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Background-—As reports on the influence of cigarette smoking, an important cardiovascular risk factor, on platelet ADP–P2Y12
receptor inhibitors lack consistency, we aimed to assess the effectiveness and safety of platelet ADP–P2Y12 receptor inhibitors
influenced by smoking status.

Methods and Results-—PubMed, Web of Science, EMBASE, Clinical Trials, and the Cochrane Library were searched from inception
until June 2018. Among the 5076 citations retrieved, 22 studies, including 163 011 patients with or without percutaneous
coronary intervention, were included for meta-analysis. Compared with nonsmokers within the first year of follow-up, the
reductions of stroke and major adverse cardiovascular event rate were 18% (P=0.008) and 26% (P=0.02), respectively. A 20%
reduction in stroke (P=0.02) and a 34% reduction in major adverse cardiovascular event (P=0.0001) rates were observed in
smoking patients without percutaneous coronary intervention. No significant difference was observed in clinical outcome rates
among prasugrel, ticagrelor, and clopidogrel in different smoking status. No significant difference was found in myocardial
infarction and bleeding event incidence between current smokers and nonsmokers.

Conclusions-—We concluded that current smokers had a lower incidence of major adverse cardiovascular events and stroke
events than did nonsmokers, particularly in the early period (1 year) and among patients without percutaneous coronary
intervention. However, because of the lack of original adjusted data, smoker’s paradox still needs to consider the impact of age and
other covariates. Thus, a differential risk-benefit evaluation should be considered, according to different smoking status, patient
conditions, and therapy time points. ( J Am Heart Assoc. 2019;8:e010889. DOI: 10.1161/JAHA.118.010889.)
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A therothrombosis is the most common cause of the
development of acute coronary syndrome and plays a

critical role in complications occurring around the coronary
stent implantation.1 Myocardial infarction (MI) and ischemic
stroke were estimated to cause >14 million deaths/year.2

P2Y12 receptor inhibitors reduce the risk for repeated MI,
stroke, cardiovascular death, and stent thrombosis in
patients with acute coronary syndrome or undergoing
coronary stent implantation,3–5 which has been the most
attractive target of antiplatelet drug development because of
its central role in platelet activation and aggregation.6 Three

available oral P2Y12 antagonists were used in the contem-
porary clinical practice (namely, clopidogrel, ticagrelor, and
prasugrel). Recently, new oral P2Y12 antagonists, ticagrelor
and prasugrel, provided more consistent and powerful
platelet inhibition than clopidogrel,7,8 and their safety and
effectiveness in Asian patients have been demonstrated in
recent clinical trials.9–11

Multiple reasons can influence an individual’s response to
P2Y12 antagonists that can be consequent to genetic, clinical,
or cellular factors.1 Cigarette smoking was reported to
influence the inception and progression of atherosclerosis12
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and poses hazards to cardiovascular and cerebrovascular
systems, which can trigger thrombotic complications, such as
MI, ischemic stroke, and cardiovascular death.13 However, the
interaction between cigarette smoking and cardiovascular
outcomes of oral P2Y12 inhibitors is complex.14 Several
studies have reported reduced recurrence of cardiovascular
events and improved survival in smokers with antithrombotic
therapy after an index cardiovascular event, a phenomenon
called “smoker’s paradox.”15,16 One potential mechanism to
explain the smoker’s paradox is the induction of cytochrome
1A2 and 2B6 activity by cigarette smoking,17,18 resulting in
greater clopidogrel active metabolite generation, an enhanced
pharmacodynamic effect, and less ischemic event occurrence
in current smokers than nonsmokers. Polycyclic aromatic
hydrocarbons, products of incomplete combustion present in
tobacco smoke, significantly increase cytochrome 1A2 activ-
ity. Cytochrome 1A2 is one of the major hepatic cytochromes
and plays an important role in the biotransformation of
clopidogrel.19 Cigarette smoking significantly impacts the
pharmacokinetics of the cytochrome 1A2 drugs,20 and it was
reported that cytochrome 1A2 inducers were associated with a
reduced rate of clopidogrel nonresponsiveness in patients with
ischemic stroke.21 Cytochrome 2B6 expression is upregulated
in smokers, and cigarette smoke extract induced cytochrome
2B6 mRNA expression in hepatocytes.17 Because cytochrome
2B6 is involved in both steps of clopidogrel oxidation and in the
second step in prasugrel metabolism, the possible contribution
of smoking-induced cytochrome 2B6 activity to thienopyridine
metabolism should be further explored. Among the patients
at high vascular risk in the CHARISMA (Clopidogrel for

High Atherothrombotic Risk and Ischemic Stabilization, Man-
agement, and Avoidance) trial, a reduction in mortality
associated with clopidogrel use was only observed
among smokers in a post hoc analysis.15 Similarly, in the
CLARITY–TIMI (Clopidogrel as Adjunctive Reperfusion
Therapy–Thrombolysis in Myocardial Infarction) 28 trial of
patients presenting with ST-segment–elevation MI, smokers
had better clinical outcomes.16 In contrast to the above
reports, Zhang et al22 suggested that no significant difference
was observed between smoking and bleeding events in
patients who used antiplatelet agents. In the SYNTAX (Synergy
Between Percutaneous Coronary Intervention With Taxus and
Cardiac Surgery) trial of a 5-year follow-up study,23 research-
ers found that among patients with complex cardiovascular
disease undergoing revascularization with either percutaneous
coronary intervention (PCI) or coronary artery bypass grafting,
those who are smokers have a higher incidence of experienc-
ing adverse outcomes, such as MI, than those who never
smoked or stopped smoking.

