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Objective: The objective of this study was to evaluate the impact of clopidogrel-related gene polymorphisms on the occurrence of 
recurrent thrombotic events and cardiovascular death in patients with acute coronary syndrome (ACS) following percutaneous 
coronary intervention (PCI).
Methods: We conducted genotype testing for 26 specific loci mapped to 18 clopidogrel-associated genes in ACS patients who had 
undergone PCI and were receiving dual antiplatelet therapy only involving clopidogrel. We documented major adverse cardiovascular 
events (MACE) and clinical endpoints, analyzing the effect of genetic polymorphisms on treatment outcomes.
Results: A total of 200 patients were enrolled in the study, with ischemic events occurring in 21 cases. Carriers of the T-allele for 
rs41273215 (PEAR1), rs662 (PON1), and the A-allele for rs4244285 (CYP2C19), as well as the C-allele for rs762551 (CYP1A2), 
exhibited a significant increase in the risk of MACE (OR = 2.76, 95% CI = 1.46–5.22, P = 0.002; OR = 3.72, 95% CI = 1.82–7.64, P = 
0.0003; OR = 3.86, 95% CI = 1.89–7.86, P = 0.0002; OR = 2.40, 95% CI = 1.27–4.55, P = 0.007). Notably, the variant T-allele of 
rs168753 (F2R) was associated with a significant reduction in the risk of such events (OR = 0.29, 95% CI = 0.12–0.67, P = 0.004). No 
significant associations were found between other single nucleotide polymorphisms (SNPs) and clinical endpoints.
Conclusion: Polymorphisms in rs41273215 (PEAR1), rs662 (PON1), rs4244285 (CYP2C19), and rs762551 (CYP1A2) were correlated 
with an increased risk of MACE in PCI patients. Conversely, the rs168753 (F2R) polymorphism was linked to improved cardiovascular 
outcomes. Genotyping for these polymorphisms could be instrumental in identifying patients at heightened risk for MACE.
Keywords: clopidogrel, percutaneous coronary intervention, acute coronary syndrome, single nucleotide polymorphism, MACE

Introduction
Acute coronary syndrome (ACS) is a form of coronary heart disease predominantly triggered by the rupture of 
atherosclerotic plaques. The combination of aspirin with a P2Y12 receptor antagonist, as part of dual antiplatelet therapy 
(DAPT), is recommended to mitigate the risk of major adverse cardiovascular events (MACE)1,2 and holds a pivotal role 
in the secondary prevention for patients with ACS undergoing percutaneous coronary intervention (PCI). While current 
guidelines3,4 endorse ticagrelor as the preferred option over clopidogrel for DAPT, recent meta-analyses indicate that 
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a clopidogrel-based DAPT strategy offers comparable cardiovascular protection with a reduced risk of bleeding and an 
overall greater benefit.5,6 In European and American populations, the regimen of aspirin plus ticagrelor is deemed more 
efficacious and safer compared to the combination with clopidogrel. However, although the Asian demographic also 
stands to gain from this treatment, they are at an increased risk of bleeding, necessitating a prudent selection of 
antiplatelet agents.7 Consequently, clopidogrel maintains a significant role in the antiplatelet management of ACS.

However, the metabolic pathway of clopidogrel was intricate, and its effect is affected by multiple enzymes. After oral 
administration, only 15% of clopidogrel can be absorbed successfully, others is hydrolyzed to inactive carboxylic acid derivatives 
by esterase.8 As a precursor, clopidogrel is converted into its active metabolite by the P450 enzyme system in the liver.9 The 
intestinal transport of clopidogrel is modulated by ATP binding box B subfamily member 1 (ABCB1), while the cytochrome P450 
family 2 subfamily C polypeptide 19 (CYP2C19), paraoxonase-1 (PON1) and CES1 play a key role in the process of 
transformation. The active metabolite of clopidogrel targets the P2RY12 receptor, blocking ADP binding and receptor activation. 
Research also indicates that various genes, including nitric oxide synthase 3(NOS3), beta-1,4-galactosyltransferase 2(B4GALT2), 
platelet endothelial aggregation receptor 1(PEAR1), insulin receptor substrate 1(IRS-1), coagulation factor II thrombin receptor 
(F2R), thromboxane A2 receptor (TBXA2R), integrin subunit beta 3(ITGB3), integrin subunit alpha 2(ITGA2), solute carrier 
family 14 member 2(SLC14A2), and N-6 adenine-specific DNA methyltransferase 1(N6AMT1), influence clopidogrel’s 
pharmacodynamics.10–15 Mutations at important sites of these genes may help to explain the variation of antiplatelet effect of 
clopidogrel.16

