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IMPORTANCE Data are limited regarding the association between CYP2C19 genetic variants
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and clinical outcomes of patients with minor stroke or transient ischemic attack treated
with clopidogrel.
OBJECTIVE To estimate the association between CYP2C19 genetic variants and clinical
outcomes of clopidogrel-treated patients with minor stroke or transient ischemic attack.
DESIGN, SETTING, AND PARTICIPANTS Three CYP2C19 major alleles (*2, *3, *17) were
genotyped among 2933 Chinese patients from 73 sites who were enrolled in the Clopidogrel
in High-Risk Patients with Acute Nondisabling Cerebrovascular Events (CHANCE) randomized
trial conducted from January 2, 2010, to March 20, 2012.
INTERVENTIONS Patients with acute minor ischemic stroke or transient ischemic attack in the

trial were randomized to treatment with clopidogrel combined with aspirin or to aspirin alone.
MAIN OUTCOMES AND MEASURES The primary efficacy outcome was new stroke.
The secondary efficacy outcome was a composite of new composite vascular events
(ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death). Bleeding
was the safety outcome.
RESULTS Among 2933 patients, 1948 (66.4%) were men, with a mean age of 62.4 years.
Overall, 1207 patients (41.2%) were noncarriers and 1726 patients (58.8%) were carriers of
loss-of-function alleles (*2, *3). After day 90 follow-up, clopidogrel-aspirin reduced the rate of
new stroke in the noncarriers but not in the carriers of the loss-of-function alleles (P = .02 for
interaction; events among noncarriers, 41 [6.7%] with clopidogrel-aspirin vs 74 [12.4%] with
aspirin; hazard ratio [HR], 0.51 [95% CI, 0.35-0.75]; events among carriers, 80 [9.4%] with
clopidogrel-aspirin vs 94 [10.8%] with aspirin; HR, 0.93 [95% CI, 0.69 to 1.26]). Similar
results were observed for the secondary composite efficacy outcome (noncarriers: 41 [6.7%]
with clopidogrel-aspirin vs 75 [12.5%] with aspirin; HR, 0.50 [95% CI, 0.34-0.74]; carriers: 80
[9.4%] with clopidogrel-aspirin vs 95 [10.9%] with aspirin; HR, 0.92 [95% CI, 0.68-1.24];
P = .02 for interaction). The effect of treatment assignment on bleeding did not vary
significantly between the carriers and the noncarriers of the loss-of-function alleles (2.3% for
carriers and 2.5% for noncarriers in the clopidogrel-aspirin group vs 1.4% for carriers and 1.7%
for noncarriers in the aspirin only group; P = .78 for interaction).
CONCLUSIONS AND RELEVANCE Among patients with minor ischemic stroke or transient
ischemic attack, the use of clopidogrel plus aspirin compared with aspirin alone reduced the
risk of a new stroke only in the subgroup of patients who were not carriers of the CYP2C19
loss-of-function alleles. These findings support a role of CYP2C19 genotype in the efficacy of
this treatment.
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CYP2C19 Status and Stroke Risk Reduction With Clopidogrel in Patients With TIA

T

he Clopidogrel in High-Risk Patients with Acute Nondisabling Cerebrovascular Events (CHANCE) trial
showed that the combination of clopidogrel with aspirin compared with aspirin alone reduced the risk of stroke
among patients with transient ischemic attack (TIA) or minor
ischemic stroke who can be treated within 24 hours after the
onset of symptoms.1 Clopidogrel, in combination with aspirin, has become a recommended treatment option for
patients with TIA or acute minor stroke.2,3
Clopidogrel requires conversion to an active metabolite by
hepatic cytochrome p450 (CYP) isoenzymes to exert an antiplatelet effect, and polymorphisms of the CYP2C19 gene (OMIM
124020) have been identified as strong predictors of clopidogrel nonresponsiveness.4,5 In the clinical setting the association between CYP2C19 loss-of-function alleles (especially the
most common *2 and *3 variants) and clinical efficacy of clopidogrel has been studied extensively with discordant results.6-8
The CYP2C19 gain-of-function allele (*17) is associated with increased catalytic activity,9 and its influence on clopidogrel
pharmacodynamics and clinical outcomes is unclear.10 Very
limited data are available addressing the effect of CYP2C19 variants on clopidogrel efficacy in stroke, especially in Asian populations, in which the rates of stroke incidence11 and mortality12
are higher compared with white populations. The prevalence
of CYP2C19 loss-of-function variants is also high in Asian
populations.13
In China, there are approximately 3 million new strokes
every year, and approximately 30% of them are minor ischemic strokes.14 TIA is even more common with an estimate
d 23.9 million occurring in 2010, based on a Chinese national
survey.15 Understanding the relationship between CYP2C19
variants and clinical effect of clopidogrel is critically important to optimize treatment for patients with minor stroke
or TIA.
In this study, the efficacy and safety of dual therapy of
clopidogrel and aspirin compared with aspirin alone were
examined according to genotype status among patients in
the trial.

Methods
Study Population and Clinical Outcomes
The protocol and data collection were approved by ethics committees of Beijing Tiantan Hospital and all other study
centers. All participants or representatives provided written
informed consent before being entered into the study. The design and results of the trial have been published previously.1
In brief, the trial was a randomized, double-blind, placebocontrolled multicenter trial conducted in China comparing
clopidogrel (loading dose of 300 mg followed by 75 mg daily
for 3 months) plus aspirin (loading dose of 75-300 mg followed by 75 mg daily for 21 days) vs aspirin alone (loading dose
of 75-300 mg followed by 75 mg daily for 3 months) among
5170 patients with acute TIA or minor ischemic stroke within
24 hours of symptom onset.
The genetic substudy was prespecified. Seventy-three
sites among 114 in the larger trial had prior experience col-
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Key Points
Question Do variations in the CYP2C19 gene, affecting drug
metabolism, modify the benefit of clopidogrel in patients with
minor stroke or transient ischemic attack?
Findings In this preplanned substudy of a randomized clinical trial
that included 2933 adults, clopidogrel in addition to aspirin
reduced the rate of new stroke in noncarriers of the CYP2C19
loss-of-function alleles compared with aspirin alone (6.7% vs
12.4%, a significant difference) but not in carriers (9.4% vs 10.8%,
no significant difference).
Meaning Clopidogrel may not confer additional stroke prevention
compared with aspirin alone for patients with minor stroke and
transient ischemic attack who are carriers of the CYP2C19
loss-of-function alleles.

lecting samples for genetic studies and agreed to participate
in the substudy. A separate consent form was obtained from
patients recruited by these 73 sites. All patients who were
recruited to the parent trial also participated in this genetic
substudy at these sites. The primary efficacy outcome (new
stroke including both ischemic and hemorrhagic stroke) in
the current analyses was the same as that in the trial.1 The
secondary efficacy outcome was the composite outcome, a
new clinical vascular event (ischemic stroke, hemorrhagic
stroke, myocardial infarction, or vascular death), and the
safety outcome was any bleeding.1 All reported efficacy and
safety outcomes were confirmed by a central adjudication
committee that was blinded to the study group assignments.

