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Abstract

Background: Some clinical studies have demonstrated that the proton pump inhibitor (PPI) could decrease clopidogrel
platelet response and increase major adverse cardiovascular events (MACE) in white or black subjects. However, that
remains to be determined in Chinese patients. In this study, we sought to determine whether there could be an increased
risk for developing MACE after concomitant use of dual antiplatelet therapy (DAT) and a PPl in Chinese patients treated with
percutaneous coronary intervention (PCl) and stenting.

Methods: This study was a 5-year, single-center, retrospective cohort analysis of eligible patients (n=6188) who received
DAT and a PPl concomitantly (defined as PPl users) before discharge and/or 12-month follow-up after discharge as
compared with those who received DAT alone (also defined as non-PPI users, n=1465). The incidence of recurrent MACE,
such as myocardial infarction (MI), definite stent thromboses (ST), or cardiovascular death, was compared between the PPI
users and non-users.

Results: PPl users had a significantly higher incidence of the MACE than non-users (13.9% vs. 10.6%; adjusted HR: 1.33; 95%
Cl: 1.12 - 1.57, P=0.007). Stratified analysis revealed that concurrent use of DAT and a PPl was associated with a significantly
increased risk for developing ST compared with DAT alone (1% vs. 0.4%; adjusted HR: 2.66, 95% Cl: 1.16 — 5.87, P=0.012).
However, there were no significant differences in the risk of MI, cardiovascular death and other adverse events, regardless of
combination of clopidogrel and a PPI.

Conclusions: The study further suggests that concomitant use of DAT and a PPl may be associated with an increased risk for
developing MACE, in particular definite ST, in Chinese PCl patients after discharge as compared with use of DAT alone.
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Introduction When taking clopidogrel, carriers of the loss-of-function polymor-
phisms in the CYP2C19 gene would have less formation of

Clopidogrel, an oral antiplatelet agent, is extensively used to clopidogrel active metabolite, attenuated platelet inhibition, and

prevent adverse cardiovascular events in patients with acute
coronary syndromes (ACS) or those undergoing percutaneous
coronary intervention (PCI) for stenting [1]. As a prodrug,
clopidogrel needs biotransformation into its active metabolite in
the liver [2]. After metabolic bioactivation, clopidogrel active
metabolite in plasma irreversibly binds to platelet ADP receptor
P2Y12, and consequently suppresses ADP-induced platelet aggre-
gation. This conversion is catalyzed by several cytochrome P450
(CYP) enzymes, of which CYP2C19 is the most important [3].
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increased risk of adverse cardiovascular events as compared with
non-carriers [4-5].

The proton pump inhibitor (also known as PPI) is often
concomitantly prescribed for patients who are being treated with
dual antiplatelet therapy (DAT, clopidogrel and aspirin) to reduce
the risk of upper gastrointestinal (GI) bleeding complications [6—
7]. PPIs and clopidogrel share common metabolic pathways
mediated by CYP2C19 and CYP3A4 [8-9], and therefore,
concurrent use of the PPI and clopidogrel can competitively
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inhibit the conversion of clopidogrel to its active metabolite,
leading to reduced platelet inhibition. Several pharmacodynamic
studies have shown that some PPIs, in particular omeprazole,
could decrease clopidogrel platelet response [10-12]. That can be
explained by the fact that PPIs can inhibit CYP2C19 activity [8],
and that CYP2C19 plays an important role in the CYP2C19-
mediated activation of clopidogrel [10-12].

However, it remains inconclusive that there is an increased risk
of major adverse cardiovascular events (MACE) in PCI patients
treated with DAT when taking a PPI concomitantly. For example,
several clinical studies have demonstrated that PPI users are often
(but not always) associated with an increased risk of MACE in
DAT-treated patients with coronary artery disease (CAD) as
compared with non-PPI users [13-19]. In view of that inconsis-
tency, the US FDA highlights the need for additional studies to
evaluate clinical efficacy of clopidogrel when used concomitantly
with a PPIL. In addition, Chinese populations have a significantly
higher frequency of the CYP2C19 loss-of-function variant alleles
(CYP2C19 *2 and *3) than white subjects [20-21], it could be
deduced that clopidogrel-treated Chinese patients are more likely
to have amplified inhibition of clopidogrel active metabolite
formation and attenuated suppression of ADP-induced platelet
aggregation as compared with white patients when taking a PPI
concomitantly to prevent DAT-associated bleeding; however,
clinical relevance of these two drugs to the observed increased risk
of MACE in PCI patients of Chinese descent remains to be
determined. To further bridge this gap, we compared l-year
adverse clinical outcomes between patients taking clopidogrel
alone or in combination with a PPI before discharge and/or after
discharge in a cohort of Chinese patients.

