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Background-—The role of the CYP2C19 genotype on clopidogrel efficacy has been studied widely, with data suggesting reduced
clopidogrel efficacy in loss-of-function variant carriers taking clopidogrel after percutaneous coronary intervention; however, data
are limited regarding the association between CYP2C19 genetic variants and outcomes in stroke patients. We investigated whether
CYP2C19 metabolizer status affects the risk of recurrent stroke or major bleeding in subcortical stroke patients taking dual
antiplatelet therapy with aspirin and clopidogrel.

Methods and Results-—CYP2C19*2 and CYP2C19*17 were genotyped in 522 patients treated with dual antiplatelet therapy from
the Secondary Prevention of Small Subcortical Strokes (SPS3) study. CYP2C19 metabolizer status was inferred from genotype, and
associations with the risk of recurrent stroke and major bleeding were assessed in the overall cohort and by race/ethnic group
with logistic regression modeling. In the overall cohort, there were no differences in outcomes by CYP2C19 metabolizer status
(recurrent stroke, odds ratio 1.81 [95% CI 0.76 to 4.30]; major bleeding, odds ratio 0.67 [95% CI 0.22 to 2.03]). In white
participants, those with CYP2C19 intermediate or poor metabolizer status had higher odds of recurrent stroke (odds ratio 5.19
[95% CI 1.08 to 24.90]) than those with extensive or ultrarapid metabolizer status, but there was no evidence of difference in major
bleeding.

Conclusions-—There were significant differences in recurrent stroke by CYP2C19 genotype-inferred metabolizer status in white
subcortical stroke patients receiving dual antiplatelet therapy with aspirin and clopidogrel, consistent with cardiovascular studies
on CYP2C19 and clopidogrel; however, the bleeding risk that led to early termination of the antiplatelet arm of the SPS3 trial does
not appear to be explained by CYP2C19 genotype. This study was relatively underpowered; therefore, these findings should be
interpreted with caution and warrant replication.

Clinical Trial Registration-—URL: www.clinicaltrials.gov. Unique identifier: NCT00059306. ( J Am Heart Assoc. 2015;4:e001652
doi: 10.1161/JAHA.114.001652)

Key Words: clopidogrel • CYP2C19 • pharmacogenomics • stroke prevention • subcortical stroke

S mall subcortical strokes, also known as lacunar or small
vessel strokes, comprise �25% of cerebral ischemic

strokes.1–3 They often occur at younger ages than other
stroke subtypes,4 are more frequent in persons of Hispanic
descent,5–7 and are among the most common causes of
cognitive impairment and vascular dementia.8–10 Studies have

shown that the recurrence rate for patients experiencing a
small subcortical stroke is 4% to 11% per year11,12 and that
the incidence of vascular dementia is related to the rate of
stroke recurrence.13,14 Consequently, reducing recurrence of
small subcortical strokes may reduce progression of cognitive
impairment, dementia, and functional decline.
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The Secondary Prevention of Small Subcortical Strokes
(SPS3)studywasaclinical trial evaluatingapproaches toprevent
stroke recurrence and included an antiplatelet arm testing
aspirin plus placebo versus dual antiplatelet therapy (DAPT)with
aspirin and clopidogrel, and another arm testing 2 different
systolic blood pressure targets.15 No differences were noted
between the 2 antiplatelet treatments for the study’s primary
and secondary outcomes, which included all strokes, disabling
or fatal stroke, transient ischemic attack without stroke,
myocardial infarction, other thromboembolic events, and
major vascular events.16 However, the risk of major bleeding
was almost doubled in DAPT-treated patients compared with
those who received aspirin plus placebo and led to early
termination of the antiplatelet arm of the study at the recom-
mendation of the data and safety monitoring committee.16

