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ABSTRACT

Irritable bowel syndrome (IBS) is a disorder of
gut-brain interaction characterized by abdominal
pain, bowel habits alterations, constipation, and/

or diarrhea. Adverse childhood experiences (ACEs)
are events such as abuse and mental illness causing
childhood trauma. Studies report higher prevalence
of ACEs in patients with IBS with varied effect
consistency and association strength. A systematic
review and meta-analysis were conducted to
evaluate current literature, assess heterogeneity

and research gaps in this relationship. A search
across PubMed, Embase, PsycINFO, and Google
Scholar with keywords ('childhood adversity" OR
‘childhood trauma’ OR ‘adverse childhood events’)
AND ('irritable colon’ OR ‘irritable bowel syndrome’)
yielded 106 studies. A restricted maximum
likelihood model of 15 chosen studies with 272,686
participants found the association between ACEs
and IBS to be uncertain given the considerable
heterogeneity (°=93.58%, p<0.001). Objective
reporting methods for ACE and IBS, study size, and
study quality explained some heterogeneity. Twelve
studies showed publication bias (Egger’s test,
p<0.001), which further weakened interpretation.
Gender-stratified subanalysis of three studies found
ACEs associated with IBS in females (pOR=2.20,
95% CI (1.13 to 4.29), 1°’=66.90%) with substantial
heterogeneity, but no association in males
(pOR=1.30, 95% Cl (0.62 to 2.78)). This meta-
analysis explores the current literature to understand
the biopsychosocial perspective of IBS and ACEs' role
as risk factors. However, the risk of publication and
design/study quality biases substantiates the need
for further research. If an association is confirmed,
further mechanistic research and development of
targeted psychological therapies may be warranted.

INTRODUCTION

Irritable bowel syndrome (IBS) is a disorder
affecting 11.2% of adults in North America and
7%-18% of the world’s population.’” IBS is
considered a disorder of gut-brain interaction
characterized by abdominal pain, bowel habits
alterations, constipation and/or diarrhea.* In
the USA, this disorder accounts for an esti-
mated $1.07 billion in direct medical costs and
an additional estimated $20 billion in indirect
costs due to absence from work.’ ¢ A positive

, Lauren Lim, Alexis Wybrecht, Riley Berriesford, Mark Riddle

IBS diagnosis is made with the Rome classifica-
tion system along with patient history, physical
examination, and limited laboratory tests, and
colonoscopy/endoscopy when indicated.”

Understanding the underlying causes and
disease-modifying factors of IBS is an active
focus of investigation. Multiple pathogenic
pathways including abnormalities of brain—gut
interactions, intestinal microbiota alterations,
immune dysregulation, and visceral hypersensi-
tivity have been identified; however, a complete
understanding remains elusive, and there are
likely many different mechanisms that produce
the varied symptomatology.’ ® Triggering events
have also been explored, including acute
gastrointestinal (GI) infections, antibiotic expo-
sure, and psychological trauma.”™" Within the
category of trauma, adverse childhood events
(ACEs) and the neurocognitive associations
with GI abnormalities have been described
and provide rationale for possible initiation of
disease-modifying effects.” ACEs are events such
as abuse, mental illness, and domestic violence
that cause trauma in childhood. Some studies
have reported a higher prevalence of ACEs in
patients with IBS when compared with those
without IBS, but some studies have not found
an association.’ 1271

We conducted a systematic review and meta-
analysis to describe the population of studies
that have sought to explain the association
between ACEs and IBS in adult and adult/
child populations, explore the strength, consis-
tency, and potential sources of heterogeneity in
these studies, and describe the gaps in current
epidemiological research. If an association
is confirmed, this substantiates the need for
further research into the field and the develop-
ment of interventions to reduce ACE in those
vulnerable to developing IBS.

