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Background

Pharmacogenetic determinants of the response of patients to clopidogrel contrib-
ute to variability in the biologic antiplatelet activity of the drug. The effect of these 
determinants on clinical outcomes after an acute myocardial infarction is unknown.

Methods

We consecutively enrolled 2208 patients presenting with an acute myocardial in-
farction in a nationwide French registry and receiving clopidogrel therapy. We then 
assessed the relation of allelic variants of genes modulating clopidogrel absorption 
(ABCB1), metabolic activation (CYP3A5 and CYP2C19), and biologic activity (P2RY12 
and ITGB3) to the risk of death from any cause, nonfatal stroke, or myocardial in-
farction during 1 year of follow-up.

Results

Death occurred in 225 patients, and nonfatal myocardial infarction or stroke in 94 
patients, during the follow-up period. None of the selected single-nucleotide poly-
morphisms (SNPs) in CYP3A5, P2RY12, or ITGB3 were associated with a risk of an ad-
verse outcome. Patients with two variant alleles of ABCB1 (TT at nucleotide 3435) had 
a higher rate of cardiovascular events at 1 year than those with the ABCB1 wild-type 
genotype (CC at nucleotide 3435) (15.5% vs. 10.7%; adjusted hazard ratio, 1.72;  95% 
confidence interval [CI], 1.20 to 2.47). Patients carrying any two CYP2C19 loss-of-
function alleles (*2, *3, *4, or *5), had a higher event rate than patients with none 
(21.5% vs. 13.3%; adjusted hazard ratio, 1.98; 95% CI, 1.10 to 3.58). Among the 1535 
patients who underwent percutaneous coronary intervention during hospitalization, 
the rate of cardiovascular events among patients with two CYP2C19 loss-of-function 
alleles was 3.58 times the rate among those with none (95% CI, 1.71 to 7.51).

Conclusions

Among patients with an acute myocardial infarction who were receiving clopido
grel, those carrying CYP2C19 loss-of-function alleles had a higher rate of subsequent 
cardiovascular events than those who were not. This effect was particularly marked 
among the patients undergoing percutaneous coronary intervention. (ClinicalTrials.
gov number, NCT00673036.)
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Dual antiplatelet therapy with as-
pirin and clopidogrel is currently recom-
mended for the prevention of atherothrom-

botic events in patients after acute myocardial 
infarction.1,2 However, even with the use of such 
therapy, a substantial number of subsequent is
chemic events still occur.3-6 There is interindividual 
variability in the response to clopidogrel.7-9 Some 
studies have suggested that hyporesponsiveness 
is associated with poorer clinical outcomes after 
an acute coronary syndrome, particularly after 
percutaneous coronary intervention (PCI).10 How-
ever, there is also variability in the identification 
of biologic hyporesponsiveness to clopidogrel, de-
pending on the test or agonist used and the tim-
ing of the assessment.

The mechanisms leading to a poor response to 
clopidogrel have not yet been fully elucidated and 
are most likely multifactorial.1,2 In addition to lack 
of compliance, clinical factors such as obesity, 
insulin resistance, and the nature of the coronary 
event may contribute to the variability of the 
clopidogrel response.7 Clopidogrel is also a pro
drug, requiring metabolism before it can inhibit 
adenosine diphosphate–induced platelet aggrega-
tion. There is growing evidence that the response 
to clopidogrel may be influenced by pharmacoki-
netic variables such as intestinal absorption and 
metabolic activation in the liver, both of which 
are affected by genetic polymorphisms (Fig. 1).11-18 
The relation between known polymorphisms of 
relevant genes and the clinical outcome after acute 
myocardial infarction in patients receiving clopid
ogrel is unknown. To address this issue, we evalu-
ated whether previously identified polymorphisms 
of genes modulating clopidogrel absorption 
(ABCB117), metabolic activation (CYP3A519 and 
CYP2C1916,18,20), and biologic activity (P2RY1214 
and ITGB311) were associated with death or is
chemic events during a 1-year follow-up period 
among patients in the French Registry of Acute 
ST-Elevation and Non–ST-Elevation Myocardial 
Infarction (FAST-MI) who were receiving clopido
grel after acute myocardial infarction. A complete 
list of centers and investigators participating in 
the registry has been published elsewhere.21

