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Abstract

Investigate the association between gastrointestinal (GI) issues and psychometric scores among children with develop-
mental delays and typical development. We examined the association between GI issues and the Mullen Scale of Early
Learning (MSEL), Vineland Adaptive Behavior Subscales (VABS), and Aberrant Behavior Checklist (ABC) scores from
participants with autism spectrum disorder (ASD), Down syndrome (DS), other developmental delays (DD) and typi-
cal development (TD) from the CHildhood Autism Risk from Genetics and Environment (CHARGE) Study (n=1603).
Approximately 32% of children with ASD, 31% of children with DD, and 20% of children with DS reported at least
one GI issue, compared to 7% of TD controls. Constipation was the most frequently reported symptom for the entire
population, including controls. In general, GI issues correlated with poorer behavioral scores (decreased communication,
daily living, socialization, and motor skills on the VABS, and increased irritability/agitation, lethargy/social withdrawal,
stereotypic behavior, and hyperactivity/noncompliance on the ABC) among ASD cases. Analysis by sex indicated that
GI issues also correlated with poorer cognitive scores (fine motor, receptive language, expressive language, and MSEL
composite scores), and adaptive behavior (communication skills, daily living skills, motor, and VABS composite scores)
among boys with DD, but not girls with DD—suggesting sex differences among DD cases. Even TD controls showed
increased stereotypic behavior and social withdrawal in association with GI issues. However, GI issues were not correlated
with impairments in psychometric scores among DS cases. Given that GI issues correlate with deficits in behavioral and
cognitive scores, future studies should investigate the treatment of GI symptoms in children with ASD and DD.

Keywords Gastrointestinal issues - Autism spectrum disorder - Down syndrome - Psychometric - Constipation -
Cognitive

Introduction Developmental disabilities affect an individual’s physical,
intellectual, and behavioral development, however, indi-
viduals with developmental delays often also have a high

incidence of co-occurring conditions, including gastrointes-

Developmental disabilities are estimated to affect one in six
children in the United States (Zablotsky et al., 2019). Exam-

ples of some common developmental disabilities include
autism spectrum disorder (ASD), intellectual disability,
learning disability, and Down syndrome (DS) among others.
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tinal (GI) issues (Chaidez et al., 2014; Restrepo et al., 2020;
Reynolds et al., 2021). Chaidez et al. previously found that
children with ASD were nearly 8 times more likely, and
those with developmental delays (DD) were 4.5 times more
likely, to have at least one frequent GI symptom compared
to typically developed (TD) children (Chaidez et al., 2014).
Furthermore, they found that ASD cases with frequent GI
issues (abdominal pain, gaseousness, diarrhea, constipa-
tion, or pain on stooling) scored poorer on aberrant behav-
ior subscales (ABC), including increased irritability, social
withdrawal, stereotypy, and hyperactivity as compared to
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ASD cases without frequent GI issues. Similarly, among
DD cases, they found diarrhea correlated with increased
irritability, social withdrawal, and hyperactivity. Consider-
ing the brain and gut functions are closely integrated by a
bidirectional communication called the gut-brain axis, the
pain and discomfort caused by GI symptoms can under-
standably worsen behavior among children with develop-
mental disabilities (Li & Zhou, 2016). Several other studies
have found similar results, particularly in ASD. Ferguson et
al. (Ferguson et al., 2019) found a relationship between GI
problems and behavior among children with ASD, which
varied by age group. They found that among young children
with ASD (n=200; 2-5 yrs.), those with aggression prob-
lems were more likely to experience nausea, while older
children with ASD (n=140; 618 yrs.) were more likely
to experience adverse internalizing behavior (such as anxi-
ety and withdrawn behavior) with constipation and stom-
achaches. Similarly, Mazurek et al. (Mazurek et al., 2013)
reported a high correlation between GI issues (including
constipation, abdominal pain, bloating, diarrhea, and/or nau-
sea) and anxiety and sensory over-responsivity in children
with ASD. Fulceri et al. (Fulceri et al., 2016) also found that
children with ASD and GI issues had more anxiety prob-
lems, somatic complaints, and externalizing problems than
ASD children without GI issues. Collectively these findings
suggest GI issues may be correlated with some behavioral
problems among children with ASD.

