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Background and Purpose  Research suggests that CYP2C19 loss-of-function (LoF) alleles 
impede the metabolism of clopidogrel. However, there is limited research on the relationship 
between these alleles and the risk of stroke or transient ischemic attack (TIA) recurrence in 
patients taking clopidogrel. This updated meta-analysis aims to evaluate the relationship be-
tween CYP2C19 LoF alleles and the risk of stroke or TIA recurrence among patients receiving 
clopidogrel.
Methods  Relevant literature was obtained from searches of PubMed, Scopus, Cochrane 
Central Register Controlled Trials (CENTRAL), and Embase. The outcome measures of in-
cluded studies were stroke or TIA, composite vascular events as an efficacy, and bleeding as a 
safety outcome. This meta-analysis was conducted in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (PROSPERO ID: 
CRD42024564771).
Results  An analysis of 28 studies encompassing 11,401 patients treated with clopidogrel fol-
lowing stroke or TIA revealed that carriers of CYP2C19 LoF alleles had significantly higher 
risk of stroke recurrence compared to non-carriers (risk ratio [RR], 1.89; 95% confidence in-
terval [CI]: 1.55–2.32). Composite vascular events were also significantly more frequent in 
carriers of the CYP2C19 LoF allele than in non-carriers (RR, 1.54; 95% CI: 1.16–2.04). Both 
observational studies (RR, 2.20; 95% CI: 1.74–2.79) and post-hoc analyses of randomized con-
trolled trials (RR, 1.44; 95% CI: 1.04–1.99) demonstrated significantly increased recurrence 
risk among carriers of these alleles. This risk was especially pronounced in Asian populations 
(RR, 1.97; 95% CI: 1.60–2.43). There was insufficient data specific to other ethnic groups for 
definite conclusions. The incidence of bleeding events was similar between groups.
Conclusions  Carriers of CYP2C19 LoF alleles treated with clopidogrel had a higher risk of 
stroke or TIA recurrence than non-carriers. This risk was higher in Asian populations.
Keywords  ‌�humans; alleles; clopidogrel; ischemic stroke; transient ischemic attack;  

cytochrome.
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INTRODUCTION

Clopidogrel is a P2Y12 inhibitor prodrug that is metabo-
lized into its active form, primarily by cytochrome P450 
2C19 (CYP2C19), which irreversibly inhibits platelet ag-
gregation.1 When used alone or in combination with aspi-
rin, clopidogrel has proven effective for secondary preven-
tion after ischemic stroke or transient ischemic attack (TIA).2 
However, the CYP2C19 gene exhibits polymorphism, and 
its loss-of-function (LoF) alleles are associated with the poor 
metabolism of clopidogrel. This genetic variant alters indi-
vidual responses to clopidogrel, resulting in a significant stroke 
recurrence rate among those treated with clopidogrel, in-
cluding patients receiving dual-antiplatelet treatment.3

Previous research has found that carriers of the CYP2C19 
LoF alleles with either stable coronary artery disease (CAD) 
or acute coronary syndrome (ACS) have an increased risk of 
mortality or the recurrence of cardiovascular diseases when 
treated with clopidogrel.4,5 Consequently, the latest clinical 
guidelines recommend using CYP2C19 genotyping to guide 
the selection of P2Y12 inhibitors in patients with ACS.6

In contrast, data on patients with ischemic stroke, includ-
ing TIA are limited. The underlying mechanisms of stroke 
appear to be less dependent on platelet activation than those 
of CAD, and antiplatelet therapy following stroke carries a 
higher risk of intracranial hemorrhage.7 Therefore, the im-
pact of CYP polymorphism on ischemic stroke or TIA may 
differ from its impact on CAD. Two previous studies suggest 
that reduced CYP2C19 function is linked to higher rates of 
stroke recurrence and worse outcomes in ischemic stroke 
patients.8,9 However, another study found no such associa-
tion.10 As a result, the relationship between genetic polymor-
phisms and diminished clopidogrel response in patients with 
ischemic stroke or TIA remains unclear.

