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Abstract: Part 1 in this series 
(“Nutritional Intake and Therapies 
in Autism”) addressed the nutrient 
intake of children with autism and 
the myriad factors likely to affect 
dietary intake and nutritional status. 
These included medical/nutritional 
factors (gastrointestinal symptoms/
issues, food allergies, metabolic 
abnormalities and/or preexisting 
nutrient deficiencies, and nutrition- 
related medication side effects) and 
behavioral/contextual factor subcat-
egories (problem eating behaviors, 
sensory processing difficulties, and 
family factors). Part 2 of this 2-part 
series covers nutrition interventions 
used in autism, with emphasis on 
safety and efficacy as delineated 
by an evidence-based approach. 
Nutrition intervention topics will 
be introduced as to the scientific 
rationale or purported mechanism 
of the intervention, safety, efficacy, 
untoward effects, and interactions 
with nutrients, medications, or other 
dietary supplements. Broad topics of 
discussion include nutrition assess-
ment of the child with autism, dietary 
supplements/herbs used in autism 
(multivitamins, probiotics, omega-3 

fatty acids, vitamin B6–maganesium, 
melatonin, methylator pathway nutri-
ents), and special diets, including a 
gluten-free, casein-free diet and the 
specific carbohydrate diet. Finally, 
behavioral/contextual interventions 
are discussed, and suggestions for 
future research to support clinical 
practice are proposed.

Keywords: autism and diet; develop
mental disabilities; glutenfree diet; 
dietary supplements in autism; vitamin 
and mineral supplementation in autism

Nutrition Assessment 
of the Child Being 
Evaluated for or Already 
Diagnosed With Autism

Anthropometric Assessment

In Part 1, it was apparent that mul
tiple factors may contribute to subop
timal nutrient intake and compromised 
nutrition status.1 Integral when provid
ing a nutrition consult for children with 
autism spectrum disorders (ASD) or any 
other developmental disability is the 
completion of a nutritional assessment.2 
Often, the youngest age of a child for 

which a dietitian would perform an 
assessment to evaluate for an autism 
diagnosis is typically 18 months to 
2 years. Invaluable are medical records 
that can be forwarded from the primary 
care physician. It has been reported 
that, compared with typical children, a 
trend of smaller head circumferences 
(HC) from birth to 2 weeks, followed 
by a significantly larger head circumfer
ence by 10 to 14 months, is associated 
with the eventual diagnosis of autism.3 
Dawson et al4 report that head cir
cumference Z scores relative to norms 
significantly increased in the birth to 
12month timeframe, followed by a 
deceleration. It was further explained 
that studies of behavioral development 
in infants later diagnosed with autism 
suggest that the period of acceleration 
of head growth precedes and overlaps 
with classic autism behavioral symptom 
onset, and the head growth decel
eration period seems to coincide with 
behavioral symptom worsening in the 
second year of life. It is important to 
note, however, that in this case, the HC 
changes are not related to nutritional 
factors.

The other critical anthropometric mea
surements (height/length, weight, triceps 
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and subscapular skinfolds, and arm cir
cumference)2 can also be performed. In 
the younger child (036 months), recum
bent measurements should be taken and 
weight and/or body mass index (BMI) 
obtained. Other anthropometric measures 
such as metacarpal morphometry or 
dualenergy xray absorptiometry (DEXA) 
are suggested for older children with 
ASD (ages 610 years old) who, because 
of idiosyncratic eating behaviors and/
or the adherence to caseinfree or dairy
free diets, may be at risk for reduced 
bone cortical thickness and subsequent 
fractures and longterm bone growth 
deficits.5 A detailed nutrition history and 
dietary analysis will help in the deter
mination of whether these bone health 
measurements are indicated.

Biochemical Assessment

Laboratory Values

Medical records from the primary care 
physician are useful when assessing the 
child being evaluated or already diagnosed 
with an ASD. Lead levels are frequently 
obtained when a developmental disability 
is suspected as abnormally high serum lev
els are associated with mental retardation.6 
Iron deficiency anemia is generally a risk 
factor in children with developmental dis
abilities, and at least ferritin levels should 
be checked at baseline and monitored if 
iron therapy is initiated. Serum cholesterol 
levels have been of interest because of the 
correlation between low serum cholesterol 
levels and a positive ASD diagnosis.7 Again, 
this is not related to nutrition but rather 
may be associated with the physiologic 
milieu of autism itself.

Medications

As addressed in Part 1, Table 1, there 
are several nutritionrelated side effects 
ascribed to some medications used 
in autism, including medications for 
attentiondeficit hyperactivity disorder 
(ADHD), anticonvulsants, and atypical 
antipsychotic agents. Briefly, ADHD 
medications can adversely affect appe
tite, and anticonvulsants can cause nau
sea, vomiting, and diarrhea and are also 
associated with osteoclastic activity and 
subsequent decreased serum levels of 
vitamin D and calcium. Some atypical 

antipsychotics lead to increased appe
tite, weight gain, and eventual glucose 
intolerance.8

Clinical Assessment

Feeding Skills

Children with autism may or may not 
have oralmotor deficits such as weak 
suck, tongue thrust, and poor lip closure, 
which can be related to characteristic 
food rigidity and resultant inexperience 
with all types of foods and textures. 
Many children with ASD also have oral
motor deficits associated with concomi
tant developmental disorders. What also 
exist are oral tactile sensitivity, hyperac
tive gag reflex, incomplete mastication, 
and occasional choking. As with all 
children with developmental disabilities, 
dietitians should evaluate whether acqui
sition of feeding skills has been delayed 
(see Table 1).2

Some clinicians report that children 
with ASD still insist on purees at such 
advanced ages as 7 or 8 years. It is also 
not unusual for a 3yearold child with 
autism to refuse to use a sippy cup 
and to insist on the continued use of a 
bottle for the consumption of liquids. 
As with any child using a bottle, par
ticularly if he or she is past the age of 2 
years, a discussion of the probability of 
dental caries should be addressed, par
ticularly if the parent allows bottle use 
as the toddler is falling asleep (sleep 
issues are discussed below). Regarding 
dental health, children with oral tac
tile sensitivity and/or hyperactive gag 
reflex are frequently not cooperative 
with teeth brushing, another issue that 
should be addressed with the parent 
and a referral to a pediatric dentist.

Depending on the nature of the feeding 
issue and medical center or institution, 
it is often protocol to refer a child with 
such challenges to a feeding team often 
comprising a registered dietitian, occupa
tional therapist, speech pathologist, pedi
atric psychologist, and pediatrician.

Nutrient Intake

Parents of children with autism are 
quite cognizant of all the Internet has 
to offer as adjunct therapies or even 

suggested “cures” for autism, and many 
children may be placed on a special diet 
by their mothers before their mothers 
consult with a dietitian. One of the most 
helpful clinical tools a dietitian can use 
is a 3day food record. The outcome of 
the first visit is significantly more suc
cessful if the 3day diet record is ana
lyzed in advance and shared with the 
parent(s). Nutrient analysis can guide 
the clinician in the recommendation of 
diet modifications, possibly including 
multivitamins/minerals or individual 
vitamin or mineral supplements.

Macronutrients. As noted in Part 1, 
macronutrient deficiencies are often 
not an area of major concern in chil
dren with autism. Carbohydrate and 
fat requirements are usually met in 
children with ASD.9 Although this is a 
sweeping generalization, some typi
cal American favorite foods in children 
with autism (and most children, for 
that matter) are cereals, noodles, pasta, 
French fries, and chicken nuggets. Fiber 
intake in these children is usually sub
optimal.10,11 In children with ASD whose 
diet does not exclude dairy products, 
protein requirements are primarily 
met by milk products or low biologi
cal value protein sources, but in those 
with dairyrestricted diets, significantly 
more nondairy proteins are consumed.12 
Aside from chicken nuggets, it is not 
unusual for a child with autism to avoid 
most beef, pork, and poultry as well as 
fish. As beef is the major food source 
of heme iron, and the beef, pork, and 
poultry provide a significant contri
bution of zinc in a child’s diet, these 
micronutrient intake deficiencies should 
be addressed, particularly if, because 
of idiosyncratic eating behaviors, a 
child is not including fortified foods 
or enriched foods in the diet. It is also 
important to note that if a child is on 
the glutenfree, caseinfree (GFCF) diet, 
most of the glutenfree foods are not 
fortified or enriched.

Micronutrients. Compromised micro
nutrient intakes in children with autism 
are common, particularly vitamin A, cal
cium, vitamin D, vitamin E, pantothenic 
acid, and vitamin K.1014 Zinc, mentioned 
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above, is one of the minerals recom
mended most frequently, based on com
promised intake and Dr Walsh’s work15 

suggesting an aberration in zinc and 
metallothionein metabolism in children 
with autism.

