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Influence of individual pro
ton pump inhibitors on
clinical outcomes in patients receiving clopidogrel
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Abstract
Background: Data are conflicting on whether proton pump inhibitors (PPIs) diminish the efficacy of clopidogrel. We investigated
individual PPIs and adverse cardiovascular events in postpercutaneous coronary intervention (PCI) patients on dual antiplatelet
therapy with clopidogrel.

Methods:We searched Ovid-MEDLINE, EMBASE, and Cochrane from inception to March 2020 to identify studies that evaluated
the efficacy and safety of clopidogrel added PPIs versus clopidogrel only in post-PCI patient. We extracted data from 28 studies for
major adverse cardiovascular endpoints (MACE), myocardial infarction (MI), cardiovascular death, and gastrointestinal bleeding. Risk
ratios (RR) and hazard ratios (HR) were pooled separately.

Results: Data were extracted on 131,412 patients from the 28 studies included. Concomitant use of PPI with clopidogrel was
associated with increased risk of MACE (RR 1.30; 95% confidence interval [CI] 1.15–1.48; P< .001) and MI (RR 1.43; 95% CI 1.25–
1.64; P< .001). Random-effects meta-analyses with individual PPIs demonstrated an increased risk of MACE in those taking
pantoprazole (RR 1.31; 95% CI 1.07–1.61, P= .01) or lansoprazole (RR 1.35; 95% CI 1.19–1.54, P< .0001) compared with patients
not on PPIs. Likewise, in adjusted analyses, the pooled HR of adjusted events for MACEs showed that the increased risk of MACEs
was similar for 4 classes of PPIs but not for rabeprazole (HR: 1.32; 95% CI 0.69–2.53, P= .40).

Conclusion:The post-PCI patients on dual antiplatelet therapy with clopidogrel in the PPI group were associated with higher risk of
MACE and MI. Although the results for rabeprazole were not robust, it was the only PPI that did not yield a significantly increased risk
of MACE.

Abbreviations: CI = confidence interval, CV = cardiovascular, DAPT = dual antiplatelet therapy, GI = gastrointestinal, HRs =
hazard ratios, MACE =major adverse cardiovascular endpoints, MI =myocardial infarction, non-RCTs = nonrandomised controlled
trials, NOS=Newcastle–Ottawa Scale, PCI= percutaneous coronary intervention, PPI= proton pump inhibitor, RCTs= randomised
controlled trials, RRs = risk ratios.
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1. Introduction

One concern with using proton pump inhibitors (PPIs) is the
potential interaction with the clopidogrel’s antiplatelet effect, a
prodrug requiring activation by cytochrome P450 isoenzymes;
the literature includes contrasting findings on this issue.[1] PPIs
are competitive inhibitors of cytochrome P450. Moreover,
individual PPIs have different effects on CYP metabolism and
thus may adversely affect clopidogrel metabolism and subsequent
cardiovascular (CV) outcomes to varying degrees.[2]

Compared with the numerous studies showing interactions
between overall PPIs and clopidogrel, meta-analyses for the
interactions between clopidogrel and individual PPIs in patients
on dual antiplatelet therapy (DAPT) are scarce,[3–5] and previous
meta-analyses only include articles published until 2014. Pending
dedicated clinical trials aimed at addressing the question of the
optimal PPI for the prevention of gastrointestinal (GI) bleeding
after a percutaneous coronary intervention (PCI), an updated
meta-analysis about this drug–drug interaction could be
insightful. Recently, many studies have been published based
on the CV outcomes observed in patients treated with clopidogrel
and a PPI. Therefore, this study aimed to determine the
association between individual PPIs and adverse CV events in
post-PCI patients on DAPT with clopidogrel.
2. Materials and methods

This systematic review and meta-analysis fully adhered to the
principles of the Preferred Reporting Items for Systematic
Reviews andMeta-Analyses[6] checklist. The studywas registered
with the International Prospective Register of Systematic
Reviews, number CRD42020160651. The study protocol was
approved by the institutional review board of Wonkwang
University Hospital [IRB No. WMCSB 201912-100-1912101].
2.1. Ethical issues

This systematic review does not require ethical approval or
informed consent because there was no direct contact with
individual patients, and only previously published data were
included in the review.
2.2. Data sources and searches

