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Smoking is Not a Good Prognostic Factor following

First-Ever Acute Ischemic Stroke

Ju-Hun Lee, Ju Young Lee, So Hyun Ahn, Min Uk Jang, Mi Sun Oh, Chul-Ho Kim, Kyung-Ho Yu,

Byung-Chul Lee

Department of Neurology, Hallym University Medical Center, Hallym Neurological Institute, Hallym University College of Medicine, Anyang, Korea

Background and Purpose There is evidence that smoking increases stroke risk; however,
the effect of smoking on functional outcome after stroke is unclear. The aim of this study
was to explore the effect of smoking status on outcome following acute ischemic stroke.
Methods We assessed 1,117 patients with first-ever acute cerebral infarction and no pre-
stroke disability whose functional outcome was measured after three months. A poor out-
come was defined as a modified Rankin Scale score of 2. Smoking within one month prior
to admission was defined as current smoking. Our analysis included demographics, vascular
risk factors, initial National Institutes of Health Stroke Scale (NIHSS) score, stroke subtype,
onset-to-admission time, thrombolytic therapy, initial blood pressure, and prognostic blood
parameters as covariates.

Results At baseline, current smokers were predominantly male, approximately 10 years
younger than non-smokers (mean age, 58.6 vs. 68.3 years), and less likely to have hyperten-
sion and atrial fibrillation (53.9% vs. 65.4% and 8.7% vs. 25.9%, respectively), with a lower
mean NIHSS score (4.6 vs. 5.7). The univariate analyses revealed that current smokers had a
better functional outcome and significantly fewer deaths at three months follow-up when
compared with non-smokers (functional outcome: 64.0% vs. 58.4%, P=0.082; deaths: 3.0%
vs. 8.4%, P=0.001); however, these effects disappeared after adjusting for covariates
(P=0.168 and P=0.627, respectively).

Conclusions In this study, smoking was not associated with a good functional outcome,
which does not support the paradoxical benefit of smoking on functional outcome follow-
ing acute ischemic stroke.
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Introduction

Smoking is a modifiable and established risk factor for stroke."
The age-standardized prevalence of current smoking in Korean
adults is substantially high when compared with the US popula-
tion, in particular in men (48.1% of Korean men vs. 21.2% of US
men).** The population attributable risk of smoking for stroke is
also high in Korean men (26.5%).* Therefore, antismoking cam-

paigns are an important health-related intervention for stroke
prevention in Korea.

Despite the increased risk of stroke from smoking, there is de-
bate regarding its effect on functional outcome following acute
ischemic stroke. Current smoking prior to stroke is a poor** or
neutral prognostic factor according to the results of some stud-
ies.”"? Surprisingly, smoking has been reported as a beneficial

prognostic factor in acute ischemic stroke.'*"” It is postulated that
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chronic exposure to smoking or nicotine may promote angiogen-
esis or ischemic preconditioning with enhanced collateral flows.
In addition, there might be a greater susceptibility to spontane-
ous or therapeutic thrombolysis of cerebral thrombi in smokers.
Due to these conflicting results, we aimed to explore whether
cigarette smoking was independently associated with the func-
tional outcome of patients after acute ischemic stroke using our
prospective registry database. In addition, we investigated wheth-
er any smoking effect differed across subgroups, including isch-

emic stroke subtypes.

Methods
Study design and subjects

Subjects were consecutive patients with first-ever ischemic
stroke and without previous functional disability (modified
Rankin Scale [mRS] score > 1) who were admitted to Hallym
University Medical Center within 7 days of symptom onset be-
tween October 2007 and July 2012. The data were populated
from the Hallym Stroke Registry, a prospective hospital-based
stroke database. The Institutional Review Board of Hallym Uni-
versity Medical Center approved the stroke registry and waiver
of informed consent from registered patients. Patient informa-
tion was anonymized and de-identified prior to analysis. Of the
1,248 patients who met our inclusion criteria, we excluded 131
patients (10.5%) because they did not have 3-month functional
outcome data. Therefore, 1,117 subjects were included in the

outcome analysis.

Smoking status and covariate factors

We defined current smokers as those with any history of smok-
ing within one month prior to index stroke. We subdivided non-
smokers into former-smokers and never-smokers. Former-smok-
ers did not smoke at least one month before the index stroke and
never-smokers were those with no smoking history.

We included the following covariates in our analysis: demo-
graphics, body mass index (BMI), vascular risk factors, initial Na-
tional Institutes of Health Stroke Scale (NTHSS) score, stroke
subtype (according to Trial of ORG 10172 in Acute Stroke Treat-
ment [TOAST] criteria), onset-to-admission time, tissue plas-
minogen activator (tPA) therapy, mean value of initial systolic
blood pressure (systolic BP), and prognostic blood parameters
including blood glucose, low density lipoprotein (LDL) choles-
terol, white blood cell (WBC) count, and hemoglobin count.
Blood glucose and LDL cholesterol were measured in a fasting
state during the first morning after admission.

Hypertension was assigned based on the presence of one or

more of the following: history of hypertension and antihyperten-
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sive medication, repeated BP measurements > 140/90 mmHg at
1 week intervals, or evidence of hypertensive damage on echocar-
diogram. Diabetes was assigned if there was a history of diabetes
mellitus while also receiving anti-hyperglycemic therapy, fasting
blood glucose level > 126 mg/dL, or postprandial blood glucose
level >200 mg/dL. Hyperlipidemia was assigned if there was a
history of hyperlipidemia with concurrent pharmacotherapy or
fasting LDL cholesterol level > 160 mg/dL (or total cholesterol
> 240 mg/dL if LDL was not available).

Outcome assessment

Functional outcome and death were assessed at three months
after stroke through face-to-face or telephone interview with pa-
tients or caregivers. Functional outcome was measured by mRS.

A poor functional outcome was defined as an mRS score >2.

