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ABSTRACT

Cardiovascular diseases, including acute coronary syndromes, are a major cause of death among tobacco
smokers. Epidemiological studies have demonstrated that long-term prognosis is worse in smokers with
acute coronary syndromes than in nonsmokers. However, some studies have suggested that clopidogrel-
-treated active smokers have better in-hospital and short-term follow-up outcomes, a phenomenon
regarded as the smoker’s paradox. The smoker’s paradox may be due to enhanced platelet response
to clopidogrel therapy in active smokers as compared with nonsmokers caused by hepatic cytochrome
P450 activation resulting in an increased generation of clopidogrel active metabolite. Another paradox
has been reported after smoking cessation. Smoking cessation in clopidogrel-treated patients after
percutaneous coronary intervention is associated with increased platelet reactivity and a greater risk of
high platelet reactivity. The smoking cessation paradox may increase the risk of thrombotic complica-
tions in patients treated with clopidogrel. More potent P2Y , inhibitors may be considered in selected
patients who stopped smoking after percutaneous coronary intervention. Further studies are required
to determine the optimal antiplatelet strategy for stented patients who effectively quit smoking during
clopidogrel treatment. The aim of this review is to discuss the risk of smoking and the potential elevated

thrombotic risk related to smoking cessation.

Introduction  Cardiovascular diseases (CVDs) ac-
count for 31% of all deaths, that is, 17.9 million
deaths per year. Tobacco use is among the great-
est risk factors for CVD and accounts for 1 in 4
deaths due to CVDs."? In addition, the 10-year
risk of death is doubled in smokers compared
with nonsmokers,® and smoking is the most im-
portant cause of premature death.” Apart from
the cardiovascular system, smoking affects oth-
er systems including respiratory, digestive, en-
docrine, and genitourinary systems. Interven-
tions to increase smoking cessation are among
the most cost-effective lifestyle modifications.
The aim of this review was to discuss the risk of
smoking and the potential increase of thrombot-
ic risk related to smoking cessation.

Smoking as a classic risk factor for cardiovascular
diseases The prevalence of cigarette smoking
in general population is decreasing® but smoking
remains one of the most important modifiable
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risk factors in primary, secondary, and tertiary
prevention of CVD. Smoking cessation in tertia-
ry prevention is the most important single life-
style intervention and its effect is stronger than
lipid profile modification.® The devastating ef-
fect of tobacco smoke is related to a mixture of
more than 7000 chemicals contributing to endo-
thelial dysfunction, inflammation, dyslipidemia,
vascular and hemodynamic function, and a pro-
thrombotic state. Cigarette smoking influences
all phases of atherosclerosis from endothelial dys-
function to the occurrence of acute coronary syn-
drome (ACS). Smoking induced activation of in-
flammation is characterized by increased plasma
levels of fibrinogen, C-reactive protein, and inter-
leukin 6.°7 In patients with ACS, smoking is asso-
ciated with higher levels of inflammation mark-
ers and infarct zone hemorrhage.® Higher levels
of homocysteine, tissue factor, and decreased ac-
tivity of tissue plasminogen activator factor and
matrix metalloproteinases were observed among



TABLE 1 The smoker’s paradox in patients with ST-segment elevation myocardial infarction treated with thrombolysis

Former Never

smokers, n smokers, n smokers, n
17507 11117 11975

Patients, n Current

Follow-up

Adjusted mortality rates,
OR (95% CI)

1.25(1.11-1.39)

GUSTO-I*! 30d 40599

Barbash et al*? 6 mo 8259 3649 2244 2366 1.35(1.12-1.61)

Smoking status was based on patient’s declaration.
a Never vs current smokers

b Never vs current + former smokers

Abbreviations: Cl, confidence interval; GUSTO-I, Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries;
OR, odds ratio; STEMI, ST-segment elevation myocardial infarction

smokers.? Decreased vasodilatation'® and dimin-
ished nitric oxide bioavailability were also ob-
served in smokers.!! Other risk factors influenced
by smoking are an increase in total cholesterol, de-
crease in high density cholesterol, and increased
insulin resistance.'? The tobacco-induced hemody-
namic changes are mediated mainly by nicotine.