Although some studies have identified the impact of genetic polymorphisms on the reduced effectiveness of clopidogrel, 
potentially resulting in MACE post-PCI, a comprehensive investigation of these genes is still lacking. Current research 
primarily concentrates on the CYP2C19 and CYP450 enzymes, as well as the ABCB1 gene.17,18 Furthermore, this study adopts 
a broader approach to genetic analysis, examining a wider spectrum of genetic influences. Therefore, this study is designed to 
evaluate the association between clopidogrel-related gene polymorphisms and MACE, and to explore a more comprehensive 
set of genetic factors, with the aim of providing a deeper scientific basis for personalized treatment.

Materials and Methods
Patient Selection
All procedures performed in studies involving human participants were in accordance with the ethical standards of the 
institutional and/or national research committee and with the 1964 helsinki Declaration and its later amendments or 
comparable ethical standards, and approved by the Ethics Committee of Fuwai Central China Cardiovascular Hospital, 
Henan Provincial People’s Hospital, Central China Fuwai Hospital of Zhengzhou University (ID: 2022–06).

This retrospective case-control study involved 200 patients with Acute Coronary Syndrome (ACS) who underwent 
Percutaneous Coronary Intervention (PCI) with stent implantation at Fuwai Central China Cardiovascular Hospital between 
January 2019 and December 2020. The inclusion and exclusion criteria are as follow:
Inclusion Criteria:

1. Definitive Diagnosis of ACS: The diagnosis of ACS hinges on an extensive evaluation encompassing the patient’s 
clinical presentation, physical signs, electrocardiogram (ECG), laboratory findings, and imaging studies. The 
diagnoses encompassed by this criterion include ST-segment Elevation Myocardial Infarction (STEMI), Non-ST- 
segment Elevation Myocardial Infarction (NSTEMI), and Unstable Angina (UA).

2. Dual Antiplatelet Therapy Received: Patients were treated with a combination of aspirin and clopidogrel.
3. Complete Clinical Information Available: Only patients with comprehensive medical records suitable for research 

analysis were included.

Exclusion Criteria:

1. Contraindications to PCI: Patients who cannot undergo PCI due to various reasons.
2. Allergy or intolerance to clopidogrel: Patients with allergic reactions or unable to tolerate the medication.
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3. Severe organ dysfunction: Including severe liver dysfunction, significant valvular disease, or renal impairment.
4. Active bleeding or hemorrhagic disease history: Patients with active bleeding or a history of hemorrhagic disease.
5. Other dual antiplatelet therapy regimens: Patients on ticagrelor antiplatelet therapy.

This study encompassed a total of 200 participants, comprising 21 patients who experienced clinical adverse events and 
179 control patients without such events.

Study Design
Patient demographics and clinical characteristics, including age, gender, biochemical indicators, body mass index 
(BMI), comorbidities, smoking status, alcohol consumption, history of stent placement, and concomitant medica-
tion were extracted from the hospital’s information system. A loading dose of 300 mg of clopidogrel was 
administered to patients prior to PCI, followed by a daily maintenance dose of 75mg. Preceding the operation, 
5mL of blood was collected intravenously from each patient, placed into heparin-coated tubes, and stored at −80°C 
for subsequent genotyping. Post-PCI, patients were prescribed a one-year course of dual antiplatelet therapy, 
consisting of 75 mg/day of clopidogrel and 100 mg/day of aspirin. Discharge education focused on reducing 
atherosclerosis risk factors, which included controlling blood pressure and glucose levels, lowering LDL choles-
terol, ceasing smoking and alcohol consumption, achieving weight loss, and engaging in moderate exercise.

