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ORIGINAL ARTICLE

INTRODUCTION

Smoking is an established and modifiable risk factor and asso-

ciated with recurrence in stroke [1,2]. Healthcare providers 

should strongly advise every stroke patient who has smoked in 

the past year to quit smoking [2]. People have varying levels of 

difficulties in physical or psychological aspects to quit smoking. 

Behavioral interventions including individual or group counseling 

[3,4], telephone counseling [5,6], and physician advice [7] have 

been shown to improve the likelihood of smoking cessation. 

However, absolute cessation rates in stroke patients remain low 

[8]. 

Due to the ethical issue, randomized controlled trial for smok-

ing cessation after stroke is almost impossible [9]. Moreover, no 

observational study has attempted to test the usefulness of a 

multiple intervention strategy including enhanced counseling dur-

ing hospitalization and regular follow-up counseling after dis-

charge. The risk associated with smoking is present at all ages, 
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in both man and women and among different populations [10]. 

There are gender differences in the prevalence of smoking and 

success rates in smoking cessation [11]. In this regard, we in-

vestigated the effectiveness of a timely intervention (TI) for 

smoking cessation in men with acute ischemic stroke.

METHODS

1. Patients

This study is a retrospective cohort study comparing before 

and after intervention periods.The timely interventions initiated 

during hospitalization were given for TI group, whereas conven-

tional counseling (CC) group did not receive them. For compari-

son, TI group was compared with CC group. The CC group 

consisted of the stroke patients who had been admitted consecu-

tively 1 year before the TI period. They were drawn for the 

same duration of 6 months as TI group.

Current smokers were defined as those who had smoked a cig-

arette during the 12 months prior to admission. For this study, 

data pertaining to current smokers with a first-ever stroke were 

drawn from the Yonsei Stroke Registry. In the Yonsei Stroke 

Registry, patients with acute ischemic stroke or transient isch-

emic attack within 7 days after symptom onset were consecu-

tively registered from 1994 [12]. A regular follow-up at outpa-

tient clinic and telephone interviews were conducted by a stroke 

coordinator nurse and she collected data included the recurrence 

of vascular events, functional outcome, medication compliance, 

and newly detected risk factors. Blood pressure, body mass in-

dex, abdominal circumference, and body weight were measured. 

In addition, for smokers, smoking cessation status was also eval-

uated in each interview. 

All patients with stroke were asked about their smoking his-

tory. Physicians strongly advised every patient who had smoked 

to quit. Along with physician advice, a stroke coordinator nurse 

who had completed a regular course of education for smoking 

cessation provided comprehensive counseling. The stroke coordi-

nator provided face-to-face education for each patient using a 

personal tablet computer that contained education materials and 

movie clips. The contents in tablets were harmfulness of ciga-

rette smoking, strong association between smoking and stroke, 

benefits after smoking cessation, and coping strategies for with-

drawal symptoms after smoking cessation. The education session 

ran about 20 minutes. The guideline recommended nicotine 

products and oral medication for smoking cessation to help smok-

ers to quit after ischemic stroke [9,13]. Every patient in the TI 

group was considered for use of smoking cessation drugs. Smok-

ing cessation medications (bupropion, varenicline tartrate, or 

nicotine patch) were prescribed according to the physician’s deci-

sion. After discharge, the stroke coordinator nurse performed 

telephone counseling for smoking cessation in the TI groupat 1, 

3, and 6 months. The telephone counseling was provided for 10 

minutes. Stroke coordinator asked smoking status. If the patient 

failed to quit smoking, information on the effect of smoking and 

various coping strategies for withdrawal symptoms were pro-

vided. If the patient was successfully maintaining the quit status, 

encouragement was provided along with information of the bene-

fits after smoking cessation.

During hospital stay, the CC group patients received conven-

tional recommendation to quit smoking from physicians and a 

pamphlet from ward nurses. Exclusion criteria for both TIand 

CC groups were impaired consciousness,communication difficul-

ties (aphasia or cognitive dysfunction), terminal illnesses, deaths 

during hospitalization, and serious neurological, medical or psy-

chological illness. Patients who refused counseling for smoking 

cessation or regular follow-up were also excluded. This study 

was approved by the Severance Hospital Institutional Review 

Board, Yonsei University Health System and informed consent 

was waived because of the retrospective and observational nature 

of the study (4-2011-0635).

