic determination of 
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attention problems and hyperactive-impulsive symptoms, however, with some genetic 

overlap between symptoms.

Sex Differences

Contrary to the studies assessing subtypes, most studies assessing ADD according to 

DSM-III or DSM-III-R did not find any differences between girls and boys regarding 

ADD and other psychiatric disorders in first-degree relatives of children with ADD 

[73, 79]. Only one study found a higher rate of ADHD in parents of sibling pairs 

who both were affected by ADHD and one of whom was female compared to male 

sibling pairs only [78], which might be indicative of a multifactorial threshold model, 

also suggested by the findings of one twin study [80]. Another study focusing on 

families with a parent with antisocial personality disorder or with the index child 

showing comorbid conduct disorder found a higher risk for ADHD in the siblings 

of boys with ADHD+CD but not of girls with ADHD+CD according to DSM-III-R 

diagnoses [81]. In families without antisocial disorders, these sex differences were 

not found. Findings again corroborate the results of twin studies, indicating no sex 

differences with respect to combined ADHD, but differential genetic and/or envi-

ronmental effects in girls and boys regarding ADHD comorbid with CD and possible 

differences regarding the DSM-IV inattentive subtype [76].

Comorbid Disorders in Siblings and Parents

A recent review of family studies suggested that family studies based on prevalence 

rates might have a limited ability to lead to correct conclusions regarding the causes 

of comorbidity [82]. This renders the results of the presented studies preliminary.

Few family studies have been performed to elucidate the familiality of ADHD ver-

sus ADHD comorbid with ODD or CD despite the findings of high rates of ODD, CD 

or antisocial personality disorder in first-degree relatives in the early family studies 

(see above). In a study based on DSM-III diagnoses, rates of ADD were increased 

in first-degree relatives of children with ADD, ADD+oppositional disorder (OD 

according to DSM-III) and ADD+CD [83]. Morbidity risk for ADD, however, was 

highest in relatives of children with ADD+CD, implying ADD+CD as a more severe 

phenotype of ADD, which also has been suggested from results of some twin studies. 

Antisocial personality disorder was highest in relatives of children with ADD+CD 

and ADD+OD. In several studies implementing DSM-III-R or DSM-IV criteria, first-

degree relatives of children with ADHD+CD did show higher rates of depression, 

substance abuse and antisocial personality disorder than families of children with 

ADHD without CD, of which maternal depression and paternal antisocial personal-

ity disorder seem to be a specific risk factor for comorbid CD in the offspring [78, 

84–87].

Despite higher rates of anxiety disorders in parents of children with ADHD [85, 

88, 89] two studies implementing DSM-III or DSM-III-R diagnoses found an inde-

pendent segregation of anxiety disorders and ADD/ADHD, implying differential risk 
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factors for both types of disorders [90, 91]. Another study assessing anxiety disorders 

in parents of young children with ADHD with or without comorbid ODD/CD found 

increased rates of anxiety disorders in mothers of children with ADHD+CD com-

pared to healthy control children diagnosed according to DSM-III-R criteria [85]. 

However, when results were adjusted for comorbid anxiety disorders in children, the 

association of child ADHD+CD with anxiety disorder in the mother disappeared, 

again implying differential risk factors for both types of disorder.

With regard to MDD in parents of children with ADD, one early study implement-

ing DSM-III criteria found an independent segregation of ADD and MDD [92]. More 

recent studies using DSM-III or DSM-III-R criteria, however, found some support 

for a familial link of ADHD and depression, which was most pronounced in ADHD 

families with antisocial disorders [85, 93–95]. Similarly, in several studies rates of 

ADHD in children of depressed parents were higher than in children of control par-

ents [96–102]. In a review article on the comorbidity of MDD and ADHD [103] it 

was concluded, however, that the link between depression and ADHD seemed to be 

only partially accounted for by comorbid CD or antisocial personality disorder in the 

family, as depression also was increased in relatives of children with ADHD without 

CD in some studies. Comorbid MDD and ADHD in children and their first-degree 

relatives seemed to be influenced by psychosocial risk factors, i.e. marital discord, 

low social class, large family size, paternal criminality, maternal mental disorder and 

foster placement, rather than genetic risk factors [104, 105]. Depression in mothers 

has been related to increased ODD and CD symptoms, predominantely in boys with 

or without ADHD, therefore presenting a major environmental risk factor for ADHD 

comorbid with other psychiatric disorders [85, 106].

In addition to MDD, an increased rate of bipolar disorder has been suggested in 

children with ADHD and their first-degree relatives [107, 108]. A recent study in 

children with bipolar disorder and ADHD, however, did show that bipolar disorder-

I in children and adults share the same diathesis, and ADHD is another, unrelated 

disorder [109].

A few family studies have explored familiality of ADHD with specific learning dis-

ability [110–112]. Specific learning disability and low IQ did not cosegregate with 

ADHD in most studies despite high rates of reading and writing disability in children 

with ADHD [113]. These findings differ from the results of twin studies on reading 

disability and ADHD (see above), which might be due lack of a separate assessment 

of the inattentive subtype in the family studies.

Other comorbid disorders, which are frequently found to be associated with 

ADHD in clinical or epidemiological samples, like primary nocturnal enuresis [114] 

or tic disorders [115, 116], were rarely explored in family studies on ADHD. Two fam-

ily studies have been performed with regard to ADHD comorbid with Tourette’s dis-

order (TD) [111, 117]. Both studies suggested some relationship of TD with ADHD, 

however the hypothesis that cases of ADHD might represent a variant expression 

of TD was refuted. Likewise, TD seemed not to be simply a variant expression of 
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ADHD. ADHD+TD as well as ADHD and TD seemed to co-occur more frequently 

in some families, implying heterogeneity in ADHD with regard to comorbid TD. 

In ADHD+TD families, additionally increased rates of obsessive compulsive disor-

ders (OCD) were found, which also have been described in other studies, implying a 

unique familial subtype [118, 119].

Longitudinal Family Studies

Three longitudinal family studies have been published which focused on the differ-

ences between families of children with ADHD without and with comorbid CD. The 

first study did follow a sample of 140 children with ADHD and 120 normal control 

children and their siblings for 4 years into adolescence, who were compared with 

regard to DSM-III-R diagnoses derived from diagnostic interviews with mother and 

child. Cross-sectional data did show a higher risk for CD in siblings of children and 

adolescents with ADHD+CD, but not for children with ADHD+ODD or ADHD 

alone. This pattern was maintained over the 4-year follow-up period, pointing towards 

ADHD+CD as a distinct subtype of ADHD [103]. In the second study, a somewhat 

different approach was taken assessing antisocial families, defined by the presence of 

antisocial personality disorder in a parent according to DSM-III-R [120]. Antisocial 

personality disorder in a parent at baseline predicted the presence of CD and ODD 

in the child 4 years later. Siblings of ADHD children with antisocial personality dis-

order in a parent compared to families of children without had higher rates of alco-

hol or drug abuse or dependence. ADHD children from antisocial families did differ 

from ADHD children from non-antisocial families with regard to comorbid CD and 

alcohol or drug abuse or dependence, after correcting for IQ differences. Elevated 

rates of ODD, anxiety disorders and MDD were found in both types of ADHD fami-

lies. Together with the results of cross-sectional studies [81], the longitudinal studies 

therefore point towards ADHD+CD as a distinct subtype of ADHD, not including 

ODD.

Family Studies in Adult Individuals with ADHD

Despite increasing knowledge about ADHD persisting from childhood into adult-

hood [121] and recognition of adult ADHD [122], family studies on individuals with 

adult ADHD and their children or other relatives are scarce. Patterns of comorbidities 

in adults with ADHD are similar to psychiatric disorder patterns found in parents of 

children with ADHD, i.e. increased rates of comorbid MDD, dysthymia, anxiety dis-

orders, conduct or antisocial personality disorder and substance abuse/dependence 

with highest rates in the DSM-IV combined ADHD subtype [122–125]. However, 

from these patterns, no conclusions with regard to specific genetically or environ-

mentally influenced subtypes can be drawn. Studies on the impact of exposure to 

parental ADHD on their offspring did show an increased risk for ADHD in children 

of parents with ADHD, also associated with greater environmental risk factors, espe-

cially family conflict [126, 127]. Parental ADHD in one study was independent of 
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family conflict, in the other study, family conflict was directly influenced by parental 

ADHD.

Conclusions

Family and twin studies on ADHD in children and adolescents resulted in a strong 

heritable component of 60–80% for ADHD. Rates of comorbidity as well as persistence 

or remittance of the disorder during the lifespan indicate heterogeneity of ADHD, 

which also might be found regarding the inattentive and the combined ADHD sub-

type. No clear conclusions can be drawn regarding the pattern of inheritance, as twin 

and family studies indicate different modes of inheritance, i.e. the oligogenic/poly-

genic model with additional environmental risk factors for ADHD or a single major 

gene with low penetrance. Twin and family studies agree with regard to missing sex 

differences in the genetic risk for ADHD. Similarly, both types of studies pointed 

towards ADHD+CD as a strongly genetically influenced subtype of ADHD, however 

also showing some specific environmental risk factors. Another interesting subtype 

with strong associated genetic risk factors might be persistent ADHD into adulthood. 

The presented studies did differ considerably with regard to diagnostic criteria, rating 

scales or interview methods as well as environmental risk factors addressed. Major 

problems in studies of children and adolescents/adults with ADHD are informant 

effects with regard to mother/parent and self-rating. Therefore, pervasive ADHD as 

defined by meeting criteria in two different settings should be used as the target phe-

notype in molecular genetic studies.

References



Family and Twin Studies in ADHD 53

 9 Nadder TS, Rutter M, Silberg JL, et al: Genetic 

effects on the variation and covariation of attention-

deficit hyperactivity disorder and oppositional-defi-

ant disorder/conduct disorder symptomatologies 

across informant and occasion of measurement. 

Psychol Med 2002;32:39–53.

10 Rhee SH, Waldman ID, Hay DA, et al: Sex differ-

ences in genetic and environmental influences on 

DSM-III-R attention-deficit hyperactivity disorder. 

J Abnorm Psychol 1999;108:24–41.

11 American Psychiatric Association (APA): Diagnostic 

and Statistical Manual of Mental Disorders. 

Washington, APA, 1994. 

12 Achenbach TM: Manual for the Youth Self-Report 

and 1991 Profile. Burlington, University of Vermont 

Department of Psychiatry, 1991.

13 Edelbrock C, Rende R, Plomin R, et al: A twin study 

of competence and problem behavior in childhood 

and early adolescence. J Child Psychol Psychiatry 

1995;36:775–785.

14 Gjone H, Stevenson J, Sundet JM: Genetic influence 

on parent-reported attention-related problems in a 

Norwegian general population twin sample. J Am 

Acad Child Adolesc Psychiatry 1996;35:588–596.

15 Hudziak JJ, Rudiger LP, Neale MC, et al: A twin 

study of inattentive, aggressive, and anxious/

depressed behaviors. J Am Acad Child Adolesc 

Psychiatry 2000;39:469–476.

16 Rietveld MJ, Hudziak JJ, Bartels M, et al: Heritability 

of attention problems in children. I. Cross-sectional 

results from a study of twins, age 3–12 years. Am J 

Med Genet B Neuropsychiatr Genet 2003;117:102–

113.

17 Sherman DK, Iacono WG, McGue MK: Attention-

deficit hyperactivity disorder dimensions: a twin 

study of inattention and impulsivity-hyperactivity. J 

Am Acad Child Adolesc Psychiatry 1997;36:745–

753.

18 Silberg J, Rutter M, Meyer J, et al: Genetic and envi-

ronmental influences on the covariation between 

hyperactivity and conduct disturbance in juvenile 

twins. J Child Psychol Psychiatry 1996;37:803–816.

19 Thapar A, Hervas A, McGuffin P: Childhood hyper-

activity scores are highly heritable and show sibling 

competition effects: twin study evidence. Behav 

Genet 1995;25:537–544.

20 Nadder TS, Silberg JL, Rutter M, et al: Comparison 

of multiple measures of ADHD symptomatology: a 

multivariate genetic analysis. J Child Psychol 

Psychiatry 2001;42:475–486.

21 Hudziak JJ, Heath AC, Madden PF, et al: Latent class 

and factor analysis of DSM-IV ADHD: a twin study 

of female adolescents. J Am Acad Child Adolesc 

Psychiatry 1998;37:848–857.

22 Neuman RJ, Todd RD, Heath AC, et al: Evaluation 

of ADHD typology in three contrasting samples: a 

latent class approach. J Am Acad Child Adolesc 

Psychiatry 1999;38:25–33.

23 Rasmussen ER, Neuman RJ, Heath AC, et al: 

Replication of the latent class structure of attention-

deficit hyperactivity disorder subtypes in a sample 

of Australian twins. J Child Psychol Psychiatry 

2002;43:1018–1028.

24 Todd RD, Rasmussen ER, Neuman RJ, et al: 

Familiality and heritability of subtypes of attention-

deficit hyperactivity disorder in a population sample 

of adolescent female twins. Am J Psychiatry 2001; 

158:1891–1898.

25 Rasmussen ER, Neuman RJ, Heath AC, et al: 

Familial clustering of latent class and DSM-IV 

defined attention-deficit hyperactivity disorder sub-

types. J Child Psychol Psychiatry 2004;45:589–598.

26 Simonoff E, Pickles A, Hervas A, et al: Genetic 

influences on childhood hyperactivity: contrast 

effects imply parental rating bias, not sibling inter-

action. Psychol Med 1998;28:825–837.

27 Thapar A, Harrington R, Ross K, et al: Does the 

definition of ADHD affect heritability? J Am Acad 

Child Adolesc Psychiatry 2000;39:1528–1536.

28 Martin N, Scourfield J, McGuffin P: Observer effects 

and heritability of childhood attention-deficit 

hyperactivity disorder symptoms. Br J Psychiatry 

2002;180:260–265.

29 Kuntsi J, Rijsdijk F, Ronald A, et al: Genetic influ-

ences on the stability of attention-deficit hyper-

activity disorder symptoms from early to middle 

childhood. Biol Psychiatry 2005;57:647–654.

30 Saudino KJ, Ronald A, Plomin R: The etiology of 

behavior problems in 7-year-old twins: substantial 

genetic influence and negligible shared environ-

mental influence for parent ratings and ratings by 

same and different teachers. J Abnorm Child Psy-

chol 2005;33:113–130.

31 Hay DA, Bennett KS, Levy F, et al: A twin study of 

attention-deficit hyperactivity disorder dimensions 

rated by the Strengths and Weaknesses of ADHD-

Symptoms and Normal-Behavior (SWAN) scale. 

Biol Psychiatry 2007;61:700–705.

32 Costello EJ, Loeber R, Stouthamer-Loeber M: 

Pervasive and situational hyperactivity – confound-

ing effect of informant: a research note. J Child 

Psychol Psychiatry 1991;32:367–376.

33 Graetz BW, Sawyer MG, Baghurst P: Gender differ-

ences among children with DSM-IV ADHD in 

Australia. J Am Acad Child Adolesc Psychiatry 

2005;44:159–168.

34 Willcutt EG, Pennington BF, Chhabildas NA, et al: 

Psychiatric comorbidity associated with DSM-IV 

ADHD in a non-referred sample of twins. J Am 

Acad Child Adolesc Psychiatry 1999;38:1355–1362.



54 Freitag · Retz

35 Levy F, Hay DA, Bennett KS, et al: Gender differ-

ences in ADHD subtype comorbidity. J Am Acad 

Child Adolesc Psychiatry 2005;44:368–376.

36 Nadder TS, Silberg JL, Eaves LJ, et al: Genetic effects 

on ADHD symptomatology in 7- to 13-year-old 

twins: results from a telephone survey. Behav Genet 

1998;28:83–99.

37 Rhee SH, Waldman ID: Etiology of sex differences 

in the prevalence of ADHD: an examination of inat-

tention and hyperactivity-impulsivity. Am J Med 

Genet B Neuropsychiatr Genet 2004;127:60–64.

38 Offord DR, Boyle MH, Szatmari P, et al: Ontario 

Child Health Study. II. Six-month prevalence of dis-

order and rates of service utilization. Arch Gen 

Psychiatry 1987;44:832–836.

39 Willcutt EG, Pennington BF, DeFries JC: Twin study 

of the etiology of comorbidity between reading dis-

ability and attention-deficit hyperactivity disorder. 

Am J Med Genet 2000;96:293–301.

40 Friedman MC, Chhabildas N, Budhiraja N, et al: 

Etiology of the comorbidity between RD and 

ADHD: exploration of the non-random mating 

hypothesis. Am J Med Genet B Neuropsychiatr 

Genet 2003;120:109–115.

41 Gilger JW, Pennington BF, DeFries JC: A twin study 

of the etiology of comorbidity: attention-deficit 

hyperactivity disorder and dyslexia. J Am Acad 

Child Adolesc Psychiatry 1992;31:343–348.

42 Levy F, Hay D, McLaughlin M, et al: Twin sibling 

differences in parental reports of ADHD, speech, 

reading and behaviour problems. J Child Psychol 

Psychiatry 1996;37:569–578.

43 Trzesniewski KH, Moffitt TE, Caspi A, et al: Revisit-

ing the association between reading achievement 

and antisocial behavior: new evidence of an envi-

ronmental explanation from a twin study. Child 

Dev 2006;77:72–88.

44 Thapar A, Harrington R, McGuffin P: Examining 

the comorbidity of ADHD-related behaviours and 

conduct problems using a twin study design. Br J 

Psychiatry 2001;179:224–229.

45 Dick DM, Viken RJ, Kaprio J, et al: Understanding 

the covariation among childhood externalizing 

symptoms: genetic and environmental influences 

on conduct disorder, attention-deficit hyperactivity 

disorder, and oppositional defiant disorder symp-

toms. J Abnorm Child Psychol 2005,33:219–229.

46 Burt SA, Krueger RF, McGue M, et al: Sources of 

covariation among attention-deficit hyperactivity 

disorder, oppositional defiant disorder, and conduct 

disorder: the importance of shared environment. J 

Abnorm Psychol 2001;110:516–525.

47 Burt SA, McGue M, Krueger RF, et al: Sources of 

covariation among the child-externalizing disor-

ders: informant effects and the shared environment. 

Psychol Med 2005;35:1133–1144.

48 Barkley RA, Fischer M, Smallish L, et al: The persis-

tence of attention-deficit hyperactivity disorder into 

young adulthood as a function of reporting source 

and definition of disorder. J Abnorm Psychol 2002; 

111:279–289.

49 Neuman RJ, Heath A, Reich W, et al: Latent class 

analysis of ADHD and comorbid symptoms in a 

population sample of adolescent female twins. J 

Child Psychol Psychiatry 2001;42:933–942.

50 Larsson JO, Larsson H, Lichtenstein P: Genetic and 

environmental contributions to stability and change 

of ADHD symptoms between 8 and 13 years of age: 

a longitudinal twin study. J Am Acad Child Adolesc 

Psychiatry 2004;43:1267–1275.

51 Price TS, Simonoff E, Asherson P, et al: Continuity 

and change in preschool ADHD symptoms: longi-

tudinal genetic analysis with contrast effects. Behav 

Genet 2005;35:121–132.

52 Rietveld MJ, Hudziak JJ, Bartels M, et al: Heritability 

of attention problems in children: longitudinal 

results from a study of twins, age 3–12. J Child 

Psychol Psychiatry 2004;45:577–588.

53 Biederman J, Munir K, Knee D, et al: A family study 

of patients with attention-deficit disorder and nor-

mal controls. J Psychiatr Res 1986;20:263–274.

54 Morrison JR: Childhood hyperactivity in an adult 

psychiatric population: social factors. J Clin Psy-

chiatry 1980;41:40–43.

55 Asbury K, Dunn JF, Plomin R: Birthweight-

discordance and differences in early parenting relate 

to monozygotic twin differences in behaviour prob-

lems and academic achievement at age 7. Dev Sci 

2006;9:F22–F31.

56 Lehn H, Derks EM, Hudziak JJ, et al: Attention 

problems and attention-deficit hyperactivity disor-

der in discordant and concordant monozygotic 

twins: evidence of environmental mediators. J Am 

Acad Child Adolesc Psychiatry 2007;46:83–91.

57 Linnet KM, Wisborg K, Obel C, et al: Smoking dur-

ing pregnancy and the risk for hyperkinetic disor-

der in offspring. Pediatrics 2005;116:462–467.

58 Linnet KM, Dalsgaard S, Obel C, et al: Maternal 

lifestyle factors in pregnancy risk of attention-deficit 

hyperactivity disorder and associated behaviors: 

review of the current evidence. Am J Psychiatry 

2003;160:1028–1040.

59 Sprich S, Biederman J, Crawford MH, et al: Adoptive 

and biological families of children and adolescents 

with ADHD. J Am Acad Child Adolesc Psychiatry 

2000;39:1432–1437.

60 Cantwell DP: Genetic studies of hyperactive chil-

dren: psychiatric illness in biologic and adopting 

parents. Proc Annu Meet Am Psychopathol Assoc 

1975;273–280.



Family and Twin Studies in ADHD 55

61 Morrison JR, Stewart MA: The psychiatric status of 

the legal families of adopted hyperactive children. 

Arch Gen Psychiatry 1973;28:888–891.

62 Alberts-Corush J, Firestone P, Goodman JT: Atten-

tion and impulsivity characteristics of the biological 

and adoptive parents of hyperactive and normal 

control children. Am J Orthopsychiatry 1986;56: 

413–423.

63 Maher BS, Marazita ML, Moss HB, et al: Segregation 

analysis of attention-deficit hyperactivity disorder. 

Am J Med Genet 1999;88:71–78.

64 Hebebrand J, Dempfle A, Saar K, et al: A genome-

wide scan for attention-deficit hyperactivity disor-

der in 155 German sib-pairs. Mol Psychiatry 2006; 

11:196–205.

65 August GJ, Stewart MA: Familial subtypes of child-

hood hyperactivity. J Nerv Ment Dis 1983;171:362–

368.

66 Lahey BB, Piacentini JC, McBurnett K, et al: Psy-

chopathology in the parents of children with con-

duct disorder and hyperactivity. J Am Acad Child 

Adolesc Psychiatry 1988;27:163–170.

67 Morrison JR, Stewart MA: A family study of the 

hyperactive child syndrome. Biol Psychiatry 1971;3: 

189–195.

68 Reeves JC, Werry JS, Elkind GS, et al: Attention-

deficit, conduct, oppositional, and anxiety disorders 

in children. II. Clinical characteristics. J Am Acad 

Child Adolesc Psychiatry 1987;26:144–155.

69 Stewart MA, DeBlois CS, Cummings C: Psychiatric 

disorder in the parents of hyperactive boys and 

those with conduct disorder. J Child Psychol Psychi-

atry 1980;21:283–292.

70 Stewart MA, Morrison JR: Affective disorder among 

the relatives of hyperactive children. J Child Psychol 

Psychiatry 1973;14:209–212.

71 Schachar R, Wachsmuth R: Hyperactivity and 

parental psychopathology. J Child Psychol Psychi-

atry 1990;31:381–392.

72 Epstein JN, Conners CK, Erhardt D, et al: Familial 

aggregation of ADHD characteristics. J Abnorm 

Child Psychol 2000;28:585–594.

73 Faraone SV, Biederman J, Keenan K, et al: A family-

genetic study of girls with DSM-III attention-deficit 

disorder. Am J Psychiatry 1991;148:112–117.

74 Faraone SV, Biederman J, Milberger S: An explor-

atory study of ADHD among second-degree rela-

tives of ADHD children. Biol Psychiatry 1994;35: 

398–402.

75 Faraone SV, Biederman J, Mick E, et al: Family study 

of girls with attention-deficit hyperactivity disorder. 

Am J Psychiatry 2000;157:1077–1083.

76 Stawicki JA, Nigg JT, von Eye A: Family psychiatric 

history evidence on the nosological relations of 

DSM-IV ADHD combined and inattentive sub-

types: new data and meta-analysis. J Child Psychol 

Psychiatry 2006;47:935–945.

77 Faraone SV, Biederman J, Friedman D: Validity of 

DSM-IV subtypes of attention-deficit hyperactivity 

disorder: a family study perspective. J Am Acad 

Child Adolesc Psychiatry 2000;39:300–307.

78 Smalley SL, McGough JJ, Del’Homme M, et al: 

Familial clustering of symptoms and disruptive 

behaviors in multiplex families with attention-defi-

cit hyperactivity disorder. J Am Acad Child Adolesc 

Psychiatry 2000;39:1135–1143.

79 Faraone SV, Biederman J, Mick E, et al: A family 

study of psychiatric comorbidity in girls and boys 

with attention-deficit hyperactivity disorder. Biol 

Psychiatry 2001;50:586–592.

80 Rhee SH, Waldman ID: Sex differences in genetic 

and environmental influences on DSM-III-R atten-

tion-deficit hyperactivity disorder. J Abnorm Psy-

chol 1999;108:24–41.

81 Faraone SV, Biederman J, Chen WJ, et al: Genetic 

heterogeneity in attention-deficit hyperactivity dis-

order: gender, psychiatric comorbidity, and maternal 

attention-deficit hyperactivity disorder. J Abnorm 

Psychol 1995;104:334–345.

82 Rhee SH, Hewitt JK, Corley RP, et al: The validity of 

analyses testing the etiology of comorbidity between 

two disorders: a review of family studies. J Child 

Psychol Psychiatry 2003;44:612–636.

83 Faraone SV, Biederman J, Keenan K, et al: Separation 

of DSM-III attention-deficit disorder and conduct 

disorder: evidence from a family-genetic study of 

American child psychiatric patients. Psychol Med 

1991;21:109–121.

84 Chronis AM, Lahey BB, Pelham WE Jr, et al: 

Maternal depression and early positive parenting 

predict future conduct problems in young children 

with attention-deficit hyperactivity disorder. Dev 

Psychol 2007;43:70–82.

85 Chronis AM, Lahey BB, Pelham WE Jr, et al: 

Psychopathology and substance abuse in parents of 

young children with attention-deficit hyperactivity 

disorder. J Am Acad Child Adolesc Psychiatry 

2003;42:1424–1432.

86 Faraone SV, Biederman J, Jetton JG, et al: Attention-

deficit disorder and conduct disorder: longitudinal 

evidence for a familial subtype. Psychol Med 

1997;27:291–300.

87 Faraone SV, Biederman J, Monuteaux MC: Atten-

tion-deficit disorder and conduct disorder in girls: 

evidence for a familial subtype. Biol Psychiatry 

2000;48:21–29.



56 Freitag · Retz

 88 Biederman J, Faraone SV, Keenan K, et al: Family-

genetic and psychosocial risk factors in DSM-III 

attention-deficit disorder. J Am Acad Child Adolesc 

Psychiatry 1990;29:526–533.

 89 Nigg JT, Hinshaw SP: Parent personality traits and 

psychopathology associated with antisocial behav-

iors in childhood attention-deficit hyperactivity dis-

order. J Child Psychol Psychiatry 1998;39:145–159.

 90 Biederman J, Faraone SV, Keenan K, et al: Familial 

association between attention-deficit disorder and 

anxiety disorders. Am J Psychiatry 1991;148:251–

256.

 91 Braaten EB, Biederman J, Monuteaux MC, et al: 

Revisiting the association between attention-deficit 

hyperactivity disorder and anxiety disorders: a 

familial risk analysis. Biol Psychiatry 2003;53:93–

99.

 92 Biederman J, Munir K, Knee D, et al: High rate of 

affective disorders in probands with attention-defi-

cit disorder and in their relatives: a controlled fam-

ily study. Am J Psychiatry 1987;144:330–333.

 93 Biederman J, Faraone SV, Keenan K, et al: Evidence 

of familial association between attention-deficit dis-

order and major affective disorders. Arch Gen Psy-

chiatry 1991;48:633–642.

 94 Biederman J, Faraone SV, Keenan K, et al: Further 

evidence for family-genetic risk factors in attention-

deficit hyperactivity disorder. Patterns of comorbid-

ity in probands and relatives psychiatrically and 

pediatrically referred samples. Arch Gen Psychiatry 

1992;49:728–738.

 95 Bhatia MS, Nigam VR, Bohra N, et al: Attention-

deficit disorder with hyperactivity among paediatric 

outpatients. J Child Psychol Psychiatry 1991;32:297–

306.

 96 Beardslee WR, Zuckerman BS, Amaro H, et al: 

Depression among adolescent mothers: a pilot study. 

J Dev Behav Pediatr 1988;9:62–65.

 97 Grigoroiu-Serbanescu M, Christodorescu D, Magu-

reanu S, et al: Adolescent offspring of endogenous 

unipolar depressive parents and of normal parents. J 

Affect Disord 1991;21:185–198.

 98 Orvaschel H, Walsh-Allis G, Ye WJ: Psychopathology 

in children of parents with recurrent depression. J 

Abnorm Child Psychol 1988;16:17–28.

 99 Orvaschel H, Weissman MM, Kidd KK: Children 

and depression – the children of depressed parents; 

the childhood of depressed patients; depression in 

children. J Affect Disord 1980;2:1–16.

100 Nomura Y, Wickramaratne PJ, Warner V, et al: 

Family discord, parental depression, and psychopa-

thology in offspring: ten-year follow-up. J Am Acad 

Child Adolesc Psychiatry 2002;41:402–409.

101 Weissman MM, Gammon GD, John K, et al: Chil-

dren of depressed parents. Increased psychopathol-

ogy and early onset of major depression. Arch Gen 

Psychiatry 1987;44:847–853.

102 Weissman MM, Wickramaratne P, Nomura Y, et al: 

Families at high and low risk for depression: a three-

generation study. Arch Gen Psychiatry 2005;62:29–

36.

103 Faraone SV, Biederman J: Do attention-deficit hype-

ractivity disorder and major depression share famil-

ial risk factors? J Nerv Ment Dis 1997;185:533–541.

104 Biederman J, Milberger S, Faraone SV, et al: Impact 

of adversity on functioning and comorbidity in chil-

dren with attention-deficit hyperactivity disorder. J 

Am Acad Child Adolesc Psychiatry 1995;34:1495–

1503.

105 Biederman J, Faraone SV, Monuteaux MC: Differ-

ential effect of environmental adversity by gender: 

Rutter’s index of adversity in a group of boys and 

girls with and without ADHD. Am J Psychiatry 

2002;159:1556–1562.

106 Marmorstein NR, Iacono WG: Major depression 

and conduct disorder in youth: associations with 

parental psychopathology and parent-child conflict. 

J Child Psychol Psychiatry 2004;45:377–386.

107 Biederman J, Faraone S, Mick E, et al: Attention-

deficit hyperactivity disorder and juvenile mania: 

an overlooked comorbidity? J Am Acad Child 

Adolesc Psychiatry 1996;35:997–1008.

108 Faraone SV, Biederman J, Mennin D, et al: Bipolar 

and antisocial disorders among relatives of ADHD 

children: parsing familial subtypes of illness. Am J 

Med Genet 1998;81:108–116.

109 Geller B, Tillman R, Bolhofner K, et al: Controlled, 

blindly rated, direct-interview family study of a pre-

pubertal and early-adolescent bipolar I disorder 

phenotype: morbid risk, age at onset, and comor-

bidity. Arch Gen Psychiatry 2006;63:1130–1138.

110 Doyle AE, Faraone SV, DuPre EP, et al: Separating 

attention-deficit hyperactivity disorder and learn-

ing disabilities in girls: a familial risk analysis. Am J 

Psychiatry 2001;158:1666–1672.

111 Faraone SV, Biederman J, Lehman BK, et al: 

Evidence for the independent familial transmission 

of attention-deficit hyperactivity disorder and learn-

ing disabilities: results from a family genetic study. 

Am J Psychiatry 1993;150:891–895.

112 Pauls DL, Leckman JF, Cohen DJ: Familial relation-

ship between Gilles de la Tourette’s syndrome, 

attention-deficit disorder, learning disabilities, 

speech disorders, and stuttering. J Am Acad Child 

Adolesc Psychiatry 1993;32:1044–1050.

113 Del’Homme M, Kim TS, Loo SK, et al: Familial 

association and frequency of learning disabilities in 

ADHD sibling pair families. J Abnorm Child Psy-

chol 2007;35:55–62.



Family and Twin Studies in ADHD 57

114 Baeyens D, Roeyers H, Vande Walle J, et al: 

Behavioural problems and attention-deficit hyper-

activity disorder in children with enuresis: a litera-

ture review. Eur J Pediatr 2005;164:665–672.

115 Kadesjo B, Gillberg C: Tourette’s disorder: epidemi-

ology and comorbidity in primary schoolchildren. J 

Am Acad Child Adolesc Psychiatry 2000;39:548–

555.

116 Spencer T, Biederman M, Coffey B, et al: The 4-year 

course of tic disorders in boys with attention-deficit 

hyperactivity disorder. Arch Gen Psychiatry 

1999;56:842–847.

117 Stewart SE, Illmann C, Geller DA, et al: A controlled 

family study of attention-deficit hyperactivity disor-

der and Tourette’s disorder. J Am Acad Child 

Adolesc Psychiatry 2006;45:1354–1362.

118 Geller D, Petty C, Vivas F, et al: Examining the rela-

tionship between obsessive-compulsive disorder 

and attention-deficit hyperactivity disorder in chil-

dren and adolescents: a familial risk analysis. Biol 

Psychiatry 2007;61:316–321.

119 Spencer T, Biederman J, Harding M, et al: Dis-

entangling the overlap between Tourette’s disorder 

and ADHD. J Child Psychol Psychiatry 1998;39: 

1037–1044.

120 Faraone SV, Biederman J, Mennin D, et al: Familial 

subtypes of attention-deficit hyperactivity disorder: 

a 4-year follow-up study of children from antisocial-

ADHD families. J Child Psychol Psychiatry 1998;39: 

1045–1053.

121 Mannuzza S, Klein RG, Moulton JL 3rd: Persistence 

of attention-deficit hyperactivity disorder into 

adulthood: what have we learned from the prospec-

tive follow-up studies? J Atten Disord 2003;7:93–

100.

122 McGough JJ, Smalley SL, McCracken JT, et al: 

Psychiatric comorbidity in adult attention-deficit 

hyperactivity disorder: findings from multiplex 

families. Am J Psychiatry 2005;162:1621–1627.

123 Biederman J, Faraone SV, Spencer T, et al: Patterns 

of psychiatric comorbidity, cognition, and psycho-

social functioning in adults with attention-deficit 

hyperactivity disorder. Am J Psychiatry 1993;150: 

1792–1798.

124 Kessler RC, Adler LA, Barkley R, et al: Patterns and 

predictors of attention-deficit hyperactivity disor-

der persistence into adulthood: results from the 

national comorbidity survey replication. Biol Psy-

chiatry 2005;57:1442–1451.