Nutrition Interventions/
Therapies in Autism: 
Popular Dietary 
Supplements and Diets

Some of the most valuable advice for 
fellow clinical practitioners is shared 
experience. Many parents of children 
with autism or ASD have thoroughly 
researched what is referred to on the 
Autism Research Institute’s (ARI’s) Web 
site as “biomedical” interventions, which 
include the categories of (1) drugs; (2) 
biomedical, nondrug (dietary and herbal) 
supplements; and (3) special diets. On its 
Web site (http://www.autism.com/treatable/ 
form34qr.htm#biomedical), the ARI pres
ents data from 26 000 parents regarding 
their perception of the usefulness of 
various biomedical interventions or treat
ments in terms of effect on their child’s 
behavior. This is an experiential percep
tion, not necessarily supported by 
evidencebased research. Regardless, 
these observations are helpful to regis
tered dietitians to acquaint them with 
both the various therapies used by par
ents for their children with autism and 
the overall perception of the efficacy 
of those therapies. A listing of nondrug 
(dietary and herbal) supplements and 
special diets can be found in Table 2. It 
is important to note that many are not 
well researched in terms of safety and 
efficacy.

The use of dietary supplements by 
parents16,17 or recommendation by 
physicians18 has been the subject of 
several studies, and review papers 
have addressed existing research of 
complementary and alternative medicine 
practices in autism.9,1923

Hanson et al16 interviewed 112 families 
and found that 54% used biomedical ther
apies: “modified diets, vitamins/minerals, 
food supplements, herbal remedies, and/
or secretin.”16 Details as to which diets, 
supplements, or “remedies” used were 
not provided. Marschner et al17 surveyed 
The Autism Society of Ohio families and 
found that 83% reported use of at least 1 
supplement daily, and 50% of the families 
used at least 2 supplements daily. The 
most popular supplements taken were 
multivitamins, vitamin B6 and magnesium 

Table 1.

Development of Eating and Drinking Skills in Typical Children

Developmental Age Feeding Skill

2 months Infant brings hands to mouth in both supine and prone 
positions.

3 months Infant brings hands to mouth while holding an object.

3½ months Infant visually recognizes food and the bottle.

4 months Infant pats bottle with one or both hands.

4½ months Infant holds both hands on the bottle.

5½ months Infant holds bottle independently with one or both hands.

5 or 6 months Infant mouths and gums solid foods such as hard baby 
cookies.

6 months Infant drinks from a cup held by an adult.

6½ or 7 months Infant feeds self a cracker.

9 months Infant is capable of independent finger-feeding. Infant 
holds a spoon.

9½ months Infant stirs with spoon in imitation. Child holds cup and 
drinks with some spilling.

12 months Child holds the handle of a cup while drinking.

12 to 14 months Child brings a filled spoon to the mouth, turning the 
spoon over en route.

15 to 18 months Child scoops food and brings it to the mouth, spilling 
some.

18 to 24 months Child gives up the bottle and drinks entirely from the 
cup.

20 to 22 months Child can hold a small cup in one hand while drinking.

24 months Child brings a spoon or fork to the mouth with the hand 
palm up.

30 months Child can pour liquid from a small container.

31 or 32 months Child feeds self with little spilling.

30 to 36 months Child uses a fork to stab food.

Developmental ages are approximate and may vary with individual children. From Morris SE, Klein 
MD. Pre-Feeding Skills: A Comprehensive Resource for Mealtime Development. 2nd ed. San Antonio, 
TX: TSB/Harcourt; 2000. Reprinted with permission.
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supplements, fish oil, digestive enzymes, 
and probiotics. In a recent physician sur
vey regarding complementary and alter
native medicine (CAM) use in children 
with autism, Golnik and Ireland18 reported 
that physicians encourage multivitamins 

(49%), essential fatty acids (omega3 
fatty acids; 25%), melatonin (25%), and 
probiotics (19%). Physicians discouraged 
the use of chelation therapies (61%) and 
secretin (43%) in this study.

Once familiar with the supplements 
being purported to be efficacious for 
behaviorrelated core symptoms or other 
symptoms of autism, the dietitian can 
research these supplements as to their 
safety and efficacy via the current literature 
and helpful Web sites (see the appendix).

Following is a discussion of select popu
lar dietary supplements used in children 
with autism (see Table 3 for a compilation 
of the main points of the discussion).

Multivitamins

Clinical Pearls

There is little dispute over the need for 
a multivitamin supplement in children 
with autism based on the discussion of all 
the medical/nutritional and behavioral/
contextual factors affecting nutritional 
intake and status as discussed in Part 1.1 
Conventional pediatric chewable vitamins 
are ideal for the child who is willing to 
take them. Some children with texture or 
gagging issues do refuse them, however, 
so the challenge is to find an acceptable 
form the child will tolerate. Many children 
with autism prefer “gummy vitamins,” yet 
these often include only select nutrients 
and never contain iron. It may not be wise 
to discontinue the form that the children 
find acceptable, but the registered dieti
cian (RD) can suggest the rotation of 
chewable vitamins into the daily routine 
(consult DRI tables and vitamin/mineral 
product nutrition labeling to determine 
the best combination for the child’s age). 
Some children refuse chewable or gummy 
vitamins, so liquid vitamins can be used. 
The multivitamin will be sufficient for 
most vitamins and minerals lacking in the 
child’s diet, and thus individual vitamins 
and minerals are not usually recom
mended in autism, with the exception of 
calcium and vitamin D. Good sources of 
vitamin D are fortified foods, egg yolks, 
and fish, yet often it is difficult for any 
child, let alone children with picky eat
ing, to obtain enough vitamin D in the 
diet, especially because requirements 
were increased to 400 IU in October 2008 

by the American Academy of Pediatrics 
(AAP). There are excellent pediatric vita
min D and calcium supplements (in repu
table health food stores)—some individual 
supplements and others with vitamin D 
and calcium combined. TUMS fruit
flavored calcium supplements (300500 
mg/tablet, no higher per tablet) are a 
favorite with parents and children alike. It 
must be noted that for the child with idio
syncratic eating behaviors who may con
sume large amounts of select foods such 
as fortified/enriched products, it is critical to 
take into consideration the nutrient contribu
tion of these foods to the diet, and hence a 
multivitamin may not be indicated.

Vitamin B6–Magnesium

The promotion of vitamin B6 (pyri
doxine) was first documented more than 
40 years ago in the autism community 
because of its role in optimal neurological 
function/neurotransmitter synthesis.2426 
The theory that children with autism have 
a pyridoxine deficiency secondary to an 
enzyme deficiency that converts the inac
tive form of pyridoxine (vitamin B6) to 
the active form, pyridoxal5phosphate 
(P5P), prevails,27,28 is intriguing, and yet 
remains unproven. If proven, this would 
be a deficiency of the active form or pyri
doxine. Some autism Web sites encour
age the use of multivitamin supplements 
with P5P, but most dietitians/physicians 
are awaiting safety/efficacy studies before 
recommending this active form of P5P.26 
Several clinical trials have been conducted 
using highdose pyridoxine but have 
been criticized because of methodologi
cal flaws and small sample sizes.9 The 
outcomes reported by the various trials 
ranged from increased speech, decreased 
aggression/temper tantrums, decreased 
stimulatory behavior, improved eye con
tact, and increase in IQ and social quo
tient (improved social responsiveness). 
Three reviews (1 general review and 2 
Cochrane Database Systematic Reviews) 
have been published for these studies,29,30 
yet statistical metaanalyses were unable 
to be performed because of the numer
ous methodological flaws in the clinical 
studies.

Three of the pyridoxine trials,3133 2 of 
which provided concomitant magnesium, 

Table 2.

“Biomedical” Treatments or Special 
Diets Purported for Use in Autism

“Biomedical” treatments

Calcium

Cod liver oil

Digestive enzymes

Dimethylglycine

Fatty acids

5-Hydroxytryptophan

Folic acid

Magnesium

Melatonin

Methyl B12 (nasal)

Methyl B12 (subcutaneous)

P5P (vitamin B6)

SAMe

St John’s wort

Trimethylglycine

Vitamin A

Vitamin B3

Vitamin B6
 with magnesium

Vitamin B12 (oral)

Vitamin C

Zinc

Special diets

Gluten/casein-free diet

Specific carbohydrate diet
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Table 3.

