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Abstract

BACKGROUND: The role of antisecretory drugs for the prevention of upper gastrointestinal
bleeding in patients using anticoagulants is unclear. We investigated this question in a systematic
review and meta-analysis.

METHODS: We searched Embase, PubMed, Web of Science, Scopus, the Cochrane Library,

and clinicaltrials.gov thru April 2021 for controlled randomized trials and observational studies
evaluating the association of proton pump inhibitors (PPIs) or H2-receptor antagonists with overt
upper gastrointestinal bleeding in patients using anticoagulants. Independent duplicate review, data
extraction, and risk of bias assessment were performed. Observational studies were included only
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if they provided results controlled for at least 2 variables. Meta-analyses were performed using
random effects models.

RESULTS: Six observational studies and 1 randomized trial were included. All but 1 study had
low risk of bias. None of the studies excluded patients with concomitant aspirin or nonsteroidal
anti-inflammatory drug use. For PPIs, the pooled relative risk of upper gastrointestinal bleeding
was 0.67 (95% confidence interval 0.61, 0.74) with low statistical heterogeneity (12 = 15%).
Individual studies showed greater treatment effect in patients with higher risk for upper
gastrointestinal bleeding (eg, nonsteroidal anti-inflammatory drug or aspirin use, elevated bleeding
risk score). A single observational study evaluating the association of H2-receptor antagonists with
upper gastrointestinal bleeding found a relative risk of 0.69 (95% confidence interval 0.24-2.02).

CONCLUSIONS: Evidence drawn mostly from observational studies with low risk of

bias demonstrate that PPIs reduce upper gastrointestinal bleeding in patients prescribed oral
anticoagulants. The benefit appears to be most clearcut and substantial in patients with elevated
risk of upper gastrointestinal bleeding.
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INTRODUCTION

Increasing numbers of patients in the United States are treated with oral anticoagulants,
driven by expanded use of direct oral anticoagulants (DOACSs) and new indications, such as
coronary artery disease.1 =3 It is well known that anticoagulants increase the risk of major
bleeding. The single-most common anatomic site of major bleeding is the gastrointestinal
tract, which accounts for roughly 40% of bleeding with oral anticoagulation.*-6 Despite this,
uncertainty exists regarding therapies to reduce upper gastrointestinal bleeding.

Proton pump inhibitors (PPIs) reduce the risk of upper gastrointestinal bleeding for patients
using aspirin or other nonsteroidal anti-inflammatory drugs (NSAIDs) by 79% in pooled
estimates.’” However, the utility of antisecretory therapy in patients on anticoagulants
remains unclear because these patients have been excluded from most studies of PPI
gastroprotection. On the one hand, antisecretory drugs might not have the same benefits

for patients taking anticoagulants because aspirin and other NSAIDs directly cause mucosal
injury, whereas anticoagulants do not.8 On the other hand, anticoagulants increase the risk
of clinically significant hemorrhage by systemic and, in the case of DOACS, local effects, in
patients with preexisting or incident mucosal breaks, providing a plausible rationale for PPI
gastroprotection.®10 In patients taking anticoagulants, acid peptic diseases, including peptic
ulcer disease, erosive gastritis, and erosive esophagitis, for which PPIs would have salutary
effects, are the most common sources of upper gastrointestinal bleeding.11:12

Herein, we perform a systematic review and meta-analysis of the association of antisecretory
therapy, both PPIs and H2-receptor antagonists (H2RAS), with upper gastrointestinal
bleeding. We specifically included observational studies because of the limited number

of randomized controlled trials (RCTs) on this subject. By synthesizing the full extent of

Am J Med. Author manuscript; available in PMC 2023 March 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kurlander et al. Page 3

available data, we sought to clarify the role of antisecretory therapy in preventing one of the
most common major complications for patients taking anticoagulants.

