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Abstract

Gastrointestinal symptoms (GIS) are commonly reported in children with autism spectrum 

disorder (ASD). This multi-site study evaluated the prevalence of GIS in preschool-aged children 

with ASD/(n = 672), with other developmental delays (DD)/(n = 938), and children in the general 

population (POP)/(n = 851). After adjusting for covariates, children in the ASD group were over 3 

times more likely to have parent-reported GIS than the POP group, and almost 2 times more likely 
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than the DD group. Children with GIS from all groups had more behavioral and sleep problems. 

Within the ASD group, children with developmental regression had more GIS than those without; 

however, there were no differences in autism severity scores between children with and without 

GIS. These findings have implications for clinical management.
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Introduction

Children with autism spectrum disorder (ASD) are at increased risk for co-occurring 

medical conditions (Aldinger et al. 2015). Gastrointestinal symptoms (GIS) have frequently 

been reported at higher rates in children with ASD and can have an impact on health, 

behavior, and quality of life (Buie et al. 2010). Therefore, the U.S. Department of Health 

and Human Services Interagency Autism Coordinating Committee Strategic Plan for Autism 

Spectrum Disorder Research–2013 Update recommended more research into the etiology 

of GI issues in individuals with ASD in order to develop adequate interventions. A meta

analysis found that children with ASD have a higher prevalence of GIS than children 

without developmental delays (DD) (McElhanon et al. 2014). However, there is a lack of 

studies with diverse, well characterized subjects that include control groups, use objective 

measures, and are large enough to adjust for potential confounders to guide development 

of appropriate management guidelines (McElhanon et al. 2014). In addition, identifying 

clusters of comorbidities in children with ASD may help to elucidate etiologies of ASD 

(Doshi-Velez et al. 2014).

The primary aim of this study was to determine the prevalence of GIS in a well

characterized and geographically diverse sample of children with ASD compared to children 

with other DD and children recruited from the general population (POP). The secondary aim 

was to evaluate associations between GIS and neurodevelopmental phenotypes.

Methods

Participants

The Study to Explore Early Development (SEED) (Schendel et al. 2012) is a multisite, 

community-based case–control study of children 30–68 months of age designed to evaluate 

genetic and environmental risk factors for ASD. Children with ASD and other DD were 

recruited from early intervention and special education programs, and from healthcare 

providers serving children with disabilities. Children in the POP group were randomly 

selected from birth certificates at each site. A child was eligible if he or she lived with 

a caregiver from 6 months of age who was fluent in English (English or Spanish at two 

sites) and could provide legal consent, and if the child was born and continued to live in 

the specific catchment areas of the SEED sites located in California, Colorado, Georgia, 

Maryland, North Carolina, and Pennsylvania (Schendel et al. 2012). A detailed description 

of study methods can be found in Schendel et al. (2012). This study was approved by the 
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institutional review boards at all participating sites. All families provided written consent for 

participation.

Upon enrollment, all children were screened for ASD with a parent questionnaire, the Social 

Communication Questionnaire (SCQ) (Rutter et al. 2003), and underwent an in-person 

developmental evaluation using the Mullen Scales of Early Learning (MSEL) (Mullen 

1995). The Autism Diagnostic Observation Schedule (ADOS) (Lord et al. 1999), and 

the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al. 1994) were completed for 

children with a previous diagnosis of ASD, a SCQ score of 11 or above, or when concerns 

for ASD were noted during administration of the MSEL. A research classification of ASD 

was made using an ADOS and ADI-R Algorithm: An ASD classification was used if a 

child met ADOS criteria and one of three ADI-R relaxed criteria: (1) met the social domain 

cutoff and was within two points of the communication domain cutoff, or (2) met the 

communication domain cutoff and was within two points of the social domain cutoff, or (3) 

met the social domain cutoff and had at least two points on the behavioral domain. As shown 

in Fig. 1, if a child did not meet our research criteria for ASD they were moved to the DD 

group or back to the POP group (Wiggins et al. 2015).

Procedures

Gastrointestinal Questionnaire (GIQ): A parent-completed survey of GIS, created for SEED, 

included yes/no questions about GIS present “on a regular basis” (> 2 times per month). 

