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Abstract (English)
Introduction: Previous reports on smokers’ paradox to clopidogrel have only
been able to show an association between cigarette smoking and enhanced
response to clopidogrel therapy. No study has shown reversal of enhanced
clopidogrel response after smoking cessation. We conducted a prospective
observational longitudinal study to measure the impact of cigarette smoking
on on-clopidogrel platelet reactivity (OPR).
Methods: From the prospective CROSS-VERIFY cohort, 810 subjects with
repeated measurement of OPR at least 1 month apart were analyzed. With
smoking status ascertained at 2 time points, baseline and follow-up, study
subjects were categorized into never smokers (n=628), smoking quitters
(n=77), and persistent smokers (n=105). Dependent variables included OPR
measured by the VerifyNowTM assay and the percentage of subjects with
high OPR (HOPR).
Results: At baseline, current smokers showed significantly lower OPR
compared with never smokers, with no significant differences in OPR
between future quitters and future persistent smokers within current smokers.
While the OPR of never smokers and persistent smokers did not change
significantly during the follow-up, the mean OPR of quitters increased
significantly by 19 P2Y12 reaction units (p=0.013). The frequency of HOPR
showed similar results with an 8-10% increase in smoking quitters in contrast
to no significant changes in never and persistent smokers. Both mean OPR
and the frequency of HOPR showed a linear inverse relationship with the
amount of smoking.
Conclusions: Enhanced clopidogrel response in smokers is reversed after
smoking discontinuation, suggesting causal relationship in addition to
previously reported association between smoking and enhanced clopidogrel
response.
* This work is published in the Heart (2012 Jul;98(13):1000-6).
-------------------------------------------------------------------------------------Keywords: antiplatelet, clopidogrel, smoking
Student Number: 2009-21871
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Introduction

Cigarette smoking has been shown to be associated with enhanced clopidogrel
response resulting in increased platelet inhibition when taking clopidogrel.1-7
Furthermore, studies have shown smokers achieve greater clinical benefit
compared with non-smokers from clopidogrel therapy,8,9 a phenomenon also
known as the “smokers’ paradox”. Although the mechanism is unclear, we
among others have reported that the altered activity of hepatic cytochrome
P450 (CYP) system, in particular the induced activity of CYP1A2 enzymes by
cigarette smoking, may lead to an elevated level of active clopidogrel
metabolites and enhanced pharmacodynamic effects of clopidogrel.10,11
However, the major limitation of the previous reports was that they were all
based on cross-sectional design that, at best, could only confirm significant
correlation between smoking and increased clopidogrel response: i.e. in
patients treated with clopidogrel, smokers compared with non-smokers had
greater pharmacodynamic effects. To further dissect into the causal
relationship between smoking and clopidogrel response, we need to find out
whether the enhanced clopidogrel response in smokers is actually reversed
after smoking cessation, or whether non-smokers have an enhanced
clopidogrel response when they become active smokers, the latter of which
would be an impossible option to study due to ethical issues. Therefore, we
conducted a prospective observational longitudinal study to measure the
impact of cigarette smoking on clopidogrel response.

１

Materials and Methods

Study Design
The CROSS-VERIFY cohort (measuring clopidogrel resistance to assure
safety after percutaneous coronary intervention using VerifyNowTM) is a
prospective cohort including all patients undergoing coronary angiography or
percutaneous coronary intervention (PCI) who agreed to the measurement of
on-clopidogrel platelet reactivity (OPR) with the VerifyNowTM P2Y12 assay
at Seoul National University Hospital (Seoul, Korea). Written informed
consent for study participation was obtained from each study patient before
enrollment. Exclusion criteria were contraindication to aspirin, clopidogrel, or
heparin; the use of intravenous glycoprotein IIb/IIIa inhibitor within 5 days
before the clopidogrel reactivity test; the concomitant use of cilostazol,
uncontrolled malignancy; bleeding tendency; and ethnicity other than Korean
heritage.
The current study was a prospective observational study. From the
CROSS-VERIFY cohort, never and current smokers were identified at
baseline. We extracted patients who repeated VerifyNowTM P2Y12
measurements with an interval at least 1 month, from June 2006 to August
2010. As smoking status and amount of smoking were ascertained again at
follow-up with questionnaires, current smokers were sequentially subdivided
into smoking quitters and persistent smokers. Among the 3 study arms (never
smokers, quitters, and persistent smokers), the smoking quitters was the only
group that fell into a crossover arm. Data that are not fixed over the course of
time such as age, laboratory findings and concomitant medications were
collected at each time point accordingly.
The study complied with Declaration of Helsinki and was approved by
the Institutional Review Board of Seoul National University Hospital.
２

