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Abstract \
Background: Stroke is one of the leading causes of death and disability for adult men and women worldwide, and a number of |

studies have explored the influences of smoking on stroke. However, few studies have discussed the relationship between stroke
and smoking with consideration of the following factors: sex, the number of cigarettes smoked per day, stroke subtype, and the
follow-up duration. Consequently, we aimed to extend previous work by using a systematic review to explore the relationship
between stroke and cigarette smoking in reference to the above factors.

Methods: A systematic review was conducted using the PubMed, Embase, and Cochrane Central Register databases and the
following search criteria: [“stroke” (MeSH) and “smoking” (MeSH)]. All analyses were conducted with Stata, and funnel plots and
Egger regression asymmetry tests were used to assess publication bias.

Results: The meta-analysis included 14 studies involving 303134 subjects. According to the meta-analysis, smokers had an overall
increased risk of stroke compared with nonsmokers, with a pooled odds ratio (OR) of 1.61 (95% confidence interval [Cl]: 1.34-1.93,
P <.001). A subgroup analysis conducted based on smoking status revealed ORs of 1.92 (95% Cl: 1.49-2.48) for current smokers
and 1.30 (95% Cl: 0.93-1.81) for former smokers. In addition, the relationship between stroke of any type and smoking status was
also statistically significant; current smokers had an increased risk of stoke compared with nonsmokers (OR: 1.46, 95% Cl: 1.04—
2.07, P<.001), which was influenced by sex (men: OR: 1.54, 95% Cl: 1.11-2.13, P=.002; women: OR: 1.88, 95% Cl: 1.45-2.44,
P <.023). From the analysis, we also observed that passive smoking increased the overall risk of stroke by 45% (OR: 1.45, 95% Cl:
1.0-2.11, P<.05). Based on the dose-response meta-analysis, the risk of stroke increased by 12% for each increment of 5
cigarettes per day.

Abbreviations: Cl = confidence interval, HS = hemorrhagic stroke, IS = ischaemic stroke, OR = odds ratio, RR = risk ratio.
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1. Introduction

Stroke, known as an acute cerebrovascular event closely related
to brain tissue injury, is one of the leading causes of death and
disability for adult men and women worldwide.!'! According to
World Health Organization reports, every year, approximately
15 million people have a stroke,?! leading to a substantial
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economic burden. Stroke can be divided into different subtypes:
87% are classified as ischaemic stroke (IS), 10% are classified as
intracerebral hemorrhagic stroke (HS), and the remaining 3% are
classified as subarachnoid HS."®! Epidemiological studies have
revealed that there are sex differences in stroke and that the
burden from stroke in women was on the rise in Eastern Europe
(post-socialist countries).*!

Smoking is prevalent all over the world, especially among
youth and in developing countries.”! Although policies using
different measures have successfully encouraged people to quit
smoking, the absolute global number of smokers has increased
because of population growth.!®! According to the Centers for
Disease Control and Prevention (CDC), their most recent data
indicated that 20.8% of the US adult population smokes.'*”! Low
nicotine-content cigarettes are generally believed to be relatively
safe regarding the health effects.!®! However, smoking is still one
of the most important risk factors for stroke, and previous studies
have revealed a strong dose-dependent relationship between
smoking and the risk of IS.I”>*1% Other studies have also revealed
that smoking has a close relationship with inflammatory factors,
which play an important role in stroke pathogenesis.'’~"3!

In recent years, a number of studies have been conducted to
explore the influences of smoking on stroke;"15! however, few
studies have been conducted to explore the relationship between
stroke and smoking with consideration of the following factors:
sex, the number of cigarettes per day, stroke subtype, follow-up
duration, and so on. Consequently, we aimed to extend the
previous work by using a systematic review to explore the
relationship between stroke and cigarette smoking in reference to
the above factors.
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2. Methods

2.1. Ethics statement

As all analyses were based on previously published studies, and
no ethical approval or patient consent was required.

