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Abstract
Clopidogrel is approved for reduction of atherothrom-
botic events in patients with cardiovascular (CV) and 
cerebrovascular disease. Dual antiplatelet therapy with 
aspirin and clopidogrel decreases the risk of major ad-
verse cardiac events after acute coronary syndrome 
or percutaneous coronary intervention, compared with 
aspirin alone. Due to concern about gastrointestinal 
bleeding in patients who are receiving clopidogrel and 
aspirin therapy, current guidelines recommend com-
bined use of a proton pump inhibitor (PPI) to decrease 
the risk of bleeding. Data from previous pharmacologi-
cal studies have shown that PPIs, which are extensively 
metabolized by the cytochrome system, may decrease 
the ADP-induced platelet aggregation of clopidogrel. 
Results from retrospective cohort studies have shown 
a higher incidence of major CV events in patients re-

ceiving both clopidogrel and PPIs than in those without 
PPIs. However, other retrospective analyses of random-
ized clinical trials have not shown that the concomitant 
PPI administration is associated with increased CV 
events among clopidogrel users. These controversial 
results suggest that large specific studies are needed. 
This article reviews the metabolism of clopidogrel and 
PPIs, existing clinical data regarding the interaction be-
tween clopidogrel and PPIs, and tries to provide recom-
mendations for health care professionals.
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INTRODUCTION
Clopidogrel is approved for reduction of  atherothrombot-
ic events in patients with acute coronary syndrome (ACS)[1]. 
Clopidogrel usually is prescribed as an alternative to aspi-
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rin for patients with unstable angina or non-ST-segment 
elevation myocardial infarction (MI) who are intolerant of  
aspirin. A few randomized trials in patients with ACS have 
shown that clopidogrel plus aspirin produces significant 
relative risk (RR) reductions of  10%-20% in cardiovascu-
lar (CV) events compared with aspirin alone[2,3]. Current 
guidelines recommend clopidogrel plus aspirin for ≥ 1 mo  
after a bare metal coronary artery stent, ≥ 1 year after a 
drug-eluting stent (DES), ≥ 1 mo and ideally ≥ 1 year 
after unstable angina or non-ST-elevation MI managed 
without intervention, and 1 year after ST-elevation MI[4-6]. 
These antiplatelet agents have recognizable risks of  gas-
trointestinal (GI) complications such as ulceration and 
related bleeding. These risks may be further compounded 
by the ancillary use of  other adjunctive medications, such 
as nonsteroidal anti-inflammatory drugs (NSAIDs), corti-
costeroids, and anticoagulants. Given the high prevalence 
of  antiplatelet therapy in clinical practice, coupled with an 
increased emphasis on their extended use, especially after 
implantation of  a DES[7-9], it is important that physicians 
should know the potential benefits and the associated 
risks of  antiplatelet therapy for secondary prevention of  
cardiac ischemic events.

Recently, two relevant cautions about clopidogrel 
therapy have been raised if  one intends to administer as-
pirin and clopidogrel therapy together. One is antiplatelet 
non-responsiveness or resistance, and the other relates 
to interaction between clopidogrel and proton pump 
inhibitors (PPIs). Previous experience has found that 
the expected antiplatelet effect from oral aspirin and/or 
clopidogrel does not occur, and a significant number of  
patients experience increased risks of  adverse ischemic 
events despite antiplatelet therapy. This phenomenon is 
considered to be aspirin and/or clopidogrel non-respon-
siveness or resistance[10-14]. The reported mean prevalence 
of  clopidogrel resistance is 21% (95% CI: 17%-25%) in 
a systemic review[15]. The issue of  clopidogrel resistance 
has been discussed elsewhere [10,11,14-18]. This paper does 
not discuss clopidogrel resistance, but focuses on interac-
tion between clopidogrel and PPIs. 

PPIs are often prescribed prophylactically with initia-
tion of  clopidogrel to reduce the risk of  GI bleeding 
while taking dual-antiplatelet therapy. A randomized, dou-
ble blind OCLA (Omeprazole Clopidogrel Aspirin) study 
that assessed the influence of  omeprazole on clopidogrel 
efficacy has demonstrated that omeprazole significantly 
decreases the clopidogrel inhibitory effect on platelet 
P2Y12, as demonstrated by vasodilator-stimulated phos-
phoprotein phosphorylation test[19]. It suggests that PPIs 
reduce the inhibitory effect of  clopidogrel on platelet ag-
gregation. In a population-based study, we have reported 
that concomitant use of  PPIs and clopidogrel is associ-
ated with an increased risk of  rehospitalization (HR: 1.23, 
95% CI: 1.07-1.41, P = 0.003) and mortality (HR: 1.65, 
95% CI: 1.35-2.01, P < 0.001)[20]. It was consistent with 
previous studies that concomitant use of  clopidogrel and 
PPIs is associated with a higher risk of  acute MI, death 
or target vessel failure[21,22]. Similarly, three larger retro-
spective cohort studies of  38 531 patients have reported 

an increased risk of  CV events for patients receiving 
combined PPI and clopidogrel compared with clopido-
grel alone[23-25]. In contrast, results of  the retrospective 
analyses of  three large clinical trials of  41 000 clopido-
grel-treated patients [Trial to Assess Improvement in 
Therapeutic Outcomes by Optimizing Platelet Inhibition 
With Prasugrel Thrombolysis in Myocardial Infarction 
38 (TRITON-TIMI 38), Platelet Inhibition and Patient 
Outcomes (PLATO), Clopidogrel Optimal Loading Dose 
Usage to Reduce Recurrent Events/Optimal Antiplatelet 
Strategy for Interventions (CURRENT-OASIS 7)] have 
shown no significant effect of  concomitant PPI adminis-
tration on the clinical efficacy of  clopidogrel therapy[26-28]. 
Due to the fact that these studies had conflicting results, it 
opens the question of  whether the efficacy of  clopidogrel 
is influenced by concomitant use of  PPIs. This report 
aims to review the metabolism of  clopidogrel and PPIs, 
relevant articles of  clinical and pharmacological studies, 
and tries to provide recommendations for the combined 
use of  clopidogrel and PPIs. 