METHODS

Study Selection

This review was prospectively registered with PROSPERO (CRD42020136610).13 The
search strategy (Supplement 1, available online) was designed with a health librarian and
iteratively refined to capture all known relevant studies. To summarize, it combined terms
associated with anticoagulants AND anti-secretory drugs AND gastrointestinal hemorrhage.
We searched Embase, PubMed, Web of Science, Scopus, the Cochrane Library, and
clinicaltrials. gov from inception to April 7, 2021 with no language, date, or other search
restrictions. We also performed forward and backward citation tracking for all included
articles and conferred with 3 topic experts to identify additional relevant studies.

Our specific research question was, in adults prescribed oral anticoagulants, how effective
is antisecretory therapy in reducing overt upper gastrointestinal bleeding in either RCTs or
observational studies? Studies were eligible if they included patients aged 18 or older using
warfarin or a DOAC, at any dose, including as part of a subgroup analysis. There were no
eligibility criteria related to use of aspirin, P2Y12 inhibitors, or NSAIDs. Comparisons

of PPI or H2RA to placebo or no therapy, or comparison of PPI to H2RA, were

required. Studies that relied on administrative/claims data to establish a diagnosis of upper
gastrointestinal bleeding were eligible. Observational studies were excluded if they did not
control for at least 2 confounding variables (eg, concomitant use of aspirin, NSAIDs, prior
history of peptic ulcer or upper gastrointestinal bleeding); case-control studies that matched
on 1 confounding variable were only required to control for 1 additional confounding
variable. Additional exclusion criteria were use of antisecretory agent for treatment of acute
upper gastrointestinal bleeding, short-term treatment to prevent rebleeding after an upper
gastrointestinal bleeding, treatment of Helicobacter pyloriinfection, bleeding prevention
after endoscopic interventions (eg, endoscopic mucosal resection), or prevention of stress
ulcers in hospitalized patients; and failure to specify whether gastrointestinal bleeding was
from the upper or lower gastrointestinal tract. Only articles written in English were included.

Titles and abstracts were independently reviewed by 2 of 3 authors (AF, JJG, DH), and
articles deemed potentially relevant were retrieved in full text. All full text again underwent
independent dual review to determine study eligibility. Discrepancies in study selection were
resolved through discussion, with adjudication from a third author (JEK) when necessary.
Covidence systematic review software (Veritas Health Innovation) was used for screening
and study tracking.

Data Extraction, Quality Assessment, and Synthesis of Results

Two authors (AF, JJG) independently performed data extraction using standardized forms,
and discrepancies were resolved by a third author (DH). We extracted information on study
design, participant characteristics, confounders included in multivariable analyses, definition
of upper gastrointestinal bleeding, and association of antisecretory drug with upper
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gastrointestinal bleeding. Two authors (AF, JJG) independently assessed methodological
quality with disagreements resolved by a third author (JK). Case-control and cohort studies
were assessed using the Newcastle-Ottawa Scale.14 RCTs were assessed using the Cochrane
Risk of Bias (RoB 2) tool.1®

For observational studies, the adjusted values for relative effects are presented as incidence
rate ratio (IRR), hazard ratio (HR), or relative risk (RR) based on each study’s multivariable
analysis. When possible, adjusted absolute treatment differences are presented as risk
differences, with number needed to treat (NNT) calculated when bounds of the 95%
confidence interval (CI) for risk difference did not cross zero.

Lanas et al'8 included separate RR estimates for patients on PPI with anticoagulation and

no PPI with anticoagulation, both relative to patients on no PPI without anticoagulation;

the authors supplied the RR and CI for PPI use in patients taking anticoagulants. Lee et

all” provided estimates only for individual anticoagulants; therefore, the pooled estimate and
ClI of the effect of PPI across warfarin and all DOACs were calculated using weighted
averages in a fixed effects meta-analysis using RevMan 5.1 (Cochrane Collaboration).