PCI for unblocking a narrowed coronary artery is a
widely used technique in treating patients with angina or
an acute coronary event, the most common form of
myocardial revascularization.24,25 The average annual
growth of PCI surgery was �30% to 40%, and the total
number of PCI surgeries was 666 495 in 2016 in the
mainland.26 In addition, most studies23–28 were performed
in the era of PCI without stents or with bare-metal stents,
providing little insight into the impact of smoking in
patients undergoing revascularization. Thus, the effect of
smoking on clinical events in patients undergoing PCI
remains undefined.

On the basis of the previously mentioned unsolved
problems, we conducted a meta-analysis to examine the
association between smoking status and the effectiveness
and safety of P2Y12 receptor inhibitors in patients with or
without PCI. We hypothesize that smoking is a protective
factor in patients using P2Y12 inhibitors. Thus, this study was
conducted to explore the following issues: (1) to comprehen-
sively evaluate the effectiveness and safety of platelet ADP–
P2Y12 receptor inhibitors influenced by smoking status
during different follow-up periods; (2) to compare the clinical
outcomes in patients with and without PCI; (3) and to identify
studies on new oral P2Y12 receptor inhibitors to evaluate the
association comprehensively.

Methods
The data, analytic methods, and study materials will be made
available to other researchers for purposes of reproducing the
results or replicating the procedure. Researchers can contact
us by e-mail.

Clinical Perspective

What Is New?

• A systematic review and meta-analysis was conducted to
evaluate the effectiveness and safety of platelet ADP–
P2Y12 receptor inhibitors influenced by smoking status.

• This meta-analysis concluded that current smokers had a
lower incidence of major adverse cardiovascular events and
stroke events than did nonsmokers, particularly in the early
period (1 year) and among patients without percutaneous
coronary intervention.

What Are the Clinical Implications?

• A differential risk-benefit evaluation should be considered,
according to different smoking status, patient conditions,
and therapy time points.

• In addition, future studies can clearly define smoking status
and record the specific intake of tobacco to better explore
the effects of smoking on clinical outcomes.
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Search Strategy and Study Selection

A search of the medical literature was conducted using
PubMed, Web of Science, EMBASE, Clinical Trials, and
the Cochrane Library from inception to June 2018. The search
terms used in these databases are as follows: “clopidogrel,”
“prasugrel,” “ticagrelor,” “P2Y12,” “smoking,” “smoker,” and
“tobacco” (Data S1 Search strategies in PubMed).

Citations recalled were initially screened with title and
abstract, and then 2 investigators (Z.L. and Q. Xiang)
retrieved and assessed the full texts of potentially relevant
studies for their eligibility. Any disagreement between
investigators was resolved by consensus. No language
restrictions were applied, and both full-text articles and
abstracts were considered.

A study was included for analysis if it met the following
prespecified criteria: (1) enrollment of patients using ADP–
P2Y12 receptor inhibitors, including clopidogrel, prasugrel, or
ticagrelor treatment; (2) patients were recorded with different
smoking status; and (3) clinical outcomes, such as MI, stroke,
death, bleeding, or major adverse cardiovascular events
(MACEs), were reported and compared with different smoking
status. The exclusion criteria were as follows: (1) patients not
treated with ADP–P2Y12 receptor inhibitors; (2) studies
reported without clinical outcomes, or clinical outcomes were
not compared with different smoking status; and (3) editorials,
commentary letters, reviews, case reports/series, economic
or modeling studies, extensions of previously completed
studies, and studies that did not report the results needed for
these analyses.

Figure 1. Flow diagram of study identification and selection. MACE indicates major adverse
cardiovascular event; MI, myocardial infarction.
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Outcome Assessment
The primary efficacy/effectiveness outcomes were stroke
and/or MI. The primary safety outcomes were death,
bleeding, or MACE. MI was defined according to the
recommendations of the European Society of Cardiology/
American College of Cardiology Foundation/American Heart
Association/World Heart Federation task force.27 Bleeding
was defined on the basis of the International Society on
Thrombosis and Haemostasis definition (ie, fatal bleeding,
symptomatic bleeding in a critical area or organ, and/or
bleeding causing a decrease in hemoglobin level of ≥20 g/L
or leading to transfusion of ≥2 units of whole blood or red
blood cells)28 and any bleeding that required emergency
department visits and/or hospitalizations commonly used in
observational studies. Moreover, all-cause and cardiovascular
deaths were all considered as death in the study. MACEs were
defined as a composite of death from cardiovascular causes,
spontaneous MI, unstable angina, stent thrombosis, target
vessel revascularization, non–target vessel revascularization,
and ischemic stroke.

Smoking status was classified into current smokers,
former smokers, and never smokers. Nonsmokers were
defined as never smokers plus former smokers in this study.
For studies that presented current smoker data stratified by
smoking intensity, these subgroup data were combined using
a formula described elsewhere.29

Data Extraction and Quality Assessment
Details were extracted with a prespecified table on the study
and patient characteristics, smoking status and definition,
drug regimens, clinical outcomes or parameters assessed,
and follow-up time, among others. The Newcastle-Ottawa
Scale was used to assess the methodological quality of
included studies.30,31 In brief, eligible studies were assessed
on the basis of 3 perspectives: the selection of study groups,
the comparability of the groups, and the ascertainment of
outcomes or test results of interest in studies. Each study
with Newcastle-Ottawa Scale scores ≥7 was considered as a
high-quality study, whereas studies with Newcastle-Ottawa
Scale scores <7 were considered as low-quality studies.
Assessment was performed independently by 2 investigators,
with disagreements resolved by discussion.

Data Synthesis and Statistical Analyses
Data were pooled using a random- or fixed-effects model to
obtain a more conservative estimate of smoking effects
on clinical outcomes of platelet ADP–P2Y12 receptor
inhibitors.

