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Abstract: Clopidogrel nonresponsiveness increases the recurrence of cardiovascular events in patients undergoing 
percutaneous coronary intervention (PCI). Previous studies found that genetic variants such as single nucleotide 
polymorphisms (SNPs) of CYP2C19 and PON1 may influence clopidogrel response, cause high platelet reactivity 
(HPR) and increase cardiovascular events. However, these studies were inconsistent and inconclusive, especially in 
the Eastern Asian population. In this study, we investigated the effects of genetic variants on clopidogrel response 
and clinical outcomes in Chinese patients undergoing PCI. A total of 336 acute coronary syndrome patients un-
dergoing PCI were included, 53 (15.77%) of whom were categorized as HPR. Among the 10 SNPs studied (ABCB1, 
CYP2C19*2, CYP2C19*3, CYP2C19*4, CYP2C19*17, CYP3A4, CYP3A5, ITGB3, P2Y12 and PON1 Q192R), the 
CYP2C19*4 and P2Y12 variants were not found in our population. The PON1 192Q and CYP2C19*2 alleles were 
significantly higher in the HPR group compared with the normal platelet reactivity (NPR) group (P=0.033 and 0.038, 
respectively), while the other SNPs were not significantly different between the two groups. Platelet aggregation 
of the PON1 192Q allele carriers was significantly higher than that of non-carriers both at baseline and 1 month 
after PCI (P=0.010 and 0.024, respectively); this was the case for CYP2C19*2 allele carriers, as well (P=0.005 and 
0.003, respectively). The risk of major adverse cardiovascular event (MACE) increased with the presence of the 
PON1 192Q and CYP2C19*2 alleles during 6-month follow-up (P=0.012 and 0.003, respectively). In conclusion, 
both the PON1 Q192R and CYP2C19*2 variants are associated with HPR and an increased risk of ischemic events 
in Chinese patients undergoing PCI.

Keywords: Clopidogrel, platelet reactivity, single nucleotide polymorphisms, percutaneous coronary intervention

Introduction

Currently, percutaneous coronary intervention 
(PCI) is used as a primary treatment for coro-
nary heart disease (CHD). Clopidogrel- and 
aspirin-based dual antiplatelet therapy (DAT) is 
widely used in the treatment of CHD patients 
undergoing PCI and has been proven to reduce 
the risk of thrombotic events after PCI [1, 2]. 
However, despite the routine use of DAT, some 
patients still experienced recurring cardiovas-
cular events after stent implantation; this is 
considered to be highly associated with clopi-
dogrel nonresponsiveness or resistance [3-5].

Genetic variance is thought to be a major factor 
influencing platelet response to clopidogrel [6, 
7]. Some single nucleotide polymorphisms 

(SNPs), including CYP2C19, ABCA1, and PON1, 
have been investigated regarding their roles in 
clopidogrel response. However, powerful evi-
dence only exists with regard to the effects of 
CYP2C19*2 variant on clopidogrel reactivity [8, 
9]. The results regarding other SNPs, such as 
ABCA1 and PON1, were inconsistent or contro-
versial [7, 10, 11].

Gene polymorphisms vary among different eth-
nicities and races. Some SNPs, such as 
CYP2C19*2 and *3, had a higher prevalence in 
the Eastern Asian population than in the 
Western European population [12, 13]. The 
effects of SNPs on clopidogrel responsiveness 
and clinical outcomes have not been fully eluci-
dated in the Eastern Asian population. In this 
study, we investigated the effects of genetic 
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variants on platelet reactivity to clopidogrel and 
clinical outcomes in Chinese patients undergo-
ing PCI.

Methods

Ethics statement

The study protocol was approved by the medi-
cal ethics committee of Xinhua Hospital, 
Shanghai Jiaotong University School of Medi- 
cine. Written informed consent was obtained 
from all participants. The data were recorded 
anonymously. If the participants asked to with-
draw, their data were destroyed.

