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Gastrointestinal (GI) symptoms are frequently reported in children with autism spectrum disorder (ASD). We evaluated
the frequency and severity of GI symptoms in preschool-aged children with ASD compared to participants with typical
development (TD). Our goal was to ascertain whether GI symptoms are associated with differences in sex or developmen-
tal and behavioral measures. Participants were between 2 and 3.5 years of age and included 255 children with ASD
(184 males/71 females) and 129 age-matched TD controls (75 males/54 females). A parent interview was used to assess GI
symptoms (abdominal pain, gaseousness/bloating, diarrhea, constipation, pain on stooling, vomiting, difficulty
swallowing, blood in stool or in vomit). Children with GI symptoms in each diagnostic group were compared to children
without GI symptoms on measures of developmental, behavioral, and adaptive functioning. GI symptoms were reported
more frequently in children with ASD compared to the TD group (47.8% vs. 17.8%, respectively). Children with ASD
were also more likely to experience multiple GI symptoms (30.6% vs. 5.4%). GI symptoms were equally common in
males and females across both diagnostic groups. There were no statistically significant differences in developmental or
adaptive measures based on presence of GI symptoms in either ASD or TD children. Co-occurring GI symptoms were,
however, associated with increased self-injurious behaviors, restricted stereotyped behaviors, aggressive behaviors, sleep
problems and attention problems in both ASD and TD children. In children with ASD, a higher number of GI symptoms
was associated with an increase in self-injurious behaviors, somatic complaints, reduced sleep duration, and increased
parasomnias. Autism Res 2020, 13: 1778-1789. © 2020 The Authors. Autism Research published by International Society
for Autism Research and Wiley Periodicals LLC.

Lay Summary: ASD is characterized by challenges in social communication and repetitive behaviors. But, people with
autism have many other difficulties including gastrointestinal problems. Children with ASD were three times more likely
to experience GI symptoms than typically developing peers. Increased GI symptoms are associated with increased prob-
lem behaviors such as sleep problems, self-injury, and body aches. Since GI symptoms are often treatable, it is important
to recognize them as soon as possible. Both clinicians and parents should become more aware of the high occurrence of
GI problems in autistic people.
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Introduction

Autism spectrum disorder (ASD) is a heterogeneous neu-
rodevelopmental disorder characterized by the presence of
functionally impairing social communication challenges
and restrictive, repetitive patterns of behavior present since
early in life (American Psychiatric Association, 2013). The

severity and expression of these differences are highly vari-
able from one individual to another (Lombroso, Ogren,
Jones, & Klin, 2009; Constantino & Charman, 2016). Across
the heterogeneous population of those with ASD, pheno-
typic differences are found not only in the expression of
autism related behaviors, but also in the presence of addi-
tional mental health and coexisting medical conditions
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including sleep difficulties, seizure disorders, and gastroin-
testinal disturbances.

Gastrointestinal (GI) concerns are frequently reported
among parents of children with ASD and many mecha-
nistic and therapeutic hypotheses of ASD involve the GI
system (Buie et al., 2010). However, the prevalence of GI
symptoms among children with ASD is still unclear as
rates differ greatly based on study measures and method-
ological approaches. Previous authors have reported rates
ranging from 9% to 91% (Buie et al., 2010), 46% to 89%
(Johnson et al.,, 2014) and 4.2% to 96.8% (Holingue,
Newill, Lee, Pasricha, & Daniele Fallin, 2018). These dif-
ferences in frequencies are likely related to varied meth-
odological approaches to data collection (parental reports
vs. medical records review). Other aspects that may con-
tribute to error include selection bias (specialized clinic
vs. general population), lack of standardized definitions
of GI symptoms, and the absence of a validated instru-
ment developed for the ascertainment of GI symptoms in
individuals with ASD. The heterogeneity of the samples
may also influence current findings even further, as mini-
mally rigorous approaches for ASD diagnostic classifica-
tion and the use of non-standard approaches for
assessing functional abilities, language and intellectual
skills of participants have not been consistently taken
into consideration. The potential fluctuation of GI symp-
toms with age (and age-related changes in physiological
development) is also poorly understood due to the broad
age ranges examined in previous studies. Nevertheless,
there is cumulative data supporting the conclusion that
GI symptoms are more frequent and significant in chil-
dren with ASD than in comparison groups without ASD
(Valicenti-McDermott, McVicar, Cohen, Wershil, &
Shinnar, 2008; Mazurek et al., 2013; Chaidez, Hansen, &
Hertz-Picciotto, 2014; Yang et al., 2018), which signifi-
cantly reduce the quality of life.

