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risk of IBD following the use of PPI, published in the English language were
considered for this review. The methodological quality of included studies was
assessed using the Modified Downs and Black checklist.

Results. Eight out of 2038 studies with 157,758 participants were included in this
meta-analysis. A significantly higher risk of IBD (adjusted odds ratio [aOR] 2.43;
95% Confidence Interval [CI] 1.18-5.02; P=0.02; n=6) was observed in participants
taking PPIs for any indication. Moreover, a significant association was observed
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Conclusion. The current evidence indicates that exposure to PPI is significantly
associated with increased risk of IBD. Further, adequately powered studies from
various parts of the world are needed for better quantification and generalizability
of our findings.
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Introduction

Inflammatory Bowel Diseases (IBDs) are a group
of chronic conditions identified by the inflammation
of the small and large intestine, where parts of the
gastrointestinal tract (GIT) are attacked by the immune
system [1]. This inflammatory condition has two major
forms namely ulcerative colitis (UC) and Crohn’s disease
(CD). A few investigators suggested that microscopic
colitis (MC) may represent an attenuated form of IBD with
transformation to classical IBD occurring in a subgroup
of patients [2]. Several case reports and cohort studies
suggested the possibility that IBD may either revert
into MC or vice versa. MC could progress to IBD even
considering MC as a milder or gentle form of IBD [3]. The
clinical presentations of IBD include watery or bloody
stools, with or without mucus, weight loss, vomiting, and
abdominal pain. Prolonged inflammation of the gut may
result in permanent damage of the intestine and ultimately,
lower quality of life and increased healthcare costs [1].

In western countries, the incidence of IBD is
approximately 0.9 to 11.6 per 100000/year for CD and 2
to 15 per 100000/year for UC [4]. In the United States, a
population-based study showed the prevalence of MC to be
103.0 per 100,000 person-years [5]. Women have up to 30%
higher risk of developing IBD than men. The exact etiology
of IBD is unknown, however, these factors may play an
important role including environmental factors such as
bacterial and viral infections, nutritional and dietary habits,
smoking and socioeconomic status, immunological factors
like abnormal T cell responses, genetic susceptibility,
immuno-genetic factors such as human leukocyte antigen
and cytokine genes, and exposure to certain drugs. Drugs
like non-steroidal anti-inflammatory drugs (NSAIDs), oral
contraceptives, rituximab, and antibiotics have been linked
to causing IBD due to their respective mechanisms of action
[4]. More recently, the focus has been shifted to proton
pump inhibitors (PPIs) being a causative agent for IBD,
rather than therapeutic [6].

PPIs are acid-suppressing agents that block
the gastric H'/ K" ATPase proton pumps present on
the intestinal epithelium, therefore inhibiting stomach
gastric acid secretion. PPIs are widely used, prescribed,
and are often the first-line agents for conditions like
esophagitis, Zollinger-Ellison Syndrome, peptic ulcer
disease [7], and in the management of IBD as well.
Moreover, PPIs are among the most used over-the-counter
medicine globally [8]. However, PPI may influence the
local electrolyte balance and alter fluid acidification,
which may cause immune and inflammatory reactions.
Particularly, lansoprazole and omeprazole are known for
contractile activity inhibition and induction of smooth
muscle relaxation, having an effect on the actinomycin
cytoskeleton, ultimately causing conformational and
structural changes in the epithelial cells and their
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cytoskeleton as well as negatively impacting tight junction
function [9]. Since PPIs alter gut microbiota, there may
be an association between long-term PPI use and IBD
risk [10]. PPIs have been associated with increased IBD
flares as well [6]. Unfortunately, the limited evidence
concerning the association between usage of PPIs to IBD
risk is a major challenge in clinical settings. Thus we
aimed to conduct a systematic literature review to identify
and critically evaluate all the observational studies and
to perform a meta-analysis to estimate the risk of IBD,
including here MC (as a possible attenuated form of IBD)
following the PPI exposure.

Methodology

Ethical consideration

This study did not require any ethical approval as
this is a systematic review. Moreover, the protocol for
this review is registered in the International prospective
register of systematic reviews (PROSPERO) with a
registration number CRD42020209674 [11]. We followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Guidelines [12] to report
this systematic review, followed by a PICOS framework
for the inclusion of relevant studies.

Criteria for considering studies for this review

Study design and participants

Observational studies such as cohort, cross-
sectional, and case-control studies that assessed the risk
of IBD in participants who had taken PPIs for any of
their indications irrespective of their age and gender were
considered for this review. Only the studies with full text
available in the English language were selected. Reviews,
descriptive studies, clinical trials, editorials, comments,
conference abstracts and studies with insufficient
information were excluded.

Exposure

We considered patients who had any exposure to
PPI in the past 12 months, were currently using PPIs, or
had been using them for a prolonged period for any of its
indications, irrespective of age and gender. We considered
all types of PPIs as per the author’s discretion.

Outcome considered

The outcome considered was the risk of IBD
occurring after PPI use. We considered all types of IBD
outcomes as the author’s discretion.

A detailed inclusion and exclusion criteria can be
found in Supplementary file S1.