Measures of association in the form of odds ratios (ORs)
were pooled, and the 95% CI was selected as the summaryTa
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Table 2. Definition of Smoking Status and Quality Assessment Scales of the Included Studies

Study
No.
Analyzed

Smoker,
%

Smoking Status, n Definition of Smoking Status
NOS
ScalesCS FS NS CS FS NS

Sibbald et al, 201034 24 456 30.0 7326 17 130 Cigarette smoking within
1 mo before admission

Quitting >1 mo before
admission

Never smoking 8

Kang et al, 201335 24 257 42.3 10 251 14 006 Cigarette smoking within
1 mo before admission

��� Ex-smokers and
never smokers

7

Zhang et al, 201636 600 55.8 335 106 159 Smoking >10 y (>10
cigarettes/d); smoking
cessation <4 wk

Smoking <10 y (>10
cigarettes/d); smoking
cessation <1 y

Never smoking 8

Kim et al, 201437 457 26.3 120 337 Smoked within 3 mo of
index PCI

��� The other
patients

8

Zhang et al, 201722 623 61.5 383 240 ≥1 Cigarette/d during
the month before
admission

��� Never smoking 7

Ashby et al, 200238 5592 18.3 1025 2155 2412 Smoking at the time of
PCI or had smoked
within 3 mo

Smoked more than half
a packet of cigarettes/
d for 1 y and quit in
the 3 mo

Never smoking 6

Tan et al, 201439 1051 42.6 448 603 NA ��� NA 5

Adamo et al, 201540 1962 23.9 469 1493 NA ��� NA 6

Bossard et al, 201741 17 263 37.0 6394 10 862 ≥10 Cigarettes/d ��� <10 Cigarettes/d 6

Ovbiagele
et al, 201742

5170 33.0 1705 2949 >5 Cigarettes/d within
1 mo

>5 Cigarettes
previously and had
stopped for ˃1 mo

Never smoked or
≤5 cigarettes/d
currently or
previously

6

Kodaira et al, 201643 6195 38.8 2403 3792 Current smokers within
1 y

��� Quitting smoking
>1 y; never
smoking

6

Siasos et al, 201644 229 23.1 53 176 ≥1 Cigarette/d ��� <1 Cigarette/d 8

Chandrasekhar
et al, 201545

19 906 25.1 5006 14 900 NA ��� NA 6

Wakabayashi
et al, 201146

1424 34.1 486 349 589 Currently smoking or
had stopped within 1 y

Smoked ≥1 y and those
who quit at least 1 y

Never smoking 7

Ferreiro et al, 201447 9534 29.5 2808 6726 NA NA NA 6

Lee et al, 201648 1527 40.9 624 903 Smoked within 1 mo ��� Never smoking 7

Cornel et al, 201449 7062 22.2 1566 5494 Smoking ≥1 cigarette/d
or stopped <1 mo
previously

Stopped >1 mo
previously

Never smoking 7

Desai et al, 200916 1726 50.1 864 862 Smoked 1–9, 10–19, 20
–29, and 30 cigarettes/
d

��� Not smoking
currently

7

Cornel et al, 201250 18 610 35.9 6678 11 932 Smoking ≥1 cigarette/d Stopped for at least
1 mo; smoke <1
cigarette/d

Never smoking 7

Ciccarelli et al, 201751 713 56.5 403 310 NA ��� NA 6

Berger et al, 200915 6071 19.8 1204 3111 1756 Smoked ≥1 cigarette/d
within 1 mo

Smoked ≥1 cigarette/d
before the month
before enrollment

Never smoking 7

Weisz et al, 201352 8583 22.6 1939 6644 Smoking within 1 mo ��� No smoking
within 1 mo

7

CS indicates current smoker; FS, former smoker; NA, no valid data can be obtained; NOS, Newcastle-Ottawa Scale; NS, never smoker; PCI, percutaneous coronary intervention.
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statistic. The I2 statistic and the P value for Q statistics were
used to estimate the percentage of variability across studies
that was attributable to heterogeneity. The P value for
statistical significance was 0.05 in all cases, except the test
for heterogeneity, in which the level was set at 0.10.

Review Manager Version 5.3 (RevMan for Windows; Nordic
Cochrane Centre, Copenhagen, Denmark) was used to
generate forest plots of pooled ORs for primary outcomes
with 95% CIs. Sensitivity analyses were performed by
excluding one study at a time and thereafter computing the

Figure 2. Forest plot of the effects of smoking status on myocardial infarction (MI) events.

Figure 3. Forest plot of the effects of smoking status on myocardial infarction (MI) events in patients with or without
percutaneous coronary intervention (PCI) in <1 year of follow-up.

DOI: 10.1161/JAHA.118.010889 Journal of the American Heart Association 7

Smoker’s Paradox Exists in Antiplatelet Treatment Liu et al
S
Y
S
T
E
M
A
T
IC

R
E
V
IE

W
A
N
D

M
E
T
A
-A

N
A
L
Y
S
IS



OR of the remaining studies. We also explored the subgroup
analyses to better assess between-study variability. These
variables included different follow-up times, patients with or

without PCI, age, race, and different P2Y12 receptor inhibitor
therapies. Because age is not a normal distribution between
each study, median age (63 years old) was selected for

Figure 4. Forest plot of the effects of smoking status on myocardial infarction events in the age subgroup analysis.

Figure 5. Forest plot of the effects of smoking status on myocardial infarction events in the race
subgroup analysis.
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subgroup analysis. Population race can be divided into Asian,
white, and the mixed races.

Sensitivity analysis, publication bias assessment, and
meta-regression were performed using STATA software ver-
sion 15.1 (Stata Corporation, College Station, TX).

This review and meta-analysis was conducted and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis and Meta-Analysis of Observa-
tional Studies in Epidemiology statements32,33 and was
registered with PROSPERO (International Prospective Register
of Systematic Reviews) (CRD42018100183).

