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Abstract

Purpose Inconclusive and limited results have been reported on the clinical utility of CYP2C19 genotyping in stroke/TIA
patients of non-East Asian ancestries. We herein performed an updated systematic review and meta-analysis to quantitatively
estimate the association of CYP2C19 loss-of function (LOF) status with efficacy and safety of clopidogrel-based antiplatelet
therapy in non-East Asian patients affected by stroke or TIA.

Methods A comprehensive search was performed up to July 2023 using PubMed, Web of Knowledge, and Cochrane Library
databases. The clinical outcomes investigated were stroke, composite vascular events and bleeding. Pooled estimates were
calculated as risk ratios (RR) with 95% CI using the Mantel- Haenszel random-effects model. The quality of evidence was
assessed using the GRADEpro tool.

Results A total number of 1673 stroke/TIA patients from 8 non-East Asian studies, published between 2014 and 2022, were
included in the systematic review. Clopidogrel-treated carriers of CYP2C19 LOF alleles were found at increased risk of
stroke compared to non-carriers (RR: 1.68, 95%CI: 1.04-2.71, P=0.03). However, no significant association was observed
with the risk of composite vascular events (RR: 1.15, 95%CI: 0.58-2.28, P=0.69) or bleeding (RR: 0.84, 95%CI: 0.38—1.86,
P=0.67). Similarly, European ancestry patients carrying CYP2C19 LOF alleles displayed a higher risk of stroke (RR: 2.69
(1.11-6.51, P=10.03), but not of composite vascular events or bleeding.

Conclusion The present updated meta-analysis provides moderate quality evidence of association between CYP2C19 LOF
alleles and an increased risk of stroke in non-East Asian patients with stroke/TIA after receiving clopidogrel therapy. Further
large pharmacogenetic studies are still warranted to corroborate these findings.
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Clopidogrel-based antiplatelet therapy represents
the mainstay treatment for secondary stroke preven-
tion alongside aspirin. However, one-third to one-half
of patients develop recurrent stroke or other clinical
ischemic events while on antiplatelet therapy, with the
highest recurrence risk observed within the first year of
treatment [9, 10]. Clopidogrel resistance is thought to
contribute to stroke recurrence risk, and factors including
non-compliance, inadequate dosing, as well as interac-
tions with other drugs, are common causes of poor anti-
platelet therapy efficacy [11]. Clopidogrel resistance has
been also ascribed to polymorphic variants of CYP2C19,
which is recognised as the most important pharmacogene
for clopidogrel [12]. The CYP2C19 gene is a member of
the cytochrome P450 gene family involved in the bio-
activation of clopidogrel that, once orally administered,
requires a two-step biotransformation to generate an
active thiol metabolite that prevents platelet aggregation
by the irreversibly binding to the adenosine diphosphate
(ADP) P2Y12 [13, 14]. It is well known that carriers of
CYP2C19 loss-of-function alleles (mainly *2, *3, or *8)
have an impaired pharmacodynamic response to clopido-
grel compared to normal or rapid CYP2C19 metabolizers
[15].

There is convincing evidence of an association
between CYP2C19 genotype and clinical outcomes in
stroke or TIA patients treated with clopidogrel. Indeed,
results of a large meta-analysis of 15 studies [16], which
has been published in 2017, highlighted that reduced-
function CYP2C19 allele carriers have an increased risk
of stroke following TIA or ischemic stroke when treated
with clopidogrel compared to non-carriers (RR: 1.92,
95%CI: 1.57-2.35, P<0.00001). Yet, of the 15 studies
identified, 11 were from China, 1 was from South Korea
and only 3 studies included patients with European
ancestry [17-19]. The subsequent subgroup analysis
based on patient’s ethnic origin revealed a firm associa-
tion of CYP2C19 genotype with risk of stroke in patients
of East-Asian ancestry (RR: 1.93, 95%CI: 1.55-2.39,
P<0.00001), while a large uncertainty of the pooled
estimate was found in patients with European ances-
try (RR: 2.46, 95%CI: 1.06-5.72, P<0.04). These and
other more recent data [20, 21] have provided consistent
results within the East-Asian population, while the value
of CYP2C19 genotype as pharmacogenetic determinant
in other populations of patients with stroke or TIA is still
unclear. Therefore, in the present study, we conducted an
updated systematic review and meta-analysis to clarify
the association of CYP2C19 genotype with efficacy and
safety of clopidogrel-based antiplatelet therapy in non-
East Asian patients with stroke or TIA.
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Methods
Search and Inclusion/Exclusion Criteria