Summary of Dietary Supplements and Purported Use

Dietary 
Supplement Purported Use in Autism

DRI (RDA
or AI)

General Metabolic 
Function Food Sources

Vitamin B6 Increased speech
Decreased aggression
Decreased stimulatory behavior
Improved eye contact
Improved social responsiveness

Males: 1.7 mg
Females: 1.5 mg

Amino acid 
metabolism
Neurotransmitter and 
hemoglobin synthesis

Fish
Chickpeas
Liver
Potatoes
Bananas
Fortified foods

Magnesium Improved social interaction
Improved communication
Decreased stereotypical 
behavior

Males: 420 mg
Females: 320 mg

Regulation of steroid 
hormone function
Involved in energy 
metabolism
Provides structure to 
bones

Dairy products
Chocolate
Legumes
Nuts
Legumes
Seafood
Green leafy vegetables
Unprocessed rice

Omega-3 
fatty acids

Decreased:
Hyperactivity
Stereotypy
Aggression
Improved:
Language learning skills

Males: 1.6 g 
Females: 1.1 g

 Soybean oil
Canola oil
Flaxseed oil
Fish oils from fish

Melatonin Improved sleep
Decreased sleep latency

NA  Dietary supplements

Folic acid Biochemical role in:
Cellular methylation
Antioxidant capacity/oxidative 
stress/inflammation

400 mcg Involved in single 
carbon transfers 
for amino acid 
metabolism and DNA 
synthesis

Organ meats
Okra
Orange juice
Legumes
Fortified foods
Enriched foods

Vitamin B12 Biochemical role in:
Cellular methylation
Antioxidant capacity/oxidative 
stress/inflammation

2.4 mcg Energy metabolism
Homocysteine 
metabolism

Mollusks
Liver
Cottage cheese
Meat
Salmon
Fortified foods

DMG  NA  Dietary supplements

TMG  NA  Dietary supplements

Probioticsa Improvement of intestinal 
microflora profile

NA  Yogurt
Functional foods fortified 
with probiotics
Dietary supplements

DRI, Dietary Reference Intake (value given as intake per day); RDA, Recommended Dietary Allowance; AI, Adequate Intake; DMG, dimethylglycine; 
TMG, trimethylglycine; NA, not applicable.
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met the vigorous inclusion criteria for the 
most recent (2005) Cochrane Database 
Systematic Review,29 yet this still only 
totaled 28 participants. The rationale for 
the inclusion of magnesium originates 
from the fact that it is involved in >300 
biochemical reactions, including energy 
metabolism and enzyme function, DNA 
and RNA metabolism, and optimal muscle 
and nerve function.25 Observationally, 
in the pyridoxine studies where positive 
outcomes were reported, magnesium 
was used in conjunction with pyridoxine, 
and thus investigators continued to use 
magnesium in subsequent studies. All 3 
studies included in the Cochrane Review 
were randomized, doubleblind, placebo
controlled trials. Kuriyama et al31 provided 
100 to 200 mg pyridoxine/d (no magne
sium) and did not report any observable 
positive outcomes. Tolbert et al32 provided 
a high dose of 200 mg vitamin B6/70 kg 
body weight and 100 mg magnesium/70 kg 
body weight, again with no effect. Fin
dling et al33 dosed at 30 mg/kg/d (max 
1000 mg)/d and 10 mg/kg magnesium/d 
(max 350 mg), also with no effect. A nota
ble finding from this Cochrane Review is 
that although efficacy was not established, 
safety was addressed. After a maximum 
of 10 weeks of treatment at these levels, 
there were no adverse events reported.29 
It is well known that peripheral 
neuropathies/sensory neuropathies can 
occur with megadosing of pyridoxine. 
(Pyridoxine neuropathy is characterized 
by numbness and the impairment of the 
sense of vibration and position in the dis
tal limbs, and this can gradually progress 
to a sensory ataxia.34,35) To put the dosing 
in perspective, the Recommended Dietary 
Allowances (RDAs) for pyridoxine and the 
Adequate Intake (AI) for magnesium can 
be found in Table 3. Following the most 
recent Cochrane Review, another study 
involving children with a form of autism 
(pervasive developmental disorder—not 
otherwise specified [PDDNOS]) was 
published wherein the dosing was more 
conservative (0.6 mg/kg/d pyridoxine 
and 6 mg/kg/d magnesium) for a mean 
duration of 8 months.36 Sixty percent of 
the participants were reported to have 
improved in one or more of the follow
ing: social interaction, communication, 

and stereotyped behavior. Cessation 
of the B6magnesium treatment led to 
symptom return. The author was a mag
nesium biochemist who identified that 
the children with autism had low erythro
cyte magnesium levels, and thus supple
mentation may be warranted. This study 
was not a randomized, controlled trial 
and had several methodological pitfalls, 
yet it suggests trends for positive effects 
with conservative pyridoxine/magnesium 
supplementation.

Clinical Pearls

Although megadoses of pyridoxine 
have not been proven to be efficacious, 
adverse reactions to high doses over long 
periods of time have been documented. 
The dosing used in the MousainBosc et al36 
study is reasonable and safe and is usu
ally achieved by providing a multivitamin 
to the child. If higher doses are used 
(and many parents have already initiated 
higher dosing prior to seeing a dietitian), 
careful monitoring is warranted.

Omega-3 Fatty Acids

Approximately 1 of 4 parents give 
omega3 fatty acid supplements to their 
child with ASD.37 Omega3 fatty acids 
are polyunsaturated and cannot be pro
duced by the body and thus are referred 
to as “essential.” There are 3 types 
of dietary omega3 fatty acids: alpha
linolenic acid (ALA), eicosopentaenoic 
acid (EPA), and docosahexaenoic acid 
(DHA), the first of which can be con
verted to the second two, but not effi
ciently; therefore, sources of dietary or 
supplemental EPA and DHA are recom
mended. ALA is found in nut and plant 
oils, whereas EPA and DHA are found 
in fish or fish oil. Omega3 fatty acids 
are critical for brain development, and 
DHA is considered to be important for 
normal neural function and might play a 
key role in the structural development of 
neural and synaptic membranes.38 Rich
ardson39 provides a generic conclusion 
in a review of the use of essential fatty 
acids in that they “may be of benefit in 
the management of common neurode
velopmental conditions such as dyslexia, 
dyspraxia, and ADHD . . . a similar 
rationale exists for fatty acid treatment in 

ASD.” The actual mechanism of action 
for omega3 fatty acids has not been 
elucidated in autism, and research in this 
area is considered by some preliminary 
but encouraging.20 The initial rationale 
for omega3 supplementation is based 
on the studies demonstrating decreased 
plasma phospholipid fatty acid levels 
in children with autism compared with 
typical children.3941 Bent et al42 recently 
conducted a systematic review of the 
use of omega3 fatty acids in autism. 
His initial search produced 143 potential 
papers, of which only 6 studies satisfied 
inclusion criteria.4348 Of the 6 studies, 
the most frequently cited in the literature 
was a small randomized trial (n = 13) by 
Amminger et al43 where statistically non
significant positive changes in hyperac
tivity and stereotypy were reported. Of 
the other 4 nonrandomized studies, 3 
of these uncontrolled trials4547 reported 
an improvement of a multitude of out
comes, including language and learning 
skills,46 clinicianadministered autism 
symptom scale,45 and parental report of 
general health and autismrelated symp
toms/behaviors, which included sleep, 
infections, cognitive and motor skills, 
concentration, eye contact, sociability, 
irritability, aggression, and hyperactiv
ity.47 The fourth study involved a case 
study where clinical observations of anx
iety and aggression were recorded and a 
complete elimination of these symptoms 
was documented.48 Dosing in these 
studies ranged from 300 to 3000 mg. 
The limitations of these 4 uncontrolled 
trials are many, and the numbers were 
small, rendering it necessary to conclude 
that although positive trends exist for 
the improvement of many autismrelated 
symptoms and behavioral outcome mea
sures, there is simply insufficient evidence 
to establish the efficacy of omega3 fatty 
acids in autism at this time.42

Clinical Pearls

This is one of the most popular dietary 
supplements in children with autism, and 
parents frequently place their child on high 
doses (>1 g) of fish oil before they con
sult with a dietitian. Although research is 
lacking in children, doses of 3 to 4 g 
in adults are usually well tolerated, 
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although some side effects are heartburn, 
dyspepsia, and diarrhea. Doses of higher 
than 3 g/d in adults can inhibit platelet 
aggregation and potentially increase risk 
of hemorrhagic stroke.49 In children on 3 g
of fish oil, we have seen parents inquire 
about the obvious excessive bruising in 
the child. It should also be noted that in 
addition to platelet aggregation inhibi
tion (which is a positive outcome in older 
patients concerned about cardiovascular 
disease), doses greater than 3 g/d in 
any age group may adversely affect the 
immune system by suppressing T and B 
cell function and reducing cytokine pro
duction.50,51 Therefore, if fish oil supple
ments are used in these children, initial 
dosing should be conservative (suggested 
for <4 years, 300400 mg/d and >4 years, 
not initially exceeding 600800 g/d). These 
are conservative and based on calcula
tions that a 70kg man’s typical maximum 
nonprescription dose is 3000 mg/d. Incre
mental dose increases in children should 
be monitored. Of note is that although 
some sources encourage complete essen
tial fatty acid supplements (with not only 
omega3 fatty acids but also omega6 fatty 
acids and arachidonic acid or ARA), more 
than enough of the omega6s are usu
ally obtained through the diet, even the 
diet of a child with autism. In addition, 
many parents feel compelled to provide 
high doses of cod liver oil to their child 
with autism. Some of these oils contain 
excessively high levels of vitamin A and, 
when taken with a multivitamin, can great 
exceed vitamin A requirements in the 
child (Dietary Reference Intake [DRI]: 
300 mg/d for 13 years old, 400 mg/d for 
48 years old), potentially leading to toxic
ity. It is best to provide a fish oil supple
ment designed specifically for kids so 
that the vitamin A is not an issue. Many 
children’s liquid fish oil supplements are 
flavored with lemon or strawberry to facil
itate ingestion and ameliorate “fish burps.” 
Also, when selecting a supplement, the 
clinical trials seem to suggest that a com
bination of EPA or DHA may be better 
than either supplement alone.39

Melatonin

It has been reported that some children 
with autism have a mutation/polymorphism 

in their ASMT (acetylserontonin Omethyl
transferase) gene, which codes for the 
last enzyme in melatonin synthesis.52 
Melatonin is produced in the dark by 
the pineal gland and regulates circadian 
rhythms, including those involving sleep. 
Children with autism may have prob
lems falling asleep (sleep latency) or 
staying asleep (sleep maintenance). Sev
eral clinical trials have been conducted 
with the dietary supplement melatonin, 
with promising results in terms of both 
safety and efficacy in children5357 and in 
adults58 with autism. Dosing ranged from 
0.75 mg to 9 mg/d, taken approximately 
30 minutes before bedtime. In Ander
sen et al’s descriptive study,56 the use of 
concomitant medication—specifically, 
antiepileptic drugs and psychotropic 
medications—was addressed. There was 
no increase in seizures in children with 
preexisting epilepsy after starting melato
nin, nor were there newonset seizures. 
The majority of the 64 children in this 
study were taking psychotropic medica
tions, with no reported adverse effects. In 
a recent systematic review by Rossignol,59 
melatonin was the only dietary supple
ment assigned the highest grade (A) as it 
was supported by at least 2 prospective 
randomized controlled trials (RCTs).