Parents were asked about any current GIS and more specific symptoms including vomiting, 

diarrhea, loose stools, constipation, loose stools alternating with constipation, abdominal 

pain with meals, abdominal pain relieved by defecation, pain on stooling, gas, and “other” 

GI problems; treatment for constipation in the previous 30 days; and presence of GIS in the 

past that were no longer present. This questionnaire has not been validated (Appendix 1).

Stool Diary (SD): Caregivers were also asked to complete a seven-day SD where they 

recorded each stool and rated its form and consistency based on the Bristol Stool Form Scale 

(BSS) which characterizes stool into seven types ranked from hard to liquid (Lewis and 

Heaton 1997). The BSS correlates with intestinal transit time, and has been used in pediatric 

populations (Russo et al. 2013).

Gastrointestinal Symptoms (GIS): GIS were defined dichotomously in two different ways. 

The first is based on a parent’s yes/no response to overall GIS and subtypes of GIS from the 

GIQ (GIS/PR). The second is based on at least one yes from a six-item variable combining 

some responses from the GIQ with those from the stool diary (GIS/PRSD) including: (1) 

four or more stools per day; (2) constipation—two or more hard stools per week, less 

than three stools per week with at least one hard stool, and/or use of a laxative or stool 

softener; (3) loose stools/diarrhea—more than 1/3 of stools per week are loose or watery; 

(4) vomiting; (5) abdominal pain with stooling, relieved by stooling, or during meals; or (6) 

gas. Only “typical weeks” were included. While treatment of constipation was defined only 

by specific use of a laxative or stool softener in the GIS/PRSD, parent’s answers included 

the use of any treatment for constipation except food in the GIS/PR. Two developmental 

pediatricians reviewed the treatments for constipation reported by parents and agreed on a 

classification of stool softener or laxative.
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Demographic and Phenotypic Variables

Information regarding child sex; socio-demographic variables (some race/ethnicity variables 

were combined to avoid small numbers in some categories); and child’s genetic/neurologic 

diagnoses (Down Syndrome, Fragile X Syndrome, Rett Syndrome, Tuberous Sclerosis, 

Cerebral Palsy, and Neurofibromatosis) were collected via a telephone interview with the 

primary caregiver. In addition, the child’s caregiver was specifically asked if the child was 

diagnosed with celiac disease, irritable bowel syndrome, Crohn’s disease, and ulcerative 

colitis. There was also an option for “other.” Behavioral characteristics were obtained 

from the Child Behavior Checklist (CBCL), a standardized parent/caregiver questionnaire 

with well-established reliability and validity (Achenbach 1992). The anxious/depressed, 

attention problems, and aggressive behavior scales were examined (Achenbach 1992). Sleep 

problems were evaluated using the Children’s Sleep Habits Questionnaire (CSHQ), a 33

item parent-completed questionnaire (Owens et al. 2000a, b) Higher scores indicate more 

sleep concerns. While a total score of > 41 has been used to define sleep problems clinically 

(Owens et al. 2000a, b), a more conservative score of > 48 was used for this analysis as 

previously described (Reynolds et al. 2019). This score was based on the highest quartile 

total score in the POP group as about 25% of young children with typical development 

have sleep problems (Teng et al. 2012). Developmental regression was ascertained from 

the ADI-R (Lord et al. 1994), and severity of ASD symptoms from the ADOS Calibrated 

Severity Scale (CSS) (Shumway et al. 2012).

Analysis

Multivariable logistic regression generalized estimating equation (GEE) models were used 

to assess between-group differences in GIS, comparing the ASD group to DD and POP; 

and among children with ASD, to analyze the association between GIS and developmental 

regression. Among children with ASD, GEE models were used to compare ADOS CSS least 

squares mean (LS-mean) scores in children with and without GIS/PR. Among all children, 

GEE models were used to compared LS-mean scores of anxious/depressed, aggressive 

behavior, and attention problems subscale scores, and multivariable logistic regression GEE 

models were used to compare the prevalence of sleep problems (CSHQ total score > 

48) between children with and without GIS/PR. All models were adjusted for possible 

correlation by enrollment site, assuming an independent correlation structure. To account 

for differences in socioeconomic status (SES) of participants, base models were adjusted 

for maternal race/ethnicity, education, and age at child’s birth. Models were also adjusted 

for child sex and MSEL score. Potential confounders were identified a priori and included 

household income, maternal language, child enrollment age, and presence of a genetic 

condition. Additional covariates were included in the final model if they were associated 

with both exposure and outcome at p < 0.20 and changed the estimate of interest by 10% or 

more. P-values < 0.05 were considered statistically significant in multivariable analyses.

