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Summary: This study sought to explore the relationship between cytochrome P450 2C19 
(CYP2C19) *2/*3 polymorphisms and the development of coronary heart disease (CHD), and to 
evaluate the influence of the single nucleotide polymorphisms (SNPs) on the occurrence of adverse 
clinical events in CHD patients. A total of 231 consecutive patients candidate for percutaneous 
coronary intervention genotyped for CYP2C19*2 (681G>A) and *3 (636G>A) polymorphisms 
were enrolled. The adverse clinical events were recorded during a follow-up period of 14 months. 
The incidence of CHD, according to coronary angiography, was significantly higher (P=0.025) 
in CYP2C19*2 carriers group. Stepwise binary logistic regression analysis revealed that among 
factors that potentially influenced the presence of CHD (age>60 years, gender, BMI, etc.), 
CYP2C19*2 carriers (OR 1.94, 95% CI: 1.08–3.50, P=0.028) and male gender (OR 2.74, 95% 
CI: 1.58–4.76, P=0.001) were independent predictors, which were associated with the presence of 
CHD. The follow-up results showed that the incidence of adverse cardiovascular events within 14 
months of discharge was significantly higher in the CYP2C19*2 carriers than in the non-carriers 
(21.6% vs. 6.3%, P=0.019). The results of the multivariate Cox proportional hazards model showed 
that CYP2C19*2 loss-of-function was the only independent factor which predicted the coronary 
events during the follow-up period of 14 months (OR=3.65, 95% CI 1.09–12.25, P=0.036). The 
adverse impact of CYP2C19*2 polymorphisms was found not only in the risk of the presence of 
CHD, but also in the adverse cardiovascular events in CHD patients during the follow-up period of 
14 months. However the same influence was not found in CYP2C19*3 mutation in Chinese Han 
population.   
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The pathogenesis of coronary heart disease (CHD) 
has not yet been clearly determined; nevertheless, it 
is known that a compound character is derived from 
a complex interaction of genetic and environment 
factors. First of all, atherosclerosis is believed to be 
a chronic inflammatory disease. Cytochrome P450 
(CYP) epoxygenase participates in arachidonic acid 
metabolism[1]. Most CYP genes are primarily expressed 
in the liver, with significantly lower expression levels 

in extrahepatic tissues. However, some CYPs are 
predominantly detected in the heart, vasculature, 
gastrointestinal tract, kidney, and lung[2, 3] and even 
localized in vascular smooth muscle and endothelium 
contributing to regulation of vascular tone and 
homeostasis[4]. Due to the polymorphisms, there are 
large interindividuals as well as interethnic differences 
in the metabolism of different CYP substrates[5]. Ercan[6] 
found that smoker patients carrying CYP2C19*2 
mutations have 3.7 fold risk of developing CHD 
in Turkey people. Yang reported that CYP2C19*3 
genotype was significantly more prevalent in patients 
with CHD (6.25% vs. 2.96%; P=0.03) in Chinese 
Uighur population[7]. More evidence has tested that 
CYP family polymorphisms are associated with 
atherosclerosis[1, 8, 9].

The dual antiplatelet therapy of aspirin and 
clopidogrel is an important measurement to prevent the 
ischemic events that occur in CHD and can significantly 
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improve the clinical outcome of patients with acute 
coronary syndrome (ACS) and patients treated
with percutaneous coronary intervention (PCI)[10, 11]. 
Clopidogrel is an inactive prodrug and requires 
metabolization and activation by the CYP2C19 
to generate its active thiol metabolite, which can 
significantly inhibit platelet aggregation by binding to 
the P2Y12 receptor[12]. Initial studies have determined 
that carriers of the allelic variant (CYP2C19*2) have 
significantly lower levels of the active clopidogrel 
metabolite, which contributes to higher rate of 
cardiovascular events, including stent thrombosis[13]. 
Since these initial discoveries, multiple cohort studies 
have further linked the CYP2C19*2, CYP2C19*3 
and other loss-of-function allelic variants of this gene 
to major adverse cardiovascular events in patients 
taking clopidogrel[14–16]. In March 2010, the US Food 
and Drug Administration approved a new label for 
clopidogrel with a “boxed warning” describing the 
diminished effectiveness of the standard drug dosing 
in individuals with impaired metabolic function (so-
called poor metabolizers) based on their CYP2C19 
genotype[11, 17]. The majority of researchers believe 
that CYP2C19*2 polymorphisms may interfere in 
major adverse cardiovascular events[18, 19]. However, 
a systematic review and meta-analysis by Holmes 
et al concluded that the genotype had no significant 
association with cardiovascular events[20].