Smoking is the second leading risk factor for
myocardial infarction (MI) (odds ratio, 2.87; 95%
confidence interval, 2.58-3.19)."* Even the lowest
exposure to smoking with only 1 cigarette daily
can drastically increase the risk of coronary ar-
tery disease and stroke to about 50% of the risk of
smoking 20 cigarettes a day.'* Even those smoking
1 to 10 cigarettes daily have higher mortality rates
and would potentially benefit from smoking ces-
sation.'® Additionally, passive smoking is related
to a higher risk of CVD.'® However, the harmful
effect of smoking is reversible. A significant de-
crease in cardiovascular risk was observed during
the first 2 years after smoking cessation, and af-
ter 5 years, inflammation markers normalized."’
After smoking cessation in patients with CVD,
the risk of death was reduced by more than 30%.'®

Smoker’s paradox in the era of fibrinolytic therapy
Although cigarette smoking has been related to
poorer long-term prognosis among patients with
CVD, the short-term prognosis for smokers as
compared with nonsmokers after ACS remains
unclear.'?2? Although epidemiological studies
have proven that long-term prognosis in smok-
ers is worse than in nonsmokers, some studies
have suggested that active smokers exhibit bet-
ter in-hospital and short-term follow-up out-
comes—a phenomenon called the smoker’s par-
adox'® (1aBLE 1). The potential smoker’s paradox
was firstly noted in patients with ACS treated with
fibrinolytic agents in the GUSTO-I (Global Utili-
zation of Streptokinase and Tissue Plasminogen
Activator for Occluded Coronary Arteries) trial.
Nonsmokers had significantly higher rates of in-
-hospital and 30-day mortality compared with
smokers.”' However, smokers tended to be young-
er and had less comorbidities. The rate of prehos-
pital mortality among smokers and nonsmokers
is also not known. However, data remained fa-
vorable for smoking, even after adjustment for
age, gender, and comorbidities. In another retro-
spective analysis, this protective effect of smoking
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expanded beyond 6 months of follow-up and was
also preserved at 12 months, an observation that
may have been affected by lower comorbidities,
including diabetes mellitus and heart failure.??

Beyond more favorable risk profile with less
comorbidities and younger age, the underlying
pathophysiology of a potential cardiovascular pro-
tective effect of smoking remains unclear. One of
the hypotheses addresses the pathophysiology of
thrombosis in smokers. Cigarette smoking alters
hemostasis and involves multiple mechanisms in-
cluding changes in endothelial function, platelet
activation, and factors influencing activation of
pro- and antifibrinolytic systems. Fibrinogen lev-
els are higher in smokers?® and smokers exhibited
increased clot formation and strength, had dens-
er clots and altered fibrin architecture?® with thin-
ner fibers.?’ Opposing theories have been postu-
lated of enhanced or lowered sensitivity to fibri-
nolytic agents. It has been reported that smok-
ers may have less severe stenosis and, therefore,
better outcomes after thrombolysis.?® However,
thinner fibers and denser clots among smokers
may be more resistant to fibrinolytic agents, such
as plasminogen activator factor.?®

Smoker’s paradox in the era of percutaneous coro-
nary interventions The majority of data regard-
ing the influence of smoking on clinical out-
comes in the era of percutaneous coronary in-
tervention (PCI) are derived from trials with pa-
tients treated also with P2Y,, inhibitors. How-
ever, the smoker’s paradox was not observed in
trials in patients treated with early PCI, which ex-
cluded patients treated with clopidogrel.?’ Little
is known about smoking patients treated with ti-
clopidine. In the CADILLAC (Controlled Abcix-
imab and Device Investigation to Lower Late An-
gioplasty Complications) trial, patients with ST-
-segment elevation myocardial infarction (STE-
MI) treated with ticlopidine were randomized to
angioplasty or stenting with or without abcix-
imab.?® Despite high proportion of smoking pa-
tients (40%) no substantial differences in clinical
outcomes were observed with regard to smoking
status. The paradoxical effect of smoking on car-
diovascular outcomes has been demonstrated in
the landmark clinical trials evaluating the effica-
cy of clopidogrel across the spectrum of coronary
artery disease.?® After careful analysis of large
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TABLE 2 The smoker’s paradox in patients treated with clopidogrel

CAPRIE®®

Group of

patients

ACS, stroke

PAD

Former
smokers,
nﬂ

5688 -

Current
smokers, n?