125 Murphy KR, Barkley RA, Bush T: Young adults with 

attention-deficit hyperactivity disorder: subtype 

differences in comorbidity, educational, and clinical 

history. J Nerv Ment Dis 2002;190:147–157.

126 Biederman J, Faraone SV, Monuteaux MC: Impact 

of exposure to parental attention-deficit hyperactiv-

ity disorder on clinical features and dysfunction in 

the offspring. Psychol Med 2002;32:817–827.

127 Pressman LJ, Loo SK, Carpenter EM, et al: 

Relationship of family environment and parental 

psychiatric diagnosis to impairment in ADHD. J 

Am Acad Child Adolesc Psychiatry 2006;45:346–

354.

Prof. Christine Margarete Freitag, MD, MA

Director, Department of Child and Adolescent Psychiatry

J.W. Goethe-University, Deutschordenstrasse 50

DE–60528 Frankfurt am Main (Germany)

E-Mail c.freitag@em.uni-frankfurt.de



Chapter 3

Retz W, Klein RG (eds): Attention-Deficit Hyperactivity Disorder (ADHD) in Adults.

Key Issues in Mental Health. Basel, Karger, 2010, vol 176, pp 58–77

Molecular Genetics of Attention-Deficit 
Hyperactivity Disorder
Wolfgang Retza � Christine Margarete Freitagb

aSaarland University Hospital, Institute for Forensic Psychology and Psychiatry, Homburg/Saar, and bDepartment 

of Child and Adolescent Psychiatry, Frankfurt University Hospital, Frankfurt, Germany

Abstract
Family, twin, and adoption studies support the notion that attention-deficit hyperactivity disorder 

(ADHD) is a highly heritable disorder. Following from these quantitative genetic findings, numerous 

molecular genetic associations and a few linkage studies have been performed during the last years. 

Due to evidence from pharmacological, neuroimaging and animal studies, the majority of the candi-

date genes studied have focused on various facets of the dopamine, norepinephrine, and serotonin 

neurotransmitter systems. Meta-analyses and pooled data analyses have supported associations 

between ADHD and polymorphisms in genes coding for the dopamine D4 and D5 receptors and the 

dopamine and serotonin transporters, respectively. Linkage analyses give some additional support 

for an involvement of the dopamine transporter (DAT1) gene in ADHD. Recent studies have started 

to implicate environmental factors and comorbidity as well as endophenotypes of ADHD in molecu-

lar genetic research in order to further elucidate the neurobiological basis of this disorder.

Copyright © 2010 S. Karger AG, Basel

Attention-deficit hyperactivity disorder (ADHD) is a common psychiatric condition 

usually manifesting itself in childhood with a prevalence of 6–9% in school-age chil-

dren [1]. Follow-up studies reported persistence of symptoms into adulthood in about 

50–60% of affected children. Adults may show either residual symptoms or the full 

clinical disorder [2–4]. ADHD thus displays all characteristics of a chronic disease. 

According to current epidemiological studies, the transnational prevalence of adult 

ADHD is approximately 3.4% on average [5]. Based on these prevalence rates, ADHD 

probably represents one of the most common mental conditions in adults. ADHD is 

not limited to a specific social class and does not depend on the level of education [1]. 

In epidemiological samples, male patients outnumber females by a ratio of 2–3:1 in 

childhood. In adults the gender ratio tends to be more equal.

Heritability of ADHD has been widely studied in family, twin and adoption stud-

ies in children, but rarely in adults [see Freitag and Retz, chapter 2]. Meta-analytic 
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evaluation of 20 twin studies from European states, North America and Australia 

revealed a mean heritability estimate of 70–80% suggesting that ADHD is among the 

most heritable of psychiatric disorders [6]. As a common, complex behavioral dis-

order, the most likely mode of transmission is oligo- or polygenic with some envi-

ronmental effects contributing to the disorder. This model postulates interactive or 

epistatic effects of many different genes on different chromosomes, each gene con-

tributing to only a small part of phenotypic variance, and additional interaction with 

environmental factors [7].

As for any formal and molecular genetic investigation, defining the phenotype is 

of crucial importance. In all periods of life, i.e. childhood, adolescence and adult-

hood, the key symptoms and signs of ADHD consist of inattention, hyperactivity and 

impulsivity. Regarding ADHD, the concepts behind, the criteria for, and the terms of 

this syndrome have changed frequently. This issue has to be considered in the inter-

pretation of genetic studies in ADHD and complicates a direct comparison of stud-

ies in this field. Currently, two diagnostic concepts are used for childhood and adult 

ADHD, based on the presentation of typical behavioral phenomena, which have been 

validated in ADHD children and adolescents: DSM-IV-TR [8] and ICD-10 [9]. The 

validity for the diagnostic criteria used for adult patients by these classifications is 

under discussion [see Stieglitz, chapter 6]. Although the sets of diagnostic criteria 

used by DSM-IV-TR and the research version of the international classification of 

diseases (ICD-10) are nearly identical, there are some substantial differences between 

‘hyperkinetic disorders’ according to ICD-10 and ADHD according to DSM-IV-TR. 

While the diagnosis of ‘hyperkinetic disorder’ requires at least 6 symptoms of inatten-

tion, 3 symptoms of hyperactivity, and 1 of impulsivity, ‘ADHD’ according to DSM-

IV-TR is diagnosed when at least 6 symptoms of inattention and/or hyperactivity/

impulsivity are present. Thus, ICD-10 defines a more severe type of the disorder com-

pared to ADHD-combined type and does not give criteria to diagnose the ADHD-

inattentive and ADHD-hyperactive/impulsive subtypes (table 1).

From a genetic point of view, the clinical subtypes of ADHD according to DSM-

IV-TR are a matter of debate. A separate analysis of inattention and hyperactivity 

and impulsivity might be recommendable as some studies were indicative of a dif-

ferent genetic determination of inattention and hyperactivity/impulsivity, however, 

with some genetic overlap between symptoms. It should be also kept in mind that 

ADHD is the extreme end of a syndromal dimension, although it is a categori-

cal diagnosis according to DSM-IV-TR and ICD-10, respectively. The diagnostic 

manuals account for the dimensional character of ADHD by requiring a thresh-

old number of symptoms of inattentiveness and/or hyperactive/impulsive behavior. 

Although many studies have investigated ADHD as a category, its conceptualiza-

tion as a quantitative, dimensional trait has been widely used in formal and, to a 

lesser extent, molecular genetic studies of ADHD. Both the categorical diagnosis or 

the continuously distributed trait approach are feasible for molecular genetic stud-

ies, as definition of ADHD by continuous or categorical data does not change the 
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resulting estimates of an additive genetic effect in the range of 75–90% [see Freitag 

and Retz, chapter 2].

Another problem that has to be considered in genetic studies concerns the source 

of information that might influence phenotype description. In adults, diagnosis 

of ADHD primarily relies on symptom description by the patient. Up to now it is 

not clear whether the possibility to explore psychopathological symptoms in adults 

and the development of special sets of diagnostic criteria, like the Utah criteria [see 

Wender and Tomb, chapter 1], will help to refine the ADHD phenotype.

Comorbidity with other psychiatric disorders is a widely recognized phenomenon, 

which has been confirmed in a large number of studies [see Klein and Mannuzza, 

chapter 7]. The nature of relationship of ADHD and comorbid disorders is not well 

understood, but the high coincidence rates of genetically determined complex disor-

ders suggest the presence of neurobiological links. Although DSM-IV-TR requires a 

separate classification of psychiatric disorders co-occurring with ADHD, comorbid-

ity of psychopathological syndromes with ADHD might represent not only clinical 

ADHD subtypes, but clinically distinct disorders, caused by infrequent mutations in a 

small number of patients. It could be shown that conduct disorder but not anxiety and 

affective disorders co-segregate within ADHD families [10] and it has been concluded 

from a series of family studies that ADHD with conduct disorder is genetically dis-

tinct from pure ADHD [11, 12]. On the other hand it has been argued that polygenic 

inheritance of ADHD might explain the high comorbidity rates with other complex 

and likely polygenetic comorbid disorders. Due to this model, ADHD shares a num-

ber of common, pleiotropic genes with other disorders, for example conduct disorder. 

Given heterogeneity in ADHD, future genetic studies should improve phenotyping of 

subjects by assessment of comorbidity. Another possibility to overcome this difficulty 

in ADHD research is the use of endophenotypes, e.g. in terms of neuropsychologi-

cal assessments or neurophysiologic measures [see Baehne and Fallgatter, chapter 4], 

which are closer to the biological substrate than the behavioral phenotype.

Table 1. Diagnosis of ADHD according to ICD-10 and DSM-IV-TR

Diagnosis Number of criteria needed Conduct disorder

inattention hyperactivity impulsivity

DSM-IV

 ADHD combined type ≥6/9 ≥6/9 comorbid 

diagnosis

if applicable
 ADHD inattentive type ≥6/9 <6/9

 ADHD hyperactive/impulsive type <6/9 ≥6/9

ICD-10

 Hyperkinetic disorder ≥6/9 ≥3/5 ≥1/4 no

 Hyperkinetic disorder of conduct ≥6/9 ≥3/5 ≥1/4 yes
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Linkage Analyses

Genomewide scans offer an important approach to search for genetic risk factors. 

In contrast to association studies, susceptibility loci can be described without a 

priori hypotheses on candidate genes. Several independent groups have performed 

genomewide scans of ADHD [13–23] using sib-pair and multigenerational pedigree 

approaches. The reports of Smalley et al. [14] and Ogdie et al. [17] are based on an 

extended sample of the Fisher et al. [13] study. The results shown in table 2 are not 

unequivocal and might be explained by unavoidable stochastic fluctuations due to 

the limited sample sizes, or might be due to genetic and clinical heterogeneity of the 

samples. Given that the method of linkage analysis is known to have low power for 

genes of small effect and that ADHD is a polygenetic and heterogenetic disorder, the 

variable pattern of linkage results are no surprise. However, although the studies per-

formed so far did not reveal identical results, the results coincide to some respect. 

Some chromosome regions such as 5p13, 14q12, and 17p11 have been indicated in 

multiple studies. First of all, linkage to chromosome 5p has been reported by almost 

all studies, however the reported lod scores did not exceed significant thresholds 

in all samples. This finding is of special interest because the dopamine transporter 

(DAT1) gene is located on this chromosome and dopaminergic pathways are sup-

posed to play a key role in ADHD. An association between ADHD and the DAT1 

gene has been repeatedly demonstrated and has been shown to contribute to the link-

age signal on chromosome 5 in a German linkage study [24]. In addition to linkage 

to chromosome 5p, other genes that map on the identified loci include several dop-

aminergic genes (dopamine receptor D1/DRD1 on 5q, dopamine receptor D2/DRD2 

on 11q, dopamine decarboxylase/DDC on 7p, dopamine β-hydroxylase/DBH on 9q) 

and other glutamatergic and cholinergic candidate genes (GRIN2a on 16p, CHRNA7 

on 15q). The concordance between results from different analytical methods of link-

age and the replication of data between independent studies suggest that some of the 

loci identified might truly harbor ADHD susceptibility genes. Interestingly, some of 

these loci have been suggested to be linked to other developmental neuropsychiatric 

disorders which share psychopathological symptoms with ADHD, like chromosome 

16p and autism.

In order to provide more power to detect true linkage signals, a combined analysis 

of seven previous studies was performed by the genome scan meta-analysis method 

[25]. This analysis revealed the most significant linkage to chromosome region from 

16q23.1 to the q terminal, which has been identified also in earlier studies, at least on 

a nominal level [16, 17, 21, 22]. Even in studies which found no linkage signal in this 

chromosome region, the ranks of these regions were higher than average [15, 19, 20]. 

Nine additional regions on chromosomes 5, 6, 7, 8, 9, 15, 16, and 17 showed nominal 

or suggestive linkage signals, which might focus further research on novel suscepti-

bility genes.
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Table 2. Linkage analyses in ADHD samples

Reference 

(first author)

Subjects Chromosome Lod scores (>1)

Fisher

2002 [13]

126 affected sib pairs

USA

5p12

9q22

10q26

11q25

12q23

12q24

13q12

16p13

Xp22

1.05

1.38

1.66

1.07

1.54

1.09

1.13

1.51

1.03

Smalley

2002 [14]

277 affected sib pairs

USA

16p13 4.20

Ogdie et al.

2003 [17]

2004 [18]

270 affected sib pairs

The Netherlands

5p13

6q12

11q25

16p13

17p11

20q13

2.55

3.30

1.27

3.73

3.63

1.19

Bakker

2003 [16]

164 affected sib pairs

The Netherlands

3q13.32

4p16.3

5p13.1

6q26

7p13

9q33.3

10cen

13q33.3

15q15.1

1.36

1.78

1.43

1.19

3.04

2.05

1.26

1.91

3.54

Arcos-Burgos

2004 [15]

16 multigenerational families

Columbia

5q33.3

11q22

17p11

1.07

1.09

1.42

Hebebrand

2006 [19]

155 affected sib pairs

Germany

5p

8

12q

17p

2.59

1.29

2.10

1.39

Asherson

2008 [21]

142 affected sib pairs

Europe

2

9q22

11

14

16q23

21

X

1.64

2.13

1.31

1.75

3.10

1.53

1.25
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Association Studies

Association studies in ADHD were started more than 10 years ago and their number 

is still growing rapidly. Most studies have been performed in samples of children and 

adolescents. The majority of studies assessing susceptibility genes for ADHD have 

focused on molecules which are involved in the regulation of monoaminergic neu-

rotransmission. Other transmitter systems (cholinergic, glutamatergic) have been 

investigated to a much lesser extent. Despite the problem of population stratifica-

tion in association studies, the approach has been very fruitful for ADHD research 

[for detailed reviews also see 6, 26–28]. Inconsistencies between association studies 

are not unusual and may reflect variation in subject ascertainment and phenotype 

definition (e.g. quantitative/dimensional vs. qualitative/categorical, with or without 

comorbidities), differences in ethnicity, differing allele frequencies between popu-

lations, genetic heterogeneity, epigenetic diversity, different study designs (family-

based vs. case-control) or low statistical power to detect small effects of single genes. 

Nevertheless, some of the results have been found to be quite robust. The following 

section intends to give an overview about those findings, which were replicated and 

confirmed in pooled or meta-analyses.

Dopamine Transporter Gene

Dopaminergic neurotransmission has been supposed to play a key role in ADHD. 

Given that methylphenidate is known to work by inhibition of the dopamine trans-

porter, the DAT1 gene is a suitable candidate for genetic ADHD research. Moreover, 

DAT1 knockout mice exhibit features of hyperactivity, which can be reduced by 

Table 2. Continued

Reference 

(first author)

Subjects Chromosome Lod scores (>1)

Romanos

2008 [22]

8 multigenerational families

Germany

2q35

5q13.1

6q22-23

7q21.11

9q22

14q12

16q24.1

3.40

4.16

3.32

3.14

3.30

4.50

3.26

Faraone

2008 [20]

217 families with 

601 affected siblings

USA

– –

Amin

2009 [23]

1 multigenerational family

The Netherlands

6p22

18q21-22

1.67

1.83
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methylphenidate application [29]. Additionally, it has been shown in single photon 

emission computed tomography studies on adult ADHD subjects that dopamine 

transporter availability [30] and binding potential [31] differs as a function of DAT1 

genotype. In addition, increased density of dopamine transporter in ADHD [32, 33] 

and normalization with methylphenidate administration have been reported [33].

A finding that has been widely investigated and reported is the association between 

the 10-repeat allele of a 40-basepair (bp) VNTR in exon 15 of the DAT1 gene. Initially 

reported by Cook et al. [34], an overrepresentation of the 10-repeat allele in ADHD 

subjects was replicated in a number of studies all over the world. Association of the 

DAT1 locus with ADHD was also confirmed in multimarker haplotype analyses [35, 

36]. These studies showed evidence for an association between ADHD and DAT1 

haplotypes, which also included the 10-repeat allele. However, a number of published 

studies failed to replicate this finding [37–39].

In an attempt to clarify this inconsistency, all published studies until October 2005 

in European and Asian populations were evaluated by a meta-analysis [40]. In this 

analysis, no compelling evidence for association with the 10-repeat allele of DAT 

(OR 1.04, 95% CI 0.98–1.11) was found. A similar finding was reported by Maher 

et al. [41], who analyzed combined data from 11 family-based samples (OR 1.27, 

95% CI 0.99–1.63). In contrast, Curran et al. [42] found a small but significant asso-

ciation (OR 1.16), when datasets from nine studies were pooled. Faraone et al. [6] 

reported an OR of 1.13 (95% CI 1.03–1.24) in family-based studies, suggesting that 

the dopamine transporter gene merits further investigation but that its effect is mod-

est. Interestingly, in the German genome-scan sample [19] no association between 

ADHD and the DAT1 10-repeat allele was found, although linkage to the locus that 

harbors DAT1 was high. It was argued that the reported association between ADHD 

and the DAT1 10-repeat allele might be mediated by genes which are in linkage dis-

equilibrium. Meanwhile, fine mapping of the DAT1 locus on chromosome 5p13 sup-

ports this consideration [24].

Pharmacogenetic studies concerning efficacy of stimulants in the treatment of 

ADHD have focused on the function of the dopaminergic system and the DAT1 gene 

in particular. In an Irish sample, an association between the DAT1 10-repeat allele 

and response to methylphenidate was demonstrated by Kirley et al. [43]. Similarly, 

Joober et al. [44] reported a better response to methylphenidate in carriers of at least 

one DAT1 10-repeat allele compared to individuals homozygous to the 9-repeat allele. 

Children with the 9/9 genotype displayed a distinct dose-response curve without lin-

ear symptom improvement with increased methylphenidate doses [45]. In contrast, 

no influence of this polymorphism with response to methylphenidate treatment was 

found in other studies [46, 47].

A possible influence of the DAT1 VNTR polymorphism on the long-term out-

come of ADHD was investigated in the Milwaukee Longitudinal Study population. 

In this study, individuals heterozygous for the 9- and 10-repeat allele differed from 

individuals homozygous for the 10-repeat allele in many respects, suggesting the 
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heterozygous 9/10 genotype or a linked locus to be associated with more ADHD 

symptoms and externalizing behavior from childhood to adulthood, and therefore 

also with increased family, educational, and occupational impairments [48].

Dopamine Receptor Genes

Association studies have focused on a number of dopaminergic genes in addition 

to DAT1, including dopamine receptors D1–5 genes (DRD1, DRD2, DRD3, DRD4, 

DRD5), the dopamine β-hydroxylase (DBH) gene and the dopamine decarboxylase 

(DDC) gene. Findings of an association of a 48-bp variable number of tandem repeat 

polymorphism in exon 3 of the DRD4 gene with ‘novelty seeking’ [49] have stimulated 

a large number of association studies in ADHD patients. Moreover, DRD4 mRNA is 

found predominately in frontal and prefrontal brain regions, and the VNTR poly-

morphism has been shown to be associated with prefrontal gray matter reduction 

[50]. The initial finding of an association between ADHD and the DRD4 7-repeat 

allele [51] has been replicated in several studies by independent research groups. 

Nevertheless, negative findings also have been reported repeatedly. Positive associa-

tion might particularly depend on conduct problems comorbid with ADHD [52]. 

Gornick et al. [53] recently reported an association of the 7-repeat allele with better 

cognitive performance and favorable long-term outcome within the ADHD patient 

group in a follow-up study. According to this finding, more externalizing and inter-

nalizing behavior was found in 6-year-old children lacking the DRD4 7-repeat allele 

[54].

While the vast majority of association studies have focused on the DRD4 VNTR 

polymorphism in exon 3, there are additional studies which reported associations of 

several polymorphisms and haplotypes of the DRD4 gene [55–57].

In a meta-analysis on the original data and 22 further studies, a small but signifi-

cant association of the DRD4 7-repeat allele was found with a combined odds ratio of 

1.9 (95% CI 1.5–2.2) in case-control studies and 1.4 (95% CI 1.1–1.6) in family-based 

studies [58]. This meta-analysis aimed to avoid publication bias by using the method 

of Egger et al. [59]. Of 8 case-control studies, 5 showed a significant association, but 

only 2 of 14 family-based studies. A second meta-analysis of DRD4, which included 

data from 13 studies with a total of 571 informative meioses, confirmed these results. 

The pooled odds ratio estimate was 1.41 (95% CI 1.20–1.64), demonstrating positive 

association [41]. There was no support of heterogeneity between the included stud-

ies. Li et al. [40] recently published a third meta-analysis of all published studies of 

European and Asian populations until October 2005 to give a comprehensive picture 

of the role of the DRD4 VNTR polymorphism. They found an OR of 1.34 (95% CI 

1.23–1.45), demonstrating a positive association of the DRD4 7-repeat allele.

Replicated associations confirmed by meta-analyses have been also reported for 

the DRD5 gene. In 1999, Daly et al. [60] reported a significant association between 

ADHD and the 148-bp allele of a microsatellite marker located 18.5 kb 5� to the 

DRD5 gene on chromosome 4. The joint analysis of 14 independent samples showed 



66 Retz · Freitag

association of the common 148-bp allele with ADHD (OR 1.24, 95% CI 1.12–1.38) 

[61]. Also the meta-analysis of Li et al. [40] revealed an increased risk for ADHD 

conferred by DRD5 148-bp allele (OR 1.34, 95% CI 1.21–1.49), whereas the DRD5 

136-bp allele showed protective effects (OR 0.57, 95% CI 0.34–0.96). A positive OR 

of 1.57 (95% CI 1.25–1.96) was also calculated by Maher et al. [41], who combined 

samples from 5 studies in their analysis.

The other dopamine receptor subtype genes (DRD1–3) have been less extensively 

studied in ADHD than DRD4 and DRD5. So far, there is no compelling evidence for 

involvement of these genes in ADHD etiopathology.

Dopamine-Catalyzing Enzymes

Dopamine β-hydroxylase (DBH) has been considered as candidate gene in ADHD 

because of its function in degrading dopamine to norepinephrine. Most association 

studies of the DBH gene with ADHD have focused on a single nucleotide polymor-

phism, commonly known as DBH TaqI A. Association of this polymorphism with 

plasma DBH activity has been demonstrated [62]. Moreover, association with the A2 

allele of a TaqI polymorphism in intron 5 of the DBH gene in an Irish sample has been 

reported by Daly et al. [60]. In an extended study using the same sample and several 

additional markers, haplotypes in this gene were investigated, but only one haplotype 

(including the TaqI polymorphism) showed significant association with ADHD [36]. 

The positive association of the TaqI A2 allele was replicated in a Brazilian sample 

[63]. Wigg et al. [64] found only a trend for a preferential transmission of the TaqI A2 

allele in a Canadian ADHD population. Other attempts to replicate this association 

failed [65, 66]. In the Milwaukee Longitudinal Study sample, TaqI A2 homozygos-

ity was associated with more hyperactivity in childhood, more pervasive behavior 

problems at adolescence and poorer performance on a neuropsychological task in 

adulthood [48]. In conclusion, there is some evidence that the DBH gene may confer 

increased susceptibility towards ADHD, but clarification is needed in further replica-

tion studies with independent samples.

Candidate genes, which have been also investigated in ADHD, comprise dop-

amine decarboxylase, catechol-O-methyltransferase, monoaminooxidase A and B 

and tyrosine hydroxylase. Although some positive results have been reported, rep-

lication has been difficult and results are not unequivocal. Further investigations are 

needed to rule out false-positive findings and to confirm real associations [6, 26, 28].

Noradrenergic Genes

Dysfunctional noradrenergic neurotransmission has been supposed to contribute to 

ADHD, based on its important role in the maintenance of attention and vigilance. 

The norepinephrine transporter (NET1) plays an important role for norepinephrine 

and dopamine degradation in frontal cortex. Consistent with this hypothesis, ato-

moxetine, an effective medication for ADHD, is a selective noradrenergic reuptake 

inhibitor. Several polymorphisms have been identified in coding and non-coding 
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regions of the NET1 gene and were investigated in ADHD samples. The first studies 

did not support the NET1 gene as a genetic susceptibility factor in ADHD [67–69]. 

In a more recent study, however, Bobb et al. [70] reported a significant association 

of two NET1 single nucleotide polymorphisms in family-based, but not in case-con-

trol analyses. In the same year, another study [71] identified three NET1 SNPs which 

showed suggestive association with ADHD, but none of these were significant after 

adjustment for the number of markers analyzed. Interestingly, two of the three SNPs 

were those reported by Bobb et al. [70]. Kim et al. [72] found an association of ADHD 

with a common functional single nucleotide polymorphism (A3081T) in the NET1 

promoter region. This result gives further evidence that the NET1 gene might mod-

ulate the risk for ADHD. In addition, another NET1 SNP (G1287A) did influence 

therapeutic response in a small group of children treated with methylphenidate [73]. 

Therefore, NET1 remains an interesting candidate for further association studies in 

ADHD.

Concerning noradrenergic receptors, α1c (ADRA1c), α2a (ADRA2), and α2c 

(ADRA2c) receptor genes have been examined in ADHD samples. Although some 

associations with polymorphisms within these genes were found, replication has been 

difficult and some studies reported conflicting results [74–78].

Serotonergic Genes

Interest in the serotonergic system in ADHD has been fuelled by animal studies, 

showing that methylphenidate decreases hyperlocomotion in DAT1 knockout mice 

via serotonergic mechanisms [29]. Moreover, the well-established association of low 

serotonin (5-HT) activity with high impulsiveness made the serotonergic system one 

of the most extensive studied transmitter systems in ADHD [79].

A 44-bp insertion/depletion polymorphism in the promotor region of the 5-HT 

transporter gene (5-HTTLPR) has been investigated in a number of studies. Seeger et 

al. [80] reported an overrepresentation of the long allele variant (L) in hyperkinetic 

children, which was more pronounced in subjects without comorbid conduct dis-

order. Corresponding to this finding, Retz et al. [81] observed an association of the 

5-HTTLPR L-allele with a dimensional measure of ADHD symptoms in a population 

of socially maladapted males. Similarly, Manor et al. [82] and Zoroglu et al. [83] found 

a lower frequency of the short allele (S) in ADHD children. In another case-control 

study, aggressive children with ADHD were more likely to have at least one 5-HTTLPR 

L-allele compared to controls [84]. In an analysis of pooled data, which included their 

own sample and those investigated by Seeger et al. [80] and Manor et al. [82], Kent 

et al. [85] observed a significant association of ADHD with the 5-HTTLPR L-allele, 

although they found no association in their sample when analyzed separately. Using 

a dimensional approach, Curran et al. [86] found further evidence for an association 

of increased ADHD symptoms with the 5-HTTLPR L-allele and five further markers 

spanning this region, but not for the VNTR in intron 2 and the 3�UTR SNP. Another 

study, again, did not find an association with the VNTR in intron 2 with ADHD, but 
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reported preferential transmission of the 5-HTTLPR S-allele, and a haplotype includ-

ing the VNTR in intron 2 and the 5-HTTLPR L-allele in an Asian sample [87], which 

appears contradictory. Furthermore, in a regression model including sex and bio-

logic parent status, a significant effect of the 5-HTTLPR on ‘externalizing’ behaviors 

including ADHD, conduct disorder and aggressivity has been identified [88]. Kim 

et al. [89] also failed to identify an association of 5-HTTLPR and VNTR in intron 2 

with categorical ADHD. However, further analysis on quantitative measures revealed 

a positive association with these polymorphisms. In a pooled analysis of European 

and Asian samples, Xu et al. [90] reported no evidence for association with one of 

three investigated polymorphisms within the serotonin transporter gene, but signifi-

cant overrepresentation of a rare haplotype, including the 5-HTTLPR L-allele. No 

associations with polymorphisms spanning the serotonin transporter gene have been 

reported in several other studies [91–94]. However, according to the meta-analysis by 

Faraone et al. [6], the pooled OR for the long allele is 1.31 (95% CI 1.09–1.59), sug-

gesting small but significant effects of the 5-HTTLPR L-allele on ADHD symptoms 

despite the existing inconsistencies of study results.

Positive association of ADHD with a SNP (G861C) in an untranslated region 

of the serotonin receptor gene 1b (HTR1b) gene has been reported in two family-

based studies. Faraone et al. [6] reported a pooled OR of 1.44 (95% CI 1.14–1.83). 

Association studies of the serotonin transporter 2a (HTR2a) showed conflicting 

results. Zoroglu et al. [95] reported no association of ADHD with two SNPs within 

the HTR2a gene, whereas Levitan et al. [77] found an association with a dimensional 

measure of ADHD with the C-allele of one of these SNPs (T102C) in a sample of 

women with seasonal affective disorder. Quist et al. [96] reported no association with 

the T102C SNP, but a positive association regarding another 5HTR2a polymorphism 

(His452Tyr), which was not confirmed in a later study, which included four indepen-

dent samples [97]. However, in one of the four samples, when analyzed alone, prefer-

ential transmission of the His allele was reported.

Tryptophan hydroxylase-2 (TPH2) is the rate-limiting enzyme of serotonin syn-

thesis in the brain. Preferential transmission of two SNPs within the regulatory region 

of this gene (G703T and T473A) has been observed in a German sample [98]. In 

an Irish sample, overrepresentation of three other SNPs within intron 5 and several 

haplotypes was associated with ADHD [99]. Brookes et al. [100] also found associa-

tion with two of these markers, but the risk alleles were opposite to those described 

by Sheehan et al. [99]. In a second study in a UK sample, Sheehan et al. [101] failed to 

replicate their first report.

Genomewide Association Studies

Recently, a new generation of association studies has started, which combine the 

power to detect genetic variants of small sizes, like the ‘classical’ association stud-

ies, with the possibility to perform hypothesis-free analyses of the whole genome, 

like linkage analyses. These first genomewide association studies (GWAs), which are 
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based either on a sample of 985 parent-child trios from the International Multicentre 

ADHD Genetics (IMAGE) project [102, 103] or a German sample of 343 ADHD 

children and adults and 304 controls [104], did not report any associations, which 

remained formally significant after correction for multiple testing. Interestingly, these 

GWAs did not support an outstanding role of genes regulating neurotransmission 

with possible exceptions of a sodium hydrogen carrier gene (SLC9A9), the NOS1 

gene, which codes for nitrogen oxidase and the cannabinoid receptor gene (CNR1). 

However, converging evidence from the two GWAs approaches and also from linkage 

analyses including the meta-analysis of Zhou et al. [25] provide support for com-

mon effects of CDH13 within the chromosomal region 16q23.1-24.3, which codes 

for T-cadherin, a member of a family of cell-cell adhesion proteins. Although not 

genomewide significant, the findings of GWA studies point to a minor involvement 

of genes regulating neurotransmission, but some suggestions are found for involve-

ment of genes coding for cell-cell communication in terms of the regulation of cell 

adhesion and synaptic plasticity.

Gene-Environment Interactions

Although ADHD is highly heritable, environmental conditions play an important 

role for its manifestation during childhood development. Besides genetic risk fac-

tors, twin studies additionally suggest some influence of shared and non-shared 

environmental risk factors in ADHD [105]. The most consistent of these are in utero 

exposure to maternal smoking [106] and low birth weight [107]. Several longitudi-

nal epidemiologic studies assessed psychosocial risk factors including family conflict, 

child maltreatment, social class, family size, maternal psychopathology, and paternal 

criminality as risk factors for child psychopathology [108–110]. Recent studies con-

firmed these risk factors particularly for ADHD [111].

Although neither environmental nor genetic risk factors alone can sufficiently 

explain ADHD, and possible interactions between both aspects are supposed to be 

relevant in complex disorders, studies regarding gene by environment interactions in 

ADHD are rare. Khan et al. [112] reported that the DAT1 10-repeat allele was associ-

ated with hyperactive-impulsive symptoms only in those children who were exposed 

to maternal smoking in utero. A significant interaction between DAT1 genotype 

and prenatal smoke exposure was also found in another study, indicating that males 

but not females with prenatal smoke exposure who are homozygous for the DAT1 

10-repeat allele have increased measures of hyperactivity-impulsivity [113]. Results 

of an own investigation suggest that the 5-HTTLPR-mediated risk for ADHD is mod-

erated by environmental adversity and that the impact of environment depends on an 

individual’s genetic background [114]. Analysis of this gene by environment interac-

tion showed that the rate of childhood ADHD in carriers of the LL-genotype was only 

slightly increased in high compared to low adverse childhood environment risk. With 
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regard to carriers of the SS or SL genotype, a high childhood adverse environment 

index strongly increased the risk for ADHD in childhood compared to low environ-

ment risk. Similarly, a moderating effect of the 5-HTTLPR genotype on environmen-

tal effects in ADHD was also found in a recently published study [115].

Conclusions

Formal and molecular genetic studies emphasize the strong role of genetic factors in 

the etiology of ADHD. Based on results of animal studies and knowledge about the 

effective pharmacological agents, association studies confirmed the role of genetic 

variants in genes relevant for monoaminergic neurotransmission in ADHD. In turn, 

these studies provide neurobiological evidence that ADHD is a valid diagnosis.

Linkage analyses offer an important approach to elicit new chromosomal regions, 

which might harbor genetic risk factors for ADHD, and are supportive in identifying 

new susceptibility genes by positional cloning. Whole-genome scans resulted in as 

yet inconclusive findings with regard to the genetic basis of ADHD and only partially 

have been supportive of the association studies results. It should be considered in 

this context that ADHD is a heterogeneous, polygenetic disorder and that all asso-

ciated genetic variants show only small effects on ADHD symptoms. Furthermore, 

psychiatric comorbidities and environmental factors might contribute to the pheno-

typic expression. Thus, there seems to be a need to consider these factors in future 

linkage analyses and association studies, which also implies the need for much larger 

sample sizes than used in the studies generated so far. In addition, endophenotypes 

of ADHD offer an attractive tool for molecular genetic studies, since they might be 

closer related to the neurobiological substrate of ADHD than behavioral measures 

and might, therefore, help to bridge the gap between genes and diagnosis.
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Abstract
Electrophysiological studies in adult attention-deficit hyperactivity disorder (ADHD) patients are still 

very sparse. Therefore, the first part of the chapter shortly reviews quantitative EEG (qEEG) as well as 

event-related potential (ERP) studies in children with ADHD. Basically, ADHD children are character-

ized by a slowing in their qEEG frequencies and by longer latencies and smaller amplitudes in some 

(but not all) of the ERP components. Generally, neurophysiological impairments described in the few 

studies on adult ADHD patients are very similar to those of children with ADHD, while others change 

with age and, therefore, might present a developmental perspective. A promising approach for 

future studies may be the search for distinct subtypes or endophenotypes in ADHD which can be 

detected with the help of EEG parameters. This strategy may be useful for the development of more 

individualized and efficient treatments. Copyright © 2010 S. Karger AG, Basel

Electrophysiology

This chapter provides an overview of electrophysiological investigations in attention-

deficit hyperactivity disorder (ADHD) patients. While ADHD-like symptomatology 

in children was already diagnosed in the early 1900s (under different diagnostic con-

cepts), this disease was not recognized in adults until the 1970s [1]. DSM-IV was 

the first classification manual that also accepted the diagnosis of ADHD in adult-

hood. While DSM-IV describes predominantly inattentive, predominantly hyperac-

tive and combined subtypes of ADHD, the ICD-10 classification regards the presence 

of hyperactivity as essential for the diagnosis. This is not adequate for the situa-

tion in adult ADHD patients, who frequently do not show a clear-cut hyperactive 

symptomatology [1]. The relatively short time span that adult ADHD has been in 

the focus of psychiatric research may explain why there is a burgeoning literature in 
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electrophysiological investigations in ADHD children but only a few investigations 

in adult ADHD patients. Nonetheless, until today, ADHD diagnosis in children as in 

adults is hampered by the fact that objective diagnostic measures are missing. Like 

for most other psychiatric disorders, the diagnosis of ADHD has to rely above all on 

subjective judgments of parents, teachers, self-reports, and the clinical assessment. 