MEDLINE (through PubMed), EMBASE, the Cochrane Central
Register of Controlled Trials, and relevant websites were
searched for pertinent published or unpublished studies using
keywords associated with clopidogrel and PPIs (from inception to
March 22, 2020). A MEDLINE search strategy (Data S1,
Supplemental Digital Content, http://links.lww.com/MD2/A509)
was developed and modified for the other 2 databases as
appropriate. Bibliographies of systematic and narrative reviews
were also manually searched. No restrictions were imposed on
language, study period, or sample size.
2.3. Study selection

We selected studies meeting the following prespecified criteria:
studies comparing the outcomes of PPI versus no PPI in post-PCI
patients receiving DAPT therapy consisting of aspirin and
clopidogrel; studies with a full-text English language paper
published in a peer-reviewed journal; and studies showing data
for either one or more of the following outcomes: a major adverse
2

cardiovascular endpoints (MACE) defined as a composite
ischaemic endpoint: composite of cardiac and noncardiac death,
nonfatal myocardial infarction (MI), and target vessel revascu-
larisation; MI; CV death; or GI bleeding. We accepted the
definitions ofMACE, CV death,MI, andGI bleeding used in each
study. Studies with the following characteristics were excluded
from the meta-analysis: interactions with PPIs initially studied
using a single antiplatelet agent; clopidogrel used for any other
indications, such as peripheral vascular disease or stroke;
concomitant use of anticoagulation drugs; significant difference
between groups in baseline analysis or no mention of baseline
characteristic analyses; and abstracts, letters, reviews, and meta-
analyses. Randomised controlled trials (RCTs) and nonrandom-
ised controlled trials (non-RCTs) were included. Eligible non-
RCTs were adjusted appropriately for baseline differences
between groups with or without the use of PPIs (propensity
score-based matching or multivariate adjustment). Non-RCTs
without multivariable or propensity score-based adjustment, and
single-arm studies without comparison or control groups were
not included. Two authors (DYL and BJK) screened titles and
abstracts using the described search strategy; disagreements were
resolved by 3 researchers (DYL, BJK, and JSK).
2.4. Data extraction, synthesis, and quality assessment

Two authors (DYL and BJK) independently used a standardised
form to extract information on study characteristics, design,
number of patients, regimen of the administered PPIs, and
modifiers. The rates of CV mortality, MI, GI bleeding, and
MACE transfusion were collected along with the definitions of
outcomes used in each study. When additional information was
required, the corresponding author was contacted. The primary
outcome was MACE, which is a composite of CV death, MI,
stroke, and revascularisation. Secondary outcomes were CV
death, MI, and GI bleeding. The definitions of individual
outcomes followed those defined in each trial. For all phases,
discrepancies were resolved by discussion among 3 authors
(DYL, BJK, and JSK).
The quality of eligible studies was assessed using the Cochrane

Collaboration tool for assessing the risk of bias for RCTs,
the Newcastle–Ottawa Scale (NOS),[7] and the strengthening the
reporting of observational studies in epidemiology checklist for
non-RCTs. We did not exclude individual studies from the
analysis based on the thresholds of the NOS or strengthening the
reporting of observational studies in epidemiology checklists.
2.5. Statistical analysis

The primary and secondary outcomes were analysed using a
random-effects model with a generic inverse variance method.
We calculated the risk ratio (RR)/relative risk with a 95%
confidence interval (CI) using 2�2 tables from the original
articles for MACE, MI, and CV deaths. In the case of reporting
results as a hazard ratio (HR) only, the HR with a 95% CI was
presented as a summary statistic. Primary literature with the
effect size of RRs and HRs was summarised for abstraction. We
used the definitions as reported in the included studies.
Heterogeneity was assessed using the I2 test developed by

Higgins, which measures the percentage of total variation across
studies.[8,9] Publication bias was assessed using funnel plot
asymmetry and Egger and Begg tests.[10] When visual asymmetry
of the funnel plot was suspected, the trim-and-fill method was

http://links.lww.com/MD2/A509
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used to calculate an adjusted odds ratio. Subgroup analyses were
performed according to the study design (RCT or non-RCT) and
theuseof individualPPI.Two-tailedPvalues<.05were considered
statistically significant. Statistical analysis was performed using
Review Manager version 5.3.3 (RevMan; the Nordic Cochrane
Centre,Copenhagen,Denmark) andR software version3.4.2 (The
R foundation for Statistical Computing).
3. Results