Although there is no clear mechanism identified for the
increased occurrence of GI dysfunction in individuals with
ASD, there is agreement about the importance of identify-
ing GI symptoms due to the clinical implications and the
subsequent challenges in the lives of affected individuals. A
consensus report for evaluation, diagnosis and treatment of
Gl disorders in individuals with ASD (Buie et al., 2010) rec-
ommended investigation of all problem behaviors that
might indicate the presence of GI symptomatology, espe-
cially in those individuals with ASD who are unable to com-
municate their discomfort effectively. Moreover, previous
work has indicated that the presence of GI disturbances
may predict other co-occurring conditions that could lead
to additional adaptive behavioral impairment in children
with ASD (Aldinger, Lane, Veenstra-VanderWeele, &
Levitt, 2015).

GI symptoms have also been associated with problem
behaviors in children with ASD (Mazefsky, Schreiber,
Olino, & Minshew, 2014; Maenner et al., 2012), including

increased irritability (Bresnahan et al., 2015), aggressive
problem behaviors in young children (Ferguson, Dovgan,
Takahashi, & Beversdorf, 2019) and self-injurious behaviors
(SIB) (Marler et al., 2017), increased maladaptive behaviors
and social withdrawal (Chaidez et al., 2014; Nikolov
et al, 2009), as well as sleep problems (Maenner
et al., 2012). Associations between GI symptoms and psy-
chiatric problems, including somatic complaints, internal-
izing and externalizing problems (Fulceri et al.,, 2016),
oppositional defiant behaviors (Maenner et al., 2012), and
affective disorders (Mazefsky et al.,, 2014; Valicenti-
McDermott et al., 2006) have also been reported.

It is unclear whether the clinical and behavioral presen-
tation of GI disturbances is significantly influenced by
developmental level or functional impairment. Only a
few studies have investigated differences in adaptive
functioning and developmental profiles related to the
presence of GI symptomatology and results are con-
flicting (Mazefsky et al., 2014; Nikolov et al., 2009). Some
studies have reported a lack of significant associations
between level of intellectual functioning (Maenner
et al., 2012; Nikolov et al., 2009; Prosperi et al., 2017) or
learning disability and severity of GI disturbances. There
is some limited evidence, however, for a relationship
between GI dysfunction and severity of language impair-
ments (Gorrindo et al., 2012).

Similarly, there is inconsistency in results exploring rela-
tionships between GI symptoms and autism symptom
severity. Several studies have reported significant associa-
tions between measures of autism severity and GI dysfunc-
tion (Valicenti-McDermott et al., 2006; Adams, Johansen,
Powell, Quig, & Rubin, 2011; Wang, Tancredi, &
Thomas, 2011; Chaidez et al., 2014), especially increased
rigid-repetitive  behaviors (Peeters, Noens, Philips,
Kuppens, & Benninga, 2013) and sensory hyperreactivity
(Mazurek et al., 2013). Other studies, however, have found
no associations between autism severity and GI symptoms
(Nikolov et al., 2009; Chandler et al., 2013; Mazefsky
etal., 2014; Fulceri et al., 2016; Prosperi et al., 2017).

The current study aims to avoid previous methodological
problems by using a physician-administered semi-structured
GI interview to improve accuracy of GI symptom
ascertainment and standardized developmental and
behavioral measures in a well-characterized sample of
participants with a narrow age range. The goals of the
current study were to (1) determine the frequency and
number of GI symptoms in a large sample of preschool-
aged children with ASD and age-matched typically
developing (TD) controls, (2) explore sex differences in
the presentation of GI disturbances, and (3) describe
developmental and behavioral differences between ASD
and TD groups in relation to the frequency and severity
of GI symptoms. Behavioral measures included stan-
dardized indices of problem behaviors, sensory sensitiv-
ity, sleep habits, and repetitive behaviors.
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Methods
Study design and sample

Participants were enrolled in the UC Davis MIND Insti-
tute Autism Phenome Project (APP) or the Girls with
Autism Imaging Neurodevelopment (GAIN) study and
included 255 children with ASD (184 males, 71 females)
and 129 age-matched TD controls (75 males, 54 females).
Study protocols are identical; children were assessed
between 2 and 3.5 years of age using an interdisciplinary
approach. Parents completed a demographic form that
included parental level of education, race, and family
income. To be eligible for the study, participants needed
to live with at least one biological parent, be English
speaking and ambulatory, and have no severe motor,
vision, hearing or chronic health problems that would
preclude them from being assessed. TD controls were
excluded if they had first-degree relatives with ASD.

This study was approved by the UC Davis Institutional
Review Board (IRB) and informed consent was obtained
from the parent/guardian of each participant.

Measures

Participants were evaluated with a battery of diagnostic,
medical, developmental, and behavioral measures col-
lected at the time of enrollment as part of a comprehen-
sive interdisciplinary assessment.