Me thods

Study Population

The French Registry of Acute ST-Elevation and 
Non–ST-Elevation Myocardial Infarction (FAST-MI) 

study population and methods have been described 
in detail elsewhere.21 Briefly, the objective of the 
registry was to gather complete and representa-
tive data on both care and outcomes for patients 
with definite acute myocardial infarction who were 
admitted to intensive care units (ICUs), irrespec-
tive of the type of institution (i.e., university hos-
pitals, public hospitals, or private clinics). Patients 
were recruited during a period of 1 month (31 days) 
at each center (2 months for patients with diabe-
tes) between October 1 and December 24, 2005. 
Of the 374 centers in France that at that time 
treated patients with acute myocardial infarction, 
223 (60%) participated in the study. Written in-
formed consent for study participation was pro-
vided by each patient. In accordance with French 
law, the study was reviewed by the Committee for 
the Protection of Human Subjects in Biomedical 
Research of Saint Antoine University Hospital, 
and the data file was approved by the Commis-
sion Nationale Informatique et Liberté.

All consecutively enrolled patients 18 years of 
age or older were included in the registry if they 
had levels of serum markers of myocardial necro-
sis (creatine kinase, creatine kinase MB, troponin 
I, or troponin T) that were more than twice the 
upper limit of the normal range and either symp-
toms consistent with acute myocardial infarction 
or electrocardiographic changes in at least two 
contiguous leads (pathologic Q waves [≥0.04 sec-
ond in duration], persistent ST-segment elevation, 
or ST-segment depression >0.1 mV). The time from 
the onset of symptoms to admission to the ICU 
had to be less than 48 hours. Patients received care 
according to usual practice; treatment was not af-
fected by participation in the registry. When blood 
was drawn at the time of admission, an additional 
10 ml was taken for DNA banking.

Follow-up information was collected through 
contacts with the patients’ physicians, the pa-
tients or their family, and registry offices at their 
places of birth. The primary outcome was the 
composite of death from any cause, nonfatal 
myocardial infarction, or stroke during 1 year of 
follow-up after admission. Events were adjudi-
cated by a scientific committee whose members 
were unaware of patients’ medications and gen-
otypes. Follow-up information was available for 
99.2% of patients initially enrolled.

The study was designed and conducted by the 
authors. Genotyping was performed by Integragen 
under the direction of two of the authors. Data 
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collection was performed by the International 
Clinical Trials Association and Assistance Pub-
lique–Hôpitaux de Paris, Unité de Recherche 
Clinique de l’Est. The authors analyzed the data, 
wrote the manuscript, and made the decision to 
submit the manuscript for publication; they vouch 
for the completeness and accuracy of the data. 
The sponsors had no role in the design or conduct 
of the study, in the analysis of the results, or in 
the decision to publish the paper.

Genotyping

Genomic DNA was extracted from whole-blood 
specimens with the use of a purifier (the MagNA 
Pure Compact Instrument, Roche) according to 
the manufacturer’s recommendations. Genotyp-
ing for CYP2C19, CYP3A5, ABCB1 and P2RY12 was 
performed with the use of an oligonucleotide li-
gation assay (SNPlex, Applied Biosystems) after 
initial amplification by means of a polymerase-
chain-reaction assay involving two primers for 
the major variant alleles CYP2C19*2 (rs4244285), 
CYP2C19*3 (rs4986893), CYP3A5*3 (rs776746), ABCB1 
(rs1045642), and P2RY12 (rs16846673, rs6809699, 
and rs6785930), as described previously22 (see the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org).

Genotyping for known variants of CYP2C19 
and ITGB3 with functional importance — 
CYP2C19*4 (rs28399504), CYP2C19*5, CYP2C19*17 
(rs12248560), and ITGB3 (rs5918) — was per-
formed with the use of an allelic discrimination 
assay (Custom TaqMan) (see the Supplementary 
Appendix) and a detection system (ABI prism 
7900HT Sequence Detection System, Applied Bio-
systems). Base numbering and allele definitions 
follow the nomenclature of the Human Cyto-
chrome P450 (CYP) Allele Nomenclature Com-
mittee (www.cypalleles.ki.se).

Statistical Analysis

All statistical tests, performed with the use of 
SAS software, version 9.1, or SPSS software, ver-
sion 14.0, were two-sided. All single-nucleotide 
polymorphisms (SNPs) evaluated in our study were 
tested for deviation from Hardy–Weinberg equi-
librium with the use of a chi-square test. A uni-
variate Cox proportional-hazards model was used 
to compare baseline demographic and clinical 
characteristics and characteristics of treatment 
and therapeutic management during hospitaliza-
tion between the group with and the group with-

out outcome events. We also compared the two 
groups with respect to the frequencies of the 
ABCB1, CYP3A5, P2RY12, and ITGB3 alleles and in-
dividual variant alleles of CYP2C19, including 

Figure 1. Roles in Clopidogrel Activity of Proteins with Known Genetic 
Polymorphisms.