Results
The search strategy identified 5076 citations. The titles and
abstracts were reviewed, and 117 articles that were thought
to be potentially eligible for inclusion were retrieved and
evaluated. After screening the 117 studies for eligibility,
2215,16,22,29–52 reporting the effectiveness and safety out-
comes were included in the meta-analysis. A flow diagram of
study identification and selection is shown in Figure 1.

For the effectiveness outcomes, 11 studies* with a total of
83 677 patient-reported MI events associated with different
smoking status and 9 studies22,37,38,41–43,47,49,53 with 59 892

patient-reported stroke outcomes were included. For the safety
outcomes, 18 studies† reported death events (115 156
patients), 9 studies‡ reported bleeding events (93 744 patients),
and 15 studies§ reported MACE outcomes (107 188 patients);
all of them were categorized by smoking status. In addition,
different platelet ADP–P2Y12 receptor inhibitor therapies were
compared in 3 studies45,49,50 based on smoking status.

Among the patient population involved, the prevalence of
current smoking ranged from 19% to 62%. Compared with
nonsmokers, current smokers were approximately diagnosed
with cardiovascular diseases 10 years younger (mean age, 65
versus 55 years) and more men were found (men account for
�70%-96%). Patients with cardiovascular disease with or
without stents were involved in the study, and all were treated
with ADP–P2Y12 receptor inhibitors, including clopidogrel at a
dosage of 75 mg/d, prasugrel, 5 to 10 mg/d, or ticagrelor,
90 mg twice daily, for at least 1 month. Clinical outcome
follow-up times ranged from in hospital to 5 years; therefore,
we conducted subgroup analyses to comprehensively explore
the influence of smoking status on clinical outcomes after
taking antiplatelet drugs.

Details of the included studies are summarized in
Tables 1 and 2, which list the demographic characteristics

Figure 6. Forest plot of the effects of smoking status on stroke events.

*References 22, 34, 35, 37, 38, 41, 43, 46, 47, 49, 52.

†References 15, 16, 22, 34–38, 41, 43, 44, 46, 48–52.
‡References 15, 22, 34, 41, 44, 47, 49, 50, 52.
§References 16, 22, 35, 37, 39–42, 45, 46, 48–50, 52.
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of the participants, smoking status, medication therapy,
clinical outcomes, and follow-up time, among others. On
quality assessment, 4 studies had a score of 8, 9 studies
had a score of 7, 8 studies had a score of 6, and the
remaining 1 study had a score of 5 (Table S1 Quality
assessment of the included studies by Newcastle-Ottawa
Scale).

Effectiveness Outcomes Influenced by Smoking
Status
MI and smoking status

A total of 83 677 patients in 11 studiesk were included in the
analyses, and a random-effects model was used because of
interstudy heterogeneity. As a whole, no significant difference
was found in MI event incidence between current smokers
and nonsmokers (pooled OR, 0.93; 95% CI, 0.79–1.09;
I2=59%; P=0.36; Figure 2). Compared with nonsmokers,
current smokers had no difference found at various follow-
up times in the incidence of MI events (>1 year: P=0.87;
<1 year: P=0.22).

We performed prespecified subgroup analyses in patients
with or without PCI. However, only one study34 on patients
without PCI was included, suggesting a 21% lower incidence
of MI events in current smokers compared with nonsmokers

(OR, 0.79; 95% CI, 0.63–0.99; P=0.04; Figure 3) in <1 year of
follow-up; no difference was found in patients with PCI (OR,
0.88; P=0.42). Moreover, no significant difference was
observed between smoking status and MI event rate in
patients with or without PCI after >1 year of follow-up
(P=0.87).

In the subgroup analysis of age, patients <63 years old
had a 26% lower incidence of MI events in current smokers
than in nonsmokers (OR, 0.74; 95% CI, 0.62–0.87;
P=0.0004; Figure 4), and no difference was found in
patients >65 years old (OR, 1.02; P=0.86). Moreover, no
significant difference was observed between smoking status
and MI event rate in race subgroup analysis (Asian, white,
and mixed races: P=0.22, P=0.34, and P=0.20, respectively;
Figure 5).

Stroke and smoking status

A total of 59 892 patients in 9 studies22,37,38,41–43,47,49,51

that reported stroke events were analyzed. A fixed-effects
model was used in the analyses because of no significant
interstudy heterogeneity. Pooled data for stroke events within
1 year showed an 18% lower rate in current smokers than
that in nonsmokers (OR, 0.82; 95% CI, 0.70–0.95; I2=0%;
P=0.008; Figure 6). However, no difference was found for
those taking the medication for >1 year between the current
smokers and nonsmokers (OR, 1.05; 95% CI, 0.88–1.25;
I2=0%; P=0.62; Figure 6).

Subgroup analyses in patients with or without PCI were
conducted, with an 18% incidence reduction found in current
smokers versus nonsmokers within 1 year of follow-up (OR,

Figure 7. Forest plot of the effects of smoking status on stroke events in patients with or without percutaneous coronary
intervention (PCI) in <1 year of follow-up.

kReferences 22, 34, 35, 37, 38, 41, 42, 46, 48, 49, 52.
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0.82; 95% CI, 0.70–0.95; I2=0%; P=0.008; Figure 7). Among the
patients without PCI, a 20% lower stroke event incidence rate
was found in current smokers versus nonsmokers within 1 year

of follow-up (OR, 0.80; 95% CI, 0.66-0.97; I2=0%; P=0.02;
Figure 7), whereby no difference was found in patients with PCI
(OR, 0.84; I2=0%; P=0.15).

Figure 9. Forest plot of the effects of smoking status on stroke events in the race subgroup analysis.

Figure 8. Forest plot of the effects of smoking status on stroke events in the age subgroup analysis.
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In the subgroup analyses of age and race, no significant
difference was observed between smoking status and
stroke event rate (aged <63 and ≥63 years: P=0.87 and
P=0.32, respectively [Figure 8]; Asian, white, and mixed
races: P=0.24, P=0.70, and P=0.24, respectively [Fig-
ure 9]).