Unlike ASD, children with DS have unique features, such
as neuromotor coordination impairments, and craniofacial
and structural abnormalities (associated with an extra copy
of chromosome 21) that can have direct and indirect con-
sequences on gastrointestinal and feeding issues (Mizuno
& Ueda, 2001). In a study conducted in a Down syndrome
clinic among children less than 2 years of age, researchers
found that 17% of DS patients had structural GI anoma-
lies (anal stenosis, duodenal stenosis/atresia, imperforate
anus, and Hirschsprung disease), and 57% of DS patients
experienced some feeding problems, including constipa-
tion among 18% of participants, based on parent interview
(Spahis & Wilson, 1999). Ravel et al. also found that some
functional GI disorders (i.e. suction issues, swallowing, and
chewing disorders), and gastrointestinal reflux were com-
monly reported among children and adults with DS (Ravel
et al., 2020). Although GI issues are also common among
individuals with DS, very little is known about how GI
issues may affect behavioral and cognitive scores in chil-
dren with DS, or children with other developmental delays
apart from ASD.

As such, the present study sought to investigate the
frequency of GI issues in the large ongoing case-control
Childhood Autism Risk from Genetics and Environment
(CHARGE) Study to examine the association between
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GI issues and psychometric scores among children with a
broad range of developmental disabilities including ASD,
DD, and DS as compared to typically developing controls.
This study builds upon the work by Chaidez et al. (Chaidez
et al., 2014), previously mentioned, which investigated GI
issues in the CHARGE study and examined the association
between GI issues and maladaptive scores on the Aberrant
Behavior Checklist (ABC) subscales among CHARGE
participants (n=960) with ASD, DD, and TD. The present
analysis expands on this previous work to include a larger
sample size currently available (n=1603), further distin-
guishes those with Down syndrome separately from those
with other developmental delays, to investigate unique fea-
tures associated with Trisomy 21 and includes additional
outcomes: cognitive scores of the Mullen Scale of Early
Learning (MSEL), and adaptive behavior on the Vineland
Adaptive Behaviors Scales (VABS). Also, given certain
developmental delays, including ASD, predominantly affect
more boys than girls (Maenner et al., 2023), the present
study also aimed to investigate if there were sex differences
in the associations between GI issues and psychometric
scores including maladaptive behavior on the ABC sub-
scales, as well as scores on the MSEL and VABS.

Methods
Study Population

All children in the present study are from the Childhood
Autism Risk from Genetics and Environment (CHARGE)
Study (Hertz-Picciotto et al., 2006). The CHARGE Study is
an ongoing population-based case-control study that began
in 2003 and aims to uncover the environmental causes of
autism and examine genetic factors and the interactions
between genes and environment in the etiology of autism. It
also seeks to understand phenotypic variability in children
with ASD as well as DD. CHARGE eligible children met
the following criteria: (a) aged between 24 and 60 months at
recruitment, (b) living with a biological parent who speaks
English or Spanish, (c) born in California, and e) residing in
the study catchment areas. Participants were recruited from
three strata: children with ASD, children with a develop-
mental delay but not ASD (DDs), and children randomly
sampled from the general population. Children with ASD
and other DDs were recruited from the State of California
Department of Developmental Services. The primary aim
of the CHARGE study was to investigate ASD, and there-
fore, TD controls were matched for frequencies on age, sex,
and broad geographic distribution of the autism cases. The
community diagnosis of children was confirmed, or not
confirmed, using a set of standardized clinical assessments.
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Diagnostic tools and algorithms to classify children into the
final study groups of ASD, DDs, or TD groups are described
elsewhere (Hertz-Picciotto et al., 2006). Only general pop-
ulation controls were placed in the TD group, in order to
maintain population-based sampling. The CHARGE study
was approved by the State of California Department of
Developmental Services and the institutional review boards
at the University of California, Davis. Informed consent
was obtained from parents before participation and any col-
lection of data.