Intestinal absorption of the prodrug clopidogrel is limited by an intestinal 
efflux pump P-glycoprotein coded by the ABCB1 gene. The majority of the 
prodrug is metabolized into inactive metabolites by ubiquitous esterases. 
The minority is bioactivated by various cytochrome P450 (CYP) isoforms 
into active metabolites. These metabolites irreversibly antagonize the ade-
nosine diphosphate (ADP) receptor (coded by the P2RY12 gene), which in 
turn inactivates the fibrinogen receptor (the glycoprotein [GP] IIb/IIIa re-
ceptor coded by the ITGB3 gene) involved in platelet aggregation.
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CYP2C19*17 (associated with very rapid CYP2C19 
activity18), as well as the CYP2C19 alleles known 
to result in a nonfunctional protein (*2, *3, *4, 
and *5), classified as the presence of zero, one, 
or two variant alleles.

Predictors identified through univariate anal-
ysis (P<0.10) and other variables considered 
likely to have important prognostic value were 
tested in a multivariable, stepwise, forward Cox 
proportional-hazards model for association with 
the primary outcome, the composite of death 
from any cause, nonfatal myocardial infarction, 
or stroke during the 1-year follow-up period. The 
analysis was repeated for the subgroup of pa-
tients who underwent PCI during hospitaliza-
tion. We also performed a propensity analysis 
for the CYP2C19 loss-of-function alleles, using a 
multivariate logistic-regression model, and de-
veloped a matched cohort of five control patients 
for each patient with two variant alleles, on the 
basis of the propensity-analysis score.

CYP2C19 is involved in the metabolism of 
proton-pump inhibitors, including omeprazole, 
a commonly prescribed drug. We therefore test-
ed the effect of the coprescription of omeprazole 
by forcing the variable into the model, although 
its P value in the univariate analysis was greater 
than 0.20. Similarly, we analyzed the effect of 
CYP2C19*17 and the concomitant prescription of 
proton-pump inhibitors, including omeprazole, by 
forcing these variables into another multivari-
able Cox model.

Results are expressed as hazard ratios from 
the Cox models, along with the 95% confidence 
intervals. Survivor-function estimates for mean 
values of covariates in the Cox model were gen-
erated with the use of the product-limit approach 
(the BASELINE statement in the PHREG proce-
dure of SAS software). We used the likelihood-
ratio test for testing gene–gene interactions for 
the genes identified in the Cox multivariable 
model as having an association with outcome 
events. The full model, including the interactive 
effect (four interaction terms corresponding to 
the cross-products of the two genotypes for each 
gene), was compared with the null model, which 
included only marginal effects. Under the null 
hypothesis of no interaction, the likelihood-ratio 
test follows a chi-square distribution with 4 de-
grees of freedom, corresponding to the difference 
between the full model (8 degrees of freedom) 
and the null model (4 degrees of freedom).

R esult s

Characteristics of the Patients

Of the 3670 patients enrolled in FAST-MI, 2430 
patients (66%) contributed a sample to the DNA 
bank. Of these 2430 patients, the 2208 who re-
ceived clopidogrel were included in the present 
analysis. The mean loading dose of clopidogrel 
was 300 mg per day (<300 mg per day in 36% of 
patients, 300 to 375 mg per day in 50%, and 450 
to 900 mg per day in 15%), and the mean main-
tenance dose at the time of hospital discharge 
was 75 mg per day.

A total of 225 patients died, and 94 had a 
nonfatal myocardial infarction or stroke during 
the follow-up period. As compared with patients 
who did not have an outcome event, the 294 pa-
tients who had an event (13% of the study co-
hort) were older; more frequently had a history of 
hypertension, diabetes, myocardial infarction, PCI, 
stroke, or heart failure; and less frequently un-
derwent reperfusion therapy consisting of pri-
mary PCI or intravenous fibrinolysis (Table 1). 
The use of calcium-channel blockers, aspirin, 
and proton-pump inhibitors was similar in the 
two groups, whereas patients who had an out-
come event were less likely to receive statins, 
beta-blockers, angiotensin-converting–enzyme in-
hibitors, glycoprotein IIb/IIIa inhibitors, and hep-
arin (Table 1).