The recent PLATELET trial was a genetic study on the im-
pact of the CYP2C19 genotype on cardiovascular events 
among a large sample of approximately 2,500 Korean stroke 
patients.11 While this study provided valuable insights into 
the effects of the CYP2C19 genotype on cardiovascular out-
comes, the broader applicability of its findings to the global 
population and existing evidence base is uncertain. By up-
dating this meta-analysis to include this trial and other re-
cent studies, we aim to address gaps in the literature, enhance 
the statistical power of our results, and provide a more com-
prehensive assessment of the relationship between CYP2C19 
polymorphisms and clinical outcomes in clopidogrel-treat-
ed patients who have suffered an ischemic stroke or TIA. 
We conducted a systematic review and updated meta-anal-
ysis of existing studies to evaluate the relationship between 
CYP2C19 genetic polymorphisms, and stroke or TIA recur-

rence, composite vascular events, and bleeding in ischemic 
stroke or TIA patients receiving clopidogrel.

METHODS

This meta-analysis was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines, and the methodologies 
detailed in the Cochrane Handbook for Systematic Reviews 
for reviewing intervention studies.12,13 We systematically ex-
tracted data and evaluated the validity of the studies follow-
ing these protocols. The protocol for this review was regis-
tered with PROSPERO (PROSPERO ID: CRD42024564771).

Search strategy and eligibility criteria
We performed a comprehensive search of the PubMed 
(MEDLINE), Scopus, Embase, and Cochrane Central Reg-
ister of Controlled Trials (CENTRAL) databases, and a 
manual review of the references from all identified publica-
tions. The date range of our searches was the inception of 
the database to April 15, 2025. Our searches imposed no lan-
guage restrictions on the results. The search strategies are 
shown in more detail in Supplementary Table 1 (in the on-
line-only Data Supplement). The purpose of the search was 
to identify studies that have examined the relationship be-
tween genetic polymorphism in clopidogrel-treated isch-
emic stroke or TIA patients and assessed clopidogrel efficacy 
and safety in this patient population. 

The study inclusion criteria were as follows: 1) Any origi-
nal study about clopidogrel use in ischemic stroke or TIA 
patients; 2) Retrospective and prospective cohort studies, 
randomized clinical trials (RCTs), and post-hoc analyses of 
RCTs (in nested RCTs, only participants who received clopi-
dogrel were included in our meta-analysis); 3) Outcome mea-
sures that included at least one of the two clinical endpoints 
of efficacy and safety. Efficacy was defined as either recurrent 
stroke or TIA, composite vascular events, including myocar-
dial infarction or vascular death. Safety was defined as any 
other clinically significant bleeding, as defined by the Global 
Use of Strategies to Open Occluded Arteries (GUSTO)14; and 
4) Studies that compared clinical outcomes between carri-
ers and non-carriers of CYP2C19 LoF alleles and studies 
about the influence of genetic polymorphism other than 
CYP2C19 on clopidogrel efficacy. The study exclusion cri-
teria were as follows: 1) Studies involving patients treated 
with clopidogrel for vascular conditions other than isch-
emic stroke or TIA; 2) Studies that included only one patient 
group treated with clopidogrel or alternative antiplatelets, 
without examining genetic polymorphism; and 3) Articles 
categorized as editorials, reviews, letters, or case reports. 
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Data extraction 
Two of the authors, H.P. and Y.H.J., both stroke neurologists, 
conducted the initial screening of the databases for titles and 
abstracts to identify studies eligible for further review. A 
third author, T-J.S., resolved any disagreements between the 
reviewers by reaching a consensus. We collected data from 
the included studies on publication characteristics, study 
locations, design, participant inclusion criteria, participant 
demographics, sample sizes, treatment dosages and dura-
tions, genotypes, the proportions of participants included in 
pharmacogenetic analyses, follow-up durations and com-
pleteness, and the efficacy and safety outcomes. 

