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Investigation of the intera
ction between proton
pump inhibitors and clopidogrel using VerifyNow
P2Y12 assay
Sheng-Feng Lin, MD, PhDa,b,c,d, Pei-Chin Lin, MDb, Chih-Chun Chang, MDb,e, Wei-Lun Chang, MScf,
Fang-Yeh Chu, MDb,g,h,i,∗

Abstract
Background: Randomized trials and observation studies have revealed conflicting results regarding the interaction between
clopidogrel and proton pump inhibitors (PPIs). The aim of our study was to provide laboratory evidence regarding whether PPIs blunt
the antiplatelet reactivity of clopidogrel.
Methods: We included records of Asian patients who received clopidogrel treatment for cardiovascular or cerebrovascular events

and the VerifyNow P2Y12 assay for platelet reactivity monitoring. The responsiveness of antiplatelet effect to clopidogrel was
analyzed according to 3 criteria:

(1) percentage of platelet inhibition (PI) > 20%,

(2) absolute P2Y12 reaction unit (PRU) < 235, and

(3) PRU < 262.
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Results: Patients treated without PPIs did not differ significantly from those concomitantly treated with PPIs in terms of levels of PI
(25.7% ± 24.3% vs 23.0 ± 25.3%, P= .4315), PRU (187.3 ± 74.0 vs 197.4±77.3, P= .3373), or responsiveness to antiplatelet
(adjusted absolute risk, 3.5%; 95% confidence interval,�10.7 to 17.7%; P= .6297). Patients treated with lansoprazole,
esomeprazole, pantoprazole, and rabeprazole exhibited no significant differences in PRU or PI levels compared with those treated
without PPIs. By contrast, patients treated with dexlansoprazole exhibited a significantly decreased level of PI (25.7%±24.3% vs
14.0%±21.6%, P= .0297) and responsiveness to clopidogrel under the criterion PI > 20% (adjusted absolute risk: 10.5%; 95%
confidence interval: 2.6% to 43.6%; P= .0274).
Conclusion: No robust interaction between clopidogrel and PPIs was found, but caution should be exercised in the concomitant

use of dexlansoprazole and clopidogrel in Asians.

Abbreviations: AR = absolute risk, CI = confidence interval, COGENT = Clopidogrel and the Optimization of Gastrointestinal
Events Trial, CYP= cytochrome P450, DAPT= dual antiplatelet therapy, LTPR= low on-treatment platelet reactivity, PI= percentage
of platelet inhibition, PPI = proton pump inhibitors, PRU = P2Y12 reaction unit.
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1. Introduction

Aspirin has been known associated with gastrointestinal mucosa
damage[1] and increased risk of peptic ulcer.[2,3] Clopidogrel is an
alternative antiplatelet which inhibits platelet aggregation
through irreversibly binding to P2Y12 receptor.[4] Besides,
clopidogrel is associated with less gastrointestinal discomfort
and hemorrhage events when compared to aspirin.[5] Recently,
dual antiplatelet therapy (DAPT), defined as use P2Y12 receptor
inhibitors (such as clopidogrel, ticagrelor and prasugrel) with
aspirin, has been highly recommended for patients with acute
coronary syndrome or thrombotic events following percutaneous
coronary intervention.[6,7] Besides, DAPT has been recom-
mended for patients with transient ischemic attack or minor
acute ischemic stroke and should be continued for 21–90
days.[8,9]

