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INTRODUCTION

Gastrointestinal (GI) disorders are among the most common medical conditions that are
comorbid with autism spectrum disorders (ASD).1-3 Despite their prevalence, Gl disorders
are often overlooked.3 Untreated Gl distress in children with ASD has been linked to many
issues in this population, including sleep, behavioral, and psychiatric disorders.** It is thus
essential to understand the presentations of GI problems in children with ASD. In this article
we discuss the Gl disorders commonly associated with ASD, how they present, and studied
risk factors.

PREVALENCE AND TYPES OF GASTROINTESTINAL DISORDERS IN
CHILDREN WITH AUTISM SPECTRUM DISORDERS

Gl disorders were first associated with ASD through the presentation of feeding disorders
in affected children. In Kanner’s® seminal report describing ASD, “eating problems” were
identified in most children presented. Since that time, it has been found that children

with ASD are up to five times more likely to develop feeding problems, such as food
selectivity, food refusal, and poor oral intake, than neurodevelopmentally normal children.
Food intake is also often predicated on food category and/or texture aversion.”:8 Food
selectivity in this population is often manifested as a preference for carbohydrates and
processed foods.82 This behavior tends to be more severe than in age-matched children
and lasts past childhood.1911 As with other GI problems, food selectivity may be more
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common in ASD than in children with other causes of developmental delay.12 GI symptoms
are also more common in toddlers with ASD than children with typical development or other
developmental delays,13 implying that there may be something unique in gut development
and/or function that occurs in ASD relative to not only neurotypical children but also other
special needs populations.

It has been increasingly recognized that GI problems may underlie some of the feeding
disorders seen in this population. In fact, the prevalence of Gl symptoms in children with
ASD varies from 9% to 91%.14 The most comprehensive meta-analysis to date revealed that
children with ASD were more than four-fold more likely to develop GI problems than those
without ASD and, further, that constipation, diarrhea, and abdominal pain are reported most
commonly.3 Other studies have reported constipation as the primary Gl comorbidity with
ASD, where the odds of constipation increase with greater social impairment and less verbal
ability.1> GI disorders are also associated with increased ASD severity.16

Alternating constipation and diarrhea has also been reported in this population.1” Whether
this is a true alternating picture or, rather, constipation accompanied by periods of
encopresis, has not been examined in prospective studies.® In 2010, a multi-expert panel
published a consensus report on Gl disorders in ASD that outlined the best practices for
evaluating and treating GI disorders in children with ASD. These guidelines focused on
abdominal pain, constipation, chronic diarrhea, and gastroesophageal reflux disease, which
were again noted as the most common causes of GI problems in ASD.14 The commonality
of these conditions has been published in multiple studies.318

Pica, the ingestion of nonnutritive items, is also reported as a problem in children with
development delays, including ASD. Pica has been associated with Gl problems, such

as irritable bowel syndrome and constipation, although it is not known whether the Gl
issues are the cause of the pica or whether the pica causes GI problems.19 In one

study, 60% of ASD patients displayed pica at some stage in their lives.2921 In some
cases pica is associated with dangerous outcomes, including elevated blood lead levels,
bezoars, obstructions, perforation, and poisoning, necessitating close monitoring of these
patients.21-24

CLINICAL COMORBIDITIES ASSOCIATED WITH GASTROINTESTINAL
DISORDERS IN AUTISM SPECTRUM DISORDERS

Of the medical comorbidities associated with ASD, seizures, sleep disorders, and psychiatric

problems tend to be the conditions most commonly associated with GI dysfunction (Fig.
1)_5,25

Sleep abnormalities affect 80% of children with ASD and range from reduced sleep duration
to parasomnias.28:27 Sleep disorders have been described to be associated with other
psychiatric and/or other clinical comorbidities or as an autonomous issue.28 Upper and lower
Gl tract problems have been associated with ASD.2° The predominant GI conditions seen

in ASD, including constipation and abdominal pain, can cause abdominal discomfort, which
could be an impediment to good sleep hygiene.1* ASD children with gastroesophageal
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reflux, which is also associated with GI discomfort, have higher comorbidity with sleep
disorders.30 This heightened sleep disturbance seen with Gl problems in ASD children may
play an important role in the quality of life for these children.

