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Current nutritional approaches in managing
autism spectrum disorder: A review
Hande Cekici1, Nevin Sanlier2

1Department of Nutrition and Dietetics, College of Health, Recep Tayyip Erdoğan University, Merkez, Rize,
Turkey, 2Faculty of Health Science, Department of Nutrition and Dietetics, Biruni University, Zeytinburnu,
İstanbul, Turkey

Summary: The link between nutrition and autism spectrum disorder (ASD), which is a complex
developmental disorder manifesting itself in significant delays or deviation in interaction and
communication, has provided a fresh point of view and signals that nutrition may have a role in the
aetiology of ASD, as well as play an active role in treatment by alleviating symptoms.
Objective: In this review study aimed at evaluating, with scientific and concrete proof, the current medical
nutrition implementations on ASD, existing medical nutrition therapies have been addressed and their
effects on ASD symptoms have been discussed in light of current research.
Methods: We reviewed articles regarding the medical nutritional therapy of autism on current nutritional
approaches selected from PubMed, Science Direct, EBSCO, and databases about autism and nutrition.
Results: The research put forward that in individuals with ASD, while gluten-free/casein-free and ketogenic
diets, camel milk, curcumin, probiotics, and fermentable foods can play a role in alleviating ASD symptoms,
consumption of sugar, additives, pesticides, genetically modified organisms, inorganic processed foods,
and hard-to-digest starches may aggravate symptoms.
Discussion: Further prospective controlled trials with large sample sizes are needed before
recommendations can be made regarding the ideal ASD diet. This review emphasizes the value of
identifying current nutritional approaches specific to individuals with ASD and integrating their effects on
symptoms to the conversation and presents suggestions for future research designed to identify medical
nutrition therapies targeting this population to better understand the link between ASD and nutrition.

Keywords: Autism spectrum disorder, Current nutritional approaches in autism, Gluten-free and casein-free diet, Ketogenic diet, Probiotics, Camel milk

Introduction
Autism spectrum disorder (ASD) is a complex devel-
opmental disorder, the symptoms of which appear in
the first years of life and continue throughout life,
manifesting themselves in restricted interests and sig-
nificant delays or deviation in interaction and com-
munication. ASD, which is part of a group of wide-
ranging developmental disorders, including those
characterized by emotional confusion, symbolic be-
haviour, and difficulty in social interaction and com-
munication, defines cases where deficiency and
impairment are observed in varying degrees from
mild to severe in three areas: social interaction, com-
munication, and restricted and repetitive behaviours.1

ASD, which is listed under the pervasive develop-
mental disorders as according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV
diagnostic criteria, is assessed based on the severity

of symptoms under the DSM-V diagnostic criteria
subheading of ‘Neurodevelopmental Disorders
Autism Spectrum Disorder’. Autism is characterized
by restricted repetitive behaviours and impaired
social interaction and communication skills.1

ASD is reported to be among the most prevalent
developmental disorders today, having reached pan-
demic proportions. Today, one out of every 88 children
is diagnosed with a developmental disorder, and recent
rates may be much higher. Autism’s male: female
prevalence ratio has been reported as approximately
5:1.2,3

Many food-borne protein exorphins and toxins that
can interfere with immune, oxidant, and neurological
systems in humans were found in the fluids of children
with ASD. Furthermore, ASD and other neurodeve-
lopmental disorders are related to increased endotox-
ins in plasma. Among xenobiotics, some food
mycotoxins can increase gut permeability, damage
intestinal functions, and increase macromolecule
adsorption.4
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Immune response may be more affected by environ-
ment than genetics. An imbalanced ratio of male to
female distribution in ASD can be explained through
exogenous factors such as xenobiotic substances.
Xenobiotics can perform a negative male-specific
effect once having entered the bloodstream, and more-
over, the male CNS may be innately more sensitive to
environmental factors than those of female. A high
sensitivity to mycotoxins, fumonisin B1, acetaldehyde
produced by Candida, opioid peptides (casomor-
phins), and zearalenone (Fusarium toxin) are sex-
dependent.4

Although ASD is regarded as a prevalent neurode-
velopmental disorder, not enough information is avail-
able on its aetiology. There are no methods readily
available to treat its primary symptoms.5 While
genetic factors are considered to be the primary
culprit in ASD, a multitude of factors are known to
play a role in its aetiology.4 Factors such as being
exposed to environmental toxins (e.g. mercury, lead,
aluminium and arsenic, gastrointestinal dysfunctions,
and autoimmunity) are considered to play a role in
how the disease develops.5

It has been indicated that heavy metals, such as
mercury, lead, aluminium, arsenic, and cadmium,
build up in the central nervous system of children
with a reduced ability to remove heavy metals, and
this has neurotoxic effects causing ASD.5 Geier et al.
(2008) have reported that in children with ASD, as a
result of low levels of sulphate and reduced glutathione
(GSH), the total body load of mercury rises, causing
toxicity.6 It has also been indicated that low levels
and efficacy of GSH synthesis and sulphation in
these children can increase the total body load of
mercury, causing autism.6 Furthermore, the fact that
mercury toxicity clinically presents in a similar
fashion to ASD is claimed to support this theory.7

Nevertheless, neuropathological and post-mortem
examinations fail to support the idea that mercury tox-
icity causes ASD.7 Post-mortem examinations of indi-
viduals with ASD have shown no significant cell loss
in the cerebral cortical neurons or in the calcarine
sulcus but have instead revealed the presence of abnor-
mally small neurons close to each other.7

Consequently, it is reported that the neuropathological
findings of mercury toxicity differ significantly from
those of autism.7 When all of these aetiological the-
ories are taken into account, the aetiology of autism
is found to be quite complex. Theories regarding its
aetiology must be presented with sound scientific
studies, as adequate evidence is required to come to
a definite conclusion regarding aetiology.
Structural brain abnormalities such as increased

brain volume, changes in brain functions (e.g. abnor-
mal levels of neurotransmitters and neuropeptides,
defects in the connectivity, and synchronism of cortical

structures), systemic indicators related to metabolism
(e.g. mitochondrial dysfunction and abnormal
urinary excretion of organic acids), immune dysfunc-
tions, and excess urinary excretion of opioid peptides
are potential biomarkers of autism.8 Hypoperfusion
has been reported in certain areas of the brain and
findings suggest neuroinflammation and gastrointesti-
nal inflammation.8 Repetitive behaviour, living in a
world of one’s own, difficulty in expressing oneself
verbally or nonverbally, obsessive behaviour, lack of
eye contact, reduced interest in the outside world,
repeating certain words out of context, strange move-
ments such as rocking or flopping, hyperactivity,
resistance to change, and sleep disorders are behav-
ioural symptoms of ASD. Although there is no cure
available, a multidisciplinary approach is used to alle-
viate the symptoms. Psychotropic drugs, chelation
therapy, hyperbaric oxygen therapy, educational
therapy, speech and pronunciation exercises, social
skills therapy, occupational therapy, physical therapy,
and medical nutrition therapy are aspects of this multi-
disciplinary approach.3

When the importance of nutrition is taken into
account, one realizes that the possible effects of nutri-
tion on individuals with ASD are potentially crucial.9

Recent studies have shown that various nutritional
approaches have managed to decrease the severity of
core ASD symptoms (repetitive behaviour, social and
communicative difficulties, self-harm, tantrums, and
aggression) in individuals with ASD.10–12 However,
the information to date regarding the link between
various diet models and ASD symptoms is limited.
No definite conclusion has been reached about the
possible mechanisms of action of existing medical
nutrition therapies related to ASD and ASD symp-
toms.10–12 This link between ASD and nutrition has
been explained through various mechanisms, but the
ideal dietary approach remains elusive. In this
article, we emphasize the necessity of identifying pro-
posed nutritional responses to alleviate symptoms in
individuals with ASD. This compilation study presents
suggestions for future research designed to identify
medical nutrition therapies targeting this population
to better understand the link between ASD and
nutrition.