Adults have to retrospectively recall their childhood symptomatology as it is a neces-

sity for the diagnosis that the disorder was already present in childhood before the 

age of 7 years. Moreover, the diagnostic criteria listed in the classification manuals are 

mainly created for children, and are not adapted to the adult situation.

ADHD research in the past has furthermost focused on behavioral and performance 

abnormalities, which show a large overlap with the healthy population. Therefore, the 

interest in the neural basis of the clinically relevant behavioral abnormalities grew 

steadily and is still a major focus in ADHD research. The search for brain activation 

patterns that may be an indicator for this disorder is heavily going on, applying dif-

ferent electrophysiological and brain-imaging techniques. Neurophysiological mea-

sures may bring additional insights into the pathophysiology underlying ADHD, and 

may be considered as endophenotypes closer correlated with the fundamental genetic 

abnormalities than the behavior and the clinical symptoms themselves.

One method to measure neural mechanisms in ADHD is electroencephalography 

(EEG). EEG is a method that measures brain potential fluctuations at the surface of 

the scalp. At least two electrodes are required to measure the electrical potentials. 

These potentials are created by simultaneously active neuronal cell assemblies in the 

brain. EEG is a relatively cheap method (compared to other imaging techniques like 

PET, SPECT or MRI), has no risk and is not invasive. It has been proven to be a suit-

able tool to detect differences between ADHD patients and controls. The search for 

specific neural abnormalities in ADHD has generated a large body of EEG research 

in children with ADHD either in the domain of quantitative EEG (qEEG) or event-

related potentials (ERPs). In children with ADHD, most often an increase in low-

frequency activity (i.e. theta) and a decrease in high-frequency activity (i.e. beta and 

alpha) compared with age-matched controls was detected [2]. This is in line with 

the view that an impairment of the regulation of activation in the central nervous 

system is fundamental in ADHD. In ERP studies (during oddball tasks, continuous 

performance tests) higher N100 amplitudes and lower P300 amplitudes as well as 

sometimes longer P300 latencies in children with ADHD were found, but results are 

task-dependent [3, 4]. Therefore, a higher initial orienting reaction (higher N100 

amplitudes), energetic deficits in the processing of a target (lower posterior P300 

amplitudes), and a delay in processing (longer latencies) can be assumed in ADHD 

children. Moreover, a normalization of disturbed EEG patterns under medication 

was described [5–8]. As EEG activity systematically changes with age, it is not appro-

priate to infer the same abnormalities in adults like in children. EEG profiles have 

to be investigated also in adults with ADHD and compared with the pattern in adult 

control participants.
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Quantitative EEG (qEEG)

The EEG can be dissected in the different frequency bands (commonly alpha 8–13 Hz, 

beta 13.5–30 Hz, theta 4–7.5 Hz, delta 0.5–3.5 Hz). The absolute (total power) or the 

relative power (ratio) of the respective frequency band can be analyzed. The dominant 

EEG frequency band depends on the activity state of the person under investigation. 

The EEG of healthy adults in a resting state with eyes closed is usually characterized 

by alpha activity with a center of gravity over parietal and occipital brain areas. In the 

transition to sleep, theta and delta activity is increasing. However, EEG frequency 

in awake states also reflects developmental processes of the brain from newborns to 

adults with basic EEG frequencies increasing steadily from delta to alpha.

In ADHD children, the resting state EEG is characterized by more slow wave activ-

ity as compared to healthy children of the same age [2]. The most common findings 

are elevated theta power, and reduced alpha and/or beta power, as well as an increase in 

theta/alpha and/or theta/beta ratio. These observations could be indicators of reduced 

arousal in ADHD children as activation and arousal of the central nervous system is 

reflected in the firing patterns of neurons. Generally, higher frequencies reflect alert 

and aroused mental states, while lower frequencies suggest inattentiveness.

qEEG also is a useful tool to map responses to different conditions/stimuli or the 

performance in different tasks [9]. To date, qEEG studies with adult ADHD patients 

are scarce. Monastra et al. [9] measured 482 participants, consisting of ADHD patients 

of the inattentive and combined subtypes and healthy controls in the age range from 

6 to 30 years. They used only a single electrode at the vertex with the earlobes as 

reference. The participants were measured in an eyes-open resting condition, while 

silently reading, listening, or drawing. For each task the calculation of the theta/beta 

power ratio was performed. qEEG findings indicated an age effect on basic EEG fre-

quencies, with higher ratios in younger participants. The theta/beta power ratio was 

significantly elevated in ADHD patients compared to healthy controls irrespective 

of the clinical subtype in all tasks. In the ADHD groups, higher theta/beta power 

ratios were found in the drawing task as compared to the other tasks. The drawing 

task was the only task where significant differences in power ratios emerged between 

the combined and the inattentive ADHD subtypes. Bresnahan et al. [10] analyzed the 

frequency bands delta, theta, alpha, and beta at midline electrode sites (Fz, Cz, Pz) 

in an eyes-open resting condition in 25 children (6–11 years), 25 adolescents (13–17 

years), and 25 adults (20–42 years) with ADHD of the combined subtype and with-

out comorbid disorders and the same number of healthy controls for each group. 

ADHD patients showed elevated slow wave activity (absolute and relative theta and 

delta) in all age groups as compared to healthy controls. In contrast, no differences 

either in absolute and relative alpha or in absolute beta power were found between 

healthy controls and ADHD. Moreover, the theta/beta ratio was increased in ADHD. 

Generally, ADHD groups showed less fast wave but more slow wave activity. The 

ADHD patients had higher total power than the healthy controls with decreasing 
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values for both groups with age. These results are well in line with previous find-

ings in children. Furthermore, relative beta power was decreased in ADHD patients, 

but this reduction decreased systematically with age. At Fz and Cz a normalization 

with age emerged, but the relative beta power stayed decreased at Pz. As the hyperac-

tive ADHD symptomatology also tends to decreases with age, the authors suggested 

that in ADHD patients the reduced beta activity in frontal and central sites might be 

related to behavioral hyperactivity symptoms. Moreover, the authors hypothesized 

that the increase of theta activity found in adults as well as in children with ADHD 

might reflect impulsive behavior, which frequently persists in adult ADHD. In order 

to further investigate the specificity of these findings in adults, Bresnahan and Barry 

[11] compared the EEG profiles during an eyes-open resting condition in 50 adult 

ADHD patients with those of 50 patients with some ADHD symptoms but no full 

diagnosis (subclinical ADHD) and 50 healthy controls. Taken together, absolute and 

relative theta was elevated in ADHD patients compared to the subclinical ADHD 

group and also to the healthy control group. Relative theta was reduced and relative 

beta power was increased in the subclinical ADHD group as compared to the ADHD 

and healthy control group. This differential finding may serve to separate the diag-

nostic groups and is in line with the former study [11].

In another study this research group reported that treatment with the stimulant 

dexamphetamine was followed by an amelioration of the clinical symptomatology 

and also by a normalization of the EEG profile consisting of a reduction of abso-

lute delta, absolute and relative theta and total power in 50 ADHD patients who 

responded to the medication [12]. However, with respect to absolute and relative 

theta, the normalization was incomplete and the authors hypothesized that these still 

deviant EEG patterns may be related to residual symptoms still detectable in patients 

under medication.

In order to elucidate psychophysiological mechanisms in adult ADHD, Hermens 

et al. [13] investigated the skin conductance level (as an index of arousal) and qEEG 

during an eyes-closed resting condition. The study was designed to detect differences 

between adults with ADHD and healthy controls and also to investigate sex differ-

ences in ADHD patients. 21 male and 14 female adults with ADHD and age- and 

gender-matched controls were included. The authors found deviations in qEEG from 

normal controls (increased theta and delta activity and decreased beta (posterior 

region)) and skin conductance level (decreased skin conductance) in ADHD adults. 

A closer look at gender differences revealed different findings for men and women. 

The increased theta activity that was found in the whole ADHD group was due to the 

pronounced increase of theta in ADHD men. The decreased skin conductance how-

ever depended on a stronger decrease in ADHD females (hypoarousal). The authors 

interpreted their findings as a hint for different etiological mechanisms of ADHD in 

men and women.

A study of Philipsen et al. [14] in which qEEG during sleep was investigated could 

not find any differences in adult ADHD patients (combined subtype) without any 
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personality disorder or actual major depressive disorder or substance abuse/depen-

dency compared to healthy controls. The patients did not take any psychotropic med-

ication for at least 2 weeks before assessment. Nonetheless, during sleep the motor 

activity was elevated and the subjective rating of sleep quality was decreased in the 

patient group as compared to healthy controls. These results give reason to speculate 

that differences in EEG frequencies between adult ADHD patients and healthy con-

trols are only observable when participants are awake and therefore they should only 

be investigated in an alert state. In a state when both groups are expected to have low 

arousal (sleep), no differences emerged.

Event-Related Potentials

The ERPs recorded from the scalp may be considered as a synchronized part of the 

pattern of ongoing electroencephalogram. Endogenous as well as exogenous events 

elicit stimulus locked voltage fluctuations that can be measured with an ongoing EEG 

from the scalp. After filtering and averaging a number of at least 20 stimulus-locked 

EEG segments, the resulting ERPs depict the voltage changes elicited by a particular 

event class in the time domain. Averaging of the data is necessary to reduce the noise 

portion that adds to the signal and therefore to improve the signal-to-noise ratio. 

ERPs reflect aspects of the stimulus material as well as aspects of the stimulus process-

ing within the individual brain. The excellent time resolution of EEG-based methods 

allows unrevealing the time course of different processes involved in the evaluation 

of a given stimulus. In contrast, the spatial resolution of EEG-based methods is rather 

poor. An ERP typically has a waveform consisting of positive and negative peaks. 

These peaks can be described with the amplitude (height, μV) of the waves as well 

as with the latency (timing, ms) of the peaks. The amplitude reflects the number of 

simultaneously active neurons (magnitude of activation) while the latency reflects the 

time course of the underlying process. More sophisticated analysis methods are for 

example topographical analyses of the positive or negative brain electrical fields, area 

measurements, multivariate analysis methods like principal component analysis, or 

source location analyses [15, 16].

Early ERP components are deflections within the first 100 ms after the stimulus. 

They are dependent on stimulus characteristics (modality, intensity, etc.) as well as on 

the integrity of neuronal transmission processes. They are therefore called exogenous 

potentials. Potentials from about 100 ms on are not only dependent on the physical 

properties of the stimulus and intact signal transmission processes but also on psycho-

logical processes. They are therefore denoted as endogenous components. Controlled 

and conscious processing of stimuli is reflected in components from 150–200 ms on. 

Changes in neural activity reflecting cognitive processing are related to task demands 

and often appear in a range of about 300 ms after presentation (P300) [15]. For the 

calculation of ERPs, only correct (or only false) answers should be averaged. This is 
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helpful in determining whether different processing strategies or brain structures are 

involved in the same task in different groups of individuals. So ERPs offer a unique 

possibility to measure the effect of an experimental manipulation on brain activity 

patterns. With ERPs more subtle changes or differences can be detected between dif-

ferent groups as this is possible on a behavioral level alone.

ERP studies in adult ADHD patients are very sparse. One of the first studies in that 

field has been published by Duncan et al. [17], describing the ERPs of 13 men with 

severe developmental dyslexia and 15 normal readers elicited by means of reaction 

time tasks of varying difficulty presented in the auditory and the visual modality. 

When tasks were relatively easy, the dyslexic and the healthy group did not differ with 

regard to the P300 ERP amplitude. In more demanding tasks a difference between 

the two groups emerged: dyslexic men had reduced amplitude of the visual P300 as 

compared to the controls. When splitting the dyslexic group in high and low ADHD 

symptom carriers (during childhood), the authors could show that the persons with 

many ADHD symptoms were responsible for the differences found on the group 

level. In contrast, the dyslexic men with no or only few ADHD symptoms during 

childhood were not different in P300 amplitude from normal readers. In the auditory 

P300 a hemispheric asymmetry was detected in normal readers with higher ampli-

tudes over the right compared to the left hemisphere. This asymmetry was also found 

in low-ADHD dyslexics, but not in high-ADHD dyslexics. This loss of a physiological 

hemispheric asymmetry has been interpreted as pointing to a different brain organi-

zation in dyslexic men with an assumed ADHD during childhood.

Fallgatter et al. [18] published another ERP study in adults which considers ADHD 

symptoms during childhood. The authors investigated prefrontal brain function and 

cognitive response control in 24 adult patients with personality disorders and ADHD 

during childhood compared to 12 patients with personality disorders without ADHD 

during childhood and 24 healthy controls. A visual cued Go/NoGo task (Continuous 

Performance Test, O/X version) was administered while an ongoing 21-channel EEG 

was recorded. With topographical analyses the individual NoGo anteriorization 

(NGA) was assessed. The NGA is the quantitative difference of the centers of grav-

ity of the positive brain electrical field on the anterior posterior axis (centroids) in 

the P300 time window (measured in electrode positions using a 21-channel array of 

the extended 10–20 system) during Go trials (Go-centroid) and NoGo trials (NoGo-

centroid). In the Go condition the centroid is typically located over parietal brain 

areas whereas the centroid in the NoGo condition is typically situated over frontocen-

tral brain areas. The NGA is proposed to be a neurophysiologic marker of prefron-

tal response control. The stability and the short- and long-term test-retest reliability 

of this measure is excellent [19–22]. The NGA has been shown not to depend on 

age and gender [23] of the investigated subjects. The LORETA method (low reso-

lution electromagnetic tomography) [24] applied to estimate three-dimensional 

source localization of ERP data measured at the scalp. This approach revealed that 

during the NoGo-related anteriorization of the positive electrical field (response 
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inhibition) the activation of the prefrontal cortex (particularly the ACC) is increased 

compared to Go trials (response execution) [25, 26]. Other brain-imaging methods 

such as functional magnetic resonance imaging (fMRI) or functional near-infrared 

spectroscopy (fNIRS) support this finding [27, 28]. The patients with personality 

disorders and ADHD during childhood showed a significantly reduced mean NGA 

and diminished amplitudes of the Global Field Power P300 peaks as compared with 

healthy controls. The increase of frontocentral P300 amplitudes in NoGo-trials was 

also reduced. Patients with personality disorders alone without ADHD symptomatol-

ogy during childhood differed from healthy controls in none of these electrophysi-

ological parameters. The authors concluded that their results support the assumption 

that ADHD-related psychopathology is associated with prefrontal brain dysfunc-

tion, which is probably related to processes of response inhibition and/or cognitive 

response control. Moreover, the three-dimensional source localization analysis with 

LORETA revealed an electrical dysfunction of the ACC in the NoGo condition in 

the patients with ADHD symptoms during childhood compared to healthy controls. 

A corresponding ACC dysfunction has already been found in a sample of boys with 

ADHD compared to an age-matched control group [29].

In an auditory Go/NoGo task, McPherson and Salamat [30] investigated 11 adults 

with ADHD (age range 17–25 years) and 20 healthy controls (age range 19–31 years). 

The research interest was to investigate the effect of variable interstimulus intervals 

(ISIs, 1, 2, and 4 s) on behavioral reaction time and the auditory P300 ERPs in ADHD. 

In the auditory task common (1,000, 1,500, and 2,000 Hz) and rare (250 Hz) auditory 

stimuli were presented. The participants had to ignore the rare (25%) and respond 

to the frequent stimuli (75%). The authors found that the responses in behavior and 

electrophysiological parameters were modulated by the different ISIs in the control 

group, but not in the ADHD group. Parameters that were modulated in the control 

group were the latency of the P300a and the P300b (increase with increasing ISIs) as 

well as the amplitude of the P300b (decrease with increasing ISIs), in behavior the 

number of false alarms and correct rejections (increasing ISI leads to more errors 

and increased reaction times) were modulated. When the researchers compared the 

responses of the ADHD and the control adults, the number of hits differed signifi-

cantly between the two groups for the ISI of 2 s. In all ISIs a significantly different 

number of false alarms and correct rejections were found for the two groups. ADHD 

patients were characterized by longer latencies of the P300a and the P300b compo-

nents in each of the three ISIs. Moreover, ADHD patients displayed lower P3a and 

P3b amplitudes in the ISIs of 1 and 4 s and the lower P300b amplitudes for the 2 s ISI. 

The authors interpreted these findings as indications for delayed information pro-

cessing in ADHD.

The stop signal task is another method to measure inhibitory control which has 

been proposed to be the core deficit in ADHD [31]. Using such an auditory stop signal 

task, Bekker et al. [32] investigated 24 adults with ADHD of the combined subtype and 

the same number of healthy controls. The authors reported the stop signal reaction 
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time to be longer in ADHD adults compared to healthy controls. Nonetheless, no 

significant differences in the reaction times for Go stimuli were found. In the ADHD 

patients, lower P3 amplitudes than in healthy controls were detected in stop trials. 

The authors claimed that the stop P3 reflects inhibitory control. In a dipole source 

estimation with BESA the generator of the stop P3 was located in the anterior cin-

gulate cortex (ACC). The ACC is presumably related to response inhibition either in 

a direct way or by a conflict detection system promoting other brain areas to inhibit 

the action. A similar source location including the ACC has also been found for the 

NoGo P300 in Go/NoGo tasks [26]. In the same study, another ERP component 

(N100) generated in the auditory cortex has been investigated, which is presumed 

to be sensitive to selective attention. Larger N1 amplitudes during successful stops 

compared to failed stops may reflect increased attention. In line with that assump-

tion, larger N100 components in successful as compared to failed stops were found. 

However, this difference in N100 amplitude between successful and failed stops was 

not found in ADHD patients. The authors concluded from these results that dis-

turbed attentional processing of the stop signal contributes to impaired inhibition 

in adults with ADHD. In healthy controls, better attention reflected in higher N100 

amplitudes is associated with a higher probability of correct stopping while in ADHD 

this association is not existent. This result is in line with the view that failed stopping 

in healthy controls is related to failed attention and failed inhibition, while in ADHD 

patients failed stopping is only dependent on failed inhibition, as general attention 

to the stimuli seems not to be affected (i.e. normal reaction time to go stimuli). It 

could nonetheless be that attention is affected in a way that patients are impaired in 

the ability to switch their attention to the stop signal. This view would undermine the 

assumption of response inhibition as a core deficit in ADHD.

As schizophrenia also implies attentional problems including deficits in sensory-

gating mechanisms, a deficit in sensory gating can also be expected in ADHD. The 

P50 double-click paradigm has been established as a neurophysiological measure for 

sensory-gating mechanisms. The basic observation is that the neuronal activity (P50 

component, positive deflection occurring about 50 ms after the click) elicited by an 

acoustic stimulus (test stimulus) is significantly reduced when it is presented 500 ms 

after an acoustic stimulus with identical physical properties (conditioning stimulus). 

Using this electrophysiological approach, Olincy et al. [33] investigated 16 unmedi-

cated ADHD adults, 16 healthy controls and 16 schizophrenic patients. The findings 

of Olincy et al. [33] did not reveal any differences between the groups in the ampli-

tude of the conditioning P50 response. However, significant differences between the 

groups were found for the second test stimulus and for the ratio of the test to the 

conditioning response. These measures were higher in schizophrenic patients as 

compared to both healthy controls and ADHD patients. The authors concluded that 

adult patients with ADHD do not have the inhibitory deficits seen in schizophrenia 

patients. They suggested that the attention problems in both disorders are dependent 

on different mechanisms. However, a sensory-gating deficit might well be present 
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in a subgroup of ADHD patients, as 25% of the ADHD adults but only 10% of the 

healthy controls did not suppress the response to the second stimulus in the Olincy et 

al. study. This possibility should be further investigated in a larger sample of ADHD 

patients.

Conclusion

There is growing evidence that EEG parameters are impaired in ADHD patients as 

compared to healthy controls. Moreover, most dysfunctions identified in children 

with ADHD tend to remain into adulthood, while few parameters are also changing 

with age. Further investigation is needed, also concerning the question whether there 

are different subtypes of altered brain function in adult ADHD patients which may 

serve as endophenotypes. Such putative endophenotypes may be closer related to the 

genetic variations underlying ADHD than the clinical symptomatology. Finally a bet-

ter understanding of the pathophysiology underlying ADHD may allow the develop-

ment of better, individualized treatments.
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Abstract
This review provides an overview about recent findings in attention-deficit hyperactivity disorder 

(ADHD) brain imaging. ADHD is understood as a developmental disorder and several studies have 

addressed brain development in children and adolescents. The hallmarks of impairment of cerebral 

processing in ADHD are executive dysfunctions (motor execution, inhibitory control, working mem-

ory), as well as deficient attention processing. In adulthood, imaging studies have revealed distur-

bances in the prefrontal cortex, and anterior cingulated cortex (dACC) which are involved in the 

regulation of selective attention, executive control and decision-making. Dysfunction of basal gan-

glia is also a consistent finding in ADHD from childhood to adulthood. These findings suggest a 

persistent dysregulation of frontostriatal circuitries. The cerebellum, and its role in affect and cogni-

tion, is also persistently implicated in the pathology of ADHD. The cerebello-(thalamo-)striato-corti-

cal network includes different attention networks and executive control instances. It appears from 

brain-imaging data in adults that the pathophysiological principles of ADHD do not profoundly 

change from childhood and adolescence to adulthood, regardless of some changes in psychopa-

thology. The hypothesis of a neurodevelopmental disorder seems to be reinforced on the basis of 

imaging data of the adults. Copyright © 2010 S. Karger AG, Basel

Attention-deficit hyperactivity disorder (ADHD) affects adults with a prevalence of 

about 3–4% [1]. Whereas key symptoms of the psychopathological core symptoms in 

childhood are inattention, hyperactivity and impulsivity, adults with ADHD tend to 

be predominantly impaired by attention deficits and disorganization, whereas hyper-

activity and impulsivity tend to ameliorate [2, 3]. Emotional dysregulation, mood and 

anxiety disorders as well as substance abuse are commonly described features and 

comorbidities in adult patients [4]. As clinical patterns differ between ADHD children 

and adults, and given that more than half of the children with ADHD do not continue 

being clinically affected in adulthood, one could hypothesize that adult patients with 

ADHD represent a distinct subpopulation with distinct neurobiological or environ-

mental background. Therefore, there is a substantial need for neuroanatomical and 
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functional neuroimaging investigations in adults suffering from ADHD. Indeed, like 

in many areas in neuropsychiatry, neuroimaging techniques have been intensively 

used also in ADHD research in the past few years.

It is a principle question whether impairment of brain networks compares to those 

that have been extensively described in ADHD children. Thus, a key question in adult 

ADHD research is whether there is also impairment of frontostriatal/frontosubcorti-

cal networks. These pathways are involved in executive and motor control, as well as 

in inhibition of behavior and voluntary decision-making. Frontosubcortical networks 

contain a large amount of noradrenergic, dopaminergic as well as serotonergic projec-

tions. Striatal structures, such as putamen, globus pallidum and caudate nucleus, form 

a frontostriatal network and are typically impaired in ADHD [5]. Areas of particular 

interest are also the prefrontal and dorsolateral prefrontal cortex (PFC). The anterior 

cingulated cortex (ACC) seems to play a pivotal role in ADHD psychopathology. This 

region has widespread connections to forebrain and limbic structures. Besides its func-

tion as a conflict monitoring center, the ACC has the role of integrating polymodal 

inputs from different brain regions in the control of executive and inhibitory functions 

[6]. Finally, increasing attention is being paid to the cerebellum, which exerts strong 

influences on affective and cognitive function via thalamic connections [7, 8].

Brain Structure in ADHD

Global Neuroanatomical Findings

Total cerebral volume reduction is well described in children and adolescents with 

ADHD [9–16], which is most prominent in the right hemisphere. The right hemi-

sphere is hypothesized to play a dominate role in decision-making, inhibitory control 

and selective attention [17, 18]. It has been shown that damage of the right hemisphere 

can lead to desynchronization of brain activity and neglect of sensory stimuli [19, 20].

Sowell et al. [21] showed that brain alterations in children with ADHD are focused 

on those brain regions which are relevant for attention, executive control and linguis-

tic performance. More specifically, they could demonstrate that cortical abnormalities 

are mainly localized in inferior portions of dorsal PFC and bilateral anterior temporal 

cortex. Increased gray matter was seen in large portions of the posterior temporal and 

inferior parietal cortex bilaterally.

Recently, Seidman et al. [22] investigated 24 adults with DSM-IV ADHD and 18 

healthy controls comparable on age, socioeconomic status, sex, handedness, education, 

IQ, and achievement test performance. Compared to controls, adults with ADHD had 

significantly diminished overall cortical gray matter, and smaller prefrontal and ACC 

volumes in particular. The authors concluded that adults with ADHD have volume dif-

ferences in brain regions associated with attention and executive control. These data are 

largely consistent with studies of children with ADHD, supporting the hypothesis that 

ADHD is a valid disorder with persistent biological features through all stages of life.
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Region-Specific Neuroanatomical Findings

Frontal Lobe

Several studies have confirmed volume reductions of PFC in ADHD children, namely 

of the dorsolateral part (DLPFC) [9, 10, 13–16, 23]. The DLPFC plays an important 

role in attention, working memory, planning and organization of a task [18], whereas 

the ventrolateral prefrontal cortex (VLPFC) is involved in the regulation inhibitory 

control [24, 25]. The orbitofrontal cortex regulates social behavior and balance of 

inhibition and desinhibition as well as emotional attribution to decisions.

Hesslinger et al. [26] found diminished left orbitofrontal brain volumes in adult 

ADHD patients. These regions are associated with social behavior and impulse 

control. Also in adults with ADHD, selective thinning of cerebral cortex in the net-

works that subserve attention and executive function was found by Makris et al. [27]. 

Significant cortical thinning in ADHD was seen especially in the right hemisphere 

involving the inferior parietal lobule, the dorsolateral prefrontal, and the anterior cin-

gulate cortices. These neuroanatomical data give evidence to the frontal brain abnor-

malities also in ADHD adults, but the findings need further replication.

Anterior Cingulated Cortex

The dorsal part of the anterior cingulated cortex (dACC) is crucial for executive func-

tioning, inhibitory control monitoring, target detection, error processing as well as 

reward-based learning. Volume reductions in the right posterior cingulated gyrus in 

ADHD children have been reported [28]. In adults, lower volumes of the ACC could 

be shown by in the anatomical study of Makris et al. [27].

Temporal Lobe

Temporal lobes have polymodal sensory integration functions in language compre-

hension as well as object identification (‘what system’), emotional regulation and 

memory function. The right temporal convexity plays an important role for visu-

ospatial functions, whereas the left temporal convexity contains a large auditory 

association area which contributes to language comprehension [29]. Sowell et al. [21] 

demonstrated by anatomical brain surface analysis that children with ADHD had 

reduced anterior temporal lobe volumes bilaterally. Temporal lobe volume reduction 

as part of a general brain volume reduction in children and adolescents with ADHD 

was described by Castellanos et al. [12]. However, there is no substantial informa-

tion about the interplay between cognition and affect in sensory processing, and its 

modulation by temporal lobes in ADHD.

Basal Ganglia

The basal ganglia comprise of five nuclei: the caudate nucleus (‘cognitive associa-

tive’ striatum), putamen (sensorimotor striatum), nucleus accumbens (limbic stria-

tum), globus pallidus and subthalamic nucleus. They are closely related to brainstem 

structures such as substantia nigra and the pedunculopontine nucleus. The striatum 
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comprises the putamen and the pallidum, and displays a high density of dopaminer-

gic neurons. Its main function is procedural learning and automatization of motor 

programs and behaviors and it serves to assemble complex response habits to strate-

gically adapted environmental needs [30, 31]. ADHD-associated symptoms are asso-

ciated with striatal damage [32].

Basal ganglia volume reductions have been shown in several studies with ADHD 

children and adolescents. In most of them uni- or bilateral reduction of caudate vol-

umes were found [9–12, 29, 33–36]. Schrimsher et al. [37] could predict the cumula-

tive severity ratings of inattentive behaviors by measuring caudate volume asymmetry 

from serial sagittal magnetic resonance images from childhood to adolescence. Also 

unilateral volume reduction of the pallidum has been shown in several studies in chil-

dren with ADHD [10–12, 28, 38].

Until now, no evidence for basal ganglia volume reduction in adult ADHD has 

been reported. A possible explanation is that differences between controls and ADHD 

almost disappear with increasing age before adulthood [12].

Corpus Callosum

The corpus callosum connects homonymous regions of the cerebral hemispheres. 

Injury of callosal structures can lead to problems in holding sustained attention [39], 

with associated deficits in learning and memory [40]. The neuropsychological defi-

cits after injury of corpus callosum are often subtle or lacking.

Volume reduction of the corpus callosum is a common finding in studies with 

ADHD children and adolescents. Posterior regions of the corpus callosum are mostly 

affected [15, 41–45]. Data from adult ADHD are lacking so far.

Parietal Lobe

Posner and Petersen [18] have described a posterior attention system located in the 

parietal lobe, which seems to be mainly modulated by noradrenergic transmission 

in contrast to the predominantly dopaminergic modulation of the frontal attention 

system. The posterior part of the parietal cortex is involved in orienting and selective 

attention networks [46]. It disengages the attentional focus from the contralateral tar-

get [47], and lesions of this region can lead to impaired attention [48, 49].

Only few studies have addressed to parietal lobe structure and function in ADHD. 

Castellanos et al. [12] have shown that posterior parietal volume is reduced, whereas 

conversely Sowell et al. [21] have demonstrated an increase in cortical volume in 

children with ADHD. Given its importance in visuospatial orienting and as a region 

for polymodal sensory integration, it was Makris et al. [27] who pointed out volume 

reductions in the right inferior parietal lobule in adults with ADHD.

Occipital Lobe

In line with the general findings of Castellanos’ work [12], pronounced reduction of 

left occipital brain volume in children with ADHD was also found by another study 
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group [16]. No data are presently available regarding occipital lobe anatomy in adults 

with ADHD.

Cerebellum

The role of the cerebellum in cognitive and affective function has been described in 

20 patients with cerebellar lesions [50]. Aside from the well-known motor coordina-

tion problems, patients with cerebellar lesion display impairment of executive func-

tions, visuospatial cognition deficits as well as blunting of affect and disinhibition 

of behavior. Cognitive cerebellar functions are located mainly in the posterior lobe 

(neocerebellum), whereas executive, visuospatial, and memory functions of neocer-

ebellum are impaired when the lesions are located in the hemispheres and dentate 

nucleus [50, 51]. The vermis has been shown involved with affective disturbances 

[51]. The cerebellum projects via thalamus to areas in the PFC [52] and there are 

reciprocal projections from the PFC to cerebellum, thus forming a functional net-

work that influences rather than generates motor control, inhibitory and executive 

functions. Moreover, several studies have shown that the cerebellum has modulatory 

effects on forebrain dopamine outflow [53–56].

Several studies in ADHD in childhood and adolescence have shown structural cer-

ebellar impairment [10–12, 15, 16, 57–59]. Indeed, the most marked neuroanatomical 

anomaly in ADHD has been described in the cerebellum, with volume changes more 

marked than in the PFC [12]. In children, reductions in right cerebellar hemisphere 

and vermis volume have been reported [11, 15, 16, 57–59]. These volume reductions 

correlated with attentional problems and global clinician ADHD ratings [12]. At pres-

ent there are no data on cerebellar volume in adult ADHD.

Other Brain Regions

In children and adolescents with ADHD an increased volume of the hippocampus bilat-

erally, which is involved in attentional processes such as visuospatial working memory 

and executive functions, has been reported [60]. Moreover, some evidence for a reduced 

size of the basolateral amygdala was found in this study. Since affective symptoms and 

emotional instability are typical features of and affective disorders are highly prevalent in 

adult ADHD, altered amygdala and hippocampus volumes are of particular interest also 

for adults with ADHD. However, in a recent study with adults suffering from ADHD, 

no differences regarding hippocampus and amygdale volumes were found [61].

Brain Function in ADHD

Functional MRI (fMRI), MRI relaxometry and ligand-bound imaging techniques like 

SPECT or positron emission tomography (PET) have been used to study functional 

abnormalities of brain networks in ADHD. From a neurological viewpoint, attention 

networks can be basically distinguished into three components [18, 46, 62]:



Brain Imaging in Adult ADHD 93

• Th e arousal and alerting networks are mainly subcortically located and constitute 

of the ascending reticular activating system. Th ey project to the whole brainstem 

and thalamus and, through the striatum, up to the limbic system to form 

cortical projections. Th e main function of this component is the activation and 

synchronization of the cerebral cortex during behavior and motivation, and has 

affi  nity to salient stimuli and memorization.

• Th e mixed cortical-subcortical orienting networks are involved in detection of 

novel stimuli (superior colliculi), fi ltration of relevant stimuli (pulvinar) and 

disengagement of attention focus (posterior parietal cortex).

• Th e selective (or directed/cortical) attentional network is of particular interest 

for ADHD pathophysiology. It involves frontal brain structures for generation 

of volitional saccades (frontal eye fi elds), induces motor intention (premotor 

cortex), is linked to the working memory (DLPFC) and is modulated by the 

ACC (target detection, response selection and inhibition, confl ict monitoring, 

motivation) [63]. Th is network is also called executive (confl ict) network and 

has been shown highly heritable [64]. Within this network, the dACC has 

strong connectivity to frontal brain structures with dense serotonergic and 

dopaminergic components. Regions of the parietal cortex also play an important 

role in mediating sensory functions. Th e posterior parietal cortex disengages the 

attentional focus to a target [47] and the superior parietal lobule has the function 

of voluntary shift s of attention [29]. Right hemisphere dominance could be found 

for the orienting as well as selective attention [17, 18].