Statistical analysis

We compared the baseline characteristics of current smokers
with non-smokers, former-smokers, and never-smokers (Table
1). We also compared the baseline characteristics of patients
with a 3 month post-stroke mRS score available and those lost to
follow-up (Supplementary Table 1). The ¥’ test and ¢ test were
used for categorical and continuous variables, respectively. NI-
HSS scores were split into quartiles. We divided BMI into high
(225 kg/m?), normal (<25 but >20 kg/m?*), and low BMI
(<20kg/m?).

Univariate and binary logistic regression analyses were used
to determine the association between smoking status and func-
tional outcome at three months. All variables in the univariate
analysis were included in the multivariate analysis because they
were potential prognostic factors. Small vessel disease was re-
garded as the reference among stroke subtypes. Those with un-
determined and other determined stroke subtypes were not in-
cluded in the univariate and multivariate analyses.

We also evaluated the effect of smoking through subgroup
analysis of sex, age, stroke subtype, risk factors (hypertension,
diabetes mellitus, hyperlipidemia, and atrial fibrillation), BMI,
and tPA therapy.

We excluded the cases with missing data from all analyses. The
significance level was set at P < 0.05 for all statistical analyses.

Results

Baseline characteristics

The 1,117 patients included 639 men (57.2%) and 487 wom-
en with a mean age of 65.3 (+ 13.5) years. Median NIHSS was 3
(interquartile range 1-7). Mean onset-to-admission time was
28.6 (£37.1) hours. Data for atrial fibrillation were missing in 3

http://dx.doi.org/10.5853/j0s.2015.17.2.177
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Baseline characteristics according to smoking habit
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Current smokers

Non-smokers

Former smokers Never-smokers

Parameters =336 noT777 Pvalue nZ1% Pvalue’ 651 Pvalue’
Onsst-to-admission time (hour), (mean + SD) 286+37.2 286+37.2 0974 239(30.5) 0.167 295+383 0.749
Males, n (%) 308(91.7) 328(42.2) <0.001 119(94.4) 0.315 209(32.1) <0.001
Age (mean+SD) 58.6+128 68.3+127 <0.001 67.1(11.4) <0.001 685+129 <0.001
Body mass index (kg/m?), (mean+ SD) 23.7+30 23.7+3.3 0.821 24.2(3.1) 0.098 236+3.3 0.833
High BMI (>25), n (%) 108(32.9) 246 (32.7) 0.988 45(36.9) 0.670 201(31.9) 0913
Normal BMI, n (%) 187 (57.0) 428(56.9) 67 (54.9) 361(57.3)
Low BMI (< 20), n (%) 33(10.1) 78(10.4) 10(8.2) 68(10.8)
Hypertension, n (%) 181(53.9) 508 (65.4) <0.001 85(67.5) 0.008 423 (65.0) <0.001
Diabetes Mellitus, n (%) 99(29.5) 230(29.6) 0.963 41(325) 0522 189(29.0) 0.999
Hyperlipidemia, n (%) 107 (31.8) 225(29.0) 0.334 42(33.3) 0.761 183(28.1) 0.427
Atrial fibrillation, n (%) 29(87) 201(25.9) <0.001 27(216) <0.001 174 (26.8) <0.001
Stroke subtype, n (%)
Large artery disease 123(36.6) 215(27.7) <0.001 42(33.3) 0.034 173(26.6) <0.001
Small vessel disease 121(36.0) 238(30.6) 32(254) 206(31.6)
Cardioembolism 46(13.7) 196(25.2) 23(18.3) 173(26.6)
Undetermined 28(8.4) 81(10.4) 19(15) 62(9.5)
Other determined 18(5.4) 47 (6.0) 10(7.9) 37(5.7)
Received tPA thrombolysis, n (%) 25(7.4) 67(8.6) 0511 15(11.9) 0.129 52(8.0) 0.827
Initial NIHSS score (mean+ SD) 46 (4.9) 5.7(6.5) 0.001 6.2(6.2) 0.010 5.7(6.6) 0.005
Initial NIHSS <1 99(29.5) 231(29.7) 0.003 32(25.4) 0.025 199(30.6) 0.005
23 95(28.3) 202(26.0) 32(25.4) 170(26.1)
4-8 88(26.2) 150(19.3) 26(20.6) 124(19.0)
>9 54(16.1) 194 (25.0) 36(28.6) 158(24.3)
Initial systolic BP (mean+SD) 1445+249 142.0+236 0.103 145.1(209) 0.828 1414240 0.054
Initial blood parameters (mean+SD)
Fasting glucose (mg/dL) 1215+52.3 117.3+46.0 0.222 119.4(63.8) 0.728 116.9+41.7 0.149
LDL - cholesterol (mg/dL) 119.1+355 115.2+36.5 0.101 112.2(37.6) 0.068 115.8+36.3 0.174
WBC (/mm?®) 8,675.7+2784.7 8,030.3+3052.8 0.001 8,480.8(3094.9) 0516 7,943.0+3029.3 <0.001
Hemoglobin (g/dL) 145(1.8) 133(1.8) <0.001 140(19) 0.004 132(1.8) <0.001

In these analysis, there were missing data for atrial fibrillation in 3 patients (0.3%), smoking status in 4 (0.36%), BMI in 33 (3.0%), WBC in 1(0.1%), LDL-C in 22 (2.0%), and

fasting glucose in 98 (8.8%) patients.
“current smokers vs. former smokers; "current smokers vs. never-smokers.

BMI, body mass index; B, blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; \WBC, white blood cell.

(0.3%), smoking status in 4 (0.36%), BMI in 33 (3.0%), WBC
in 1 (0.1%), LDL-C in 22 (2.0%), and fasting glucose in 98
(8.8%) patients.

The study participants included 336 current smokers (30.2%),
126 former-smokers (11.3%), and 651 never-smokers (58.5%).
Each group had significantly different baseline characteristics.
Current smokers were mostly male and younger than former-
smokers or never-smokers. Atrial fibrillation and cardioembolic
stroke were significantly less frequent in current smokers than in
former-smokers or never-smokers. Detailed comparisons of the
baseline characteristics of the groups are presented in Table 1.