All enrolled patients were monitored by cardiovascular clinic review and readmission records. The primary 
clinical endpoints for this follow-up were MACE including acute cerebral infarction, acute myocardial infarction, 
and cardiovascular related death. Based on the incidence of these primary outcomes, patients were divided into 
“case group” and “control group”. The “case group” refers to patients who experienced at least one primary 
endpoint within one year, either through readmission or revisit. In contrast, the ‘control group’ consisted of 
patients who remained free from any primary endpoints over the same duration. A comparative analysis of 
multiple clopidogrel-associated genotypes was performed between these two cohorts.

Gene Selection
Clopidogrel’s pharmacogenetics significantly influence its efficacy. Genes directly involved in clopidogrel metabolism 
include: CYP2C19, CYP3A4, ABCB1, CES1, CES1P1, PON1, P2RY12. Genes selected based on literature reviews that 
affect clopidogrel pharmacodynamics include: NOS3, B4GALT2, PEAR1, IRS-1, F2R, TBXA2R, ITGB3, ITGA2, 
SLC14A2, PTGS1 and N6AMT1.8,19–28 Considering comprehensively, we selected these genes as the object of this 
study. Mutation frequencies for all loci in different populations are shown in Table S1.

Genotyping
For the analysis of clopidogrel single nucleotide polymorphisms (SNPs), genotypes were ascertained utilizing the MassArray 
iPLEX assay system (Agena, San Diego, United States). Peripheral blood samples were collected, and approximately 10–20 
nanograms of genomic DNA for genotyping. Table 1 presents the list of polymerase chain reaction (PCR) primers employed 
in this study, which were meticulously designed using the Assay Design 4.0 software (Agena, San Diego, United States). The 
PCR was conducted to separately amplify the target DNA fragments, with the resulting products then subjected in locus- 
specific single-base extension reactions. The implementation of rigorous quality control measures in our study refers to 
several aspects of the MassARRAY process. Firstly, the system’s chemistry is robust and reproducible, which is essential for 
obtaining reliable results. Secondly, the MassARRAY system includes advanced data analysis software that helps in the 
accurate interpretation of the genotyping data. Thirdly, our study likely involved the use of multiplexed PCR reactions and 
single base extension reactions, which are designed to be highly specific, further ensuring the accuracy of the genotype calls. 
Rigorous quality control measures were implemented, ensuring the data’s availability and reliability.

Statistics Analysis
All data were subjected to statistical analysis using SPSS 25.0 software from SPSS Inc., Chicago, Illinois, USA, and PLINK 
v1.90 software. Continuous variables were presented as mean ± standard deviation (SD) and were analyzed employing the 
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Table 1 Selected Variants for Clopidogrel