Konrad et al. [65] have used event-related fMRI to investigate brain activations 

related to these three particular aspects of attention. It could be shown that children 

with ADHD recruited deviant brain regions for all three above-mentioned attentional 

networks. ADHD children had less right-sided activation in the anterior cingulated 

gyrus during alerting, more frontostriatal-insular activation during reorienting, and 

less frontostriatal activation for executive control. Dysregulation of blood oxygen-

ation level-dependent signals was described in the putamen during reorienting and 

executive control, suggesting altered strategies in children with ADHD. In medica-

tion-naïve children and adolescents with ADHD, task-specific functional abnormali-

ties in frontostriatal but also to parietal and temporal areas were found [66]. Hale et 

al. [67] concluded from their data that abnormal brain function among adult ADHD 

participants was not limited to complex executive functions. Abnormal processing 

of numeric stimuli was indicated during both simple and complex cognitive opera-

tions. For example, during the difficult tasks, they exhibited greater activation of left 

hemispheric linguistic-processing areas and failed to activate bilateral parietal regions 

important for the complex executive operations.

Anterior Cingulated Cortex

Hypoactivation of the dACC has been consistently described in children and ado-

lescents with ADHD using continuous performance paradigms, with results being 
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similar using fMRI of PET-imaging techniques [25, 68–71]. These findings have led 

to the hypothesis that dACC plays a significant role in ADHD pathophysiology.

Zametkin et al. [71] were the first to describe hypoactivity of dACC with PET in 

adult ADHD patients. According to the hypothesis of impairment of selective atten-

tion, several studies in adult ADHD have also shown hypofunctionality of the ACC 

[68, 70]. Following the executive attention hypothesis, the earliest fMRI study in adult 

ADHD was performed by Bush et al. [70], using a specially designed counting Stroop 

paradigm. This study demonstrated that the ‘cognitive division’ of the dACC was not 

activated in adult ADHD patients during interference conditions. As a compensatory 

mechanism, ADHD patients activated an alternative frontostriatal network by using 

different regions of lateral PFC, insular cortex, as well as unilateral activation of cau-

date, putamen, thalamus and pulvinar. These results may be interpreted as impair-

ment of dACC function in ADHD subjects under conditions where interferences 

occur, while under conditions where subjects could focus on salient stimuli, there 

was no difference in dACC activation. This ‘normal attention but abnormal stimulus 

alerting and conflict effect’ has also been reported from a neuropsychological point 

by Oberlin et al. [72]. Only ADHD subjects with the combined type were impaired 

in their reactions to abrupt visual cues or those that contain conflicting spatial cues. 

These features were not found in adults with the ADHD-inattentive type.

Besides the role of dACC in selective attentional processing, response selection 

and inhibition and performance monitoring [73], dACC is also thought to influence 

reward-based decision-making [74]. The larger the gain, the higher the activity in the 

pregenual ACC during the decision phase [75]. Ernst et al. [73] found differences in 

motivational behaviors in ADHD, especially when the patients had to weigh long-

term versus short-term rewards. The patients used more parts of the right ACC than 

healthy controls.

Memory performance was associated with activation of the ACC in healthy ado-

lescents but with activation of the superior parietal lobe (SPL) and precuneus in ado-

lescent ADHD patients [76]. The authors suggested that increased SPL activation in 

ADHD reflected attentional compensation for low ACC activation during the encod-

ing and that the higher salience of emotional stimuli, in contrast, regulated the inter-

play between ACC and SPL in conjunction with improving memory to the level of 

healthy adolescents.

Using a working memory paradigm, Wolf et al. [77] could recently demonstrate 

lower connectivity in ACC and higher connectivity in dorsal cingulate cortex in adults 

with ADHD and healthy controls. Another fMRI study found evidence for decreased 

functional connectivity between ACC and posterior cingulated regions including the 

precuneus [78].

Motor System

The execution of simple motor tasks reveals distinct cerebral activation pathways. 

Using a simple finger-tapping task, Mostofsky et al. [79] reported that children with 
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ADHD had decreased contralateral motor cortex and right parietal cortex activation 

during right- and left-handed finger sequencing. These findings could be interpreted 

as anomalous development of cortical systems necessary for execution of patterned 

movements.

In a study with PET, a correlation between motor hyperactivity with lower bind-

ing potential values for dopamine transporter (DAT) in the midbrain was shown in 

adolescents with ADHD [80]. Thus, altered dopamine signaling might have a causal 

relationship to hyperactivity. Studies with adult ADHD patients are not available so 

far.

Frontal Cortex

The most consistent findings in the neuroimaging literature of ADHD are deficits in 

neural activity within frontostriatal and frontoparietal circuits. However, the results 

vary across subregions of the frontal cortex, suggesting that ADHD is not associated 

with dysfunction of any particular part of frontal cortex.

The PFC is critical for the regulation of behavior, attention, and affect by use of 

representational knowledge. The PFC is important for sustaining attention over a 

delay, inhibiting distraction, and dividing attention, while more posterior cortical 

areas are essential for perception and the allocation of attentional resources. The PFC 

in the right hemisphere is particularly important for behavioral inhibition. Lesions to 

the PFC produce a profile of distractibility, forgetfulness, impulsivity, poor planning, 

and locomotor hyperactivity.

Variable findings have been described for VLPFC and DLPFC. These brain 

regions also monitor attention, planning, working memory and executive control, 

especially with regard to inhibitory control [18, 81]. Rubia et al. [25] found hypo-

activation in the right VLPFC and left caudatus of adolescents with ADHD, whilst 

Durston et al. [82] reported different activation of frontostriatal regions. Children 

with ADHD displayed more diffuse network activations including more posterior 

and dorsolateral prefrontal regions. Rubia et al. [83] reported that medication-naïve 

adolescent patients with ADHD showed significantly reduced brain activation in the 

right inferior PFC during successful motor response inhibition and in the precu-

neus and posterior cingulate gyrus during inhibition failure. These deficits corre-

lated with behavioral scores of ADHD and persisted when corrected for medication 

history and performance discrepancies. Conversely, Ernst et al. [73] showed using 

PET that adult ADHD patients, as well as healthy controls, activated VLPFC and 

DLPFC including insula during a decision-making task. However, the activation of 

the dACC and hippocampus, subserving emotional and memory processes, was less 

extended in the ADHD group, who instead recruited the caudal part of the right 

ACC. These results were interpreted as a basis for problems of motivated behavior 

in ADHD.

Evidence for significant frontal hypoactivity, including anterior cingulate, dorso-

lateral prefrontal and inferior prefrontal cortices comes from a meta-analysis of 16 
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studies with fMRI in children and adolescents with ADHD [84]. Analyses of studies 

which used other than response inhibition paradigms revealed a more extensive pat-

tern of hypofunction in patients with ADHD than those of response inhibition (thala-

mus, basal ganglia and parietal cortex). Studies of response inhibition displayed more 

limited group differences regarding activation of inferior PFC, medial wall regions, 

and the precentral gyrus.

In adult ADHD patients, less activation and lower functional connectivity was 

observed during a working memory task in the left VLPC, while connectivity of 

the right PFC was increased when compared to control subjects together with func-

tional changes in other brain regions [77]. Moreover, a correlation between activa-

tion of frontal cortical areas of adult ADHD subjects and inattention scores has been 

reported, suggesting a functional deficit within this network that depends on the 

degree of attention deficits [85]. On the other hand, increased activation of orbito-

frontal cortex was found in response to gain outcomes during a monetary incentive 

delay task, suggesting that this part of frontal cortex is involved in abnormal reward 

processing in adult ADHD [86].

Cerebellum

Due to its involvement in cognitive, emotional processing and behavioral control, 

the cerebellum seems to be an important region of interest in ADHD research [50]. 

Anderson et al. [7] reported abnormalities of the vermis in children and adolescents 

in a MRI relaxometry study that could be influenced by methylphenidate, suggest-

ing an influence of cerebellar function in ADHD. The effects of methylphenidate on 

cerebellum depended on pretreatment activity level. With fMRI, Schulz et al. [87] 

described a higher activity of the cerebellum in adolescents with ADHD. In contrast, 

Valera et al. [88] found significantly decreased activity in cerebellum and also occipi-

tal lobe of adult patient with ADHD, even though working memory performance 

did not differ significantly between ADHD and controls. Kim et al. [89] examined 

ADHD children with PET and found decreased bilateral cerebellar blood flow in 

ADHD compared to controls. Volkow et al. [90, 91] reported that methylphenidate 

could increase metabolic activity of the cerebellum in normal adults, dependent of 

dopamine receptor activity.

Preliminary results from a study with ADHD children [92] hinted to a relation 

between cerebellum and forebrain dysfunction and ADHD symptomatology. The 

authors found with diffusion tensor-imaging technique (DTI) in ADHD promi-

nent white matter abnormalities in the right premotor, right striatal, right cerebral 

peduncule, left cerebellar peduncule, left cerebellum and left parieto-occipital areas. 

In adults with ADHD, less activation during a working memory task and changes of 

functional connectivity of the cerebellum and cortical brain regions was described 

[77]. These results give additional evidence for corticopontocerebellar circuit deficits 

in ADHD.
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Parietal Cortex

The parietal cortex belongs to an attentional system that includes frontoparietal net-

work structures [18, 93]. For example, orienting networks include the SPL, as well as 

the temporal parietal junction and frontal eye field [94]. Krauel et al. [76] suggested 

increased activation in some parietal regions as an attentional compensation for low 

ACC activation in healthy adolescents. Together with frontal brain areas, the alerting 

attentional network activates parietal and thalamic areas that are potentially suscep-

tible to the actions of norepinephrine [95–97].

Superior parietal and middle frontal areas are involved in visuospatial process-

ing [98]. Silk et al. [99] have shown in an fMRI study with a mental rotational 

task, that ADHD children with combined subtype have lower activation of the 

action-attentional system including superior parietal cortex as well as middle 

frontal areas. Patients had also increased activation of the posterior midline atten-

tional system. This indicates that ADHD patients might also have parietal dys-

function. As is the case with many of the networks discussed so far, these findings 

in children have yet to be extended to adults with ADHD. A first step towards this 

direction has been performed by Tamm et al. [100], who showed that adolescents 

with ADHD had significant impairments in their ability to direct and allocate 

attentional resources. This was associated with bilateral aberrations in the parietal 

attentional system.

Basal Ganglia

In line with PET findings showing reduced basal ganglia perfusion in patients with 

ADHD [101], subsequent fMRI studies have reported abnormal activation of the stri-

atum [25, 102–104].

Although the main focus of the study of Bush et al. [70] was not the basal ganglia, 

they observed increased activation of the right putamen in adults with ADHD while 

performing a Stroop task. Recently, Plichta et al. [105] could show hyporesponsive-

ness of the ventral-striatal reward system in adults with ADHD, who were examined 

during a series of choices between two monetary reward options. In addition, they 

reported increased activation of the dorsal caudate nucleus and amygdala associated 

with delayed reward. Similarly, decreased activation in the ventral striatum during 

the anticipation of gain in a monetary incentive delay task was described in another 

recent study [86]. Moreover, the authors described in this study a negative correla-

tion of ventral striatal activation with self-reported impulsivity and hyperactivity. 

Similar findings have been reported in a previous fMRI study of brain activation 

during a reward-anticipation task in adolescents with ADHD [104]. The negative 

correlation between impulsivity and striatal activation, which was found in both 

studies, has also been shown by Schneider et al. [85], who used an impulse-control 

paradigm. Taken together, these results suggest that striatal activation is involved in 

the processing of reward and the regulation of impulsive-hyperactive traits in adults 

with ADHD.
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ADHD and Comorbid Disorders

Studies with patients who have comorbid disorders or brain lesions are of interest 

because they may help to validate the specificity of the hypothesized frontostriatal(-

cerebellar) dysfunctions and compensatory mechanisms in ADHD.

Bussing et al. [58] have suggested that no differences in cerebellar morphology 

could be found between ADHD children with and without comorbid conduct dis-

order. Also, in this study no differences were reported in volume measurements of 

frontostriatal structures. On the other hand, electrophysiological studies with event-

related potentials showed abnormalities in prefrontal lobe activation in teenagers 

with conduct disorder [106].

Tourette’s syndrome (TS) is frequently comorbid with ADHD [107, 108]. In TS, 

basal ganglia volume reduction and loss of left > right side asymmetry of the globus 

pallidus is described in some but not all studies [108–110]. Some studies could not 

differentiate between TS and comorbid ADHD in terms of brain structure alterations, 

whereas some could find that patients with comorbid ADHD tended to have larger 

volumes across all cortical portions of those circuits to dorsal prefrontal and parieto-

occipital regions and smaller caudate nucleus volumes [111].

Adler et al. [112] have used a simple attention task in adolescents with bipolar 

disorder and showed that comorbidity with ADHD was associated with less activa-

tion of the VLPFC, ACC and higher activation in posterior parietal cortex as well as 

middle temporal gyrus. Thus, comorbidity with ADHD might result in less activation 

of prefrontal regions while posterior parietal and temporal cortical areas are used as 

alternative pathways. Facial recognition is also impaired in ADHD in a similar way 

when compared with patients with schizophrenia [113]. Both groups display reduced 

activity in the medial prefrontal and amygdala brain regions required to process emo-

tional faces.

Autism may occur with ADHD and impairment of attention has been consistently 

reported in autism [114]. In anatomical studies, patients with autism displayed larger 

total brain and white matter volumes in caudate, globus pallidum, most cortical brain 

regions and in the cerebellum as compared to ADHD subjects [115]. Reduced fMRI 

activation was found primarily in amygdala of autistic patients during social tasks 

[116], but autistic spectrum disorders also display dysfunctional cerebellofrontal spa-

tial attention system [117, 118] similar to ADHD.

Conclusions

In contrast to neuroimaging investigations in children and adolescents with ADHD, 

the number of studies in adult patients is still limited. Imaging data in general are 

often confounded by small sample sizes, non-replicated and sometimes even con-

tradictory results. However, recent findings have shown similarities between 
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abnormalities in adult ADHD patients and children with ADHD suggesting impair-

ment of frontostriatal(-cerebellar) networks. Consistent findings have been reported 

regarding dysfunction of the striatum and the ACC. Prefrontal cortical structures also 

seem to play a pivotal role in ADHD psychopathology, although these findings are 

not specific to ADHD. As in children, the cerebellum is also dysfunctional in adults 

with ADHD. Moreover, there is increasing evidence that also parts of the posterior 

attention networks are less active in both childhood and adult ADHD. Functional 

abnormalities comprise frontostriatal, parietal and also temporal cortical areas in a 

task-specific manner. Attention orienting is less affected than salient stimulus or con-

flict alerting. Also, several ‘vertical’ levels of attention networks – beginning from 

the arousal to the orienting up to the selective attention network – are affected in 

ADHD.

Data on ADHD patients with comorbid psychiatric disorders are not consistent so 

far and their contribution to our understanding of ADHD pathophysiology is limited. 

However, it seems that ADHD symptoms combined with other disorders are associ-

ated with frontostriatal dysfunction.

Structural and functional brain-imaging investigations are an important source 

for our growing knowledge of ADHD pathophysiology. However, due to the lack of 

sensitivity and specificity of the findings, neuroimaging techniques are not ready to 

be used as a diagnostic tool. It seems possible that with the progress in understand-

ing the pathogenesis of ADHD together with the technical progress in brain-imaging 

techniques, we might overcome this shortcoming in future.
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Abstract
Attention-deficit hyperactivity disorder (ADHD) is meanwhile accepted as a valid diagnostic entity in 

adults. A comprehensive and thorough examination, using a multimodel approach, is essential to 

diagnose ADHD in adults. Several diagnostic instruments exist which serve as important building 

blocks for a reliable ADHD diagnosis. Because the ADHD diagnosis is ultimately a clinical diagnosis, 

assessment instruments fulfill an important function in addition to other aspects, e.g. medical his-

tory. To diagnose ADHD in a reliable manner is important for clinical practice as well as for research, 

especially for the estimation of prevalence rates. Copyright © 2010 S. Karger AG, Basel

Introduction

In the field of attention-deficit hyperactivity disorder (ADHD) in adulthood, two 

subject areas are of particular significance, and both are similarly difficult to observe. 

These are, on the one hand, estimation of the prevalence of the disorder, and on the 

other hand the diagnostic procedures. Both are closely linked and should therefore 

be dealt with together. With regard to prevalence, the problem still persists that 

only unsatisfactory data are available, or rather only approximate estimates. This is 

accompanied in turn with diagnostic problems. ADHD is not usually included in the 

large international epidemiological studies. This is because the instruments used (see 

below) only include the disorders in adulthood, and they do not allow for other dis-

orders to be considered. The reason for this is that, until a few years ago, the view was 

that ADHD would not even exist in adulthood. It is only gradually becoming accepted 

that this is not the case, by means of heightened efforts, on the one hand, to provide 

reliable estimates of the prevalence of the disorder also in adulthood as well as, on 

the other hand, to develop appropriate instruments which allow reliable assessment. 

Several developments have been observed here over recent years. Diagnosis today 

(at least in research) is usually based on the criteria of the Diagnostic and Statistical 
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Manual of Mental Disorders, Fourth Edition (DSM-IV [1]) in clinical practice it is 

often made following the International Classification of Diseases, Tenth Revision 

(ICD-10 [2]). Both definitions are similar, though not identical. Table 1 contains the 

main characteristics of both definitions of the disorder. The main difference between 

both systems are the number of (sub)types of ADHD which can be diagnosed. The 

DSM-IV defines three main subtypes and two additional subtypes, ICD-10 only one 

main subtype and two additional subtypes.

A reliable diagnosis is the precondition for an appropriate therapy which is of par-

ticular importance in ADHD [see 3]. Following a successful diagnosis, it is necessary 

to document the course of treatment, for which, again, diagnostic instruments in the 

form of rating scales or interviews are necessary. The objective of this paper is to give a 

current overview of diagnostic procedures as well as prevalence rates of the disorder.

General Problems in the Assessment of ADHD in Adults

Diagnosis of ADHD in adults is characterized, in contrast to the diagnosis of other 

psychiatric disorders, by a range of particular features which will now be briefly 

detailed.

Patient. The central data source is usually the patient. General conditions for the 

assessment of psychological phenomena must be considered here: cognitive factors 

such as intelligence, language comprehension, ability for introspection and ability 

to remember as well as non-cognitive factors such as motivation and readiness to 

give information about oneself. One particular aspect is worth mentioning. Because 

ADHD is a disorder which begins very early, and is, moreover, continually present, 

patients often have the impression that certain symptoms are a part of their life and 

are not necessarily a component of a disorder. The patient knows himself just as he 

is. The symptoms of inattention, impulsivity and hyperactivity develop not just after 

more or less normal development as the result of an illness, but rather exist from the 

beginning on. The patient, following his experience, has therefore no reason to feel 

‘ill’. It is often only in comparison to people not affected (by ADHD) or when experi-

encing increasing problems in coping with life that the problems become clear.

The diagnosis of ADHD in adulthood is based, along with symptomatology, 

essentially on assessment of functional impairment in childhood, rarely on objective 

reports from the past (e.g. school reports). Retrospective statements are therefore of 

central significance, although prone to inaccuracy, incompleteness or other distor-

tions. This is of significance then, as most patients who undergo an assessment were 

not assessed in childhood or adolescence.

Rater. As in other psychiatric disorders the independent rater represents a further 

important data source. It is, however, a problem that symptoms are often difficult or 

impossible to observe in the examination situation. Symptomatology is more likely 

to be reported from patients than observed. Adults do not jump around during the 
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assessment like children and do not hop from chair to chair. What is directly observ-

able in adults is a rather unobtrusive motor restlessness or lack of concentration. 

Many other symptoms elude direct examination (e.g. intrapsychic phenomena such 

as inner tension, restlessness). In the evaluation assessment of these phenomena, the 

Table 1. Diagnostic criteria for ADHD: DSM-IV [1] and ICD-10 research criteria [2]

DSM-IV ICD-10

Symptom criteria Two domains:

– Inattention: 9 symptoms (e.g. difficulty 

organizing tasks and activities, easily distracted 

by extraneous stimuli); 6 or more symptoms 

necessary (criterion A1)

– Hyperactivity-impulsivity: 9 symptoms (e.g. 

hyperactivity, 6 symptoms: e.g. talks excessively; 

impulsivity: 3 symptoms: e.g. difficulty awaiting 

turn); 

6 or more symptoms necessary (criterion A2)

Three domains:

– Attention: 9 symptoms (e.g. often impaired in 

organizing tasks and activities; often fails to 

sustain attention in tasks); 6 or more symptoms 

necessary

– Hyperactivity: 5 symptoms (e.g. often 

fidgets with hands or feet or squirms on 

seat; exhibits a persistent pattern of 

excessive motor activity); 3 or more symptoms 

necessary

– Impulsivity: 4 symptoms (e.g. often blurts out 

answers before questions have been completed; 

often fails to wait in lines…), 

1 or more symptoms necessary

Onset and duration Before age 7 years; at least 6 months Before age 7 years; at least 6 months

Impairments In two or more settings (e.g. at school/work or 

at home)

Clinically significant impairment in social, 

academic, or occupational functioning

Clinically significant distress or impairment 

in social, academic, or occupational functioning

Exclusion criteria Symptoms do not occur exclusively during the 

course of other psychiatric disorders 

(e.g. schizophrenia) or not better accounted 

for by another mental disorder (e.g. mood 

disorder)

Several other psychiatric disorders 

(e.g. mood disorder, anxiety disorder)

Diagnostic 

algorithm and 

diagnosis

Attention-deficit hyperactivity disorders, 

combined type (criteria A1 and A2)

attention-deficit hyperactivity disorders, 

predominantly inattentive type (criterion A1)

Attention-deficit hyperactivity disorders, 

predominantly hyperactive-impulsive type 

(criterion A2)

314.9 Attention-deficit hyperactivity disorders, 

disorder not otherwise specified

F90 Hyperkinetic disorders

F90.0 Disturbance of activity and attention

F90.1 Hyperkinetic conduct disorder

F90.8 Other hyperkinetic disorder

Comments ‘In partial remission’: symptoms are present, but 

not full criteria

No subtypes available
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diagnostician is therefore reliant on statements from significant others and from the 

patient himself.

Assessment Instruments. Although ADHD is just a relatively ‘young’ disorder in 

the adult domain, several instruments with a different focus already exist (see below). 

Many instruments are based on the DSM-IV criteria. Problems often occur in the 

appropriate conversion of these criteria to statements for the adult domain. Moreover, 

as yet, no diagnostic standard exists and in many cases, there are no authorized trans-

lations in other languages and even fewer systematic validity studies.

Classification System. Both current classification systems do not accord in the 

operationalization of the disorder. The threshold for the disorder, to name one aspect, 

is higher in ICD-10 because there is only one type, whereas in DSM-IV there are 

different subtypes (see table 1). However, neither system has particular criteria for 

adults. Furthermore, the diagnostic criteria are not exclusive for an ADHD, but rather 

exhibit the following problems: (1) the majority are non-specific (e.g. attention) and 

(2) they show overlap to other psychiatric disorders (e.g. borderline personality dis-

order, see below).

As well as the problematic transfer of criteria to adults, there is also the question of 

how practical and valid the age-at-onset criterion of 7 years is [see 10].

Conceptualization of the Disorder. Closely linked to questions of classification is the 

question of whether the disorder should be seen as dimensional or categorical [see in 

general 11]. This issue often discussed in the context of many psychiatric disorders 

(e.g. personality disorders) is also discussed in ADHD [see e.g. 12]. ADHD can be 

regarded as a dimensional construct. It is not a matter of an all-or-nothing principle. 

ADHD represents rather the end of a continuum of a normal distribution. A combi-

nation of the categorical point of view and a dimensional perspective seems there-

fore appropriate. Moreover, the core symptoms of the disorder are, similarly, general 

characteristics of human nature such as e.g. inattention or impulsivity, particularly in 

times of heightened psychological or physical stress.

Evaluation of Interventions. With regard to the particular significance of the very 

individual course of the disorder and response to therapy, e.g. Biederman et al. [13] 

suggest the following distinctions based on DSM-III-R: (1) syndromal remission: the 

patient no longer fulfils the criteria of the disorder (fewer than 8 of the 14 criteria), 

(2) symptomatic remission: the patient no longer fulfils the criteria of subcategorial 

disorder (fewer than 5 symptoms), and (3) functional remission: the patient has fewer 

than 5 symptoms and no longer exhibits impairments.

In DSM-IV, allowances are also made for differing courses, wherein it is advised 

that all patients who display symptoms at present, but do no longer fulfill all criteria, 

should be classified under the specification ‘in partial remission’.

Comorbidity. Particularly in the case of adults, an associated problem is that a 

broad spectrum of comorbid disorders is possible [see Klein and Mannuzza, chap-

ter 7]. Some of these disorders (e.g. depression) can develop secondarily as a result 

of years of frustration and failure experienced by the patient. The identification of 
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comorbidity sometimes causes problems because other psychiatric disorders also 

have or can have their roots in adolescence or early adulthood. Relevant here are for 

example personality disorder, above all borderline personality disorder, antisocial 

personality disorder but also other psychiatric disorders such as obsessive-compul-

sive disorder or schizophrenia. These can be present as comorbid disorders, however 

they should also be thought of as differential diagnosis (see below).

Impairments. The associated impairments of the disorder can be more difficult to 

discern in adulthood. Activities, above all in the workplace, vary in the nature of their 

demands on attention, ability to plan, structuring and so on. Patients often find an 

‘ecological’ niche, in which the symptoms do not have any or only a limited effect on 

their life [see Rösler, chapter 8]. The impairments resulting from ADHD symptoms 

often first become relevant and obvious when certain general frameworks change 

(e.g. change of workplace).

Rating Errors. As in the diagnosis of other psychiatric disorders, general diagnostic 

errors of judgment also have a bearing here (e.g. false conclusions, non-observance of 

criteria). A particular relevant error of judgment in view of ADHD diagnostics how-

ever is what is known as informant bias [14]. Because the disorder is relatively well 

known, patients often arrive to the assessment already informed, have certain expec-

tations and this prior knowledge can certainly have an influence on self-evaluation.

A further general source of error can arise due to hasty conclusions based on a 

single source of information (e.g. only self-evaluation of the patients [see 15]).

Differential Considerations. Adults, in particular, can also suffer from somatic ill-

nesses, which produce symptoms similar to ADHD, e.g. hypo- or hyperthyreosis, dia-

betes or certain heart problems [see 14]. It is imperative to rule these out as a first step. 

Some further important aspects are explicitly advised for consideration [see 14]:

– ADHD, predominantly inattentive type

It is necessary here to exclude the possibility that symptoms are a sign of another 

psychiatric disorder or somatic illness.

– Substance abuse/dependence

Frequent comorbidity with substance abuse makes it difficult to resolve the issue 

of whether the supposed ADHD symptoms are not due to substance abuse. An analy-

sis of the chronology of the psychopathology helps here. ADHD appears, as a rule, 

before other psychiatric disorders, which usually only manifest themselves later.

– Differential diagnosis from other psychiatric disorders

It is necessary here, as already mentioned, to consider the variety of comorbid dis-

orders as well as alternative diagnoses, above all anxiety disorders, depression, bor-

derline personality disorder or bipolar affective disorders and particularly juvenile 

mania. Personality disorders are of special interest. ADHD in adulthood has a similar 

status to personality disorders:

– Because of the high comorbidity [see Klein and Mannuzza, chapter 7] they are 

often overlooked initially because other disorders are more prominent (e.g. depres-

sive disorders).
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– Both disorders show a range of common characteristics, such as e.g. early onset as 

well as impairments in different functional areas.

– It is particularly important to consider the substantial overlap at criteria level, 

above all to borderline personality disorder.

Multimodal Assessment and Diagnostic Process

With consideration to the particular aspects of ADHD diagnosis detailed in the previ-

ous section, a brief overview now follows of the diagnostic process, which has a multi-

modal diagnosis as its specific character. It is generally agreed that human behavior and 

experience have to be recorded in a multimodal way (other terms occasionally used: 

multimethod, multimethodically). Thus, distinctions are made between the following 

aspects [16]: databases, sources of data and functional ranges (table 2). One further 

aspect should be added: the type of instruments which are used to assess the relevant 

aspects of interest (e.g. rating scales, achievement tests). Multimodal assessment can be 

understood as a general framework which has to be specified for the concrete assess-

ment of individual persons or groups of persons, making it necessary to select specific 

instruments [17]. The choice should be made according to specific criteria. On the 

one hand, methodological aspects should play a central role (e.g. high psychometric 

quality, especially reliability and validity). At the same time, conceptual considerations 

should be of equal relevance. This means that instruments should be used which allow 

the characterization of the important aspects of the construct in question.

A multimodal approach is generally required for evaluation of for example psycho-

therapy and psychotropic drug research in order to cope with the complexity of the 

phenomena studied. It is necessary to choose a multimodal approach in order to do 

justice to the complexity of this area and to account for the variance in the degree of 

exactness in databases and data providers as well as functional ranges. Furthermore, 

the necessity of a multimodal approach arises from the need to reduce investigator-

dependent rating bias and results in the inclusion of different perspectives. With 

regard to the self-rating scales, bias may include acquiescence, central tendency or 

Table 2. Multimodal assessment

Databases Basic units of consideration (perspectives: e.g. biochemical, physiological, 

psychological, social, ecological)

Sources of data Data provider (e.g. patient, therapist, nursing staff, reference person, 

neutral observer)

Functional ranges Partial aspect within a database (e.g. psychological databases: experiences, 

behavior, feeling, working capacity)
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social desirability, on the level of observer-rating scales it may come from insufficient 

experience with the scale, response sets like generosity error or leniency error. In 

planning a study, care has to be taken that it contains sufficient distinctive measures 

to cover the domain of interest, but also that it does not include redundant measures 

(reduction of statistical power).

When these considerations are transferred to the field of ADHD, it can almost be 

argued that ADHD is prototypical for a multimodal diagnosis:

Database. On the biological or neurobiological data level there are, in the interim, 

a number of interesting results from the fields of neurophysiology or neuroimaging 

[see Baehne and Fallgatter, chapter 4, and Schneider et al., chapter 5]. As regards the 

psychological data level, problems can be seen in almost all areas such as experience, 

behavior and performance. On the social data level, (certain) conspicuous attributes 

are already detectable in the development of the person (e.g. outsider, few childhood 

friendships) which is equally noted as a consequence of the disorder (e.g. few friends). 

Additionally, the ecological data level, which is not sufficiently considered in most 

disorders, is of significance here. Individual problems such as financial problems, e.g. 

through job loss, should be mentioned [see Rösler, chapter 8].

Data Sources. Other than in hardly any other psychiatric disorder, all available data 

sources are important (table 3). Every data source can contribute specific information 

to the various aspects of the disorder from its particular perspective. The main data 

source is certainly the patient. Also of high significance is information from signifi-

cant others. Ideally, information should be obtained from people who have current 

contact with the patient (e.g. partner, parents, close friends, siblings) as well as people 

who knew the patient well as a child (e.g. parents, uncle, aunt, older siblings). In 

some cases, however, this must be abandoned because such people are not available 

or the patient does not consent to others being questioned. As in other psychiatric 

Table 3. Multimodal assessment of ADHD in adults: psychological database and data sources

Psychological database Data sources

patient therapist significant 

others

independent 

rater

other (e.g. case reports, 

school record, work 

references)

Current feelings � (�) (�) (�)

Past feelings � (�) (�) (�)

Current performance � (�) � �

Past performance � (�) � (�) �

Current behavior � � � �

Past behavior � (�) � (�) �

� = Evaluation possible; (�) = evaluation only partly possible.
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disorders, the relation between self- and observer rating is of particular significance. 

Therefore, this relationship is briefly looked into in more detail. Following a variety 

of method studies, one can generally assume today that the two do not replace each 

other, but rather have a complementary function [17]. Achenbach et al. [18], in a 

meta-analysis of 108 studies, arrived at the result that even parallel instruments, that 

is instruments with the same content, only show moderate correlations (substance 

use rmean = 0.68, internalizing problems rmean = 0.42, externalizing problems rmean = 

0.44), non-parallel instruments correlated even less (rmean = 0.30). Self- and observer 

rating allow specific aspects of each involved disorder to be represented from a dif-

ferent perspective.

With regard to the value of self- and observer rating in the context of ADHD, it is 

advisable to be aware of some particular aspects. An added complication in the field 

of ADHD is that in using both groups of instruments, not only the present symp-

tomatology must be collected, but the symptomatology of the past must also be col-

lected retrospectively. In clinical practice it is often shown, according to Murphy und 

Gordon [14], that also in ADHD different data sources do not correspond. Significant 

differences can arise between patient, parents and relatives in the evaluation of ADHD 

symptoms or in the perception of the severity of the associated impairments which 

result. Parents of adult ADHD patients, for example, often report fewer symptoms 

than the patient himself. There can be various reasons for this, such as simple for-

getfulness about the pathology after time has elapsed. Other possible explanations 

can be that cultural factors, feelings of guilt or the presence of relatively less visible 

impairment in contrast to siblings are responsible for this.

Although self-evaluation constitutes a central function, its value and significance 

are currently controversially discussed in the literature. Some interesting methodical 

aspects are briefly mentioned here. Murphy and Schachar [19] compared self- and 

observer rating in two studies. They found high correlations in total (range 0.54–0.85) 

and thus concluded that patients can rate both their past and present ADHD symptoms 

in a relatively reliable manner. Rösler et al. [20] found similar results for an ADHD 

self-rating scale, which was compared to an ADHD expert rating (ADHD-DC). Both 

scales include the 18 diagnostic criteria from DSM-IV. The intraclass correlations on 

criteria level were between 0.41 and 0.92, for the area of attention deficit, hyperactiv-

ity and impulsivity between 0.75 and 0.84. The total score amounted to 0.87. Barkley 

et al. [9] concluded from the results of their methodical oriented study, however, that 

one should be rather cautious concerning retrospective self-reports [see also 15]. 

Glutting et al. [21] investigated the dimensionality of ADHD symptoms in self- and 

observer rating (patients and parents as data sources). It was shown that there is a 

three-dimensional solution (inattention, hyperactivity, impulsivity) in self-rating, 

however, only a two-dimensional solution (inattention, hyperactivity/impulsivity) 

in observer rating. This means that ADHD patients, in contrast to patients of other 

psychiatric disorders, seem better placed than their significant others to distinguish 

between different aspects of their disorder.
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As well as results from self- and observer-rating methods, additional informa-

tion can be drawn upon and namely such information which has a bearing on the 

development history of the patient, most importantly reports of any possible ear-

lier medical and psychological assessments or school reports. According to Weiss 

and Murray [22], information which can be extracted from school documents is 

of particular significance. School reports are of most importance here. The actual 

school achievement grades are of much less significance here than written com-

ments and remarks. Important are references to attention and concentration (e.g. 

daydreamer, cannot focus attention), level of activity (e.g. keeps standing up in 

class, cannot sit still) or impulsivity (e.g. is disruptive, interrupts others, cannot 

wait his turn).

