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Abstract

The brain-gut-microbiome axis refers to the interactions between the central nervous system, 

gastrointestinal system, and microorganisms that live in the gastrointestinal tract. Exploring these 

interactions provides a rationale for why gastrointestinal disorders commonly occur in children 

with Autism Spectrum Disorders (ASD). Signs of altered brain-gut interactions that are closely 

associated with functional GI disorders (FGIDs) commonly occur in children with ASD. Studies 

of microbiome in ASD suggest that changes in the gut microbiome may be associated with ASD 

and with GI disorders in children with ASD. Further studies into the brain-gut-microbiome axis 

could lead to new techniques for identifying GI disorders in children with ASD and novel 

therapies for treating ASD behaviors.
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 Introduction

The brain-gut-microbiome axis refers to the highly integrated interactions and 

communications between the central nervous system (CNS), the gastrointestinal (GI) tract 

and the trillions of microorganisms that inhabit the gut (Figure 1). Emerging studies of these 

interactions indicate that alterations of this axis may play a regulatory role in health and 

wellbeing in various disorders, including Autism Spectrum Disorders (ASD). Based on the 

latest DSM-5 definition of ASD, an individual with a diagnosis of ASD displays persistent 
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deficits in social communication and interactions as well as restricted and/or repetitive 

patterns of behavior, interests, or activities.1

Various studies reveal a close association between ASD and GI function. A recent meta-

analysis indicates that gastrointestinal (GI) disorders occur at higher rates in children with 

ASD as compared to children with neurotypical development.2 Other studies indicate that 

the presence of GI disorders, particularly functional constipation with and without 

incontinence, can help identify children who are likely to meet criteria for ASD.3 Such 

findings suggest that ASD and GI disorders are so closely associated; that children with 

ASD should be screened for GI disorders and that children with particular GI disorders 

should be screened for ASD.

Evaluating and treating GI disorders in any population of children is challenging, but in 

children with ASD it is particularly difficult. Various behavioral and developmental deficits 

associated with ASD impair not only the ability of providers to treat GI disorders in children 

with ASD, but even identify when GI dysfunction is occurring in these children. Many ASD 

children lack the verbal skills necessary to communicate the symptoms and signs of 

abdominal discomfort. Often the only indication that a GI disorder is occurring in a child 

with ASD is a behavioral change or outburst.4 Of course, not every change or outburst of 

behaviors is due to GI dysfunction or abdominal discomfort. Medical providers often 

struggle with determining whether behavioral issues in children with ASD are due to an 

underlying GI disorder.

Emerging evidence suggests that a better understanding of the brain-gut-microbiome axis 

could not only help identify GI dysfunction in children with ASD, but potentially provide 

novel therapies for ASD. This article will review the reports of the types of GI disorders that 

commonly occur in children with ASD, of how these GI disorders may be related to altered 

brain-gut-microbiome interactions, and of evidence for a distinctive ASD microbiome. 

Finally, this article will explore how a better understanding of brain-gut-microbiome 

interactions could lead to novel treatment therapies for GI and/or behavioral disorders that 

are associated with ASD.

 Functional Gastrointestinal Disorders in Autism Spectrum Disorder

Studies into the actual causes of GI disorders in children are limited. One study that 

prospectively evaluated for the potential causes of the GI symptoms in children with ASD 

indicates that the majority of GI complaints in children with ASD is not due to physiological 

or organic causes but is due to functional causes.5 Gorrindo et al recruited 40 children with 

ASD and 36 children with neurotypical development with GI complaints. Evaluation by 

pediatric GI specialists found functional GI disorders (FGIDs) as the most common cause 

for GI complaints in both groups. In the ASD group, 37 of the 40 children were found to 

have a FGID. Functional constipation was the most common GI disorder in the ASD study 

group. Consensus statements and practice recommendations by pediatric specialists further 

support that most GI symptoms in children with ASD are due to functional disorders similar 

to those seen in children with neurotypical development, and not due to a physiological 

condition unique to ASD.4, 6, 7
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A diagnosis of a FGID is made when no organic or physiological conditions is found to be 

the cause of a GI symptom(s).8, 9 Published reports indicate that the most common GI 

symptoms reported by parents of children with ASD are abdominal pain and altered stool 

patterns.5, 6, 10, 11 FGIDs that can cause abdominal pain and altered stool patterns include a 

range of disorders, such as functional abdominal pain, functional constipation, irritable 