Data extraction was conducted independently by two au-
thors (H.P. and Y.H.J.) using a standardized form, with as-
sistance and oversight from K.Y.L. and T-J.S. Any discrep-
ancies were reviewed by a third author, T-J.S., and resolved 
once consensus was reached. The primary endpoint was stroke 
recurrence, which was categorized as either ischemic stroke 
(worsening of the index stroke or the onset of a new focal 
neurological deficit), hemorrhagic stroke, or TIA. The sec-
ondary endpoint was the occurrence of composite vascular 
events, which was defined as a combination of stroke, myocar-
dial infarction, and cardiovascular death. The safety outcome 
was the occurrence of any bleeding. Endpoints were evaluated 
at the time of the longest available follow-up or death, de-
pending on which was first. The definitions of all three of 
these outcomes were consistent with those used in the origi-
nal studies. 

Quality assessment
The Cochrane Risk-of-Bias tool (RoB 2.0) was utilized to 
evaluate post-hoc RCT analyses and RCTs.15 The Risk of 
Bias in Non-Randomized Studies - of interventions (ROB-
INS-I) was employed to assess non-randomized observa-
tional studies.16 Two reviewers (H.P. and Y.H.J.) independent-
ly conducted a risk-of-bias assessment for each study. Any 
disagreement was resolved through discussion. The grading 
of recommendations assessment, development, and evalua-
tion (GRADE) approach was used to assess the quality of the 
evidence for each outcome in the included studies.17 The de-
sign of current meta-analysis was followed the recommend-
ed guideline for meta-analysis.18 To assess publication bias, 
we visually inspected funnel plots and evaluated their asym-
metry using Egger’s linear regression method.

Statistical analysis
We conducted a comprehensive meta-analysis to assess out-
comes in clopidogrel-treated patients based on their CY-
P2C19 phenotype. CYP2C19 genotyping identified alleles 
*1, *2, *3, *4, *5, *6, *7, *8, and *17. We classified patients 

with *1/*1, *1/*17, or *17/*17 as extensive metabolizers (EM). 
Patients carrying at least one of *2, *3, *4, *5, *6, *7, or *8 
alleles were categorized as intermediate metabolizers (IM). 
Those who were homozygous for these alleles (e.g., *2/*2, 
*3/*3) were categorized as poor metabolizers (PM). Consis-
tent with the definitions given in the contributing studies, IM 
and PM were categorized as carriers of CYP2C19 LoF alleles, 
while EM were categorized as non-carriers.8,9 Pooled effect 
estimates were calculated using a random-effects model, ac-
counting for between study heterogeneity. The Hartung-
Knapp-Sidik-Jonkman method was applied to provide a more 
conservative estimate.19 Outcomes were presented as risk 
ratios (RRs) and 95% confidence intervals (CIs). Subgroup 
analyses were performed for each outcome with study de-
sign (cohort study vs. post-hoc analyses of RCT) and eth-
nicity. Using sample size, study quality, patient risk level, fol-
low-up duration (<1 year vs. ≥1 year), and the presence of 
CYP2C19 *17 alleles, we performed a sensitivity analysis for 
each study.10 All data were analyzed using the online version 
of the Cochrane Review Manager software (RevMan, https://
revman.cochrane.org) and R software, version 4.2.2 (R Foun-
dation for Statistical Computing). To assess the certainty of 
the evidence for this meta-analysis, GRADEpro GDT (Guide-
line Development Tool) (McMaster University and Evidence 
Prime; https://www.gradepro.org) was used. 

RESULTS

Study selection and characteristics
The study selection process for the meta-analysis is present-
ed in Supplementary Fig. 1 (in the online-only Data Supple-
ment). In total, 28 studies comprising 11,401 stroke or TIA 
patients (mean age 64.60±11.20 years; 68% male), were in-
cluded.8,9,11,20-44 Among these, 22 were observational cohort 
studies,11,20-32,34-37,39,41,43,44 two were RCTs,33,38 and four were 
post-hoc analyses of RCTs.8,9,40,42 The duration of follow-up 
for outcome assessment ranged from 5 days to 54 months. 
In 14 of the studies, patients were treated with clopidogrel 
during follow-up.20,22-25,27,28,31,33,35,37,39,41,44 In the other 14 stud-
ies, treatment during follow-up was clopidogrel and aspi-
rin.8,9,11,21,26,29,30,32,34,36,38,40,42,43 The key baseline characteristics 
of the included studies are summarized in Table 1. 

