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Abstract

Background: Clopidogrel (CLOP) has been used as an antiplatelet medication for many years to treat strokes; 
however, CLOP resistance may increase the risk of stroke recurrence. The poor metabolism of CLOP, which 
leads to resistance, is thought to be caused by the CYP2C19 (C-19) loss of function (LoF) polymorphism. It 
was impossible to draw firm conclusions from earlier research since the data were so inconsistent and diverse. 
Aim: The current study was conducted to gather conclusive data from an updated meta-analysis about the 
relationship between C-19LoF(C-19-LoF) polymorphism and coronary artery (CA) events in individuals using 
CLOP. Methodology: Electronic databases PubMed, EMBASE, SciHub, and Google Scholar were used to extract 
data till November 2024. RevMan 5 software was used for the analysis of extracted data. Results: Out of 7582 
articles, we used 90 carefully selected to conduct our meta-analysis, which comprised 52,748 patients with CA 
disease undergoing CLOP medication. Conclusion: Our results indicate that CA events and composite events are 
significantly more common in individuals with one or more C-19-LoF alleles worldwide than in those without 
these alleles, particularly in Asian populations. The C-19-LoF alleles put the entire population at risk for composite 
events and recurrent CA events, especially Asians on CLOP, according to our meta-analysis. For people with poor 
or intermediate metabolic activity, more study is needed on alternate antiplatelet treatments.
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INTRODUCTION

Cardiovascular (CV) disease is a leading 
cause of death and morbidity worldwide. 
The exact etiology is unknown; 

however, various factors play an imperative 
role in the development of various types of 
CV disorders. The hyperactivation of platelets 
triggers the development of thrombus and 
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severe ischemic episodes, one of the major contributors to 
these types of disorders.[1,2] Therefore, the preferred treatment 
for all individuals with coronary artery (CA) disease is the 
use of antiplatelets. Inhibitors of the purinergic receptor12 
(P2Y12) are crucial for both preventing and treating CV 
disease. P2Y12 inhibitors lessen ischaemic consequences 
by suppressing platelet activities through a complementary 
mechanism.[2] Therefore, antiplatelet drugs are being used in 
the management of various CV disorders through a reduction 
in myocardial infarction. Clopidogrel (CLOP) is one of the 
antiplatelet drugs which is a P2Y12 inhibitor used in the 
management of ACS patients.[3,4]

CLOP is a pro-drug which is mainly activated by C-19in 
the presence of many genes, including CYP1A2, CYP2B6, 
CYP2C9, and CYP3A4.[5] Other variables, including age, 
sex, comorbidities, along with genetic variations, also 
influence the individual’s response. The varied and gradual 
platelet inhibitory properties have led to the development of 
third-generation P2Y12 inhibitors, including ticagrelor and 
prasugrel. However, these medications are linked to problems 
and an elevated risk of bleeding.

The Loss of function (LoF) variations *2 and *3 result in 
proteins that are impaired or left nonfunctional due to the 
high polymorphism of the C-19 gene, which is mainly made 
up of intronic variants. The haplotype C-19*2 variation, for 
instance, is common in Asians, followed by other racial groups, 
and it results in a nonfunctional truncated protein.[6] Similarly, 
a premature stop codon and a nonfunctional shortened 
protein are produced by the C-19*3 haplotype variant, which 
is common among Asians, followed by those with African 
and European heritage.[7,8]

These are the most frequently researched alleles, and thanks to 
technological advancements, it is now feasible to investigate 
differences among single nucleotide polymorphisms 
(SNPs) to create a personalized treatment plan. Similar to 
this, appropriate laboratory tests can be used to determine 
whether platelet function is suppressed, although they are 
not ideal tools for identifying patients who have “true” 
high platelet reactivity. CLOP resistance occurs in certain 
people, indicating that the medication is ineffective against 
its intended target. These individuals also have repeated 
ischemic episodes and myocardial infarction. Furthermore, 
Asian countries have a higher prevalence of CLOP resistance 
than Western countries.[8-10]

Ultra, Rapid, Normal, Intermediate, and Poor metabolizers 
are the five categories of metabolizers based on increased 
function alleles and LoF.[11] While intermediate and poor 
metabolizers have a decreased antiplatelet response to CLOP, 
ultra, rapid, and normal metabolizers have augmented or 
usual antiplatelet activity. The high frequency of LoF alleles 
in people with Asian heritage may aid in the recommendation 
of genotype-based guided antiplatelet medication. It is 
advised to use ticagrelor or prasugrel for intermediate and 

poor metabolizers. The current recommendations for genetic 
testing differ because of the rise in Asian immigration 
to other countries. Clinicians should, therefore, take into 
account inter-individual variability in CLOP response.[12] We 
intend to perform meta-analyses involving a variety of racial 
communities because of the intricate interactions among 
genetic variants, medication metabolism, and the varying 
response to antiplatelet therapy. Such research could offer 
a thorough grasp of how genetic differences affect CLOP 
response in various racial groups.