bowel syndrome, cyclic vomiting syndrome and functional dyspepsia.8, 9

FGIDs that are based upon the presence of abnormal stool patterns and abdominal pain are 

closely associated with signs of impaired brain-gut interactions, such as abnormal behaviors, 

sensory responses, and sleep patterns.11–14 Signs of impaired brain-gut function not only 

commonly occur in children with ASD, but are also associated with an increased incidence 

of GI symptoms in ASD population. Mazurek et al found increased anxiety behaviors and 

sensory responsivity in children with ASD who present with abdominal pain, constipation, 

or diarrhea when compared with ASD cases without GI symptoms.11 Peters et al found that 

children with ASD who have increased rigid compulsive behaviors are more likely to have 

issues with constipation and toileting.15 Maenner et al found in a study of 487 children with 

ASD that GI symptoms were associated with oppositional behaviors and abnormal sleep 

patterns.16 Interestingly, Maenner et al also found that oppositional behaviors and sleep 

disorders were so prevalent in children with ASD that their presence has limited utility in 

screening children with ASD for GI disorders.

A strong association between signs of impaired brain-gut function and GI dysfunction 

provides a rational for why GI disorders occur more frequently in ASD than neurotypical 

children. Further studies are needed to confirm how impaired brain-gut interactions could 

lead to GI disorders in children with ASD.

 Evidence for a distinctive ASD Microbiome

Microbiome studies have generated great interest in evaluating and identifying altered brain-

gut interactions in various patient populations, including children with ASD. In fact, the 

emerging interest in defining a role for gut bacteria in regulating CNS disease and vice versa 

has led to the term brain-gut-microbiome axis (Figure 1.) Differences in the types and 

composition of various bacterial organisms in children with ASD as compared to 

neurotypical siblings and/or healthy controls have been reported (Table 1).17–21 These 

studies have provided evidence that distinctive microbiomes may be associated with various 

ASD populations.

Two studies have detected differences in bacterial composition between ASD populations 

and unrelated healthy controls.19, 21 Kang et al report that the microbiome in ASD subjects 

(n=20) was less diverse and possessed lower levels of Prevotella, Coprococcus, and 

unclassified Veillonellaceae as compared to the microbiome of neurotypical children 

(n=20).19 De Angelis et al also discovered gut microbial differences between children with 

ASD (n=10), Pervasive Developmental Disorder –Not Otherwise Specified (n=10), and 

neurotypical children (n=10).21 The microbiome from the children with an ASD diagnosis 

contained increased abundances of Sarcina, Clostridium, and Barnesiella intestihominis as 

compared to the microbiome of children with neurotypical development.21 While the exact 

species variations were not identical between these two studies, these findings indicate 
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distinctive differences between the gut microbiome of children with ASD and those with 

neurotypical development. Because the GI function in the study participants was not 

evaluated, the studies could not determine whether the microbial differences may be more 

associated with GI dysfunction in the children with ASD than with diagnosis of ASD.

A study by Williams et al suggest that variations in gut microbiome between ASD and 

neurotypical children are not due GI dysfunction in children with ASD, but due to a 

distinctive microbiome composition associated with ASD.18 Evaluation of intestinal biopsies 

taken during colonoscopies as part of the clinical evaluation for various GI disorders in 

children with ASD (n=15) and neurotypical development (n=7) found microbial differences 

between the two groups of children. The microbiome of children with ASD demonstrated a 

decrease in relative abundances of Bacteroidetes and increased relative abundances of 

Firmicutes and Proteobacteria in ASD, including an increase in Sutterella sp.18 This 

suggests that differences in microbiome between ASD and neurotypical children are 

independent of GI dysfunction.

Other studies of microbiome indicates that the microbiome may vary between ASD children 

with and without FGIDs.20 As in Williams et al study, a study by Wang et al also found an 

increase in Sutterella sp. in stool samples from children with ASD (n=23) as compared to 

stool samples from typically developing siblings (n=22) and unrelated neurotypical children 

(n=9).20 When stool samples were stratified according to presence of FGIDs, the amount of 

Sutterella sp. did not differ between children with FGIDs and those without GI symptoms. 

However, children with ASD and FGID (n=9) were found to have an increase in R. torques 
as compared to children with ASD and no GI symptoms (n=14).20 These findings suggest 

that unique microbial patterns may exist for children with ASD, and further microbial 

differences may occur in children with ASD and FGIDs.