The quality of the included studies and the presence 
of publication bias 
The results of the Cochrane Risk-of-Bias 2 tool (RoB 2.0) 
assessments for the included RCTs are summarized in Sup-
plementary Figs. 2 and 3 (in the online-only Data Supple-
ment). Of the six studies, three had an unclear risk of bias 
due to their open-label designs, five had attrition bias due to 

https://revman.cochrane.org
https://revman.cochrane.org
https://www.gradepro.org
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insufficient enrollment, and three had additional bias due to 
post hoc analyses of RCTs. The risk of bias assessment for 
non-randomized studies using the ROBINS-I tool was mod-
erate (Supplementary Figs. 4 and 5 in the online-only Data 
Supplement). The results of the certainty-of-evidence assess-
ments of each outcome using the GRADE guidelines are out-
lined in Supplementary Table 2 (in the online-only Data Sup-
plement). Funnel plots assessing stroke or TIA recurrence, 
composite vascular events, and bleeding events were sym-
metrical, indicating no publication bias (Supplementary Fig. 
6 in the online-only Data Supplement).

CYP2C19 variants and efficacy outcomes
Among the 28 studies, 25 provided data on the relationship 
between CYP2C19 alleles and stroke or TIA recurrence. Car-
riers of CYP2C19 LoF alleles had a significantly higher risk 
of recurrence than non-carriers (RR 1.89; 95% CI: 1.55–2.32; 
p<0.00001). Heterogeneity statistics were low for stroke or 
TIA recurrence (I2=6%, τ2=0.01, Q=28.47 [df=24, p=0.24]) 
(Fig. 1). Additionally, 13 of the 28 studies reported efficacy 
outcomes for recurrent ischemic stroke only. In this analy-
sis, carriers also had a significantly higher risk of recurrence 
(RR 1.98; 95% CI: 1.55–2.53; p<0.01). Heterogeneity statis-
tics were low for recurrent ischemic stroke only (I2=0%, 
τ2=0.00, Q=11.01 [df=12, p=0.53]) (Supplementary Fig. 7 in 
the online-only Data Supplement). Twenty of the 28 studies 
assessed composite vascular events as an outcome measure. 
Similar to the findings for stroke or TIA, carriers of CYP2C19 
LoF alleles had an increased risk of composite vascular events 
than non-carriers (RR 1.54; 95% CI: 1.16–2.04; p=0.01). Het-
erogeneity statistics indicated moderate heterogeneity for 
composite vascular events (I2=49%, τ2=0.12, Q=45.23 [df= 
19, p<0.01]) (Fig. 2). The certainty of evidence for stroke or 
TIA recurrence, recurrent ischemic stroke and composite 
vascular events were high, moderate and low, respectively 
(Supplementary Table 2 in the online-only Data Supplement).

Stroke or TIA recurrence in observational studies 
vs. RCTs and post-hoc analyses of RCTs 
The risk of stroke or TIA recurrence was significantly high-
er in carriers of CYP2C19 LoF alleles than in non-carriers 
in both the 19 observational studies (RR 2.20; 95% CI: 1.74–
2.79; p<0.01) and the six RCTs and post-hoc analyses of RCTs 
(RR 1.44; 95% CI: 1.04–1.99; p=0.03). Heterogeneity statis-
tics indicated low (I2=6%, τ2=0.01, Q=28.47 [df=24, p=0.24]) 
(Fig. 3). Although the pooled risk was numerically higher in 
observational studies than in RCTs (RR 2.20 vs. RR 1.44), a 
meta-analysis of variance (ANOVA) found no significant 
difference by study design (β=0.12 on the log RR scale, stan-
dard error=1.88, p=0.95; ratio of RRs=1.13). In observa-Ta
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tional studies and RCTs with post-hoc analyses of RCTs, 
the certainty of evidence for stroke or TIA recurrence was 
moderate and high, respectively (Supplementary Table 2 in 
the online-only Data Supplement). 

