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INTRODUCTION

In patients suffering from acute ischemic stroke or tran-
sient ischemic attack (TIA), clopidogrel has been proven 
to reduce the occurrence of new stroke events; therefore, 
it is considered as the first-line therapy in managing such 

neurological disorders.1,2 However, high inter-individual 
variabilities have been found with regard to clopidogrel 
responses, and a substantial number of adverse clinical 
outcomes, for example, recurrent strokes, have been re-
ported in spite of clopidogrel treatment, although some 
were treated with dual antiplatelet agents (i.e., clopidogrel 
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Abstract
The aggregated risk of recurrent stroke in stroke/transient ischemic attack (TIA) 
patients carrying CYP2C19 LoF alleles who take clopidogrel has not been inves-
tigated recently, and the available research is limited. This study aimed to per-
form an updated meta-analysis to assess the association between CYP2C19 LoF 
alleles and the risk of recurrent stroke in patients taking clopidogrel. Databases 
were searched for the literature on eligible studies. The end points were recur-
rent stroke, composite vascular events, and bleeding events. Odds ratios (ORs) 
were calculated using RevMan software, where p < 0.05 was considered statisti-
cally significant. Patients carrying CYP2C19 LoF alleles who were treated with 
clopidogrel had a significantly increased risk of recurrent ischemic stroke com-
pared with non-carriers (OR 2.18, 96% CI 1.80–2.63; p < 0.00001). The risk of re-
current stroke was only significantly different in Asian patients (OR 2.29, 96% 
CI 1.88–2.80; p < 0.00001) but not in patients of other ethnicities; however, there 
were a limited number of studies in other ethnic groups. Both observational stud-
ies (OR 2.83, 96% CI 2.20–3.65; p < 0.00001) and RCTs (OR 1.48, 96% CI 1.10–1.98; 
p = 0.009) found associations with a significantly increased risk of recurrent is-
chemic stroke. Asian stroke patients or TIA patients carrying CYP2C19 LoF alleles 
and taking clopidogrel were at a significantly higher risk of recurrent ischemic 
stroke than non-carriers. Significantly increased risk of recurrent ischemic stroke 
was found in both observational studies and RCTs.
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with aspirin).2,3 Previous analyses established very strong 
associations for those carrying CYP2C19 loss-of-function 
(LoF) alleles, which encode a reduced function of the 
CYP2C19 enzyme, with a significantly increased risk of 
major adverse cardiovascular events (MACEs) in patients 
with either stable coronary artery disease (CAD) or acute 
coronary syndrome (ACS) treated with clopidogrel.4–6 The 
clinical pharmacogenetic implementation consortium 
(CPIC) guidelines, first published in 2011 and updated 
in 2013, only considered a limited number of CYP2C19 
genetic variants to generate pharmacogenomics-based 
dosing guidelines.7,8 The guidelines were updated again 
in 2022 with consideration of some additional CYP2C19 
genetic variants, as well as other genetic variants.9 Most 
importantly, these guidelines are only effective and appli-
cable to ACS patients; stroke patients were not included 
in these recommendations. In addition, the FDA also 
updated the label information of clopidogrel with a sug-
gestion to consider an alternative antiplatelet for patients 
identified as poor metabolizers of CYP2C19.10

Yet, while some previous studies reported that stroke 
patients with CYP2C19 LoF alleles had an increased risk 
of recurrent ischemic stroke,11,12 other studies did not find 
such associations, a result which presents a challenge for 
clinicians in rationalizing antiplatelet therapy in patients 
with CYP2C19 LoF alleles.13,14 To date, only one well-
established meta-analysis is available for patients with 
stroke/TIA through which to assess such associations.2 
Although a very recent meta-analysis is also available, the 
study has serious limitations.15 For example, the recent 
meta-analysis conducted by Wang et al., in 2021, only in-
cluded prospective cohort studies, mostly from China, and 
included some studies that we did not find in our litera-
ture search through PubMed or even in a Google search, 
that is, Fukuma (2017), LiNa Qiu (2014), and many more, 
as we did not check all of them. Another very recent 
meta-analysis was published to validate the associations 
between carriers of CYP2C19 LoF alleles and the risk of 
recurrent stroke in non-East Asian populations but this 
analysis did not consider other populations.16

Thus, the only available well-established meta-analysis 
was published in 2017, which included 15 studies with 
4762 stroke/TIA patients from all ethnic groups, includ-
ing Asians, Europeans, Africans, and other ethnicities.2 
Although it was a well-established analysis, since then, 
many more studies have appeared in the literature; there-
fore, there is a need to update the meta-analysis of the 
literature. Additionally, the previous meta-analysis did 
not investigate the differences in the impacts on CYP2C19 
LoF allele carriers and non-carriers between observa-
tional and randomized controlled trials (RCTs), respec-
tively. Since there are methodological differences between 
observational studies and RCTs, it is important to assess 

the risk differences encountered when comparing these 
two study types.

