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Summary
Clopidogrel, a thienopyridine, is an antiplatelet drug which currently represents the cornerstone for the 
treatment of acute coronary events. It is a pro-drug that must be converted at hepatic level into its active 
form by the CYP2C19 isoenzyme. Recently the interaction between  proton pump inhibitors and clopidogrel 
has been widely brought to attention. The competitive inhibition that these generate on the hepatic enzymatic 
system probably activates clopidogrel, thus causing a decrease in its effectiveness as an antithrombotic. 
Nevertheless, evidence is contradictory, and until now no clinical trials have been performed to clear up 
doubts. If a PPI is to be used on patients who take clopidogrel, the use of Pantoprazole or Esomeprazole is 
recommended because they exert minimal inhibition on CYP2C19.
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INTRODUCTION

Th e proton pump inhibitors (PPIs) are one of the most 
commonly prescribed medications in the world, with 
more than 12.4 million prescriptions in 2004 in Canada 
(1). Clopidogrel (CPDG) has been approved as a fi rst line 
treatment for reducing major cardiovascular events such as 
death from cardiovascular origin, stent thrombosis, acute 
coronary syndrome, and recurrent revascularization (2). It 
is usually prescribed together with a proton pump inhibitor 
which reduces the risk of gastrointestinal bleeding (GIB) 
(3). CPDG is a second generation thienopyridine prodrug. 
Its effi  ciency is similar to ticlopidine but it is tolerated bet-
ter (2 and 4). In order to turn it into an active metabolite 
and inhibit platelet aggregation it must be bioactivated by 
cytochrome P450 at a hepatic level (4). It blocks platelet 
aggregation by irreversibly inhibiting the P2Y12 adeno-
sine diphosphate (ADP) receptor (4). In vivo, up to 85% 
of the CPDG dose is inactive because of the eff ects of the 
plasma esterase activity. Th e remaining 15% is activated by 

the enzymes 1A2, 2B6, 2C9, 2C19, and 3A4 (5). Patient 
response varies (6), probably due to variations in the 
enzymatic system and the competitive inhibition of cyto-
chrome P450 isoenzymes by drugs such as the PPI (7) 
which results in less of the medicine being converted into 
its active metabolite and thus a lesser antiplatelet eff ect (8), 
fi gure 1.

Th e objectives of this review are to discuss the mecha-
nisms through which PPIs inhibit CPDG activity, and to 
discuss recommended strategies when the simultaneous 
use of both drugs is indicated.

Th e research methodology employed consisted in the 
combination of the following MeSH terminology, Boolean 
operators and limits: “Proton Pump Inhibitors” [MeSH] 
OR “omeprazole” [MeSH] OR “pantoprazole” [Substance 
Name] OR “lansoprazole” [Substance Name] OR “rabe-
prazole” [Substance Name] AND “clopidogrel” [Substance 
Name] OR “thienopyridine” [Substance Name], Clinical 
Trial, Editorial, Lett er, Meta-Analysis, Practice Guideline, 
Randomized Controlled Trial Review, English, Spanish, 
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from 2000 to 2009. A total of 114 articles were obtained 
through this method. From these we selected the ones we 
considered to be of major relevance to this review. In addi-
tion, we reviewed the articles found in the references of the 
publications selected in the fi rst stage.

CORONARY DISEASE, ANTIPLATELETS, DIGESTIVE 
BLEEDING

In spite of progress in the diagnosis and the treatment of 
acute coronary syndromes, it is estimated that each year 
in the USA approximately 785,000 people will present 
new events and 470,000 will present recurring ones (9). 
In Colombia, according to the statistics from the Ministry 
of Social Protection, ischemic disease constitutes the princi-
pal cause of death in men and women over 45 years of age 
(10, 11). Th e mortality rate att ributed for every 100,000 
inhabitants between 45 and 64 years of age is 107.3, while 
it is 867.1 for every 100,000 inhabitants over 65 (10). Th e 

departments with the highest mortality rate are Caldas, 
Boyacá, Quindio and Tolima (11).

Th e physiopathology of these acute coronary syndromes 
and their complications during and aft er vascular percuta-
neous interventions imply platelet adhesion and activation 
leading to aggregation, clott ing, and fi nally occlusion of 
the vessel (12). Th erefore, avoiding platelet adhesion is a 
fundamental objective in the handling both new and recu-
rring events (9). Unfortunately, to date, the absolute risk of 
recurring events in patients that take platelet antiaggregants 
remains high.

