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"Division of Pediatrics Gastroenterology, Hepatology and Nutrition, Miller School of Medicine,
University of Miami, Miami, Florida

Abstract

BACKGROUND & AIMS: Many studies have assessed risk factors of irritable bowel syndrome
(IBS) and other abdominal pain—related disorders of gut-brain interaction (AP-DGBI); however,
the role of these factors is unclear due to heterogeneous study designs. The aim of this systematic
review was to extensively evaluate the literature and determine clinical risk and protective factors
for the presence and persistence of AP-DGBI in children and adults.

METHODS: A PubMed search identified studies investigating potential risk and protective factors
for AP-DGBI in adults and children. Inclusion criteria included fully published studies with a
control group; exclusion criteria included poor-quality studies (using a validated scale). For each
factor, the proportion of studies that found the factor to be a risk factor, protective factor, or neither
was summarized. The number of studies, diagnostic criteria, number of subjects, and average
study quality rating provided further context. Whenever possible, a meta-analysis generated

pooled odds ratios or mean difference.

RESULTS: The systematic review included 348 studies. Female sex, gastroenteritis, abuse,
stress, psychological disorders, somatic symptoms, and poor sleep were consistent risk factors

for developing AP-DGBI in adults and children. In adults, additional risk factors included obesity,
smoking, and increased use of medical resources. Protective AP-DGBI factors in adults included
social support and optimism; no studies for protective factors were found for children.

CONCLUSIONS: There are multiple risk factors for AP-DGBI in adults and children. These
include female sex, gastroenteritis, abuse, stress, poor sleep, obesity, psychological disorders, and
somatic symptoms. Additional studies are needed in children, on protective factors, and on factors
associated with persistence of AP-DGBI.

Graphical Abstract
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Functional gastrointestinal disorders, more recently termed disorders of gut-brain
interactions (DGBI), are characterized by gastrointestinal (GI) symptoms related to
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abnormalities in motility, visceral sensitivity, intestinal permeability, immune activation,
neuroendocrine function, central nervous system processing, and the gut microbiota.l
Abdominal pain-related DGBI (AP-DGBI) include disorders such as irritable bowel
syndrome (IBS), functional dyspepsia, recurrent abdominal pain (RAP), and centrally
mediated abdominal pain syndrome. IBS is defined by recurrent abdominal pain and
alterations in stool form and frequency? and represents one of the most common AP-DGBI,
with a prevalence reaching approximately 4.1%-11% worldwide.3# Acute Gl infection
denotes one of the strongest risk factors for development of IBS and has subsequently been
defined as a separate entity known as “post-infection IBS” (PI-IBS).> Many observational
studies have evaluated the effects of additional risk factors, such as sex, early adverse

life events, stress, psychiatric history, sleep disturbance, somatic symptoms, and diet on

the development of IBS and other AP-DGBI. However, there is marked variability in the
literature regarding the impact of these risk factors, given differences in study design,
methodology, definitions used to define AP-DGBI, and sample size, and few studies have
assessed all risk factors collectively or over time. One recently published systematic review
evaluated cumulative risk factors for IBS, but this review included prospective, population-
based cohorts only and was limited to adults.® The influence of each of these factors is likely
to differ between children and adults.

The aim of this systematic review was to more broadly evaluate the current literature,
using population-based, non—population-based, retrospective, and prospective studies, to
determine clinical risk and protective factors for and against the development and
persistence of AP-DGBI in children and adults.

Materials and Methods

Search Strategy and Study Selection

A literature search restricted to the English language was performed using PubMed (before
March 2019) to identify articles reporting protective and/or risk factors for AP-DGBI.

The medical literature was searched by combining terminologies for “AP-DGBI” and
“protective and risk factors” with the set operator AND/OR (for specific terms, please

see Supplementary Methods). AP-DGBI included the following search terms: functional
colonic diseases, recurrent abdominal pain, Rome criteria, Manning criteria, functional
abdominal pain, functional gastrointestinal disorders, functional bowel disorders, spastic
colitis, irritable colon, spastic colon, altered bowel habits, and irritable gut syndrome. \Ne
excluded any study in which the primary study population was DGBI without a significant
abdominal pain component (exclusion criteria below). If a study investigated more than 1
DGBI, we only included findings relevant to the AP-DGBI study population; we did not
report findings for any DGBI without AP. To ensure we had a comprehensive systematic
review, a recursive search was also performed for each separate protective and risk factor
using the bibliographies of all relevant review articles and by performing a separate PubMed
search within the past 5 years.

Studies were identified for this systematic review with a 3-step process: (1) title screening,
(2) abstract review, and (3) complete article review. After our literature search, 2 reviewers
(J.B., J.Z.) independently screened the resulting titles (x = 0.78). The reviewers (J.Z.,
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J.B.) then independently reviewed all resulting abstracts and determined those that should
be excluded (x = 0.91). To be eligible for complete article review, the abstract had to

be published after 1987, be peer-reviewed, include patients with AP-DGBI as its primary
study population (eg, IBS, functional dyspepsia, and functional abdominal pain in adults or
children or RAP in children), and be relevant to the study’s aims. Due to the scope of our
systematic review, we excluded studies investigating the efficacy of a AP-DGBI treatment,
studies in which the primary study population was DGBI without a significant abdominal
pain component (eg, functional diarrhea, chronic idiopathic constipation), review articles,
and studies that did not include a comparison group without significant GI comorbidities.
Finally, the reviewers (J.B., J.Z.) independently reviewed the complete article for inclusion
using the same abstract inclusion criteria, but also excluded an article if it was not within the
scope of our review or had a quality rating of evidence score of <3, as adapted by Sanderson
et al” (Supplementary Table 1). During each step, any disagreements regarding the titles,
abstracts, and complete articles were reviewed by all authors and resolved.

Each author was assigned to a set of risk and protective factors to extract outcomes for

the following aims of our study: development and persistence of AP-DGBI. The following
data were extracted for each study: country of origin, diagnostic criteria for AP-DGBI,
study design, number of AP-DGBI and control subjects, measures used to evaluate risk

and protective factors, and quality ratings of evidence score (Supplementary Table 1).” The
characteristics and outcomes for each individual risk and protective factor were consolidated
into tables to summarize whether the majority of the studies found the specific factor to

be a risk factor, protective factor, or not associated with an AP-DGBI or its persistence
(Supplementary Tables 2-63). As the nomenclature of AP-DGBI in children changed over
time, we specify the nomenclature used in each study in our Supplementary Tables 2-63; we
referred collectively to these different nomenclatures as AP-DGBI when grouped together.

Meta-analysis was performed for a subset of factors for which pooling of data was
appropriate. Data were not pooled for factors when there was significant heterogeneity in
study design or measure or when the number of studies with extractable data was fewer
than 4. For factors included in the meta-analysis, data were extracted by 2 investigators
(G.H. or C.C. and E.J.V.). Studies were included if the following data were reported or
able to be calculated: number of AP-DGBI in the sample with and without risk factor and
sample size with and without the risk factor. When possible, we combined numbers for
AP-DGBI diagnoses (eg, IBS or functional dyspepsia); however, if it was not clear whether
these numbers included overlap (eg, IBS+functional dyspepsia), we included subjects

with IBS only. Any discrepancies regarding individual study inclusion, data extraction,

and interpretation were resolved by means of group consensus before the final analysis.
Statistical analysis was performed in RevMan, version 5.4. Pooled odds ratios (OR) or mean
difference for AP-DGBI in those with vs without the risk factor were determined with
random-effects meta-analysis.8

Our study assessed the association of multiple risk and protective factors with having an
AP-DGBI (Tables 1 and 2) and its persistence (Tables 3 and 4) in adults and children.
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Our search identified 6164 citations. Of these, 348 studies met all of the study’s eligibility
criteria and were included in this systematic review (Figure 1). Results were organized by
each factor; we summarized the number of studies that found the factor to be a risk factor,
protective factor, or neither for the presence (Figures 2 and 3) or persistence of AP-DGBI.
If there were no studies that measured the association of specific factors and persistence

of AP-DGBI, it was not mentioned. The individual studies are detailed and referenced in
Supplementary Tables 2-63. For factors where meta-analysis was performed (Figures 4-7,
Supplementary Figures 1-3), the pooled OR or mean difference and 95% CI were reported.
A summary of meta-analysis results is shown in Supplementary Table 64.