Psychiatric disorders occur in up to 70% of patients with ASD. The most common
psychiatric disorder associated with ASD is anxiety,3! although others that often present
include attention-deficit/hyperactivity disorder and oppositional defiant disorder.3! Anxiety
has been highly associated with chronic GI problems in children with ASD.32 The common
manifestations of anxiety in these children include simple phobias, generalized anxiety,
separation anxiety, obsessive-compulsive disorder, and social phobias. Anxiety disorders
are commonly found across all levels of cognitive functioning seen in ASD.33 These
comorbidities do not differ between males and females and often persist from childhood
into adolescence.34:35

Children with ASD and anxiety have been shown to be at greater risk for lower GI problems,
which may in part be mediated through an enhanced stress response. ASD patients with

Gl problems have greater stress reactivity than non-ASD control subjects. Children with
ASD were also shown to have greater GI symptoms correlated to higher post-stress cortisol
levels.36

It has also been suggested that G issues may be related to a subset of patients with
autonomic nervous system dysfunction. For example, lower heart rate variability (a measure
of parasympathetic activity on the heart) was associated with greater GI problems, especially
in ASD patients with regression.2? The relationship between anxiety and Gl issues in ASD is
an active area of investigation.29-36

In addition to psychiatric comorbidities, maladaptive disorders, such as irritability and social
withdrawal, have also been associated with GI dysfunction in ASD.37 Children with ASD
who experience abdominal pain, gas, diarrhea, and constipation have more irritability, social
withdrawal, and hyperactivity compared with those without the Gl issues.3” Argumentative,
oppositional, defiant, and destructive behaviors are also more often seen in ASD children
with accompanying Gl problems.> GI distress experienced by children with ASD may thus
play an important role in the behavioral problems demonstrated in this population.

Difficult and unexplained behaviors may be caused in part by the inability of some children
with ASD to verbalize their discomfort in response to Gl distress.24 Consequently, Gl
distress may manifest in seemingly unassociated ways. For example, unexplained irritable
behavior was found in 43% of ASD children with esophagitis3® and functional constipation
has been associated with rigid-compulsive behavior in children with ASD.3° Nonverbal
patients may also demonstrate Gl distress as constant eating or drinking, chewing on
nonedible objects, and abdominal pressure.40
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RISK FACTORS FOR GASTROINTESTINAL DISORDERS IN AUTISM
SPECTRUM DISORDERS

Although studies have identified potential genetic risk factors for ASD and Gl dysfunction,
most alone have been insufficient in explaining its cause. For example, a polymorphism

of the MET tyrosine receptor kinase is associated with ASD and Gl dysfunction in

family samples, elucidating a potential genetic connection of the two pathologies.#* Not

all individuals with this genetic mutation, however, exhibit symptoms of GI dysfunction.
Gene x environment interactions are likely to play a role in most etiologies.*? Because
genetic susceptibility is often elicited by environmental exposure, understanding the roles
that environmental risk factors play in ASD symptomatology and/or pathogenesis is critical
and an active area of investigation.*3

Diet is an environmental factor that may affect ASD symptomatology. The most common
restrictive diet used in the ASD population is one that lacks gluten and/or casein.** Although
anecdotal reports suggest an improvement in GI and/or behavioral symptoms in individuals
on gluten- and/or casein-free diets, these findings have not been confirmed in double-blind
placebo-controlled trials.* It has also not been shown that children with ASD suffer from
an increased incidence of celiac disease, wheat allergy, or milk allergy.*® It is thus not
currently recommended that children with ASD be placed on these diets indiscriminately.
It is possible, however, that some children may respond positively to being on exclusionary
diets, but it is not known how to identify these children or why they may benefit. There

are also disadvantages to these diets; they can be highly restrictive and can thus further
compound the highly selective diets children with ASD often already have.*’ A restrictive
diet and picky eating can lead to nutrient deficiencies. If families are interested in trying an
exclusionary diet, they should do so in close collaboration with a nutritionist.