2.2. Search strategy

We conducted a systematic review using the PubMed, Embase,
and Cochrane Central Register databases and the following
search criteria [“stroke” (MeSH) and “smoking” (MeSH)]. The
search was limited to studies published between January 1, 1980,
and June 1,2018. The studies must have included human subjects
and must have been published in English. Furthermore, the
references of the retrieved articles were manually searched for
additional studies.

2.3. Selection criteria and data extraction

To meet the inclusion criteria, the original research should meet
the following criteria.

1. The study was a case—control, cross-sectional, cohort or nested
case—control design.

2. The study analyzed the relationship between smoking and
stroke, and stroke was one of the endpoints of the results.

3. The relative risk ratios (RRs) and 95% confidence intervals
(CIs) of the relationship between smoking and stroke were
provided in the publication.

4. The overall risk of stroke (all types), as well as the risk of IS or
HS, were reported as the outcomes of interest.

We excluded letters, comments, reviews, meta-analyses,
ecological studies, and experimental studies.

2.4. Data extraction

For the included studies, we extracted the following information:
the first author’s name, the publication year, the country of the
study population, the average age of the participants, the sample
size, the smoking status of the participants, the follow-up
duration, the number of stroke events, the odds ratios (ORs) and
corresponding 95% ClIs of stroke based on smoking status, and
the covariates adjusted for in the statistical analysis. Two
investigators, XJ and BQP, extracted the data independently; any
disagreements they were resolved by discussion with a third
investigator (MWQ).

2.5, Statistical analysis

RRsand 95% CIs were considered measures of effect size, and ORs
and hazard ratios (HRs) were considered equal to RRs in view of
the low incidence rates. Pooled risk estimates were performed
based on smoking status. The number of cigarettes was divided
into different categories across studies, and the mean or median
number of cigarettes in each category was extracted. If the mean or
median was not provided, the midpoint of each category was
extracted. If the upper boundary of the highest category was not
provided, we considered 1.2 times its lower boundary as the
midpoint. If the lower boundary of the lowest category was not
provided, we considered it to be 0. Heterogeneity was evaluated by
the Q-test statistic. We performed a subgroup meta-analysis
stratified by age, stroke subtype, and study sample size. Funnel
plots and Egger regression asymmetry tests were used to assess
publication bias. All analyses were conducted by Stata (version
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12.0, StataCorp, College Station, TX). The significance level in this
meta-analysis was set as 0.05.

3. Results

3.1. Study selection

In the initial search, a total of 486 studies were identified. After
removing the duplicates, 108 studies remained and needed to be
further evaluated. Sixty-eight studies were removed after reading
the abstracts and titles. We excluded 26 studies for the following
reasons: 14 studies did not report the relevant data (such as ORs)
on smoking and stroke; 4 studies were commentaries, letters or
editorials; and 8 studies did not evaluate the relationship between
stroke and smoking status. For the final meta-analysis, 14 studies
met the inclusion criterion and were included (Fig. 1).

3.2. Characteristics of the selected studies

A total of 14 studies including 303134 participants met the
inclusion criteria, and 4050 stroke events were identified in the
included studies (Table 1). Among the included studies, 9
studies!! #1723l were prospective cohort studies, 4 studies!>'5-*25!
were case-control studies and 1 study®® was a cross-sectional
study. The publication years of the included studies were between
1988 and 2018. The sample sizes of the selected studies ranged
from 1070 to 118539 participants. The average follow-up period
ranged from 2 to 18 years. Four studies!™!*?1??! evaluated only
men, 5 studies!!”?%232%2¢1 evaluated only women, and $§
studies! 7202324261 included both men and women. Twelve
studies defined former smokers and current smokers, and 2 studies
did not refer to former smokers in the publications. In addition,
among the included studies, 10 studies!!*8:21-23:25:261 eyalyated
the relationship between smoking and overall stroke (stroke of any
type), 2 studies!'**% evaluated only IS, and 2 studies!”** evaluated
only HS. Most of the included studies adjusted for potential
confounding factors, including age, race, education, hypertension,
alcohol use, and exercise.