Discussion
The link between autism spectrum disorder and
nutrition
Problems affecting the gastrointestinal system (GIS),
such as constipation, diarrhoea, and steatorrhoea, a
failure to adapt to medication and nutritional status,
food allergies and food intolerance, metabolic dis-
orders, nutritional deficiencies, eating disorders,
eating tantrums, picky eating, a refusal to eat, food
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obsessions, and hyperactivity, are severe in hindering
nutrition in children with ASD.13,14

In individuals with ASD, the most common
deficiencies are of minerals such as zinc, iron, methyl-
cobalamin, calcium, selenium, iodine, magnesium,
and chromium. Multivitamin and mineral sup-
plements have been reported to improve autism symp-
toms,13 as the GIS problems seen in autism can
adversely affect the vitamin and mineral balance in
the body, because inflammation in the intestines can
interfere with vitamin and mineral absorption.14 The
decrease in the probiotics in the intestines has an
adverse effect on the synthesis of vitamins such as
vitamin K, biotin, and niacin.14 In more than half of
ASD patients, deficiencies of vitamins such as
vitamin A, thiamine, niacin, pantothenic acid, and
biotin; deficiencies of minerals such as selenium,
zinc, and magnesium; and deficiencies of essential
amino acids and omega-3 fatty acids have been
observed.14,15 Multivitamin/mineral supplements
have been reported to decrease cognitive, sleep, and
GIS problems.14,15

Current dietary approaches in autism spectrum
disorder
The rising prevalence of ASD has paved the way for
research on various treatment methods. Nutrition,
which is thought to be linked to ASD, is one of these
research topics, and medical nutrition therapies
specific to ASD have been developed.8 The ketogenic
diet (KD),16 the gluten-free casein-free diet
(GFCF),8 camel milk,17,18 curcumin,19,20 and probio-
tics15,21 stand out as the current nutritional
approaches.

Ketogenic diet
Antiepileptogenic clinical use of the KD, which is very
low in carbohydrates, high in fat, and sufficient in
protein, is common due to the effectiveness of the
diet in controlling even drug-resistant seizures.22

ASD has been linked to metabolic disorders, sharing
traits with diseases related to epilepsy, and syndromes
such as the Landau–Kleffner, Dravet, and Rett syn-
dromes.16 With the KD, in which a predominant
metabolism of ketones has been reported, increased
serum ketones, decreased serum glucose, and increased
mitochondrial functions due to specific metabolic
effects of the diet have been observed.23 A low
number of dietary carbohydrates and limited protein
foster the production of ketone bodies (acetoacetate,
β-hydroxybutyrate, acetone), formed in the liver by
nervous tissue to generate energy. Moreover, the use
of ketone bodies as fuel leads to a reduction in symp-
toms by reducing the metabolic disturbances in this
population. Besides that, KD treatment mechanisms
include normalizing abnormal cerebrocortical

excitation/inhibition and enhancing neuronal acti-
vation induced by social novelty in several brain
areas of Engrailed 2 knockout mice. However, the
KD does not affect the levels of monoamine
neurotransmitters.24,25

Therefore, when the positive effects of the KD on
epilepsy and the increase in mitochondrial function
are taken into account, it is claimed that the KD has
the potential to alleviate certain symptoms related to
ASD.16 ASD behaviours are also linked to carbo-
hydrate metabolism disorders, and the KD is
claimed to have a positive effect on mitochondrial
function.26,27 In addition to evidence supporting the
efficacy of KDs in treating the core symptoms of
ASD in animal models25,28, there exist pilot studies29

providing evidence of positive clinical effects on
patients through case studies30,31 and parental
reports.11 Table 1 summarizes some of the studies on
the role of the KD in treating autism. Given the appar-
ent presence of metabolic abnormality in several
neurological disorders, the improved mitochondrial
function caused by the KD may potentially play a
key role in managing ASD.23

In a mice study to test the behavioural effects of the
KD in EL mice, using a model with behavioural
characteristics of ASD and comorbid epilepsy, two
groups of mice were fed a control diet and a KD,
respectively, starting at 5 weeks of age. Starting at
8 weeks, each group’s performance on tests of sociabil-
ity and repetitive behaviour was assessed.10 The
KD improved the behavioural characteristics of ASD
in a sex-specific and test-specific manner and was
reported to have no adverse effect on such behaviour.
While the KD had a limited positive impact on the
male subjects, the female subjects showed significant
improvement in repetitive behaviour and various
areas of sociability. These results serve to emphasize
that the KD and other similar diets can provide
relief from the core symptoms of ASD and are
especially effective in females.10 The findings obtained
suggest a wide-ranging utility for metabolic therapies
in improving core ASD symptoms. Supporting
further research into the mechanisms and applications
of the KD in this population will produce more accu-
rate findings.24

Bertoli et al. (2014) suggested that KD treatment
increases fat oxidation but does not generate any
changes in resting energy expenditure and daily basal
metabolic rates. These findings provide useful infor-
mation about growth failure not being associated
with changes in REE.38 It has also been reported
that treatment with a 15-week KD causes a decrease
in linear growth and does not induce changes in
weight and rest energy expenditure. These findings
emphasize that meticulous monitoring of growth is
essential for the implementation of the KD.39
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In children with epilepsy, prolonged treatment with
the KD showed significant reduction in both height
and weight gain. A year after discontinuing the diet,
significant catch-up growth was evident in both

height and weight.40 This situation may provide
some information about the growth rates of autistic
children receiving KD treatment. Nation et al.
(2014) emphasize that a protein-to-energy ratio of

Table 1 Studies analysing the effect of KD treatment on autism

Study Sample Method Findings and results

Mantis et al.32

(2009)
12 control, 19 Mecp2
mice, a model of RTT.

KD (7.2 kcal/g energy, 3.3% cho, 16.7% pro,
80% fat,) and SD (4.1 kcal/g energy, 65.0%
cho, 28.1% pro, 6.9% fat) for 30 days

In both KD and SD group have been
explored a new environment and they
improved motor behaviour and
decreased anxiety.
Calorie restriction in KD is more
important than the composition of the
diet.

Frye et al.11

(2011)
146 ASD children
with seizures and
control group without
seizures

Documenting seizures and ASD core
symptoms (communication, behaviour, attention
etc.) through parental reports while
implementing KD

KD is thought to decrease seizures
significantly more than GFCF diet.

Ruskin et al.23

(2013)
BTBR mice model Control diet or KD. KD improves various autistic behaviours

in the mice. KD-fed mice have
demonstrated increased sociability.