2. Follow-up and Outcome Variable

Patients in both groups were followed up by independent inves-

tigator for smoking status in the same intervals of 1, 3, 6, 9, 

and 12 months after discharge. The smoking status was obtained 

from the patient or proxy during an outpatient clinic or by tele-

phone interviews. Two outcome variables were analyzed in this 

study. 1) Point smoking success rate at 1, 3, 6, 9, and 12 

months after discharge and 2) sustained smoking cessation rate 

for 12 months. Sustained smoking cessation rate was defined 

when patients reported no smoking (not even a puff) during a 12 
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month period [14].

3. Statistical Analysis 

Windows SPSS (version 18.0, Chicago, IL, USA) and SAS 9.1 

(SAS Institute Inc., Cary, NC) were used for statistical analysis. 

Time of the first cigarette smoking after waking up and the total 

number of cigarettes per day were collected and stratified. For 

categorical variables, the chi-square test was used. Continuous 

variables were analyzed with the independent samples t-test. 

Generalized estimating equations (GEE) models are often used 

to analyze longitudinal and other correlated response data. Be-

cause smoking status may change during follow up, we used the 

GEE analysis to reveal group effect along with time effect. Point 

smoking success rate were calculated by GEE models adjusting 

for correlations within patientsand the use of smoking cessation 

drugs. Two fixed effects were analyzed in GEE models: 1) the 

between-subjects effect (groups effect, TI group vs. CC group) 

and 2) the within-subject effect (time effect, follow-up at 1, 3, 

6, 9 and 12 months). Possible differences between the groups 

throughout the follow-up period were analyzed by time X group 

interactions. Kaplan–Meier survival analysis is based on a time to 

event model, its endpoint is used to predict a time when certain 

positive events or negative events will occur. Kaplan-Meier sur-

vival analysis wasperformed to compare the groups in smoking 

cessation rate during follow-up periods and the differences were 

tested with a log-rank test. We used univariate Cox regression 

analysis to estimate hazard ratios with confidence intervals of 

smoking cessation rate between groups.

To reveal factors associated with sustained smoking cessation 

for 12 month, simple logistic regression analyses were conducted 

for variables of age, initial and discharge NIHSS scores, pack 

years of smoking, first cigarette in the morning after waking up, 

daily cigarette consumption, length of hospital stay, smoking 

cessation medication, and group. Variables with p <.10 in the 

simple logistic regression analysesand smoking cessation medica-

tionswere entered into multiple logistic regression analysis [15]. 

To avoid multicollinearity between initial and discharge NIHSS 

scores,only discharge NIHSS scores was analyzed in multiple lo-

gistic regression analysis. A p-value less than .05 was consid-

ered statistically significant. Odds ratios (OR) and 95% confi-

dence intervals (CIs) were also calculated.

RESULTS

1. Patients Selection

The TI group was drawn from 404 consecutive patients with 

first-ever acute ischemic stroke or transient ischemic attack and 

the CC group was drawn from 427 consecutive patients. Among 

them, a total of 216 patients (26%) were current smokers (116 

patients in the TI period and 100 patients in the CC period). 

Analysis was limited to men because the prevalence of smoking 

was too low in women. After excluding 11 women (4 of the TI 

group and 7 of the CC group), a total of 205 current men smok-

ers were enrolled. In the TI group, 26 patients were further ex-

cluded due to refusal of counseling during admission (10 pa-

tients), severe neurological deficits (6 patients), deaths during 

hospitalization (3 patients), severe aphasia (2 patients), and miss-

ing data (5 patients). Among the patients in CC period, 22 pa-

tients were further excluded due to refusal of quit smoking (12 

patients), death during hospitalization (8 patients), severe aphasia 

(1 patient), and missing data (1 patient). Finally, comparison was 

conducted with a total of 157 patients, 86 in the TI group and 71 

in the CC group.