Platelet Function Test
The inhibitory effect of clopidogrel on platelet reactivity was measured using
the VerifyNowTM P2Y12 assay (Accumetrics Inc., San Diego, CA). Blood
sample was obtained 12 to 24 hours after final dose of clopidogrel in patients
who had been on 75 mg of clopidogrel for more than 7 days, and 12 to 24
hours after PCI in patients who were loaded with clopidogrel before
catheterization. A loading dose of 300 mg of clopidogrel was administered in
patients who had been taking clopidogrel for less than 7 days; 600 mg was
given to clopidogrel-naïve patients. As for the samples at follow-up, blood
sampling was recommended at 2-4 hours after the last dose of clopidogrel.
Whole blood was anticoagulated in a sodium citrate bottle used exclusively
for the VerifyNowTM P2Y12 assay. All patients took aspirin at 100 mg per day
or 300 mg loading if not taken previously. The VerifyNow assay is a point-ofcare test allowing for a rapid platelet reactivity measurement based on
turbidimetric optical detection system. The fibrinogen-coated microparticles
aggregate in whole blood in proportion to the number of expressed platelet
glycoprotein IIb/IIIa receptors. The P2Y12-mediated pathway was measured
by optical signal change, and the results were reported in P2Y12 reaction
units (PRU). Technical details and reliability of the assay have been reported
previously. 12,13 The coefficient of variation for the test was 7.5% in our
institution.

Definitions
Study subjects were categorized into 3 groups according to their smoking
status ascertained at baseline and follow-up: “never smokers”, “quitters”, and
“persistent smokers”. Never smokers were those who had never experienced
cigarette smoking and had not been smoking during the follow-up period.
３

Previous smokers at baseline were excluded in this study. Current smokers
were defined as those who had smoked during the year prior to and were
currently smoking cigarettes at baseline. Current smokers were divided into
quitters and persistent smokers according to the smoking status at follow-up.
Patients who smoked during the year preceding the baseline test as well as at
any time during the follow-up period were considered persistent smokers. A
quitter was defined as someone who had been a current smoker at baseline,
but had been abstinent from cigarette smoking for at least 1 month prior to the
follow-up. Usual definition of “previous smokers” or “quitters” used in
clinical trials requires abstinence from smoking for at least 1 year,14,15 based
on the findings that a patient’s risk of acute myocardial infarction (AMI)
reduces within 1 year of quitting smoking, and that approximately 1/3 to 1/2
of AMI patients begin smoking again within 6 to 12 months of their diagnosis
16

. However, for the purpose of this study, we used the definition above since a

study reported that enhanced CYP1A2 activity in smokers reaches a steady
state within 1 week after smoking cessation (t1/2: 38.6 hours).17
Major dependent variables were OPR and the frequency of the patients
with HOPR. OPR was measured using the VerifyNowTM assay and was
reported as PRU. HOPR was defined as OPR ≥235 PRU as previously
proposed.18-20

Statistical Analysis
Baseline characteristics were compared among the 3 groups, with both overall
and pairwise comparisons. Continuous variables were presented as mean±SD,
and compared with the use of one-way analysis of variance (ANOVA).
Categorical variables were reported as frequencies, and compared with the use
of χ2 test and logistic regression for pairwise comparison. The generalized
estimating equation (GEE) model was used to analyze the relationship
４

between smoking status and the dependent variables.21 Each patient had 2
repeated measurements at 2 different time points, which were considered
within-subject variables. This statistical method performs complex withingroup and between-group comparisons of a 3x2 table with a single procedure,
minimizing the chance of false positivity due to multiple testing.
Multivariable-adjusted analyses were also performed with the use of GEE
model, incorporating the covariates that were either fixed or not fixed over the
time course into the model. A 2-sided P value less than 0.05 was considered
significant for all tests. All statistical analyses were performed using R
programming language (R Project for Statistical Computing, Vienna, Austria)..