Constructs/Functional Areas. As in other psychiatric disorders, various constructs 

or function areas must be considered. This is exemplified by the psychological data 

level; the most important at time of assessment. The general constructs feelings, 

behavior and achievement are found again in various facets of the disorder such as 

affect, impulsivity, a heightened reagibility, hyperactivity or attention.

Methods of Information Gathering. In the gathering of relevant information, rat-

ing scales on psychopathology are the main resource available – as well as diagnos-

tic interviews and general and neuropsychological achievement tests. In the case of 

medical methods, neuroimaging is the main method to mention [see Schneider et al., 

chapter 5], although this has hitherto been mostly of significance in research and less 

so in practical diagnostic issues.

There are various suggestions to be found in the literature, as to how the men-

tioned aspects in the diagnostic process are to be integrated and considered [see e.g. 

14, 22, 23]. With consideration of these thoughts and the previous report, the diag-

nostic process could look as represented in figure 1.

Weiss et al. [23] suggest the following steps in the practical diagnostic procedure, 

which do not, however, necessarily occur in the mentioned sequence: clinical inter-

view, assessment of symptoms of ADHD and use of rating scales, assessment of other 

psychiatric disorders, assessment in childhood, further psychological assessments as 

well as assessment of impairments.

Step 1: Clinical Interview. The clinical interview has the function of documenting 

the patient and his life history as well as his current observable behavior. It serves as 

an assessment of the ADHD symptoms and other disorders as well as a rating of the 

current level of functioning.

Step 2: Assessment of ADHD Symptoms and Use of Rating Scales. Rating scales in 

the form of self- and observer-rating scales can serve to quantify current as well as 

past symptoms.

Step 3: Assessment of Other Psychiatric Disorders. Because of the high comorbidity 

of ADHD with other psychiatric disorders, it is of utmost importance to screen, at 

least broadly, for other psychiatric disorders and in case of suspicion to systematically 

assess e.g. by means of a structured interview (see table 7).
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Step 4: Assessment of Symptoms in Childhood. The diagnosis of an ADHD in adult-

hood is based on the diagnostic findings of the history of the disorder in childhood. 

Adults with an ADHD often report very vibrant memories of childhood. Worth men-

tioning are for example emotional reactions from teachers and parents. If there are 

difficulties in remembering childhood, the investigator is dependent on additional 

sources of information. Reference to school reports sometimes generates valuable 

insights.

Step 5: Further Assessments. Although there are no definitive test procedures 

on the performance level for the diagnosis of an ADHD, they can provide supple-

mentary information. To mention are for example psychological tests referring to 

achievement. These cannot, however, serve as a replacement for a clinical interview 

Main symptoms (past and/or actual):

inattention, hyperactivity and/or impulsivity?

Medical history,

screening instruments

Suspected diagnosis: ADHD

Examination:

diagnostic criteria (DSM-IV/ICD-10)

exclusion criteria

Structured interviews,

checklists

Criteria ADHD: fullfilled?

Checking

differential diagnosis

No Yes Severity

degree of impairment

Rating scales

Diagnosis ADHD

Are there further symptoms, which do not

belong to ADHD?

Assessment of

comorbidity

Yes No Structured interviews

Diagnostic process

End of the diagnostic process End of the diagnostic process

Diagnostic aids

Fig. 1. Diagnostic process.
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and the specific assessment and gathering of the psychopathology by means of spe-

cific scales.

Step 6: Assessment of Impairments. Because ADHD is attended by manifold impair-

ments, the areas possibly affected such as quality of life, family situation or work, rela-

tionship, education as well as activities in everyday life should be differently assessed. 

Rating scales can be helpfully used here as well [see Rösler, chapter 8].

In summary, the diagnosis of an ADHD in adulthood is based on a clinical deci-

sion process; the diagnosis is ultimately a clinical diagnosis. This diagnosis is based 

on many facets which count for consideration in the context of the disorder, in which, 

above all, a comprehensive examination concerning psychopathology, functional 

impairments, extent of the disorder, onset of the illness and the absence of other ill-

nesses are of utmost significance. All available data sources must be considered. It 

must be explicitly pointed out that up to now there are no neurobiological methods 

or diagnostic instruments (e.g. neuropsychological tests) which make a diagnosis of 

ADHD possible. We agree with Murphy and Adler [24, p. 12] that there is no litmus 

test (i.e. nor neuropsychological test or test battery, brain scan, or blood test) that can 

reliably diagnose ADHD.

Assessment Instruments

Overview

The following general assessment objectives are of significance in the ADHD 

context:

• Because of the high prevalence of the disorder, screening in diff erent contexts has 

an important function. Th is is important because most patients have not been 

diagnosed in childhood and adolescence.

• For this reason, a retrospective diagnosis is usually necessary as well, that is 

to determine if a diagnosis in child and adolescence is possible using existing 

information.

• If the patient has been diagnosed earlier, it is necessary to verify the earlier 

diagnosis made or to test if the criteria are also currently fulfi lled.

• If this is the case, the next step is to quantify the current degree of severity.

• Under treatment conditions, it is necessary to assess changes over the course of 

time, as well as the

• assessment of impairments at the start as well as over the course of the treatment 

and

• if applicable, the assessment of secondary symptoms as for example the degree of 

depression or anxiety.

Of central significance first of all is the question of to what extent an ADHD is actu-

ally present. Rating and assessment of an ADHD should therefore clarify these funda-

mental questions [14]: (1) Is there clear indication that the ADHD-typical symptoms 
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had already emerged in childhood? (2) Is there clear indication that significant and 

consistent impairments in various areas have developed for the patient due to ADHD 

symptoms? (3) Are there other explanations for the ADHD which make the clinical 

picture more coherent? (4) For patients who fulfill the criteria for an ADHD, are there 

indications that other comorbid disorders are present?

The clinical interview is the core of the diagnostic process. It is a matter of making 

a detailed assessment of the various components of the past and current life situa-

tion (table 4). The following aspects at least should therein be covered: Assessment of 

symptomatology, development history and assessment of physical illness, school and 

work history, preexisting psychiatric disorders including prescribed medication, dos-

age and response, social adaptation, family history relating to ADHD or other psychi-

atric disorders, legal transgressions, the general level of functioning in everyday life. 

In the assessment of current and past history, there are a range of resources available, 

for example in the form of structured checklists for medical history. The best known 

is that from Barkley [25]. Among other factors, it includes the assessment of family 

history, school development and the family history of psychiatric illness. Although 

it was primarily designed for children and adolescents, it can also be used to great 

advantage in the adult domain.

In response to the mentioned questions, the examiner has nowadays a range of 

diagnostic methods available as resources although ADHD in adults is a ‘young’ dis-

order in comparison to other psychiatric disorders. When one attempts to system-

atize the methods, the following distinction can be made: (1) self-rating scales, (2) 

observer-rating scales and (3) diagnostic interviews for classification.

The following tables include examples of just a few of the multitude of methods 

which are now available [see also 14, 23, 25, 26]. Only those instruments were selected 

for which sufficient data is available to confirm their reliability and validity.

Self-Rating Scales

Under the term self-rating scales one understands methods in which the entire pro-

cess of rating of the (involved) phenomena is carried out by the patient. Self-rating 

Table 4. Important aspects in diagnosing ADHD in adults

– General psychiatric history

– Medical examination

– Developmental, school, family and treatment history

– Assessment of past and actual ADHD symptomatology using standardized instruments 

– Assessment of past and actual impairments in different areas of living

– Assessment of comorbid disorders

– If necessary neuropsychological assessment

For more information, see Weiss and Murray [22] and Murphy and Gordon [14].
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methods have the advantage that they, among other points, are time-economical in 

use and allow assessment of multifaceted areas. Disadvantages to mention are, among 

others, the susceptibility to errors of rating bias or the limitations of the application 

(e.g. only to a certain severity level of the disorder).

Among self-rating scales, a distinction should be made between those in which the 

retrospective assessment of ADHD symptoms is concerned and those dealing with cur-

rent symptoms. In table 5, examples of self-rating scales in the context of an ADHS diag-

nosis are found. When a concrete suspicion does not yet exist or patients do not come 

at their own initiative with a request for an assessment, the use of so-called screening 

instruments is appropriate. These serve as a way of ‘filtering out’ risk persons, who can 

then be more closely examined. In the next phase of the diagnostic process, further self-

rating scales can then be used with the objective of gathering information for the rating 

of diagnostic criteria or assessing the severity of the current symptomatology.

Observer-Rating Scales

Observer-rating scales are based on patient statements and observations from a 

trained rater. The rating of the existence of symptoms for example is however made 

entirely by the rater. In studies, as a rule, observer-rating methods are chosen as the 

main outcome criterion because they, among other points, allow a differentiated 

Table 5. Self-rating scales for adults (examples)

Instrument (abbr., authors) Characteristics Different 

languages

Time to com-

plete min

Interpre-

tation

Adult ADHD Self-Report Scale v1.1 

(ASRS v1.1; WHO) or ASRS V1.1. 

Screener (Adler et al.; WHO)

18 items of DSM-IV Yes 5–10 +

ADHD Self-Rating (ADHS-SB; 

Rösler et al.)

18 items according to 

DSM-IV and ICD-10, 4 

additional items (e.g. 

disability)

No 5–10 +

Wender Utah Rating Scale (WURS; 

Wender; Retz-Junginger et al.)

61 or 25 items,

Utah criteria

Yes 10–12 +

Conners’ Adult ADHD Rating Scale 

Self-Report (CAARS-SR; Conners)

Self-rating scale, 

different versions, 

among other things 

DSM-IV criteria

No 10–20 +

Brown Attention-Deficit Disorder 

Scales (Brown ADD Scales)

Self-rating scale,

5 dimensions

No 15–30 +

+ = Norms or cut-off-scores available. For further information, see Rösler et al. [26].
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picture of psychopathology, are more sensitive to measure change and are also able to 

be used in severe cases of the disorder. Established observer-rating scales in the con-

text of ADHD diagnostics are found in table 6. These can also be distinguished by the 

degree to which they allow retrospective assessment or allow the assessment of the 

current disorder and its severity. In order to reduce the major sources of error in the 

diagnostic process, observation and information variance, the use of interviews for 

information gathering has proven to be of value. Through the allocation of questions 

drawn from individual diagnostic criteria or symptoms, the information variance is 

reduced, and through assignment of rating of the collected information, the observa-

tion variance is reduced.

Diagnostic Interviews

Observer-rating scales and therein associated interviews must be distinguished from 

interviews used for classificatory diagnosis. These have the objective either to diag-

nose an ADHD or a comorbid disorder. Interviews for diagnosis of an ADHD are 

rare. The best known is Conners’ Adult ADHD Diagnostic Interview for DSM-IV 

(CAADID [27]). The interview consists of two parts: In part I, information related to 

four areas is collected: demographic history, developmental course, ADHD risk fac-

tors, comorbidity screening questions. Part II of the CAADID examines if the patient 

meets the DSM-IV criteria of ADHD (in childhood and currently).

Comorbidity in ADHD seems to be, on the evidence of previous epidemiologi-

cal studies, the rule rather than the exception [see Klein and Mannuzza, chapter 7]. 

In the assessment of comorbidity, a range of structured and standardized interviews 

have proved of value; they are also included in table 7. These are instruments which 

also find application in the context of psychiatric assessment.

Table 6. Observer-rating scales (incl. interviews) for adults (examples)

Instrument (abbr., authors) Characteristics Different 

languages

Time to com-

plete min

Interpre-

tation

Wender-Reimher Interview (WRI; 

Wender; Rösler et al.)

Interview, 7 dimensions 

according to Wender 

and Reimher

Yes 30 +

Conners’ Adult ADHD Rating Scale 

Observer Report (CAARS-OR; 

Conners)

Observer-rating scale, 

different versions, 

among other things 

DSM criteria

Yes 10–20 +

Brown ADD Rating Scale (Brown 

ADD-RS)

Observer-rating scale, 

40 items, 5 dimensions

Yes 15 +

+ = Norms or cut-off scores available. For more information, see Rösler et al. [26].
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Other Important Domains

As well as ADHD symptoms in the narrow sense and possible comorbid disorder(s), 

further domains are to be considered as listed in table 8. Proven helpful to the extensive 

description of the problematic have been general psychopathological rating scales as 

for example the SCL-90-R as multidimensional instrument or syndrome-specific pro-

cedures of assessment (e.g. the severity of depression). Because ADHD is accompanied 

by multifaceted impairments in various areas of life, these should be sufficiently broad 

and differentially assessed. This is true on one hand for the impact on quality of life 

(for the specific assessment of quality of life in ADHD, see Brod et al. [28]) particularly, 

however, for the assessment of constraints in various aspects of life (work partnership/

relationship, families, etc.). Also habitual aspects of personality should be considered 

in the context of an ADHD (e.g. impulsiveness, disproportionate risk-taking).

A psychological assessment (general or neuropsychological performance 

assessment) can form a significant proportion of the clinical assessment. Previous 

Table 7. Diagnostic interviews for ADHD and comorbid disorders (examples)

Instrument (abbr., authors) Characteristics Time to com-

plete min

Different 

languages

Classification 

system

ADHD-specific

Wender-Reimher Interview 

(WRI; Wender; Rösler et al.)

Structured interview 30 Yes No

Conners’ Adult ADHD 

Diagnostic Interview for 

DSM-IV (CAADID; Epstein et al.)

Structured interview 90 No DSM-IV

General

Structured Clinical Interview 

for DSM-IV (SKID-I and –II; 

First et al.)

Structured interview 60–90 Yes DSM-IV

Schedules for Clinical 

Assessment in 

Neuropsychiatry (SCAN; WHO)

Structured interview 90–120 Yes ICD-10

Mini International 

Neuropsychiatric Interview 

(MINI; Sheehan et al.)

Structured interview 15–20 Yes ICD-10/

DSM-IV

Composite International 

Diagnostic Interview (CIDI; 

WHO)

Standardized interview 60–90 Yes ICD-10/

DSM-IV

For more information, see Rösler et al. [26] and Sajatovic and Ramirez [36].
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Table 8. Relevant areas in the assessment of ADHD in adults: instruments (examples)

Area Instrument (abbr., author) Characteristics

General 

psychopathology

Symptom Checklist

(SCL-90-R; Derogatis)

Self-rating

90 items

9 dimensions

3 global scores

Beck Depression Inventory

(BDI, Beck et al.)

Self-rating

21 items

Total score depression

Montgomery-Åsberg Depression

Rating Scale (MADRS; Montgomery & 

Åsberg)

Observer rating

10 items

Total score depression

Beck Anxiety Inventory

(BAI; Beck et al.)

Self-rating

21 items

Total score anxiety

General mental health 

status

Clinical Global Impressions

(CGI; Guy)

Observer rating

Global score of illness (severity)

Global score improvement

Disability Sheehan Disability Scale

(SDS; Sheehan)

Self-rating

3 items (social life, work, family)

Relationship Dyadic Adjustment Scale

(DAS; Spanier)

Self-rating

32 items

4 dimensions

Personality Eysenck Impulsiveness Questionnaire 

(I7; Eysenck et al.)

Self-rating

54 items

3 dimensions (impulsivity, 

venturesomeness, empathy)

Social adaptation Social and Occupational Functioning 

Assessment Scale (SOFAS; APA)

Observer rating

Global score DSM-IV (optional)

Quality of life World Health Organisation

Quality of Life Assessment

Instrument (WHO-QOL-100; WHO)

Self-rating

100 items

6 subscales

SF-36 Health Survey

(SF-36; Ware)

Self- and observer rating

36 Items

8 subscales

For further information, see APA [35] and Sajatovic and Ramirez [36].
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studies have shown that no single test or battery of tests has had a predictive valid-

ity or specificity regarding reliable assessment of an ADHD. Neuropsychological 

examinations alone can never provide the basis for an ADHD diagnosis, but they 

do provide in some individual cases, however, indications of the extent of impair-

ments such as sustained attention, working memory or executive functioning. 

Established methods of neuropsychological diagnostics can find application here 

[see 29, 30].

Although several methods now exist, the psychometric status of individual instru-

ments is, however, often unclear. One must then demand that the instruments are 

sufficiently evaluated. Several guidelines exist [e.g. 31] that can be used by practi-

tioners and scientists to select instruments that are suitable for their purposes. The 

guidelines can also be used to evaluate the appropriateness of an instrument that is in 

use or proposed for use.

Prevalence

In the epidemiology of ADHD in adulthood, only rather approximate estimates exist 

so far (see above). There are various reasons for this. Among others, the following 

points should be mentioned: (1) ADHD in adulthood has only been a focus of interest 

in research for a few years; (2) no explicit, official operationalization of the disorder 

for adulthood exists (neither ICD-10 nor DSM-IV), and (3) the disorder is therefore 

not included in interviews used in epidemiological studies.

A number of prospective studies have followed children with ADHD into late ado-

lescence or early adulthood in order to estimate the prevalence of persistence [4]. 

Controversy has surrounded the resulting persistence estimates because they depend 

on the criteria used to select the sample, the edition of DSM used to make the diag-

nosis of adults, and whether adult symptom assessment was based on self-reports or 

informant reports [4]. A relatively large number of studies have been published that 

estimate the persistence of ADHD throughout adolescence and adulthood [5] and the 

rate of ADHD varies from one study to the next. Mick et al. [5] summarize the studies 

depending on the different versions of DSM: (1) DSM-II diagnosis at baseline: range 

persistence 4–86%, (2) DSM-III diagnosis at baseline: range persistence 34–80%, and 

(3) DSM-III-R diagnosis at baseline: range persistence 58–85%.

Using this data, they computed combined estimate rates for the three diagnostic 

systems: 40% for DSM-II, 52% for DSM-III, and 74% for DSM-III-R.

In contrast to many studies of the prevalence of ADHD in children, estimates of 

the prevalence of adult ADHD have been indirect and rely on three types of studies 

[6]: (1) longitudinal follow-up studies of ADHD children into adulthood; (2) com-

munity surveys using samples of convenience, and (3) family studies of childhood 

ADHD that examined the prevalence of ADHD in the adult relatives of non-ADHD 

comparison children.
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Attempts to estimate prevalence by extrapolating from childhood prevalence esti-

mates linked with adult persistence estimates or by directly estimating prevalence in 

small samples of adults or college students have yielded prevalence estimates in the 

range of 1–6% [4, 7].

Assuming an example prevalence rate of 5–10% in children [8] and the assump-

tion of a persistence from 50 to 60% in adulthood [e.g. 9], an estimate of prevalence 

amounts to around 2–4% in adulthood. Evidence from newer studies suggests that 

these estimates are probably rather too low (table 9). Faraone and Biederman [6] com-

pleted a telephone survey of 966 randomly selected adults. They estimate a prevalence 

rate of 2.9% for so-called narrow ADHD and 16.4% for broad ADHD. Kessler et al. 

[7] found in their National Comorbidity Survey Replication an estimated prevalence 

of 4.4% (total sample n = 3,199, age 18–44). In summary, the data from previous and 

current studies suggests that ADHD is a common psychiatric disorder.

Summary and Perspectives

There is, in the meantime, clear support to show that ADHD is not an ‘artificial’ cat-

egory, but a valid diagnostic entity, which experienced clinicians can reliably assess. 

A comprehensive and thorough examination is essential, which, above all, considers 

critical aspects of the past, the current level of functioning, the extent of impairments 

and possible alternative explanations.

Table 9. Prevalence of ADHD in adults

Authors Method and sample; diagnostic system Results

Faraone and 

Biederman [6]

Telephone survey of 966 randomly selected 

adults; DSM-IV

Interviewer: persons experienced in the

administration of telephone surveys

Narrow screening diagnosis

– Combined subtype: 1.1%

– Inattentive subtype: 0.7%

– Hyperactive-impulsive 

subtype: 1.1%

Broad screening diagnosis

– Combined subtype: 6.9%

– Inattentive subtype: 5.8%

– Hyperactive-impulsive 

subtype: 3.7%

Kessler et al. [7] Screen for adult ADHD in a probability 

subsample (n = 3,199) of 18- to 44-year-old 

respondents in the National Comorbidity 

Survey, follow-up interview with 154 

respondents; DSM-IV

Interviewer: professional survey staff

Estimated prevalence 4.4%
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Although diagnostics of adult ADHD has a young history, several diagnostic 

instruments now exist which serve as important building blocks for a reliable ADHD 

diagnosis. Because the ADHD diagnosis is ultimately a clinical diagnosis, assessment 

instruments fulfill an important function in addition to medical history. This is also 

true of scales to determine severity of current symptoms. No single instrument can 

provide a diagnosis!

Although there are already many instruments available, there are currently still 

many deficits which should be mentioned:

• Th ere are no offi  cial, generally accepted guidelines regarding the evaluation of 

diagnostic instruments in the domain of ADHD for adults.

• Th ere is as yet no gold standard, but rather a range of competing instruments 

which oft en makes the comparison of study results diffi  cult. With reference to 

the comparability and generalizability of study results for case studies as well 

as therapy studies, a standardized assessment battery would be desirable, in 

which, above all, a standardization regarding the main outcomes should be 

strived for.

• Method studies (e.g. multitrait-multimethod analysis, MTMM [32]) should 

provide information about which instrument(s) should be used in future.

• On the level of scales which determine severity, no instrument has as yet, proven 

suffi  ciently sensitive to measure change.

• Other than a few exceptions [e.g. 33, 34], almost no norms for representative 

samples of healthy individuals and clinical samples exist.

In addition, general problems of diagnostics of ADHD still exist, independently of 

individual instruments. The following are particularly worth mentioning:

• Th e need for adaptation of diagnostic criteria for adulthood in the revision of the 

current classifi cation systems ICD-10 und DSM-IV is of central signifi cance. As 

the introduction of ICD-11 und DSM-V is set for approximately 2012, there still 

remains suffi  cient time for this step.

• Diagnostic criteria should be included in diagnostic interviews such as e.g. SCID 

or CIDI (table 7), either as an add-on module or as an obligatory module.

• As also in the case of many other disorders (e.g. personality disorders) the 

question of the additional dimensional description to categorical perspective 

should be discussed. Th is can be executed in various ways (e.g. number of criteria 

fulfi lled or by means of a rating scale [see also 11]).

Clinical assessment of ADHD requires more than merely deciding whether the dis-

order is present or not. Since treatment decisions and evaluation are usually not only 

based on diagnoses, the demand arises for a multimodal assessment of the individual 

patient in practice as well as research. In general, different sources of data, databases 

and functional ranges are to be taken into consideration in describing the patients 

[17]. This is one of the main important aspects in diagnosing ADHD in adults and 

the basis for reliable epidemiological data and in clinical routine for an appropriate 

therapy.
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Abstract
In cross-sectional studies, attention-deficit hyperactivity disorder (ADHD) in adults has been linked 

to the presence of several other psychiatric disorders. This diagnostic comorbidity is consistently 

found for antisocial personality disorder and also substance use disorders. There is great divergence 

in reports of comorbid anxiety and mood disorders. Quality of designs varies widely, limiting inter-

pretation of conflicting results. Evidence suggests that men and women with ADHD present with 

similar patterns of comorbidity, regardless of whether they are referred or non-referred individuals. 

Prospective follow-up studies of children with ADHD into adulthood have generated similar findings 

of comorbidity: elevated rates of antisocial personality and substance use disorders, and divergent 

findings with regard to comorbidity of anxiety and mood disorders. There is very limited information 

about differences in comorbidity between children whose ADHD persists into adulthood and those 

in whom it remits (prognostic comorbidity). The sparse evidence from prospective longitudinal stud-

ies suggests that antisocial personality is predicted by the retention of ADHD into adulthood. Except 

for nicotine dependence, no other condition has emerged as a significant correlate of persistent 

ADHD. Copyright © 2010 S. Karger AG, Basel

In its broadest concept, comorbidity has been defined as ‘any distinct additional clini-

cal entity that has existed or that may occur during the clinical course of a patient 

who has the index disease under study’ [1]. This definition includes disorders that 

are antecedent to, and those that are concurrent with, a specific condition. This broad 

definition has been refined further by Kaplan and Feinstein [2] in their discussion 

of comorbidity in internal medicine. They describe prognostic comorbidity as the 

risk conferred by one disease for another disease. In the population, the relationship 

between the index and ‘comorbid’ condition is not a random phenomenon. However, 

in referring to an individual, the term comorbidity is also used to denote the co-

occurrence of disorders, whether or not their joint presence exceeds chance expec-

tation in the population. In general medicine, comorbidity refers to the presence of 

conditions that represent discrete diseases. Even if they are causally related, the two 
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diseases have distinct pathophysiology, and often require different interventions (as 

in the example of diabetes and renal disease). The concept of comorbidity has been 

important in medicine since it has major implications for understanding mechanisms 

of pathophysiology, for clinical care, and for prevention. However, ambiguities emerge 

when applying this framework to psychiatric disorders. As noted by Fyer et al. [3], 

internal medicine provides many instances of different pathologies leading to similar 

clinical syndromes, e.g. diabetes, but the identification of distinct pathologies enables 

their differentiation. In contrast, psychiatric disorders are defined by their clinical pre-

sentation. Problematically, psychiatric disorders are polythetic. They not only share 

diagnostic features, but almost never possess uniquely pathognomonic symptoms. In 

the absence of pathophysiological data, symptomatic definitions lead to a situation in 

which similar syndromal presentations have diverse underlying pathology. The het-

erogeneity inherent in psychiatric disorders may lead to findings of comorbidity that 

do not apply across the entire clinical population, and may result in ‘pseudocomor-

bidity’ [4]. Unfortunately, there are no means of identifying phenocopies (syndromes 

that look alike but have distinct etiologies, be they genetic, environmental, or other-

wise influenced). This diagnostic imprecision likely leads to misleading inferences 

about comorbidity.

Comorbidity in psychiatry is highly prevalent, and has received a great deal of 

attention, due to its importance for clinical management and research. Knowledge 

that disorders often co-occur, either concurrently or sequentially, will shape diagnos-

tic and therapeutic practice. For example, if we know that individuals with substance 

use disorders (SUDs) are relatively more likely to have or have had attention-deficit/

hyperactivity disorder (ADHD), inquiry for ADHD will become routine in the assess-

ment of patients with substance disorders, and treatment plans will consider address-

ing both conditions. As an example, a population study found that adults with ADHD 

had high rates of comorbid disorders (described below) and that, among the treated 

individuals, treatment had mostly been for another disorder rather than ADHD.

Research-wise, knowledge of comorbidity justifies efforts to identify common risk 

factors, causes, and fosters improved diagnostic classification by making distinctions 

within a disorder when it is comorbid and when it is not. For example, if SUD that is 

comorbid with ADHD differs from non-comorbid SUD with regard to risk factors, 

prognosis, treatment response, brain function, the nomenclature might be altered to 

reflect such distinctions. However, in order for reports of comorbidity to generate 

meaningful and fruitful findings, its magnitude must exceed chance co-occurrence. If 

it does not, much effort will be wasted in the investigation of its significance.

Diagnostic and Methodological Issues

The influence of symptomatic overlap across disorders has been discussed by many as 

a potential confounder in the study of psychiatric comorbidity in general, but it may 
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be especially salient in ADHD. The cardinal symptoms of ADHD, restlessness, inat-

tention and impulsivity, are highly non-specific, and occur in numerous conditions, 

even if they are not they are not defining clinical criteria. As a result, disorders may 

be comorbid due to lack of symptomatic specificity across various diagnoses. With 

regard to ADHD, problems of symptomatic overlap appear likely for depression and 

bipolar disorder since they explicitly include similar features, such as poor concen-

tration, restlessness and, in the case of bipolar disorder, impulsivity. That symptom 

overlap is a significant issue is illustrated by a study by Millberger et al. [5], in which 

53% of children with comorbid ADHD and bipolar disorder ceased to meet criteria 

for bipolar disorder when symptoms common to mania and ADHD were removed. 

Another diagnostic limitation is that, in the DSM [6], diverse symptomatic expres-

sions of a dysfunction are encompassed by a single label. A case in point might be 

poor concentration. It is probable that the symptom has different clinical features 

when it occurs in the context of ADHD versus depression, but no information is 

given on this point, and clinicians are not alerted to distinguish among various forms 

of inattention. The same applies to other symptoms. This lack of clinical refinement is 

likely to influence estimates of comorbidity.

Another related methodological issue is the use of non-clinicians to determine psy-

chiatric diagnoses. Individuals without clinical experience and training cannot make 

symptomatic distinctions, especially since clinical decisions rely on verbal question-

naires. This approach to diagnosis is also likely to inflate comorbidity since the pres-

ence of symptoms depends exclusively on the positive endorsement of fixed questions 

that may be interpreted differently by various people. This dilemma is illustrated by 

findings of very high rates of anxiety disorders in children with ADHD diagnosed via 

a structured interview by non-clinicians [7].

In sum, the nature of classification in psychiatry poses major dilemmas in estab-

lishing whether disorders represent distinct conditions, thereby complicating true 

identification of comorbidity. In addition, diagnostic approaches commonly utilized, 

such as the reliance on lay interviewers, likely lead to overestimates of comorbidity. 

At the same time, the potential contribution of comorbidity to our understanding 

of psychopathology is so diverse and potentially informative that it remains a major 

interest.

In this review, whose focus is on adult ADHD, we report on the broad concept of 

diagnostic comorbidity, i.e., the co-occurrence of adult ADHD with other diagnoses, 

and on prognostic comorbidity of childhood ADHD to adult psychopathology.

Study Designs and Estimates of Comorbidity

Besides diagnostic issues, differences in study designs also influence and possibly 

confound estimates of comorbidity. A number of studies have conducted cross-sec-

tional evaluations of self-referred adults, often in adult ADHD clinics, to estimate 



Adult ADHD Comorbidity 129

prevalence of comorbid disorders. Others have assessed ADHD in adults with other 

psychiatric disorders (alcoholism, cocaine abuse, major depressive disorder, etc.). In 

these instances, the establishment of childhood ADHD relies on retrospective recall. 

It is generally acknowledged that children with ADHD are very poor observers and 

reporters of their difficulties, and that the diagnosis must rely on informants, typi-

cally parents and teachers. Can we expect children with ADHD to become accurate 

about early history some 20 years later? It is possible that, with age, people develop 

more objective appreciation of their childhood ADHD symptoms than they had at the 

time. In a systematic prospective study of recall of childhood ADHD, we found that 

78% of 176 adults with confirmed ADHD in childhood, reported childhood symp-

toms of inattention, hyperactivity and/or impulsivity that qualified for a diagnosis of 

ADHD in childhood (most had been treated for extended periods, which should have 

enhanced correct recollection); in turn, 11% of 168 normal comparisons erroneously 

recalled childhood ADHD [8]. These findings of 0.78 sensitivity and 0.89 specificity 

appear encouraging. However, sensitivity varies as a function of base rate [9], con-

sequently, the 0.78 sensitivity does not reflect the accuracy to be expected when the 

base rate of ADHD is low, as is the case in the general population. By applying a sen-

sitivity rate of 0.78 to an adult population in which 5% truly had childhood ADHD, 

only 27% of those who report childhood ADHD will be accurately identified (positive 

predictive value). However, 99% of those judged not to have had ADHD would be 

correctly classified (negative predictive value) [8]. Thus, in a situation where ADHD 

is infrequent, the great majority of individuals who indicate that they had ADHD in 

childhood will be wrong. In contrast, accuracy will be much better in cases who do 

not indicate childhood ADHD.

Because of inherent limitations in retrospective recall, prospective longitudinal 

studies of children with established ADHD are much preferable. However, prospec-

tive studies also pose their own methodological problems. It is virtually impossible 

for longitudinal studies to gather information from all individuals in the entire origi-

nal groups. Therefore, selective attrition becomes a major concern since the partial 

sample successfully followed may differ from the original cohort in ways that affect 

estimates of comorbidity. Some have found that missing cases had better outcomes 

[10], others have reported the opposite [11] and yet others find significant differences 

in childhood between retrieved and missing ADHD subjects [12].

Also limiting features of longitudinal studies may be the failure to have collected 

informative predictors in childhood, and changes in the diagnostic definition of 

ADHD over time. These complicate the relevance of prospective studies that span 

several decades. At the same time, provided that the early information was systemati-

cally obtained and comprehensive (e.g., multiple informants and ratings, psychiatric 

evaluations, etc.), the onset of the disorder in childhood is assured. Another hindrance 

to meaningful long-term studies is the need for appropriate controls identified at the 

time the ADHD children were identified. The full complement of optimal design fea-

tures is scarce in longitudinal studies of children with ADHD into adulthood.



130 Klein · Mannuzza

Concurrent Comorbidity

The current nomenclature includes three types of ADHD, combined, predomi-

nantly inattentive, and predominantly hyperactive-impulsive types. This convention 

enhances further the heterogeneity and polythetic nature of ADHD. Our goal is to 

address comorbidity in ADHD, combined type. Most major studies have restricted 

their sample to this ADHD type. An exception is the Boston group that reports on the 

course of combined and predominantly inattentive types, without distinction.

The evidence on comorbidity in adult ADHD stems from cross-sectional clinical 

studies, and prospective studies that have followed children with ADHD into adult-

hood. As shown in table 1, these differ in multiple ways such as retrieval rate, blind-

ness, etc. [10, 12–17]. Despite these differences, certain findings regarding mental 

status have been consistent. For one, all longitudinal studies have found that ADHD 

persisted into adulthood in a significant proportion of ADHD children. However, the 

magnitude of estimates of that proportion has varied widely (7% of probands report-

ing the full or partial syndrome at follow-up in the New York Study [16, 17] to 58% 

in the Boston study [12]). Possible reasons for these discrepancies are discussed else-

where [18]. In addition, all prospective studies have shown that children with ADHD, 

compared to children without the disorder, have elevated rates of antisocial personality 

disorder (APD) in adulthood [10, 12–17], and three of the five studies report increased 

risk for SUD (described below) (table 1). Findings for other conditions are inconsis-

tent. In each section, we present clinical reports of adults with ADHD first, followed by 

prospective longitudinal studies of children/adolescents with ADHD into adulthood.

Antisocial Personality Disorder

As shown in table 2, Downey et al. [19] and Torgersen et al. [20] have reported rates 

of 13 and 44% of APD in adults with ADHD, respectively. Since these investigations 

did not include a comparison group of non-ADHD adults, the specific relationship 

between ADHD and APD is obscure. The great dissimilarity in prevalence of APD 

between the two studies raises questions about methodological differences in estab-

lishing diagnoses, including the equivalence of the ADHD samples. Schubiner et al. 

[21], who evaluated randomly selected adult inpatients from two substance abuse 

treatment facilities, found that those with ADHD, compared to those without ADHD, 

had significantly higher rates of APD (69 vs. 29%, p < 0.001). This finding suggests 

that, among substance abusers, APD is also related to adult ADHD. In contrast, 

Murphy et al. [22] failed to find elevated rates of APD among adults attending ADHD 

clinics relative to adults without ADHD in the community (4 and 0%, respectively). 

