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ABSTRACT ARTICLE HISTORY
Background and Aims: Proton pump inhibitors (PPI) affect the gastrointestinal microbiota, which ~ Received 16 June 2023

is thought to play a role in the pathogenesis of ulcerative colitis (UC). Previous studies suggest an Revised 23 August 2023
association between PPl use and risk of incident UC as well as disease course. The aim of the study ~ AccePted 31 August 2023
was to examine if PPl exposure is associated with disease course in UC patients. KEYWORDS

Methods: A national cohort consisting of all newly diagnosed UC patients from 2010 to 2020 was Proton pump inhibitors;
defined combining data from Norwegian registries. PPl exposure was included as a time dependent ulcerative colitis; cohort study;
variable with a 30day time lag from starting the drug. Outcomes were starting advanced therapies adverse effects; gastric acidity
including anti-TNF, systemic glucocorticoids, any additional systemic anti-inflammatory medication

and undergoing colectomy during follow-up. Time-dependent Cox regressions included the variables

PPI use, first systemic glucocorticoid prescription, first UC hospitalization, age-groups and sex.

Results: The study cohort consisted of 10,149 patients with median age 40years (IQR 27-56) and

56% males. PPl use independently increased the risk of starting advanced therapies (HR 1.54, 95%

Cl 1.36-1.73, p<0.005), starting systemic glucocorticoids (HR 1.20, 95% Cl 1.07-1.34, p<0.005),

starting any additional anti-infammatory treatment (HR 1.18, 95%C| 1.05-1.32, p<0.01) and

undergoing colectomy (HR 1.52, 95%Cl 1.17-1.98, p<0.005).

Conclusions: PPl use was associated with unfavorable outcomes including advanced therapy

initiation, additional anti-inflammatory medications and undergoing colectomy. Although further

studies are needed, the evidence suggests that PPIs could affect the course of UC and should be

used cautiously in UC patients.

Introduction population level [8,9]. It has thus been of interest to study
how PPl use may affect IBD. Early life PPl exposure has also
been found to increase the risk of later development of IBD
[10]. PPl use is associated with an increased risk of incident
IBD [11], at least the first two years after treatment start [12].
Furthermore, PPl use is associated with altered clinical course

Inflammatory bowel disease (IBD) consists of ulcerative colitis
(UC) and Crohn’s disease (CD) and are believed to occur in
genetically predisposed individuals with influence from envi-
ronmental factors as well as the gastrointestinal (Gl) microbi-

ome. Numerous studies suggest that the microbiome is ot 8D mainly in patients with CD, but PPl use was found to
important in the pathogenesis of IBD [1] and many of the |6 as50ciated with altered use of medication in UC patients as
genetic polymorphisms associated with IBD cause altered han- \yq|| [13]. IBD patients using PPl when starting infliximab were
dling of microorganisms [2]. Consequently, it is relevant to |ess Jikely to achieve remission in multivariable and propensity
study how factors affecting the Gl microbiome influence IBD.  ¢core matched analyses of patients participating in random-
Antibiotics may cause long-lasting alterations in the fecal bac-  jzed controlled studies [14]. Whereas PPI use seemed to nega-
terial composition [3] and their use has been identified as a tively affect patients with CD at both 30 and 54weeks, the
risk factor for later development of IBD [4,5]. However, proton effect of PPI use was significant in patients with UC at 30 weeks
pump inhibitors (PPIs) alter the microbiome from the stomach  only [14]. Since PPIs may be prescribed to treat CD patients
[6] to the feces [7] and PPl use is the single factor that influ-  with involvement of the upper Gl tract, reverse causation may
ences fecal microbial composition to the largest extent at be problematic in population-based studies of CD patients.

CONTACT Reidar Fossmark @ reidar.fossmark@ntnu.no @ Department of Gastroenterology and Hepatology, St. Olav’s University Hospital, Prinsesse Kristinas
Gate 1, 7006 Trondheim, Norway.

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/00365521.2023.2255710.