Stroke or TIA recurrence with CYP2C19 LoF alleles 
and clopidogrel in Asian patients vs. those of other 
ethnicities 
We compared the effects of CYP2C19 LoF alleles on Asian 
patients with their effects on patients of other ethnicities. 
The risk of recurrent stroke or TIA was significantly elevated 
only in patients of Asian ancestry (RR 1.97; 95% CI: 1.60–
2.43; p<0.00001), while no significant difference was found 
in patients of other ethnicities (Europeans/American/Oce-
ania ancestry: RR 1.64, 95% CI: 0.34–7.93, p=0.39; African 
ancestry: RR 1.78, 95% CI: 0.09–35.76, p=0.25) of CYP2C19 
LoF alleles. Additionally, other ethnicities showed a signif-
icantly lower incidence of stroke or TIA recurrence among 
non-carriers (RR 0.26; 95% CI: 0.19–0.35; p=0.01). Hetero-
geneity statistics was low (I2=6%, τ2=0.02, Q=33.67 [df=29, 

p=0.25]) (Fig. 4). In Asian ancestry, the certainty of evidence 
for stroke or TIA was moderate, whereas it was very low in 
all groups other than Asian (Supplementary Table 2 in the 
online-only Data Supplement). 

Stroke or TIA recurrence in IM vs. PM of clopidogrel
A total of 22 studies compared the incidence of stroke or TIA 
recurrence in IM and PM groups according to the presence 
of the CYP2C19 genotype. Among those with CYP2C19 LoF 
alleles, those in the PM group had a significantly higher risk 
of stroke or TIA recurrence than those in the IM group (RR 
1.88; 95% CI: 1.42–2.50; p<0.01). Heterogeneity statistics in-
dicated moderate (I2=34%, τ2=0.15, Q=28.67 [df=21, p=0.12]) 
(Fig. 5). The certainty of evidence comparing IM and PM 
groups was moderate (Supplementary Table 2 in the online-
only Data Supplement). 

Bleeding events
Among the 28 studies included, 14 used the occurrence of 
bleeding as a safety outcome. The definition of bleeding used 

Fig. 1. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles and the risk of stroke or transient ischemic attack 
recurrence in patients treated with clopidogrel for secondary prevention. CI, confidence interval; IV, inverse variance; LoFA, loss of function allele.
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in these studies was summarized in Supplementary Table 3 
(in the online-only Data Supplement). The combined find-
ings of these 14 studies reported bleeding events in 3.0% of 
CYP2C19 LoF allele carriers and 3.3% of non-carriers. The 
bleeding rate was not significantly different between carriers 
and non-carriers of CYP2C19 LoF alleles (RR 0.98; 95% CI: 
0.81–1.18; p=0.82). Heterogeneity statistics indicated low for 
bleeding events (I2=0%, τ2=0.00, Q=4.46 [df=13, p=0.99]) 
(Fig. 6). No significant difference in bleeding events between 
carriers and non-carriers was observed in either Asian or 
non-Asian populations (Supplementary Fig. 8 in the online-
only Data Supplement). The certainty of evidence of bleed-
ing events was moderate (Supplementary Table 2 in the on-
line-only Data Supplement). 

Sensitivity analysis
We performed a sensitivity analysis to assess whether the as-
sociation varied by the study design (RCT vs. observational 
study), sample size (≥200 vs. <200), patients’ baseline risk 
levels (high vs. low), follow-up duration (≥1 year vs. <1 year), 
the presence or absence of CYP2C19*17 LoF alleles on re-
current stroke or TIA, ischemic stroke subtypes (large artery 

atherosclerosis [LAA] vs. non-LAA), index event type (isch-
emic stroke vs. ischemic stroke or TIA), and antiplatelet reg-
imen (dual antiplatelet therapy vs. mono antiplatelet thera-
py). In sensitivity analysis, across strata, carriers of CYP2C19 
LoF alleles consistently had a higher risk of recurrent stroke 
or TIA than non-carriers, except in the ischemic stroke sub-
types, where the point estimates trended higher but did not 
reach statistical significance (Supplementary Fig. 9 in the 
online-only Data Supplement).