This systematic review was conducted according to the
PRISMA guidelines [22] and adheres to the PRISMA check-
list, which is shown in Supplementary Table 1. The protocol
was prospectively registered on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(INPLASY) (Registration No. 202,370,067, https://inplasy.
com/inplasy-2023-7-0067). PubMed, Web of Knowledge and
Cochrane Library databases were systematically searched from
inception up to 1st July 2023 for identification of potential eli-
gible studies using the Boolean combination of the following
key terms: (clopidogrel OR Plavix) AND (stroke OR “cerebro-
vascular accident” OR “cerebrovascular disorder” OR “cere-
bral infarction” OR “transient ischemic attack” OR “TIA” OR
“transient cerebral ischemia”) AND CYP2C19.

Studies were included if they met the following eligibil-
ity criteria: (1) non-East Asian studies including patients with
stroke or TIA treated with clopidogrel monotherapy or clopi-
dogrel plus aspirin; (2) studies reporting comparison of clinical
outcomes between carriers and non-carriers of CYP2C19 LOF
alleles; (3) sufficient data to estimate the rate of at least one
of the following outcomes: (a) stroke, (b) composite vascular
events of stroke, myocardial infarction, and vascular death, (c)
any bleeding. Studies were excluded if they meet one or more
of the following criteria: (1) studies conducted exclusively
in Eastern Asian populations; (2) studies including patients
treated with clopidogrel for conditions other than stroke or
TIA (e.g. patients treated with clopidogrel due to coronary
heart disease); (3) studies with less than 10 eligible cases; (4)
article written in a language other than English. When relevant
data could not be extracted from a potential eligible study,
the corresponding author was contacted via email. The study
was excluded if the corresponding author did not respond to
the email or did not provide the data requested for calculation
of risk estimates. Reference lists of eligible studies were also
reviewed to identify additional relevant reports. All studies
were independently analysed by two reviewers (S.C and S.T)
and discrepancies were resolved by discussion and consensus
with a third reviewer (E.F).

Data Extraction

From each study included in the systematic review, the fol-
lowing data were extracted: the first author’s last name, year
of publication, study location and design, diagnosis of partici-
pants (stroke and/or TIA), patients’ ischemic stroke subtype
according to the TOAST criteria [23], total number of patients
involved, mean age of patients, percentage of women, the out-
comes investigated, duration of patients’ follow-up, clopidogrel
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dose and whether administered alone or in combination with
aspirin, CYP2C19 variant allele analysed, number of events in
both carriers and noncarriers of CYP2C19 LOF alleles for each
of the investigated outcome. Other data extracted from each
study included number of patients of East Asian ancestry, num-
ber of patients with atrial fibrillation, number of patients with
other concomitant antithrombotics or other concomitant drugs
including PPIs and antidepressants, and number of smokers.
In each study, clopidogrel-treated patients were classified as
carriers of reduced-function CYP2C19 alleles (heterozygotes,
homozygotes or compound heterozygotes for CYP2C19%*2,
CYP2C19*3 or CYP2C19*8) or non-carriers (wild-type or
CYP2C19*17 carriers). Whenever available, genotype data
were extracted also for patients of European ancestry from
studies including patients with different ethnic origin. All stud-
ies have been independently analyzed by two reviewers (S.C.
and S.T.) and any discrepancies were reconciled via consensus
or arbitration by a third reviewer (F.F.).

