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Background/Aims: Concerns that proton pump inhibitors 
(PPIs) diminish the efficacy of clopidogrel could hamper the 
appropriate prescription of PPIs. We evaluated the influ-
ence of pantoprazole on the antiplatelet effect of clopidogrel 
compared with ranitidine, which is regarded as safe, after 
stratification of the population according to the presence of 
a cytochrome (CYP) 2C19 polymorphism in Korea. Methods: 
Forty patients who underwent dual antiplatelet therapy were 
randomized to receive pantoprazole (n=20) or ranitidine 
(n=20). Platelet aggregation was evaluated by impedance 
aggregometry at baseline (D0) and 8 days after acid-lowering 
treatments (D9). CYP2C19 was genotyped by polymerase 
chain reaction–restriction fragment length polymorphism. 
Results: After co-treatment, the percentage of clopidogrel 
low-response was 11.1% (2/18) in the pantoprazole group 
and 10.5% (2/19) in the ranitidine group (p=0.954). The im-
pedance values with adenosine diphosphate stimulus after 
acid-lowering treatments did not significantly differ between 
the two groups. In a multiple regression analysis, only ST-el-
evation myocardial infarction was marginally associated with 
a reduced antiplatelet effect (odds ratio, 12.07; 95% confi-
dence interval, 0.84 to 173.78). However, pantoprazole use 
did not affect the antiplatelet effect after correction for the 
CYP2C19 polymorphism. Conclusions: This study showed 
that pantoprazole does not increase platelet aggregation in 
patients receiving dual antiplatelet therapy (ClinicalTrials.gov 
number: NCT02733640). (Gut Liver 2017;11:504-511)
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INTRODUCTION

Dual antiplatelet therapy with aspirin and clopidogrel is gen-
erally prescribed for acute coronary syndromes, but antiplatelet 
agents are associated with gastrointestinal (GI) bleeding.1,2 Low-
dose aspirin has been associated with a 2-fold greater risk of 
major GI bleeding compared with placebo.3,4 Major GI bleeding 
increased from 0.7% in patients on aspirin alone to 1.3% in 
those with aspirin and clopidogrel co-therapy during the 12 
months.5 In addition, the occurrence of upper GI bleeding in-
cluding minor events associated with the aspirin and clopidogrel 
co-therapy was reported to be 4.0%.6

Proton pump inhibitors (PPIs) are frequently used along with 
clopidogrel to reduce the risk of GI bleeding.2,7 Since both clopi-
dogrel and some PPIs are prodrugs that use the cytochrome 
P450 enzyme system, in particular P450 2C19 (CYP2C19),8,9 this 
may cause a competition between them leading to the ineffec-
tive platelet inhibition in response to clopidogrel. 

Although several studies have raised concerns that PPIs, par-
ticularly omeprazole, might abate the antiplatelet effects,10 pan-
toprazole has been regarded as a relratively safe drug regarding 
the interaction with clopidogrel.11 However, there is a scarce 
study which evaluates whether pantoprazole reduces in clopido-
grel’s active metabolite levels, especially in Korea, which reflects 
the difference of research topics between the East and the West 
due to the interests of journals as well as of the researchers.12 
Lacking of evidence regarding pantoprazole’s minor effect on 
the pharmacological activity of clopidogrel and a notice of cau-
tion from U.S. Food and Drug Administration (FDA) concerning 
co-administration of the two drugs13 still may impede appropri-
ate prescription of PPIs. 

With the importance of potential drug-drug interactions, we 
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investigated the influence of concomitant administration of 
pantoprazole on the antiplatelet effectiveness of clopidogrel 
by comparison with ranitidine as a control drug according to 
CYP2C19 genotype and the concentration of clopidogrel and its 
active metabolite.