For the single RCT identified, Stata 16.1 (StataCorp) was used to calculate overall overt
bleeding outcomes within each anticoagulated subgroup (presented as RRs),18 and absolute
risk differences between PPI and placebo groups for each gastrointestinal bleeding definition
were calculated using standard methods after extrapolating the person-years of follow-up.1®

Meta-analysis was performed using random effects models. The 12 statistic was used to
explore study heterogeneity. The effect size was calculated as RR. For studies that reported
HRs or IRRs, those values were used as approximations of the RR. For Lee et al,17 we

used the pooled estimate calculated from patients using all types of anticoagulants. For
Moayeddi et al,18 the RRs calculated for each of the anticoagulated subgroups were included
separately. A sensitivity analysis was done excluding the RCT because the study only
included participants not felt to require PPI therapy, and the study design was distinct

from the observational studies. With fewer than 10 studies, we did not test for funnel plot
asymmetry.20

We adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) checklist (Supplement 2, available online).2! Study data and materials are
available on request.

The search strategy identified 2654 records after removing duplicates. Following screening
of titles and abstracts, 354 were reviewed in full text (Figure 1). Of these, 262 did not meet
inclusion criteria, 67 were not available in full text, 10 were non-English publications, and 8
were duplicates, leaving 7 studies that were eligible and included in this review.

Study Characteristics

The 7 eligible studies were published between 2011 and 2021 and included 2 case-control
studies, 16:22 4 retrospective cohort studies,17-23-25 and 1 RCT,18 all of which evaluated PPIs
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as the antisecretory drug. A single study additionally evaluated H2RAs (Lin et al?2). All

the observational studies compared active use of the antisecretory drug to nonuse, while the
RCT compared active use to a placebo. The methodologic characteristics are summarized in
Table 1.

All 6 observational studies controlled for age, gender, and NSAIDs, in some cases only

if prescribed but not over-the-counter (Table 2). Five studies controlled for use of over-the-
counter or prescription aspirin and P2Y12 inhibitors. Five controlled for history of peptic
ulcer disease or upper gastrointestinal bleeding, whereas in another study it was required for
study inclusion.

Moayyedi et al® conducted a 3 x 2 partial factorial double-blind trial (the Cardiovascular
Outcomes for People Using Anticoagulation Strategies [COMPASS] trial) that evaluated PPI
gastroprotection with pantoprazole 40 mg/d versus placebo in 3 antithrombotic treatment
groups (rivaroxaban 2.5 mg twice daily with aspirin 100 mg/d, rivaroxaban 5 mg twice daily
alone, or aspirin 100 mg/d alone). The trial included patients with stable atherosclerotic
cardiovascular or peripheral arterial disease. Importantly, only patients without a clinical
need for long-term PPI were included in the randomization for antisecretory therapy.

The primary efficacy outcome for the effect of antisecretory therapy was a composite of
upper gastrointestinal clinical events: symptomatic gastroduodenal ulcers or gastroduodenal
erosions, overt upper gastrointestinal bleeding, occult bleeding, perforation, or obstruction.
In keeping with the aims of this review, data were only extracted for overt upper
gastrointestinal bleeding outcomes, for the 2 antithrombotic arms assigned rivaroxaban with
or without aspirin.

On the Newcastle Ottawa Scale for study quality, the study by Lanas et al® received 8

of 9 possible points, the study by Maruyama et al?> received only 4 of 9 points, and the
remaining observational studies”-22-24 received the maximum number of points (Table 1).
The trial by Moayyedi et al'8 was low risk for bias on all 6 dimensions of the Cochrane Risk
of Bias tool.

of Antisecretory Use with Upper Gl Bleeding in Individual Studies

The results of the studies are summarized in Table 3 and below. In the case control study
by Lanas et al, 16 among the subset of anticoagulated patients, PPI use was associated with
an adjusted RR of 0.47 (95% CI 0.18, 1.29). In the case-control study by Lin et al,22
among patients using warfarin, PPI use was associated with an adjusted RR for upper
gastrointestinal bleeding of 0.48 (95% CI 0.22, 1.04). In the cohort study by Maruyama
et al, 2% among patients using dabigatran, rivaroxaban, or apixaban, none of 9 upper
gastrointestinal bleeding events occurred in patients using a PPI, resulting in an adjusted
HR of 0 (95% CI 0, 2 x 10134).