METHODS

A systematic literature review was done in
adherence to the Meta-Analyses and Systematic
Reviews of Observational Studies (Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)) guidelines.”” A
preliminary search was conducted across
PubMed, Embase, PsycINFO, and Google
Scholar for articles in English with keywords
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optimized for each database to yield the highest amount of
relevant results.

PubMed

We used the keywords (adverse childhood experiences) OR
((‘Adverse Childhood Experiences’) OR (adverse childhood
experiences (Title/Abstract)) OR ((‘childhood adversity’)
OR (‘childhood abuse’) OR (‘child of impaired parents’)
OR (‘Adult Survivors of Child Adverse Events’)) AND
(((irritable bowel syndrome) OR (irritable bowel syndrome
(Title/Abstract))) OR (irritable bowel syndrome (MESH
Major Topic)). Eligible search dates 1940 to 2020.

Embase

We used the keywords (‘childhood adversity> OR “child-
hood trauma’ OR ‘adverse childhood events’) AND (‘irri-
table colon’ OR ‘irritable bowel syndrome’). Eligible search
dates 1947 to 2020.

Google Scholar

We used the keywords (‘childhood adversity” OR ‘child-
hood trauma’ OR ‘adverse childhood events’) AND (‘irri-
table colon’ OR ‘irritable bowel syndrome’). Eligible search
dates 1990 to 2020.

PsycINFO

We used the key words (‘Adverse Childhood Experiences’)
OR (‘childhood abuse’) AND (‘irritable colon” OR ‘irritable
bowel syndrome’). Eligible search dates 1927 to 2020.

Title and abstract screening

Title and abstract screenings were performed independently
by two of four researchers (SJ, AW, LL, and RB) to identify
articles of interest using the following criteria: (1) original
published study, (2) IBS and non-IBS populations evalu-
ated, (3) ACE questions asked. Non-human studies, review
articles, and commentaries were excluded. Two researchers
independently determined eligibility based on title and
abstracts criteria of our primary search. A third researcher
adjudicated any disagreements of inclusion.

Full-text screening

Each retrieved article was then evaluated by three researchers
for inclusion (RB, AW, LL) using the following criteria: (1)
evaluation of ACE through self-reporting, questionnaire or
clinical diagnosis; (2) IBS diagnosis by self-reported, clinical
diagnosis or medical record coding; (3) description of the
criteria used to determine ACE; (4) extractable data for the
numerator and denominator estimate of ACE prevalence
in adult and children patients with diagnosis of IBS, and
in comparative study designs, ACE prevalence in healthy
controls. Studies that failed to meet these four criteria
were excluded. If data were not extractable, corresponding
authors of the retrieved articles were contacted for addi-
tional data or clarification. Reference lists of each retrieved
article were also reviewed by title and article retrieved as
with the primary search methods.

Data extraction
The primary outcome of interest for this review was the
prevalence of ACE in individuals diagnosed with IBS

compared with the prevalence of ACE in those without
an IBS diagnosis. An additional subgroup analysis was
performed for gender stratified data in three studies. Data
extracted included study design, participants characteris-
tics, mean age, exposure ascertainment methods, outcome
ascertainment methods, and numerator and denominator
for relevant groups. If numerator denominator data were
not available (necessary to calculate and OR), reported ORs
and CIs were extracted for purpose of conducting pooled
estimate models. After article selection and retrieval were
performed, it was discovered that there were three papers
that stratified results by gender; therefore, in post hoc anal-
ysis we stratified analyses by gender.