Allelic Frequencies

The observed genotype distributions did not de-
viate from Hardy–Weinberg equilibrium and 
matched those reported for white populations. 
The allelic frequencies of CYP3A5, P2RY12, ITGB3, 
and the individual CYP2C19 variants did not differ 
significantly between the patients with and those 
without outcome events (Table 2). However, the 
frequency of the ABCB1 variant allele and the 
combined CYP2C19 loss-of-function variant al-
leles differed significantly between the two groups 
(Table 2).

Predictors of Death and Major Events

None of the selected SNPs in the CYP3A5, P2RY12, 
or ITGB3 genes were significantly associated with 
the risk of death, nonfatal myocardial infarction, 
or stroke. In contrast, there was an increase in 
the hazard ratio for an outcome event among pa-
tients carrying the ABCB1 variant allele (genotype 
CT or TT) as compared with the wild-type allele 
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(genotype CC) (Fig. 2A) or any two of the CYP2C19 
loss-of-function variant alleles as compared with 
one or none (Fig. 2B). This increase in risk re-
mained significant after adjustment for the risk 
factors and treatments listed in Table 1 (Table 3). 
Patients with two variant alleles of ABCB1 (TT) 
had a higher event rate at 1 year than those with 
the ABCB1 wild-type genotype (CC) (15.5% vs. 
10.7%; adjusted hazard ratio, 1.72; 95% confi-
dence interval [CI], 1.20 to 2.47). Similarly, pa-
tients carrying two CYP2C19 loss-of-function vari-
ant alleles had a higher event rate than patients 
who did not have these alleles (21.5% vs. 13.3%;  
adjusted hazard ratio, 1.98; 95% CI, 1.10 to 3.58) 
(Table 3). After full propensity-score matching 
(see the Supplementary Appendix), the risk of an 
outcome event at 1 year among patients with two, 
as compared with zero, CYP2C19 deficiency al-
leles was even higher (hazard ratio, 2.14; 95% CI, 
1.09 to 4.17). Accounting for the presence of 
CYP2C19*17 or the concomitant prescription of 
proton-pump inhibitors or calcium-channel block-
ers had no significant effect on these risks.

No significant interaction was found between 
either the ABCB1 variant allele or the CYP2C19 loss-
of-function variant alleles and the clinical outcome 
(likelihood-ratio test statistic, 0.276; P = 0.99). 
However, the presence of both two CYP2C19 loss-
of-function alleles and either one or two ABCB1 
variant alleles was associated with the highest 
risk of events (adjusted hazard ratio for the com-
parison with the presence of homozygous wild-
type ABCB1 and CYP2C19 alleles, 5.31; 95% CI, 
2.13 to 13.20; P = 0.009).

Among the 1535 patients who underwent PCI 
during hospitalization, the adjusted risk of death, 
myocardial infarction, or stroke for patients with 
two CYP2C19 deficiency alleles was 3.58 times 
the risk among patients with the wild-type geno-
type (95% CI, 1.71 to 7.51; P = 0.005) (Table 3), 
whereas the ABCB1 variant allele had no signifi-
cant independent effect (P = 0.35).

Discussion

The present study aimed to determine whether 
previously identified SNPs known to alter the 
pharmacokinetics of clopidogrel or the ex vivo 
ability of platelets to aggregate were associated 
with clinical outcomes during the first year after 
acute myocardial infarction. Variant alleles of 

two candidate genes involved in clopidogrel ab-
sorption (ABCB1) and metabolism (CYP2C19) were 
linked to an increased rate of cardiovascular 
events. In addition, the presence of two variant 
alleles of CYP2C19, but not ABCB1, were found to 
be associated with an increase by a factor of 3.6 
in the rate of cardiovascular events among the 
patients who underwent PCI during hospitaliza-
tion as compared with those who did not. As 
expected, patients with an outcome event had a 
worse risk profile at admission for acute myocar-
dial infarction than did those without an event. 
However, there was no significant difference in 
the risk profile or hospital care received between 
patients with allelic variants for clopidogrel tar-
get genes and those without such variants.

