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ABSTRACT
Objective:  Proton pump inhibitor (PPi) use has been associated with reduced diversity of the 
gut microbiome and may lead to worse clinical outcomes in inflammatory bowel disease (iBd). 
We aimed to evaluate whether PPi use affects clinical outcomes in a real-world setting.
Design:  Healthcare claims data of adult iBd patients were obtained from the iBM MarketScan 
database. Multivariable analysis and propensity score-matched analysis were performed to assess 
associations between PPi use and new biologic start, and iBd-related hospitalizations and 
surgeries.
Results:  a total of 46,234 iBd patients were identified (6,488 (14%) and 39,746 (86%) patients 
with and without PPi, respectively). Patients on PPi were more likely to be older, female, and 
smokers and less likely to be on immunomodulators. Multivariable analyses demonstrated that 
PPi use was associated with new biologic start (odds ratio (OR) 1.11, 95% confidence interval 
(Ci) 1.04–1.18), and iBd-related admissions (OR 1.95, 95% Ci 1.74–2.19) and surgeries (OR 1.46, 
95% Ci 1.26–1.71). Following propensity score matching, patients on PPi remained more likely 
to start a new biologic (23% vs 21%, p = 0.011), and have iBd-related admissions (8% vs 4%, 
p < 0.001) and surgeries (4% vs 2%, p < 0.001). Subgroup analyses stratified by age, smoking, and 
glucocorticoid use showed similar results. there was a dose-response relationship between the 
number of PPi prescriptions and the risk of new biologic use (p < 0.001) and iBd-related admissions 
(p < 0.001).
Conclusion:  PPi use was associated with worse clinical outcomes in patients with iBd in the 
real-world setting. Further studies are warranted to validate these findings, but caution may be 
needed when prescribing a PPi to iBd patients.

STUDY HIGHLIGHTS WHAT IS KNOWN

• Proton pump inhibitors (PPis) are one of the most prescribed therapies in the united States 
(uS).

• Reduction of gastric acid secretion by PPi use increases the risk of imbalance in gut microbiota 
composition and may increase the risk of enteric infections.

• Recent studies have reported that the use of PPi was associated with development of 
inflammatory bowel disease (iBd) and reduced rates of remission in patients on infliximab 
therapy, which may be due to alterations of intestinal microbiota.

WHAT IS NEW HERE
• in a large real-world uS healthcare database study, iBd patients with PPi use were more 

likely to have a new biologic medication started, have an iBd-related surgery, and have an 
iBd-related hospitalization, which remained significant after adjusting for confounders by 
multivariable analysis, propensity-score matched analysis, and subgroup analysis.

• appropriate clinical review of PPi necessity may need to be performed in patients with iBd 
when considering prescribing a PPi or who are already on PPi therapy.
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Introduction

inflammatory bowel diseases (iBd), consisting of 
ulcerative colitis (uC) and Crohn’s disease (Cd), are 
chronic, inflammatory diseases that affect the gas-
trointestinal tract and requires lifelong therapy. 
although this diagnosis initially carried a very poor 
prognosis, there have been significant improvements 
in both our understanding of the disease process as 
well as our therapeutic approach in the last few 
decades. While there remains no curative therapy, 
the mainstay of medical therapy involves using 
immunomodulatory medications to induce remission 
and improve quality of life [1,2]. Given the improved 
medical and surgical control of iBd leading to its 
widened prevalence in a range of ages, an increasing 
number of patients are treated with medications for 
other medical comorbidities [3,4]. the effect of addi-
tional concomitant medications on the overall dis-
ease course and response to iBd medications is still 
largely unknown.

Proton pump inhibitors (PPis) are the most widely 
used agents for the suppression of gastric acid. they 
have demonstrated success in the treatment of gas-
troesophageal reflux disease (GERd), Helicobacter 
pylori (H. pylori) infections and peptic ulcers [5,6]. 
they are also widely used in the treatment of general 
dyspeptic symptoms and in patients with functional 
dyspepsia and more recently in eosinophilic esoph-
agitis [7–9]. PPis remain one of the most used med-
ications in the outpatient setting, and data from 
surveys in the united States (uS) outpatient setting 
show that approximately 8–10% of all ambulatory 
adults have been prescribed a PPi within the last 
thirty days [10,11]. they are overall safe medications; 
however, in recent literature, there have been multi-
ple associations between PPi use and adverse events 
such as risks of Clostridioides difficile infections, vita-
min B12 deficiency, small intestinal bacterial over-
growth, kidney dysfunction, and bacterial enteritis in 
the general population [12–14].