CLOPIDOGREL METABOLISM
Clopidogrel, a thienopyridine, is a prodrug that is trans-
formed to an active metabolite, which subsequently 
blocks platelet activation and aggregation. After ingestion 
of  clopidogrel, the majority (85%) of  the prodrug is im-
mediately inactivated by plasma esterases to an inactive 
from (SR26334). Approximately 15% of  an absorbed 
clopidogrel dose is converted to an active thiol metabo-
lite (R-130964); mainly by the hepatic cytochrome P450 
isoenzymes[19,29]. The metabolism of  clopidogrel is a 
complex process that involves a number of  cytochrome 
P450 isoenzymes to varying degrees. The active metabo-
lite is formed in the liver through the cytochrome P450 
(CYP) system after two sequential reactions that involve 
CYP1A2, CYP2B6, CYP2C9, CYP2C19 and CYP3A4, 
with CYP2C19 playing a major role (Figure 1)[29-32]. Clopi-
dogrel and its active metabolite are relatively short lived 
in plasma. With repeated 75 mg daily doses, plasma con-
centrations of  the parent compound and its active me-
tabolite fall below the lower limit of  quantification after 
2 h[29-33]. Despite a short half-life, the irreversible binding 
of  the active metabolite of  clopidogrel to the platelet 
receptor leads to a prolonged pharmacodynamic effect. 
Inhibition of  platelet aggregation by clopidogrel lasts for 
several days, with platelet function returning to baseline 
about 5 d after stopping the drug[34]. 

It has been reported that patients with reduced-
function genetic polymorphisms of  CYP2C19 are associ-
ated with reduced conversion of  clopidogrel to its active 
metabolite and a reduction in inhibition of  ADP-induced 
platelet aggregation by clopidogrel[29,30]. 

Another report has shown that the effect of  clopido-
grel in reducing the rate of  the primary efficacy outcome 
was similar in patients who were heterozygous or homo-
zygous for loss-of-function alleles, and in those who were 
not carriers of  the alleles[31]. Although the role of  CY-
P2C19 genetic polymorphisms is still controversial, sever-
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al cohort studies have shown that patients with prior MI, 
ACS, or percutaneous coronary intervention (PCI) who 
are prescribed clopidogrel have significantly increased RR 
of  CV events, which includes death from CV causes, MI, 
stroke, or stent thrombosis (1.5-4), with CYP2C19 re-
duced-function genetic variants[19,32,33]. This increased risk 
is apparent even among patients who are heterozygous 
for reduced-function allelic variants[19,32,33]. Mega and his 
colleagues have found that carriers of  a reduced-function 
CYP2C19 allele have significantly lower levels of  the ac-
tive metabolite of  clopidogrel, diminished platelet inhibi-
tion, and a higher rate of  major adverse CV events. Spe-
cifically, common polymorphisms in the CYP2C19 gene, 
seen in approximately 30% of  caucasians, 40% of  blacks, 
and > 55% of  East Asians[34], significantly diminish the 
pharmacokinetic and pharmacodynamic responses to 
clopidogrel by approximately one quarter to one third. 
Genetic polymorphisms of  CYP2C19 modulate clopido-
grel pharmacokinetics and pharmacodynamics in healthy 
volunteers[12,35], as well as in patients[14,36,37]. As compared 
with subjects with no CYP2C19 variant allele, subjects 
with one or two CYP2C19 loss-of-function alleles have 
been shown to have lower plasma concentrations of  the 
active metabolite of  clopidogrel and a decrease in the 
ADP-induced platelet aggregation of  clopidogrel[12]. In 
addition, investigators have demonstrated that, among 
individuals treated with clopidogrel, patients with a 
reduced-function CYP2C19 allele tend to have signifi-
cantly lower levels of  the active clopidogrel metabolite, 
diminished platelet inhibition, and a higher rate of  major 
adverse CV events[32], including stent thrombosis[37].

PPI METABOLISM
PPIs are prodrugs that are transformed nonenzymatically 
in the acid environment of  gastric parietal cells to active 
derivatives, which bind covalently to H+ K+ -ATPase (pro-
ton pump)[38,39]. This irreversible inhibition of  the proton 
pump leads to long-term acid suppression for up to 36 h[38].  
Li et al[40] have compared the degree of  CYP2C19 inhibi-

tion by the currently used PPIs (e.g. omeprazole, esome-
prazole, lansoprazole, rabeprazole, and pantoprazole), and 
the inhibition of  CYP2C19 by the PPIs was measured 
in vitro using S-mephenytoin 4-hydroxylation as a marker 
reaction. They have found that lansoprazole is the most 
potent inhibitor of  CYP2C19, whereas pantoprazole and 
rabeprazole are the least potent. The currently available 
PPIs include omeprazole, esomeprazole, lansoprazole, 
pantoprazole and rabeprazole. All PPIs are hepatically 
metabolized to an extent via the cytochrome P450 mixed 
oxidase system. The isoenzymes CYP3A4 and particu-
larly, CYP2C19, are the major isoforms that cause PPI 
biotransformation. The relative contribution of  this latter 
pathway in general metabolism differs among drugs and 
has been reported to be omeprazole = esomeprazole > 
pantoprazole > lansoprazole > rabeprazole[41]. In contrast 
to the situation with clopidogrel, reduced CYP2C19 func-
tion results in less inactivation of  PPI and an increase in 
pharmacodynamic effect (greater acid inhibition). Poor 
CYP2C19 metabolism has been associated with improved 
clinical outcomes such as healing of  esophagitis or eradi-
cation of  Helicobacter pylori (H. pylori)[10]. 