To the best of our knowledge, the influence of 
genetic polymorphisms of CYP2C19 on the risk of 
the presence of CHD has not been studied in Chinese 
Han population. The main aim of the present study 
was to assess the relationship between CYP2C19 
*2/*3 polymorphisms and the development of CHD. 
In patients treated with clopidogrel, the best genome-
guided strategy remains to be determined. In light of 
the previous findings, we sought to investigate the 
influence of the genetic variant on CHD patients with 
the standard use of clopidogrel during a follow-up 
period of 14 months. 

1 MATERIALS AND METHODS

1.1 Eligibility and Recruitment 
We enrolled 231 consecutive patients suspected 

of CHD in Pingjin Hospital, Logistics University 
of Chinese People’s Armed Police Forces from May 
1st 2012 to Nov. 1st 2012. The enrolled patients had 
the following characteristics: (1) willing to provide 
informed consent and agreed to diagnostic coronary 
angiography; (2) had a normal routine troponin tested 
at least 12 h from symptom onset; (3) received a loading 
dose of 300 mg aspirin plus 300 mg clopidogrel for at 
least 24 h, or 100 mg aspirin plus 75 mg clopidogrel for 
at least 5 days; and (4) of Han nationality, the majority 
ethnic group in China. The exclusion criteria were as 

follows: (1) patients with congenital heart disease, 
valvular disease of the heart, congestive heart failure, 
renal failure, hepatic insufficiency, cerebrovascular 
disease, peripheral vascular disease, cancer or immune 
disorders; (2) patients who had undergone previous 
vascular surgery or percutaneous transluminal 
angioplasty; and (3) patients with a history of bleeding 
diathesis (platelet count <150×109/L or >450×109/L, 
hemoglobin <80 g/L). The research protocol was 
approved by the Ethical Committee of Pingjin 
Hospital, Logistics University of the Chinese People’s 
Armed Police Forces, which was in accordance with 
the principles of the Declaration of Helsinki.
1.2 Coronary Angiography and Calculation of 
SYNTAX Score

Coronary angiography was applied via the femoral 
approach using the Standard Judkins Technique. 
SYNTAX score is a well-established coronary 
angiographic score based on complexity of coronary 
artery disease. SYNTAX score was retrospectively 
calculated by two experienced interventional 
cardiologists by visually assessing all coronary 
lesions with a diameter stenosis ≥50% in vessels 
>1.5 mm diameter, using the online algorithm (www.
syntaxscore.com).
1.3 CYP2C19*2/*3 Genetic Polymorphisms

Genomic DNA was extracted from peripheral 
blood samples using Genomic DNA Purification 
Kit (Promega, USA). The PCR was performed in 
a 50-μL reaction volume containing 0.3 μmol/L 
of each of the following primers: CYP2C19*2 (F 
5′-AATTACAACCAGAGCTTGGC-3′ and R 5′-TAT-
CACTTTCCATAAAAGCAAG-3′, product length: 
169 bp); CYP2C19*3 (F 5′-TGTGCTCCCTGCAATG- 
TGAT-3′ and R 5′-TTTGGGGCTGTCACCAAAGT-3′, 
product length 419 bp). PCR was performed according 
to standard procedures and reaction mixtures were 
subjected to 35 cycles of amplification (94°C 
denaturation for 30 s, 60°C annealing for 30 s, and 
72°C extension for 30 s). The PCR products were 
purified with a commercially available kit (Takara 
MiniBEST DNA Fragment Purification Kit Ver.3.0) 
and the genotypes of CYP2C19*2/*3 were identified 
using restriction fragment length polymorphisms with 
SmaⅠ (QuickCut SmaⅠ, Takara)/BamHⅠ(QuickCut 
SmaⅠ, Takara). The products were then separated on a 
3%/2% agarose gel, and the bands were visualized with 
ethidium bromide.
1.4 Follow-up and Study Endpoints