3.3. Smoking and overall risk of stroke

The pooled OR for the relationship between current smoking and
the risk of stroke is shown in Figure 3. Smokers had an increased
risk of overall stroke compared with nonsmokers, with a pooled
OR of 1.61 (95% CI: 1.34-1.93). A subgroup analysis was
conducted based on smoking status: the ORs were 1.92 (95% CIL:
1.49-2.48) for current smokers and 1.30 (95% CI: 0.93-1.81)
for former smokers. Significant statistical heterogeneity was
noted in the studies reporting ORs for overall stroke (I*=88.0%,
P<.001), and a random-effects model was used in this meta-
analysis (Fig. 2).

3.4. Stratified analysis

To better explore the sources of heterogeneity between studies
and the relationship between smoking and stroke, a stratified
analysis was conducted based on effect modifiers or confounding
factors. Based on the stratified analysis, the incidence rate of
overall stroke increased in all the included subgroups. However,
we did not find that sex significantly influenced the relationship
between smoking and IS or HS. Furthermore, we found that the
follow-up duration can significantly influence the observed
relationship between smoking and stroke (Table 2).
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Figure 1. Flow chart for the process of selecting eligible publications.

3.5. Former smoking and overall risk of stroke

According to the stratified analysis, the relationship between
stroke of any type and current smoking was statistically
significant; current smokers had an increased risk of stoke
compared with nonsmokers (OR: 1.46, 95% CI: 1.04-2.07,
P <.001), which was influenced by sex (men: OR: 1.54, 95% CI:
1.11-2.13, P=.002; women: OR: 1.88, 95% CI: 1.45-2.44,
P <.023). However, we did not obtain the same results with
overall stroke in former smokers versus nonsmokers (OR: 1.38,
95% CI: 0.99-1.92, P <.001), which did not change with sex. In
former smokers, the ORs were 0.97 (95% CI: 0.68-1.39,

P=.025) and 1.18 (95% CI: 0.72-1.92) for men and women,
respectively (Fig. 3).

3.6. A dose-dependent relationship between current
smoking and stroke

Among the included studies, 7 reported the details of the
relationship between the number of cigarettes smoked and
the incidence of stroke. In the dose-response meta-analysis, the
non-linear association between cigarette smoking and stroke
was non-significant (P for nonlinearity=.729). A linear

The basic characteristics of the included studies.

Study Sample Mean Smoking status Study Number of

Study setting Study design size age, yr determination Sex period  Stroke type stroke cases
Markidan 2018 USA case-control study 1145 15-49  NR men 4 IS NR
Hou 2017!'®! China case-control study 32410 64.7+10.5 questionnaire men and women 2 all-type strokes NR

Xu 201314 Hong Kong  prospective cohort study 66820 NR telephone interview ~ men and women 11 to 14 all-type strokes 648
Tse 201218 China prospective cohort study 26607 NR questionnaire men and women ~ 11.6  all-type strokes 1108
He 2008%°! China cross-sectional study 1209  66.5+5.9 interview women NR  alltype strokes 172
Bhat 200824 USA case-control study 1070 15-49  face-to-face interview women 4 18 466

Lu 2008"") Sweden prospective cohort study 45449  30-50  questionnaires women 114 all-type strokes 170
Mannami 20048 Japan prospective cohort study 54498 40-59  questionnaires men and women ~ 11.0  all-type strokes 702
Kurth 2003 (men)('®  USA prospective cohort study 22067  40-84  questionnaires men 178 HS 139
Kurth 2003 (women)®® USA prospective cohort study 39783  40-84  questionnaires women 9 HS 70
Yamagishi 2003%"! Japan prospective cohort study 3626 40-69  NR men 143 total stroke 257
Bonita 199912° New Zealand case-control study 2372 35-74  questionnaire men and women 18 all-type strokes NR
Haheim 199612 Norway prospective cohort study 16209  40-49  questionnaire men 18 all-type strokes 78
Bonita 19881% USA prospective cohort study 118539  30-55  questionnaire women 8  all-type strokes 240