Follow-  Patients,
-up n

Tto3y 19185

Never
smokers, n?

Primary clinical outcome P

interaction

value

4135 Reduction in primary 0.01
outcome: HR, 0.76 in
clopidogrel-treated

smokers vs HR, 0.99 in

nonsmokers/ex-smokers

CLARITY TIMI
2861

STEMI

30d 3429 1697 -

1732 (not
current
smoker)

OR, 0.49 in patients
smoking >10 cigarettes/d
vs OR, 0.72 in patients
smoking <10
cigarettes/d

0.0004

CHARISMA®?

CAD, PAD,
cerebral
artery
disease

28 mo 12152 2419 6260

3473 All cause mortality in 0.018
clopidogrel-treated

patients: HR, 0.68 in

current smokers vs HR,

0.95 in former smokers

vs HR, 1.14 in never

smokers

CURRENT
PCIF?

ACS

30d 17263 6394 -

10862 HR, 0.66 in smokers
treated with double-dose
clopidogrel vs H, 0.96 in
smokers treated with
standard-dose

clopidogrel

0.031

Smoking status was based on patient’s declaration.

Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery disease; HR, hazard ratio; OR, odds ratio; PAD, peripheral artery disease; others,

see TABLE 1
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trials on PCI in ACS with clopidogrel, a new smok-
er’s paradox became apparent where the short-
-term prognosis for smokers treated with clop-
idogrel was better than nonsmokers?? (TABLE 2).
A retrospective analysis of landmark large ran-
domized multicenter trials included the follow-
ing studies: the CLARITY-TIMI 28 (Clopidogrel
as Adjunctive Reperfusion Therapy—Thromboly-
sis in Myocardial Infarction 28) study on patients
with STEMI, the CURE-OASIS 4 (Clopidogrel in
Unstable Angina to Prevent Recurrent Events)
study on patients with non-ST-segment elevation
myocardial infarction, the CURRENT PCI-OASIS
7 (Clopidogrel Optimal Loading Dose Usage to
Reduce Recurrent Events/Optimal Antiplate-
let Strategy for Interventions) study on patients
with ACS, or trials which included both patients
with or without ACS such as the CAPRIE (Clopi-
dogrel vs Aspirin in Patients at Risk of Ischemic
Events) study including patients with ACS, stroke,
peripheral artery disease, the CREDO (Clopido-
grel for the Reduction of Events During Obser-
vation) study on patients with coronary artery
disease (CAD), the CHARISMA (Clopidogrel for
High Atherothrombotic Risk and Ischemic Sta-
bilization, Management and Avoidance) study
on patients with CAD, PAD, and cerebral arter-
ies disease.’’ The study strongly suggested that
the beneficial effect of clopidogrel as compared
with placebo or high dose clopidogrel as com-
pared with standard clopidogrel (eg, CURRENT
PCI-OASIS 7) was confined to smokers. This phe-
nomenon can be regarded as a clinical smoker’s
paradox.®” A pharmacodynamic smoker’s paradox
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was first reported by Bliden et al?® in patients un-
dergoing PCI who were treated with clopidogrel.
Current smokers on long-term clopidogrel ther-
apy displayed significantly lower platelet aggre-
gation and ADP-stimulated active glycoprotein
ITb/1Ila expression compared with nonsmokers
(P <0.0008 for both). Similarly, current smok-
ers treated with 600 mg of clopidogrel displayed
greater platelet inhibition and lower active GP
IIb/IIla expression compared with nonsmokers
(P £0.05). In a multivariate Cox regression anal-
ysis, current smoking was an independent pre-
dictor of low platelet aggregation (P = 0.0001).
This effect of post-treatment platelet aggrega-
tion in smokers on clopidogrel therapy was ob-
served regardless of age, body mass index, and di-
abetes.?® The impact of smoking on platelet func-
tion appeared to be dose-responsive. The analy-
sis of variance in patients on long-term clopido-
grel therapy demonstrated significantly lower
5 umol/l and 20 pmol/l ADP-induced platelet ag-
gregation in patients currently smoking at least
half a pack per day compared with nonsmokers
and patients currently smoking less than half
a pack per day (P <0.05)."