Gene Variant Allele SNP 
position

Primers (5’-3’) MAF in 
control

MAF in 
case

HWE 
P-value

B4GALT2 rs1061781 C>T Missense F: ACGTTGGATGAGGTTCGTTATGCTTGTCGC 
R: ACGTTGGATGACTGGGATGAAGATCTCACG

0.108 0.095 0.707

PEAR1 rs12041331 G>A Other F: ACGTTGGATGGAAGTCCCTTCTGCTGTCTC 
R: ACGTTGGATGTAGAGTTCCTGGTGGACAAG

0.364 0.286 0.263

PEAR1 rs41273215 C>T Intronic F: ACGTTGGATGTTCCTGGATGAACTCTCAGC 
R: ACGTTGGATGTTCAAAGCTTTGGTGTGCCC

0.333 0.571 0.108

PEAR1 rs57731889 C>T Intronic F: ACGTTGGATGAGACTAGAGTTTCCTGGCGG 
R: ACGTTGGATGTTAGCACCAAATGTCCCCAG

0.435 0.309 1.000

IRS1 rs13431554 A>G 3’ UTR F: ACGTTGGATGGTGAATTAAGACCTTGGCGG 
R: ACGTTGGATGTTGGCTTCCACCCATTCTTC

0.221 0.214 0.831

MED12L, 
P2RY12

rs6785930 G>A Other F: ACGTTGGATGGGACCTGGGTGATTTTGTAG 
R: ACGTTGGATGCCAACAAGAAATGCAAGCCG

0.245 0.167 0.429

MED12L, 
P2RY12

rs2046934 A>G Other F: ACGTTGGATGTATGGCATCTACATCTTGGG 
R: ACGTTGGATGCAATTTCACTTATCTCTGG

0.150 0.105 0.568

MED12L, 
P2RY12

rs6787801 A>G Other F: ACGTTGGATGGATGACTCTCATTAATGACC 
R: ACGTTGGATGGAGATGAGCAAAAAAAAAGTG

0.460 0.548 0.449

ITGA2 rs1126643 C>T Missense F: ACGTTGGATGTGGCCTATTAGCACCAAAAC 
R: ACGTTGGATGCCAGACATCCCAATATGGTG

0.332 0.333 0.498

ITGA2 rs1062535 G>A Intronic F: ACGTTGGATGGCTTATTCAGCAGCTTCTGG 
R: ACGTTGGATGCCATCATGTGATTCACCGTC

0.333 0.333 0.403

F2R rs168753 A>T Intronic F: ACGTTGGATGTGCCTTGTTGATGCGTTCAC 
R: ACGTTGGATGGGGATCTAAGGTGGCATTTG

0.461 0.222 0.649

ABCB1 rs1045642 G>A Missense F: ACGTTGGATGAAGGCATGTATGTTGGCCTC 
R: ACGTTGGATGTTGCCTATGGAGACAACAGC

0.455 0.381 0.230

ABCB1 rs1128503 A>G Synonymous F: ACGTTGGATGTTTCTCACTCGTCCTGGTAG 
R: ACGTTGGATGCACAGCCACTGTTTCCAACC

0.308 0.333 0.156

PON1 rs662 C>T Missense F: ACGTTGGATGCCTGAGCACTTTTATGGCAC 
R: ACGTTGGATGACATACGACCACGCTAAACC

0.355 0.619 0.865

CYP3A4 rs2242480 C>T Intronic F: ACGTTGGATGGCAGGAGGAAATTGATGCAG 
R: ACGTTGGATGTGCTAAGGTTTCACCTCCTC

0.270 0.190 0.353

NOS3 rs1799983 G>T Missense F: ACGTTGGATGACCTCAAGGACCAGCTCGG 
R: ACGTTGGATGAAACGGTCGCTTCGACGTG

0.134 0.150 1.000

PTGS1 rs1330344 T>C 5’ Flanking F: ACGTTGGATGCACCCATCTGCACTCAAAAC 
R: ACGTTGGATGTCTGATTCTGAGGTGAAGGC

0.413 0.357 0.540

CYP2C19 rs12248560 C>T 5’ Flanking F: ACGTTGGATGTGAGCTGAGGTCTTCTGATG 
R: ACGTTGGATGCAAATTTGTGTCTTCTGTTC

0.015 0.000 0.042

CYP2C19 rs4986893 G>A Stop Codon F: ACGTTGGATGAACATCAGGATTGTAAGCAC 
R: ACGTTGGATGGACTGTAAGTGGTTTCTCAG

0.028 0.048 1.000

CYP2C19 rs4244285 G>A Synonymous F: ACGTTGGATGCACTTTCCATAAAAGCAAGG 
R: ACGTTGGATGGCAATAATTTTCCCACTATC

0.255 0.525 0.515

CYP1A2 rs762551 A>C Intronic F: ACGTTGGATGCAGCTGGATACCAGAAAGAC 
R: ACGTTGGATGTCTGTGATGCTCAAAGGGTG

0.387 0.548 0.512

CES1P1 rs3785161 A>C 5’ Flanking F: ACGTTGGATGTGCCCAGAGCACTCTGTATC 
R: ACGTTGGATGACACATATAGGGTGGAGGAG

0.280 0.262 0.714

(Continued)
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Student’s t-test. Categorical variables were expressed in terms of numbers and percentages and were examined using the chi- 
square (χ2) test. The chi-square test was also utilized to evaluate Hardy-Weinberg equilibrium (HWE). Linkage disequilibrium 
(LD) patterns and haplotype structures were assessed with Haploview software version 4.2, developed by Daly Laboratories, 
USA. The significance of any observed haplotype associations was determined using the chi-square test. OR and 95% CI were 
applied to evaluate the association of genetic variants with the MACE during the follow-up period using unconditional logistic 
regression. A P-value of less than 0.05 was considered to indicate statistical significance.