Adults.—Seventy-nine studies examined the relationship between sex and development of
AP-DGBI (Supplementary Table 2). Independent of the criteria used to define AP-DGBI, the
majority of studies found that female sex was a risk factor for development of AP-DGBI.
The studies in which no association with sex was found were mostly from Asia. Two studies
conducted in Asia reported that AP-DGBI were more common in males compared with
females, although in 1 study the difference was not significant. Pooled OR for developing
AP-DGBI in females vs males was 1.56 (95% Cl, 1.4-1.7; Figure 4A).

Persistence of abdominal pain-related disorders of gut-brain interaction.: Seven
prospective studies evaluated the association between sex and persistence of AP-DGBI
(Supplementary Table 3); 71% (5 of 7 studies) found no significant association between sex
and persistence of AP-DGBI, including PI-IBS. Follow-up periods ranged from 1 to 8 years.

Children.—Eight of the 14 studies exploring the relationship between sex and AP-DGBI
found a positive association between female sex and AP-DBGI, and the remaining 6 found
no association (Supplementary Table 4). The pooled OR for developing AP-DGBI in female
vs male children was 1.45 (95% Cl, 1.26-1.67; Figure 4B).

Persistence of abdominal pain-related disorders of gut—brain interaction.: Five of the 7
pediatric cohort studies identified in this aim found that female sex was a risk factor for the
persistence of AP-DBGIs (Supplementary Table 5).

Race and Ethnicity

Adults.—Studies with a primary aim to evaluate race and ethnicity in AP-DGBI found
mixed results (Supplementary Table 6). The studies were from North American and the
Middle East.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Three
cohort studies evaluated the relationship between race and ethnicity and persistence of
AP-DGBI worldwide and found mixed results (Supplementary Table 7). Two studies found
no association, and 1 study conducted in Israel found that being of Middle Eastern or
African, compared with Western, origin was protective against the persistence of AP-DGBI
symptoms.

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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Children.—Two population-based cohort studies from Europe considered race and
ethnicity as factors for development of RAP in children. One UK study reported slightly
lower risk of developing RAP at 6% -year follow-up among White compared with non-
White children (although this was a predominantly White study population). In the Swedish
study, having at least 1 immigrant parent increased the risk of developing RAP at age 12
years (Supplementary Table 8).

Body Mass Index

Adults.—Sixteen studies evaluated the relationship between body mass index (BMI) and
presence of AP-DGBI (Supplementary Table 9). Six studies investigated BMI as separate

categories (eg, nonobese and obese), 8 as a mean value, and 2 as both a mean value and as
categories.

When BMI was investigated categorically, 4 of the 8 studies found no association of
AP-DGBI with BMI, 3 studies found an association with obesity, and 1 study found an
association with nonobesity. The pooled OR for developing AP-DGBI in obese vs honobese
individuals was 1.31 (95% ClI, 1.03-1.68; Figure 5A), indicating an increased risk of AP-
DGBI in obesity. Of note, 3 Asian studies defined obesity as BMI =25 kg/m?.

When BMI was investigated as a mean value, 6 of the 10 studies found no association of
AP-DGBI with BMI, 3 found an association with lower BMI, and 1 found an association
with higher BMI. Two of the 3 studies that found lower mean BMI associated with AP-
DGBI were conducted in Asia. The pooled mean difference in BMI between patients with
AP-DGBI and controls was not significant: 0.4 (95% CI, —-0.14 to 0.93; Figure 5B).

Persistence of abdominal pain-related disorders of gut-brain interaction.: Of the
1 study identified, no association was found between BMI and persistent AP-DGBI
(Supplementary Table 10).

Children.—Two of 5 studies found an association between obese/overweight BMI and
AP-DGBI (Supplementary Table 11).

Diet-Related Factors and Food Allergies and Intolerances

Adults.—Thirty-three studies examined the association of diet-related factors and AP-
DGBI (Supplementary Table 12). Eleven studies evaluated the association between food
allergies, hypersensitivities, intolerances, and/or avoidance and AP-DGBI, and most
concluded that these aforementioned factors were associated with an increased risk of
AP-DGBI. However, only 1 study defined food allergies by skin prick and serologic testing.
Seven studies evaluated the association of regular or irregular meal patterns and AP-DGBI
and found mixed results. Finally, 23 studies evaluated the consumption of specific foods and
diets and development of AP-DGBI and demonstrated mixed results.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Three studies
evaluated the association between diet and persistence of AP-DGBI (Supplementary Table
13), with conflicting results. A Danish study, which followed the largest number of patients
for up to 5 years, found no association between coffee consumption and persistent AP-DGBI
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symptoms, and a US study found that coffee consumption was associated with persistent
AP-DGBI symptoms during a 5-year period.

Children.—Ten studies, mostly retrospective, examined the association between diet (eg,
food allergies, irregular feeding patterns, and specific food groups) and AP-DGBI in
children (Supplementary Table 14). The results were inconclusive, given the significant
variability within these studies.

Gastroenteritis

Adults.—There were 32 studies, predominantly cohort studies conducted in Europe or
North America, relevant to this aim (Supplementary Table 15); 75% found that infectious
gastroenteritis was a risk factor for development of AP-DGBI. Data could be extracted from
29 studies for a pooled OR of 3.53 evaluating gastroenteritis as a risk factor for developing
AP-DGBI (95% ClI, 2.52-4.95; Figure 6A). Frequent diarrheal episodes, vomiting, and high
somatization scores were strong and independent PI-IBS risk factors. For up to 1 year,

the prevalence of AP-DGBI increased significantly in exposed compared with unexposed
subjects.

Persistence of abdominal pain-related disorders of gut-brain interaction.: All 6
studies relevant to this aim found gastroenteritis to be associated with persistent AP-DGBI
(Supplementary Table 16). Of note, 1 Norway study also found a higher intake of water
before Giardlia outbreak as a significant risk factor for persistent AP-DGBI.

Children.—Four of 5 cohort studies found a significant relationship between gastroenteritis
and AP-DGBI (Supplementary Table 17). The only study that did not find gastroenteritis to
be a risk factor for developing AP-DGBI was specifically evaluating rotavirus. The pooled
OR for developing AP-DGBI after gastroenteritis was 2.86 (95% ClI, 1.88-4.37; Figure 6B).

Family History

Adults.—All 4 studies found that a family history positive for IBS was associated with
development of adult-onset IBS (Supplementary Table 18). Meta-analysis yielded a pooled
OR of 2.69 (95% CI, 2.16-3.36; Supplementary Figure 1). Having an adoptive parent with
IBS was not a risk factor.

Persistence of abdominal pain-related disorders of gut—brain interaction.: A single
study demonstrated that a family history of GI symptoms was independently associated with
persistent IBS (Supplementary Table 19).

Children.—Three European studies were included (Supplementary Table 20). All 3 studies
found higher psychological distress in parents of children with RAP. Mothers of children
with RAP had higher anger and hostility scores, more negative life events, worse family
functioning, higher levels of separation anxiety, illness in pregnancy, depression after
childbirth, and depression in general. Both parents had higher levels of anxiety and
hypochondriasis.