More specifically within the realm of iBd, a few 
recent studies have begun to show links between 
PPi use and outcomes associated with iBd. a 
nested-case control study from uS demonstrated a 
link between early-life PPi use and subsequent devel-
opment of pediatric iBd [15]. Similarly, a recent 
pooled analysis of the nurses’ Health Study and the 
united Kingdom (uK) Biobank showed that regular 
use of PPis had a significantly positive association 
with iBd risk as compared with nonusers [16]. in 
adult populations, a claims database study from 
Canada showed PPis were associated with medication 

changes in uC patients and a case-control study 
using the Veteran affairs database showed increased 
rates of hospitalization and surgeries in patients with 
iBd who were on concomitant PPis [17]. lastly, a 
recent patient-level meta-analysis of randomized con-
trolled studies looking at the effect of PPi on patient 
response to infliximab therapy showed iBd patients 
taking a PPi were less likely to achieve remission 
with infliximab when compared with patients who 
were not on a PPi [18].

Given these initial findings and the possibility that 
PPi use alters the richness of the gut microbiome [19], 
further investigation into the effects of PPi on 
iBd-specific outcomes and therapies is needed. to this 
end, we sought to investigate the effect of PPi use on 
iBd-related outcomes and changes in treatment in the 
wider general iBd population in the uS using a large 
claims database.

Methods

Study design

We performed a longitudinal, retrospective cohort 
analysis of iBd patients (Cd and uC) in the truven 
MarketScan Commercial Claims and Encounters 
database from 2017 to 2018. the truven MarketScan 
database consists of de-identified outpatient, inpatient, 
and pharmaceutical claims of approximately 40–50 
million privately insured patients each year [20,21]. 
these claims originate from more than 150 large 
employer-sponsored health insurance plans with 
patient coverage in all 50 states. the database includes 
patient-level data such as patient characteristics (age, 
sex, geographic region), financial variables (inpatient, 
outpatient, and pharmaceutical costs),  and 
pharmacy-level data (national drug Code (ndC), days’ 
supply, strength, administration method).

Patient identification

Patient inclusion criteria comprised patients who were 
≥18 years of age, were continuously enrolled in the 
MarketScan database between the years of 2016–
2018, had an initial diagnosis of iBd in the index year 
2017 followed by a subsequent repeat diagnosis 
within one year after the index encounter date 
(defined under the international Classification of 
diseases, tenth Revision [iCd-10] as K50.xx for Cd 
and K51.xx for uC, respectively), and had at least one 
outpatient drug claim in both the years 2017 and 
2018 (Figure 1).
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Variable classification:

PPi use was determined using dispensed prescription 
drug claims during the years 2017–2018. PPi medica-
tions included in the study were omeprazole, esome-
prazole, pantoprazole, lansoprazole, dexlansoprazole, 
and rabeprazole, as identified by their ndC numbers. 
a patient was classified as meeting the criteria for PPi 
use if there were PPi claims on distinct dates during 
the study period (defined as starting on or during the 
year after the index service date). Separately, PPi use 
after the index service date and before the index ser-
vice data were also collected. additionally, outpatient 
biologic use as denoted by prescription drug claims 
for infliximab, adalimumab, certolizumab pegol, vedol-
izumab, and ustekinumab were collected for the year 
prior to the 2017 index service date as well as during 
the study period. immunomodulator use as denoted 
by prescription drug claims for azathioprine, mercap-
topurine, and methotrexate was also collected for the 
year prior to the 2017 index service date as well as 
during the study period.