Assessment of Study Quality and Quality of
Evidence

Methodological quality of studies included in the systematic
review was independently assessed by two authors (S.C.
and S.T.) using the Newcastle-Ottawa scale (NOS) (avail-
able at: https://www.ohri.ca//programs/clinical_epidemiol-
ogy/oxford.Asp) and disagreements were resolved through
discussion and consensus. The NOS contains eight items
categorized into three dimensions including selection cri-
teria of participants, comparability, and exposure. The NOS
ranges between zero up to nine stars, with a higher number
of stars indicating a higher methodological study quality.
The overall methodological quality of each study was deter-
mined according to the total NOS score achieved: low qual-
ity (NOS score, 0-3), medium quality (NOS score, 4-6) and
high quality (NOS score, 7-9). Rating of the overall qual-
ity of evidence for each outcome investigated was assessed
by two authors (S.C. and S.T.) using the GRADEpro Tool
(freely available at https://www.gradepro.org). Any discrep-
ancies between authors were resolved through discussion.

Statistical Analysis

The effect measure of interest was the risk ratio (RR), which
was expressed as point estimate with 95% confidence inter-
val (CI) for the comparison of reduced-function alleles
carriers of CYP2C19 (intermediate metabolizers or poor
metabolizers) vs. non-carriers (wild-type, rapid or ultrar-
apid metabolizers). Whenever data available, RR (95% CI)
was also calculated for carriers of 1 CYP2C19 LOF allele in
comparison with non-carriers and for carriers of 2 CYP2C19
LOF alleles vs. non-carriers. Pooled RRs and 95% ClIs were

calculated by RevMan 5.3 software using the Mantel-
Haenszel random-effects model, as this method provides a
more conservative estimate in case of potential heteroge-
neity across the studies [24]. Between-study heterogeneity
was assessed by the chi-square—based Cochran’s Q statistic
(significant for P<0.10) and the I index (range, 0-100%),
which quantifies heterogeneity independently of the number
of studies. Leave-one-out sensitivity meta-analyses were
performed to assess robustness of the estimated effect sizes
by excluding individual results one at a time and recalculat-
ing the pooled RR estimates for the remaining studies. In
addition, subgroup analyses in the European subgroup were
conducted when data were available in at least two indepen-
dent studies, as well as sensitivity analyses based on studies
with at least 1 year of patients’ follow-up. The ProMeta ver-
sion 2 software (INTERNOVI di Scarpellini Daniele s.a.s.,
Cesena FO, Italy) was used for performing leave-one-out
sensitivity meta-analyses and for assessment of publication
bias, which was statistically evaluated by the Egger’s test
(significant for P <0.10). The statistically significant thresh-
old for all pooled analyses was set at P <0.05.

Results

General Characteristics and Quality of Included
Studies

The flowchart of literature review and the screening pro-
cess with reasons for study exclusion is shown in Fig. 1.
Initially, a total of 945 studies were identified by search-
ing Web of Knowledge, PubMed and Cochrane library
databases. Of these, 402 hits were excluded for duplication
and 535 additional reports were excluded for not meeting
the inclusion criteria. Finally, 8 articles published between
2014 and 2022 were included in the systematic review of
the effect of CYP2C19 genotype on clinical outcomes of
non-East Asian patients with stroke or TIA receiving clopi-
dogrel therapy [17-19, 25-29]. Main characteristics of the
eight identified studies are shown in Table 1, and additional
study characteristics are shown in Supplementary Table 2.
Among these, 3 studies included patients from European
countries [26, 27, 29], 2 from USA [17, 19], one from Tur-
key [25] and 2 were multiregional studies including patients
from different non-Asian countries [18, 28]. One study was
a post hoc analysis of RCT [18], while the remaining 7 were
cohort studies. Six studies [17-19, 25, 28, 29] enrolled both
stroke and TIA patients and 2 included patients with isch-
emic stroke only.2?” Overall, 1673 cases were included in
the present systematic review, ranging from a minimum of
43 in the study of Spokoyny et al. [17] to a maximum of 522
in the report of McDonough et al. [18], with a percentage
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Figure 1 Flowchart of literature search and selection process of eligible studies

of women varying between 36.7% [19] and 58.8% [25]. In  [17, 26] the clopidogrel-based regimen was not specified.
three studies [25, 27, 29], clopidogrel was administered as ~ The CYP2C19 LOF alleles analysed were *2 and *3 in 4
monotherapy, in other three studies it was administered in studies [19, 25, 28, 29], only *2 in 3 studies [18, 26, 27],
combination with aspirin [18, 19, 28], while for two studies ~ while in one study [17] the CYP2CI19 variant alleles
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analysed were not specified. As regard to study’s method-
ological quality (Table 1), the NOS scores ranged from 4 to
9, with an average score of 7.5, indicating an overall high
methodological quality of studies included in the systematic
review. Individual item scores achieved by each study are
shown in Supplementary Table 3.