HS =hemorrhagic stroke, IS=ischaemic stroke, NR=not reported.
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Study %
ID OR (95% ClI) Weight
current smokers :
Markidan2018 -:-0— 1.88(1.44,244) 566
Hou2017 1.07(0.99,1.17) 6.32
Xu2013 —— 1.39(1.18,1.63) 6.10
He2008 g — 165(1.03,267) 449
Bhat2008 JR—— 230(1.70,3.00) 556
Lu2008 | s 260(1.70,4.10) 4569
Kurth2003 (men) — 1.87(0.68,5.11) 220
Kurth2003(women) W 206(0.79,5.38) 235
YAMAGISHI2003 — 1.10(0.70,1.70) 467
Bonita1999 | —— 345(1.84,646) 3.68
Haheim1996 | —— 410(2.30,7.40) 3.90
Bonita1988 :—o— 250 (1.60,3.80) 474
Subtotal (l-squared =87.8%, p =0.000) .<> 1.92(1.49,248) 5437
- ]
former smokers :
Markidan2018 —0-{— 142(1.01,199) 526
Xu2013 - : 1.13(0.99,1.29) 6.19
Bhat2008 —— 1.00(0.70, 1.40) 522
Lu2008 —_— 1.60(1.00,2.30) 4.83
Kurth2003 (men) ——t : 0.72(0.49,1.06) 5.00
Kurth2003(women) — e 1.02(058,1.81) 398
YAMAGISHI2003 —_— 0.80(0.50,1.30) 448
Bonita1999 : —+—  414(304,563) 543
Bonita1988 + 150(1.10,220) 522
Subtotal (I-squared = 89.5%, p = 0.000) —> 1.30(0.93,1.81) 4563
. ]
Overall (I-squared = 88.0%, p =0.000) Q} 1.61(1.34,1.93) 100.00
NOTE: Weights are fr?m random effects analysif ' :

135 1 74

Figure 2. Adjusted relative risk of overall stroke for current smokers compared with former smokers.

elevation in stroke incidence was observed when cigarette
consumption increased, and the risk of stroke was increased by
12% for each increment of 5 cigarettes per day (95% CI: 0.01,
0.02, P<.001) (Fig. 4).

3.7. Passive smoking and risk of stroke

From the analysis, we also observed that passive smoking can
increase the overall risk of stroke by 45% (OR: 1.45, 95% CI:
1.0-2.11) compared with no current exposure to passive

smoking, and this difference in risk was statistically significant
(P<.05).

3.8. Publication bias

To evaluate the publication bias, funnel plots and Egger
regression asymmetry tests were used. A funnel diagram did
not show symmetry, which meant that publication bias existed in
this meta-analysis. Consequently, a trim-and-fill method was
conducted to evaluate the sensitivity, which hypothetically
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Study %
ID OR (95% Cl) Weight
both -
Xu2013 - 139(1.18,163) 1283
Bonita1999 ; —— 414(304,563) 1188
Subtotal (I-squared = 97.4%, p = 0.000) ——TT e 238(082,693) 2471
men -
Tse2012 —— 135(1.00,1.81) 1197
Mannami2004 —— 0.82(0.65,1.04) 1241
YAMAGISHI2003 ——— 0.80(050,1.30)  10.40
Subtotal (--squared = 72.8%, p = 0.025) <> 0.97(0.68,1.39) 3478
women :
Tse2012 - : 0.86 (0.45,1.65) 8.80
Lu2008 L 160(1.00,230) 10.96
Bonita1988 P N—— 150(1.10,220) 1157
Mannami2004 _— 147(0.80,270) 9.18
Subtotal (I-squared = 0.0%, p = 0.438) <> 142(1.13,179) 4051
Overall (--squared = 89.4%, p = 0.000) i 1.38(0.99,1.92)  100.00
NOTE: Weights are from random effects analysis

| |

144 1 6.93

Figure 3. Adjusted relative risk of overall stroke for former smokers compared with nonsmokers.