While DAPT carries a higher risk of gastrointestinal
bleeding,[10,11] prophylactic prescription of proton pump
inhibitors (PPIs) for patients with DAPT increases.[12] Clopi-
dogrel is also a prodrug, which requires 2 sequential oxidative
steps through the hepatic cytochrome P450 2C19 (CYP2C19)
and CYP3A4/5 to form an active metabolite.[13,14] Concern has
remained regarding the interaction between PPIs and clopidogrel
since PPIs were reported inhibit hepatic CYP2C19.[15] Previous
studies, the Clopidogrel and the Optimization of Gastrointestinal
Events Trial (COGENT),[13] Prasugrel in Comparison to
Clopidogrel for Inhibition of Platelet Activation and Aggregation
44, [16] Trial to Assess Improvement in Therapeutic Outcomes by
Optimizing Platelet Inhibition with Prasugrel Thrombolysis In
Myocardial Infarction 38,[16] and Platelet Inhibition and Patient
Outcomes[17] have revealed conflicting data regarding the effects
of concomitant use of clopidogrel and PPIs on cardiovascular
events. Accordingly, we aimed to conduct this study using
VerifyNow P2Y12 Assay to investigate whether the use of PPIs
may blunt the antiplatelet effects of clopidogrel.
2. Methods

2.1. Design and study patients

The VerifyNow P2Y12 assay (Accumetrics, San Diego, CA,
USA), a new device of point-of-care test, is effective in evaluating
platelet aggregation inhibition induced by clopidogrel or other
P2Y12 receptor inhibitors.[18,19] This study was a retrospective
electronic medical record review. From January 1, 2016, to May
31, 2019, the list of patients who received the test of VerifyNow
P2Y12 assay was obtained from the laboratory information
system of Far Eastern Memorial Hospital, New Taipei, Taiwan.
The electronic medical records for patients tested with Verify-
Now P2Y12 assay were reviewed. The patients who were treated
with clopidogrel were included. The exclusion criteria were
(1)
 patients who were aged < 20-year-old, and

(2)
 use of other P2Y12 inhibitor, such as prasugrel and

ticagrelor.
Subsequently, we categorized patients under clopidogrel
treatment into 2 groups: group 1, patients treated without PPI,
and group 2, patients concomitantly treated with PPIs.
Concomitant treatment with PPIs was defined as any treatment
involving the combination of clopidogrel and PPIs in the 7 days
prior to phlebotomy for the VerifyNow P2Y12 assay. This study
was approved by the Institutional Review Board of Far Eastern
Memorial Hospital, Taiwan (reference number: 108099E).
2

2.2. Data collection

Data on age; sex; medical history of hypertension, diabetes
mellitus, dyslipidemia, ischemic stroke, myocardial infarction, and
chronic kidney disease; concurrent medications; and the clinical
indicationof antiplatelet use for the period fromJanuary1, 2016 to
May 31, 2019, were obtained from the electronic medical records
and laboratory information system of Far Eastern Memorial
Hospital. A cardiovascular event was defined as the development
of acute coronary syndrome or coronary artery thrombosis
managed through percutaneous coronary intervention. A cerebro-
vascular event was defined as the occurrence of transient ischemic
attack or acute ischemic stroke. The medical record review was
performed by authors SF Lin and PC Lin.
2.3. VerifyNow P2Y12 assay

The VerifyNow P2Y12 assay was completed within 4hours after
phlebotomy, and the assay results are expressed as either absolute
P2Y12 reaction units (PRU) or as percentage of platelet inhibition
(PI).[19,20] The PI value was adjusted according to the platelet
base function value using the following formula: PI= (platelet
base function�PRU)/PRU�100%. To determine favorable
antiplatelet effects engendered by clopidogrel (low on-treatment
platelet reactivity, LTPR) in patients, we adopted 3 universal
standards:
(1)
 a PI cutoff of >20%[21,22];

(2)
 PRU level of < 235[23–25]; and

(3)
 PRU level of < 262.