2. Demographic and Baseline Characteristics

Mean age was 58.25±11.23 years. Initial National Institutes 

of Health Stroke Scale (NIHSS) score was 4.68±5.46 and dis-

charge NIHSS score was 2.77±4.27. Mean smoking years was 

34.70±11.78 years and number of pack years was 36.92±

19.88. Most patients (70.6%) smoked their first cigarette within 

30 minutes after awakening and most of them (61.1%) smoked 

11 to 20 cigarettes per day. Although the mean initial NIHSS 

score of the TI group was lower than that of the CC group (3.82

±4.79 vs. 5.69±6.03, t=2.11, p=.037), the mean discharge 

NIHSS scores were similar (2.44±3.75 vs. 3.15±4.79, 

t=1.03, p=.304). Smoking cessation medication was 10 times 

more likely to be prescribed in the TI group (14.0%) than the CC 

group (1.4%) ( χ  2=8.06, p=.007) (Table 1).
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3. Point Smoking Cessation Rates

After discharge, most failures occurred within 1month. The 

early failure rates within one month in the TI group (20.9%) 

were significantly lower than the CC group (42.3%) ( χ  2=8.33, 

p<.001). Point smoking cessation rate in all study patients were 

69.4%, 65.0%, 63.1%, 64.3%, and 65.6% at 1, 3, 6, 9, and 12 

months, respectively. In the TI group,point smoking Cessation 

rateswere 79.1%, 74.4%, 75.6%, 72.1%, and 70.9%, whereas 

in the CC group, that were 57.7%, 53.5%, 47.9%, 54.9%, and 

59.2% at 1, 3, 6, 9, and 12 months, respectively. 

The GEE analysis was undertaken to estimate time effect on 

point smoking cessation rate. Borderline significance was found 

in the interaction between groups and the follow-up period 

(p=.138). The GEE analysis showed significant group effect (TI 

group vs. CC group) on smoking cessation rate (p=.002). In 

contrast, follow-up period (p =.064) and smoking cessation 

drugs (p=.604) were not significant (Table 2). Comparing each 

follow-up period, the TI group showed higher estimated point 

smoking cessation rate compared with the CC group, except at 

12 months ( p=.002 at 1 month, p=.003 at 3 months, p<.001 

at 6 months, p=.014 at 9 months, and p=.067 at 12 months) 

(Figure 1). The Kaplan-Meier analysis revealed that the TI 

group was 2.17-fold (95% CI, 1.30~3.60) more likely to be suc-

cessful in smoking cessation than the CC group (Figure 2).

4. Sustained Smoking Cessation Rate for 12 Months

Patients who received TI strategy were more likely to be sus-

tain smoking cessation for 12 months comparing with the CC 

group (66.3% vs. 46.5%,  χ  2=6.23, p=.015). In simple logistic 

regression analysis, factors associated with sustained smoking 

cessation rate for 12 months were older age, higher initial and 

discharge NIHSS scores, and longer hospital stay. Multiple logis-

tic regression analysis showed that the TI group and stroke se-

verity at discharge were independent predictors of sustained 

smoking cessation for 12 months. The patients of TI group were 

2.96-fold (95% CI, 1.43~6.13) more likely to be sustained 

smoking cessation than those of the CC group (Table 3).

DISCUSSION

In this study, we found that timely provided interventions for 

smoking cessation were more effective than conventional coun-

Table 1. Patient Characteristics in the Conventional Counseling Group and the Timely Intervention Group

Variables Categories

Conventional counseling 
group (n=71)

Timely interventions 
    group (n=86) χ2 or t p

n (%) or M±SD n (%) or M±SD

Age (year) 57.11±11.39 59.20±11.07 –1.16 .248

Initial NIHSS score 5.69±6.03 3.82±4.79 2.11 .037

Discharge NIHSS score 3.15±4.79 2.44±3.75 1.03 .304

Packs 1.03±0.44 1.13±0.58 –1.19 .238

Years 34.25±11.73 35.07±11.87 –0.43 .667

Pack years 34.38±16.99 39.03±21.86 –1.45 .145

First cigarette of the day after waking–up 
(min)*

＜5 
5~30 
31~60 
> 60

30 (49.2)
9 (15.80)

17 (29.8)
2 (3.5)

48 (55.2)
15 (17.4)
23 (26.7)
0 (0)