Diagnostic assessment

Diagnostic assessments included the Autism Diagnostic
Observation Schedule (ADOS-Generic or ADOS-2) (DiLavore,
Lord, & Rutter, 1995; Lord et al., 2000; Lord, Luyster,
Gotham, & Guthrie, 2012; Lord, Rutter, et al., 2012) and the
Autism Diagnostic Interview-Revised (ADI-R) (Lord, Rutter, &
Le Couteur, 1994) and were conducted by research reliable
licensed clinical psychologists. All participants included in
this study met criteria for autism or ASD on the ADOS-2 and
exceeded the ADI-R scores for autism on either the Social or
Communication subscales and were within two points of
this criterion on the other subscale. ADOS calibrated severity
scores (CSS) were calculated to allow comparison of autism
severity across participants assessed with different modules
(Gotham, Pickles, & Lord, 2009).

TD controls were screened using the Social Communi-
cation Questionnaire (SCQ) (Rutter, Bailey, & Lord, 2003)
and excluded for scores greater than the clinical cutoff
(211). Two TD controls with scores of 11 and 12 on the
SCQ underwent additional screening with the ADOS and
ASD was ruled out.

GI symptoms

Caregivers were interviewed by developmental and behav-
ioral pediatricians specializing in autism during a medical

evaluation that included a complete medical history and
physical exam. Using the Gastrointestinal History
(CHARGE GH) questionnaire ((Chaidez et al., 2014)), the
examining physician interviewed parents about the pres-
ence of GI symptoms, frequency and other underlying GI
diagnoses. The GI symptoms assessed included abdominal
pain, gaseousness/bloating, diarrhea, constipation, pain on
stooling, vomiting, difficulty swallowing, blood in stool
and blood in vomit. Frequency of the symptoms was rated
on a 5-point Likert scale (O =never, 1 =rarely, 2 = sometimes,
3 = frequently, 4 = always). “Current” symptoms were
defined as those experienced during the last 3 months and
“Previous” if the symptoms were endorsed prior to the last
3 months. Participants experiencing at least one current GI
symptom in the “sometimes,” “frequently,” or “always”
range were categorized as having co-occurring GI symptoms
(ASD-GI or TD-GI), and those reporting symptoms in the
“never” or “rarely” ranges were classified as ASD-noGI and
TD-noGI subgroups. We further classified the ASD-GI and
TD-GI subgroups by the number of symptoms endorsed
(Mild =1, Moderate = 2, Severe = 3 or more symptoms).
Additional information about GI related issues was also
obtained by the examining physician through open-ended
questions as part of the CHARGE GH questionnaire
exploring underlying GI diagnoses, food allergies, and diet
restrictions due to food intolerance. Fourteen participants
(ASD =12, TD = 2) were reported to have a formal underly-
ing medical GI diagnosis (gastroesophageal reflux disease
(ASD =9, TD = 1), chronic gastritis (ASD = 1), malabsorp-
tion (ASD = 2), colitis (ASD = 2), celiac disease (ASD = 1),
food protein induced enterocolitis syndrome (TD = 1), and
possible irritable bowel syndrome (ASD = 1). Four partici-
pants with ASD endorsed two GI conditions. Of those with
an underlying medical diagnosis, 50% were classified in
the GI subgroup since their parents endorsed GI symp-
toms during the last 3 months (n = 7). Participants with
food allergies (ASD = 43, TD = 11) and food intolerance
(ASD = 67, TD = 14) were also asked if GI symptoms were
specifically caused or worsened by the consumption of a
specific trigger food(s). Participants were classified in the
noGI subgroup if the endorsed GI symptoms were exclu-
sively attributed to the consumption of the specific food
(ASD-noGI = 19, TD-noGI = 10) or improved by dietary
restrictions of the food causing intolerance (ASD = 27,
TD = 10). The remaining participants were classified into
the GI subgroups, as parents endorsed additional GI symp-
toms not related to food allergy (ASD-GI = 24, TD-GI = 1)
or food intolerance (ASD-GI = 40, TD-GI = 4). The charac-
terization of presence or absence of GI symptoms was per-
formed by two physicians independently (BR, MA).

Developmental and adaptive functioning

Mullen Scales of Early Learning (MSEL): (Mullen, 1995).
This is a standardized measure of cognitive and
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developmental functioning for children 0-68 months of
age. Ratio developmental quotients (DQ = mental
age/chronological age *100) were calculated to provide
nonverbal (NVQ), verbal (VQ) and combined IQ esti-
mates (DQ).

The Vineland Adaptive Behavior Scales, Second Edi-
tion: (VABS-2): The Parent/Caregiver Rating Form was
completed by caregivers to assess adaptive behavior in
Communication, Daily Living Skills, Socialization, and
Motor domains yielding an age-referenced standard adap-
tive behavior composite score (Sparrow, Cicchetti, &
Balla, 2005).