Genotyping
Three single-nucleotide polymorphisms (SNPs) for CYP2C19
(National Center for Biotechnology Information [NCBI]
Genome build 37.1, GenBank NG_008384), including
CYP2C19* 2 (681G>A, dbSNP rs4244285), CYP2C19* 3
(636G>A, dbSNP rs4986893), and CYP2C19*17 (−806C>T,
dbSNP rs12248560), were genotyped in 3010 participants.
Genotyping of the 3 SNPs was performed using the Sequenom MassARRAY iPLEX platform (Sequenom). Details on
genotyping technology are presented in the Supplement. The
call rate was greater than 98.5% for each of the 3 SNPs. Individuals with complete information for each of the 3 SNPs
were included in the current analyses.
Patients were categorized by CYP2C19 metabolizer status
based on *2, *3, and *17 genotypes using the common consensus star allele nomenclature.16 Patients with at least two
*2 or *3 alleles (*2/*2, *2/*3, or *3/*3) were classified as poor
metabolizers, those with one *2 or *3 allele (*1/*2 or *1/*3)
were classified as intermediate metabolizers, and those without a *2, *3, or *17 allele (*1/*1) were classified as extensive
metabolizers. Individuals carrying at least one *17 allele
(*1/*17 or *17/*17) were classified as ultra-metabolizers.
Because the clinical consequences of one *17 and a loss-offunction allele (ie, *2 or *3) still remains unclear17; these individuals (*2/* 17 or * 3/* 17) were classified as unknown
metabolizers.18 Those with at least 1 loss-of-function allele
(*2 or *3) were classified as loss-of-function allele carriers
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and those with at least 1 gain-of-function allele (*17) were
classified as gain-of-function allele carriers.

netic data, patients included in this study were less likely to
have a history of ischemic stroke, diabetes, and hyperlipidemia (eTable 1 in the Supplement). The proportion of patients
with a diagnosis of acute minor stroke rather than TIA, or taking concomitant antihypertension agents was higher in the
study population compared with the individuals without genetic data.
Among the 2933 participants, 1726 (58.8%) were classified as CYP2C19 loss-of-function carriers. Patient characteristics were similar between the carriers and the noncarriers
and between treatment groups within the carriers or the
noncarriers (Table 1). In this genetic substudy population,
new stroke occurred within 90 days in 8.3% (121 of 1463
patients) in the clopidogrel-aspirin group vs 11.4% (168 of
1470 patients) in the aspirin group (hazard ratio [HR], 0.71
[95% CI, 0.56-0.90]; P = .0045). The benefit of clopidogrelaspirin treatment compared with aspirin alone in patients
with genotype data was similar to that in the parent trial
population with respect to new stroke—the primary efficacy
outcome—as well as the composite efficacy outcome. The
rate of any bleeding with clopidogrel-aspirin compared
with aspirin in the genotyped patients was also similar to
that in the total cohort in the parent trial (eTable 2 in the
Supplement).1

Statistical Analysis
The baseline characteristics of the patients were compared
between treatment groups, with or without genotype data,
and carriers and noncarriers of a CYP2C19 loss-of-function
allele. Proportions were used for categorical variables, and
medians with interquartile ranges were used for continuous
variables. Nonparametric Kruskal-Wallis test was used to
compare group differences for nominal variables, and χ2 tests
for dichotomous variables. Differences in the rate of stroke
(ischemic or hemorrhagic), the secondary composite outcome, or any bleeding during the 90-day follow-up period
were assessed using Cox proportional hazards regression.
Because patients who participated in the current study were
a subset of those in the trial, 2 models were adopted to evaluate whether the estimates would be affected by potential
divergence from the parent study: 1 unadjusted model and 1
adjusted by age, sex, body mass index (BMI; calculated as
weight in kilograms divided by height in meters squared),
previous or current smoker, minor stroke or TIA at randomization, time to randomization, and medical history including ischemic stroke, TIA, hypertension, diabetes, and hyperlipidemia, with pooled study centers (≥20 patients) as a
random effect. Hazard ratios with 95% confidence intervals
are reported. When there were multiple events of the same
type, the time to the first event was used in the model. Data
from patients who had no events during the study were censored at the time of study termination or nonvascular death.
For each model, the proportional hazards assumption was
assessed by testing the interaction between treatment and
time. Whether the treatment effect differed in certain genotype categories was assessed by testing the treatmentby-genotype interaction effect with the use of Cox models
adjusted by the factors mentioned previously. Similar
approaches were performed in sensitivity analyses for outcome subtypes, including ischemic and hemorrhagic stroke,
progressive and recurrent ischemic stroke,19 and subtypes
based on the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) criteria20 including large artery atherosclerosis,
small vessel occlusion, cardiogenic embolism, and other or
undetermined etiology. Safety outcome subtypes, including
severe, moderate, and mild bleeding, which were defined
according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries
(GUSTO) criteria, 1,21 were also examined. All tests were
2-sided, and a P value of .05 was defined to indicate statistical significance. All statistical analyses were performed with
SAS software (SAS Institute), version 9.4.