Results

Baseline Characteristics
Figure 1 shows the scheme of this study population. A total of 810 patients
were analyzed in this study: 628 never smokers, and 182 current smokers at
baseline. Among the latter, 77 eventually quit cigarette smoking, and 105
were smoking persistently at follow-up. Table 1 lists the comparison of the
baseline characteristics among the 3 groups. Baseline characteristics of
quitters and persistent smokers did not differ significantly. Compared to never
smokers, current smokers (including quitters and persistent smokers) were
younger, and more likely to be males. They had lower incidence of
hypertension and previous coronary intervention history. In terms of
laboratory findings, current smokers had higher levels of hemoglobin and
triglyceride and a lower serum level of HDL-cholesterol. Administered
medications were mostly similar, except for angiotensin receptor blockers and
dihydropyridine calcium channel blockers.
５

Figure 1 Study scheme

A total of 810 subjects were analyzed in this study. All study subjects
underwent repeat measurement of VerifyNowTM.

Smoking and OPR
Study subjects repeated VerifyNowTM measurements at an interval of 2.9
months (interquartile ranges from 1.0 to 6.2 months). Figure 2 shows the
distribution of OPR at baseline and follow-up (left and right panels,
respectively), both of which followed the normal distribution. OPR at baseline
and follow-up in the entire patients were in high correlation (R2=0.386; p by
linear regression <0.001; see supplement Figure 2), and did not differ
significantly (236±86 vs. 234±80; p by paired t-test=0.578).
When the patients were divided into 3 groups according to their
smoking status, however, there were significant differences among groups and
across times. The results are detailed in Table 2 and Figure 3A. At baseline,
current smokers had lower OPR compared with never smokers (mean
６

Table 1. Baseline Characteristics

Smoking amount – pack per day
Men
Age – year
Body mass index –

kg/m2

Never
smoker
(N=628)

Smoking
quitter
(N=77)

Persistent
smoker
(N=105)

Overall
p-value*

-

1.02±0.49

0.97±0.52

44.6% (280)

94.8% (73)

65.7±8.76

57.2±9.9

Pairwise comparison (p-value*)
Never vs.
quitter

Never vs.
persistent

Quitter vs.
persistent

-

-

-

0.738

92.4% (97)

<0.001

<0.001

<0.001

0.517

58.6±9.5

<0.001

<0.001

<0.001

0.542

25.1±3.2

24.9±3.8

24.9±2.9

0.779

0.865

0.848

1.000

Hypertension

73.1% (459)

49.4% (38)

57.1% (60)

<0.001

<0.001

0.001

0.298

Diabetes mellitus

35.7% (224)

23.4% (18)

31.4% (33)

0.084

0.034

0.400

0.233

Dyslipidemia

42.8% (269)

44.2% (34)

43.8% (46)

0.963

0.825

0.852

0.963

Chronic renal failure
Previous coronary intervention

3.5% (22)

1.3% (1)

1.9% (2)

0.432

0.324

0.402

0.752

27.9% (175)

15.6% (12)

20.0% (21)

0.024

0.024

0.094

0.446

12.9±1.5

14.4±1.7

14.2±2.2

<0.001

<0.001

<0.001

0.845

Laboratory findings
Hemoglobin – mg/dL
Platelet – 1,000/μL

218±60

213±47

219±60

0.819

0.818

0.994

0.843

Creatinine – mg/dL

1.14±0.90

1.07±0.23

1.19±0.82

0.667

0.801

0.845

0.641

Total cholesterol – mg/dL

160±42

158±37

163±41

0.649

0.932

0.699

0.669

Triglyceride – mg/dL

135±79

166±103

161±87

<0.001

0.005

0.008

0.899

HDL-cholesterol – mg/dL

44±11

41±11

40±9

0.002

0.145

0.003

0.718

LDL-cholesterol – mg/dL

93±36

92±32

99±36

0.239

0.968

0.232

0.372

ACE inhibitors

11.9% (75)