Covariates of interest were classified using patient 
data during the study period. demographic informa-
tion included age and gender. Conditions that are 
indications for PPi use and common comorbidities 
were defined a priori based on clinical judgement and 
past research with population-based databases and 
the MarketScan database using iCd-10 codes in the 
year prior to the index encounter in 2017 [22–25]. 
these included GERd, esophagitis, gastritis, gastric 
ulcer, duodenal ulcer, H. pylori, essential hypertension, 
hypertensive heart disease, hypertension, chronic kid-
ney disease (CKd), secondary hypertension, smoking, 
congestive heart failure, obesity, diabetes, chronic 
obstructive pulmonary disease, cerebrovascular dis-
eases, and dementia (see Supplementary table 1 for 
a full list of iCd-10 codes).

Outcomes of interest

Outcomes of interest included (1) new biologic use, 
(2) iBd-related admissions, and (3) iBd-related surgery. 
new biologic use was defined as a new prescription 
of a biologic drug started during the study period or 
if any alternative biologic drug for the treatment of 
iBd was started. this was determined through new 
claims for any biological drug during the study period. 
Subsequent iBd-related hospital admissions were 
defined as admissions with a primary diagnosis of iBd 
including K50.xx and K51.xx during the study period. 
iBd-related surgeries were defined as any surgeries for 
iBd during the study period including small bowel 
resection, ileocolic resection, colonic resection, etc. 
(Supplementary table 1).

Statistical analysis

descriptive statistical analyses were performed to 
assess the effect of PPi use on new biologic use, 
admissions, and surgery in iBd. univariate and multi-
variate analysis were performed and logistic regression 
was used to estimate odds ratios (the ratio of odds of 
an event in the PPi group versus the odds of the event 
in the non-PPi group). We performed backward selec-
tion to reduce the set of independent variables in 
multivariate models to those that are statistically sig-
nificant at the level of 0.05.

Propensity score-matched analysis was performed 
between the group of patients with PPi use and the 
group without PPi use during the study period to 
adjust for differences in baseline covariates between 
the two groups. the patients were matched on covari-
ates including patient age, gender, and comorbidities. 

All pa�ents in 2016-2018 
MarketScan Outpa�ent 

Claims Database: 
35,786,121

Pa�ents older than 18 years: 
27,349,801

Con�nuously enrolled in 
MarketScan from 2016-

2018: 10,076,873

At least 1 IBD diagnosis in 
2017 and at least 1 IBD 

diagnosis within 1 year a�er 
the index encounter: 51,567

At least 1 outpa�ent drug 
claim in 2017 and 2018: 

46,234

Figure 1. Patient identification from the MarketScan 
Claims database. flowchart of patient identification.

https://doi.org/10.1080/07853890.2023.2198775
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We used a caliper width of 0.1 of the standard devi-
ation of the logit of the propensity score and a match-
ing ratio of 1:2. Outcome variables was then compared 
between the two matched groups using simple t-test 
and Chi-square tests.

in order to assess for potential effect modifiers, we 
performed subgroup analyses stratified by clinical vari-
ables such as age, sex, smoking, as well as comorbidities 
and PPi indications that were found to be influential 
on multivariate analyses. Estimated effects were based 
on the multivariable-adjusted logistic regression model 
adjusted for age, sex, smoking, chronic kidney disease, 
obesity, diabetes, gastritis, gastroesophageal reflux dis-
ease, and immunomodulator use.

to assess the dose-response relationship, we ana-
lyzed the association between the number of PPi 
prescriptions and iBd outcomes events by univariate 
and multivariate models. the number of PPi prescrip-
tions was the total cumulative number of PPi pre-
scriptions during the study period. dosage or dosing 
regimen were not taken into account due to lim-
ited data.

a two-sided p value of <0.05 was considered sta-
tistically significant. all analyses were performed with 
Stata version 17 (College Station, texas, uSa) and 
GraphPad Prism (San diego, Ca, uSa).

Patient and public involvement

We did not directly include patient and public involve-
ment in this study. Patients were not invited to 

comment on the study design and were not consulted 
to interpret the results. Patients were not invited to 
contribute to the writing or editing of this manuscript.