Further studies are needed to truly determine whether a distinctive ASD microbiome can be 

characterized. In 2010, Finegold, et al recruited 33 children with ASD, 7 unaffected siblings, 

and 8 healthy controls.17 Results suggested increased bacterial diversity in ASD with 

increased Bacteroidetes and decreased Firmicutes composition, findings that are 

contradictory to the biopsy-based study by Williams, et al.17, 18 In further contradiction, 

studies by Gondalia et al and Son et al revealed no significant differences in the gut 

microbiome of children with ASD as compared to their unaffected siblings.22, 23 It should be 

noted that neither of these studies included a group of unrelated children with neurotypical 

development, as was done in those studies that did detect microbial differences associated 

with ASD children (Table 1).

Larger well designed studies are needed to determine whether microbial composition may 

differ in children with ASD and may even stratify GI symptoms in this population. If future 

studies confirm a distinctive ASD microbiome, then knowledge of the specific microbiome 

differences could lead to the development of novel treatment therapies for behavioral issues 

and/or GI dysfunction in children with ASD.
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 Evidence for Therapeutic Microbiology Treatment Strategies

Studies of brain-gut-microbiome interactions provide hope for treating ASD behaviors and 

co-morbid conditions via manipulation of the gut microbiome. Both animal and clinical 

studies report changes in neurological function and behaviors by implementing therapies 

that alter the gut microbiome.20, 21 Use of probiotics in animal models of behavioral 

disorders provides evidence that changes in the gut microbiome can improve behaviors 

associated with anxiety and depression.24, 25 Messaoudi et al reported that a probiotic 

formulation of Lactobacillus helveticus and Bifidobacterium longum reduced anxiety 

behaviors in an established rat model designed to screen anti-anxiety agents.24 Bravo et al 
found that ingestion of Lactobacillus rhamnosus by mice led to reduction of anxiety and 

depression-related behaviors and that the changes in emotional behaviors were associated 

with alterations of central GABA receptor expression mediated by vagal nerve signaling.25 

These studies provide evidence that manipulation of the gut microbiome may potentially be 

used to help treat abnormal behaviors.

This potential is further supported by reports that highlight a role for the brain-gut-

microbiome axis in the pathogenesis of ASD phenotypes in animals and how manipulating 

the microbiome actually reverses many ASD behaviors.26–28 Using the maternal immune 

activation model of autism, Hsiao et al were able to document not only the associated GI 

dysfunction with this mouse model but the apparent correction of GI dysfunction following 

supplementation with a probiotic, in this case Bacteroides fragilis.27 Interestingly, the 

changes manifested even without the persistent colonization of B. fragilis. However, the 

most compelling results from this study were the impact on the behavioral symptoms, where 

improvement was seen in anxiety, sensorimotor gating, repetitive behaviors, and 

communication.27

Although it is not yet known whether findings in animal studies can be translated into 

children with ASD, results from clinical studies in non-ASD populations demonstrate that 

probiotics can alleviate abdominal pain, alter responses to stressful stimuli, and change brain 

activity.29–31 Two recent meta-analyses found that probiotics are more effective than placebo 

in the treatment of children and adolescents with abdominal pain-related FGID, especially 

with respect to patients with irritable bowel syndrome.29, 30 In addition to treating FGID, 

probiotics have also been found to help alleviate psychological distress in healthy 

volunteers.32 Most promising in illustrating how changes in the microbiome directly affects 

brain function, Tillisch et al showed, with functional magnetic resonance imaging, that four-

week intake of a fermented milk product with a probiotic by healthy women affected activity 

of brain regions that control central processing of emotion and sensation.31

While studies support the feasibility of targeting brain-gut-microbiome interactions as a 

therapy for ASD, restraint and caution must be employed in developing and utilizing 

methods for altering the gut microbiome in children with ASD. Significant harm to children 

and families have occurred when people have attempted to develop new and novel therapies 

for ASD based upon unproven or incomplete findings.33 Efforts to avoid vaccines and 

chelate heavy metals that stemmed from misinformation and lack of medical evidence have 

caused deaths and have contributed to public health crises.34, 35 Currently, there are ways to 

alter the microbiome, such as the use of dietary interventions, probiotic supplementation, 
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anti-microbials, and fecal microbiota transplant.36 Diet and probiotics are routinely used to 

treat various disorders, including ASD. Done appropriately under the direction of a medical 

provider or dietitian, these interventions pose little risk to children. However, use of anti-

microbials (antibiotics and antifungal medications) and fecal microbiota transplantation are 

not without significant risk.37, 38 Adverse reactions, including development of drug resistant 

bacteria and introduction of life threatening enteric pathogens, in a child should give 

clinicians and families pause before implementing these treatments in children with 

ASD.37, 38 Much more information on the brain-gut-microbiome interactions is needed to 

safely develop specific therapies. Further studies are needed to establish specific ASD 

associated alterations of the brain-gut-microbiome axis and to evaluate what changes in 

microbiome function provide beneficial therapeutic outcomes for children with ASD.