Brief summary: Proton pump inhibitors (PPIs) may affect the course of inflammatory bowel disease. In a national cohort of over 10,000 newly diagnosed patients
with ulcerative colitis we found that PPl use was associated with starting additional medication and undergoing colectomy.
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Considering a possible negative impact of PPl on UC it is
of concern that the prescriptions of PPIs have nearly doubled
over the past decade in Norway so that more than 10% of
the Norwegian population received a prescription of a PPl in
2020 [15]. It was therefore of interest to study if PPl use was
associated with the course of UC in a national patient cohort.

Materials and methods
Data sources

All inpatient and outpatient hospital contacts in Norway are
registered in the Norwegian Patient Registry (NPR) and it is
mandatory to report diagnoses and clinical procedures. In
addition, all prescription drugs sold in Norway are registered
by their Anatomical Therapeutic Chemical (ATC) codes as well
as preparation name in either NPR and/or for dispensed
drugs the Norwegian Prescription Database (NorPD). Data
from these two registries were combined. The NPR uses
unique personal identification numbers from 2008 on, which
makes it possible to follow individual patients over time. The
patients were followed up until 31 December 2020.

Patients

The dataset included every inpatient and outpatient hospital
event at public and private institutions for all patients who
received their first UC diagnosis (ICD-10 code K51) between
1 January 2010 and 31 December 2020. For further analyses
UC was defined as having received a UC diagnosis (K51) at
least once and a prescription of oral 5-ASA (ATC-codes
AO07EC02 (mesalazine, oral preparations only), AO7EC03 (olsal-
azin), AO7EC04 (balsalazid)) or sulfasalazine (AO7EC01) after
the UC diagnosis. The dispensal of oral 5-ASA or sulfasalazine
defined the date of UC diagnosis.

Table 1. Anti-inflammatory medications and colectomy procedures defined as
endpoints.

Non-persistence

Additional drug ATC codes

HO02AB02
H02AB04
HO02AB06
H02AB07
HO02AB09
HO02AB10

AQO7EA

L04AX03
LO4AX01
LO1BB02
LOTBAO1
L04ABO2 (IFX)
L04AB04 (ADA)
L04ABO6 (GOL)
LO4A A33 (VEDO)
LO4A CO5 (USTE)
LO4A A29 (TOFA)

Drug class NPR codes

Glucocorticoids

Immunomodulators

Anti-TNFa 4AB

4AA33

4AA33
4AC05

Anti-Integrin
Anti-IL12/IL23
JAK-inhibitors

Surgery Operation type NCSP codes
Colectomy JFB4x, JFB5x, JFB6X,
JFHx

ATC, Anatomical Therapeutic Chemical; NPR, Norwegian Patient Registry; TNFa,
tumor necrosis factor a; NCSP, Nordic Medico-Statistical Committee (NOMESCO)
Classification of Surgical Procedures.

To ensure identification of incident UC and a correct time
of diagnosis, patients were excluded if they received oral
5-ASA or oral budesonide more than 30days before a K51
diagnosis, or if they had a CD diagnosis (ICD-10 code K50) in
NPR during the entire study period.

Patients who had received azathioprine, methotrexate or
advanced therapies as defined in Table 1 before the first UC
diagnosis were considered prevalent UC and therefore excluded.
However, patients with use of rectal 5-ASA or rectal glucocorti-
coids before oral 5-ASA were perceived as ulcerative proctitis
with subsequent progression to colitis and were not excluded.

Exposure

The exposure was defined as PPl use (ATC-code A02B C) of at
least 0.5 defined daily dose (DDD) for 28days after the first pre-
scription of oral 5-ASA. A lag time of 30days was included to
avoid reverse causation and as the effect on UC was not
expected to be immediate. The exposure time was extended
60days after the duration of the prescription calculated as 0.5
DDD/day. A 0.5 DDD equivalents to omeprazole 10mg, panto-
prazole 20mg, lansoprazole 15mg, esomeprazole 15mg https://
www.whocc.no/atc_ddd_index/?code=A02BC. The indication for
PPI prescriptions during the study period was assessed by using
the codes from the International classification of primary care
(ICPC) and International classification of diseases (ICD).

