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INTRODUCTION

Abstract

Children with autism spectrum disorder (ASD) are frequently diagnosed with co-
occurring medical conditions including inflammatory bowel disease (IBD). To
investigate the association, we conducted a systematic review registered in PROS-
PERO (ID:CRD42021236263) with a random-effects meta-analysis. We searched
PubMed, Embase, and PsycInfo (last search on January 25, 2021), and manually
searched relevant publications. We included observational studies measuring the
association between ASD and IBD. The primary outcome was the association
(odds ratio, OR) between ASD and later development of IBD. Sensitivity analyses
were conducted by quality, confounding adjustment, and study design. We per-
formed meta-regression analyses and assessed heterogeneity, publication bias, and
quality of studies with the Newcastle-Ottawa Scale. Overall, we included six stud-
ies consisting of eight datasets, including over 11 million participants. We found
that ASD was significantly associated with subsequent incident IBD (any IBD,
OR = 1.66, 95% confidence interval[CI] = 1.25-2.21, p < 0.001; ulcerative colitis,
OR = 191, 95%CI = 1.41-2.6, p <0.001; Crohn’s disease, OR = 1.47, 95%
CI = 1.15-1.88, p = 0.002). ASD and IBD were also associated regardless of tem-
poral sequence of diagnosis (any IBD, OR = 1.57, 95%CI = 1.28-1.93, p < 0.001;
ulcerative colitis, OR = 1.7, 95%CI = 1.36-2.12, p <0.001; Crohn’s disease,
OR = 1.37, 95%CI = 1.12-1.69, p = 0.003). Sensitivity analyses confirmed the
findings of the main analysis. Meta-regression did not identify any significant
moderators. Publication bias was not detected. Quality was high in four datasets
and medium in four. In conclusion, our findings highlight the need to screen for
IBD in individuals with ASD, and future research should identify who, among
those with ASD, has the highest risk of IBD, and elucidate the shared biological
mechanisms between ASD and IBD.

Lay Summary

This systematic review and meta-analysis of eight observational datasets found
that individuals with autism spectrum disorder (ASD) are more likely to develop
any inflammatory bowel disease, ulcerative colitis, or Crohn’s disease. Our find-
ings highlight the need to screen for inflammatory bowel disease in patients with
ASD and elucidate the shared biological mechanisms between the two disorders.

KEYWORDS
autism spectrum disorder, Crohn’s disease, inflammatory bowel disease, meta-analysis, ulcerative
colitis

the United States, ASD prevalence was 18.5 per 1000
(one in 54) children aged 8 years in 2016, a nearly 175%

Autism spectrum disorder (ASD) is a heterogeneous and
hereditary neurodevelopmental disorder, characterized
by impairments in social communication and interaction,
repetitive behaviors, and restricted interests (American
Psychiatric Association, 2013). According to the 2010
Global Burden of Disease study, 52 million people were
estimated to have autism globally, equivalent to a preva-
lence of 7.6 per 1000 individuals (Baxter et al., 2015). In

increase than baseline estimates established in 2000
(Shaw et al., 2020). In addition to psychiatric com-
orbidities, many children with ASD are diagnosed with
co-occurring medical conditions, including gastrointesti-
nal (GI) disorders (Buie et al., 2010; Mannion &
Leader, 2014). Among the GI diseases, inflammatory
bowel diseases (IBD), including Crohn’s disease
(CD) and ulcerative colitis (UC), are characterized by a
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chronic inflammatory condition in the GI tract, featuring
symptoms including abdominal pain, diarrhea, bleeding,
weight loss, with severe complications including bowel
stenosis or perforation with need for surgery.