3.1. Search results

Figure 1 presents a flow diagram showing how relevant studies
were identified. In total, 5465 candidate studies were identified
after a search of 3 databases; 19 studies were added after a
manual search. After excluding 424 duplicate studies, an
additional 4996 studies were excluded during the initial screening
through a review of titles and abstracts. The remaining 64 eligible
studies were extracted for complete review. After careful
evaluation with no disagreement between the 2 reviewers, 36
studies were excluded; 28 studies with a total of 131,412 patients
met the inclusion criteria and were selected. The reasons for study
exclusion during the final review were as follows: inadequate
endpoints (n=23), inappropriate study design or study popula-
tion (n=12), and full data not available (n=1). The final 28
articles comprised 6 RCTs (Table 1) and 22 non-RCTs (Table 2).

3.2. Risk of bias for included studies

The major characteristics of the 28 studies are summarised in
Tables 1 and 2. The risk of bias for the RCTs and the NOS scores
of the non-RCTs are shown in Table S1, Supplemental Digital
Content, http://links.lww.com/MD2/A513 and Table S2, Sup-
plemental Digital Content, http://links.lww.com/MD2/A514,
Figure 1. Flow chart of the
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respectively. The 6 RCTs included 4675 patients, whereas the
22 non-RCTs included 126 708 patients. For the posthoc
analyses of the RCTs,[11] the populations and outcomes of
interest (DAPT plus PPI versus DAPT only) were not randomised;
therefore, they were included in the analyses of the non-RCTs.
Among the 6 RCTs, 1 did not report the method of random
sequence generation[12–14] and allocation concealments[12,13,15]

(Table S1, Supplemental Digital Content, http://links.lww.com/
MD2/A513). All endpoints were objective findings (MACE, CV
death, MI, GI bleeding) and the judgement of outcomes was not
likely to be influenced by blinding. The NOS scores of the 22
included studies ranged from 6 to 9 stars (Table S2, Supplemental
Digital Content, http://links.lww.com/MD2/A514). The risk of
selection and comparability bias was considered low in all studies
except for those by Goodman et al and Gargiulo et al, as these did
not adjust for potential confounders because of the posthoc
analysis of the RCT. Outcome bias was counted as moderate for
studies that did not report data on patients lost to follow-up. All
included studies were published between 2009 and 2016. The
characteristics of the studies involved in the meta-analysis are
summarised in Tables 1 and 2 according to the major outcome
groups. Altogether, we found data for MACE in 24 publications,
CV death in 11 publications, MI in 14 publications, and GI
bleeding in 4 publications. Seventeen studies were performed in
the USA and Europe, while 11 studies were conducted in Asia.
3.3. The overall effect of concomitant administration of
any PPI and clopidogrel on MACEs in patients post-PCI
compared to patients not on PPI therapy

The pooled meta-analysis of 24 studies (6 RCTs[12–17] and 18
non-RCTs) revealed a higher risk of MACE in patients with any
PPI (RR 1.30; 95% CI 1.15–1.48; I2=89.0%; P< .001) in a
study-selection process.

http://links.lww.com/MD2/A513
http://links.lww.com/MD2/A514
http://links.lww.com/MD2/A513
http://links.lww.com/MD2/A513
http://links.lww.com/MD2/A514
http://www.md-journal.com


Table 1

Summary of characteristics of randomized studies.

No. of patients Event number: MACE

Author (yr)
Study
design

Clinical setting
(ACS/Mixed)

Follow-up
(mo) Nationality

Definition of composite
outcome of MACE PPI PPI Control PPI Control

Bhatt et al (2010)[17] RCT Mixed 3.5 Multinational,
15 countries

Composite of CV death, nonfatal
MI, CABG, PCI, stroke)

O 1876 1885 55 54

Yano et al (2012)[13] RCT ACS 12 Japan MI, revascularization,
rehospitalization for ACS

O 65 65 8 12

Ng et al (2012)[14] RCT ACS 4.5 Hong Kong CV mortality, nonfatal MI, stroke
revascularization,
revascularization

E 163 148 7 5

Zhang et al (2015)[15] RCT ACS 6 China MI, revascularization,
rehospitalization forACS

L 53 51 7 5

Wei et al (2016)[16] RCT ACS 6 China cardiac death, MI, HF severe
arrhythmia, angina

P 117 80 48 33

Ren et al (2011)[12] RCT ACS 1 China CV mortality, nonfatal MI,
strokerevascularization

O 86 86 22 22

CV = cardiovascular, MACE = major adverse cardiovascular endpoints, MI = myocardial infarction, PCI = percutaneous coronary intervention, RCT = randomised controlled trial.