18.2% (14)

10.5% (11)

0.240

0.123

0.666

0.140

Angiotensin receptor blockers

31.4% (197)

15.6% (12)

21.0%(22)

0.003

0.005

0.032

0.360

β-blockers

51.1% (321)

44.2% (34)

44.8% (47)

0.291

0.250

0.229

0.935

Calcium channel blockers

Concomitant medication

32.6% (205)

19.5% (15)

21.9% (23)

0.009

0.021

0.029

0.691

Dihydropyridine

20.5% (129)

9.1% (7)

17.1% (18)

0.047

0.020

0.422

0.125

Non-dihydropyridine

12.1% (76)

10.4% (8)

6.7% (7)

0.256

0.662

0.109

0.370

7.3% (46)

5.2% (4)

4.8% (5)

0.528

0.494

0.343

0.894

Hydrochlorothiazide
Statin

62.1% (390)

57.1% (44)

60.0% (63)

0.669

0.399

0.682

0.699

CYP3A4**-metabolizing

41.2% (259)

35.1% (27)

39.0% (41)

0.556

0.298

0.672

0.583

Non-CYP3A4-metabolizing

20.9% (131)

22.1% (17)

21.0% (22)

0.970

0.804

0.983

0.855

Proton pump inhibitors

1.6% (10)

1.3% (1)

0.0% (0)

0.426

0.845

0.997

0.997

Cox-2 inhibitors

1.4% (9)

2.6% (2)

1.9% (2)

0.720

0.443

0.714

0.754

*p-values were compared with the use of 1-way analysis of variance (ANOVA) with for
continuous variables, while post-hoc test was performed with the Tukey’s method. Categorical
variables were compared with the use of χ-square test and logistic regression
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Figure 2. Distribution of platelet reactivity units (PRU)
Histograms of PRU were plotted at baseline and follow-up according to
the smoking status.

Table 2. Comparison of on-clopidogrel platelet reactivity (OPR)*
according to smoking status at two different time points
Never
smoker

Smoking
quitter

Persistent
smoker

Total patient group

(N=628)

(N=77)

(N=105)

Baseline PRU

246±85

203±83

Follow-up PRU

243±79

Pairwise comparison (p-value**)
Never vs.
quitter

Never vs.
persistent

Quitter vs.
persistent

202±83

<0.001

<0.001

0.932

222±69

195±81

0.015

<0.001

0.013

0.311

0.013

0.275

0.007**

0.546**

0.010**

(N=280)

(N=73)

(N=97)

Baseline PRU

229±78

200±83

198±80

0.007

0.001

0.895

Follow-up PRU

222±73

222±70

195±81

0.955

0.003

0.021

0.099

0.005

0.662

0.001**

0.632**

0.015**

p-value†
Men only

p-value†

*OPR was expressed as P2Y12 reactivity units (PRU). **p-values and †interaction p-values
were calculated with the use of generalized estimating equation.
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Figure 3. Comparison of platelet reactivity units (PRU)
PRUs were compared according to the smoking status at each time
point (A) in total patient group, and (B) in male patients only.
Comparisons were performed with the use of generalized estimating
equation model. *p<0.05

difference in OPR, 43±7), with no significant differences between future
quitters and future persistent smokers. During the follow-up duration, the
means of OPR of never smokers and persistent smokers did not change
significantly, while that of quitters increased significantly by 19 PRU. The
change in OPR over time of quitters [Δ +22 (95% CI: +7 to +38)] differed
significantly from that of never smokers [Δ -7 (95% CI: -14 to +1); interaction
p=0.007] and persistent smokers [Δ -3 (95% CI: -16 to +10); interaction
p=0.010].
Since gender distribution was unbalanced across the groups among the
baseline features and female gender is known to be a significant predictor of
high mean OPR,2,4 a separate set of analysis was performed with only the
male patients (lower rows of Table 2, right panel of Figure 3). Similar trends
were observed, while the gap in PRU between never smokers versus current
smokers decreased to 30. Whereas quitters and persistent smokers had similar
means of OPR at baseline, OPR increased by a mean of 22 at follow-up only
９

in smoking quitters.
Multivariable-adjusted analyses showed similar trends (Figure 4). After
multivariable adjustment, the most significant factors for OPR were shown to
be age, sex, hypertension, hemoglobin, and triglyceride along with smoking
status, whereas other environmental factors including calcium channel
blockers and statins had no significant effects on OPR.

