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Introduction

Abstract

Objective: Medicine gene detection is used to guide the clinical use of
clopidogrel and aspirin, in order to improve the efficacy and safety of clinical
treatment. Methods: A total of 214 patients who received clopidogrel and aspi-
rin treatment at the Affiliated Nanhua Hospital of the University of South China
from March 2022 to February 2023 were selected. The medicine genes were
detected by pyrosequencing. The genotype distribution of each gene locus was
tested by the Hardy-Weinberg equilibrium test with SPSS 26.0. The patients'
clinical information was analyzed using the chi-square test and binary logistic
regression. Results: Among the 130 patients using clopidogrel, gene loci
CYP2C19*2 681 G>A and CYP2C19*3 636 G>A were detected. Among the
84 patients using aspirin, gene loci PEAR1 G>A and LTC4S A>C were de-
tected. The gene frequency distribution of the gene loci all accorded with
Hardy-Weinberg equilibrium law, which indicated the sample was group repre-
sentation. 59.2% of patients had clopidogrel resistance, 72.6% of patients had
aspirin resistance, and 33.3% of patients had a high risk of urticaria when using
aspirin. However, there was no significant difference in clopidogrel and aspirin
resistance or urticaria risk in relation to patients' clinical information (P > 0.05).
The results of medicine gene detection could be used as an independent indica-
tor to predict the efficacy and safety of using clopidogrel and aspirin, providing
important guidance for the clinical use of medication. Conclusion: Medicine
gene detection could promote individualized medication and improve the effi-
cacy and safety of clinical treatment when guiding the use of clopidogrel and
aspirin.
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Currently, the incidence of cardiovascular diseases is on the rise. The high mortality and treatment costs of cardio-
vascular diseases, such as coronary heart disease, have significantly impacted the quality of life [1]. Antiplatelet drugs,
as first-line clinical medications for the treatment and prevention of cardiovascular diseases, demonstrate remarkable
efficacy and are widely employed. Commonly used antiplatelet drugs in clinical practice include clopidogrel and
aspirin. However, individual differences among patients may lead to resistance or bleeding risks during medication,
ultimately resulting in poor efficacy and even adverse cardiovascular events [2]. Pharmacogenetic testing, as a crucial
method in precision medicine, involves genotyping individuals prior to medication. This approach takes into account
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comprehensive factors that influence drug efficacy, providing precise guidance for individualized drug administration,
thereby ensuring the effectiveness and safety of clinical medication. This study conducted pharmacogenetic testing
analysis on patients using clopidogrel and aspirin, exploring the guiding role of pharmacogenetic testing in the clinical
use of these drugs. The findings aim to provide a reference for the precise clinical medication of clopidogrel and
aspirin in the future.

1. Data and Methods
1.1 Clinical data

214 patients were selected to receive treatment with Clopidogrel Hydrogen Sulphate Tablets (Sanofi Pharmaceutical
Co., Ltd., National Medical Products Approval No. J20130083) and Aspirin Enteric-Coated Tablets (Bayer
Healthcare Co., Ltd., National Medical Products Approval No. J20130087) at the Nanhua Affiliated Hospital from
March 2022 to February 2023, and underwent relevant genetic testing. Collect the patient's age, gender, smoking
history, drinking history, diabetes, hypertension, hyperlipidemia, and medication in the hospital information manage-
ment system.

1.2 Pharmacogenetic testing methods

The drug-related gene loci in patient blood samples were tested using the pyrophosphate sequencing detection method.
The instrument used was the pyrophosphate sequencer (PYROSEQ-E16) (Wuhan FIRST Biotechnology Co., Ltd.),
and the reagent used was the universal sequencing reaction kit. The experimental operation was strictly carried out
according to the instructions.

1.3 Analysis of gene polymorphisms

Using the Hardy-Weinberg equilibrium law and chi-square test to verify the independence of allele distribution,
P>0.05 indicates compliance with the Hardy-Weinberg equilibrium law and significant difference.