MATERIALS AND METHODS

1. Study population and randomization 

Between October 2012 and May 2015, patients being treated 
with a maintenance dose of 75 mg clopidogrel and 100 mg 
aspirin every day after previous percutaneous coronary inter-
vention (PCI) with coronary stenting were included in the study. 
Participants received conventional therapy with a loading dose 
of 600 mg of clopidogrel hydrogen sulfate and 400 mg aspirin. 
Patients with current GI disorders, a systemic infection, severe 
liver disorders, congestive heart failure, or a known bleeding 
tendency including users on bivalirudin or glycoprotein IIb/
III antagonists within the last seven days were excluded from 
the study. All participants had a normal range of platelet count 
(150,000/mL to 450,000/mL). Patients were randomly assigned 
to either the pantoprazole 40 mg once-daily group or the ra-
nitidine 150 mg twice-daily group using a computer-generated 
randomized table. An independent researcher generated the 
random allocation sequence. Blood samples were collected at 
9:00 on day prior to treatment (day 0) and on day 9:00. Mea-
suring impedance was performed by one independent researcher 
(R.H.N.) in a blinded manner. The study protocol was approved 
by the Ethics Committee of Seoul National University Bundang 
Hospital in accordance with the Declaration of Helsinki as re-
vised in Brazil 2013 (IRB number: B-1112/141-006). This trial 
was registered at ClinicalTrials.gov, NCT02733640. All study 
participants were willing to sign a consent form before the 
study begins.

2. Outcome measurements

As previously described,14,15 impedance aggregometry and 
outcomes in the form of platelet aggregation in whole blood 
samples were examined by an impedance aggregometer (Model 
590; Chrono-Log Corp., Havertown, PA, USA) and analyzed 
by the AggroLink software package (Chrono-Log Corp.). Blood 
samples were collected for platelet aggregation 9 days after pan-
toprazole or ranitidine treatment. Aggregation of platelet was 
measured in terms with the change in impedance (Ω) from start 
to finish after 6 minutes. Based on the previous studies, an im-
pedance ≤5 Ω was defined as a normal response to clopidogrel 
treatment, while an impedance >5 Ω was defined as clopidogrel 
low-response (CLR).14,15 The outcomes measured by Chrono-Log 
590 aggregometer showed reproducibility with a variability of 
10%. All blood parameters, except for impedance aggregometry, 
were analyzed at the laboratory of Seoul National University 
Bundang Hospital.

3.	Measurement of plasma pantoprazole and active  
metabolite of clopidogrel concentrations

Blood samples (2 mL) for the determination of plasma con-
centrations of clopidogrel and its active metabolite (H4)16 were 
taken at 0 (preadministration) and 8 days after drug adminis-
tration. The concentrations were determined using a validated 
liquid chromatography tandem mass spectrometry (Xevo TQ; 
Waters, Milford, MA, USA) method. The analytes were separated 
on a Kinetex C8 column (2.6 μm particle size, 2.1×100 mm; 
Phenomenex, Torrance, CA, USA). The mobile phase consisted 
of a mixture of 0.1% formic acid in distilled water and 0.1% 
formic acid in acetonitrile. The calibration curves were linear 
over the range 0.02 to 10 ng/mL (r≥0.9997) for clopidogrel and 
0.1 to 200 ng/mL (r≥0.9990) for H4. The intra- and inter-day 
precision of the quality control (QC) samples for clopidogrel was 
<8.89%, and accuracy was within the range 91.2% to 106.1% 
and 92.90% to 105.00%, respectively. The intra- and inter-day 
precision of the QC samples for H4 was <17.33%, and the ac-
curacy was within the range 94.2% to 100.5% and 97.1% to 
101.1%, respectively.

4. Genotyping for CYP2C19

Peripheral leukocytes were used for the extraction of genomic 
DNA. Genotyping for the two variant alleles, CYP2C19*2 and 
CYP2C19*3, was conducted using polymerase chain reaction-
restriction fragment length polymorphism.17,18 Others than these 
two alleles were regarded as CYP2C19*1. The CYP2C19 geno-
types were classified into the following three groups: homozy-
gous extensive metabolizers (homo EM; *1/*1), heterozygous EM 
(hetero EM; *1/*2 or *1/*3) and poor metabolizers (PM; *2/*2, 
*3/*3 or *2/*3).

5. Statistical analysis

The primary end-point for analysis in this study was the 
number of participants with CLR. Secondary analysis end-points 
included clopidogrel impedance value and adverse events. The 
characteristics of the two groups (pantoprazole vs ranitidine) 
were compared using Fisher exact test for categorical variables 
and the t-test for continuous variables. The Wilcoxon signed-
rank test was used to compare paired values. Potential pre-
dictors of CLR status were identified using a multiple logistic 
regression analysis based on a stepwise model selection method, 
from which factors with a p-value >0.20 were excluded. Inde-
pendent of this backward elimination method, some clinically 
important variables remained independent of p-value.