Safety Outcomes Influenced by Smoking Status
Death and smoking status

A total of 18 studies,¶ including 38 844 smokers and 76 312
nonsmokers, were analyzed, and a significant difference in
death event rates was found between them (OR, 0.78; 95% CI,
0.63–0.98; I2=89%; P=0.03; Figure 10). Pooled data within
1 year showed a 28% lower death rate in current smokers
versus nonsmokers (OR, 0.72; 95% CI, 0.53–0.99; I2=87%;
P=0.04), whereas no difference was found in the follow-up
time of >1 year between current smokers and nonsmokers
(OR, 0.85; 95% CI, 0.59–1.22; I2=90%; P=0.38; Figure 10). No

significant difference was found in the subgroup analyses
among patients with (P=0.06) or without (P=0.43) PCI within
the 1-year follow-up.

In the subgroup analyses of age and race, no significant
difference was observed between smoking status and death
event rate (aged <63 and ≥63 years: P=0.09 and P=0.24,
respectively [Figure 11]; Asian, white, and mixed races:
P=0.23, P=0.41, and P=0.11, respectively [Figure 12]).

Bleeding and smoking status

Nine studies,# including 28 980 smokers and 64 764
nonsmokers, were analyzed, and no significant difference in
the bleeding event rate was observed between them (OR,
0.86; 95% CI, 0.73–1.00; I2=75%; P=0.05; Figure 13). Sub-
group analyses in patients with or without PCI were
conducted; only one study reported bleeding outcomes in
patients with PCI,52 showing a significant difference between
smokers and nonsmokers after >1 year of follow-up (OR,
0.73; P=0.006).

Figure 10. Forest plot of the effects of smoking status on death events.

¶References 15, 17, 22, 34–38, 41, 42, 44, 46, 48–52. #References 15, 22, 34, 41, 42, 47, 49, 50, 52.
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In the subgroup analysis of age, patients >63 years old had
a 22% lower incidence of bleeding events in current smokers
versus nonsmokers (OR, 0.78; 95% CI, 0.64–0.96; P=0.02;
Figure 14), and no difference was found in patients <63 years
old (OR, 0.95; P=0.54). Moreover, no significant difference
was observed between smoking status and bleeding event
rate in race subgroup analysis (Asian, white, and mixed races:
P=0.68, P=0.41, and P=0.19, respectively; Figure 15).

MACEs and smoking status

Fifteen studies** with 107 188 patients were included in the
analyses of MACEs. Compared with nonsmokers, smokers
had a 16% lower MACE incidence rate (OR, 0.84; 95% CI,
0.72–0.98; I2=90%; P=0.03; Figure 16). Meanwhile, a 26%
reduction rate was found in current smokers versus non-
smokers, especially at the follow-up time in the within 1-year
group (OR, 0.74; 95% CI, 0.58–0.95; I2=88%; P=0.02;
Figure 16).

In the subgroup analyses of patients with or without PCI, a
34% reduction of the MACE incidence rate was found among

patients without PCI within 1 year of follow-up (OR, 0.66; 95%
CI, 0.53–0.81; I2=0%; P=0.0001; Figure 17), whereby no
difference was found in patients with PCI (P=0.13).

In the subgroup analysis of age, no significant difference
was observed between smoking status and MACE incidence
rate (aged <63 and ≥63 years: P=0.15 and P=0.22, respec-
tively; Figure 18). White patients had a 24% lower incidence of
MACEs in current smokers versus nonsmokers (OR, 0.76; 95%
CI, 0.60–0.95; P=0.02; Figure 19), and no difference was
found in Asian and mixed race patients (Asians and mixed
races: P=0.92 and P=0.24, respectively).

Comparison Between Different ADP–P2Y12
Receptor Inhibitors
We included studies that used different ADP–P2Y12 receptor
inhibitors; therefore, different drugs were compared to assess
the influence of smoking on their clinical outcomes. Three
studies45,49,50 using different therapeutic drugs that reported
MACE outcomes with different smoking status were analyzed.
However, no significant difference was found in MACE rates
between prasugrel, ticagrelor, and clopidogrel in different

Figure 11. Forest plot of the effects of smoking status on death events in the age subgroup analysis.

**References 16, 22, 35, 37, 39–41, 43, 45, 46, 48–50, 52.
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smoking status (OR, 1.08; 95% CI, 0.95–1.23; I2=77%; P =
0.24; Figure 20).

Meta-Regression
We also used meta-regression to determine whether age and
race affected the association between clinical outcomes and
different smoking status, but we found no significant asso-
ciation between MI, MACE, death events, age, and race
(P>0.05; Table 3). The proportions of between-study variance
explained by age and race in MACE incidence rate were
�16.43% and 5.48%, respectively, but there were no signif-
icant statistical differences (P=0.35 and P=0.38, respec-
tively). The meta-regression results of race and age are shown
in Table 3.

As the age meta-regression analysis reflected the between-
study variance, we were unable to identify age potential

influence on personal clinical outcomes. Studies reported
unadjusted and adjusted hazard ratio (HR) results, and the
adjusted HR results were adjusted by multiple factors
(including age, sex, and body mass index) in original research.
Therefore, we conducted merged HR analysis in the study. In
adjusted MACE-HR subgroup analysis, smokers had a lower
MACE incidence rate than nonsmokers (HR, 0.90; 95% CI,
0.82–0.98; P=0.01; Figure 21), but no difference was found in
unadjusted subgroup analysis (P=0.73). In unadjusted death-
HR subgroup analysis, smokers had a lower death incidence
rate than nonsmokers (HR, 0.52; 95% CI, 0.47–0.58; P<0.001;
Figure 22), whereas no difference was found in adjusted
subgroup analysis (P=0.28). No significant difference was
observed between smoking status and MI and stroke
incidence rate in unadjusted (MI: P=0.06) and adjusted (MI
and stroke: P=0.83 and P=0.43, respectively; Figures 23 and
24) subgroup analysis.