With the recent completion of the available litera-
ture, we aimed to conduct a systematic review and meta-
analysis through which to assess the association between 
genetic polymorphisms, especially in patients carrying or 
not carrying CYP2C19 LoF alleles, and the occurrences of 
recurrent ischemic stroke, composite vascular events, and 
bleeding events in clopidogrel-treated patients suffering 
from ischemic stroke or TIA.

METHODS

The literature was searched systematically in different 
databases, that is, PubMed, ScienceDirect, Scinapse, and 
1000 Genomes, in order to select articles using different 
combinations of search keywords, following the Preferred 
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines, from the inception of the 
database to May 31, 2023.17 After completing all keyword 
searches, all of the search histories were combined and 
imported into Rayyan QCRI software.18,19 The studies 
were included if they fulfilled the following criteria: (i) 
Antiplatelets (clopidogrel, with or without aspirin) were 
prescribed for stroke/TIA patients. (ii) Outcomes were re-
ported for at least one of the two clinical end points, that 
is, efficacy or safety, for which efficacy represents either 
the occurrence of recurrent stroke or composite vascu-
lar events, including ischemic or hemorrhagic stroke, 
myocardial infarction (MI), or vascular death. Safety 
represents bleeding events, for which bleeding was de-
fined by the Global Use of Strategies to Open Occluded 
Arteries (GUSTO) as clinically significant bleeding.20 (iii) 
Clinical outcomes were reported for at least two treatment 
groups of patients, in which one group of patients carried 
CYP2C19 LoF alleles (*2, *3, *4, *5, *6, *8) and the other 
group of patients carried the CYP2C19 wild-type geno-
type, that is, CYP2C19*1/*1. Studies were excluded based 
on the following criteria: (i) The study had only one group 
of treated patients, with either clopidogrel or alternative 
antiplatelets, without any studied CYP2C19 genetic ef-
fects. (ii) The study did not clearly report the outcomes for 
the two selected treatment groups of patients, described 
above. (iii) The article was a review, perspective, editorial, 
case report, or letter to the editor.

The studies were selected using Rayyan QCRI software, 
following the inclusion and exclusion criteria, as described 
above. The full texts of all the preliminarily selected stud-
ies were downloaded and checked extensively to deter-
mine the final selection of the studies. Two independent 
investigators were involved in the study selection process. 
Any disagreement between these two investigators was 
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resolved by the senior authors via mutual discussion. The 
quality levels of the included studies were assessed as 
follows: Newcastle–Ottawa Scale (NOS) guidelines were 
used to assess the quality levels of observational studies.21 
In contrast, a 5-point Jadad Scale (JS) was used to assess 
the quality levels of RCTs.22 Pooled odds ratios (ORs) 
and a 95% confidence interval (CI) were calculated using 
Review-Manager software (RevMan version 5.3 Windows; 
The Cochrane Collaboration, Oxford, UK), following the 
random- or fixed-effect models, based on the levels of het-
erogeneity in the included studies (I2 statistics). The deci-
sions on the publication bias of the included studies were 
made based on the visual inspection of the distribution 
of the ORs of recurrent stroke in a funnel plot. A p-value 
<0.05 was considered statistically significant when ana-
lyzing all data.

RESULTS

General characteristics and quality of the 
included studies

The complete process for the identification of the included 
studies is shown in Figure S1. Altogether, 28 studies, com-
prising 9443 stroke or TIA patients (mean age 65.7 ± 11.1; 
34% female), were included in this meta-analysis, of which 
22 studies11–13,23–41 were observational cohort studies, and 
six studies were RCTs.14,42–46 The follow-up period for 
collecting outcome data for the included studies ranged 
from 5 days to 54 months. In total, 16 studies reported that 
the patients were taking clopidogrel during the follow-
up period, whereas 12 studies reported that the patients 
were taking clopidogrel and aspirin during the follow-up 
period. The important baseline characteristics of the in-
cluded studies are summarized in Table 1. The quality of 
the majority of the included observational studies, as as-
sessed with the Newcastle–Ottawa scale, was high (score 
ranges between 6 and 9), and the RCTs were also of high 
quality, as assessed with the Jadad scale (Tables S1 and S2, 
respectively).