The odds ratios (OR) for the associations between predictors 
(independent variables) and CLR status are presented with the 
corresponding two-sided 95% confidence intervals (CIs) and p-
values. All analyses were carried out using the SPSS software 
version 21.0 (IBM Corp., Armonk, NY, USA).
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45 Assessed for eligibility

42 Randomized

1 Lost to follow-up

3 Excluded
1 Not meeting inclusion criteria
2 Declined to participate

20 Analyzed
(2 excluded from analysis for clopidogrel

low response after treatment)

20 Analyzed
(1 excluded from analysis for clopidogrel

low response after treatment)

Pantoprazole Ranitidine

21 Allocated to intervention
21 Received allocated intervention

21 Allocated to intervention
21 Received allocated intervention

1 Lost to follow-up

Fig. 1. CONSORT study flow chart.

Table 1. Patient Baseline Characteristics

Variable
Ranitidine

(n=20)
Pantoprazole

(n=20)
p-value

Age, yr 63.2±9.7 (2.2) 61.2±10.6 (2.4) 0.557

Male sex 19 (95.0) 17 (85.0) 0.605

Duration 296.5±81.3 206.4±86.2 0.456

Initial clopidogrel low-response* 1 2

Clopidogrel low-responder† 2/19 (10.5) 2/18 (11.1) 0.954

Body mass index, kg/m2 25.7±4.3 (1.0) 24.5±2.6 (0.6) 0.308

Hypertension 14 (70.0) 13 (65.0) 0.736

Dyslipidemia  9 (45.0)  4 (20.0) 0.091

Diabetes mellitus 10 (45.0)  5 (25.0) 0.185

Current/ex-smoker  8 (40.0)  7 (35.0) 0.744

GFR <60 mL/min‡ 3 (15.0)  3 (15.0) 0.999

Hematocrit 42.7±3.6 (0.8) 41.9±2.5 (0.6) 0.411

Platelet count, 103/mm3 228.5±10.8 241.9±12.6 0.419

CYP2C19 genotype§

    Extensive metabolizer  9 (45.0)  7 (35.0) 0.519

    Intermediate metabolizer    10 (50.0) 11 (55.0) 0.752

    Poor metabolizer 1 (5.0)  2 (10.0) 0.999

PCI data

    Chronic CAD  4 (20.0)  2 (10.0) 0.660

    STEMI  5 (25.0)  3 (15.0) 0.660

    NSTEMI  4 (20.0)  2 (10.0) 0.660

    UA 7 (35.0) 15 (75.0) 0.070

Medication

    β-Blocker 11 (55.0)  8 (40.0) 0.342

    ACEI 16 (80.0) 14 (70.0) 0.465

    Statin 19 (95.0) 16 (80.0) 0.342

Data are presented mean±SD (standard error), or number (%).
GFR, glomerular filtration rate; PCI, percutaneous coronary intervention; CAD, coronary artery disease; STEMI, ST-elevation myocardial infarc-
tion; NSTEMI, non-STEMI; UA, unstable angina; ACEI, angiotensin-converting-enzyme inhibitor.
*At enrollment; †Clopidogrel low-responder was defined as an impedance >5 Ω; ‡Estimated GFR by Modification of Diet in Renal Disease formula; 
§CYP2C19 genotypes were classified into three groups as follows: homozygous extensive metabolizers (*1/*1), heterozygous extensive metabolizers 
(*1/*2 or *1/*3), and poor metabolizers (*2/*2, *3/*3 or *2/*3).
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RESULTS

1. Baseline characteristics

A total of 42 patients (38 males; mean age, 62.2 years) with 
previous acute coronary artery disease were finally enrolled in 
the study (Fig. 1). They were randomly assigned to either pan-
toprazole or ranitidine group. Excluding two patients who were 
lost to follow-up, blood samples of 20 patients in each group 
were collected for platelet aggregation assay. There were no dif-
ferences in baseline characteristics between the two medication 
groups (Table 1). No patient experienced major adverse cardio-
vascular events, defined as myocardial infarction, stent throm-
bosis, major bleeding, stroke, hospitalization for cardiovascular 
reasons and death.

2.	Associations between concentrations of clopidogrel and 
variables

There were significant associations between the concentra-
tions of clopidogrel and active metabolite (initial: r=0.617, 
p=0.001; follow-up: r=0.819, p<0.001). However, the quantity 
of impedance was significantly associated with neither the con-
centration of clopidogrel nor that of its active metabolite (initial: 
r=0.247, p=0.167 and r=0.399, p=0.083; follow-up: r=–0.104, 
p=0.60 and r=–0.302, p=0.196). 