Search methods for identification of studies

Keywords and entry terms were collected from
different databases and by reviewing similar papers
published previously. A literature search was performed
using a comprehensive search strategy in electronic
databases such as MEDLINE/PubMed, Scopus, and
Cochrane Library in December 2020 without any
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restriction. Bibliography of all the included studies and
grey literature databases were searched for any additional
research. Also, a random search in Google, Google
Scholar, and Research Gate was performed to find any
other relevant studies. Two authors were included in
the preparation of search strategy and literature search
process, and another reviewer cross-checked for the
appropriateness of the use of entry terms and Boolean
operators as well as missing any entry terms, and rectified
if any. The keywords such as “proton pump inhibitor”
“inflammatory bowel disease” “ulcerative colitis”
“microscopic colitis” “Crohn’s disease” were used for the
literature search. A detailed search strategy is provided in
Supplementary file S2.

Study selection

The search results from different -electronic
databases were retrieved to a Microsoft Excel sheet.
After duplicate removal, all the retrieved studies were
subject to screening based on their title and abstract
which was followed by a screening of its full-text
against the predefined inclusion criteria. The reasons for
the exclusion of studies were noted. Two independent
reviewers were involved in the screening of studies and
any disagreements were settled through mutual discussion
or in consultation with a third reviewer.

Data extraction

Two authors independently analyzed the studies
and the data were then extracted to a pre-framed data
extraction grid in Microsoft Excel. Any discrepancies
were settled through mutual discussion or consultation
with a third reviewer. The last name of first author and
year of publication were used to identify the studies. From
each study, the following information was inspected and
extracted (i) Author, Year, and Country (i7) Study Design
(iii) Study Duration (iv) Number of Participants (v) Age,
Gender % (vi) Number of IBD cases (vii) Outcomes (vii)
Description of PPI use (viii) Definition of IBD (ix) Type
of IBD (x) Number of IBD events (xi) Adjusted odds
ratio (OR) along with 95% confidence interval (CI). We
extracted the OR estimates that help to establish PPIs as
a causal factor of IBD directly from the studies if it is
available oritis calculated using the available information.

Quality assessment

The quality of evidence was assessed using
Modified Downs and Black Checklist developed in
1998 [13]. It has 27 questions which have to be graded
as “Yes”, “No” and “Unable to determine” as per the
available information. Previously, studies have used a
modified version by simplification of the power question
and awarding only 1 point if a study had adequate power
to recognize a clinically significant effect, where the
probability value for the difference being due to chance
is <5% if a study did not mention statistical power, it was
deemed either “no” or “unable to determine” and given a
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score of 0. There are 5 sections which include the study
quality (10 items), external validity (3 items), study bias
(7 items), confounding and selection bias (6 items), and
power (1 item). Each question if answered “yes” gets a
score of 1, except for the 5™ question which can get a
score of 2 if answered “yes”. Thus the total score is out of
28. Each paper was assigned a grade of “excellent” (24-28
points), “good” (19-23 points), “fair” (14-18 points), or
“poor” (<14 points) according to the score assigned.

Evidence synthesis and statistical analysis

A narrative synthesis was made employing all the
extracted data and the results were presented in tabular
form. Review Manager Software [14] was used for meta-
analysis. Categorical results from individual studies were
collected and presented as OR along with its 95% CI.
Statistical heterogeneity was assessed using the 12 statistic
and Cochrane P-value. For studies without a significant
heterogeneity (I*> <50% or P>0.10) the fixed-effects
model was selected, whereas, for studies with substantial
heterogeneity (I> >50% or P<0.10), the random-effects
model was chosen.

Subgroup analysis involves splitting all the
participant data into subgroup in order to make
the comparison between them or to investigate the
heterogeneity or to answer a specific question about the
specific patient groups, type of intervention, or type of
studies [15]. Subgroup analysis were performed based
on the different types of IBD and the geographical
distribution or location of the studies. The types such as
CD, UC, and MC (LC and CC) were considered in the
case of types of IBD; and geographical distribution was
specified by the continent.

Sensitivity analysis and publication bias

To assess the stability and robustness of our results
we performed a sensitivity analysis by excluding the study
with the lowest weight in our main analysis. Publication
bias was planned to be detected by visual inspection of
funnel plots generated using RevMan and the statistically
through Egger’s and Begg’s test. However, it could not be
performed due to the fewer number of studies (less than
ten) involved in the comparison analysis [15,16].

Results

Eligible studies and data summary

The literature search process identified 2033
records through database and 5 from an additional search
of which 1964 studies were screened after duplicate
removal. Using the given inclusion and exclusion criteria,
these records were screened on their titles and abstracts,
resulting in the inclusion of 27 articles which on further
full-text assessment resulted in the exclusion of 19 articles
and inclusion of 8 studies in this systematic review and
meta-analysis. The process of the literature search is
explained in figure 1.
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Figure 1. PRISMA Flow diagram for the study selection process.