Gilard et al[19], using a novel surrogate marker (vasodi-
lator-stimulated phosphoprotein phosphorylation platelet 
reactivity index, or PRI) for CV events, have reported 
that there is a higher PRI in patients taking clopidogrel 
plus PPI than in those taking clopidogrel without PPI. In 
another double-blind, placebo-controlled trial, patients 
undergoing coronary artery stent implantation received 
dual antiplatelet treatment, and were randomized to re-
ceive omeprazole or placebo for 7 d to compare the PRI 
value between the two groups. The authors found signifi-
cantly more poor responders, as measured by PRI, in the 
omeprazole group than in the placebo group[10]. In the 
PRINCIPLE-TIMI 44 trial, mean inhibition of  platelet 
aggregation was significantly lower for patients on a PPI 
than for those not on a PPI after a 600 mg clopidogrel 
loading dose (P = 0.02). This indicates that PPI users 
have significantly less inhibition of  ADP-induced platelet 
aggregation than non-users[26]. Metabolism of  PPIs and 
clopidogrel involves CYP2C19, therefore, the CYP2C19 
isoform is the key enzyme in the metabolism of  many 
PPIs, which are also inhibitors of  the CYP2C19 and 
CYP3A4 isoenzymes to varying degrees. This has led to 
the assumption that some PPIs have the ability to inhibit 
metabolic activation of  clopidogrel[41,42]. The ability of  a 
PPI to inhibit CYP2C19 activity could reduce R-130964 
generation and cause a diminished clopidogrel response. 
Thus, concomitant PPI therapy can further reduce clopi-
dogrel metabolism, which predisposes patients to such 
adverse CV events and death[43-45].

SEARCh STRATEGy TO IDENTIfy 
ARTICLES RELEvANT TO ThE 
POTENTIAL INTERACTION BETwEEN 
CLOPIDOGREL AND PPIs
The PubMed and Medline searches were conducted 
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Figure 1  Metabolism of clopidogrel. Clopidogrel undergoes two-step me-
tabolism that can involve several different cytochrome P450 enzymes (from[29], 
reproduced with permission from the publisher of Annals of Pharmacotherapy, 
Copyright 2011).
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using the keywords “clopidogrel” and “proton pump 
inhibitors” to identify studies that evaluated a potential 
interaction between clopidogrel and PPIs. Reference lists 
of  recent publications on these topics were also evalu-
ated for relevant publications. An initial screen to identify 
relevant papers by reading the abstracts or titles was per-
formed. The original studies but not the review articles 
were included. The second screening was based on full-
text review. Studies were selected if  they reported on the 
incidence of  major cardiac adverse events or mortality. 
Studies were excluded if  the primary end point was only 
biological or GI safety driven, or if  there was inappropri-
ate group comparison. These articles are subsequently 
separated into two different categories depending upon 
that support or against the drug-drug interaction between 
clopidogrel and PPIs.

CLINICAL EvIDENCES SUPPORT DRUG 
INTERACTION
Recent studies of  the influence of  PPIs on clinical out-
comes with clopidogrel therapy are summarized in Table 1. 
We have conducted a nationwide, population-based study 

in 3278 patients with coronary artery disease who had 
taken clopidogrel after PCI, using the Taiwan National 
Health Insurance database[20]. According to the Kaplan-
Meier analysis, the incidence of  rehospitalization due to 
acute MI (AMI) or angina (P = 0.001) and mortality (P 
< 0.001) was significantly greater for patients with con-
comitant PPI use (n = 572) than for those without (n = 
2706). Multivariate analyses showed that concomitant 
PPI use was associated with an increased risk of  rehos-
pitalization (HR: 1.23, 95% CI: 1.07-1.41, P = 0.003) and 
mortality (HR: 1.65, 95% CI: 1.35-2.01, P < 0.001)[20]. 

Due to the fact that the prevalence of  CYP2C19 loss-of-
function alleles is much greater among East Asians than 
among other populations, we believe that concomitant 
use of  clopidogrel and PPIs may have the possibility 
of  low response to clopidogrel in East Asians patients 
who have undergone PCI. Pezalla et al[21] have assigned 
their patients into three groups: no PPI exposure group 
(control), low PPI exposure group, or high PPI exposure 
group based on the adherence rates to PPIs. They have 
found that the 1-year AMI rate was 1.38% (66 of  4800 
patients) in the control group, 3.08% (22 of  712 patients) 
in the low PPI exposure group, and 5.03% in the high 
PPI exposure group. Using the control group MI inci-
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Table 1  Clinical evidences support the interaction between clopidogrel and proton pump inhibitors

Study design Follow-up Number of patients 
on clopidogrel with/
without PPI

End point Results Ref.