In multivariable analyses adjusted for the concentration of 
clopidogrel and the CYP2C19 genotype, the concentration of 
active clopidogrel metabolite was associated with that of clopi-
dogrel, but not the CYP2C19 genotype (β=0.620, p=0.021).

3.	Impedance and concentration of active metabolite of 
clopidogrel

The initial median aggregometry result for the entire study 
population when stimulated with 5 mM adenosine diphosphate 
was 1.00 Ω (interquartile range, 0.25 to 4.00). The aggregometry 
results at baseline and posttreatment were not different between 
the groups (pantoprazole vs ranitidine) (Table 2). Moreover, 
there was no significant difference in the impedance values 
between pre- and posttreatment in each group (Table 2, Fig. 2). 
Levels of the active metabolite were not significantly changed 
in both ranitidine and pantoprazole groups (Table 2).

4. Clopidogrel low-response

Before the treatment 3/42 patients (7.1%) were defined as 
CLR. To evaluate the effect of pantoprazole on platelet ag-
gregation, the three CLR patients and a further two patients 
who were lost to follow-up were excluded. After treatment, we 
newly found four (10.8%) new CLRs (Table 1)—two (11.1%) in 
the pantoprazole group, and two (10.5%) in the ranitidine group 
(p=0.954). There was no significant difference.

Im
p
e
d
a
n
c
e

(
)

�

A

Before

10

8

6

4

2

After

Ranitidine
p=0.316

0

Im
p
e
d
a
n
c
e

(
)

�

Before

10

8

6

4

2

After

Pantoprazole
p=0.775

0

B

Fig. 2. Antiplatelet effect of clopidogrel on days 0 and 9 in patients with concomitant use of ranitidine (A) and pantoprazole (B) during follow-up. 
There were no significant differences between the groups (by Wilcoxon signed-rank test).

Table 2. Change in Impedance and Concentration of the Active Clopidogrel Metabolite in Each Acid-Lowering Treatment Group

Ranitidine (n=20) Pantoprazole (n=20)

p-value† p-value‡

Pretreatment 
(D0)

Posttreatment 
(D9)

p-value*
Pretreatment 

(D0)
Posttreatment

(D9)
p-value*

Impedance (Ω) 1.00 (0.25–3.50) 1.00 (0.00–2.00) 0.316 1.50 (0.25–4.00) 2.00 (0.25–4.00) 0.775 0.547 0.108

Clopidogrel active metabolite 0.36 (0.19–1.47) 0.67 (0.01–4.14) 0.327 0.18 (0.01–2.62) 0.13 (0.01–2.26) 0.575 0.519 0.370

Data are presented as median (interquartile). 
*Analyses between pretreatment and posttreatment using the Wilcoxon rank-sum test in each group; †Analyses between pretreatment groups us-
ing the Mann-Whitney test; ‡Analyses between posttreatment groups using the Mann-Whitney test.
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The multivariable logistic regression analysis of all 37 pa-
tients revealed that only one factor had a strong association 
with CLR status, STEMI (OR, 263.03; 95% CI, 1.82 to 38,024.45; 
p=0.028) (Table 3). Among the patients with CLR, three (75.0% 
vs 9.1%) experienced STEMI. After Firth’s correction, the sta-
tistical significance was decreased (OR, 12.07; 95% CI, 0.84 to 
173.78; p=0.067). Although the poor metabolite genotype of 
CYP2C19 (*2/*2, *3/*3, or *2/*3) showed an increased risk of 
CLR, it did not reach statistical significance (OR, 10.67; 95% CI, 
0.52 to 217.24; p=0.124).

5. Risk factor for CLR 

The same risk factors as in the multivariable logistic regres-
sion analyses affected the quantity of the impedance values (Ω) 

in a multiple linear regression analysis (Table 4). In the simple 
regression analyses, aging reduced the impedance value (β coef-
ficient=–0.073, p=0.071), albeit not significantly so. STEMI 
(β coefficient=2.317, p=0.030) affected attenuation of the ef-
fectiveness of clopidogrel (Table 4). After adjusting for age, sex, 
use of pantoprazole, existence of PM and history of STEMI, 
increased age and STMEI were significantly associated with the 
impedance value in the aggregometer (β coefficient=–0.086, 
p=0.024 and β coefficient=2.625, p=0.011).