An important way that diet may impact behavior and/or Gl function is based on its ability to
alter the intestinal microbiome. Diet rapidly alters gut microbiota composition and specific
microbiota environments have been associated with changes in behavior, mood, cognition,
and Gl problems, in preclinical and clinical studies (as reviewed in Refs.#8-50) (Fig. 2).
Although children with ASD have been shown to have different intestinal microbiota
populations than neurotypical children, the studies have been small and the results have
been extremely variable.5

Some of the microbial differences seen in children with ASD have been associated with
impaired transcription of genes involved in carbohydrate metabolism.52 This could thus be
a reason why some kids with ASD respond poorly to gluten ingestion. There is also one
report showing that children with ASD have increased immune reactivity to gluten and
this immune response is enhanced when GI symptoms are present, but this study, like the
aforementioned one, has not been replicated.3 In addition to the lack of confirmatory data
in this area, there are also contradictory findings; a recent study showed that dietary patterns
were not associated with the GI symptoms seen in children with ASD.>* These data are
suggestive of the notion that diet is not the exclusive cause of underlying GI dysfunction

in these children. Alternatively, it is also possible that subsets of children with ASD harbor
abnormalities in carbohydrate digestion and/or immunity. At this point, however, it is not
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known whether these physiologic differences actually exist and, if they do, how physicians
would be able to identify these specific patients in a reliable fashion.

Maternal factors, through prenatal exposure, have been associated with ASD occurrence.

In particular, maternal obesity and gestational diabetes mellitus are two factors that have
been more extensively studied and were found to be associated with a 1.5 times greater

odds of ASD in exposed offspring.55-58 In line with these clinical studies, animal research
has shown that a maternal high-fat diet (HFD) is associated with gut microbiota dysbiosis,
which results in changes in central neurobiology and abnormal social behaviors, linking

the maternal diet and dysbiosis to neurodevelopmental disorders.>® Studies have also shown
that changing the microbiome may correct the brain and behavioral defects induced by

a dysbiosis, suggesting that the intestinal microbiota may be an underlying cause of the
central nervous system dysfunction in ASD and also that its manipulation could be a novel
therapeutic option.>9:60 In one of these studies, administration of an HFD during gestation in
mice resulted, in the pups, in a gut microbiota dysbiosis, reduced sociability, fewer oxytocin
neurons in the hypothalamus, and reduced synaptic plasticity in the ventral tegmental area
of offspring. A lack of Lactobacillus reuteriwas implicated as one cause of the dysbiosis
seen in this diet-induced phenotype and treatment with L reuteriresulted in improvements in
the central nervous system and social deficits.>® Another study showed similar results; HFD-
exposed offspring expressed less vocalizations during maternal separation experiments, a
measure of early life stress in the offspring, than control diet offspring. In these experiments,
members of the Firmicutes phyla were implicated in the gut microbiome dysbiosis and
behavioral correlates.5 Recently, L reuterirestored social impairments in multiple ASD
mouse models and novel insights into this mechanism have revealed that this process is
mediated directly through the nervous system and not via changes in the gut microbiome.®0
These basic experiments have demonstrated a possible role for the gut microbiome in the
generation of ASD-like phenotypes and, excitingly, possible novel treatment modalities.