Clopidogrel is commonly used alone or in combination with
aspirin for stroke prevention in at-risk individuals.17,18 It is a
thienopyridine prodrug with a 2-stage activation mediated
largely by the drug-metabolizing enzyme CYP2C19.19 The
active metabolite of clopidogrel specifically and irreversibly
binds to the platelet P2RY12 purinergic receptor, which
inhibits ADP-mediated platelet activation and aggrega-
tion.20,21 The common loss-of-function *2 single nucleotide
polymorphism (SNP) in CYP2C19 has been associated with
decreased conversion of clopidogrel into its active metabo-
lite,22,23 decreased antiplatelet activity based on ex vivo
platelet reactivity testing in on-treatment patients,22,24,25 and
a higher rate of recurrent cardiovascular events in the setting
of percutaneous coronary intervention.24–26 The *17 gain-of-
function SNP in CYP2C19 has been associated in some
studieswith a lower rate of recurrent cardiovascular events27–29

and an increased bleeding risk.28,29 This has led to CYP2C19
genetic testing to define clopidogrel treatment in patients
following percutaneous coronary intervention in some health
systems.30–32

Although evidence shows that the loss-of-function *2 allele in
CYP2C19 significantly affects protection by clopidogrel against
recurrent cardiovascular events, these data arise almost exclu-
sively from patients with preexisting cardiovascular disease (eg,
myocardial infarction, undergoing percutaneous coronary inter-
vention, and/or history of coronary artery disease).24–26 Few
data address the relevance of CYP2C19 SNPs in patients taking
clopidogrel for stroke prevention. The primary SPS3 findings
suggest an absence of efficacy and increased risk associated
with DAPT versus aspirin alone in patients with small subcortical
strokes, and genetic variants in CYP2C19 that contribute to the
bioactivation of clopidogrel may have contributed to these
findings. We sought to investigate whether SNPs in CYP2C19,
particularly the well-described CYP2C19 *2 loss-of-function and
*17 gain-of-function variants, affect the recurrence of stroke or
bleeding in participants from SPS3 who were randomized to
DAPT with aspirin and clopidogrel.

Methods

Study Population
The SPS3 study is an international multicenter randomized
clinical trial evaluating antiplatelet and antihypertensive
approaches to prevent stroke recurrence (ClinicalTrials.gov
identifier NCT00059306). The design of the SPS3 has been
described previously.15 Briefly, 3020 individuals with a recent
(within the last 6 months) symptomatic small subcortical
stroke/ or transient ischemic attack with a corresponding
infarct on magnetic resonance imaging were recruited and
randomized in to the study in a 2 9 2 factorial design to
antiplatelet treatment of 325 mg aspirin daily plus placebo or
325 mg aspirin plus 75 mg clopidogrel daily, and to a systolic
blood pressure target of higher (130 to 149 mm Hg), or lower
(<130 mm Hg). The antiplatelet treatment arm was double-
blinded. The primary outcome of the study was time to
recurrent stroke (ischemic or hemorrhagic). Secondary out-
comes included the rate of cognitive decline and major
vascular events (including ischemic strokes, myocardial
infarction, or vascular death). The primary safety outcome
was major bleeding (major extracranial hemorrhage), which
was defined as serious or life-threatening bleeding requiring
transfusion of red cells or surgery, or resulting in permanent
functional sequelae or death.16 All primary events, the primary
safety outcome, and most secondary outcomes were adjudi-
cated by a blinded events-adjudication committee.15 The
average follow-up time in the antiplatelet arm was 3.4 years
(range 0 to 8.2 years).16

The SPS3-Genetic Substudy (SPS3-GENES) collected DNA
from saliva samples using OG-500 Oragene DNA self-collec-
tion kits (DNA Genotek Inc) from 1139 participants enrolled in
SPS3, with 580 randomized to aspirin plus placebo and 559
randomized to DAPT with aspirin and clopidogrel. The genetic
substudy was approved by the institutional review board at
each study site, and all participants gave written informed
consent for participation in the genetic substudy.