Figure 12. Forest plot of the effects of smoking status on death events in the race subgroup analysis.
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Sensitivity Analyses and Publication Bias
The exclusion of an individual study did not significantly
influence the pooled results and the conclusion in the
study. For MI, stroke, and MACE studies, no major

publication biases were found through the Egger’s test,
with P=0.16, P=0.10, and P=0.08, respectively. However,
for death studies, publication bias was observed through
the Egger’s test, with P=0.01. The funnel plot (Figure 25)

Figure 13. Forest plot of the effects of smoking status on bleeding events.

Figure 14. Forest plot of the effects of smoking status on bleeding events in the age subgroup analysis.
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indicated that studies of Siasos et al44 and Zhang et al36

might influence the bias because both of them were
small sample size studies (n=229 and n=600, respec-
tively).

Discussion

We noted that current smokers had a lower incidence of
MACEs and stroke events during the first year of follow-up

Figure 15. Forest plot of the effects of smoking status on bleeding events in the race subgroup analysis.

Figure 16. Forest plot of the effects of smoking status on major adverse cardiovascular events (MACEs).
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than did nonsmokers, especially with respect to patients
without PCI. Compared with nonsmokers, a16% reduction in
the MACE rate (OR, 0.84; 95% CI, 0.72–0.98; P=0.03) was
found among current smokers. Compared with nonsmokers

within 1 year of follow-up, stroke and MACE rates were
reduced by 18% (P=0.008) and 26% (P=0.02) in smokers,
respectively. For smoking patients without PCI, the stroke and
MACE rates were reduced by 20% (OR, 0.80; 95% CI, 0.66–

Figure 17. Forest plot of the effects of smoking status on major adverse cardiovascular events (MACEs) in patients with or
without percutaneous coronary intervention (PCI) in <1 year of follow-up.

Figure 18. Forest plot of the effects of smoking status on major adverse cardiovascular events in the age subgroup analysis.
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0.97; P=0.02) and 34% (OR, 0.66; 95% CI, 0.53–0.81;
P=0.0001), respectively. No significant difference in clinical
outcomes (MACEs) was observed between prasugrel, tica-
grelor, and clopidogrel in different smoking status (OR, 1.08;
95% CI, 0.95–1.23; P=0.24). No significant difference was
found in MI and bleeding event incidence between current
smokers and nonsmokers.

The study mainly included new points, as follows:

1. More patients were involved.
Compared with the previous meta-analyses (by Zhao
et al,53 including 7 studies with 66 706 patients; and
Gagne et al,55 including 9 studies with 74 489 patients),
this study involved additional 14 new studies from 2014 to
2018 and a total of 163 011 patients were analyzed.

2. Different outcome indicators were compared.
The meta-analyses conducted by Zhao et al53 and Gagne
et al55 only compared outcomes of MACE incidence. Zhao
et al53 showed that clopidogrel was associated with a 10%
reduction in MACE among noncurrent smokers, whereas

this clinical benefit was boosted by 2.9-fold in current
smokers. Gagne et al55 showed that clopidogrel was
associated with a 25% reduction in MACEs in smokers;
however, only an 8% reduction was found among non-
smokers. Ferreiro et al56 found that the reduction of
ischemic events and death was higher among patients
treated with clopidogrel in current smokers compared with
those who never smoked/ex-smokers, whereas no inter-
action between smoking status and study treatment was
observed for bleeding events. Thus, to comprehensively
estimate the influence of cigarette smoking, we compared
MI, stroke, death, bleeding, and MACEs according to
different smoking status in the ADP–P2Y12 receptor
inhibitor treatment groups. Compared with nonsmokers
within 1 year of follow-up, the reductions of stroke and
MACE rates were 18% and 26%, respectively, in the study.
No significant difference was found in MI and bleeding
event incidence between current smokers and nonsmok-
ers. The result indicated that the influence of smoking on
stroke incidence was more significant than that of MI and

Figure 19. Forest plot of the effects of smoking status on major adverse cardiovascular events in the race subgroup analysis.
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bleeding events. A 22% reduction in death event rate was
found among current smokers; however, as for the
unstable results and publication bias, more studies are
needed to verify our conclusion.

3. Different follow-up time was compared by subgroup
analysis.
Compared with never smokers, current smokers with a
recent minor stroke or transient ischemic attack had a
greater benefit in stroke prevention at 90 days since
clopidogrel intake.42 The meta-analysis conducted by Zhao
et al53 compared MACEs based on a mean follow-up time
of 11.2 months; and in the meta-analysis conducted by
Gagne et al,55 the follow-up time ranged from 30 days to
3 years. Thus, we aimed to explore the influence of
different follow-up times on the association between
smoking and clinical outcomes. The follow-up time was

divided into within 1 year and >1 year after taking P2Y12
receptor inhibitors into the study. Within the first year of
follow-up, we found a significant reduction in stroke and
MACEs among current smokers versus nonsmokers,
whereas no significant difference in the effectiveness
and safety outcomes was found between smokers and
nonsmokers at >1-year follow-up time. Thus, we concluded
that the difference in clinical outcomes between current
smokers and nonsmokers was predominantly found at an
early time point.

4. Influence of patients with or without PCI on the association
between the clinical outcomes and smoking.
A previous meta-analysis did not compare patients with or
without PCI; thus, we conducted a subgroup analysis to
determine the PCI influence on the association between
smoking and clinical outcomes. For smokers without PCI,

Figure 20. Forest plot of the effects of smoking status on major adverse cardiovascular events in patients taking different
drugs.