Behavioral measures

The Repetitive Behavior Scale-Revised (RBS-R) is a vali-
dated parent-rated questionnaire that evaluates the sever-
ity of restrictive and repetitive behaviors in autism
(Bodfish, Symons, Parker, & Lewis, 2000; Bodfish, 2003).
The 43 items are conceptualized in six factors measuring
Stereotypic Behavior, SIB, Compulsive Behavior, Ritualis-
tic Behavior, Sameness Behavior, and Restricted Behavior.
The psychometric features have been examined by sev-
eral studies supporting its reliability and validity (Lam &
Aman, 2007; Mirenda et al., 2010). We used the three-
factor solution (Mirenda et al., 2010) that includes Com-
pulsive/Ritualistic/Sameness Behaviors (CRSB), SIB, and
Restrictive Stereotyped Behaviors (RSB).

The Social Responsiveness Scale-2 preschool version
(SRS) is 65-item parent rated instrument scored in a four-
point scale to assess the extent of autistic social impair-
ment (Constantino, Pryzbeck, Friesen, & Todd, 2000;
Constantino et al., 2003). The Social Communication
and Interaction score and the Restrictive and Repetitive
Behavior subscale scores were used in the current
analyses.

The Short Sensory Profile, version 1 (SSP-1): The occur-
rence of sensory processing difficulties was assessed for both
groups using this 38-item parent-report questionnaire that
assesses atypical sensory processing in children and adoles-
cents. This measure has demonstrated good internal valid-
ity and reliability among a normative sample, and it has
been used widely among children with ASD (Dunn, 1999).
This measure is a shortened form of the Dunn’s Sensory Pro-
file caregiver questionnaire (McIntosh, Miller, Shyu, &
Dunn, 1999). The SSP-1 subscale scores (Auditory Filtering,
Low Energy/Weak, Movement Sensitivity, Tactile Sensitiv-
ity, Taste/Smell Sensitivity, Under-responsive/Seeks Sensa-
tion, and Visual/Auditory Sensitivity) were utilized in the
current analysis.

The Child Behavior Checklist (CBCL)-Preschool version
(Achenbach & Rescorla, 2000) is a broad-band standard-
ized parent report questionnaire that assesses current
behavioral, social and emotional problems. Standardized
scores for syndrome scales were used (Emotionally

Reactive, Anxious/Depressed, Somatic Complains, With-
drawn, Sleep Problems, Attention Problems, and Aggres-
sive Behavior).

Children’s Sleep Habits Questionnaire (CSHQ) is a vali-
dated 45-item parent questionnaire that assesses sleep
behaviors in children 2-10 during the last month
(Goodlin-Jones, Tang, Liu, & Anders, 2009; Owens,
Spirito, & McGuinn, 2000). Subscale scores (bedtime
resistance, sleep onset delay, sleep duration, sleep anxi-
ety, night waking, parasomnias, sleep disordered breath-
ing, daytime sleepiness) were utilized in the analyses.

Statistical analysis

Pearson’s chi-squared test and Wilcoxon rank-sum test
were used to compare the frequency and number of GI
symptoms, respectively between ASD and TD groups as
well as between sexes. Developmental and adaptive func-
tioning scores were compared between ASD-GI and ASD-
noGl subgroups using two-sample t-tests with unequal
variances. The relative risk for GI symptoms (ASD/TD)
was also estimated as the probability of GI symptoms in
the ASD group divided by the probability of GI symptoms
for the TD group.

To explore the relationship between problem behaviors
and the presence or absence of GI symptoms, multivari-
ate linear regressions were used to model each behavioral
score as a function of diagnosis, sex, and GI symptom
presence or severity. The models considering presence of
GI symptoms also included the interaction between diag-
nosis and presence of GI symptoms and between sex and
presence of GI symptoms. For evaluation of associations
between behaviors and the number of GI symptoms, a
linear regression was used to relate each behavioral score
to number of GI symptoms with sex as a covariate. These

Table 1. Participant characteristics
ASD D

N (m/f) 255 (184/71) 129 (75/54)
Age (months) 36.3 (5.6) 35.2 (6.7)
DQ 63.1 (20.9) 106.4 (12.2)
ADOS-CSS 7.5 (1.8) —
Race (% of total)
Caucasian 66.7 74.8
African American/Black 4.5 0.8
Asian or Pacific Islander 9.5 5.7
2+ races reported 13.6 15.4
Unknown/not reported 5.3 3.3
Annual family income 56.8 53.5

(% > $75,000)
Parental education

(% bachelor’s degree or higher)
Maternal 48.4 65.0
Paternal 44.6 49.6

Note: Income (ASD 3% refused, 16% missing; TD 0% refused, TD 7%
missing). Parental Education (ASD 12% missing; TD 5% missing).
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Table 2. Frequency of symptoms experienced by participants
in GI subgroups

ASD-GI, N (%) TD-GI, N (%)