Study summary and characteristics

A total of 8 relevant studies published between
the years 2010 to 2020 were considered which includes 2
nested case controls, 5 case controls, and 1 cohort study.
There were 157,758 participants totally from which 12435
IBD events occurred after exposure to PPIs irrespective of
age and gender. The studies were performed in the United
Kingdom [17], USA (n=2) [18,19], The Netherlands (n=3)
[7,20,23], Spain [21] and Denmark [22]. One retrospective
database cohort study by Esan et al. [17] assessed the
sequelae of Campylobacter and Campylobacter and Non-
typhoidal Salmonella infections followed from 2000-
2015 and reported 27 UC and 10 CD cases among 15806

PPI users. Two nested case controls were conducted by
Masclee et al. [20] and Schwartz et al. [19] which assessed
the risk of IBD following the PPI exposure. Schwartz et al.
[19] conducted the study between 1996 to 2016 reporting
285 cases and 1142 controls in the pediatric population.
The total number of IBD cases that occurred were 3 UC
and 3 CD cases. The study by Masclee et al. was over 13
years (1999-2012) which included 218 cases and 15045
community controls [20]. Finally, five case-control
studies [9,18,21-23] included 120,597 participants were
considered in which they reported a total number of 12,174
IBD events. A detailed description of study characteristics
is illustrated in table I.
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Quality assessment of the evidence

The Modified Downs and Black checklist (1998) for
the assessment of the methodological quality of included
studies. Six of our studies were graded as “good” [9,18-
20,22,23] quality evidence with a score ranging from 22-23
out of 28. One study was “excellent” [17] with a score of
24 and another study was deemed “fair” [21] with a score
of 17. The included studies differed in their score due to
the variation in methodology, sample size, duration of the
study, confounding factor, study setting, and exposure to
PPIs. None of the included studies mentioned the power
of study or methods taken to increase their power. Some
of the studies did not gather exact information about PPI
consumption. A detailed quality assessment of the included
studies and their score is provided as supplementary file S3.

Risk of IBD after PPI exposure

A study by Fernandez-Bafiares et al., [21] showed
a significantly higher association between the use of

lansoprazole and CC (aOR: 6.4; 95% CI: 1.3-32.1) and
omeprazole in risk of LC (aOR: 2.7; 95% CIL: 1.1-6.6).
Moreover, a significantly higher risk of LC (OR: 2.63;
95% CI: 1.30-5.30) and CC (OR: 2.87; 95% CI: 1.55-5.32)
was observed among those exposed to any PPI. Another
nationwide Danish study by Bonderup [22] published in2018
also reported a significantly higher LC risk (aOR: 3.95; 95%
CI: 3.60-4.33) and CC risk (aOR: 6.98; 95% CI: 6.45-7.55)
among those using any PPI. However, these studies were not
included in this meta-analysis because they discussed the
subtypes of MC. The meta-analysis of the 6 studies showed
a significantly higher risk of IBD (aOR: 2.43; 95% CI: 1.18 —
5.02; P=0.02) with exposure to PPI compared to the control
group. There was a significant level of heterogeneity (I>=
86%) observed in the analysis. Hence, a random-effects
model was used. A forest plot of meta-analysis on risk of
IBD following the use of PPI is provided in figure 2.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight I, Random, 95% Cl IV, Random, 95% CI
Esan OB 2020 0405 0561 14.8% 1.80[0.80, 4.50] —_
Keszthelyi D 2010 1.504 0397 17.49% 4.80[2.07 9.80] —
Mascleae GMC 2015 1.988 0252 204% T30 [4.46, 11.96] —
Fascua mF 2011 -2813 0831 1045% 0.06[0.01,0.21] e —
Schwarkz MREM 2014 1.281 0602 141% 3B0[1.10,11.74] —
Yerhaegh, BFM 2016 1.215 0098  22.3% 337 [2.78, 4.09] =
Total (95% CI) 100.0% 2.43[1.18, 5.02] <4
Heterogeneity, Tau®= 0.61; Chi®= 3528, df= 4 (P = 0.00001); F= 86% |Ij 00z DI1 150 SDEII

Testfor overall effect: =2 41 (F=0.02)

Favours PPl Favours Control

Figure 2. Meta-analysis on PPI use and risk of IBD.

Subgroup analysis

Types of IBD vs PPI exposure

A subgroup analysis was done to study the effect
of PPI use in different types of IBD. It is found that the
use of PPI was significantly associated with a higher risk
of UC and CD (aOR: 3.60; 95% CI: 1.10-11.74), MC
(aOR: 2.48; 95% CI: 0.94-6.53), CC (OR: 4.73; 95%
CI: 1.99-11.22) and LC (OR: 3.77; 95% CI: 2.91-4.87)
compared to the control group. However, this association
was not significant in patients with UC (aOR: 1.50; 95%
CI: 0.5-4.5). The subgroup analysis doesn’t alter the
heterogeneity except in LC type. This indicates that types
of IBD may not be influencing the heterogeneity. The
subgroup analysis between the type of IBD and PPI use is
provided in figure 3.

Geographical location and IBD risk after PPI use

A subgroup analysis based on the geographical
location of the study participants revealed a higher risk

362

of IBD in the European population (aOR: 3.98; 95% CI:
2.36-6.71) whereas not in the North American population
(OR = 0.48; 95% CI: 0.01-26.71) following the use of
PPI compared to the control group. The subgroup analysis
based on the geographical distribution doesn’t alter the
level of heterogeneity, which indicates the non-influence of
the geographical location in the heterogeneity of the overall
analysis. The subgroup analysis based on the geographical
location is given in figure 4.