Results
Study Patients
A total of 3010 patients participated and 2933 of them were
successfully genotyped for all the 3 SNPs (eFigure 1 in the
Supplement). Compared with the trial participants without ge72

Clinical Outcomes
The frequency distribution and rate of new stroke for each
genotype of the three CYP2C19 SNPs are shown in Table 2.
Carriers of the CYP2C19*2 allele were common, accounting
for 52.5% (42.8% for GA and 9.7% for AA genotypes) of the
study population, and 9.0% of the genotyped patients were
*3 carriers (8.9% for GA and 0.1% for AA genotypes). Gainof-function allele carriers (CT or TT genotype) were rare in
this population. The event rates for the composite event and
the safety outcome of any bleeding for each genotype of the
three CYP2C19 SNPs are listed in eTable 3 and eTable 4 in the
Supplement, respectively. The minor allele frequencies for
the CYP2C19 *2, *3, and *17 alleles were 31.1%, 4.6%, and
1.0%, respectively.
Event rates for stroke, the composite secondary outcome, and bleeding varied by treatment assignment and
genotype (Figure 1). Due to the low prevalence of *17 carriers,
the number of patients with ultra or unknown metabolizer
phenotypes was very small in this study population. No
event was observed in the 18 patients with unknown metabolizer phenotype and only 1 ultra metabolizer treated with
aspirin had a new stroke. The hazard ratio for patients with
ultra or unknown metabolizer phenotypes, as well as the
metabolizer phenotype by treatment interaction, were not
estimated.
The effect of clopidogrel-aspirin compared with aspirin
in reducing the rate of stroke was significant in the noncarriers but not in the carriers of the loss-of-function alleles
(rate among noncarriers, 6.7% with clopidogrel-aspirin vs
12.4% with aspirin; HR, 0.51 [95% CI, 0.35-0.75]; rate among
carriers, 9.4% with clopidogrel-aspirin vs 10.8% with aspirin; HR, 0.93 [95% CI, 0.69-1.26]; P = .02 for interaction).
Similar results were observed for the secondary composite
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Table 1. Baseline Characteristics Among Individuals With and Without CYP2C19 Loss-of-Function Alleles Stratified by Treatment Allocation
Carriera

Noncarrierb
Total
(n = 1207)

Aspirin
(n = 598)

ClopidogrelAspirin
(n = 609)

62.5
(55.0-71.2)

62.2
(54.5-70.6)

63.1
(55.5-71.5)

Total
(n = 1726)

Aspirin
(n = 872)

ClopidogrelAspirin
(n = 854)

Age, median (IQR), y

62.3
(54.5-71.2)

62.3
(54.6-71.1)

62.2
(54.4-71.2)

Male, No. (%)

1164 (67.4)

578 (66.3)

586 (68.6)

784 (65.0)

387 (64.7)

397 (65.2)

BMI, median (IQR)

24.5
(22.8-26.5)

24.6
(22.9-26.7)

24.4
(22.6-26.3)

24.5
(22.5-26.6)

24.5
(22.5-26.6)

24.5
(22.5-26.4)

Covariate

Medical history, No. (%)
Ischemic stroke

329 (19.1)

161 (18.5)

168 (19.7)

224 (18.6)

110 (18.4)

114 (18.7)

TIA

48 (2.8)

23 (2.6)

25 (2.9)

42 (3.5)

21 (3.5)

21 (3.4)

Myocardial infarction

35 (2.0)

24 (2.8)

11 (1.3)

16 (1.3)

7 (1.2)

9 (1.5)

Congestive heart failure

24 (1.4)

11 (1.3)

13 (1.5)

25 (2.1)

12 (2.0)

13 (2.1)

Known atrial fibrillation or flutter

22 (1.3)

11 (1.3)

11 (1.3)

26 (2.2)

12 (2.0)

14 (2.3)

4 (0.2)

2 (0.2)

2 (0.2)

4 (0.3)

3 (0.5)

1 (0.2)

1136 (65.8)

567 (65.0)

569 (66.6)

787 (65.2)

386 (64.5)

401 (65.8)

Diabetes mellitus

352 (20.4)

182 (20.9)

170 (19.9)

228 (18.9)

114 (19.1)

114 (18.7)

Hypercholesterolemia

191 (11.1)

94 (10.8)

97 (11.4)

111 (9.2)

55 (9.2)

56 (9.2)

748 (43.3)

368 (42.2)

380 (44.5)

496 (41.1)

241 (40.3)

255 (41.9)

163 (26.8)

Valvular heart disease
Hypertension

Current or previous smoker, No. (%)
Index event, No (%)
TIA
Minor stroke
Time from symptom onset to randomization,
median (IQR)

458 (26.5)

239 (27.4)

219 (25.6)

326 (27.0)

163 (27.3)

1268 (73.5)

633 (72.6)

635 (74.4)

881 (73.0)

435 (72.7)

446 (73.2)

11.5
(6.0-19.0)

12.5
(6.5-20.0)

11.7
(6.5-19.0)

12.0
(6.5-19.5)

12.0
(6.5-19.0)

10.5
(6.0-19.0)

Concomitant medication, No. (%)
Proton pump inhibitors

10 (0.6)

5 (0.6)

5 (0.6)

10 (0.8)

4 (0.7)

6 (1.0)

Antihypertensive agents

653 (37.8)

328 (37.6)

325 (38.1)

452 (37.4)

222 (37.1)

230 (37.8)

Antidiabetes agents

203 (11.8)

103 (11.8)

100 (11.7)

160 (13.3)

81 (13.5)

79 (13.0)

Lipid-lowering agents

754 (43.7)

369 (42.3)

385 (45.1)

496 (41.1)

238 (39.8)

258 (42.4)

CYP2C19 loss-of-function allele (ie, *2 or *3): *1/*2, *1/*3, *2/*2, *2/*3, *3/*3,
*2/*17, or *3/*17.

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); IQR, interquartile range; TIA, transient
ischemic attack.
a

b

Loss-of-function allele carriers were defined as patients with at least one

Loss-of-function noncarriers were defined as patients with no CYP2C19
loss-of-function allele: *1/*1, *1/*17, or *17/*17.

Table 2. Distribution and Event Rates of New Stroke by Genotype for Each of the Three CYP2C19 SNPs
Overall, No. (%)

Aspirin, No. (%)

Clopidogrel-Aspirin, No. (%)

Frequency
(N = 2933)

Event Rate

Frequency
(n = 1470)

Frequency
(n = 1463)

GG

1392 (47.5)

131 (9.4)

692 (47.1)

82 (11.8)

700 (47.9)

GA

1255 (42.8)

130 (10.4)

636 (43.3)

72 (11.3)

619 (42.3)

58 (9.4)

AA

286 (9.7)

28 (9.8)

142 (9.6)

14 (9.9)

144 (9.8)

14 (9.7)

GG

2669 (91.0)

266 (10.0)

1334 (90.7)

156 (11.7)

1335 (91.3)

110 (8.2)

GA

260 (8.9)

22 (8.5)

132 (9.0)

11 (8.3)

128 (8.7)

AA

4 (0.1)

Event Rate

Event Rate

CYP2C19*2 (681G>A)
49 (7.0)

CYP2C19*3 (636G>A)

1 (25.0)

4 (0.3)

1 (25.0)

0

11 (8.6)
NE

CYP2C19*17 (−806C>T)
CC

2875 (98.0)

288 (10.0)

1442 (98.1)

167 (11.6)

1433 (98.0)

121 (8.4)

CT

58 (2.0)

1 (1.7)