Quantitative Data Synthesis

The summary results of the random-effect meta-analyses
is shown in Table 2. In the overall analysis of 6 non-East
Asian studies [17-19, 25, 28, 29], including a total of
1391 patients undergoing clopidogrel-based antiplate-
let therapy, those carrying CYP2C19 LOF alleles were
found at higher risk of stroke recurrence compared to
non-carriers (RR: 1.68, 95%CI: 1.04-2.71, P=0.03,
Fig. 2A), and significant between-study heterogeneity
was not observed (I>=17%, P=0.31). The influence of
each study on the overall effect-size estimate was evalu-
ated by leave-one-out meta-analysis (Supplementary
Fig. 1A), which showed that the pooled RR ranged from
1.53 (95%CI: 0.92-2.57, P=0.10) when the study of
Spokoyny et al. [17] was omitted, to 1.86 (95%CI: 1.16—
2.97, P=0.010) when the study of Meschia et al. [28] was
excluded from the analysis, suggesting lack of robust-
ness of the overall pooled result. Four studies enrolling a
total of 842 patients receiving clopidogrel were available
for the meta-analysis of the effect of carrying CYP2C19
LOF alleles on the risk of composite vascular events [19,
26-28]. No significant effect was observed for the com-
parison of carriers vs. non-carriers of CYP2C19 LOF
alleles on the risk of composite vascular events (RR:
1.15, 95%CI: 0.58-2.28, P=0.69, Fig. 2B), in presence
of borderline not significant heterogeneity among stud-
ies (I>=59%, P=0.06). Noteworthy, a significant impact

of carrying CYP2C19 LOF alleles was found on the risk
of composite vascular events when the study of Hoh et
al. [19] was omitted from the meta-analysis (RR: 1.60,
95%CI: 1.01-2.53, P=0.04, Supplementary Fig. 1B),
suggesting again no robust estimation of the pooled effect
size. Three studies [18, 27, 28], including a total of 1053
patients, were available for the meta-analysis of the effect
of carrying CYP2C19 LOF alleles on bleeding risk. No
association was detected in the pooled results (RR: 0.84,
95%CI: 0.38-1.86, P=0.67, Fig. 2B) and no heteroge-
neity emerged between studies (I>= 0%, P=0.63). When
carriers of 1 CYP2C19 LOF allele were analysed sepa-
rately from carriers of 2 CYP2C19 LOF alleles, no sig-
nificant results emerged in both comparisons (i.e. carriers
of 1 CYP2C19 LOF allele vs. non-carriers and carriers
of 2 CYP2C19 LOF alleles vs. non-carriers), as shown in
Supplementary Figs. 1-3.

Publication Bias and Certainty of the Evidence
Assessment

No statistical evidence of funnel plot asymmetry or small-
study effects was detected in the pooled overall analyses
for the three considered outcomes (Table 2), suggest-
ing no publication bias in the results. The GRADEpro
tool was used to rate the quality of the evidence on the
association of CYP2C19 LOF allele status with the three
clinical outcomes investigated. A moderate quality of
evidence was observed for the risk of stroke, while a very
low quality of evidence was rated for the risk of compos-
ite vascular events and bleeding (Supplementary Table
4).