Outcomes

Outcomes were defined as the use of advanced therapies
(adalimumab, infliximab, golimumab, vedolizumab, usteki-
numab and tofacitinib), glucocorticoids, any additional sys-
temic anti-inflammatory medication or colectomy after the
first prescription of oral 5-ASA (Table 1). All such events
occurring from 30days after start of PPl exposure were con-
sidered an outcome. The use of rectal glucocorticoids and
rectal 5-ASA was not included in any analyses.

Statistical analyses

Time-dependent Cox regressions included the variables PPl use
(time-dependent), first systemic glucocorticoid prescription
(time-dependent), first UC hospitalization (time-dependent), age
and sex. In the other time-dependent Cox regressions using sys-
temic glucocorticoids and colectomy as outcomes, advanced
therapies were also included as a variable. Patients were fol-
lowed from their first 5-ASA prescription until the outcome of
interest, death or December 2020, whichever came first.

In the main analysis PPl exposure was included as a time
dependent variable with a 30day time lag from starting the
drug, however, a sensitivity analysis using outcomes from
0days and 60days were also performed with similar findings
(Supplementary Table 1 and 2). In an additional analysis
patients who dispensed a non-steroid anti-inflammatory drug
(NSAID) (ATC-code M01A) up to 30days before or during PPI
exposure were excluded (Supplementary Table 3). In a further
sensitivity analysis, all patients having dispensed PPl before
the UC diagnosis were excluded (Supplementary Table 4).
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Figure 1. The cumulative incidence of PPI dispensal in patients with ulcerative colitis.

Table 2. Indications for prescription of proton pump inhibitors in patients with
ulcerative colitis given as number of prescriptions (n) and %.

ICPC code Diagnosis N %
D84 Esophageal disease 18,295 57.2
—61 Results exam/test/record 3038 9.5
D86 Gastric ulcer 1673 5.2
D85 Duodenal ulcer 497 1.6
—51 Incise/drain/flush/aspirate 430 13
-90 Palliative treatment 203 0.6
ICD-10 code Diagnosis

K21 Gastroesophageal reflux disease 2695 8.4
K25 Gastric ulcer 507 1.6
K26 Duodenal ulcer 148 0.5
794 Liver transplant status 60 0.2
No ICPC or ICD-10 code 4403 13.8

ICPC, International classification of primary care; ICD, international classification
of diseases.

Ethical considerations

The study was approved by the NPR, the Norwegian Data
Protection Authority and the Regional Committees for
Medical and Health Research Ethics of South-East Norway
(2016/113). The dataset does not contain data that can iden-
tify individual patients and consent from the patient popula-
tion was therefore not needed.

Results

There were 10,149 patients with incident UC in the study
cohort. The median age was 40years (IQR 27-56) and 56%
were males. The cumulative incidence of PPl use after UC
diagnosis is illustrated in Figure 1. Approximately 4% of the
patients were exposed for PPI at the time of UC diagnosis.
The predominant indications for PPI prescription were esoph-
ageal disease and gastroesophageal reflux disease, gastric
ulcer and duodenal ulcer (Table 2).

In a Cox proportional hazard analyses PPl use inde-
pendently increased the risk of starting glucocorticoids (HR
1.20, 95% Cl 1.07-1.34, p<0.005), starting advanced therapies
(HR 1.54, 95% Cl 1.36-1.73, p<0.005), starting any additional

Table 3. Multivariate analyses by Cox proportional hazards model with 30days
lag time from dispensal to outcome, identifying factors independently associated
with the risk of starting systemic glucocorticoids, advanced therapies (biologics
and JAK-inhibitors), starting any anti-inflammatory treatment and colectomy.

