












95% CI 0.80 to 0.97; p=0.01) was also not increased in
patients who received concomitant PPI with clopidogrel.
Furthermore, occurrence of GI bleed was significantly
decreased in the group of patients who received a PPI
(OR 0.24; 95% CI 0.09 to 0.62; p=0.003).

Subgroup analyses
Table 2 illustrates results of comparisons in studies with
restricted populations. In studies limited to patients with
ACS, only MI (OR 1.41; p=0.01) was significantly
increased in patients taking clopidogrel with a concomi-
tant PPI. In patients receiving DAPT, adding a PPI
decreased the risk of an upper GI bleed (OR 0.31;
p=0.002), but was associated with increased risk of all-
cause mortality (OR 1.32; p=0.003), ACS (OR 2.37;
p=0.002), MI (OR 1.25; p=0.005), stent thrombosis (OR
1.36; p=0.005) and revascularisation (OR 1.30; p=0.006).
Stratification by degree of CYP450 2C19 inhibition

revealed that both high-risk (omeprazole, esomeprazole
and lansoprazole) and low-risk PPIs (pantoprazole and
rabeprazole) were associated with an increased risk of
MI and mortality. In patients receiving high-risk PPIs, GI
bleed was also decreased by concomitant PPI use (OR
0.17; p<0.001).

Quality assessment
One of the RCTs included was stopped prematurely due
to a loss of funding.7 Nevertheless, it was considered a
high quality study according to the Jadad criteria. The
other two RCTs were considered to be of moderate
quality because blinding was not described.24 On funnel
plot analysis, studies occupied a symmetrical distribution
according to weight and converged towards the pooled
effect as the weight increased (see online supplementary
figure S1). Egger’s regression test (see online supple-
mentary figure S2) was also performed and showed no

Figure 3 Forest plot of studies examining outcomes between patients taking proton pump inhibitor (PPIs) with clopidogrel and

those taking only clopidogrel: (A) definite stent thrombosis; (B) need for revascularisation; (C) cerebrovascular accidents; (D)

acute coronary syndromes.

Figure 4 Forest plot of studies examining gastrointestinal bleeding between patients taking proton pump inhibitor (PPI) with

clopidogrel and those taking only clopidogrel.
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evidence of significant publication bias (p=0.48 and 0.76
for overall mortality and MI, respectively).

DISCUSSION
The pooled analysis of all included studies included
214 851 patients and found that patients who took a PPI
in addition to clopidogrel had the worst outcomes,
including higher overall mortality, MI, ACS, CVA, stent
thrombosis and the need for revascularisation proce-
dures. These results are consistent with previous studies
and meta-analyses.26 48 51 67 However, these data emerge
mostly from nonrandomised observational studies,
which are prone to selection bias and non-comparability
between groups at baseline. Therefore, we conducted a
separate analysis including data only from RCTs and
PSM patients. In a population of 23 552 patients from
eight studies, we found that all ischaemic end points
evaluated were not increased in the clopidogrel-PPI
group (figure 5). This analysis of RCTs and PSM patients
highly suggests that PPIs are a marker of increased risk,
rather than a direct cause of worse outcomes.
The contrast in outcomes between unadjusted and

adjusted/randomised studies is supported by findings of
increased CV risk among patients taking PPI regardless
of simultaneous clopidogrel use. In a population of
31 704 patients who were not receiving clopidogrel,
Charlot et al73 found that, compared with non-PPI users,
patients on PPI had an increased risk of all-cause

mortality (HR 1.58; p<0.01), CV mortality (HR 1.49;
p<0.01), MI (HR 1.13; p=0.02) and CVA (HR 1.32;
p<0.01). Furthermore, the magnitude of increased CV
risk in the PPI group was similar between clopidogrel
users and patients not receiving clopidogrel. An
increased risk of ischaemic outcomes among patients
taking a PPI has also been reported in concomitant use
of placebo and ticagrelor.68 74