Results

Patient characteristics

We identified a total of 46,234 patients with iBd during 
the study period, with 6,488 patients on PPi therapy com-
pared with 39,746 patients not on PPi therapy. the base-
line patient characteristics are listed in table 1 for all 
patients combined and for patients with Cd and uC 
shown separately (Supplementary table 2). For all patients 
combined, patients on PPi therapy were significantly older, 
more likely to be female and smoking as compared with 
patients who were not on PPi therapy. the proportion of 
patients with comorbidities such as hypertension, obesity, 
diabetes, GERd, and H. Pylori also differed between the 
two groups. With regard to iBd therapy, there was a sig-
nificantly smaller number of patients on immunomodu-
lators that were on PPi therapy compared with those 
without PPi therapy. these baseline characteristics were 
overall similar when examined separately in Cd and in 
uC (Supplementary table 2).

Effect of PPI therapy on IBD outcomes

New biologic prescription
On univariate analysis, iBd patients on PPi more fre-
quently started a new biologic prescription (OR 1.10, 

Table 1. Baseline characteristics of iBd patients with and without concurrent PPi therapy.
All Patients

Total no PPi With PPi

p-valueN = 46,234 N = 39,746 N = 6,488

Age, mean (sd), years 44.4 (12.8) 43.9 (12.9) 47.5 (11.9) <0.001
sex female, n (%) 24813 (54%) 21,075 (53%) 3738 (58%) <0.001
crohn’s disease, n (%) 22,105 (48%) 18,541 (47%) 3564 (55%) <0.001
smokers, n (%) 2717 (6%) 2153 (5%) 564 (9%) <0.001
HTn, n (%) 13,517 (29%) 10,618 (27%) 2899 (45%) <0.001
congestive heart failure, n (%) 452 (1%) 308 (1%) 144 (2%) <0.001
chronic kidney disease, n (%) 1158 (3%) 868 (2%) 290 (4%) <0.001
obesity, n (%) 7114 (15%) 5643 (14%) 1471 (23%) <0.001
diabetes, n (%) 4556 (10%) 3529 (9%) 1027 (16%) <0.001
chronic obstructive pulmonary disease, n (%) 998 (2%) 690 (2%) 308 (5%) <0.001
dementia, n (%) 27 (0%) 16 (0%) 11 (0%) <0.001
Gastroesophageal reflux disease, n (%) 12,008 (26%) 7697 (19%) 4311 (66%) <0.001
esophagitis, n (%) 1832 (4%) 1151 (3%) 681 (10%) <0.001
Gastritis, n (%) 6041 (13%) 4057 (10%) 1984 (31%) <0.001
Gastric ulcer, n (%) 652 (1%) 408 (1%) 244 (4%) <0.001
duodenal ulcer, n (%) 328 (1%) 212 (1%) 116 (2%) <0.001
Helicobacter pylori, n (%) 323 (1%) 208 (1%) 115 (2%) <0.001
immunomodulator use, n (%) 4128 (9%) 3611 (9%) 517 (8%) 0.003
Glucocorticoid use, n (%) 5091 (11%) 4075 (10%) 1016 (16%) <0.001
PPi # of prescription, mean (sd) 0.6 (2.0) 0.0 (0.0) 4.4 (3.4) <0.001
new biologic prescription, n (%) 9685 (21%) 8232 (21%) 1453 (22%) 0.002
iBd admission, n (%) 2174 (5%) 1668 (4%) 506 (8%) <0.001
surgery, n (%) 1155 (2%) 923 (2%) 232 (4%) <0.001

https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
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95% Ci 1.04–1.18) (Supplementary table 3). Multivariable 
analysis demonstrated that amongst all patients with 
iBd, those on PPi were significantly more likely to start 
a new biologic therapy (OR 1.11, 95% Ci 1.04–1.18) 
(Figure 2(a) and Supplementary table 3). additionally, 
patients on immunomodulators (OR 1.18, 95% Ci) and 
glucocorticoids (OR 1.21, 95% Ci 1.13–1.31) as well as 
Cd patients (OR 3.00, 95% Ci 2.86–3.15) were more 
likely to start a new biologic therapy. Conversely, older 
patients (OR 0.98, 95% Ci 0.98-0.98), female sex (OR 
0.86, 95% Ci 0.83–0.91), and patients with diabetes (OR 
0.87, 95% Ci 0.80-0.95) were less likely to have started 
a new biologic. the difference in the new biologic start 
was seen in patients on PPi with uC (OR 1.28, 95% Ci 
1.14-1.44) but not in Cd with multivariable analyses 
(Supplementary table 3).