Clinical Pearls

The recommendation of melatonin 
should be a mutual decision between 
the physician, parent, and dietitian. 
Always start at the lowest dosing possible 
(0.51.0 mg/d) and increase as needed. 
Parents should keep a sleep diary for 
their child before the visit with the MD/
RD and maintain that after the initiation 
of melatonin therapy. Sleep latency and 
sleep maintenance are recorded. Some 
parents experience better success with 
a controlledrelease form if their child’s 
abnormal sleep pattern includes frequent 
awakenings during the night.55

Folate Cycle, Transmethylation, 
and Transulfuration Pathway 
Nutrients

These cycles/pathways, mentioned in 
Part 1,1 have been studied extensively 
by James et al,60 who describe that the 
interrelationships of these pathways 

affect the “synthesis or repair/prolifera
tion, cellular methylation, and reduced 
glutathione (GSH) redox homeostasis.” 
Earlier work by James et al61,62 revealed 
that metabolites/end products in these 
pathways were significantly differ
ent when compared with neurotypical 
children, specifically that (1) the mean 
ratio of plasma sadenosylmethionine 
(SAM) to sadenosylhomocysteine (SAH) 
was significantly reduced, suggesting a 
decrease in cellular methylation capac
ity (↓SAM:SAH); (2) the ratio of reduced 
glutathione to oxidized glutathione 
(GSH:GSSG) was significantly decreased, 
suggesting compromised antioxidant/
detoxification capacity; and (3) there 
was an increase in oxidative stress 
(↑GSSG) in children with autism. The 
objective of their most recent study was 
to determine whether the provision of 2 
nutrient metabolic precursors for methi
onine and glutathione synthesis, methyl
cobalamin (a methylated form of vitamin 
B12—75 mg/kg administered subcu
taneously every third day) and folinic 
acid (5formyl tetrahydrofolate—400 
mg administered twice a day), would 
improve plasma concentration pathway 
nutrients and have positive effects on 
the glutathione redox status in children 
with autism. Results in the children with 
autism at 3 months revealed statistically 
significant increases in cysteine, cyste
inlyglycine, and glutathione compared 
with baseline, but they were still lower 
than those of the neurotypical chil
dren. They concluded that this nutrient 
intervention may be of clinical benefit 
to some children with autism.60 Addi
tional studies are required to establish 
absolute dosing regimens and further 
describe clinical effects. Also of interest 
is the fact that, in children with autism 
and their families, singlenucleotide 
polymorphisms have been identified in 
the methylenetetrahydrofolate reductase 
and other related methylation genes.6265 
Perhaps as science of nutrigenomics 
advances, identification of those chil
dren with autism who would most likely 
respond to nutrient interventions for the 
support of the metabolic pathways and 
glutathione redox homeostasis will be 
facilitated.
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Clinical Pearls

Although this is an exciting area of 
research with multiple potential benefits, 
clinical use of these supplement forms is 
not well documented, and thus the phar
maceutical preparations of methylated B12 
and folinic acid may not be readily acces
sible to some individuals. Of course, these 
forms are available on the Internet, but 
because these are unregulated, purity and 
safety cannot always be guaranteed, as is, 
of course, true for all dietary and herbal 
supplements. It is hoped that continued 
studies will lead to widely available phar
maceutical preparations. In the meantime, 
if Internet sources are ordered and fami
lies wish to pursue this route, it is wise to 
consult the sources in the appendix, such 
as consumerlabs.com or other sources that 
address purity and safety of supplements. 
The diet should include sources of vitamin 
B12 and folic acid as well (see Table 3). 
Families may also inquire about dimethyl
glycine (DMG) and trimethylglycine 
(betaine) as additional dietary supple
ments purported to assist in these path
ways, but to date no clinical trials have 
shown efficacy.66,67 Despite the lack of 
data to support safety or efficacy, these 
still tend to be widely used by parents 
of children with autism and are readily 
available through the Internet.

Dietary Supplements 
and/or Diet Used 
for Gastrointestinal 
Symptoms

As described in Part 1,1 gastrointestinal 
symptoms are prevalent and perplex
ing in some children with autism. Two 
primary nutritionrelated approaches are 
sometimes used by the dietitian to help 
with the amelioration of symptoms, each 
addressing possible causes of gastroin
testinal symptoms. The first is the use 
of the dietary supplements—probiotics/
prebiotics; the second is the use of dis
tinct elimination diets in autism to address 
various categories of food allergies, with 
the most popular diet being the GFCF 
diet, although available research data do 
not support these. It has been suggested 
that nonIgEmediated food allergies (also 
referred to as delayed hypersensitivities 

or T cell–mediated hypersensitivity) may 
account for some but not all of the gastro
intestinal symptoms seen in some children 
with autism.68 Ideally, the child with autism 
and complex gastrointestinal symptoms 
will already have been evaluated by a 
boardcertified allergist prior to the parent 
consulting the dietitian. A recent Consen
sus Report differentiates between various 
allergyrelated gastrointestinal disorders, 
their mechanism (IgE vs cell mediated), 
accompanying symptoms, and medical 
diagnostic approaches.69 For a good over
view of general food allergies/nutrition 
management of food hypersensitivities, 
consult the American Dietetic Association’s 
Pediatric Manual of Clinical Dietetics.70 
The recent consensus statement calls for 
standardized definitions of adverse reac
tions to foods that would greatly enhance 
discussions with patients and providers.69

Probiotics

In Part 1 of this series,1 based on 
the preliminary studies presented that 
addressed medical/nutritional factors 
affecting nutrient intake in ASD, the fol
lowing was concluded: (1) 30% to 80% 
of children with autism have gastrointes
tinal (GI) symptoms of some kind, (2) 
increased intestinal permeability may be 
present in 43% of autistic children (with 
no GI symptoms) to 76% (with GI symp
toms), and (3) intestinal microflora is 
altered in children with autism compared 
to typical children. Probiotics are live 
bacteria that, when administered, colonize 
the GI tract and provide health benefits to 
the host.71 The question remains whether 
probiotics can ameliorate GI symptoms, 
improve intestinal permeability, or 
enhance intestinal microflora in children 
with autism. Probiotics have been studied 
extensively in children, as addressed in 
recent reviews.7173 Specific research has 
targeted the mechanisms of action but not 
specifically in children with autism. It has 
been established that these mechanisms 
of action of the probiotics, Lactobacilli 
and Bifidobacteria, include increased 
production of antiinflammatory cyto
kines, improved mucosal IgA response, 
increased production of gastric mucus, 
a reduction of inflammatory mediators 
(eg, tumor necrosis factor [TNF]), and 

changes in intestinal permeability.71,72,74,75 
It was recently shown in a murine model 
that Lactobacillus GG upregulated genes 
associated with cytoprotective responses 
and apoptosis regulation in the develop
ing intestine.76 Although dedicated stud
ies of probiotics and autism have not 
been conducted, their use in autism is 
widespread based on anecdotal reports 
of efficacy.9,20,77 In a recent survey of 539 
primary care physicians who cared for 
children with autism, 19% actively recom
mend probiotics for their patients, and 
another 59% accept and support the fam
ily if they have initiated the use of probi
otics in their child without the physician’s 
prior expressed recommendation. Inter
estingly, another 16% did not feel they 
were knowledgeable enough to make the 
recommendation.18 This provides an addi
tional opportunity for the RD to be a con
tent expert regarding the use of dietary 
supplements in autism.