N (%) 122 (47.8) 23 (17.8)
GI Symptom (% reporting)
Diarrhea 79 (64.7) 19 (82.6)
Constipation 68 (55.7) 13 (56.5)
Gas pain/bloating 54 (44.3) 14 (60.9)
Pain on stooling 36 (29.5) 7 (30.4)
Abdominal pain 28 (22.9) 13 (56.5)
Vomiting 14 (11.5) 6 (26)
Difficulty swallowing 11 (9) 0
Blood in stool 4 (3.3) 0
Blood in vomit 2 (1.6) 0

Note: Medical GI Dx (total/reporting), ASD-GI = 12 (7) versus TD-GI = 2
(0). Food Allergies (total/reporting), ASD-GI = 43 (24) versus TD-GI = 11 (1).
Food Intolerance (total/reporting), ASD-GI =67 (40) versus TD-GI = 14 (4).

100%
Il ASD
800/0_ -TD
60%
40%+
20%+
o/
0% 0 1 2 3
Number of Gl symptoms
Figure 1. Distribution of the number of GI symptoms by
diagnosis

Table 3. Participants by GI status

analyses were restricted to the ASD group only due to the
very small number of TD controls who endorsed more
than one GI symptom (n = 7). False discovery rates were
calculated to account for multiple testing across all
behavior score evaluations and FDR < 0.05 was consid-
ered significant. All analyses were conducted using SAS
Version 9.4.

Results
Participants characteristics

Information regarding sample characteristics is provided
in Table 1. Although participants were predominantly
male (67%), the proportion of females with ASD is larger
than in any previous study of this kind. Participants were
primarily Caucasian and approximately half of the partic-
ipating families reported an income over $75,000 yearly.
A higher percentage of mothers of TD controls received a
bachelor’s degree or higher (p < 0.01), but there were no
differences in paternal education.

GI symptom frequency and association with diagnosis and sex

GI symptoms were more frequent in children with ASD
(ASD-GIn =122, 47.8%) compared to the TD group (TD-GI
n =23, 17.8%) (p <0.0001). The relative risk of GI symp-
toms (ASD/TD) was 2.68 (1.81-3.97). Of those participants
endorsing GI symptoms, diarrhea, constipation, and gas/-
bloating were the most commonly reported symptoms in
both diagnostic groups. Table 2 depicts the frequency of
specific GI symptoms, underlying GI diagnosis, food aller-
gies, and food intolerance in each diagnostic group. In addi-
tion, the ASD-GI subgroup experienced a higher number of
GI symptoms compared to the TD-GI subgroup, with
30.6% of children with ASD experiencing two or more GI
symptoms compared to only 5.4% of TD controls
(p < 0.0001—Figure 1). Across both diagnostic groups,
males and females reported similar rates of GI symptoms
(females n =49, 39.2%; males n=96, 37.1%, p = 0.686 [ASD:
53% females, 46% males; TD: 48% females, 52% males]).

ASD ™

ASD-GI ASD-noGI TD-GI TD-noGI
N (m/f) 84/38 100/33 12/11 63/43
Age (months) 36.4 (5.5) 38.1 (5.9) 34.3 (6.7) 34.7 (6.6)
va (SD)? 54.6 (27.1) 58.3 (24.7) 105.9 (13.1) 107.0 (13.5)
NVQ (SD)° 69.5 (19.7) 69.9 (18.0) 106.0 (13.5) 105.6 (14.7)
VABS Composite (SD)° 72.6 (10.5) 74.8 (11.0) 107.4 (15.1) 108.0 (13.9)
ADOS-CSS¢ 7.5 (1.7) 7.5 (1.8)

2ASD-GI versus ASD-noGI, p = 0.26; TD-GI versus TD-noGI, p = 0.70.
bASD-GI versus ASD-noGI, p = 0.87; TD-GI versus TD-noGI, p = 0.89.
“ASD-GI versus ASD-noGI, p = 0.11; TD-GI versus TD-noGI, p = 0.86.
dASD-GI versus ASD-noGI, p=0.98.
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Table 4. Results of multivariable linear regression model
relating behavior scores to presence of gastrointestinal symp-
toms. Estimate is the effect of the presence of gastrointesti-
nal symptoms on each behavior score. Diagnosis and sex were
included as covariates

Table 5. Results of multivariable linear regression model
relating behavior scores to number of gastrointestinal symp-
toms experienced in children with ASD. Estimate gives the
estimated increase in scores per number of symptoms. Sex
was included as a covariate