A number of pathophysiological hypotheses, focusing
on putative gut-brain connections, have been put for-
ward to explain the possible links between ASD and
IBD, including a dysfunction in the intestinal tight junc-
tion in ASD, which leads to a change in the gut’s perme-
ability (d’Eufemia et al., 1996) and distinctive gut
microbiomes in children with ASD compared to neuro-
typical children (Adams et al., 2011; Gondalia
et al., 2012). The possibility of a common genetic back-
ground between ASD and IBD has also been proposed
(Somekh et al., 2016). Several observational studies have
reported a statistically significant association between
ASD and IBD (Alexeeff et al, 2017; Butwicka
et al., 2019; Doshi-Velez et al., 2015; Kohane et al., 2012;
Lee et al., 2018). However, to the best of our knowledge,
no systematic review has yet been performed to synthe-
size the existing evidence to provide the most robust and
precise evaluation of the association. We filled this gap
by conducting the first systematic review and meta-
analysis to measure the association between ASD and
subsequent IBD, and the association between the two
conditions regardless of their temporal sequence.

METHODS

This systemic review and meta-analysis followed the rec-
ommendations of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement 2020
(Appendix S1, page 3-5) (Page et al., 2021). The protocol
of this systematic review was registered in PROSPERO
(ID: CRD42021236263).

Literature search strategy and eligibility criteria

We systematically searched PubMed/ MEDLINE,
Embase, and PsycInfo from inception to January
25, 2021, to identify eligible articles, using search key-
words including “autism”, “Asperger”, “inflammatory
bowel disease”, “ulcerative colitis”, and “Crohn” (see
Appendix S1, page 6 for full search strategy). There was
no language restriction. To identify eligible articles, two
investigators (J. Y. K. and M. J. C.) independently
screened titles, abstracts, and full-texts (Figure 1). We
additionally manually searched the reference list of rele-
vant publications for further potential eligible articles.
Any disagreement was solved by reaching a consensus
between three authors (J. Y. K., M. J. C., and J. . S.).
We included primary observational studies (cohort
studies, case—control studies, and cross-sectional studies)
that reported estimates of the association between ASD
and IBD or that provided data necessary to calculate
them. We excluded reviews and conference abstracts. We

excluded studies with fewer than 10 participants in either
the ASD or IBD group. We used the Newcastle-Ottawa
Scale (NOS) for quality assessment of the eligible studies
(Wells et al., 2021) and studies with a NOS score of 7 or
higher and between 4 and 6 were considered high and
moderate quality, respectively.

Data extraction

We extracted the following data from the eligible studies:
first author’s last name, publication year, data sources,
ASD diagnostic method (medical record, structured
interview, self-report, parental/teacher report, or clinical
diagnosis), IBD diagnostic method (medical report, endo-
scopic diagnosis, biopsy, or self-report), type of IBD
(UC, CD, or unclassified IBD), number of ASD cases,
IBD cases, and total participants, mean age and propor-
tion of females of the population, maximally adjusted
association estimate and types of variables adjusted for,
unadjusted estimates from cross-sectional studies and
timepoint prevalence ratio estimates from longitudinal
studies, and effect metrics such as odds ratio (OR), risk
ratio, and hazard ratio (HR) with 95% CI, and study
design. If necessary, we calculated effect estimates from
data presented in text, tables, or figures in the eligible
studies. In a longitudinal study by Doshi-Velez and col-
leagues (Doshi-Velez et al., 2015), Kaplan—Meier curves
of IBD incidence comparing the ASD group and the
non-ASD group was presented, but their HRs were not
reported, so we extracted data from the Kaplan—-Meier
curves and estimated the HRs using validated methods
(Guyot et al., 2012; Saluja et al., 2019).

Data analysis

We performed meta-analyses under the random-effects
model, which allows the true effect size to differ among
cohorts (DerSimonian & Laird, 1986). For the primary
outcome, we aimed to evaluate if patients diagnosed with
ASD were more likely to later develop IBD than patients
without ASD. We thus assumed a temporal order of
ASD diagnosis first and IBD diagnosis second, given the
significant difference in the mean age of onset and lack of
overlap between the age of onset ranges of the two condi-
tions (Johnston & Logan, 2008; van’t Hof et al., 2021).
We combined maximally adjusted effect estimates of the
incidence of IBD between the ASD and the non-ASD
groups from longitudinal studies and maximally adjusted
effects estimates of the association from cross-sectional
studies. For the secondary outcome, we tested the associ-
ation between the two conditions regardless of their order
of diagnosis, by combining the unadjusted estimates from
cross-sectional studies and timepoint prevalence ratio
estimates from longitudinal studies. Heterogeneity
among the included studies was estimated by I, 72, and
Cochran’s Q-test, and I above 50% was considered high