Clinical Pearls

A diet providing adequate fiber and 
liquid for a child is a basic tenet of diet 
therapy to treat GI symptoms such as 
constipation and diarrhea. Food sources 
(yogurts, etc) of probiotics are helpful, 
but in a child with diarrhea or constipa
tion not related to other childhood ill
nesses, it is often helpful to gradually 
introduce a product specifically devel
oped to provide child doses (36 billion 
CFU/d).73 When addressing GI symptom 
complaints, however, it is crucial to 
work with the primary care physician, 
developmental pediatrician, or pediatric 
gastroenterologist or allergist to rule out 
other causes of the symptoms.69 Remem
ber that prebiotics are substances that 
selectively promote the growth and activ
ity of specific bacterial species in the gut, 
particularly Bifidobacterium and Lacto-
bacillus, and that they can also be incor
porated into the diet.78 It is impractical 
for dietary sources (Jerusalem artichokes, 
overripe bananas) to make a major con
tribution of prebiotic fiber to the diet, 
and thus some powdered products (eg, 
fructooligosaccharides; see LEND pam
phlets in the appendix) are available to 
provide sufficient amounts to support the 
growth of the beneficial bacteria. Safety 
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considerations, product information, and 
patient counseling for the use of pro
biotics in children have recently been 
addressed.73 It is critical to note that any 
child who has an underlying condition 
rendering him or her immunocompro
mised should not be given probiotics.79

Nutrition Interventions for 
Food Allergies in Autism: 
Elimination Diets

Gluten-Free, Casein-Free Diet

The most popular elimination diet in 
autism is the GFCF diet. It is important to 
realize that the rationale for this diet in 
not the same as for a child who has glu
ten enteropathy/celiac disease; rather, 
it is hypothesized that some of the 
symptoms/behaviors of autism ultimately 
result from the “leaky gut syndrome” 
described in Part 1. The theory purports 
that the gluten from wheat and the 
casein from dairy products are improp
erly absorbed because of a “leaky gut” 
(increased intestinal permeability), result
ing in larger opioid peptides—known as 
gluteomorphins and caseomorphins—
being absorbed into the bloodstream. 
Once circulating, it is thought by some 
that these opioid peptides cross the 
bloodbrain barrier, adversely affecting 
neurotransmission80 and even possibly 
inhibiting central nervous system matura
tion,81 all of which have been implicated 
in the symptoms/features seen in autism.

Anecdotal evidence for efficacy is plen
tiful, with parents reporting that the GFCF 
affects significant change in gastrointesti
nal symptoms and even core features of 
autism (language, socialization, and ste
reotypic behaviors).20 A few clinical trials 
have been conducted, but only a study 
by Knivsberg and colleagues81 eventually 
met the rigorous criteria of the Cochrane 
Review editors. In their study, 10 matched 
children with autism and abnormal uri
nary opioid peptides were randomized 
to the GFCF diet or placebo control for 
12 months, with behaviors evaluated 
by blinded raters using a Danish instru
ment known as the DIPAB.81 After a year 
on the diet, children with autism scored 
significantly better on the DIPAB, with 
a score of 5.60 compared with a score 
of 11.20 in the placebo group (P = 

.001), with social contact scores increas
ing in the GFCF diet group children and 
ritualistic behaviors decreasing. Elder,80 
however, found no benefit of the GFCF 
diet in children with autism. Neither the 
Knivsberg nor Elder studies addressed 
IgE or nonIgEmediated food allergies or 
gastrointestinal symptoms, all of which 
warrant further study.68 Some research
ers point out that data suggest that some 
children who follow the GFCF diet 
experience essential amino acid deficien
cies and bone loss.81 Hediger et al5 also 
expressed concern about children on the 
GFCF diet in a study in that handwrist 
radiographs revealed that bones were 
19% thinner than those of agematched 
typical children. A recent (2008) Cochrane 
Systematic Review identified the need for 
additional studies addressing the safety 
and efficacy of the diet.82 This review also 
delineated the costs/challenges of the 
diet, including (1) difficulty in following 
the complex modifications, (2) cost of 
the special foods, (3) lack of palatability 
of some GFCF foods, (4) additional time 
in preparation, and (5) risk for nutrient 

Clinical Pearls
Because one of the goals of the GFCF 

diet is to improve GI symptoms, as is the 
use of probiotics, it is paramount to employ 
only one nutrition therapy at a time to be 
able to differentially identify what treatment 
may be helpful. The use of probiotics is 
much less expensive and easier to imple
ment, and hence it is suggested that those 
be implemented for a 1 to 2month trial 
run prior to the use of the GFCF diet. It is 
also recommended that the child be evalu
ated by a boardcertified allergist before 
RD intervention to identify any other aller
gies that can be treated by the elimina
tion of the allergen. The elimination of an 
offensive food(s) should be maintained 
for at least a month before (with diet and 
symptom—GI and behavioral—records 
kept by the parents) to determine if the 
removal of the food(s) contributes to the 
improvement of symptoms. Although rare, 
a few children with autism also have celiac 
disease, so if this is suspected, this should 
be evaluated as well. Having this infor
mation before implementing the GFCF is 
extremely helpful. The presence of cellular 

“Autism is multifaceted with physiologic and 
psychological problems that can span several areas 

in health care, thus requiring an interdisciplinary 
team approach.”

deficiencies (particularly calcium, protein, 
vitamin D, folic acid, and B vitamins), 
especially in autistic children with 
selflimiting diets.82

Currently, 2 additional clinical trials are 
being conducted: a singleblind study in 
Norway and a doubleblind study in the 
United States.83 The medical community 
has recently come to consensus that 
additional studies are required before this 
diet can be recommended as a primary 
treatment for children with ASD.69 Regis
tered dietitians, pediatricians, and family 
practitioners need to ensure the health 
and safety of children with autism whose 
families have chosen this dietary inter
vention as part of their treatment plan.83

immune reactivity (nonIgEmediated food 
allergy) to milk proteins in young children 
with ASD has been reported.68 Thus, there 
is a subset of children who respond to the 
omission of milk products but do not need 
to have gluten eliminated for the improve
ment of GI symptoms. If after allergy and 
celiac testing, as well as the implementa
tion of probiotics, there are no answers or 
improvements, then implementation of the 
GFCF diet is often the choice of parents, 
yet there are no studies that unequivo
cally support its use. For those clients/
parents who insist on following the GFCF 
diet, dietitians have recommended the 
Talk About Curing Autism (TACA) Web 
site (www.tacanow .com) as a reasonable 

http://can.sagepub.com/


129

ICAN: Infant, Child, & Adolescent Nutritionvol. 2 • no. 2

way to implement this rather complex 
diet.84 It should be noted that although the 
timeline for initiating this diet is helpful, the 
content on the Web site is not medically 
monitored or routinely updated. Please 
see the appendix for recommended GFCF 
content resources. This is staged approach 
wherein a 10week transition to the GFCF 
diet is introduced, with dairy products 
being omitted first. This userfriendly site 
provides some costeffective, practical tips 
for successful implementation of the diet, 
but the RD is still needed to ensure nutri
ent adequacy. One of the suggestions of 
the Web site to new parents is for them to 
omit not only gluten and dairy but soy as 
well because it is also a common allergen. 
Approximately one third of this clinician’s 
(Geraghty) patients obtain the majority of 
their calcium and protein (and even some 
DHA) from enriched soy milks, and thus 
knowing in advance if the child is or is not 
truly allergic to soy allows for more latitude 
in the diet. Another concept to remember 
is that 75% of commercial GFCF foods are 
not fortified and enriched with B vitamins 
and iron. This fortification of nonGFCF 
foods such as cereals and breads often con
tributes significantly to the nutrient intake 
of the child with autism.

Specific Carbohydrate Diet

Although not as popular as the GFCF 
diet, the specific carbohydrate diet (SCD) 
is one of the more recent elimination 
diets about which parents usually have 
questions. The SCD was originally devel
oped by Dr Sydney Haas for adults with 
inflammatory bowel disease (IBD). A 
woman by the name of Elaine Gottschall 
worked with Dr Haas in an attempt to 
ameliorate GI problems in her daughter. 
The rationale of this diet is based on the 
“theory” that because monosaccharides 
(glucose, fructose, and galactose) are 
more easily digested than disaccharides 
(sucrose, lactose, and maltose) and poly
saccharides (starch), children with autism 
and GI symptoms may benefit from a 
monosaccharideonly (simple carbohy
drate) diet. It was postulated that as undi
gested, unabsorbed disaccharides and 
complex carbohydrates (starches) reach 
the large intestine, they are fermented, 
resulting in excess gas, bloating, diarrhea, 

constipation, and bacterial overgrowth of 
pathogenic bacteria, leading to inflam
mation. The goal of this diet is much the 
same as the rationale of the use of pro
biotics—to correct dysbiosis (an imbal
ance of good and bad bacteria) and to 
decrease intestinal inflammation.85

Clinical Pearls

This very restrictive diet has been tried 
by parents in the autism community with 
varying reports of success/improvement 
in both GI and behavioral symptoms. 
Another clinician who has worked with 
children with autism for 25 years states 
that very few children in her practice 
have needed or realized a true benefit 
from this diet. She recommends instead 
to expand (the often limited ASD diet) 
the diet to include adequate protein, 
healthy fats, unrefined carbohydrates, 
and nutrientrich simple carbohydrates 
while limiting excess carbohydrates.26

Behavioral/Contextual 
Interventions

As reported in Geraghty et al,1 problem 
eating behaviors, sensory processing issues, 
and family factors are all likely to influence 
nutrient intake in autism. Interventions to 
address these factors have been reported 
in the literature. Mostly, these interven
tions fall under the umbrella of behavioral 
approaches. Behavioral interventions for 
problem eating behaviors are modeled on 
applied behavioral analysis (ABA), a popu
lar approach for the treatment of many 
maladaptive behaviors in autism. Within 
this approach, detailed functional analysis 
of the problem behavior is first completed 
to identify possible antecedents (triggers) 
and reinforcers (maintainers) of the behav
ior. Based on this assessment, intervention 
is then customized to modify the anteced
ents to the behavior (eg, change the timing, 
appearance, or sequence of food presenta
tion), extinguish the undesired behavior 
(eg, maintain spoon position at mouth 
regardless of head turning away from novel 
food), and promote increased desired 
behaviors (eg, provide rewards for novel 
food acceptance). Studies have applied 
variations of this basic technique with mod
est success for children exhibiting food 

selectivity and food refusal.8689 Authors 
report increases in children’s acceptance of 
novel foods, thereby improving diversity of 
intake and nutrient adequacy. These gains 
were also maintained after the termina
tion of the intervention. Modifications to 
the basic behavioral technique have been 
made by some researchers to improve fam
ily centeredness and generalization of more 
positive behaviors to natural settings.90,91 
The conclusion of these studies was that 
involvement of the primary caregivers in 
the application of the intervention achieved 
similar levels of behavioral improvements 
while also enhancing family satisfaction 
and perceived quality of life. For the most 
part, however, confidence in the find
ings from all behavioral interventions is 
limited by small sample sizes and the 
predominance of case study methodology. 
Furthermore, few studies have explicitly 
reported on nutritionrelated outcomes 
after intervention.