Population-
based study

6 yr PPI: 572; 
no PPI: 2706

Rehospitalization 
(due to AMI or 
angina); mortality

Rehospitalization in PPI vs no PPI groups: HR: 1.23 (95% 
CI: 1.07-1.41, P = 0.003); mortality: HR: 1.65 (95% CI: 
1.35-2.01, P < 0.001)

Huang 
et al[20]

Retrospective 
cohort study

1 yr Low PPI: 712; 
high PPI: 5.03%(?); 
without PPI: 4800

MI Acute MI rate: non-PPI: 1.38% (66/4800); low PPI 
exposure: 3.08% (22/712); high PPI exposure: 5.03% (?) 
(P < 0.05 for high vs no PPI use)

Pezalla 
et al[21]

Retrospective 
nested case-
control

3 mo Cases: 734 (PPI: 194); 
controls: 2057 (PPI: 
424)

Death or readmitted 
for MI

Readmission for acute MI, adjusted OR 1.27 (95% CI: 
1.03-1.57); pantoprazole OR: 1.02 (95% CI: 0.70-1.47); other 
PPIs (omeprazole, lansoprazole and rabeprazole) OR: 1.40 
(95% CI: 1.10-1.77)

Juurlink 
et al[23]

Retrospective 
cohort study

October 2003 
and January 

2006

PPI: 5244; 
without PPI: 2961

Death or 
rehospitalization for 
MI or unstable angina

Death or rehospitalization: non-PPI vs PPI groups: 20.8% 
vs 29.8% OR: 1.25 (95% CI: 1.11-1.41); omeprazole OR: 
1.24 (95% CI: 1.08-1.41); rabeprazole OR: 2.83 (95% CI: 
1.96-4.09)

Ho et al[24]

Retrospective 
cohort study 
using the 
National Medco 
Integrated 
Database 

1 yr PPI: 6828; 
without PPI: 9862

Stroke or TIA, ACS, 
CV death, coronary 
revascularization

MACE rate in the PPI vs non-PPI groups: 25.1% vs 17.8% 
(adjusted HR of 1.57, 95% CI: 1.39-1.64); Omeprazole: 
25.1% HR: 1.39 (95% CI: 1.22-1.57), esomeprazole: 24.9% 
HR: 1.57 (95% CI: 1.40-1.76), lansoprazole: 24.3% HR: 1.39 
(95% CI: 1.16-1.67) and pantoprazole: 29.2% HR: 1.61 (95% 
CI: 1.44-1.81)

 Kreutz 
et al[25]

Retrospective 
cohort within 
RCT

28 d and 
1 yr

PPI: 366; 
without PPI: 1750

Death, MI, stroke at 
1 yr; Death, MI, 
UTVR at 28 d

Death, MI, stroke at 1 yr: HR: 1.55, 95% CI: 1.031-2.341, 
P = 0.035; Death, MI, UTVR at 28 d, HR: 1.63, 95% CI: 
1.015-2.627, P = 0.043

Dunn 
et al[46]

Retrospective 
cohort study

1 yr PPI: 318; 
without PPI: 502

CV death, Q-wave 
MI, coronary 
revascularization and 
stent thrombosis

Major MACE event rate in the PPI vs non-PPI groups: 
13.8% vs 8% (P = 0.008); HR of MACE: 1.8 (95% CI: 1.1-2.7, 
P = 0.01); overall mortality: 4.7% vs 1.8% (P = 0.02)

Gaglia 
et al[48]

Retrospective 
observational 
study (FRENA 
registry)

15 mo PPI: 519; 
no PPI: 703

MI, stroke, critical 
limb ischemia, death

Incidence of events of PPI vs no PPI groups: MI: 4.4% vs 
2.1%, HR: 2.5 (95% CI: 1.3-4.8, P = 0.003); stroke: 3.7% vs 
2.3%, HR: 1.9 (95% CI: 1.03-3.7, P = 0.039); critical limb 
ischemia: 4.7% vs 3.4%; HR: 1.6 (95% CI: 0.95-2.8, P = 0.077); 
death: 7.5% vs 3.3%, HR: 2.2 (95% CI: 1.3-3.7, P = 0.003)

Muñoz-
Torrero 
et al[49]

PPI: Proton pump inhibitor; TIA: Transient ischemic attack; MI: Myocardial infarction; AMI: Acute MI; ACS: Acute coronary syndrome; CV: Cardiovascular.
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dence as the expected MI rate, the difference in MI rates 
between the control and high exposure groups (1.38% vs 
5.03%) was significant (P < 0.05). 

A large epidemiological study has investigated the 
medical records of  the Ontario Public Drug Program[23]; 
the investigators isolated 13 636 patients with prescrip-
tions for clopidogrel within 3 d of  AMI. This study found 
that there was a significant association between occur-
rence of  AMI and concurrent use of  PPI (adjusted OR: 
1.27, 95% CI: 1.03-1.57). A stratified analysis based on 
the specific PPI user revealed that pantoprazole was not 
associated with an increased risk of  MI in patients taking 
clopidogrel. In contrast, the other PPIs were associated 
with a 40% increase in the risk of  recurrent MI (OR: 1.40, 
95% CI: 1.10-1.77). Therefore, the pantoprazole may be 
safer than other PPIs in terms of  the subsequent risk due 
to recurrent MI in patients taking clopidogrel. 