Ahn et al.28

(2014)
Mice model Control group and KD group. KD was able to improve in terms of

bioenergetic dysfunction. KD has altered
complex behaviours and mitochondrial
metabolism and this alteration may be
able helpful for the management of ASD.

Verpeut
et al.25 (2016)

Adult Engrailed 2 null
mice, wild-type mice

KD or control diet. The level of hypothalamic
norepinephrine has increased in the KD-
fed mice, but regional monoamines were
not changed.

Smith et al.33

(2016)
(BTBR) mice model This study investigated basal network

excitability in BTBR mice.
KD reversed lower movement thresholds
and modulate motor stimulation.

Castro et al.34

(2016)
Mice model This study has examined on four groups: (1)

fed with SD (2) fed with KD, (3) VPA mice fed
with SD (VPA-SD), and (4) VPA mice fed with
KD (VPA-KD)

VPA-KD improved multiple social
behaviours. VPA-KD have more better
scores in the index of sociability and
social novelty than VPA-SD.

Newell et al.35

(2016)
C57BL/6 (B6) &
BTBR mice

SD or KD (75% kcal fat) for 10–14 days. KD has mitigated multiple neurological
symptoms associated with ASD in mice.

Ruskin et al.10

(2017)
28 control, 30 BTBR
mice

KD and SD for 3–5 weeks.
/KD:3.2% cho, 75.1% fat, 8.6% pro, 7.24 kcal/
g energy
/SD:57.9% cho, 5% fat, 23.9% pro, 3.02 kcal/g
energy

In mice fed KD, improved social
behaviour and communication,
decreased repetitive behaviour was
observed.

Mychasiuk
and Rho36

(2017)

BTBR mice Examined changes in gene expression
following KD treatment in BTBR mice.

After treatment with the KD, both brain
regions demonstrated improvements in
ASD deficits associated with myelin
formation and white matter development.

Ruskin et al.24

(2017)
Young adult C57Bl/6
mice

KD or control diet for 3 weeks KD feeding partially or completely
reversed all MIA-induced behavioural
abnormalities in males; it had no effect
on behaviour in females.
KD reduced MIA-elevated self-directed
repetitive behaviour.

Dai Y et al.37

(2017)
Glut3+/− mice Evaluated electroencephalographic seizures

and sociability in KD.
İncreased synaptic proteins with
spontaneous excitatory postsynaptic
activity subsequently reduced
hippocampal glucose content and
increased brain amyloid β1-40
deposition in an age-dependent manner
in glut3+/− males but not females.
KD partially restored sociability without
affecting perturbed vocalization, spatial
learning and memory, and reduced
seizure events. KD ameliorates seizures
caused by increased cortical excitation
and improves sociability, but fails to
rescue vocalization and cognitive
deficits in glut3+/− male mice.

Abbreverations: ASD: Autism Spectrum Disorder, cho: Carbohydrates, pro: Protein, RTT: Rett Syndrome, MIA: Maternal Immune
Activation, VPA: Valproic Acid, KD: Ketogenic Diet, SD: Standard diet
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1.5 grams of protein for every 100 kcal prevents
growth retardation in prolonged KD treatment, and
assessment of adequate intake of nutrients is required
at all times in this population.41 Simplifying matters,
this protein intake is met by the recommended nutrient
intake in the KD diet. It has also been reported to
meet or exceed the DRI for all nutrients except for
phosphorus, thanks to the daily multivitamins and
mineral supplements the diet includes. Many of the
negative effects of the KD in terms of growth rate
may be mitigated with proper supplementation and
individual-specific dietary adaptations as rec-
ommended by KD-trained dietitians.42

Gluten-free casein-free diet
Studies suggest that GFCF treatment yields positive
results in individuals with ASD.8,43–45 The current
theory in the ASD literature is that gluten and casein
peptides trigger an immune response resulting in GIS
inflammation.12 The effects of gluten and casein on
immunology pathways have been claimed to cause
ASD,44 and it has been determined that gluten and
casein peptides trigger abnormal cytokine production,
cause defects in immunology pathways, and cause
damage to the central nervous system.44 The presence
of antibodies for neuron-specific antigens and anti-
bodies for gliadin in individuals with ASD supports
the hypothesis that gluten and casein peptides can
cause ASD.44 Casein and gluten can also be converted
into opioid peptides during digestion and can build up
when not sufficiently metabolized. Another opinion is
that in patients with ASD, as intestinal permeability
increases, these peptides enter the bloodstream and
pass through the blood–brain barrier, causing
damage to the central nervous system.8 Furthermore,
increased levels of proinflammatory cytokines have
been indicated and have been determined to be trig-
gered by gluten, casein, and soy proteins.8 A further
theory is that the GFCF diet can play a role in sup-
pressing allergic responses, thus aiding in brain devel-
opment and restoring brain functions by impacting
neural functions.43

There have been studies where a decrease in peptide
levels and an improvement in autism symptoms
through adherence to the GFCF diet were
observed.8,43–45 Studies have mostly focused on the
effects of this diet on ASD behaviours, and assess-
ments have been made based on parental and pro-
fessional observations.12,44 Studies focusing on the
effects of gluten-free and casein-free foods on ASD
have predominantly reported improvements in
certain symptoms or behavioural problems.44

Adherence to the GFCF diet has resulted in decreased
GIS symptoms, as well as improvement in speech and
communication skills, a decrease in hyperactive behav-
iour, improvement in attention and focus, and a

decrease in sleep problems.12 Whiteley et al. (2010)
observed significant improvements in certain ASD
subgroups in a single-blind randomized study.45

Opinions asserting that the GFCF diet has no effect
on individuals with ASD also exist.46,47 Elder et al.
(2006) have reported no effects of gluten and casein
restriction on ASD patients whom they observed for
12 weeks on the GFCF diet.46 Similarly, Hyman
et al. (2016) have reported no improvements in physio-
logical functions, behavioural problems, or autism
symptoms in patients with ASD whom they observed
over a 12-week period on the GFCF diet,47 further
stating that they have no evidence to support the
general use of the GFCF diet.47 Owing to the con-
fusion in ASD aetiology, controlled studies on this
matter with large sample sizes are needed.46 Studies
based on neuropathological research, in particular,
should offer more concrete evidence.46

Despite all these opinions, there are concerns
regarding the GFCF diet. Nutritional deficiencies
and a possible decline in growth and development
are listed among the potential harmful side effects.8

However, a current study has shown no difference
in nutritional deficiencies in GFCG individuals as
compared to the control group.48 In the controlled
study in question, nutrition levels were assessed
based on parental dietary intake records, and no
difference was observed between the two groups in
terms of nutrition levels.48 Because the results were
not evaluated based on biochemical findings, exten-
sive and well-supported studies are required to reach
a definite conclusion.46 In another controlled study
examining the effects of the GFCF diet,49 two
groups of children with ASD were studied, with one
group on the GFCF diet and the other on a standard
diet, and decreased cortical bone thickness was
observed in both groups. Furthermore, the decrease
in cortical bone thickness in children with ASD on
the GFCF diet was significantly higher than in the
other group.49 It is thus suspected that the GFCF
diet may be more effective in decreasing cortical
bone thickness.49 Although studies regarding the
GFCF diet used in ASD show promise,12,44,45 the
role of nutrition in the treatment and aetiology of
autism needs to be further studied through scientific
research.46