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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Persistence of abdominal pain-related disorders of gut—brain interaction.: Two
population-based studies found that maternal anxiety was associated with persistence of
RAP and 1 of them also found that mothers had higher scores of depression and somatic
symptoms (Supplementary Table 21).

Familial Co-Aggregation (Twin Studies)

Adults.—Of the 5 twin studies evaluating the relationship between familial co-aggregation
and development of AP-DGBI (Supplementary Table 22), 4 studies reported significantly
higher concordance rate of AP-DGBI among monozygotic than dizygotic twins.

Birth and Early-Life Conditions

Adults.—There were 4 population-based studies that evaluated the association between
birth and early-life conditions and presence of AP-DGBI (Supplementary Table 23).
Collectively, these studies recognized birth and early-life conditions as risk factors for the
presence of AP-DGBI. Complicated deliveries, fetal growth >1 standard deviation above the
mean, lower birth length, lower maternal age at delivery, lower parental education level, and
shorter duration of breastfeeding were associated with AP-DGBI. There were mixed results
regarding the association of AP-DGBI and gestational age at birth and birth weight. With
respect to childhood factors, 1 study found that a history of chronic diarrhea or functional
abdominal pain in childhood was higher in adults with AP-DGBI.

Trauma and/or Abuse History

Adults.—There were 15 studies evaluating the association of trauma and abuse and
presence of AP-DGBI, mostly from North America (Supplementary Table 24).

Childhood general trauma.: Five studies demonstrated that greater exposure to traumas
(eg, family death, serious accidents, or illness) during childhood was associated with

an increased risk of AP-DGBI in adulthood. Interestingly, 1 of these studies found that
confiding in others regarding the traumatic event at the time of occurrence decreased the
odds of developing AP-DGBI.

Childhood emotional and verbal abuse.: All 8 studies found that childhood emotional and
verbal abuse was associated with an increased risk of developing AP-DGBI in adulthood.
However, 1 of these studies found that, after controlling for verbal abuse, emotional abuse
items did not significantly contribute to AP-DGBI. Emotional neglect was also found to be a
risk factor for AP-DGBI. The pooled OR from these 8 studies was 2.16 (95% Cl, 1.7-2.76;
Figure 7A).

Childhood sexual abuse.: Of the 12 studies, one-half found that sexual abuse during
childhood was associated with development of AP-DGBI in adulthood. Of the remaining
studies, 3 showed a numerically higher prevalence of sexual abuse in the patients with
AP-DGBI compared with controls, but this was not statistically significant. However, the
pooled OR from these 12 studies was 1.92 (95% CI, 1.58-2.33; Figure 7B).

Gastroenterology. Author manuscript; available in PMC 2022 October 01.
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Childhood physical abuse.: Of the 12 studies, 5 found that physical punishment or being

a victim of violence during childhood was associated with development of AP-DGBI

in adulthood. The prevalence of physical abuse was higher in patients with AP-DGBI
compared with controls in these studies, but not after controlling for confounders (eg,
psychological distress). The pooled OR from these 12 studies was 1.56 (95% ClI, 1.25-1.94;
Figure 7C).

Adulthood abuse.: Eight studies evaluating adulthood abuse demonstrated mixed results.
One study found that adulthood abuse was associated with AP-DGBI, but the type of abuse
was not specified. Two studies found that emational abuse in adulthood was significantly
associated with AP-DGBI and 3 studies found no significant relationship. Sexual abuse in
adulthood was associated with AP-DGBI in 2 studies, but was not associated with AP-DGBI
in the other 5 studies when adjusted for confounders. Finally, physical abuse in adulthood
was associated with DGBI in 2 studies, but not in 4 other studies.

Combined childhood and adulthood trauma and abuse.: Two population-based studies
evaluated the combined effects of childhood and adulthood trauma/abuse and the subsequent
risk of AP-DGBI. One study found that childhood and adulthood abuse (ie, sexual or
emotional and verbal abuse but not physical abuse) was associated with IBS. The second
study found that a history of emotional, physical, and sexual trauma was associated with an
increased risk of AP-DGBI plus fibromyalgia, but not AP-DGBI alone.

Children.—Two studies examined the relationship between abuse and unexplained or
functional abdominal pain in children (Supplementary Table 25). Both studies found that
physical, psychological, and/or sexual abuse in childhood were associated with an increased
risk of developing abdominal pain. However, in 1 study, when the results were adjusted

for psychological distress, the association between self-reported symptoms of abuse and
unexplained abdominal pain was no longer present in logistic regression.

Stressful Life Events and Perceived Stress

Adults.—There were 36 relevant studies for this aim (Supplementary Table 26).

Stressful life events (excluding wartime only).: Seventeen studies evaluated the effects
of stressful life events (eg, death of a spouse, change in work or financial situation) over
the past year and the risk of AP-DGBI. Fifteen studies showed that a greater number
and/or impact of negatively perceived life events was associated with an increased risk of
AP-DGBI.

Wartime exposure.: Of the 4 studies, 3 assessed combat-related stressors in military
personnel, fear of being in danger or of being killed, seeing killed or wounded people,

or discharging a weapon. These wartime stressors increased the risk of AP-DGBI, including
PI-IBS, although 1 study found this relationship was no longer significant on multivariate
analysis. The fourth study was population-based in the Netherlands and found that those
with early-life exposure to wartime conditions up to 1.5 years of age had an increased risk of
AP-DGBI compared with those who did not have an early exposure to wartime.
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Perceived or daily stress.: Fifteen studies assessed the relationship between perceived

stress (eg, emotional or work stress, increased sensitivity to stress) and risk of AP-DGBI.
The majority found that increased stress was a significant risk factor for development of
AP-DGBI. Three studies failed to find an association between stress and AP-DGBI, but used
nonvalidated questionnaires.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Five of the
7 studies relevant to this aim demonstrated that stress, including negatively perceived life
events, was associated with persistence of AP-DGBI (Supplementary Table 27). One study
demonstrated that a reciprocal, rather than causal, relationship existed between daily stress
and AP-DGBI symptoms during a 4-week period. Wartime stressors were associated with
persistent AP-DGBI over a period of 3 and 16 years.

Children.—Ten studies evaluated the relationship between stress and risk of AP-DGBI
in children or adolescents (Supplementary Table 28). Three studies found that a greater
number of negatively perceived life events or bullying were associated with development
of AP-DGBI. Three other studies showed no association between negative life events and
AP-DGBI on multivariate analysis. Higher levels of perceived stress or daily stress also
correlated with AP-DGBI in a population of both adolescents and adults.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Three
prospective cohort studies relevant to this aim found that a greater number of negatively
perceived life events were associated with the persistence of AP-DGBI at follow-up
(Supplementary Table 29).

Psychological Disorders

Adults.—Thirty-four worldwide studies studied the association of psychological factors
and AP-DGBI (Supplementary Table 30). Depression and anxiety were more prevalent in
the AP-DGBI group in the majority of studies, although the data were more compelling
for anxiety than depression. Psychiatric comorbidity in treatment-seeking populations was
as high as 58%; however, the relationship between psychiatric comorbidity and AP-DGBI
could be bidirectional, with 1 population-based study reporting that patients with IBS
without depression and anxiety at baseline were more likely to be depressed and anxious
12 years later. Anxiety about health was also commonly associated with AP-DGBI and
appeared to be a risk factor distinct from depression and anxiety. Hypochondriasis and
negative attentional bias to bodily sensations emerged as independent risk factors for AP-
DGBI.

Symptomatic anxiety and depression scores based on questionnaires instead of diagnostic
codes were significantly elevated compared with healthy controls. Independent of a personal
history of psychiatric comorbidity, a family history of psychiatric illness, including anxiety;
depression; and substance abuse, also doubled the risk of AP-DGBI.