Smoking status was not significantly different between end-
point patients and those lost to follow-up. However, lost to fol-
low-up patients had more severe strokes (higher mean initial
NIHSS score) and had longer onset-to-admission times (Sup-
plementary Table 1).

http://dx.doi.org/10.5853/j0s.2015.17.2.177

Smoking status and initial stroke severity

Initial mean NIHSS score was lower in current smokers than
in former-smokers or never-smokers (Table 1). Figure 1 shows
the frequency distribution of the quartiles of NIHSS scores in
current smokers and non-smokers. Interestingly, the multivari-
ate analysis revealed that current smoking was an independent
predictor of severe stroke (defined as an NIHSS score of >4,
Table 2). When we defined severe stroke as an NIHSS score of
> 6, current smoking remained as a significant predictor of se-

vere stroke (Supplementary Table 2).

Smoking status and functional outcomes

The univariate analysis showed that current smoking status
was more frequent among patients with a good functional out-
come than in those with a poor outcome (32.1% vs. 27.3%,
P=0.082). A good functional outcome was more common in
current smokers than non-smokers: 64.0% (215/336) of cur-
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Figure 1. The frequency distribution of the quartiles of NIHSS scores in cur-
rent smokers and in non-smokers.
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Figure 2. The frequencydistribution of mRS scores in current smokers and in
non-smokers.

Table 2. Factors associated with severe stroke (> NIHSS 4) in the multivariate analysis

Model 1 Model 2
Parameters
Adjusted OR 95% ClI Pvalue Adjusted OR 95% Cl Pvalue

Onset-to-admission time, per 10 hours 091 087095 <0.001 091 0.870.95 <0.001
Demographics

Sex: males 059 043 0.83 0.002 051 0.350.74 <0.001

Age, per 10 years 1.18 1.041.35 0.009 1.18 1.041.34 0.011
Body mass index (kg/m?)

High BMI (> 25) 0.63 0.450.86 0.004 0.62 0.45 0.86 0.004

Normal BMI ref.

Low BMI (< 20) 1 069 1.78 0.680 1.09 068 1.76 0.725

Smoking status

Current smoker 165 115238 0.007
Non-smoker ref.

Current smoker 1.65 097282 0.001
Former smoker 192 1.28 2.87 0.065
Never-smoker ref.

Vascular risk factors

Hypertension 112 082152 0.487 1.10 0.81 150 0532

Diabetes mellitus 154 112 2.1 0.007 1.56 113213 0.006

Hyperlipidemia 097 071133 0.852 0.96 0.70 1.32 0.802

Atrial fibrillation 190 1.00 3.63 0.051 1.93 101370 0.046

Stroke subtype

Small vessel disease ref.

Large artery disease 2.20 157 3.06 <0.001 218 1.56 3.05 <0.001

Cardioembolism 2.35 128 4.31 0.006 238 1.30 4.36 0.005

InModel 1, current smokers were compared with non-smokers. In Model 2, current smokers and former smokers were compared with never-smokers.

NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index.

rent smokers and 58.4% (454/777) of non-smokers (57.9%
[73/126] of former-smokers and 58.5% [381/651] of never-
smokers) had a good functional outcome. However, these differ-
ences were not statistically significant. Figure 2 shows the fre-
quency distribution of the mRS scores in current smokers and
non-smokers.

The percentage of smokers was lower among the patients who
died within three months compared with that in the survivor
group (13.3% vs. 31.4%, P=0.001). In particular, 3-month mor-
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tality was higher in non-smokers than in current smokers: 8.4%
(65/777) vs.3.0% (10/336).

Other parameters, including age, sex, BMI, vascular risk fac-
tors, initial NIHSS score, stroke subtype, onset-to-admission
time, tPA therapy, mean value of initial systolic BP, and blood pa-
rameters were primarily associated with patients’ outcomes. The
results of the univariate analysis are described in Supplementary
Tables 3 and 4.

In the multivariate analysis, smoking status was not associat-

http://dx.doi.org/10.5853/j0s.2015.17.2.177
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Factors associated with poor functional outcome (MRS 2-6) in the multivariate analysis
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Model 1 Model 2
Parameters
Adjusted OR 95% Cl Pvalue Adjusted 95% Cl Pvalue
Onset-to-admission time, per 10 hours 098 093 1.03 0.390 098 093 103 0.409
Demographics
Sex: males 0.66 043 1.00 0.052 0.58 037 093 0.024
Age, per 10 years 1.7 101 137 0.041 117 100 1.36 0.046
Body mass index (kg/m?)
High BMI (> 25) 0.66 045 097 0.036 0.66 045 097 0.033
Normal BMI ref. ref.
Low BMI (< 20) 0.81 045 143 0.461 0.80 045 1.42 0.440
Smoking status
Current smoker 1.36 088 211 0.168
Non-smoker ref.
Current smoker 1.53 095 248 0.083
Former smoker 148 078 282 0.234
Never-smoker ref.
Vascular risk factors
Hypertension 0.88 061 129 0515 0.88 060 1.28 0494
Diabetes mellitus 0.90 059 1.38 0.622 090 059 1.38 0.638
Hyperlipidemia 0.68 046 1.02 0.062 0.68 045 1.02 0.060
Atrial fibrillation 0.82 036 1.83 0.620 0.82 037 184 0.632
Initial NIHSS <1 ref. ref.
2-3 1.54 095 250 0.081 1.53 094 248 0.088
48 4.86 298 794 <0.001 480 293 784 <0.001
>9 16.66 8.98 30.93 <0.001 16.46 8.86 30.57 <0.001
Stroke subtype
Small vessel disease ref. ref. ref.
Large artery disease 1.79 119 269 0.005 1.78 118 268 0.006
Cardioembolism 1.85 086 398 0.113 1.88 087 403 0.106
Received tPA thrombolysis 0.39 020 0.76 0.006 0.39 020 0.76 0.006
Initial systolic BP. per 10 mmHg 1.04 097 112 0.284 1.04 096 1.12 0.303
Initial blood parameters
Fasting glucose, per 10 mg/dL 1.05 100 1.09 0.034 1.05 1.00 1.09 0.032
LDL-cholesterol, per 10 mg/dL 1.02 097 107 0.476 1.02 097 1.07 0.490
WBC, per 1,000/mm? 1.05 098 1.11 0.152 1.05 098 1.1 0.157
Hemoglobin, per 1 g/dL 0.98 088 1.09 0.667 0.98 0.88 1.09 0.688

In Model 1, current smokers were compared with non-smokers. In Model 2, current smokers and former smokers were compared with never-smokers. All variables in the uni-

variate analysis were included in the multivariate analysis.

