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a b s t r a c t

Background: Cytochrome P450 (CYP)2C19 is expressed in vascular endothelium and metabolizes arachi-
donic acid to biologically active epoxyeicosatrienoic acids, which play a key role in regulating vascular
tone. The aim of this study was to investigate whether the genetic functional variant 681G > A (*2)
of cytochrome CYP2C19 is associated with adverse cardiovascular outcomes in Chinese patients with
coronary artery disease (CAD).
Methods: Between July 2008 and September 2009, 654 consecutive patients with CAD were enrolled in this
study. All participants underwent CYP2C19 genotyping. The primary study endpoint was a composite of
cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke. Secondary endpoints included
the components of the primary endpoint, death from any cause, and recurrent revascularization.
Results: The baseline characteristics were well-balanced between carriers (heterozygous *1/*2, n = 291;
homozygous *2/*2, n = 57) and non-carriers (n = 306) of the CYP2C19*2 variant. During the follow-up
period (11.42 ± 4.23 months), the primary endpoint occurred more frequently in homozygous *2/*2 than
in non-carriers (n = 306) of CYP2C19*2 variant (12.28% versus 3.27%; adjusted hazard ratio [HR] = 5.191;
95% confidence interval [CI] = 1.936–13.917; P = 0.001); however, no such increase was evident in het-
erozygous *1/*2 patients (4.12% versus 3.27%; adjusted HR = 1.208; 95% CI 0.517–2.822; P = 0.662).
Conclusions: The homozygous CYP2C19*2/*2 genotype is an independent determinant of adverse vascular
events in Chinese patients with CAD.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Cytochrome P450 (CYP)2C19 is expressed in vascular endothe-
lium and metabolizes arachidonic acid to biologically active
epoxyeicosatrienoic acids, which play a key role in regulating vas-
cular tone. The frequent genetic functional variant 681G > A (*2)
of cytochrome CYP2C19 is an important contributor to the wide
variability between individuals of the antiplatelet effect of clopi-
dogrel and predict cardiac events in Caucasian patients with acute
coronary syndromes (ACS) [1–4]. Importantly, the CYP2C19*2 loss-
of-function allelic variant (681A allele) has been shown to encode
for a deficient drug-metabolizing enzyme [5].

The frequency of CYP2C19*2 variant allele is reported to be
higher in Chinese populations than in Caucasians [6,7]. However,
the relationship between the genetic polymorphism of CYP2C19
and cardiovascular prognosis in patients of Chinese ancestry has
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been hitherto unexplored. This study was designed to test the
hypothesis that the CYP2C19*2 loss-of-function allelic variant
could predict clinical outcomes in Chinese patients with coronary
artery disease (CAD).

2. Materials and methods

This study complied with the ethical guidelines of the Declara-
tion of Helsinki, and was approved by the local Institutional Review
Board. Informed consent was obtained from all participants.

2.1. Study participants

This study was conducted between July 2008 and September
2009 in the West China Hospital, Chengdu, China. All consecutive
patients with angiographically-proven CAD (ACS or stable angina)
who were 18 years of age or older were considered for participa-
tion. The diagnosis of ACS was based on the following criteria: (1) a
greater than 50% stenosis in at least one epicardial coronary artery;
(2) symptoms of ischemia that increased or occurred at rest, and (3)
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Table 1
General characteristics of the study participants at baseline.

Characteristic Entire cohort (N = 654) CYP2C19 polymorphism P value

*2/*2 (N = 57) *1/*2 (N = 291) *1/*1 (N = 306)

Age, years 65.17 ± 10.63 64.61 ± 9.62 66.07 ± 10.22 64.42 ± 11.16 0.308
Male sex, n (%) 533 (81.5) 47 (82.5) 231 (79.4) 255 (83.3) 0.453
Hypertension, n (%) 369 (56.4) 32 (59.1) 162 (55.7) 175 (57.2) 0.931
Diabetes, n (%) 127 (19.4) 16 (28.1) 69 (23.7) 42 (13.7) 0.002
Previous or current smokers, n (%) 395 (60.4) 37 (64.9) 171 (58.8) 187 (61.1) 0.645
Previous PCI or CABG, n (%)

PCI 103 (15.7) 11 (19.3) 48 (16.5) 44 (14.4) 0.578
CABG 30 (4.6) 3 (5.3%) 12 (4.1) 15 (4.9) 0.873

Previous drug treatment, n (%)
ACEI 99 (15.1) 12 (21.1) 38 (13.1) 49 (16.0) 0.257
ARBs 49 (7.5) 4 (7.0) 23 (7.9) 22 (7.2) 0.937
Aspirin 289 (44.2) 26 (45.6) 134 (46.0) 129 (42.2) 0.617
Statin 188 (28.7) 15 (26.3) 88 (30.2) 85 (27.8) 0.733
ACS, n (%) 497 (76) 39 (68.4) 216 (74.2) 242 (79.1) 0.143

Body mass index, kg/m2† 24.50 ± 4.16 24.01 ± 3.01 24.43 ± 3.48 24.65 ± 4.88 0.445
Creatinine clearance, mL/min per 1.73 m2‡ 68.03 ± 24.55 71.64 ± 21.08 66.30 ± 23.09 69.00 ± 26.38 0.202
Blood pressure at admission, mmHg

