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ABSTRACT
Objective: In this case-match study, we evaluated the impact of the CYP2C19*2 polymorphism in the occurrence of in-stent restenosis dur-
ing a 1-year follow-up period despite adequate dual anti-platelet therapy in Iranian patients having undergone percutaneous coronary 
intervention (PCI).
Methods: This study, conducted at a tertiary referral heart center in Tehran, recruited 100 patients: 50 patients had in-stent restenosis after PCI 
during a 1-year follow-up and were compared to another 50 patients without in-stent restenosis who were individually matched according to 
sex. In order to evaluate the impact of the CYP2C19*2 polymorphism, case frequency matching was performed with respect to variables previ-
ously shown to be predictors of in-stent restenosis. The CYP2C19*2 polymorphism evaluated using real-time PCR methods.
Results: Among all 100 patients (mean age=60.09±10.29: 72.0% male), 89 (89%) patients had wild (CYP2C19*1/CYP2C19*1) and 11% had a hetero-
zygous (CYP2C19*1/CYP2C19*2) genotypes, and there was no patient with a completely mutant genotype (CYP2C19*2/CYP2C19*2). Conditional 
logistic regression analysis showed that there was no significant association between genotype CYP2C19*1/CYP2C19*2 and the occurrence of 
in-stent restenosis after PCI (OR=2.5, p value=0.273).
Conclusion: Our findings indicated that carrying a CYP2C19*2 allele with a functional CYP2C19*1 allele had no significant association with in-
stent restenosis 1 year after PCI. The antiplatelet treatment strategy for non-functional allele carriers is still a matter of controversy. Further 
studies with larger sample sizes are necessary to determine the prevalence of non-functional alleles in various populations and to achieve a 
consensus about the effective treatment strategy. (Anatol J Cardiol 2015; 15: 348-53)
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The impact of cytochrome P450 2C19 polymorphism on the 
occurrence of one-year in-stent restenosis in patients who underwent 

percutaneous coronary intervention: A case-match study

Introduction

Ischemic heart disease is the leading cause of mortality all 
over the world, particularly in developing countries (1, 2). 
According to the last report of the World Health Organization 
and other regional studies, cardiovascular disease (CVD) is the 
most important cause of mortality and morbidity in Iran and 
accounts for nearly 40% of all mortalities (3). Coronary artery 
revascularization by coronary artery bypass graft surgery 
(CABG) and percutaneous coronary intervention (PCI) is the 
first-line treatment and reduces the rate of mortality and mor-
bidity in patients with CAD. PCI is the most common form of 
myocardial revascularization (4).

Although the development and extensive use of coronary 
artery stents, particularly the drug-eluting stent (DES), have 
significantly decreased the rate of thrombosis and restenosis 
after PCI, in-stent restenosis is still a rare but serious complica-
tion of PCI. Many studies have been conducted on the preven-
tion of stent thrombosis with antiplatelet therapy (5, 6). The 
American Society of Cardiology (ASC) guideline has recom-
mended the administration of clopidogrel, in combination with 
aspirin, in patients using the bare-metal stent (BMS) for at least 
1 month [and up to 12 months in recent studies (7)] and in 
patients using the DES for at least 12 months (8).

Appropriate function of cytochrome P450 2C19 (CYP2C19) is 
required to transform the clopidogrel as a pro-drug into its active 
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metabolite, which has antiplatelet effects. Therefore, single-
nucleotide polymorphisms of CYP2C19 (with different preva-
lence in different communities) can cause clopidogrel to have no 
or reduced antiplatelet effects in some patients having under-
gone PCI (9, 10). Several CYP2C19 gene polymorphisms have 
been proposed and investigated, and the results demonstrated 
that the presence of the CYP2C19*2 allele is particularly more 
associated with a decreased response to the antiplatelet effect 
of clopidogrel (11-13). The prevalence of this allele varies 
between different populations. Although the initial individualized 
treatment based on the CYP2C19 genotype is still controversial 
(11, 12), the study of CYP2C19 polymorphisms in each population 
can be indicative of the prognosis of the response to treatment 
and of the prevention of complications of stent restenosis in 
patients undergoing PCI.

In this individual case-match study, we determined the fre-
quency of the CYP2C19*2 polymorphism in Iranian patients hav-
ing undergone PCI and evaluated its role in the occurrence of 
in-stent restenosis during a 1-year follow-up period despite 
adequate dual anti-platelet therapy.