Clinical outcomes at 1, 2, 3, 6, 9, 12 and 14 months 
post-hospital discharge were assessed by telephone 
interviews. Clinical endpoints were cardiovascular 
death, an event of myocardial infarction, hospital 
readmission for ACS/stroke, and the major adverse 
cardiac events (MACE) consisting of stent thrombosis. 
Bleeding endpoints were based on the Thrombolysis 
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in Myocardial Infarction (TIMI) and Global Use 
of Strategies to Open Occlude Arteries (GUSTO) 
bleeding criteria.
1.5 Statistical Analysis 

All analyses were carried out using SPSS version 
18.0 (SPSS Inc., USA) and Empower (R). The Hardy-
Weinberg equilibrium was assessed using chi-square 
analysis. Discrete variables, expressed as percentages, 
were compared by Chi-square or Fisher’s exact test. 
Numerical variables were expressed as mean with 
standard deviation or median with interquartile range. 
Normally distributed continuous variables were 
compared by t-test, and non-normally distributed data 
were compared by nonparametric test. To determine 
clinical variables that independently predict CHD, 
stepwise binary logistic regression was used. The 
independent association between the presence of the 
CYP2C19*2 or *3 polymorphisms and CHD outcome 
was assessed by using multivariate Cox regression 
analysis and Cox proportional hazards model for 

event-free survival. In order to quantify the risk of 
CHD based on various risk factors, odds ratios (OR) 
with 95% confidence interval (CI) and P values were 
presented. A value of P<0.05 was considered as 
statistically significant.

2 RESULTS

2.1 Patient Characteristics
A total of 231 consecutive patients scheduled for 

coronary angiography (CAG) were enrolled in this 
study. The patients were grouped according to the 
CYP2C19*2 (non-carriers, n=90 and carriers, n=141) 
and *3 (non-carriers, n=213 and carriers, n=18) 
genotype. As shown in table 1, the demographic data 
of CYP2C19*2 and CYP2C19*3 determined were 
comparable. As shown in fig. 1A, the percentage of 
CHD people was significantly higher in CYP2C19*2 
carriers group than that in non-carriers group (68.8% 
vs. 53.3%, P=0.025). No significant difference was 

Table 1 Demographic data of 231 patients and subgroup characteristics

Items Total patients
(n=231)

CYP2C19*2
P

CYP2C19*3
PNon-carriers

(n=90)
Carriers
(n=141)

Non-carriers 
(n=213)

Carriers
(n=18)