High-fat diet
Recent studies have linked changes in the dopamine
mechanism caused by a high-fat diet (HFD) to
certain behaviours related to autism such as reward
sensitivity, learning and memory, anxiety-related
behaviours, social interaction, motivation, and
reward processing.50–52 Cognitive and social problems
are thought to be aggravated by an HFD, its effects
stated to be a result of the dopaminergic mechanism.
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The fact that HFDs result in a decrease in the dopa-
mine signals in the hypothalamus, causing dopamine
dysfunction, may lead to dysfunctions in areas of the
nervous system that control behaviour in addition to
other areas.53 These effects may be the reason why it
is stated that HFDs can cause behavioural defects
related to autism.53

In another study with mice with ASD on an HFD, a
marginal rise in TH and D1R expression levels in the
experimental group was discovered when compared
with the control group.53 These two factors are
linked to both the dopamine transmission in the hypo-
thalamus and the severity of autism. In rodents on an
HFD, extensive changes in dopamine signalization
were determined in many areas of the brain, including
the prefrontal cortex, the seed accumbens, the ventral
tegmental area, and the hypothalamus. In mice that
were continuously fed an HFD, a general deterioration
in autism-related phenotypes was identified, specifi-
cally in cognitive and social behaviour, and the total
autism composite score rose significantly.53 However,
extensive experimental research is reportedly needed
to prove this link.53 Finally, the big difference
between the KD and HFDs must be taken into
account. While the KD is a diet that includes a
high level of fat, an extremely low level of carbo-
hydrates and a low level of protein (e.g. kcal: 90%
fat, 7% protein, 3% carbohydrates), an HFD is a
diet that includes a large amount of fat, a sufficient
amount of protein and a low level of carbohydrates
(e.g. kcal: 60% fat, 20% protein, 20% carbohydrates).54

Other diets
While some diets (GFCF, antioxidant diet, and KD)
seem to alleviate ASD-related symptoms, others not
only cause no discernable behavioural difference com-
pared to control diets but even result in insufficient or
excessive food intake.55 Other nutritional approaches,
such as the fermentable oligosaccharides, disacchar-
ides, monosaccharides, and polyols diet (FODMAP),
the Specific Carbohydrate Diet, elimination and
avoiding food additives, have led to certain improve-
ments in individuals with ASD. However, not
enough corroborating evidence exists to declare these
as therapeutic diets.56 No link between excessive
FODMAP intake, which induces symptoms of wheat
allergy, celiac disease, and irritable bowel syndrome
as well as neuropsychiatric disorders such as schizo-
phrenia and autism, has been identified. Still, it is a
cause for hope for the families of the ASD
population.57

Another theory is that due to inflammation and
various toxins, intestinal permeability is higher in chil-
dren with ASD.13 Calcium regulates this permeability,
but children with autism have a calcium deficiency.
The beneficial oxalobacter in the intestine metabolizes

oxalate, preventing it from crossing the gut–brain
barrier. These bacteria are fewer in individuals with
ASD due to weak intestinal flora.13 This is why
oxalate can build up in the environment and enter
the bloodstream, harming organs, starting with the
brain. As a result, a dietary model restricting foods
containing oxalate has been developed.13 However,
no evidence-based study exists to justify implementing
this diet.

The Feingold diet, which eliminates artificial food
colouring, artificial sweeteners, preservatives, and sub-
stances such as aspartame, neotame, and alitame, has
been a ray of hope for children with ASD.58 However,
no systematic research exists linking ASD and the
Feingold diet. The Autism Research Institute (ARI)
has published a report using a standardized rating
scale with data from over 27 000 parents,58 and in
this report, parents described the effects of the
Feingold diet on children with ASD as negative
(2%), non-existent (40%), and positive (58%). When
asked to evaluate the wheat-free diet, 55% of parents
reported a positive impact, whereas 43% reported no
impact. Removing dairy from their diet improved the
behaviour of 55% of the individuals with ASD.58

Similarly, excluding sugar and chocolate from the
diets of children with ASD yielded positive results.
Table 2 summarizes the effects of other dietary
models on ASD.58

A link between autism and the SLC25A12
aspartate/glutamate carrier gene, which plays a
part in mitochondrial function, has recently been dis-
covered.59 Mitochondrial oxidative stress and mito-
chondrial glutamate abnormalities are reported
under different neurodegenerative conditions.59

However, there is not enough evidence regarding
the low-glutamate/Glutamate-Aspartate Restricted
Diet (GARD).59 Similarly, the link between the
GAPS diet and autism is still unclear. In this diet,
in which processed foods, foods containing lactose,
wheat, and wheat products, starch, sugar, and
foods containing sugar and soy products are
restricted, probiotics, EPA, DHA, vitamins B6-B12,
and folic acid have pride of place.60 Further research
is required before general recommendations can be
made regarding a therapeutic diet for ASD. In con-
clusion, the current dietary approaches recommend
that agents responsible for ASD that are consumed
through food (additives, pesticides, genetically modi-
fied organisms, soy, casein, gluten, refined and inor-
ganic foods, sugar) be eliminated from the diet and
replaced with a diet that is organic, additive-free,
unrefined, gluten-free/casein-free/soy-free and low
in starch foods, animal proteins, vegetables, fruits,
nuts and seeds, and solid and liquid fats.10,61 The
hourglass in Fig. 1 summarizes the current dietary
approaches.10,61
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Curcumin
Curcumin is reported to have positive effects on the
treatment of autism due to such characteristics as
increasing intracellular GSH levels, reducing inflamma-
tory components, counteracting the damage caused by
heavy metals, positively impacting the treatment of
viral and fungal infections and supporting liver detoxi-
fication.19 In murine, curcumin is reported to improve
core and related symptoms of the ASD phenotype by
suppressing tumour necrosis factor alpha (TNF-α) and
matrix metallopeptidase 9 (MMP-9).20 Treatments of
daily 50, 100, and 200 mg/kg doses of curcumin regu-
larly given over a period of 4 weeks were discovered to
restore neurological, behavioural, biochemical, and
molecular changes related to the ASD phenotype in
murine in a dose-dependent manner. As such, curcumin
can be developed as a potential neuropsychopharma-
cotherapeutic aid for ASD.20

Probiotics
A recent meta-analysis examining the link between
ASD and microbiota reports that significant differ-
ences exist in the gut microbiota between ASD patients
and children without ASD and that this may contrib-
ute to the disorder in a significant number of individ-
uals.62 It is known that the use of oral broad spectrum
antibiotics heavily damages the human microbiome
leading to an impairment of crucial functions such
as supplying nutrients, producing vitamins, and
defending against pathogens. In toddlers, dysbiosis
has been proved to be directly related to a lot of
health problems including intestinal, immunological,
and psychiatric disorders.63

Finegold et al. (2010) have detected a higher pro-
portion of Bacteroidetes and Proteobacteria and a
lower proportion of Firmicutes and Actinobacteria
(especially Bifidobacterium) in ASD patients as com-
pared to the control group. They report that these

may play a significant role in ASD pathophysiology.64

However, research on probiotics is insufficient.
Probiotics are reported to improve diarrhoea and con-
stipation symptoms in ASD children, but they should
not be used in autistic children with compromised
immune systems.65