Table 2

Summary characteristics of nonrandomized studies.

No. of patients Event number: MACE

Author (year)
Study
design

Clinical setting
(ACS/Mixed)

Follow-up
duration Nationality PPI PPI use Control PPI use Control

Definition of composite
outcome of MACE

O’ Donoghue et al (2009) Non-RCT ACS 15 Multinational O, P, E, L 4529 9079 255 526 Composite of CV mortality,
nonfatal MI and stroke

Gaglia et al (2009) Non-RCT Mixed 12 USA O, P, E, L, R 318 502 6 5 Composite of all-cause death MI
revascularization, stent
thrombosis

Rassen et al (2009) Non-RCT Mixed 6 USA O, P, E, L, R 3996 14,569 299 875 MI
Ray et al (2010) Non-RCT Mixed 12 USA O, P, E, L, R 7226 8995 461 580 Composite of CV mortality,

nonfatal MI, stroke, sudden
cardiac death

Stockl et al (2010) Non-RCT Mixed 12 USA O, P, E, L, R 1033 1033 133 94 MI
Gupta et al (2010) Non-RCT Mixed 50 USA O, P, R 72 243 40 92 CV death, all cause death TLR,

TVF, MI
Kreutz et al (2010) Non-RCT Mixed 12 USA O, P, E, L 6828 9862 1710 1766 Stroke, revascularization
Aihara et al (2012) Non-RCT Mixed 24 Japan O, P, E 500 500 22 21 MI, CVA, all-cause death
Charlot et al (2010) Non-RCT ACS 1 Denmark O, P, E, L 6556 6556 1058 1506 Composite of CV mortality,

nonfatal MI, stroke
Tsai et al (2010) Non-RCT ACS 12 Taiwan O, R 1052 1325 121 62 Hospitalization for MI, PCI, CABG,

stroke
Evanchan et al (2010) Non-RCT Mixed 12 USA O, P, E, L 6828 9862 1710 1766 MI
Rossini et al (2011) Non-RCT Mixed 12 Italy O, P, L 1158 170 87 10 All-cause death, nonfatal MI,

stent thrombosis stroke
Simon et al (2011) Non-RCT ACS 12 France O, P, E, L, R 1453 900 125 100 Composite of all cause death

mortality, nonfatal MI, stroke
Goodman et al (2012) Non-RCT ACS 12 Multinational O, P, E, L, R 3255 6021 398 611 MI, stroke, CV death MI, stroke,

Stent thrombosis
Burkard et al (2012) Non-RCT Mixed 36 Switzerland O, P, E 109 692 33 144 Composite of nonfatal MI, death

TVR
Chitose et al (2012) Non-RCT Mixed 18 Japan NR 331 939 11 32 Composite of no fatal MI, stroke,

CV death
Hokimoto et al (2014) Non-RCT Mixed 18 Japan R 50 124 5 10 CV death, nonfatal MI,

revascularization, ACS
Zou et al (2014) Non-RCT ACS 12 China O, P, E 6188 1465 860 155 Composite of no fatal MI, TVR all

cause death, CV death stent
thrombosis

Shih et al (2014) Non-RCT Mixed 4 Taiwan NR 5430 5430 223 153 MI
Weisz et al (2015) Non-RCT Mixed 24 USA, Germany NR 2162 6419 238 531 Composite of no fatal MI, TVR CV

death, all cause death
Gargiulo et al (2016) Non-RCT Mixed 24 Italy L 738 1232 85 113 CVA, all-cause death nonfatal MI
Van Boxel et al (2010) Non-RCT Mixed 12 Netherlands O, P, E 5734 12,405 754 830 Composite of ACS, stroke and/or