Table 2 Summary of random-effect meta-analyses for the association of CYP2C19 LOF alleles with clinical outcomes of non-East Asian patients

with stroke or transient ischemic attack undergoing clopidogrel therapy

Outcome Group (studies) N° of carriers/  Test of association Test of Egger’s
non-carriers heterogeneity P-value
RR (95%CI) P-value  I?>(%) P-value

Stroke All (n=6) 373/1018 1.68 (1.04-2.71) 0.03 17 0.31 0.76
EUR (n=3) 92/275 2.69 (1.11-6.51) 0.03 0 0.38
Studies with at least 1 year 173/559 1.96 (0.51-7.46) 0.32 42 0.18
of follow-up (n=3)

Composite vascular events All (n=4) 226/616 1.15(0.58-2.28)  0.70 59 0.06 0.35
EUR (n=2) 71/153 1.63 (0.91-2.93) 0.10 0 0.85
Studies with at least 1 year 122/290 1.23 (0.53-2.85) 0.62 69 0.04
of follow-up (n=3)

Bleeding All (3) 255/798 0.84 (0.38-1.86) 0.67 0 0.63 0.53
EUR (n=2) 85/221 1.74 (0.58-5.23) 0.32 0 0.89
Studies with at least 1 year 151/472 0.95 (0.37-2.39) 0.91 0 0.40

of follow-up (n=2)

CI, confidence interval; EUR, Europeans; I, Higgins’ I-square test RR, risk ratio
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Figure 2 Forest plot for the comparison of carriers vs. non-carriers of CYP2C19 LOF alleles for the risk of stroke (A), composite vascular events

(B) or bleeding (C) among non-East Asian patients with stroke or TIA after receiving clopidogrel therapy

Subgroup and Sensitivity Analyses

Data for calculation of pooled clinical outcomes for the
European subgroup (total stroke/TIA patients=591) were
available from five studies [17-19, 26, 27]. In the subgroup
analysis conducted in patients with European ancestry
(Fig. 3; Table 2), the pooled results showed that carriers of
CYP2C19 LOF have an increased risk of stroke (RR: 2.69
(1.11-6.51, P=0.03, Fig. 3A), but not of composite vascu-
lar events (Fig. 3B) or bleeding (Fig. 3C) after receiving
clopidogrel-based antiplatelet therapy. Sensitivity analyses
were also conducted based on studies with at least 1 year of
patients’ follow-up [18, 19, 25-27]. Pooled results respec-
tively for stroke (total stroke/TIA patients=732), compos-
ite outcome events (total stroke/TIA patients=412) and

bleeding (total stroke/TIA patients=623) showed no asso-
ciation for any of the three outcomes (Table 2).

Discussion

Limited and conflicting data have been reported so far on
the clinical utility of CYP2C19 genotyping in stroke/TIA
patients of non-East Asian ancestries. The fact that 12 out of
15 studies included in the previous meta-analysis of Pan et
al. [16] were conducted on East Asian patients, primarily of
Han-Chinese ancestry, can be explained, among other rea-
sons, by a higher frequency of CYP2C19 LOF alleles in this
population in comparison to other ethnic groups, with inter-
mediate and poor metabolizers accounting for about 59%
of East Asians compared to 29% of white Europeans and
23% of Americans [12]. In addition, the incidence of stroke
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Figure 3 Forest plot for the comparison of carriers vs. non-carriers of CYP2C19 LOF alleles for the risk of stroke (A), composite vascular events
(B) or bleeding (C) in European ancestry patients with stroke or TIA after receiving clopidogrel therapy

is higher in China than in USA and Europe [30, 31], with
first-ever strokes per year in China accounting for almost
a quarter of the global incident cases of stroke [32]. How-
ever, given population growth and ageing, the global life-
time risk of stroke in Western countries is expected to rise
in the next few decades, with forecasts suggesting that the
number of stroke patients will increase in Europe by 27%
within 2047 [31] and that strokes events will double in the
USA by 2050 [33]. Thus, given the recent publication of
additional studies, in the present study we conducted an up-
to-date meta-analysis to obtain a more precise estimation of
the association between CYP2C19 LOF allele status and the
clinical response to clopidogrel in non-East Asian patients
with stroke or TIA.