28 (1.9)

1 (3.6)

30 (2.0)

0 (0)

Abbreviation: NE, not estimable.

efficacy outcome (Table 3). Treatment assignment was not
associated with bleeding in either carriers or noncarriers
and did not differ between the carriers and the noncarriers

(P = .78 for interaction, Table 3). Similar results were
obtained from the unadjusted and adjusted models, and
therefore only the results from the unadjusted model are
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Figure 1. Clopidogrel-Aspirin vs Aspirin on Clinical Outcome Stratified by Metabolizer Phenotype

Outcome and
Metabolizer
Phenotype
Stroke
Metabolizer phenotype
Poor
Intermediate
Extensive
Ultra
Unknown
Total
Composite event
Metabolizer phenotype
Poor
Intermediate
Extensive
Ultra
Unknown
Total
Bleeding
Metabolizer phenotype
Poor
Intermediate
Extensive
Ultra
Unknown
Total

Aspirin

Clopidogrel-Aspirin

No. of Patients
With Events/Total
Patients (%)

No. of Patients
With Events/Total
Patients (%)

Hazard Ratio
(95% CI)

19/188 (10.1)
75/675 (11.1)
73/579 (12.6)
1/19 (5.3)
0/9 (0.0)
168 (11.4)

17/181 (9.4)
63/664 (9.5)
41/588 (7.0)
0/21 (0.0)
0/9 (0.0)
121 (8.3)

0.84 (0.42-1.69)
0.93 (0.66-1.30)
0.52 (0.35-0.76)
NE
NE
0.71 (0.56-0.90)

.62
.67
<.001

19/188 (10.1)
76/675 (11.3)
73/579 (12.6)
2/19 (10.5)
0/9 (0.0)
170 (11.6)

17/181 (9.4)
63/664 (9.5)
41/588 (7.0)
0/21 (0.0)
0/9 (0.0)
121 (8.3)

0.84 (0.42-1.69)
0.92 (0.66-1.29)
0.52 (0.35-0.76)
NE
NE
0.70 (0.56-0.89)

.62
.63
<.001

4/188 (2.1)
8/675 (1.2)
9/579 (1.6)
1/19 (5.3)
0/9 (0.0)
22 (1.5)

2/181 (1.1)
18/664 (2.7)
15/588 (2.6)
0/21 (0.0)
0/9 (0.0)
35 (2.4)

NE
3.80 (1.25-11.55)
1.59 (0.62-4.07)
NE
NE
1.57 (0.92-2.68)

Favors
ClopidogrelAspirin

Favors
Aspirin
P Value

.005

.003

.02
.33

.10

0.25

0.5

1

2

4

8

16

Hazard Ratio (95% CI)

NE indicates not estimable. Patients with two *2 or *3 alleles (ie, *2/*2, *2/*3,
or *3/*3) were classified as having the poor metabolizer phenotype, those with
one *2 or *3 allele (ie, *1/*2 or *1/*3) were classified as having the intermediate
metabolizer phenotype, those without a *2, *3, or *17 allele (ie, *1/*1) were
classified as having the extensive metabolizer phenotype, those with a single

*17 allele (ie, *1/*17) and *17 homozygotes were classified as having the ultra
metabolizer phenotype. Composite event was defined as a new clinical vascular
event, including ischemic stroke, hemorrhagic stroke, myocardial infarction,
or vascular death. The size of the data markers indicate the sample size of
the subgroup.

presented. The corresponding cumulative risk curves demonstrated findings consistent with the analyses using Cox
models and showed that most events occurred in the first
few days (Figure 2).
Similar trends were observed for outcome subtypes including progressive and recurrent ischemic stroke, large artery atherosclerosis, and small vessel occlusion as shown in
eTable 5 in the Supplement, and the finding for progressive ischemic stroke was statistically significant (P = .04 for interaction effect). There were 20 out of 2933 patients who had concomitant usage of proton pump inhibitors with high events
rates compared with those without proton pump inhibitor usage (eTable 6 in the Supplement).

(10.8% for carriers vs 12.4% for noncarriers; HR, 0.86 [95% CI,
0.66-1.17]; P = .34) or the composite outcome (10.9% for carriers vs 12.5% for noncarriers; HR, 0.86 [95% CI, 0.63-1.16];
P = .32) between carriers and noncarriers were observed in aspirin-treated group. The rate of any bleeding did not vary between carriers and noncarriers from either clopidogrel-aspirin–
treated group (2.3% for carriers vs 2.5% for noncarriers; HR,
0.99 [95% CI, 0.51-1.94]; P = .98) or the group treated with aspirin only (1.4% for carriers vs 1.7% for noncarriers; HR, 0.92
[95% CI, 0.39-2.17]; P = .86).

Secondary Analysis
The association between CYP2C19 loss-of-function carrier status with the clinical outcomes was tested in patients who received clopidogrel-aspirin dual treatment or aspirin only separately. The event rates for both stroke and the composite
outcome (rates were same as for stroke) were higher in carriers compared with noncarriers (9.4% for carriers vs 6.7% for
noncarriers; HR, 1.46 [95% CI, 1.05-2.13]; P = .047) receiving
clopidogrel-aspirin treatment. No difference in either stroke
74

Discussion
In this substudy, the CYP2C19 loss-of-function carrier genotypes were associated with less protection from subsequent
stroke and composite vascular events for patients with acute
minor stroke or TIA treated with clopidogrel and aspirin compared with noncarrier status. The differences in response to
therapy were largely driven by that within the noncarriers.
Increased risk for stroke and composite vascular events was
observed in carriers compared with noncarriers of CYP2C19
loss-of-function alleles in patients treated with clopidogrel-
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Table 3. Effect of Clopidogrel-Aspirin Compared With Aspirin on Clinical Outcome Stratified by CYP2C19 Loss-of-Function Carrier Status
Carriersa

Noncarriersb

No. (%)

No. (%)
ClopidogrelAspirin
Total
Aspirin
Hazard Ratio
(n = 1207) (n = 598) (n = 609)
(95% CI)

P
Value

P Value for
Interaction

Outcome

ClopidogrelAspirin
Total
Aspirin
(n = 1726) (n = 872) (n = 854)

Stroke

174 (10.1) 94 (10.8)

80 (9.4)

0.93
(0.69-1.26)

.64

115 (9.5)

74 (12.4)

41 (6.7)

0.51
(0.35-0.75)

<.01

.02

Composite
eventc

175 (10.1) 95 (10.9)

80 (9.4)

0.92
(0.68-1.24)

.59

116 (9.6)

75 (12.5)

