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Background/Aims: Although acid suppressants are widely 
used for the prevention or treatment of drug-induced up-
per gastrointestinal bleeding (GIB), evidence regarding the 
prevention of anticoagulant-related GIB is scarce. The aim of 
this study was to evaluate the protective effect of acid sup-
pressants against anticoagulant-related GIB. Methods: A 
systematic review was conducted of studies that evaluated 
the protective effect of acid suppressants against antico-
agulant-related GIB found in PubMed, the Cochrane library, 
Embase, and KoreaMed from the date of database incep-
tion to April 2018. Random effect model meta-analyses with 
sensitivity analyses were conducted. The methodological 
quality of each included publication was evaluated using the 
Risk of Bias Assessment Tool for Nonrandomized Studies. 
Publication bias was assessed. Results: In total, six nested 
case-control or cohort studies were identified and analyzed. 
Proton-pump inhibitors (PPI) had a protective effect against 
upper GIB in patients on dicumarinics (risk ratio [RR], 0.56; 
95% confidence interval [CI], 0.38 to 0.83; I2, 0%); however, 
the histamine-2 receptor antagonist did not have the same 
effect (RR, 0.97; 95% CI, 0.52 to 1.81; I2, 0%). Acid suppres-
sants did not have a protective effect against GIB in patients 
on dabigatran (hazard ratio, 0.78; 95% CI, 0.44 to 1.37; I2, 
81.8%). Conclusions: The protective effect of PPIs against 
dicumarinics-related upper GIB was clear, while there was 
no evidence supporting the protective effect of acid sup-

pressants against dabigatran-related GIB. However, in the 
absence of randomized trials demonstrating a lack of bias, 
solid conclusions cannot be drawn. (Gut Liver 2020;14:57-
66)

Key Words: Anticoagulants; Acid suppressants; Gastrointesti-
nal hemorrhage

INTRODUCTION

Anticoagulants, including dicumarinics (vitamin K antago-
nists; warfarin) and direct-acting oral anticoagulants (DOACs), 
are used to prevent or treat venous thromboembolism and to 
prevent arterial thromboembolism in patients with high-risk 
conditions, such as atrial fibrillation and valvular heart disease.1 
With the aging process and increasing prevalence of cerebro-
cardiovascular disease in the general population, the use of an-
ticoagulants has been increasing.2 Use of these drugs has been 
associated with increased risk of gastrointestinal bleeding (GIB), 
carrying substantial morbidity and mortality (1% to 13%).3-5 Al-
though DOACs have the advantage of stable bioavailability and 
lack of required routine serum concentration monitoring, meta-
analysis showed no significant difference in the rate of GIB 
compared to warfarin.4

Acid suppressants, such as proton-pump inhibitors (PPIs) and 
histamine-2 receptor antagonists (H2RAs), have been used to 
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treat or to prevent drug-induced GIB, especially by nonsteroidal 
anti-inflammatory drugs (NSAIDs), including aspirin, in the up-
per gastrointestinal tract.6 These agents have been recommended 
in patients with risk factors for gastrointestinal injury, including 
past history of peptic ulcer or peptic ulcer complications, old 
age, other comorbidities, high dose-, long-term use of NSAIDs, 
and co-administration of corticosteroids, antiplatelet agents or 
anticoagulants.6,7 Although the use of anticoagulants is well 
known to increase the risk of GIB, data on which risk factors in-
crease GIB and what protective measures are available are lack-
ing.8 The aim of this study was to evaluate the protective effect 
of acid suppressants on anticoagulant-related GIB. 