Sensitivity analysis

To check the robustness of our results, a sensitivity
analysis was conducted by removing the study with the
least weight (Pascua et. al; 10.5%), and the overall effect
size was observed to be increased than before though there
was no change in the significance of findings. There was a
3.96 fold (95% CI: 2.51-6.24; P=0.03) higher risk of IBD
among the PPI users compared to the control group. The
result of this analysis is given in figure 5.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ulcerative Colitis
Esan OB 2020 0.405 0.561 5.9% 1.50 [0.50, 4.50] -1
Subtotal (95% CI) 5.9% 1.50 [0.50, 4.50] ‘*"
Heterogeneity, Mot applicable
Testfor overall effect Z2=072(P=0.47)
Ulcerative Colitis and Crohn’s disease
Schwartz MEM 2019 1.281 0603 f.4% 3.60[1.10,11.74] —
Subtotal (95% CI) 54%  3.60[1.10, 11.74] -
Heterogeneity: Mot applicable
Test for overall effect 2= 212 (P=0.03)
Microscopic Colitis
Keszthelyi D 2010 1.758 043 8.0% 5.80[2.50,13.47] I
Masclee GMC 2015 1.988 0,252 118% 7.30[4.46, 11.596] -
Pascua MF 2011 -2.813 0.8 3.4% 0.06 [0.01, 0.31] -
Yerhaegh, BFM 2016 1.215 0099 149% 3.37[2.78, 4.09] -
Subtotal (95% CI) 38.0% 2.48[0.94, 6.53] -
Heterogeneity: Tau®= 0.79; Chi*= 3381, df= 3 (P = 0.00001); F=91%
Test for overall effect Z=1.84 (P =0.07)
Collagenous Colitis
Bonderup OK 2018 1.943  0.04 155% B.98 [6.45, 7.59] =
Fernandez-Eanares F 2013 1.084 0315 103% 2.87[1.585, 6.37] —
Subtotal (95% CI) 25.8%  4.73[1.99, 11.22] e 2
Heterogeneity, Tau*=0.24; Chi*=7.84, df=1 (P=0.005); F=87%
Test for overall effect 2= 3.62 (P =0.0004)
Lymphocytic Colitis
Bonderup OK 2018 1.374 0.047 154% 3.85 [3.60, 4.33] -
Fernandez-Eanares F 2013 0.967 0.359 9.4% 2.63[1.30,5.32] —_
Subtotal (95% CI) 24.8% 3.77 [2.91, 4.87] »
Heterogeneity: Tau®=0.02; Chi*=1.26, df=1 {(P=0.26), F=21%
Test for overall effect Z2=10.11 (P = 0.00001)
Total (95% CI) 100.0% 3.54[2.52, 4.98] &
Heterogeneity: Tau®= 0.19; Chi*= 15064, df=9 (P = 0.00001%; F= 94% 1 t t t
Test for overall effect: 2= 7.27 (P = 0.00001) 0.002 Fa\ﬁ'DD.L]I'S PRI Favuu:sDCnntl'al 500
Testfor subgroup differences: Chi*= 351, df= 4 (P=048), F=0%
Figure 3. Subgroup analysis on PPI use and type of IBD.
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight I, Random, 95% CIl IV, Random, 95% CI
Europe
Esan OB 2020 0.405 0561 148% 1.50 [0.50, 4.50] e
Keszthelyi D 2010 1.604 0397 179% 4.60 [2.07,9.80] —
Masclee GMC 20145 1.088 0252 204% 7.30[4.46, 11.96] —=
verhaegh, BPM 2016 1.2159 0,099 2223% 337 [2.78, 4.09] =
Subtotal (95% CI) 75.4% 3.98[2.36,6.71] 3
Heterogeneity: Tau=019 ChiF=11.00, df =3 (P=001) F=73%
Testfor overall effect: Z= 518 (F = 0.00001)
North America
Fascua MF 2011 -2.813 0831 1045% 0.06 [0.01, 0.31] e
Schwartz MR 2015 1.281 0602 141% 3.60[1.10,11.74] —
Subtotal (95% CI) 24.6% 0.48 [0.01, 26.71]  — e R e——
Heterogeneity: Tau®=7.85, ChF=15.90 df=1 (P = 0.0001); F= 94%
Testfar overall effect: F=035{F =073
Total (95% CI) 100.0% 2.43[1.18, 5.02] *
Heterogeneity: Tau®= 0.61; Chi®= 35,28, df= 5 (P = 0.00001); 7= 86% ID — n=1 1’0 1nnn=
Testfor overall effect: Z=2.41 (P =004 ’ Fax-'durs PPl Favours Contral

Testfor subgroup differences: Chif=1.04, df=1 (FP=031), F=4.0%

Figure 4. Subgroup analysis on PPI use and risk of IBD based on geographical location.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight I, Random, 95% CI IV, Random, 95% CI
Esan OB 2020 0405 0561 11.7% 1.50[0.50, 4.50] I R
Keszthelyi D 2010 1504 0397 17.7% 4 50 [2.07, 9.80] —
Masclee GMC 2014 1888 02482 256% T.30 [4.46, 11.96] —
Schwarkz MEM 2019 1.281 0603 106% IE0[1.10,11.74]
Yarhaegh, BPM 2016 1.215 0099 34.4% 337 [2.78, 4.09) L
Total (95% CI) 100.0% 3.96 [2.51,6.24] &
Heterageneity: Tau®= 0.15; Chif=11.00, df= 4 (P = 0.03); F= 64% IIJ 002 DI1 150 SDDI

Test far overall effect: £ =5 493 (P = 0.00001)

Favours PPl Favours Control

Figure 5. Sensitivity analysis on PPI use and risk of IBD.