Although it is well established that antiplatelet therapy is 
clearly indicated for the treatment of these patients, it holds 
the risk of causing signifi cant gastrointestinal bleeding (14). 
A classic clinical trial (15) with more than 19 thousand 
patients compared aspirin to CPDG and found that the 
latt er is more effi  cient in reducing the combined risk of an 
ischemic cerebrovascular accident, heart att ack, or death 
of vascular origin. Th e reduction in absolute risk was 8.7% 

Figure 1. Clopidogrel activation and action mechanisms. 
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(p=0.043). Although there were no statistically signifi cant 
diff erences with regard to complications of cerebral hemo-
rrhage, there was a greater risk of upper gastrointestinal 
hemorrhaging in patients treated with aspirin than those 
treated with CPDG (2.66% versus 1.9%, p<0.002). Th e 
eff ect of the Helicobacter pylori (H pylori) on the incidence 
of gastrointestinal bleeding in each of the groups was not 
mentioned. Th e lesser incidence of bleeding with CPDG 
can theoretically be related to the fact that this medicine 
does not produce direct damage to the gastric mucosa nor 
does it alter the production of Prostaglandin E2, an impor-
tant cytoprotector (15). Moreover, the use of this medicine 
for short periods of time in healthy persons does not pro-
duce any endoscopically visible alterations of the mucous, 
in contrast to what occurs with aspirin (16, 17).

Simultaneous use of CPDG and aspirin in platelet antia-
ggregation treatment results in a greater risk of gastrointes-
tinal bleeding than either of these drugs used as monothe-
rapies when their risks are 1.3% and 0.7% respectively (18). 
CPDG can increase the risk of hemorrhage in patients with 
a recent history of gastrointestinal bleeding associated with 
the use of aspirin, or in patients with H pylori infection (22 
Vs 0% p=0.007) though this is not the case for patients who 
receive PPIs simultaneously (19). In addition to the factors 
already mentioned, and to dual antiplatelet therapy, it has 
been found that bleeding occurs more frequently in patients 
with peptic ulcer antecedents, use of non steroidal anti-
infl ammatory drugs, and patients over 70 years of age (19 
and 20). One or more of the mentioned risk factors has been 
documented in nearly all patients (95%) on which CPDG 
treatment has begun. Only one third receive PPIs prophylac-
tically. Although according to one study PPIs decreased 
the incidence of gastrointestinal bleeding, the decrease did 
not achieve statistical signifi cance (11.7% vs. 11%, p=0.05). 
Nevertheless, the recent guidelines of the American College 
of Cardiology, of the American College of Gastroenterology, 
and the American Heart Association recommend the use of 
PPIs as prophylaxis for gastrointestinal bleeding in patients 
undergoing dual antiaggregation treatment, for patients 
receiving aspirin monotherapy, for patients with concomi-
tant anticoagulation and for patients with complicated ulcer 
histories. Th ere is no recommendation for patients under-
going monotherapy with CPDG (3).

At present, PPIs are prescribed to reduce the risk of gas-
trointestinal bleeding for months aft er an acute coronary 
syndrome requiring a stent implant and with dual antiag-
gregation therapy. 

Pharmacodynamic bases

Th ere are 2 types of P2Y receptors. Th e P2Y1 receptor is 
connected to the Gq protein. Its activation generates the 

production of signals that initiate the fi rst phase of the pla-
telet aggregation through the activation of phospholipase 
C and the production of diacylglycerol (DAG) and inositol 
triphosphate (ITP). Th e P2Y12 receptor is connected to 
the Gi protein. It fi nalizes the process with the activation 
of glycoprotein IIb/IIIa, and stabilizes, amplifi es and conti-
nues platelet aggregation. Figure 1 shows the mechanisms 
involved in the activation of clopidogrel.