CHD (%) 62.8 53.3 68.8 0.025* 62.9 61.1 1.000
Age (years) 58.36±8.40 58.03±7.31 58.57±9. 0 0.634 58.18±8.41 60.05±8.17 0.262
Gender (Male %) 51.5 50.0 52.2 0.787 52.1 44.4 0.626
Smoking (%) 44.2 38.9 47.5 0.223 44.6 38.9 0.806
BMI (kg/m2) 24.53±4.46 24.50±4.56 24.55±4.41 0.929 24.68±4.40 22.77±4.90 0.082
Heart rate (beats/min) 70 (64, 77) 70 (63, 79) 70 (64, 76) 0.988 70.0 (64.0, 77.5) 67.0 (62.0, 77.0) 0.316
SBP (mmHg) 140 (121, 150) 140 (130, 150) 134 (120, 150) 0.153 135.0 (120.0, 150) 140.0 (130.0, 150.0) 0.345
DBP (mmHg) 80 (75, 90) 80 (79, 90) 80 (74, 90) 0.429 80.0 (75.0, 90.0) 80.0 (72.3, 95.5) 0.937
DM (%) 12.1 10.0 13.5 0.537 12.2 11.1 1.000
WBC counts (109/L) 6.59 (5.34, 7.84) 6.90 (5.49, 8.02) 6.34 (5.30, 7.84) 0.306 6.56 (5.33, 7.84) 6.79 (5.60, 8.11) 0.392
RBC counts (1012/L) 4.46 (4.15, 4.83) 4.47 (4.21, 4.78) 4.44 (4.11, 4.86) 0.988 4.46 (4.16, 4.82) 4.45 (4.08, 5.05) 0.936
Neutrophil (%) 63.90±11.51 65.19±12.28 63.09±10.96 0.178 63.76±11.53 65.72±11.52 0.489
Lymphocyte (%) 26.66±9.23 25.93±9.02 27.12±9.37 0.342 26.71±9.22 26.04±9.67 0.768
Monocyte (%) 6.30 (4.90, 7.55) 6.35 (4.58, 7.60) 6.20 (5.10, 7.50) 0.677 6.30 (4.95, 7.50) 5.56 (4.88, 7.63) 0.649
Hemoglobin (g/L) 137.0 (127.0, 147.0) 137.0 (127.0, 145.0) 136.0 (128.0, 148.0) 0.698 137.0 (128.0, 147.0) 131.0 (124.3, 145.5) 0.214
Platelet counts (109/L) 218.84±52.43 222.08±52.47 218.06±52.58 0.776 217.58±53.04 233.83±43.10 0.207
ALT 16.0 (11.5, 27.00) 15.00 (10.75, 25.25) 18.00 (12.00, 29.00) 0.145 16.0 (12.0, 27.5) 13.5 (9.8, 23.5) 0.176
AST 17.0 (14.0, 23.0) 16.50 (13.00, 21.00) 17.00 (14.00, 23.50) 0.257 17.0 (14.0, 23.0) 15.5 (11.8, 18.0) 0.228
BUN 5.13±1.23 4.95±1.23 5.24±1.23 0.077 5.13±1.24 5.12±1.54 0.965
Creatinine (µmol/L)     63.86±13.46 61.73±14.06 65.21±12.93 0.055 64.00±13.57 62.22±12.30 0.593
Uric acid (µmol/L) 297.53±89.96 287.03±87.92 304.23±90.91 0.157 297.85±91.34 293.72±73.68 0.825
Total bilirubin (µmol/L) 10.40 (8.40, 14.25) 10.0 (8.38, 13.43) 10.90 (8.50, 14.45) 0.252 10.1 (8.4, 13.9) 12.4 (8.5, 16.5) 0.174
Total cholesterol (µmol/L) 4.35±0.86 4.37±0.96 4.33±0.79 0.771 4.32±0.85 4.72±0.93 0.055
TG 1.49 (1.06, 2.11) 1.50 (1.06, 2.11) 1.46 (1.07, 2.11) 0.328 1.46 (1.07, 2.09) 1.50 (0.95, 1.51) 0.920
Medications

Nitrates (%) 51.9 51.1 52.5 0.893 46.0 66.7 0.149
β-blockers (%) 44.6 44.4 44.7 1.000 44.1 50.0 0.632
ACEI/ARB (%) 35.5 36.7 34.8 0.870 46.0 22.2 0.135
CCB (%) 32.9 31.1 35.5 0.479 31.5 50.0 0.122
Statins (%) 80.5 75.6 83.7 0.172 79.3 94.4 0.211
PPI (%) 13.4 10.0 15.6 0.243 13.6 11.1 1.000

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blockers; BMI: body mass index; CCB: calcium channel blockers; DBP: 
diastolic blood pressure; PPI: proton pump inhibitors; RBC: red blood cells; SBP: systolic blood pressure; TG: triglycerides; WBC: white blood cells; 
DM: diabetes mellitus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood urea nitrogen
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period of 14 months (OR=2.70, 95% CI 1.15–6.34, 
P=0.023). There was a decreased adverse-event-free 
survival rate among patients carrying the CYP2C19*2 
loss-of-function as compared with non-carriers (fig. 2).

observed between CYP2C19*3 based groups as shown 
in fig. 1B (61.1% vs. 62.9%, P=1.000). Among the 
231 patients, 145 were diagnosed as CHD according 
to the result of CAG. Table 2 describes the baseline 
characteristics of the 145 CHD patients according to 
CYP2C19*2 phenotype. The percentage of coronary 
events after 14-month follow-up was statistically 
significantly higher in CYP2C19*2 carriers group than 
in non-carriers group (21.6% vs. 6.3%, P=0.019), as 
shown in fig. 1C, but there was no significant difference 
between the subgroups based on CYP2C19*3 genotype 
(9.1% vs. 17.2%, P=0.692, fig. 1D). All these baseline 
variables were well balanced among these groups 
(P>0.05). No patients experienced bleeding at all 
follow-up points. According to the power analysis, the 
unmatched power count was 0.896.
2.2 Logistic Regression and Cox Regression