Methods

Study populations and protocol

Co-medication of the DAT and a PPI was used to prevent
DAT-associated bleeding complications in patients who had a
history of prior GI ulcer and bleeding symptoms, or increased
susceptibility to bleeding. This work was a post hoc analysis of a 5-
year, single-center, retrospective, observational cohort study of
8,212 Han Chinese patients treated with drug-eluting stent (DES)
placement. The clinical observational period was October 1, 2005
to September 30, 2010. Consecutive clopidogrel on-treatment
patients (aged 18 75 years) were eligible for the further
evaluation of a cohort of patients enrolled in the Division of
Cardiovascular Medicine, Department of Medicine, Nanjing First
Hospital, Nanjing Medical University, China. To be included in
this clinical research study, patients had to have complete
medication data for 1 month before PCI and stent, and for 12-
month follow-up thereafter. After hospital discharge, patients
would be excluded if they had interrupted clopidogrel medication
or were not on clopidogrel. In other words, each enrolled patient
should highly adhere to receiving clopidogrel for entire 12 months
before and after discharge, and patients with no discharge
medication data were excluded from the analysis. For this reason,
all participants were given orally with a loading dose of 300 mg
aspirin and 300 mg clopidogrel before PCI and stenting and then
received 12-month DAT with daily maintenance doses of aspirin
(100 mg, for long-life) and clopidogrel (75 mg, for 12 months) after
discharge. Further inclusion criteria of the PPI users were that they
received at least 3 prescriptions of a PPI, or took a PPI of more
than 6 days, regardless of before and at discharge, throughout the
12-month follow-up period, or both. A PCI patient who never
took a PPI or did not meet the above inclusion criteria was
categorized as a non-PPIl user. Using the prescription records,
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including hospitalized medical records at discharge, outpatient
clinical visits, questionnaires or telephone interview during the
follow-up period, we systematically evaluated exposure of each
patient to clopidogrel, aspirin, and/or a PPI within 1 year after
discharge. Patients were grouped into PPI users (n =6188) or non-
users (n=1465) as summarized in Fig. 1. A total of 6,188 PPI
users were further sub-classified as follows: 1) 6052 patients
(97.8%) took a PPI before discharge after PCI and throughout the
whole period of 12-month follow-up; 2) 136 patients (2.2%) took a
PPI just throughout the follow-up period, but not before and at
discharge; and 3) there were no patients who took a PPI only
before and at discharge, rather than in the whole follow-up period.

Uninterrupted medication of clopidogrel and aspirin was
confirmed at assigned time points of the follow-up period. Patients
who discontinued use of clopidogrel for any reasons other than the
occurrence of MACE or death were excluded in advance from this
study. In addition, more exclusion criteria were as follows: active
bleeding, platelet count <100 x10°/L, severe hepatic or renal
disorders, prior coronary artery bypass graft (CABG), active
malignancy, body mass index (BMI) <18.5 or >40 kg/m?
contraindications to use of aspirin or clopidogrel, and premature
clopidogrel or aspirin cessation.

The study protocol and subsequent data collection were
approved by the ethics committee of Nanjing First Hospital,
Nanjing Medical University, China, and all patients signed their
written informed consent for cardiovascular intervention before
participation.

Data Collection of Clinical Research Study

The records of hospitalized patients included detailed informa-
tion on the dates of hospital admission and discharge, discharge
diagnosis, specified treatment procedures, co-medication, and
clinical efficacy before discharge and 12-month follow-up after
discharge. For enrolled patients, we systematically evaluated their
demographic characteristics and baseline data, including age,
gender, BMI, lifestyle habits, biochemical testing, potential risk
factors (e.g., hypertension, diabetes mellitus, dyslipidemia, and
cigarette smoking) and concurrent medications at discharge. In
addition, medication before and after discharge, in particular the
PPI and clopidogrel, was reviewed for this analysis. All informa-
tion from their attending physicians, relatives, and hospital
managers was retrieved.