CYP2C19 SNP Genotyping
DNA was isolated from all SPS3-GENES participants using the
prepIT-L2P kit (PT-LP2-45; DNA Genotek Inc). There were 14
participants in SPS3-GENES with inadequate DNA due to poor
sample collection (10 randomized to aspirin plus placebo and
4 randomized to DAPT). Participants who were randomized to
the DAPT group with available DNA (n=555) were genotyped
for CYP2C19*2 (rs4244285) and CYP2C19*17 (rs12248560)
using TaqMan assays (Applied Biosystems). Genotyping was
performed using the QuantStudio polymerase chain reaction
system (Life Technologies). SNP call rates were 97.3% for
CYP2C19*2 and 95.9% for CYP2C19*17. Overall, 106
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samples were run in duplicate, and genotype concordance
rates were >99% for both SNPs. Due to the racial and ethnic
backgrounds of SPS3-GENES participants (the majority self-
identified as white or black), we genotyped only CYP2C19*2
and CYP2C19*17 for this study because allele frequencies for
other CYP2C19 polymorphisms were very low in these
populations (eg, 1000 Genomes data show that CYP2C19*3
[rs4986893] is monomorphic in African, Native American, and
European populations).33

Statistical Methods
Descriptive statistics were computed overall and by geneti-
cally defined race group as mean (SD) or frequency (percent-
age), as appropriate. Race groups were categorized as white,
black, and Hispanic and were determined based on clustering
results from a principal component analysis of genomewide
SNP data. Hardy-Weinberg equilibrium was estimated for each
SNP overall and in each race group using a chi-square test
with 1 degree of freedom.

Participants were categorized into CYP2C19 metabolizer
status based on CY2C19*2 and CYP2C19*17 genotypes as
follows: extensive metabolizer (EM; *1/*1), ultrarapid metab-
olizer (UM; *1/*17, *17/*17), intermediate metabolizer (IM;
*1/*2), and poor metabolizer (PM; *2/*2). There is contro-
versy about the phenotype associated with 1 loss-of-function
allele (*2) and 1 gain-of-function allele (*17) (*2/*17
genotype). The first Clinical Pharmacogenetics Implementa-
tion Consortium guidelines on CYP2C19 and clopidogrel did
not classify this as a genotype with a recommended action.34

The revised guidelines (2013) included the *2/*17 genotype
in the IM group but stated that ambiguity about the functional
consequences remains when someone carries 1 of each of
these alleles (*2 and *17).35 Because of this controversy and
ambiguity, individuals with a *2/*17 genotype (n=29) were
excluded from the analysis. Frequencies of events were
calculated overall and by race group, and by CYP2C19
metabolizer status (ie, UM and EM versus IM and PM).
Logistic regression models were fitted to examine the odds
ratios (ORs; all recurrent strokes or major bleeding) in IM/
PMs compared with EM/UMs (reference group). All models
were adjusted for age and sex, and analyses conducted in the
overall group were also adjusted for genetically defined race.
The overall approach, with adjustment for race, was justified
because no existing evidence suggests differences by race or
ethnicity in the effect of these known variants on protein
function.35 We did not adjust for blood pressure target group
because there were no differences between targets with
respect to reduction of all stroke, disabling or fatal stroke, or
the composite outcome of myocardial infarction or vascular
death.36 Because both CYP2C19*2 and CYP2C19*17 have
been previously associated with other cardiovascular

outcomes, a P value <0.05 was considered significant. All
analyses were conducted using SAS version 9.3 (SAS
Institute).

Based on the CYP2C19 metabolizer frequencies (22% IM/
PM) and the expected event rate in SPS3-GENES (14%), we
estimated that our combined sample of 522 subjects would
provide 80% power to detect ORs of 1.8 in IM/PMs compared
with EM/UMs at a=0.05.