Genetic polymorphisms other than CYP2C19 and 
their impact on outcomes in stroke and TIA 
patients following clopidogrel treatment 
The effects of genetic polymorphisms other than CYP2C19 on 
clopidogrel efficacy in ischemic stroke and TIA patients are 
detailed in Supplementary Table 4 (in the online-only Data 
Supplement). A total of 11 studies were included.20,21,23,25,28-31,45-47 
Among these, variants in the ABCB1 (homozygous for the 
T allele of rs4148727 and the C allele of rs1045642), P2Y12, 
PON1, and CES1A2 genes, were associated with increased 
risk of ischemic stroke or composite vascular events follow-
ing stroke or stenting.30,45,47 No associations were found be-

Fig. 2. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles and the risk of composite vascular events (stroke, 
myocardial infarction, vascular death) in patients treated with clopidogrel for secondary prevention. CI, confidence interval; IV, inverse variance; 
LoFA, loss of function allele.
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tween other genes and stroke recurrence or vascular events 
in patients treated with clopidogrel following stroke or TIA. 

DISCUSSION

In this systematic review and meta-analysis of 28 studies, 
comprising a total of 11,401 ischemic stroke or TIA patients 
treated with clopidogrel, we found that carriers of CYP2C19 
LoF alleles had higher risks of stroke or TIA recurrence and 
composite vascular events than non-carriers but no increase 
in the risk of bleeding events. Additionally, the elevated risk 
of stroke or TIA recurrence was consistent across both ob-

servational and RCTs or post-hoc analyses of RCTs. Howev-
er, when the total sample was sub-grouped by ethnicity, the 
elevated risk was only significant among Asian participants. 
A sensitivity analysis using various strata also supported our 
findings. In addition to CYP2C19, the ABCB1, P2Y12, PON1, 
and CES1A2 genes were also associated with higher risks of 
ischemic stroke recurrence or composite vascular events in 
patients treated with clopidogrel for secondary prevention 
in some of the studies.30,45,47

Clopidogrel is a prodrug that requires hepatic metabolism 
to convert it into its active form. This metabolic process can 
be influenced by various genetic polymorphisms. Although 

Fig. 3. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles on stroke or transient ischemic attack recurrence 
in patients treated with clopidogrel for secondary prevention in observational studies and RCTs or post-hoc analyses of RCTs. CI, confidence inter-
val; IV, inverse variance; LOFA, loss of function allele; RCT, randomized clinical trial.
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Fig. 4. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles in different ethnicities on the recurrence of stroke 
or transient ischemic attack in patients treated with clopidogrel for secondary prevention. CI, confidence interval; IV, inverse variance; LoFA, loss of 
function allele.
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previous meta-analyses have investigated the impact of ge-
netic polymorphisms on clopidogrel efficacy in patients with 
CAD, the findings have been inconsistent.48,49 Notably plate-
let activation plays a less significant role in the pathophysi-
ology of stroke than that of CAD. Moreover, the use of anti-
platelet therapy for ischemic stroke patients carries a higher 
risk of intracranial hemorrhage than in those with CAD.7 
Therefore, the findings from studies on CAD cannot be gen-
eralized to stroke patients, as the underlying mechanisms 
and risk factors differ between the two conditions. In the 
present meta-analysis, we focus specifically on stroke and 
TIA patients. We provide evidence of the importance of ge-
netic polymorphisms when treating patients with clopido-
grel for the secondary prevention of stroke or TIA. 

Our meta-analysis demonstrated that the risk of recurrent 
ischemic stroke or TIA was higher in observational studies 
than in post-hoc analyses of RCTs, despite showing consis-
tently and significantly higher risk among carriers of CY-
P2C19 LoF alleles (RR, 2.20 vs. 1.44). Although the pooled 

RR appeared higher in observational studies than in post hoc 
RCT analyses (2.20 vs. 1.44), an ANOVA-style moderator 
analysis using randomeffects metaregression found no signif-
icant effect modification by study design. Apparent differ-
ences may reflect residual confounding and confounding by 
indication, differences in outcome ascertainment and adjust-
ment sets, and the small number of post hoc RCT analyses. 
We therefore interpret the observed discrepancy cautiously.