In a study, 22 children with ASD between the ages
of four and ten were given a sugar-free diet and probio-
tic capsules containing 5 × 109 CFU/g of
Lactobacillus acidophilus twice a day over a period of
two months. Upon studying the effects of the probiotic
supplement on changes in behaviour, significant
improvements were observed in major behavioural
domains, especially in the ability to concentrate and
the ability to follow instructions.15 However, no sig-
nificant improvement was observed in the behavioural
response to the feelings of others and eye contact.
Evidence supports the idea that probiotics play a role
in preventing gastrointestinal colonization with types
of Candida by reducing the DA (D-arabinitol) and
DA/LA (D-arabinitol/L-arabinitol) ratios in urine,66

and another study has yielded similar findings.15

In a randomized, double-blind, controlled study, chil-
dren with ASD between the ages of 3 and 16 were
divided into two groups – a placebo group and a pro-
biotic group – and those in the probiotic group were
given 4.5 × 1010 CFU Lactobacillus plantarum
WCFS1 daily over a period of 6 weeks. Improvements
in destructive and antisocial behaviour, as well as in
anxiety and communication problems, were observed
in the children with ASD whowere treated with probio-
tics.67 In a randomized study by Pärtty et al. (2015), 75
children suspected to have ASD were monitored for 13
years.21 One group was given Lactobacillus rhamnosus,
whereas the other group was given a placebo, and the
results were evaluated. While six of the thirty-five chil-
dren (17.1%) in the placebo group were diagnosed with
ASD or attention deficit/hyperactivity disorder

Table 2 Parental reports evaluating the effects of dietary models on ASD58

Various diets
Number of
participants

Parent ratingc

Bada (%) No effect (%) Good (%) Good:Badb

GFCF diet 3593 3 28 69 23:1
Rotation diet 1097 2 43 55 28:1
Wheat-free diet 4340 2 43 55 28:1
Candida diet 1141 3 39 58 19:1
Sugar-free diet 4589 2 46 52 26:1
Feingold diet 1041 2 40 58 29:1
Specific carbohydrate diet 537 7 22 71 10:1
Low oxalate diet 164 7 43 50 7:1
Chocolate-free diet 2264 2 46 52 26:1
Egg-free diet 1658 2 53 45 23:1
Dairy-free diet 6950 2 43 55 28:1

a
‘Bad’ only denotes worse behaviour.

b
‘Good:Bad’ column denotes the number of ‘Good’ children for each ‘Bad’ child.

cParent evaluation: parent answers are divided into three categories: ‘got worse’ (degrees 1 and 2), ‘no effect’ (degrees 3 and 4),
and ‘got better’ (degrees 5 and 6).
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(ADHD) after 13 years, none in the probiotic group
were diagnosed with ASD. This suggests that early
intervention with Lactobacillus rhamnosus may lower
the risk of developing ADHD or ASD. This notion
needs to be supported, however, with similar prospec-
tive studies.21 A current case study further shows the
possible role probiotics play in improving behavioural
abnormalities related to ASD.68

Food additives
Studies have shown that food additives in refined
foods, especially preservatives, colouring, high fruc-
tose corn syrup, and artificial sweeteners, have been
linked to ASD due to their mercury content, which
is considered responsible for environmental toxins.
The consumption of natural foods was reported to
be effective in preventing and treating the disease.69

Owing to the intestinal sensitivity in individuals with

ASD, as a result of the relative ease of digestion of
monosaccharides as opposed to polysaccharides and
disaccharides, high levels of fructose consumption
can lead to inflammation, and its mercury concen-
tration may cause PON1 gene expression.70,71 This
may further cause mineral imbalances (low levels of
zinc and phosphorus, high levels of copper).
Fructose can play a role in the growth of
Streptococci, Candida, and parasites in the GIS and
can increase the symptoms of paediatric autoimmune
neuropsychiatric disorders associated with streptococ-
cal infections.70,71 The consumption of foods high in
fructose is discouraged, since it is also believed to
trigger the formation of oxalate stones.70,71

Camel milk
It has recently been discovered that camel milk has
potentially therapeutic effects on many diseases, such

Figure 1 Current dietary approaches hourglass8,50

Cekici and Sanlier Current nutritional approaches in managing autism spectrum disorder

Nutritional Neuroscience 20178

D
ow

nl
oa

de
d 

by
 [

R
ec

ep
 T

ay
yi

p 
E

rd
og

an
 U

ni
ve

rs
ity

] 
at

 2
2:

09
 0

6 
N

ov
em

be
r 

20
17

 



as food allergies, diabetes mellitus, hepatitis B, autism,
and other autoimmune diseases.17 In patients with
ASD, low plasma levels of GSH and cysteine were
documented and camel milk was reported to
improve clinical results of ASD (GSH-Px and superox-
ide dismutase). The healing effect of camel milk con-
sumption on ASD behaviour was documented as
showing significant changes on the Childhood
Autism Rating Scale (CARS). This is possibly
achieved by reducing the effects of opioids.17

Camel milk has a unique composition that differs
from other ruminants’ milk. Compared to cow’s
milk, it contains more minerals (calcium, iron, mag-
nesium, copper, zinc, and potassium), more vitamins
(A, B2, E, and C), less fat, less cholesterol, and less
lactose. It also lacks beta-lactoglobulin and beta-
casein, which are basic active components of cow’s
milk allergy.17 Furthermore, camel milk contains
various protective proteins and enzymes with antibac-
terial, antiviral, and immunological properties.72

These enzymes include immunoglobulins, lysozymes,
lactoferrin, lactoperoxidase, N-acetyl-§-glucosamini-
dase, and peptidoglycan recognition protein, which
are essential in preventing food allergies and rehabili-
tating the immune system.73 Camel milk owes its
potential efficacy in the treatment of food allergies to
its inflammation-inhibiting proteins, hypoallergenic
properties, and smaller nanobodies74 and can
improve some core autistic symptoms with its hypoal-
lergenic properties and antibodies, which are similar to
human antibodies.17 The nanobodies in this milk are
reported to have many promising and therapeutic
effects on infections and the immune system.74 Being
small provides camel milk nanobodies with new struc-
tural features, such as better penetration into tissues
and the ability to recognize hidden epitopes. These fea-
tures may prevent infections and provide potential
power to the immune system. Moreover, the structure
of camel milk nanobodies is closely homologous to the
human immunoglobulins (IgG3). This indicates that
camel antibodies are similar to human antibodies.75