Methods

This study was conducted at Tehran Heart Center, a tertiary 
referral hospital in Tehran. Patients who underwent successful 
PCI were selected from the Tehran Heart Center Registry of 
Interventional Cardiology, which is described in detail else-
where (14). Trained physicians and research nurses routinely 
obtain follow-up data 1, 6, and 12 months after PCI via clinic 
visits or telephone contact and is available in our registry. 
Patients were selected for the current analysis as follows: 
patients with unsuccessful PCI, a history of thrombosis, platelet 
dysfunction, malignancies, cerebrovascular accident during 3 
months before the procedure, clopidogrel sensitivity, patients 
susceptible to bleeding, susceptible to aortic dissection, patients 
who took warfarin, glycoprotein IIb/IIIa or other antithrombotic 
drugs 14 days before PCI, patients with unstable hemodynamics, 
and patients with hemoglobin less than 10 gr/dL or hematocrit 
less than 34% were excluded. Among those who met the inclu-
sion criteria, we selected patients who had a redo PCI and in-
stent restenosis as the only event during a 1-year follow-up 
period and invited them for blood sampling and a genetic study. 
In total, 50 patients came for the blood sampling and were 
included in the study. These selected patients were then com-
pared with another group of patients without in-stent restenosis, 
selected via case matching and invited for the genetic study. In 
order to evaluate the impact of the CYP2C19*2 polymorphism on 
the occurrence of in-stent restenosis, case matching was per-
formed individually according to sex and frequency, matched 
with respect to all available variables previously shown to be 
predictors of DES and BMS restenosis (15). These variables 
included diabetes, prior myocardial infarction, chronic occlu-
sions, bifurcation lesions, left anterior descending coronary 
artery (LAD) or saphenous vein graft (SVG) as the treated vessel, 

small vessel [defined as vessel diameter <2.75 mm, long lesions 
(length> 20 mm)], presence of severe calcification, and ostial 
and type C lesions according to the American College of 
Cardiology (ACC)/American Heart Association (AHA) categoriza-
tion. Patients who refused to come were replaced with another 
matched case until we could complete the required 50 matched 
samples as controls.

All patients were treated with an aspirin (325 mg) and clopi-
dogrel (600 mg) loading dose before the procedure. A bolus of 
heparin 5000 UI was administrated. The choice of the stenting 
technique and devices was left to the operator’s discretion. All 
patients received dual antiplatelet therapy: aspirin 80 mg/day 
indefinitely and clopidogrel 75 mg/day for at least 1 month after 
balloon angioplasty or bare-metal stent implantation and for 12 
months after drug-eluting stent implantation, respectively.

Definition of in-stent restenosis
Restenosis is the reduction of lumen diameter after PCI due 

to arterial damage with subsequent neo-intimal tissue prolifera-
tion. Binary angiographic restenosis is defined as 50% luminal 
narrowing at the follow-up angiography (16). The Academic 
Research Consortium considered both an assessment of luminal 
narrowing and the patient’s clinical context and proposed a 
definition of clinical restenosis, assessed as a requirement for 
ischemia-driven repeat revascularization (17). The luminal nar-
rowing and the in-stent restenosis were determined via follow-
up angiography and evaluated by two experienced interven-
tional cardiologists in at least two views without for shortening 
and overlapping. In the case of an intermediate lesion, the use of 
fractional flow reserve or intravascular ultrasound (IVUS) can 
guide the clinical decision (18). Drug resistance is known as one 
of the main causes of in-stent restenosis (19).

Genomic DNA extraction
Five milliliters of peripheral blood was collected from each 

patient in test tubes containing 0.5 M EDTA, and DNA was 
extracted using the DNPTM Kit (Cinnagen, Iran). Briefly, lysis 
solution was used to lyse blood cells, and then genomic DNA 
was selectively precipitated by isopropanol. The precipitated 
DNA was washed and desalted by ethanol and dissolved in 
double-distilled water. The quantity and quality of the extracted 
DNA were examined spectrophotometrically or visually by elec-
trophoresis on a 1% agarose gel.

TaqMan SNP genotyping assay
Primers and probes were purchased from Applied Biosystems 

Co. (C_25986767_70 for CYP2C19 *2), and genotyping of the 
extracted DNA for CYP2C19*2 was performed using the TaqMan 
SNP genotyping assay in two real-time PCR instruments, includ-
ing a RotorGene 6000 (Corbett Life Science) and ABI 7500 
sequence detection system (Applied Biosystems, USA) (Fig. 1). 
According to the manufacturer’s instructions, the genotyping for 
the samples was examined in final reaction volumes of 20 μL 
with 100 ng of DNA, 10 μL of Premix TaqMan (Takara, Shiga, 
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Japan), and 1.25 μL of working stock of SNP Genotyping Assay. 
The PCR reaction was performed as follows: initial denaturation 
at 95°C for 10 min, followed by 45 cycles of denaturation at 95°C 
for 15 sec and annealing/extension at 60°C for 34 sec. All of the 
experiments were conducted in duplicate.