Estimate SE FDR

Estimate SE FDR

Repetitive Behavior Scale—revised

Repetitive Behavior Scale—revised

Compulsive/ritualistic/sameness behaviors 1.52  1.00 0.177 Compulsive/ritualistic/sameness behaviors 0.61 0.62 0.348
Self-injurious behaviors 1.15  0.29 <0.001* Self-injurious behaviors 0.58 0.17  0.009*
Restrictive stereotyped behaviors 1.51  0.55 0.016* Restrictive stereotyped behaviors 0.70  0.34 0.100
Social Responsiveness Scale-2 Social Responsiveness Scale-2
Restrictive and repetitive behavior 2.19 134 0.147 Restrictive and repetitive behavior 0.88 0.80 0.337
Social communication and interaction 2.32  0.97 0.035* Social communication and interaction 0.84 0.56 0.199
Short Sensory Profile-1 Short Sensory Profile-1
Auditory filtering -1.51 0.49  0.007* Auditory filtering —0.48 0.266 0.138
Low energy/weak -0.69 0.56  0.258 Low energy/weak —0.33  0.34 0.348
Movement sensitivity 0.18 0.27 0.511 Movement sensitivity 0.11 0.15 0.468
Tactile sensitivity -1.33  0.53 0.030%* Tactile sensitivity -0.64 0.30 0.100
Taste/smell sensitivity -1.22  0.62 0.081 Taste/smell sensitivity -0.70 0.36  0.109
Under-responsive/seeks sensation -2.17  0.67 0.006* Under-responsive/seeks sensation -0.86 0.35 0.086
Visual/auditory sensitivity —0.68 0.49 0.220 Visual/auditory sensitivity -0.32 0.28 0.317
Child Behavior Checklist Child Behavior Checklist
Emotionally reactive 1.65 0.86 0.088 Emotionally reactive 0.98 0.98 0.109
Anxious/depressed 0.70 0.60 0.271 Anxious/depressed 0.52 0,52 0.199
Somatic complaints 4.24  0.69 <0.001* Somatic complaints 2.34  2.34 0.001*
Withdrawn 1.24  0.96 0.242 Withdrawn 0.58 0.58 0.345
Sleep problems 2.94 0.95 0.007* Sleep problems 1.09 1.09 0.100
Attention problems 2.78 0.81 0.004* Attention problems 0.80 0.80 0.162
Aggressive behavior 2.50 0.97 0.025* Aggressive behavior 1.21  1.21  0.100
Children’s Sleep Habit Questionnaire Children’s Sleep Habit Questionnaire
Bedtime resistance 0.51 0.43 0.271 Bedtime resistance 0.26 0.23  0.317
Sleep onset delay 0.07 0.09 0.436 Sleep onset delay 0.07 0.05 0.193
Sleep duration 0.56 0.19 0.011* Sleep duration 0.31 0.11  0.037%
Sleep anxiety 0.42 0.23 0.112 Sleep anxiety 0.20 0.12 0.162
Night waking 0.65 0.19  0.004* Night waking 0.21 0.0 0.100
Parasomnia 1.02 0.22 <0.001* Parasomnia 0.48 0.11  0.001*
Sleep disordered breathing 0.18 0.08  0.037* Sleep disordered breathing 0.09 0.04 0.100
Daytime sleepiness 0.87 0.42 0.068 Daytime sleepiness 0.21 0.20 0.339
* p < 0.05. #p < 0.05.

FDR, false discovery rate; SE, standard error.

GI symptoms and developmental and adaptive functioning
measures

For both ASD and TD, the GI versus noGI subgroups had
similar VIQ, NVIQ, and VABS composite scores (Table 3).
Additionally, within the ASD group, the ADOS-CSS was
similar across the GI and noGI subgroups.

FDR, false discovery rate; SE, standard error.

GI symptoms, sex and behavioral measures

In evaluating the relationships between behavioral scores
and diagnosis, sex, or presence of GI symptoms, neither
the interaction between diagnosis and GI symptoms nor
between sex and GI symptoms was statistically significant
for any score. Since there was no evidence of a differential

Figure 2. Behavioral scores by diagnosis and GI group for (a) Repetitive Behavior Scale, (b) Social Responsiveness Scale, (c) Short Sen-
sory Profile, (d) Child Behavior Checklist and (e) Children’s Sleep Habits Questionnaire. Children in both diagnostic groups with co-
occurring GI symptoms had more severe scores in multiple measures across all domains. A/V,auditory/visual sensitivity; Aggr, aggressive
behavior; Anx/Dep, anxious/depressed; Atten, attention problems; AudF, auditory filtering; BedR, bed resistance; Breath, breathing
problems; CRSB, compulsive/ritualistic/sameness behaviors; DaySl, daytime sleepiness; EmRx, emotional reactivity; LE/W, low energy/
weak; Mov, movement sensitivity; Para, parasomnias; RRB, restrictive and repetitive behaviors; RSB, restrictive stereotyped behaviors;
SCI, social communication and interaction; SIB, self-injurious behaviors; SlAnx, sleep anxiety; SIDur, sleep duration; Sleep, sleep prob-
lems; SlOns, sleep onset delay; SIWalk, sleep walk; SomC, somatic complaints; Ta/Sm, taste/smell sensitivity; Tac, tactile sensitivity;

U/SS, underresponsive/seeks sensation; Withdr, withdrawn
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effect of GI symptoms on behavioral scores in ASD versus
TD children or males versus females, the interaction
terms were dropped and models containing only main
effects were used in further analyses.