Results

The sample included 672 children with ASD, 938 children with DD, and 851 POP children 

whose parent completed the GIQ. Of those, 64% also completed a stool diary and 51% 

completed a stool diary during a typical week as shown in Fig. 2. Children with ASD were 

Reynolds et al. Page 4

J Autism Dev Disord. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



more likely to be male and to have a lower MSEL score compared to DD and POP children 

as shown in Table 1. We have included more details regarding race ethnicity in Supplemental 

Table 1. Children with and without SD differed in all demographic characteristics except 

sex as shown in Table 2. In addition, parents of children with ASD treated for constipation 

were less likely to complete a SD than parents of children in DD and POP groups (44% vs. 

58% and 55%). Of the children with a stool diary, children with ASD were less likely to use 

treatments for constipation that were a laxative or stool softener than DD and POP groups 

(46% vs. 72 and 71%) as shown in Table 3.

After adjusting for covariates, the odds of any current overall GIS/PR were higher in 

children with ASD than children from the DD and POP groups as shown in Table 4. 

Adjusted odds ratios were also higher in children with ASD compared to DD for all specific 

GIS/PR except vomiting, abdominal pain with meals or relieved by defecation, other GI 

problem, and treatment for constipation. Similarly, when SD data were included, children 

with ASD also had significantly higher odds of having any GIS/PRSD, abdominal pain, 

and gas than DD controls, however, there was no difference between ASD and DD groups 

for vomiting or frequency/consistency of stools from SD. When compared to children 

from the POP group, children with ASD had higher adjusted odds for all GIS/PR except 

vomiting. Children with ASD had higher odds of having any GIS/PRSD, 4 + stools per 

day, constipation, or gas compared to POP children. Further, children with ASD were more 

likely to have past GIS/PR than DD or POP groups. Based on the caregiver interview, very 

few caregivers (< 1%) endorsed 4 specific GI disorders. There were 4 children with celiac 

disease in each of the 3 groups (ASD, DD, and POP). Irritable bowel syndrome was reported 

in 4 children with ASD and 5 with DD. One child in the ASD group was diagnosed with 

ulcerative colitis, and no child was diagnosed with Crohn’s disease. In the “other” category, 

gastroesophageal reflux was reported in 1 child with ASD, 3 with DD, and 2 from the POP 

group. Food allergy was reported in 2 children with DD and 4 from the POP group. There 

were 3 children with ASD with food intolerance and none from the DD or POP groups. 

There was 1 child with DD with pyloric stenosis and 1 child with ASD with fecal impaction 

(Supplementary Table 2).

After adjustment for covariates, children with ASD and regression had increased odds of 

having several GIS/PR compared to children with ASD without regression as shown in 

Table 5, and had increased odds of having vomiting and diarrhea/loose stools, but slightly 

decreased odds of constipation when stool diary was included. There was no difference 

in ASD severity between children with ASD with and without GIS as shown in Table 

6. Among all children, sleep problems and CBCL subscale scores for anxious/depressed, 

aggressive behavior, and attention problems were associated with GIS/PR in unadjusted and 

adjusted analyses as shown in Table 7.

Discussion

In SEED, preschool-aged children with ASD had more current and past GIS than children 

from the DD and POP groups based on parental report (GIS/PR) and after including data 

from stool diaries (GIS/PRSD). This is consistent with previous studies (McElhanon et 

al. 2014). This study adds very well characterized ASD and control groups and is large 
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enough to adjust for covariates. The etiology of GIS in children with ASD is likely 

heterogeneous. Gastrointestinal issues are complex and may result from multiple etiologies 

simultaneously. The following characteristics seen in children with ASD may be related 

to GIS: (1) Developmental differences: stool frequency and consistency may vary with 

age and toilet training status; (2) Behavioral differences: stool withholding contributing to 

constipation is common in children with ASD; (3) Dietary: children with ASD are likely to 

have restrictive diets with poor fiber intake (Hyman et al. 2012); (4) Neurologic/Autonomic/
Anxiety: children with ASD have been found to have differences in autonomic function, 

high rates of anxiety, and differences in muscle tone, which may contribute to changes in 

motility (Ferguson et al. 2017); (5) Immunologic: food allergy and intolerance including 

disorders such as eosinophilic esophagitis have been reported in children with ASD (Buie 

et al. 2010; Kushak et al. 2016); (6) Microbiome: children with ASD have been reported 

to have differences in the microbiome, which can affect gut function (Alam et al. 2017; 