MATERIALS AND METHODS

This systematic review and meta-analysis fully adhered to the 
principles of the PRISMA (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses) checklist (Supplementary 
Material 1).9

1. Literature searching strategy

PubMed, the Cochrane library, Embase, and KoreaMed were 
searched using common keywords associated with acid sup-
pressants and anticoagulant-related GIB (from inception to 
April 2018) by two independent evaluators (C.S.B. and M.K.J.). 
Medical Subject Heading or Emtree keywords were selected for 
searching electronic databases. The abstracts of all identified 
studies were reviewed to exclude irrelevant publications. Full-
text reviews were performed to determine whether the inclusion 
criteria were satisfied in the remaining studies, and the bibliog-
raphies of relevant articles were rigorously reviewed to identify 
additional studies. Disagreements between the evaluators were 
resolved by discussion or consultation with a third evaluator 
(B.W.K.). The detailed searching strategy is described in Supple-
mentary Material 2.

2. Selection criteria

We included studies that met the following criteria: (1) pa-
tients: patients on dicumarinics or DOACs or who were newly 
prescribed these agents; (2) intervention: acid suppressants ad-
ministration irrespective of primary or secondary prophylaxis 
goal; (3) comparison: no administration of acid suppressants; 
(4) outcome: the incidence of GIB; (5) study design: all types 
including randomized, prospective or retrospective studies; (6) 
studies of human subjects; (7) publications in English; and (8) 
full-text publications. Studies that met all of the inclusion crite-
ria were sought and selected. The exclusion criteria were as fol-
lows: (1) review articles; (2) guidelines, consensus documents or 
expert position papers; (3) comments, letters, brief reports, pro-
ceedings, or protocol studies; (4) case reports; (5) publications 
with incomplete data; and (6) meta-analysis articles. Studies 
meeting at least 1 of the exclusion criteria were excluded from 

this analysis.

3. Methodological quality

The methodological quality of the included publications 
was assessed using the Risk of Bias Assessment tool for Non-
randomized Studies (RoBANS).10 The RoBANS tool contains six 
domains, including the selection of participants, confounding 
variables, measurement of intervention (exposure), blinding of 
outcome assessment, incomplete outcome data, and selective 
outcome reporting.10 RoBANS is a validated tool that is reliable 
and feasible for the assessment of methodological quality of 
non-randomized studies. Review Manager version 5.3.3 (RevMan 
for Windows 7; the Nordic Cochrane Centre, Copenhagen, Den-
mark) was used to generate the summary of RoBANS results. 
Two of the evaluators (C.S.B. and M.K.J.) independently assessed 
the methodological qualities of all the included studies, and any 
disagreements between the evaluators were resolved by discus-
sion or consultation with a third evaluator (B.W.K.). 

4. Primary and modifier-based analyses

Two evaluators (C.S.B. and M.K.J.) independently used the 
same data fill-in form to collect the primary summary outcome 
and modifiers in each study. The outcome was the effect of acid 
suppressants on anticoagulant-related GIB. The common ef-
fect size extracted from each study was either risk ratios (RRs) 
or hazard ratios (HRs). We also performed sensitivity analyses 
to identify the source of heterogeneity based on the modifiers 
identified during the systematic review and to confirm the ro-
bustness of the main result. 

5. Handling dependence from multiple outcomes

The independent study was the primary unit of analysis in 
this meta-analysis. Therefore, for the studies that reported mul-
tiple outcomes, an approach of selecting a representative single 
outcome to include based on the focus of the meta-analysis was 
used for resolving dependence.11,12

6. Statistics

Comprehensive Meta-Analysis Software version 3 (Biostat; 
Borenstein M, Hedges L, Higgins J and Rothstein H., Englewood, 
NJ, USA) was used for this meta-analysis. We extracted the 
adjusted RRs or HRs with 95% confidence intervals (CIs) from 
the original articles to evaluate the effect of acid suppressants 
on anticoagulant-related GIB whenever possible. Heterogeneity 
was determined using the I2 test developed by Higgins, which 
measures the percentage of total variation across studies.13 I2 
was calculated as follows: I2 (%)=100×(Q-df)/Q, where Q is Co-
chrane’s heterogeneity statistic, and df signifies the degrees of 
freedom. Negative values for I2 were set to zero, and an I2 value 
over 50% was considered to be of substantial heterogeneity 
(range, 0% to 100%).14 Pooled-effect sizes with 95% CIs were 
calculated using a random effects model and the method of 
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DerSimonian and Laird.15 Significance was set at p=0.05. Publi-
cation bias was evaluated using Egger’s test of the intercept and 
Begg and Mazumdar’s rank correlation test.16,17