Carriers of CYP2C19 LoF alleles represent approximately 
30% of the Caucasian population and up to 60% of the Asian 
population.10,11,27 Our analysis verified these proportions, 
with 27.1% in Caucasian populations versus 59.9% in Asian 
populations. Considering the high percentage of CYP2C19 
LoF allele carriers among Asian populations, it is particular-
ly important to assess the impact of genetic polymorphism 
on the effectiveness of clopidogrel and its clinical outcomes 
among Asian patients. Consistent with previous findings, our 
study showed a higher risk of stroke or TIA recurrence in 
carriers of CYP2C19 LoF alleles, specifically within Asian 

Fig. 5. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles and the risk of stroke or TIA in intermediate versus 
poor metabolizers treated with clopidogrel for secondary prevention. CI, confidence interval; IV, inverse variance; TIA, transient ischemic attack.
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populations. 
The CHANCE-2 RCT demonstrated that ticagrelor, a po-

tent antiplatelet agent unaffected by the CYP2C19 genotype, 
is more effective than clopidogrel for secondary stroke pre-
vention in carriers of CYP2C19 LoF alleles.50 In addition, we 
found a significantly higher risk of stroke or TIA recurrence 
in the PM group than in the IM group. Based on our findings 
and the results of the CHANCE-2 study, we suggest that ge-
netic testing and tailored antiplatelet therapy for secondary 
prevention in Asian patients following stroke or TIA.

When the population of this meta-analysis was sub-grouped 
by ethnicity, only the Asian group exhibited significantly in-
creased risks among carriers of CYP2C19 LoF alleles. This 
was likely due to the limited number of relevant studies that 
included other ethnic groups. In particular, the small sam-
ple sizes of African patients in the included studies made it 
difficult to draw any statistically significant conclusions. 
This highlights the need for larger, more comprehensive 
studies to better understand the impact of CYP2C19 LoF al-
leles on the recurrence of stroke or TIA in patients treated 
with clopidogrel.

Our study has several limitations. First, the included stud-
ies differed in several key factors, including study popula-
tions, the timing of treatment after symptom onset, the du-
ration of clopidogrel use, and the length of follow-up. These 
differences could influence the overall effects observed. Sec-
ond, in addition to genotype, other factors, including smok-

ing and being overweight or obese, have been reported to 
influence the efficacy of clopidogrel. These were not consid-
ered in this meta-analysis. Third, the presence of the *17 al-
lele could have influenced the relationship between LoF al-
leles and patient outcomes. Specifically, 11 of the included 
studies did not account for the *17 allele. In the other 13 stud-
ies, participants who carried both a LoF allele (such as *2, 
*3, or *8) and a *17 allele, were classified as carriers of CY-
P2C19 LoF alleles. Furthermore, sensitivity analyses revealed 
consistent results regardless of whether studies accounted 
for the *17 allele. Fourth, the presence of CYP2C19 LoF al-
leles was associated with a significantly increased risk of re-
current stroke or TIA among Asian populations, whereas no 
such association was observed in non-Asian populations. 
However, because the non-Asian subgroup was relatively 
small and underpowered, definitive conclusions cannot be 
drawn. Fifth, only 14 studies reported bleeding outcomes, 
and the definitions of bleeding events were inconsistent 
across studies. Given the central importance of bleeding as a 
safety endpoint in antiplatelet therapy, future investigations 
should employ standardized and detailed definitions to en-
able more robust and generalizable conclusions. 

In conclusion, among ischemic stroke and TIA patients 
who receive clopidogrel for secondary prevention, those 
carrying CYP2C19 LoF alleles have significantly higher risks 
of ischemic stroke or TIA recurrence and composite vascu-
lar events than non-carriers. This risk is particularly pro-

Fig. 6. Forest plot of the relationship between the presence of CYP2C19 loss-of-function alleles and bleeding events in patients treated with clop-
idogrel for secondary prevention of stroke or transient ischemic attack. CI, confidence interval; IV, inverse variance; LOFA, loss of function allele.
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nounced in Asian populations. These findings highlight the 
potential benefits of CYP2C19 genetic testing when consid-
ering clopidogrel therapy for secondary prevention of stroke. 
For Asian patients, alternative antiplatelet therapies that are 
unaffected by the CYP2C19 LoF genotype may improve 
treatment outcomes and support precision medicine. 

Supplementary Materials
The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.3988/jcn.2025.0317.

Availability of Data and Material 
All data generated or analyzed during the study are included in this pub-
lished article (and its supplementary information files).
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