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Prevalence and Predictors of Sustained Smoking after
a Cancer Diagnosis in Korean Men

Purpose
Although smoking has a significant impact on mortality and morbidity of cancer patients,
many patients continue to smoke post-diagnosis. The purpose of this study was to investigate prevalence and predictors of sustained smoking among male cancer survivors.
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Materials and Methods
The Korean National Health Insurance Service-National Health Screening Cohort database
was used for this population-based, retrospective study. Study subjects were 15,141 men
who were diagnosed with their first incident cancer between 2004 and 2011. Changes in
smoking status before and after a cancer diagnosis were investigated. For patients who
were current smokers pre-diagnosis, association between post-diagnosis sustained smoking
and demographic, socioeconomic, and clinical variables were examined.
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Results
Of the 4,657 pre-diagnosis smokers, 2,255 (48%) had quit after cancer diagnosis, while
2,402 (51.6%) continued to smoke. In a multivariate logistic regression analysis, younger
age at cancer diagnosis (adjusted odds ratio [aOR], 1.37; 95% confidence interval [CI], 1.21
to 1.55; p < 0.001), low socioeconomic status (aOR, 1.29; 95% CI, 1.15 to 1.45; p ! 0.001),
pre-diagnosis heavy smoking (aOR, 1.24; 95% CI, 1.09 to 1.41; p=0.001), diagnosis of nonsmoking–related cancer (aOR, 1.67; 95% CI, 1.42 to 1.96; p < 0.001), and high serum glucose level (aOR, 1.23; 95% CI, 1.03 to 1.46; p=0.019) were associated with sustained
smoking after a cancer diagnosis.
Conclusion
Almost half of the male smokers continue to smoke after a cancer diagnosis. Targeted interventions for smoking cessation should be considered for patients with younger age, low
socioeconomic status, heavy smoking history, non-smoking–related cancer, and high blood
glucose levels.

Introduction
Smoking has a significant impact on mortality and morbidity of cancer survivors. It is well known that tobacco is an
established cause of cancer and numerous chronic diseases,
such as cardiovascular and respiratory diseases [1]. Recent
studies have suggested that persistent smoking after cancer
diagnosis is associated with increased cancer recurrence, sec│ https://www.e-crt.org │
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ond primary cancer, and all-cause mortality [2-4]. Smoking
cessation at the time of diagnosis is reported to improve disease-free survival of cancer patients [4,5]. Further, smoking
might aggravate the side effects of cancer treatment (such as
pain and nausea) and deteriorate the quality of life [6,7].
These findings imply that interventions for smoking are necessary even after the occurrence of the primary cancer.
Previous studies have found that smokers with a cancer
diagnosis are more likely to quit smoking when compared
Copyright ⓒ 2020 by the Korean Cancer Association
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to those without cancer [8-10]. However, up to 70% of smokers continue to smoke even after a diagnosis of cancer [10-12].
Considering the clinical significance and patients’ motivation, the time of cancer diagnosis could be an appropriate
time for interventions focusing on smoking cessation [10].
Identifying possible predictive values of sustained smoking
might help in targeting the high-risk group when providing
this intervention.
Factors considered to affect post-diagnosis smoking in
prior reports, albeit inconsistently reported, include age, sex,
cancer site, amount of smoking, and level of income [11-20].
However, most of these reports were based on limited sample sizes and specific types of cancer [12-17]. Only a few studies have examined the representative, population-based
sample; however, for these studies, data were collected using
only one questionnaire after diagnosis and lacked information on longitudinal changes in smoking status, making it
difficult to identify differences between quitters and persistent smokers [17-20]. Additionally, data on the Asian population in regard to a diagnosis of cancer and sustained
smoking are lacking [21]. Therefore, the aim of this study was
to identify changes in smoking behavior after cancer diagnosis and predictors of sustained smoking by examining a
large, population-based database from the Korean National
Health Insurance (NHIS).