Results
A total of 522 of the 555 subjects randomized to DAPT with
available DNA were successfully genotyped for both
CYP2C19*2 and CYP2C19*17 and available for analysis.
Genotyping failed for 6 participants for CYP2C19*2, for 14
participants for CYP2C19*17, and for 9 participants for both
CYP2C19*2 and CYP2C19*17; 4 participants were excluded
due to a sex mismatch between their genetically defined sex
and reported sex. The baseline demographics and character-
istics for the 522 SPS3-GENES participants are shown in
Table 1. The largest genetically defined race group in SPS3-
GENES was Hispanic (48%), followed by white (37%), and black
(15%). Based on the design of the parent SPS3 trial, the vast
majority of participants had a history of hypertension (88%)
(Table 1). In addition, almost all participants in the SPS3 trial
had an ischemic stroke as the qualifying event (95%)
(Table 1). The SPS3-GENES participants included in this study
were broadly similar to all SPS3 participants regarding clinical
features.

Minor allele frequencies were consistent with the pub-
lished literature, and both SNPs were in Hardy-Weinberg
equilibrium in the overall population and in each race or ethnic
group (white, black, and Hispanic). Table 2 shows the
frequency of CYP2C19 metabolizer status in SPS3-GENES
participants. The metabolizer status frequencies are consis-
tent with those reported previously.35

Table 3 shows the event rates and ORs for recurrent
stroke and major bleeding in the SPS3-GENES participants.
In the overall cohort, the OR suggested an increased risk
for recurrent stroke in IM/PMs compared with EM/UMs
but was not significantly different (OR 1.81 [95% CI 0.76 to
4.30]) (Table 3). In white participants, there was a signif-
icantly increased risk of stroke (all of which were ischemic)
in IM/PMs compared with EM/UMs (OR 5.19 [95% CI 1.08
to 24.90]) (Table 3). Similar trends for an increased
frequency of recurrent stroke in the IM/PM group were
observed in black participants (Table 3). There were no
recurrent strokes among Hispanic IM/PMs. The ORs for
recurrent stroke in each race group and overall are shown
in the Figure. There were no differences in major bleeding
by CYP2C19 metabolizer status overall or in any of the race
groups individually (Table 3).
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Sensitivity analyses that included *2/*17 participants in the
IM category revealed data consistent with those described in
Table 3, although data were no longer statistically significant in
white participants (OR for recurrent stroke was 3.56 [95% CI
0.76 to 16.67]). Additional sensitivity analyses investigating
*17 carriers versus noncarriers were conducted and did not
reveal any statistically significant results (data not shown).

Discussion
The SPS3 trial showed that addition of clopidogrel to standard
aspirin treatment did not reduce the risk of stroke recurrence

but increased the risk of major hemorrhage and death.16

These results of the SPS3 trial led to a recommendation
against routine use of DAPT with clopidogrel and aspirin for
secondary prevention after a subcortical infarct.18 Nonethe-
less, despite the findings of the antiplatelet therapy arm of
SPS3, we believed it was critical to complete our planned
study of the role of CYP2C19 metabolizer status on outcomes
during the SPS3 trial. Most important, given the increased risk
of bleeding observed with DAPT in SPS3, in the context of
existing literature suggesting higher bleeding risk in those
lacking a *2 allele,28,29 it was critical to examine the role of
CYP2C19 on major bleeding events. Furthermore, although
the main antiplatelet trial results demonstrated a lack of
efficacy of DAPT in the small subcortical stroke patient
population, we felt it would be valuable to clarify any
additional contribution of CYP2C19*2 to the risk of vascular
events in SPS3.