IBD-related admissions
On univariate analysis, iBd patients on PPi more fre-
quently had iBd-related admissions (OR 1.93, 95% Ci 
1.74–2.14) (Supplementary table 4). Multivariable anal-
ysis demonstrated that amongst all patients with iBd, 
those on PPi were significantly more likely to have an 
iBd-related admission (OR 1.95, 95% Ci 1.74–2.19) 
(Figure 2(B) and Supplementary table 4). additionally, 
patients who were smokers (OR 1.68, 95% Ci 1.45–
1.95), had Cd (OR 1.68, 95% Ci 1.53–1.84), had CKd 
(OR 1.44, 95% Ci 1.12–1.85), had gastritis (OR 1.43, 
95% Ci 1.27–1.61), and taking glucocorticoids (OR 1.47, 
95% Ci 1.30–1.67) were more likely to have iBd-related 
admissions. in comparison, older patients (OR 0.98, 
95% Ci 0.97–0.98), patients with GERd (OR 0.83, 95% 
Ci 0.75–0.93) and patients on immunomodulators (OR 
0.63, 95% Ci 0.53–0.76) were less likely to have 
iBd-related admissions. this difference in admission 
was seen in both subsets of Cd and uC patients on 
PPi therapy with multivariable analyses (OR 1.62, 95% 
Ci 1.42–1.86 and OR 2.40, 95% Ci 1.99–2.91, respec-
tively) (Supplementary table 4).

IBD-related surgeries
On univariate analysis, iBd patients on PPi more fre-
quently had iBd-related surgeries (OR 1.56, 95% Ci 
1.35–1.81) (Supplementary table 5). Multivariable anal-
ysis demonstrated that amongst all patients with iBd, 
those on PPi were significantly more likely to have an 
iBd-related surgery (OR 1.46, 95% Ci 1.26–1.71) (Figure 
2C and Supplementary table 5). Patients who were 
smokers (OR 1.68, 95% Ci 1.38–2.05), with Cd (OR 1.67, 
95% Ci 1.48–1.89), with CKd (OR 1.72, 95% Ci 1.27–
2.32), and with gastritis (OR 1.24, 95% Ci 1.06–1.45) 
also had higher likelihood of having an iBd-related 

surgery. Older patients (OR 0.99, 95% Ci 0.98–0.99), 
female sex (OR 0.84, 95% Ci 0.75–0.95), and immuno-
modulator use (OR 0.76, 95% Ci 0.60–0.95) were asso-
ciated with a lower likelihood of having iBd-related 
surgeries. this difference was seen in both subsets of 
Cd (OR 1.25, 95% Ci 1.03–1.52) and uC (OR 1.93, 95% 
Ci 1.52–2.45) patients taking PPi therapy with multi-
variable analyses (Supplementary table 5).

Propensity score matched analyses
Propensity score-matched analysis with a 1:2 match 
with each PPi user to non-user was performed, in order 
to control for variables between the two cohorts that 
could affect iBd outcomes. as shown in table 2, the 
characteristics of the two groups were similar except 
for the proportion of patients with obesity, diabetes, 
esophagitis, gastritis, and glucocorticoid use which had 
very minor differences. in this propensity score-matched 
cohort analysis, patients on a PPi were significantly 
more likely to start a new biologic (23% vs 21%, 
p = 0.011), have an iBd-related admission (8% vs 4%, 
p < 0.001) and have an iBd-related surgery (4% vs 2%, 
p < 0.001).

Subgroup analyses
the risk of new biologic use, iBd-related admissions, 
and iBd-related surgeries were consistently elevated 
among PPi users compared to non-users among almost 
all subgroup analyses (age, smoking, GERd, glucocor-
ticoid use, etc.) supporting the robustness of our 
results (Supplementary table 6-8).