Materials and Methods
1. Study population
This population-based, retrospective study used the Korean
National Health Insurance Service-National Health Screening Cohort (NHIS-HealS) data, which is comprised of 514,866
subjects randomly selected from the population that received
the national health examination in 2002 and 2003 (10% of the
total). In Korea, NHIS is a mandatory social insurance which
covers the entire population in Korea. The subscribers aged
over 40 years are provided with a biennial national health
screening program, which includes body measurements, laboratory tests, and questionnaires on health behavior. The
NHIS-HealS data is comprised of demographic and clinical
information on participants extracted from the NHIS database, such as age, sex, insurance premium, residential area,
comorbidities, hospital visits, and diagnostic codes, as well
as the results of biennial health checkups. The NHIS-HealS
participants were followed until 31 December 2013.
Of the individuals included in the database, we limited
study subjects to the male cancer patients aged less than 80
years, who were diagnosed with a first incident cancer bet-
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ween 1 January 2004 and 31 December 2011. We did not
include female patients because of the extremely low smoking prevalence (about 6%) among Korean women [22]. Diagnosis of the first incident cancer was defined as visiting a
doctor with a cancer diagnosis code according to the International Classification of Disease, 10th revision (ICD-10) for
the first time. To ensure accuracy, patients were included as
cancer patients if they: visited the outpatient clinic at least
three times with a cancer code; were admitted to the hospital
for at least 2 days with a cancer code; received treatment for
cancer according to Diagnosis-Related Group (DRG) code
within one year of diagnosis. Patients were excluded if they
died within 1 year of cancer diagnosis. Of the remaining
24,193 participants, patients who had complete information
on pre- and post-diagnosis smoking status (within 5 years
prior to and after diagnosis) were included as the final study
population (Fig. 1).
2. Smoking status and changes in smoking
Data on smoking were obtained from the self-reported
questionnaires conducted as a part of the health examinations. The survey items on smoking included smoking status
(never smoked/had smoked in the past but quit/smoking
currently) and amount of smoking. People who reported that
they were currently smoking on their health examination
before cancer diagnosis were defined as pre-diagnosis current
smokers. The amount of smoking was categorized as heavy
(! 20 cigarettes/day), moderate (10-19 cigarettes/day), or
light (< 10 cigarettes/day) [23]. Among the pre-diagnosis
smokers, people who reported that they were currently smoking on the health check after cancer diagnosis were categorized as sustained smokers, and those who reported not
smoking post-diagnosis were categorized as quitters. People
who had never smoked pre-diagnosis but started smoking or
people who were ex-smokers pre-diagnosis and relapsed
after diagnosis were not considered for the analysis on predictors of smoking due to the low prevalence of patients
within this group (Fig. 1).
3. Predictors of smoking
Sociodemographic, clinical, and lifestyle characteristics of
the study population were investigated based on the NHIS
claims database and the results of pre-diagnosis health examinations. Body measurements (weight, height, and blood
pressure), laboratory tests (blood glucose and cholesterol
level), and surveys on lifestyle were conducted at the health
checks.
Sociodemographic factors included age at cancer diagnosis
(< 50, 50-64, or 65-80 years), time between cancer diagnosis
and post-diagnosis smoking status assessment (< 1, 1-2, or
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Korean National Health Insurance database
Male patients who were diagnosed with cancer (n=45,199)
Diagnosed with a 1st incident
cancer before 1 January 2004 or
after 31 December 2011 (n=15,747)
Aged over 80 yr at diagnosis
(n=1,010)
Deceased within 1 yr after
cancer diagnosis (n=4,249)
All eligible patients (n=24,193)
Patients with complete data on pre- and postdiagnosis smoking status (n=15,141)
Pre-diagnosis
Never smoker
(n=7,336)

Former smoker
(n=3,148)

Current smoker
(n=4,657)
Post-diagnosis

Nonsmoking
(n=6,978)

Started
smoking
(n=358)

Nonsmoking
(n=2,971)

Relapsed
smoking
(n=177)

Sustained
smoking
(n=2,402)

Quitted
smoking
(n=2,255)

Fig. 1. Summary of patient recruitment and distribution of patients according to smoking behavior.

2-5 years), body mass index (< 18.5, 18.5-25, or ! 25 kg/m2),
socioeconomic status (quartile, based on the level of insurance premium), and place of residence (urban area or country). The lifestyle factors, including amount of smoking (light,
moderate, or heavy), physical activity level (none, 1-2, or ! 3
times/wk), and alcohol consumption level (none, 1-2, or ! 3
times/wk) were collected on the self-reported questionnaires
at health checks. Clinical factors included type of cancer
(smoking-related or non-smoking–related), cancer severity
(cancers with low survival or high survival rate), Charlson
comorbidity index (CCI) (0, 1, 2, or ! 3), fasting serum glucose level (< 100, 100-125, or ! 126 mg/dL), fasting serum
cholesterol level (< 200, 200-239, or ! 240 mg/dL), and blood
pressure (systolic < 140 and diastolic < 90, systolic ! 140 or
diastolic ! 90, systolic ! 160 or diastolic ! 100 mm Hg). Cancers of the lung, oral cavity, pharynx, esophagus, and larynx
were grouped as smoking-related cancers; all other cancers
were grouped as non-smoking–related cancers [24]. Cancers
with 5-year survival rates under 30% (cancers of esophagus,
liver, gallbladder, pancreas, and lung) were grouped as low
survival cancers using the relative survival rates of male