The present updated meta-analysis comprises 8 studies
with a total number of 1673 clopidogrel-treated stroke/TIA
patients, that is more than twice as many non-East Asian
patients compared with the previous meta-analysis of Pan et
al. [16]. The pooled results showed that carriers of CYP2C19
LOF alleles are at significant higher risk of stroke after
receiving clopidogrel-based antiplatelet therapy, compared

@ Springer

to non-carriers (RR: 1.68, 95%CI: 1.04-2.71, P=0.03), and
this association was scored as “moderate quality” using the
GRADEpro tool. In contrast, no difference was found in the
risk of composite vascular events (RR: 1.15, 95%CI: 0.58—
2.28) or bleeding (RR: 0.84, 95%CI: 0.38-1.86), despite a
“very low quality” evidence was identified for these two
outcomes. Similarly to the overall analysis, a significant
association of CYP2C19 LOF alleles status was found with
stroke in the subgroup of patients with European ancestry.
Overall, our findings provide moderate evidence that car-
riers of CYP2C19 LOF alleles derive less benefit from clop-
idogrel treatment after ischemic stroke or TIA, suggesting
that CYP2C19 genetic testing may be considered to person-
alize antiplatelet therapy in non-East Asian patients. In such
populations, if aspirin is contraindicated, clopidogrel dose
escalation or antiplatelet agents not influenced by CYP2C19
genetic variants, such as ticagrelor and ticlopidine, could be
alternative P2Y 12 inhibitors for CYP2C19 LOF alleles car-
riers after ischemic stroke or TIA. It is noteworthy that our
pooled estimates, which stem form data of non-East Asian
studies, are in line with those obtained in the East Asian
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subgroup of stroke/TTA patients from the previous meta-
analysis of Pan et al. [16], which found that East-Asian car-
riers of CYP2C19 LOF alleles are at higher risk of stroke in
comparison with non-carriers (RR: 1.93, 95%CI 1.55-2.39,
P <0.00001), while no difference emerged among patients
of East Asia in the risk of bleeding (RR: 0.92, 95%CI:
0.58-1.45, P=0.72). Overall, these results suggest a similar
impact of CYP2C19 LOF alleles on the efficacy and safety
of clopidogrel in stroke/TIA patients of East-Asian ances-
try compared to those of non-East Asian origin. Therefore,
our findings further corroborate current CPIC and DPWG
guidelines for CYP2C19 genotype-guided clopidogrel ther-
apy in stroke/ TIA patients [12, 34], which provide evidence
of a moderate strength recommendation of alternative anti-
platelet agents for CYP2C19 LOF allele carriers and do not
suggest specific recommendations according to patient’s
ethnicity, although based primarily on evidence available in
Asian patients.

We acknowledge several limitations of our study that
should be taken into account for the correct interpreta-
tion of the results. Firstly, the present systematic review
consists of a limited number of studies with a relatively
low sample size. Despite our attempt to conduct a com-
prehensive pooled analysis of all available published
reports, some publications were not eligible for the sys-
tematic review because of unavailability of correspond-
ing authors to provide the data requested for the effect
size calculation. Therefore, great caution is needed in the
interpretation of our pooled risk estimates, a consider-
ation which is also suggested by the results of leave-one-
out meta-analyses showing lack of robustness of pooled
estimates. Secondly, according to the inclusion criteria of
the present systematic review, we considered only non-
East Asian studies enrolling patients with stroke or TIA
undergoing clopidogrel-based antiplatelet therapy. How-
ever, very few patients of East Asian ancestry could have
been recruited in some of the included studies, as shown in
Supplementary Table 2. Nevertheless, a significant asso-
ciation was still found in the subgroup of patients with
European ancestry between carriers of CYP2C19 LOF
alleles and higher risk of stroke, after clopidogrel-based
antiplatelet therapy. Thirdly, the studies of the present
systematic review differ with respect to some character-
istics such as clopidogrel-based regimen, follow-up dura-
tion and CYP2C19 variant alleles analysed, which may
have an impact on the effect size estimation. Neverthe-
less, little or no heterogeneity was observed in the pooled
results, as shown by the I? statistics. Fourthly, in almost
all the included studies, investigation of loss-of-func-
tion CYP2C19 alleles was limited to CYP2C19*2 and
CYP2C19*3 alleles, which represent the most frequent
CYP2C19 LOF alleles among all populations. Other