Stratified analysis of the pooled odds ratio of stroke or current smokers.

Total stroke HS IS
Stratified analysis Number of studies Pooled OR (95% Cl) P value Pooled OR (95% Cl) P value Pooled OR (95% Cl) P value
Sex
men 4 1.54 (1.11, 2.13) .002 1.23 (0.87, 1.75) 323 1.60 (1.38, 1.85) 415
women 5 1.88 (1.45, 2.44) .023 1.23 (0.92, 1.64) .622 1.70 (1.37, 2.12) 477
both 3 1.46 (1.04, 2.07) P<.001 1.41 (0.80, 2.51) P<.001 1.25 (0.84, 1.86) .093
Follow-up period
>10 years 3 2.08 (1.45, 2.99) P<.001 1.56 (1.04, 2.33) 196 1.71 (1.13, 2.60) 158
<10 years 3 1.59 (0.69, 3.65) P<.001 1.24 (0.74, 2.10) 191 1.41 (0.82, 2.42) P<.001
Sample size
more than 10000 9 1.63 (1.33, 1.99) P<.001 1.38 (1.07, 1.77) .002 1.77 (1.37, 2.28) P<.001
less than 10000 3 1.76 (1.02, 3.05) 014 0.91 (0.51, 1.62) 449 1.81 (1.43, 2.29) 152
Smoker types
current smokers 12 1.92 (1.49, 2.48) P<.001 1.36 (0.98, 1.90) .002 1.66 (1.23, 2.24) P<.001
former smokers 9 1.30 (0.93, 1.81) P<.001 1.00 (0.73, 1.37) .078 1.28 (1.07, 1.54) 377

Cl=confidence interval, HR=hazard ratios, HS=hemorrhagic stroke, IS=ischaemic stroke, RR=risk ratios.
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Figure 4. Linear dose-dependent relationship between number of cigarettes
smoked per day and the relative risk of stroke among all subjects.

imputed 8 negative and unpublished studies that were missing
from the initial analysis (Fig. 5).

4. Discussion

In this meta-analysis, we found an increased risk of stroke in
smokers compared with nonsmokers, which was consistent with
previous studies. An increased risk of stroke associated with
current smoking was observed in most subgroups. In addition,
there was a dose-dependent relationship between current
smoking status and the overall risk of stroke, and the risk was
increased by 12% for each increment of 5 cigarettes per day.
However, we did not obtain the same results for the relationship
between overall stroke and former smokers (OR: 1.38, 95% CI:

Filled funnel plot with pseudo 95% confidence limits
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Figure 5. Filled funnel plot for smoking and the overall risk of stroke.
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0.99-1.92, P<.001). According to the stratified analysis, there
was a relationship between overall stroke and current smoking
status regardless of sex, follow-up duration or study sample size.
However, we did not obtain the same results with the HS and IS
subgroups. The above factors investigated in this study
significantly influenced the results.

Although several meta-analyses have evaluated the relation-
ship between smoking and stroke,?”?°! our meta-analysis
provides new information and implications. Compared with
the meta-analysis published in 1989, our meta-analysis updated
the included studies and performed subgroup analysis based on
smoking status.’*”) Another meta-analysis published in 2011 only
discussed the association between second-hand smoke exposure
and stroke,?®! and the meta-analysis published in 2018 mainly
discussed the association of low cigarette consumption and the
risk of coronary heart disease and stroke.!*”! For the previous
cohort studies, most of the studies only considered 1 confounding
factor.!”>!52%3% In our meta-analysis, we performed subgroup
analysis with consideration of the following factors sex, the
number of cigarettes smoked per day, stroke subtype, follow-up
duration, and smoking status. We also performed a dose-
response analysis between the number of cigarettes per day and
the risk of stroke. According to the results of the meta-analysis,
we can conclude that current smokers have a relationship with
the risk of stroke, which was consistent with finding from
previous studies. However, in this meta-analysis, we did not find
an association between former smokers and the incidence of
stroke, indicating that quitting smoking has a positive effect on
the incidence of stroke. This result highlights the benefits of
smoking cessation on stoke outcomes.