Results
Characteristics of Enrolled Population
Comparative analysis revealed no significant differences between the two groups with respect to age, gender, body mass index 
(BMI), and medical history—encompassing conditions such as hypertension, diabetes, hyperlipidemia, coronary heart 
disease, prior coronary artery stent implantation, alcohol consumption, and smoking. Similarly, biochemical indicators, 
including total cholesterol, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol, were 
not significantly different. Regarding concurrent medication, the study patients were treated with a range of statins, including 
atorvastatin, rosuvastatin, pitavastatin, simvastatin, and fluvastatin, alongside beta-blockers such as metoprolol and bisoprolol. 
The primary clinical endpoints of major adverse cardiovascular events (MACE) comprised stent thrombosis, myocardial 
infarction, stroke, and death. A detailed overview of the clinical characteristics is presented in Table 2.

Table 1 (Continued). 

Gene Variant Allele SNP 
position

Primers (5’-3’) MAF in 
control

MAF in 
case

HWE 
P-value

CES1 rs8192950 T>G Intronic F: ACGTTGGATGCTCTTTCTCATTTGGGATGC 
R: ACGTTGGATGATGTGCTTCTTGTTGGTGGG

0.183 0.190 0.454

ITGB3 rs5918 T>C Missense F: ACGTTGGATGTTGCTGGACTTCTCTTTGGG 
R: ACGTTGGATGCAGATTCTCCTTCAGGTCAC

0.003 0.048 1.000

SLC14A2 rs12456693 C>T Other F: ACGTTGGATGAATGTCTCCAGTGCTTCCTC 
R: ACGTTGGATGTGAGAATTTCCTGTTAACCC

0.138 0.143 0.108

N6AMT1 rs2254638 A>G Intronic F: ACGTTGGATGTCCCCATTAAAAAGATCAGC 
R: ACGTTGGATGAGCTTGTCACTGGGTAGTTG

0.450 0.548 0.762

Table 2 Clinical Characteristics of Patients with MACE (Case) and Without 
MACE (Control)

Variable Case (n=21) Control (n = 179) P-value

Age, mean±SD 68.48±6.42 64.96±11.20 0.222

Male, n (%) 12(57.1%) 111(62.0%) 0.664

TC (mmol/L) 3.36±0.69 3.43±0.91 0.736

TG (mmol/L) 1.36±0.44 1.61±1.07 0.350

HDL-C (mmol/L) 0.98±0.20 1.02±0.27 0.539

LDL-C (mmol/L) 2.05±0.61 2.02±0.82 0.884

PLT (10^9/L) 205.62±70.85 210.64±59.79 0.721

Systolic pressure 132.43±24.08 135.94±17.93 0.822

(Continued)
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Table 2 (Continued). 

Variable Case (n=21) Control (n = 179) P-value

Diastolic pressure 82.10±15.24 83.49±11.81 0.620

Risk factors

BMI, mean±SD 25.14±2.67 25.99±3.91 0.334

Hypertension, n (%) 14(66.7%) 119(66.5%) 0.986

Diabetes, n (%) 4(19.0%) 64(35.8%) 0.126

Hyperlipidemia, n (%) 1(4.8%) 28(15.6%) 0.311

Coronary heart disease, n (%) 16(76.2%) 133(74.3%) 0.851

Prior coronary stents, n (%) 8(38.1%) 40(22.3%) 0.110

Tobacco use, n(%) 0.120

Never 16(76.2%) 105(58.6%) –

Current 3(14.3%) 49(27.4%) –

Ex-tobacco use 2(9.5%) 25(14.0%) –

Alcohol use, n(%) 0.848

Never 14(66.7%) 123(68.7%) –

Social alcohol use 2(9.5%) 24(13.4%) –

Regular alcohol use 5(23.8%) 32(17.9%) –

Concomitant medication

Statin drugs

Atorvastatin, n (%) 8(38.1%) 67(37.4%) 0.971

Rosuvastatin, n (%) 13(61.9%) 102(57.0%) 0.891

Pitavastatin, n (%) 0 (0.0%) 2(1.1%) 0.626

Simvastatin, n (%) 0 (0.0%) 1(0.5%) 0.731

Fluvastatin, n (%) 0 (0.0%) 2(1.1%) 0.626

Beta blockers

Metoprolol, n (%) 16(76.2%) 134(74.9%) 0.894

Bisoprolol, n (%) 1(4.8%) 11(6.1%) 0.863

Outcome, n (%)