In the overall cohort, we did not observe any significant
differences; however, among white participants, we found
that CYP2C19 IM/PMs had higher risk for stroke recurrence
compared with EM/UMs during the follow-up period (aver-
age 3.4 years). These findings are consistent with the
published cardiovascular literature.24–29,37 We did not
observe significant differences in the odds of major bleeding
between the 2 groups, overall or by race or ethnic group. To
our knowledge, this study is the first to investigate the
influence of SNPs in CYP2C19 on stroke recurrence and
major bleeding in clopidogrel-treated patients with small
subcortical stroke. Although DAPT with clopidogrel is
unlikely to be used commonly in small subcortical stroke
patients, our data support the suggestion that the CYP2C19

Table 1. Baseline Demographics and Characteristics in SPS3-GENES Participants Randomized to Dual Antiplatelet Therapy
(Aspirin and Clopidogrel)

Characteristic
White
(n=191)

Black
(n=80)

Hispanic
(n=251)

Overall
(n=522)

Age (y), mean�SD 63.0�10.6 58.5�8.1 63.4�10.9 62.5�10.5

Sex, male 125 (65) 45 (56) 153 (61) 323 (62)

History of

Ischemic heart disease 15 (8) 10 (13) 11 (4) 36 (7)

Hypertension 161 (84) 78 (98) 222 (88) 461 (88)

Diabetes 54 (28) 28 (35) 91 (36) 173 (33)

Previous clinical stroke or transient ischemic attack 9 (7) 3 (4) 7 (3) 19 (4)

Qualifying event

Ischemic stroke 95 (91) 33 (94) 157 (94) 285 (95)

Transient ischemic attack 9 (9) 2 (6) 4 (3) 15 (5)

Use of aspirin at time of qualifying event 42 (23) 21 (28) 49 (20) 112 (22)

Values are presented as number (percentage) unless otherwise noted. SPS3-GENES indicates Secondary Prevention of Small Subcortical Strokes-Genetic Substudy.

Table 2. Frequency of Metabolizer Status in SPS3-GENES
Participants Randomized to the Aspirin and Clopidogrel Dual
Antiplatelet Therapy

Metabolizer Status
White
(n=176)

Black
(n=73)

Hispanic
(n=244)

Overall
(n=493)

UM 57 (32) 25 (31) 44 (18) 126 (26)

EM 78 (44) 26 (33) 156 (64) 260 (52)

IM 34 (19) 18 (31) 42 (17) 94 (19)

PM 7 (4) 4 (5) 2 (1) 13 (3)

EM/UM 135 (77) 51 (70) 200 (82) 386 (78)

IM/PM 41 (23) 22 (30) 44 (18) 107 (22)

Values are presented as number (percentage). Percentages may not add up to 100%
because of rounding. *2/*17 individuals excluded from analysis (n=29). EM indicates
extensive metabolizer (*1/*1); IM, intermediate metabolizer (*1/*2); PM, poor
metabolizer (*2/*2); SPS3-GENES indicates Secondary Prevention of Small Subcortical
Strokes-Genetic Substudy; UM, ultrarapid metabolizer (*1/*17, *17/*17).
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genotype may have played a role in the outcomes observed
in the SPS3 trial.

The effect size we observed in whites for recurrent stroke
in small subcortical stroke patients (OR 5.19) was larger than
those reported previously for recurrent cardiovascular disease
in patients with preexisting cardiovascular disease (ORs for
major adverse cardiovascular events: 1.26 to 1.96; relative
risk for stent thrombosis: 2.58 to 3.82).27,37–39 The study is
relatively small, thus it should not be presumed that a larger
trial in a similar population would lead to an OR of this
magnitude. In addition, many statistical tests were performed,

and although the finding in white participants is consistent
with the published literature on cardiovascular outcomes in
white populations, it is possible that our finding represents a
type 1 statistical error. Evidence that it might not be a type 1
error is supported by other studies that have shown the
CYP2C19 genotype may influence clopidogrel efficacy in
stroke patients with other stroke subtypes.40–42 A study in
625 Chinese ischemic stroke patients found that CYP2C19
loss-of-function allele carriers had a higher risk of subsequent
vascular events versus noncarriers (hazard ratio 2.16 [95% CI
1.31 to 3.56]).40 Similar results were observed in a smaller
study of 53 patients with stroke or transient ischemic
attack,41 and a study of 259 Chinese ischemic stroke patients
showed that CYP2C19 loss-of-function allele carriers had
poorer functional outcomes, using the National Institutes of
Health Stroke Scale and the modified Rankin Scale, compared
with noncarriers.42 These studies, however, were not specific
to subcortical events and likely included many individuals with
atherosclerotic large artery or cardioembolic mechanisms.