Publication bias

Assessment of publication bias through a visual
analysis of the funnel plot and Egger’s or Begg’s test was
not performed as the comparison analysis comprises fewer
than ten studies.

Discussion

PPIs were widely prescribed for various GIT
disorders due to their acid-suppression mechanism [6].
However, there was conflicting evidence regarding the
safety issues of PPIs and if they can induce IBD. Eight
studies were included in this systematic review and the
meta-analysis. This meta-analysis showed a significant
association between PPI use and IBD risk. However, our
analysis had high heterogeneity, hence caution should
be taken while interpreting these findings. Moreover, we
performed a subgroup analysis to explore the sources of
heterogeneity. There is no clear understanding of the
pathophysiology of PPI-induced IBD. However, there are
certain hypotheses that may aid in its understanding. One
theory is that the alteration of local electrolyte balance with
fluid acidification due to colonic proton pump inhibition by
PPIs may induce inflammatory reactions like IBD. Another
theory states that omeprazole and lansoprazole may reduce
contractile activity which can cause conformational
changes in the epithelial cells cytoskeleton, and alter tight
junction function [17].

PPI use can alter gut flora and cause dysbiosis,
by promoting the movement of oral bacteria into
lower regions of the GIT, causing pro-inflammatory
microenvironment establishment [24] and an increased
level of pro-inflammatory cells and mediators may trigger
IBD [25]. Lansoprazole particularly may cause a marked
inflammatory response and increased IBD risk due to its
unique binding mechanism with cysteine-321 residue
on proton pumps which may elicit their differential
inhibition [26]. Pascua et al. [18] was the only study to
show significantly lesser association between PPI use and
IBD risk. The random controls group for a 12-month risk
period was chosen to maintain homogeneity and the lack
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of common pathways argues against a causal relationship
between the drug and IBD risk.

The subgroup analysis was done based on the type
of IBD and the geographical location. In the overall risk
analysis, two studies [21,22] were not included as they
assessed LC and CC as individual entities and not IBD
as a whole, however, they were included in the subgroup
analysis. Fernandes-Bafares et al. [21] reported a higher
risk of CC with lansoprazole and LC with omeprazole.
Another study by Bonderup OK et al., [22] recorded a
significantly higher CC risk and LC risk following the use
of any PPL

PPI use had the highest odds on development of
CC and lowest with UC. A study by Biirgel et al., stated
that the decreased Na+ and ClI- absorption and diminished
epithelial resistance and tight junction proteins expression
(like occludin and claudin-4) can cause diarrhea in CC
[27]. From the sub-group analysis, it is observed that
there was a non-significant higher risk of IBD in MC
patients, which was not similar to the findings by Tong
et al., where they reported a significantly higher risk of
IBD in MC patients [28]. Another subgroup analysis was
done to check the influence of geographical location and
PPI use and development of IBD. North Americans were
found to have no increased association on PPI use and IBD
risk, while Europeans showed a higher risk of IBD. These
differences between the regions may be due to differences in
environmental factors, lifestyle, and genetic susceptibility
or due to methodological differences [26].

Traditionally, IBD has been considered to be a
condition of higher-income countries. In 2017, the USA
was shown to have the highest age-standardized prevalence
rate as compared to the rest of the world. Among European
countries, the UK showed the highest age-standardized
prevalence [27]. However, in our analysis of 2 studies
from North America, the study conducted by Pascua et al.
2011 [18] was the only study which showed no increased
association on PPI exposure.

The ORs retrieved were adjusted for various
confounding factors. The most common covariates used
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for adjustment were - NSAID uses, history of autoimmune
disease, age, sex, smoking status, and comorbidities.
The quality assessment of our study was done using the
Modified Downs and Black (1998) checklist. Six of the
included studies were “good”, 1 was “excellent” and 1 was
“fair”. This indicates that our evidence had good strength
to draw a conclusion. Moreover, we performed a sensitivity
analysis by excluding the study with the lowest weight
(Pascua et al., 10.5%) and we did not observe a variation in
the significance of the findings.

Additionally, our study has several strengths. To start
with, this is the first study to discuss the use of PPI and the
risk of different types of IBD among adults, though there
are many systematic reviews available on various drugs
induced adverse drug reactions [29-31]. Second, the quality
assessment conducted showed that none of our studies
were of “poor” quality, this increases the credibility of our
findings. Third, the source population was large (157,758
participants) and collected using different validated
electronically linked databases. Finally, the results of this
study support our initial hypothesis that the risk of IBD can
be significantly affected by PPI exposure. However, further
cohort studies are required to strengthen these findings and
to determine the chief pathophysiological mechanisms of
PPI-induced IBD.

Our study has some limitations. Exclusion of
non-English studies and restriction to the observational
studies may lead to missing some important information.
However, a comprehensive search strategy in numerous
databases might have helped us to collate the maximum
available pieces of evidence. The overall consumption of
PPI use is difficult to determine due to its over-the-counter
use in most countries. Since all of our studies had used an
electronic linked database, the validity of IBD diagnosis
cannot be confirmed. All of our included studies were
conducted in the USA and Europe, thus reducing its global
generalizability. Further, adequately powered studies are
required across the world to strengthen our findings and to
generalize the results to all populations.