Stent thrombosis 6(28.6%) – –

Myocardial infarction 10(47.6%) – –

Acute cerebral infarction 3(14.3%) – –

CV-related death 2(9.5%) – –

Abbreviations: TC, Total Cholesterol; TG, Triglycerides; HDL-C, High-Density Lipoprotein 
Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; BMI, Body Mass Index; CV, 
cardiovascular.
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Association of Genetic Polymorphisms and Clinical End-Points
The allelic frequencies and HWE test results are shown in Table 1. Three SNPs of rs4986893 (CYP2C19*3), rs12248560 
(CYP2C19*17) and rs5918 (ITGB3) had minor allele frequency (MAF) lower than 0.05. Variants with MAF < 0.05 have 
specific significance in genetic studies, and they may be associated with rare diseases, drug responsiveness, and the genetic 
structure of populations. None of the SNPs were significantly different from HWE for all patients (p>0.05). The findings from 
the logistic regression analysis, contrasting cases with controls, are detailed in Table 3. Compared to controls, the cases 
demonstrated significantly higher mutation frequencies in carriers of the T allele of rs41273215 (PEAR1), with an odds ratio 
(OR) of 2.76 and a 95% confidence interval (CI) of 1.46 to 5.22, achieving statistical significance at P = 0.002. Similarly, 
T-allele carriers of rs662 (PON1) showed an increased risk with an OR of 3.72 and a 95% CI of 1.82 to 7.64, with P = 0.0003. 

Table 3 The Associations of Clopidogrel Metabolism-Related SNPs 
with MACE on Logistic Regression Analysis

Gene Variant Logistic regression,  
OR, 95% CI

P-value

B4GALT2 rs1061781 0.39, 0.09–1.68 0.209

PEAR1 rs12041331 0.65, 0.32–1.35 0.253

PEAR1 rs41273215 2.76, 1.46–5.22 0.002*

PEAR1 rs57731889 0.55, 0.27–1.09 0.088

IRS1 rs13431554 0.96, 0.44–2.10 0.909

MED12L,P2RY12 rs6785930 0.56, 0.23–1.35 0.198

MED12L,P2RY12 rs2046934 0.65, 0.22–1.89 0.431

MED12L,P2RY12 rs6787801 1.53, 0.78–2.97 0.215

ITGA2 rs1126643 1.01, 0.50–2.05 0.980

ITGA2 rs1062535 1.01, 0.49–2.05 0.990

F2R rs168753 0.29, 0.12–0.67 0.004*

ABCB1 rs1045642 0.70, 0.36–1.38 0.301

ABCB1 rs1128503 1.16, 0.56–2.40 0.684

PON1 rs662 3.72, 1.82–7.64 0.0003*

CYP3A4 rs2242480 0.59, 0.26–1.35 0.208

NOS3 rs1799983 1.16, 0.46–2.87 0.757

PTGS1 rs1330344 0.76, 0.38–1.51 0.428

CYP2C19 rs4986893 1.98, 0.40–9.83 0.405

CYP2C19 rs4244285 3.86, 1.89–7.86 0.0002*

CYP1A2 rs762551 2.40, 1.27–4.55 0.007*

CES1P1 rs3785161 0.90, 0.44–1.86 0.780

CES1 rs8192950 1.06, 0.46–2.46 0.888

SLC14A2 rs12456693 1.05, 0.44–2.46 0.920

N6AMT1 rs2254638 1.56, 0.81–2.99 0.180

Note: *P < 0.05, which is statistically significant.
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A-allele carriers of rs4244285 (CYP2C19) also exhibited a higher risk, with an OR of 3.86 and a 95% CI of 1.89 to 7.86, and 
P = 0.0002. C-allele carriers of rs762551 (CYP1A2) had an OR of 2.40 and a 95% CI of 1.27 to 4.55, with P = 0.007. 
Conversely, the variant T-allele of rs168753 (F2R) was associated with a significantly decreased risk of MACE, with an OR of 
0.29 and a 95% CI of 0.12 to 0.67, and P = 0.004. No significant associations were observed between other genotypes and 
clinical events, with all P values exceeding the threshold of 0.05. We analyzed participants in groups according to selected 
genotypes to see if clinical characteristics differed, as shown in Table S2, and listed the distribution of selected genotypes 
between cases and controls in Table S3.