Other approaches to managing problem 
eating behaviors have focused on teach
ing the routines and tasks associated with 
mealtime. For example, Bledsoe et al92 
reported that the use of a social story inter
vention improved behaviors such as food 
spillage, talking with mouth full, mouth 
wiping, and food cleanup in a teenager 
with Asperger syndrome eating at school. 
All of these behaviors were thought to 
significantly affect social inclusion. A social 
story was created by the authors to prompt 
the student to engage in more socially 
appropriate mealtime behaviors. Social 
stories are a commonly used intervention 
strategy in autism designed to simplify 
behaviors expected in functional and social 
routines, such as mealtimes. These stories 
are then used to prepare individuals with 
autism for participation in these routines. 
Stories can be presented in narrative or 
visual form. Although this example is 
focused on the social aspects of eating, 
strategies such as these show promise for 
ensuring that adequate nutrition intake is 
achieved in children with autism when 
difficulties with managing the routine of 
mealtimes are observed. In a similar way, 
developing mealtime “rules” could be used 
to assist children with autism to make 
good choices with regard to healthy eat
ing.93 Many children with autism perform 

http://can.sagepub.com/


130

ICAN: Infant, Child, & Adolescent Nutrition April 2010

best in situations with clearly defined rules 
for behavior. Rules with regard to food 
choices (eg, choose one food from each 
food group, choose foods to create color 
diversity, etc) may be readily adopted by 
children with autism and further promote 
good nutrition practice.

Occupational therapists have tradi
tionally advised on the role of sensory 
processing difficulties in problem eating 
behaviors.94 Although the role of sensory 
processing dysfunction in eating is not 
fully known, it is likely to be related to 
taste/smell sensitivity (A. E. Lane, G. 
Young, and M. E. Geraghty, unpublished 
data, 2010). There is a paucity of litera
ture, however, that has systematically 
examined the effectiveness of sensory
based treatment approaches in manag
ing problem eating behaviors in autism. 
In practice, occupational therapists use 
sensory techniques to either (1) improve 
mealtime readiness skills (eg, attentive
ness, maintaining sitting at the table, fine 
motor skills for utensil use, and emo
tional regulation skills) or (2) decrease 
oral sensitivities and improve oral motor 
skills.93 Evidence for the effectiveness of 
sensorybased approaches in improving 
mealtime readiness skills is emerging and 
mostly positive in the support of these 
strategies in modifying these behav
iors.94 Sensorybased therapy generally 
includes the application of specific sen
sory experiences in a closely monitored 
environment while the child engages in 
adaptive behavior. There is wide vari
ance in the types of sensory experiences 
provided, however, and very few studies 
have specifically focused on mealtime 
outcomes. Interventions to decrease oral 
sensitivities and improve oral motor skills 
are reported more widely in the litera
ture but not exclusively in autism. These 
techniques include exercises to enhance 
control of the oral musculature for suck
ing, swallowing, and chewing and desen
sitization via the graded application of 
touch and vibration to the mouth area. 
Although oralsensorimotor techniques 
are commonly employed by occupational 
and speechlanguage therapists to man
age feeding concerns in many popula
tions, effectiveness research is limited to 
case study and expert opinion.

Clinical Pearls

Currently, there is insufficient research 
evidence to establish a definitive clinical 
protocol for the effective management 
of problem eating behaviors in children 
with autism. The literature provides some 
guidelines, however, for nutrition and 
other health professionals managing the 
effects of problem eating behaviors. First, 
traditional behavioral approaches are 
likely to be effective in children who have 
responded well to behavioral interven
tions for other skills training. If families 
and children are familiar and comfortable 
with the demands of this type of inter
vention approach, then this should be 
trialed first. Behavioral interventions also 
appear to be most effective in eliminat
ing very specific, identifiable problem 
behaviors such as pica, food refusal, and 
food neophobia (the fear of trying new 
foods). Second, in cases where problem 
eating behaviors are centered on social 
or family routine issues, social stories and 
other similar strategies are likely to be 
the most effective. These strategies are 
less intensive than behavioral techniques. 
They are also able to be designed col
laboratively with families, increasing the 
likelihood that the routines will be car
ried out away from the clinic setting, thus 
promoting generalization of the improved 
behavior to everyday contexts. Third, use 
of sensorybased approaches to problem 
eating behaviors in autism requires further 
systematic examination. There is consen
sus in the field that sensory processing 
dysfunction contributes to eating difficul
ties, although the mechanisms for this 
are unclear. Sensorybased intervention 
protocols are widely used and accepted, 
however, with case reports suggesting 
effectiveness. Evidence from our lab sug
gests that problem eating behaviors are 
closely associated with parentreported 
taste/smell sensitivity. Children with 
autism and significant taste/smell sensitivi
ties are, therefore, most likely to benefit 
from sensorybased approaches.

Conclusion

Autism is multifaceted with physiologic 
and psychological problems that can span 
several areas in health care, thus requiring 

an interdisciplinary team approach. In 
particular, a child benefits most when 
the dietitian works closely with the 
behavioral/developmental pediatrician, 
pediatric gastroenterologist and/or pedi
atric allergist, along with the occupational 
therapist, speech pathologist, psycholo
gist, physical therapist, and others.

Gastrointestinal disorders in children 
with ASDs are of paramount impor
tance1,78,95 but have not been completely 
understood.69 Recent recommendations for 
the evaluation and treatment of GI prob
lems in children with ASDs have been 
published95 and recognize the critical role 
of the registered dietitian in the nutritional 
management of GI issues in the child with 
ASD. The use of dietary supplements, 
special diets, and behavioral interventions 
is quite popular with parents of children 
with autism spectrum disorders. It is our 
professional responsibility to stay current 
with the evidencebased information that 
is available in this everexpanding area of 
scientific inquiry. Additional randomized, 
controlled trials are imperative to establish 
safety and efficacy of the use of various 
dietary supplements and diets in children 
on the autism spectrum. 

Appendix

Nutrition Interventions 
and Therapies in 
Autism—Supplement and 
Special Diet Toolbox

www.naturaldatabase.com: Provides 
comprehensive monographs with updated 
safety (toxicity, adverse reactions) and 
efficacy (includes clinical trials and estab
lished mechanisms of action) information 
regarding herbs and dietary supplements. 
(Fee involved)

Dietary supplement quality assurance 
programs:

1. www.consumerlabs.com: Provides 
abbreviated efficacy and comprehen
sive safety information regarding specific 
supplements, complete with comparison 
tables of various brands, purity data, and 
label claim accuracy. (Fee involved)

2. http://www.usp.org: US 
Pharmacopoeia Dietary Supplement 
Verification Program. (Free)
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3. http://www.nsf.org: National Safety 
Foundation’s Dietary Supplement 
Certification Program. (Free)

4. http://nccam.nih.gov/: National 
Center for Complementary and 
Alternative Medicine. (Free)

5. http://dietarysupplements.info.
nih.gov/: NIH Office of Dietary 
Supplements.

www.nisonger.osu.edu/LEND/Family 
Resources: The Ohio State University’s 
LEND (Leadership Education in Neu
rodevelopmental and Related Disabili
ties). Four free patientready pamphlets: 
(1) vitamin B6/magnesium, (2) essen
tial fatty acids, (3) probiotics, and (4) 
GFCF diet. References listed separately 
on Web site (free). References for the 
GFCF diet also listed on the Nisonger 
Web site.

www.glutenfreeda.com: A Web site with 
free information, including recipes, menus, 
and glutenfree foods and resources, writ
ten and maintained by an RD.

For additional tools, please see also the 
references from Part 1 and Part 2 of this 
series.

References

 1. Geraghty M, Depasquale G, Lane A. Nutritional 
intake and therapies in autism—a spectrum 
of what we know: Part 1. ICAN. 2010;2:6269.

 2. Nutrition management of developmental 
disabilities. In: NevinFolino N, ed. Pedi-
atric Manual of Clinical Dietetics. 2nd ed. 
Chicago: American Dietetic Association, 
with Update Pack; 2008.