Fung et al. 2017); and (7) Genetic: genetic differences associated with GIS have been 

found in children with ASD (Campbell et al. 2009). This study was able to adjust for 

developmental level and some neurological/genetic differences. The study also examined 

associations between anxiety, autism severity, and developmental regression. Next steps will 

include evaluation of genetic, immunological, perinatal risk factors, and dietary associations 

with GIS, and to use GIS as a phenotypic subtype in children with ASD.

Several significant differences were found in specific GIS between children with ASD and 

children with other DD with notable exceptions of treatment for constipation and stool 

frequency and consistency on the SD. Marked differences were found between children with 

ASD and POP children in all specific GIS/PR except vomiting, with some attenuation of 

effects after incorporating SD data. The significant differences in the prevalence of GIS in 

children with ASD in comparison to children from the DD and POP groups are consistent 

with findings in some but not all studies (Chaidez et al. 2014; McElhanon et al. 2014). 

Prevalence of constipation was higher in the ASD group when using only parent report; 

however, when combined with SD data, the proportions in all study groups were more 

similar. This may be explained by measurement differences. A diagnosis of constipation 

was not equivalent between measures. Children treated for constipation may not demonstrate 

constipation on a SD if the treatment has the desired effect; therefore, we added treatment 

with a stool softener or laxative to the criteria for constipation on GIS/PRSD. Children with 

ASD who were being treated for constipation were less likely to have a SD and more likely 

to use a treatment for constipation that was not a stool softener or laxative such as fiber 

products or suppositories.

Children with ASD and regression were more likely to have GIS/PR than children with ASD 

without regression. No difference was found in autism severity scores between children with 

ASD with and without GIS. The findings of higher GIS/PR in children with ASD with 

regression compared to those without regression are consistent with other studies (Ferguson 

et al. 2017; Valicenti-McDermott et al. 2008). However, when SD data were included, higher 

levels of GIS were only significant for vomiting and loose stools/diarrhea. The finding 

that autism severity was not associated with GIS is consistent with a study that found no 

association between GIS and autism severity (autism vs. pervasive developmental disorder/

Asperger) except for diarrhea (Chaidez et al. 2014). In contrast, another study found that 

Reynolds et al. Page 6

J Autism Dev Disord. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



GIS were more common in children with more severe ASD (Wang et al. 2011). These 

differences between studies may be related to how autism severity is defined. We used 

ADOS CSS, which should reflect more about symptoms of autism than overall level of 

functioning.

Despite adjusting for developmental level and SES, children from all three groups with 

GIS had more aggression, anxiety, attention, and sleep concerns than children without GIS. 

Chaidez et al. found that children with ASD and GIS had higher scores on the Aberrant 

Behavior Checklist on irritability, social withdrawal, stereotypy and hyperactivity than 

children with ASD without GIS (Chaidez et al. 2014). Children with ASD or other DD 

often have difficulty communicating pain or discomfort. Irritability or aggression may be 

the only identified symptoms when a child with ASD has pain (Buie et al. 2010). Anxiety 

and stress have been associated with GIS in the general population and in children with 

ASD (Ferguson et al. 2017; Mazurek et al. 2013). This may be mediated by the autonomic 

nervous system, which responds to anxiety and stress and can directly impact gut motility. 

Children with ASD have been found to have high rates of anxiety, hyperarousal/difficulty 

with arousal modulation, and autonomic dysfunction (Ferguson et al. 2017; Mazurek et al. 

2013). An association between GIS and sleep problems in children with ASD has been 

described in three large cohorts of children with ASD (Aldinger et al. 2015; Mazurek et 

al. 2013). These cohorts had no comparison groups or siblings were used for comparison. 

In SEED, similar associations between sleep problems and GIS were found in children 

in the DD and POP groups, which would imply that this is not specific to children with 

ASD. Discomfort from GIS may disrupt sleep; conversely, anxiety and hyperarousal may 

contribute to both GIS and sleep problems.