RESULTS

1. Identification of relevant studies

Fig. 1 shows how relevant studies were identified. In total, 
1,597 articles were identified by the search of four databases 
and additional hand searching. In all, 209 were duplicate stud-
ies, and an additional 1,264 studies were excluded during the 
initial screening via a review of titles and abstracts. The full 
texts of the remaining 124 studies were then thoroughly re-
viewed. Among these studies, 118 articles were excluded from 
the final analysis. The reasons for study exclusion during the 
final review were as follows: narrative review article (n=86), 
guideline, consensus document or expert position paper (n=11), 
comment, letter, brief report, proceeding or protocol study (n=7), 
case report (n=7), incomplete data (n=6), and meta-analysis 
(n=1). The remaining 6 studies5,18-22 were included in the qualita-
tive synthesis. 

2. Characteristics of included studies

In the six nested case-control or cohort studies, we identified 
a total of 31,645 patients (4,893 upper GIB cases vs 26,752 con-
trols) from three nested case-control studies18-20 and 123,504 pa-
tients newly prescribed anticoagulants from three retrospective 
cohort studies.5,21,22 Five studies5,19-22 performed analyses based 

on cohorts from a database; however, a study by Lanas et al.18 
enrolled consecutive patients with upper GIB and controls in 
multicenter hospitals. The included studies were published be-
tween 2007 and 2016. Only one study was conducted in Asia,21 
whereas the remaining studies were conducted in Europe18-20 
or in the United States.5,22 The age of the enrolled population 
ranged from 40 to 84 years. The anticoagulants used in each 
study were dicumarinics in four studies18-20,22 and dabigatran in 
two studies5,21 (Table 1).

Although six studies were finally sought, the effect size pre-
sented by each study was different. Three nested case-control 
studies18-20 presented outcomes using adjusted RRs, and three 
retrospective cohort studies5,21,22 presented outcomes using ad-
justed HRs. The site and type of primary outcome of each study 
was also categorized by an upper GIB in three studies,18,20,22 
overall GIB in two studies,5,21 and recurrent upper GIB in one 
study.19 The type of intervention (acid suppressants) was also 
categorized based on the type of acid suppressants (either PPI or 
H2RA) described in each study; however, the study by Lauffen-
burger et al.5 presented outcome values by gastrointestinal pro-
tective agents that could not be classified by subgroups (PPI or 
H2RA) used in the remaining studies. 

Therefore, the main analysis could be categorized based on 
the effect size (either using HRs or RRs). The site of primary 
outcome of studies presenting adjusted RRs was upper GIB in 
two studies18,20 and recurrent upper GIB in one study19 and the 
type of anticoagulants of studies presenting adjusted RRs was 
dicumarinics in all throughout the studies.18-20 Consequently, 

1,595 Records identified through

database searching

286 PubMed

111 Cochrane library

889 Embase

309 KoreaMed

2 Additional records identified

through hand searching

146 Records excluded

118 Full text articles excluded,

with reasons

86 Narrative review

11 Guideline, consensus

document or expert position

paper

7 Comment, letter, brief

report, proceeding, or

protocol study

7 Case report

6 Study with incomplete data

1 Meta-analysis

1,388 Records after duplicates removed

270 Records screened

124 Full text articles assessed for eligibility

6 Studies included in quantitative synthesis

5 Studies included in quantitative synthesis

(meta-analysis)

Fig. 1. Flow diagram of the identifi-
cation of relevant studies.
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as the first-step of analysis, meta-analysis of three nested case-
control studies using adjusted RRs reflecting the effect of PPI 
or H2RA on dicumarinics-related upper GIB was performed. 
Thereafter, sensitivity meta-analysis excluding study focused 
on the recurrent upper GIB19 was performed to confirm the ro-
bustness of the main analysis. Another meta-analysis of three 
retrospective cohort studies using adjusted HRs reflecting the 
effect of acid suppressants on dabigatran-related GIB was per-
formed. Study by Ray et al.22 was included in the systematic 
review, however, due to the difference in effect size compared to 
the remaining studies (dicumarinics-associated upper GIB was 
the primary outcome, however, HR was the effect size, not RR), 
this study could not be included in the meta-analysis (Fig. 1). 
The clinical characteristics of the included studies are shown in 
Table 1.