Dose-response relationship of PPI prescription and 
IBD outcomes
in order to make treatment-effect inferences, we 
assessed the dose-response relationship between the 
number of PPi prescriptions and iBd outcomes event. 
as demonstrated in table 3, there was a small but 
statistically significant association between PPi pre-
scription count and the risk of new biologic use (OR 
1.03, 95% Ci 1.02-–.04) and iBd-related admissions (OR 
1.04, 95% Ci 1.02–1.06), but not iBd-related surgery 
on multivariable analyses.

Discussion

in this large uS claims database analysis evaluating 
patients with iBd, concurrent PPi therapy was associated 
with a significantly higher risk of undesirable clinical out-
comes as compared with patients not on PPi therapy. 
this included an increased likelihood to start a new 

https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
https://doi.org/10.1080/07853890.2023.2198775
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biologic medication, undergoing iBd-related hospital 
admission and iBd-related surgeries. this association was 
significant for all patients with iBd combined and showed 
a similar trend when uC and Cd were analyzed sepa-
rately. due to the large sample size, there were 

differences in clinical characteristics between iBd patients 
with or without PPi therapy, but we undertook propen-
sity score-matched analysis and subgroup analyses to 
confirm the robustness of our results. Furthermore, sen-
sitivity analysis according to the number of PPi 

Figure 2. Multivariate analyses of outcomes of iBd patients with and without concurrent PPi therapy. (A) Multivariate 
analysis of new biologic use. (B) Multivariate analysis of iBd-related admission. (c) Multivariate analysis of iBd-related 
surgery.
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prescriptions demonstrated a dose-response relationship 
supporting a potential causal effect.

a prior case-control study of patients with iBd in 
the Veterans Health System demonstrated PPi expo-
sure was associated with iBd-related hospitalizations 
and surgeries [17]. in a patient-level meta-analysis 
of prospective randomized controlled studies, iBd 
patients taking PPi were less likely to achieve remis-
sion while on infliximab or placebo treatments [18]. 
Our study confirms these findings in a larger and 
more generalizable uS population by utilizing one 
of the largest longitudinal overviews of both inpa-
tient and outpatient claims data, including pharma-
ceutical data. additionally, we showed that there is 
an increased risk for three important clinical out-
comes, namely new biologic start, admissions, and 
surgery, indicating that PPi use is associated with 
worsening disease at various levels. We also showed 
that the number of PPi prescriptions was associated 
with a greater risk of new biologic use and 
iBd-related admissions (dose-response relationship), 

suggesting a possible causal inference. the results 
of our study suggest that physicians should take 
caution when prescribing PPis to iBd patients and 
confirm that there is a clinical indication for pre-
scribing it.

although the underlying mechanisms of worse clinical 
outcomes associated with PPi use are still unknown, there 
are a few possible hypothesized mechanisms. One 
includes the effect of ongoing gastric acid suppression 
on intestinal microbiome alterations. Prolonged use of 
PPi reduces microbial diversity, which have been shown 
to be associated with increased risks of gastrointestinal 
infections [19,26,27]. PPis have also been shown to 
reduce anti-inflammatory bacteria such as Faecalibacterium 
which could also potentially lead to poor outcomes in 
patients with iBd [28,29]. Further research elucidating 
the influence of PPis on intestinal inflammation is 
warranted.

Our study has several limitations. First, there were 
statistically significant differences in the baseline 
characteristics (age, gender, smoking status, etc.) 

Table 2. Propensity score-matched analysis: characteristics of iBd patients with and without concurrent 
PPi therapy.