The P2RY1214 receptor for clopidogrel and its 
effector, glycoprotein IIb/IIIa,11 were the first 
pharmacogenetic targets found to explain the 
biologic variability in response to this antiplate-
let drug. However, in subsequent studies, ex vivo 
antiplatelet activity after the administration of 
clopidogrel was not related to allelic variants in 
these proteins.15,23-25 We found no association 
between polymorphisms of P2RY12 and ITGB3 (the 
gene encoding the beta subunit of glycoprotein 
IIb/IIIa) and clinical outcomes in patients with 
acute myocardial infarction who were treated with 
clopidogrel.

Clopidogrel is a prodrug that must be metabo-
lized in the liver by several CYP proteins, includ-
ing CYP3A and CYP2C19, to become active.26 
Suh et al.19 reported an increased frequency of 
atherothrombotic events within 6 months after 
coronary angioplasty among patients with the 
CYP3A5 nonexpression genotype (CYP3A5*3) who 
were receiving clopidogrel therapy. Further stud-
ies, however, showed no association between the 
CYP3A5 genetic polymorphism and the antiplate-
let effect of clopidogrel ex vivo, either in pa-
tients13,23 or in healthy subjects.14 Likewise, the 
results of the present study do not support a role 
of the CYP3A5 genetic polymorphism in the clini-
cal response to clopidogrel. It is unlikely that 
concomitant drug use blunted a putative effect 
of the CYP3A5 genetic polymorphism, since most 
of the patients were not treated with strong or 
even moderate CYP3A inhibitors, as defined by 
current Food and Drug Administration guide-
lines (www.fda.gov/cder/drug/drugInteractions/
default.htm).
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Table 1. Baseline Characteristics and Characteristics of In-Hospital Care of the Study Patients.*

Characteristic

Patients without  
Outcome Event 

(N = 1914)

Patients with  
Outcome Event 

(N = 294) P Value

Demographic and clinical characteristics

Sex — no. (%) 0.001

Male 1375 (72) 184 (63)

Female 539 (28) 110 (37)

Age — yr 64.8±13.5 75.4±10.8 <0.001

Hypertension — no. (%) 1068 (56) 212 (72) <0.001

Hypercholesterolemia — no. (%) 944 (49) 144 (49) 0.85

Diabetes mellitus — no. (%) 576 (30) 122 (41) <0.001

Family history of CAD — no. (%) 492 (26) 35 (12) <0.001

Previous or current smoker — no. (%) 1077 (56) 129 (44) <0.001

Previous MI — no. (%) 299 (16) 74 (25) <0.001

Previous PCI or CABG — no. (%)

PCI 258 (13) 53 (18) 0.05

CABG 90 (5) 28 (10) 0.002

Previous stroke or TIA — no. (%)

Stroke 80 (4) 23 (8) 0.005

TIA 56 (3) 16 (5) 0.03

Previous heart failure — no. (%) 60 (3) 34 (12) <0.001

Peripheral-artery disease — no. (%) 153 (8) 56 (19) <0.001

Cancer — no. (%) 106 (6) 29 (10) 0.01

COPD — no. (%) 75 (4) 28 (10) <0.001

Chronic renal failure — no. (%) 74 (4) 30 (10) <0.001

Acute MI as first cardiovascular event — no. (%) 1397 (73) 249 (85) <0.001

STEMI — no. (%) 1050 (55) 124 (42) <0.001

Body-mass index† 27.3±4.7 26.5±5.0 0.009

Blood pressure on admission — mm Hg

Systolic 141±28 139±31 0.25

Diastolic 81±17 78±18 0.02

Heart rate on admission — beats/min 81±23 79±21 0.61

Killip class ≥2 — no. (%) 316 (17) 133 (45) <0.001

GRACE risk score‡ 158.2±34.9 185.9±35.5 <0.001

Leukocyte count — ×10−3/mm3 10.2±3.6 10.8±3.9 0.008

Left ventricular ejection fraction — % 53.6±12.4 44.8±14.2 <0.001

Previous treatment — no. (%)