To determine clinical variables that independently 
predict CHD, stepwise binary logistic regression was 
used. The results showed that in this model, CYP2C19*2 
polymorphisms (OR 1.94, 95% CI 1.08–3.50, P=0.028) 
and male gender (OR 2.739, 95% CI 1.58–4.76, 
P=0.001) were statistically associated with CHD (table 
3). In addition, the results of the multivariate Cox 
proportional hazards model showed that CYP2C19*2 
loss-of-function was the only independent factor which 
predicted the coronary events during the follow-up 

Fig. 2 Kapan-Meier curve for event-free-survival according to
CYP2C19*2 loss-of-function polymorphisms carrier 
status among Chinese Han population with CHD. 
There was a decreased adverse-event-free survival rate 
among patients carrying the CYP2C19*2 loss-of-function 
when compared with non-carriers.

Fig. 1 The percentage of the patients in CYP2C19*2 or CYP2C19*3 determined groups 
A: The percentage of CHD people was statistically higher in CYP2C19*2 carriers group than in non-carriers group. B: No 
significant difference was observed between CYP2C19*3-based groups among the 231 patients. C: The percentage of coronary 
events after 14-month follow-up was statistically higher in CYP2C19*2 carriers group than in non-carriers group. D: There was 
no significant difference between the subgroups based on CYP2C19*3 genotype.
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between CYP2C19*2 genotype and CHD, but also 
reports the association between CYP2C19*2 loss-of-
function polymorphisms and the incidences of adverse 
outcomes of CHD within 14-month follow-up in 
Chinese Han population (among the CHD patients the 

PCI percentage was 71.1%). 
According to previous reports, common 

polymorphisms in the CYP2C19 gene were 
approximately 30% in whites, 40% in blacks, and 
>55% in East Asians[21].  CYP2C19*2 polymorphisms 

Table 2 Demographic data of 145 CHD patients and subgroup characteristics

Items Total patients (n=145)
CYP2C19*2

P
Non-carriers (n=48) Carriers (n=97)

Events (%) 16.6 6.3 21.6 0.019*

Age (years) 59.23±5.58 58.94±6.86 59.38±9.35 0.747
Gender (Male %) 60.7 58.3 61.9 0.720
Smoking (%) 51.7 47.9 53.6 0.597
SYNTAX Score 18.92±4.12 18.19±4.05 19.29±4.12 0.130
BMI (kg/m2) 24.88±4.49 25.41±4.36 24.63±4.55 0.327
Heart rate (beats/min) 71.59±11.44 71.17±13.08 71.79±10.60 0.757
SBP (mmHg) 135.0 (120.5, 150.0) 140.0 (130.0, 150.0) 134.0 (120.0, 150.0) 0.369
DBP (mmHg) 80.0 (75.0, 90.0) 80.0 (75.25, 90.0) 80.0 (71.5, 90.0) 0.906
DM (%) 14.5 12.5 15.5 0.803
WBC counts (109/L) 6.61 (5.56,7.79) 6.91 (5.41, 7.77) 6.50 (5.56, 7.81) 0.575
RBC counts (1012/L) 4.44 (4.09,4.82) 4.48 (4.05, 4.76) 4.43 (4.10, 4.82) 0.589
Neutrophil (%) 62.86±11.25 62.28±13.29 63.15±10.15 0.664
Lymphocyte (%) 27.26±9.41 27.44±9.28 27.18±9.51 0.876
Monocyte (%) 6.40 (5.10, 7.70) 6.90 (4.91, 7.88) 6.30 (5.15,7.60) 0.487
Hemoglobin (g/L) 136.12±18.21 135.77±15.95 136.29±19.31 0.872
Platelets counts (109/L) 212.92±52.99 207.21±48.29 215.75±55.18 0.363
ALT 16.0 (11.5, 29.0) 15.5 (11.0, 26.0) 17.0 (12.0,30.5) 0.308
AST 17.0 (14.0, 25.0) 17.0 (12.3, 21.8) 17.0 (14.0, 25.0) 0.325
BUN 5.26±1.17 5.08±1.20 5.35±1.15 0.184
Creatinine (µmol/L)     65.04±13.93 61.77±14.89 66.66±13.21 0.057
Uric acid (µmol/L) 301.29±93.21 286.20±81.73 308.75±97.94 0.277
Total bilirubin (µmol/L) 10.4 (8.25, 14.55) 10.0 (8.3, 13.73) 10.7 (8.1, 14.8) 0.688
Total cholesterol (mmol/L) 4.29±0.89 4.35±1.04 4.26±0.80 0.534
TG 1.43 (1.01, 2.03) 1.46 (0.98, 2.25) 1.38 (1.01, 1.96) 0.422
Medications