Clinical outcomes for CYP2C19 LoF allele 
carriers vs. non-carriers

As shown in Figure  1, the results of this meta-analysis 
after pooled estimation indicated that patients carrying 
CYP2C19 LoF alleles who were treated with clopidogrel 
had a significantly increased risk of recurrent ischemic 
stroke compared with non-carriers (OR 2.18, 96% CI 1.80–
2.63; p < 0.00001). The occurrence of composite vascular 
events was also significantly different between CYP2C19 

LoF allele carriers and non-carriers (OR 1.43, 96% CI 
1.05–1.94; p = 0.02), as shown in Figure 2.

Comparison of clinical outcomes in 
observational studies vs. RCTs for CYP2C19 
LoF allele carriers and non-carriers

The risk of recurrent ischemic stroke was significantly dif-
ferent in both observational studies (OR 2.83, 96% CI 2.20–
3.65; p < 0.00001) and RCTs (OR 1.48, 96% CI 1.10–1.98; 
p = 0.009) for the patients carrying CYP2C19 LoF alleles, 
as compared to the non-carriers, as shown in Figure  3. 
However, the risk was striking in the observational stud-
ies, as compared to the RCTs (OR 2.83 vs. OR 1.48).

Comparison of clinical outcomes in Asian 
vs. Other ethnicities for CYP2C19 LoF 
allele carriers compared with non-carriers

The current analysis also investigated the impacts of 
CYP2C19 LoF alleles on Asian patients compared with pa-
tients of other ethnicities. The risk of recurrent ischemic 
stroke was only significantly different in Asian patients 
(OR 2.29, 96% CI 1.88–2.80; p < 0.00001) and not in pa-
tients of other ethnicities (Europeans: OR 1.47, 96% CI 
0.71–3.04, p = 0.30; Africans OR 1.93, 96% CI 0.58–6.43, 
p = 0.29; others OR 0.22, 96% CI 0.02–2.32, p = 0.21), as 
shown in Figure 4.

Bleeding events

Out of the 28 studies included in this analysis, 13 stud-
ies assessed the bleeding events associated with carrying 
CYP2C19 LoF alleles. It was found that bleeding events 
were not significantly different between patients taking 
clopidogrel who carry CYP2C19 LoF alleles and those who 
do not (OR 0.86, 96% CI 0.62–1.19; p = 0.37), Figure 5.

Heterogeneity, sensitivity analysis, and 
publication bias

A moderate level of heterogeneity was found in this study 
when comparing the risk of recurrent ischemic stroke be-
tween the two treatment groups (I2=42%); therefore, a 
sensitivity analysis was conducted. This analysis was car-
ried out by removing studies, one by one, in chronological 
order, and we did not find any difference in the clinical out-
comes. Sensitivity analysis was also carried out between the 
observational studies and RCTs, which also did not affect 
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F I G U R E  1   Forest plot of the association of CYP2C19 LoF allele carriers vs. non-carriers on recurrent stroke in stroke/TIA patients 
taking clopidogrel.

F I G U R E  2   Forest plot of the association of CYP2C19 LoF allele carriers vs. non-carriers on composite vascular events in stroke/TIA 
patients taking clopidogrel.
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the risk ratios, since both study designs (observational vs. 
RCTs) found associations with a significantly increased 
risk of recurrent ischemic stroke. From visual inspection of 
the funnel plot, it was determined that there was no publi-
cation bias in the current analysis, as shown in Figure S2.

DISCUSSION

Stroke patients carrying CYP2C19 LoF alleles treated with 
clopidogrel had a significantly increased risk of recurrent 
ischemic stroke and composite vascular events, compared 
with those who did not carry any CYP2C19 LoF alleles. 
The risk of recurrent ischemic stroke was found to be 
striking in the observational studies and in Asian patients. 
However, there was no significant difference in the risk of 
bleeding events between stroke patients with and without 
CYP2C19 LoF alleles.