true heterogeneity (Higgins & Thompson, 2002). We
assessed the presence of publication bias using the p-
value of regression asymmetry test proposed by Egger
and colleagues (Egger et al., 1997) and by visual inspec-
tion of the funnel plot. We additionally performed ana-
lyses by types of IBD, namely UC and CD. We
performed subset analyses of longitudinal data, cross-
sectional data, high-quality studies, moderate quality
studies, effect estimates adjusted for sex, and effect esti-
mates not adjusted for sex. We performed sensitivity
analysis by excluding one study at a time. We performed
meta-regression analyses including mean age of the total
population, proportion of females in total population,
and NOS score. All statistical tests were two-sided. Statis-
tical analysis was performed using R (R Foundation for
Statistical Computing, version 4.0.5) with “the metafor
package”.

RESULTS

A total of 852 references were identified by the initial sea-
rch (Figure 1). In the screening process, 12 articles were
excluded after text screening (list of the excluded studies,
with reason of exclusion, can be found in Appendix S1,
page 7), and six eligible articles corresponding to eight
datasets were finally included in our analysis (Table 1)
(Alexeeff et al.,, 2017; Butwicka et al., 2019; Chen
et al., 2013; Doshi-Velez et al., 2015; Kohane et al., 2012;
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FIGURE 1 Flow chart of literature screening and study selection

Lee et al., 2018). The total dataset for the meta-analysis
included 129,678 ASD cases, 42,910 IBD cases, and
11,077,243 total participants. Six of the datasets were US
cohorts (Alexeeff et al., 2017, Doshi-Velez et al., 2015;
Kohane et al., 2012; Lee et al., 2018), while one was a
Swedish cohort (Butwicka et al., 2019) and one was a
Taiwanese cohort (Chen et al., 2013). Three datasets were
case—control studies comparing the ASD and the non-
ASD groups (Alexeeff et al., 2017; Chen et al., 2013; Lee
et al., 2018), one dataset was a cross-sectional study
(Kohane et al., 2012), three datasets were retrospective
longitudinal cohort studies which followed ASD and
non-ASD populations (Doshi-Velez et al., 2015), and one
dataset (Butwicka et al., 2019) was a longitudinal study
which followed childhood-onset IBD patients and con-
trols. All but one (Butwicka et al., 2019) datasets were
included in the primary analysis, and all datasets were
included in the secondary analysis. While all studies
ascertained ASD cases with International Classification
of Diseases (ICD)-9/10 medical codes, none clarified
whether more precise diagnosis methods like Autism
Diagnostic Observation Schedule (ADOS) were used
(Table 1). ASD diagnosis qualification was clarified in
two datasets: Alexeeff and colleagues defined ASD cases
as either diagnosis by a pediatric ASD specialist or two
or more ASD diagnoses from non-specialists (Alexeeff
et al., 2017), and Chen and colleagues defined ASD cases
as diagnosis by board-certificated psychiatrists (Chen
et al., 2013). While all studies ascertained IBD cases with
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ICD-8/9/10 medical codes, none provided further details
in method of diagnosis except for Lee and colleagues
who confirmed their medical code-based IBD diagnosis
using endoscopic pathology reports of a subgroup of IBD
cases (Lee et al., 2018). IBD diagnosis qualification was
clarified in only one dataset, where UC and CD were
diagnosed by rheumatologists, gastro-intestinalists, or
pediatricians (Chen et al., 2013). All studies adjusted for
the age of participants as a potential confounder either
by matching the control population to the exposure pop-
ulation by age (Alexeeff et al, 2017, Butwicka
et al., 2019; Chen et al., 2013; Lee et al., 2018), adjusting
for age covariate in statistical analysis (Doshi-Velez
et al., 2015), or by applying age subgroups (Kohane
et al., 2012). Four of the datasets adjusted for sex as a
covariate (Alexeeff et al., 2017; Butwicka et al., 2019;
Chen et al., 2013; Lee et al., 2018). NOS scores ranged
from 4 to 9, and four datasets (Alexeeff et al., 2017;
Butwicka et al., 2019; Chen et al., 2013; Lee et al., 2018)
were rated high quality, and the rest (Doshi-Velez
et al., 2015; Kohane et al., 2012) were rated moderate
quality. Full details on quality assessment of each
included study are provided in Appendix S1 (page
28-35).