Collected patient data were input into the electronic database
by well-trained staff unaware of the study protocol and grouping.
Data quality was randomly monitored to determine whether there
were any inconsistency and errors between electronic database
and actual data sheets, and subsequent data audit was performed
at a regular interval.

After discharge, angiography was routinely scheduled at 6 and
12 months, or earlier than scheduled if needed. Clinical follow-up
data was obtained using prescription records, reviewing of hospital
medical records, outpatient clinical visits, written questionnaires,
and telephone interview during 12 months after stent placement,
respectively.

Primary and Secondary Endpoints

We measured the occurrence of clinical endpoints before
discharge and over up to 12-month follow-up: MACE, nonfatal
myocardial infarction (MI), definite stent thrombosis (ST), target
vessel revascularization (TVR), target lesion revascularization
(TLR), CABG, and all-cause death. Primary endpoint was the
occurrence of MACE, defined as a composite of death, MI, TVR,
TLR, CABG, or ST over 12 months after stenting. All death cases
were considered cardiac unless otherwise documented. MI was
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8212 ACS patients started DAT after
PCI with DES, and were monitored
for further 12 months between Oct. 1,
2005 —Sept. 30,2010.

v

Effect of PPl on Clinical Efficacy of Clopidogrel

7906 patients were enrolled in the
study according to the inclusion and
exclusion criteria.

v

7653 patients had complete
medication data for 1 month before

PCI and for subsequent 12 months.

v

v

v

1465 patients not receiving 6188 patients receiving
PPI concomitantly. PPI concomitantly.

Figure 1. Schematic of the patient selection procedure. ACS, acute coronary syndromes; PCl, percutaneous coronary intervention; DES, drug-

eluting stent; PPI, proton pump inhibitor.
doi:10.1371/journal.pone.0084985.g001

diagnosed if increased plasma CK-MB levels doubled its baseline
value immediately before stenting in acute MI patients or new
abnormal Q-wave was detected with ECG. TVR, TLR, and
CABG were defined according to the Academic Research
Consortium (ARC) definitions [22], and Double Kissing Crush
criteria [23], respectively. ST was defined as the occurrence of
ACS with angiographic confirmation of thrombosis according to
the ARC criteria [24]. In contrast, a secondary endpoint was
defined as a single component of the MACE, in particular definite
ST. These clinical endpoints were analyzed and adjudicated by
the members of an independent committee blinded to the study
protocol and grouping.

Statistical Analysis

Data are expressed as mean = SD or number (percentage).
Categorical values were analyzed with Chi-square test. Continu-
ous variables with a Gaussian distribution were compared by
means of the unpaired two-tailed Student’s ¢ test, whereas
continuous variables with a non-Gaussian distribution were
compared by Mann-Whitney U test. Multivariate logistic regres-
sion analysis was used to compare primary and secondary
endpoints between groups with and without PPI. Factors that
were identified through univariate analysis (P <0.20) and other
potential confounding factors that were considered likely to
have an important prognostic value were tested by multivariate
logistic regression for association with clinical adverse cardio-
vascular events during the follow-up period. All statistical
analyses were performed with SPSS 16.0 (SPSS Inc., Chicago,
IL, USA). Statistical significance was accepted at two-tailed
P<0.05.
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Results