For this study, we considered a total of 2026 CHARGE
study participants available in August 2023 for inclusion in
this analysis. However, participants missing final neurode-
velopmental diagnosis (n=249), and children with atypi-
cal development (n=43), who do not meet the criteria for
ASD, DDs, or TD were excluded. Additionally, participants
missing the Gastrointestinal History (GIH) questionnaire
(n=131) were also excluded. Therefore, a total of 1603
children were available for the present study including
children with TD (n=507), ASD (n=827), and other DDs
(n=269)——children with other DDs were further subdivided
into two groups: those with Down syndrome (DS, n=91;
based on parental report), and those with other types of
developmental delays (DD, n=178). Figure 1 presents the
flowchart of the study population.

Gastrointestinal Issues

The CHARGE Study collected a structured detailed parent-
administered child GI history (GIH) questionnaire. Details
about the CHARGE GIH have previously been published
(Chaidez et al., 2014). For this study, we included GI symp-
toms of abdominal pain, gaseousness/bloating sensation,
diarrhea, constipation, pain in stooling, vomiting, and/or
difficulty swallowing. The frequency of GI issues present
within the last 3 months was rated on a 3-point Likert scale
(0= “never”, 1= “rarely or sometimes”, 2= “frequently or
always”). Participants experiencing at least one GI symptom
in the “frequently/always” range were categorized as hav-
ing co-occurring GI symptoms (GI+), and those reporting
GI symptoms in the ‘never” or “rarely/sometimes” ranges
were classified as not having co-occurring GI issues (GI-
). Among children with GI+, the number of GI symptoms
reported was analyzed as a continuous variable.

Psychometric Scores

Psychometric scores were assessed using the MSEL, VABS,
and ABC. The MSEL is a standardized cognitive develop-
mental test for children from birth to 68 months of age (Mul-
len, 1995) with four sub-scales: visual reception, fine motor,
receptive language, and expressive language. Both the

subscale scores and the composite scores were used in our
analyses. MSEL scores are presented as the developmental
quotient (DQ), meaning the ratio of the age-equivalent score
to the chronological age. The VABS is a parent interview
(Sparrow et al., 1984), which covers domains of socializa-
tion, daily living skills, motor skills, and communication.
Composite scores were also determined, and similarly, to
MSEL, VABS scores are also presented as the DQ. Addi-
tionally, parents completed the ABC (Aman et al., 1985)
to rate inappropriate and maladaptive behaviors in their
children. The ABC is one of the most widely used behavior
rating scales and consists of 58 items, each scored on a four-
point scale ranging from 0 (=not a problem) to 3 (=prob-
lem is severe in degree). The items are assigned to one of
five subscales including irritability, agitation, and crying (15
items); lethargy, and social withdrawal (16 items); stereo-
typic behavior (7 items); hyperactivity, and noncompliance
(16 items); and inappropriate speech (4 items). However,
unlike the MSEL and VABS, where higher scores show
improvements, higher ABC scores indicate poorer behavior
(i.e. increased maladaptive behavior).

Statistical Analysis

We computed univariate statistics and compared the pop-
ulation characteristics of the groups using the Chi-square
test for categorical variables and the Kruskal-Wallis test
for continuous variables. Multiple linear regression mod-
els were used to investigate the associations of GI issues
(continuous) on each continuous outcome of the MSEL
DQ and VABS DQ scores, stratified by neurodevelopmen-
tal diagnosis. To deal with the floor effect of ABC scores,
negative binomial linear regression models were used to
investigate the association between GI issues and ABC
scores. Possible confounders for psychometric scores and
GI issues were selected a priori based on a directed acyclic
graph (DAG) (Fig. S1, Supplementary material). The online
software tool DAGitty (http://www.dagitty.net/) was used to
construct the DAG model (Textor et al., 2011). From the
DAG, we identified a sufficient set of adjustment factors
that would remove confounding and minimize bias in the
estimated association between GI issues and psychometric
scores. Final models were adjusted for parental homeowner-
ship, maternal prenatal vitamin use during the first month of
pregnancy (based on previous evidence suggesting supple-
mental prenatal vitamin taken near conception significantly
reduced the risk of autism (Schmidt et al., 2011)), and year
of birth (as the distribution of diagnostic groups enrolled
varied across years). As sensitivity analyses, we also ran the
models limiting GI issues to only include constipation, as
that was the most frequently reported GI symptom. Further-
more, as separate analyses, to examine effect modification