Haplotype Analysis and Test of Association
The final LD analysis identified three distinct haplotypes among our patient cohort, specifically mapped to the PEAR1, 
P2RY12, ITGA2, ABCB1, CYP2C19, and CES1 genes (as illustrated in Figures S1 and S2, which display the linkage 
disequilibrium plots for the selected SNPs).

The significance of the haplotypic association is presented in Table 4. Despite the relatively low frequency of the CC 
haplotype (PEAR1), which was observed at 0.234, it was associated with an increased risk of recurrent clinical events, 
with a statistically significant P-value of 0.023. In contrast, the remaining haplotypes did not appear to be significant risk 
factors for the recurrence of Major Adverse Cardiovascular Events (MACE) among Chinese patients.

Discussion
Our study evaluated the correlation between genetic polymorphisms and the occurrence of MACE in patients who underwent PCI 
and were subsequently treated with aspirin and clopidogrel. The findings revealed that specific polymorphisms—rs41273215 
(PEAR1), rs662 (PON1), rs4244285 (CYP2C19), and rs762551 (CYP1A2)—were significantly associated with an elevated risk of 
experiencing MACE. In contrast, the rs168753 (F2R) polymorphism demonstrated a significant inverse relationship, being linked 
to a reduced risk of such events. The genetic loci identified in this research are notable for their high mutation frequencies across 
diverse global populations, with mutation rates ranging from 0% to 85.02%. This variation suggests a level of generalizability in 
our results, implying their potential indirect applicability to other demographic groups.

CYP2C19 is a drug-metabolizing enzyme essential for the biotransformation of clopidogrel. The CYP2C19*2 and 
CYP2C17*3 loss of function (LOF) alleles is found to disrupt bioactivity, diminish the concentration of active 
clopidogrel metabolites, and compromise the antiplatelet efficacy of clopidogrel. This disruption can subsequently 
elevate the risk of adverse cardiovascular events.29 A previous study identified a significantly increased risk of adverse 
outcomes in carriers unadjusted for treatment (15.6%, P<0.05).30 Nonetheless, a contrasting study reported that patients 
possessing LOF alleles, predominantly CYP2C19*2 did not exhibit an increased risk of of MACE even though there was 
a notable increase in the risk of MACE.31

PEAR1, predominantly expressed in platelets and endothelial cells, facilitates platelet adhesion and aggregation, playing 
a crucial role in thrombosis as well as in sustaining the homeostatic balance of platelet aggregation. A previous report has indicated 

Table 4 The Frequency of Each Haplotype Within a Block and 
the Association of Haplotype and Clinical Endpoint

Gene Block Haplotype 
Frequency

Case, Control 
Frequencies

P-value

PEAR1 CT 0.434 0.272, 0.383 0.660

PEAR1 TC 0.332 0.450, 0.423 0.128

PEAR1 CC 0.234 0.278, 0.194 0.023*

ITGA2 TA 0.332 0.361, 0.307 0.346

ITGA2 CG 0.668 0.639, 0.693 0.346

Note: *P < 0.05, which is statistically significant.
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that patients possessing a polymorphism in PEAR1 are correlated with an elevated risk of acute myocardial infarction and other 
adverse events subsequent to clopidogrel administration.32 Another study has documented that single nucleotide polymorphisms 
(SNPs) within PEAR1—specifically rs11264580, rs3737224, and rs41273215—are significantly associated with heightened 
ADP-induced platelet aggregation in Chinese patients with coronary heart disease (CHD) who are on a dual antiplatelet regimen 
comprising aspirin and clopidogrel. This finding underscores the significance of these SNPs in platelet activation.25