METHODS

Search strategy

To find pertinent studies with the appropriate MeSH terms 
through November 2024, the preprint database servers of 
PubMed, EMBASE, SciHub, and Google Scholar were 
searched. The following MeSH terms with Boolean operators 
were used: “genome” OR OR “genomes” OR “genome’s” 
OR “genomically” OR “genomics” OR “genomic” OR 
(“cytochrom” OR “cytochromes” OR “cytochromes” OR 
“cytochrome” OR “cytochromic”) OR “genetic variation” 
OR (“genetic” AND “variation”) AND (“cytochrome 
p 450”OR “CYP2C19”OR “SNP” OR “polymorphic” 
OR “polymorphics” OR “polymorphism” OR “genetic 
polymorphism”OR “polymorphisms”. PRISMA-2020[13] 
and STROBE[14] guidelines were followed in the conduct of 
this study.

Eligibility criteria

Inclusion criteria were established following the PICOS 
recommendations. All cohort, randomized control trials 
(RCTs), and case–control reports that evaluated the 
association between C-19 polymorphisms and the risk 
of CA disease are included. The current study included 
data from participants who were diagnosed according to 
recognized protocols, regardless of their age, gender, and 
place of study. However, the eligibility criteria were subject 
to the following exclusion conditions. The review papers, 
case studies, conference abstracts, and research conducted 
on animals or in vitro. Studies that failed to disclose allele 
frequencies or genotypic data for the samples. Studies 
that have been published in other languages (other than 
English) were excluded. 

Screening of data

Relevant research was independently searched by two 
authors (MI and MIS) following the inclusion and exclusion 
criteria. Titles, abstracts, and full texts were utilized to collect 
data following the PRISMA-2020 recommendations. After 
careful consideration, disagreements among the authors were 
resolved with the third author (AK).
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Evaluation of quality

The Newcastle–Ottawa scale was used for the cohort and case–
control studies, and the Jadad scale was used for the RCTs.[15] 

Two reviewers (MI and MIS) independently evaluated the 
quality of the included studies, and disagreements were 
resolved with the third author (AK).

Data extraction

The year of publication, author name, sample size, place 
of study, and age of each study population, as well as the 
genotype distribution of the C-19 SNPs, were all collected 
from each carefully evaluated research article. If an article’s 
data seemed incomplete or unconvincing, the author was 
emailed to ask for clarification.

Statistical analysis

RevMan 5 was used for data analysis. The odds ratio (OR) 
and related confidence interval (95%) were used to assess 
the relationship between C-19 polymorphisms and CAD 
susceptibility. The random effect model was preferred over 
the fixed effect model due to the variations among the 
included studies for the analysis. As a result, the random 
effect model was chosen instead of the fixed effect one. The 

chi-square statistic and the I2 z test were used to quantify 
heterogeneity. To determine whether there was any bias in 
publication, the funnel plot was utilised.

Sensitivity analysis

Sensitivity analysis was used to examine how outliers 
affected the estimate as a whole.

RESULTS

Search outcomes and study parameters

A total of 7,582 studies were discovered in the first search. 
Further, 1,293 papers were screened based on the titles. One 
hundred and ninety-six studies were found to be pertinent 
following additional screening based on the abstracts. The 
full texts of 143 articles were also obtained; following a 
thorough assessment, 90 papers were used in the current 
investigation. Figure 1 displays the systematic screening and 
selection of studies.

A total of eighty-four cohort studies[16-99] and Six RCT 
trials[100-105] made up the remaining ninety chosen studies 
including 52,748 patients in all. Table 1 lists the characteristics 
of the study.

Figure 1: PRISMA chart for screening of articles
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Evaluation of quality

The studies were assessed on a scale of 0–10, with low risk 
(7–10), moderate risk (5–6), and high risk (0–4) allocated to 
each group for cohort and case–control. However, RCTs were 
evaluated on a scale of 0–5 (Jadad scale). Table 1 indicates 
that six studies were judged to be of excellent and 84 studies 
to be of outstanding quality.

The outcome of C-19 polymorphism and its 
efficacy for the world population

In all 90 studies, there were 30,950 individuals in the 
C-19-LoF noncarrier group and 21,798 patients in the 
C-19-LoF carrier group. Because there was a considerable 
amount of heterogeneity among the included studies (I2 = 
62%, P < 0.001), the random effects model was selected 
for further analysis. Figure 2 shows a significant correlation 
between the usage of CLOP in patients in the carrier group 
and those in the noncarrier group, with a pooled OR of 
1.72 [1.53, 1.94]. Thus, C-19-LoF allele carriers were more 
vulnerable than C-19-LoF allele noncarriers, according to 
the primary study.

Publication bias

The funnel plots for the qualitative rating exhibit visual 
asymmetry in Figure 3, which is a sign of publishing bias.

The outcome of C-19 polymorphism and its 
efficacy for the Asian population

From a total of 50 studies, including 26,444 patients from the 
Asian population, data were analyzed to assess the impact of 
C-19-LoF carrier versus C-19-LoF noncarrier and CLOP use 
on the outcome of CA events. In Figure 4, the Chi-square test 
(P < 0.001) showed that the heterogeneity (I2) among studies 
was 61%, which is a quite significant level. C-19-LoF allele 
carriers were shown to be at higher risk than C-19-LoF allele 
noncarriers, with a pooled OR of 1.95 [1.66, 2.28], indicating 
a significant relationship.