Table 3. Results From Meta-Regression

Outcomes Factors No. of Studies s2* I2† Adjusted R2, %‡ P Value t Value
Regression
Coefficient SEM 95% CI

MI Age 11 0 0 0 0.73 0.35 0.01 0.02 �0.03 to 0.05

Race 11 0 0 0 0.98 0.02 0.001 0.05 �0.11 to 0.11

MACE Age 13 0.01 56.35 �16.43 0.35 �0.97 �0.01 0.01 �0.04 to 0.02

Race 15 0.01 39.48 5.48 0.38 0.92 0.04 0.04 �0.005 to 0.12

Death Age 17 0 0 0 0.89 0.14 0.002 0.01 �0.03 to 0.03

Race 18 0.002 0 0 0.62 �0.05 �0.02 0.03 �0.09 to 0.06

Meta-regression with Knapp-Hartung modification. MACE indicates major adverse cardiovascular event; MI, myocardial infarction.
*REML (restricted maximum likelihood) estimate of between-study variance.
†Percentage residual variation attributable to heterogeneity.
‡Proportion of between-study variance explained.
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the stroke and MACE rates were reduced by 20% and 34%,
respectively. Meanwhile, no significant difference was
found in patients with PCI on the association between
stroke, MACEs, and smoking status. In line with the study,
other studies found that smokers have more P2Y12
receptor binding than nonsmokers among patients with
stable coronary artery disease57 and smokers do not modify
the bleeding outcomes in patients undergoing coronary
stenting.40 The results indicated that the difference in
clinical outcomes between different smokers after taking
antiplatelet drugs was more pronounced in patients without
PCI.

5. Different P2Y12 receptor inhibitors influence the associ-
ation between clinical outcomes and smoking status.
When comparing clopidogrel use, prasugrel was more
associated with an accentuated benefit in nonsmokers

than smokers,45 whereas Hochholzer et al58 found the
clinical treatment effects of clopidogrel versus prasugrel
were not affected by the smoking status at presentation.
Thus, with more studies involved, we compared the
influence of different P2Y12 receptor inhibitors on the
association between clinical outcomes and smoking. Three
studies45,49,50 using different P2Y12 receptor inhibitors that
reported MACE outcomes with different smoking status
were analyzed. However, no significant difference on MACE
rate was found between prasugrel, ticagrelor, and clopido-
grel in patients with different smoking status in this study.
Because of the limited research data, the relationship
between new P2Y12 receptor inhibitors and clinical out-
comes of different smoking status cannot be concluded yet.

6. Taking confounding covariates into account.
In the study, we found that current smokers were, on

Figure 21. Forest plot of combined hazard ratio (HR) on major adverse cardiovascular events
(MACEs) in unadjusted and adjusted subgroup analysis.
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average, 10 years younger than nonsmokers. Ashby
et al38 also found that the smoker’s paradox, in terms of
total mortality, disappeared in the current smokers after
they adjusted the results for differences (age, diabetes
mellitus, and systemic hypertension) in the baseline
variables. Thus, they speculated that the reason for this
paradox might be the fact that smokers are significantly
younger as a group and have fewer additional cardiac risk
factors, such as diabetes mellitus and systemic hyperten-
sion. However, Kodaira et al43 found that unadjusted in-
hospital mortality rate, general complication rate, and
bleeding complication rate were lower in smokers than in
nonsmokers. After adjustment, the trend persisted and
smoking was not associated with overall mortality and was
associated with lower overall and bleeding complication
events. Consequently, subgroup analyses and meta-

regression were conducted to determine the confounding
effect of age. In the subgroup analysis of age, patients
>63 years old had a significantly lower incidence of
bleeding events in current smokers versus nonsmokers,
whereas a lower incidence of MI events was found in
smokers <63 years old. In the meta-regression, age did
not significantly influence the association between clinical
outcomes and different smoking status (P>0.05). How-
ever, the age meta-regression analysis reflected the
between-study variance; we were unable to identify the
potential influence of age on personal clinical outcomes.
As the mean age of the studies was similar, no correlation
could be found in the meta-regression, even that there
might be a strong correlation between age and clinical
outcomes in each study. This is one of the problems of
integrating individual outcomes and is called aggregation

Figure 22. Forest plot of combined hazard ratio (HR) on death events in unadjusted and adjusted
subgroup analysis.
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bias, ecological bias, or ecological fallacy.54,59,60 Thus, we
conducted unadjusted/adjusted HR subgroup analyses in
the original research. In adjusted HR subgroup analysis,
smokers might have had a lower MACE incidence rate than
nonsmokers (P=0.01), but no difference was found in
unadjusted HR subgroup analysis (P=0.73).

On the basis of the above subgroup analyses, meta-
regression, and adjusted data analyses, we found that the
MACE rate of smokers was lower than that of nonsmokers.
However, because of the lack of original adjusted data,
smoker’s paradox still needs to consider the impact of age
and other covariates. We also hope that more studies can do
data comparison analyses after adjusting the results for
differences (eg, age) in the baseline variables to obtain more
reliable conclusions.

Conclusion
This systematic review and meta-analysis suggested that the
smoker’s paradox does exist, with better clinical efficacy and
safety of P2Y12 receptor inhibitors in current smokers,
especially for stroke and MACEs. However, because of the
lack of original adjusted data, smoker’s paradox still needs to
consider the impact of age and other covariates. No significant
difference was found in MI, bleeding event incidence, and
different P2Y12 receptor inhibitors between current smokers
and nonsmokers in the study. As for the unstable results and
publication bias in death event analysis, more studies are
needed to verify our conclusion. Moreover, on the basis of the
subanalysis, we noted that the difference in efficacy and safety
outcomes between current smokers and nonsmokers was
predominantly found at an early time point and was more

Figure 23. Forest plot of combined hazard ratio (HR) on myocardial infarction (MI) events in
unadjusted and adjusted subgroup analysis.
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pronounced in patients without PCI. Thus, a differential risk-
benefit evaluation should be considered, according to different
smoking status, patient conditions, and therapy time points.