BMI, body mass index; BP. blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; WBC, white blood cell.

ed with functional outcome and death. Age, initial high stroke
severity, large artery disease, high fasting blood glucose, and WBC
count were independent prognostic factors for a poor outcome.
Male gender, high BMI, and tPA therapy were good prognostic
factors (Tables 3 and 4).

Effect of smoking status in the subgroups

In most subgroups, the functional outcome was not signifi-
cantly different between current smokers and non-smokers
(Figure 3 and Supplementary Table 5); however, current smok-
ing was associated with a poor functional outcome in patients
treated with tPA therapy and with a low BMI (P=0.036 and
P=0.031, respectively; Supplemental Table S).

http://dx.doi.org/10.5853/j0s.2015.17.2.177

Discussion

The baseline characteristics of patients experiencing acute
ischemic stroke were significantly different according to smok-
ing status. Current smokers were predominantly young and
male with a relatively benign baseline. A history of hypertension
and atrial fibrillation were less frequent when compared with
non-smokers. In addition, initial stroke severity was milder in
current smokers. However, after adjustment for confounding
variables, current smoking was independently associated with
severe stroke. In the univariate analyses revealed that smokers
displayed a good functional outcome and significantly less mor-

tality within three months when compared with non-smokers;
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Factors associated with 3-month death in the multivariate analysis
Model 1 Model 2
Parameters
Adjusted OR 95% Cl Pvalue Adjusted OR 95% Cl Pvalue

Onset-to-admission time, per 10 hours 0.86 071 103 0.109 0.85 071 103 0.107
Demographics

Sex: males 1.19 048 295 0.710 0.94 033 266 0.906

Age, per 10 years 2.72 171 433 0.000 2.74 171 438 0.000
Body mass index (kg/m?)

High BMI (> 25) 1.09 042 285 0.859 1.07 041 282 0.884

Normal BMI ref. ref.

Low BMI(<20) 0.50 015 166 0.256 0.46 014 156 0213

Smoking status

Current smoker 1.34 041 434 0.627
Non-smoker ref.

Current smoker 1.73 047 634 0411
Former smoker 1.88 053 675 0.330
Never-smoker ref.

Vascular risk factors

Hypertension 0.80 032 199 0.628 0.77 031 193 0575

Diabetes mellitus 0.46 017 124 0.124 050 018 136 0.175

Hyperlipidemia 0.54 017 164 0.273 051 016 159 0.247

Atrial fibrillation 047 008 279 0.405 0.46 007 277 0.393

Initial NIHSS <1 ref. ref.
2-3 358 033 3880 0.294 3.60 033 3933 0.293
48 4.86 049 4808 0.176 487 049 4849 0177
>9 17.87 2.07 154.18 0.009 17.87 2.05 155.64 0.009
Stroke subtype

Small vessel disease ref. ref.

Large artery disease 1.78 040 798 0.448 1.71 038 773 0.484

Cardioembolism 402 046 3560 0.211 420 047 3763 0.199

Received tPA thrombolysis 0.80 026 245 0.698 0.80 026 247 0.703
Initial systolic BP. per 10 mmHg 1.08 092 126 0.354 1.07 091 126 0410
Initial blood parameters

Fasting glucose, per 10 mg/dL 1.10 102 117 0.010 1.09 102 117 0.016

LDL-cholesterol, per 10 mg/dL 1.1 098 125 0.109 1.10 098 125 0.113

WBC, per 1,000/mm® 1.16 103 130 0.014 115 102 130 0.018

Hemoglobin, per 1 g/dL 0.81 066 1.01 0.057 0.82 066 1.01 0.062

In Model 1, current smokers were compared with non-smokers. In Model 2, current smokers and former smokers were compared with never-smokers. All variables in the uni-

variate analysis were included in the multivariate analysis.

BMI, body mass index; BP. blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; WBC, white blood cell.

however, smoking status was not independently related with
functional outcome after adjustment for demographics and
other prognostic indicators. These results were consistent in
subgroups that were stratified by gender and stroke subtype.
The baseline profile of smokers in our study corresponded well
to the results from previous studies.**'*">*"” The younger mean
age in smokers may be associated with smokers having strokes at
an earlier age than non-smokers. Cigarette smoking is known to
be an independent risk factor for atrial fibrillation and hyperten-

6,8-10,12,14,17 our research

sion.'"®"? However, as with previous studies,
reported a lower prevalence of atrial fibrillation and hypertension
in current smokers with acute ischemic stroke when compared

with non-smokers. Our univariate analysis showed a milder

182 http://j-stroke.org

stroke severity in current smokers compared with non-smokers.
This might be attributed to the lower frequency of atrial fibrilla-
tion (thereby low prevalence of cardioembolic stroke) in current
smokers than that in non-smokers. These counterintuitive find-
ings can be partially explained by a selective survival bias and de-
mographic differences; atrial fibrillation and hypertension may
be less frequent in current smokers because they are approxi-
mately 10 years younger than non-smokers in our study. In addi-
tion, patients with vascular risk factors may be less inclined to
smoke as they have encountered non-smoking education or
counseling more often. Other unmeasured confounding factors
may be involved in different baseline characteristics that are relat-
ed to smoking status. Other unidentified health problems may

http://dx.doi.org/10.5853/j0s.2015.17.2.177
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Sex