The mechanism of increased CV risk in patients
receiving a PPI is most likely related to the difference in
baseline characteristics between users and non-users of
clopidogrel. In the study by Charlot et al,73 patients who
received a PPI were on average 3 years older than the
comparison group and also had a higher prevalence of
diabetes with complications, chronic kidney injury and
cerebrovascular disease at baseline. In Bhurke et al,30

patients taking clopidogrel had a higher Charlson
comorbidity index at baseline, as well as a higher preva-
lence of heart failure. Similarly, the majority of
unadjusted studies that reported an increased risk of CV
events in PPI users had an unbalanced distribution of
baseline characteristics, with sicker patients in the PPI
group.31 52 63 67

Our study found a decreased incidence of GI bleeding
among patients taking PPIs, a result that was confirmed
in patients with similar baseline characteristics (RCT/
PSM populations; figure 5F). Two different mechanisms
may contribute as follows to the decreased incidence of
GI bleeding with PPI use. The first is by direct inhibition

Figure 5 Forest plots of randomised controlled trials and propensity score matched studies examining outcomes between

patients taking proton pump inhibitor (PPIs) with clopidogrel and those taking only clopidogrel: (A) overall mortality; (B) acute

coronary syndromes; (C) myocardial infarction; (D) need for revascularisation; (E) cerebrovascular accidents; (F) gastrointestinal

bleeding.
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Table 2 Subgroup analyses

Subgroup

analysis ACS DAPT E/O/L P/R

Number of patients PPI: 37 015

No PPI: 77 060

PPI: 38 244

No PPI: 40 604

PPI: 23 437

No PPI: 33 000

PPI: 3008

No PPI: 28 772

Studies included

Outcomes

Bhurke et al,30 Evanchan et al,50 Gaspar

et al,52 Goodman et al,68 Ho et al,49

Hsiao et al,69 Lin et al,71 O’Donoghue

et al,66 Ortolani et al,59 Simon et al,22

Valkhoff et al,47 Wu et al,56 Zou et al,36

Aihara et al,70 Bhatt et al,7 Burkard

et al,67 Ching et al,48 Chitose et al,65

Douglas et al,31 Gaglia et al,51 Gaspar

et al,52 Goodman et al,68 Gupta et al,53

Harjai et al,19 Hauptle et al,33 Hokimoto

and Ogawa,61 Hsiao et al,69 Hudzik

et al,62 Jiang et al,34 Nakayama et al,35

O’Donoghue et al,66 Ortolani et al,59

Rossini et al,64 Tentzeris et al,55 Yasu

et al,57 Zairis et al,60 Zou et al,36

Bhatt et al,7 Douglas et al,31

Gaglia et al,51 Harjai et al,19 Hsu

et al,24 Hsu,72 Hudzik et al,62

Jiang et al,34 Rossini et al,64

Valkhoff et al,47 Zairis et al,60

Douglas et al,31 Gaglia

et al,51 Hokimoto and

Ogawa,61 Rossini et al,64

Valkhoff et al,47 Yasu

et al,57

All-cause mortality OR 1.14; CI 0.94 to 1.39; p=0.19 OR 1.32; CI 1.10 to 1.58; p=0.003 OR 1.23; CI 0.72 to 2.10; p=0.46 OR 2.01; CI 1.20 to 3.35;

p=0.008

CV mortality OR 0.99; CI 0.70 to 1.39; p=0.95 OR 1.16; CI 0.95 to 1.42; p=0.14 OR 1.28; CI 1.14 to 1.43; p<0.001 OR 1.96; CI 0.68 to 5.64;

p=0.21

ACS OR 1.91; CI 0.89 to 4.06; p=0.09 OR 2.37; CI 1.36 to 4.13; p=0.002 NA NA

MI OR 1.41; CI 1.08 to 1.85; p=0.01 OR 1.25; CI 1.07 to 1.45; p=0.005 OR 1.25; CI 1.09 to 1.44; p=0.002 OR 2.13; CI 1.60 to 2.85;

p<0.001

ST (possible/

probable/definite)

NA OR 1.36; CI 1.10 to 1.68; p=0.005 OR 1.08; CI 0.67 to 1.73; p=0.76 OR 2.28; CI 0.66 to 7.89;

p=0.20

Revascularisation OR 1.38; CI 0.82 to 2.30; p=0.22 OR 1.30; CI 1.08 to 1.58; p=0.006 OR 1.06; CI 0.73 to 1.54; p=0.74 NA