 Future Directions and Potentials of Brain-Gut-Microbiome Research

To be successful, future studies into the brain-gut-microbiome interactions that are 

associated with ASD will need to avoid the limitations of prior studies. Limitations of 

previously published studies include the lack of documented and uniform ASD diagnosis as 

well as documented rule out of ASD in the sibling and control groups. As GI dysfunction is 

common in children with ASD, future studies need to screen and characterize GI symptoms 

in both ASD and neurotypical groups in order to determine whether possible differences in 

microbiome are not due just solely to differences in gut function. Studies also need 

consistency in the exclusion criteria related to prior antibiotic, antifungal, and antiviral use, 

as these medications have a significant and lasting effect on the microbial community 

throughout the body. Future studies of the microbiome need to also consider the 

metabolome, i.e. the metabolites that are produced by the microbiome, such as changes in 

amino acid and antioxidants found and excreted in the blood. Studies analyzing amino acids 

and antioxidants in urine specimens indicate significant differences in gut bacterial 

metabolites between ASD children and healthy controls.39–43 To date, only one report has 

attempted to characterize the fecal metabolome between these two populations, and 

interestingly this study did find that the levels of free amino acids and volatile organic 

compounds were markedly affected in children with a diagnosis of Pervasive Developmental 

Disorder-NOS (n=10) and Autism (n=10) as compared to healthy controls (n=10).21 

Differences in metabolites not only further support the efforts to identify a distinctive ASD 

microbiome; it also supports possible identification of ASD specific biomarkers.

Identifying biomarkers associated with ASD would provide better understanding of which 

individuals or specific populations may be at risk for disease development. Animal studies 

demonstrate that initial bacterial colonization of the gut can significantly impact brain 

development.26, 44 Evaluation of germ-free mice that are devoid of gut bacteria revealed 

increased baseline neuronal activity in the amygdala with potential implications on 

neurogenesis in the hippocampus, changes that are not completely reversed when the mice 

are introduced to the conventional environment and allowed to have bacteria populate their 

GI tract.44 Recent reports also highlight a role for the brain-gut-microbiome axis in CNS 

neurotransmission and in the pathogenesis of ASD phenotypes in animals.26, 28, 45 Finding a 

metabolomics profile associated with ASD could not only help with initial diagnosis of ASD 

Luna et al. Page 6

Curr Dev Disord Rep. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



but could also potentially be used to identify children at a young age who are at risk for 

developing ASD.

In addition to early detection of ASD, biomarkers associated with brain-gut-microbiome 

interactions could help provide a method to diagnose co-morbid GI conditions in children 

with ASD. These subjects are often verbally impaired and are unable to express their 

symptoms, especially abdominal pain. GI dysfunction and discomfort often presents with a 

sudden change in behaviors or unprovoked behavioral outbursts.4 Finding a biomarker 

associated with abdominal pain would greatly enhance the ability of medical providers to 

identify GI dysfunction as a potential cause of a sudden change in behaviors or recurring 

behavioral outbursts, including self-injurious behaviors, in children with ASD.

 Conclusion

Future studies of the brain-gut-microbiome axis could greatly enhance our understanding of 

ASD, such as explaining why GI symptoms are so common in children with ASD. Also, this 

line of study could help identify potential targets for therapy for GI disorders and for 

behavioral issues associated with ASD. Finally, the identification of biomarkers associated 

with GI dysfunction and with an increased risk for developing ASD could significantly 

impact the current strategies for evaluation of individuals with a suspected ASD diagnosis.
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Figure 1. The Brain-Gut-Microbiome Axis Plays a Critical Role in Autism Spectrum Disorder
Autism spectrum disorder (ASD) is commonly characterized by both behavioral symptoms 

(ex. repetitive and/or self-injurious behaviors) and gastrointestinal (GI) symptoms (ex. 

abdominal pain). While various factors can influence the gut microbiome, including diet and 

anti-microbial use, the interconnectivity of the enteric and central nervous systems can affect 

both behavioral and GI symptom manifestation in pediatric ASD.
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