all-cause mortality

CV = cardiovascular, MACE = major adverse cardiovascular endpoints, MI = myocardial infarction, non-RCTs = nonrandomised controlled trials, PPI = proton pump inhibitor.
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random-effects meta-analysis (Fig. 2). Stratification using RCT
and non-RCTs showed that the risk of MACE in patients
receiving any PPI and clopidogrel was significantly increased in
the 18 non-RCTs with the random-effects model meta-analysis.
However, in the 6 RCTs, there was no significant increased risk of
MACE (non-RCTs: RR 1.36; 95% CI 1.22–1.51; I2=90%,
P< .001; RCTs: RR 1.01; 95% CI 0.82–1.24; I2=0; P= .96)
(Fig. 3). Given the differences in the duration of follow-up both in
the RCTs and non-RCTs, a meta-regression was conducted for
the length of follow-up. MACE did not depend on the length of
follow-up (SE=0.014; 95% CI=�0.029 to 0.027; P= .93).
Publication bias was not evident when the symmetrical funnel

plot supported by Egger and Begg tests was used (Fig. S1A,
Supplemental Digital Content, http://links.lww.com/MD2/A510).
3.4. Cardiovascular death for any PPI compared to no PPI

Data onCVdeathwere reported in 11 studies that included 54216
patients; only 1 study was evaluated as an RCT.[17] A significant
effect of concomitant clopidogrel and any PPI treatment on CV
death was observed using a random-effects model analysis (Fig. 4;
RR=1.22; 95%CI 0.98–1.51; I2=64%). The length of follow-up
of the patients did not affect the risk for CV death based on the
results of the 11 studies that were included (follow-up: SE=0.015;
95% CI�0.045 to 0.014; P= .30).
A funnel plot inspection and Egger statistical test for CV death

revealed significant asymmetry in the concomitant use of PPIs and
clopidogrel. Since visual asymmetry of the funnel plot was
suspected, the trim-and-fill method was used to calculate RRwith
95% CIs using a random- effects model (RR=1.45; 95% CI
Figure 2. Forest plot of the pooled meta-analysis of 28 studies (6 RCT and 22 non
those without PPI in a random effect meta-analysis. CI = confidence interval, MA
observational studies, PPI = proton pump inhibitor, RCTs = randomised control

5

1.24–1.69; I2=61%; P< .0001) (Fig. S1B, Supplemental Digital
Content, http://links.lww.com/MD2/A510). Unfortunately, the
small amount of data prevented us from evaluating the risk of CV
death for specific PPIs.
3.5. Myocardial infarction for any PPI compared to no PPI

Fourteen studies contained eligible data onMI in 71 268 patients.
For the evaluation, 1 study was evaluated as an RCT.[17] The risk
of MI was significantly higher in the PPI group (RR=1.43; 95%
CI 1.25–1.64; I2=61%; P< .001) in a random-effects analysis
(Fig. 5). For analyses excluding the 1 RCT,[17] there were no
significant changes for the summary RR estimate (RR 1.45; 95%
CI 1.26–1.67; I2=62%; P= .002). Similar to MACE and CV
death, MI did not depend on the length of follow-up based on the
included 14 studies (follow-up: SE=0.016; 95% CI �0.055 to
0.009; P= .17). There was no distinct discrepancy between the
different follow-up durations. Publication bias was not evident
from the visual examination of the symmetrical funnel plot
supported by the Egger and Begg tests (Fig. S1C, Supplemental
Digital Content, http://links.lww.com/MD2/A510).

3.6. Gastrointestinal (GI) bleeding for any PPI compared to
no PPI

Unfortunately, the small amount of data prevented us from
evaluating the risk of GI bleeding for specific PPIs. Random-
effects meta-analysis suggested that PPI therapy with DAPT was
superior to DAPT alone for preventing GI bleeding (RR 0.29;
95% CI 0.16–0.54; P< .0001; I2=0%) (Fig. 6). The risk of GI
-RCT studies), exhibiting a higher risk of MACE in patients with any PPI versus
CE = major adverse cardiovascular endpoints, non-RCTs = nonrandomised
led trials.

http://links.lww.com/MD2/A510
http://links.lww.com/MD2/A510
http://links.lww.com/MD2/A510
http://www.md-journal.com


Figure 3. The risk of MACE in patients receiving any PPI versus those without PPI. By stratifying according to RCTs and non-RCTs, the risk of MACE in patients
receiving any PPI and clopidogrel was significantly increased in 19 non-RCTs with random-effects model meta-analysis. However, in 6 RCTs, there was no
significant increased risk of MACE. CI = confidence interval, MACE=major adverse cardiac events, non-RCTs = nonrandomised observational studies, PPI=
proton pump inhibitor, RCT= randomised controlled trial.