The primary analysis, which evaluates if patients
diagnosed with ASD were more likely to develop IBD
than patients without ASD, showed that being diagnosed
with ASD was positively associated with an increased
risk of IBD (OR = 1.66, 95% CI = 1.25 to 2.21,
p <0.001) (Figure 2, Table 1). The association remained
statistically significant when the type of IBD was
restricted to UC (OR = 1.91, 95% CI = 1.41 to 2.6,

p <0.001) or CD (OR = 1.47, 95% CI = 1.15 to 1.88,
p = 0.002). Secondary analysis, which tests the associa-
tion between the two conditions regardless of their order
of diagnosis, showed that ASD and IBD were positively
associated, with slightly decreased effect sizes compared
to primary analysis (any IBD, OR = 1.57, 95% CI = 1.28
to 1.93, p <0.001; UC, OR = 1.7, 95% CI = 1.36 to
2.12, p <0.001; CD, OR = 1.37, 95% CI = 1.12 to 1.69,
p = 0.003) (Figure 3, Table 1). Heterogeneity was high in
both primary (I> = 93%, 2 = 0.122) and secondary anal-
ysis (I = 87%, ©> = 0.066). However, the high I> means
that a large proportion (93% and 87% in primary and
secondary analysis, respectively) of the variability in
effect sizes is due to true effect size variation across the
studies, not that the effect sizes are particularly spread
out (Borenstein et al., 2017), as can be observed in Fig-
ures 2 and 3. The high I? reflects little random error due
to big sample size of an individual study, namely the
Aetna dataset reported by Doshi-Velez and colleagues
(Doshi-Velez et al., 2015) consisting of more than 7 mil-
lion patients, which reported effect estimates large and
precise compared to other datasets (HR = 2.77, 95%
CI = 2.44 to 3.14 in the primary analysis; OR = 2.40,
95% CI = 2.11 to 2.73 in the secondary analysis). Surely,
when we excluded the Aetna dataset during our sensitiv-
ity analysis, I* and decreased to 0% in both primary and
secondary analyses while retaining statistical significance
with similar summary effect sizes (OR = 1.42, 95%
CI = 1.31 to 1.53, p <0.001 in primary analysis;
OR = 141, 95% CI = 1.31 to 1.51, p < 0.001 in second-
ary analysis) (Table 2). Statistical significance was
retained in all types of subset analyses (Table 2). Some

Author, year OR (95% Cl)
Kohane, et al. 2012 HIH 1.54 (1.28, 1.85)
Chen, et al. 2013 —— 1.45(0.91, 2.29)
Doshi-Velez, et al. 2015, WFBMC database = 1.69 (0.76, 3.78)
Doshi-Velez, et al. 2015, BCH database il 1.43 (1.08, 1.89)
Doshi-Velez, et al. 2015, Aetna database [ ] 2.77 (2.44, 3.14)
Alexeeff, et al. 2017 | | 1.34 (1.22, 1.48)
Lee, et al. 2018 HilH 1.67 (1.31, 2.13)
Random effects summary estimate L 2 1.66 (1.25, 2.21)
(Q=83.17, df = 6, p value < 0.001, I? = 92.8%) p value < 0.001
I 1 1 1
0.05 0.25 1 4 16