Personality factors also increased risk for AP-DGBI, particularly neuroticism, pessimism,
and alexithymia, or difficulty expressing emotions and feelings. Other factors that were
associated with AP-DGBI included having a lower resilience to stress; interpersonal
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difficulties (eg, people pleasing); dysfunctional attitudes, including need for approval from
others and over-responsibility or having a sense of urgency to meet demands. A few
protective factors against development of AP-DGBI also emerged, including social support,
optimism, and an active coping style.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Eleven
studies investigated the association of psychological factors and persistent AP-DGBI
(Supplementary Table 31). A pre-existing comorbid mental disorder, particularly anxiety,
had a 3- to 6-fold increased risk of persistent AP-DGBI symptoms. Notably, anxiety at the
time of acute gastroenteritis was a predictor of continuing AP-DGBI symptoms for up to 8
years. In another study, participants with lower anxiety at baseline were more likely to report
themselves as “better” at 5 years.

Children.—The majority of the 7 pediatric studies found depression and anxiety associated
with development of AP-DGBI (Supplementary Table 32). Two negative studies from

the United States and Thailand found no difference between AP-DGBI and controls on
psychiatric history. A third study from Greece found that children with RAP had more
psychiatric diagnoses than controls. One study suggested that anxiety and depression before
age 7 years was associated with a >2-fold increased risk of AP-DGBI.

Persistence of abdominal pain-related disorders of gut-brain interaction.: There were
3 relevant studies. Psychological factors, such as anxiety or depression, were associated
with chronicity and persistence of AP-DGBI (Supplementary Table 33), although maternal
reports of these symptoms did not match these outcomes. Children who had resolution of
their AP-DGBI symptoms were 4-fold less likely to have depression or anxiety disorders
at admission compared with those who experienced continued symptoms of AP-DGBI.
Similarly, children with psychological elevations at baseline were more likely to have
continuing symptoms of AP-DGBI. Several temperament and behavioral factors also
influenced persistence of AP-DGBI, including poorer emotional regulation skills, lower
self-worth, early hyperactivity, and conduct problems.

Somatic Symptoms

Adults.—Thirty-three studies evaluated the relationship between somatic symptoms and
development of AP-DGBI (Supplementary Table 34). Increased somatic symptoms (eg,
fatigue, headache, and backaches) and/or scores were associated with development of AP-
DGBI. For studies with validated scores reported, the mean somatic symptom scores were
significantly higher in patients with AP-DGBI vs controls, with a pooled mean difference of
4.29 (95% ClI, 3.52-5.05; Supplementary Figure 2).

Persistence of abdominal pain-related disorders of gut—brain interaction.: Three studies
evaluated the relationship between somatic symptoms and persistence of AP-DGBI and
results were mixed (Supplementary Table 35).

Children.—Fifteen studies evaluated the relationship between somatic symptoms and AP-
DGBI (Supplementary Table 36) and consistently found that somatic symptoms, such as
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multidimensional somatic symptoms, headaches or extraintestinal pain, and fatigue were
associated with AP-DGBI. One study found that children with IBS-like symptoms had a
higher prevalence of back pain and fibromyalgia, and 1 study reported contradictory results
on the relationship between limb pain and RAP.

Persistence of abdominal pain-related disorders of gut-brain interaction.: Seven
studies consistently found that the levels and/or number of somatic symptoms were risk
factors for persistent AP-DGBI (Supplementary Table 37). Among these studies, 2 studies
specified the somatic symptoms, namely headaches and limb pain.

Adults.—Twenty-one studies evaluated the relationship between sleep and the presence of
AP-DGBI (Supplementary Table 38). The majority found that sleep disturbance (ie, poor
sleep quality, insomnia) was a risk factor for developing AP-DGBI. However, only 2 studies
found less self-reported total sleep time was associated with development of AP-DGBI.

Children.—Six pediatric studies examined the relationship between sleep disturbances and
AP-DGBI (Supplementary Table 39). Five of these studies that used questionnaires for sleep
assessment found that poor sleep was associated with development of AP-DGBI, but when
actigraphy was used to assess sleep, no group differences were seen.

Other Factors

We also reviewed studies that evaluated specific medical conditions (Supplementary Tables
40-42), surgery (Supplementary Table 43), medications (Supplementary Tables 44 and
45), use of medical resources (Supplementary Tables 46 and 47), pets (Supplementary
Tables 48 and 49), living environment (Supplementary Tables 50 and 51), education
(Supplementary Tables 52 and 55), physical activity (Supplementary Tables 56 and 57),
occupation and socioeconomics (Supplementary Tables 58 and 60), and use of tobacco and
alcohol (Supplementary Tables 61 and 63) as potential risk factors for the presence and
persistence of AP-DGBI. Pooled data from 20 studies (n = 45,061) showed that being a
current smoker vs never smoker was associated with a small but significant increase in the
risk of AP-DGBI (OR, 1.15; 95% CI, 1.05-1.25; Supplementary Figure 3).

Discussion

This systematic review included 348 published peer-reviewed studies from 41 countries
identifying risk and protective factors for AP-DGBI and its persistence in children

and adults. Overall, consistent risk factors for developing AP-DGBI were female

sex; gastroenteritis; trauma and abuse; lifetime stress; psychological disorders, such as
depression and anxiety; increased somatic symptoms; and poor self-reported sleep. In adults,
other consistent risk factors included a family history of IBS, familial co-aggregation,
abdominal surgery, obesity, smoking, and increased use of medical resources. Whether other
factors, such as race and ethnicity, birth characteristics, living environment, presence of pets,
and physical activity, serve as risk or protective factors in development and persistence of
AP-DGBI is less clear. In this review, we found greater attention to studies on risk factors
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for AP-DGBI relative to its persistence. There were more studies conducted in adult than
pediatric populations. Social support, optimism, and confiding in others about a traumatic
event in childhood were identified as protective factors.

This review provided positive, negative, or no associations regarding AP-DGBI risk and
protective factors and persistence based on 22 previously identified factors associated with
AP-DGBI. The articles included in this review met specific inclusion and exclusion criteria.
Reviewer agreement regarding eligibility of studies was consistent. For the most part,
included studies used validated criteria for IBS (eg, Rome and Manning). However, it is
worth noting that none of the studies used Rome 1V criteria (established in 2016).

By taking a comprehensive search approach to examine all of the data-based literature and
using robust quality evaluations, this review extends prior reviews of AP-DGBI risk factors
in that risk and protective factors for persistent AP-DGBI were also included and evaluated
across the lifespan when possible.3:56.9 For example, the Creed® systematic review included
prospective adult studies for IBS only. It did not include any cross-sectional or case—control
studies, pediatric studies, AP-DGBI diagnoses outside of IBS, or protective factors. Creed
also used general search terms for risk factors (eg, epidemiology, incidence), whereas our
review used specific risk and protective factors search terms (eg, stress, trauma). Due to
these differences, our review analyzed 310 more studies than Creed’s systematic review
and investigated 11 more factors of AP-DGBI (eg, family history and education). Of the
overlapping risk factors investigated, our findings were consistent with Creed’s: female sex,
anxiety, depression, gastroenteritis, stress, frequent health care use, and poor sleep were
found to be consistent risk factors for AP-DGBI in adults.

Given the worldwide scope of this review, differences were noted between Western
countries and other parts of the world. For example, studies derived from Western countries
consistently demonstrated that female sex is a risk factor for AP-DGBI regardless of criteria
used to diagnose AP-DGBI. The 2 studies that found an increase risk in males were from
Korea and Pakistan. In the Korean study, this finding was not statistically significant, and in
the Pakistan study, this was only among males in the 16- to 30-year age group.