Figure 4. Multivariable-adjusted analyses with regard to platelet
reactivity unit (PRU)
Models were adjusted (A) for age and sex, and (B) for age, sex,
baseline risk factors, and medications at each time point (listed in
Table 1). Expected values of PRU are illustrated in upper panels, while
lower panels describe detailed differences in PRU with 95%
confidence intervals. Comparisons were performed with the use of
generalized estimating equation model. *p<0.05
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Table 3. The rates of patients with high on-treatment platelet
reactivity (HOPR)* according to smoking status at two different
time points
Pairwise comparison (p-value**)
Never vs. Never vs. Quitter vs.
quitter
persistent
persistent

Never
smoker

Smoking
quitter

Persistent
smoker

Total patient group

(N=628)

(N=77)

(N=105)

Baseline HOPR
Follow-up
HOPR
p-value†

60.7%

39.0%

35.2%

<0.001

<0.001

0.607

56.8%

46.8%

31.4%

0.094

<0.001

0.036

0.051

0.130

0.479

0.034†

0.957†

0.126†

(N=280)

(N=73)

(N=97)

52.1%

37.0%

33.0%

0.022

0.001

0.588

43.9%

46.6%

32.0%

0.685

0.040

0.053

0.007

0.048

0.853

0.002†

0.314†

0.170†

Men only
Baseline HOPR
Follow-up
HOPR
p-value†

*HOPR was defined as on-clopidogrel PRU ≥235. **p-values and †interaction pvalues were calculated with the use of generalized estimating equation.
Smoking and frequency of HOPR
As a whole population, the frequency of HOPR was similar at baseline and
follow-up (55.3% vs. 52.6%; p by McNemar test=0.137). Table 3 shows
comparisons of the frequency of HOPR according to smoking status across
time. Concordant to the results of the mean OPR, the rate of HOPR was
significantly higher in never smokers compared with current smokers at
baseline. At follow up, the frequency of HOPR increased only in quitters by
7.8% with no significant change in never smokers and persistent smokers. The
amount of increase was significant only when analyzed in male subjects. At
follow-up, the differences in the rate of HOPR were significant between
quitters and persistent smokers, but not between quitters and never smokers.

Relation between smoking amount and OPR
To evaluate the possible association between the amount of smoking and OPR,
patients were grouped into nonsmokers, smokers with <20 cigarettes per day
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(1-19 cigarettes a day), smokers with ≥20 cigarettes per day at each time point.
Figure 5A shows that there exists an inverse linear relationship between the
amount of smoking and its effect on clopidogrel OPR (p by linear
regression<0.001 for both total population and men only). Among quitters,
however, the increase in PRU accompanied by smoking cessation did not
show significant differences according to their baseline smoking amount
[17±71 vs. 21±68 for <20 (n=17) and ≥20 cigarettes per day (n=58),
respectively; p by t-test=0.829]. HOPR frequency also decreased with
increased smoking amount and showed an inverse relationship (p for
linearity=0.001) (Figure 5B).

Figure 5. Relationship between smoking amount and the
response to clopidogrel therapy
Patients were divided into nonsmokers, smokers with <20 cigarettes
per day (1-19 cigarettes a day), smokers with ≥20 cigarettes per day at
each time point. The groups were compared in terms of (A) PRU with
the mean and the standard error, and (B) the proportion of patients
with high on-clopidogrel platelet reactivity (HOPR).