Owing to its unique composition, camel milk has
been shown to cause improvements in children with
ASD by increasing the levels of superoxide dismutase
(SOD), myeloperoxidase (MPO) and plasma GSH,
and reducing oxidative stress, which is a part of
autism’s aetiology.18 In a randomized clinical trial,
60 children between the ages of two and sixteen with
ASD as well as allergies or food intolerances were
given 500 ml of camel milk daily over a period of
2 weeks. Their plasma GSH, SOD, and MPO levels
were measured beforehand and afterwards.17 Results
were evaluated using the Wing Subgroups
Questionnaire, which takes into account CARS and
13 behavioural domains, including communication,
social approach, play, imitation, motor behaviour,

and resistance to change. Remarkably, the improve-
ment in GSH, SOD, and MOD levels caused by
camel milk consumption had led to a significant
improvement in the behaviour of children with ASD.
Furthermore, the CARS scores were found to be
lower following camel milk consumption.17,76 Abdel
Gader et al. (2016) reported that camel milk mitigated
autism symptoms or caused great amelioration in basic
symptoms by, for example, rendering patients less
destructive or improving their emotional expression
and communication.77 Similarly, Al-Ayadhi et al.
(2015) reported that the implementation of camel
milk as a therapeutic intervention for 2 weeks provided
significant differences in the CARS, SRS, and ATEC
scores in ASD patients.78 The findings of this trial
suggest that the antioxidant enzymes and non-enzy-
matic antioxidant molecules in camel milk may play
an important role in improving typical ASD beha-
viours. Larger scale trials focusing on the dose of
camel milk are needed to determine its effect on oxi-
dative stress biomarkers and consequently as an
ASD treatment.17

Conclusion
In this compilation, various medical nutrition
approaches have been examined, and related studies
on the subject have been discussed. It is reported
that in individuals with ASD, while the gluten-free
casein-free and KDs, camel milk, curcumin, probio-
tics, and fermentable foods can play a role in alleviat-
ing ASD symptoms, the consumption of sugar,
additives, pesticides, genetically modified organisms,
inorganic processed foods, and difficult-to-digest
starches may aggravate symptoms. Further prospective
controlled trials with large sample sizes are needed
before recommendations can be made regarding the
ideal ASD diet. In a medical nutrition therapy
approach, it is beneficial to examine the pathophysiol-
ogy, food intake, food allergies/intolerances, and
nutritional behaviours of the individual with ASD to
supplement the energy and nutrient deficiencies with
food, to ensure a sufficient and balanced diet and to
adopt a therapeutic diet approach to alleviate symp-
toms. This compilation emphasizes the value of identi-
fying current nutritional approaches specific to
individuals with ASD and integrating their effects on
symptoms into the conversation. It also hopes to
pave the way for new therapeutic goals and interven-
tions, providing hope to individuals afflicted with
this prevalent developmental disorder.
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from NŞ. All authors approved the final manuscript.

Funding None.

Cekici and Sanlier Current nutritional approaches in managing autism spectrum disorder

Nutritional Neuroscience 2017 9

D
ow

nl
oa

de
d 

by
 [

R
ec

ep
 T

ay
yi

p 
E

rd
og

an
 U

ni
ve

rs
ity

] 
at

 2
2:

09
 0

6 
N

ov
em

be
r 

20
17

 



Conflict of interest None.

Ethical approval This article does not contain any
studies with human participants or animals performed
by any of the authors.

References
1 Ozkaya TB. Transition from pervasive developmental disorders
to autism spectrum disorder: proposed changes for the upcoming
DSM-5. Curr Approach Psychiat 2013;5(2):127–39. doi:10.
5455/cap.20130509.

2 Smith JD. Autism: a natural fit for the clinical nutritionist and
complementary and alternative medicine (CAM). Nutr
Perspect: J Council Nutr 2013;36(2):5–8.

3 Ozeren GS. Autism spectrum disorder (ASD) and gazing
through the evidence window to ASD. ACU Saglık Bil Derg
2013;4:57–63.

4 Mezzelani A, Landini M, Facchiano F, Raggi ME, Villa L,
Molteni M, et al. Environment, dysbiosis, immunity and sex-
specific susceptibility: a translational hypothesis for regressive
autism pathogenesis. Nutr Neurosci 2015;18(4):145–61. doi:10.
1179/1476830513Y.0000000108.

5 Ozbaran B. Do environmental factors have influence on autism
spectrum disorder? J Pediatr Res 2014;1:170–3. doi:10.4274/
jpr.44153.

6 Geier DA, King PG, Sykes LK, Geier MR. A comprehensive
review of mercury provoked autism. Indian J Med Res 2008;
128:383–411.

7 Nelson KB, Bauman ML. Thimerosal and autism? Pediatr
2003;111:674–9. doi:10.1542/peds.111.3.674.

8 Reissmann A, Hauser J, Makulska-Gertruda E, Tomsa L, Lange
KW. Gluten-free and casein-free diets in the treatment of autism.
Funct Foods Health Dis 2014;4(8):349–61.

9 Kessick R. Autism and diet: what you need to know. London:
Jessica Kingsley Publishers; 2009.

10 Ruskin DN, Fortin JA, Bisnauth SN, Masino SA. Ketogenic
diets improve behaviors associated with autism spectrum dis-
order in a sex-specific manner in the EL mouse. Physiol Behav
2017;168:138–45. doi:10.1016/j.physbeh.2016.10.023.

11 Frye RE, Sreenivasula S, Adams JB. Traditional and non-tra-
ditional treatments for autism spectrum disorder with seizures:
an on-line survey. BMC Pediatr 2011;11:37. doi:10.1186/1471-
2431-11-37.

12 Pennesi CM, Klein LC. Effectiveness of the gluten-free, casein
free diet for children diagnosed with autism spectrum disorder:
based on parental report. Nutr Neurosci 2012;15(2):85–91. doi:
10.1179/1476830512Y.0000000003.

13 Golik F. The effects of excess fructose in a patient with autism
spectrum disorder infections. ACNEM J 2014;33(2):13–7.

14 Adams JB, Holloway C. Pilot study of a moderate dose multivi-
tamin/mineral supplement for children with autistic spectrum
disorder. J Altern Complement Med 2004;10(6):1033–9. doi:10.
1089/acm.2004.10.1033.

15 RomeoMG, Romeo DM, Trovato L, Oliveri S, Palermo F, Cota
F, et al. Role of probiotics in the prevention of the enteric colo-
nization by Candida in preterm newborns: incidence of late-
onset sepsis and neurological outcome. J Perinatol 2011;31(1):
63–9. doi:10.1038/jp.2010.57.

16 Napoli E, Duenas N, Giulivi C. Potential therapeutic use of the
ketogenic diet in autism spectrum disorders. Front Pediatr
2014;2(69):1–9. doi:10.3389/fped.2014.00069.

17 AL-Ayadhi LY, Elamin NE. Camel milk as a potential therapy
as an antioxidant in autism spectrum disorder (ASD). Evid
Based Complement Alternat Med 2013;2013:602834. doi:10.
1155/2013/602834.

18 Gizachew A, Teha J, Birhanu T. Review on medicinal and nutri-
tional values of camel milk. Nat Sci 2014;12(12):35–40. doi:10.
7537/marsnsj121214.06.

19 Blaylock RL, Strunecka A. Immune-glutamatergic dysfunction as
a central mechanism of the autism spectrum disorders. Curr Med
Chem 2009;16(2):157–70. doi:10.2174/092986709787002745.

20 Bhandari R, Kuhad A. Neuropsychopharmacotherapeutic effi-
cacy of curcumin in experimental paradigm of autism spectrum
disorders. Life Sci 2015;141:156–69. doi: 10.1016/j.lfs.2015.09.
012.

21 Pärtty A, Kalliomäki M, Wacklin P, Salminen S, Isolauri E. A
possible link between early probiotic intervention and the risk

of neuropsychiatric disorders later in childhood: a randomized
trial. Pediatr Res 2015;77(6):823–8. doi:10.1038/pr.2015.51.