3.35 .341

Cigarettes per day ＜10 
11~20 
21~30 
> 30

4 (5.6)
50 (70.4)

9 (12.7)
8 (11.3)

8 (9.3)
46 (53.5)
12 (14.0)
20 (23.3)

0.57 .128

Length of hospitalization (days)*  8 (6~11) 7 (6~11) .479 

 smoking cessation medication users† 1 (1.4) 12 (14.0) 8.06 .007

NIHSS: National Institutes of Health Stroke Scale; * Data of 41 patients of the conventional counselling group are missing, values are median (25 percentile~75 
percentile); †Smoking cessation medication includes bupropion, varenicline tartrate, and nicotine patch.
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Figure 1. Estimated smoking cessation rates between the timely interventions and the conventional counseling groups.
Success rate in smoking cessation were compared using generalized estimating equation model. At each follow–up period, the timely interventions 
group showed significantly higher estimated smoking cessation rate compared with the conventional counseling group (*), except at 12 months. 
Most failure occurred during the first month after discharge in both groups (†). Error bars are standard errors of estimated smoking cessation rates.

*p<.05 compared with the conventional counseling group; 
†p<.05 compared between discharge and 1 month.

Figure 2. Kaplan–Meier survival analysis between the timely interventions group and the conventional counseling group. 
The timely interventions group showed higher likely to be successful in smoking cessation during follow–up compared to the conventional 
counseling group (log–rank test, p= .002, hazard ratio 2.17, 95% CI, 1.30~3.60).
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seling in terms of point cessation and sustained smoking cessa-

tion rate for 12 months. Point smoking success rates in TI group 

at 3, 6, and 12 months were 74.4%, 75.6%, and 70.9%, re-

spectively. These success rates were higher than those reported 

by previous studies, of 28~43% at 3 months [8,16], 22~36% at 

6 months [15,17], and 36~41% at 12 months after stroke [16,18]. 

However, these differences may be related topatient characteris-

tics (socio-economic, gender, or ethnic differences), variation in 

study design (intensity of intervention, follow-up interval, or 

sample size), and the year of study.

Behavioral interventions that begin during hospital stay can in-

crease the smoking cessation rate [19-21]. Because most smok-

ers attempt to quit after experiencing a stroke [14], the optimal 

time for smoking cessation is soon after the stroke because 

smoking-related health events can be a teachable moment [22]. 

In this study, both the TI and the CC group had received conven-

tional education for smoking cessation during hospital stay. Along 

with the conventional counseling, patients in the TI group re-

ceived a comprehensive education by a certified nurse during ad-

mission and after discharge. The TI strategy administered by a 

dedicated counselor (“assist”) and prevention of relapse by a tele-

phone interview (“arrange”) can increase the long-term success 

rate after hospital discharge [23]. Moreover, the Cochrane re-

view showed that nursing-delivered smoking cessation interven-

tions were effective. The effectiveness was weaker when the 

nurse’s main role was not smoking cessation and interventions 

Table 2. Generalized Estimating Equation Models for Smoking Cessation Rates 

Time (months)
Point smoking cessation rate (95% CI)

Overall p
Post–hoc 
analysisTimely interventions Conventional counseling

1
3
6
9
12

0.81 (0.73~0.89)

0.77 (0.68~0.85)

0.77 (0.69~0.86)

0.73 (0.63~0.82)

0.72 (0.62~0.81)

0.59 (0.48~0.70)
0.55 (0.44~0.66)
0.49 (0.38~0.60)
0.54 (0.43~0.66)
0.58 (0.47~0.69)

Group: .002
Time: .064

Group X Time: .138
Medications: .604

.002

.003
＜.001

.014

.067

Table 3. Simple and Multiple Logistic Regression Analyses of Sustained Smoking Cessation for 12 Months

Variables Categories
Simple logistic regression analysis Multiple logistic regression analysis

OR (95% CI) p OR (95% CI) p

Age (year) 1.03 (1.00~1.06) .041 1.02 (0.98~1.05) .314

Initial NIHSS score 1.09 (1.02~1.16) .015

Discharge NIHSS score 1.24 (1.09~1.41) .002 1.22 (1.06~1.41) ＜.001

Packs 0.61 (0.33~1.13) .113

Years 1.01 (0.99~1.04) .379

Pack years 1.00 (0.98~1.01) .552

First cigarette of the day after  
waking–up (min)