41 (6.7)

0.50
(0.34-0.74)

<.01

.02

Ischemic
stroke

171 (9.9)

78 (9.1)

0.85
(0.63-1.15)

.29

113 (9.4)

74 (12.4)

39 (6.4)

0.51
(0.34-0.75)

<.01

.03

93 (10.7)

Hazard Ratio P
(95% CI)
Value

d

Bleeding

Severe

1 (0.1)

0 (0.0)

1 (0.1)

NE

1 (0.1)

1 (0.2)

0 (0.0)

NE

Moderate

2 (0.1)

0 (0.0)

2 (0.2)

NE

0 (0.0)

0 (0.0)

0 (0.0)

NE

10 (0.6)

2 (0.2)

8 (0.9)

4.05
.08
(0.86-19.05)

16 (1.3)

7 (1.2)

9 (1.5)

1.23
(0.46-3.29)

.69

.20

32 (1.9)

12 (1.4)

20 (2.3)

1.65
(0.80-3.40)

25 (2.1)

10 (1.7)

15 (2.5)

1.42
(0.64-3.15)

.39

.78

Mild
Any bleeding

.17

Abbreviation: NE, not estimable.
a

Loss-of-function allele carriers were defined as patients with at least one
CYP2C19 loss-of-function allele (ie, *2 or *3): *1/*2, *1/*3, *2/*2, *2/*3, *3/*3,
*2/*17, or *3/*17.

b

Loss-of-function noncarriers were defined as patients with no CYP2C19
loss-of-function allele: *1/*1, *1/*17, or *17/*17.

c

Composite event was defined as a new clinical vascular event, including
ischemic stroke, hemorrhagic stroke, myocardial infarction, or vascular death.

d

Bleeding events were defined according to the Global Utilization of

aspirin. The risk of any bleeding for clopidogrel-aspirin treatment compared with aspirin was not modified by the loss-offunction genotype.
There are limited data available addressing the association of CYP2C19 variants with clopidogrel efficacy in stroke.
Three recent small studies reported an association between
CYP2C19*2 loss-of-function allele and elevated risk of poor
outcome in patients receiving clopidogrel.22-24 In a group of
176 white patients with small subcortical stroke who received
clopidogrel and aspirin, CYP2C19*2 loss-of-function allele
was associated with increased risk of stroke compared with
extensive or ultrarapid (*17) metabolizer phenotypes.23 No
such association was observed in either African American or
Spanish patients. Sun and colleagues 2 4 observed an
increased risk of a composite of vascular events (including
vascular death, nonfatal ischemic stroke, and nonfatal myocardial infarction) during 3-month follow-up in carriers compared with noncarriers of CYP2C19*2 or CYP2C19*3 alleles in
a cohort of 625 consecutive patients with ischemic stroke
receiving clopidogrel. No association between bleeding and
carrier status was observed in either of the 2 studies.23,24 The
results from the clopidogrel-aspirin–treated group support
both of their findings. Jia and colleagues22 and Yang and
colleagues. 25 reported an association between CYP2C19
loss-of-function allele (*2 or *3) and elevated adenosinediphosphate–induced platelet aggregation in stroke patients
with clopidogrel treatment. Compared with previous studies,
this study population is larger with increased power and precision. This study included a randomized control group
(patients treated with aspirin only) to evaluate the effect of
genotype status on clopidogrel efficacy whereas the prior

Streptokinase and Tissue Plasminogen Activator for Occluded Coronary
Arteries (GUSTO) criteria as follows: severe bleeding was defined as fatal
or intracranial hemorrhage or other hemorrhage causing hemodynamic
compromise that required blood or fluid replacement, inotropic support,
or surgical intervention; moderate bleeding as bleeding that required
transfusion of blood but did not lead to hemodynamic compromise requiring
intervention; and mild bleeding as bleeding not requiring transfusion and not
causing hemodynamic compromise (eg, subcutaneous bleeding, mild
hematomas, and oozing from puncture sites).

studies were conducted exclusively in patients with clopidogrel treatment (with or without aspirin). Including a randomized control group allowed us to avoid pleiotropic effectof-function alleles and other potential confounding.18
The frequency of CYP2C19 loss-of-function alleles in
this study was 58.8% (1726 of 2933 patients), similar to that
which has been reported in other East Asian populations,24,26
and higher than that in other populations, where it has ranged
from 18% in Mexicans to 33% in African Americans.13,17,27 This
study provided evidence supporting genetic testing that may
allow clinicians to personalize antiplatelet therapy, especially in East Asian patient populations for whom the prevalence of CYP2C19 loss-of-function allele is high. However,
clopidogrel is currently the only approved antiplatelet agent
adjunct to aspirin after stroke or TIA, so there is no existing
alternative in the acute period. Varying the dose of clopidogrel or shifting to new antiplatelet agents (eg, prasugrel) based
on genetic results may be alternatives but have not been adequately evaluated.28
There were several limitations in this study. Because the
baseline data were not available for study participants, it was
not possible to assess the effect of stroke mechanisms on the
pharmacogenetic effect of CYP2C19 observed in this study.
Aspirin resistance is well documented.29 Because aspirin
aggregability function was not tested in this study, it remains
possible that more aspirin-resistant patients were randomly
included in the CYP2C19 loss-of-function carriers, and therefore influenced the patients’ outcomes in this group. The
event rates for bleeding were very low in this population;
therefore the statistic power was limited to detect any association with this safety outcome. In addition, this study was
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Figure 2. Cumulative Probability of Stroke, Composite Event, and Bleeding According to Loss-of-Function
Allele Carrier Status
A New stroke
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conducted exclusively among Chinese patients, therefore the
results may not apply to other settings.
76

651
644
465
439

Loss-of-function allele carriers were
defined as patients with at least 1
loss-of-function allele (ie, *2 or *3):
*1/*2, *1/*3, *2/*2, *2/*3, *3/*3, *2/*17,
or *3/*17; loss-of-function allele
noncarriers were defined as patients
with no loss-of-function allele: *1/*1,
*1/*17, or *17/*17. Composite event
was defined as a new clinical vascular
event, including ischemic stroke,
hemorrhagic stroke, myocardial
infarction, or vascular death.

The ongoing Platelet-Oriented Inhibition in New TIA
and Minor Ischemic Stroke (POINT) trial, sponsored by the
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National Institutes of Health, which is similar to this trial, is
currently enrolling patients at sites primarily in North America
and Europe. The POINT trial is assessing a higher loading dose
of clopidogrel (600 mg) and a narrower time window (treatment within 12 hours after symptom onset).30 It will be important to compare the association of CYP2C19 variants with
efficacy of clopidogrel in a different population before applying these results to non-Asian populations, particularly given
the variability in results of cardiovascular studies.