We only included studies in which race and/or ethnicity were the primary focus. Although
these studies demonstrated mixed results, targeted studies to measure race and ethnicity

and health disparity differences within a country are needed. For example, a recent
retrospective U.S. study found that patients self-identified as Hispanic, Black, or Asian
were more likely to have more IBS-related primary care visits and gastroenterology-focused
procedures performed.10 Whether this is unique to the United States or present in other
countries requires further study. A recent global epidemiology study was conducted in
which the prevalence of AP-DGBI was measured (Rome I11/1V criteria)* and provided a
better assessment of the cross-cultural differences in the prevalence of IBS. In general, IBS
prevalence rates were similar among most countries, although there were a couple of outliers
(eg, Singapore and Egypt), and there was more variability if criteria were evaluated with
household surveys rather than internet surveys.
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We reviewed studies that measured an association of BMI with AP-DGBI and the findings
differed depending on how BMI was investigated: as a mean value or in categories (eg,
nonobese, obese). Although there was only a trend for higher mean BMI and presence of
AP-DGBI, obesity as a dichotomous outcome was significantly associated with AP-DGBI in
adults when data were pooled. This emphasizes that mean BMI alone may not adequately
represent body composition and that other such parameters need to be included in future
studies. For example, in 1 of the studies that reported BMI as both a mean and categorical
variable, there was no association between mean BMI and AP-DGBI, but there was an
association between higher visceral adipose tissue and waist circumference and IBS.11 Prior
studies in liver and cardiovascular disease have also demonstrated that waist to hip ratio is
superior to BMI in its significant association with chronic disease.12

Similar to a systematic review and meta-analyses conducted in 2017, we found that
gastroenteritis was a risk factor for development and persistence of AP-DGBI. Based on
that systematic review of 45 studies, the authors found a pooled prevalence of IBS at

12 months after infectious enteritis of 10.1% (95% Cl, 7.2%-14.1%).% Our analysis only
included studies with a nonexposed control group, and we found that gastroenteritis was
associated with an OR of approximately 3 in both adults and children. The prevalence
of PI-IBS increased in those samples studied beyond 12 months. The pathophysiological
mechanisms accounting for PI-IBS are likely multifactorial and involved dysmotility,
visceral hypersensitivity, neuroimmune activation, increased intestinal permeability, and
genetic predisposition.

Evidence supports that AP-DGBI is a stress-sensitive disorder. Studies support that general
trauma and emotional, sexual, and physical abuse in childhood increase the risk of

having AP-DGBI. Delineating the independent relationship between stressful life events
and AP-DGBI by taking into account psychological distress was performed in some but

not all studies, and this may have contributed to variable results. Furthermore, various
methodologies to measure stress and abuse were used, which contributed to a lack of
standardized assessment. Generally, a history of any type of abuse in adulthood was not as
strong a risk factor for AP-DGBI as history of abuse in childhood. Most studies found that
other stressful life events and wartime exposure in adulthood were associated with increased
risk of AP-DGBI. The relationship between traumatic events is complex with a combination
of factors potentially affecting the risk of having AP-DGBI (ie, peri-traumatic fear increases
risk13 and confiding in others reduces risk4).

Psychological disorders, particularly anxiety, Gl symptom anxiety and depression, as well
as somatic symptoms and poor sleep, emerged as risk factors for development of AP-DGBI
in the majority of studies. It is notable that many of these studies were cross-sectional
between AP-DGBI and healthy control groups and this connection may be more associative
than predictive. Even after controlling for demographic characteristics and presence of a
Diagnostic and Statistical Manual of Mental Disorders, 4th Edition,1° disorder, the increased
odds of a sleep disorder in those with AP-DGBI remained significant.16 There is also

fairly robust data that personality characteristics, such as neuroticism and alexithymia,

could impact risk for AP-DGBI. Social support, interpersonal relationships, and resilience
emerged as protective factors when present and as risk factors when absent or decreased,
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respectively. Based on multiple longitudinal and prospective cohort studies, anxiety seems
to drive the persistence of AP-DGBI symptoms over time. Less is known about the
impact of depression and other psychiatric comorbidities on persistence of AP-DGBI.

A recent report based on a National Comorbidity Survey-Replication study from more
than 5000 respondents found that the odds of having insomnia-related symptoms and/or
hypersomnolence-related symptoms were higher in those with IBS than controls.18 Such
findings support the need to consider the patient’s history of psychological distress and
somatic symptom severity in health care—seeking behavior and symptom management for
AP-DGBI.

Overall, fewer studies examined factors associated with persistence of AP-DGBI symptoms.
In our review, persistence was denoted by follow-up assessment of AP-DGBI presence at
anywhere from 6 months to 8 years. Stress and psychological disorders, in particular anxiety,
were also associated with persistence of symptoms in both adults and children. In children
only, other consistent risk factors for the persistence of AP-DGBI included female sex and
increased somatic symptoms.

This was the first review to investigate risk and protective factors for AP-DGBI in both
adults and children. Although the number of studies conducted in children was smaller
compared with adults, the overall conclusions were similar. There was a striking paucity of
studies across the lifespan. Few studies in children focused on the persistence of symptoms
and there were almost no studies on protective factors. These are important gaps in the
literature considering that approximately 1 in 4 children with RAP will evolve into adults
with IBS.17 A better understanding of the protective and risk factors in pediatrics could

not only improve the quality of life for children and families, but also help prevent the
progression of symptoms into adulthood.

Most of the studies were performed in North America, Europe, and Asia. As such,
findings about factors such as medication use, health care visits, and somatic symptoms
may not be generalizable to other parts of the world. In addition, using electronic patient
records to collect data on patients’ race and ethnicity necessitates relying on the providers’
documentation and may result in bias. Only studies reported in English were included. The
high heterogeneity across study populations, methodologies, sample sizes, measures used
to diagnose AP-DGBI, tools used to assess risk and protective factors, and persistence may
have impacted consistency of the results and are inherent limitations to this review.

The validated scale (adapted by Sanderson et al”) used to evaluate study quality did not
specifically address potential confounding factors or bias. We excluded studies of poor-
quality scores, but our analysis did not weigh the likelihood of the conclusions made for
each factor based on average quality scores or specific components of the quality rating (eg,
adequately powered study, appropriate measures used for assessing factors). Although we
chose to highlight factors with most studies and higher study quality ratings, this limitation
may have allowed smaller, less adequately powered studies to be weighed similarly to larger,
more well-powered studies.
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The primary objective of this study was to undertake a comprehensive systematic review.
A rigorous meta-analysis for each of the factors is beyond the scope of our study. Where
appropriate, we have provided pooled ORs to supplement our descriptive results; however,
there are important limitations to these results. These limitations arise from not contacting
authors for data and thus only including studies for which data were readily extractable
and not performing subgroup or sensitivity analyses. Importantly, although the pooled effect
measures can be used to provide an estimate of the association between a factor and
AP-DGBI, in many cases, the majority of studies were case—control, which do not define
cohorts based on the risk factor but rather based on the outcome. Specifically, more data
from prospective or retrospective cohort studies are needed to corroborate our findings
suggesting that obesity and tobacco are associated with an increased risk of IBS.

Conclusions

To our knowledge, this is the most comprehensive systematic review assessing a wide range
of risk and protective factors for AP-DGBI to date in an adult and pediatric populations. A
number of factors appear to increase the risk of developing AP-DGBI in adults and children:
female sex, gastroenteritis, abuse, stress, psychological disorders, somatic symptoms, and
poor sleep. There are a limited number of studies in children and protective factors,

and factors associated with the persistence of AP-DGBI. Well-designed, multicenter, and
multinational prospective studies evaluating predictors of AP-DGBI onset and its persistence
in children and adults are needed.
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Refer to Web version on PubMed Central for supplementary material.
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RAP recurrent abdominal pain
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WHAT YOU NEED TO KNOW
BACKGROUND AND CONTEXT

Previous studies have assessed risk factors for irritable bowel syndrome and other
disorders of gut—brain interaction, but their influence is unclear due to variable study
designs and populations.