Since the current analysis included 28 studies, com-
prising 9443 stroke/TIA patients, the findings of this 
analysis may be considered more encompassing than 
the previous analysis, which considered only 15 studies 
with 4762 stroke/TIA patients.2 The great novelty of the 
current analysis is that it has investigated and compared 
the risk of recurrent ischemic stroke identified in both 
observational studies and RCTs. Since there are meth-
odological differences between observational studies 
and RCTs, and the findings of RCTs are generally con-
sidered more robust, there is an obvious need to assess 
whether there were any differences in the risk identified 
between these two types of studies. Although the iden-
tified risk of recurrent ischemic stroke was significantly 
different when comparing observational studies and 
RCTs for stroke/TIA patients carrying CYP2C19 LoF al-
leles and taking clopidogrel compared with the patients 
without CYP2C19 LoF alleles, the risk was striking and 

F I G U R E  3   Forest plot of the risk of recurrent stroke for CYP2C19 LoF allele carriers vs. non-carriers on observational studies and RCTs 
in stroke/TIA patients taking clopidogrel.
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profoundly increased in the observational studies com-
pared with the RCTs (OR 2.83 vs. OR 1.48). This might 
be due to the small number of RCTs (n=6) compared 
with the large number of observational studies (n=22) 
included in this comparison analysis. More RCTs are 

warranted in the future to corroborate the findings of the 
current analysis.

The current analysis found an increased risk of recur-
rent ischemic stroke only for Asian stroke/TIA patients 
and not for other ethnicities. This is not consistent with 

F I G U R E  4   Forest plot of the risk of recurrent stroke for CYP2C19 LoF allele carriers vs. non-carriers on different ethnicities in stroke/
TIA patients taking clopidogrel.
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the previous analysis, as the authors found a significant 
difference in European patients.2 This might be because 
the previous analysis assessed the effects in only 367 
stroke/TIA patients; however, our current analysis in-
cluded 824 stroke/TIA patients in whom these effects 
were assessed. Although the risk of adverse cardiovas-
cular events was found to increase significantly in Asian 
stable CAD or ACS patients carrying CYP2C19 LoF al-
leles and taking clopidogrel compared with Caucasian 
patients,5,6,47 for stroke patients, such increasing risk 
trends were most similar for Asian patients only, as 
found in the current analysis. It is noted that Asian 
stroke patients carried 58.4% of the identified CYP2C19 
LoF alleles, whereas European stroke patients carried 
34.8% of the CYP2C19 LoF alleles. African and other 
ethnic patients did not have a significantly increased 
risk of recurrent ischemic stroke, which might be due 
to the very small number (n= 2) of relevant studies in-
cluded in the analysis. Only a limited number of studies 
were identified that addressed African patients or those 
of other ethnicities, which may be considered under-
powered to reach statistical significance; therefore, it is 
assumed that this small number of studies was not asso-
ciated with any significant difference in increasing the 
risk of recurrent stroke. It is strongly suggested to con-
duct future large studies in other ethnic groups relating 
to the assessment of the impacts of CYP2C19 LoF alleles 
on stroke patients.

The overall findings of the current analysis suggest 
using CYP2C19 LoF genotype-guided alternative anti-
platelets, such as prasugrel or ticagrelor, in stroke patients 

to optimize the effectiveness of antiplatelet therapy to 
achieve precision medicine. It has been shown that tica-
grelor is not metabolized by the CYP2C19 enzyme; there-
fore, there is no genetic interference with the effectiveness 
of this drug.48 Prasugrel is mainly metabolized by the 
esterase and subsequently by the CYP enzymes, but the 
involvement of which specific CYP enzyme is still under 
investigation.49 Moreover, CYP2C19 genotype-guided 
alternative antiplatelet therapy may reduce adverse car-
diovascular events significantly, as found in ACS patients 
undergoing PCI,50 and may also be able to reduce the risk 
of recurrent stroke in stroke/TIA patients, as recently 
investigated and suggested for stroke/TIA patients.51 A 
recent RCT was conducted in China in 2021 consisting 
of minor ischemic stroke or TIA patients who carried 
CYP2C19 LoF alleles. This trial enrolled 6412 patients, 
where 3205 patients were assigned to the ticagrelor treat-
ment group and 3207 patients were to the clopidogrel 
treatment group, respectively. The findings of this trial 
indicated that the risk of stroke at 3 months window was 
modestly lower with ticagrelor treatment group compared 
with clopidogrel treatment group. However, the risk of se-
vere or moderate bleeding events did not differ between 
these two treatment groups (0.3% vs. 0.3%), although total 
bleeding events were slightly higher in ticagrelor treat-
ment group compared with clopidogrel treatment group 
(5.3% vs. 2.5%).52 It is believed that the CPIC guideline 
should update the prescribing recommendations includ-
ing stroke patients since the robust evidence established 
in this analysis, along with other available evidence,2,16 
warrants this.