Children in both diagnostic groups who experienced GI
symptoms had more severe scores across multiple behav-
ioral measures (FDR < 0.05) in all domains examined. Spe-
cifically, scores were more severe in the GI subgroups for
RBS-R subscales SIB and RSB; SRS Social Communication
and Interaction subscale; SSP-1 subscales Auditory Filter-
ing, Tactile Sensitivity, and Underresponsiveness/Seeks
Sensation; CBCL Somatic Complaints, Attention Problem,
Aggression, and Sleep problems; and CSHQ Sleep Dura-
tion, Night Waking, and Parasomnias subscales. Figure 2
illustrates the behavioral scores by diagnosis and GI group.
See Table 4 for FDR corrected p-values, standard errors, and
parameter estimates of the magnitude of difference
between groups. Regression results were similar when
adjusting for DQ, which suggests that elevated problem
behaviors in the GI groups were not driven by differences
in developmental ability (see Table S1 for results adjusted
for DQ).

The effect of the number of GI symptoms experi-
enced by each child on behavioral scores was also
assessed. Due to the small number of children in the
TD-GI subgroup experiencing more than two GI symp-
toms, this analysis was restricted to the ASD-GI sub-
group. Four behaviors were positively associated with
the number of GI symptoms. These included somatic
complaints, SIB, parasomnias, and reduction of sleep
duration (see Table 5).

Discussion

We have compared the presence of GI symptoms in a
well-characterized case-control cohort of preschool chil-
dren with ASD and age-matched TD peers rigorously clas-
sified and assessed with standardized measures by an
interdisciplinary team. Our results indicate that approxi-
mately half of the preschool-aged children with ASD
(48%) experienced GI symptoms compared to only 18%
of TD controls. This percentage is consistent with a litera-
ture review of 144 studies dating back to 1980 (Holingue
et al., 2018), which reported any GI symptom/aggregate
of symptoms in the ASD population being estimated at
46.8%. This report concluded that children with ASD
were 2.7 times more likely to experience GI symptoms
than TD controls. For example, using the CHARGE GH
questionnaire Chaidez and colleagues reported that chil-
dren 24 to 60 months of age with ASD had three times
greater probability of experiencing most GI symptoms in
higher frequency defined as those ranked as “frequent”
and “always” (Chaidez et al., 2014). Similarly, a previous
meta-analysis (McElhanon, McCracken, Karpen, &

Sharp, 2014) estimated an overall odds ratio of GI symp-
toms in children with ASD as 4 times greater than for
children without the diagnosis (OR = 4.42). Moreover, of
the children who experienced GI symptoms, children
with ASD were much more likely to experience multiple
symptoms than were TD children. Within the ASD-GI
subgroup, 31% of children experienced two or more GI
symptoms compared to 5.4% of the TD-GI subgroup.

We found that males and females with ASD experi-
enced GI symptoms at similar rates. Notably, due to
targeted recruitment of females through the GAIN study,
our cohort has a greater representation of females in the
ASD group than most previous reports (184 males,
71 females). In contrast to our results, previous studies
(Mazefsky et al., 2014; Yang et al., 2018) reported that a
greater proportion of females had GI symptoms
(p <0.05). However, this discrepant result may be
explained by sample characteristics. Participants in the
study involved children in a wider age range (3-12) and a
more skewed sex representation (145 males, 24 females).
Mazefsky and colleagues included older participants
7-t0-19-years-old with IQs in the normal range with very
few females included in the study (81 males, 14 females).

One important aspect of the current study is the inclu-
sion of an age-matched TD group that enabled an explo-
ration of the association between the presence of GI
symptoms and developmental and behavioral profile dif-
ferences between groups. There was no evidence of an
association between GI symptoms and sex, cognitive abil-
ity or adaptive functioning. However, both ASD and TD
children with GI symptoms experienced elevated prob-
lems with SIB, sensory sensitivities, sleep problems, atten-
tion problems, and aggressive behaviors. This suggests
the possibility that problem behaviors may be an expres-
sion of GI discomfort in preschool children. It is worth
noting, however, that while GI symptoms were associ-
ated with elevated problem behaviors in both diagnostic
groups, the ASD group had more severe problem behavior
scores overall than the TD group. These findings indicate
that practitioners should consider problem behaviors as
the result of GI symptoms in both ASD and TD preschool
age children independent of their functional or develop-
mental skills.

