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Abstract
The frequent presence of gastrointestinal problems in Autistic Spectrum Disorder (ASD) has led to attempts
to understand how gastrointestinal disturbances relate to behaviour, and how modifying diets may help
to modify behaviour. This review paper aims to summarise the rationale for managing symptoms of ASD
through diet, the current status of research on diet and ASD, and the future of employing this approach to
manage ASD.
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management of ASD, and warn against the potential nutritional harms of using supplements or restricting diets in
the development of the child [12].

Linking ASD and diet
Despite current guidelines not recommending changes in
diet, there is consistent and robust data showing that children with ASD have persistent gastrointestinal problems
[13]. How these may then influence behaviour is still far
from fully understood, but there is strong evidence to support a relationship.
One theory suggests that there is an increased intestinal
permeability in children with ASD, so called ‘leaky-gut’,
and thus certain foods may be able to cross the gut barrier
and interact with receptors on certain tissues like the brain
[5, 13, 14]. Specifically, exposure to casein and gluten in
the diet has been associated with ASD symptomatology [5].
Casein (protein derived from cow milk) and gluten (from
wheat, barley and rye) both produce peptides that interact
with opioid receptors. Given the permeability of the gastrointestinal tract in children with ASD, these peptides can
therefore cross the gut barrier and interact with opioid receptors, enhancing their effect, and potentially influencing
the central nervous system. There is some evidence that
the administration of opioid blockers, like naltrexone, may
help improve symptoms in patients with ASD [16]. There
is also some mixed evidence that administering a synthetic
form of secretin, a hormone produced normally by the pancreas, can act to breakdown these peptides, thereby reducing opioid excess, thus improving function in children with
ASD [17]. Individual case studies report significant improvements in ASD traits following the use of secretin, but
larger studies suggest it has no greater effect than placebo
[17]. Secretin is currently being used as a homeopathic
remedy for the management of ASD. As an aside, it is
possible that using secretin on a subgroup of children with
ASD and a ‘leaky-gut’ may help tease apart who may benefit from this ‘treatment’, if any. It has also been repeatedly
found that children with ASD have higher levels of these
peptides in the cerebrospinal fluid and in the urine compared to matched controls [13, 14]. Whether these findings
contribute to the pathogenesis of ASD or result from its
development is unclear, but determining the significance
of these findings is crucial to understanding any potential
for diet in either the management or prevention of ASD.
Another theory suggests that children with ASD show
an increased immune response to casein and gluten, compared to matched controls [5, 18]. As an example, there is
evidence suggesting that children with ASD show elevated
levels of serum antibodies specific for milk derived allergens (e.g. IgA, IgG, IgM), serum IgE and pro-inflammatory
cytokines, all relative to matched controls [5, 18].

Gluten-free-casein-free diets (GFCF)
Given the potential link between ASD and casein and
gluten, the effects of GFCF diets on ASD were assessed by
a Cochrane Review in 2008 [15]. This review revealed that
there has been extensive research examining the potential
link between GFCF and improvement in ASD symptoms.
However, only two studies out of over 30 identified papers
met the criteria of randomised controlled trials (RCTs) [15].
The review went on to critically appraise these two studies.
They report that in a sample of 35 children with ASD, a
GFCF diet had a positive effect overall on ASD behaviours
[15]. They found that ‘social isolation’ and ‘bizarre behaviours’ were reduced in the diet group. With regards
to social isolation they reported a lower resistance and
greater ability to communicate and interact. With regards
to ‘bizarre behaviours’ they reported, amongst many, lower
patterns of compulsive/stereotypic communication and less
inappropriate emotional reactions when in highly arousing
states. They also report no evidence in the short-term of
any harmful effects of such diet. These findings, though encouraging, are based on very small samples, where parents
completing the outcome measures had not been blinded to
the treatment group, thus leaving room for a placebo effect
[15]. There was also the suspicion that the diets had been
breached by the children with ASD, who had eaten food
offered by siblings. A further limitation to both these studies is the lack of washout period, which, given the residual
capacity of both gluten and casein, leaves them open to the
argument that those in the treatment group had not been
totally deprived of gluten and casein.
More recently, Hyman and colleagues (2016) [19] published an RCT which showed no effects of the GFCF diet
on ASD symptoms. There were 14 participants. These
were randomly allocated to one of four conditions: casein,
gluten, casein and gluten, or placebo. They were all put
on a GFCF diet for 4–6 weeks, and then whilst continuing
with the diet, were given one of the four equipped ‘snacks’.
It was not clear whether during this period they were still
on a GFCF diet, despite having received their allocatedgroup-snack. Still, no effect was found on ASD symptoms,
behavioural problems, or psychological functioning. This
study is again based on a very small sample, and hence the
validity and reliability of their findings and the strength of
any effects would be compromised by a reduced power.
Future studies should also address the long term impact
of a GFCF diet on the physical growth of the child with
ASD. There is already preliminary evidence suggesting
that children with ASD have a lower bone mineral density
relative to their peers [20] and that children on gluten free
or gluten and dairy free diets are smaller when compared
to their peers on national averages [21]. The former study
was based on a small sample of eight children with ASD,
where four of these were on the GFCF diet, one was on a
gluten-free diet, and one other on a lactose-free diet; the remaining four were not on any special diet [20]. These were