 3. Mraz KD, Green J, DumontMathieu T, 
et al. Correlates of head circumference 
growth in infants later diagnosed with 
autism spectrum disorders. J Child Neurol. 
2007;22:700713.

 4. Dawson G, Munson J, Webb SF. Rate of 
head growth decelerates and symptoms 
worsen in the second year of life in autism. 
Biol Psychiatry. 2007;61:458464.

 5. Hediger M, England L, Molloy C, et al. 
Reduced bone cortical thickness in boys 
with autism or autism spectrum disorder. 
J Autism Dev Disord. 2008;38:848856.

 6. Coria C, Cabello A, Tassara E, et al. Long 
term consequences among children 
exposed to lead poisoning. Rev Med Child. 
2009;137:10371044.

 7. Tierney E, Bukelis I, Thompson R, et al. 
Abnormalities of cholesterol metabolism in 

autism spectrum disorders. Am J Med Genet 
Neuropsychiatry. 2006;141B:666668.

 8. Hedenmalm K, Hagg S, Stahl M, et al. Glu
cose intolerance with atypical antipsychotics. 
Drug Saf. 2002;25:11071116.

 9. Levy S, Hyman S. Complementary and 
alternative medicine treatments for chil
dren with autism spectrum disorders. 
Child Adolesc Psychiatric Clin N Am. 
2008;17:803820.

10. Lockner DW, Crowe TK, Skipper BJ. 
Dietary intake and parents’ perception of 
mealtime behaviors in preschoolage chil
dren with autism spectrum disorder 
and in typically developing children. 
J Am Diet Assoc. 2008;108:13601363.

11. Schmitt L, Heiss C, Campbell EE. A com
parison of nutrient intake and eating 
behaviors of boys with and without autism. 
Top Clin Nutr. 2008;23:2331.

12. Herndon A, DiGuiseppi C, Johnson S, et al. 
Does nutritional intake differ between 
children with autism and children with 
typical development? J Autism Dev Disord. 
2009;39:212222.

13. Johnson CF, Handen BL, MayerCosa M, 
et al. Eating habits and dietary status in 
young children with autism. J Dev Phys 
Disabil. 2008;20:437448.

14. Lindsey RL, Arnold E, Aman MG, et al. 
Dietary status and impact of risperidone 
on nutritional balance in children with 
autism: a pilot study. J Intell Dev Disabil. 
2006;31:204209.

15. Walsh W. Metallothionein and autism. Pre
sented at: Defeat Autism Now Conference; 
October 3, 2003; San Diego, CA.

16. Hanson E, Kalish LA, Bunce E, et al. Use 
of complementary and alternative medicine 
among children diagnosed with autism 
spectrum disorder. J Autism Dev Disord. 
2007;37:628636.

17. Marschner K, Geraghty M, Rabidoux P, 
Guthrie B. A descriptive study of dietary/
herbal supplements and special diets used 
by autism spectrum disorder children in 
Ohio: a survey of parents and caregivers. 
J Am Diet Assoc. 2008;108:A30.

18. Golnik AE, Ireland M. Complementary 
alternative medicine for children with 
autism: a physician survey. J Autism Dev 
Disord. 2009;39:9961005.

19. Levy S, Hyman S. Novel treatments for 
autistic spectrum disorders. MRDD Res Rev. 
2005;11:131142.

20. Weber W, Newmark S. Complementary 
and alternative medical therapies for 
attentiondeficit/hyperactivity disor
der and autism. Pediatr Clin N Am. 
2007;54:9831006.

21. Parr J. Autism. Clin Evid (Online). 2008 
Apr 28;2008. pii: 0322.

22. Harrington JW, Rosen L, Garnecho A, et al. 
Parental perceptions and use of comple
mentary and alternative medicine practices 
for children with autistic spectrum disor
ders in private practice. J Devel Behav Ped. 
2006;27:S156S161.

23. Wong HH, Smith RG. Patterns of comple
mentary and alternative medical therapy 
use in children diagnosed with autism 
spectrum disorders. J Autism Devel Disabil. 
2006;36:901909.

24. American Academy of Pediatrics. Vitamin D. 
http://www.aap.org/healthtopics/vitamind 
.cfm. Accessed January 31, 2010.

25. McGuire M, Beerman K. Nutritional Sciences: 
From Fundamentals to Food. Belmont, CA: 
ThompsonWadsworth; 2007.

26. Strickland E. Eating for Autism: The 10-Step 
Nutrition Plan. Philadelphia: De Capo 
Press; 2009.

27. Adams JB, Holloway C. Pilot study of 
a moderate dose multivitamin/mineral 
supplement for children with autistic 
spectrum disorder. J Altern Complem Med. 
2004;10:10331039.

28. Adams JB, George F, Audhya T. Abnor
mally high plasma levels of vitamin B6 in 
children with autism not taking supple
ments compared to controls not taking 
supplements. J Altern Complement Med. 
2006;12:5963.

29. Nye C, Brice A. Combined vitamin 
B6magnesium treatment in autism spec
trum disorder. Cochrane Database Syst Rev. 
2002;(4):CD003497.

30. Pfeiffer SI, Norton J, Nelson L, et al. Efficacy 
of vitamin B6 and magnesium in the treat
ment of autism: a methodology review and 
summary of outcomes. J Autism Dev Disord. 
1995;25:481493.

31. Kuriyama S, Kamiyama M, Watanabe M, 
et al. Pyridoxine treatment in a subgroup 
of children with pervasive develop
mental disorder. Dev Med Child Neurol. 
2002;44:284286.

32. Tolbert L, Haigler T, Waits MM, Dennis T. 
Brief report: lack of response in an autistic 
population to a low dose clinical trial of 
pyridoxine plus magnesium. J Autism Dev 
Disord. 1993;2391:193199.

33. Findling RL, Maxwell K, ScotenseWojtila L, 
et al. Highdose pyridoxine and magnesium 
administration in children with autistic disor
der: an absence of salutary effects in a dou
bleblind, placebocontrolled study. J Autism 
Dev Disord. 1997;27:467478.

34. Schaumburg H, Kaplan J, Windeband A. 
Sensory neuropathy from pyridoxine abuse: 
a new megavitamin syndrome. N Engl J 
Med. 1983;209:445458.

35. Vasile A, Goldberg R, Kornberg B. Pyri
doxine toxicity: a report of a case. J Am 
Osteopath Assoc. 1984;83:790791.

http://can.sagepub.com/


132

ICAN: Infant, Child, & Adolescent Nutrition April 2010

36. MousainBosc M, Roche M, Polge A, et al. 
Improvement of neurobehavioral disorders 
in children supplemented with magnesium–
vitamin B6: II. Pervasive developmental 
disorderautism. Magnes Res. 2006;19:53.

37. Green VA, Pituch K, Itchon J, et al. Inter
net survey of treatments used by parents 
of children with autism. Res Dev Disabil. 
2006;27:7084.

38. Moriuuchi T, Greiner RS, Salem N Jr. 
Behavioral deficits associated with dietary 
introduction of decreased brain docosa
hexaenoic acid concentration. J Neuro-
chem. 2000;75:25632573.

39. Richardson AJ. Clinical trials of fatty acid 
treatment in ADHD, dyslexia, dyspraxia 
and the autistic spectrum. Prostaglandins 
Leukot Essent Fatty Acids. 2004;70:383390.

40. Sliwinski S, Croonenberghs J, Christoph A, 
et al. Polyunsaturated fatty acids: do they 
have a role in the pathophysiology of autism? 
Neuro Endocrinol Lett. 2006;27:465471.

41. Vancassel S, Durand G, Barthelemy C, et al. 
Plasma fatty acid levels in autistic children. 
Prostaglandins Leukot Essent Fatty Acids. 
2001;65:17.

42. Bent S, Bertoglio K, Hendren R. Omega3 
fatty acids for autistic spectrum disorder: 
a systematic review. J Autism Dev Disord. 
2009;39:11451154.

43. Amminger G, Berger GE, Schafer MR, et al. 
Omega3 fatty acids supplementation in 
children with autism: a doubleblind ran
domized placebo controlled pilot study. 
Biolog Psychiatry. 2007;61:551553.

44. Politi P, Cena H, Comelli M, et al. Behav
ioral effects of omega3 fatty acid supple
mentation in young adults with severe 
autism: an open label study. Arch Med Res. 
2008;39:682685.

45. Meguid NA, Atta HM, Gouda AS, et al. Role 
of polyunsaturated fatty acids in the man
agement of Egyptian children with autism. 
Clin Biochem. 2008;41:10441048.

46. Patrick L, Salik R. The effect of essential 
fatty acid supplementation on language 
development and learning skills in autism 
and Asperger’s syndrome. Autism Aspergers 
Digest. 2005;JanuaryFebruary:3637.

47. Bell JG, MacKinlay EE, Dick JR, et al. 
Essential fatty acids and phospholipase 
A2 in autistic spectrum disorders. Pros-
taglandins Leukot Essent Fatty Acids. 
2006;74:215221.

48. Johnson SM, Hollander E. Evidence that 
eicosapentaenoic is effective in treating 
autism. J Clin Psychiatry. 2003;64:848849.