This study has several strengths. SEED is the largest, geographically diverse, well

characterized sample designed to assess GIS among children with ASD that includes two 

different comparison groups, enabling assessment of the prevalence of GIS in children with 

ASD compared to children with other DD and children from the general population and 

exploration of the specificity of various symptoms to children with ASD. The large sample 

size and comprehensive data collection allowed adjustment for many potential confounders, 

including developmental level. Children with ASD were also recruited from multiple sources 

rather than from a clinic-based sample, which reduces selection bias. Case classification was 

based on rigorous research-reliable methods rather than relying on past clinical diagnoses. 

Finally, this study is also one of the first to use a stool diary as a more objective measure of 

stool frequency and consistency.

This study has limitations. Clinical diagnoses of gastrointestinal dysfunction were not 

available; however, a study of children with ASD found that parent report of GIS was 

concordant with a clinical diagnosis by a gastroenterologist (Gorrindo et al. 2012). The GI 

questionnaire developed for SEED has not been validated. A questionnaire based on Rome 

III criteria was created to define functional GIS but was not available when the study was 

designed or implemented. Therefore, Rome III criteria for functional constipation could 

not be applied to SEED data as information regarding large stools, stool retention, history 

of large fecal mass, or soiling were not collected. SEED did use a priori definitions for 

constipation and diarrhea/loose stools based on stool consistency and frequency collected 
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in the stool diary. Parent report of GIS in children with ASD may have been impacted by 

recall bias due to general concern that GIS is common in children with ASD. However, a 

large prospective cohort in Norway, which would mitigate concerns of recall bias, found 

that mothers reported a higher prevalence of constipation, food allergy/intolerance, and 

diarrhea in 6- to 36-month-old children who were later diagnosed with ASD compared to 

children with typical development (Bresnahan et al. 2015). While the stool diary added 

more objective data, only 51% of caregivers completed it during a typical week. In addition, 

children with stool diaries were also more likely to have higher cognitive scores, higher 

household income, and to have a mother with more education and who was white non

Hispanic. Parents of children with ASD who were receiving treatment for constipation were 

less likely to complete a stool diary when compared to DD and POP groups. Only use of a 

laxative or stool softener were used in the definition of constipation in the GIS/PRSD data; 

children with ASD were less likely to use a laxative or stool softener to treat constipation, 

and therefore less likely to meet criteria for constipation on the GIS/PRSD.

Conclusion

In a large, geographically diverse and well-characterized sample of children with ASD, a 

higher prevalence of GIS was found in children with ASD compared to children from the 

DD and POP groups. The presence of two control groups helps to identify symptoms that 

are specific to ASD vs. those associated with other developmental concerns or with young 

children in general. Children with ASD and regression were found to have greater GIS/PR 

than children with ASD without regression, and all children, irrespective of group, with 

GIS/PR had more behavioral and sleep concerns. Our findings suggest that clinicians who 

provide care to children with ASD and DD consider screening these children for GIS, so 

that adequate management of GIS is provided. These results also suggest that clinicians who 

care for young children be aware that GIS may be associated with sleep issues, irritability, 

aggression, and/or anxiety in young children. Researchers may use these data to inform 

future studies to better understand the etiologies of GIS in children with ASD and DD. 

Understanding etiology may lead to better treatments and to a better understanding of the 

association of GIS with anxiety, behavior and sleep. These findings may also be informative 

for understanding phenotypic subtypes in ASD in future analyses of risk factors for ASD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
SEED research classifications. ASD autism spectrum disorder, DD developmental delays, 

POP children from the general population, SCQ social communication questionnaire, SCQ 

+ (score ≥ 11), SCQ – (score < 11), ADOS autism diagnostic observation schedule, ADI-R 

autism diagnostic interview-revised. ADOS and ADI-R Algorithm: ASD classification if 

child met ADOS criteria and one of three ADI-R relaxed criteria: (1) met the social domain 

cutoff and was within two points of the communication domain cutoff, or (2) met the 

communication domain cutoff and was within two points of the social domain cutoff, or (3) 

met the social domain cutoff and had at least two points on the behavioral domain
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Fig. 2. 
Subject disposition for children with autism spectrum disorder (ASD), developmental delays 

(DD), and children from the general population (POP)
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