Within the ASD group, the presence of more than one
GI symptom was related to increased severity of SIB,
decreased sleep duration, and parasomnias. Not surpris-
ingly, somatic complaints worsened as the number of GI
symptoms increased. Our findings are consistent with
previous investigations reporting an increase of behaviors
commonly associated with autism with the number of GI
symptoms (Adams et al.,, 2011; Chaidez et al., 2014;
Gorrindo et al.,, 2012; Tomova et al., 2015; Wang
et al.,, 2011). However, autism severity based on the
ADOS comparison severity score was very similar in the
ASD-GI and ASD-no GI groups which is comparable to
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another study wusing this
et al., 2017).

The relationship between GI symptoms and problem
behaviors supports the notion that these may be a non-
verbal manifestation of GI discomfort (Buie et al., 2010).
Associations between GI symptoms, sleep abnormalities
(Maenner et al., 2012; McCue, Flick, Twyman, &
Xian, 2017) and parasomnias in children with ASD have
also been previously reported (Hovarth & Perman, 2002).
Our results contribute to a growing body of evidence
suggesting that the presence of somatic complaints,
behavioral and sleep problems may be triggered or wors-
ened by coexisting medical issues such as GI discomfort.

Our study has several strengths, including a well-
characterized sample of preschoolers with adequate repre-
sentation of females within a narrow age range
(2-4 years). We analyzed group differences using a com-
prehensive assessment battery with standardized mea-
sures addressing multiple behavioral and developmental
characteristics. We utilized an instrument previously
designed to address GI symptoms focusing on individuals
with ASD (CHARGE GH questionnaire) and administered
the questionnaire through an interview with a develop-
mental pediatrician with the purpose of obtaining more
reliable GI symptom information. We acknowledge,
however, that ascertainment of GI symptoms in young
children with ASD is challenging due to potential com-
munication deficits and language delays. It is possible
that GI symptoms are under diagnosed in children who
cannot communicate GI symptoms or who do not
exhibit overt behavioral signs.

Limitations include an underrepresentation of children
from families with lower income and racial minorities in
our largely northern California-based sample recruited at
the MIND Institute. It has been suggested (Holingue
et al., 2018), that children from poorer backgrounds may
be at greater risk for more unresolved GI symptoms due
to the lack of access to specialized care. Our prevalence
findings may thus not generalize to the Ilarger
population.

same measure (Prosperi

Summary

The current study suggests that nearly 50% of children
with ASD experience frequent GI-symptoms that range
from diarrhea and constipation to gas/bloating and
abdominal pain. Over 30% of children with ASD experi-
enced more than 2 concurrent GI symptoms. Children
with ASD and co-occurring GI symptoms experienced
more behavioral problems, including SIB, sensory sensi-
tivities, sleep problems, attention problems, and aggres-
sive behaviors compared to individuals with ASD but
without GI concerns. Typically developing children with
GI symptoms also experienced increases in these problem
behaviors, though the severity was overall lower in the

TD group. No significant differences based on sex were
observed.

Our study adds to a large body of research suggesting
that a significant portion of children with ASD experi-
ence significant GI symptoms, even at very young ages.
Although the etiological pathways are not completely
understood and may be multifactorial, medical providers
should consider that individuals with ASD experiencing
GI symptoms may have atypical clinical presentations
including elevated problem behaviors involving self-
injury, somatic complaints and sleep issues, and these
symptoms may be an expression of potential physical
symptoms. Compared to the large number of parents of
young children with ASD reporting GI symptoms, only a
small subset of participants endorsed a formal diagnosis
suggesting that a large proportion of young children with
GI symptoms are not been recognized and treated. Cur-
rent expert consensus indicates that children with ASD
suffering from GI symptoms should benefit from receiv-
ing the same medical care for common GI issues based
on guidelines for the general pediatric population (Buie
et al., 2010). Moreover, the amelioration of GI symptoms
may improve the quality of life.

More recently, efforts to improve the quality of
research assessing GI symptoms, include the use of
screening instruments to identify children with autism
who are likely to benefit from further GI evaluation
(Margolis et al., 2019). It is necessary to continue devel-
oping reliable instruments for use in clinical and research
settings in children with ASD at all levels of severity and
cognitive ability. Some studies have utilized standardized
measures, such as the ROME-III to assess GI function
(Ferguson et al., 2017), but validation studies have not
yet been conducted in individuals with ASD. It is also a
priority to investigate the lifespan trajectory of GI symp-
toms to identify children that may be at risk for chronic
GI problems, as well as the possible association with
behavioral profiles, medical, and mental health co-
occurring conditions as they may have different relation-
ships with GI symptoms at different ages (Ferguson
et al.,, 2019). It will be important to explore associations
between coexisting medical symptoms (i.e., GI symptoms
and association to sleep and somatic complaints) to out-
comes as children move toward adolescence.
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