1.4 Statistical analysis

Using SPSS 26.0 statistical software, binary logistic regression analysis was performed on the clinical data and drug
genetic testing results of patients, with P < 0.05 indicating statistical significance.

2. Results
2.1 Genotype and phenotype

2.1.1 Clopidogrel

There are 59 individuals with CYP2C192 genotype GG, representing a frequency of 45.4%, 64 with genotype GA,
accounting for 49.2%, and 7 with genotype AA, representing 5.4%. The frequency of the G allele is 70.0%. Addi-
tionally, there are 120 individuals with CYP2C193 genotype GG, constituting a frequency of 92.3%, and 10 with
genotype GA, representing 7.7%. The frequency of the G allele stands at 96.2%. According to the chi-square test
results, all P-values are greater than 0.05, indicating that the sample adheres to Hardy-Weinberg equilibrium and is
representative of the population. The CYP2C192 and CYP2C193 alleles can lead to three phenotypes in the popula-
tion: slow metabolizer, intermediate metabolizer, and fast metabolizer. Based on the genotype results, there were 11
cases of slow metabolizer type in this study, accounting for 8.4%, 66 cases of intermediate metabolizer type, repre-
senting 50.8%, and 53 cases of fast metabolizer type, constituting 40.8%. Please refer to Table 1 for further details.

2.1.2 Aspirin

PEARI genotype: 23 individuals with GG, accounting for 27.4%, 46 individuals with GA, accounting for 54.8%,
and 15 individuals with AA, accounting for 17.9%. The frequency of the G allele is 54.8%. LTC4S genotype: 56
individuals with AA, accounting for 66.7%, 26 individuals with AC, accounting for 31.0%, and 2 individuals with
CC, accounting for 2.4%. The frequency of the A allele is 82.2%. According to the chi-square test results, all P-values
are greater than 0.05, indicating that the sample adheres to Hardy-Weinberg equilibrium and is representative of the
population. Mutations in the PEARI1 allele can lead to aspirin resistance in the population. Based on the genotype
results, 61 individuals in this study are at risk of aspirin resistance, accounting for 72.6%. Mutations in the LTC4S
allele increase the risk of urticaria in individuals taking aspirin. According to the genotype results, 28 individuals in
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this study were found to have an increased risk of developing urticaria when using aspirin, accounting for 33.3%
(please see Table 1).

Table 1. Distribution of genotype frequencies related to clopidogrel and aspirin

Drug Gene Locus Genotype No. Percent (%) X P
GG 59 454
CYP2C19%2 681 G>A GA 64 49.2 4.33 0.11
Clopidogrel (n =
130) AA 7 5.4
GG 120 923
CYP2C19*3 636 G>A 0.23 0.89
GA 10 7.7
GG 23 27.4
PEAR1 106 G>A GA 46 54.8 0.93 0.68
AA 15 17.9
Aspirin (n = 84)
AA 56 66.7
LTC4S 444 A>C AC 26 31.0 0.39 0.82
CcC 2 24

2.2 Clinical data statistics

The average age of 214 patients was (61.98 £ 11.21) years, with 153 being male (71.50%) and 61 female (28.50%).
Among those treated with clopidogrel, there were 130 cases, with an average age of (61.54 + 11.04) years, including
95 males (73.1%) and 35 females (26.9%). For aspirin, 84 cases were treated, with an average age of (62.65 + 11.49)
years, including 58 males (69.1%) and 26 females (30.9%).

This study conducted CYP2C192 and CYP2C193 allele testing on 130 patients taking clopidogrel. Among the
population, 50.8% were mainly of the intermediate metabolism (IM), followed by 41.8% of the extensive metabolizer
(EM) and 8.4% of the poor metabolizer (PM). Using SPSS26.0 software to conduct a binary logistic regression anal-
ysis, the statistical results showed that there was no statistical difference between the risk factors of cardiovascular
diseases such as age, sex, smoking, drinking, hypertension, diabetes, hyperlipidemia, and the drug-gene detection
results of clopidogrel metabolism speed (P > 0.05) (please see Table 2).