FIGURE 2 Forest plot of risk of inflammatory bowel diseases in those with versus without autism spectrum disorders
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Author, year

OR (95% ClI)

Kohane, et al. 2012

Chen, et al. 2013

Ty 1.54 (1.28, 1.85)

1.43 (0.90, 2.27)

Doshi-Velez, et al. 2015, WFBMC database l—H—« 1.28 (0.56, 2.94)
Doshi-Velez, et al. 2015, BCH database »—I—! 1.46 (1.09, 1.96)
Doshi-Velez, et al. 2015, Aetna database [ ] 240 (2.11,2.73)
Alexeeff, et al. 2017 | | 1.34 (1.22,1.47)
Lee, et al. 2018 HEH 1.67 (1.31, 2.13)
Butwicka, et al. 2019 m 1.38 (1.09, 1.74)
Random effects summary estimate <& 1.57 (1.28, 1.93)
(Q=154.06, df =7, p value < 0.001, 2= 87.1%) i p value < 0.001
[ T I T 1
0.05 0.25 1 4 16

FIGURE 3 Forest plot of association between autism spectrum disorders and inflammatory bowel diseases, any temporal sequence

subset analyses reported large heterogeneity (I> > 50%).
However, all these subsets included the Aetna dataset
reported by Doshi-Velez and colleagues (Doshi-Velez
et al., 2015), and when we excluded the dataset from the
analyses, I” decreased to below 50% (Appendix SI, page
27). Forest plots of all analyses are provided in
Appendix S1, pages 11-27. There was no evidence of
publication bias (Appendix S1, page 9-10), and meta-
regression by mean age, female percentage, and NOS
score did not show significant results (Appendix S1, page
8). However, Egger’s test and meta-regression analysis
should be interpreted with caution because 10 or more
study estimates are typically required for these tests to be
meaningful (Borenstein et al., 2009).

DISCUSSION

Whilst many studies on the relationship between ASD
and IBD have been reported, to our knowledge, this is
the first systematic review and meta-analysis to investi-
gate the association between ASD and IBD. In our pri-
mary analysis, which assumed temporal order of ASD
diagnosis to IBD diagnosis, we found that individuals
diagnosed with ASD had a 1.66-fold increased risk of
being diagnosed with IBD later in life, and in our second-
ary analysis, which estimated the association regardless
of the order of diagnoses, ASD diagnosis and IBD diag-
nosis was positively associated. The associations were
also statistically significant when restricted to UC or CD,
with the magnitude of the association being larger in UC
than in CD. Our findings sum up to the paramount

literature mapping the association between mental disor-
ders and physical comorbidities, informing clinical prac-
tice (Cortese et al., 2020).

Our primary analysis suggests that screening for IBD
in children with ASD is warranted. Difficulties in IBD
diagnosis have been reported due to the long prodromal
period of abdominal symptoms which are nonspecific
and could be mistakenly labeled as functional or benign
(Burgmann et al., 2006). Diagnostic overshadowing of
mental disorders over medical conditions is a well-known
indirect burden affecting people with other mental condi-
tions as well, that leads to poor physical healthcare,
beyond any age or diagnostic boundaries (Firth
et al., 2019). For instance, individuals with schizophrenia
or mood disorders receive less frequent screening or treat-
ment for cancer or cardiovascular disease (Solmi
et al., 2020). For this reason, in the case of ASD and
IBD, there are significant time delays between first IBD
symptoms and IBD diagnosis, consisting of the patient-
dependent period (from first symptoms to physician visit)
and physician-dependent period (from physician visit to
IBD diagnosis) (Vavricka et al., 2012), which can lead to
poor prognosis (Nguyen et al, 2017; Zaharie
et al., 2016). In particular, diagnostic delay of CD was
significantly correlated with increased complications
including intestinal strictures, bowel stenosis, and IBD-
related intestinal surgeries (Nguyen et al., 2017; Zaharie
et al., 2016). These reports highlight the clinical need to
identify patients at high risk of IBD in whom more rigor-
ous screening for IBD may be beneficial. Additionally,
more than 20% of IBD patients develop IBD in child-
hood, and IBD can affect children’s physiological and
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emotional development (Abramson et al., 2010; Mamula
et al., 2003). According to the American Academy of
Pediatrics, there are many co-occurring medical com-
orbidities in ASD, including GI disorders like IBD, and
these comorbidities have a significant effect on the qual-
ity of life of children with ASD and their families
(Hyman et al., 2020). In particular, children with ASD
may have more severe phenotypes of IBD, as Lee and
colleagues suggested through the fact that the rate of pre-
scription of second-tier biologics was higher in the ASD
group than in the non-ASD group among IBD patients
(Lee et al., 2018). As greater severity of IBD symptoms is
generally associated with lower quality of life patients
with IBD (Habibi et al., 2017), we can expect that
patients with both ASD and IBD will have even lower
quality of life than patients with only IBD.