Variable HR 95% Cl p-value
Starting glucocorticoids
PPI 1.20 1.07-1.34 <0.005
Age at diagnosis 1.00 0.99-1.00 <0.005
Advanced therapies 1.1 0.87-1.43 0.40
Hospitalization 435 3.96-4.77 <0.005
Male 1.02 0.96-1.08 0.58
Starting advanced therapies
PPI 1.54 1.36-1.73 <0.005
Age at diagnosis 0.97 0.97-0.98 <0.005
Hospitalization 2.78 2.52-3.06 <0.005
Male 1.00 0.92-1.10 0.92
Glucocorticoid 13.19 11.12-15.63 <0.005
Starting any anti-inflammatory treatment
PPI 1.18 1.05-1.32 <0.005
Age at diagnosis 0.99 0.99-1.00 <0.005
Hospitalization 4.42 4.03-4.86 <0.005
Male 1.04 0.97-1.10 0.27
Colectomy
PPI 1.52 1.17-1.98 <0.005
Age at diagnosis 1.02 1.01-1.03 <0.005
Advanced therapies 7.95 6.06-10.43 <0.005
Hospitalization 5.54 4.19-7.33 <0.005
Male 1.28 1.02-1.60 0.04
Glucocorticoid 4.55 2.92-7.07 <0.005

PPI, proton pump inhibitor; HR, hazard ratio; Cl, confidence interval; JAK, Janus
kinase.

anti-inflammatory treatment (HR 1.18, 95%Cl 1.05-1.32,
p<0.01) and undergoing colon surgery (HR 1.52, 95%CI 1.17-
1.98, p<0.005) (Table 3).

The strongest risk factor for starting glucocorticoids was
hospitalization (HR 4.35 95%Cl 3.96-4.77, p<0.005), while
young age also was a significant risk factor (Figure 2). Use of
glucocorticoids was the strongest risk factor for starting
treatment advanced therapies (HR 13.19, 95%Cl 11.12-15.63,
p<0.005) and younger age was also a significant risk factor
in this analysis.

In the sensitivity analysis using outcomes occurring without
time lag and with 60days lag after staring PPI, the findings
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Figure 2. Factors independently associated with the risk of starting glucocorticoids (a), advanced therapies (B), any anti-inflammatory treatment (C) or colectomy
(D) in patients with ulcerative colitis assessed by cox proportional hazard multivariate analyses.

were similar (Supplementary Tables 1 and 2). However, the HR
of PPI use in the analysis with starting glucocorticoids as out-
come was higher using 60days time lag HR 1.37 (1.20-1.57)
versus no time lag HR 1.24 (1.12-1.38) and similarly for start-
ing any anti-inflammatory treatment with a 60day lag HR 1.21
(1.07-1.36) versus no time lag HR 1.22 (1.10-1.36). In analyses
where patients exposed to NSAID were excluded, PPl use
remained a significant risk factor for starting advanced thera-
pies HR 1.66 (1.47-1.88) and undergoing colectomy HR 1.64
(1.25-2.15), but PPl use was no longer a risk factor for starting
glucocorticoids or starting any anti-inflammatory treatment
(Supplementary Table 3). In analyses where patients with any
dispensal of PPl before the UC diagnosis (n=2822) were
excluded, PPl use remained a significant risk factor for all
defined outcomes (Supplementary Table 4).

Discussion

In this national cohort of newly diagnosed UC, PPl use as a
time-dependent variable was associated with unfavorable out-
comes defined as starting advanced therapies, systemic gluco-
corticoids and undergoing colectomy. Several other factors
expected to be associated with disease exacerbation were
included in the analyses and could thereby be adjusted for
throughout the observation period, including hospitalization
and the use of systemic glucocorticoids or advanced therapies
which were all considered markers of more severe UC.

The indications for PPl prescription were dominated by
esophageal diseases and gastroesophageal reflux disease

(GERD) prescribed from primary and specialist health care,
respectively. The current study was not designed to assess
overuse of PPIs, but previous studies have identified overuse
in both hospital [16] and outpatient settings [17]. PPI pre-
scriptions in Norway nearly doubled during the study period
[15] and overuse in this UC population also seems probable.