@ Springer


http://www.dagitty.net/

Journal of Autism and Developmental Disorders

CHARGE Study participants
(n =2026)

Y

Excluded children missing
neurodevelopmental diagnosis
(n=249)

Excluded children with atypical
development (n = 43)

Children with ASD, other DDs, or TD diagnosis
(n=1734)

Excluded children missing
Gastrointestinal History (GIH)
questionnaire (n = 131)

Children in present study

(n=1603)
other DDs
(n =269)
Y \4 Y \4
ASD DD DS TD
(n=827) (n=178) (n=91) (n =507)

Fig. 1 Flow chart of the study population

of the GI associations with psychometric scores by sex, we
performed additional analysis by refitting the same regres-
sion models (with the same covariate adjustment) but with
an interaction term for sex and GI issues. We then examined
stratum-specific estimates of the GI associations and their
confidence limits and examined p-values for the interaction
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terms. In our analysis, p-values < 0.05 were considered sig-
nificant. All analyses were performed using SAS software
version 9.4 (SAS Institute Inc. 2016. SAS 9.4. Carny, NC)
and R statistical language (R Foundation for Statistical
Computing, Vienna, Austria) with RStudio.
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Results

Table 1 shows the study population characteristics. The
population included 507 TD, 827 ASD, 178 DD, and 91 DS
participants. In the CHARGE study, control subjects with
TD were frequency matched to case subjects with ASD (4:1
male-to-female ratio) resulting in a skewed sex distribution
and similar proportions of male subjects in ASD and TD
groups; however, the developmentally delayed groups (DD
and DS) were not sex-matched. Maternal education attain-
ment was highest among parents with TD children, while
parents of children with DD tended to have less formal edu-
cation. As expected, mothers of children with DS were older
than mothers of children with ASD, DD, and TD. Addition-
ally, a greater proportion of mothers of children with TD
had taken prenatal vitamins early in pregnancy compared
to mothers of children with ASD, DD, or DS—which aligns
with previous findings in the CHARGE study that mater-
nal prenatal vitamin intake near conception significantly
reduced the risk of having children with ASD and a trend

Table 1 Characteristics of study participants

towards decreased risk of having a child with developmen-
tal delays (Schmidt et al., 2011, 2012).

Approximately 32% of children with ASD, 31% of chil-
dren with DD, and 20% of children with DS reported com-
monly occurring GI issues (GI+), compared to only 7% of
children with TD controls (Table 2). Constipation was the
most frequently reported symptom among ASD and DD
cases (affecting about 17% of these children), followed by
diarrhea and gaseousness/bloating—although ASD cases
had the highest frequencies for both of the latter GI issues,
as well as pain on stooling. Similarly, among children with
DS, constipation was also the most prevalent GI symptom
affecting about 17% of DS cases. However, the other GI
symptoms were rarely reported among DS cases (ranging
from 0 to 2%, depending on the specific GI symptom). Even
among children with TD, constipation was also the most
prevalent GI symptom, but only affected about 4% of TD
controls; the other GI issues were rarely reported among
children with TD. Although there were clear differences
in the presence of GI issues across neurodevelopmental