22 Hallböök T, Sjolander A, Amark P, Miranda M, Bjurulf B,
Dahlin M. Effectiveness of the ketogenic diet used to treat resist-
ant childhood epilepsy in Scandinavia. Eur J Paediatr Neurol
2015;19(1):29–36. doi:10.1016/j.ejpn.2014.09.005.

23 Ruskin DN, Svedova J, Cote JL, Sandau U, Rho JM,
Kawamura M, et al. Ketogenic diet improves core symptoms
of autism in BTBR mice. PLoS ONE 2013;8(6):e65021. doi:10.
1371/journal.pone.0065021.

24 Ruskin DN, Murphy MI, Slade SL, Masino SA. Ketogenic diet
improves behaviors in a maternal immune activation model of
autism spectrum disorder. PLoS ONE 2017;12(2):e0171643.
doi:10.1371/journal.pone.0171643.

25 Verpeut JL, DiCicco-Bloom E, Bello NT. Ketogenic diet
exposure during the juvenile period increases social behaviors
and forebrain neural activation in adult. Physiol Behav
2016;161:90–8. doi:10.1016/j.physbeh.2016.04.001.

26 Evangeliou A, Vlachonikolis I, Mihailidou H, Spilioti M,
Skarpalezou A, Makaronas N, et al. Application of a ketogenic
diet in children with autistic behavior: pilot study. J Child Neurol
2003;18(2):113–8.

27 Marti LF. Dietary interventions in children with autism spec-
trum disorders-an updated review of the research evidence.
Curr Clin Pharmacol 2014;9(4):335–49. doi:10.2174/15748847
113086660074.

28 Ahn Y, Narous M, Tobias R, Rho JM, Mychasiuk R. The keto-
genic diet modifies social and metabolic alterations identified in
the prenatal valproic acid model of autism spectrum disorder.
Dev Neurosci 2014;36(5):371–80. doi:10.1159/000362645.

29 Spilioti M, Evangeliou AE, Tramma D, Theodoridou Z,
Metaxas S, Michailidi E, et al. Evidence for treatable inborn
errors of metabolism in a cohort of 187 Greek patients with
autism spectrum disorder (ASD). Front Hum Neurosci 2013;7:
858. doi:10.3389/fnhum.2013.00858.

30 Herbert MR, Buckley JA. Autism and dietary therapy: case
report and review of the literature. J Child Neurol 2013;28(8):
975–82. doi:10.1177/0883073813488668.

31 Masino SA, Svedova J, Kawamura M, DiMario FD, Eigsti IM.
Autism – a neurodevelopmental journey from genes to behav-
iour. In: Eapen V (ed.) Adenosine and autism – recent research
and a new perspective. Rijeka: InTech; 2011, p. 103–22.

32 Mantis JG, Fritz JL, Marsh J, Heinrichs SC, Seyfried TN.
Improvement in motor and exploratory behavior in rett syn-
drome mice with restricted ketogenic and standard diets.
Epilepsy Behav 2009;15(2):133–41. doi:10.1016/j.yebeh.2009.
02.038.

33 Smith J, Rho JM, Teskey GC. Ketogenic diet restores aberrant
cortical motor maps and excitation-to-inhibition imbalance in
the BTBR mouse model of autism spectrum disorder. Behav
Brain Res 2016;304:67–70. doi:10.1016/j.bbr.2016.02.015.

34 Castro K, Baronio D, Perry IS, Riesgo RD, Gottfried C. The
effect of ketogenic diet in an animal model of autism induced
by prenatal exposure to valproic acid. Nutr Neurosci 2016;8:
1–8. doi:10.1080/1028415X.2015.1133029.

35 Newell C, Bomhof MR, Reimer RA, Hittell DS, Rho JM,
Shearer J. Ketogenic diet modifies the gut microbiota in a
murine model of autism spectrum disorder. Mol Autism
2016;7(1):37. doi:10.1186/s13229-016-0099-3.

36 Mychasiuk R, Rho JM. Genetic modifications associated with
ketogenic diet treatment in the BTBRT+Tf/J mouse model of
autism spectrum disorder. Autism Res 2017;10(3):456–71. doi:
10.1002/aur.1682.

37 Dai Y, Zhao Y, Tomi M, Shin BC, Thamotharan S, Mazarati A,
et al. Sex-specific life course changes in the neuro-metabolic
phenotype of Glut3 null heterozygous mice: ketogenic diet
ameliorates electroencephalographic seizures and improves
sociability. Endocrinology 2017;158(4):936–49. doi:10.1210/en.
2016-1816.

38 Bertoli S, Battezzati A, Tagliabue A. Ketogenic diet in children
with intractable epilepsy: what about resting energy expenditure
and growth? Dev Med Child Neurol 2014;56:801–7.

39 Groleau V, Schall JI, Stallings VA, Bergqvıst CA. Long-term
impact of the ketogenic diet on growth and resting energy expen-
diture in children with intractable epilepsy. Dev Med Child
Neurol 2014;56:898–904.

40 Kim JT, Kang HC, Song JE, Lee MJ, Lee YJ, Lee EJ, et al.
Catch-up growth after long-term implementation and weaning
from ketogenic diet in pediatric epileptic patients. Clin Nutr
2013;32:98–103.

Cekici and Sanlier Current nutritional approaches in managing autism spectrum disorder

Nutritional Neuroscience 201710

D
ow

nl
oa

de
d 

by
 [

R
ec

ep
 T

ay
yi

p 
E

rd
og

an
 U

ni
ve

rs
ity

] 
at

 2
2:

09
 0

6 
N

ov
em

be
r 

20
17

 

https://doi.org/10.5455/cap.20130509
https://doi.org/10.5455/cap.20130509
https://doi.org/10.1179/1476830513Y.0000000108
https://doi.org/10.1179/1476830513Y.0000000108
https://doi.org/10.4274/jpr.44153
https://doi.org/10.4274/jpr.44153
https://doi.org/10.1542/peds.111.3.674
https://doi.org/10.1016/j.physbeh.2016.10.023
https://doi.org/10.1186/1471-2431-11-37
https://doi.org/10.1186/1471-2431-11-37
https://doi.org/10.1179/1476830512Y.0000000003
https://doi.org/10.1179/1476830512Y.0000000003
https://doi.org/10.1089/acm.2004.10.1033
https://doi.org/10.1089/acm.2004.10.1033
https://doi.org/10.1038/jp.2010.57
https://doi.org/10.3389/fped.2014.00069
https://doi.org/10.1155/2013/602834
https://doi.org/10.1155/2013/602834
https://doi.org/10.7537/marsnsj121214.06
https://doi.org/10.7537/marsnsj121214.06
https://doi.org/10.2174/092986709787002745
https://doi.org/10.1016/j.lfs.2015.09.012
https://doi.org/10.1016/j.lfs.2015.09.012
https://doi.org/10.1038/pr.2015.51
https://doi.org/10.1016/j.ejpn.2014.09.005
https://doi.org/10.1371/journal.pone.0065021
https://doi.org/10.1371/journal.pone.0065021
https://doi.org/10.1371/journal.pone.0171643
https://doi.org/10.1016/j.physbeh.2016.04.001
https://doi.org/10.2174/15748847113086660074
https://doi.org/10.2174/15748847113086660074
https://doi.org/10.1159/000362645
https://doi.org/10.3389/fnhum.2013.00858
https://doi.org/10.1177/0883073813488668
https://doi.org/10.1016/j.yebeh.2009.02.038
https://doi.org/10.1016/j.yebeh.2009.02.038
https://doi.org/10.1016/j.bbr.2016.02.015
https://doi.org/10.1080/1028415X.2015.1133029
https://doi.org/10.1186/s13229-016-0099-3
https://doi.org/10.1002/aur.1682
https://doi.org/10.1002/aur.1682
https://doi.org/10.1210/en.2016-1816
https://doi.org/10.1210/en.2016-1816


41 Nation J, Humphrey M,MacKayM, Boneh A. Linear growth of
children on a ketogenic diet: does the protein-to-energy ratio
matter? J Child Neurol 2014;29(11):1496–501.