Ho et al[24] have performed a retrospective cohort 
study of  8205 patients with ACS who were taking clopi-
dogrel after discharge from hospital. Using pharmacy 
refill data, the investigators found that 64% (n = 5244) 
of  the patients were prescribed a PPI at discharge or 
during follow-up, while 36% (n = 2961) were not. There 
was a significantly higher rate of  death or rehospitaliza-
tion for ACS in patients prescribed clopidogrel plus a 
PPI (adjusted OR: 1.25, 95% CI: 1.11-1.41). This find-
ing supports the theory of  an interaction between PPI 
and clopidogrel. In the Clopidogrel Medco Outcomes 
Study[25], researchers analyzed integrated data on pharma-
cy and medical records claims from > 10 million patients, 
including 16 690 patients taking clopidogrel for a full year 
following coronary stenting. This retrospective cohort 
study found that the risk of  major adverse CV events 
[including stroke or transient ischemic attack (TIA), ACS, 
coronary revascularization, or CV death] was raised from 
17.9% to 25.1% in patients also taking PPIs (HR: 1.51, 
95% CI: 1.39-1.64, P < 0.0001). The overall risk of  major 
cardiac events was 51% higher among patients taking any 
PPIs. These included a 70% increase in the risk of  MI 
or unstable angina, a 48% increase in the risk of  stroke 
or TIA, and a 35% increase in the need for urgent target 
vessel revascularization[25]. 

The Clopidogrel for Reduction of  Events during 
Observation trial was a large, randomized, double-blind 
study[46]. The investigators evaluated both the 28-d inci-
dence of  death, MI, or urgent target vessel revasculariza-
tion and 1 year rate of  death, MI, or stroke for patients 
on clopidogrel with or without a PPI, and placebo with 
or without a PPI. The results showed that baseline PPI 
use was independently associated with adverse CV events 
at 28 d and 1 year in the overall population (OR: 1.633, 
95% CI: 1.02-2.63 at 28 d; OR: 1.55, 95% CI: 1.03-2.34 
at 1 year)[46]. The phenomenon that concomitant use of  
PPIs and clopidogrel was associated with an increased 
risk of  recurrent MI is not only observed for omepra-
zole, but may also be seen for most PPIs[23-25]. A recent 
has also found that there was a slightly increased risk (< 
20%) of  MI hospitalization or death in older patients 

who started both clopidogrel and a PPI compared with 
those without a PPI[47]. 

Gaglia et al[48] have examined the effect of  a PPI at 
discharge after PCI with DESs on the incidence of  ma-
jor adverse cardiac events (MACE) in patients with (318 
cases) or without (502 cases) a PPI. The MACE included 
death, Q-wave MI, target vessel revascularization, and 
stent thrombosis. All patients were taking clopidogrel. 
Using the univariate survival analysis, there was a greater 
rate of  MACE (13.8% vs 8.0%, P = 0.008) and overall 
mortality (4.7% vs 1.8%, P = 0.02) in the PPI group. 
After multivariate analysis, the adjusted MACE HR for 
PPI at discharge was 1.8 (95% CI: 1.1-2.7, P = 0.01). An-
other multicenter, observational (FRENA) registry was 
conducted in Spanish hospitals to evaluate the influence 
of  concomitant use of  PPI on outcome in 1222 patients 
receiving clopidogrel[49]. PPI users had a higher incidence 
of  MI (rate ratio: 2.5, 95% CI: 1.3-4.8), ischemic stroke 
(rate ratio: 1.9, 95% CI: 1.03-3.7), and a nonsignificantly 
higher rate of  critical limb ischemia (rate ratio: 1.6, 95% 
CI: 0.95-2.8) than nonusers. On multivariate analysis, con-
comitant use of  clopidogrel and PPIs was independently 
associated with an increased risk for subsequent ischemic 
events; both in the whole series of  patients (HR: 1.8, 95% 
CI: 1.1-2.7) and in those with cerebrovascular disease or 
peripheral artery disease (HR: 1.5, 95% CI: 1.01-2.4)[49]. 
The authors have concluded that concomitant use of  
PPIs and clopidogrel is associated with a nearly doubling 
of  the incidence of  subsequent MI or ischemic stroke in 
patients with established arterial disease. 

A recent systematic review and meta-analysis of  25 
articles has also described that administration of  PPIs to-
gether with clopidogrel corresponded to a 29% increased 
risk of  combined MACE (RR: 1.29, 95% CI: 1.15-1.45) 
and a 31% increased risk of  MI (RR: 1.31, 95% CI: 
1.12-1.53), but does not influence the risk of  death[50]. In 
summary, these reports indicated that concomitant use 
of  PPI and clopidogrel might be associated with an in-
creased risk of  CV events.

CLINICAL EvIDENCE AGAINST DRUG 
INTERACTION 
In a retrospective analysis of  the National Medco Inte-
grated Database, the authors identified 1641 patients who 
had undergone a PCI/stent procedure[25]. These patients 
were divided into two cohorts: one with patients taking 
PPIs (n = 234) and one not taking PPIs (n = 1407). Over 
the 12-mo study period, the incidence of  CV events was 
24.8% for patients taking a PPI, and 20.8% for those 
who were not. There was no significant difference in the 
risk of  any event between the two groups. In the Na-
tional Heart Lung and Blood Institute dynamic registry, a 
univariate analysis of  a cohort study found that patients 
prescribed both PPI and clopidogrel were not associ-
ated with adverse clinical outcomes after PCI[51]. In the 
nationwide French registry of  2208 patients presenting 
with AMI who received clopidogrel therapy, the authors 
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found that the use of  any PPI had no effect on the clini-
cal response to clopidogrel[52]. Further evidence against 
drug interactions was from the randomized Clopidogrel 
and the Optimization of  Gastrointestinal Events Trial 
(COGENT), in which 3627 patients taking aspirin after 
ACS or stent implantation were randomized to clopido-
grel alone or with low-dose omeprazole[53]. The primary 
GI end point was a composite of  overt or occult bleed-
ing, symptomatic gastroduodenal ulcers or erosions, 
obstruction, or perforation. The primary CV end point 
was a composite of  death from CV causes, nonfatal MI, 
revascularization, or stroke. The trial was terminated pre-
maturely when the sponsor lost financing. However, the 
results of  COGENT revealed that omeprazole was asso-
ciated with a 45% reduction in the risk of  GI events and 
no increase in the risk of  CV events, including secondary 
analysis of  AMI or revascularization. The authors con-
cluded that among patients receiving aspirin and clopido-
grel, prophylactic use of  a PPI reduced the rate of  upper 
GI bleeding. However, there was no apparent CV interac-
tion between clopidogrel and omeprazole. 