Characteristics' TD ASD DD DS P-value?
(N=507) (N=827) (N=178) (N=91)
Freq (%) Freq (%) Freq (%) Freq (%)
Child’s sex <0.0001
Female 96 (18.9%) 140 (16.9%) 60 (33.7%) 44 (48.4%)
Male 411 (81.1%) 687 (83.1%) 118 (66.3%) 47 (51.6%)
Child’s year of birth <0.001
1998-2002 120 (23.7%) 314 (38.0%) 47 (26.4%) 7 (7.69%)
2003-2006 189 (37.3%) 208 (25.2%) 67 (37.6%) 28 (30.8%)
2007-2010 130 (25.6%) 131 (15.8%) 40 (22.5%) 34 (37.4%)
2011-2014 52 (10.3%) 141 (17.1%) 18 (10.1%) 16 (17.6%)
2015-2019 16 (3.2%) 33 (4.0%) 6 (3.4%) 6 (6.6%)
Child’s age (months) <0.0001
Mean (SD) 44.0 (9.7) 46.0 (9.6) 47.5 (8.7) 45.4(9.5)
Child’s race/ethnicity 0.0002
Hispanic 102 (20.1%) 174 (21.1%) 33 (18.5%) 11 (12.1%)
Non-Hispanic, Non-White 136 (26.9%) 259 (31.4%) 77 (43.7%) 40 (44.4%)
White 266 (52.7%) 392 (47.5%) 66 (37.5%) 39 (43.3%)
Maternal education <0.0001
High school graduate or less 64 (12.6%) 134 (16.2%) 57 (32.0%) 19 (20.9%)
Some college, technical, vocational, or associate degree 170 (33.5%) 340 (41.2%) 67 (37.6%) 34 (37.4%)
Bachelor’s degree 187 (36.9%) 233 (28.2%) 45 (25.3%) 29 (31.9%)
Graduate or professional degree 86 (17.0%) 119 (14.4%) 9 (5.1%) 9 (9.9%)
Homeownership <0.0001
No 121 (24.3%) 285 (36.4%) 75 (43.6%) 31 (36.9%)
Yes 377 (75.7%) 498 (63.6%) 97 (56.4%) 53 (63.1%)
Maternal age at child’s birth (years) <0.0001
Mean (SD) 30.8 (5.57) 30.5 (5.56) 29.2 (6.31) 34.5 (6.04)
Prenatal vitamin use in the first month of pregnancy 0.03
No 162 (33.5%) 313 (42.0%) 64 (39.3%) 33 (41.2%)
Yes 322 (66.5%) 433 (58.0%) 99 (60.7%) 47 (58.8%)

"Missing (n): race/ethnicity (8), maternal education (< 5), payer at delivery (25), homeownership (66), prenatal vitamin use (129)

2p-value from Pearson’s chi-square test for categorical variables and the Kruskal-Wallis test for continuous variables
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Table 2 Frequency of GI symptoms experienced by participants across neurodevelopmental groups

N (%) TD ASD DD DS p-value?
GI+ 36 (7.1%) 268 (32.4%) 56 (31.5%) 18 (19.8%) <0.0001
Specific GI symptoms'

Constipation 19 (3.8%) 136 (16.6%) 30 (16.9%) 15 (16.7%) <0.0001
Diarrhea 7 (1.4%) 96 (11.8%) 12 (6.9%) <5 (--%) <0.0001
Gaseousness/bloating 10 (2.0%) 78 (9.9%) 11 (6.4%) <5 (--%) <0.0001
Pain on stooling 8 (1.6%) 55 (6.9%) 10 (5.8%) 0 (0%) <0.0001
Abdominal pain 7 (1.4%) 39 (5.0%) 8 (4.7%) <5 (--%) <0.0001
Difficulty swallowing <5 (--%) 29 (3.6%) 9 (5.2%) <5 (--%) <0.0001
Vomiting <5(--%) 18 (2.2%) 10 (5.8%) <5 (--%) <0.0001

"Missing (n) for GI symptoms: abdominal pain (68), gaseousness (58), diarrhea (19), constipation (19), pain on stooling (35), vomiting (15), dif-

ficulty swallowing (40)

2P-value from Pearson’s chi-square test; Fisher’s exact test used where applicable

Fig. 2 Distribution of males and
females with GI issues (GI+)
across the neurodevelopmental
groups
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groups, no significant difference was found in the frequency
of GI issues between boys and girls within each neurode-
velopmental group (i.e., boys with ASD vs. girls with ASD,
etc.) (Fig. 2).