Publicationbias

A funnel plot was used for the qualitative assessment of 
publication bias shows some asymmetry in the plot’s form 
(Figure 5), which suggests publishing bias.

Sensitivity analysis

We conducted a sensitivity analysis on the meta-analysis 
results for the world and Asian populations (Figures S1 and 
S2). Even though the pooled OR dropped for all groups, 
C-19-LoF alleles were still significantly associated with CA 

events compared to those who do not carry these alleles, 
particularly in Asian populations. Furthermore, even after 
removing studies with large sample sizes and very small 
sample sizes, a significant connection was still seen in the 
population with C-19-LoF alleles using CLOP medication.

DISCUSSION

Prior studies demonstrating a link between C-19-LoF allele 
carriers and the incidence of adverse clinical outcomes in 
Asian and international patients on CLOP treatment were 
evaluated in the current systematic review and meta-analysis. 
This is the largest systematic review that addresses this 
topic and provides both qualitative and quantitative results. 
In total, 52,748 patients were recruited for the 90 trials that 
we included in our article. According to our results, Asian 
patients with any C-19-LoF allele are less likely to experience 
bleeding events; nevertheless, because of the nonsignificant 
increasing tendency, more extensive prospective studies are 
required to validate the impact on various CV events.[106] 
We observed that patients with C-19-LoF alleles were more 
likely to experience CA events than those without the alleles, 
even when taking CLOP medication. With an OR of 1.7 
from our global pooled analysis, CAD patients treated with 
CLOP are more likely to experience CAD events worldwide. 
Further, our study also found that in the Asian population, 
the OR increases, suggesting that people taking higher 
dosages of CLOP have a markedly higher risk of cardiac 
events. Similar findings were made by Sharma et al., who 
discovered that individuals with one or more C-19-LoF 
alleles have a much higher risk of composite events and 
CA events than those without these alleles, particularly in 
Asian populations.[107] Furthermore, the patients’ country 
had a substantial impact on the consequences of C-19-LoF 
alleles. Our study’s findings also demonstrated that a higher 
loading dose of CLOP was insufficient to overcome the 
CLOP resistance of Asian individuals. Niu et al. found that 
the C-19 polymorphism affects CLOP’s efficacy differently 
in Asians and Westerners.[108] The C-19 genotype status test 
of interaction was also shown to be statistically significant 
by Pereira et al., suggesting that the C-19 genotype altered 
the effect.[109] According to Saito et al., in Japanese patients 
undergoing PCI, the ABCD-GENE score demonstrated a 
significant and moderate diagnostic potential for HPR on 
CLOP.[110] Similarly, Angiolillo et al. found that the ABCD-
GENE score provides a straightforward way to identify HPR 
patients taking CLOP who are more likely to experience 
serious ischemic events, like death, after an acute myocardial 
infarction. In patients with a high ABCD-GENE score, 
long-term oral P2Y12 inhibitors other than CLOP should be 
investigated.[111]

Heterogeneity is one of the important parameters in any 
type of meta-analysis.[112-114] Nevertheless, the substantial 
heterogeneity seen in these meta-analyses undoubtedly 
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Figure 2: Correlation between C-19-LoF alleles and CA events (Worldwide patients receiving CLOP)
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indicates that there is a complex interaction between C-19-
LoF alleles and the result of interest, one that may differ 
among studies and populations. The significance of taking 
population stratification into account in genetic studies 
is highlighted by this observation. Ignoring population 
stratification in genetic research can result in erroneous 
connections and incorrect interpretations of findings. Thus, 
it is appropriate to stress the importance of C-19-LoF allele 
genetic testing. Based on each patient’s unique genetic 
profile, this individualized approach to treatment can assist 
in better customizing medical interventions for them.

To maximize medication efficacy and achieve precision 
medicine, especially in the Asian population, our study will 
assist clinicians in choosing appropriate alternative antiplatelet 
medications, such as ticagrelor or prasugrel, for the treatment 

Figure 3: Funnel diagram for qualitative assessment of 
publication bias of included studies related to the patients 
receiving CLOP worldwide

Figure 4: Correlation between C-19-LoF alleles and CA events (Asian patients receiving CLOP)
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of patients with CA disease who have C-19-LoF. The findings 
of the current investigation may have applications since 
physicians can, if available, determine a patient’s C-19 genetic 
status before administering CLOP to treat CAD.

CONCLUSION

Current investigations conclude that individuals having 
different polymorphisms for C-19-LoF alleles contribute to 
the variation in how well a patient responds to CLOP therapy. 
C-19-LoF allele carriers in the Asian population are far more 
likely than noncarriers to experience a CA event while taking 
CLOP than people in other populations. The high-loading 
dosage CLOP strategy is not clinically beneficial for patients 
with the C-19-LoF allele. Therefore, the present study 
supports that genetic testing for C-19 variations may enable 
clinicians to customize antiplatelet medicine.
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