In our prospective study of boys with ADHD (ages 6–12; mean age 8 years) followed 

into adulthood (mean age 25 years), 17 of 176 (10%) retained ADHD to at least age 

18. As indicated in table 1, rates of APD among the 17 adults with ADHD were strik-

ingly more prevalent than among the 168 non-ADHD comparisons (47 vs. 3%, p < 

0.001) [23].
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Table 1. Prospective, controlled studies of the course and outcome of children with ADHD followed into adulthood

Principal 

investi-

gators

Location of 

study

Initial 

sample

n at 

FU

% 

child-

hood

Age 

at 

FU

FU interviewer Person 

inter-

viewed

Major outcome findings of 

adult mental status (ADHD 

refers to ongoing, at FU)
clinician blind

Barkley and 

Fischera

Milwaukee 

(USA)

Clinic 147 93 21 No No Parent 

Subject

1)  P>C- ADHD, APD, MDD, 

PAPD, HPD, BPD

2) P=C- Alc, SUD, AD

Biedermanb Boston 

(USA)

Clinic 112 80 22 No Yes Parent 

Subject

1) P>C- ADHD

2)  P>C (1-year rates)- APD, 

SUD

3)  P>C (lifetime)- APD, Alc, 

SUD, MDD, BD, AD, etc.

Rasmussen 

and 

Gillbergc

Gothenburg 

(Sweden)

Community 55 90 22 Yes Yes Subject 1) P>C- ADHD, APD, Alc

2) P=C- SUD, MDD, BD, AD

Weiss and 

Hechtmand

Montreal 

(Canada)

Clinic 61 59 25 Yes No Subject 1)  P>C- ADHD symptoms, 

APD

2)  P=C- Alc, SUD, MDD, BD, 

AD

Mannuzza 

and Kleine

New York 

(USA)

Clinic 176 85 25 Yes Yes Subject 1) P>C- ADHD, APD, SUD

2) P=C- MDD, BD, AD

Klein and 

Mannuzzaf

New York 

(USA)

Clinic 17 

PA, 

168 

C

– 25 Yes Yes Subject Probands with adult ADHD 

[PA] vs. controls [C]-

APD: 47 vs. 3%,

p < 0.001

Alc: 29 vs. 29%, ns

SUD: 53 vs. 29%,

p < 0.04

Mood dis.: 35 vs. 24%, ns

MDD: 29 vs. 24%, ns

BD: 0 vs. 0%

AD: 18 vs. 8%, ns

FU = Follow-up; P = probands, i.e. had ADHD in childhood; C- = controls, i.e. did not have ADHD in childhood; P>C- = 

probands had significantly higher rates of [X] than controls, P=C- = no significant difference in rates

APD = antisocial personality disorder: MDD = major depressive disorder; BD = bipolar disorder; AD = anxiety disorders; 

Alc = alcohol abuse or dependence; SUD = SUD other than alcohol; BPD = borderline personality disorder; HPD = 

histrionic personality disorder; PAPD = passive-aggressive personality disorder; ns = p > 0.10.

FU interviewers: psychological assistant supervised by a neuropsychologist in the Barkley & Fischer studies; individuals 

with undergraduate degrees in psychology in the Biederman study; clinical psychologist and psychiatric social worker in 

the Klein & Mannuzza studies; psychiatrist in the Rasmussen & Gillberg and Weiss & Hechtman studies.
a Barkley et al. [13] and Fischer et al. [14]; b Biederman et al. [12]; c Rasmussen and Gillberg [15]; d Weiss et al. [10]; 
e Mannuzza et al. [16,17]; f Unpublished data: of 176 male probands with ADHD in childhood, 17 (10%) reported that 

ADHD persisted into adulthood, defined as age 18 or older. Rates of various disorders among these 17 male probands 

with adult ADHD [PA] are compared to rates among 168 non-ADHD male controls [C].
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Table 2. Retrospective studies of adult ADHD

Principal 

investigator

Sample n Mean 

age 

years

Interviewer and diagnostic 

interview

Major findings regarding 

comorbid adult mental 

disorders

Studies of adults with ADHD

Controlled studies

Biedermana PA- referred adults with ADHD

PR- non-referred adult relatives 

w/ADHD

PC- referred children with ADHD

CA- comparison adults w/o ADHD

PA- 84

PR- 36

PC- 140

CA- 207

PA- 39

PR- 39

PC- 10

CA- 39

Interviewer not stated

Semistructured interview

1) PA>CA- APD, Alc, SUD, 

MDD, AD

2) PR>CA- APD, Alc, SUD, 

MDD, AD

3) PA = PR- APD, Alc, 

SUD, MDD, AD

Biedermanb Individuals referred for treatment 

of adult ADHD (P), and non-

referred parents of control 

children from family genetic 

studies of ADHD (C) 

P- 219

C- 215

P- 38

C- 39

Individuals with 

undergraduate degrees in 

psychology

Semistructured interview

P>C (lifetime) APD, Alc 

dependence, SUD, MDD, 

BD, OCD, GAD, SoP 

McGoughc Parents of families with 2 children 

with ADHD- (1) Parents with 

current ADHD [P]; (2) Parents with 

no lifetime ADHD [C]

P- 79

C- 283

P- 43

C- 43

‘Clinical psychologists or 

highly trained 

interviewers with 

extensive experience’

Semistructured interview

P>C- SUD, MDD, BD, 2 or 

more Ads

No rates were reported 

for APD

Murphyd Individuals w (P) or w/o (C) ADHD 

referred to an adult ADHD clinic

P- 172

C- 30

P- 32

C- 36

Clinical psychologist

Semistructured interview

1) P>C- Alc

2) P=C- SUD, MDD, 

dysthymia, AD

No rates were reported 

for APD

Murphye Individuals referred to child & 

adult ADHD clinics, & community 

controls

P- 96

C- 64

P- 21

C- 21

Clinical psychologist

Unstructured interview

1) P>C- Alc, SUD, 

dysthymia

2) P=C- APD, MDD, AD

Secnikf Individuals w (P) and w/o (C) 

adult ADHD as identified from a 

database of employees of Fortune 

200 companies who submitted 

insurance claims

P- 2,252

C- 2,252

P- 32

C- 32

None: all diagnoses 

determined from codes 

entered in the medical 

database

P>C- APD, Alc or SUD, 

MDD, BD, AD

Uncontrolled studies

Downeyg Patients treated at an adult ADHD 

clinic

78 33 A psychiatrist and a 

clinical psychologist

Unstructured interview

) 13% had APD

2) 33% had Alc

3) 21% had SUD 

4) 37% had MDD, 

dysthymia, or depr. 

disord. NOS

5) 47% had AD or a 

depressive disorder



Adult ADHD Comorbidity 133

Table 2. Continued

Principal 

investigator

Sample n Mean 

age 

years

Interviewer and diagnostic 

interview

Major findings regarding 

comorbid adult mental 

disorders

Shekimh Individuals self-referred for 

treatment of adult ADHD

56 19–65 Interviewer not stated

Semistructured interview

1) 34% had Alc

2) 30% had SUD

3) 10% had MDD

4) 25% had dysthymia

5) 25% had cyclothymia

6) 53% had GAD

7) 15% had panic disorder

8) 13% had OCD

9) 8% had phobic disorder

No rate was reported for 

APD

Torgerseni Individuals referred to psychiatric 

clinics and diagnosed with adult 

ADHD

45 28 Psychiatrist

Unstructured interview

The most common 

comorbid disorders 

were:

1) MDD (53% lifetime, 

9% current)

2) Cannabis abuse (51% 

lifetime, 36% current)

3) Amphetamine abuse 

(49% lifetime, 

33% current)

4) Alc (47% lifetime, 33% 

current)

5) APD (44% lifetime, 0% 

current)

Studies of individuals with other disorders who were evaluated for adult ADHD

Substance use disorders

Clurej Patients treated at three inpatient 

substance abuse facilities

136 134 Interviewer not stated

Semistructured interview

1) 32% had childhood 

ADHD

2) 49% of above had 

ADHD into adulthood

Levink Cocaine abusers treated at 

outpatient facilities

281 34 The 2 interviewers had an 

MA & BA in psychology

Semistructured interview

1) 12% had childhood 

ADHD

2) 15% had full or partial 

adult ADHD

3) 52% of full ADHD had 

APD
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Another approach to examining the association between ADHD and APD has been 

to survey groups of incarcerated individuals for the presence of ADHD. Although 

criminality is not synonymous with APD, the two have considerable overlap. In these 

groups, rates of ADHD are high. The reliance on retrospective reports from incarcer-

ated individuals is especially problematic, since they may attribute their current legal 

Table 2. Continued

Principal 

investigator

Sample n Mean 

age 

years

Interviewer and diagnostic 

interview

Major findings regarding 

comorbid adult mental 

disorders

Schubinerl Randomly selected inpatients from 

two substance abuse treatment 

facilities

201 35 Psychology graduate 

students

Semistructured interview

1) 24% had adult ADHD

2) Adult ADHD > no adult 

ADHD- APD

3) Adult ADHD = no adult 

ADHD- MDD, BD, GAD, 

SoP, PTSD

Mood disorders

Alpertm Patients treated for MDD 116 42 Interviewer not stated

Semistructured interview

1) 16% had childhood 

ADHD

2) 12% had current 

ADHD

Hesslingern Patients from an adult ADHD 

clinic (P1), and patients from an 

affective disorders clinic (P2)

P1- 40

P2- 40

P1- 33

P2- 36

Psychiatrists

Semistructured interview

P1- 70% had recurrent 

brief depression

P2- 43% had ADHD

Anxiety disorders

Adlero Clinic patients with Post-

traumatic stress disorder (P) or 

panic disorder (C)

P- 25

C- 22

P- 60

C- 46

Psychiatrists and a 

psychologist

Semistructured interview

1) P>C- childhood ADHD

2) P=C- current ADHD

Fonesp Patients treated for panic disorder 85 36 Interviewer not stated

Semistructured interview

1) 24% had full or partial 

childhood ADHD

2) 65% of above had 

ADHD into adulthood

P- = ADHD probands, C- = non-ADHD controls; P>C- = probands had significantly higher rates of [X] than controls; P=C- no 

significant difference in rates.

APD = Antisocial personality disorder, MDD = major depressive disorder, BD = bipolar disorder, 

AD = anxiety disorders, OCD = obsessive compulsive disorder, GAD = generalized anxiety disorder, So P= social phobia, 

PTSD = post-traumatic stress disorder, Alc = alcohol abuse or dependence, SUD = substance use disorder other than alco-

hol.
aBiederman et al. [34]; bBiederman et al. [35]; cMcGough et al. [36]; dMurphy and Barkley [37]; eMurphy et al. [22]; fSecnik et 

al. [38]; gDowney et al. [19]; hShekim et al. [39]; iTorgersen et al. [20]; jClure et al. [40]; kLevin et al. [41]; lSchubiner et al. [21]; 
mAlpert et al. [43]; nHesslinger et al. [42]; oAdler et al. [46]; pFones et al. [45].
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difficulties to past and current psychopathology. Nevertheless, findings suggest that 

ADHD is common among incarcerated criminals, probably related to its relationship 

with APD. However, the methodology in these studies is plagued with difficulties. 

First, only about half of male prisoners and a fifth of female prisoners have APD [24]. 

Therefore, drawing conclusions about APD based on prison inmates may be mislead-

ing. Second, some investigators (e.g., Abramowitz et al. [25]) report on ‘psychopathy,’ 

an overlapping but distinct construct, which hinders interpretation of results. Third, 

most studies have assessed childhood ADHD, but not its persistence into adulthood 

[25, 26], thus blurring the distinction between diagnostic and prognostic comorbid-

ity. Fourth, diagnosing the childhood disorder is almost invariably based on retro-

spective self-reports. Fifth, with few exceptions, diagnoses of childhood ADHD and 

adult APD or psychopathy are based on cut-off scores on questionnaires completed 

by prisoners, rather than interviews conducted by experienced clinicians. Finally, 

failure to take into account comorbid conduct disorder in childhood in predicting 

later APD precludes interpretation of relationships found with ADHD specifically. 

Three theories have been proposed to explain the relationship between childhood 

ADHD and criminality: one is that childhood conduct problems mediate the asso-

ciation (i.e., ADHD alone is insufficient), two is that conduct problems and ADHD 

are independent predictors, and three, that both are needed to confer increased risk 

for later antisocial outcomes. All three theories have received some support [27–29]. 

Nevertheless, results consistently have indicated that both retrospectively reported 

childhood ADHD and adult ADHD are overrepresented among prison populations 

(41–67% childhood, 45% in adults), probably, as noted, due to its relationship to APD 

[30, 31].

In sum, there is evidence suggesting that APD is relatively elevated among adults 

with ADHD. However, clear interpretation of this relationship requires knowledge 

of the age of onset of each disorder. If the adults with ADHD and APD had conduct 

disorder in childhood, whereas others did not, it would indicate consistent diagnostic 

comorbidity. However, if APD developed later than ADHD, it would argue for prog-

nostic comorbidity. The latter issue is reviewed further on.

Substance Use Disorders

Interest in the comorbidity of adult ADHD and SUDs can be traced back to the 1980s 

when Wood et al. [32] reported that 33% of their sample of 27 males with alcohol 

dependence had attention-deficit disorder, residual type (the DSM-III equivalent of 

adult ADHD). Since then, numerous studies have been published on the prevalence 

of adult ADHD among substance abusers, most of which have been reviewed by 

Wilens [33].

Studies have typically targeted alcohol, cannabis, and/or cocaine, since these are 

among the commonly abused substances in the general population. There is clearly 

a strong association between substance abuse and dependence with adult ADHD. 

As shown in table 2, all controlled studies have reported that alcohol, non-alcohol 
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substances, or both are significantly more prevalent among adults with ADHD com-

pared to controls [22, 35–39]. Rates have varied widely (ranging from 20 to 40% for 

adults with ADHD vs. 5 to 10% for adults without ADHD), depending on the size 

of the sample, and whether it is abuse or dependence that is reported. Uncontrolled 

clinical studies have reported that, among adult patients treated for ADHD, one-third 

have alcohol abuse or dependence, and one-fifth to one-third abuse another substance 

[19, 20, 39] (see table 2). Finally, both inpatient and outpatient studies of adult sub-

stance abusers show relatively high rates of ADHD among these individuals (15–24%) 

[21, 40, 41] (see table 2). In a study that classified patients by drug of choice (alcohol, 

cocaine, or both), rates of adult ADHD did not differ [40], leading the authors to 

conclude that self-medication did not account for the drug use, since the stimulant 

cocaine was not preferred over alcohol, a central nervous system depressant.

In our prospective follow-up study of children with ADHD, we also found that 

non-alcohol SUD was significantly more prevalent among those who still had ADHD 

in adulthood than normal comparisons (53 vs. 29%, p < 0.04). In contrast, alcohol 

abuse/dependence did not differ between adults with continued ADHD and controls 

(29% for both groups) [23].

The evidence for comorbidity between ADHD and SUD is considerable. Whether 

it is mediated by another disorder or other factors is not known.

Mood Disorders

Most studies have reported an association between adult ADHD and depressive dis-

orders (major depression, dysthymia, or depressive disorder NOS). Among the six 

studies of individuals with adult ADHD shown in table 2, only one [37] did not find 

a relatively higher prevalence of depressive disorder among ADHD adults. Similarly, 

uncontrolled studies have reported fairly high rates (25–53%) of depressive disorders 

among individuals with adult ADHD (table 2). Hesslinger et al. [42] reported that 

70% of patients in an adult ADHD clinic had recurrent brief depression, whereas 

43% of patients seen at a mood disorders clinic had ADHD. Conversely, in a clinic 

sample of patients with major depression, 12% of patients were judged to have ongo-

ing ADHD [43].

The few controlled studies of bipolar disorder have reported that ADHD adults 

have an excess of bipolar disorder. Biederman et al. [35] reported rates of 10 vs. 3% 

(p < 0.05), McGough et al. [36] reported 5 vs. 0% (p < 0.01), and Secnik et al. [38] 

reported 4 vs. 1% (p < 0.01). In 56 adult patients in a clinic for bipolar patients, Sachs 

et al. [44] found a 14% rate of childhood ADHD, but do not indicate whether ADHD 

had persisted through adulthood. Those judged to have had childhood ADHD had 

earlier bipolar onsets than the non-ADHD bipolar patients. A prevalence of 14% for 

childhood ADHD seems high, but it does not exceed some population estimates, and 

does not reinforce the view that ADHD is highly prevalent in bipolar disorder.

In our prospective follow-up study of children with ADHD [16, 17], we did not 

find that childhood ADHD predicted mood disorders in adulthood, regardless of 
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whether specific mood disorders or a conglomerate category was considered. Rates 

among probands with adult ADHD and non-ADHD comparisons were as follows: 

major depressive disorder, 29 vs. 24%, ns; bipolar disorder, 0% in both groups; any 

mood disorder (MDD, dysthymia, etc.), 35 vs. 24%, ns [23]. Notably, our sample 

was all male, and ADHD probands were free of conduct disorder in childhood. 

These two features may be relevant since rates of depression and anxiety disor-

ders are lower in males and conduct disorder in childhood contributes to later risk 

for these conditions. In addition, the number of adults with ADHD was relatively 

small, and would not provide power to detect an infrequent outcome, such as bipo-

lar disorder.

Anxiety Disorders

In the case of anxiety disorders, findings are inconsistent. Some controlled studies 

report elevated rates in ADHD in adults [34–36, 38], whereas others do not [22, 37]. 

Fones et al. [45] reported that 15% of patients with panic disorder had adult ADHD. 

As with other studies of this kind, the lack of a comparison group is problematic. In 

addition, the authors do not state who conducted the evaluations, and whether these 

individuals were blind to study hypotheses. In a small, non-blinded study, the rate 

of adult ADHD did not differ between patients with panic disorder and those with 

post-traumatic stress disorder [46]. In our prospective adult follow-up study of boys 

with ADHD [16, 17], there was no significant preponderance of anxiety disorders in 

adulthood among probands with adult ADHD compared to non-ADHD controls (18 

vs. 8%, ns). In conclusion, a relationship between adult ADHD and anxiety disorders 

is not established, and requires further systematic study.

Comorbidity in Adults with ADHD in the General Population

All the above studies, whether cross-sectional or of psychiatric disorders longitudinal, 

have dealt with clinical cases of ADHD. It is well known that comorbidity is higher in 

clinical than population samples. Only one recent US population study has reported 

on comorbidity in adults with ADHD [47]. It estimated the prevalence of ADHD to 

be 4.4% in 18- to 44-year-olds. Comorbidity rates were significantly elevated in this 

group compared to adults without ADHD. Respective rates were: mood disorders 38 

and 11% (p < 0.05); anxiety disorders, 47 and 19% (p < 0.05); SUD, 15 and 6% (p < 

0.05), and intermittent explosive disorder, 29 and 6% (p < 0.05). Among the mood and 

anxiety disorders, all the individual component disorders were significantly elevated 

in the ADHD adults. Not so in the case of SUDs – only drug dependence was sig-

nificantly higher in the adults with ADHD (4.4 vs. 0.6%, p < 0.05). There were no 

significant differences in alcohol abuse, alcohol dependence, and drug abuse. APD was 

not addressed in the report. Surprisingly, relative comorbidity rates are not apprecia-

bly different from those reported in clinical studies. Inevitably, the study suffers from 
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limitations inherent in retrospective studies that rely on self-reports exclusively, where 

the positive predictive value of ADHD diagnoses in childhood is likely to be poor.

Factors Influencing Diagnostic Comorbidity

ADHD is more prevalent in men than women, prompting conjecture about possible 

differences in the disorder and its course between the two sexes. The evidence sug-

gests that men and women have similar comorbidity. The Boston group reported that 

comorbidity did not differ between men and women [48], and also found no dif-

ference in comorbidity between referred and non-referred adults with ADHD [35] 

(table 2). No other factors have been examined, and little is known about factors that 

influence diagnostic comorbidity.

Prognostic Comorbidity of Childhood ADHD

Prognostic comorbidity requires two conditions. One, the index disorder (in this case 

ADHD) must precede the comorbid disorder. Two, the index condition must remain 

active during the development of the later condition. If the index disorder remits, but 

predicts other conditions, the index disorder represents a risk factor for subsequent 

pathology, but strictly speaking, the index and other disorder are not comorbid. This 

type of information is limited in the case of ADHD. It requires that comprehensive 

diagnostic information be obtained about all major psychiatric disorders in childhood. 

In some cases, the absence of comorbidity with childhood ADHD can be taken for 

granted. SUDs and contact with judicial system (e.g., arrests, convictions and incar-

cerations) are, for all practical purposes, non-existent in children. However, such is not 

the case for a host of other conditions. Conduct disorder, for one, has been shown to 

be highly comorbid with childhood ADHD and strongly predictive of APD [49].

To date, there has been no adult longitudinal follow-up of children with ADHD 

that can report on the incidence (new onsets) of a variety of psychiatric disorders. 

This is critical since, as noted, childhood ADHD is highly comorbid with a number 

of disorders, especially conduct disorder, and anxiety and mood disorders [50]. For 

example, major depression has been diagnosed in as many as 75% of children, and 

anxiety disorders in about 30%. Consequently, their comorbid presence in adults with 

ADHD cannot be attributed unequivocally to the prognostic comorbidity of child-

hood ADHD. As we note above, substance use and abuse are not features of preado-

lescents; therefore, outcomes from studies that have followed preadolescents could 

not have been affected by the presence of these conditions in childhood. The same is 

not true of longitudinal studies that include adolescents (e.g., the Boston studies).

The Boston group [12] reported a 10-year follow-up of a cohort of 6- to 18-year-

olds with ADHD compared to non-ADHD comparisons (mean age 21 at follow-up). 
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This is the only longitudinal study that controls for initial comorbidity. The report 

illustrates the potential confound of initial comorbidity in follow-up studies. Initial 

comorbidity rates were: for major depression, 29%; anxiety disorders, 44%, and 

conduct disorder, 21%. After controlling for initial comorbidity and relevant base-

line characteristics, the study found no difference in 1-year rates of major depres-

sion, bipolar disorder, or anxiety disorders between the ADHD and control groups. 

Only APDs and nicotine dependence were significantly elevated in ADHD probands. 

Unfortunately, the relationships between initial and outcome comorbidity are not 

presented. Although the stated goal of the study was to inform on the adult outcome 

of ADHD, the mean age was just 21, and the sample at follow-up included adoles-

cents. Furthermore, the inclusion of a wide age range confounds interpretation since 

those diagnosed at 17 are likely to represent a different population of children with 

ADHD from those identified at age 6. In the latter group, a substantial proportion will 

no longer have ADHD at age 17. Finally, although 58% of the original ADHD sample 

no longer met criteria for ADHD at the 10-year mark, the authors do not indicate 

the distribution of comorbid disorders in the remitted versus persisted ADHD cases, 

limiting our understanding of the findings.

In the New York follow-up study of children with ADHD, conduct disorder was 

systematically excluded since the clinical trials then under way required that chil-

dren have ‘uncomplicated’ ADHD. No other sample of ADHD children provides the 

opportunity to determine whether ADHD alone predicts the development of antiso-

cial disorder. In two independent samples of children with ADHD, but no conduct 

disorder (mean age 8 years; range 6–12), we found that the development of antisocial 

disorder was much more frequent in probands than non-ADHD-matched peers. At 

mean age 18, APD was ongoing in 37% of probands versus 3% in controls [51, 52]. At 

average age 25, respective rates were 15 and 2% [16, 17]. In adolescence, the excess of 

APD was completely accounted for by probands who had retained ADHD. The prev-

alence of comorbid antisocial disorder among persistent ADHD cases was 48%, as 

opposed to 17% in probands whose ADHD had remitted, no different from controls 

(8%). These findings reflect prognostic comorbidity of ADHD for APD in adoles-

cence. In adulthood, we found that probands who retained ADHD beyond age 18 had 

significantly higher rates of APD than those who remitted before age 18 (47 vs. 23%, 

p = 0.03). However, unlike adolescence, the excess of APD in the adults was no longer 

restricted to those who still had ADHD. APD had developed functional autonomy. Of 

relevance, in this study, in virtually all instances, the age of onset for APD preceded 

the age at which SUD began [51], thus pointing to a cascading developmental trajec-

tory from ADHD to APD, and then SUD.

Relatedly, we found that criminal behavior was more frequent in ADHD probands 

at the average age of 22 than in controls [53]. Respective rates were: arrests 39 and 20% 

(p < 0.02); convictions 28 and 11% (p < 0.01), and incarcerations, 9 and 1% (p < 0.05). 

These negative judicial outcomes were completely accounted for by the presence of 

APD. In other words, the rates of criminality did not differ between probands without 
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APD and controls, even among probands who still had ADHD. Thus, ADHD alone 

does not predict criminality; the latter requires the development of APD. Similar dif-

ferences in criminality between probands and controls were found at age 38. Relying 

on judicial records of probands and controls in New York State, respective rates were: 

arrests 47 and 24% (p < 0.01); convictions 42 and 14% (p < 0.002); incarcerations, and 

15 and 1% (p < 0.02). A history of APD or SUDs was an independent predictor of 

multiple arrests in probands [23].

Although the New York study excluded ADHD children with conduct disorders, 

oppositional defiant disorder was allowed. It is therefore possible that the opposi-

tional defiant disorder contributed to the development of APD, rather than ADHD 

itself. Such was not the case. Oppositional defiant disorder symptoms were not asso-

ciated with the maintenance of ADHD, or with the development of APD [54]. In 

sum, childhood ADHD is a precursor of adolescent onset APD, especially in those 

who retain ADHD, even in the absence of comorbid oppositional defiant disorder or 

conduct disorder in childhood.

As noted above, SUDs have been found to be relatively more frequent in children with 

ADHD followed into adulthood. The question here is whether this excess is limited to 

those who retain ADHD, as in the case of APD. In the New York study, the only report 

thus far to address this issue, the development of SUDs was not a function of retention of 

ADHD (53 vs. 45% in persistent and remitted ADHD). Probands who retained ADHD 

but had not developed APD did not differ from controls with respect to SUDs. Thus, we 

did not find prognostic comorbidity of ADHD for SUDs. Rather, ADHD represents a 

risk factor through the mediation of APD. There did not appear to be differential preva-

lence of anxiety and mood disorders in cases who had retained ADHD into adulthood 

and those in whom it desisted, but the number of subjects with persistent ADHD is small 

(rates of mood disorders, 35 vs. 22%, anxiety disorders, 18 vs. 18%, ns).

There would be great merit in understanding factors that influence the prognos-

tic comorbidity of ADHD. To do so requires the identification of characteristics that 

predict the maintenance of ADHD into adulthood. Efforts in this direction have been 

disappointing and no consistent evidence points to patterns of predictive value for 

any feature [55]. One study reports that severity of childhood ADHD and treatment 

for ADHD predicted persistence into adulthood [56]. However, these reports were 

retrospectively obtained from adults, and current status may have influenced recall. 

Neuroimaging work in progress aiming at distinguishing genetic characteristics 

among ADHD children with good versus poor outcomes may be generating promis-

ing results [57].

Summary and Conclusions

Prospective follow-up studies of children with ADHD have provided limited infor-

mation regarding diagnostic comorbidity among individuals with adult ADHD. Few 



Adult ADHD Comorbidity 141

 1 Feinstein AR: The pre-therapeutic classification of 

co-morbidity in chronic disease. J Chron Dis 1970; 

23:455–468.

 2 Kaplan MH, Feinstein AR: The importance of clas-

sifying initial co-morbidity in evaluating the out-

come of diabetes mellitus. J Chron Dis 1974;27: 

387–404.

 3 Fyer AJ, Liebowitz MR, Klein DF: Treatment trials, 

comorbidity, and syndromal complexity; in Maser 

JD, Cloninger CR (eds): Comorbidity of Mood and 

Anxiety Disorders. Washington, American Psychi-

atric Press, 1990, pp 669–679.

 4 Kraemer HC, Wilson KA, Hayward C: Lifetime 

prevalence and pseudocomorbidity in psychiatric 

research. Arch Gen Psychiatry 2006;63:604–608.

 5 Milliberger S, Biederman J, Faraone SV, Murphy J, 

Tsuang MT: Attention-deficit hyperactivity disorder 

and comorbid disorders: issues of overlapping 

symptoms. Am J Psychiatry 1995;152:1793–1799.

 6 American Psychiatric Association: Diagnostic and 

Statistical Manual of Mental Disorders, Text Revi-

sion, ed 4 (DSM-IV-TR). Washington, APA, 2000.

 7 March JS, Swanson JM, Arnold LE, Hoza B, Conners 

CK, Hinshaw S, Hechtman L, Kraemer HC, 

Greenhill LL, Abikoff H, Elliott G, Jensen PS, 

Newcorn JH, Vitiello B, Newcorn J, Severe JB, Wells 

KC, Pelham WE: Anxiety as a predictor and out-

come variable in the multimodal treatment study of 

children with ADHD. J Abnorm Child Psychol 

2000;28:527–541.

 8 Mannuzza S, Klein RG, Klein DF, Bessler A, Shrout 

P: Accuracy of adult recall of childhood attention-

deficit hyperactivity disorder. Am J Psychiatry 2002; 

159:1882–1888.

 9 Fleiss JL, William JBW, Dubro AF: The logistic reg-

ression of psychiatric data. J Psychiatr Res 1986; 

20:195–209.

10 Weiss G, Hechtman L, Milroy T, Perlman T: Psy-

chiatric status of hyperactives as adults. J Am Acad 

Child Adolesc Psychiatry 1985;24:211–220.

11 Cox A, Rutter M, Yule B, Quinton D: Bias resulting 

from missing information. Br J Prev Soc Med 1977; 

31:131–136.

12 Biederman J, Monuteaux MC, Mick E, Spencer T, 

Wilens TE, Silva JM, Snyder LE, Faraone SV: Young 

adult outcome of attention-deficit hyperactivity dis-

order: a controlled 10-year follow-up study. Psychol 

Med 2006;36:167–179.

13 Barkley RA, Fischer M, Smallish L, Fletcher K: The 

persistence of attention-deficit/hyperactivity disor-

der into young adulthood as a function of reporting 

source and definition of disorder. J Abnorm Psychol 

2002;111:279–289.

14 Fischer M, Barkley RA, Smallish L, Fletcher K: 

Young adult follow-up of hyperactive children: self-

reported psychiatric disorders, comorbidity, and the 

role of childhood conduct problems and teen CD. J 

Abnorm Child Psychol 2002;30:463–475.

studies have reported rates of comorbid disorders among unremitted and remitted 

cases of ADHD (table 1). Our findings indicate that ADHD leads to the development 

of APD even in the absence of conduct disorder in childhood. In turn, APD fosters 

the development of SUDs. Thus, there appears to be no direct relationship between 

persistent ADHD and SUDs. Despite diverse methodologies across clinical studies of 

adults with ADHD (tables 1, 2), reports of elevated rates of APD and SUDs are con-

sistent. In contrast, reports of depressive and anxiety disorders are variable. Relative 

rates may vary with type of clinical sample (inpatient, outpatient), type of assessment 

(unstructured and semistructured clinical interviews and highly structured inquiry), 

evaluator (clinician, lay interviewer), and sample characteristics such as socioeco-

nomic status that affect rates of APD.
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Abstract
Attention-deficit hyperactivity disorder (ADHD) is very frequent in offender populations. ‘Pure’ ADHD 

seldom occurs in these persons. The majority of individuals suffer from ADHD in combination with 

conduct disorder. The risk of developing antisocial and delinquent behavior during later life is medi-

ated by childhood or adolescent-onset conduct problems and not by ADHD itself. Persons suffering 

from ADHD without conduct disorder do not have an elevated risk for the development of delin-

quency. The comparison of offenders or persons with conduct problems with and without ADHD 

reveals that ADHD has modulating effects on the psychopathology and on the structure as well as 

the course of delinquent behavior. A general impact of ADHD can be separated from specific modu-

lation factors. Regarding general influences, there is growing evidence that offenders with ADHD 

start their criminal career earlier than those without ADHD. Moreover, the risk of committing recidi-

vistic crimes is significantly higher in offenders with ADHD. A further general finding is the declining 

prevalence of ADHD with age. A specific finding is that the prevalence of ADHD is not on the same 

level in different forms of crime. ADHD is very common in sexual and violent offenders. On the con-

trary, ADHD is uncommon in offenders who commit fraud. Regarding violent behavior, persons with 

ADHD tend to commit reactive violence while offenders without ADHD preferentially display proac-

tive violence. Offenders with ADHD have slightly increased psychopathic traits but they do not score 

in the range of typical psychopathy according to Hare. The psychopathology of ADHD and that of 

psychopathy are two different concepts which show no considerable overlap.

Copyright © 2010 S. Karger AG, Basel

Attention-deficit hyperactivity disorder (ADHD) is a chronic disorder which can be 

diagnosed in early childhood. The disorder usually persists during adolescence and 

in 60% of the affected persons the psychopathology is partially or fully present in 

adulthood. The transnational prevalence in adulthood is 3.4% [1]. In the USA the 

prevalence of adult ADHD is 4.4% according to the National Comorbidity Survey 

[2]. In Germany, a prevalence of 3.1% was found [1]. Due to developmental factors 
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in adult life the psychopathology might be somewhat different as compared with 

earlier life: inattention, hyperactivity and impulsivity is the classical triad at all life 

stages while disorganization, hot temper, stress intolerance and affective or emo-

tional lability might be typical psychopathological features associated with adult 

ADHD [3–7].

ADHD is associated in many cases with considerable risks regarding daily func-

tioning and social adaptation [8]. Moreover, ADHD has found growing interest in 

forensic psychiatry due to the observation that 20–25% of the children and ado-

lescents affected with ADHD display antisocial personality disorder (APD) during 

adult life [9–11]. Persons with APD are a core population in forensic psychiatric and 

offender samples. A further point of interest is the increased prevalence of ADHD in 

offender populations.

Dysfunction in Activities of Daily Living

As compared with their intellectual capability, the number of high-quality gradua-

tions at school or regarding vocational education is decreased. Individuals suffering 

from ADHD are thought to be underachievers in many cases. They have an increased 

number of classroom suspensions and school exclusions. They have a higher risk of 

being fired and the number of jobs in a given time period is increased. The rate of 

conflicts with colleagues and supervisors is relatively high [8]. Times of unemploy-

ment are not rare.

They start sexual activities significantly earlier compared with adolescents without 

ADHD. The risk of sexually-transmitted disorders is much higher as well as unwanted 

pregnancies [12]. Affected individuals describe their marital and family situation less 

favorably as persons without ADHD. Separation and divorce rates are significantly 

increased. Many adults with ADHD have difficulties with parenting skills.