Study population

Acute coronary syndrome (ACS) patients pre-
senting to Xinhua Hospital, Shanghai Jiaotong 
University School of Medicine between January 
2012 and March 2013 were considered for 
enrollment in our prospective observational 
study. The inclusion criteria were as follows: 
age above eighteen years, had undergone PCI 
and stent implantation, received a loading dose 
of 300 mg clopidogrel and aspirin followed by 
75 mg clopidogrel and 100 mg aspirin daily, 
and could be followed up for more than six 
months after PCI. The major exclusion criteria 
were as follows: no regular medication, con-
comitant administration of oral anticoagulation 
agents or other antiplatelet agents, contraindi-
cations to clopidogrel or aspirin, active bleed-
ing and bleeding diatheses, total platelet count 
less than 100×109/L, hematologic disorder, 
severe hepatic or renal insufficiency, pregnancy 
or malignancies.

Study design

All patients received a 300 mg loading dose of 
clopidogrel and aspirin before PCI followed by 
75 mg clopidogrel per day for 12 months and 
100 mg aspirin per day for life. All interventions 
were performed according to the current stan-
dard guidelines [14, 15]. Stent types were cho-
sen by the operator. If a glycoprotein IIb/IIIa 
inhibitor was required, tirofiban was adminis-
tered. Low-molecular-weight heparin was used 
before angiography in all patients.

Platelet function assay

Blood samples were collected in vacutainer 
tubes containing 3.2% lithium heparin and tri-
sodium citrate at baseline (just before PCI) and 
1 month after PCI. The tubes were inverted 

three times to ensure the blood was completely 
mixed with the anticoagulant. Then, platelet 
reactivity was detected by the Thrombelasto- 
graph (TEG) Hemostasis Analyzer (Haemoscope 
Corp, Niles, IL, USA). A detailed description of 
this method has been outlined previously [14]. 
Platelet aggregation in response to adenosine 
diphosphate (ADP) was calculated with comput-
erized software using the following formula: 
%Aggregation = [(MAADP - MAFibrin)/(MAThrombin - 
MAFibrin)] × 100. MAADP is the ADP-induced clot 
strength, reflecting the contribution of platelets 
not inhibited by clopidogrel. MAFibrin is the fibrin-
induced clot strength, representing the contri-
bution of fibrin alone to clot strength. MAThrombin 
is the thrombin-induced clot strength, repre-
senting the maximal potential platelet reactivity 
of the patient.

Genotyping

Genomic DNA was extracted from peripheral 
blood leukocytes and stored at -80°C until 
analysis. The following 10 SNPs within seven 
genes were selected: ABCB1 (rs1045642), 
CYP2C19*2 (rs4244285), CYP2C19*3 (rs49- 
86893), CYP2C19*4 (rs28399504), CYP2C1- 
9*17 (rs12248560), CYP3A4 (rs4646437), 
CYP3A5 (rs776746), ITGB3 (rs5918), P2Y12 
(rs2046934) and PON1 Q192R (rs662). The 
Sequenom MassARRAY (Sequenom Inc., San 
Diego, California, USA) platform was used for 
SNP genotyping. The whole process was con-
ducted according to the manufacturer’s instruc-
tions. Briefly, the primers for polymerase chain 
reaction (PCR) amplification and single base 
extension were designed with Sequenom Assay 
Design 3.1 software. PCR amplification, shrimp 
alkaline phosphatase treatment, and primer 
extension reactions were performed with the 
iPLEX Gold assay. Extension reaction products 
were automatically transferred to the 384- 
SpectroCHIP. Mass signals of alleles were 
detected by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry. 
Finally, the genotyping results were analyzed 
using Sequenom MassARRAY TYPER software. 
For quality control, repeat genotyping was per-
formed on random duplicate samples (n=50); 
the concordance rate was 100%, indicating 
that the genotyping was correct.

Outcome measures

The pharmacodynamic endpoint was high 
platelet reactivity (HPR), as assessed by TEG 
platelet-mapping assays. HPR was defined as 
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Figure 1. Study flow diagram.

≥70% ADP-induced aggregation with 2 μmol/L 
ADP, as measured by TEG [15]. The clinical end-
point was the incidence of a major adverse car-
diovascular event (MACE), which was defined 
as a composite event including cardiovascular 
death, myocardial infarction, target vessel 
revascularization, stent thrombosis or stroke.