3. PPI or H2RA on dicumarinics-related upper GIB 

The meta-analysis of three nested case-control studies18-20 ex-
hibited a protective effect of PPIs (RR, 0.56; 95% CI, 0.38 to 0.83; 
I2, 0%) on dicumarinics-related upper GIB (Fig. 2). However, the 
H2RA did not show this efficacy (RR, 0.97; 95% CI, 0.52 to 1.81; 
I2, 0%) (Fig. 3). There was no evidence of methodological het-
erogeneity.

4. Sensitivity analysis according to the modifier

Modifier found during systematic review was difference in 
type of primary outcome of each study. Only study by Massó 
González and García Rodríguez (2008)19 focused on the recur-
rent upper GIB, whereas remaining two studies in main analy-
sis18,20 focused on the upper GIB. Sensitivity meta-analysis of 
two nested case control studies18,20 excluding study by Massó 
González and García Rodríguez19 exhibited a consistent protec-
tive effect of PPIs (RR, 0.59; 95% CI, 0.37 to 0.95) (Fig. 4A), and 
a consistent non-significant protective effect of H2RA (RR, 0.78; 
95% CI, 0.38 to 1.64) for the dicumarinics-related upper GIB (Fig. 
4B).

5. Acid suppressants on dabigatran-related GIB 

Two retrospective cohort studies5,21 using adjusted HRs re-
flecting the effect of acid suppressants on dabigatran-related 
GIB was performed and overall acid suppressants did not show 
a protective effect (HR, 0.78; 95% CI, 0.44 to 1.37; I2, 81.8%) 
(Fig. 5).

6. Methodological quality

The methodological qualities of the included studies were 
similar, although the study by Lauffenburger et al.5 included 
a population with a specific disease condition of nonvalvular 

Fig. 2. PPI and dicumarinics-related upper gastrointestinal bleeding. The size of each square is proportional to the study’s weight. The diamond 
indicates the summary estimate from the pooled studies (random effect model). 
PPI, proton-pump inhibitor; CI, confidence interval.

Fig. 3. H2RA and dicumarinics-related upper gastrointestinal bleeding. The size of each square is proportional to the study’s weight. The diamond 
indicates the summary estimate from the pooled studies (random effect model). 
H2RA, histamin-2 receptor antagonist; CI, confidence interval.
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atrial fibrillation compared to the remaining studies in the gen-
eral population. However, subgroup analysis of methodologi-
cal quality was not performed because only a small number of 
studies were included in this meta-analysis. The pitfalls inherent 
in retrospective studies make it difficult to exclude the use of 
over-the-counter NSAIDs, aspirin, or acid suppressants in all of 
the included studies. Therefore, rating for confounding variables 
was ranked as “unclear” risk of bias in all studies. A detailed 
summary of the methodological qualities of the enrolled studies 
is described in Fig. 6.

7. Analysis of publication bias

Three studies were included in the analysis of PPI or H2RA 
on dicumarinics-related upper GIB (Figs 2, 3)18-20 and only two 
studies were included in the analysis of acid suppressants on 
dabigatran-related GIB (Fig. 5).5,21 Funnel plot or trim and fill 

method for the detection of publication bias was not used be-
cause of too small number of included studies. Although all the 
methods for the detection of publication bias were underpow-
ered with this small number of publications, thorough statistical 
analyses were done in two meta-analyses (Figs 2, 3). 