Despite this importance of early diagnosis of IBD,
currently there is no guideline highlighting the need for
early screening and treatment of IBD in patients with
ASD (Hyman et al., 2020), nor there is universally
accepted method for screening IBD in high-risk groups.
Screening for typical symptoms of IBD such as abdomi-
nal pain, diarrhea, rectal bleeding, and weight loss may
serve as a simple but useful screening method, however
with somewhat low sensitivity ranging from 48% to 82%
according to a meta-analysis (Holtman, Lisman-van
Leeuwen, Reitsma, & Berger, 2016). Fecal calprotectin
has been suggested as a non-invasive and highly sensitive
biomarker, with meta-analyses reporting pooled sensitiv-
ity ranging from 85% to 99% (Henderson et al., 2014;
Holtman et al., 2016; Rokkas et al., 2018), but consensus
should be reached on the optimal cutoff value of
calprotectin, where studies have suggested cutoffs of
>200, 100, and 50 ug/g. (Degracuwe et al., 2015;
Henderson et al., 2014; Kostakis et al., 2013). Out of
serologic marker candidates, C-reactive protein and albu-
min had best performance, but had low sensitivity,
respectively 63% and 48% according to a meta-analysis
(Holtman et al., 2016), to be appropriate for screening
method. While esophagogastroduodenoscopy and colo-
noscopy and consequent pathology may confirm diagno-
sis of IBD in suspected patients, these tests are often
difficult for children (Henderson et al., 2014). Intestinal
ultrasound to detect increased bowel wall thickening and
other signs of IBD is an alternative non-invasive method
of diagnosis with relatively high sensitivity and specificity
(Dilillo et al., 2019; Nardo et al., 2020). Clinicians should
acknowledge the high possibility of IBD in patients with
ASD who report GI symptoms, and future guidelines for
early screening of IBD with non-invasive tests and vigi-
lant monitoring of GI symptoms in patients with ASD
must be established, which can serve as important strate-
gies to improve prognosis and quality of life for patients
with ASD.

Our secondary analysis showed that ASD and IBD
were positively associated with an OR of 1.57 (95%