Early after the approval of clopidogrel, it ap-
peared that approximately 30% of patients were
resistant to and were at increased risk for recur-
rent thrombotic events.??** Clopidogrel is a pro-
drug that requires 2-step metabolism involving
liver enzymes to be converted to an active me-
tabolite. Several cytochromes are involved in
clopidogrel metabolism: CYP2C19, CYP3A4/5,
CYP1A2, CYP2B6, and CYP2C9.2* The CYP2C19



loss-of-function (LoF) allele has been linked to
high platelet reactivity (HPR) during clopidogrel
therapy. Patients carrying a CYP2C19 LoF allele
who had been stented and were treated with as-
pirin and clopidogrel had higher overall platelet
reactivity and a greater frequency of HPR com-
pared with wild type.*®

In a genome wide association study carriage of
a LoF was linked to higher platelet reactivity and
greater post-PCI ischemic events.?*3°

In the prospective PARADOX study,®’ the ef-
fect of smoking status on the pharmacokinetics
and pharmacodynamics of clopidogrel and pra-
sugrel was explored, and a greater antiplatelet ef-
fect of clopidogrel was observed in smokers than
in nonsmokers. The PARADOX trial was the first
prospective study to demonstrate greater plate-
let inhibition by clopidogrel in smokers who were
actively smoking, which was determined by mea-
surement of cotinine. It has been shown that cig-
arette smoking increases hepatic CYPIA2 activ-
ity.*® The PARADOX study also demonstrated
lower clopidogrel active metabolite exposure of
clopidogrel in nonsmokers relative to smokers.
Prasugrel was associated with greater active me-
tabolite exposure and pharmacodynamic effects
than clopidogrel regardless of smoking status.
Park et al*® analyzed 9 single-nucleotide poly-
morphisms and found an enhanced clopidogrel
effect only among smokers who were CYPIA2 AA
allele carriers.

Trials evaluating more potent oral P2Y,inhib-
itors than clopidogrel in patients with ACS have
exposed another explanation for the smoker’s par-
adox beyond enhanced clopidogrel active metab-
olite exposure and pharmacodynamic efficacy in
smokers. Treatment with prasugrel versus clopi-
dogrel was associated with a reduction in the oc-
currence of thrombotic events in the TRITON-
-TIMI 38 (Trial to Assess Improvement in Ther-
apeutic Outcomes by Optimizing Platelet Inhibi-
tion with Prasugrel-Thrombolysis in Myocardial
Infarction) trial in patients with ACS undergoing
PCI. In a subanalysis, prasugrel therapy was as-
sociated with fewer events regardless of smoking
status. However, a numerically greater treatment
effect was observed in smokers. In the TRITON-
TIMI 38 trial, smoking status was not well quan-
tified, being only reported as “tobacco use,” which
does not allow to determine whether smoking was
ongoing and what its extent was. “Prior use” and
“never used” were combined into 1 group.*® Ti-
cagrelor was compared to clopidogrel in the PLA-
TO (Platelet Inhibition and Patients Outcomes)
trial and a greater treatment effect of ticagrelor
was suggested in smokers compared with non-
smokers. As compared with the TRITON-TIMI
38 study, smoking was defined as “habitual” if
patients smoked 1 cigarette, cigars, or equiva-
lent tobacco per day. Ex-smokers were defined
as those who smoked and stopped more than 1
month earlier or if they smoked less than one
cigarette, cigar, or equivalent tobacco per day.
Patients were defined as nonsmokers if they did
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not smoke currently or previously.”! In the PLA-
TO analysis of smoking effect, ex-smokers and
nonsmokers were combined. Ticagrelor signif-
icantly reduced ischemic events irrespective of
smoking status with a numerically greater bene-
fit suggested in smokers where the adjusted haz-
ard ratio of 0.83 was observed in habitual smok-
ers and 0.89 in ex/nonsmokers for the prima-
ry endpoint; 0.77 and 0.89, respectively, for all
cause death; 0.76 and 0.87, respectively for vascu-
lar death and MI; and 0.65 and 0.81, respectively
for any stent thrombosis.*' In the TRILOGY ACS
(Spontaneous MI After Non-ST Segment Eleva-
tion Acute Coronary Syndrome Managed With-
out Revascularization) trial in medically man-
aged patients with ACS, ischemic events did not
differ between prasugrel and clopidogrel. Howev-
er, a significant treatment benefit was observed
from more potent P2Y,, blockade in smokers than
in nonsmokers. In the TRILOGY trial, current
smoking was defined as smoking 1 cigarette per
day or stopped within last month, ex-smoking
if stopped more than 1 month earlier; and non-
smoking if not smoking either currently or previ-
ously. There was a nearly 50% reduction in the oc-
currence of the primary endpoint with prasugrel
compared with clopidogrel in smokers, whereas
no difference was observed in nonsmokers (haz-
ard ratio [HR], 0.54 and HR, 1.06, respectively;