CVA NA OR 1.75; CI 0.98 to 3.16; p=0.06 OR 2.24; CI 0.62 to 8.11; p=0.22 NA

GI bleed NA OR 0.31; CI 0.15 to 0.65; p=0.002 OR 0.17; CI 0.08 to 0.36; p<0.001 NA

References are shown in table 1.
ACS: acute coronary syndrome; CV: cardiovascular; CVA: cerebrovascular accident; DAPT: dual antiplatelet therapy; E: esomeprazole; GI: gastrointestinal; L: lansoprazole; MI: myocardial
infarction; NA: not available or not applicable; O: omeprazole; P: pantoprazole; PPI: proton pump inhibitor; R: rabeprazole; ST: stent thrombosis.
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of proton pumps with subsequent suppression of acid
production, which has been shown to (1) prevent
stress-ulcer related bleeding in critically ill patients;75 (2)
decrease rebleeding in patients with a history of ulcer-
related bleeding;6 and (3) decrease GI bleeding among
patients on anticoagulants and dual anti-platelet
therapy.76 Alternatively, the benefit in GI bleeding may
be related to a PPI-mediated reduction in the antiplate-
let effect of clopidogrel. Several pharmacokinetic studies
have demonstrated a lower inhibition of platelet aggre-
gation among patients taking a PPI in addition to clopi-
dogrel, as compared to non-PPI clopidogrel users.14 15 66

Although our findings suggest that this mechanism is
not clinically relevant in terms of adverse CV outcomes,
platelet aggregation plays an important role in angiogen-
esis and the healing of peptic ulcers;77 therefore, a
lesser degree of platelet inhibition certainly has the
potential to decrease GI bleeding.
As illustrated in table 2, among patient with ACS,

there was no increased risk of ischaemic CV end points
with PPI use. Patients with ACS most likely have more
comorbidities and a worse prognosis at baseline com-
pared with elective patients, which can mitigate the dif-
ferences in outcomes between PPI and non-PPI users.
Inhibition of the CYP450 2C19 enzyme is heterogeneous
within the class of PPIs. Omeprazole, esomeprazole and
lansoprazole have been shown to be the strongest inhibi-
tors,11 16 17 20 whereas some studies have suggested that
pantoprazole and rabeprazole have no effect on the
CYP450 2C19 enzyme.16 20 38 Our meta-analysis has
demonstrated that the association between adverse out-
comes and concomitant PPI-clopidogrel use persists in
patients taking the low-risk PPIs rabeprazole or panto-
prazole. Given that these medications are not expected
to have a significant interaction with clopidogrel, this
finding further supports the hypothesis that use of a PPI
is not the cause of increased adverse outcomes, but
rather a marker of increased baseline risk.
This study has limitations. Definitions of outcomes

were not reported in a substantial part of the studies,
which raises the concern for reporting bias. In addition,
36 of the 39 included studies were non-randomised and
are inherently more susceptible to bias. The correction
of possible baseline differences between groups led to a
subanalysis of randomised and PSM studies; however,
this analysis included only eight studies, which did not
report on all the studied outcomes. Moreover, the
absence of patient-level data, common in meta-analysis
designs, prevented more detailed subgroup analyses,
such as interaction between different generations of
drug-eluting stents and the exact role of baseline
characteristics on the clopidogrel-PPI interaction. Also,
this systematic review was not registered prospectively,
which would have allowed feedback about the protocol,
further limiting the possibility of bias. Nevertheless, we
believe we have conducted a transparent and reprodu-
cible protocol. Finally, given the high number of studies
included and the differences in methods and outcome

definitions among them, a substantial amount of hetero-
geneity was encountered. This has already been
observed in previous meta-analyses, and therefore only a
random-effects model was used. A prespecified defin-
ition of GI bleeding and stent thrombosis was also
applied to minimise bias resulting from different
outcome definitions.

CONCLUSION
In summary, the results of our meta-analyses suggest that
the highly controversial interaction between PPIs and
clopidogrel observed in platelet aggregation studies has
no clinical significance. Rather, patients who are pre-
scribed PPIs have a higher burden of comorbidities and
thus most likely have an increased risk for adverse CV
events. Importantly, PPIs have the potential to signifi-
cantly reduce GI bleeding among patients taking
clopidogrel.
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