Aspirin 414 (22) 93 (32) <0.001

Clopidogrel 234 (12) 72 (24) <0.001

Beta-blockers 437 (23) 88 (30) 0.01

Statins 512 (27) 100 (34) 0.02

ACE inhibitor or ARB 604 (32) 131 (45) <0.001
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Genetic polymorphisms of CYP2C19 modulate 
clopidogrel pharmacokinetics13 and pharmaco-
dynamics in healthy volunteers,13,16 as well as in 
patients.15,18,27 As compared with subjects with 
no CYP2C19 variant allele, subjects carrying one or 
two CYP2C19 loss-of-function alleles have been 
shown to have lower plasma concentrations of 
the active metabolite of clopidogrel and a de-
crease in the antiplatelet effect of clopidogrel in 
ex vivo aggregation tests.13 Our results support 
and extend these findings from previous studies 
by showing a worse clinical outcome in patients 
carrying two CYP2C19 loss-of-function alleles who 
were treated with clopidogrel after acute myo-
cardial infarction. This effect was particularly 
marked in the subgroup of patients who under-
went PCI. In contrast, patients with one CYP2C19 

variant allele did not have an increased risk (and 
actually had a slightly lower risk in the overall 
population), as compared with those who had no 
CYP2C19 variant alleles.

The antiplatelet activity of clopidogrel has 
been shown to be reduced in patients receiving 
omeprazole, a CYP2C19 inhibitor.28 In the present 
study, the use of omeprazole, or any other pro-
ton-pump inhibitor, had no effect on the clinical 
response to clopidogrel. This is an important 
clinical observation, considering the high fre-
quency of coprescription of proton-pump inhibi-
tors and dual antiplatelet therapy. It is possible 
that biologic differences detected by platelet-
function tests are not large enough to have clini-
cal relevance. This possibility would account for 
the absence of a discernible effect of omeprazole 

Table 1. (Continued.)

Characteristic

Patients without  
Outcome Event 

(N = 1914)

Patients with  
Outcome Event 

(N = 294) P Value

In-hospital care

PCI — no. (%) 1397 (73) 138 (47) <0.001

Thrombolysis — no. (%) 327 (17) 27 (9) <0.001

CABG — no. (%) 72 (4) 7 (2) 0.20

Statin — no. (%) 1755 (92) 234 (80) <0.001

Beta-blocker — no. (%) 1670 (87) 194 (66) <0.001

Calcium-channel blocker — no. (%) 446 (23) 74 (25) 0.57

ACE inhibitor or ARB — no. (%) 1437 (75) 206 (70) 0.05

Nitrated derivative — no. (%) 1297 (68) 211 (72) 0.86

Aspirin — no. (%) 1885 (98) 287 (98) 0.11

Heparin — no. (%) 1719 (89) 248 (84) 0.005

Proton-pump inhibitor — no. (%)

Any 1397 (73) 209 (71) 0.75

Omeprazole 1006 (53) 141 (48) 0.12

Diuretic — no. (%)

Any 606 (32) 191 (65) <0.001

Aldosterone antagonist 131 (7) 39 (13) <0.001

Glycoprotein IIb/IIIa inhibitor — no. (%) 746 (39) 93 (32) 0.02

Digitalis glycoside — no. (%) 31 (2) 19 (6) <0.001

*	Plus–minus values are means ±SD. P values were calculated with the use of univariate Cox analysis. ACE denotes an-
giotensin-converting enzyme, ARB angiotensin-receptor blocker, CABG coronary-artery bypass grafting, CAD coronary 
artery disease, COPD chronic obstructive pulmonary disease, MI myocardial infarction, PCI percutaneous coronary in-
tervention, STEMI ST-elevation MI, and TIA transient ischemic attack.

†	The body-mass index is the weight in kilograms divided by the square of the height in meters.
‡	The global registry of acute coronary events (GRACE) score for the risk of in-hospital death can range from 1 to 319, 

with higher scores indicating a greater risk.
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or the CYP2C19*17 allele, which slightly increases 
CYP2C19 expression, on clinical outcomes after 
clopidogrel therapy.

The drug-efflux transporter, P-glycoprotein 
(encoded by the ABCB1 gene), is a physiologic 
intestinal barrier against the absorption of sev-
eral drugs, including clopidogrel.17 The relation 

between the noncoding ABCB1 C3435T SNP and 
P-glycoprotein expression or activity remains 
controversial.29-34 Discrepancies in the reported 
effect of C3435T may reflect differences in ABCB1 
SNP frequencies among ethnic groups,35 com-
plex effects of various polymorphisms along the 
same gene within a haplotype,36 or confounding 

Table 2. Allelic Frequencies of SNPs among the Study Patients, According to Gene.