Baseline Characteristics of Enrolled Patients

As summarized in Fig. 1, a total of 7,906 patients were chosen
from the electronic database for further analysis according to
prespecified inclusion and exclusion criteria. Of them, 7653
(96.8%) had complete information on continuous medications
before and after discharge and thus were included in the analysis,
whereas 253 patients (3.2%) were excluded. All patients were
hospitalized for PCI and stenting for 5.9 £ 3.1 days, with a range
of 2 — 18 days and a median of 5. According to the prescription
records, all PPI users had at least more than three prescriptions of
a PPI for 42.6%29.2 days, with a range of 6 — 301 days and a
median of 40. Furthermore, all 7653 eligible patients were
categorized into two groups: PPI users (n=6188) and non-PPI
users (n = 1465) according to pre-specified definition of the PPI
user versus non-user. Of the PPI users, 5587 (90.3%) were on
omeprazole at and/or after discharge, 407 (6.6%) on pantopra-
zole, and 194 (3.1%) on esomeprazole. Summarized in Table 1
are their baseline values, demographic characteristics, risk factors
and concurrent drug therapy. Patients with concomitant PPI use
were slightly older (P =0.094), and had a higher proportion of GI
disorder (P =0.003) but a lower frequency of the presence of prior
MI (P=0.027) or impaired LVEF (P=10.05) than those without.
However, there were no differences in the demographics
characteristics, cardiovascular risk factors and discharge medica-
tions except for less use of an angiotensin-converting enzyme
mhibitor (P=0.001) and more frequent use of calcium channel
blocker (P=0.022) in the PPI users than non-users.

Clinical Endpoints of Interest
Adverse clinical outcomes of chosen eligible patients were
summarized and compared between the two groups. As shown in
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Table 2, PPI users had a higher incidence of adverse
cardiovascular events than non-PPI users. For example, the
MACE occurred in 13.9% of the PPI users versus in 10.6% of
non-users, with an unadjusted hazard ratio (HR) of 1.36 (95% CI:
1.14 — 1.64, P=0.001). Moreover, multivariable Logistic regres-
sion analysis revealed that concomitant use of clopidogrel and a
PPI was independently associated with an increased risk for
developing MACE (adjusted HR, 1.33; 95% CI: 1.12 — 1.57,
P=0.007) or ST events (adjusted HR: 2.66; 95% CI: 1.16-5.87;
P=0.012). However, concomitant use of clopidogrel and a PPI
was not associated with an increased risk for developing MI,
cardiovascular death, TVR, TLR, or CABG during the follow-up
period, and these outcomes did not change after adjustment by
multivariate Logistic regression analysis. PPl users had an
increased tendency in the risk for developing MI (1.1% wvs.
0.6%, P=0.068) and TVR (6.9% vs. 5.6%, P=0.066) as

compared with non-users.

Discussion

The PPIs are often prescribed for the prophylaxis of serious
upper GI bleeding complications when DAT is used to prevent
recurrent MACE in CAD patients. Clinical studies have demon-
strated that concomitant use of clopidogrel and a PPI is frequently
(but not always) associated with an increased risk for developing
MACE in patients of European or black African descent [13,15

Effect of PPl on Clinical Efficacy of Clopidogrel

19]. In this retrospective cohort analysis of Han Chinese PPI users
(n = 6188) versus non-users (n = 1465), we observed that PPI users
had a significantly higher incidence of the MACE or ST events
than non-users in a Chinese patient population. However, there
were no significant differences in the risk of MI, cardiovascular
death and other adverse events, regardless of combination of
clopidogrel and a PPI, which is consistent with the findings derived
from other ethnic populations.

Evidence has documented that CYP2C19 plays an important
role in clopidogrel bioactivation in the liver [10-12,20], and that
some (if not all) PPIs can inhibit CYP2C19 activity [8] and affect
clopidogrel platelet response [10-12,25-27]. To further exclude
the potential impact of known covariates (such as coexisting
diseases, drug interactions, and marked heterogeneity of recruited
patients) on the platelet response to clopidogrel, healthy subjects
should be chosen to determine such a drug interaction. As
expected, there was higher residual platelet aggregation in healthy
subjects when they received clopidogrel and omeprazole or
lansoprazole concomitantly than clopidogrel alone [10,28];
however, such an attenuated antiplatelet effect may differ by
either individual PPIs or CYP2C19 genotype [28].

It is generally recognized that a randomized controlled trial (also
known as RCT) is the gold standard of clinical research studies. By
a RCT approach, Gilard et al. found that omeprazole reduced
clopidogrel-induced antiplatelet effect [25]. Contrary to the above,
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Table 1. Baseline characteristics and clinical profiles of clopidogrel-treated at hospital discharge.