Autistic Spectrum Disorders and Diet: the Present and the Future — 3/5

compared to eight matched controls on different measures
of bone mineral density. In both groups seven out of the
eight children were taking vitamin D supplements. There
was a significant difference in bone mineral density, where
children with ASD scored significantly lower than the control group despite controlling for diet type or supplements
use. These findings may suggest that children with ASD
are already at a disadvantage in absorbing and utilising
vitamin D and calcium, although this conclusion is based
on a very small sample of children with ASD. However,
this raises an important point regarding the further risk of a
diet that excludes dairy products, like the GFCF diet. It is
important to acknowledge that the absorption of vitamin D
and bone mineralisation is also dependent on exercise and
spending time outdoors, which children with ASD tend to
do less [20].
Despite the mixed picture described by research to date,
there is room for future studies employing larger samples
to investigate the potential for dietary changes in the management of perhaps a subgroup of children with ASD, and
other studies have highlighted the importance of following
the physical as well as the behavioural development of
these children.

Ketogenic Diet
The ketogenic diet has also received some attention in the
field of ASD; this is a high-fat low carbohydrate diet. This
diet has been found to help reduce seizures in children with
epilepsy [22]. Seizures have often been associated with
ASD, and therefore there are some small scale studies that
have assessed the role of the ketogenic diet on managing
seizures in this group of children [23, 24]. One study
showed that indeed the incidence of seizures was reduced in
the group of children with ASD on the ketogenic diet [23],
and they also found that there was an improvement in their
behaviour. This included an improvement in their ability
to learn and socialise with others [23]. However, a review
of the current literature found no significant associations
between the ketogenic diet or the GFCF diet and seizures
or behaviours in ASD [24]. The review highlighted the
need for larger and more powerful studies to fully assess
the nature of this potential relationship, and the need to
understand further by what mechanism exclusion diets may
be influencing behaviour.

Microbiome and ASD
The microbiome refers to the microbes that live in our
gastrointestinal system [25]. Certain bacteria within the
microbiome have been receiving a lot of attention for their
role in the treatment of a range of neurological conditions,
including depression [10, 11]. The mechanism by which
this occurs is far from being understood; nonetheless, there
are hypotheses, which lie beyond the scope of this paper,

that suggest that the microbiome may be somehow interacting with the brain, the immune system, and the endocrine
system, and through this affecting behaviour [10, 11].
There is preliminary evidence suggesting that in children with ASD the microbiome is of a different composition, and that it behaves in a different way to that observed in healthy matched controls [26, 27]. Animal models of ASD have been found to have a dysregulated microbiome, and find that microbiome-specific probiotics seem
to reduce ASD-like behaviours [27, 28, 29]. There is evidence from mouse models of ASD that mice being fed
Bacteroides fragilis, one of the commensal bacteria found
in normal intestinal microbiome, show significant improvement in the ASD-like behaviours and in their gastrointestinal functioning [28]. These results need to be translated
into studies investigating the role of the microbiome in
children with ASD to fully understand its potential. Interactions between the microbiome and the vagus nerve
have been reported to modulate depression-like symptoms
in mice, these not being present if mice undergo a vagotomy [30], thus suggesting that one mechanism the gut
microbiota may be influencing the brain is via the vagus
nerve. Lastly, interactions between microbiome, specifically Bacteroides fragilis and the immune system, has
led to microbe-based therapies to treat symptoms of multiple sclerosis and depression in mouse models [30, 31],
suggesting another mechanism by which the gut microbiome may be influencing the brain. This suggests a potentially important interaction between the microbiome in
the gut, the immune system, and neurological functioning
[27, 28, 29, 30, 31]. Alterations in the diet could therefore
potentially interact in a favourable way to decrease the proinflammatory state observed in some children with ASD,
which seems to be related to the behavioural and cognitive
difficulties observed in these children.

Future Research
Whilst the evidence regarding the relationship between
diet and ASD is inconclusive at this stage, preliminary
findings suggest that this is an avenue worth exploring.
Larger randomised controlled studies are needed to assess
the full potential of GFCF and ketogenic diets on ASD
behaviour. With this in mind, it is important to accept
that ASD captures a very broad spectrum of symptoms,
and thus it may be that an exclusion diet may be likely
to benefit a subgroup of children with ASD. Interestingly,
screening for specific casein and gluten serum antibody
markers, or directly targeting groups of children with ASD
who also suffer from seizures, may help identify those
subgroups that are likely to benefit from such exclusion
diets. The relationship between gut microbiota and ASD
behaviour may also be worth exploring, as addressing this
has shown to be a simple yet effective intervention in a
range of neurological-related conditions. As with any special diet, especially those aimed at children, it is important
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to have a solid evidence base for their implementation, to
ensure these do not harm the child’s both physical and
mental development.
[13]
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