Lee et al. Medicine (2021) 100:52 Medicine
bleeding with half-dose PPI co-therapy was also lower than that
in the histamine 2 receptor antagonist treatment groups (RR
0.25; 95% CI 0.08–0.73; P= .01; I2=0%).

3.7. Subgroup analyses for MACEs for individual PPIs
compared to no PPI

The risk of MACEs in patients receiving an individual PPI versus
no PPI from the pooledmeta-analysis of 13 studies (6 RCTs[12–17]

and 7 non-RCTs) is shown in Figure 7.
Eight studies with omeprazole (3 RCTs[12,13,17] with 4063

patients and 5 non-RCTs with 28 588 patients) showed no
significantly increased risk of adverse CV outcomes (RR 1.02;
95% CI 0.70–1.49; I2=88%; P= .91). Stratification using RCTs
(RR 0.98; 95% CI 0.74–1.30; I2=0%; P= .88) and non-RCTs
(RR 1.08; 95% CI 0.62–1.88; I2=93%; P= .79) showed that the
risk of MACE was not significantly increased in either type of
study.
6

Five studies (1 RCT[15] with 104 patients and 4 non-RCTs with
13,152 patients) have been reported on lansoprazole. On
average, the lansoprazole studies showed an overall increased
risk (RR 1.35; 95% CI 1.19–1.54; I2=0%; P< .001). For
analyses excluding the 1 RCT,[15] there were no significant
changes for the summary RR estimate (RR 1.34; 95% CI 1.02–
1.73; I2=12%; P= .02).
Four studies (1 RCT[14] with 311 patients and 3 non-RCTs

with 15,017 patients) on esomeprazole showed no significantly
increased risk (RR 1.19; 95%CI 0.74–1.90; I2=81%; P= .48) in
a random-effects model analysis. In an analysis of the 3 non-
RCTs only, the result was similar (RR 1.17; 95% CI 0.68–2.01;
I2=87%; P= .48).
Six studies (1 RCT[18] with 198 patients and 5 non-RCTs with

31,107 patients) were reported on pantoprazole. These 6 studies
showed a significantly increased risk of CV adverse events when
the random-effects model analysis was used (RR 1.31; 95% CI
1.07–1.61; I2=70%; P= .01). In analyses excluding the 1



Figure 4. The risk of cardiovascular death in patients receiving any PPI versus those without PPI. CI= confidence interval, CV= cardiovascular, PPI=proton pump
inhibitor.

Lee et al. Medicine (2021) 100:52 www.md-journal.com
RCT,[16] there were no significant changes for the summary RR
estimate (RR 1.41; 95% CI 1.16–1.72; I2=62%; P< .001).
There were 2 non-RCTs with 692 patients evaluating

rabeprazole; the pooled RR was not statistically significant with
a random-effects model analysis (RR 1.35; 95% CI 0.60–3.04;
I2=0%; P= .46).
To further explore individual studies, we repeated the entire

analysis, excluding the study by Simon et al as seen in Fig. S1,
Figure 5. The risk of myocardial infarction in patients receiving any PPI versus thos
pump inhibitor.