The PON1 enzyme plays a pivotal role in the metabolic pathway of clopidogrel, facilitating the conversion of 
2-O-clopidogrel into its active metabolites. Polymorphisms within the PON1 gene have the potential to diminish the 
enzymatic activity of PON1, thereby attenuating the antiplatelet effects of clopidogrel and potentially resulting in 
clopidogrel resistance.33,34 Relevant reports have suggested that PON1 gene polymorphisms might influence the 
therapeutic efficacy of clopidogrel and patient prognosis.21,35–39 However, the precise connection between CHD and 
these prognostic factors remains to be fully elucidated. Our investigation has identified that PON1 gene mutation are 
significant predictors of patient prognosis following PCI with clopidogrel, aligning with findings from prior research.

The CYP1A2 enzyme is produced following expression of the CYP1A2 gene. Most of the polymorphic variants of the 
CYP1A2 gene detected varied greatly in different populations worldwide. However, four alleles including CYP1A2*1C, 
CYP1A2*1F, CYP1A2*1J and CYP1A2*1K were described as common variants in at least one ethnic group.40,41 

A substantial multicenter clinical trial, enrolling 2732 patients, was conducted to genotype and evaluate the link between 
the CYP1A2*1C allele and the enduring clinical efficacy and safety profile of clopidogrel. The findings indicated that 
patients possessing the CYP1A2*1C allele demonstrated a marked increase in responsiveness to clopidogrel. Conversely, 
these individuals also experienced a notably higher mortality rate attributed to major bleeding incidents.13

The presence of the rs168753 (F2R) T allele may confer an effect akin to partial inhibition of the PAR-1 receptor, 
potentially exerting a synergistic antiplatelet influence when combined with clopidogrel’s blockade of the P2Y12 receptors.42 

Current evidence is limited and marred by inconsistent findings concerning the link between the F2R polymorphism and 
clinical outcomes in patients. A previous study indicated that individuals carrying the T allele exhibited a diminished risk of 
ischemic events among a cohort of 503 patients post-PCI who were administered DAPT with aspirin and clopidogrel for 
a period of 12 months.43 Additionally, another investigation observed that, among patients with a mild ischemic stroke or 
transient ischemic attack (TIA) treated with clopidogrel and aspirin, those possessing the rs168753 (F2R) T allele experienced 
a reduced incidence of recurrent strokes compared to non-carriers.44 In our current study, we have discerned that the rs168753 
variant within the F2R gene might modulate the therapeutic efficacy of clopidogrel in PCI patients. Notably, the T-allele 
variant of F2R rs168753 was associated with a significant reduction in the likelihood of MACE.

Our study suggests that polymorphisms in the F2R gene, in addition to CYP2C19, CYP1A2, PEAR1, and PON1, may also be 
associated with the efficacy of clopidogrel in Chinese patients with ACS after PCI. The precise interplay between the F2R gene 
and the incidence of cardiovascular adverse events merits further elucidation in future studies. Physicians have the potential to 
utilize genetic testing as a means to ascertain which patients are likely to derive clinical benefits from clopidogrel therapy.

This study has several inherent limitations that warrant consideration: Firstly, the sample size was relatively modest, 
comprising only 200 participants who fulfilled the specified inclusion and exclusion criteria. Secondly, various factors influen-
cing the outcomes were not fully accounted for, including the severity of patients’ conditions, the specific type of acute coronary 
syndrome (ACS), the quantity of stents implanted, the duration of disease, and other relevant variables. Thirdly, the study’s 
population was exclusively Chinese, potentially restricting the generalizability of the results to other ethnicities or populations.

Conclusions
In conclusion, the minor allele of rs41273215 (PEAR1), rs662 (PON1), rs4244285 (CYP2C19), and rs762551 (CYP1A2) 
related to clopidogrel metabolism conferred an elevated risk of MACE in patients with ACS who have undergone PCI. In 
contrast, the rs168753 (F2R) polymorphism has been found to mitigate this risk. However, it is imperative that these 
findings be substantiated in larger-scale validation studies.

Data Sharing Statement
Data used in this study are available upon reasonable request to the corresponding authors.
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