A major limitation of our study is that it was
underpowered to detect genotype effect sizes in black
and Hispanic participants because of the small sample size
for black participants and lower-than-expected event rates
for Hispanic participants. The ORs were not estimable in
Hispanic participants because there were no events among
IM/PMs. For black participants, even with small sample
sizes, we still observed effect sizes similar to those
observed in white participants.

In conclusion, we observed significant differences in
recurrent stroke but not major bleeding in white participants
by CYP2C19 metabolizer status in small subcortical stroke
patients taking aspirin plus clopidogrel DAPT. These findings
are consistent with prior studies of CYP2C19 and clopidogrel
in patients with preexisting cardiovascular disease; however,

Table 3. Event Rates and Odds Ratios for Recurrent Stroke and Major Bleeding in SPS3-GENES Participants Randomized to Dual
Antiplatelet Therapy (Aspirin and Clopidogrel) by CYP2C19 Metabolizer Phenotype

Event

White (n=176) Black (n=73) Hispanic (n=244) Overall (n=493)

EM/UM
(n=135)

IM/PM
(n=41)

EM/UM
(n=51)

IM/PM
(n=22)

EM/UM
(n=200)

IM/PM
(n=44)

EM/UM
(n=386)

IM/PM
(n=107)

Recurrent stroke

n (%) 3 (2.2) 4 (9.8) 6 (11.8) 5 (22.7) 8 (4.0) 0 (0.0) 17 (4.4) 9 (8.4)

OR (95% CI) Ref 5.19 (1.08 to 24.90) Ref 3.45 (0.80 to 14.90) Ref † Ref 1.81 (0.76 to 4.30)

Major bleeding

n (%) 6 (4.4) 3 (7.3) 6 (11.8) 0 (0.0) 7 (3.5) 1 (2.3) 19 (4.9) 4 (3.7)

OR (95% CI) Ref 1.54 (0.36 to 6.61) Ref † Ref 0.67 (0.08 to 5.76) Ref 0.67 (0.22 to 2.03)

*2/*17 individuals excluded from analysis (n=29). EM indicates extensive metabolizer (*1/*1); IM, intermediate metabolizer (*1/*2); OR, odds ratio adjusted for age and sex and
genetically defined race in the overall analysis; PM, poor metabolizer (*2/*2); SPS3-GENES indicates Secondary Prevention of Small Subcortical Strokes-Genetic Substudy; UM, ultrarapid
metabolizer (*1/*17, *17/*17).
†No events in the IM/PM group, so the OR and 95% CI cannot be estimated.

Figure. Odds ratios for recurrent stroke in the
CYP2C19 IM/PM phenotype compared with the
EM/UM phenotype in genetically defined white,
black, and Hispanic participants. All odds ratios
were adjusted for age and sex. The odds ratio for
Hispanic participants was not estimable because of
0 events in IM/PM participants. EM indicates
extensive metabolizer; IM, intermediate metaboliz-
er; n/a, not estimable; PM, poor metabolizer; UM,
ultrarapid metabolizer.
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when patients from all race groups were combined, we did not
observe a significant difference in outcomes by metabolizer
status. The influence of CYP2C19 metabolizer status on
recurrent stroke is likely to have minimal clinical implications
because DAPT is not recommended in small subcortical
stroke patients based on the outcome of the primary SPS3
trial.
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