Data analysis and evidence synthesis
To assess the relationship between adherence to IBS and
ACE, summary estimates of the ORs were calculated using
restricted maximum likelihood (REML) model to esti-
mate the heterogeneity of variance.'® While any model
can be biased, the REML has reasonable properties in OR
meta-analyses.'” Heterogeneity among the pooled studies
was evaluated with the I? statistic and Cochran’s Q test
and explored visually and statistically through subgroup-
based Forrest plots.'® I* values from 0% to 40% may
represent minimal heterogeneity, 40% to 60% may repre-
sent moderate heterogeneity, 60% to 90% may represent
substantial heterogeneity, and 90% to 100% may represent
considerable heterogeneity.'® Q tests, as represented by p
values, were be considered heterogeneous when p<0.01."8
Pooled summary estimates are reported for overall and
subanalyses where I* values <90%. Publication bias was
assessed through funnel plot visualization and Egger’s test."”
When evidence of heterogeneity was found, subgroup
analyses were performed to explore potential sources of
heterogeneity including study size, quality, design, location,
and population, and methods of both disease and exposure
ascertainment. Pooled estimates for heterogeneity explora-
tions are provided for completeness regardless of I* value.
When evidence of publication bias was noted, a trim-and-
fill analysis was conducted to estimate the impact of this
bias on meta-analysis results.”’ All analyses were conducted
using the meta command suite in Stata V.16 SE (StataCorp,
College Station, Texas, USA).

Quality assessment of articles

To assess the quality of the included articles, we used the
Down’s and Black Quality Assessment Tool, where two
reviewers scored each article for quality domains of study
characteristics, external validity, internal validity (bias), and
internal validity (confounding) (online supplemental figure
1).2! The quality of each meta-analysis study was evaluated
by two reviewers, and their scores were averaged to obtain
the final score of each paper. In post hoc analysis, study
quality was also used as a subgroup measure to explore
heterogeneity.

RESULTS

The database search yielded 106 results with 24 dupli-
cates published between October 1993 and September
2020. Eighty-two papers were screened with their title
and abstracts, and 34 papers were reviewed for full-text
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Figure 1

Modified PRISMA flow diagram detailing studies identified during database search and subsequent screenings. ACE, adverse

childhood experience; IBS, irritable bowel syndrome; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

review. One paper selected for full-text review could not be
obtained in its entirety despite repeated attempts to contact
the author.”* A total of 15 studies were selected for the
final meta-analysis (figure 1). Overall, 272,686 participants
from five different countries (USA, UK, Canada, Germany,
and Australia) were assessed with either a cross-sectional
(n=10), retrospective cohort (n=2), or case—control study
(n=3) design. Study participants could be categorized into
three populations: adult (mixed gender), adult and children
(mixed gender), or adult women. IBS diagnostic criteria
were determined through ROME criteria, physician report/
electronic medical record (EMR), standardized question-
naire, or patient self-report. ACE exposure was identified
and categorized via self-report, standardized questionnaire,
literature-based structured interview, or physician report/
EMR. Table 1 lists the studies included in this meta-analysis
along with summary data from each study.

A REML pooled analysis based on 15 studies found
that a higher report of ACEs was found among those with
IBS compared with non-IBS matched controls, although
with considerable heterogeneity (I*=93.58%, p<0.001)
(figure 2A). Efforts to understand heterogeneity among
ACE exposure and IBS disease found that reporting
methods based on objective assessments explained some
heterogeneity. ACE reporting methods that used a struc-
tured interview or standard questionnaire (n=12 studies)
showed a stronger association between ACE and IBS
(pOR=2.04, 95% CI (1.45 to 2.88)) with considerable
heterogeneity (I’=93.15 %, p<0.001), compared with
those who used more subjective measures (n=3 studies)