Male, N=639
Female, N=478

Age
Young (<65), N=483
Elderly (65 <), N=634

Stroke subtype
Small vessel disease, N=360

Large artery disease, N=338
Cardioembolism, N=244
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it
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|—’—|

Hypertension
Yes, N=693
No, N=424

Diabetes mellitus
Yes, N=331
No, N=786

Hyperlipidemia
Yes, N=335
No, N=782

Atrial fibrillation

4

it

v

Yes, N=232
No, N=882

Body mass index

4

High (2 25 kg/m2), N=355
Normal, N=618
Low (<20 kg/m2), N=111

2

——

v

t-PA therapy

L 4

v

Yes, N=93
No, N=1024

4

——

0
&
Favor smoking

1

2 3

Not favor smoking

The effect of current smoking on functional outcome in different subgroups (current smoker versus non-smoker). The diamond represents the point esti-
mate of the adjusted odds ratio and the horizontal line represents the 95 percent confidence intervals. Poor functional outcome was defined as modified Rankin
Scale score of >2, measured at three months after stroke. All variables in the main analysis were included as confounders in this subgroup analysis.

exist that are underlying drivers of non-smoking behavior. It is a
more reasonable hypothesis that health-related behavior modifi-
cation or health-seeking behavior is driving these findings rather
than the presence of a protective effect of smoking.

The variables that are known to be potential prognostic factors
required careful statistical analysis as there was a wide discrepancy
between the baseline characteristics of the different groups. In
both our study and the literature, there are some important limi-
tations in performing this task; despite including a considerable
number of well-known prognostic factors in the multivariable
analysis, unmeasured confounding variables may contribute to
erroneous conclusions. We believe that the utility of using smok-
ing as a prognostic tool is controversial as it may be largely attrib-

uted to unaccounted confounding variables.

http://dx.doi.org/10.5853/j0s.2015.17.2.177

Socioeconomic status is likely to be an important confounder
that has not been measured in this study. Low socioeconomic sta-
tus may be a predictor of poor outcome after stroke.” Most previ-
ous studies have not included socioeconomic status in multivari-
able analyses.”"” Kim et al.® included socioeconomic status when
analyzing the effect of baseline smoking status on the long-term
risk of a poor outcome (first vascular event or death) in stroke pa-
tients. Although the univariate analysis showed that smokers have
abetter outcome than people who have never smoked (P=0.03),
they had a greater risk of a poor outcome in the multivariate anal-
ysis (P=0.003). In addition, changes in smoking habits after the
index stroke may affect stroke outcome. These were not evaluated
in our research or previous studies.”'*'*"” Although little is

known about the effects of smoking cessation on short-term

183
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stroke recovery, smoking cessation as a long-term protective mea-
sure with respect to mortality and cardiovascular events is well
defined.”"** Current smokers with mild or no disability may con-
tinue smoking compared with those who experienced severe
stroke,” which may affect the functional outcome. Moreover,
smoking habits can be affected by previous stroke or functional
status, which may be an important confounding factor."* In pre-
vious studies, smokers are less likely to report a history of prior
strokes than non-smokers (20.6% vs. 33.8%);"* therefore, we only
included patients with first-ever stroke and no functional disabili-
ty to exclude their confounding effects. However, many previous
studies did not exclude or adjust for these factors in the multivari-
a.te aIlalysis.7,8,10,12,13,16,17

Two previous studies have shown that patients with thrombo-
lytic therapy experience a paradoxical short-term benefit of
smoking.'*"” Smoking was associated with either improved re-
canalization'® or short-term improvement of stroke severity."”
The authors of these studies have hypothesized that smokers may
have thrombi with more dissoluble characteristics. Nevertheless,
smoking status was not associated with the functional outcome at
three months. No association between baseline smoking status
and functional outcome is reproduced in other studies.”'* In
these studies, despite an association with good outcomes in de-
scriptive or univariate analyses, current smoking was not inde-
pendently associated with the functional outcome after adjusting
for confounding variables. In our subgroup analysis, smokers with
thrombolytic therapy tended to have a poorer outcome than non-
smokers; however, the false positive rates associated with the ap-
plication of multiple statistical tests may be high; the probability
of one or more false positive findings when 9 subgroup tests are
performed is about 40 percent.** Despite this limitation, our find-
ing suggested that smoking might not predict improved function-
al outcome after thrombolytic therapy, irrespective of a reported
high recanalization rate.'®

A previous study has discussed the differing prognostic effect
of smoking in relation to stroke subtypes: smoking is found to be
beneficial only in atherosclerotic stroke.” In contrast, another
study has shown that male smokers with acute atherosclerotic
stroke have an increased risk of a poor 90-day functional out-
come, independent of other variables.” Smoking was not inde-
pendently associated with the functional outcome in atheroscle-
rotic stroke in our subgroup analysis. The effect of smoking on
functional outcome according to stroke subtypes needs to be fur-
ther studied.

Our study has limitations. First, there may be a selection bias as
patients lost to follow-up were excluded. These patients may have
a poor functional outcome; in our data, this group had greater ini-
tial stroke severity and higher glucose levels (Supplementary Ta-
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ble 1), which are well known poor prognostic factors. Neverthe-
less, smoking status between the included and excluded (patients
lost to follow-up) patients were not significantly different in our
study (Supplementary Table 1); therefore, excluding these data
would not significantly affect our study findings. Second, similar
to many previous studies, it was not possible to analyze the dose
effect of smoking because detailed information about quantity
and potency was not available. Moreover, given that the risk of
cardiovascular events increases with the number of cigarettes
smoked, the impact of smoking on stroke outcome is likely to dif-
fer between light and heavy smokers."** This effect needs to be
explored in more detail. Third, there were some missing data in
our study, in particular the fasting blood glucose levels and body
mass index. These omissions were random because most base-
line characteristics, such as smoking status and initial stroke sever-
ity were not different relative to the presence of blood parameters
(Supplementary Table 6). Fourth, although we included only pa-
tients without prior stroke or functional disability, smokers are
likely to have other medical problems, such as coronary artery
and pulmonary disease. These medical problems may contribute
to the functional outcome after stroke. Unfortunately, we were

not able to adjust for these potential confounding factors.