NEW FINDINGS

Risk factors associated with abdominal pain—related disorders of gut-brain interaction
include female sex, obesity, smoking, and a history of gastroenteritis, trauma or abuse,
lifetime stress, psychological disorders, somatic symptoms, and poor sleep.

LIMITATIONS

Most studies were performed in North America, Europe, and Asia with heterogeneity in
study methodologies, measures, and populations, which may impact the consistency of
the results. There were fewer studies examining factors in children, protective factors,
and factors associated with the persistence of symptoms.

IMPACT

This comprehensive systematic review identifies risk and protective factors for abdominal
pain-related disorders of gut-brain interaction and symptom persistence, which should
be considered in the management of adults and children.
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Studies identified in
literature search:
N =6,164

Excluded titles and abstracts, and studies:
—»{ * Biomarkers: N = 995
* Not meeting inclusion/exclusion criteria: N = 4,883

Additional studies identified from recursive
<«— literature searches for each risk or protective factor:
*N=62

v
Total studies retrieved
for evaluation:

N = 348

Figure 1.
Flow diagram of assessment of studies identified in systematic review.
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Risk and Protective Factors for Abdominal Pain—Related Disorders of Gut-Brain
Interaction (AP-DGBI) in Adults

Female Sex
Race/Ethnicity
Higher BMI

Irregular Meal Patterns

» 67
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Food Allergies/Hypersensitivities

History of Gastroenteritis

Family History of IBS
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Adulthood Physical Abuse
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Adulthood Emotional Abuse

Adulthood General Abuse
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m No Association
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Psychological Comorbidities (Depression, ..

Fatigue

Somatic Symptoms
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Number of Studies

Figure 2.
Summary of the number of studies finding a factor to be a risk factor, protective factor, or

neither for AP-DGBI in adults. The blue arrow depicts that the number of studies finding
female sex as a risk factor for the presence of AP-DGBI was 67 studies (over the displayed
maximum x-axis value of 30).
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Risk and Protective Factors for Abdominal Pain—Related Disorders of Gut—Brain Interaction
(AP-DGBI) in Children

Female Sex

Non-White Race
Gastroenteritis

Maternal Negative Life Events
Maternal Depression

Parental Anxiety

= Protective Factor

Sexual Abuse .
m No Association

Physical Abuse m Risk Factor
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Negative Life Events
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Figure 3.
Summary of the number of studies finding a factor to be a risk factor, protective factor, or

neither for AP-DGBI in children.
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Figure 4.

Forest plots showing ORs for AP-DGBI (formerly termed functional gastrointestinal
disorders) in female vs male adults (A) or children (B). M-H, Mantel-Haenszel.

Females Males Ratio 0dds Ratio

Study or Subgroup Events otal Events _ Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdulmajeed 2011 32 78 8 39 0.8% 2.70[1.10, 6.62]
Aggarwal 2006 149 963 62 845 15% 231169, 3.16]
Alander 2005 310 742 178 632 15% 1.83 [1.46, 2.30]
Baretic 2002 91 247 50 253 13% 237158, 3.54]
Boekema 2001 19 242 6 186 0.7% 2.56 (100, 6.53]
Bommelaer 2002 311 5836 134 5295 16% 217 (1.76, 2.66]
Bommelaer 2004 60 4546 34 3675  13% 1.43[0.94, 2.19)
Boyce 2000 138 750 63 683 14% 2.22[(1.61,3.05]
Caballero-Plasencia 1999 1 121 H 80 0.6% 1.50 (0.50, 4.49]
Celebi 2004 71 965 40 801 13% 1.51(1.01, 2.25]
Drossman 1993 214 596 2577 4834  16% 0.49[0.41,0.59]
Drug 2000 24 20 25 18 11% 0.46 (0.25, 0.84]
Ebling 2011 131 357 74 346 14% 213 [1.52,2.98]
Ehlin 2003 (BCS70) 731 5768 195 5443 16% 3.91(3.32,4.60]
Ehlin 2003 (NCDS) 249 5774 91 5601 1% 2.73(2.14,3.48]
Esmaillzadeh 2013 843 3940 190 823 16% 0.911(0.76, 1.08)
Gulewitsch 2011 357 1701 68 495 15% 1,67 (1.26, 2.21]
Gwee 2004 107 1132 89 1144 15% 1.24(0.92, 1.66]
Han 2006 32 531 38 535 12% 0.84(0.52, 1.36]
Heaton 1992 137 178 921 1718 14% 2.89(2.01,4.15]
Herschbach 1999 29 1058 18 903 11% 1.39(0.76, 2.51]
Hillila 2004 104 2007 83 1362 15% 0.80 (0.60, 1.08]
Holtmann 1994 31 197 19 26 11% 203 [1.11,3.73]
Howell 2004 23 426 16 500 1.0% 1.7310.90, 3.31]
Husain 2008 63 469 54 411 14% 1.030.69, 1.52]
Jafri 2007 198 532 274 516 15% 0.52(0.41,0.67]
Jeong 2008 17 654 14 763 10% 1.43[0.70, 2.92]
Jones 1992 203 835 147 785 15% 1.39(1.10, 1.77]
Karaman 2003 123 508 68 490 14% 1.981.43, 2.75]
Khademolhosseini 2011 161 1270 54 708 14% 1.76 [1.27, 2.43]
Khoshkrood-Mansoori 2009 139 9076 59 9104  15% 2.38(1.76,3.24]
Krogsgaard 2017 336 851 198 867  16% 2.20(1.79,2.72]
Kumano 2004 155 1998 109 2020  1.5% 1.47 [1.14, 1.90]
Lau 2002 29 754 19 243 11% 0.47(0.26, 0.86]
Lee 2009 65 1056 44 949 14% 1.35 (0.91, 2.00]
1i 2003 81 261 29 176 1.2% 2.28[1.42,3.67)
Locke 2000 42 337 33 306 1.2% 1.18(0.73, 1.91]
Lu 2005 175 811 272 1207 16% 0.95(0.76, 1.17)
Marshall 2006 147 455 80 346 14% 159115, 2.18]
Masud 2001 380 1320 213 1106 16% 1.69 [1.40, .05
Minocha 2006 73 742 22 248 1.2% 1.12 (0.68, 1.85]
Mohammed 2005 593 3448 33 302 14% 1.69 [1.17, 2.46]
Okeke 2009 66 23; 74 210 13% 0.73 (049, 1.09]
Olen 2018 10973 1003408 3409 1053022  L7% 3.40(3.28, 3.54]
Osterberg 2000 193 1495 9 1212 15% 1.78(1.38, 2.31)
Papatheodoridis 2005 103 371 47 108 13% 0.50(0.32,0.78]
Park 2008 111 574 78 550 14% 1.45 [1.06, 1.99]
Perveen 2009 67 777 49 726 14% 1.30(0.89, 1.91]
Pitzurra 2011 18 639 20 619 10% 0.87 (0,45, 1.66]
Roshandel 2006 80 397 30 326 13% 2.49[1.59, 3.90]
Saigo 2018 158 464 79 692 15% 4.01(2.96, 5.42]
Saito 2000 30 367 19 276 11% 1.20 (0.6, 2.19]
Schauer 2019 92 2083 56 211l 14% 1.70(1.21, 2.38]
Schmulson 2006 200 440 95 245 14% 1.320.96, 1.81]
Sorouri 2010 136 9072 64 9108  15% 2.15 [1.60, 2.90)
Spence 2007 37 328 12 292 1.0% 2.97 (152, 5.81)
Sperber 2007 70 520 42 433 13% 1.45(0.97, 2.17)
Stermer 2006 14 189 9 216 0.8% 1.84(0.78, 4.35]
Su 2000 34 65 35 56 0.9% 0.66 (0.32, 1.36]
Svedberg 2008 707 8089 2534 37124  16% 1.31(1.20, 1.43]
Talley 1994 89 484 41 435 14% 217 (1.46,3.22]
Talley 1995 (AJEp) 315 1573 221 1449 16% 1.39[1.15, 1.68]
Talley 1998 65 32 25 338 12% 249153, 4.05]
Talley 2001 23 374 15 403 1.0% 1.69 (0.87, 3.30]
‘Thompson 2002 89 477 49 518 14% 2.20(1.51,3.19]
Tigchelaar 2017 145 262 49 18 13% 175 (112, 2.71]
Usai 2010 90 981 46 919 14% 1.921.33,2.77]
Vandvik 2006 264 2593 124 2029 15% 1.74[1.40, 2.17)
Waehrens 2013 7801 489554 3186 430400  1.7% 2.17(2.08,2.26]
Waehrens 2017 17711 954273 6922 1009412  1.7% 2.74 (2.6, 2.82]
Wojczynski 2007 390 15420 221 14187  16% 1.64 [1.39, 1.94]
Xiong 2004 204 2565 185 1613  16% 1.00 [0.82, 1.22]
Yilmaz 2005 189 1522 119 1478 15% 1.62 [1.27, 2.06]
Zhao 2010 418 8396 317 7682  1.6% 1.22[1.05, 1.41]
Total (95% C) 2572228 2635391 100.0% 156 (140, 1.73]
Total events 48156