The real-time data were then analyzed by ABI TaqMan 
Genotyper and Linreg software. It was claimed by the ABI 
Company that the primer and probes were tested in 45 individu-
als from four ethnicities and that no more verification was 
needed. Nonetheless, 1% of the results were replicated by PCR-
RFLP using polyacrylamide gel electrophoresis and BamH1 and 
Sma1 restriction enzymes for CYP2C19*2, and the accuracy of 
the methods was confirmed by sequencing the randomly select-
ed samples for each genotype.

Statistical analysis
The continuous data were presented as mean and standard 

deviation (SD) and were compared between groups of patients 
with and without in-stent restenosis. Normality of the distribu-
tion of continuous variables was tested using Kolmogorov-
Smirnov test, and student t-test or Mann-Whitney U test was 
used accordingly. The categorical variables were presented 
with frequency and percentage and were compared between 
groups with and without in-stent restenosis using the chi-
squared or Fisher exact test. To evaluate the association 
between Cyp2c19 and in-stent restenosis, conditional logistic 
regression for matched pairs was used, and the association was 
reported through odds ratio (OR) with the 95% confidence inter-
val (CI).

The statistical analyses were conducted using SPSS (SPSS 
Statistics for Windows, Version 17.0. Chicago: SPSS Inc.) and R 
software (R Core Team. R: A Language and Environment for 
Statistical Computing. 3.0.0 ed: R Foundation for Statistical 
Computing, Vienna, Austria.; 2013).

Results

In total, 100 patients (mean age=60.09±10.29: 72.0% male) 
were included in the current study. Of this total, 50 patients had 
in-stent restenosis during the follow-up period (median follow-

up=6.88 months) and were compared with a group of 50 patients 
without in-stent restenosis selected by case-matching. 
Comparisons of all baseline and procedural characteristics 
between these two groups of patients are shown in Tables 1 and 2. 
Among all 100 patients, 89 (89%) patients had wild (CYP2C19*1/
CYP2C19*1) and 11% had heterozygous (CYP2C19*1/CYP2C19*2) 
genotypes. There was no patient with a completely mutant geno-
type (CYP2C19*2/CYP2C19*2) among the patients included in the 
current study. The frequency of the heterozygous genotype was 
higher in patients with in-stent restenosis. However, this differ-
ence was not statistically significant (Table 1). Conditional logis-
tic regression analysis was done to evaluate the association 
between the genotype CYP2C19*1/CYP2C19*2 and the occur-
rence of in-stent restenosis after PCI. The odds ratio was 2.5 
(95% confidence interval =0.49-12.89). However, this association 
was not statistically significant (p value=0.273).

Discussion

In this study, we compared two groups of 50 Iranian CAD 
patients who underwent successful PCI and received dual-
antiplatelet therapy with and without in-stent restenosis during 
a 1-year follow-up period. We matched all cases in these two 
groups with respect to the patients’ gender. Frequency matching 
was also performed for all variables proven to be predictors of 
in-stent restenosis in order to evaluate the pure impact of the 
CYP2C19 polymorphism. The overall frequency of the heterozy-
gous polymorphism was 11% in this population, and there was 
no patient with the mutant genotype. Our findings indicated that 
despite the high odds ratio (OR=2.5), carrying a CYP2C19*2 allele 
with a functional CYP2C19*1 allele (heterozygous genotype) had 
no significant association with in-stent restenosis 1 year after 
PCI. 

Some recent studies have demonstrated that the prevalence 
of the CYP2C19*2 allele in the Iranian population with suspected 
coronary disease is approximately 13% (20), which is remarkably 
less than that in Asian populations (i.e., 47% of 2146 Korean 
patients who received a DES had at least one CYP2C19*2 allele) 
(21). On the other hand, the risk of in-stent restenosis in people 
with at least one non-functional allele has been reported to be 

Figure 1. a, b. Taqman analysis curves of two genotype patterns for the detection of cytochrome P 450 2 C19 *2 polymorphism. (a) Normal 
homozygous genotype pattern (CYP2C19*1/CYP2C19*1). (b) Heterozygous genotype pattern (CYP2C19*2/CYP2C19*1)
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1.77-fold higher than that in people with a wild (functional) geno-
type (22). Another study reported that CYP2C19*2 carriers had a 
30% greater risk of major cardiovascular events than non-carri-
ers. In our study, it is unknown whether the non-significant 
association between the heterozygous genotype and the occur-
rence of in-stent restenosis was due to the low prevalence of 
the CYP2C19*2 allele among Iranians or due to the small sample 
size and, consequently, low statistical power. 