Egger’s regression test in the analysis of PPI on dicumarinics-
related upper GIB revealed that the intercept was –3.64 (95% 
CI, –25.40 to 18.12), t-value 2.13, p=0.14 (1-tailed) and p=0.28 
(2-tailed). The rank correlation test showed that Kendall’s tau 
was –0.67 with a continuity correction (p=0.15 [1-tailed] and 
p=0.30 [2-tailed]). Overall, there was no evidence of publication 
bias in this meta-analysis.

Egger’s regression test in the analysis of H2RA on dicumarin-
ics-related upper GIB revealed that the intercept was 8.37 (95% 
CI, –62.44 to 79.18), t-value 1.50, p=0.19 (1-tailed) and p=0.37 
(2-tailed). The rank correlation test showed that Kendall’s tau 

Fig. 4. Sensitivity analysis according to the modifiers. (A) PPI and dicumarinics-related upper GIB, excluding the study by Massó González EL et 
al. (B) H2RA and dicumarinics-related upper GIB, excluding the study by Massó González EL et al. The size of each square is proportional to the 
study’s weight. The diamond indicates the summary estimate from the pooled studies (random effect model).
PPI, proton-pump inhibitor; GIB, gastrointestinal bleeding; H2RA, histamin-2 receptor antagonist; CI, confidence interval.

Fig. 5. Acid suppressants and dabigatran-related gastrointestinal bleeding. The size of each square is proportional to the study’s weight. The dia-
mond indicates the summary estimate from the pooled studies (random effect model). 
CI, confidence interval.
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was 0.00 with a continuity correction (p=0.50 [1-tailed] and 
p>0.99 [2-tailed]) Overall, there was no evidence of publication 
bias in this meta-analysis.

Because only two studies were included in the analysis of 
acid suppressants on dabigatran-related GIB, analyses for the 
detection of publication bias were impossible.

DISCUSSION

GIB is a major adverse event associated with the use of anti-
coagulants and is a frequent cause of cessation of these drugs, 
potentially leading to thromboembolic events. Although find-
ings in these meta-analyses suggested the protective effect of 
PPIs for the development of dicumarinics-related upper GIB, 
this effect was attenuated by or limited in the high baseline 
risk of gastrointestinal injury found consistently in the enrolled 
studies.18,20-22 Moreover, less potent inhibition of gastric acid by 
H2RA showed a non-significant protective effect, suggesting 
that baseline ulcerogenic properties (pre-existent erosion/ulcers 
on the upper gastrointestinal tract, Helicobacter pylori infec-
tion, and unrecognized use of NSAIDs or aspirin) of enrolled 
patients determines the magnitude of the protective effect of 
acid suppressants on anticoagulant-related upper GIB. Recent 
large-scale retrospective cohort study showed consistent results 
with our findings. Although primary end point was the hospi-
talization for upper GIB, which is different from our study and 
published after April 2018, which could not be included in our 
searching strategy, PPI coadministration was associated with 
lower hospitalization rate for upper GIB irrelevant to the type of 
anticoagulants (incidence rate ratio for overall anticoagulants: 
0.66, for warfarin: 0.65) (vs no PPI coadministration).23

In contrast to NSAIDs or aspirin, anticoagulants are not ul-

cerogenic drugs. Pathophysiologic evidence for anticoagulants 
in the development of GIB is scarce. One of the suspected mech-
anisms is the potential for topical mucosal injury by incom-
plete absorption of DOACs, while warfarin is more than 95% 
absorbed in the gastrointestinal tract.24 However, the increased 
rate of major GIB in patients taking warfarin reflects that the 
systemic effect of this drug is also important for the develop-
ment of adverse events.24 Therefore, the exact mechanism of the 
protective effect of PPIs on anticoagulant-related upper GIB has 
not been established. Chan et al.21 presented the hypothesis that 
acid suppression interferes with the absorption of dabigatran 
(the tartaric acid core of dabigatran needs a low pH for absorp-
tion) and results in lower rates of GIB, implying a protective 
effect of acid suppressants on dabigatran-related GIB. However, 
the enrolled studies in our meta-analysis used dicumarinics and 
showed a protective effect of PPIs on dicumarinics-related upper 
GIB. Only the study by Chan et al.21 and Lauffenburger et al.5 
enrolled patients on dabigatran and the main outcome was GIB, 
not upper GIB in our meta-analysis. Therefore, the hypothesis 
by Chan et al. should be evaluated with further studies. Conse-
quently, anticoagulants appear to potentiate GIB, especially in 
the upper gastrointestinal tract with pre-existent erosion/ulcers, 
H. pylori infection, and unrecognized use of NSAIDs or aspirin.