CI = 1.28-1.93). This result provides further evidence for
the possibility that ASD and IBD have a common etio-
logical mechanism. Since the pathological mechanisms of
disease for both ASD and IBD have not been clearly elu-
cidated so far, it is difficult to establish a common mecha-
nism between them, but several possible mechanisms
have been suggested. First of all, there are commonalities
at the genetic and molecular level. Somekh and col-
leagues found genes involving autophagy dysregulation
whose loss of function mutations affect susceptibility to
both ASD and IBD (Somekh et al., 2016). Walker and
colleagues also found a significant overlapping GI muco-
sal molecular profiles between patients with ASD and
IBD (Walker et al., 2013). It also has been suggested that
the decrease in gene expression associated with disaccha-
ridase expression and hexose transporters found in chil-
dren with ASD possibly induce GI symptoms observed in
ASD children (Williams et al., 2011). Second, immune
dysfunction may be linked to both conditions. Various
immune abnormalities including imbalanced cytokine
response, differences in the number and distribution of
immune cells and neuro-inflammation have been
reported in ASD patients, which were also consistently
found in patients with IBD (Hughes et al., 2018;
Sanchez-Munoz et al., 2008). Third, alterations in gut
microbiota may influence both the inflammatory state of
the GI tract potentially associated with IBD (Khan
et al., 2019). Truly, alterations in gut microbiota in both
ASD group (Adams et al, 2011) and IBD group
(Sartor & Wu, 2017) have been reported in multiple pre-
vious studies. Although the cause-and-effect relationship
between the gut microbiota and the two disorders is not
yet clear, results from recent trials that fecal microbiota
transplant therapy was associated with improvements in
autism-related symptoms in individuals with ASD (Kang
et al., 2019) and disease remission in individuals with UC
(Moayyedi et al., 2015) support the hypothesis that alter-
ations in gut microbiota is at least partially causative of
the two disorders. Lastly, increasing evidence suggests
role of microbiota-immune interactions as an important
regulator of the gut-brain axis in central nervous system
and related disorder. It has been reported that the gut
microbiota not only modulates host’s immune system,
but also regulates the brain development and function
and behavior (Fung, 2020; Fung et al., 2017). This is
supported by findings from pre-clinical studies where
transplantation of gut microbiota from individuals with
ASD to germ-free mice induced autistic behaviors
(Sharon et al., 2019), while treating maternal immune
activation mouse model, known to display features of
ASD, with human commensal bacterium resulted in
altered microbial composition and improvements in
behavioral and neuropathological features of ASD
(Hsiao et al., 2013). Although more studies are needed to
elucidate the common mechanisms of ASD and IBD,
changes in the intestinal environment such as microbiome
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dysbiosis and the resulting imbalance in the immune sys-
tem seem to be contributing significantly to the pathogen-
esis of these two diseases.

There are several potential limitations to this study.
First, heterogeneity was high in both primary and second-
ary analyses (I > 50%). However, the high I decreased to
0% when we excluded the Aetna dataset (Doshi-Velez
et al., 2015) from the analysis, which reported a signifi-
cantly larger effect size than the other datasets. Although
we could not identify why the Aetna dataset reported an
effect size which is significantly larger than other cohorts,
we found that both primary and secondary analyses
remained statistically significant even after the exclusion
of the Aetna dataset, which is why we believe that the
association between ASD and IBD is robust nevertheless.
Second, Egger’s test found no evidence of publication bias,
but this must be interpreted with caution as the test typi-
cally requires at least 10 study estimates to have sufficient
power, while our meta-analyses only included eight
(Sterne et al., 2011). However, the funnel plot did not
show asymmetry when visually inspected. Third, most
included data in this study were from hospital or medical
center settings, which can be biased toward patients of
higher morbidity. Fourth, most eligible studies did not
provide the method of diagnosis and qualification of diag-
nosis of ASD and IBD, leading to potential bias in our
findings. Fifth, the studies did not provide potentially use-
ful information, including effect estimates specific to sex
or presence of intellectual disability, quantifications of
severity of ASD and IBD, or change of severity with age.
Future studies reporting such effect estimates or dose—
response association between severity of the two condi-
tions will provide more robust evidence and add to clinical
significance of the association. Also, a possible referral
bias should be considered, whereby participants with a his-
tory of GI symptoms may be more likely to be recruited in
research. Future studies will be needed to validate these
findings in prospective studies of other populations with
low referral bias such as community cohorts.

CONCLUSION

Despite some limitations, this systematic review and
meta-analysis found a consistent and significant associa-
tions between ASD and IBD, providing comprehensive
evidence for their potential association. Our findings may
be useful evidence for early diagnosis and treatment of
IBD among ASD patients with GI symptoms and may
guide future molecular studies to elucidate the shared
biological mechanisms between ASD and IBD.
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