Statistical analysis

Statistical analyses were performed with SPSS 
software, version 17 (SPSS Inc., Chicago, IL, 
USA). Continuous variables were expressed as 
the mean ± standard deviation, and categorical 
variables were expressed as frequencies and 
percentages. Study population characteristics 
were compared between HPR and normal 

platelet reactivity (NPR) 
patients by means of the 
chi-square test or Student’s 
t-test. The Hardy-Weinberg 
equilibrium was assessed 
by the chi-square test. 
Allelic frequency was esti-
mated by gene counting. 
Kaplan-Meier analysis was 
used to assess the cumula-
tive event-free survival for 
MACE. Multivari-ate Cox 
regression analysis was uti-
lized to identify indepen-
dent associations between 
underling polymorphisms 
and clinical outcomes after 
adjustment for potential 
confounders. All analyses 
used two-sided P values of 
<0.05.

Results

Study population charac-
teristics

The study flowchart is 
shown in Figure 1. A total 
336 patients were included 
in the study, all of whom 
were from the Chinese Han 
population. Among them, 
53 (15.77%) were catego-
rized as HPR patients. The 
clinical data of the HPR and 
NPR groups are shown in 

Table 1. There were no significant differences 
among gender, age, risk factors and other gen-
eral information between the two groups 
(P>0.05).

Genotype and high platelet reactivity

Among the ten SNPs, the CYP2C19*4 
(rs28399504) and P2Y12 (rs2046934) vari-
ants were not found in the study population. 
The PON1 192Q and CYP2C19*2 alleles were 
significantly more frequent in the HPR group 
than in the NPR group (P=0.033 and 0.038, 
respectively). The other SNPs were not signifi-
cantly different between the two groups (Table 
2). All SNPs were in Hardy-Weinberg equili- 
brium.
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Effects of the PON1 Q192R and CYP2C19*2 
variants on platelet reactivity

Platelet aggregation at baseline and 1 month 
after PCI are shown in Table 3. Platelet aggre-
gation in patients with the PON1 192Q allele 
was significantly higher than that in non-carri-
ers at both time points (P=0.010 and 0.024, 
respectively). However, there was no significant 
difference between PON1 192QQ and PON1 
192QR (P=0.624 and 0.454, respectively). 
Similarly, platelet aggregation was significant- 
ly higher in patients with CYP2C19*2 allele 
than in non-carriers at these time points 

(P=0.005 and 0.003, respectively). However, 
there were no significant differences between 
CYP2C19*2/*2 and CYP2C19*1/*2 (P=0.486 
and 0.441, respectively). We further divided all 
of the patients into the following four groups: 
PON1 192Q (-) and CYP2C19*2 (-), PON1 192Q 
(+) only, CYP2C19*2 (+) only, PON1 192Q (+) 
and CYP2C19*2 (+). Compared with the first 
group, platelet aggregation was significantly 
increased in the other groups (P=0.029, 0.014 
and <0.001 at baseline, P=0.036, 0.005 and 
0.004 at 1 month, respectively; Figure 2). 
Among the latter three groups, platelet aggre-
gation did not differ significantly.

Table 1. Study population characteristics according to HPR
Overall (n=336) HPR (n=53) NPR (n=283) P