PPl user (n=6188) Non-PPI user (n=1465) P value
Age, yrs 66.2+10.2 65.7* 10.6 0.094
Male, n (%) 4548 (73.5) 1083 (73.9) 0.738
BMI, kg/m? 25.1%3.2 25.2+3.8 0.300
Current smoking, n (%) 1993 (32.2) 454 (31.0) 0.368
Hypertension, n (%) 4412 (71.3) 1031 (70.4) 0.484
Hyperlipidemia, n (%) 3725 (60.2) 913 (62.3) 0.134
Diabetes mellitus, n (%) 1597 (25.8) 346 (23.6) 0.081
Previous M, n (%) 1071 (17.3) 290 (19.8) 0.027
Stable angina, n (%) 842 (13.6) 189 (12.9) 0.475
Unstable angina, n (%) 4028 (65.1) 990 (67.6) 0.071
Gl disease, n (%) 637 (10.3) 114 (7.8) 0.003
WBC count, x10 2 /L 7.8%2.1 7.9%22 0.104
Platelet count, x10 °/L 218.660.5 219.1* 613 0.777
Creatinine, mg/dL 98+19 99+18 0.067
LDL-C, mmol/L 2.23+0.80 2.26+0.85 0.202
LVEF<40% 1368 (22.1) 359 (24.5) 0.050
Using abciximab, n (%) 124 (2.0) 3222 0.663
Using a statin, n (%) 5724 (92.5) 1373 (93.7) 0.100
Using an ACEl, n (%) 2364 (38.2) 627 (42.8) 0.001
Using a beta-blocker 1046 (16.9) 242 (16.5) 0.723
Using a CCB, n (%) 2426 (39.2) 527 (36.0) 0.022
Using a nitrate, n (%) 2704 (43.7) 675 (46.1) 0.100
Total no. stents 25*+1.8 26*1.8 0.056
Diameter of stent, mm 3.02x£0.45 3.04x0.43 0.123
Total length of stent, mm 45.0%32.2 45.3%33.1 0.750
Values are mean = SD or n (%). PPI, proton pump inhibitor; BMI, body mass index; Gl, gastro-intestinal; MI, myocardial infarction; LDL-C, low-density lipoprotein-
cholesterol; LVEF, left ventricular ejection fraction; ACEIl, angiotensin-converting enzyme inhibitor; CCB, calcium channel blocker.
doi:10.1371/journal.pone.0084985.t001
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Table 2. The incidence of MACE in clopidogrel-treated patients enrolled in the study.

Adverse event PPI user (n=6188) Non-PPl user (n=1465) Unadjusted HR (95% CI) P value Adjusted HR (95% CI) P value
MACE, n (%) 860 (13.9) 155 (10.6) 1.36 (1.14-1.64) 0.001 1.33 (1.12-1.57) 0.007
ST, n (%) 63 (1.0) 6 (0.4) 2.50 (1.08-5.79) 0.015 2.66 (1.16-5.87) 0.012
MI, n (%) 69 (1.1) 9 (0.6) 1.82 (0.91-3.66) 0.068 1.79 (0.88-3.72) 0.095
Death, n (%) 223 (3.6) 63 (4.3) 0.83 (0.62-1.11) 0.214 0.92 (0.59-1.23) 0.342
TVR, n (%) 427 (6.9) 82 (5.6) 1.25 (0.98-1.59) 0.066 1.60 (0.45-3.17) 0.129
TLR, n (%) 340 (5.5) 72 (4.9) 1.12 (0.87-1.46) 0.371 0.89 (0.39-2.08) 0.757
CABG, n (%) 37 (0.6) 7 (0.5) 1.25 (0.56-2.82) 0.576 1.36 (0.67-2.91) 0.453

stents.
doi:10.1371/journal.pone.0084985.t002

in another randomized, placebo-controlled clinical trial of 3761
CAD patients treated with either DAT plus placebo or DAT plus
omeprazole for 180 days, no apparent cardiovascular interaction
between clopidogrel and omeprazole was observed after evalua-
tion of the incidence of clinical effects associated with the use of the
PPI (the cardiovascular event rate: 5.7% with placebo vs. 4.9%
with omeprazole; HR with omeprazole: 0.99; 95% CI: 0.68 to
1.44; P=0.96) [29]. However, other clinical research studies have
provided evidence suggesting that adverse cardiovascular interac-
tion of a PPI with clopidogrel may be translated into worse clinical
outcomes [10,25-27].