Table 2. Comparison of clinical data between clopidogrel resistance and normal patients [ x + s, n (%)]

Items EM (n=53) IM (n = 66) PM (n=11) P
Age 61.09+11.70 60.68 + 10.72 62.09 £9.45 0.527
Male/n (%) 37 (69.8) 50 (75.6) 7 (63.6) 0.854
Smoking history/n (%) 15(28.3) 27 (40.9) 3(27.3) 0.382
Drinking history/n (%) 4(7.5) 8(12.1) 2(18.2) 0.321
Diabetes/n (%) 14 (26.4) 22(33.3) 4(36.4) 0.138
Hypertension/n (%) 33(62.3) 44 (66.7) 4(36.4) 0.667
Hyperlipemia/n (%) 14 (26.4) 24 (36.3) 3(27.3) 0.290

This study conducted PEAR1 and LTC4S allele testing on 84 patients taking aspirin. Among them, 61 were at risk
of aspirin resistance (AR), accounting for 72.6%, and 28 were at an increased risk of urticaria when using aspirin,
accounting for 33.3%. Using SPSS26.0 software to conduct a binary logistic regression analysis, the statistical results
indicated that there were no significant statistical differences between the risk factors of cardiovascular diseases, such
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as age, gender, smoking, alcohol consumption, hypertension, diabetes, hyperlipidemia, and the risks of aspirin re-
sistance and urticaria indicated by drug-gene testing (P > 0.05) (please see Table 3 and Table 4).

Table 3. Comparison of clinical data between aspirin resistance and normal patients [ x + s , n (%)]

Items Aspirin resistance (n = 61) Normal (n=23) P
Age 63.9+11.2 59.5+11.9 0.058
Male/n (%) 44 (72.1) 14 (60.1) 0.410
Smoking history/n (%) 20 (32.8) 7(30.4) 0.473
Drinking history/n (%) 6(9.8) 2(8.7) 0.714
Diabetes/n (%) 22 (36.1) 4(17.4) 0.305
Hypertension/n (%) 36 (59.0) 9(39.1) 0.603
Hyperlipemia/n (%) 16 (26.2) 7(30.4) 0.670

Table 4. Comparison of clinical data between high-risk and low-risk patients with aspirin induced urticaria [ x s, n (%)]

Items High-risk (n = 56) Low-risk (n =28) P
Age 62.2+12.3 63.6+9.8 0.198
Male/n (%) 35(62.5) 23 (82.1) 0.280
Smoking history/n (%) 14 (25.9) 13 (46.6) 0.423
Drinking history/n (%) 4(7.1) 4 (14.3) 0.804
Diabetes/n (%) 19 (33.9) 7 (25.0) 0.751
Hypertension/n (%) 30 (53.6) 15 (53.6) 0.796
Hyperlipemia/n (%) 15 (26.8) 8(28.6) 0.540

3. Discussion
3.1 Clopidogrel-related medicine gene detection

Clopidogrel is a prodrug, and CYP2C19 plays a crucial role in the two-step metabolic process that converts
clopidogrel into its active metabolites [3, 4]. Studies have indicated that CYP2C19 gene polymorphism is the primary
genetic factor contributing to clopidogrel resistance [5]. Patients carrying CYP2C19 2 and 3 alleles may exhibit
reduced conversion of clopidogrel to its active metabolites, resulting in decreased platelet inhibition and an elevated
risk of cardiovascular adverse events [6, 7].