Total no PPi With PPi

N = 10,016 N = 6426 N = 3590 p-value

Age, mean (sd), years 46.6 (12.3) 46.5 (12.3) 46.6 (12.3) 0.83
crohn’s disease, n (%) 5298 (52.9%) 3382 (52.6%) 1916 (53.4%) 0.48
sex female, n (%) 5805 (58%) 3729 (58%) 2076 (58%) 0.84
smokers, n (%) 308 (3%) 184 (3%) 124 (3%) 0.10
HTn, n (%) 3492 (35%) 2209 (34%) 1283 (36%) 0.17
congestive heart failure, n (%) 9 (0%) 5 (0%) 4 (0%) 0.59
chronic kidney disease, n (%) 89 (1%) 53 (1%) 36 (1%) 0.36
obesity, n (%) 1343 (13%) 827 (13%) 516 (14%) 0.034
diabetes, n (%) 857 (9%) 527 (8%) 330 (9%) 0.089
chronic obstructive pulmonary disease, n (%) 50 (0%) 27 (0%) 23 (1%) 0.13
dementia, n (%) 0 (0%) 0 (0%) 0 (0%)
Gastroesophageal reflux disease, n (%) 5409 (54%) 3416 (53%) 1,993 (56%) 0.023
esophagitis, n (%) 304 (3%) 167 (3%) 137 (4%) <0.001
Gastritis, n (%) 1593 (16%) 962 (15%) 631 (18%) <0.001
Gastric ulcer, n (%) 22 (0%) 11 (0%) 11 (0%) 0.17
duodenal ulcer, n (%) 15 (0%) 8 (0%) 7 (0%) 0.38
Helicobacter pylori, n (%) 4 (0%) 2 (0%) 2 (0%) 0.55
Glucocorticoid use, n (%) 807 (8%) 489 (8%) 318 (9%) 0.028
immunomodulator Use, n (%) 490 (5%) 307 (5%) 183 (5%) 0.48
PPi Prescription count, mean (sd) 1.5 (2.8) 0.0 (0.0) 4.2 (3.3) <0.001
new Biologic start 2,176 (22%) 1,346 (21%) 830 (23%) 0.011
iBd Admissions 547 (5%) 266 (4%) 281 (8%) <0.001
iBd surgeries 279 (3%) 147 (2%) 132 (4%) <0.001

Table 3. Association between PPi prescription count and the risk of new biologic use, iBd- related admission, and 
iBd-related surgery.

Univariate Multivariate

odds ratio

95%ci

p-value odds ratio

95%ci

p-valuelower Upper lower Upper

new biologic use 1.02 1.00 1.03 0.006 1.03 1.02 1.04 <0.001
Admission 1.04 1.02 1.06 <0.001 1.04 1.02 1.06 <0.001
surgery 1.02 0.99 1.05 0.20 nA
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between patients with or without PPi use. this was 
addressed by performing multivariable analyses. We fur-
ther performed baseline characteristics matching of 
patients without and on concomitant PPi therapy 
through propensity score matching as well as sub-
group analyses. despite the comprehensive adjustment 
for confounders and dose-response relationships, 
causal relationships cannot be established through this 
observational study. the use of the truven MarketScan 
database also has certain limitations. this includes 
reliance upon the accuracy of claims and prescription 
data, lack of data on uninsured patients, inability to 
obtain endoscopic findings, and limited demographic 
information. data on diet patterns, which may influ-
ence the use of PPi or symptoms of iBd, are also 
unavailable.0 it may contain biases and may not gen-
eralize well to other populations due to unmeasured 
clinical information. the lack of phenotypic data such 
as perianal and upper gastrointestinal tract Cd limited 
us to assess whether they are over-represented in the 
PPi group. PPi drugs are also available over-the-
counter, however, we were unable to assess the pro-
portion of patients taking over-the-counter drugs as it 
cannot be recorded in the prescription database. Similarly, 
the influence of non-steroidal anti-inflammatory drugs 
(nSaids) could not be analyzed as a majority of them 
are purchased over-the-counter. Statistical significance 
was present in many analyses including the dose-response 
relationship due to a large number of participants, but 
clinical significance needs to be carefully considered.

in conclusion, concurrent PPi therapy use was asso-
ciated with increased risks of new biologic use repre-
senting possible need for treatment escalation as well 
as increased risks of iBd-related hospital admissions 
and surgeries. Further prospective studies are needed 
to validate these findings and explore potential under-
lying mechanisms, but caution may be needed in pre-
scribing PPis to iBd patients.
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