Age 66.5±10.5 69.2±11.1 66.6±10.4 0.119
Male 223 (66.4%) 35 (66.0%) 198 (70.0%) 0.569
LVEF (%) 63±7.4 62±5.3 63±7.7 0.366
BMI 25.3±3.3 25.8±2.4 25.2±3.5 0.263
Platelet reactivity
    ADP-induced aggregation (%) 39.2±28.0 84.1±10.7 30.8±21.4 <0.001
Cardiovascular risk factors
    Smoking 148 (44.0%) 18 (40%) 130 (44.7%) 0.630
    Hypertension 232 (69.0%) 28 (62.2%) 204 (70.1%) 0.300
    DM 81 (24.1%) 13 (28.9%) 68 (23.4%) 0.455
    Dyslipidemia 161 (47.9%) 26 (49.1%) 135 (47.7%) 0.856
Medical history
    Previous MI 55 (16.4%) 8 (15.1%) 47 (16.6%) 0.785
    Previous PCI 49 (14.6%) 7 (13.2%) 43 (14.8%) 0.709
    PAD 25 (7.4%) 4 (7.5%) 21 (7.4%) 0.974
    Stroke 32 (9.5%) 4 (8.9%) 28 (9.6%) 1.000
Clinical presentation
    UA 96 (28.6%) 12 (22.6%) 84 (29.7%) 0.325
    AMI 240 (71.4%) 41 (77.4%) 199 (70.3%) 0.325
Concomitant medication
    ACEI/ARB 283 (84.2%) 42 (79.2%) 241 (85.2%) 0.278
    β-blockers 297 (88.4%) 47 (88.7%) 250 (88.3%) 0.943
    Statin 100 (29.8%) 13 (24.5%) 87 (30.7%) 0.364
    PPI 147 (43.8%) 22 (41.5%) 125 (44.2%) 0.720
    GPI 65 (19.3%) 12 (22.6%) 53 (18.7%) 0.508
Coronary intervention procedure
    LAD-related 211 (62.8%) 35 (66.0%) 176 (62.2%) 0.595
    Amount of stents 1.6±0.5 1.7±0.3 1.6±0.5 0.160
    Length of stents (mm) 44.0±22.6 46.4±18.1 43.6±23.3 0.408
HPR: high platelet reactivity; NPR: normal platelet reactivity; LVEF: left ventricular ejection fraction; BMI: body mass index; 
ADP: adenosine diphosphate; DM: diabetes mellitus; MI: myocardial infarction; PCI: percutaneous coronary intervention; PAD: 
peripheral arterial disease; UA: unstable angina; AMI: acute myocardial infarction; ACEI: angiotensin-converting enzyme inhibi-
tors; ARB: angiotensin II receptor blockers; PPI: proton pump inhibitors; GPI: glycoprotein IIb/IIIa inhibitors; LAD: left anterior 
descending artery.
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Effects of the PON1 Q192R and CYP2C19*2 
variants on clinical outcome

During 6-month follow-up, 49 patients experi-
enced MACE. Among them, 36 were PON1 
192Q allele carriers, who experienced more 
MACE than non-carriers (P=0.043). 39 patients 
with MACE were CYP2C19*2 allele carriers, 
who also experienced more MACE than non-
carriers (P=0.001). After all patients were divid-
ed into the four groups mentioned above, only 
one MACE occurred in the PON1 192Q (-) and 
CYP2C19*2 (-) group, eight in the PON1 192Q 
(+) only group, 12 in the CYP2C19*2 (+) only 
group, and 27 in the PON1 192Q (+) and 
CYP2C19*2 (+) group. Compared with the first 

group, MACE increased significantly in the other 
groups (P=0.027, 0.003 and <0.001, respec-
tively). Among the latter three groups, platelet 
aggregation did not significantly differ.

Kaplan-Meier analysis showed that the risks  
of MACE were increased in PON1 192Q and 
CYP2C19*2 allele carriers during follow-up 
(P=0.012 and 0.003, respectively; Figure 3). 
Multivariable Cox regression analysis showed 
that the adjusted risk of MACE for patients  
with the PON1 192Q allele was 1.928 times 
that among non-carriers (95% CI: 1.022-3.636, 
P=0.043), while for of patients with CYP2C19*2 
allele was 3.183 times that among non-carriers 
(95% CI: 1.589-6.378, P=0.001).

Table 2. Distribution of genetic variant alleles according to HPR of clopidogrel
SNP Overall (n=336) HPR (n=53) NPR (n=283) P OR 95% CI
ABCB1 (rs1045642) 0.678 0.879 0.477-1.618
    CC 129 (38.4%) 19 (35.8%) 110 (38.9%)
    CT or TT 207 (61.6%) 34 (64.2%) 173 (61.1%)
CYP2C19*2 (rs4244285) 0.038 0.516 0.275-0.971
    GG 145 (43.2%) 16 (30.2%) 129 (45.6%)
    GA or AA 191 (56.8%) 37 (69.8%) 154 (54.4%)
CYP2C19*3 (rs4986893) 0.071 0.474 0.207-1.082
    GG 302 (89.5%) 44 (83.0%) 258 (91.2%)
    GA 34 (10.1%) 9 (17.0%) 25 (8.8%)
CYP2C19*17 (rs12248560) 0.595 NA NA
    CC 330 (98.2%) 53 (100%) 277 (97.9%)
    CT 6 (1.8%) 0 (0%) 6 (2.1%)
CY3A4 (rs4646437) 0.828 1.081 0.537-2.173
    CC 256 (76.2%) 41 (77.4%) 215 (76.0%)
    CT or TT 80 (23.8%) 12 (22.6%) 68 (24.0%)
CYP3A5 (rs776746) 0.512 0.822 0.457-1.478
    GG 185 (55.1%) 27 (50.9%) 158 (55.8%)
    GA or AA 151 (44.9%) 26 (49.1%) 125 (44.2%)
ITGB3 (rs5918) 1.000 NA NA
    TT 334 (99.4%) 53 (100%) 281 (99.3%)
    CT 2 (0.6%) 0 (0%) 2 (0.7%)
PON1 Q192R (rs662) 0.033 0.495 0.257-0.952
    GG 133 (39.6%) 14 (26.4%) 119 (42.0%)
    GA or AA 203 (60.4%) 39 (73.6%) 164 (58.0%)
SNP: single nucleotide polymorphism; HPR: high platelet reactivity; NPR: normal platelet reactivity; NA: not applicable.