Mechanisms which lead to variability in CPDG´s res-
ponse have not yet been totally understood and seem to 
have several factors. Medicines which are substrates or 
which inhibit isoenzymes CYP3A4 and CYP2C19 can 
interfere with the conversion of CPDG into its active meta-
bolite (8). Similarly, diff erences in the activity of these 
enzymes may contribute to variability of the antiplatelet 
eff ect induced by the CPDG (20). A minor haplotype of 
the P2Y12 receptor has been found to be associated with 
an increase in platelet activity (21). Th e isoform CYP2C19 
participates in the metabolism of CPDG and of many PPIs. 
Th e interaction of the medications is generated by the 
diminution of the quantity of isoenzyme available for the 
production of the active metabolite of the antiplatelet. One 
study correlated the presence of genetic polymorphisms 
of isoenzymes of cytochrome P450 with alteration of the 
antiplatelet eff ect of CPDG and its clinical impact (23). 30 
% of the healthy individuals in the study were carriers of 
at least one functional alteration of the allele of CYP2C19. 
Of these individuals 32.4% presented reductions in the 
concentration of the active metabolite of CPDG. Patients 
with the polymorphism had increased risk of death due 
to cardiovascular causes (IAM and ACV 12.1% vs. 8.0%). 
Th eir risk for stent thrombosis was 3 times greater than 
other patients (2.6% vs 0.8%) (23). Another determinant 
is variation of intestinal absorption in which p-glycoprotein 
participates. P-glycoprotein is a transporter which is aff ec-
ted in a subgroup of the population (24). Other reported 
mechanisms include polymorphisms of membrane recep-
tors such as glycoprotein Ia (GP Ia) (25, 26), increases in 
ADP expression, and up-regulation of dependent and inde-
pendent channels of the P2Y12 receptor (collagen, epine-
phrine, thromboxane A2 and thrombin) (27).

An important concept is to determine the variability of 
individual response to CPDG. One study defi ned resistance 
as an absolute diff erence of less than 10% between the base 
aggregation and the aggregation subsequent to the addi-
tion of ADP (28). Alternatively, the response to CPDG has 
been defi ned as an inhibition of platelet aggregation (IPA). 
Patients whose clopidrogel response is less than 10% are 
classifi ed as non-responders, while those whose response 
is between 10% and 30% are classifi ed as low responders, 
and those whose response is greater than 30% are classifi ed 
as responders (29). Another response indicator for CPDG 
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is the index of platelet reactivity (PR) which refl ects inhi-
bition/activation of P2Y12 (30). PR less than 50% is con-
sidered to be a good response while PR greater than 50% is 
considered to be poor.

Clopidogrel and PPI: clinical connections

Th e importance of the simultaneous use of PPIs with 
CPDG resides in the fact that these can reduce the effi  -
ciency of CPDG as has recently been demonstrated (31). 
On the 7th day of this study an antiaggregant eff ect with 
CPDG was found among patients who had received PPIs. 
Th eir average rate of platelet reactivity (PR) was detected 
at 39.8% while it was 51.4% for patients who had received 
placebos (p<0.0001). Furthermore, it was also determi-
ned that the incidence of heart att acks in the recipients of 
CPDG who use PPIs for more than six months is 5%. Th is 
is classed as high exposure, and contrasts to the 1.38% rate 
among patients who were not given PPIs (p<0.05) (32). 
Moreover, another study showed that a year aft er patients 
received a vascular prosthesis, adverse cardiovascular 
eff ects (hospitalization due to acute myocardial infarction, 
cerebrovascular accident, unstable angina or revasculariza-
tion) developed in 32.5% of the patients who received PPIs 
and clopidrogel versus 21.2% among patients who received 
clopidrogel without PPIs. Th is gives a standardized inci-
dence ratio (SIR) of 1.79 (95% CI 1.6-1.9) (33) regardless 
of which PPI was administered (omeprazole, esomepra-
zole, lansoprazole or pantoprazole). Similar results have 
been found by other investigators (34, 35). A recent study 

of more than 13 thousand patients over 66 years of age with 
acute myocardial infarction who had received clopidogrel 
found that the rate of reinfarction 90 days aft er was asso-
ciated with the use of PPIs in the previous 30 days (SIR 
1.27 with 95%CI from 1.03-1.57). No association was 
found with PPI use occurring more than a month earlier. 
While pantoprazole was not associated with increased risk 
of reinfarction, the other PPIs were associated with a 40% 
increase in the risk of reinfarction. A retrospective study 
has also been found that the use of PPIs increases the risk 
of death or rehospitalization due to recurrent heart att acks. 
Th e rate was 29.8% for recipients of PPIs with clopidogrel 
and 20.5% for those who received only CPDG (36). In the 
studies mentioned, the PPIs associated most fundamenta-
lly with reinfarctions are omeprazole and rabeprazole (36, 
37). Pantoprazole and esomeprazole are the least involved 
(31, 38). Th e main studies and fi ndings are shown in Table 
1. Figure 2 shows potentially adverse eff ects of association 
of these medicines.