ARTICLE INFORMATION
Published Online: June 23, 2016.
doi:10.1001/jama.2016.8662.
Author Affiliations: Department of Neurology,
Beijing Tiantan Hospital, Capital Medical University,
Beijing, China (Yilong Wang, Zhao, J. Lin, Li, Pan,
Liu, C. Wang, Meng, Yongjun Wang); China National
Clinical Research Center for Neurological Diseases,
Beijing, China (Yilong Wang, Zhao, J. Lin, Li, Pan,
Liu, C. Wang, Meng, Yongjun Wang); Center of
Stroke, Beijing Institute for Brain Disorders, Beijing,
China (Yilong Wang, Zhao, J. Lin, Li, Pan, Liu,
C. Wang, Meng, Yongjun Wang); Beijing Key
Laboratory of Translational Medicine for
Cerebrovascular Disease, Beijing, China
(Yilong Wang, Zhao, J. Lin, Li, Pan, Liu, C. Wang,
Meng, Yongjun Wang); Dell Medical School,
University of Texas at Austin, Austin (Johnston);
Department of Neurology and Institute of
Neurology, First Affiliated Hospital, Fujian Medical
University, Fuzhou, China (Y. Lin); Illinois
Neurological Institute Stroke Network, OSF
Healthcare System, University of Illinois College of
Medicine, Peoria, Illinois (D. Wang); Fudan Institute
of Urology, Hushan Hospital, Fudan University,
Shanghai, China (Xu); Program for Personalized
Cancer Care, NorthShore University HealthSystem,
Evanston, Illinois (Xu).
Author Contributions: Drs Yilong Wang and
Yongjun Wang had full access to all of the data in
the study and takes responsibility for the integrity
of the data and the accuracy of the data analysis.
Drs Yilong Wang and Zhao contributed equally to
this work.
Study concept and design: Y. Wang, Zhao, Li,
Johnston, Liu, C. Wang, Xu, Yongjun Wang.
Acquisition, analysis, or interpretation of data:
Y. Wang, J. Lin, Li, Y. Lin, Pan, D. Wang, Meng, Xu,
Yongjun Wang.
Drafting of the manuscript: Y. Wang, J. Lin, Y. Lin,
D. Wang, C. Wang, Yongjun Wang.
Critical revision of the manuscript for important
intellectual content: Zhao, Li, Johnston, Pan, Liu,
Meng, Xu.
Statistical analysis: Li, Johnston, Pan, Xu.
Obtained funding: Johnston, Yongjun Wang.
Administrative, technical, or material support:
Y. Wang, Zhao, J. Lin, Johnston, Y. Lin, Liu, D. Wang,
Meng, Xu, Yongjun Wang.
Study supervision: Zhao, Johnston, Liu, C. Wang,
Yongjun Wang.
Conflict of Interest Disclosures: All authors have
completed and submitted the ICMJE Form for
Disclosure of Potential Conflicts of Interest.
Dr Johnston reports receiving support from Sanofi
and AstraZeneca. No other disclosures were
reported.

Original Investigation Research

Conclusions
Among patients with minor ischemic stroke or transient ischemic attack, the use of clopidogrel plus aspirin compared
with aspirin alone reduced the risk of a new stroke only in the
subgroup of patients who were not carriers of the CYP2C19 lossof-function alleles. These findings support a role of CYP2C19
genotype in the efficacy of this treatment.

Funding/Support: The study is supported by
grants from the Ministry of Science and Technology
of the People’s Republic of China (2006BAI01A11,
2011BAI08B01, 2011BAI08B02, 2012ZX09303005-001, and 2013BAI09B03), the Beijing Biobank
of Cerebral Vascular Disease (D131100005313003),
the Beijing Institute for Brain Disorders
(BIBD-PXM2013_014226_07_000084), the
National Natural Science Foundation of China (No.
81322019), the China Postdoctoral Science
Foundation (No. 2014T70093), the Natural Science
Foundation of Fujian Province (No. 2015J01394),
the Beijing Municipal Science and Technology
Commission (No. Z141107002514125), and the
Shanghai Municipal Commission of Health and
Family Planning (No. 20124035) and supported
from the Ellrodt-Schweighauser Family Chair of
Cancer Genomic Research of NorthShore University
HealthSystem (Dr Xu).
Role of the Funder/Sponsor: The funding agencies
had no role in the design and conduct of the study,
in the collection, analysis, and interpretation of the
data, or in the preparation, review, or approval of
the manuscript.
Group Information: The CHANCE investigators are
Yongjun Wang (Beijing Tiantan Hospital, Principal
Investigator); S. Claiborne Johnston (Dell Medical
School, University of Texas at Austin, Co-Principal
Investigator); Yilong Wang (Beijing Tiantan
Hospital, Executive Committee); Xingquan Zhao
(Beijing Tiantan Hospital); Zhimin Wang (Taizhou
First People’s Hospital); Haiqin Xia (Taiyuan Iron
And Steel [Group] Company, General Hospital); Bin
Li (Dagang Oilfield Gengeal Hospital); Guiru Zhang
(Penglai People’s Hospital); Xudong Ren (Third
People’s Hospital of Datong); Chunling Ji (Fourth
Central Hospital of Tianjin); Guohua Zhang (Second
Hospital of Hebei Medical University); Jianhua Li
(First Hospital of Fangshan District, Beijing); Bohua
Lu (Beijing Puren Hospital); Liping Wang (Tianjin
Ninghe District Hospital); Shutao Feng (People’s
Hospital of Zhengzhou); Dali Wang (Affiliated
Hospital of North China Coal Medical College);
Weiguo Tang (Zhejiang Zhoushan Hospital); Juntao
Li (Han Dan Central Hospital); Hongtian Zhang
(Zhecheng People’s Hospital); Guanglai Li (Shanxi
Medical University Second Hospital); Baojun Wang
(Baotou Central Hospital); Yuhua Chen (General
Hospital of Changjiang River Shipping); Ying Lian
(Dalian Economic and Technological Development
Zone Hospital); Bin Liu (First Neurology
Department, Affiliated Hospital of North China Coal
Medical College); Junfang Teng (First Affiliated
Hospital of Zhengzhou University); Rubo Sui (First
Affiliated Hospital of Liaoning Medical); Lejun Li
(Lianyungang Municipal Hospital of TCM); Zhiling
Yuan (Central Hospital in Qiu County); Dawei Zang
(Tianjin First Center Hospital); Zuneng Lu (Renmin
Hospital of Wuhan University); Li Sun (Qingdao