49. FDA Center for Food Safety and Applied 
Nutrition. Letter regarding dietary supple
ment health claim for omega3 fatty 
acids and coronary heart disease. http//
vm.cfsan.fda.gov/

50. Kelley DS, Rudolph IL. Effect of individual 
fatty acids of omega6 and omega3 type 
on human immune status and role of eico
sanoids. Nutrition. 2000;16:143145.

51. Meydani SN, Dinarello CA. Influence of 
dietary fatty acids on cytokine produc
tion and its clinical implications. Nutr Clin 
Pract. 1993;8:6572.

52. Melke J, Botros G, Chaste P, et al. 
Abnormal melatonin synthesis in autism 
spectrum disorders. Mol Psychiatry. 
2008;13:9098.

53. Garstang J, Wallis M. Randomized controlled 
trial of melatonin for children with autistic 
spectrum disorders and sleep problems. 
Child Care Health Dev. 2006;32:585589.

54. Gianotti F, Cortesi F, Cerquiglini A, et al. 
An openlabel study of controlledrelease 
melatonin in treatment of sleep disorders in 
children with autism. J Autism Dev Disord. 
2006;36:741752.

55. Wasdell MB, Jan JE, Bomen MM, et al. 
A randomized, placebocontrolled trial of 
controlled release melatonin treatment of 
delayed sleep phase syndrome and impaired 
sleep maintenance in children with neu
rodevelopmental disabilities. J Pineal Res. 
2008;44:5764.

56. Andersen IM, Kaczmarska J, McGrew SF, 
et al. Melatonin for insomnia for children 
with autism spectrum disorders. J Child 
Neurol. 2008;23:482.

57. Wrogjana J, Jacquement S, Diaz R, et al. 
The efficacy of melatonin for sleep prob
lems in children with autism, fragile X syn
drome, or autism and fragile X syndrome. 
J Clin Sleep Med. 2009;5:145150.

58. GalliCarminati G, Deriaz N, Bertschy G. 
Melatonin in treatment of chronic sleep dis
orders in adults with autism: a retrospective 
study. Swiss Med Wkly. 2009;139:293296.

59. Rossignol DA. Novel and emerging treat
ments for autism spectrum disorders: a 
systematic review. Ann Clin Psychiatry. 
2009;21:213236.

60. James SJ, Melnyk S, Fuchs G, et al. Effi
cacy of methylcobalamin and folinic acid 
treatment on glutathione redox status 
in children with autism. Am J Clin Nutr. 
2009;89:425430.

61. James SJ, Cutler P, Melnyk S, et al. Meta
bolic biomarkers of increased oxidative 
stress and impaired methylation capacity 
in children with autism. Am J Clin Nutr. 
2004;80:16111617.

62. James SJ, Melnyk S, Jernigan S, et al. Meta
bolic endophenotype and related geno
types are associated with oxidative stress 
in children with autism. Am J Med Genet B 
Neuropsychiatr Genet. 2006;141:947956.

63. GoinKochel RP, Porter AE, Peters SU, et 
al. The MTHFR 677CT polymorphism 
and behaviors in children with autism: 

exploratory genotypephenotype correla
tions. Autism Res. 2009;2:98108.

64. Garcia CR, TorresSanchez L, Chen J, et al. 
Maternal MTHFR 677C>T genotype and 
dietary intake of folate and vitamin B12: 
their impact on child neurodevelopment. 
Nutr Neurosci. 2009;12:1320.

65. Mohammad NS, Jain JN, Chintakindi KP, 
et al. Aberrations in folate metabolic path
way and altered susceptibility to autism. 
Psychiatr Genet. 2009;19:171176.

66. Bolman WM, Richmond JA. A doubleblind, 
placebocontrolled, crossover pilot trial 
of low dose dimethylglycine in patients 
with autistic disorder. J Autism Dev Disord. 
1999;29:191194.

67. Kern JK, Miller VS, Cauller PL, et al. Effec
tiveness of N,Ndimethylglycine in autism 
and pervasive developmental disorder. 
J Child Neurol. 2001;16:169173.

68. Jyonouchi H. Food allergy and autism 
spectrum disorders: is there a link? Curr 
Allergy Asthma Rep. 2009;9:194201.

69. Buie T, Campbell D, Fuchs G, et al. 
Evaluation, diagnosis, and treatment of 
gastrointestinal disorders in individuals 
with ASDs: a consensus report. Pediatrics. 
2010;125:S1S18.

70. Nutrition management of food hypersensitivi
ties. In: NevinFolino N, ed. Pediatric Man-
ual of Clinical Dietetics. 2nd ed. Chicago: 
American Dietetic Association, with Update 
Pack; 2008:259.

71. Saavedra JM. Use of probiotics in pedi
atrics: rationale, mechanisms of action 
and practical aspects. Nutr Clin Pract. 
2007;22:351365.

72. Neu J. Microbes and the developing 
gastrointestinal tract. Nutr Clin Pract. 
2007;22:174162.

73. Ulbrich T, Plogsted S, Geraghty M, et al. 
Probiotics and prebiotics: why are they 
“bugging” us in the pharmacy? J Pediatr 
Pharmacol Ther. 2009;14:1724.

74. Shortt C. The probiotic century: historical 
and current perspectives. Trends Food Sci 
Technol. 1999;10:411417.

75. Reid G. Safe and efficacious probiot
ics: what are they? Trends Microbiol. 
2006;14:348352.

76. Lin P, Nasr TR, Berardinelli AJ, et al. The 
probiotic Lactobacillus GG may aug
ment intestinal host defense by regulating 
apoptosis and promoting cytoprotective 
responses in the developing murine gut. 
Pediatr Res. 2008;64:511516.

77. Brudnak MA. Probiotics as an adjuvant to 
detoxification protocols. Med Hypotheses. 
2002;58:382388.

78. Fructooligosaccharides. In: Fragakis AS, ed. 
Popular Dietary Supplements. 3rd ed. Chicago: 
American Dietetic Association; 2007.

http://can.sagepub.com/


133

ICAN: Infant, Child, & Adolescent Nutritionvol. 2 • no. 2

79. Pham M, Lemberg DA, Day AS. Probiotics: 
sorting the evidence from the myths. 
Med J Aust. 2008;188:304308.

80. Elder JH. The glutenfree, caseinfree diet in 
autism: an overview with clinical implica
tions. Nutr Clin Pract. 2008;23:583588.

81. Knivsberg AM, Reichelt KL, Høien T, 
Nødland M. A randomized, controlled 
study of dietary intervention in autistic 
syndromes. Nutr Neurosci. 2002;5:251261.

82. Millward C, Ferrieter M, Calver S, et al. 
Gluten and caseinfree diets for autistic 
spectrum disorder. Cochrane Database Syst 
Rev. 2008;(2):CD003498.

83. Marcarson W. What is the current status of 
research concerning use of a glutenfree, 
caseinfree diet for children diagnosed with 
autism? J Am Diet Assoc. 2009;109:572.

84. Peregrin T. Registered dietitians’ insights in 
treating autistic children. J Am Diet Assoc. 
2007;107:727730.

85. Gottschall E. Breaking the Vicious Cycle: 
Intestinal Health Through Diet. Rev. ed. 
Baltimore, Ontario, Canada: Kirkton; 1994.

86. Ahearn W. Using simultaneous presenta
tion to increase vegetable consumption in a 
mildly selective child with autism. J Applied 
Behav Anal. 2003;36:361365.

87. Kodak T, Piazza CC. Assessment and behav
ioral treatment of feeding and sleeping 
disorders in children with autism spectrum 
disorders. Child Adolesc Psychiatry Clin N 
Am. 2009;17:887905.

88. Levin I, Carr EF. Good selectivity and 
problem behavior in children with 
developmental disabilities: analysis and 
intervention. Behav Modif. 2001;25: 
443470.

89. Piazza CC, Patel MR, Santana CM, et al. An 
evaluation of simultaneous and sequential 
presentation of preferred and nonpreferred 
food to treat food selectivity. J Appl Behav 
Anal. 2002;35:259270.

90. Binnendyk L, Lucyshyn JM. A familycentered 
positive behavior support approach to the 
amelioration of food refusal behavior: an 
empirical case study. J Positive Behav Inter-
vent. 2009;11:4762.

91. Najdowski AC, Wallace MD, Doney JK, et al. 
Parental assessment and treatment of food 
selectivity in natural settings. J Appl Behav 
Anal. 2003;36:383386.

92. Bledsoe R, Myles BS, Simpson RL. Use of a 
social story intervention to improve meal
time skills of an adolescent with Asperger 
syndrome. Autism. 2003;7:289295.

93. TwachtmanReilly J, Amaral SC, 
Zebrowski PP. Addressing feeding disor
ders in children on the autism spectrum in 
schoolbased settings: physiological and 
behavioral issues. Lang Speech Hear Serv 
Sch. 2008;39:261272.

94. CaseSmith J, Arbesman M. Evidence
based review of interventions for 
autism used in or of relevance to occu
pational therapy. Am J Occup Ther. 
2008;62:416429.

95. Buie T, Fuchs F, Furuta G, et al. Recom
mendations for evaluation and treatment 
of common gastrointestinal problems 
in children with ASDs. Pediatrics. 
2010;125:S19S29.

http://can.sagepub.com/