Nitrates (%) 65.5 68.8 63.9 0.584
β-Blockers (%) 46.2 43.8 47.4 0.725
ACEI/ARB (%) 37.2 39.5 36.1 0.717
CCB (%) 31.0 29.2 32.0 0.849
Statins (%) 86.2 89.6 84.5 0.456
PPI (%) 12.4 10.4 13.4 0.790

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blockers; BMI: body mass index; CCB: calcium channel 
blockers; DBP: diastolic blood pressure; PPI: proton pump inhibitors; RBC: red blood cells; SBP: systolic blood pressure; TG: 
triglycerides; WBC: white blood cells; DM: diabetes mellitus; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BUN: blood 
urea nitrogen

Table 3 Results of the binary logistic regression (n=231)
Variables B SE P value Odds ratio (95% CI)
Age >60 years old 0.518 0.292 0.077 1.68 (0.95, 3.00)
Male 1.008 0.282 0.001* 2.74 (1.58, 4.76)
Smoking (%) 0.539 0.349 0.123 1.72 (0.87, 3.40)
BMI (kg/m2) 0.304 0.304 0.328 1.03 (0.97, 1.11)
DM 0.591 0.499 0.236 1.81 (0.68, 4.80)
HP –0.004 0.301 0.988 1.00 (0.55, 1.80)
Hypertriglyceridemia 0.007 0.016 0.666 1.01 (1.08, 3.50)
Hypercholesterolemia –0.197 0.175 0.261 0.82 (0.58, 1.16)
CYP2C19*2 carriers 0.663 0.301 0.023* 2.70 (1.15, 6.34)
CYP2C19*3 carriers 0.240 0.554 0.664 1.27 (0.43, 3.77)
BMI: body mass index; DM: diabetes mellitus; HP: hypertension
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are responsible for 75%–85% poor metabolism (PM) 
phenotype in Caucasians and East Asians, which is 
significantly more frequent in East Asian populations. 
In the present study, the percentage of CYP2C19*2 in 
Chinese Han population was 61.0%. This study echoes 
the findings of previous studies that recognize the 
impact of ethnicity on the distribution of CYP2C19 
polymorphisms[22]. CYP2C19*3 polymorphisms 
had been regarded as an Asian-specific variant 
polymorphisms that account for the PM phenotype in 
Asian populations, which occurs rarely in Caucasians. 
In the present study, the polymorphisms frequency of 
CYP2C19*3 in Chinese Han populations was 7.8%, 
and this frequency was similar to that of the previous 
reports (7.2%).

The role of CYP enzymes in atherosclerosis 
is controversial to date. It is known that CYP2C9 
generates reactive oxygen species (ROS) that can 
cause the oxidation of low density lipoprotein (LDL), 
which leads to plaque formation in coronary arteries[23]. 
As the member of CYP2C subfamily, CYP2C19 can 
produce epoxyeicosatrienoic acids (EETs), i.e., the so-
called endothelium-derived hyperpolarizing factors 
(EDHF), an important regulator of vascular tone under 
pathological condition. CYP2C19 gene is also expressed 
in endothelial beds, and it was shown that CYP2C19 
mRNA was expressed in the right ventricle and aorta[6]. 
A link between CYP2C19*3 polymorphisms and CHD 
in Chinese Uighur population has been suggested 
by Yang et al[7], however, they did not investigate 
the CYP2C19*2 polymorphisms, the most common 
CYP2C19 polymorphisms in Asian[9]. In the present 
study, we found the percentage of CHD patients was 
statistically higher in CYP2C19*2 carriers than in 
non-carriers (68.8% vs. 53.3%, P=0.025), which is 
consistent with the previons finding that CYP2C19 
enzyme participates in atherosclerosis, however the 
similar results were not found in CYP2C19*3 based 
groups in 231 Chinese Han population.