such as self-reporting (pOR=1.23, 95% CI (1.03 to
2.45)) with minimal heterogeneity (I>=8.78 %, p=0.29)
(figure 3A). A subanalysis of IBS diagnosis methods
revealed a similar trend where objective measures (n=13
studies) showed stronger association between the vari-
ables of interest (pOR=1.93, 95% CI (1.39 to 2.69))
with considerable heterogeneity (I>=93.06 %, p<0.001)
when compared with self-reporting (n=2 studies) of
IBS diagnosis by patients (pOR=1.29, 95% CI (1.02
to 2.63)) with moderate heterogeneity (I*>=41.11 %,
p=0.19) (figure 3B). Analyses based on study design,
population, location, tertile of study size, and study
quality were also performed. Study design, popula-
tion, location and quality did not reveal differences in
effect estimates among published studies (online supple-
mental figure 2). Studies in the lowest tertile of study
participants (n=76-254) showed minimal heteroge-
neity (I’=40.84 9%, p=0.11) versus the middle tertile
(n=302-279) which showed considerable heterogeneity
(I’=92.99 %, p<0.001) and highest tertile (n=824—
241,971) which also showed considerable heterogeneity
(I*=95.47%, p<0.001) of study participants (figure 4A).
Studies that were in the highest tertile according to study
quality showed no association between IBS and ACE
(pOR=1.34, 95% CI (0.74 to 2.45)) with considerable
heterogeneity (I>=91.58%, p<0.001) (figure 4B).
Assessment for publication quality broken down by
quality domains is shown in online supplemental figure 1.
The average score of all papers was 22.3 with an SD of 4.11.
Nine studies were identified to have significant issues with
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Figure 2 Forest plot with ORs reported by selected studies of adverse

childhood events (ACEs) and irritable bowel syndrome (IBS). (A) All

studies, n=15 studies. (B) Separated by gender, n=3 studies. (C) Funnel plot (with pseudo 95% Cls) to assess publication bias; Egger’s test
for publication bias, p<0.001. Twelve studies show risk of significant bias.

internal validity (confounding), seven studies in reporting
quality, five studies for internal validity (bias), and three
studies for external validity (online supplemental figure 1).
In addition to the methodological issues of the population
of studies, we also assessed for and observed evidence of

publication bias (figure 1C, Egger’s test, p<0.001). Given
the evidence for publication bias, we performed a trim-
and-fill analysis to estimate the numbers of studies missing
and estimate the influence on our estimated pooled effect
estimate using the methods of Duval and Tweedie.”® The
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Figure 4 Forest plot with ORs reported by selected studies of adverse childhood events (ACEs) and irritable bowel syndrome (IBS)
separated by (A) tertiles of study size, n=15 studies; (B) tertiles of study quality, n=15 studies.

mean effect size of the 16 observed studies is 1.82 (95%
CI 1.36 to 2.44). Two hypothetical studies were estimated
to be missing and are imputed. If these two studies were
included in the meta-analysis, the funnel plot (not shown)
would be more symmetrical. After including the imputed
studies, we obtain an updated estimate (based on the 18
studies, observed plus imputed) of an OR of 1.58 (95% CI
1.13 to 2.2).

In the post hoc subanalysis focused on gender-stratified
data, ACE was a risk factor for developing IBS in females
(pOR=2.20, 95% CI (1.13 to 4.29)), but was not a risk
factor in males (pOR=1.30, 95% CI (0.62 to 2.78), with
substantial heterogeneity in females and considerable
heterogeneity in males (female 1*=66.90%, p=0.08; male
1*=93.58%, p=0.09) (figure 2B).

DISCUSSION

This is the first meta-analysis that looked specifically at
ACEs and IBS where an association was found between
history of ACE and IBS in mixed adult and child popu-
lations. However, a significant risk of bias was identified
among included studies and evidence for publication
bias, which brings caution in interpreting the results. In
looking at a similar phenomenon, previous meta-analyses
have found associations between trauma (childhood and
adulthood), post traumatic stress disorder (PTSD), child
abuse, and functional somatic syndromes (including IBS)
which may add some coherence to the results.”** For
example, Ng et al, in 2019, concluded that PTSD is asso-
ciated with IBS which supports a biopsychosocial view of
IBS, and recommended supporting a holistic approach
toward its management.”> A 2014 meta-analysis by Afari
et al calculated the ORs of functional somatic syndromes
and emotional, physical, and sexual abuse to be 2.11, 1.89,

and 2.01, respectively.* In 2015, Sansone et al qualitatively
described the current state of the field and explored inves-
tigations into the relationship between childhood sexual,
emotional, physical abuse and IBS.”® These corollary obser-
vations of associations between psychological trauma and
functional somatic complaints provide some coherence to
the observed association between ACE and IBS which we
found among current published studies.