Regression models were used to examine the associa-
tion between GI issues and psychometric measurements for
each diagnosis separately (Fig. 3). Table S1 (Supplementary
material) presents a summary of the estimates () and 95%
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DD DS TD
Diagnosis

CI from the regression models. Among children with ASD,
Gl issues were associated with deficits in the MSEL subscale
of fine motor [ =-1.68, 95% CI (-3.23, -0.12)], and VABS
composite score and subscales (including communication
[B =-2.08, 95% CI (-3.74, -0.42)], daily living [ = -2.09,
95% CI (-3.14, -1.04)], socialization [ = -2.20, 95% CI
(-3.57, -0.82)], and motor skills [ = -2.76, 95% CI (-4.19,
-1.33)], as well as increased maladaptive scores on the ABC
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(including irritability/agitation/crying [B=0.16, 95% CI
(0.10, 0.21)], lethargy/social withdrawal [p=0.15, 95% CI
(0.10, 0.21)], stereotypic behavior [p=0.18, 95% CI (0.11,
0.24)], and hyperactivity/noncompliance [f=0.12, 95% CI
(0.08, 0.17)]). Similarly, among DD cases, GI issues were
associated with deficits in MSEL subscales (fine motor [
=-3.29, 95%CI (-6.53, -0.04)], and expressive language [
=-4.27, 95%CI (-8.18, 0.37)]), and VABS composite score
and subscales (including communication [ = -3.82, 95%
CI -6.65, -0.98)], daily living [B = -3.03, 95% CI (-5.74,
-0.32)], and motor skill [B = -3.53, 95% CI (-6.70, -0.36)]).
Additionally, among TD cases GI issues were also associ-
ated with increased aberrant behavior subscales including
lethargy/social withdrawal [f=0.78, 95% CI (0.12, 1.43)],
and stereotypic behavior [B=1.25, 95% CI (0.08, 2.43)].
Surprisingly, among children with DS, GI issues were not
associated with any composite or subscale score, and as
seen in Figure 3, there was not even a trend in the direction
of impaired scores or maladaptive behaviors. When restrict-
ing the analyses to only include constipation, similar results
were observed across the groups, although the magnitude of

the effect was greater compared to analyses that considered
any GI issue (Table S2, Supplemental Material).

When our analyses were further stratified by sex, in gen-
eral, we did not find significant sex differences among chil-
dren with ASD, DS, or TD. However, there were significant
sex differences in some psychometric scores predominantly
among children with DD (Fig. 4). Among boys with DD, GI
issues were significantly associated with deficits in MSEL
composite score and MSEL subscales (including fine motor
[B =-5.50, 95% CI (-9.22, -0.73)], receptive language [ =
-5.25,95% CI (-9.60, -1.39)], and expressive language [ =
-6.77,95% CI (-11.57, -1.97)]), and VABS composite score
and subscales (communication [ = -6.26, 95% CI (-9.93,
-2.60), daily living [B = -5.36, 95% CI (-9.00, -1.72)], and
motor skill [p = -6.44, 95% CI (-10.80, -2.08)]). These
associations were not found among girls with DD, however,
girls with DD had increased lethargy/social withdrawal on
the ABC in association with GI issues [f=0.40, 95% CI
(0.07, 0.74)]. Table S3 (Supplementary material) presents
a summary of the estimates (f) and 95% CI from regres-
sion models for psychometric scores and GI issues for each
group, stratified by sex.
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Discussion

Results from this study support the evidence that GI issues
are more commonly reported among children with devel-
opmental delays compared to typically developing children
(Chaidez et al., 2014; Leader et al., 2022; Sullivan, 2008). In
this study, we found that 32% of children with ASD, 31% of
children with DD, and 20% of children with DS in our study
population reported commonly occurring GI issues, com-
pared to only 7% of children with TD controls. Additionally,
among the GI symptoms investigated (abdominal pain, gas-
eousness/bloating sensation, diarrhea, constipation, pain in
stooling, vomiting, and/or difficulty swallowing), constipa-
tion was the most frequently reported symptom, irrespective
of neurodevelopmental diagnosis—affecting approximately
16% of children with ASD, DD, and DS equally, but only
4% of children with TD. Furthermore, among ASD and
DD cases, other GI symptoms, such as diarrhea and gas-
eousness/bloating were also commonly reported. However,
these other GI issues were rarely reported among DS cases
and TD controls.