The risk of accidents at home, school, and vocational affairs or during leisure 

activities is much higher than in controls. Even in cases of severe accidental injury, 

ADHD is significantly overrepresented [13, 14].

The risk of violations of road traffic rules in adults with ADHD is much higher. 

The prevalence of accidents is increased, as well as driving under the influence of 

alcohol, driving without a driving license and speeding [15].

ADHD and Criminality

General Factors

There is no doubt that the prevalence of ADHD in forensic and criminological popu-

lations is much higher when compared with the general population. According to a 

survey of the available studies in adolescents by Vermeiren et al. [16], the prevalence 
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of ADHD in offender populations may vary between 4 and 72%. In numerous stud-

ies it has been found that both male and female delinquent populations display high 

prevalence rates of ADHD [17, 18]. The broad range of results emerging from the 

studies listed in table 1 chiefly arises from very different study populations in coun-

tries with different criminal law systems. Nevertheless, many of the cited studies 

estimate ADHD prevalence between 14 and 19%. In a German study with 129 male 

adolescent and young adult prison inmates, the prevalence of full clinical pictures of 

ADHD according to DSM-IV was 45% [19].

It has to be pointed out that in offender populations ‘pure’ ADHD was very rare. 

In almost all cases, ADHD is associated with comorbid conduct disorder (CD). 

This is a specific combination which can be diagnosed according to ICD-10 as a 

hyperkinetic disorder of social behavior (F90.1). According to DSM-IV, a diagnos-

tic category like this is still lacking. The differentiation between ADHD and ADHD 

with CD is very important because it is essential to know whether dysfunctional 

and social problems or even criminal behavior can be linked to ADHD, CD, or to 

both disorders.

After a long and divergent discussion it became more and more evident that the 

risk for the development of criminal behavior in persons suffering from ADHD is 

mediated predominantly by comorbid CD. Babinski et al. [20] found that conduct 

problems and hyperactivity/impulsivity but not inattention contributed to the risk 

of criminal involvement in a group of offenders with recidivistic crimes. On the 

other hand the vast majority of studies indicated that CD and not ADHD predicts 

Table 1. Prevalence of ADHD in different offender populations [modified according to 16]

Author n Country Results

Hollander and Turner [57] 185 USA 19% developmental abnormalities 

with and without ADHD

Milin et al. [58] 111 Canada 19% ADD (23% A, 24% H, 33% I)

Haapasalo and Hamalainen [59]  89 Finland 50% ADHD

Richards [60] 100 Australia 4% ADHD

Timmons-Mitchell et al. [17]  50 USA 72% ADHD

male: 76%, female 68%

Ulzen and Hamilton [18]  98 Canada 27% (controls 2%,

male 29%, female 18%)

Doreleijers et al. [61] 108 Netherlands 14% ADHD

Pliszka et al. [62]  50 USA 18% ADHD

Vermeiren et al. [63]  72 Belgium 19% ADHD

Ruchkin et al. [64] 358 Russia 18% lifetime, 3% cross-section

Rösler et al. [19] 129 Germany Males: 45% ADHD (DSM-IV)

Rösler et al. [31] 110 Germany Females: 10% ADHD (DSM-IV)
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adult antisociality. These authors did not find an independent effect of ADHD on 

antisociality and argued that CD is the main risk factor for antisocial and criminal 

behavior [21–24]. Only few researchers reported findings supporting the notion that 

ADHD may contribute independently from CD to the risk of later criminality [25, 

26]. Today we are in the position to sum up by saying that CD is the main risk fac-

tor for later criminality, especially for severe criminal acts, while individuals with 

ADHD alone may have only an increased risk for minor delinquency like traffic 

violations or misdemeanors but not for felony crimes. In the given context the ques-

tion arises: What are the critical developmental periods in which the risk behavior 

can be detected?

Follow-up studies with children suffering from ADHD and CD revealed high rates 

of APD in later life [9, 27, 28]. Interestingly, a significant proportion of ADHD chil-

dren without CD at the time of inclusion in the New York follow-up studies [10] were 

diagnosed with APD in later life, suggesting that early-onset CD is not a necessary 

condition for adult APD. Thus it is possible to differentiate two forms of ADHD asso-

ciated with CD: ADHD with childhood-onset CD and ADHD with adolescent-onset 

CD (fig. 1).

In the majority of cases, CD is present before the age of 10 years indicating a risk 

for later antisociality and criminal behavior. In a smaller but significant proportion, 

conduct problems appear during adolescence. Like early-onset CD this constellation 

can lead to later criminality [29]. At present it is not definitely clear whether ADHD 

with childhood- or adolescent-onset CD differ in terms of their course during adult 

life. Nevertheless, there is evidence that ADHD with childhood-onset CD tends more 

to a chronic course whereas ADHD with adolescent-onset CD may have an episodic 

character [30].

ADHD-Specific Findings

Prevalence of ADHD

The model that the risk for later antisociality and criminality in individuals with 

ADHD is not mediated by ADHD itself but by associated CD does not exclude the 

possibility that ADHD may have a modulating effect on the course of the antisocial 

or criminal behavior and other interesting forensic variables. Thus it is necessary to 

compare individuals suffering from APD with and without ADHD as well as offender 

populations with and without ADHD. Interestingly, there is an age-dependent decline 

of the prevalence of ADHD in forensic and offender populations. Satterfield et al. [23] 

published the results of a 30-year prospective follow-up study of hyperactive boys 

with CD and found that there was a steady decline in offending rates with increas-

ing age. The mean age of desistance was 30 years. In a study with 110 incarcerated 

women [31], we divided the population into three groups in accordance to their age. 

The first group comprised all individuals with an age up to 25 years and the sec-

ond group consisted of all women with an age between 26 and 45 years. In the third 

group were patients older than 45 years. Among the first group with young females 
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the prevalence of ADHD according to DSM-IV was around 18% and in the second 

group the prevalence was 10%. Among the third group, no patient with a full clinical 

picture of ADHD was found.

Furthermore, we analyzed a population of 595 male offenders who were admit-

ted consecutively to our facility for a forensic psychiatric evaluation [Rösler and 

Retz, unpubl. data]. Nearly one-half of the individuals were incarcerated. All types 

of offences from simple misdemeanors to severe felony crimes were present. The 

prevalence of ADHD in the first group (until 25 years) was 23.2%. The second group 

(26–50 years) displayed a prevalence of 9.2% and in the next two groups (51–75 years, 

76 years and more) prevalence rates further declined to 5 and 5.3%, respectively, pro-

viding further evidence that age clearly affects the prevalence of ADHD in male and 

female offender populations (fig. 2).

These data support the notion that ADHD is significantly overrepresented in ado-

lescent and young adult offender populations, but with advancing age the prevalence 

tends towards normal.

SUD

~ 5–10%

18

~ 20%

ADHD

ADHD

+ early-onset CD

ADHD

+ adolescent-onset CD

ADHD + ASP

(low PCL score)

Delinquent behavior:

Reactive > proactive
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Social problems

Traffic violations
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Age
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Fig. 1. Developmental pathways from early childhood ADHD to adult ADHD with and without anti-

sociality and criminal behavior. The percent specifications declare how many individuals from the 

initial childhood population arrive at the endpoint. SUD = Substance use disorder [according to 65].
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Age of First Conviction

In our study [19] with incarcerated young men with CD the age at first conviction 

was 15.5 years, when ADHD was present. In the group with CD but without ADHD 

the age at first conviction was 17.5 years. More than 51% of individuals with ADHD 

had committed crimes before the age of 14 years compared with 27% of those without 

ADHD. In a later study with 110 incarcerated women, the age of first conviction was 

9 years earlier in the ADHD group as compared with women without ADHD [31]. 

This finding is presented in figure 3. Similar findings were reported earlier by Loeber 

et al. [21], Moffitt [30, 32] and Ziegler et al. [33].

Recidivistic Criminality

In a study by Ziegler et al. [33] an association between the current diagnosis of 

ADHD in incarcerated adult male offenders and previous delinquency was found. 
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The odds ratio (OR) to be a recidivistic offender was 3.8 (95% CI 2.0–7.1) in the pres-

ence of ADHD as compared with individuals without ADHD. A similar association 

was described by Blocher et al. [34], who had examined 127 sexual offenders. From 

the subgroup without ADHD, 27.4% had had earlier convictions for sexual crimes, 

whereas the rate was 64.3% in the ADHD subgroup (OR 4.8, 95% CI 1.5–15.3). These 

findings support the view that delinquency in adults with ADHD refers not to single 

events arising from an individual’s normal life.

Family Transmission of Criminality and Other Social Parameters

In our study with adolescent and young adult incarcerated men, we found signifi-

cantly more relatives in the families of individuals with ADHD and CD who had been 

imprisoned due to severe crimes as compared with offenders suffering solely from 

CD but not from ADHD [19]. Other socio-psychiatric parameters like vocational 

education, unemployment rate or robust partnerships did not differ between the two 

populations.

In a female offender population, more problems with the social surrounding were 

present in individuals with ADHD as compared with those without ADHD [31].

Type of Offence

Babinski et al. [20] suggested that persons with ADHD may be at higher risk for less 

severe crimes, whereas individuals with CD are at higher risk for severe criminal 

activities such as robbery or assault.

The prevalence of ADHD in different offender types is not distributed equally. In 

earlier research [33] we examined the prevalence of childhood ADHD psychopathol-

ogy in specific male offender populations. The prevalence of childhood ADHD psy-

chopathology in offenders committing fraud did not differ from controls. Individuals 

who had committed property crimes had slightly increased childhood ADHD. The 

highest prevalence rates were found in populations with sexual crime. The study by 

Blocher et al. [34] concerning sexual delinquency found a cross-sectional diagnosis of 

current ADHD of about 28%. Interestingly there was no difference in ADHD between 

the three main offender groups: rape, sexual abuse of children, and exhibitionism. In 

a recent study we found evidence that there is only small increase in the prevalence of 

ADHD with regard to different violent offender populations, if the populations were 

classified according to the criminal code [35]. Apparently the clustering of offenders 

in terms of the offences by the rules of the criminal law is too heterogeneous and does 

not allow for precise investigations.

The construct of a dichotomy between reactive-impulsive and affective violence 

and a proactive-predatory and instrumental violence [36, 37] offers the opportu-

nity to classify violent behavior more homogenously. In children with CD, it has 

been shown that ADHD is a moderator of reactive but not proactive aggression 

[38]. Bennett et al. [39] demonstrated in 8- to 15-year-old children that reactive 

antisocial behavior is more related to ADHD than proactive antisocial behavior. 
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Following the hypothesis that reactive violence and not proactive violence might be 

related to ADHD, we performed an exploratory study with 66 males who had com-

mitted different types of violent offences. We found a strong association between 

the presence of ADHD and reactive violence (OR 2.7, 95% CI 1.5– 107.9) [40]. 

In contrast, proactive violence was more prominent in offenders without ADHD. 

These findings appear plausible as reactive violence is not planned but always spon-

taneous, a reaction to a provocation or a conflict and is driven by affective out-

bursts. It is short-lived and has no finalistic target except the reduction of tension 

and agitation. Usually, reactive violence is not rational but impulsive and there is 

no systematic or instrumental character of the criminal action. Thus, according to 

these criteria, reactive violence has significant overlap in character with the psycho-

pathology of ADHD.

ADHD-Associated Antisociality and APD without ADHD

During the past decade there was a vivid discussion concerning the role of ADHD in 

terms of adult criminality and APD. From a genetic perspective it has been argued 

that ADHD and comorbid CD might be a more severe variant of ADHD and not 

distinct disorders [41–43]. According to the epidemiologic studies and follow-up 

research there is overwhelming evidence that about one-half of the ADHD children 

seem to develop later CD (see fig. 1). From this subsample another half displays the 

symptoms of APD during adulthood [9, 27, 28, 44]. Indeed, ADHD+APD is a com-

mon diagnosis in forensic psychiatry. Referring to a worldwide prevalence of 0.034 of 

ADHD in adults [1] and a prevalence of up to 0.03 of APD [45], the co-occurrence of 

ADHD and APD can be calculated as 0.001, if both disorders occur independently. 

However, as mentioned above, in forensic psychiatric populations the observed prev-

alence of ADHD+APD is at least 100 times higher.

The nature of the association between the two disorders is not fully understood so 

far. Genetic factors contribute substantially to the risk of developing both conditions, 

although specific genes that affect the development of APD in ADHD have yet to be 

identified [41, 46]. ADHD severity of psychopathology and the disease pervasiveness 

might be predictors of antisocial behavior [46]. Antisocial behavior is also linked with 

familial adversity as well as peer rejection. Disrupted parental discipline might also be 

a common factor to increase the risk for APD in ADHD [47]. According to the results 

of the prospective follow-up study by Satterfield et al. [22, 23], low socio-economic 

status and IQ were unspecific risk factors that could predict a higher prevalence of 

antisocial activities in ADHD individuals.

It has already been mentioned that adult APD and criminality in children with 

ADHD can be best predicted by comorbid CD. The item content of CD gives a hint 

why it is possible to predict later antisociality and criminal behavior by childhood-

onset or adolescent-onset CD (table 2).
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The diagnostic criteria of CD point directly to the paragraphs of the criminal 

code. Out of 15 items, 11 refer to definitions of the penal law. The remaining 4 items 

(11, 13, 14, 15) are not psychopathologic in nature but clearly indicate severe rule-

breaking behaviors. Facing the list of behaviors from table 2, a judge or a crimi-

nologist would say this is apparently childhood or adolescent delinquency. The 

diagnostic concept of APD follows similar rules. Of 7 diagnostic criteria, 4 refer fully 

or partly to criminal behavior. Only 3 of 7 criteria must be fulfilled to make the 

diagnosis. Thus it is apparent that persons with different and recidivistic crimes have 

a high risk of getting the APD diagnosis. The overlap of symptoms of CD, ASP and 

criminality is massive and explains why CD is a potent predictor of later antisocial-

ity or criminality. This is in accordance with widely accepted results of criminologic 

research. The best predictor for future crime is earlier crime [48]. This conclusion, 

however, does not help to elucidate the link between ADHD and APD. So far, beside 

the above-mentioned genetic and environmental hypotheses, little is known about 

what risk factors and mechanisms contribute to the frequent association of ADHD 

and APD.

Table 2. DSM-IV definition of CD. 11 items are accentuated with x. These defini-

tions correspond directly to definitions of the penal law. For a diagnosis of CD, 3 

symptoms during 1 year must be present

Diagnostic criteria of DSM-IV for CD

Aggression towards people and animals

 1. Threatens, bullies or intimidates others x

 2. Often initiates physical fights x

 3. Has used a weapon that can cause severe harm x

 4. Physically cruel to people x

 5. Physically cruel to animals x

 6. Has stolen while confronting a victim x

 7. Has forced someone into sexual activity x

Destruction of property

 8. Has deliberately engaged in fire-setting x

 9. Has deliberately destroyed others’ property x

Deceitfulness or theft

10. Has broken into someone else’s house, car, etc. x

11. Often lies to obtain goods or to avoid obligations

12. Has stolen items of non-trivial value (shoplifting) x

Serious violations of rules

13. Often stays out at night before the age 13 years

14. Has run away from home overnight while living in a surrogate home

15. Is often truant from school, beginning before the age 13 years
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In the given frame it is interesting to investigate whether the antisociality asso-

ciated with ADHD differs from antisociality in persons without ADHD. The con-

cept of psychopathy [49], which has found general acceptance in forensic psychiatry, 

refers to a core population of antisocial individuals. This is a construct dating to the 

beginning of the 19th century when Prichard [50] described the psychopathology of 

moral insanity. The psychopathology of psychopathy refers to symptoms like shal-

low affect, superficial charm, manipulativeness, lack of empathy, etc. Psychopathy 

is associated with poor treatment response and the forensic prognosis is in almost 

all cases unfavorable. The psychopathology of the psychopaths can be assessed by 

the Psychopathy Checklist (PCL-R) [51]. Scores derived from this scale are valid 

risk factors indicating criminal offences and in particular violent behavior. Thus the 

PCL-R is part of the most widely accepted risk assessment procedures for violent 

or sexual offences like the HCR-20 [52] and the SVR-20 [53]. Psychopaths are a 

small population, but they account for an excess of felony crimes and for criminal 

recidivism. An association between ADHD and the psychopathy concept could be 

assumed since there is certain overlap between the DSM-IV items referring to the 

ADHD syndrome impulsivity and the PCL factor focusing on poor behavior con-

trol and impulsivity. Thus we conducted a study with 230 incarcerated men. All had 

committed felony crimes and were incarcerated for more than 2 years. The screen-

ing version of the PCL was administered for the assessment of psychopathy. ADHD 

syndrome scores were established by means of the ADHD self-report scale [54, 55]. 

The instrument consists of the 18 DSM-IV criteria that can be graduated from 0 

until 3 on a Lickert Scale. We found a rank correlation of 0.2 between the PCL-SV 

and the ADHD-SR, which was statistically significant (p ≤ 0.01). Despite the statisti-

cal significance it is obvious that a correlation of 0.2 cannot make a claim for clinical 

meaningfulness.

In order to investigate further the possible associations between the psychopathy 

items and the criteria of ADHD, we performed a factor analysis. Our expectation was 

that in the case of an association between ADHD and psychopathy, common factors 

of psychopathology should be present (table 3).

The solution with seven factors accounted for 60% of the variance. No factor was 

found consisting of items from both concepts. There were 3 pure ADHD and 4 pure 

psychopathy factors. It is apparent that there was no association between diagnostic 

items of ADHD with those of psychopathy. Thus both psychopathological concepts 

seemed to be unrelated. In view of these results there might be a difference between 

psychopathic antisociality and antisociality with ADHD with regard to the course of 

the disorder. At present, psychopathic antisociality is thought to be a robust disor-

der with a lifelong perspective which is indicative for the worst forensic prognosis. 

In contrast, ADHD-associated antisociality may be limited to the second and third 

decades of life. Our results are in line with findings reported just recently by Fowler et 

al. [56], who found single psychopathic traits in adolescents with ADHD but the PCL 

scores were below the range of typical psychopathy.
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Conclusion

There are several lines of evidence allowing for a more precise conceptualization in 

which way ADHD could play a role in the development of antisocial and criminal 

Table 3. Factor analysis including 18 ADHD items (DSM-IV) and 12 psychopathy criteria (PCL-SV). 7 

factors were extracted in accordance to the classical eigenvalue (>1) criterion. No overlap between 

ADHD and psychopathy items could be detected

Factor analysis ADHD and psychopathy items

F1 F2 F3 F4 F5 F6 F7

ADHD

 1. Careless mistakes 0.45 0.44

 2. Sustaining attention 0.65

 3. Does not listen when spoken to 0.46

 4. Does not follow instructions 0.57

 5. Organizing tasks 0.61

 6. Avoids mental efforts 0.52

 7. Loses things 0.59

 8. External stimuli 0.70

 9. Forgetful 0.72

10. Fidgets/squirms 0.81

11. Leaves seat 0.76

12. Restlessness 0.77

13. Not quiet 0.44 0.39 0.35

14. Driven by a motor 0.42 0.45

15. Talks excessively 0.79

16. Blurts out 0.37 0.46

17. Difficulty waiting 0.61

18. Interrupts others 0.72

Psychopathy (PCL-SV)

 1. Superficial 0.67

 2. Grandiosity 0.70

 3. Manipulative 0.58

 4. Lack of remorse 0.75

 5. Lack of empathy 0.61

 6. Responsibility 0.76

 7. Impulsivity 0.76

 8. Poor behavioral control 0.78

 9. No long-term goals 0.67

10. Irresponsibility 0.51 0.49

11. Juvenile antisociality 0.53 0.58

12. Adult antisociality 0.80
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behavior. The main aspect is that the risk to develop later antisociality or criminal-

ity is mediated by comorbid CD and not by ADHD itself. ADHD with early-onset 

CD can be differentiated from ADHD with adolescent-onset CD. About 50% of the 

individuals with ADHD and CD develop later ASP. The prevalence of ADHD associ-

ated with CD or ASP in offender populations is increased. The highest prevalences 

were detected in male adolescents and young male adults. In principle, the situation 

in female offenders and forensic populations is similar, but the prevalence of ADHD 

with CD or APD does not seem to be as high when compared with men. In both 

genders the prevalence decreases remarkably with advancing age. This supports the 

notion that ADHD in combination with antisociality may not play a significant role 

in individuals with life-course persistent antisociality.

When comparing offender populations with and without ADHD it becomes 

apparent that ADHD has a modulating effect on the onset and the risk for recidi-

vistic offending. ADHD has apparently not much to do with those offences which 

have an instrumental, systematic and finalistic character, and which are deliberate 

and planned with foresight. A characteristic example is fraud where the prevalence of 

ADHD is in a normal range. ADHD plays a significant role in sexual delinquency and 

reactive violent offences, whereas in proactive violence ADHD has a low prevalence.

APD is one of the most frequent comorbid conditions in ADHD. The coincidence 

of ADHD and APD in offender populations is at least 100 times higher if it would be 

left to chance. Contrary to earlier expectations, the forensic or criminal outcome of 

persons with ADHD/CD/APD might not necessarily be unfavorable. There is grow-

ing evidence that persons with these conditions have a remarkable remission rate 

during the third and fourth decades of their lives. Moreover, males with ADHD do 

not belong to the core group of psychopaths [51] who are markedly overrepresented 

in all sorts of delinquency including severe felony crime and recidivistic crime.

Beside CD, oppositional defiant disorder is a further comorbid condition of ADHD 

beginning during childhood. The effects of CD and oppositional defiant disorder on 

the course of ADHD are discussed by R. Klein in this volume.
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Abstract
In contrast to the treatment of attention-deficit hyperactivity disorder (ADHD) in children and ado-

lescents, few disorder-oriented psychotherapeutic approaches are currently available for the treat-

ment of adults with ADHD. The development and the empirical examination of these began chiefly 

in the last years. Prior to 2002, various clinical interventions were described and emphasis was placed 

on different problem areas in the literature, but no empirical data on the effectiveness of different 

concepts was available. On the whole, suggestions for treatment concerned psychoeducation for 

ADHD as a chronic disorder, help with the structuring of daily life, self-organization, interventions in 

the interpersonal domain, and problems of self-esteem. The first therapy studies were published in 

2002 in which structured treatment programs were evaluated. This article provides an overview of 

the treatment approaches and of selected empirical studies on the effectiveness of psychotherapy 

in adults with ADHD. Following this, a validated and manualized treatment concept will be described 

as an exemplary approach. Finally, the specific requirements of psychotherapy for ADHD in adults 

and on further research will be discussed. Copyright © 2010 S. Karger AG, Basel

In contrast to the treatment of attention-deficit hyperactivity disorder (ADHD) in 

children and adolescents there are currently few disorder-oriented options for the 

psychotherapeutic treatment of adults. The development and empirical examination 

of these treatments only just began in the last years. A chief reason for this is that the 

disorder in adults has only received the greater attention of the scientific and thera-

peutic community in more recent years. In view of the pronounced biological nature 

of this disorder, the initial approach to the therapeutic intervention was to place the 

emphasis on medication for which clear-cut proof of its effectiveness in children and 

adolescents had already been delivered.

Although medication has played a crucial part in improving the core symptoms 

of ADHD of many patients and has therefore become established as a keystone of 

therapy, the clinical experience in the treatment of adult patients demonstrates that 
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medication alone is often insufficient in meeting the needs of adult patients for whom 

secondary psychosocial consequences and comorbid disorders, rather than the core 

symptoms, are of prime importance in adult age. Further to this, many patients do 

not want treatment based on medication alone. They prefer either supplementary 

psychotherapeutic treatment or, because of concerns about stimulants, treatment on 

a psychotherapeutic basis only.

The biography of many patients is dotted with psychotherapeutic treatments which 

were entered into following most diverse diagnoses, treatments that were very often 

discontinued because the patients labored under the impression that their specific 

needs were not being given sufficient consideration.

Specific Approaches to Treatment

There are reviews in the psychotherapeutic literature for disorder-oriented treatment 

that describe several clinical interventions and spotlight different problem areas. 

Empirical data on the effectiveness of different concepts were however not available 

until 2002 [1–6]. The main elements of proposed treatments included psychoedu-

cation for ADHD as a chronic disorder, help and support in structuring daily life, 

acquisition of skills in planning, and self-organization. Recommendations were made 

for coping with the interpersonal ramifications of the disorder. These included coun-

seling of family members and spouses, training of social skills, and participation in 

self-help groups. As further important elements, interventions for the improvement 

of self-esteem as well as general ‘coaching’ entered into therapy proposals.

In these programs, treatment instructions for therapists mostly include sug-

gestions for a generally supportive and encouraging mindset and attitude toward 

patients. Some programs recommended a medication and psychotherapy-based 

combination therapy or a graduated approach in which the core symptoms are 

treated first with medication and residual problems subsequently treated psycho-

therapeutically [4]. While the programs for structuring of daily routine and for 

imparting skills rested largely on behavioral-therapeutic principles, depth-psy-

chological approaches focused particularly on the problems of self-esteem [7, 8]. 

Considerations and reports of the positive influence of group settings on conduct-

ing therapy were already considered and reported within the framework of these 

therapy recommendations [e.g. 9].

Previous Psychotherapy Studies

Disorder-Oriented Group Programs

Two papers were published in 2002 [10, 11] that reported the positive effect of a 

structured disorder-oriented behavioral therapy on adult patients with ADHD. In 
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this study by an Australian study group, a standardized group program was car-

ried out that comprised 8 weekly, 2-hour sessions and provided support for par-

ticipants through coaching by students and through homework based on the 

treatment material. The aim was to improve the patients’ ability to self-organize, 

control anger, reduce impulse control, and to improve self-esteem. The investigated 

groups comprised 22 patients and a control group of 21 patients with and with-

out medication. Medication was maintained at a stable level throughout the period 

of the investigation. The results showed a reduction in the ADHD symptoms and 

an improvement in self-esteem and organization. The 1-year follow-up confirmed 

stable improvements.

The study by our work group [10] investigated 8 patients, initially within the con-

text of a controlled clinical trial, with a group program made up of 13 weekly group 

sessions and optional individual sessions. The control group comprised 7 waiting-list 

patients. Medication, where administered, was stable throughout. The data from the 

measured self-report scales (ADHD symptoms, depression, general psychopathology, 

and well-being) showed significant improvements in the treatment group in the pre/

post comparison. Patient satisfaction with the therapy was also measured and proved 

to be very high. A subsequent open multicenter feasibility study at four university 

sites with a total of 72 patients was largely able to replicate these results and prov-

ing therapist- and group-independent effectiveness [12]. Only 8% did not complete 

the treatment. Patients rated the topics mindfulness, behavioral analysis and emotion 

regulation as most effective for their improvement and the group setting and the sup-

port of the therapists were regarded as equally helpful (see below for the principles 

and content of this group treatment program). These findings go along with a recent 

feasibility study on a mindfulness training program based on the stress reduction 

concept of Jon Kabat-Zinn with eight sessions lasting 2.5 h each and daily at-home 

practice (for maximally 15 min). 25 of 32 adults and adolescents completed the study. 

Mindfulness training resulted in significant pre- to post-treatment improvements 

with regard to ADHD and associated symptoms (depression, anxiety, impulsivity) 

[13]. Moreover, there were neurocognitive benefits reported, particularly concerning 

attention conflict and set shifting.

Disorder-Oriented Individual Programs

A pilot study [14] was published in 2004 on the implementation of the cognitive behav-

ioral therapy according to Beck in single therapy settings for ADHD patients. In this 

study by McDermott et al., 26 patients were treated for over 1 year in single sessions. 

On average, 36 sessions per patient were performed. 85% of the patients were on med-

ication. The content of the therapy incorporated various cognitive interventions for 

recognition and restructuring of negative thoughts as well as for learning techniques 

of problem-solving and for organization skills. The variables ADHD, anxiety, depres-

sion, and general level of functioning were investigated. Clear improvements in 69% 

of the patients were reported. The authors see some indication of the effectiveness 
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of their procedure, but interpret their results with some caution on account of the 

absence of a control group and insufficient control of the pharmacological treatment. 

A further controlled study on cognitive behavioral therapy was published in 2005 by 

the work group around Safren et al. [15]. Patients presenting clear symptoms follow-

ing a medication-based therapy underwent additional psychotherapeutic treatment. 

The patients were randomly assigned to the conditions ‘medication-based therapy vs. 

non-medication-based therapy’ and ‘cognitive behavioral therapy’. 31 patients were 

investigated, psychotherapy encompassed 11 settings. The content comprised mod-

ules on organization, coping with distraction, and cognitive interventions for dys-

functional thoughts. Further themes were, if needed, communication training and 

coping with anger. Significant improvements were found in the variables ADHD 

symptoms, anxiety, depression, and general well-being. The response rate differenti-

ated significantly between the two groups (56% combined treatment, 13% medication 

only). These results substantiate the hypotheses on the effectiveness of psychotherapy 

for residual symptoms after pharmacotherapy.

A further study on cognitive behavioral therapy in which the therapeutic pro-

cedure was however not manualized is reported by Rostain and Ramsay [16]. 43 

ADHD-investigated patients underwent a 5-month cognitive behavioral therapy 

and were administered amphetamines. As all patients of the study received amphet-

amines commitment to behavioral therapy, and because the majority of them had 

a current comorbid anxiety or depression disorder, a conclusive assessment of the 

specific contribution of the psychotherapy to the described improvements was not 

possible.

Weiss and Hechtman [17] published a study that dealt not only with the psy-

chological impact of ADHD but also with the functional impairments associated 

with ADHD. Their criticism of the other described studies concerns the failure 

of these to investigate the functional impairments. In a therapy that took a prob-

lem-oriented behavioral therapeutic approach to the ADHD problematic and 

administered stimulants, Weiss and Hechtman investigated a group of 96 patients 

over a period of 5 months. This study demonstrated a correlation between the 

improvement in psychosocial impairments and the improvement in functional 

symptoms.

Adaptation of Individual Programs for Group Settings

Interestingly, the cognitive behavioral therapy program has been also adapted for a 

group setting with 3 monthly 1-day workshops over a period of 6 months and evalu-

ated in a controlled study with 61 adult ADHD patients (medication vs. combination 

treatment [18]). The combination therapy led to significant improvements of knowl-

edge of ADHD, self-esteem and self-efficacy compared to the control group. The 

group setting was regarded as highly effective for their improvements by the patients. 

Depression and anxiety was equally reduced in both groups.
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Classification of the Psychotherapeutic Concepts to Date and the Requirements 

Placed on a Disorder-Oriented Psychotherapy

The studies to date appear to speak in favor of the effectiveness of psychotherapeutic 

interventions for adults with ADHD, even though there are still numerous issues to 

be resolved and despite the necessity for further empirical research. On the basis of 

the presented concepts and the growing clinical experience in the application of pro-

grams, a number of different conclusions may be drawn and requirements of psycho-

therapeutic treatments of ADHD in adults formulated.

In order that the special features of the disorder with its different cognitive, affec-

tive and psychosocial impairments are taken into account, the treatment programs 

need to give the following points their due consideration:

• Clarifi cation and psychoeducation should form a substantial part of the 

treatment [19]. Although many adults with ADHD are relieved to receive an 

explanatory model of the diff erent aspects of their problems, dealing with this 

new information can be all the more diffi  cult for them. Many of those aff ected 

have already experienced years or even decades of adapting to the problems 

prior to receiving a diagnosis. In contrast to other mental problems that emerge 

in the course of adulthood, these patients have experienced themselves as being 

diff erent since their childhood and have in part internalized the attributions of 

their environment about the causal conditions of their particular characteristics 

in their self-image, or they fi nd themselves in a permanent state of contention 

with their environment (‘Have I got a problem or has everyone else got a problem 

with me?’). Th e fundamental destabilization of the self-concept that results from 

this is an important factor that needs to be considered.

• Th e emotional instability and its impact on relationships and on social 

functioning can come to the fore in adulthood and should be given due 

consideration.

• For those aff ected, the symptoms of ADHD do not only present problems in their 

social environment but are also potential disruptive factors for the execution of the 

psychotherapy that need therefore to be considered. Disorder-typical behavior can 

be expected that will frustrate the therapeutic setting (forgetting appointments, 

unpunctuality, diffi  culties in managing homework, etc.). Th ese disrupting infl uences 

on the therapy need to be born in mind both prior to and during the course of the 

therapy when choosing the setting and when preparing and arranging the therapy.

• Th e frequent occurrence of comorbid disorders means that the psychotherapy 

should have suggestions for a hierarchical approach for dealing with these 

comorbidities and should consider the particular consequences of this.

• Not all manifestations of ADHD require treatment in adulthood. Th ere are 

nevertheless many aff ected who hope for improvement in the quality of life, even 

though they have already achieved a very high level of functioning in other areas 

(‘high functioning ADHD’). Th ere is therefore a fl uid transition to coaching and 
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‘personal growth’ approaches. A psychotherapeutic concept that takes this into 

account should be constructed in a modular fashion in order to enable the patient 

and the therapist to target individual problem areas, according to individual 

assessment.

• Given that the symptoms of ADHD in adulthood are interindividually very 

diff erent and that for many the aim is to control the disorder and not to ‘eliminate’ 

it, the notion of improving the self-management of the debilitating eff ects of the 

disease should be given priority. Many of those aff ected report that they do not 

wish to see their lives without certain facets of ADHD.

The Freiburg Treatment Program as an Example of a Disorder-Oriented Therapy 

Concept with Several Therapy Modules

A treatment program, in development since 1999 at the University Clinic Freiburg, will 

be presented in the following in greater detail as an example of a standardized and eval-

uated disorder-oriented treatment program [10, 12, 20]. It is presented also because this 

procedure is currently further investigated in a larger randomized study [21].

The main objective in developing this disorder-oriented group program was to 

improve the control of (but not ‘heal’) the symptoms of ADHD (‘To control ADHD 

rather than being controlled by ADHD’).

Further aims were:

• Experience of enhanced control, based on information in the form of a disorder-

specifi c psychoeducation;

• Positive infl uence on the core symptoms (attentional disorders, hyperactivity, 

impulse control, disorganization and aff ect disorders) through specifi c training of 

skills;

• Improved coping with the psychosocial consequences of the symptomatic (work, 

relationships);

• Improvement of the mostly low or instable self-esteem, and

• Achieve a balance between ‘accepting’ the symptoms and ‘altering’ them in the 

sense of an active and responsible coping approach to their consequences.

Basic Principles

The starting point for the development of a therapy concept was the transfer of the 

general therapeutic factors of psychotherapy according to Grawe [22] and the con-

cept of dialectic behavioral therapy of borderline personality disorder according to 

Linehan [23]. The transfer of the concept has to consider the following points:

Clarification

The therapy should create a frame of reference in which those aspects of experience 

and behavior that encroach upon the patient meeting his or her basic needs, and 
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therefore upon the patient’s life quality, can be described as treatable symptoms of 

ADHD. Information about the causes, symptoms, diagnostics and treatment possi-

bilities are therefore central elements of the treatment: ‘What do I have, why, what do 

I want to change, how do I go about it?’