DISCUSSION

Pantoprazole is a weak inhibitor of CYP2C19, but FDA still 
releases a precaution about concomitant use of clopidogrel and 

Table 3. Risk Factors for Clopidogrel Low-Responders by Univariate and Multivariable Analyses

Model variable
Univariate Multivariable*

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value†

Age, yr 0.94 (0.85–1.95) 0.261 0.79 (0.61–1.01) 0.062 0.92 (0.82–1.03) 0.158

Sex [men] 3.33 (0.26–42.93) 0.356

Pantoprazole [ranitidine] 1.06 (0.13–8.47) 0.954

PM [EM]‡ 10.67 (0.52–217.24) 0.124

eGFR, mL/min§ 0.95 (0.89–1.02) 0.156 0.91 (0.81–1.02) 0.095 1.00 (0.99–1.01) 0.483

STEMI [no] 30.00 (2.33–386.33) 0.009ΙΙ 263.03 (1.82–38,024.45) 0.028ΙΙ 12.07 (0.84–173.78) 0.067

Concentration of clopidogrel 0.00 (0.19–2.94) 0.682

Concentration of clopidogrel active metabolite 0.39 (0.04–3.74) 0.416

OR, odds ratio; CI, confidence interval; PM, poor metabolizer; EM, extensive metabolizer; eGFR, estimated glomerular filtration rate; STEMI, ST-
elevation myocardial infarction.
*Adjusted for age, sex, use of pantoprazole, PM, eGFR, STEMI, and concentration of the active clopidogrel metabolite; the reference is described in 
brackets; †Logistic regression analysis by Firth's correction; ‡CYP2C19 genotypes were classified into the following three groups: homozygous EM 
(*1/*1), heterozygous EM (*1/*2 or *1/*3) and PM (*2/*2, *3/*3 or *2/*3); §eGFR in quartiles using the Cockcroft-Gault formula (corrected for body 
surface); ΙΙIndicates the statistical significance.

Table 4. Linear Association between Proton Pump Inhibitor and Other Risk Factors as Well as Clopidogrel Impedance Values (Ω)

Model variable
Univariate Multivariable*

β SE p-value β t p-value

Age, yr –0.073 0.039 0.071 –0.086 0.036 0.024†

Sex [men] 1.242 1.285 0.340

Pantoprazole [ranitidine] 1.076 0.788 0.181

PM [EM & IM]‡ 2.229 1.747 0.199

eGFR, mL/min§ 0.000 0.003 0.940

STEMI [no] 2.317 1.014 0.030† 2.625 0.972 0.011†

NSTEMI [no] –0.070 1.097 0.950

Concentration of clopidogrel –0.481 0.514 0.359

Concentration of clopidogrel active metabolite –0.257 0.167 0.143

SE, standard error; PM, poor metabolizer; EM, extensive metabolizer; IM, intermediate metabolizer; eGFR, estimated glomerular filtration rate; 
STEMI, ST-elevation myocardial infarction; NSTEMI, non-STEMI.
*Adjusted for age, sex, use of pantoprazole, PM, and STEMI, and the reference is described in brackets; †Indicates the statistical significance; ‡CYP2C19 
genotypes were classified into the following three groups: homozygous EM (*1/*1), heterozygous EM (*1/*2 or *1/*3) and PM (*2/*2, *3/*3 or *2/*3); 
§eGFR in quartiles using Cockcroft-Gault formula (corrected for body surface).
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pantoprazole.19 The present study showed that pantoprazole 
does not reduce the antiplatelet effectiveness of clopidogrel. Af-
ter adjustment for clopidogrel’s active metabolite levels and CY-
P2C19 genotype, concomitant administration with pantoprazole 
did not lessen the effect of clopidogrel and no serious bleeding 
and cardiovascular disease occurred during the study period. 