＜5 
5~30 
31~60 
＞60 

1
1.67 (0.10~28.66)

1.4 (0.08~25.14)
1.41 (0.09~23.33)

 
.725
.819
.812

Cigarettes per day ＜10
11~20
21~30
＞30

1
0.7 (0.20~2.49)

0.55 (0.13~2.4)
0.43 (0.11~1.78)

.581

.427

.246

Length of hospitalization* 8.02 (1.88~34.17) .005 2.32 (0.36~14.92) .376

Smoking cessation medication users 1.28 (0.40~4.10) .678 1.60 (0.48~5.35) .445

Timely interventions group 2.28 (1.19~4.33) .012 2.96 (1.43~6.13) ＜.001

OR=Odds ratio; CI=Confidence interval; NIHSS=National Institutes of Health Stroke Scale; *log-Transformation Data
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were provided over a short period [24]. Because the stroke coor-

dinator in this study had multiple roles, further studies with a full 

time counseling nurse might increase the smoking cessation rate. 

Tobacco dependence is a chronic disease that often requires 

repeated interventions and multiple attempts to quit [2]. Although 

majority of smokers attempt to quit smoking after experiencing a 

stroke, a small number of patients achieves long-term sustained 

smoking cessation. Duration of interventions was crucial for sus-

tained smoking cession in a previous study [25]. During the CC 

period, we collected adherence to smoking cessation data for pa-

tients who were without counseling after discharge. Whereas, in 

the TI period, we additionally performed proactive telephone in-

terviews at 1, 3, and 6 months after hospital discharge to pre-

vent failure in smoking cessation. Considering failure rate of the 

TI group was increased between 6 and 12 months, longer peri-

ods of stroke counseling are more likely to achieve sustained 

smoking cessation. 

Smoking cessation is a dynamic process [26]. Our study 

showed that most failures occurred within the first month after 

discharge. Patients who failed at 1 month were more likely to be 

smoking at 12 months. In contrast, patients who succeeded at 1 

month were less likely to be smoking at 12 months. This finding 

indicates that the first month after discharge is the most impor-

tant time period for sustained smoking cessation. A previous 

study also showed that counseling that began in the hospital but 

was associated with less than one month of supportive counseling 

after discharge, lost its benefit [19]. Soon after discharge, pa-

tients return to their previous lives and are exposed to a different 

environment from that of their hospital stay. Therefore, patients 

are more likely to fail smoking cessation after discharge. In this 

regards, follow-up counseling after discharge appears to be one 

of key components for an effective intervention [19]. 

This study has several limitations. First, this was not a ran-

domized controlled study. Although different characteristics may 

influence the results, we recruited the consecutive patients from 

a prospectively registered stroke database and demographic char-

acteristics were quite similar. Second, a temporal trend of smok-

ing cessation in the population may influence the rate of smoking 

cessation. In Korea, the smoking rate has decreased over the 

last decades. Third, while several effective medications are 

available for tobacco dependence [27], this study did not system-

atically test the effectiveness of smoking cessation drugs in con-

junction with behavioral counseling.Prescription rates of smoking 

cessation drugs in the TI group were ten times higher than that 

of the CC group. Use of smoking cessation drugs did not influ-

ence sustained smoking cessation in multiple logistic regression 

analysis. Further study testing timely provided counseling in 

conjunction with smoking cessation drugs might be more effec-

tive. Fourth, we relied upon self or proxy reports of smoking 

status. However, the validity of self-reported smoking status has 

been regarded as acceptable in other observational studies [14]. 

CONCLUSION

In this study, we demonstrated that timely counseling for 

smoking cessation during the hospital stay and regular counseling 

after discharge were more effective than conventional counseling 

for men with acute ischemic stroke. Most failures occurred dur-

ing the first month after discharge. More sophisticated ap-

proaches using multiple intensive interventions initiated during 

hospital stay and maintaining a support for a longer time period 

after discharge might increase smoking cessation rates.
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