Conclusion

Our study found a higher risk of IBD in patients
who are exposed to PPI. The risk of collagenous colitis,
lymphocytic colitis, and ulcerative colitis & Crohn’s
disease was significantly associated with the use of PPI.
Further observational studies are required across the world
to generalize our findings to all other populations.
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Supplementary File S2. Search strategy in different databases.

A. Search strategy in PubMed

A — T

“Proton pump inhibitor” OR “Inhibitors, Proton Pump” OR “PPI” 23,396
) “Omeprazole” OR “Prilosec” OR “Omeprazole Sodium” OR “Sodium, Omeprazole” OR “H 168-68” OR “H 12306
168 68” OR “H 16868 OR “Omeprazole Magnesium” OR “Magnesium Omeprazole” ’

“lansoprazole” OR “lansoprazole sulfone” OR “2- (((3-Methyl-4- (2,2, 2-trifluoroethoxy) -2-pyridyl) methyl)
sulfinyl) benzimidazole” OR “lansoprazole gastro” OR “AG 1749” OR “AG-1749” OR “AG1749” OR
#3 “agoston” OR “banalite” OR “lanson” OR “lansoprazole sodium” OR “sodium, lansoprazole” OR “lanzer 13,481
monolithium” OR “spirin” OR “prevacid” OR “pro ulco” OR “promeco” OR “takepron” OR “ulnas” OR
“soton” OR “gast” OR “frezal”

“Esomeprazole” OR “Esomeprazole Sodium” OR “Esomeprazole Strontium” OR “Strontium, Esomeprazole”

# OR “Esomeprazole Magnesium” OR “Nexium” OR “Esomeprazole Potassium” OR “Esomeprazole Strontium 1,706
Anhydrous”

45 Pantoprazole OR “SK F 96022 OR “SKF-96022" OR “SK F-96022” OR “Protonix” OR “BY 1023” OR 2084
“BY-1023" OR “pantoprazole sodium ™ ’

Dexlansoprazo[p “Lansoprazole, R-Isomer” OR “R-Isomer Lansoprazole” OR “2-((R)-((3-Methyl-

4-(2,2,2—tr1ﬂuoroethwg/) 2-pyridinyl)methyl)sulfinyl)- 1 H-benzimidazole) OR R-Lansoprazole)” OR “R

#6 Lansoprazole” OR “Dexlansoprazole Sesquihydrate” OR “TAK 390MR” OR “TAK390MR” OR “TAK- 142
390MR” OR “TAK-390" OR “TAK 390" OR “TAK390” OR “Dexilant” OR “T-168390” OR “T 168390 OR
“T168390”

#7 “ilaprazole” OR “IY 81149” OR “IY81149” OR “IY-81149” 63
“Rabeprazole” OR “2-((4-(3-methoxypropoxy)-3-methylpyridin-2-yl)methylsulfinyl)- 1 H-benzimidazole) ”

48 OR “Dexrabeprazole” OR “E 3810” OR “E3810” OR “Pariet” OR “Rabeprazole Sodium” OR “Sodium,
Rabeprazole” OR “1H-Benzimidazole, 2-(((4-(3-methoxypropoxy)-3-methyl-2-pyridinyl)methyl)sulfinyl)-,
Sodium Salt” OR “Aciphex” OR “LY-307640" OR “LY 307640 OR “LY307640”

#9 #1 OR #2 OR #3 OR #4 OR #5 OR #5 OR #6 OR #7 OR #8 45,724

“Inflammatory Bowel Disease” OR “Bowel Diseases, Inflammatory” OR “Ulcerative Colitis” OR “Colitis
Gravis” OR “Inflammatory Bowel Disease, Ulcerative Colitis Type” OR “Crohn's Enteritis” OR “Regional

1,416

410 Enteritis” OR “Crohn'’s Disease” OR “Crohns Disease” OR “Inflammatory Bowel Disease” OR “Enteritis, 57169
Granulomatous” OR “Granulomatous Enteritis” OR “Enteritis” OR “Regional Ileocolitis” “Colitis, ’
Granulomatous” OR “Granulomatous Colitis” OR “Ileitis, Terminal” OR “Terminal Ileitis” OR “Ileitis,

Regional” OR “Regional Ileitides” OR “Regional Ileitis”
#11 #9 AND #10 130

B. Search strategy in Cochrane Library.

SEARCH| ouERY RESULTS

4] “Omeprazole” OR “Prilosec” OR “Omeprazole Sodium” OR “Sodium, Omeprazole” OR “H 168-68” OR “H 4454
168 68” OR “H 16868 OR “Omeprazole Magnesium” OR “Magnesium Omeprazole”

#2 “Proton pump inhibitor” OR “Inhibitors, Proton Pump” OR PPl 3988
“lansoprazole” OR “lansoprazole sulfone” OR “2- (((3-Methyl-4- (2,2, 2-trifluoroethoxy) -2-pyridyl) methyl)