The impact of PPl use on the course of UC has been eval-
uated in only few studies previously. PPl was found to be asso-
ciated with IBD-related hospitalization and surgery in a large
case control study [18]. In a cohort study PPl use was associ-
ated with a change in medication against UC [13]. In a recent
meta-analysis of IBD patients treated with infliximab in five
randomized controlled trials, PPl users were less likely to
achieve week 30 remission in multivariate analyses as well as
propensity score-matched analyses [14]. The association was
significant for UC patients after 30 weeks but not after 54 weeks.
The current study therefore provides significant new data sup-
porting that PPl use may alter the clinical course of UC.

The possible effects of PPl on UC risk and disease course
could be mediated by alterations in the Gl microbiome.
Inactivation of bacteria in the stomach is primarily dependent
on the intragastric pH [19,20] and PPI use is associated with an
increased risk of infections with bacteria causing clinical gas-
troenteritis [21]. Others have proposed that the effect of PPI
on IBD could be mediated by a higher frequency of bacterial
infections leading to symptomatic bacterial gastroenteritis [14]
that may cause or be perceived as IBD flares. PPl use also
increases the risk of small-intestinal bacterial overgrowth [22]
as well as Clostridium difficile infection in patients randomized
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to receive PPI [23]. The fecal microbiome of PPI users has a
different composition [24] and reduced diversity [8, 25] com-
pared to non-users. Similarities between the fecal microbiome
of PPl users and UC patients include the reduced diversity [26]
and that both groups have been found to have decreased
abundances of the genus Fecalibacterium [27]. This genus is
dominated by the butyrate producing F. prausnitzii and its
depletion has been linked to IBD and inflammation in numer-
ous studies [28,29]. The association between UC and an altered
microbiome is indisputable. A causal relationship between Gl
microbiota and IBD is supported by the finding of genetic
polymorphisms associated with IBD in genes coding for pro-
teins involved in antimicrobial defense [30,31]. The effects of
fecal transplantation do also support a role of the microbiota
[32-34], however, identifying characteristics of the microbiota
administered to actual responders seems crucial.

In analysis where patients exposed to NSAIDs were excluded
PPI use remained a significant risk factor for starting advanced
therapy or undergoing colectomy but was no longer a risk fac-
tor for starting glucocorticoids or any anti-inflammatory treat-
ment. There is evidence that NSAID use may cause intestinal
ulcerations per se but the perceived risk of UC exacerbations
has more recently been questioned [35]. However, the com-
bined use of PPl and NSAID exacerbates intestinal injury
caused by NSAIDs alone [36,37] and our findings could be
explained by PPIs being particularly harmful in UC patients
with concomitant use of NSAIDs. In sensitivity analyses where
patients exposed to PPI before the UC diagnosis PPl remained
a risk factor with similar HRs for the various outcomes.

Strengths of the study include the large samples size con-
sisting of a national cohort of newly diagnosed UC patients.
The data sources are reliable and only prescriptions that were
dispensed were used in the study. We also excluded patients
with a CD diagnosis to minimize the possibility of reverse
causation between IBD with worse prognosis and PPl use.
The sensitivity analyses using 0 and 60days lag time reduced
the possibility of reverse causation and produced similar
results to analyses with 30days lag time. Furthermore, UC
flares have clinically little in common with symptoms of dis-
eases where PPIs are indicated, and we find it unlikely that
the use of PPl as stress ulcer prophylaxis in hospitalized
patients could have influenced the main findings. Limitations
of the study include the inherent possibility of residual con-
founding as the patients were not randomized to receive PPI
or not. We also underline that identifying risk factors using
Cox proportional hazard analyses does not prove any causal
relationship. Although randomized studies would provide evi-
dence of causality it seems unlikely that such studies will be
performed. Disease severity could not be assessed by clinical
and endoscopic scoring at the time of starting PPI, however
proxies of disease severity (first hospitalization and first glu-
cocorticoid use) were included in the analyses for the entire
observation period.

In conclusion, in this national cohort study we found that
PPl use was associated with unfavorable outcomes such as
starting additional anti-inflammatory medications as well as
undergoing colectomy. Although further studies are needed,
the evidence suggests that PPIs could affect the course of UC
and should be used cautiously in UC patients [38-42].
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