Aside from the evidence (or lack thereof) from
strength and consistency of association, there is reason-
able biological plausibility on how ACEs might result in
IBS development. For example, it is known that expo-
sure to ACE affects the hypothalamic—pituitary—adrenal
(HPA) axis directly or through the accumulation of
epigenetic markers.”*™® In animal studies, ACE-mediated
methylation of glucocorticoid receptor promoters leads
to HPA axis dysregulation (prolonged elevation of corti-
costeroids) and the development of visceral hyperal-
gesia, reduced somatic analgesia, and increased colonic
motility, that is, the principal features of IBS.* These
epigenetic changes may be passed onto any future
offspring of affected individual translating the effect of
ACEs into permanent genetic predispositions.

In addition to HPA dysregulation through epigenetic
mechanisms, ACEs may also affect changes in the brain—
gut axis through alternative mechanisms. Study participants
with IBS and a history of abuse show a decrease in bowel and
peripheral pain thresholds.*® ACEs may contribute to this
pain threshold reduction via impairments in cortical modu-
lation of emotional arousal.”’” This decreases an individual’s
ability to detect, process, and modulate sensory informa-
tion in the gut, thus leading to an inappropriate autonomic
response.”” Cheng et al, in a study of 67 study partici-
pants, found that participants with IBS have significantly
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less cardiomyopathic and cardiovagal responses leading
up to (p=0.003, p=0.005) and after (p=0.001, p=0.001)
flexible sigmoidoscopy.®' This established that autonomic
nervous system dysregulation is correlated to IBS, but
further research is necessary to confirm the underlying
mechanism behind this connection.

Psychological factors such as neuroticism or mood disor-
ders in those with ACE exposure could affect the manifesta-
tion and maintenance of IBS symptoms, further complicating
the association between these two variables.**** The abuse,
neuroticism, IBS triangle is a self-sustaining mechanism by
which individuals may be predisposed to the development
and maintenance of IBS.* Initially, ACE sets up a lifetime
of negative appraisal events via elevated levels of neurot-
icism and permanently alter the nervous, endocrine, or
immune systems.’* ** In individuals that are biologically
predisposed to HPA axis abnormalities, these changes kick-
start IBS symptoms.** Furthermore, neuroticism increases
mood disorders such as anxiety and depression, further
increasing GI disturbance.’® This occurs because of the
overlap between neural pathways for hypersensitivity and
emotions in the limbic system.” Emotional distress and
depression also increase sensitivity to bodily sensations and
amplify normal somatic systems.* Ultimately, the ongoing
interactions between neuroticism, mood disorders, and the
gut maintain gut disruption leading to the development and
perpetuation of IBS through this closed-loop process.

Lastly, preliminary studies on gene polymorphisms in
the serotonin, adrenergic, opioid, and other immunomod-
ulatory systems have shown correlation between specific
gene alterations and the symptom prevalence in different
subtypes of IBS.*” In summary, there is evidence to support
that childhood trauma modulates HPA, brain-gut, and
other neurotransmitter/immune axes that eventually lead
to functional and structural changes in physiology, gene
expression, and neurobiology. These changes eventually
dysregulate GI processes and may predispose an individual
to develop IBS.