Nucleotide Change and Genotype*

Patients without  
Outcome Event 

(N = 1914)

Patients with  
Outcome Event 

(N = 294) P Value†

P2RY12

G→A (rs16846673) 0.96

No. of patients with data 1899 290

GA — no. (%)     3 (<1) 0

AA — no. (%) 1886 (>99) 290 (100)

G52T (rs6809699) 0.42

No. of patients with data 1861 283

TT — no. (%) 47 (3) 6 (2)

GT — no. (%) 471 (25) 83 (29)

GG — no. (%) 1343 (72) 194 (69)

C34T (rs6785930) 0.36

No. of patients with data 1897 288

TT — no. (%) 192 (10) 22 (8)

CT — no. (%) 777 (41) 116 (40)

CC — no. (%) 928 (49) 150 (52)

ITGB3

T→C (rs5918) 0.86

No. of patients with data 1878 288

CC — no. (%) 43 (2) 6 (2)

CT — no. (%) 501 (27) 80 (28)

TT — no. (%) 1334 (71) 202 (70)

ABCB1

C3435T (rs1045642) 0.04

No. of patients with data 1898 290

TT — no. (%) 489 (26) 85 (29)

CC — no. (%) 507 (27) 57 (20)

CT — no. (%) 902 (48) 148 (51)

CYP3A5

A6986G, CYP3A5*3 (rs776746) 0.69

No. of patients with data 1886 285

GG — no. (%) 1573 (83) 243 (85)

AA — no. (%) 20 (1) 3 (1)

AG — no. (%) 293 (16) 39 (14)
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by environmental factors.31,32 In the present study, 
patients with the ABCB1 TT and CT genotypes 
had worse clinical outcomes than those with a 
CC genotype. There was no interaction between 
the ABCB1 polymorphism and CYP2C19 loss-of-
function variant alleles and the clinical outcome, 
but the association of two CYP2C19-deficient al-
leles and either one or two ABCB1 variant alleles 
was associated with a rate of events that was more 
than five times the rate among patients with the 

wild-type genotypes. Regardless of the exact 
link between the ABCB1 C3435T polymorphism 
and P-glycoprotein expression, the results of our 
study are consistent with the finding in a previ-
ous study that plasma concentrations of clopid
ogrel and its active metabolite were reduced in 
patients carrying the TT genotype.17 However, 
since the ABCB1 polymorphism was not an inde-
pendent predictor of the outcome in the sub-
group of patients undergoing PCI in our study, 

Table 2. (Continued.)

Nucleotide Change and Genotype*

Patients without  
Outcome Event 

(N = 1914)

Patients with  
Outcome Event 

(N = 294) P Value†

CYP2C19

G681A, CYP2C19*2 (rs4244285) 0.17

No. of patients with data 1890 288

AA — no. (%) 43 (2) 10 (3)

AG — no. (%) 500 (26) 64 (22)

GG — no. (%) 1347 (71) 214 (74)

G636A, CYP2C19*3 (rs4986893) 0.97

No. of patients with data 1896 291

AG — no. (%)     1 (<1) 0

GG — no. (%) 1895 (>99) 291 (100)

A1G, CYP2C19*4 (rs28399504) 0.31

No. of patients with data 1899 290

GG — no. (%) 1882 (99) 286 (99)

GA — no. (%) 17 (1) 4 (1)

C1297T, CYP2C19*5 0.97

No. of patients with data 1887 289

CT — no. (%) 1 (<1) 0

CC — no. (%) 1886 (>99) 289 (100)

Any CYP2C19 loss-of-function SNP (*2, *3, *4, or *5) 0.045

No. of patients with data 1914 294

No variant allele — no. (%) 1355 (71) 218 (74)

1 Variant allele — no. (%) 513 (27) 64 (22)

2 Variant alleles — no. (%) 46 (2) 12 (4)

C806T CYP2C19*17 (rs12248560) 0.18

No. of patients with data 1877 287

TT — no. (%) 89 (5) 11 (4)

CT — no. (%) 597 (32) 77 (27)

CC — no. (%) 1191 (63) 199 (69)

*	The rs numbers in parentheses are the accession numbers in the National Center for Biotechnology Information single-
nucleotide polymorphism (SNP) database, dbSNP.

†	P values were calculated with the use of univariate Cox analysis.
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Figure 2. Estimated Rates of Death from Any Cause, Nonfatal Myocardial Infarction, or Stroke, According to Charac-
teristics of Variant-Allele Polymorphisms.

Panel A shows outcomes according to the type of ABCB1 C3435T alleles present; and Panel B shows outcomes accord-
ing to the number of CYP2C19 loss-of-function alleles. The inset graph in each panel shows the same curves on a larg-
er scale. The P values were calculated with the use of multivariate Cox analysis. MI denotes myocardial infarction.
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these results should be interpreted with caution 
and considered exploratory findings that need to 
be replicated.