Several mechanisms have been suggested for the drug-drug 
interactions of PPIs and clopidogrel. One hypothesis is that as 
the absorption of clopidogrel is enhanced under acidic condi-
tions, the concomitant use of PPIs can reduce drug absorp-
tion.20 In addition, the competitive inhibition of CYP enzymes 
between PPIs and clopidogrel was suggested.21 It is generally 
accepted that PPIs have various extents to which their hepatic 
metabolism depends on a given CYP isoenzyme.22 For instance, 
since pantoprazole has lower affinity for CYP2C19 compared 
to omeprazole and esomeprazole,23 pantoprazole is expected to 
have more favorable drug-drug interactions during the second-
ary biotransformation.24 

Genetic polymorphisms also naturally influence the CYP2C19 
enzymatic activity. CYP2C19 genotypes are generally catego-
rized into homo EM, hetero EM and PM by analysis of the most 
common loss-of function alleles, CYP2C19*2 in exon 5 and 
CYP2C19*3 in exon 4.7,25 Hence, differences in CYP2C19 poly-
morphisms may result in different metabolism of clopidogrel 
with variable risk for cardiovascular events. There are also racial 
variance in the distribution of this genetic polymorphisms.25 The 
prevalence of homo EM in Caucasians has been reported to be 
72.6%,26 which is greater than the 41.3% reported in Koreans.27

To address the effect of heterogeneity of CYP2C19 genotypes 
on drug-drug interaction between pantoprazole and clopido-
grel in Korea, the concentration of clopidogrel and the active 
metabolites of clopidogrel and the CYP2C19 genotypes were 
evaluated in the present study. After adjusting for the active 
metabolites of clopidogrel and the CYP2C19 genotypes, our 
study provided additional evidence that the concomitant use of 
pantoprazole does not impede the antiplatelet effectiveness of 
clopidogrel and the concentration of its active metabolite. This 
was consistent with the TRITON-TIMI 38 trial, which found that 
a reduced-function CYP2C19 allele was not related with an el-
evated risk of adverse cardiovascular events in patients treated 
with prasugrel.28 Although the debate continues regarding the 
interactions between clopidogrel and PPIs,29 growing number 
of studies failed to show that clopidogrel in association with 
PPIs reduce the activity of clopidogrel.30,31 After administration 
of ranitidine or pantoprazole in the present study, CLR occurred 
in about 10% in both medicines. Though the statistics for the 
concentration of clopidogrel and its metabolites were not dif-
ferent before and after the administration of pantoprazole and 
ranitidine, the development of CLR may seem significant. Actu-
ally, the prevalence of clopidogrel resistance is highly variable 
in different studies and populations. A review10 estimated the 
nonresponse rate to range from 4% to 30%. This variability is 

partly caused by the lack of standard definition and the differ-
ent assessment methods of clopidogrel nonresponse.32 Furtado 
et al.33 who reported approximately 10% of difference between 
the two treatment groups, also evaluated platelet function using 
VerifyNow P2Y12TM for Brazilians. Therefore, there is a pos-
sibility that direct comparison between studies without unifica-
tion of race and assessment methods would be insignificant.

One of the limitations in our analysis is a small sample size. 
The pantoprazole group or PM group might have been too 
small to show any association between PPI use and the risk 
of pharmacodynamics outcomes, if such a relationship in fact 
existed. We provided ranitidine to the control group instead 
of comparing two groups with or without pantoprazole, since 
most of participants have epigastric pain which is related with 
administration of antiplatelet agents. It has been recognized that 
ranitidine did not influence the clopidogrel antiplatelet activ-
ity.34,35 Additional limitation to the present study is the applica-
tion of only one method of defining CLR. An important reason 
for inconsistent results regarding the potential effect of PPI on 
clopidogrel is differences in the methodologies used for detec-
tion and definitions of “platelet resistance.”36 One patient who 
showed posttreatment clopidogrel reactivity in the ranitidine 
group might be result from other genetic and nongenetic fac-
tors which influence pharmacokinetics/pharmacodynamics of 
clopidogrel.37 They might be initially resistant to clopidogrel if 
multiple methods would be used to determine CLR. 

Nonetheless, this was a rare randomized controlled study 
which at least confirmed drug compliance by measuring the 
concentration of clopidogrel and the active metabolite in blood. 
While most studies about the present topic were conducted in 
Western countries, we performed multivariable adjustments for 
potential confounders, including CYP2C19 genotypes for Kore-
ans. 

Prescription of PPIs is increasing because it has been rec-
ommended not for the prevention of GI bleeding but for the 
treatment of gastroesophageal reflux disease.38,39 According to 
the increased incidence of cardiovascular and cerebrovascular 
diseases, more frequent concomitant use of clopidogrel and PPIs 
is expected. Based on our study, using pantoprazole for patients 
on dual antiplatelet therapy with an indication for PPI medica-
tion could be safe. 
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