@ Springer

Our results align with previous studies which have also
found constipation is a frequently reported GI symptom
among children with ASD (Bresnahan et al., 2015; Leader
et al., 2022; Restrepo et al., 2020; Reynolds et al., 2021).
Chronic constipation in ASD may be related to limited
food preferences commonly observed among children with
ASD. For example, one study found that food selectivity in
ASD was indirectly associated with constipation (Harris et
al., 2021). Unlike ASD however, in children with DS, con-
stipation may be related to lower muscle tone (hypotonia)
common in kids with DS, making bowel movements more
difficult to pass (Dey et al., 2013). Additionally, individuals
with DS are also prone to other conditions that can exacer-
bate constipation including hypothyroidism, Hirschsprung
disease, and celiac disease (Marder & Jackson, 2018). A ret-
rospective cross-sectional study of 1,207 patients with DS
(between 0 and 31 + years of age), also found that constipa-
tion was the most prevalent GI symptom reported during
a 10-year follow-up period (Bermudez et al., 2019). Addi-
tionally, in a cross-sectional survey study of children and
adolescents with DS (n=114; ages 4-18 years), researchers
also found constipation affected 36% of DS cases (Ciciora
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et al., 2023). Overall, GI issues, and constipation in par-
ticular, are significantly more prevalent among individuals
with developmental disabilities compared to neurotypical
controls.

When we investigated the association between GI issues
and psychometric scores, we found that among ASD cases
the presence of GI issues broadly correlated with deficits in
fine motor skills on the MSEL, and poorer adaptive skills
(decreased communication, daily living skills, socializa-
tion, and motor skills and composite scores on the VABS),
as well as increased maladaptive behavior (irritability/
agitation/crying, lethargy/social withdrawal, stereotypic
behavior, and hyperactivity/noncompliance on the ABC)—
emphasizing a pattern of behavioral issues and interestingly
also motor deficits associated with GI issues in ASD cases.
Maenner et al. previously also found an association between
GI issues and delayed motor milestones in a population-
based study of children with ASD (Maenner et al., 2012).
Furthermore, similar results were also observed when we
limited the analyses to only include constipation, although
the magnitude of the effect was greater for constipation,
suggesting chronic constipation increases symptom sever-
ity. Additionally, when we further stratified our analysis by
sex, in general, we did not find differences between boys
and girls with ASD in relation to GI issues—as both sexes
largely showed deficits in behavioral scores, but not cogni-
tive scores, in association with GI issues. Our results line
up with previous findings in the CHARGE Study (Chaidez
et al., 2014) which likewise found that GI issues correlated
with four of the five subscales for the ABC among children
with ASD; although MSEL and VABS scores were not pre-
viously investigated by Chaidez et al. Similarly, Restrepo et
al. also found GI symptoms were associated with increased
self-injurious behaviors, somatic complaints, reduced sleep
duration, and increased parasomnias among children with
ASD and also did not find significant differences based on
sex among ASD cases (Restrepo et al., 2020). Prosperi and
colleagues likewise did not find a significant difference in
GI issues comparing boys and girls with ASD but did find
GI issues correlated with internalizing and externalizing
problem scores of the Child Behavior Checklist question-
naire (Prosperi et al., 2017). Babinska et al. also found that
the frequency of GI symptoms weakly correlated with the
severity of the core symptoms of ASD based on Autism
Diagnostic Interview-Revised (ADI-R) scores among chil-
dren (ages 2—17 years) with ASD (Babinska et al., 2020).
However, they did find GI issues were more common in
girls with ASD than in boys with ASD (70.6% vs. 44.5%).
Additionally, Mazefsky et al., which investigated older
participants (7 to 19 years old), also found that girls with
ASD had a higher frequency of GI issues compared to boys,
and found GI issues were associated with higher levels of

affective problems among ASD participants, after adjust-
ing for sex and age (Mazefsky et al., 2014). While there
may be some contradictory evidence regarding whether the
prevalence of GI issues differs by sex among ASD cases,
it is also possible that the frequency of GI symptoms may
change with age in a sex-dependent manner and requires
further investigation. Nonetheless, collectively these studies
indicate GI issues, and constipation in particular, are associ-
ated with increased symptom severity.