Both human and animal studies have indicated an association between maternal
inflammation and ASD risk.%2 The inflammation resulting from human maternal infection
and/or maternal autoimmune disease has been associated with an increased prevalence

of ASD in progeny.®3 Similarly, mice and/or nonhuman primates that are exposed to
maternal immune activation (MIA) through maternal infection with the viral mimetic,
polyinosinic:polycytidylic acid, or maternal influenza infection, have offspring that
develop abnormal social behaviors,64-66 deficits in their immune profiles, and anxiety-like
phenotypes.8” MIA has also been shown to cause increased gut permeability and gut
dysbiosis.f8:69 Treatment of MIA-exposed mice with Bacteriodes fragilis has been shown
to normalize intestinal permeability, prevent migration of neurotransmitters through the
gut wall, and improve multiple hallmarks of ASD-like behaviors.58:70 These experiments
demonstrate how maternal infection may result in concomitant ASD and Gl dysfunction.
It is not known whether MIA-exposed pups also manifest other GI abnormalities, such as
motility dysfunction or abdominal pain.

Mouse studies have shown evidence that the link between maternal inflammation
and ASD development may involve placental inflammation. Placental interleukin-6, a
proinflammatory cytokine, was shown to mediate the maternal infection-induced ASD risk
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to the developing fetus. Whereas progeny of MIA mice develop phenotypes consistent

with ASD, those mice with selective deletion of interleukin-6 in placental trophoblasts had
offspring that did not display these neurobiologic or behavioral abnormalities.”! This alludes
to a potential mechanism through which MIA can interfere with gestation, opening the door
to future research in this area.

DIAGNOSIS AND TREATMENT OF GASTROINTESTINAL PROBLEMS IN
AUTISM SPECTRUM DISORDERS

Although a reliable diagnosis of GI problems in ASD in important, they are extremely
difficult to recognize because their presentations often lack the classic signs of Gl distress,
such as verbal complaints of abdominal pain or other signs of localization of discomfort
(ie, holding of the stomach). Two of the major reasons that this occurs is because

children with ASD often have limited verbal ability and, even if their verbal ability

is intact, sensory perception is often abnormal, making it difficult for these individuals

to localize and/or describe sources of their discomfort.”2 Consequently, children with

ASD and Gl pain may present with nonspecific signs or symptoms to express their
discomfort, including aggression, self-injury, irritability, abnormal vocalizations (ie, frequent
swallowing, moaning), motor signs (ie, grimacing, tapping), hyperactivity, changes in sleep
patterns, and/or anxiety.414.25.73

The gold standard screening tool used to diagnose some of the most common pediatric Gl
conditions is the Rome criteria. A major problem with the Rome criteria for evaluating
individuals with ASD is that its accuracy depends on the ability of the patient to speak
and also to localize pain. To facilitate more accurate diagnoses in the ASD population, the
Autism Treatment Network created a Gl symptom inventory questionnaire to diagnose the
most common Gl conditions found in ASD. In contrast to the Rome criteria, GI problems
were identified in this questionnaire by using observable signs for caretakers, as opposed
to verbal complaints, and thus included physical behaviors associated with Gl distress

(ie, applying abdominal pressure). Recently, a concise version of this screening tool was
created and validated. This 17-question screen, which relies on caretaker observation, was
administered prospectively to caretakers and then to pediatric gastroenterologists who had
evaluated the patients. Using this screen, GI problems were effectively diagnosed with a
sensitivity of 86%, a specificity of 43%, and a positive predictive value of 67%. Importantly,
the screen detected new diagnoses of GI problems in more than 20% of the patients.18

Although there are anecdotal reports of behavioral improvements following effective
treatment of Gl problems, prospective studies are still required.”*7> These anecdotal reports,
however, suggest that effective treatment of Gl disorders is important not only for the
attenuation of the GI problems, but also potential improvements in associated behavioral
correlates.”76.77

Treatment of GI problems in children with ASD should be addressed in the same ways as for
those without ASD. Those with ASD, however, may benefit from having an interdisciplinary
medical team that can diagnose and treat the different complex, and often interrelated
medical conditions (noted previously) that affect this population.4 Depending on the issues
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involved, a sleep specialist, psychiatrist, and/or neurologist may be most commonly useful.
Nutritionists also often also need to be involved proactively in the long-term nutritional
treatment strategies for these individuals.