In this meta-analysis, minor differences were observed between
sexes. In the subgroup analysis, we found that there was a greater
risk of stroke for women. Earlier studies also revealed a strong
dose-dependent relationship between smoking and stroke among
women.?>?* Current use of oral contraceptives and a higher
dose of harmful chemicals per unit of body mass may contribute
to these results. In addition, we observed that current smoking is
related to the occurrence of stroke of any type. The idea that there
is a population of ex-smokers who started smoking again and
are actually current smokers cannot be neglected. Moreover,
passive smoking can also increase the risk of stroke; consequent-
ly, people living in an environment with smokers should also be
considered.

The mechanism by which passive smoking can increase the risk
of stroke has been reported in many studies. Passive smoking can
lead to carotid atherosclerosis,*'! and the levels of homocysteine,
fibrinogen, and oxidized low-density lipoprotein cholesterol can
also be elevated by smoking.””*3*! Epidemiological studies have
concluded that smoking can increase the risk of sudden cardiac
death.”3" A meta-analysis also revealed that smoking was
associated with an increased risk of atrial fibrillation in a
dose-dependent manner.**  Additionally, smoking has also
proven to be related to diabetes, high blood pressure, and
elevated resting heart rate, which are all risk factors for
stroke.?>3% Furthermore, smoking plays a possible role in some
genetic diseases, such as Fabry disease, which can impair the
central nervous system and lead to cerebral infarction and
transient ischaemic attack.*®3” The key strength of the present
study is that it explored the relationship between stroke and
smoking from different aspects. From this meta-analysis, we can
conclude that passive smokers and ex-smokers have a higher risk
of stroke than nonsmokers do. In addition, the relationship
between smoking and stroke can also be influenced by sex.
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4.1. Limitations

Limitations also exist in this study. First, heterogeneity was
observed in this meta-analysis, resulting from different character-
istics of the participants and inconsistent definitions of outcome
measures. To decrease the publication bias, stratified analyses
were conducted. Second, the trim-and-fill method was used,
which can estimate the number of unpublished and grey literature
studies and suggested that the association was not affected by
unpublished negative studies. Third, stroke can be divided into
different subtypes. In this meta-analysis, however, we discussed
only IS and HS. HS can be further subdivided into intracerebral
HS and subarachnoid HS; however, because of limited informa-
tion, we did not perform further analyses on the HS subtypes.

4.2. Future directions

Stroke can be divided into subtypes; however, most of the
included studies discussed only IS and HS. HS can be subdivided
into intracerebral HS and subarachnoid HS, and further analysis
may be performed between the subtypes of HS in future studies.
In addition, this meta-analysis indicated that former smokers did
not show a higher risk of stroke; however, further studies should
be conducted among former smokers to determine whether the
duration of smoking cessation affects the current risk of stroke.

5. Conclusion

From this meta-analysis, we can conclude that stroke has a dose-
dependent relationship with smoking, regardless of status as a
current smoker or passive smoker. In addition, there was a
relationship between stroke of any type and current smoking
status regardless of sex, follow-up duration or study sample size.
However, in this meta-analysis, we did not find an association
between former smokers and the incidence of stroke, indicating
that quitting smoking has a positive effect on the incidence of
stroke.

Additionally, there are still some potential confounders due to
lack of information; consequently, additional studies with larger
sample sizes and more detailed information are needed for further
clarification.
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