Similar, to ASD cases, we also found that GI issues cor-
related with deficits in behavioral scores among children
with DD. However, in contrast to ASD, GI issues were
also correlated with poorer cognitive scores among DD
cases, and when we stratified our analysis by sex, GI issues
strongly correlated with broad impairments in MSEL cog-
nitive subscales and deficits in VABS adaptive behavior
subscales among boys with DD, but not among girls with
DD—suggesting possible sex differences in psychometric
subscales associated with DD. Girls with DD, however, did
show increased lethargy/social withdrawal in association
with GI issues. Interestingly, we also found GI issues corre-
lated with increased lethargy/social withdrawal and stereo-
typic behavior even among TD cases. Similarly, in the large
case-control Study to Explore Early Development (SEED),
Reynolds et al. also found that children from all three diag-
nostic groups (including ASD, other developmental delays,
and the general population) with GI symptoms had more
aggression, anxiety, attention, and sleep concerns that chil-
dren without GI symptoms (Reynolds et al., 2021)—sug-
gesting that irrespective of neurodevelopmental diagnosis
GI issues are associated with poorer behavioral/cognitive
scores. Our findings were similar, with the exception that
in DS children—who were not separated out in the Reyn-
olds Study—GTI issues were not associated with any psy-
chometric scores, nor did we find significant sex differences
in GI effects in this group. Surprisingly, several MSEL and
VABS subscales positively correlated with GI issues among
DS cases, although none reached statistical significance.
Nevertheless, it is difficult to discern if this null result may
be due to the relatively small number of DS cases report-
ing GI issues in our study, and therefore further research is
necessary in a larger DS population. Apart from DS cases,
our results indicate that GI issues negatively affect varying
aspects of behavioral and cognitive scores differently across
neurodevelopmental diagnosis, and in DD children by sex.

The present study adds to the existing literature by inves-
tigating a comprehensive set of psychometric scores in
association with GI issues and further examines possible
sex differences in these associations in a large population
across a broad range of neurodevelopmental disabilities.
Strengths in our study were that controls and cases alike
were recruited based on the same eligibility criteria and
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that ASD and developmental delay diagnoses were clini-
cally confirmed (as was TD) by psychometricians who had
demonstrated research reliability on the instruments they
administered. All the psychometric instruments used are
established, standardized, and normed for the ages of the
CHARGE study population. As such, the behavioral/ neu-
rodevelopmental instruments in this study have enabled us
to examine the GI issues with well-characterized behavioral
and developmental phenotypes based on specific functional
domains in children with developmental disabilities and to
compare with controls selected from the same population
and confirmed to have no developmental diagnosis (i.e., the
TDs). Additionally, the children were all within a relatively
narrow age range. Nonetheless, a limitation of our study is
that GI symptoms were parent-reported utilizing the GI his-
tory (GIH) questionnaire developed for CHARGE with a
reduced number of questions to limit the burden on partici-
pating families and aims to capture the most common symp-
toms exhibited by ASD, but which has not been validated.
Additionally, GI symptoms were not further investigated
with a medical evaluation. While other studies have also
utilized parent-reported questionnaires to assess GI issues
among children with developmental disabilities (Bresnahan
et al., 2015; Restrepo et al., 2020), it is recommended that
the evaluation of GI issues be ideally accomplished by a
combination of medical history and physical examination
(Buie et al., 2010). Future studies could utilize standardized
GI assessment instruments, such as the Rome IV Diagnos-
tic Questionnaire to screen for functional gastrointestinal
disorders (Drossman, 2016; Hyman et al., 2006) to enable
comparisons across studies when formal GI assessments are
not feasible. Another limitation of this study is the smaller
sample size for the DD and DS groups, as well as the fewer
girls than boys included in our ASD and TD groups, which
likely reduced our statistical power for these analyses.

Our results provide evidence that GI issues negatively
affect behavioral scores among children with ASD. Addi-
tionally, we also found GI issues were associated with defi-
cits in both cognitive and adaptive skills along with greater
maladaptive behavior among boys, but not girls, with
DD—suggesting a sex difference among DD cases. Given
some GI symptoms can be treated, clinicians and parents
of children with ASD and DD should look for signs of GI
issues, particularly where behavioral problems have been
observed. Additionally, a larger study among children with
DS is necessary to corroborate the null results for GI issues
in association with psychometric scores, considering chil-
dren with DS also experience a high frequency of GI issues.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s10803-
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