Of particular interest from this study was the identifica-
tion of gender differences in the OR of those with IBS and
exposure to ACEs where a differential effect in women was
found compared with men. There are at least three potential
explanations that could independently or jointly account
for these differences. The first explanation is the differences
in health-seeking behavior of women which may account
for the increased diagnosis of IBS in women compared with
men who have had a history of ACEs.”® We are not aware
of why a female with an ACE history compared with a male
with an ACE history would be more likely to seek care for
their IBS, but this possibility cannot be ruled out. Second,
studies in which men with IBS are included show that a
history of abuse is less reported among males than females.*
However, it is difficult to accurately judge whether gender
differences are because men experience less physically/sexu-
ally abusive circumstances or if this connection is difficult to
make due to the small relative sample size.?® As a result, this
under-reporting of abuse (and therefore ACE) in males may
result in studies that look at ACE/IBS relations to prema-
turely conclude that exposure to ACE only increases the OR
of IBS in females but not males without taking into consid-
eration the aforementioned confounding variables. Lastly,
biological responses to HPA disruptions could also explain

the gender differences in IBS in those exposed to ACE. It
has been well documented in previous studies that an exag-
gerated HPA response (high salivary cortisol) is associated
with IBS symptoms.*® Although there is no difference in
salivary cortisol levels between men and women with IBS,
HPA reactivity is increased in IBS males resulting in a faster
return to baseline cortisol.*® ** Slower cortisol returns to
baseline have been correlated with greater IBS symptom
severity and lower IBS-related quality of life.* Overall,
more studies need to be conducted to discern whether sex
differences in IBS are related to social issues, biological
phenomenon, or, more likely, a combination of the two.

This review provides caution in the interpretation of the
population of literature currently addressing this topic.
Current studies describing the association between ACEs
and IBS are affected by many significant biases, including
recall bias, inter-study variability, study size, quality and
few studies available for analysis. These studies included in
this meta-analysis were observational; therefore, this may
partially explain the high instance of confounding bias.
Most ACE evaluations were completed independently by
patients opening it to subjective judgment of both catego-
rization and severity of ACEs. IBS diagnosis also varied by
study leading to potential issues with outcome misclassifi-
cation. Objective ACE and IBS reporting methods showed
a stronger association between the two variables which is
reasonable since improved assessments may report ACE
exposure and IBS diagnosis better than patient self-report.
Significant publication bias was also seen; therefore, more
studies need to be conducted to fully ascertain whether
this publication bias is due to discrepancies in publica-
tion success or if ACE truly is an underlying cause of IBS.
Given these concerns, the observed associations from the
study are likely to change as more studies are conducted
and published which describe a full range of effect sizes and
directions not currently observed as would be anticipated.
If the association between ACEs and IBS can be found in
further studies and the mechanisms are better understood,
this may lead to better therapy. The explanations for IBS
and ACE discussed in this meta-analysis thus far increas-
ingly support viewing IBS from a biopsychosocial perspec-
tive given what is emerging from our study of ACEs and
other chronic health problems.* ** Holistic development
of therapeutics and patient management techniques will
be warranted once research substantiates the need for such
interventions.

CONCLUSION

This meta-analysis explores the current literature which
aims to understand the biopsychosocial perspective of IBS
and the role of ACEs as potential risk factors. The current
population of studies suffers from publication and design
biases risks but substantiates that further research is needed
to definitively understand the risk and features of the poten-
tial link between ACEs and IBS (and other disorders of gut—
brain interaction). If an association is confirmed, further
mechanistic research and targeted psychological therapies
development are warranted. This can include structured
pathopsychological interviews that determine ACEs in
the patient’s history and develops appropriate psycholog-
ical therapy recommendations along with pharmaceutical
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interventions. The mechanism behind the development of
IBS in those with ACE is still unclear. Explanations focus
on the dysregulation of the HPA axis or the presence of
confounding variables such as neuroticism and mood disor-
ders. Differences between females and males have biological
and social components that need to be explored in further
studies. Other avenues for further research should look
into the severity of IBS and ACE scores and also give more
attention to creating a singular multimodal explanation for
the pathogenesis of IBS in those exposed to ACE. Overall,
these data support the importance of a growing number of
adverse health outcomes associated with ACEs and substan-
tiate community-based and societal-based interventions to
reduce them.
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