teraction = 0-0002). Similar findings in smokers
and nonsmokers were observed for cardiovas-
cular death (HR, 0.48 and HR, 1.12, respective-
1y; P, raction = 0-0018), and for MI (HR, 0.62 and
HR, 0.98, respectively; P, . =0.0403)."* In
a meta-analysis derived from the data of the TRI-
TON-TIMI 38 and TRILOGY trials, a positive ef-
fect of prasugrel treatment was seen only among
smokers."?

Although a greater treatment effect of the new
oral P2Y,, inhibitors as compared with clopido-
grel may have been expected in nonsmokers since
the antiplatelet effects of new agents do not ap-
pear to be influenced by smoking, the opposite
was observed. Therefore, the findings suggest-
ing greater clinical efficacy in smokers in these
3 trials cannot be explained by a greater differ-
ence in pharmacodynamics between clopidogrel
and its comparator. Moreover, the greater treat-
ment effect of more potent platelet inhibitors in
smokers is not explained by greater thrombotic
risk in smokers. Earlier trials have reported vari-
able thrombotic event rates in smokers relative to
nonsmokers treated with aspirin alone.*’ Thus, in
addition to enhancing clopidogrel active metab-
olite generation, it has been hypothesized that
smoking creates a vascular disease state that is
more responsive to P2Y, inhibition and that dif-
fers from nonsmokers. A cumulative body of re-
search indicates that the pathobiology of throm-
bosis differs between smokers and nonsmokers
and that this fundamental difference may affect
the clinical response to specific antithrombotic
agents as observed in clinical trials."
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Despite the widely documented enhanced
treatment effect of active smoking in clopidogrel-
-treated patients observed in large scale trials,
data on the impact of smoking cessation are
scarce,** and most data on tobacco use, as not-
ed above, were ascertained by self-reporting.*®¢

Smoking cessation paradox The adverse effect
of smoking on cardiovascular outcomes is well-
-documented. Smoking is related to thromboem-
bolic events in patients with CAD; however, in
clopidogrel-treated patients, the effect of smok-
ing remains less clear. Previous studies have re-
peatedly shown that smoking is associated with
enhanced antiplatelet effects of clopidogrel.'-*’
A reduction in platelet inhibition by clopido-
grel may therefore occur after smoking cessa-
tion and is supported by Park et al** who report-
ed in the CROSS-VERIFY (Measuring Clopido-
grel Resistance to Assure Safety after PCI using
VerifyNow) Asian cohort that there was an in-
crease of 20 platelet reactivity units (PRUs) and
a higher frequency of HPR after smoking cessa-
tion. In the study by Park et al,** smoking status
was ascertained by a participant self-report and
was not verified by a biomarker, such as the mea-
surement of urine cotinine concentration. Urine
cotinine concentration has been reported to be
a stronger predictor of cardiovascular risk than
self-reporting of smoking cessation.?’