It is recommended that treatment choice be based on the 
presence of a non-functional CYP2C19 polymorphism and the 
patient’s genotype. However, according to recent review stud-
ies, this approach is controversial (11, 12, 22). The supporters 
highlight the importance of other factors that could influence 
the response to clopidogrel, such as drug interactions. For 
instance, it is necessary for some patients to concurrently take 
clopidogrel-aspirin dual antiplatelet with proton pump inhibitors 
(PPIs), statins, and other medications that reduce CYP2C19 
activity. Thus, drug interactions should be monitored more thor-
oughly in carriers of the CYP2C19*2 allele (23). On the other 
hand, a study by Cuisset et al. (24) demonstrated that increasing 
the dose of clopidogrel in patients undergoing PCI who had not 
responded appropriately to the drug was effective in those who 
had no CYP2C19*2 allele. Another study suggested that adding 
cilostazol to the clopidogrel-aspirin regimen can significantly 
reduce platelet activity in patients carrying the non-functional 
allele (25).

Study limitations

First and foremost, among the limitations of the present 
study is its small sample size, although we tried to overcome this 
shortcoming by matching the cases. We calculated our sample 
size based on the frequency of the CYP2C19*2 allele in the 
Iranian population. However, our achieved power was markedly 
reduced due to the low frequency of the non-functional allele in 
our study population. Moreover, while we focused on CYP2C19*2 
as the most important allele responsible for the resistance to 
clopidogrel therapy, we did not study the prevalence of other 
non-functional CYP2C19 alleles. Further cohort studies with 
larger samples and on different races in the Iranian population 
are required to determine the effects of the CYP2C19 polymor-
phism on the prognosis of CAD patients who have undergone 
PCI and are receiving dual anti-platelet therapy.

We could not discuss bare/DES stent.

Conclusion

Our findings indicated that carrying a CYP2C19*2 allele with 
a functional CYP2C19*1 allele (heterozygous genotype) had no 
significant association with in-stent restenosis 1 year after PCI. 
Hence, the antiplatelet treatment strategy for non-functional 
allele carriers is still a matter of controversy. Further studies 
with larger sample sizes are necessary to determine an effec-

 Total Patients with ISR Patients without ISR 
Variable n=100 n=50 n=50 P

Age, years 60.09±10.29 59.62±10.31 60.56±10.34 0.650

Male (%) 72 (72.0) 36 (72.0) 36 (72.0) 0.999

Body mass index, kg/m2 27.46±5.13 27.86±4.80 27.09±5.44 0.477

Positive family history (%) 11 (11.1) 5 (10.0) 6 (12.2) 0.722

Diabetes mellitus (%) 26 (26.0) 14 (28.0) 12 (24.0) 0.648

Hypertension (%) 51 (51.5) 24 (48.0) 27 (55.1) 0.480

Hyperlipidemia (%) 62 (62.6) 30 (60.0) 32 (65.3) 0.585

Current smoking (%) 20 (20.0) 8 (16.0) 12 (24.5) 0.309

Previous MI (%) 57 (57.0) 28 (56.0) 29 (58.0) 0.840

Previous PCI (%) 7 (7.0) 6 (12.0) 1 (2.0) 0.112

LVEF (%) 51.08±8.93 50.23±9.34 51.84±8.58 0.878

Serum creatinine, mg/dL, (Median, 25%-75%) 1.00 (0.8-1.2) 0.95 (0.8-1.2) 1.0 (0.9-1.2) 0.753

Genotype    0.338

 Wild (CYP2C19*1/CYP2C19*1) 89 (89.0) 43 (86.0) 46 (92.0)

 Heterozygote (CYP2C19*1/CYP2C19*2) 11 (11.0) 7 (14.0) 4 (8.0)

 Mutant (CYP2C19*2/CYP2C19*2) - - -

Functional Class IV 15 (28.8) 7 (26.9) 8 (30.8) 0.760

Follow-up duration (Median, 25%-75%) 6.88 (3.85-8.94) 6.75 (3.76-8.88) 7.0 (3.88-9.00) 0.611
Values are presented as mean±standard deviation (SD), n (%) or median and 25%-75% percentiles. 
ISR - in-stent restenosis; LVEF - left ventricular ejection fraction; MI - myocardial infarction; PCI - percutaneous coronary intervention

Table 1. Baseline demographic and clinical characteristics according to in-stent restenosis
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tive treatment strategy. In addition, the prevalence of non-func-
tional alleles in various populations should be taken into consid-
eration if a consensus is to be achieved.
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