In a cohort of 6188 Chinese PPI users versus 1465 non-users,
we observed that 5587 PPI users (90.3%) were on omeprazole at
or after discharge, 407 (6.6%) on pantoprazole, and 194 (3.1%) on
esomeprazole, suggesting that omeprazole made the major
contribution to the interaction of the PPIs with clopidogrel in
Chinese ACS patients who were treated PCI and DES. Moreover,
PPI users had a significantly higher incidence of the MACE or ST
events than non-users, which is consistent with the findings derived
from a retrospective cohort analysis of 8205 black and white ACS
patients taking clopidogrel alone or in combination with a PPI
after discharge [13]. In another retrospective analysis of 18565
patients receiving clopidogrel after PCI showed an adjusted HR of
1.22 for the primary endpoint of death or MI in patients receiving
a PPI and clopidogrel concomitantly for 180 days [19]. These
clinical oberservations indicate that after concurrent use of a PPI
and clopidogrel, patients may be at increased risk for recurrent
adverse cardiovascular events as compared with use of clopidogrel
alone, suggesting that concurrent use of the PPI and clopidogrel
may be associated with impaired benefits of clopidogrel
[13,28,30].

Bleeding complication is an extension of the antiplatelet effect of
the drug, and thus combination of DAT and a PPI is often
recommended to prevent GI bleeding in patient care [20]. It is not
surprising that PPI uses had a markedly high frequency of GI
disorders (including GI ulcer and/or bleeding) than non-users as
shown in Table 1. Because PPI users had a less frequency of prior
MI and impaired LVEF than non-users before discharge, a
significantly higher incidence of MACE or ST events in PPI users
than non-users in this “real world” clinical practice may suggest
that the presence of a PPI would worsen cardiovascular effects of
clopidogrel due to their drug interactions.

This study had some limitations that would be worth further
discussion. First of all, lack of exact and complete information on

PLOS ONE | www.plosone.org

PPI, proton pump inhibitor; HR, hazard ratio; Cl, confidence interval; MACE, major adverse cardiovascular event; ST, stent thromboses; MI, myocardial infarction; TVR,
target vessel revascularization; TLR, target lesion revascularization; CABG, coronary artery bypass graft.
‘Potential confounding factors’ were age, hyperlipidemia, diabetes mellitus, previous MI, unstable angina, Gl disease, creatinine, LVEF, ACEI, CCB and total number of

concomitant use of the PPI in clopidogrel-treated patients after
discharge was a major limitation in such retrospective clinical
research studies, because some patients took the PPI irregularly or
even intermittently after discharge, and the PPI exposure status of
each patient might be misclassified. Therefore, extreme caution
should be taken with the conclusion derived from the results of a
retrospective cohort analysis. Second, we could not completely
exclude possible selection bias of patients In a retrospective
observational clinical study. Although considerable efforts had
been made to minimize the influence of known confounders on
unknown results, there could be other unknown factors that may
affect results to be observed. Also because this study was a post hoc
analysis of a clinical cohort, it was subjected to the limitations
inherent to all relevant analysis; however, the multivariable
adjustment model confirmed the primary analyses. Third, we
did not use CYP2C19 genotype status as a known confounder that
could affect clopidogrel platelet response and/or clinical outcomes.
Finally, because of incomplete information on PPI prescriptions,
we did not do stratified analysis of individual PPIs, although PPIs
did not exhibit a class effect on clopidogrel platelet response.
However, the major individual of the PPIs used in Chinese
patients was omeprazole (90.3%). Therefore, the conclusion
cannot be extrapolated to other PPIs.

In conclusion, this retrospective cohort study further suggests
that concomitant use of clopidogrel and a PPI (predominantly
omeprazole) after PCI may be associated with an increased risk of
the MACE, in particular ST, in the 12-month follow-up after
discharge in Chinese patients with ACS, and that inhibition of
CYP2C19 by some (not all) PPIs may, in turn, result in attenuated
clopidogrel platelet response and increased adverse cardiovascular
events.

Acknowledgments

The authors would like to thank all investigators who contributed to this
clinical study. In addition, the authors appreciate the help from Chun-Hui
He, Tian Xu, Hong-Juan Peng, Jing Kang, Ting Zhang, and Rong Wang
with data collection and remote monitoring.