42 Liu YMC, Williams S, Basualdo-Hammond C, Stephens D,
Curtis R. A prospective study: growth and nutritional status of
children treated with the ketogenic diet. J Am Diet Assoc
2003;103(6):707–12.

43 Theije CG, Wu J, da Silva SL, Kamphuis PJ., Garssen J, Korte
SM, et al. Pathways underlying the gut-to-brain connection in
autism spectrum disorders as future targets for disease manage-
ment. Eur J Pharmacol 2011;668(1):70–80. doi:10.1016/j.ejphar.
2011.07.013.

44 Christison GW, Ivany K. Elimination diets in autism spectrum
disorders: any wheat amidst the chaff ? J Dev Behav Pediatr
2006;27(2):S162–71.

45 Whiteley P, Haracopos D, Knivsberg AM, Reichelt KL, Parlar
S, Jacobsen J, et al. The ScanBrit randomised, controlled,
single-blind study of a gluten- and casein-free dietary interven-
tion for children with autism spectrum disorders. Nutr
Neurosci 2010;13(2):87–100. doi:10.1179/147683010×1261146
0763922.

46 Elder JH, Shankar M, Shuster J, Theriaque D, Burns S, Sherrill
L. The gluten-free, casein-free diet in autism: results of prelimi-
nary double blind clinical trial. J Autism Dev Disord 2006;36
(3):413–20. doi:10.1007/s10803-006-0079-0.

47 Hyman SL, Stewart PA, Foley J, Cain U, Peck R, Morris DD,
et al. The gluten-free/casein-free diet: a double-blind challenge
trial in children with autism. J Autism Dev Disord 2016;46(1):
205–20. doi:10.1007/s10803-015-2564-9.

48 Hyman SL, Stewart PA, Schmidt B, Cain U, Lemcke N,
Foley JT, et al. Nutrient intake from food in children with
autism. Pediatr 2012;130(2):145–53. doi:10.1542/peds.2012-
0900L.

49 Hediger ML, England LJ, Molloy CA, Yu KF, Manning-
Courtney P, Mills JL. Reduced bone cortical thickness in boys
with autism or autism spectrum disorder. J Autism Dev Disord
2008;38(5):848–56. doi:10.1007/s10803-007-0453-6.

50 Carlin J, Hill-Smith TE, Lucki I, Reyes TM. Reversal of
dopamine system dysfunction in response to high-fat diet.
Obesity (Silver Spring) 2013;21(12):2513–21. doi:10.1002/oby.
20374.

51 Sharma S, FernandesMF, Fulton S. Adaptations in brain reward
circuitry underlie palatable food cravings and anxiety induced by
high-fat diet withdrawal. Int J Obes (Lond) 2013;37(9):1183–91.
doi:10.1038/ijo.2012.197.

52 Grissom NM, Herdt CT, Desilets J, Lidsky-Everson J, Reyes
TM. Dissociable deficits of executive function caused by gesta-
tional adversity are linked to specific transcriptional changes in
the prefrontal cortex. Neuropsychopharmacol 2015;40(6):
1353–63. doi:10.1038/npp.2014.313.

53 Zilkha N, Kuperman Y, Kimchi T. High-fat diet exacerbates
cognitive rigidity and social deficiency in the BTBR mouse
model of autism. Neuroscience 2017;345:142–54. doi:10.1016/j.
neuroscience.2016.01.070.

54 Lane-Donovan C, Herz J. High-fat diet changes hippocampal
apolipoprotein E (ApoE) in a genotype- and carbohydrate-
dependent manner in mice. PLoS ONE 2016;11(2):e0148099.
doi:10.1371/journal.pone.0148099.

55 Berding K, Donovan SM. Microbiome and nutrition in
autism spectrum disorder: current knowledge and research
needs. Nutr Rev 2016;74(12):723–36. doi:10.1093/nutrit/
nuw048.

56 Berry RC, Novak P, Withrow N, Schmidt B, Rarback S, Feucht
S, et al. Nutrition management of gastrointestinal symptoms in
children with autism spectrum disorder: guideline from an
expert panel. J Acad Nutr Diet 2015;115(12):1919–27. doi:10.
1016/j.jand.2015.05.016.

57 Navarro E, ArayaM. Non-celiac gluten sensitivity. Another con-
dition that responds to glüten. Revista Médica de Chile 2015;143
(5):619–26. doi: 10.4067/s0034-98872015000500010.

58 Autism Research Institute, Parent Ratings of behavioral
effects of biomedical interventions. ARI Publ. 2009. [cited 2017

Jan 7]. Available from: https://www.autism.com/pdf/providers/
ParentRatings2009.pdf.

59 Aitken KJ. Dietary interventions in autism spectrum disorders:
why they work when they do, why they don’t when they don’t.
1st edn. London: Jessica Kingsley Publishers; 2009.

60 Campbell-McBride N. Gaps gut and psychology syndrome,
natural treatment for autism, schizophrenia, depression,
A.D.D, A.D.H.D, dyslexia, dyspraxia. Revised edn. England.
Cambridge: Medinform Publishing; 2010.

61 Nourishing Hope: Food & Nutrition for ADHD, Autism and
Healthy Children [cited 2017 Jan 8]. Available from: http://
nourishinghope.com/food-pyramid/.

62 Cao X, Lin P, Jiang P, Li C. Characteristics of the gastrointesti-
nal microbiome in children with autism spectrum disorder: a sys-
tematic review. Shanghai Arch Psychiatry 2013;25(6):342–53.
doi:10.3969/j.issn.1002-0829.2013.06.003.

63 Langdon A, Crook N, Dantas N. The effects of antibiotics on
the microbiome throughout development and alternative
approaches for therapeutic modulation. Genome Med 2016;8:
39. doi:10.1186/s13073-016-0294-z.

64 Finegold SM, Dowd SE, Gontcharova V, Liu C, Henley KE,
Wolcott RD, et al. Pyrosequencing study of fecal microflora of
autistic and control children. Anaerobe 2010;16(4):444–53. doi:
10.1016/j.anaerobe.2010.06.008.

65 Geraghty ME, Bates-Wall J, Ratliff-Schaub K, Lane AE.
Nutritional interventions and therapies in autism: a spectrum
of what we know: part 2. Infant Child Adolesc Nutr 2010;2(2):
120–33. doi:10.1177/1941406410366848.
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