Clopidogrel, one of the most commonly 
prescribed cardiovascular medications in the word, 
is a prodrug that requires hepatic conversion to an 
active metabolite to exert its antiplatelet properties. 
The majority of absorbed clopidogrel (85% to 90%) is 
hydrolyzed by carboxylase to an inactive metabolite, 
whereas the remaining 10% to 15% is metabolized by 
hepatic CYP450 isoenzymes in a 2-step process[24]. 
Studies indicate that CYP2C19, CYP1A2, and 
CYP2B6 participate in the first metabolic step, whereas 
CYP2C19, CYP2C9, CYP2B6, and CYP3A are 
responsible for the second step[24]. Previous research 
strongly suggests that variable and insufficient active 
metabolite generation is the main explanation for 
clopidogrel response variability and high on-treatment 
platelet reactivity (HTPR)[25]. Importantly, CYP2C19 
is involved in both steps of clopidogrel metabolism. 

Several studies have shown that CYP2C19*2 and 
*3 polymorphisms influence the platelet response 
to clopidogrel[26–31]. In the genetic sub-study of the 
TRITON-TIMI 38 (Trial to Assess Improvement 
in Therapeutic Outcomes by Optimizing Platelet 
Inhibition with Prasugrel–Thrombolysis In Myocardial 
Infarction 38) trial[13], carriers of these mutant 
polymorphisms receiving clopidogrel had a 5-fold 
increase in their risk of stent thrombosis and major 
adverse cardiovascular events compared with carriers 
of the wild-type genotype. In contrast to these findings, 
however, the recently published large-scale analysis 
of 2 randomized trials, CURE in ACS and ACTIVE 
A in atrial fibrillation, indicated that the primary 
outcome was similar in carriers of the CYP2C19*2 
loss-of-function polymorphisms, as was seen in non-
carriers[32, 33]. A reasonable explanation for this finding 
is the lower use of PCI with the stenting in the CURE 
trial (14.5%) and the relatively lower-risk population 
enrolled in the ACTIVEA study (non-ACS and non-
PCI/stenting). Among patients treated with clopidogrel 
for PCI, carriage of even non-carriers increased 
risk of MACEs[18]. However, just because a large 
proportion of patients in the meta-analysis of Mega 
et al[18] underwent PCI with stenting in ACS (91.3% 
of whom underwent PCI and 54.5% of whom had an 
ACS) it remains to be determined whether the risks 
of CYP2C19*2 genetic testing can be generalized to 
non-ACS, or non-stented patients with chronic disease. 
So evaluating the influence of SNPs is perplexing, and 
in patients treated with clopidogrel, the best genome-
guided strategy remains to be determined. In the 
present study, after follow-up for 14 months, the results 
of the multivariate Cox proportional hazards model 
showed that CYP2C19*2 loss-of-function was the only 
independent factor which predicted the coronary events 
(OR=2.70, 95% CI 1.15–6.34, P=0.023). However, the 
correlation between CYP2C19*3 polymorphisms and 
the adverse outcome was not found.

Several studies have provided evidence linking 
CYP2C19 genetic variation to reduced exposure to 
the active drug metabolite, lower platelet inhibition, 
and less protection from recurrent ischemic events in 
patients receiving clopidogrel[19]. In the present study, 
we reported the associations of CYP2C19*2 loss-of-
function polymorphisms with the incidence of adverse 
outcomes of CHD patients (OR 1.94, 95% CI 1.08–
3.50, P=0.028), among the CHD patients the PCI 
percentage was 71.1%. We found that patients with 
CYP2C19*2 loss-of-function polymorphisms have 
higher incidence of cardiovascular death, myocardial 
infarction and hospital readmission for ACS/stroke 
when compared with non-carries patients.

This study was a relatively small research, which 
did not assess other genetic polymorphisms that 
could be involved in the biological response. We did 
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not assess the platelet reactivity according to genetic 
polymorphisms.  Therefore, further large-scale clinical 
studies are needed.
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