CYP2C19 alleles such as CYP2C19*9 and CYP2C19*10,
which are known to determine a reduced enzymatic activ-
ity [12], have been overlooked by the authors of the stud-
ies included in the present systematic review. However,
the risk that this could have affected our findings is rather
low, given the very low frequency of CYP2C19*9 and
CYP2C19*10 alleles among the different populations
[12]. Moreover, our pooled estimates are not adjusted by
factors known to have an impact on metabolic activation
of clopidogrel via CYP2C19. For instance, the co-admin-
istration of CYP2C19 inhibitors, such as proton pump
inhibitors (PPIs) or some antidepressant drugs, reduces
the efficacy of clopidogrel on platelets and may thus
worsen the clinical outcome [35], while cigarette smok-
ing is known to enhance clopidogrel-induced platelet
inhibition, which may explain the higher relative benefit
of clopidogrel among smokers [36, 37]. To address the
latter limitation, a meta-analysis of individual participant
data should be performed to obtain adjusted RRs and to
assess the impact of factors, such as PPIs or antidepres-
sants coadministration as well as cigarette smoking, on
the association of CYP2C19 genotype with efficacy and
safety of clopidogrel therapy in stroke/TIA patients. On
the other hand, clinical risk factors and the CYP2C19
genotype can be integrated by the ABCD-GENE score to
estimate the efficacy of clopidogrel-aspirin therapy [38].
The ABCD-GENE score, which incorporates age, BMI,
chronic kidney disease, diabetes mellitus and CYP2C19
loss-of-function alleles, has been demonstrated among
Chinese minor stroke/TIA patients to identify sub-
jects at increased risk of stroke recurrence following
clopidogrel-aspirin therapy [39]. Future investigation
is thus required to assess validity of the ABCD-GENE
score tool in stroke/TIA patients of other ethnic origins,
including Europeans. Furthermore, it is well known that
CYP2C19*2 and *3 alleles are associated to a decreased
antiplatelet activity, as demonstrated by ex vivo platelet
reactivity testing in on-treatment patients [15, 40, 41].
However, platelet reactivity analysis was conducted by
only one of the included studies [27], which results were
consistent with a strong association of platelet activity
with CYP2C19*2 allele status. Lastly, only two studies
[27, 29] included in our analysis have reported the isch-
emic stroke subtypes according to TOAST classification
and, in both these studies, cases with undetermined cause
were a large proportion (40% and 53.7%, respectively).
This could have impacted the strength of the association
between CYP2C19 LOF allele status and efficacy of clop-
idogrel therapy in preventing stroke recurrence, given
that in a proportion of these patients antiplatelet therapy
might not have been the best secondary prevention strat-
egy. In fact, among other causes, occult non-valvular
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atrial fibrillation (AF) could have been the culprit of some
cases of stroke recurrence, which therefore should not
be considered linked to the lack of clopidogrel efficacy
in LOF allele carriers. Moreover, concomitant presence
of known and properly treated AF in those rare patients
requiring also an antiplatelet therapy for several reasons
could be potential source of stroke recurrence, given the
possibility of anticoagulation failure or lack of patients’
compliance. Unfortunately, only [28] and [29] have
reported the number of patients with known AF, which
were a small number (Supplementary Table 2). Neverthe-
less, the pharmacogenetic analysis of the ACTIVE trial
[42] has shown a lack of difference between CYP2C19
genotypes and outcomes in AF patients.

In conclusion, the present systematic review provides
updated pooled risk estimates for the association of
CYP2C19 LOF allele status with efficacy and safety of
clopidogrel-based antiplatelet therapy in non-East Asian
patients with stroke or TIA, including Europeans. The
results of pooled analyses from non-East Asian studies
support that carriers of CYP2C19 LOF alleles have a sig-
nificant increased risk of stroke following TIA or isch-
emic stroke when treated with clopidogrel. These results
provide some evidence of potential clinical utility of
CYP2C19 genotyping to personalize antiplatelet therapy
in non-East Asian patients with stroke/TIA, including
those of European ancestry. However, due to the lim-
ited sample size of this systematic review, further large
and possibly multicentric studies enrolling stroke/TTA
patients of European and other non-East Asian ances-
try are warranted. Such studies are strongly needed not
only to confirm our findings but also to investigate gene—
gene and gene—environment interactions, along with the
adjustment of confounding factors, for the association of
CYP2C19 genotype with efficacy and safety of clopido-
grel in patients with stroke or TIA.
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