In the cohort study by Lee et al,1” among patients with atrial fibrillation and a history

of upper gastrointestinal bleeding, the pooled estimate of PPI effect across warfarin and
DOACs was HR 0.67 (95% CI 0.57, 0.78) with low heterogeneity (12 = 0%, Supplement
3, available online). Subgroups of patients using different anticoagulants had modestly
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different point estimates but with widely overlapping Cls. Annual absolute risk differences
exceeded 0.5% (NNT <200) for all anticoagulants except edoxaban.

In the cohort study by Ray et al24 in 2016, among patients using warfarin, the adjusted

HR with PPI use was 0.76 (95% CI 0.63, 0.91) with adjusted annual risk difference of
-0.29% (95% CI —0.44%, —0.10%) and NNT of 334 (95% CI 250, 1000). The reduction

in upper gastrointestinal bleeding was greater (2= .01) in patients using antiplatelet drugs
or NSAIDs (adjusted HR = 0.55, 95% CI 0.39, 0.77; adjusted annual risk difference =
-1.3%, 95% CI -1.7%, —0.7%; NNT 77, 95% CI 59 to 143) than in nonusers (adjusted HR
0.86, 95% C1 0.70, 1.06; adjusted annual risk difference —0.1%, 95% CI —0.3%, 0.06%).
The magnitude of effect was similar across patients prescribed NSAIDs, aspirin, and other
antiplatelet drugs.

In the cohort study by Ray et al?3 in 2018 including patients using warfarin or DOACs, the
adjusted IRR for PPI use was 0.66 (95% CI 0.62, 0.69), with an annual risk difference of
-0.40% (95% CI —0.44%, —0.35%) and an NNT of 250 (95% CI 225, 286). PPIs were also
associated with reduced upper gastrointestinal bleeding in separate analyses of patients using
each individual anticoagulant. The treatment effect increased with increasing gastrointestinal
bleeding risk (based on an internally derived risk score calculated using ~85 variables). At
the lowest decile of risk, no treatment effect was identified: IRR 0.98 (95% CI 0.79, 1.20),
annual risk difference 0% (95% CI —0.1%, 0.1%). In all other deciles, the relative risk
reduction was significant and similar and in the range of 30%-50%. However, the annual
absolute risk reduction was 0.2% (NNT = 500) in the third to sixth deciles and rose to 0.5%
(NNT = 200) in the eighth decile and 1.2% (NNT = 84) in the highest decile of risk.

In the COMPASS trial, for the pooled estimate of overall upper gastrointestinal bleeding,
the RR for pantoprazole (vs placebo) in the rivaroxaban plus aspirin arm was 1.11 (95%

Cl1 0.66, 1.86), with an annual risk difference of 0.1% (95% CI -0.4%, 0.6%), and in the
rivaroxaban alone arm was 0.88 (95% CI 0.49, 1.58), with an annual risk difference of
-0.1% (95% CI —0.5%, 0.4%).18 In the rivaroxaban alone arm, the HR for pantoprazole

was 0.25 (95% CI 0.07, 0.89), with an annual NNT =909 (95% CI 526, 909) for 1 of

the 2 definitions of upper gastrointestinal bleeding—confirmed gastroduodenal bleeding. In
both antithrombotic arms, there were low annual rates of confirmed gastroduodenal bleeding
(range 0.03%-0.14%) and overt upper gastrointestinal bleeding of unknown origin (0.14%-—
0.25%).