Resource Activation

Imparting a balanced view of ADHD is of focal importance in a resource-oriented 

approach: ‘ADHD imposes limitations – but it presents many possibilities (e.g., cre-

ativity, prepared to take risks, fantasy), too. How can you use your resources in order 

to set about achieving the goals defined in the clarification phase?’

The induction of positive change expectancies is held to be a specific therapeu-

tic factor in hypnotherapy procedures. A central element of therapeutic approaches 

should be the induction of expectancies of improvement that in a secondary fashion 

can evoke positive feedback processes [22].

Problem Actualization

Many individuals with ADHD experience difficulties with the concrete analysis of 

problematic behavior. Even before it comes to a detailed behavioral analysis, acquired 

behavioral patterns frequently cause the patient to jump to a level of explanation or 

justification that is frequently connected with a rapid change of self- and other attri-

butions about the root cause (‘Who is to blame’?). In order to accomplish problem 

actuation it would therefore appear sensible to firstly recognize the problem behav-

ior as ADHD-typical behavior in order to then develop coping strategies, to exercise 

these in concrete situations, and to subsequently transfer these to comparable situa-

tions (‘exercise, exercise, exercise’).

Coping

The described transfer leads to a long-term generalization of both problem-solving at 

the behavioral level and of change in attribution patterns in the sense of a more stable 

self- and other perception and a change in the self-image and experienced control.

The Dialectic Behavioral Therapy of Borderline Personality Disorder, developed by 

Linehan [23] at the University of Washington in Seattle, USA, is an empirically investi-

gated therapy model that is very similar to this one in the symptoms it focuses on, in the 

considerations paid to structuring the therapeutic settings and in its described objectives.

From a phenomenological point of view there are some similarities between 

ADHD and borderline personality disorder: deficits in affect regulation, impulse con-

trol, substance abuse, low self-esteem and disturbed interpersonal relationship are 

common in both conditions [24–26]. In ADHD, attention deficit is most pronounced 

in situations which lack external stimulation. In contrast, patients with borderline 

personality disorder often experience dissociative symptoms when they feel emotion-

ally stressed. From a neurophysiological point of view, dissociation in borderline per-

sonality disorder might be regarded as a special form of attention deficit [24].
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Mechanisms of affect regulation, however, differ quite dramatically in the two 

conditions. Patients with ADHD, the majority being male, often try to regulate their 

labile emotional balance by excessive sports, sexual behavior, or sometimes impulsive 

aggressive behavior (‘fight or flight’). Patients with borderline personality disorder 

(majority female, often with post-traumatic stress symptoms), on the other hand, 

tend to slide into ‘freezing behavior’ or ‘dissociative states’ when stressed emotion-

ally. The self-injurious cutting or burning behavior is then used to put an end to these 

states of tension.

Given these considerations and positive clinical experience with dialectical behav-

ior therapy (DBT) in patients with both ADHD and borderline personality disorder, 

it seemed a promising approach to offer certain elements of DBT skills training [23, 

27] to patients with only ADHD.

The general approach of DBT concerns a form of therapy based on a principle 

driven approach with the two modes single and group therapy. A manualized ‘skill 

training’ [23, 27] comprising a number of modules is available for the group therapy, 

and this deals with coping with specific problem behavior.

In view of the ADHD symptomatic, the following assignment of modules for skill 

training of the DBT appeared appropriate:

Attention and concentration deficits ↔ ‘Mindfulness’

Hyperactivity and Impulse control ↔ ‘Distress tolerance’

Affective Instability ↔ ‘Emotion regulation’

Interpersonal problems ↔ ‘Interpersonal effectiveness’

Presentation of the Therapy Program

The following therapy elements were integrated as described (for an overview, see 

table 1).

Clarification

Patients with ADHD often do not recognize their problems as a symptom of a ‘dis-

order’. Frequently being misdiagnosed, they feel together with other patients misun-

derstood in therapies and stop attending. A correct diagnosis alone often results in 

substantial relief since it allows the patients to understand their problems and symp-

toms as part of a recognized disorder. In order to prepare the patients in advance 

and to avoid premature termination of the therapy, they receive written information 

about their diagnosis of ADHD and the precise goals and sequence of the course of 

the therapy.

In the first session, following a general introduction, patients were educated regard-

ing the symptoms and signs of ADHD. A general agreement is settled regarding the 

modalities of the therapy. Finally, the expectations and aims of the participants as well 

as possible limitations are discussed.
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Neurobiology/Mindfulness

Attention deficit is one of the primary deficits in ADHD. Many other symptoms derive 

from it. In the second section, patients are educated about the scientific knowledge 

regarding psychological aspects of attention and concentration and neurobiology of 

ADHD. Subsequently, the concept of mindfulness is discussed and patients are famil-

iarized with training of mindfulness [23, 27]. Mindfulness skills are central to DBT. 

They are seen as psychological and behavioral versions of meditation skills ‘drawn 

most heavily from the practice of Zen’. In DBT there are three ‘what’ skills (observing, 

describing, participating) and three ‘how’ skills (taking a non-judgmental stance, focus-

ing on one thing at a time, being effective). In all following sessions, patients are asked 

to train these mindfulness skills and to repeat them on a daily basis as homework.

Chaos and Control

Disorganized behavior is one of the core diagnostic criteria of ADHD often resulting 

in difficulties at school, work and in interpersonal relationships. In the therapeutic 

context chaos is defined as follows: ‘Chaos is, if ADHD takes control of me’. Control 

was defined as an antipodal concept: ‘Control is, when I seize control of ADHD’. 

Following Hallowell and Ratey [9], a list of concrete advice (how to plan a day, how to 

organize help, etc.) are presented to the patients. Mechanisms how to precisely realize 

these suggestions in everyday life are discussed.

Dysfunctional Behavior/Behavior Analysis

Different behavior patterns are analyzed in this section. Dysfunctional behavior is 

defined as the kind of behavior patients want to change. The core concepts of behav-

ior analysis (detailed and precise description of the behavior, preceding events, 

predisposing constellations, consequences, development of alternative strategies, 

Table 1. Contents of the therapy – an overview

Clarification

Neurobiology/mindfulness I

Mindfulness II

Chaos and control

Dysfunctional behavior/behavior analysis I

Behavior analysis II

Emotion regulation

Depression/medication in ADHD

Impulse control

Stress management

Dependency

ADHD in relationship/self respect

Retrospect and outlook
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prevention, apology, compensation) are introduced and taught to provide the patients 

with strategies for independent behavior analysis. Time and again, accurate examples 

of behavior analyses are practiced in the following group sessions.

Emotions

Emotional instability and brief recurrent depressive or dysphoric states or feelings of 

emptiness are all common in ADHD. In the section ‘emotions’, the patients are first 

informed about modern theories of emotion (primary emotions, signal and commu-

nicatory aspects of emotions, relationship cognition-emotion and emotion-behavior). 

Following this, exercises of emotional analysis (emotional record, emotional diary) 

and emotional regulation skills are demonstrated [23, 27].

Depression/Medication in ADHD

Patients are taught about the diagnosis and therapy of depressive disorders, since 

depression is very common in ADHD. Then, the principles of medical treatment of 

depression and ADHD are explained and every patient has the opportunity to report 

and discuss his personal experiences with medication.

Impulse Control

Impulse control and loss of impulse control are further core symptoms of ADHD. 

The exercises focusing on impulse control starts with behavior analyses of situations 

where loss of impulse control generally occurs frequently. The most common symp-

tom reported is difficulty in controlling anger. Short- and long-term consequences of 

impulsive behavior are discussed and goal-directed behavior is trained [23, 27].

Stress

As mentioned above, disorganized behavior is another core symptom of ADHD. 

Affected patients often feel that this behavior is a result of emotional stress and 

experience this deficit as stressful in itself. Problems with planning and organizing 

sequential behavior often result in a situation in which patients with ADHD do sev-

eral different things at the same time, feel pressurized, and end up finishing none of 

their projects.

The session focusing on this problem starts with education by informing the 

patients about the stress-performance relation. Subsequently, stress management 

techniques are trained, which are adapted according to personal resources. Exercises 

to improve personal stress tolerance are practiced.

Dependency

Substance abuse is one of the most common comorbid diagnoses in ADHD. Most 

patients suffering from ADHD have a history of drug abuse. To start dealing with this 

problem, patients are educated about symptoms and signs of dependency, effects and 

side effects of psychotropic substances in ADHD, and the nature and consequences 
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of high risk and dependent behaviors often seen in ADHD (sexuality, high-risk sport, 

internet, etc.). Behavior analyses are then performed that focus on dependent behav-

ior and define the aim of developing alternative behavioral strategies.

ADHD in Relationships/Self-Respect

The symptoms associated with ADHD render affected patients vulnerable to nega-

tive experiences during childhood, at school, university and work. In particular, the 

attention deficit is the reason why many patients do not achieve positions in private 

or professional life which correspond to their abilities and intelligence. Furthermore, 

the interpersonal relationships are affected at home and at work commonly resulting 

in criticism and rejection. This often leads to dramatically reduced self-esteem. The 

effects and consequences of ADHD including possible advantages of the disorder for 

the individual biography are discussed and patients have the opportunity to share 

their experiences.

Session with Partners and Family Members

Many families, partnerships and marriages are affected by the symptoms of ADHD 

of a family member or partner. Hallowell and Ratey [9] vividly describe the prob-

lems that often result from ADHD within interpersonal relationships. To address this 

problem, educational literature about ADHD as well as the content and the objectives 

of the psychotherapy is handed out to partners and family members. Arrangements 

are made to meet with partners or families of every participant separately. In these 

sessions, patients and partners have the opportunity to present and discuss their spe-

cific problems and coping strategies.

Retrospect and Outlook

In the last session the experiences in the therapy are summarized and the next steps 

are planned (e.g. transformation to a self-help group).

Structural Features

The following structural features have proven practical and helpful in carrying out 

group therapy with adults with ADHD:

Group Size

The optimal group size is 6–10 participants. No experience has been gained of groups 

exceeding 10 participants.

Duration

The duration of the program is originally designed to be around 13 sessions. These 

take place in a weekly cycle. The participants are informed that the diagnosis, prepa-

ration phase, and the possible consultations with relatives or partners will amount to 

a total duration of roughly 15–16 weeks.
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Frequency

One 2-hour session per week. Early evening appointments have proven to be most 

convenient, enabling those working to participate in the group.

Structure of the Session

The weekly sessions are divided into two sections. In the first section the homework 

is discussed. Furthermore, the basic elements and instruments such as ‘exercising 

mindfulness’ and ‘behavioral analysis’ are the continuous subject of discussion and 

exercised.

The second section of the session is used for communicating new content. Roughly 

halfway through this section a 15- to 20-min break is recommended. Performing a 

short mindfulness exercise at the beginning of every section has proven to be a valu-

able ritual.

If possible, the groups should be under the guidance of two therapists. This is ben-

eficial because it (1) reduces the chance of disturbing the regularity of the therapeutic 

sessions through absence or illness, and (2) it is easier to allocate the basic elements of 

the therapy to two therapists in the sense of seeking to establishing a balance between 

acceptance and change. One therapist can adopt with greater emphasis the aspect 

of acceptance, while the other tends more to embody the aspect of change. This 

approach should always be delivered in a balanced way whenever a distinct polariza-

tion emerges in the course of a group therapy.

Open or Closed Groups?

Given the structure of the program it is more appropriate to carry out the group ther-

apy in a closed group.

Therapy Contract

Before proceeding with treatment the matter of formulating a written therapy contract 

should be discussed. The contract should set down clear rules about the conditions of 

participation and make clear the necessity for homework after the first session.

Homework

It has proven practical to indicate in the preparatory discussions and prior to the 

beginning of group therapy the effort involved in and importance of the homework, 

and to point out that repeated failure to complete the homework will be discussed as 

therapy interfering behavior

Dealing with Therapy Interfering Behavior

Therapy interfering behavior refers to the behavior of participants or therapists that 

makes execution of the therapy difficult or impossible for the participant, for the 

other participants, or for the therapist. Examples of such behavior are: unexcused 

absence, arriving late, omitting to do or finish homework, attending in an intoxicated 
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state, aggressive behavior, and failure to observe acceptable personal limits of other 

participants or the therapist.

Therapy interfering behavior is always made a point of discussion when it repre-

sents appropriate topic of exercise relevant for the problems in daily life. For example, 

the issues of greater punctuality and regular participation will be discussed in detail at 

an early stage, presented as exemplary problems associated with ADHD, and worked 

on in behavioral analyses. When conducting a therapy it is therefore recommended 

that agreement is reached in the first session on the rules of punctuality and non-

participation.

Conclusion

Despite the promising data on the effects of a disorder-oriented psychotherapy for 

ADHD in adults a number of issues remain to be resolved:

• Data on the long-term eff ect of psychotherapy is absent in most studies to date. 

Follow-up investigations are therefore necessary. One aspect of the disorder is 

that those aff ected are quicker and more enthusiastic to pick up on new ideas and 

suggestions. Particularly in interventions for ADHD it is especially important to 

verify the sustainability of changes.

• An important therapeutic variable of programs that are carried out in groups 

appears to be the group itself. It is therefore important to examine how much 

infl uence this ‘group eff ect’ has, that is, the experience made with those similarly 

aff ected of mutual understanding and coping, on the measured improvement in 

the symptomatic (individual versus group therapy).

• Th e possibility of implementing a disorder-oriented psychotherapy for ADHD 

under consideration of the diff erent comorbidities is a largely unresolved issue. 

Clinical experience gives rise to two questions: (1) Which comorbidities in what 

intensity should be given priority and treated specifi cally because the primary 

ADHD therapy does not otherwise appear appropriate? (2) Are there disorders 

for which, in contrast, the treatment of ADHD should take place fi rst or in 

parallel because the previous treatment approaches for those with comorbid 

ADHD result in a high non-responder rate.

• Which adult patients benefi t from a medication-based therapy, which benefi t 

from a psychotherapeutic approach, and in which is the combination of both of 

these most promising?

• Which modules should a disorder-oriented psychotherapy include and 

which modules can be omitted from the therapy programs developed to date 

(comparison of diff erent therapeutic approaches)?

Despite these open questions, the implementation and further development 

of a disorder-oriented psychotherapy for ADHD in adults appears very promis-

ing, and the German Federal Ministry for Education and Research has therefore 
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Abstract
Attention-deficit hyperactivity disorder (ADHD) in adults is a common disorder which results in a lot 

of secondary problems. Pharmacological treatment is essential in the management of ADHD. 

Stimulant treatment has for decades been proven to be effective and safe. Amphetamine was the 

first drug for this indication; most studies have been carried out with methylphenidate, which has 

been shown to be very effective and well tolerated. Newer extended-release methylphenidate prep-

arations have considerable advantages. Because of hepatic side effects, pemoline no longer plays a 

role. Modafinil seems to have comparable effects like amphetamine. Atomoxetine is a potent norepi-

nephrine-specific reuptake inhibitor which is approved for the treatment of ADHD in children, ado-

lescents and adults. Tricyclic antidepressants may be third-line agents. Bupropion targets both ADHD 

and depressive symptoms which are frequent comorbid conditions. Clonidine and guanfacine have 

positive effects in patients with ADHD and comorbid tics. Several other compounds may be benefi-

cial in ADHD treatment. Copyright © 2010 S. Karger AG, Basel

Attention-deficit hyperactivity disorder (ADHD) has been increasingly recognized as 

a chronic condition [1]. Already in the 1980s, Paul Wender [2] realized that ADHD 

patients remain in treatment also in early adulthood. Approximately one- to two-

thirds of children with ADHD continue to manifest at least some clinically significant 

symptoms of the disorder into adulthood [3]. The symptom of hyperactivity shows 

best remission in adolescence, whereas impulsivity and inattention decline only 

slightly [4]. The prevalence of adult ADHD has been estimated in a recent study to 

be 4.4% [5].

There is common consent that untreated ADHD has a high risk of secondary 

problems in later life [6]. Studies in adults who have been diagnosed in childhood 

showed significantly higher rates of lower academic degrees, substance abuse and 

delinquency, impaired problems in occupational integration, more unwanted preg-

nancies, more children, more divorces and more contacts to medical services [7].
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The beneficial effects of benzedrine in inattentive and restless children were first 

published by Charles Bradley in 1937 [8] (fig. 1). Lauretta Bender confirmed his find-

ings [9], and in the 1960s, methylphenidate was introduced into the treatment of 

ADHD in children [10].

Stimulant medications are the first-line treatment options for the pharmacological 

treatment of ADHD. Methylphenidate is one of the best investigated drugs [11] which 

has been proven as being effective and safe in children, adolescents and in recent 

studies in adults [12–15]. In the Multimodal Treatment Study of ADHD (MTA) there 

were no significant differences between children receiving stimulant therapy alone 

and children receiving stimulant treatment with behavior therapy on ADHD out-

come measures [16]. Although psychotherapeutic interventions can be beneficial in 

treating the broad sequelae of ADHD (e.g. low frustration tolerance, low self-esteem, 

poor social skills, etc.), stimulant medications are the most effective treatment for the 

target symptoms of inattention, hyperactivity and impulsivity [17, 18].

The primary goals of therapy should influence those symptoms that interfere most 

with the psychosocial functioning of the patient. So, treatment recommendations 

for the individual patient will greatly depend not only on the presence and sever-

ity of symptoms but also on the extent to which these symptoms impair functioning 

across different settings. The different drugs which have been shown to be effective 

in ADHD treatment enable the physician to realize a tailoring treatment of the indi-

vidual patient.

Substances with proven benefit for adult ADHD treatment are stimulants, atomox-

etine, several antidepressants and α-adrenergic agents (table 1).

Fig. 1. Charles Bradley who in 1937 was the 

first to publish the beneficial effects of benze-

drine in inattentive and restless children [8].
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Stimulants

Stimulant medications are the first-line treatment options for the pharmacologi-

cal treatment of ADHD. As mentioned above, the efficacy of these substances was 

determined already in the 1930s. In 1944, the Swiss Leandro Panizzon developed 

methylphenidate [19] which is nowadays the most prescribed ADHD drug in the 

world.

Amphetamine-Based Stimulants

d-Amphetamine sulfate (Dexedrine®) is not available in all European countries. 

d-Isomer as well as l-isomer have pharmacological properties in ADHD – d-iso-

mer 3–4 times more. Amphetamine releases dopamine from presynaptic neurons, it 

reaches peak plasma levels within 2–3 h with a plasma half-life between 4 and 6 h (but 

with substantial interindividual variability). The metabolization of dextroamphet-

amine occurs mainly in the liver, where deamination and p-hydroxylation transform 

it mainly to benzoic acid. A significant proportion is excreted in the urine, ranging 

from 2% in very alkaline urine to as high as 80% in very acid urine, so that high 

gastric activity and some drugs against urinary infections may affect concentration 

substantially. Behavioral effects are noticeable within 30–60 min after oral ingestion 

and usually dissipate within 4–6 h.

Adderall® is a combination of four dextroamphetamine/amphetamine salts, namely 

dextroamphetamine saccharate, amphetamine aspartate, dextroamphetamine sulfate 

and amphetamine sulfate. The extended-release preparation Adderall XR® uses a 

beaded delivery system and can be administered in sprinkle form – a beneficial effect 

was noted at 10–12 h in children [20]. Dexedrine® capsules have a half-life of about 10 

h, but there is considerable variability in duration of effect among patients.

Table 1. Substances in treatment of ADHD in adults

Stimulants Atomoxetine Antidepressants Others

Pemoline Amphetamine-

based

Methylphenidate-

based

Strattera® Imipramine Clonidine

Cylert® Dexedrine® Concerta® Desipramine Guanfacine

Tradon® Adderall® Daytrana® Nortryptiline

Adderall XR® Medikinet retard® Buspiron

Vyvanse® Metadate CD® Moclobemide

Ritalin LA®

Ritalin SR®

Focalin®
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Vyvanse® (lisdexamfetamine dimesylate) is an inactive prodrug in which 

d-amphetamine is bonded to l-lysine, a naturally-occurring amino acid. It is 

designed as a capsule for once-a-day oral administration. Vyvanse® capsules are 

available with 20–70 mg of the compound. Lisdexamfetamine dimesylate remains 

inactive until converted and active d-amphetamine is gradually released. The Tmax 

of lisdexamfetamine dimesylate is approximately 1 h. In studies with healthy adults 

with a history of stimulant abuse it tended to be less euphoric than d-amphetamine 

sulfate and had a later peak effect. The abuse liability and abuse potential of lisdex-

amfetamine dimesylate seems to be substantially less than d-amphetamine sulfate. 

It has a low potential for drug-drug interactions or inition of drug-drug interac-

tions [21].

Adverse effects of stimulants can be caused by physiological effects of noradren-

ergic activation (increase of heart rate and blood pressure, contraction of bladder 

sphincter and bronchodilatation), those associated with pharmacokinetics of sin-

gle or repeated doses waxing or waning over 3–4 h, different individual responses 

between doses and between two stimulants and other idiosyncratic responses. The 

most common side effects are loss of appetite, difficulties falling in sleep, headaches 

and stomachaches. In some predisposed patients, tics can occur. These side effects 

are generally mild, can be managed with adjustments of timing or dose and can be 

confirmed by interrupting medication. Adverse effects of stimulants are far less com-

mon and severe in controlled studies than their reputation in popular belief, opin-

ion and prejudice. Dexamphetamine may theoretically predispose to slightly more 

noticeable side effects, especially to negative emotional symptoms [22]. A literature 

research revealed no information on the outcome of pregnancy in prescribed users of 

stimulants for ADHD [23]; as teratogenesis cannot be excluded, this problem should 

be considered in postpubertal and adult females.

Methylphenidate-Based Stimulants

Methylphenidate is the most extensively studied stimulant; it reaches plasma peak 

levels within 1.5–2.5 h after ingestion. The plasma half-life is usually between 2 and 

3 h and the drug is entirely metabolized within 12–24 h, with almost none of the drug 

appearing in urine. The metabolic pathway for its decomposition and elimination 

seems to be via deesterification to ritalinic acid, to a lesser degree via hydroxylation 

to p-hydroxymethylphenidate, and the remainder to oxoritalinic acid and oxometh-

ylphenidate, all of which are pharmacologically inactive. Behavioral effects occur 

within 30–60 min, with a peak within 1–3 h. It is important to note that interindivid-

ual variability exists with respect to these parameters. The plasma level does appear 

to be dose-related.

Immediate-release methylphenidate is the shortest acting stimulant medication 

option. Three times daily dosing is often required to maintain benefit throughout the 

day and patients may experience rebound of ADHD symptoms prior to the next dose 

as the medication wears off.
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A relatively new form of methylphenidate is the dextro isomer of methylphenidate 

dexmethylphenidate hydrochloride (Focalin®), which requires divided dosing (twice 

daily).

Methylphenidate sustained release (Ritalin SR®) was the first available form of 

long-acting methylphenidate. Although the sustained release form allowed in some 

patients the possibility of once-daily dosing, there was a delay in clinical effects and 

the peak effect varied for the individual patient (fig. 2).

The development of newer methylphenidate preparations with extended release 

expanded the options for longer acting coverage. Concerta® offers both immediate- 

and extended-release methylphenidate from the same capsule. An overcoat of the 

capsule provides the immediate release form within 30–60 min after administration. 

Then the osmotic pump delivery system (OROS®, i.e. osmotic-release oral system) 

releases methylphenidate gradually to allow for duration of effect of 10–12 h. The 

second peak level occurs at 6–8 h (fig. 3). The capsule cannot be chewed or crushed. 

Concerta® is available with 18, 36 and 54 mg, in the USA also with 72 mg. Concerta® 

is an effective dose-dependent treatment of ADHD in adults with a safety profile con-

sistent with methylphenidate use in children and adults [24].

Metadate CD® (in Europe Equasym retard®) capsules contain a mixture of immedi-

ate- and delayed-release methylphenidate beads (Diffucaps) in a ratio of 3:7 (fig. 4). It 

is available in 10, 20 and 30 mg. The bioavailability and tolerability of Metadate CD® 

in adults is not altered when the capsule is opened and the beads are sprinkled on 

food [25].

Ritalin LA® (in France Ritalin LP®) uses the SODAS® (i.e. spheroidal oral drug 

absorption system) technology to integrate immediate and delayed release. The ratio 

of the two components is 1:1, so that less medication is delivered in the afternoon 

compared to Metadate CD® and Concerta®. Ritalin LA® is available in 20-, 30- and 

40-mg capsules.

Ritalin® 2 × 10 mg
Ritalin SR® 20 mg
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Medikinet retard® is available only in Central Europe. The pellets contain meth-

ylphenidate in the ratio 1:1 immediate to delayed (after ca. 4 h) release. It is available 

in 5-, 10-, 20-, 30- and 40-mg preparations. A study with Medikinet retard® in adults 

with ADHD was carried out in Germany recently [15].

Daytrana® is a methylphenidate patch which should be worn 9 h; its effects con-

tinue for 3 h after it is removed. It is available in four patch sizes with 10, 15, 20 and 

30 mg methylphenidate. The advantage of Daytrana® is the flexibility of managing the 

duration of the drug. It should be applied to the hip in the morning, and the patch 

provides medicine continuously. A daylong adhesion also during sport activities such 

as swimming, exercising and bathing is warranted.

Focalin XR® contains dexmethylphenidate hydrochloride, the active d-isomer 

of d,l-methylphenidate, and is available in four strengths, including 5-, 10- and 

20-mg capsules. It has a bimodal release profile with ratio 1:1 and uses the SODAS® 
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technology. The first peak concentration is reached in about 90 min after ingestion, 

the second one in about 6.5 h (fig. 5). A study in children showed that dexmeth-

ylphenidate hydrochloride is not better or safer than methylphenidate, but has a lon-

ger duration of action [26]. In a large controlled study, dexmethylphenidate-extended 

release has proven to be a safe and effective treatment for adults with ADHD [27].

Other Stimulants

Modafinil (Provigil®, Vigil®) has been approved for treatment of narcolepsy in adults. 

It is chemically unrelated to methylphenidate or amphetamine. Compared to these 

two substances it seems less likely to cause irritability and excitement. It appears to 

act on the frontal cortex and is more selective in its area of action than the traditional 

stimulants [28]. Modafinil improves in adults short memory span, visual memory, 

spatial planning and stop-signal motor inhibition [29]. In a randomized double-blind 

placebo-controlled study comparing the efficacy of modafinil to that of dextroam-

phetamine in adults, both medications were well tolerated and showed significant 

improvement [30]. The most common adverse events were insomnia, headache and 

decreased appetite; the severity of symptoms was mild to moderate. Modafinil may 

have advantages over current therapies for ADHD in that it can be administered once 

daily and has fewer reinforcing properties than traditional stimulants [31].

Pemoline (Cylert®, Tradon®) lacks significant sympathomimetic activity and can 

be administered once a day. It is usually started at a dose of 40 mg in the morning and 

then increased gradually by 20 mg/week to 0.5–3 mg/kg day. It takes about 1–2 h to 

take effect, lasts up to 8 h and it may take several days to build up to have an clinical 

effect. Because of increasing concerns about hepatotoxicity, biweekly liver function 

monitoring is required. Actually, pemoline is a third-line medication.
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Second-Line Agents

Outside the psychostimulants, noradrenergic and dopaminergic active compounds 

including monoamine oxidase inhibitors [32, 33], secondary amine tricyclic antide-

pressants [34] and bupropion [35] have been found superior to placebo in controlled 

clinical studies. Possible advantages of these compounds over stimulants include a 

longer duration of action without symptom rebound, minimal risk of abuse and as 

the potential treatment of comorbid internalizing symptoms.

Tricyclic Antidepressants

One of the best established second-line treatments for ADHD are the tricyclic anti-

depressants (TCAs). Out of 33 studies evaluating TCAs in children, adolescents and 

adults, 91% reported positive effects on ADHD symptoms [36]. Imipramine and 

desipramine are the most studied TCAs. Although most TCA studies were relatively 

brief, lasting from a few weeks to several months, nine studies reported enduring 

effects for up to 2 years. The outcome in both short- and long-term studies were 

equally positive [37]. Desipramine at an average dose of 150 mg was statistically and 

clinically more effective than placebo in adults [38]. Similar to atomoxetine, tricyclics 

block the norepinephrine transporter, which is believed to attenuate ADHD symp-

toms by increasing norepinephrine in the synapse. Anticholinergic side effects have 

restricted clinical use of these drugs.

Atomoxetine

Atomoxetine is a potent norepinephrine-specific reuptake inhibitor that has been stud-

ied in over 1,800 children and over 250 adults [37, 39, 40]. In the USA, atomoxetine 

was approved in November 2002 for the treatment of ADHD in children, adolescents 

and adults. Atomoxetine does not appear to affect the dopamine systems as directly as 

the stimulants do, but causes a secondary increase in dopamine levels in the prefrontal 

cortex [41]. It is metabolized primarily via the cytochrome P450 (CYP) 2D6 enzymes 

in the liver, so that poor metabolizers need reduced target dosages. Dosing is recom-

mended to be initiated at 0.5 mg/kg, with titration up to 1.2 mg/kg. A dose of atomox-

etine is generally administered either once or twice daily. Possible side effects include 

decreased appetite, nausea/stomach upset, decreased sleep and a mild increase in pulse 

or blood pressure. Atomoxetine can lead to urinary retention and can cause problems 

with sexual functioning in some individuals. Atomoxetine ameliorates ADHD symp-

toms in adults, usually has no rebound effect like stimulants, and improves their per-

ceived quality of life [42, 43]. Atomoxetine has a slower onset to action than stimulants 

do; thus effects may not be seen until the end of the first week of treatment.

Bupropion

Bupropion hydrochloride (Wellbutrin®, Zyban®) is an aminoketone antidepressant 

that has been used to treat ADHD. Unique advantages of using this drug are that it 
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may target both ADHD and depressive symptoms and the possibility of once-daily 

dosing and 24 h coverage. In studies, bupropion has shown modest efficacy in ADHD 

treatment in adults [44]. Although bupropion is well tolerated by most patients, in 

rare cases it induces seizures, which is why the drug should not be given to patients 

with a history of seizure disorders or bulimia. This substance is efficacious for con-

trolling cigarette smoking which is increased in ADHD patients [45].

α2A-Adrenoreceptor Agonist

Clonidine (Catapress®, Catapresan®) and guanfacine (Tenex®, Estulic®) have been 

used in adults for the treatment of hypertension. These substances have shown 

positive effects in ADHD patients, especially for those with tics, impulsivity and 

aggression rather than with inattention. The sedating property can cause prob-

lems concentrating on work and traffic. Besides this, α-adrenergic agents may also 

cause decreased pulse and blood pressure, as well as dry mouth, depression and 

confusion.

Clonidine is not known to have long-term adverse effects. It is a relatively short-

acting compound with plasma half-life ranging from approximately 5.5 h in chil-

dren to 8.5 h in adults. Daily doses should be titrated and individualized. A usual 

daily dose ranges from 3 to 10 μg/kg given generally in divided doses 2–4 times a 

day. Therapy is usually initiated at the lowest manufactured dose of a half tablet and 

increased depending on clinical response and adverse effects. A meta-analysis of 39 

studies investigating the use of clonidine in ADHD treatment indicated a moder-

ate effect size, with particular benefit for children with comorbid conduct disorder, 

developmental delay and tic disorder [46].

The more selective α2A-agonist guanfacine (Tenex®, Estulic®) may have a similar 

spectrum of benefits to those of clonidine with less sedation and longer duration of 

action. The usual daily dose of guanfacine ranges from 40 to 85 μg/kg, given generally 

in divided doses, 2–3 times a day. In a study in adults with ADHD, guanfacine was 

shown to improve both ADHD symptoms and a cognitive test of response inhibition 

as measured by the Stroop [47].

Other Compounds

Venlafaxine (Effexor®, Trevilor®) has shown to be helpful for some adults with 

ADHD. In an open study a significant reduction in ADHD symptomatology was 

described; it was well tolerated and most patients experienced only mild side effects 

[48, 49]. As comedication with stimulants, venlafaxine seems to be superior to 

other antidepressants in the treatment of ADHD and comorbid social phobia or 

depression.

An open-label study suggests that the NMDA receptor antagonist memantine may 

be a safe and possible effective treatment of ADHD in pediatric patients [50].

There are only a few experiences of estrogen supplementation in females with 

ADHD. Some women report that their ADHD symptoms worsen during the 
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premenstrual period and during the perimenopausal years and improvement in 

memory and attention span after estrogen supplementation. Since estrogen affects 

many systems in the body, the risks and benefits should be considered. More system-

atic research is needed to clear the relation between ADHD and estrogen.

Nicotine enhances dopaminergic neurotransmission, and poor regulation of the 

nicotinergic receptors may be involved in the pathophysiology of ADHD. A transder-

mal nicotine patch seems to improve some symptoms of ADHD [51, 52].

A few studies show correlations of zinc level with either clinical severity or a change 

thereof in response to stimulant or chemical challenge [53]. The possible role of zinc 

in ADHD is not yet clear, but there is strong evidence to warrant further controlled 

studies in well-diagnosed samples [54].

Conclusions

ADHD in adults is a chronic condition which requires efficient therapy to reduce 

impairing symptoms. Non-pharmacologic interventions tested in children and ado-

lescents were not more effective than medication in treatment of the core symptoms 

of ADHD [55]. There is evidence that the situation in adults does not differ from 

children and adolescents. Long-standing clinical experience dictates that coaching 

and problem-based and solution-oriented counseling of the patient and his family are 

valuable and necessary adjuncts to drug therapy.

First-line pharmacotherapies include the FDA-approved medications. There is the 

longest experience with stimulants. Both amphetamine and methylphenidate have 

a history of more than 40 years of robust response, good tolerability and safety. In 

controlled studies, methylphenidate has demonstrated the efficacy and tolerability in 

adults [12–15]. The different longer acting stimulants enable the physician to practice 

a tailoring treatment with the individual patient. The cost-effectiveness relation of 

these compounds is very good [56, 57].

Atomoxetine is a non-stimulant ADHD medication which has proven efficacy in 

adults. At this time there are no adequately powered head-to-head studies and thus 

no rational guidelines inform the relative position of this drug in the group of anti-

ADHD treatments. Actually, atomoxetine is indicated for conditions in which tics, 

poor response to stimulants or side effects and certain comorbidities like depression 

and anxiety are present.

Before prescribing medication it is essential to apply a careful differential 

diagnosis in the assessment of the ADHD patient that considers psychiatric, 

social, cognitive, educational, occupational and medical/neurological factors. 

Realistic expectations of the treatment, definitions of target symptoms and care-

ful assessment of the potential risks and benefits of each kind of intervention are 

required.
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