O’Donoghue et al[26] have used a multivariable Cox 
model with propensity score to assess the association of  
concomitant use of  clopidogrel (n = 6795; 300 mg load-
ing dose, 75 mg daily maintenance dose) and PPI with 
clinical outcomes. The primary endpoint was a composite 
of  CV death, nonfatal MI, or stroke. Results revealed 
that in the clopidogrel group, the Kaplan-Meier rate of  
the primary endpoint throughout long-term follow-up 
was 11.8% for individuals on a PPI and 12.2% for those 
not on a PPI. After adjustment for potential confounders 
and the propensity to treat with a PPI, no significant as-
sociation remained between use of  a PPI and risk of  the 
primary endpoint (adjusted HR: 0.94, 95% CI: 0.80-1.11, 

P = 0.46). Recently, the French Registry of  Acute-ST-
Elevation and Non-ST Elevation Myocardial Infarction 
has reported their experience in assessing the clinical 
impact of  PPI treatment on the efficacy of  clopidogrel 
therapy[54]. This study found that PPI use was not as-
sociated with an increased risk for any of  the main in-
hospital events (in-hospital survival, reinfarction, stroke, 
bleeding, and transfusion). Besides, PPI treatment was 
not an independent predictor of  1-year MI, stroke, or 
death (HR: 0.98, 95% CI: 0.90-1.08, P = 0.72) in patients 
administered clopidogrel for recent MI (Table 2).

In summary, these articles did not show drug interac-
tions between PPIs and clopidogrel in terms of  increas-
ing the risk of  CV death, nonfatal MI, or stroke in pa-
tients with ACS. 

DISCUSSION/RECOMMENDATIONS
ADP-induced platelet aggregation of  clopidogrel has 
been shown to be reduced in patients receiving omepra-
zole or other PPIs[19,29,43,55,56], previous retrospective 
cohort studies[21,23-25,46,48] and a meta-analysis[50] have indi-
cated that concomitant use of  PPIs and clopidogrel may 
be associated with an increased risk of  CV events. How-
ever, a systematic review and meta-analysis have claimed 
that these previous studies had significant heterogeneity, 
which indicates that the evidence is biased, confounded 
or inconsistent. They have proposed that prospective 
randomized trials are required to investigate whether a 
cause-and-effect relationship truly exists regarding PPI-
clopidogrel drug interactions[50]. Other articles have op-
posite opinions; many studies have reported that the use 
of  PPIs had no effect on the clinical response to clopi-
dogrel[26,38,39,51,53]. It is possible that biological differences 
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Table 2  Clinical evidences against interaction between clopidogrel and proton pump inhibitors

Study design Follow-up Number of patients 
on clopidogrel  
with/without PPI

End point Results Ref.

Cohort study 12 yr PPI: 83; 
no PPI: 176

MI, CV death, urgent 
revascularization

No significant effect of use of PPIs Collet 
et al[43]

Retrospective 
cohort study

180 d PPI: 3996; 
no PPI: 14 569

MI, death or coronary 
revascularization

Adjusted RR for MI or death: 1.22 (95% CI: 0.99-1.51); 
for revascularization, 0.97 (95% CI: 0.79-1.21)

Rassen 
et al[47]

Retrospective 
cohort study

1-yr PPI: 397; 
no PPI: 138

MI, death, CABG or repeat 
PCI

Death, MI events with PPI vs non-PPI groups: 
6.7% vs 9.6% (P = 0.32); CABG with PPI vs non-PPI 
groups: 3.1% vs 4.1% (P = 0.53); revascularization 
with PPI vs non-PPI groups: 15.8% vs 14.2% (P = 0.65)

Ramirez 
et al[51]

Prospective, 
double-blind 
placebo- controlled 
multicentre RCT

Median of 
133 d

PPI: 1801; 
no PPI: 1826

Cardiovascular events 
(death, non-fatal MI, CABG 
or PCI, or ischemic stroke) 

Cardiovascular events: HR: 1.02, 95% CI: 0.70-1.51 Bhatt 
et al[53]

Double-blind 
randomized trial

6 mo PPI: 2257; 
no PPI: 4538

MACE (CV death, MI, 
stroke)

MACE in PPI vs no PPI groups after adjustment for 
potential confounders: 11.8% vs 12.2%, adjusted HR: 
0.94 (95% CI: 0.80-1.11, P = 0.46)

O’Donoghue 
et al[26]

Retrospective 
cohort study 
(FAST-MI 
Registry)