Author Contributions

Conceived and designed the experiments: SLC HGX JJZ. Performed the
experiments: JJZ JT LL YYZ HMX SL JZ. Analyzed the data: JJZ. Wrote
the paper: JJZ HGX. Performed experimental quality control: HWF.
Revised and finalized the manuscript: HGX.

5 January 2014 | Volume 9 | Issue 1 | e84985



References

1.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, et al. (2011)
2011 ACCF/AHA focused update incorporated into the ACC/AHA 2007
guidelines for the management of patients with unstable angina/non-ST-
clevation myocardial infarction, a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
Circulation 123: ¢426-579.

Savi P, Zachayus JL, Delesque-Touchard N, Labouret C, Herve C, et al. (2006)
The active metabolite of clopidogrel disrupts P2Y12 receptor oligomers and
partitions them out of lipid rafts. Proc Natl Acad Sci USA 103: 11069-11074.

. Kim KA, Park PW, Hong SJ, Park JY (2008) The effect of CYP2C19

polymorphism on the pharmacokinetics and pharmacodynamics of clopidogrel,
a possible mechanism for clopidogrel resistance. Clin Pharmacol Ther 84: 236
242.

Simon T, Verstuyft C, Mary-Krause M, Quteinch L, Drouet E, et al. (2009)
Genetic determinants of response to clopidogrel and cardiovascular events.

N Engl ] Med 360: 363-375.

. Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, et al. (2009) Cytochrome

p-450 polymorphisms and response to clopidogrel. N Engl ] Med 360: 354-362.

. Bhatt DL, Scheiman J, Abraham NS, Antman EM, Chan FK, et al. (2008)

ACCF / ACG/ AHA 2008 expert consensus document on reducing the
gastrointestinal risks of antiplatelet therapy and NSAID use, a report of the
American College of Cardiology Foundation Task Force on Clinical Expert
Consensus Documents. ] Am Coll Cardiol 52: 1502-1517.

. Pham CQ, Regal RE, Bostwick TR, Knauf KS (2006) Acid suppressive therapy

use on an inpatient internal medicine service. Ann Pharmacother 40: 1261—

1266.

. Li XQ, Andersson TB, Ahlstrom M, Weidolf L (2004) Comparison of inhibitory

effects of the proton pump-inhibiting drugs omeprazole, esomeprazole,
lansoprazole, pantoprazole, and rabeprazole on human cytochrome P450
activities. Drug Metab Dispos 32: 821-827.

. Lim PW, Goh KL, Wong BC (2005) CYP2C19 genotype and the PPIs—focus on

rabeprazole. J Gastroenterol Hepatol 20 (suppl): s22-28.

Small DS, Farid NA, Payne CD, Weerakkody GJ, Li YG, et al. (2008) Effects of
the proton pump inhibitor lansoprazole on the pharmacokinetics and
pharmacodynamics of prasugrel and clopidogrel. J Clin Pharmacol 48: 475-484.

. Ferreiro JL., Ueno M, Capodanno D, Desai B, Dharmashankar K, et al. (2010)

Pharmacodynamic effects of concomitant versus staggered clopidogrel and
omeprazole intake, results of a prospective randomized crossover study. Circ
Cardiovasc Interv 3: 436-441.

. Angiolillo DJ, Gibson CM, Cheng S, Ollier C, Nicolas O, et al. (2011)

Differential effects of omeprazole and pantoprazole on the pharmacodynamics
and pharmacokinetics of clopidogrel in healthy subjects, randomized, placebo-
controlled, crossover comparison studies. Clin Pharmacol Ther 89: 65-74.

. Ho PM, Maddox TM, Wang L, Fihn SD, Jesse RL, et al. (2009) Risk of adverse

outcomes associated with concomitant use of clopidogrel and proton pump
inhibitors following acute coronary syndrome. JAMA 301: 937-944.

. Huang CC, Chen YC, Leu HB, Chen T]J, Lin SL, et al. (2010) Risk of adverse

outcomes in Taiwan associated with concomitant use of clopidogrel and proton
pump inhibitors in patients who received percutaneous coronary intervention.
Am J Cardiol 105: 1705-1709.