Table 3. Platelet reactivity of PON1 Q192R and CYP2C19*2 (%)
PON1 

192RR 
n=133

PON1 
192QR 
n=154

PON1 
192QQ 
n=49

PON1 
192Q allele 

n=203

CY-
P2C19*1/*1 

n=145

CY-
P2C19*1/*2 

n=144

CY-
P2C19*2/*2 

n=47

CYP2C19*2 
allele n=191

Baseline 34.6±6.9 41.6±8.2 44.0±7.2 42.2±5.8 34.4±4.6 42.1±7.8 45.5±10.7 42.9±9.0
1 month after PCI 25.2±3.4 29.7±4.0 32.4±4.8 30.4±3.9 25.5±2.8 31.9±5.0 34.8±5.4 32.6±6.3
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Discussion

The study included 10 SNPs among seven 
genes. ABCB1 is related to the active transport 
of the prodrug clopidogrel by the intestinal membra- 
ne [16]. CYP2C19, CYP3A4 and CYP3A5 are 
associated with the formation of the active 

the NPR group in the Chinese population, while 
CYP2C19*17 was not significantly different 
between the two groups. This phenomenon 
may be related to ethnic factors. In the Chinese 
population, the prevalence of CYP2C19*17 
(1.8%) was much lower than in the Caucasian 
population. In addition, we found that MACE 

Figure 2. Platelet reactivity of PON1 Q192R and CYP2C19*2 allele carriers. 
Group 1: PON1 192Q (-) and CYP2C19*2 (-); Group 2: PON1 192Q (+) only; 
Group 3: CYP2C19*2 (+) only; Group 4: PON1 192Q (+) and CYP2C19*2 (+). 
Compared with Group 1, *P or #P<0.05.

Figure 3. Cumulative Kaplan-Meier estimates of the rates of MACE according to 
PON1 Q192R and CYP2C19*2 allele carriers during follow-up.

product of clopidogrel in 
the liver [8]. The P2Y12 
gene encodes the platelet 
membrane protein P2Y12 
receptor, which is specifi-
cally antagonized by clopi-
dogrel [17]. ITGB3 en- 
codes the platelet glycopro-
tein IIb/IIIa receptor, which 
plays a critical role in plate-
let aggregation and is cou-
pled with the P2Y12 recep-
tor [18]. Studies suggested 
that some SNPs of these 
genes could influence the 
intestinal absorption, acti-
vation and platelet reactivi-
ty of clopidogrel, but their 
conclusions were inconsis-
tent [6, 19]. In Chinese pop-
ulations in particular, the 
effects of these SNPs on 
clopidogrel responsiveness 
have not been fully eluci-
dated. In our study, only  
the CYP2C19*2 and PON1 
Q192R among the ten 
SNPs were significantly dif-
ferent between the HPR 
and NPR groups.

CYP2C19, an important me- 
mber of the second sub-
family of Cytochrome P450 
enzymes, plays an impor-
tant role in converting clopi-
dogrel into a functional 
active metabolite in the 
liver. Studies have shown 
that CYP2C19*2 can redu- 
ce platelet reactivity to 
clopidogrel in the Cau- 
casian population, while 
CYP2C19*17 can increase 
the platelet response to 
clopidogrel [20]. Our study 
found that the CYP2C19*2 
allele had a significantly 
higher prevalence in the 
HPR group compared with 
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increased significantly in CYP2C19*2 allele 
carriers. CYP2C19*2 may cause increased car-
diovascular ischemic events by weakening 
clopidogrel bioactivation.