jama.com

Central Hospital); Dong Wang (Baogang Hospital);
Liying Hou (Changzhi City People’s Hospital of
Shanxi Province); Dongcai Yuan (HaLixun
International Peace Hospital); Yongliang Cao
(People’s Hospital of Linzi District, Zibo); Hui Li
(Yantai City Yantai Mountain Hospital); Xiuge Tan
(Beijing Pinggu District Hospital); Huicong Wang
(Taiyuan Central Hospital); Haisong Du (Chengde
Central Hospital); Mingyi Liu (Shijiazhuang Central
Hospital); Suping Wang (First Neurology
Department, Dalian Municipal Central Hospital);
Qiuwu Liu (Xian 141 Hospital); Zhong Zhang
(Chengdu Third Municipal People’s Hospital); Qifu
Cui (Affiliated Hospital of Chifeng University);
Runqing Wang (Zhengzhou Central Hospital); Jialin
Zhao (Ningbo City, Zhejiang Province Lihuili
Hospital Medical Center); Jiewen Zhang (Henan
Provincial People’s Hospital); Jianping Zhao
(Jinzhong City Second Hospital); Qi Bi (Beijing
Anzhen Hospital, Capital Medical University); Xiyou
Qi (Beijing Huairou District Chinese Medicine
Hospital); Junyan Liu (Hebei Medical University
Third Hospital); Changxin Li (First Affiliated
Hospital Shanxi Medical University); Ling Li (Hebei
Provincial People’s Hospital); Xiaoping Pan
(Guangzhou First Municipal Peoples Hospital);
Junling Zhang (Central Hospital in Cangzhou);
Derang Jiao (Chinese People’s Armed Police Force
Medical School Affiliated Hospital); Zhao Han
(Zhejiang Wenzhou Medical College First Affiliated
Hospital); Dawei Qian (Jilin Central Hospital); Jin
Xiao (Anhui Maanshan Central Hospital); Yan Xing
(Beijing Aviation Industry Central Hospital);
Huishan Du (Luhe Hospital, Tongzhou District,
Beijing); Guang Huang (Beijing Fuxing Hospital,
Capital Medical University); Yongqiang Cui (306th
Hospital of P. L. A.); Yan Li (First Affiliated Hospital
of Tianjin University of Chinese Medicine); Lianyuan
Feng (Baiqiuen International Peace Hospital of
People’s Liberation Army); Lianbo Gao (Fourth
Affiliated Hospital of China Medical University); Bo
Xiao (Xiangya Hospital Central‐South University);
Yibin Cao (Tangshan Worker’s Hospital); Yiping Wu
(First Hospital in Handan); Jinfeng Liu (Yangquan
Coal [Group] Company, General Hospital); Zhiming
Zhang (Tianjin Tianhe Hospital); Zhengxie Dong
(Nantong First People’s Hospital); Limin Wang (First
Hospital of Zhangjiakou City); Li He (West China
Hospital, Sichuan University); Xinchen Wang
(Second Affiliated Hospital of Shandong University
of TCM); Xueying Guo (Fenyang Hospital of Shanxi
Province); Ming Wang (Zhejiang Zhoushan Putuo
District People’s Hospital); Xiaosha Wang (Xiyuan
Hospital of China Academy of Chinese Traditional
Medicine); Jiandong Jiang (No. 2 People’s Hospital
East in Lianyungang City); Renliang Zhao (Affiliated
Hospital of Qingdao University Medical College);
Shengnian Zhou (Qilu Hospital of Shandong
University); HaoHu (Zibo Hospital of Traditional
Chinese Medicine); Maolin He (Beijing Shijitan

(Reprinted) JAMA July 5, 2016 Volume 316, Number 1

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a New York University User on 07/11/2016

77

Research Original Investigation

CYP2C19 Status and Stroke Risk Reduction With Clopidogrel in Patients With TIA

Hospital); Fengchun Yu (Beijing Haidian Hospital);
Quping Ouyang (Beijing Shunyi District Hospital);
Jingbo Zhang (Dalian Third Municipal Hospital);
Anding Xu (First Affiliated Hospital of Jinan
University); Xiaokun Qi (Navy General Hospital
of P. L. A.); Lei Wang (Beijing Second Artillery
General Hospital); Fuming Shi (Beijing Daxing
District Hospital); Fuqiang Guo (Sichuan Province
People’s Hospital); Jianfeng Wang (Dalian Municipal
Central Hospital); Fengli Zhao (Second Hospital in
Baoding); Ronghua Dou (Hospital Combine
Traditional Chinese and Western Medicine in Cang
zhou); Dongning Wei (309th Hospital of P. L. A.);
Qingwei Meng (Liangxiang Hospital of Fangshan
District, Beijing); Yilu Xia (HuaXin Hospital First
Hospital of Tsinghua University); ShiminWang
(Tianjin Huanhu Hospital); Zhangcang Xue
(Shijiazhuang First Hospital); Yuming Xu (First
Affiliated Hospital of Zhengzhou University); Liping
Ma (Xinzhou City People’s Hospital); Chun Wang
(Sichuan Province People’s Hospital of Deyang
City); Jiang Wu (First Hospital, Jilin University);
Yifeng Du (Shandong Provincial Hospital); Yinzhou
Wang (Fujian Province Hospital); Lijun Xiao
(Liaoyang City Third People’s Hospital); Fucong
Song (Handan City Center Hospital); Wenli Hu
(Beijing Chaoyang Hospital, Capital Medical
University); Zhigang Chen (Beijing University of
Chinese Medicine East Hospital); Qingrui Liu (Hebei
Medical University Fourth Hospital); Jiemin Zhang
(Fourth Affiliated Hospital of Soochow University);
Mei Chen (Zhejiang University of Chinese Medicine
Affiliated First Hospital); Xiaodong Yuan (Affiliated
Hospital of Kailuan Company Ltd); Zhihui Liu
(Affiliated Hospital of Weifang Medical University);
Guozhong Li (First Hospital of Harbin Medical
University); Xiaohong Li (Dalian Friendship
Hospital); Tingchen Tian (Tianjin Dagang Hospital).
REFERENCES
1. Wang Y, Wang Y, Zhao X, et al; CHANCE
Investigators. Clopidogrel with aspirin in acute
minor stroke or transient ischemic attack. N Engl J
Med. 2013;369(1):11-19.
2. Kernan WN, Ovbiagele B, Black HR, et al.
Guidelines for the prevention of stroke in patients
with stroke and transient ischemic attack:
a guideline for healthcare professionals from the
American Heart Association/American Stroke
Association. Stroke. 2014;45(7):2160-2236.
3. Wang YJ, Zhang SM, Zhang L, et al. Chinese
guidelines for the secondary prevention of ischemic
stroke and transient ischemic attack 2014. Chin J
Neurol. 2014;48(4):258-273. in Chinese.
4. Hulot JS, Bura A, Villard E, et al. Cytochrome
P450 2C19 loss-of-function polymorphism is a
major determinant of clopidogrel responsiveness in
healthy subjects. Blood. 2006;108(7):2244-2247.