Conclusions

In this study, smoking was not associated with a good func-
tional outcome. This does not support the paradoxical benefit
of smoking on functional outcome following acute ischemic
stroke, which might be attributed to unmeasured confounding

variables.
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Baseline characteristics of patients lost to follow-up

Parameters Included n=1,117 Follow-up loss n=131 Pvalue
Onset-to-admission time (hour), (mean+ SD) 286(37.1) 38.2(44.0) 0.017
Males, n (%) 639(57.2) 82(62.6) 0.237
Age (mean+SD) 65.3(13.5) 66.6(15.0) 0.322
Body mass index (kg/m?), (mean =+ SD) 32(0.1) 32(0.3) 0.374
High BMI (>25), n (%) 37(29.8) 355(32.7) 0.756
Normal BMI, n (%) 75(60.5) 618(57.0)
Low BMI (< 20), n (%) 111(10.2) 12(9.7)
Smoking status, n (%)
Current smoker 336(30.2) 34(26.4) 0.368
Non-smoker 777 (69.3) 95(73.6)
Former smoker 126 (11.3) 16(12.4)
Never-smoker 651(58.5) 79(61.2)
Hypertension, n (%) 693 (62.0) 79(60.3) 0.699
Diabetes Mellitus, n (%) 331(29.6) 45(34.4) 0.265
Hyperlipidemia, n (%) 335(30.0) 38(29.0) 0.816
Atrial fibrillation, n (%) 232(20.8) 23(17.7) 0.402
Stroke subtype, n (%)
Large artery disease 338(30.3) 49(37.4) 0.061
Small vessel disease 360(32.2) 32(24.4)
Cardioembolism 244(21.8) 27(20.6)
Undetermined
Incomplete 10(0.9) 4(3.7)
2 or more 41(3.7) 2(15)
Negative 58(5.2) 10(7.6)
Other determined 66 (5.9) 7(53)
Received tPA thrombolysis, n (%) 93(8.3) 15(11.5) 0.229
Initial NIHSS score (mean+SD) 54(6.1) 6.9(6.7) 0.015
Initial NIHSS <1 331(29.6) 32(24.4) 0.004
23 297 (26.6) 24(18.3)
48 239(21.4) 28(21.4)
>9 250(22.4) 47(35.9)
Initial systolic BP (mean+SD) 142.8(24.0) 1405(27.0) 0.304
Initial blood parameters (mean+SD)
Fasting glucose (mg/dL) 1186 (47.9) 128.9(59.7) 0.071
LDL - cholesterol (mg/dL) 116.4(36.3) 114.2(35.2) 0.505
WBC (/mm?) 8,231 (2987) 8,497 (2946) 0.335
Hemoglobin (g/dL) 137(19) 135(2.0) 0271

Inthese analysis, there were missing data for atrial fibrillation in 4 (0.3%), smoking in 6 (0.5%), BMI in 40 (3.2%), WBC in one (0.

blood glucose in 109 (8.7%) patients.

1%), LDL-cholesterol in 26 (2.1%), and fasting

BMI, body mass index; BP. blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; WBC, white blood cell.
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Factors associated with severe stroke (> NIHSS 6) in the multivariate analysis

JoS

Model 1 Model 2

Parameters

Adjusted OR 95% Cl Pvalue Adjusted OR 95% Cl Pvalue
Onset-to-admission time, per 10 hours 0.84 079 089 <0.001 0.84 0.79 0.89 <0.001
Demographics
Sexmales 0.68 047 1.00 0.050 0.60 039 092 0.019
Age, per 10 years 122 106 142 0.007 122 105 1.41 0.009
Body mass index (kg/m?)

High BMI (> 25) 0.44 029 064 <0.001 043 029 064 <0.001

Normal BMI ref. ref.

Low BMI (< 20) 0.85 051 142 0525 0.83 050 1.39 0.483

Smoking status

Current smoker 1.57 103 239 0.037
Non-smoker ref.

Current smoker 178 112 283 0014
Former smoker 153 0.84 280 0.167
Never-smoker ref.

Vascular risk factors

Hypertension 097 068 1.38 0.863 0.95 067 1.37 0.800

Diabetes mellitus 1.13 079 163 0.497 1.15 0.80 1.65 0.457

Hyperlipidemia 123 085 1.78 0.270 122 084 1.77 0.289

Atrial fibrillation 2.16 108 432 0.029 2.19 109 438 0.027

Stroke subtype

Small vessel disease ref. ref.

Large artery disease 499 322 773 <0.001 498 322 772 <0.001

Cardioembolism 529 2.60 10.79 <0.001 5.36 2.6310.93 <0.001

InModel 1, current smokers were compared with non-smokers. In Model 2, current smokers and former smokers were compared with never-smokers.

NIHSS, National Institutes of Health Stroke Scale; BMI, body mass index.
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Factors associated with functional outcomes in the univariate analysis

Parameters mRS 0-1 n=670 mRS 2-6 n=447 OR 95% Cl Pvalue

Onset-to-admission time (hour), (mean+ SD) 30.1+380 249+356 0.96 092 1.00 0.007

Males, n (%) 227 (50.8) 220(49.2) 058 046 074 <0.001

Age (mean+ SD) 63.1£13.0 68.6+135 1.38 125 152 <0.001

Body mass index (kg/m?), (mean =+ SD) 241+32 23131 0.90 087 094 <0.001
High BMI (> 25), n (%) 248(37.7) 107 (25.1) 058 044 077 <0.001
Normal BMI (ref.), n (%) 355(54.0) 263(61.7) ref. ref.  ref.