Limitations
The definition of smoking was not consistent in some studies;
thus, the heterogeneity might be partially attributed to the
confounding effects of former smokers when comparing
smokers with nonsmokers. We hope that future studies can
clearly define smoking status and record the specific intake of
tobacco to better explore the effects of smoking on clinical
outcomes.

Because of the lack of original adjusted data, smoker’s
paradox still needs to consider the impact of age and other
covariates. We also hope that more studies can do data
comparison analyses after adjusting the results for differences

(eg, age) in the baseline variables to obtain more reliable
conclusions.
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Data S1.  

 

Search strategies in PubMed  

PubMed: 379 results, from inception to June 15, 2018. 

((("clopidogrel"[Supplementary Concept] OR "clopidogrel"[All Fields]) AND 

exp[All Fields]) OR ("clopidogrel"[Supplementary Concept] OR "clopidogrel"[All 

Fields]) OR (("prasugrel hydrochloride"[MeSH Terms] OR ("prasugrel"[All Fields] 

AND "hydrochloride"[All Fields]) OR "prasugrel hydrochloride"[All Fields] OR 

"prasugrel"[All Fields]) AND exp[All Fields]) OR ("prasugrel hydrochloride"[MeSH 

Terms] OR ("prasugrel"[All Fields] AND "hydrochloride"[All Fields]) OR "prasugrel 

hydrochloride"[All Fields] OR "prasugrel"[All Fields]) OR 

(("Ticagrelor"[Supplementary Concept] OR "Ticagrelor"[All Fields] OR 

"ticagrelor"[All Fields]) AND exp[All Fields]) OR ("Ticagrelor"[Supplementary 

Concept] OR "Ticagrelor"[All Fields] OR "ticagrelor"[All Fields]) OR p2y12[All 

Fields]) AND ((("smoking"[MeSH Terms] OR "smoking"[All Fields]) AND exp[All 

Fields]) OR ("smoking"[MeSH Terms] OR "smoking"[All Fields]) OR 

(("tobacco"[MeSH Terms] OR "tobacco"[All Fields] OR "tobacco products"[MeSH 

Terms] OR ("tobacco"[All Fields] AND "products"[All Fields]) OR "tobacco 

products"[All Fields]) AND exp[All Fields]) OR ("tobacco"[MeSH Terms] OR 

"tobacco"[All Fields] OR "tobacco products"[MeSH Terms] OR ("tobacco"[All Fields] 

AND "products"[All Fields]) OR "tobacco products"[All Fields])) 

 



 

 

Table S1. Quality assessment of the included studies using the Newcastle–Ottawa scale. 

 

Studies  Selection Comparability Outcome ascertainment Scales 

 Representativeness 

of the cases 

Selection of 

Controls 

Is the case 

definition 

adequate? 

Definition 

of 

Controls 

Comparability of cases 

and controls on the basis 

of the design or analyses 

 Ascertain

ment of 

exposure 

Non-

Response 

rate 

Same method of 

ascertainment 

for cases and 

controls 

 

Matthew 

Sibbald, 2010 

[1] 

1 1 1 1 1 1 1 1 8 

Si-Hyuck 

Kang, 2013 [2] 

1 1 1 0 1 1 1 1 7 

Mingyu Zhang, 

2016 [3] 

1 1 1 1 1 1 1 1 8 

Hack-Lyoung 

Kim, 2014 [4] 

1 1 1 1 1 1 1 1 8 



 

 

Studies  Selection Comparability Outcome ascertainment Scales 

Qian Zhang, 

2017 [5] 

1 1 1 0 1 1 1 1 7 

Dale T. Ashby, 

2002 [6] 

1 1 1 0 1 1 1 0 6 

Nigel S. Tan, 

2014 [7] 

1 1 0 0 1 1 0 1 5 

Marianna 

Adamo, 2015 

[8] 

1 1 0 0 1 1 1 1 6 

Matthias 

Bossard, 2017 

[9] 

1 1 1 0 1 1 0 1 6 



 

 

Studies  Selection Comparability Outcome ascertainment Scales 

Bruce 

Ovbiagele, 

2017 [10] 

1 1 1 0 1 1 0 1 6 

Masaki 

Kodaira, 2016 

[11] 

1 1 1 0 1 1 0 1 6 

Gerasimos 

Siasos, 2016 

[12] 

1 1 1 1 1 1 1 1 8 

Jaya 

Chandrasekhar

, 2015 [13] 

1 1 0 0 1 1 1 1 6 



 

 

Studies  Selection Comparability Outcome ascertainment Scales 

Kohei 

Wakabayashi, 

2011 [14] 

1 1 1 1 1 1 0 1 7 

José L. 

Ferreiro,  

2014 [15] 

1 1 0 0 1 1 1 1 6 

Min-Ho Lee, 

2016 [16] 

1 1 1 0 1 1 1 1 7 

Jan H. Cornel, 

2014 [17] 

1 1 1 0 1 1 1 1 7 

Nihar R. Desai, 

2009 [18] 

1 1 1 0 1 1 1 1 7 



 

 

Studies  Selection Comparability Outcome ascertainment Scales 

Jan H. Cornel, 

2012 [19] 

1 1 1 0 1 1 1 1 7 

Giovani 

Ciccarelli, 

2017 [20] 

1 1 0 0 1 1 1 1 6 

Jeffrey S. 

Berger, 2009 

[21] 

1 1 1 0 1 1 1 1 7 

Giora Weisz, 

2013 [22] 

1 1 1 0 1 1 1 1 7 
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