The genetic testing results of clopidogrel in 130 patients in this study revealed that 40.8% were CYP2C19 fast
metabolizers, 50.8% were CYP2C19 intermediate metabolizers, and 8.4% were CYP2C19 slow metabolizers. This
finding aligns with the reported frequency distribution of CYP2C192 and CYP2C193 in Asians, which ranges from
29% to 35% and 2% to 9%, respectively [8, 9]. For patients with intermediate and slow metabolisms, caution should
be exercised regarding clopidogrel resistance when administering clopidogrel. This suggests that over half of the
normal population may develop resistance to clopidogrel, thereby affecting its therapeutic efficacy. Through statisti-
cal analysis of the clinical data from the study population, it was found that the distribution of CYP2C19 phenotypes
was not associated with the patients' age, gender, smoking history, alcohol consumption history, or medical history
(P> 0.05). This indicates that the drug-gene testing results of CYP2C19 can serve as an independent reference indi-
cator for the clinical use of clopidogrel. These results underscore the necessity of drug genetic testing for users of
clopidogrel. The "Technical Guidelines for Gene Detection of Drug Metabolizing Enzymes and Drug Action Targets
(Trial)" implemented in 2015 [10] suggests that individuals with CYP2C19 fast metabolism should effectively use
clopidogrel and can do so routinely; individuals with CYP2C19 intermediate metabolism may experience reduced
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efficacy of clopidogrel and are advised to switch to prasugrel or ticagrelor; individuals with CYP2C19 slow metab-
olism may exhibit poor efficacy when using clopidogrel and are recommended to switch to prasugrel or ticagrelor.

3.2 Aspirin-related medicine gene detection

PEARI, as a membrane protein involved in platelet contact activation and aggregation, plays a crucial role in the
platelet aggregation process [11]. Studies have indicated a strong correlation between the genetic polymorphism of
PEARI and ADP-induced platelet aggregation in Chinese CHD patients after aspirin administration. Variations in
PEARI can predict cardiovascular risk, and its genetic polymorphism is closely linked to the efficacy of aspirin [12].

Reports on the LTC4S gene [13-15] indicate that when the A site of the LTC4S gene mutates to C, the synthesis of
leukotrienes in the human body significantly increases. Coupled with the effect of aspirin, this ultimately leads to an
increase in leukotriene concentration in the human body, elevating the risk of urticaria in aspirin users. Therefore, the
variation of the LTC4S gene locus is closely related to aspirin-induced urticaria. Patients undergoing LTC4S gene
testing before using aspirin can provide a reference for the safe clinical use of aspirin, which is necessary for today's
era of advocating individualized medication.

According to Table 1, there were 15 cases of the AA type of the aspirin PEAR1 gene, representing a mutation
frequency of 17.9%, and 46 cases of the GA type, with a mutation frequency of 54.8%. There were 2 individuals with
the CC genotype of LTC4S, accounting for a frequency of 2.4%, and 26 individuals with the AC genotype, represent-
ing a frequency of 31.0%. Mutations in the PEAR1 allele can lead to aspirin resistance in the population, reduce the
efficacy of aspirin, and increase the risk of cardiovascular bleeding. Mutations in the LTC4S allele increase the risk
of urticaria in individuals taking aspirin. For patients with PEAR1 and LTC4S gene mutations, attention should be
paid to the risk of developing aspirin resistance and urticaria, and medication regimens should be adjusted in a timely
manner. Through statistical analysis of the clinical data of the study population, it was found that the distribution of
PEARI and LTC4S phenotypes in this study population was not related to the patient's age, gender, smoking history,
alcohol consumption history, and medical history (P > 0.05), indicating that the drug-gene testing results of PEAR1
and LTC4S can serve as independent reference indicators for the clinical use of aspirin.

4. Conclusion

In summary, numerous factors influence the treatment of cardiovascular diseases. Genetic testing for clopidogrel and
aspirin can serve as independent reference indicators for clinical treatment. Utilizing genetic testing to guide the
clinical administration of clopidogrel and aspirin can facilitate individualized and precise drug administration, thereby
enhancing the efficacy and safety of clinical medication. Hence, genetic testing merits promotion in clinical applica-
tions. This study also possesses certain limitations, primarily due to the limited number of collected samples, which
may introduce certain biases into the research findings. Moving forward, we will continue to collect clinical samples
and integrate them with clinical research analysis, aiming to establish a foundation for precise treatment of cardio-
vascular diseases.
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