Low BMI (< 20), n (%) 55(8.4) 56(13.1) 137 092 206 0.124

Current smokers, n (%) 215(32.1) 121(27.3) 0.79 061 1.03 0.082
Non-smokers, n (%) 454 (67.9) 323(72.7) ref. ref.  ref.

Current smokers, n (%) 215(32.1) 121(27.3) 0.79 061 1.04 0.097
Former smokers, n (%) 73(109) 53(11.9) 1.03 070 151 0.902
Never-smokers, n (%) 381(57.0) 270(60.8) ref. ref.  ref.

Hypertension, n (%) 402 (60.0) 291(65.1) 124 097 159 0.085

Diabetes mellitus, n (%) 183(27.3) 148(33.1) 1.32 102 171 0.038

Hyperlipidemia, n (%) 225(33.6) 110(24.6) 0.65 049 084 0.001

Atrial fibrillation, n (%) 100(15.0) 132(296) 2.39 178 320 <0.001

Stroke subtype, n (%)

Small vessel disease 271(47.8) 89(23.7) ref. ref.  ref.
Large artery disease 183(32.3) 155(41.3) 258 187 356 <0.001
Cardioembolism 113(19.9) 131(34.9) 353 249 500 <0.001

Received tPA thrombolysis, n (%) 39(5.8) 54(12.1) 222 145 342 <0.001

Initial NIHSS <1 279(41.6) 52(11.6) ref. ref.  ref.

2-3 225(33.6) 72(16.1) 1.72 115 256 0.008
4-8 118(17.6) 121(27.1) 550 373 812 <0.001
>9 48(7.2) 202 (45.2) 2258 14.66 34.78 <0.001

Initial systolic BP (mean + SD) 141+24 146+ 24 1.09 104 115 0.001

Fasting glucose (mg/dL), (mean+SD) 113+42 12755 1.07 1.04 1.10 <0.001

LDL - cholesterol (mg/dL), (mean + SD) 117+36 115+37 098 09 101 0.246

WBC (/mm?), (mean+ SD) 7,802+2,367 8,871+3,348 1.13 108 1.17 <0.001

Hemoglobin (g/dL), (mean+ SD) 138(1.8) 134(2.1) 0.78 057 098 0.001

In these analysis, there were missing data for atrial fibrillation in 3 patients (0.3%), smoking status in 4 (0.36%), BMI in 33 (3.0%), WBC in one (0.1%), LDL-C in 22 (2.0%), and
fasting glucose in 98 (8.8%) patients.
BMI, body mass index; BP. blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; WBC, white blood cell.
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Factors associated with 3-month death in the univariate analysis
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Parameters No death n=1,042 Deathn=75 OR 95% Cl Pvalue

Onset-to-admission time (hour), (mean+ SD) 293+374 180+31.3 0.89 081 098 0.013

Males, n (%) 610(58.5) 29(38.7) 045 028 072 0.001

Age (mean+ SD) 645+13.3 76.6+109 247 192 317 <0.001

Body mass index (kg/m?), (mean + SD) 238+32 23.1+36 093 08 101 0.083
High BMI (> 25), n (%) 336(33.1) 19(27.9) 0.86 049 152 0.611
Normal BMI (ref.), n (%) 580 (57.1) 38(55.9) ref. ref.  ref.

Low BMI (< 20), n (%) 100(9.8) 11(16.2) 0.86 049 152 0611

Current smokers, n (%) 326(31.4) 10(13.3) 0.34 017 066 0.001
Non-smokers, n (%) 712 (68.6) 65(86.7) ref. ref.  ref.

Current smokers, n (%) 326(31.4) 10(13.3) 0.36 018 072 0.004
Former smokers, n (%) 112(108) 14(18.7) 147 079 275 0.226
Never-smokers, n (%) 600 (57.8) 51(68.0) ref. ref.  ref.

Hypertension, n (%) 641(61.5) 52(69.3) 1.4 085 235 0.180

Diabetes mellitus, n (%) 308(29.6) 23(30.7) 1.05 063 1.75 0.839

Hyperlipidemia, n (%) 323(31.0) 12(16.0) 042 023 080 0.008

Atrial fibrillation, n (%) 193(18.6) 39(52.0) 4.75 294 767 <0001

Stroke subtype, n (%)

Small vessel disease 356 (40.1) 4(73) ref. ref.  ref.
Large artery disease 322(36.3) 16(29.1) 4.42 146 1337 0.008
Cardioembolism 209 (23.6) 35(63.6) 1490 522 4253 <0.001

Received tPA thrombolysis, n (%) 79(7.6) 14(18.7) 280 150 522 0.001

Initial NIHSS <1 329(31.6) 2(2.7) ref. ref.  ref.

2-3 291(27.9) 6(8.0) 3.39 068 16.94 0.137
4-8 232(22.3) 7(93) 4.96 1.02 2411 0.047
>9 190(18.2) 60(80.0) 51.95 12.56 214.93 <0.001

Initial systolic BP (mean + SD) 142+24 147+25 1.08 098 119 0.104

Fasting glucose (mg/dL), (mean+SD) 117 £46 146 60 1.08 104 113 <0.001

LDL - cholesterol (mg/dL), (mean + SD) 117+36 109+36 094 097 101 0.072

WBC (/mm?), (mean+ SD) 8,097+2,853 10,089+4,036 1.19 112 127 <0.001

Hemoglobin (g/dL), (mean+ SD) 137(1.9) 12.8(2.3) 0.29 018 039 <0.001

In these analysis, there were missing data for atrial fibrillation in 3 patients (0.3%), smoking status in 4 (0.36%), BMI in 33 (3.0%), WBC in one (0.1%), LDL-C in 22 (2.0%), and

fasting glucose in 98 (8.8%) patients.