3 sulfinyl) benzimidazole” OR “lansoprazole gastro” OR “AG 1749 OR “AG-1749” OR “AG1749” OR
“agoston” OR “banalite” OR “lanson” OR “lansoprazole sodium” OR “sodium, lansoprazole” OR “lanzer
monolithium” OR “spirin” OR “prevacid” OR “pro ulco” OR “promeco” OR “takepron” OR “ulnas”

“ “Esomeprazole” OR “Esomeprazole Sodium” OR “Esomeprazole Strontium” OR “Strontium, Esomeprazole”
OR “Esomeprazole Magnesium” OR “Nexium” OR “Esomeprazole Potassium”

45 “Pantoprazole” OR “SK F 96022”" OR “SKF-96022" OR “SK F-96022" OR “Protonix” OR “BY 1023” OR 1270
“BY-1023" OR “pantoprazole sodium”
“Dexlansoprazole” OR “Lansoprazole, R-Isomer” OR “R-Isomer Lansoprazole” OR “R Lansoprazole” OR

#6 “Dexlansoprazole Sesquihydrate” OR “TAK 390MR” OR “TAK390MR” OR “TAK- 390MR” OR “TAK-390" 281
OR “TAK 390” OR “TAK390” OR “Dexilant”

#7 “ilaprazole” OR “IY 81149 OR “IY81149” OR “IY-81149” 57

43 “Rabeprazole” OR “Dexrabeprazole” OR “E 3810 OR “E3810” OR “Pariet” OR “Rabeprazole Sodium” 1079
OR “Sodium, Rabeprazole” OR “Aciphex” OR “LY-307640" OR “LY 307640 OR “LY307640”
#9 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 10871

“Inflammatory Bowel Disease” OR “Bowel Diseases, Inflammatory” OR “Ulcerative Colitis” OR “Colitis
Gravis” OR “Inflammatory Bowel Disease, Ulcerative Colitis Type” OR “Crohn's Enteritis” OR “Regional
Enteritis”
#10 OR “Crohn s Disease” OR “Crohns Disease” OR “Inflammatory Bowel Disease” OR “Enteritis, 10118
Granulomatous” OR “Granulomatous Enteritis” OR “Enteritis” OR “Regional Ileocolitis” “Colitis,
Granulomatous” OR “Granulomatous Colitis” OR “lleitis, Terminal” OR “Terminal Ileitis” OR “lleitis,
Regional” OR “Regional lleitides” OR “Regional lleitis”
#11 #9 AND #10 74

2522

1564
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C. Search strategy in Scopus.

ID |Search Hits RESULTS

D |

4l ( TITLE-ABS-KEY ( “Proton pump inhibitor”’) OR TITLE-ABS-KEY ( “Inhibitors, Proton Pump”) OR TITLE-ABS- 58331
KEY ( “PPI"”)) ’

( TITLE-ABS-KEY ( “Omeprazole”) OR TITLE-ABS-KEY ( “Prilosec”) OR TITLE-ABS-KEY ( “Omeprazole
Sodium”’) OR TITLE-ABS-KEY ( “Sodium, Omeprazole”) OR TITLE-ABS- KEY ( “H 168-68") OR TITLE-ABS-
KEY ( “H 168 68”) OR TITLE-ABS-KEY ( “H 16868") OR TITLE-ABS-KEY ( “Omeprazole Magnesium”) OR
TITLE-ABS-KEY ( “Magnesium Omeprazole” ) )

(TITLE-ABS-KEY (“lansoprazole”) OR TITLE-ABS-KEY ( “lansoprazole sulfone”) OR TITLE-ABS- KEY (
“2- (((3-Methyl-4- (2,2, 2-trifluoroethoxy)-2-pyridyl) methyl) sulfinyl) benzimidazole”’) OR TITLE-ABS-KEY (
“lansoprazole gastro”) OR TITLE-ABS-KEY (AG 1749”) OR TITLE-ABS- KEY ( AG-1749") OR TITLE-ABS-
KEY (AGI749”) OR TITLE-ABS-KEY ( “’agoston”) OR TITLE- ABS-KEY ( “banalite”’) OR TITLE-ABS-KEY (
#3  “lanson”) OR TITLE-ABS-KEY ( “’lansoprazole sodium”) OR TITLE-ABS-KEY ( “sodium, lansoprazole”) OR 28,124
TITLE-ABS-KEY ( “lanzer monolithium”) OR TITLE-ABS-KEY ( “spirin”) OR TITLE-ABS-KEY ( “prevacid”)
OR TITLE-ABS-KEY ( “pro ulco”) OR TITLE-ABS-KEY ( “promeco”) OR TITLE-ABS-KEY ( ‘‘takepron”) OR
TITLE- ABS-KEY ( “ulnas”) OR TITLE-ABS-KEY ( “soton”) OR TITLE-ABS-KEY ( “gast”) OR TITLE-ABS- KEY

(" frezal”)

TITLE-ABS-KEY ( “Esomeprazole”) OR TITLE-ABS-KEY ( “Esomeprazole Sodium”) OR TITLE-ABS-
KEY ( “Esomeprazole Strontium”) OR TITLE-ABS-KEY ( “Strontium, Esomeprazole”) ORTITLE-ABS-KEY
( “Esomeprazole Magnesium”) OR TITLE-ABS-KEY ( “Nexium”) OR TITLE-ABS-KEY ( “Esomeprazole
Potassium”) OR TITLE-ABS-KEY ( “Esomeprazole Strontium Anhydrous”))