In the single observational study evaluating H2RAs, the RR was 0.69 (95% CI 0.24, 2.02).22

Pooled Estimate of Effect for PPIs

The study by Maruyama et al2> was not included in the meta-analysis because the HR and
its lower 95% CI were 0, which precluded conversion to a defined logarithmic value. The
study by Ray et al?4 from 2016 was not included because the study sample overlapped with
the sample in Ray et al23 from 2018. The latter study was preferentially included because it
had the larger sample size. As depicted in Figure 1, the pooled RR was 0.67 (95% CI 0.61,
0.74) with low statistical heterogeneity (12 = 15%, 2= 0.32). Ray et al23 contributed the
greatest weight to the pooled estimate (67.5%). In the sensitivity analysis excluding the trial
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by Moayyedi et al,18 the pooled RR was similar (0.66, 95% CI 0.57, 0.78; Supplement 4,
available online).

DISCUSSION

In this systematic review and meta-analysis, PPIs were associated with a reduced likelihood
of upper gastrointestinal bleeding in patients taking anticoagulants with a RR of 0.67 (95%
Cl10.61, 0.74). Effect sizes were relatively consistent in populations that used warfarin,
DOACsS, or both.

Each individual observational study showed a reduction in upper gastrointestinal bleeding
with PPI co-therapy, with estimates of relative risk reduction ranging from 24% to 100%,
although the upper bound of the 95% CI exceeded 1 in the 3 smallest studies.16:22.:25

The benefit of PPI co-therapy appeared to be most clearcut and substantial in patients at
increased risk for upper gastrointestinal bleeding. For example, Ray et al?4 from 2016,
showed a significantly greater treatment effect in patients using anticoagulants plus aspirin
or NSAIDs (HR = 0.55) compared those not taking aspirin or NSAIDs (HR = 0.86), with an
NNT of 77 in the higher-risk group. Ray et al23 from 2018, found that PPIs provided benefit
in all patients other than those in the lowest decile of gastrointestinal bleeding risk. Although
relative risk reduction was similar across the other 90% of patients, given a low baseline risk
in most deciles, the annual absolute risk reduction exceeded 0.5% (and NNT <200) only in
the 30% of patients at highest risk. Collectively, these findings suggest that PPI therapy is
appropriate for patients at increased risk due to factors such use of NSAIDs or aspirin, with
NNT <200 for the prevention of a potentially life-threatening event, in support of existing
guidelines for such patients.26:27

Only 1 RCT met inclusion criteria, the COMPASS trial, in which participants treated with
low-dose rivaroxaban either with or without aspirin, were randomized to pantoprazole or
placebo. PPIs were not associated with a reduced likelihood of overt upper gastrointestinal
bleeding in either antithrombotic arm.18 We believe the findings of the COMPASS trial

are consistent with the results of the observational studies previously discussed. COMPASS
enrolled only “participants with no clinical need for a PPI.” Thus, patients in this trial were
considered by investigators to have a low risk for upper gastrointestinal bleeding and did
not represent the population who would typically be candidates for co-therapy in real-world
clinical practice. In fact, in the COMPASS trial, the incidence of gastroduodenal bleeding
for participants assigned rivaroxaban without pantoprazole (0.14% per year) was one-tenth
the incidence in the largest available observational study (1.44% per year).23 The results

in observational studies indicate such low-risk patients would be expected to have minimal
if any benefit from PPI therapy, as shown in the COMPASS trial. In addition, risk of
bleeding in the COMPASS trial may have been reduced given the low doses of anticoagulant
—either rivaroxaban 5 mg twice daily or 2.5 mg twice daily (in combination with aspirin);
20 mg/d is the standard dose for atrial fibrillation. Although some have concluded from

the COMPASS trial that PPIs are not effective for the prevention of upper gastrointestinal
bleeding in patients taking anticoagulants,28 these features of the trial raise questions about
its generalizability to patients taking anticoagulants in clinical practice.
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Our study has several limitations. First, the results of the review are susceptible to the biases
of the constituent studies. However, all but 1 of the studies were low risk for bias. The
observational studies are particularly susceptible to misclassification of PPI, aspirin, and
NSAID use, which would tend to bias estimates of PPIs’ effect toward the null. Second, the
studies had heterogenous study populations and designs. However, the consistency of the
negative association between PPIs and upper gastrointestinal bleeding in the observational
studies and low statistical heterogeneity in the meta-analysis is reassuring. Third, some
relevant studies may have been overlooked. To minimize this risk, we involved a health
librarian to design a comprehensive search strategy.