Some of the major novel therapeutic approaches that have been evaluated in recent years

in the ASD population involve manipulation of the gut microbiota. The theory that gut
dyshiosis underlies some of the behavioral manifestations in ASD originated from a study
in children who developed regressive ASD and diarrhea after a course of antibiotics.

The study showed that short-term administration of oral vancomycin treatment resulted

in improvements in behavioral correlates. Although the initial findings were promising,

the behavioral improvements ceased almost immediately after the antibiotic was stopped.’8
Although not effective as a treatment, this was an important step in linking the microbiome
with ASD.

Although multiple studies have shown that children with ASD have different intestinal
microbiota than neurotypical children, the studies have been small with variable results.>1
The variability may be linked to the many confounding factors that can alter the microbiome
(see Fig. 2). There are several studies, however, that demonstrate a difference in Clostridia
levels in children with ASD, which, interestingly, is a target for vancomycin.”9-82

Another way that the gut microbiome may be manipulated is through delivery of a

fecal microbiota transplant (FMT). The one study that evaluated the efficacy of FMT

in individuals with ASD showed that the patients given an FMT exhibited significantly
improved Gl and behavioral outcomes following fecal transfer that persisted 8 weeks post-
treatment.”® Moreover, in a recent 2-year follow-up of this same patient cohort, the Gl

and behavioral improvements persisted, demonstrating long-term effects of this therapy.’’
Although the results of this study are exciting, the patient sample was small (18 patients)
and the trial was open-label, leaving outcomes open to the effects of placebo. An FMT study
that is conducted in a larger cohort and in a double-blind, placebo-controlled manner is thus
warranted.

Administration of some probiotics have resulted in improvements in ASD-like phenotypes
in animal models.®® Recently, a small, randomized pilot trial of probiotics in children with
ASD and Gl problems was conducted. A probiotic mixture of eight Lactobacillus and
Bifidobacterium species was given for the 19-week trial period. Although parents reported a
significant improvement in Gl symptoms, the overall resulting quality-of-life measures were
not significant.”# In another randomized pilot study, children with ASD and Gl problems
were given prebiotic and probiotic treatments intermittently for 12 weeks. Although some
of these patients showed improvements in GI problems and aberrant behaviors, the small
sample size and lack of a true control group makes these data harder to generalize.” These
early studies on probiotic treatment in children with ASD and GI problems thus show
promise, but larger trials are necessary to better implicate the role of probiotics in ASD
treatment.14
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SUMMARY

It has become increasingly clear that GI problems are common in the ASD population

and also morbidity causing. It is thus critical that clinicians understand the different
presentations of Gl distress in this population so efficient treatment and/or referral to a
gastroenterologist can be implemented. Once Gl problems are diagnosed other clinical
comorbidities commonly co-occurring with GI dysfunction in ASD should also be promptly
considered.

Although the treatment of GI conditions in ASD is similar in many ways to those of
neurotypical individuals, additional considerations must be made. Comprehensive nutritional
evaluations should be considered because of the high incidence of food aversions and the
common use of exclusionary diets. Although not a currently recommended treatment, gut
microbiota modulation (ie, FMT, probiotics) may be a distinct novel therapeutic option for
this population in the future, as a treatment of not only GI problems but also behavioral
issues.
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KEY POINTS
. Gl disorders are highly prevalent in ASD.
. Gl disorders are highly associated with other clinical comorbidities in ASD,
and must be screened for accordingly.
. Diagnosis and treatment of Gl issues in ASD is challenging and often benefits

from a multi-disciplinary approach.

. Large, double-blind, placebo-controlled trials are required to confirm the
effectiveness of dietary and microbiome-focused therapies.
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The major brain and intestinal comorbidities associated with ASD.
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Fig. 2.
The microbiome can have a significant effect on gut function and on mood and behavior.

The studies that have sought to evaluate the gut microbiome in ASD have demonstrated
variable results. This is likely because there are many factors that impact the microbiome
that may differ, on an individual basis, in patients with ASD. These factors include diet,
geography, genetics, body mass index (BMI), medications, and other medical conditions.
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