F I G U R E  5   Forest plot of the risk of bleeding events for CYP2C19 LoF allele carriers vs. non-carriers in stroke/TIA patients taking 
clopidogrel.
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Given that genetic polymorphisms of ABCB1, CES1, 
Q192R, PON1, and P2Y12 may affect the pharmacokinetic 
properties of clopidogrel and may also affect the effective-
ness of clopidogrel,53–55 it is recommended to assess the 
impacts of such genetic variants in ischemic stroke/TIA 
patients taking clopidogrel in future studies.

Apart from genetic interferences, some other con-
founding factors, for example, diet, smoking, and concur-
rent medications, may also affect the responsiveness of 
clopidogrel, as well as clinical outcomes.56 The observed 
associations between CYP2C19 LoF allele carriers vs. 
non-carriers and recurrent ischemic stroke or composite 
vascular events may be confounded by these factors, espe-
cially concomitant medications, such as proton pump in-
hibitors (PPIs), as observed in a recent analysis for CAD/
stroke patients.57 These confounding factors, especially 
the impacts of PPIs, were not estimated in the current 
analysis, due to the limitations of the data, and therefore 
need to be clarified in future investigations.

Our study had some limitations. First of all, the included 
studies varied in many aspects, that is, different study pop-
ulations, doses and regimens of antiplatelet therapy, du-
ration of clopidogrel use, and follow-up duration, which 
could affect the heterogeneity of this study. Secondly, the 
results with respect to African/other ethnicity could be 
underpowered, with only two studies assessing the out-
comes for CYP2C19 LoF interventions in these ethnici-
ties. Thirdly, the existence of the CYP2C19*17 allele may 
have an influence on the clinical outcomes, as it may en-
hance the metabolic conversion of clopidogrel to the active 
form, which is an entirely opposite function to that of the 
CYP2C19 LoF allele. Since the CYP2C19*17 allele was in-
cluded in the non-carrier groups, therefore, the net clinical 
outcome may vary without the CYP2C19*17 allele, which 
was not investigated in the current analysis. We were not 
able to perform analyses accounting for CYP2C19*17 since 
the studies did not provide separate outcomes data.

EXPERT OPINION

The findings of the current analysis may have clinical 
impacts since physicians can determine the CYP2C19 
genetic status if that facility is available before prescrib-
ing clopidogrel to ischemic stroke patients to reduce 
the incidence of recurrent ischemic strokes as well as 
other associated adverse events. However, in countries 
where the facility to genotype CYP2C19 is unavailable, 
physicians may check other alternative parameters, for 
example, the magnitude of platelet aggregation and the 
concentration of clopidogrel's active metabolite as part 
of the therapeutic drug monitoring process to evaluate 
the risk of prescribing clopidogrel to these patients. In 

addition, an alternative strategy such as treating the pa-
tients with novel anti-coagulants (NOACs), that is, dabi-
gatran, rivaroxaban, etc., might be beneficial to prevent 
the incidence of recurrent ischemic stroke, although 
safety issues, that is, the bleeding risk, must be consid-
ered rationally.

CONCLUSIONS

In summary, ischemic stroke/TIA patients who are car-
riers of LoF alleles and are treated with clopidogrel are 
at a significantly increased risk of recurrent ischemic 
stroke and composite vascular events in comparison 
with CYP2C19 LoF non-carriers. A significantly in-
creased risk of ischemic stroke was found in both the 
observational studies and RCTs. The risk of recurrent 
ischemic stroke was significantly striking only for Asian 
stroke/TIA patients. The risk of bleeding events was not 
significantly different between the ischemic stroke/TIA 
patients with and without CYP2C19 LoF alleles. The 
findings of the current analysis may justify CYP2C19 
genetic testing when clopidogrel is clinically indicated, 
and the use of CYP2C19 LoF genotype-guided alterna-
tive antiplatelets, such as prasugrel or ticagrelor, may be 
preferred in Asian stroke/TIA patients to optimize the 
effectiveness of clopidogrel therapy to achieve precision 
medicine.
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