Moving forward, it is unlikely that traditional RCTs will be done in patients taking
anticoagulants and at increased risk for upper gastrointestinal bleeding for ethical

reasons because guidelines already recommend PPI gastroprotection for certain high-risk
groups.26:27.29 Fyture observational and quasi-experimental studies can still be informative.
Research should focus on better characterizing individual risk of upper gastrointestinal
bleeding. To our knowledge, no validated risk score exists for this purpose. Given the
multidisciplinary nature of anticoagulation care, it is important that recommendations about
PP use be incorporated broadly into relevant guidance statements.30:31

CONCLUSION

In conclusion, our systematic review and meta-analysis suggest that PPIs reduce the risk
of upper gastrointestinal bleeding in patients taking anticoagulants, but that the absolute
benefits vary substantially depending on baseline risk. For patients taking anticoagulants
without additional risk factors for upper gastrointestinal bleeding, the benefit from PPIs
is likely minimal. We believe that future guideline panels should incorporate our results
and include a recommendation for PPI co-therapy in patients taking oral anticoagulants
who have elevated baseline risk for upper gastrointestinal bleeding, including those using
concomitant antiplatelet therapy or NSAIDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL SIGNIFICANCE

Meta-analysis showed that for patients who use anticoagulants, proton pump
inhibitors were associated with a reduction in upper gastrointestinal bleeding
(relative risk 0.67, 95% confidence interval 0.61, 0.74).

The benefits of proton pump inhibitors vary substantially depending on
baseline risk of upper gastrointestinal bleeding and are greatest in patients
who use nonsteroidal anti-inflammatory drugs or antiplatelet drugs in addition
to anticoagulants.
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PRISMA flow diagram. PRISMA = Preferred Reporting Items for Systematic Reviews and

Meta Analyses.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Lin 2011 -0.73397 0.396262  1.4% 0.48[0.22, 1.04] 2011 I
Lanas 2015 -0.75502 0.502408  0.9% 0.47[0.18,1.26] 2015 I~
Ray 2018 -0.41552 0.027289 67.5% 0.66 [0.63, 0.70] 2018 [ |
Moayyedi (rivaroxaban) 2019 0.10436 0.264309  3.1% 1.1110.66, 1.86] 2019 —F
Moayyedi (rivaroxaban + aspirin) 2019 -0.12783 0.298667  2.4% 0.88[0.49, 1.58] 2019 s
Lee 2021 -0.40048 0.080015 24.8% 0.67[0.57,0.78] 2021 -+
Total (95% ClI) 100.0%  0.67 [0.61, 0.74] ¢

Heterogeneity: Tau? = 0.00; Chi? = 5.87, df = 5 (P = 0.32); I = 15%
Test for overall effect: Z = 8.42 (P < 0.00001)

Figure 2.

0.1

02 05 1 2 5 10
Favors PPl Favors no PPl/placebo

Analysis of the association between PPI use and risk of upper gastrointestinal bleeding in
meta-analysis. The study by Maruyama et al?> was not included because the confidence
interval could not be estimated. The study by Ray et al24 from 2016 was not included
because its study sample overlapped with Ray et al?3 from 2018. For the trial by Moayyedi
et al'8, the subgroups of patients treated with rivaroxaban alone and rivaroxaban plus aspirin
were included separately. PP = proton pump inhibitor.
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