Heterogeneity: Tau? = 0.18; Chi2 = 1968.17, df = 73 (P < 0.00001); I = 96% > 3 %

Test for overall effect: Z = 8.1 (P < 0.00001) i Man Favirs Womai
Female Male 0dds Ratio 0dds Ratio

Study or Subgroup _Events _Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Adeniyi 2017 225 1132 107 868 12.2% 1.76 (1.37, 2.26] -

Di Nardo 2018 43 s 37 12% 1.240.36, 4.31] ——

Hyams 1996 185 243 205 264 7.3% 0.92 (0.61, 1.39]

Lu 2017 97 1829 90 2062 10.6% 1.23[0.91, 1.65] =

Pensabene 2015 4 23 6 33 10% 095 [0.23, 3.82) —

Ramchandani 2005 553 3563 392 3773 16.7% 1.58(1.38, 1.82]

Sagawa 2013 365 2497 187 2031 14.7% 1.69 [1.40, 2.04]

Saps 2008 10 42 11 46 1.8% 0.99 (0.37, 2.65]

Saps 2014 64 189 44 184  6.4% 1.63 [1.04, 2.56]

Shau 2016 47 708 31 859  6.2% 1.90 [1.19, 3.02]

Sohrabi 2010 46 700 20 736 5.1% 2,52 [1.47, 4.30]

Thabane 2010 16 219 20 248 3.5% 0.90 (0.45, 1.78]

Uc 2006 30 121 22 122 41% 1.50 (0.81, 2.78]

Zheng 2012 76 1308 68 1182  9.2% 1.01(0.72, 1.42]

Total (95% CI) 12617 12445 100.0% 145 [1.26, 1.67]

Total events 1725 1208

Heterogeneity: Tau? = 0.03; Chi? = 24.23, df = 13 (P = 0.03); I* = 46% YT 100

Test for overall effect:

5.22 (P < 0.00001)

0.1 10
Favors Male Favors Female
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A Obese non-Obese Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Buscail 2017 207 3478 2057 38204 22.3% 1.11 [0.96, 1.29] ™=
Corazziari 2008 510 5191 1784 18122 23.3% 1.00 [0.90, 1.11] -
Ibrahim 2013 25 74 145 455 11.7% 1.09 [0.65, 1.84] M
Lee 2015 (AJG) 40 122 27 214  10.9% 3.38[1.94, 5.87] e —
Lee 2015 (YM)) 44 129 39 214 12.1% 2.32 [1.40, 3.84] O —
Park 2008 42 259 147 865 15.5% 0.95 [0.65, 1.38] I —
Svedberg 2002 5 16 66 262 4.2% 1.35[0.45, 4.03]
Total (95% CI) 9269 58336 100.0% 1.31 [1.03, 1.68] ’
Total events 873 4265
Heterogeneity: Tau? = 0.07; Chi? = 28.29, df = 6 (P < 0.0001); I> = 79% sz 0§5 é

Test for overall effect: Z = 2.16 (P = 0.03) Favors non-obese Favors obese

Mean Difference
IV, Random, 95% CI

Mean Difference
Total Weight IV, Random, 95% CI

B AP-DGBI Control
Study or Subgroup Mean SD Total Mean SD

Alander 2005 26.3 4.7 244 262 4.2 219 10.2%  0.10[-0.71, 0.91]
Corazziari 2008 26.1 4.4 2294 25.8 4.1 21019 13.0% 0.30[0.11, 0.49]
Kubo 2011 21.6 3.2 367 22.5 3.4 2350 12.5% -0.90[-1.26, -0.54] —&

i
I

Lee 2015 (AJG) 25.65 3.45 67 23.69 3.31 269 9.5% 1.96 [1.04, 2.88]
Lee 2015 (YM)) 25.13 3.3 83 24 2.8 260 10.3% 1.13[0.34, 1.92]
Mohammed 2005 253 5.17 626 25 6.67 3124 12.0% 0.30[-0.17,0.77] T

Omagari 2013 19.7 1.6 26 20.6 2.3 206 10.8% -0.90 [-1.59, -0.21]

Park 2008 25.9 5.53 154 23.97 4.5 102 7.8% 1.93 [0.69, 3.17] —
Tigchelaar 2017 249 4.5 194 24 3.8 186  10.0% 0.90 [0.06, 1.74] &

Weaver 2018 26 5.44 35 26.6 5.77 66 3.9% -0.60[-2.88, 1.68]

Total (95% CI) 4090 27801 100.0% 0.40 [-0.14, 0.93] g

Heterogeneity: Tau? = 0.57; Chi? = 77.76, df = 9 (P < 0.00001); I> = 88% -:2 _:1 i 2:

Test for overall effect: Z = 1.44 (P = 0.15) Dec BMI in AP-DGBI Inc BMI in AP-DGBI

Figure 5.
Forest plots showing ORs for AP-DGBI in obese vs nonobese adults (A) and mean BMI