Study of Prasugrel compared with clopidogrel For Japanese
patients with acute coronary syndrome undergoing percutaneous
coronary intervention study showed that PRU level of< 262 was
more optimal cutoff value for Asians.[26]
2.4. Statistical analysis

Patient characteristics arepresentedasmeanand standarddeviation
for continuous variables and number and frequencies for
categorical variables. To compare the characteristics of patients
in groups 1 and 2, we used Student t test for continuous variables
and Pearson chi-squared test or Fisher exact test for categorical
variables. Moreover, to thoroughly investigate the interaction of
clopidogrel and each PPI, we used both additive and multiplicative
models (as a sensitivity analysis). Regarding the additive model, we
used a generalized linear model (with an identity function being the
link function and the data distribution being binomial); in this
model, responsiveness to clopidogrel (as determined using the 3
standards forLTPR) servedas thedependent variable and treatment
with or without PPIs served as the independent variable. Regarding
the multiplicative model, we used a logistic regression model, with
responsiveness to clopidogrel (LTPR) being the dependent variable
and treatment with or without PPIs serving as the independent
variable. A covariate of DAPT was used for adjustment in the
multiple regression analyses for both models. All analyses were
performed using SAS 9.4 software (SAS Inc., Cary, NC).
3. Results

3.1. Patients

At first, a total of 237 patients were initially enrolled, 25 of whom
were excluded because of ticagrelor use. Of the remaining 212



Table 1

Characteristics of patients treated with and without PPIs.

Characteristics Group 1 Patient Treated without PPI (N=122) Group 2 Patient Treated with PPI (N=90) P value

Age (yr) 65.9±11.5 66.9±12.0 .5113
Sex, N (%) .0965
Female 38/122 (31.2%) 39 (42.2%)
Male 84/122 (68.9%) 54 (57.8%)

Comorbidity, N (%)
Hypertension 51/122 (41.8%) 30/90 (33.3%) .2097
Diabetes mellitus 40/122 (32.8%) 23/90 (25.6%) .2548
Dyslipidemia 50/122 (41.0%) 30/90 (33.3%) .2560
Ischemic stroke 29/122 (20.5%) 31/90 (34.4%) .0881
Myocardial infarction 9/122 (7.4%) 10/90 (11.1%) .3468
Chronic kidney disease 5/122 (4.1%) 3/90 (3.3%) .7726

Clinical Events, N (%) .0004
∗

Cardiovascular events 69/122 (56.6%) 29/90 (32.2%)
Cerebrovascular events 53/122 (43.4%) 61/90 (67.8%)
Dual antiplatelet, N (%) 79/122 (64.8%) 81/90 (90.0%) <.0001

∗

PPI medications, N (%)
Lansoprazole – 44/90 (48.9%)
Dexlansoprazole – 24/90 (26.7%)
Pantoprazole – 16/90 (17.8%)
Esomeprazole – 15/90 (16.7%)
Rabeprazole – 8/90 (8.9%)

N=number, PPI=proton pump inhibitor.
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clopidogrel users, 122 (57.5%) and 90 (42.5%) were categorized
into groups 1 and 2, respectively. Table 1 presents the
characteristics of the patients in the 2 groups. Compared with
group 1, group 2 had a higher proportion of patients who
received DAPT and higher proportion of patients with
cerebrovascular events. No significant differences were observed
between the 2 groups in terms of age; sex; comorbidities of
hypertension, diabetes mellitus, dyslipidemia, ischemic stroke,
myocardial infarction, and chronic kidney disease; or concurrent
medications with a potential to increase and reduce the
antiplatelet effects of clopidogrel (Supplemental Table I, http://
links.lww.com/MD/F379).
3.2. VerifyNow P2Y12 assay

Table 2 shows the VerifyNow P2Y12 assay results for groups 1
and 2. Comparing patients treated without PPIs and those treated
with any PPIs revealed no significant differences in the levels of
PRU (187.3±74.0 vs 197.4±77.3, P= .3373) or PI (25.7%±
24.3% vs 23.0%±25.3%, P= .4315). Regarding individual
PPIs, patients treated with lansoprazole, pantoprazole, esome-
Table 2