1 yr PPI: 1453; 
no PPI: 900

Death, MI, or stroke No in-hospital difference in death, reinfarction, or 
major bleeding in PPI vs no PPI groups; Death, MI, 
or stroke at 1 yr in PPI. no PPI groups: 12% vs 14% 
(P = 0.72), adjusted OR: 0.98 (95% CI: 0.90-1.08)

Simon 
et al[54]

PPI: Proton pump inhibitor; PCI: Percutaneous coronary intervention; MI: Myocardial infarction; RR: Relative risk; CV: Cardiovascular.
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detected by platelet function tests are not large enough to 
have clinical relevance. It is very common that clopido-
grel and statins are used together in patients with coro-
nary artery disease. There is some evidence to support a 
possible pharmacokinetic interaction between statins and 
clopidogrel. However, real-life interactions including hard 
end point studies seem to lack an association between 
the two drugs[57]. The United States FDA, on November 
17, 2009, updated the public and health care professions 
about new safety information concerning a drug inter-
action between omeprazole and clopidogrel. The FDA 
recommends that co-administration of  omeprazole and 
clopidogrel should be avoided because omeprazole re-
duces the effectiveness of  clopidogrel[58]. This concern 
also extends to the use of  esomeprazole when taken with 
clopidogrel. The results of  new studies performed by 
the manufacturers of  clopidogrel and submitted to FDA 
have indicated that co-administration of  omeprazole and 
clopidogrel reduces plasma concentrations of  the active 
metabolite of  clopidogrel by about 45%, and the effect 
on platelet inhibition is reduced by as much as 47%. 
Other potent inhibitors of  CYP2C19 including esome-
prazole, cimetidine, fluconazole, ketoconazole, vori-
conazole, etravirine, felbamate, fluoxetine, fluvoxamine 
and ticlopidine are expected to have a similar effect as 
omeprazole and should also be avoided[58]. The European 
Medicines Agency, has also indicated that concomitant 
use of  PPI and clopidogrel-containing medicines should 
be avoided unless absolutely necessary[59]. Nevertheless, 
the current totality of  evidence does not justify a con-
clusion that PPIs are associated with CV events among 
clopidogrel users. How to respond to the PPI-clopidogrel 
interaction remains a matter of  debate. Some have sug-
gested that PPIs should simply be avoided in patients 
taking clopidogrel. This is not good advice and reflects 
oversimplification of  an exceedingly complex topic. Oth-
ers have argued that the PPI-clopidogrel interaction is of  
no consequence. Although it is probably true for many 
patients, the interactions do occur in a considerable num-
ber of  cases. Health-care providers must make decisions 
for their patients in the present situation of  conflicting 
evidence, and we therefore propose the following recom-
mendations. 

Patients who require clopidogrel should start and 
continue their therapy
The occurrence of  stent thrombosis in patients with 
DESs may be associated with a poor outcome such as 
AMI or sudden cardiac death. In the Swedish Coronary 
Angiography and Angioplasty Registry, where 13 738 
bare-metal stents (BMSs) and 6033 DES patients were 
followed up for 3 years[60], the authors found that late 
stent thrombosis in the DES group was associated with 
an increased rate of  death. Patients with DESs had an 
18% increase in the relative long-term risk of  death, com-
pared with patients with BMSs. The FDA and advisory 
reports from the American Heart Association (AHA), 
American College of  Cardiology, Society for Cardio-

vascular Angiography and Interventions, and American 
College of  Surgeons have recommended that antiplatelet 
agents such as aspirin or clopidogrel should be used for 
at least 1 year following the use of  a DES[58,61]. Similar 
reports have also stressed the importance of  12 mo dual 
antiplatelet therapy after placement of  a DES in patients 
with a low risk for bleeding[62,63]. Thus, continued clopido-
grel therapy is recommended because it is beneficial for 
decreasing the adverse outcome in patients who require 
the drug. 

Identify the risk of GI ulcer and bleeding; high-risk 
patients should receive PPI therapy
A meta-analysis of  22 trials of  daily low-dose aspirin vs 
placebo in > 57 000 patients revealed an RR of  1.7 for 
major bleeding and 2.07 for significant GI bleeding, with-
out any difference between a daily dose of  75-162.5 mg 
and 162.5-325 mg[64]. Upper GI events, such as symptom-
atic or complicated ulcers, occur in 1 in 20 NSAID users 
and in 1 in 7 older adults using NSAIDs[65], which ac-
counts for 30% of  related hospitalization and death[66,67]. 
Endoscopic trials suggest that the GI toxicity of  a coxib 
plus aspirin is additive, which results in an overall risk of  
endoscopic ulcer formation[68,69]. In the Clopidogrel in 
Unstable angina to prevent Recurrent Events study, 1.3% 
of  patients who received clopidogrel on top of  aspirin 
had major GI hemorrhage as compared to 0.7% of  pa-
tients treated with aspirin alone. This indicates that the 
risk of  major bleeding is increased among patients treated 
with clopidogrel in addition to aspirin[70]. A consensus 
document approved by the American College of  Cardi-
ology Foundation (ACCF), American College of  Gas-
troenterology and AHA in 2008 strongly recommends 
the administration of  PPIs to decrease peptic ulcer or 
GI bleeding in high-risk patients[71]. Patients that receive 
aspirin or dual antiplatelet therapy may have a high risk 
of  peptic ulcer or GI bleeding if  they present with symp-
toms of  dyspepsia or persistent epigastric pain, or have 
a history of  previous GI bleeding, and concomitant use 
of  NSAID or oral anticoagulants. These patients should 
receive PPIs to decrease peptic ulcer or GI bleeding in 
high-risk patients[71].