１２

Discussion

In this study, we found that smoking cessation resulted in reversal of the
enhanced response to clopidogrel in smokers. At baseline, current smokers
had significantly lower OPR compared with never smokers. Amongst those
who were actively smoking at baseline, those who stopped smoking thereafter
(quitters) showed a significant increase in OPR, in contrast to persistent
smokers whose OPR did not change significantly at follow-up. Consequently,
the OPR of quitters at follow-up approximated to that of never smokers.
Accordingly, an additional 8-10% of smokers were categorized as HOPR after
quitting smoking, whereas the proportion of HOPR in never smokers and
persistent smokers did not change significantly. Furthermore, we found that
there was a linear relationship between the amount of cigarette smoking and
the antiplatelet effect of clopdiogrel.
HOPR while receiving clopdiogrel has been shown to be associated with
an increased risk of thrombotic events. 22,23

A variety of genetic and

environmental factors are known to affect response to clopidogrel. Loss-offunction polymorphism of CYP2C19*2 represents a genetic factor that is
associated with a more frequent occurrence of HOPR.24 Calcium channel
blockers, in addition, are reported to impair platelet inhibition by
clopidogrel.25,26 Increased response to clopidogrel found in smokers is another
example.1-7
To our knowledge, this is the first study to show the reversal of the
enhanced clopidogrel effect seen in smokers after smoking cessation,
suggesting that there may be a causal relationship between smoking and
enhanced clopidogrel response. The phenomenon that cigarette smoking is
associated with enhanced inhibition of platelet aggregation by clopidogrel has
been repeatedly shown in previous studies.1-7 Moreover, smokers have been
１３

shown to benefit more from clopidogrel therapy than non-smokers in terms of
angiographic and clinical outcomes.8,9 By observing serial changes in OPR,
this study strengthens the current evidence for the effect of smoking on the
response to clopidogrel therapy.
The design of this study has several advantages over previous studies.
First, longitudinal observation confers better evidence for the temporal
relationship that smoking cessation preceded the elevation in OPR. Second,
the influence of potential confounding factors can be reduced by serially
following a study subject from being a current smoker to a quitter. Since
baseline characteristics can be quite unbalanced between smokers and nonsmokers, as shown in this study as well as in others,5,8,9 a cross-sectional study
design is subject to sampling bias that cannot be completely overcome despite
multivariable analyses. Third, by comparing with control groups, we could
conclude that the temporal increase in OPR was a finding unique in smoking
quitters.
We, among others, have reported that the hepatic CYP1A2 enzyme
activities induced by smoking could be a mechanism behind the smokers’
paradox.1,2,5,6,8,9 Polycyclic aromatic hydrocarbons present in tobacco smoking
are known to induce CYP1A2 activity, mediated through the aryl hydrocarbon
receptor, a transcriptional factor. Many drugs have been reported to have
interactions with smoking, such as theophylline, melatonin, and clozapine. 27
Although controversial,28,29 several lines of evidence support the assumption
that the altered CYP1A2 activity mediates between smoking and the increased
response to clopidogrel therapy. First, it is plausible in terms of drug
metabolism. While smoking increases the clearance and thus lowers the
plasma levels of the drugs listed above, the antiplatelet effect of clopidogrel, a
prodrug that needs to be metabolized into active metabolites by the CYP450
system, could be potentiated by cigarette smoking. This study result also adds
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to the plausibility. Second, a dose-response relationship was shown to be
present between the smoking amount and the decrease in OPR in this study, as
well as in previous ones.1,9 Third, it has an interaction with genetic variation.
A study by our own group has shown the “smokers’ paradox” was prominent
only in CYP1A2 A-allele carriers, but not in the CC genotype. 5 The latter two
findings are consistent with previous studies on CYP1A2 activities.30-32
This study should not be misinterpreted as discouraging smoking
cessation. Smoking is one of the single most important avoidable risk factors
of coronary heart disease, and smoking cessation is known to reduce the risk
of reinfarction and death within 1 year.33 Current guidelines strongly
recommend complete cessation of smoking and no exposure to environmental
tobacco smoke for patients with cardiovascular disease.34 This study implies
that the OPR measured at baseline could fail to precisely predict the actual
risk of thrombotic events in a patient who quits smoking. In these patients,
repeat measurement of OPR could be an option. Patients who are
recommended to quit smoking need to be closely monitored whether or not
the behavioral change would lead to a surge in their platelet activity or, in turn,
thrombotic events especially during the immediate post-PCI period, a critical
time for stent thrombosis. However, considering disappointing results from
recent clinical trials, which tested tailored antiplatelet therapy using platelet
function test,35,36 we believe further investigation is warranted to clarify its
clinical implication.
The major limitation is that this study did not investigate clinical outcomes. It
cannot be determined from this study whether the elevation in OPR after
smoking cessation could lead to attenuation of the benefits from clopidogrel
therapy observed in smokers.8,9 Second is the observational nature of this
study. While all the patients were encouraged to quit smoking, this study was
performed in a manner of per-protocol analysis. Third, there could be a
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selection bias. Only 810 from 1848 candidates met the criteria, and were
finally analyzed in this study. Fourth, as smoking status was ascertained with
self report, not verified with a biomarker test such as urinary cotinine levels,
there could have been under-reporting. Last, we did not have a “non-smoking
→ smoking” arm.