Although the results of this study revealed that co-admin-
istration of PPIs might reduce gastrointestinal bleeding, the 
routine use of PPIs in patients on anticoagulants should be cau-
tious. There have been two different concerns about the overuse 
of PPIs in patients without risk factors and the underuse of PPIs 
in patients with risk factors for upper gastrointestinal injury 
on anticoagulant treatment.25,26 Considering that PPIs share a 
common metabolic enzyme (CYP3A4), implying that their use 
might increase the serum concentration of warfarin, some PPIs 
might accelerate the absorption of warfarin, and the combina-
tion of some PPIs and the CYP2C19 intermediate metabolizer 
could increase bleeding events.26-29 An approach that balances 
the risk-benefit of co-administration of PPIs and anticoagulants 
with estimating the individualized risk factors is needed.30 In 
cases with PPI and warfarin co-administration, close monitor-
ing of prothrombin time with dose adjustment is needed. The 
interaction of the co-administration of PPIs and oral factor Xa 
inhibitors (xabans) does not appear to be of significant concern 
based on previous studies.27,31,32 However, the interaction of PPIs 
and the direct thrombin inhibitor dabigatran was reported (low 
on-treatment level of dabigatran) from recently published stud-
ies,33-35 and potential adverse events related to the long-term use 
of PPIs is another concern. Therefore, balancing the risk-benefit 
approach is still necessary before the co-prescription of antico-
agulants and acid suppressants.

Risk factors for the development of GIB in patients taking 
warfarin include past history of GIB, old age, comorbidities, H. 
pylori infection, and co-administration of antiplatelet agents.7,8 
However, little is known about risk factors for the development 

Fig. 6. RoBANS for the assessment of the methodological quality of 
each enrolled study (+) denotes low risk of bias, (?) denotes unclear 
risk of bias, (–) denotes high risk of bias. 
RoBANS, Risk of Bias Assessment Tool for Nonrandomized Studies.
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of GIB in patients taking DOACs. A systematic review revealed 
that similar risk factors consistently affected the adverse events 
related to dabigatran treatment,5 and these factors should be in-
vestigated using an individualized approach for the prevention 
of anticoagulant-related GIB.

The strength of this study was the enrollment of a large popu-
lation from a balanced database reflecting real clinical practice, 
as it did not merely contain a group at high risk for GIB. Sensi-
tivity analysis based on the modifier was performed, and publi-
cation bias was thoroughly investigated. Despite the strengths, 
several limitations were detected. First, a relatively small num-
ber of studies were enrolled in the meta-analysis, which makes 
it difficult to draw a solid conclusion. Second, authors could 
not recommend the duration or dose of PPI treatment with 
anticoagulants. All of the enrolled studies were nested case-
control or cohort studies mostly from database information. 
Therefore, the duration, dose, and adherence to PPI could not 
be assessed. Third, confounding variables, including over-the-
counter NSAIDs, aspirin, and antisecretory agents use, might 
have influenced the main results in all of the included studies. 
Fourth, there was no study on lower GIB, and only one study 
evaluated the secondary protective effect of PPIs on warfarin-
related upper GIB.19 Therefore, we could not perform subgroup 
analysis divided by primary or secondary protective effects of 
acid suppressants. 

In conclusion, the protective effect of PPIs on dicumarinics-
related upper GIB was valid and there was no evidence support-
ing the protective effect of acid suppressants on dabigatran-
related GIB. However, without randomized controlled trials, 
solid conclusions cannot be made.
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