7

Supplemental Digital Content, http://links.lww.com/MD2/A510
all RRs with different PPIs were increased and there were evident
individual study effects for MACEs.
A different pattern was present when studies that used adjusted

HRs were pooled. The results of analysing the adjusted events for
MACE with different PPIs are presented in Fig. S2, Supplemental
Digital Content, http://links.lww.com/MD2/A511. A random-
effects meta-analysis of the adjusted events for MACE from non-
e without PPI. CI = confidence interval, MI =myocardial infarction, PPI=proton

http://links.lww.com/MD2/A510
http://links.lww.com/MD2/A511
http://www.md-journal.com


Figure 6. The risk of DAPT-related upper GI bleeding in patients receiving any PPI versus those without PPI. The risk of MACE with half-dose PPI co-therapy was
also superior to that in the histamine 2 receptor antagonist (H2RA) treatment groups. The high-dose cutoff points were esomeprazole > 40 mg, omeprazole > 20
mg, pantoprazole > 40 mg, rabeprazole > 20 mg, and lansoprazole > 30 mg. CI = confidence interval, DAPT=dual antiplatelet therapy, GI=gastrointestinal,
MACE=major adverse cardiac events, PPI=proton pump inhibitor.
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RCTs showed an overall increased risk of MACE for all PPIs
except for rabeprazole (HR: 1.32; 95% CI 0.69–2.53; I2=0;
P= .40) in Fig. S2, Supplemental Digital Content, http://links.
lww.com/MD2/A511.
Publication bias was not evident according to the symmetrical

funnel plot supported by the Egger and Begg tests. Although most
of the methods for the detection of publication bias were
underpowered due to a small number of publications (<10),
thorough statistical analyses were performed. Using different
PPIs with clopidogrel did not suggest significant asymmetries
when funnel plots and the Egger test (Egger test: P= .33, P= .80,
P= .81, P= .22, and P= .97 for omeprazole, lansoprazole,
esomeprazole, pantoprazole, and rabeprazole, respectively) were
used (Fig. S3, Supplemental Digital Content, http://links.lww.
com/MD2/A512).
4. Discussion

We performed an updated meta-analysis that investigated
the safety and efficacy of PPIs with clopidogrel following PCI.
The principal findings were as follows: although the study
design affected the results of PPI use with clopidogrel, PPI as a
class effect showed an increase in MACE and MI in post-PCI
patients on DAPT; for the analysis of the specific effects of
individual PPIs, we obtained inconsistent findings in the
evaluation of the association between concomitant clopidogrel
use and the risk of MACE; and confined to the analyses of the
non-RCTs with adjusted HR, studies with individual PPIs,
except for rabeprazole, showed a significantly increased risk of
MACE.
Because the PPI-induced risk reduction clearly outweighs the

possible adverse CV risk in patients with a high risk of GI
bleeding, a combination of clopidogrel with PPIs is recommended
8

in the ACC/ACG/AHA 2010 Expert Consensus Document[19]

and the European Society of Cardiology 2017 guidelines.[20]

However, current FDA recommendations warn against concom-
itant therapy of clopidogrel and omeprazole or esomeprazole, but
not other PPIs[21]; hence, there is a need for further research to
evaluate drug safety.
Melloni et al[22] indicated that large, well-conducted non-

RCTs of PPIs[23,24] and RCTs of omeprazole[17] appeared to
provide conflicting results regarding the effect of PPIs on CV
outcomes when co-administered with DAPT. Additionally, 3
meta-analyses[3–5] that were conducted for the association of
clopidogrel and individual PPIs in post-PCI patients showed
inconsistent results and different inclusion criteria. Niu et al[3]

and Kwok et al[4] found a significant association except for
rabeprazole. Sherwood et al[5] included extensive, well-con-
ducted non-RCTs presenting only adjusted HRs and found a
significant association for all PPIs except omeprazole.
PPIs are metabolised mainly by CYP2C19 and inhibition of

this enzyme is heterogeneous within the class of PPIs. PPIs are
classified based on their binding affinity for CYP2C19,
including those with high and low CYP2C19-inhibitory
potential.[11] The hepatic metabolism of rabeprazole involves
both CYP-mediated and non-CYP-mediated metabolism, with
the latter taking the dominant role. Compared with the other
PPIs, rabeprazole is a weaker competitive inhibitor for
CYP2C19 and has a minimal effect on the metabolic pathway
of clopidogrel.[25] Moreover, the plasma concentration of
several PPIs, except rabeprazole, decreased by up to 40% in the
case of postprandial medication.[26]We do not knowhowmany
enrolled patients took PPIs in a fasting state. Therefore, current
meta-analyses with inconsistent findings should be interpreted
with caution after considering correct adherence to PPI
indications.

http://links.lww.com/MD2/A511
http://links.lww.com/MD2/A511
http://links.lww.com/MD2/A512
http://links.lww.com/MD2/A512