Conclusion
The enhanced inhibition of platelet aggregation by clopidogrel observed in
cigarette smokers diminished after smoking cessation. This study adds
evidence to possible causal relationship between an environmental factor and
the effect of clopidogrel. Further investigation is warranted to elucidate its
clinical implication.
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초

록

서론: 흡연은 심혈관계 질환의 주요한 원인 중 하나로 잘 알려져
있다. 하지만 흥미롭게도 이전 연구들에 따르면 심혈관계 질환에서
가장 많이 쓰이는 항혈소판제 중 하나인 클로피도그렐에 대한
반응이 흡연자에서 더 좋다는 보고가 있다. 하지만 이러한 현상이
흡연자들의 기저 특성을 반영하는 것인지, 흡연 자체에 의한
것인지는 아직 알려져 있지 않다. 본 연구에서는 흡연자들이 금연을
했을 때 클로피도그렐에 대한 반응(on-clopidogrel reactivity,
OPR)이 어떻게 변하는지를 관찰하고자 하였다. 이러한 목적을 위해
본 연구진은 전향적 관찰 연구를 수행하였다.
방법: 전향적 관찰연구인 CROSS-VERIFY 코호트에서, 최소한
1개월 이상의 간격을 두고 OPR를 측정한 환자 810명을 대상으로
하였다. 기저 시와 추적관찰 시의 흡연 상태에 따라 환자들을
비흡연자(never smoker, N=628), 금연자(smoking quitter, N=77),
지속흡연자(persistent smoker, N=105)의 3군으로 분류하였다.
대상 변수로는 VerifyNowTM assay으로 측정한 OPR과 OPR이
높은 (OPR ≥235 PRU) 환자들(high OPR, HOPR)의 백분율이
포함되었다.
결과: 기저 시 OPR은 비흡연자와 비교하여
흡연자(금연자+지속흡연자)에서 유의하게 상승되어 있었으며,
금연자와 지속흡연자 사이에는 통계적인 차이가 없었다. 비흡연자와
지속흡연자는 기저 시와 추적관찰 시 사이에 OPR의 변화가 거의
없었던 반면, 금연자들의 경우 OPR이 유의하게 상승되었다
(p=0.013). HOPR의 백분율 역시 비슷한 경향을 보여서, 금연자의
경우 8-10% 정도 HOPR이 증가하였던 반면, 비흡연자와
지속흡연자의 경우 유의한 변화가 관찰되지 않았다. 또한 OPR의
평균값고 HOPR의 빈도는 흡연의 양과 역비례의 상관관계를 보였다.
결론: 본 연구 결과 흡연자에게서 관찰되는 클로피도그렐의 반응
항진은 금연 후 소실되었다. 본 연구 결과는 흡연과 클로피도그렐
반응 항진 사이의 인과적 관계에 대한 근거를 제시한다고 하겠다.
* 본 내용은 Heart 2012 Jul;98(13):1000-6).)에 출판 완료된 내용임
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학 번: 2009-21871
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