Consider using pantoprazole when a PPI is indicated
This recommendation is based on the observation that 
pantoprazole is less potent than omeprazole to inhibit 
CYP2C19[40] and does not appear to attenuate the phar-
macodynamic response to clopidogrel[72,73]. Co-admin-
istration of  pantoprazole may enhance the antiplatelet 
effect of  enteric-coated aspirin in patients with ACS, who 
are undergoing PCI and dual antiplatelet therapy[74]. Fur-
thermore, it has been reported that pantoprazole had no 
association with recurrent MI in a large population-based, 
case-control study of  patients receiving clopidogrel[23]. 

Histamine-2-receptor antagonist can be used as an 
alternative to PPIs for GI protection
Concomitant use of  clopidogrel and an NSAID (including 
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low-dose aspirin) has been associated with impaired heal-
ing of  asymptomatic ulcers[75] and disruption of  platelet 
aggregation[76], with a consequent increase in serious up-
per GI events (OR: 7.4, 95% CI: 3.5-15)[77]. Histamine-
2-receptor antagonists are able to decrease peptic ulcer 
or esophagitis in low-dose aspirin users[78]. Famotidine is 
a histamine H2-receptor antagonist that is well tolerated 
and able to prevent and heal peptic ulcers in patients who 
are receiving conventional NSAIDs[79,80]. The FAMOUS 
trial (Famotidine for the Prevention of  Peptic Ulcers in 
Users of  Low-dose Aspirin) was a randomized, double-
blind, placebo-controlled trial, which demonstrated that 
famotidine prevented gastric and duodenal ulcers, and 
erosive esophagitis in patients taking low-dose aspirin (i.e. 
75-325 mg)[81]. Concerning the long-term use of  PPIs, an 
alternative management strategy has been proposed, in-
cluding the use of  H2-receptor antagonists[81,82]. In other 
words, H2-receptor antagonists such as famotidine might 
be considered as a useful alternative in patients with drug 
interactions between clopidogrel and PPIs. 

Think about other alternative antiplatelet therapy to 
avoid interaction between clopidogrel and PPIs
Prasugrel is a third-generation thienopyridine with more 
consistent and efficient metabolism than clopidogrel. 
Prasugrel appears less susceptible to genetic variation and 
drug interactions, which is the limitation of  clopidogrel 
in antiplatelet activity[83-85]. Previous studies have reported 
that the prasugrel has greater potency and more rapid 
platelet inhibition than clopidogrel, and has a comparable 
safety profile[86,87]. In a retrospective analysis of  the TRI-
TON-TIMI 38 study, a randomized controlled trial that 
compared prasugrel and clopidogrel in > 13 000 patients 
with ACS, there was a 19% RR reduction in the compos-
ite CV endpoint with prasugrel vs clopidogrel, but with 
increased major bleeding[88]. 

Another direct-acting inhibitor of  the ADP receptor 
P2Y12 is ticagrelor, which has a more rapid onset and 
more pronounced platelet inhibition than clopidogrel[89]. 
Gurbel et al[90] has recently reported that ticagrelor therapy 
may overcome the nonresponsiveness to clopidogrel, and 
in their study, almost all clopidogrel nonresponders and 
responders treated with ticagrelor had platelet reactivity 
below the cut-off  points associated with ischemic risk. 
An important randomized, double-blind, multicenter, 
clinical study, the PLATO trial has recently been conduct-
ed to compare the efficacy of  ticagrelor and clopidogrel 
in 18 624 patients with ACS. Treatment with ticagrelor 
compared with clopidogrel significantly reduced the rate 
of  death from vascular causes, MI, or stroke (HR: 0.84, 
95% CI: 0.77-0.92, P < 0.001), without an increase in 
the rate of  overall major bleeding, but with an increase 
in the rate of  non-procedure-related bleeding[27]. In view 
of  the above evidence and the drug interaction between 
clopidogrel and PPIs, newer drugs such as prasugrel or 
ticagrelor may have the potential to overcome the limita-
tions of  clopidogrel. 

When dual therapy is necessary, separation of PPI and 
clopidogrel for > 12 h
PPIs and clopidogrel are each given once daily and both 
have relatively short half  lives of  1-2 h and 4-6 h, respec-
tively[39,91]. The clopidogrel concentrations should be very 
low or unmeasurable at 4-6 h after ingestion[91]. Besides, 
clopidogrel is most effective when taken before a meal. 
Thus, separation of  12-15 h between these two drugs 
should theoretically prevent any competitive inhibition 
of  CYP2C19 metabolism and avoid any adverse clinical 
effects. We therefore suggest taking PPI before breakfast 
and clopidogrel at bedtime. 

CONCLUSION
To date, there remains significant ongoing controversy 
regarding the clinical outcomes of  patients taking clopi-
dogrel and PPIs. From the ACCF Task Force on Clinical 
Expert Consensus Documents, clinicians should pay at-
tention to gastroprotection strategies that involve PPIs in 
patients with a high risk of  GI bleeding, and eradication 
of  H. pylori in patients with peptic ulcer history who re-
ceive dual-antiplatelet therapy[71]. In situations when both 
clopidogrel and a PPI are indicated, pantoprazole should 
be used because it is the PPI that is least likely to interact 
with clopidogrel. Famotidine may be an appropriate alter-
native for patients who require acid-lowering therapy[78,81]. 
Until further reliable data become available, wide separa-
tion of  PPIs and clopidogrel could minimize the poten-
tial clinical drug interactions. 
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