In most large randomized trials that assessed
the clinical efficacy of clopidogrel, smoking was
assessed only at baseline, and the proportion of
patients who stopped smoking while on clopi-
dogrel treatment was unknown.*®*° An increase
in platelet reactivity in this patient group might
influence clinical outcomes and smoking cessa-
tion was also related to an increased frequency of
HPR.*® A prospective study of the effect of objec-
tively confirmed smoking cessation on platelet re-
activity in clopidogrel-treated patients has recent-
ly been completed.’® In a study by Ramotowski
et al,’® multivariable regression analysis demon-
strated that smoking cessation is the most impor-
tant independent risk factor for HPR. It strongly
supports the theory about the increase in the fre-
quency of HPR following smoking cessation. In-
teresting relation linking smoking cessation and
CYP2C19 LoF was observed in which LoF carri-
ers who stopped smoking had the highest PRUs,
whereas those with the wild type who continued
smoking had the lowest PRUs. CYP2C19*2 LoF
was associated with a lower level of platelet in-
hibition among smokers. This is consistent with
previous studies, which showed that the CYP2C19
LoF allele was the most prominent genetic varia-
tion attenuating the clopidogrel effect.’’ Smok-
ing cessation influenced another factor related
to the diminished effect of clopidogrel, which
might be contributed to the clinical outcomes.
The devastating nature of smoking seems to be
prolonged even after cessation of active habit due
to increased platelet reactivity.
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How to deal with the smoking cessation paradox?
There is still lack of clinical data with hard end-
points regarding the relevance of smoking cessa-
tion in patients treated with clopidogrel. It can
be hypothesized that these patients may be at a
paradoxically higher risk of cardiovascular events
due to increased platelet aggregation. It has been
reported that even a small increase in platelet
activity alters clinical outcomes.?? Changes sim-
ilar to those observed in platelet function after
smoking cessation have been linked to an in-
crease in periprocedural ML,*® and HPR is an in-
dependent predictor of early stent thrombosis.>*
The current evidence suggests that the potential
modest increase in platelet reactivity observed in
patients treated with clopidogrel who stopped
smoking may have clinical relevance. To over-
come the risk of higher platelet reactivity, treat-
ment with an increased dose of clopidogrel may be
considered. In the GRAVITAS (Gauging Respon-
siveness With A Verify-Now Assay—Impact on
Thrombosis and Safety) trial, patients with high
on-clopidogrel platelet reactivity were random-
ized to either standard (75 mg) or double dose of
clopidogrel (150 mg).* In the platelet substudy
of the GRAVITAS trial, the difference in plate-
let aggregation between smokers and nonsmok-
ers treated with clopidogrel was observed only
in patients treated with standard doses of clopi-
dogrel, not in those treated with double doses.®®
In the CURRENT PCI-OASIS 7 trial investigat-
ing double as compared with standard doses of
clopidogrel in patients early after ACS, double-
-dose clopidogrel reduced the primary outcome
by 34%, whereas the benefit was not seen among
nonsmokers.’’ This finding supports the poten-
tial use of the double dose of clopidogrel follow-
ing smoking cessation. The direct-acting P2Y,, in-
hibitor, ticagrelor should be preferentially used
in all patients with ACS unless contraindicated
according to the European Society of Cardiolo-
gy guidelines. As a direct-acting agent, ticagre-
lor may overcome a potential smoking cessation
paradox in patients with ACS. Another option to
consider would be treatment with prasugrel, a thi-
enopyridine that is metabolized in a 1-step meta-
bolic pathway, and whose pharmacodynamics ef-
fect is independent of smoking status.?’ Switch-
ing to prasugrel may decrease the periprocedural
injury also in patients with stable CAD.*® The sys-
temic exposure to prasugrel metabolite has been
reported not to be affected by smoking status.®*

Conclusions  Smoking cessation is the most im-
portant single intervention reducing thrombot-
ic complications in primary, secondary, and ter-
tiary prevention of CAD. There is no doubt that
all smoking patients after PCI should be encour-
aged to stop smoking. But this group of patients
requires particular attention. Paradoxically, a large
body of evidence has demonstrated that smoking
enhanced the pharmacodynamic and clinical ef-
fects of clopidogrel. Therefore, cessation of smok-
ing in clopidogrel-treated patients after PCI may



be associated with a negative influence on phar-
macodynamic and short-term clinical outcomes.
Awareness of this interesting paradox has stimu-
lated further investigations of the effects of smok-
ing cessation on the pharmacokinetics and phar-
macodynamics of clopidogrel in stented patients.
The results of these studies will assist in determin-
ing whether more potent P2Y , inhibition should
be considered in these patients.
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