When PR (platelet reactivity) was used to evaluate 
patients who received PPIs and CPDG PR levels were 
found to be 50% for pantoprazole, 54% for esomeprazole 
and 49% for patients who do not receive PPIs (38). In 
contrast, another study (31) came to the conclusion that 
omeprazole signifi cantly reduced the antiaggregant eff ect 
of CPDG. Th e magnitude of the reduction in the antiaggre-
gant eff ect is fundamentally due to inhibition of CYP2C19 
(31), although there is also evidence that there are genetic 
variations of this isoenzyme such as the ABCB1 (36) which 
are involved in altering CPDG´s metabolism (38-40).

Table 1. Studies and results of PPIs with clopidogrel.

Author Type of
study

Study´s objective Results

31 CT Decrease of PRR on day 7 in the omeprazole group 39.8% Vs 51.4% of PRR (p< 0.0001)
32 CC AMI per year in non-exposed, low exposure and high exposure 

groups.
1.38% Vs 2.08% Vs 5.03% (p<0,05) respectively

33 RC Adverse cardiovascular events in post stent implant patients 
during 1 year

32.5% group PPIs Vs 21.2% adjusted SIR 1.79 (95% CI, 1.6-
1.9)

34 CC Hospitalization due to adverse cardiovascular event (AMI, 
UA, CVA or TIA, urgent revascularization or death due to 
cardiovascular cause)

25.1% in group of PPIs Vs 17.9%

35 CC Death, myocardial infarction and CVA within 1 year SIR 1.6 (95% CI, 1.015-2.62) p=0.043 group of PPIs
36 CC Readmission due to AMI within 90 days of hospital discharge PPIs SIR 1.27 (95% CI, 1.03-1.57). Pantoprazole SIR 1.02 

(95% CI, 0.7-1.47). Others SIR 1.40 (95% CI, 1.1- 1.77)

37 RC Death or rehospitalization due to acute coronary syndrome 20.5% PPIs Vs 29.8%   SIR 1.25 (95% CI, 1.11-1.41)
Omeprazole SIR 1.24 (95% CI, 1.08-1.41) Rabeprazole SIR 
1.41 (95% CI, 1.96-4.09)

Abbreviations: CT (clinical trial); CC (cases and controls); RC (retrospective cut); PRR (platelet reactivity rate); AMI (acute myocardial infarction); 
PPI (proton puma inhibitors); UA (unstable angina); CVA (cerebrovascular accident); TIA (transient ischemic att ack); TI (Trust interval), SIR 
(standard incidence rate)
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On the basis of various in vitro fi ndings the relations of the 
magnitudes of inhibition of antiplatelet eff ect dependant 
on CYP2C19 for diff erent PPIs is the following: omepra-
zole = esomeprazole > pantoprazole > lansoprazole > rabe-
prazole (41). However, other isoenzymes that participate 
in the metabolism of the PPIs also have impacts on the 
antiplatelet eff ect of CPDG. For example, experimental 
studies suggest that esomeprazole is metabolized by the 
CYP3A4 and to a lesser degree by the CYP2C19 and that 
it inhibits its own metabolism (42). Pantoprazole has a low 
affi  nity to CYP3A4 and CYP2C19 compared to other PPIs. 
In addition, the initial metabolite suff ers a phase II conju-
gation with sulfate. Th ese 2 att ributes can limit interac-
tions (42). In the case of lansoprazole, there is metabolism 
by CYP3A4 and CYP2C19, behaving as one of the most 
potent inhibitors of this isoenzyme. However, various in 
vivo investigations have shown that interaction with other 
medicines is hardly probable (43). Also important is the 
report that patients with poor CYP2C19 activity present 
increased risk of interactions mediated by the CYP3A4 
system. Rabeprazole is basically metabolized to rabepra-
zole-thioether in a non- enzymatic reduction, for which it 
would be expected that interaction with other medicines 
would be limited (44). Another study att empted to esta-

blish the diff erence impacts generated on antiaggregation 
by the use of diff erent PPIs including pantoprazole, ome-
prazole, and esomeprazole. Out of 1,000 patients observed, 
26.8 % received CPDG while platelet aggregation induced 
by ADP occurred in all of them. Platelet aggregation was 
higher in the patients taking omeprazole than in patients 
who did not receive PPIs. It was similar in patients taking 
pantoprazole and esomeprazole (45). Lansoprazole proved 
to have litt le impact on the response to CPDG since it does 
not aff ect its absorption (43). Nevertheless, pharmacody-
namic response is reduced by its metabolic interaction with 
pathways dependent on cytochrome P450. Th is interaction 
has clinical implications only for those patients who are 
CPDG responders (46).