As a type of hepatic phospholipid hydrolase, 
PON1 has been demonstrated to inhibit lipo-
protein peroxidation. Several studies showed 
that PON1 polymorphisms were associated 
with the occurrence of coronary and intracrani-
al atherosclerosis [21, 22]. Bhattacharyya T et 
al. demonstrated that PON1 has cardioprotec-
tive effects by reducing systemic oxidative 
stress and prospective cardiovascular risk [25]. 
In 2011, Bouman et al. first found that PON1 is 
the key enzyme of clopidogrel bioactivation; 
PON1 catalyzes 2-oxo-clopidogrel (clopidogrel 
intermediate) into the pharmacologically active 
thiol metabolite [23]. The PON1 192QQ allo-
zyme showed lower catalytic efficiency for 
2-oxo-clopidogrel, which might explain why the 
PON1 192QQ genotype could significantly 
reduce the antiplatelet effect of clopidogrel and 
induce HPR, thereby increasing in-stent throm-
bosis in the Caucasian population. However, 
some subsequent studies by other researchers 
did not support this view [24-26]. Several 
recent studies evaluated the relationship 
between PON1 variants and clopidogrel 
response in Chinese patients. Wu H et al. found 
that among ACS patients, the PON1 192QQ/QR 
genotype could lead to HPR [27]. However, 
another study performed by Zhang L et al. did 
not find a significant association between the 
PON1 192QQ/QR genotype and HPR [28]. In 
Zhang’s study, HPR was defined as >50% ADP-
induced aggregation, while a more strict crite-
rion (≥70% ADP-induced aggregation) has now 
been widely adopted. The loose definition of 
HPR may be the main cause of their negative 
results. In our study, we demonstrated that the 
PON1 192Q allele had a higher prevalence in 
the HPR group and that platelet reactivity in 
PON1 192Q allele carriers was higher than in 
non-carriers, supporting Wu’s view on the posi-
tive relationship between the PON1 192Q allele 
and HPR. Furthermore, we found that the PON1 
192Q allele was associated with an increased 
incidence of MACE in a 6-month follow-up peri-
od, which might be due to the comprehensive 
effects of the PON1 192 Q allele on lipids and 
the response to clopidogrel.

In addition, we investigated the change in plate-
let reactivity over time. We found that com-

pared with acute cases of ACS, the platelet 
reactivity of the entire population declined in 
the chronic phase, 1 month after PCI. This may 
be because platelet function was activated by 
stress, the intervention and other factors in the 
acute phase of ACS but was stabilized in the 
chronic phase as these internal and external 
influences reduced or disappeared. Notably, 
platelet aggregation in patients with the PON1 
192Q or CYP2C19*2 allele was still higher than 
in non-carriers, suggesting that the effects of 
the PON1 192Q or CYP2C19*2 allele on plate-
let aggregation were persistent over time.

In our study, both the PON1 192Q and 
CYP2C19*2 alleles influenced platelet reacti- 
vity and increased the risk of MACE. However,  
by comparing platelet reactivity and MACE 
between the PON1 192Q (+) only and 
CYP2C19*2 (+) only groups, we found that 
CYP2C19*2 seemed to have greater effects 
than PON1 192Q. This observation requires 
further investigation in a larger population with 
a longer follow-up duration.

There are several limitations in our study. First, 
this is a single-center study performed in East 
China. Multi-center studies conducted across 
China will help to improve the research power 
and representation of the Chinese population. 
Second, despite the positive findings in our 
study, the sample size is relatively small. Future 
studies with larger sample sizes are warranted. 
Third, due to the limited conditions, platelet 
function was detected by only one method 
(TEG) in the study. Whether different platelet 
function testing methods could influence the 
research results requires further investigation.

In conclusion, both the PON1 Q192R and 
CYP2C19*2 variants are associated with HPR 
and an increased risk of ischemic events during 
6-month follow-up in Chinese patients under-
going PCI. Their effects on platelet aggrega- 
tion are persistent over time. The CYP2C19*2 
allele seems to have a greater effect on platelet 
aggregation and MACE than the PON1 192Q 
allele. Future studies with a larger populat- 
ion and a long-term follow-up duration are 
warranted.
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