PLOS ONE | www.plosone.org

21.

22.

26.

27.

28.

30.

Effect of PPl on Clinical Efficacy of Clopidogrel

Stockl KM, Le L, Zakharyan A, Harada AS, Solow BK, et al. (2010) Risk of
rehospitalization for patients using clopidogrel with a proton pump inhibitor.
Arch Intern Med 170: 704-710.

. Charlot M, Ahlehoff O, Norgaard ML, Jorgensen CH, Sorensen R, et al. (2010)

Proton-pump inhibitors are associated with increased cardiovascular risk
independent of clopidogrel use. Ann Intern Med 153: 376-386.

. O’Donoghue ML, Braunwald E, Antman EM, Murphy SA, Bates ER, et al.

(2009) Pharmacodynamic effect and clinical efficacy of clopidogrel and prasugrel
with or without a proton-pump inhibitor, an analysis of two randomised trials.
Lancet 374: 989-997.

. Ray WA, Murray KT, Griffin MR, Chung CP, Smalley WE, et al. (2010)

Outcomes with concurrent use of clopidogrel and proton-pump inhibitors. Ann
Intern Med 152: 337-345.

. Rassen JA, Choudhry NK, Avorn J, Schneeweiss S (2009) Cardiovascular

outcomes and mortality in patients using clopidogrel with proton pump
inhibitors after percutaneous coronary intervention or acute coronary syndrome.

Circulation 120: 2322-2329.

. Xie HG, Zou JJ, Hu ZY, Zhang JJ, Ye F, et al. (2011) Individual variability in

the disposition of and response to clopidogrel: Pharmacogenomics and beyond.
Pharmacol Ther 129: 267-289.

Xie HG, Kim RB, Wood AJJ, Stein CM (2001) Molecular basis of ethnic
differences in drug metabolism and response. Annu Rev Pharmacol Toxicol 41:
815-850.

Mauri L, Hsich WH, Massaro JM, Ho KK, D’Agostino R, et al. (2007) Stent
thrombosis in randomized clinical trials of drug-eluting stents. N Engl J] Med
356: 1020-1029.

. Chen SL, Santoso T, Zhang JJ, Ye F, Xu YW, et al. (2011) A Randomized

Clinical Study Comparing Double Kissing Crush With Provisional Stenting for
Treatment of Coronary Bifurcation Lesions. J Am Coll Cardiol 57: 914-920.

. Cutlip DE, Windecker S, Mehran R, Boam A, Cohen D]J, et al. (2007) Clinical

end points in coronary stent trials, a case for standardized definitions.
Circulation 115: 2344-2351.

Gilard M, Arnaud B, Cornily JC, Le Gal G, Lacut K, et al. (2008) Influence of
omeprazole on the antiplatelet action of clopidogrel associated with aspirin, the
randomized, double-blind OCLA (omeprazole clopidogrel aspirin) study. J Am
Coll Cardiol 51: 256-260.

Siller-Matula JM, Spiel AO, Lang IM, Kreiner G, Christ G, et al. (2009) Effects
of pantoprazole and esomeprazole on platelet inhibition by clopidogrel. Am
Heart J 157: el-5.

Zuern CS, Geisler T, Lutilsky N, Winter S, Schwab M, et al. (2010) Effect of
comedication with proton pump inhibitors (PPIs) on post-interventional residual
platelet aggregation in patients undergoing coronary stenting treated by dual
antiplatelet therapy. Thromb Res 125: e51-54.

Furuta T, Iwaki T, Umemura K (2010) Influences of different proton pump
inhibitors on the antiplatelet function of clopidogrel in relation to CYP2c19
genotypes. Br J Clin Pharmacol 70:383-392.

. Bhatt DL, Cryer BL, Contant CF, Cohen M, Lanas A, et al. (2010) Clopidogrel

with or without omeprazole in coronary artery discase. N Engl J] Med 363:
1909-1917.

Pezalla E, Day D, Pulliadath I (2008) Initial assessment of a drug interaction
between clopidogrel and proton pump inhibitors. J] Am Coll Cardiol 52: 1038~
1039.

January 2014 | Volume 9 | Issue 1 | e84985