Comparison of VerifyNow P2Y12 assay results for patients treated w

N PRU P va

Group 1:Without PPI (reference group) 122 187.3±74.0 –

Group 2: Any PPIs 90 197.4±77.3 .33
Individual PPI
Lansoprazole 44 192.4±82.1 .70
Dexlansoprazole 24 207.8±73.1 .21
Pantoprazole 16 202.1±82.7 .45
Esomeprazole 15 195.4±105.5 .77
Rabeprazole 8 172.4±57.4 .57

N=number, PI=percentage of platelet inhibition, PPI=proton pump inhibitor, PRU= absolute P2Y12 r

3

prazole, and rabeprazole showed no significant differences in
PRU or PI levels when compared to the group without PPIs.
However, dexlansoprazole showed a reduced PI level compared
with those treated without PPIs (14.0%±21.6% vs 25.7%±
24.3%, P= .0297).
3.3. Proportions of responsiveness to clopidogrel
treatment

The 2 groups’ responsiveness to clopidogrel (LTPR), which was
defined by criteria of
(1)
itho

lue

73

23
56
78
60
78

eactio
PI > 20%,

(2)
 PRU < 235, and

(3)
 PRU < 262 were shown in Table 3.

Generally, group 1 and 2 showed no significant difference for
the responsiveness to clopidogrel. However, regarding individual
PPIs, group 1 had a significantly higher percentage of patients
with favorable responses to treatment than did group 2 only for
dexlansoprazole under the criteria PI > 20% (51.6% vs 25.0%,
P= .0169) and PRU < 262 (73.0% vs 50.0%, P= .0260).
ut and with PPIs.

Base P value PI P value

244.3±56.3 – 25.7±24.3% –

246.5±55.5 .7809 23.0±25.3% .4315

252.0±60.6 .4472 26.3±26.9% .9004
225.5±52.7 .1323 14.0±21.6% .0297

∗

248.3±40.1 .7856 22.7±27.1% .6440
237.3±82.5 .7532 26.4±31.8% .9217
251.9±78.7 .7215 34.9±21.2% .3011

n unit.

http://links.lww.com/MD/F379
http://links.lww.com/MD/F379
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Table 3

Responsiveness (LTPR) to clopidogrel in patients treated without and with PPIs.

Addictive Models

Criteria in Defining
LTPR

Group 1 Responders
for Treated
without PPI

Group 2 Responders
for Treated
with PPI P value

Crude AR
Difference
(95% CI) P value

Adjusted AR
Difference
(95% CI)† P value

(1) By inhibition >20%
Any PPIs 63/122 (51.6%) 41/90 (45.6%) .3811 6.1% (�7.5–19.7%) 0.3800 3.5% (�10.7–17.7%) .6297
Individual PPI
Lansoprazole 63/122 (51.6%) 23/44 (52.3%) .9425 �0.6% (�17.9– 16.6%) 0.9425 �3.0% (�20.6–14.7%) .7406
Dexlansoprazole 63/122 (51.6%) 6/24 (25.0%) .0169

∗
26.6% (7.2–46.1%) 0.0073

∗
10.5% (2.6–43.6%) .0274

∗

Pantoprazole 63/122 (51.6%) 7/16 (43.8%) .5529 7.9% (�18.0–33.8%) 0.5501 5.6% (�20.5–31.8%) .6722
Esomeprazole 63/122 (51.6%) 8/17 (47.1%) .7134 11.6% (�14.7–38.0%) 0.3863 9.4% (�17.2–36.0%) .4871
Rabeprazole 63/122 (51.6%) 6/8 (75.0%) .2004 �23.4% (�54.7–7.9%) 0.1434 �26.9% (�58.9–5.1%) .0991

(2) By PRU <235
Any PPIs 82/122 (67.2%) 53/90 (58.9%) .2129 8.3% (�4.8– 21.5%) 0.2145 4.1% (�9.8–17.9%) .5657