Another interesting aspect is the lack of awareness regar-
ding the length of time that inhibition of CYP2C19 persists 
since omeprazole has an average short life span of less than 
1 hour. Nonetheless, its great affi  nity for the isoenzyme 
magnifi es the interaction. For this reason there is no direct 
dose/response relation (47). Th ere are confusing factors 
of great importance regarding the genetic polymorphism 
of diff erent isoforms of cytochrome P450. CYP2C19 has 
been classifi ed into 3 groups: fast, intermediate, and slow 
metabolizers (48). Furthermore, this classifi cation has a 

Figure 2. Adverse eff ects from simultaneous use of PPIs and clopidogrel. 
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racial correlation: 3% to 5% of Afro-Americans, and of all 
Americans, are slow metabolizers of CYP2C19, while 20% 
of Asians are considered to be slow metabolizers (49). 
Th ese polymorphisms have an impact on the metabolism 
of CPDG and of PPIs. For example, the healing rate is only 
28.6% in treatment for eradication of Helicobacter pylori in 
swift  metabolizers of CYP2C19 (49).

Based on the evidence available at the beginning of 2009, 
the FDA made the following recommendations to the 
medical community (50): 
1. Health care practitioners should continue prescribing 

clopidogrel and patients should continue using it, since 
clopidogrel has shown that it can reduce coronary 
att acks and cerebral thrombosis.

2. Health care practitioners should reevaluate the need for 
starting or continuing treatment with PPIs in patients 
who take clopidogrel. 

3. Patients who take clopidogrel should consult with their 
doctors when they are taking or they and their doctor 
are considering taking a PPI (including over-the-coun-
ter PPIs). If a patient is using a PPI, it is recommended 
that the medical community reevaluate whether that 
use should be continued for a patient who receives clo-
pidogrel. 

Similar alerts were produced by the European Medicines 
Agency (EMA) (51). In the Medco study, it was sugges-
ted that general practitioners use H2 receptor antago-
nists or antacids in view of the increasing evidence of the 
clinical impact of this pharmacological interaction (33). 
Nevertheless, in our review we did not fi nd any publica-
tions on the effi  ciency of H2 receptor antagonists for redu-
cing the risk of gastrointestinal hemorrhaging in patients 
that take clopidogrel.

In spite of the evidence discussed on the interaction of 
PPIs with CPDG, which clinically translates into reduced 
effi  ciency of the antiplatelet eff ect of CPDG, this interac-
tion has only been challenged recently. M. O´Donoghue et 
al. analyzed two clinical tests on the eff ects of PPIs on the 
pharmacodynamics and clinical effi  ciency of clopidogrel 
and prasugrel (52-54) and concluded that their fi ndings 
do not support avoidance of the concomitant use of PPIs 
when these are clinically specifi ed in patients who receive 
clopidogrel or prasugrel. A limitation in the studies inclu-
ded in this analysis is that the use of PPIs by the patients 
was not randomized. Furthermore, they were not designed 
to evaluate the interaction of PPIs with the antiaggregants 
studied.

CONCLUSIONS

Although there is clear evidence of clinical interaction 
between PPIs and thienopyridine platelet antiaggregants 
from the pharmacological point of view, the bibliography 
consulted shows contradictory results. Nevertheless, seve-
ral additional factors should be taken into account. One is 
the fact that CPDG is currently a widely used antiplatelet 
medicine in the prevention of recurring arterial thrombotic 
events (cerebrovascular and myocardial). Others are that 
it has a risk of increased gastrointestinal bleeding, and that 
its effi  ciency could possibly diminish if used concomitantly 
with PPIs. Consequently, when a patient receives CPDG 
co-therapy with PPIs, the risk of gastrointestinal bleeding 
should be reduced by considering the use of pantoprazole 
or of omeprazole which produce less inhibition of CYP450 
than do other PPIs (38). Th ese choices can maintain pla-
telet antiaggregation. Another strategy could be adminis-
tration of the PPI two or three hours aft er the clopidogrel. 
Th is takes into account the diff erence between clopidogrel’s 
average life span of 2 hours and those of the traditional PPIs 
which are between 1.5 and two hours. Th eoretically, this 
would avoid the pharmacodynamic interaction. Taking 
into account that the present evidence with relation to the 
eff ects of the PPIs on CPDG is derived from studies that 
were not specifi cally designed to evaluate such an interac-
tion, the defi nite answer on the in vivo clinical impact of 
these two types of substances and on whether or not there 
is a necessity to avoid their simultaneous use, will only be 
achievable in a randomized controlled clinical trial.
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