Systolic 129.58 ± 21.56 122.49 ± 17.99 128.52 ± 20.27 131.92 ± 23.01 0.005
Diastolic 75.74 ± 12.15 72.35 ± 8.78 75.13 ± 12.62 76.95 ± 12.10 0.016
Heart rate at admission, beats/min 73.36 ± 13.73 73.51 ± 14.71 73.55 ± 14.30 73.14 ± 13.02 0.931
Leukocyte count, 10−3/mm3 7.09 ± 3.40 7.68 ± 3.41 7.13 ± 3.50 6.94 ± 3.29 0.304
Haemoglobin, g/L 133.87 ± 18.20 133.47 ± 17.51 133.71 ± 18.39 134.09 ± 18.20 0.953
Plasma total cholesterol, mmol/L 3.98 ± 0.95 3.70 ± 0.82 3.96 ± 0.90 4.04 ± 1.02 0.043

PCI, n (%) 431 (65.9) 38 (66.7) 190 (65.3) 203 (66.3) 0.959
Lesion characteristic, n (%)

Triple vessel disease 111 (17.0) 8 (14.0) 54 (18.6) 49 (16.0) 0.587
Left main disease 57 (8.7) 3 (5.3) 26 (8.9) 28 (9.2) 0.624
Follow-up time-months 11.42 ± 4.23 10.88 ± 4.70 11.43 ± 4.25 11.50 ± 4.12 0.591

Drug treatment in hospital and during follow-up, n (%)
Aspirin 639 (97.7) 55 (96.5) 281 (96.6) 303 (99.0) 0.109
Clopidogrel 626 (95.7) 56 (98.2) 278 (95.5) 292 (95.4) 0.613
GlycoproteinIIb/IIIa antagonist 96 (14.7) 9 (15.8) 47 (16.2) 40 (13.1) 0.551
PPI 149 (22.8) 14 (24.6) 69 (23.7) 66 (21.6) 0.778
Beta-blocker 540 (82.6) 50 (87.7) 241 (82.8) 249 (81.4) 0.505
ACEI or ARBs 446 (68.2) 36 (63.2) 199 (68.4) 211 (69.0) 0.686
Nitrated derivative 387 (59.2) 39 (68.4) 171 (58.8) 177 (57.8) 0.323
Statin 618 (94.5) 55 (96.5) 275 (94.5) 288 (94.1) 0.771
Calcium channel blocker 225 (34.4) 19 (33.3) 99 (34.0) 107 (35.0) 0.956

Data are expressed as means ± SD or counts and percentages, as appropriate. PCI: percutaneous coronary intervention, CABG: coronary-artery bypass grafting, ACEI:
angiotensin-converting enzyme inhibitors, ARBs: angiotensin-receptor blockers, ACS: acute coronary syndrome, PPI: proton pump inhibitor.

† Body mass index is the weight in kilograms divided by the square of the height in meters.
‡ Creatinine clearance was calculated using the Cockcroft–Gault equation.

an elevated cardiac troponin T level (≥0.03 �g/L). Stable angina was
diagnosed in the presence of chronic stable chest pain in patients
having at least one >50% stenosis in the left main artery or >70%
stenosis in at least 1 proximal epicardial coronary artery. Exclusion
criteria included haemodynamic instability, malignancies, active
bleeding, pregnancy, and severe liver or haematological disorders.
All patients received standard care according to the current clinical
practice.

2.2. Data collection

All subjects underwent a comprehensive medical history, physi-
cal examination, and clinical chemistry analysis before enrollment.
Hypertension was defined as a blood pressure greater than
140/90 mm Hg on at least two indepedent readings. Diabetes mel-
litus was diagnosed in patients who had previously undergone
dietary treatment, had received additional oral antidiabetic or
insulin medication, or had a current fasting blood glucose level of
>7.0 mmol/L in two blood samples.

2.3. Endpoints

The primary study endpoint was a composite of cardiovas-
cular death, nonfatal myocardial infarction, and nonfatal stroke.
Secondary endpoints included the components of the primary

endpoint, death from any cause, and recurrent revascularization.
All outcomes were adjudicated by two independent physicians
blinded to the results of genetic analyses. Follow-up information
was collected through contacts with the patients’ physicians, the
patients or their family. All data were corroborated by hospital
records.

2.4. Genotyping

Blood samples (5 mL) were drawn from the arterial sheath
immediately before diagnostic angiography. The genomic DNA was
extracted using a commercially available DNA isolation kit (Tiangen
Biotech, Beijing, China) according to the manufacturer’s proto-
col. The loss-of-function CYP2C19*2 variant (681G > A; rs4244285)
was genotyped using a commercially available drug metabolism
genotyping assay (TaqMan Validated SNP assays, C 25986767 70,
Applied Biosystems, Foster City, CA, USA) on an ABI PRISM 7300
sequence detection system (Applied Biosystems).

2.5. Statistical analysis

Continuous variables are expressed as mean ± standard devi-
ation (SD) and categorical variables are reported as counts and
percentages. Analysis of variance (ANOVA) and chi-square tests
were used to test for differences between groups for continuous
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