Individual PPI
Lansoprazole 82/122 (67.2%) 27/44 (61.4%) .4836 5.9% (�10.8–22.5%) 0.4904 1.9% (�15.2– 19.0%) .8274
Dexlansoprazole 82/122 (67.2%) 12/24 (50.0%) .1075 17.2% (�4.5–38.9%) 0.1195 12.0% (�10.7–34.7%) .2989
Pantoprazole 82/122 (67.2%) 8/16 (50.0%) .1741 17.2% (�8.7–43.1%) 0.1923 14.2% (�11.7– 40.0%) .2830
Esomeprazole 82/122 (67.2%) 8/15 (53.3%) .2853 13.9% (�12.7– 40.5%) 0.3062 9.4% (�18.5– 37.3%) .5091
Rabeprazole 82/122 (67.2%) 7/8 (87.5%) .2316 �20.3% (�44.7–4.1%) 0.1030 �25.5% (�50.8–0.2%) .0484

∗

(3) By PRU <262
Any PPIs 89/122 (73.0%) 59/90 (65.6%) .2463 7.4% (�5.2–20.0%) 0.2496 3.1% (�9.6–15.9%) .6296

Individual PPI
Lansoprazole 89/122 (73.0%) 31/44 (66.7%) .7511 2.5% (�13.1–18.1%) 0.7541 �1.1% (�16.3–14.0%) .8843
Dexlansoprazole 89/122 (73.0%) 12/24 (50.0%) .0260

∗
23.0% (1.5–44.5%) 0.0364

∗
15.8% (�6.8–38.4%) .1695

Pantoprazole 89/122 (73.0%) 10/16 (62.5%) .3827 10.5% (�14.6–35.5%) 0.4125 7.8% (�16.0– 31.6%) .5201
Esomeprazole 89/122 (73.0%) 9/15 (60.0%) .2942 13.0% (�13.1–39.0%) 0.3292 6.7% (�20.9–34.1%) .6384
Rabeprazole 89/122 (73.0%) 7/8 (87.5%) .3643 �14.6% (�38.8–9.7%) 0.2393 �21.7% (�46.9–3.5%) .0917

AR= absolute risk, LTPR= low on-treatment platelet reactivity, PPI=proton pump inhibitor.
∗
Statistical significance (P <.05).

†Model was adjusted with covariate of dual antiplatelet use.
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3.4. Regression analyses for responsiveness to clopidogrel

Figure 1 presents the regression analysis results regarding the
interaction between clopidogrel and PPIs. Concerning respon-
siveness to clopidogrel, no significant difference was observed
between the 2 groups in the crude and adjusted models (Table 3).
Regarding individual PPIs, patients treated with dexlansoprazole
and rabeprazole exhibited significant differences in responsive-
ness to treatment compared with those treated without PPIs.
On the criterion PI> 20%, dexlansoprazole was determined to

blunt the antiplatelet effects of clopidogrel in the crude (absolute
risk [AR], 26.6%; 95% confidence interval [CI], 7.2–46.1%;
P= .0073) and adjusted (AR, 10.5%; 95% CI, 2.6–43.6%;
P= .0274) models. On the criterion PRU < 262, patients treated
with dexlansoprazole showed significant differences from those
treated without PPIs in the crude model (AR, 23.0%; 95% CI,
1.5–44.5%; P= .0364) but not in the adjusted model (AR, 7.8%;
95% CI,�16.0 to 31.6%; P= .5201). On the criterion PRU <
235, rabeprazole showed no significant interaction with
clopidogrel in the adjusted model (AR,�25.5%; 95% CI,
�50.8 to 0.2%; P= .0484). In a sensitivity analysis, the
multiplicative model showed the same findings as did the
additive model (Table 4).