The use of clopidogrel with aspirin is recom-
mended for reducing recurrent atherothrombotic 
events after acute myocardial infarction and is 
deemed mandatory after stent placement.1,2 Al-
though the optimal duration of clopidogrel ther-
apy is uncertain, a duration of 1 year is common 
in patients with myocardial infarction, particu-
larly those who undergo PCI.1,2 As a consequence, 
the prevalence of clopidogrel use in this popula-
tion is substantial and increasing.37 Among pa-
tients for whom clopidogrel therapy is indicated, 
genotyping rather than repeated platelet moni-
toring could be an affordable and suitable strat-

egy to identify patients at high risk for athero-
thrombotic events.

The observational nature of our study does 
not allow us to investigate cause-and-effect rela-
tionships. We cannot rule out the possibility that 
both ABCB1 and CYP2C19 polymorphisms affect 
atherothrombosis directly rather than acting as 
modulators of the clopidogrel response. How-
ever, no such effect was seen in the subgroup of 
222 patients who contributed a blood sample to 
the DNA bank but who did not receive clopid
ogrel (event rate at 1 year for patients with the 
CYP2C19 wild-type genotype, those with one de-
ficient allele, and those with two deficient al-
leles, 33%, 46%, and 25%, respectively; P = 0.17). 
In addition, the patients in our study simultane-

Table 3. Predictors of Death from Any Cause, Nonfatal Myocardial Infarction, or Stroke among the Study Patients.

Subgroup
All Patients  
(N = 2208)

Patients Who Underwent PCI 
(N = 1535)

Adjusted Hazard Ratio 
(95% CI) P Value

Adjusted Hazard Ratio 
(95% CI) P Value

Age <0.001 <0.001

<60 yr 1.00 1.00

60–74 yr 2.29 (1.44–3.64) 2.36 (1.34–4.17)

≥75 yr 4.81 (3.11–7.45) 3.97 (2.26–6.98)

Left ventricular ejection fraction <0.001 0.009

>40% 1.00 1.00

Unknown 1.40 (1.02–1.92) 1.25 (0.77–2.02)

≤40% 2.29 (1.70–3.09) 2.18 (1.22–3.91)

In-hospital care

PCI during hospitalization (yes vs. no) 0.50 (0.39–0.64) <0.001

Beta-blocker (yes vs. no) 0.67 (0.52–0.86) 0.02 0.63 (0.43–0.92) 0.02

Low-molecular-weight heparin (yes vs. no) 0.73 (0.57–0.93) 0.01

Digitalis glycoside (yes vs. no) 2.10 (1.25–3.53) 0.005

Diuretic (yes vs. no) 1.86 (1.41–2.45) <0.001 1.78 (1.19–2.66) 0.005

Previous use of clopidogrel (yes vs. no) 1.72 (1.10–2.69) 0.02

ABCB1 3435C→T (rs1045642) 0.007

CC 1.00

CT 1.51 (1.09–2.10)

TT 1.72 (1.20–2.47)

Any CYP2C19 loss-of-function allele  
(*2, *3, *4, or *5)

0.003 0.005

0 Variant alleles 1.00 1.00

1 Variant allele 0.69 (0.51–0.93) 0.78 (0.50–1.21)

2 Variant alleles 1.98 (1.10–3.58) 3.58 (1.71–7.51)
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ously received drugs other than clopidogrel that 
are known to prevent the recurrence of athero-
thrombotic events, including aspirin, statins, 
angiotensin-converting–enzyme inhibitors, and 
beta-blockers, and we cannot exclude the possi-
bility that the influence of genetic factors on the 
response to clopidogrel would have been differ-
ent in the absence of these other medications. 
However, current management of acute myocar-
dial infarction includes the concomitant prescrip-
tion of these drugs. Therefore, the results of this 
nationwide observational study reflect that which 
can be expected from the pharmacogenetics of 
clopidogrel in clinical practice.

In summary, in a study of 2208 patients with 
acute myocardial infarction who were treated with 
clopidogrel, we evaluated the relationship be-
tween genetic determinants of the response to 
clopidogrel and subsequent cardiovascular events. 
Genetic variants in CYP2C19 that result in loss of 
function were associated with an increase in the 
risk of death, myocardial infarction, or stroke, 
especially among patients undergoing PCI.
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