in AP-DGBI (formerly termed functional gastrointestinal disorders) vs controls (B). Dec,
decreased; Inc, increased; 1V, inverse variance; M-H, Mantel-Haenszel.
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GE Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Cremon 2014 28 71 18 62 3.8% 1.59[0.77, 3.29] T =
Hanevik 2014 291 748 101 878 4.5% 4.90 [3.80, 6.32] ===
lInickj 2003 2 48 i 61 1.4% 2.61[0.23, 29.66]
Ji 2005 15 101 6 102 3.3% 2.79[1.04, 7.51] —
Jung 2009 38 59 22 60 3.8% 3.13 [1.48, 6.60] —
Kowalcyk 2014 30 2428 6 2354 3.5% 4.90 [2.03, 11.78] —_—
Krajicek 2018 65 126 259 522 4.4% 1.08 [0.73, 1.60] T
Krogsgaard 2014 44 146 80 182 4.3% 0.55 [0.35, 0.87] i
Lalani 2015 7 154 16 516 3.5% 1.49 [0.60, 3.69] ]
Litleskare 2018 248 590 94 696 4.5% 4.64 [3.54, 6.10] -
Marshall 2006 417 1368 71 701 4.5% 3.89[2.97, 5.10]
Marshall 2007 21 89 1 29 1.7% 8.65[1.11, 67.42]
McKeown 2006 18 108 4 206 3.1% 10.10 [3.32, 30.69] I —
Mearin 2005 8 271 8 335 3.3% 1.24 [0.46, 3.36] _T
Nair 2014 20 247 12 374 3.8% 2.66 [1.27, 5.54] ——
Nourrisson 2014 13 22 43 90 3.4% 1.58 [0.61, 4.06] T
Okhuysen 2004 7 61 0 36 1.1% 10.05 [0.56, 181.35] >
Parry 2003 18 108 4 206 3.1% 10.10 [3.32, 30.69] e —
Pitzurra 2011 26 852 12 1624 3.9% 4.23[2.12, 8.42] —_—
Porter 2011 (AJC) 7 1718 42 6875 3.7% 0.67 [0.30, 1.48] 1
Rodriguez 1999 12 318 169 584458 4.1% 135.58 [74.69, 246.10] d
Ruigomez 2007 241 5934 542 46996 4.6% 3.63 [3.11, 4.23] -
Soyturk 2007 10 72 0 27 1.1% 9.24 [0.52, 163.34] >
Stermer 2006 16 118 7 287 3.5% 6.27 [2.51, 15.69] -
Tuteja 2019 66 116 50 258 4.3% 5.49 [3.40, 8.87] —
Wang 2004 24 295 2 243 2.5% 10.67 [2.50, 45.63] - —
Wensaas 2012 522 817 536 1128 4.6% 1.95 [1.63, 2.35] -
Youn 2012 20 86 15 76 3.8% 1.23[0.58, 2.62] B
Zanini 2012 40 185 3 168 2.9% 15.17 [4.60, 50.09]
Total (95% CI) 17256 649550 100.0% 3.53 [2.52, 4.95] L3
Total events 2274 2124
Heterogeneity: Tau? = 0.64; Chi* = 351.21, df = 28 (P < 0.00001); I> = 92% 50 o1 051 150 100’
Test for overall effect: Z = 7.32 (P < 0.00001) ! Favors Control Favors GE

GE Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cremon 2014 47 133 26 127 57.1% 2.12[1.21, 3.71] ——
Pensabene 2015 9 11 23 53 6.8% 5.87[1.16, 29.83]
Saps 2008 16 44 5 44 14.3% 4.46 [1.46, 13.60] — &
Saps 2009 4 44 2 44 5.8% 2.10[0.36, 12.11] I
Thabane 2010 32 305 4 162 15.9% 4.63[1.61, 13.33] - =
Total (95% CI) 537 430 100.0% 2.86 [1.88, 4.37] <o
Total events 108 60
Heterogeneity: Tau? = 0.00; Chi? = 3.41, df = 4 (P = 0.49); I> = 0% 50 01 051 110 1005

Test for overall effect: Z = 4.88 (P < 0.00001)

Figure 6.

Favors Control Favors GE

Forest plots showing ORs for AP-DGBI (formerly termed functional gastrointestinal
disorders) in adults (A) or children (B) with vs without a history of infectious gastroenteritis.
GE, gastroenteritis; M-H, Mantel-Haenszel.
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Odds Ratio

Weight M-H, Random, 95% CI

Page 25

Odds Ratio

M-H, Random, 95% CI

Alander 2008
Bradford 2012
Halland 2014
Heitkemper 2001
Heitkemper 2005
Hobbis 2002

Ju 2020

Koloski 2005
Longstreth 1993
Park 2016
Schauer 2019
Talley 1998

Total (95% CI)
Total events

Abuse No Abuse
Events Total Events Total
15 18 126 220
178 392 116 337
206 386 203 438
18 25 149 228
11 14 25 60
27 53 23 50
37 52 160 310
8 16 148 240
53 177 190 1074
17 28 131 274
9 328 139 3866
8 38 81 680
1527 7777

587 1491

2.7%
17.9%
18.9%

4.8%

2.3%

6.2%

3.73 [1.05, 13.26]
1.58 [1.17, 2.14]
1.32 [1.01, 1.74]
1.36 [0.55, 3.40]

5.13 [1.30, 20.32]
1.22 [0.56, 2.64]
2.31[1.22, 4.39]
0.62 [0.23, 1.71]
1.99 [1.39, 2.84]
1.69 [0.76, 3.73]
0.76 [0.38, 1.50]
1.97 [0.87, 4.45]

1.56 [1.25, 1.94]

Heterogeneity: Tau? = 0.05; Chi? = 17.57, df = 11 (P = 0.09); I> = 37%

—-
.-

RN

0.1

10

Test for overall effect: Z = 3.95 (P < 0.0001) 0.01 Favors No Abuse Favors Abuse 100
Abuse No Abuse Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Alander 2008 19 22 122 216 2.2% 4.88[1.40, 16.98]

Bradford 2012 91 168 203 561 15.1% 2.08[1.47,2.95] ——

Halland 2014 134 237 275 587 17.1% 1.48 [1.09, 2.00] -

Heitkemper 2001 69 96 98 157 8.8% 1.54 [0.89, 2.67] =

Heitkemper 2005 10 13 26 61 1.8% 4.49[1.12, 17.95] —_—

Hobbis 2002 13 22 37 81 3.6% 1.72 [0.66, 4.47] 1T

Ju 2020 32 42 165 320 5.5% 3.01[1.43,6.32] e —

Koloski 2005 37 55 119 201 7.2% 1.42 [0.75, 2.66] T

Longstreth 1993 59 163 188 1101 14.8% 2.76[1.93, 3.93] -

Park 2016 28 42 120 260 6.3% 2.33[1.17, 4.63] ——

Schauer 2019 13 271 135 3923 8.1% 1.41[0.79, 2.53] T

Talley 1998 23 148 62 553 9.5% 1.46 [0.87, 2.44] T

Total (95% CI) 1279 8021 100.0% 1.92 [1.58, 2.33] ‘

Total events 528 1550

Heterogeneity: Tau? = 0.03; Chi? = 16.04, df = 11 (P = 0.14); I> = 31% I t t i

Test for overall effect: Z = 6.56 (P < 0.00001) 0:01 Favf?r.slNo Abuse Favors Abl.llge 100
Abuse No Abuse Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Alander 2008 37 52 104 186  8.7% 1.94 [1.00, 3.79]

Bradford 2012 161 278 133 451 17.9% 3.29[2.41, 4.50] -

Halland 2014 224 364 185 460 18.9% 2.38[1.79, 3.15] -

Koloski 2005 19 30 137 226 6.9% 1.12 [0.51, 2.47] o

Longstreth 1993 84 283 159 967 18.1% 2.15[1.58, 2.91] -

Park 2016 40 61 108 241 10.2% 2.35[1.31, 4.21] —

Schauer 2019 13 340 135 3854 10.4% 1.10[0.61, 1.96] -

Talley 1998 14 52 75 666 8.9% 2.90 [1.50, 5.61]

Total (95% Cl) 1460 7051 100.0% 2.16 [1.70, 2.76] <

Total events 592 1036

Heterogeneity: Tau? = 0.06; Chi? = 15.48, df = 7 (P = 0.03); I = 55% :0 o1 0‘1 1=0 100‘

Test for overall effect: Z = 6.24 (P < 0.00001)

Figure 7.

Favors No Abuse Favors Abuse

Forest plots showing ORs for AP-DGBI (formerly termed functional gastrointestinal
disorders) in adults with history of emotional (A), sexual (B), or physical (C) abuse vs
those without any abuse history. M-H, Mantel-Haenszel.
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