4. Discussion

The interaction between clopidogrel and PPIs has been proposed
to be drug-specific because each PPI inhibits CYP2C19 to varying
degrees.[15] Theoretically, the active form of clopidogrel should
be decreased by concomitant treatment with CYP2C19 inhib-
4

itors.[14] Through the VerifyNow P2Y12 assay, this study offers
laboratory evidence regarding the interaction between clopidog-
rel and PPIs for real-world patients with cardiovascular or
cerebrovascular events. Our results are consistent with those
revealed by most large clinical trials,[13,16] which have suggested
no strong interaction between clopidogrel and PPIs in general.
COGENT, the first randomized trial in this topic, did not rule

out clinically significant cardiovascular interactions between
clopidogrel and omeprazole.[13] Omeprazole was reported to
have strong inhibitory effects on CYP2C19 metabolism.[15] Our
results are similar to the findings of COGENT; that is, no
significant interaction existed between clopidogrel and esome-
prazole, a strong CYP2C19 inhibitor.[15,27] Rabeprazole was
associated with the highest proportion of responsiveness to
clopidogrel compared with the other PPIs, although the
corresponding samples were very small. This is consistent with
previous reports that the clearance of rabeprazole is nonenzy-
matic and that rabeprazole is not metabolized by
CYP2C19.[8,15,28]

We observed an interaction between clopidogrel and the weak
CYP2C19 inhibitor dexlansoprazole[15] under the criterion PI >
20%. This finding is explained as follows. Despite being a weak
CYP2C19 inhibitor, dexlansoprazole had pharmaceutical for-
mulation of dual delayed form for 24-hour symptom control and
an extremely short time to peak level.[29] This could be attributed
to the confounding effects of our patients’ CYP2C19 genotype
polymorphisms. Asians were reported to exhibit a higher
frequency of poor metabolizer genotypes (homozygous loss of
function allele) for CYP2C19 (13%–23%) compared with other



Figure 1. Interaction between clopidogrel and proton pump inhibitors in (A) additive, and (B) multiplicative models.
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races (2%–5%).[30] Additionally, pharmacokinetic data obtained
for Japanese patients revealed that the plasma dexlansoprazole
concentration in patients with poor metabolizer phenotypes was
Table 4

Assessment of P2Y12 responsiveness in patients treated without an

Criteria in Defining LTPR Crude OR (95% CI)

(1) Criteria by inhibition >20%
All PPIs 1.28 (0.74–2.20)
Individual PPI
Lansoprazole 0.98 (0.49–1.94)
Dexlansoprazole 3.20 (1.19–8.62)
Pantoprazole 1.37 (0.48–3.92)
Esomeprazole 1.60 (0.54–4.78)
Rabeprazole 0.36 (0.07–1.83)

(2) Criteria by PRU < 235
All PPI 1.43 (0.81–2.52)
Individual PPI
Lansoprazole 1.29 (0.63–2.64)
Dexlansoprazole 2.05 (0.85–4.97)
Pantoprazole 2.05 (0.72–5.86)
Esomeprazole 1.79 (0.61–5.30)
Rabeprazole 0.29 (0.04–2.46)

(2) Criteria by PRU < 262
All PPIs 1.42 (0.79–2.56)
Individual PPI
Lansoprazole 1.13 (0.53–2.42)
Dexlansoprazole 2.70 (1.10–6.60)
Pantoprazole 1.62 (0.55–4.80)
Esomeprazole 1.80 (0.59–5.44)
Rabeprazole 0.39 (0.05–3.25)

LTPR= low on-treatment platelet reactivity, OR= odds ratio, PPI=proton pump inhibitor. Model adjuste
∗
Statistical significance (P <.05).

†Model was adjusted using covariate of dual antiplatelet use.

5

higher than that in those with normal metabolizer phenotypes by
12-fold.[29] The platelet inhibition and patient outcomes trial[17]

also revealed increased outcomes of cardiovascular events among
d with PPIs (multiplicative model).