78

5. Mega JL, Close SL, Wiviott SD, et al. Cytochrome
p-450 polymorphisms and response to clopidogrel.
N Engl J Med. 2009;360(4):354-362.

18. Paré G, Mehta SR, Yusuf S, et al. Effects of
CYP2C19 genotype on outcomes of clopidogrel
treatment. N Engl J Med. 2010;363(18):1704-1714.

6. Bauer T, Bouman HJ, van Werkum JW, Ford NF,
ten Berg JM, Taubert D. Impact of CYP2C19 variant
genotypes on clinical efficacy of antiplatelet
treatment with clopidogrel: systematic review and
meta-analysis. BMJ. 2011;343:d4588.

19. Li Z, Wang Y, Zhao X, et al. Treatment effect of
clopidogrel plus aspirin within 12 hours of acute
minor stroke or transient ischemic attack. J Am
Heart Assoc. 2016;4(3):e003038.

7. Holmes MV, Perel P, Shah T, Hingorani AD,
Casas JP. CYP2C19 genotype, clopidogrel
metabolism, platelet function, and cardiovascular
events: a systematic review and meta-analysis. JAMA.
2011;306(24):2704-2714.
8. Osnabrugge RL, Head SJ, Zijlstra F, et al.
A systematic review and critical assessment of 11
discordant meta-analyses on reduced-function
CYP2C19 genotype and risk of adverse clinical
outcomes in clopidogrel users. Genet Med. 2015;17
(1):3-11.
9. Sim SC, Risinger C, Dahl ML, et al. A common
novel CYP2C19 gene variant causes ultrarapid drug
metabolism relevant for the drug response to
proton pump inhibitors and antidepressants. Clin
Pharmacol Ther. 2006;79(1):103-113.
10. Trenk D, Hochholzer W. Genetics of platelet
inhibitor treatment. Br J Clin Pharmacol. 2014;77
(4):642-653.
11. Simon T, Verstuyft C, Mary-Krause M, et al.
Genetic determinants of response to clopidogrel
and cardiovascular events. N Engl J Med. 2009;360
(4):363-375.
12. Wang YL, Wu D, Liao X, Zhang W, Zhao X,
Wang YJ. Burden of stroke in China. Int J Stroke.
2007;2(3):211-213.
13. Kitzmiller JP, Groen DK, Phelps MA, Sadee W.
Pharmacogenomic testing: relevance in medical
practice: why drugs work in some patients but not
in others. Cleve Clin J Med. 2011;78(4):243-257.
14. Zhao D, Liu J, Wang W, et al. Epidemiological
transition of stroke in China: 21-year observational
study from the Sino-MONICA-Beijing Project. Stroke.
2008;39(6):1668-1674.
15. Wang Y, Zhao X, Jiang Y, et al. Prevalence,
knowledge, and treatment of transient ischemic
attacks in China. Neurology. 2015;84(23):2354-2361.
16. Scott SA, Sangkuhl K, Stein CM, et al. Clinical
Pharmacogenetics Implementation Consortium
guidelines for CYP2C19 genotype and clopidogrel
therapy: 2013 update. Clin Pharmacol Ther. 2013;94
(3):317-323.
17. Scott SA, Sangkuhl K, Gardner EE, et al. Clinical
Pharmacogenetics Implementation Consortium
guidelines for cytochrome P450-2C19 (CYP2C19)
genotype and clopidogrel therapy. Clin Pharmacol
Ther. 2011;90(2):328-332.

20. Adams HP Jr, Bendixen BH, Kappelle LJ, et al.
Classification of subtype of acute ischemic stroke.
Stroke. 1993;24(1):35-41.
21. An international randomized trial comparing
4 thrombolytic strategies for acute myocardial
infarction. N Engl J Med. 1993;329(10):673-682.
22. Jia DM, Chen ZB, Zhang MJ, et al. CYP2C19
polymorphisms and antiplatelet effects of
clopidogrel in acute ischemic stroke in China. Stroke.
2013;44(6):1717-1719.
23. McDonough CW, McClure LA, Mitchell BD, et al.
CYP2C19 metabolizer status and clopidogrel
efficacy in the Secondary Prevention of Small
Subcortical Strokes (SPS3) study. J Am Heart Assoc.
2015;4(6):e001652.
24. Sun W, Li Y, Li J, et al. Variant recurrent risk
among stroke patients with different CYP2C19
phenotypes and treated with clopidogrel. Platelets.
2015;26(6):558-562.
25. Yang J, Zhao HD, Tan J, Ding YL, Gu ZQ, Zou JJ.
CYP2C19 polymorphism and antiplatelet effects of
clopidogrel in Chinese stroke patients. Pharmazie.
2013;68(3):183-186.
26. Wei W, Fang L, Wang N, Zhang T, Zeng JB,
Lin MT. Prevalence of CYP2C19 polymorphisms
involved in clopidogrel metabolism in Fujian Han
population [in Chinese]. Zhonghua Yi Xue Yi Chuan
Xue Za Zhi. 2012;29(4):420-425.
27. Hasan MS, Basri HB, Hin LP, Stanslas J. Genetic
polymorphisms and drug interactions leading to
clopidogrel resistance: why the Asian population
requires special attention. Int J Neurosci. 2013;123
(3):143-154.
28. Roberts JD, Wells GA, Le May MR, et al.
Point-of-care genetic testing for personalisation of
antiplatelet treatment (RAPID GENE):
a prospective, randomised, proof-of-concept trial.
Lancet. 2012;379(9827):1705-1711.
29. Collet JP, Montalescot G. Platelet function
testing and implications for clinical practice.
J Cardiovasc Pharmacol Ther. 2009;14(3):157-169.
30. Platelet-Oriented Inhibition in New TIA
and Minor Ischemic Stroke (POINT) trial website.
http://www.pointtrial.org. Accessed October 4, 2015.

JAMA July 5, 2016 Volume 316, Number 1 (Reprinted)

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a New York University User on 07/11/2016

jama.com