( TITLE-ABS-KEY ( “Pantoprazole”’) OR TITLE-ABS-KEY (“SKF 96022") OR TITLE-ABS-KEY ( “SKF-96022")
#5  OR TITLE-ABS-KEY ( “SK F-96022") OR TITLE-ABS.KEY ( “Protonix”) OR TITLE-ABS-KEY ( “BY 1023”) OR 9246
TITLE-ABS-KEY ( “BY-1023") OR TITLE-ABS-KEY ( “pantoprazole sodium”))

( TITLE-ABS-KEY ( “Dexlansoprazole”) OR TITLE-ABS-KEY ( “Lansoprazole, R-lIsomer”) OR TITLE-ABS-KEY (
“R-Isomer Lansoprazole”) OR TITLE-ABS-KEY ( “2-{(R)-{(3-Methyl-4-(2,2,2- trifluoroethoxy)-2-pyridinyl)methyl)
sulfi nyl)-IH-benzimidazole) OR R-Lansoprazole)” ) OR TITLE-ABS-KEY ( “R lansoprazole”) OR TITLE-ABS-KEY

#6  ( “Dexlansoprazole Sesquihydrate”) OR TITLE-ABS-KEY ( “TAK 390MR”) OR TITLE-ABS-KEY ( “TAK390MR ") 359
OR TITLE-ABS-KEY ( ‘TAK- 390MR:’) OR TITLE-ABS-KEY (‘TAK-390") OR TITLE-ABS-KEY (‘TAK 390”) OR
TITLE-ABSKEY (‘TAK390”) OR TITLE-ABS-KEY ( “Dexilant”) OR TITLE-ABS-KEY ( “T-168390") OR TITLE-
ABS-KEY ( “T 168390 ) OR TITLE-ABS-KEY ( “TI68390" ) )

( TITLE-ABS-KEY ( “IY-81149”) OR TITLE-ABS-KEY ( “1Y81149”) OR TITLE-ABS-KEY ( “IY 81149”) OR

#2 33,109

7,271

#7  TITLE-ABSKEY ( “ilaprazole”)) Lo7
( TITLE-ABS-KEY ( “Rabeprazole”) OR TITLE-ABS-KEY ( “2-((4-(3-methoxypropoxy)-3-methylpyridin-2-
vimethylsulfinyl}-IH-benzimidazole)”’) OR TITLE-ABS-KEY ( “Dexrabeprazole”) OR TITLE-ABS-KEY ( “E

48 3810”) OR TITLE-ABS-KEY ( “E3810”) OR TITLE-ABS-KEY ( “Pariet”) OR TITLE-ABS-KEY ( “Rabeprazole 4938

Sodium”) OR TITLE-ABS-KEY ( “Sodium, Rabeprazole”) OR TITLE-ABS-KEY ( “IH-Benzimidazole, 2-(((4-
{3- methoxypropoxy}-3-methyl-2-pyridinyl)methyl)sulfinyl)-, Sodium Salt”) OR TITLE-ABSKEY (‘Aciphex”) OR
TITLE-ABS.KEY ( “LY-307640") OR TITLE-ABS-KEY ( “LY 307640”) OR TITLE-ABS-KEY ( “LY307640"))

#9  #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 108601

( TITLE-ABS-KEY ( “Inflammatory Bowel Disease”) OR TITLE-ABS-KEY ( “Bowel Diseases, Inflammatory”)
OR TITLE-ABS-KEY ( “Ulcerative Colitis”’) OR TITLE-ABS-KEY ( “Colitis Gravis”) OR TITLE-ABS-KEY

( “Inflammatory Bowel Disease, Ulcerative Colitis Type”) OR TITLE-ABS-KEY ( “Crohn’s Enteritis”’) OR
TITLE-ABS-KEY ( “Regional Enteritis”’) OR TITLE-ABSKEY ( “Crohn’s Disease”) OR TITLE-ABS-KEY (
“Crohns Disease”) OR TITLE-ABS-KEY ( “Inflammatory Bowel Disease”) OR TITLE-ABS-KEY ( “Enteritis,
Granulomatous”’) OR TITLE-ABS-KEY ( “Granulomatous Enteritis’) OR TITLE-ABS-KEY (“Enteritis”’) OR
TITLE-ABSKEY ( “Regional lleocolitis”) OR TITLE-ABS-KEY ( “Colitis, Granulomatous”) OR TITLE-ABSKEY
( “Granulomatous Colitis”’) OR TITLE-ABS-KEY ( “lleitis, Terminal”) OR TITLE-ABS-KEY ( “’Terminal Ileitis )
OR TITLE-ABS-KEY ( “lleitis, Regional”’) OR TITLE-ABS-KEY ( “Regional Ileitides’) OR TITLE-ABS-KEY (
“Regional lleitis "))

#11  #9 AND #10 1829

#10 177,263
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Supplementary file S3. Detailed methodological assessment of
included studies.

Question No Bonderup | Esanet | Fernandez-Bafiares | Keszthelyi | Masclee | Pascuaet | Schwartz | Verhaegh
‘ et al. al. et al. et al. et al. al. et al. et al
1 1 1 1 1
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