BMI, body mass index; BP. blood pressure; LDL, low density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator; WBC, white blood cell.
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Adjusted odd ratio for poor functional outcome in different subgroups

Effect of Smoking on Acute Ischemic Stroke Outcome

Subgroups Smoking status Adjusted OR 95% Cl Pvalue
Sex Male, n=639 Current vs. non-smoker 1.13 067 192 0.643
Current vs. never-smoker 1.34 075 240 0.328
Female, n=478 Current vs. non-smoker 1.09 036 332 0.089
Current vs. never-smoker 1.07 035 328 0.906
Age Young (<65), n=483 Current vs. non-smoker 1.31 069 251 0.408
Current vs. never-smoker 152 073 314 0.262
Elderly (65 <), n=634 Current vs. non-smoker 1.07 057 204 0.826
Current vs. never-smoker 1.26 063 254 0515
Stroke subtype SVO, n=360 Current vs. non-smoker 042 009 187 0.253
Current vs. never-smoker 2.41 094 615 0.066
LVD, n=338 Current vs. non-smoker 1.04 053 205 0.903
Current vs. never-smoker 1.01 047 217 0975
CE,n=244 Current vs. non-smoker 1.7 058 509 0.333
Current vs. never-smoker 1.88 060 587 0.279
Hypertension Yes, n=693 Current vs. non-smoker 1.43 079 260 0.242
Current vs. never-smoker 1.61 083 31 0.156
No, n=424 Current vs. non-smoker 124 062 250 0.546
Current vs. never-smoker 143 067 308 0.359
Diabetes mellitus Yes, n=331 Current vs. non-smoker 0.97 043 219 0.943
Current vs. never-smoker 1.33 054 328 0534
No, n=786 Current vs. non-smoker 172 100 296 0.050
Current vs. never-smoker 1.81 099 329 0.052
Hyperlipidemia Yes, n= 335 Current vs. non-smoker 1.07 048 237 0.875
Current vs. never-smoker 1.38 057 335 0472
No, n=782 Current vs. non-smoker 153 089 2863 0.128
Current vs. never-smoker 162 089 294 0.116
Atrial fibrillation Yes, n= 232 Current vs. non-smoker 204 049 854 0.328
Current vs. never-smoker 141 084 238 0.192
No, n=882 Current vs. non-smoker 125 078 200 0.348
Current vs. never-smoker 221 049 991 0.302
Body mass index High (> 25 kg/m?), n=355 Current vs. non-smoker 2.04 084 49 0.114
Current vs. never-smoker 1.80 070 462 0.221
Normal, n=618 Current vs. non-smoker 1.03 059 181 0915
Current vs. never-smoker 129 069 240 0.431
Low (<20 kg/m?, n=111 Current vs. non-smoker 7.06 091 5448 0.061
Current vs. never-smoker 18.34 1.38 244.03 0.028
tPA therapy Yes, n=93 Current vs. non-smoker 432 065 2864 0.129
Current vs. never-smoker 15.33 1.30 180.20 0.030
No, n=1024 Current vs. non-smoker 137 086 219 0.186
Current vs. never-smoker 151 090 252 0.116

SVO, small vessel disease; LVD, large artery disease; CE, cardioembolism; tPA, tissue plasminogen activator.
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Baseline characteristics of patients with missing data

Patients with FBS data  Patients without FBS data Patients with BMI data  Patients without BMI data

Parameters n=1019 =98 Pvalue n=1,084 =33 Pvalue
Onset-to-admission time (hour), (mean + SD) 28.2(37.0) 320(40.3) 0.331 28.1(36.7) 434(46.3) 0.020
Demographics
Sexmales, n (%) 590 (57.9) 49(50.0) 0131 623 (57.5) 16 (48.5) 0.304
Age (mean+SD) 65.3(13.5) 65.4(13.3) 0.952 65.2(13.5) 70.3(12.4) 0.030
Body mass index (kg/m?), (mean = SD) 238(3.2) 234(34) 0.327
High BMI (> 25), n (%) 328(33.1) 27(28.7) 0.656
Normal BMI, n (%) 562 (56.8) 56 (59.6)
Low BMI (< 20), n (%) 100(10.1) 11(117)
Smoking status, n (%)
Current smoker 306(30.1) 30(30.6) 0.924 328(304) 8(24.2) 0.450
Non-smoker 709(69.9) 68(69.4) 752 (69.6) 25(75.8)
Former smoker 117 (11.5) 9(9.2) 122 (11.3) 4(12.1)
Never-smoker 592 (58.3) 59(60.2) 630 (58.3) 21(63.6)
Hypertension, n (%) 634(62.2) 59(60.2) 0.695 672(62.0) 21(63.6) 0.848
Diabetes mellitus, n (%) 301(29.5) 30(30.6) 0.824 320(29.5) 11(333) 0.637
Hyperlipidemia, n (%) 311(30.5) 24(24.5) 0213 328(30.3) 7(21.2) 0.264
Atrial fibrillation, n (%) 210(20.7) 22(22.4) 0.679 226(20.9) 6(18.2) 0.704
Stroke subtype, n (%)
Large artery disease 318(36.9) 20(24.7) 0.070 326(35.7) 12 (40.0) 0.841
Small vessel disease 326(37.9) 34(42.0) 350(38.4) 10(33.3)
Cardioembolism 217(25.2) 27(33.3) 236(25.9) 8(26.7)
Received tPA thrombolysis, n (%) 85(8.3) 8(8.2) 0.951 91(8.4) 2(6.1) 0.633
Initial NIHSS score (mean+ SD) 54(6.0) 57(7.1) 0593 54(6.1) 6.7(6.9) 0.231
Initial NIHSS <1 303(29.7) 28(28.6) 0.630 323(29.8) 8(24.2) 0.427
2-3 273(26.8) 24(24.5) 288(26.6) 9(27.3)
48 213(20.9) 26(26.5) 234(21.6) 5(15.2)
>9 230(22.6) 20(20.4) 239(22.0) 11(333)

FBS, fasting blood sugar; BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen activator.
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