Figure 7. The risk of MACEs in patients receiving individual PPIs versus those without PPI from the pooledmeta-analysis of 14 studies. The risk of MACE in patients
receiving individual PPI versus those without PPI. CI = confidence interval, MACE=major adverse cardiac events, PPI=proton pump inhibitor.
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Even with the large, well-conducted non-RCTs of PPIs, there
could be an unbalanced distribution of baseline characteristics,
such as sicker patients in the PPI group. Similarly, patients on a
PPI were 3years older than those in the comparison group and
also had a higher prevalence of CV disease, chronic kidney
disease, and diabetes at baseline in Charlot et al study,[23] and
patients on clopidogrel had a higher prevalence of Charlson
9

comorbidity index at baseline in Bhurke et al study.[24] Given that
PPIs are not expected to have significant interaction with
clopidogrel, those findings support the hypothesis that using a PPI
is not the cause of increased adverse results, but rather a marker
of increased baseline characteristic risk. Considering that the
COGENT study[17] and a study by Jensen et al[27] remain the only
2 large-scale RCTs exploring the interaction between thienopyr-

http://www.md-journal.com
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idine and PPIs, we had no choice but to review and include several
small- to medium-sized RCTs and non-RCTs with extensive
review.
As with previous studies, concomitantly administered PPIs with

clopidogrel had a protective effect on GI bleeding in our analysis.
Moreover, Yano et al[13] andNg et al[14] demonstrated that the use
of low-dose PPIs did not lead to an increased risk ofMACEwith a
sustaining protective effect against GI bleeding (the PPIs used in
those studies were rabeprazole 10 mg, esomeprazole 20 mg, and
omeprazole 10mg). Therefore, low-dose PPIs can be an option for
clinicians who are simultaneously concerned about the risk of
clopidogrel–PPI interaction and the need to prevent GI bleeding.
Our confidence in the results of the current meta-analysis is

strengthened by the following few points. First, the enrolment of a
large population from a balanced database reflected real clinical
practice. All included non-RCTs had adjusted outcomes except for
previous studies byGoodman et al[28] andGargiulo et al,[18] which
were posthoc analyses of multicentre RCTs with no apparent
baseline difference. Second, we also conducted subgroup analysis
basedon themodifiers.Comparedwith studies evaluating PPIs as a
class, separate meta-analyses were rare because of a lack of
subgroup reporting. We tried to discover which PPIs are safe in
post-PCI patients by making the most of the existing studies
published so far. Lastly, this study focused specifically on PCI
patients with DAPT medication, in whom the effect of this drug–
drug interaction could have a substantial impact because of the
higher baseline risk of MACE outcomes in PCI patients.
Despite its strengths, the present study has several limitations.

First, there was no large-scale RCT conducted on the interaction
between DAPT with clopidogrel and PPIs except for the
COGENT trial[24] discovered using our search strategy, and
this study would seem to negate the clinical impact of the
interaction. These results suggested that omeprazole in associa-
tion with clopidogrel did not increase MACEs, although it did
reduce GI bleeding. Second, though a few small-sized RCTs were
enrolled in our meta-analysis, most of the patients in this study
were from nested case-control or cohort studies. Therefore,
detailed data on drugs, such as adherence to PPI, dose, and
duration could not be fully assessed. Observational studies may
be confounded by selection bias if they include sicker patients on
PPI and thus are at higher risk for adverse CV outcomes. We used
the RR or adjusted HR if provided, which was most likely
different among studies. Moreover, the discrepancies among the
results between the RCT and non-RCT studies may have
weakened our results. Third, because of the relatively small
number of studies on rabeprazole, more trials are needed in the
future to better support the drug interaction. Lastly, there were
slight differences in the MACE definitions and in the adjusting
covariates used in the meta-analysis, which may have introduced
some imprecision in our effect estimates.
In conclusion, our meta-analysis shows that there is evidence

for a significant association between the risk of MACE and PPI
use as a class effect in post-PCI patients on DAPT. Our subgroup
analysis shows no consistent evidence of MACE among
individual PPIs when used with clopidogrel except for rabepra-
zole. However, due to the small number of rabeprazole trials,
more trials are needed in the future to support this conclusion.
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