Multiplicative Model

P value Adjusted OR (95% CI)† P value

.3814 1.15 (0.65–2.04) .6295

.9426 0.89 (0.44–1.81) .7406

.0212
∗

2.78 (0.99–7.74) .0503
.5540 1.26 (0.43–3.64) .6744
.3980 1.47 (0.49–4.44) .4959
.2168 0.31 (0.06–1.63) .1655

.2137 1.20 (0.67–2.17) .5427

.4841 1.10 (0.53–2.229) .8058

.1119 1.63 (0.65–4.10) .2960

.1804 1.80 (0.62–5.22) .2822

.2901 1.53 (0.51–4.61) .4467

.2583 0.23 (0.03–1.99) .1834

.2472 1.13 (0.61–2.10) .6901

.7512 0.91 (0.41–1.99) .8058

.0297
∗

1.93 (0.76–4.86) .1651
.3858 1.80 (0.62–5.22) .2822
.2990 1.45 (0.47–4.50) .5230
.3808 0.28 (0.03–2.35) .2386

d using the covariate of dual antiplatelet use.

http://www.md-journal.com
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groups concomitantly treated with any P2Y12 inhibitor (either
clopidogrel or ticagrelor) and PPIs. PPI use is thus likely to be an
indicator of higher rates of complication.
Compared to the previous studies, the distinction pints in this

study are outlined as follows. First, we provide laboratory
evidence regarding the interaction between clopidogrel and
different types PPIs in real-world patients. Second, a newer PPI of
dexlansoprazole was included in our final analyses. In Taiwan,
dexlansoprazole was firstly introduced in 2014, and its medical
costs were covered by the National Health Insurance program.
Finally, different criteria for responsive to clopidogrel were used.
Our analyses showed no robust interaction between clopidogrel
and PPIs. The sensitivity analysis results using the multiplicative
models were consistent with those obtained using the additive
models. These should increase the validity of our findings.
This study has some limitations. Since this was a retrospective

observational study, some unmeasurable difference between the
group 1 and 2may exist. First, theCYP2C19 polymorphisms was
not examined in our patients. Though dexlansoprazole was
found negatively associated with platelet aggregation, the
confounding effect by poor metabolizer of CYP2C19 cannot
be ruled out. Second, using of VerifyNow P2Y12 assay was
dependent on the discretion of each physician. The cost of
VerifyNow P2Y12 assay is approximately US$150, which is a
relative high price for patients in Taiwan. Physicians may
prescribe this test for more complicated cases. However, the
proportions of patients receiving such PPIs are comparable to
those in previous studies. For the examples, the Prasugrel in
Comparison to Clopidogrel for Inhibition of Platelet Activation
and Aggregation 44 Study and trial to assess improvement in
therapeutic outcomes by optimizing platelet inhibition with
prasugrel thrombolysis in myocardial infarction 38 trials
revealed that 53 (26.4%) and 4529 (33.3%) individuals
concomitantly received P2Y12 inhibitors and PPIs, respective-
ly.[16] Therefore, our 2 groups were comparable and not
confounded by the factor of prescription of VerifyNow P2Y12
assay. Third, the studies were limited to ethnic Asian. The poor
metabolizers of CYP2C19 may be more common in Asians.[30]

Fourth, the sample size was relatively small. This restricted
another analytic approach by propensity score matching.[31,32] In
this study, VerifyNow P2Y12 assay offered the evidence of
clinical phenotype for the interaction between clopidogrel and
PPIs. Studies investigating of interaction between clopidogrel and
PPIs with CYP2C19 polymorphism and large sample size are
needed in the future.
In conclusion, this study of real-world patients provides

laboratory evidence with VerifyNow P2Y 12 assay regarding the
interaction between clopidogrel and PPIs. No robust association
between the 2 was found. Interaction for concomitant use of
dexlansoprazole and clopidogrel in terms of PI may be caused by
confounding effect. This study should improve decision-making
for concomitant use of PPIs and clopidogrel.
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