patients (1998-2015) described in the Korea Central Cancer
Registry data [25]; all other cancers were grouped as high
survival cancers. The CCI was calculated based on the diagnosis codes for major comorbidities except for cancer itself
[26].
4. Statistical analysis
Descriptive statistics were used to determine the pre-diagnosis smoking status and changes in smoking after cancer
diagnosis of the study population. Distribution of the cancer
sites were described for the pre-diagnosis current smokers.
Characteristics of the post-diagnosis sustained smokers and
quitters were compared using chi-square or Fisher exact
tests. Odds ratios (OR) and 95% confidence intervals (CI)
were estimated by simple logistic regression analysis to evaluate the associations between each variable and sustained
smoking. Multivariate logistic regression analysis was then
conducted using variables which showed the p-value of
< 0.05 in the univariate analysis. Adjusted odds ratios (aOR)
were calculated by adjusting for all related characteristics as
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Table 1. Distribution of cancer sites among patients who
were current smokers pre-diagnosis
Types of cancer
Smoking-related cancer
Oral cavity and pharynx
Esophagus
Larynx
Lung
Non-smoking–related cancer
Stomach
Colon and rectum
Liver
Gallbladder
Skin
Pancreas
Prostate
Kidney
Bladder
Thyroid
Others

No. (%) (n=4,657)
743 (16.0)
163 (3.5)
47 (1.0)
65 (1.4)
468 (10.0)
3,914 (84.0)
854 (18.3)
631 (13.5)
619 (13.3)
65 (1.4)
41 (0.9)
118 (2.5)
752 (16.1)
77 (1.7)
171 (3.7)
118 (2.5)
468 (10.0)

determined from the univariate analysis. Separate subgroup
analyses were performed in patients aged under 65 years and
over 65 years and for each cancer type group (smokingrelated and non-smoking–related).
All analyses were performed using STATA MP statistical
software, ver. 14.0 (College Station, TX); statistical significance was defined as two-sided p-values of < 0.05.
5. Ethical statement
This study was approved by the Institutional Review
Board (IRB) of the Seoul National University Bundang Hospital (No. X-1701-378-902). The requirement for informed
consent was waived by the IRB because of the retrospective
nature of the study.

cancers of prostate (16.1%), colon and rectum (13.6%), liver
(13.3%), and lung (10.0%).
Post-diagnosis changes in smoking status for the study
population are summarized in Fig. 1. During a mean followup time of 2.7 years, 2,255 (48.4%) of the pre-diagnosis current smokers quit smoking, while 2,402 (51.6%) reported
sustained smoking. Of the sustained smokers, only 278 men
(11.6%) had reduced their amount of smoking (from heavy
to moderate or light, or from moderate to light), and the
remaining 2,124 men (88.4%) maintained the pre-diagnosis
smoking amounts (data not shown).
Table 2 shows the association between possible predictor
variables and sustained smoking after diagnosis. Of the
sociodemographic characteristics, age at cancer diagnosis
(p < 0.001) and socioeconomic status (p < 0.001) were associated with sustained smoking in univariate analysis. Of the
lifestyle characteristics, pre-diagnosis smoking amount was
inversely related to sustained smoking (p < 0.001). Clinical
characteristics associated with sustained smoking included
type of cancer (p < 0.001) and fasting serum glucose level
(p=0.004).
The results of multivariate logistic regression analysis for
characteristics associated with sustained smoking are reported in Table 3. Patients were more likely to continue smoking
post-diagnosis if they: were younger than 65 years at diagnosis (aOR, 1.37; p < 0.001); had a low socioeconomic status
(less than 50 percentile) (aOR, 1.29; p < 0.001); smoked ! 20
cigarettes per day pre-diagnosis (aOR, 1.24; p=0.001); had a
diagnosis of non-smoking–related cancer (aOR, 1.67; p <
0.001); had a fasting serum glucose level of ! 126 mg/dL
(aOR, 1.23; p=0.019).
Results from subgroup analyses for each age and cancer
type group are presented in Tables 4 and 5. Results of
younger patients and patients with non-smoking–related
cancer were similar to those found in overall group analysis.
Whereas, only non-smoking–related cancer (aOR, 1.94; 95%
CI, 1.48 to 2.54; p < 0.001) was associated with sustained
smoking in older patients, and only younger age (aOR, 1.67;
95% CI, 1.22 to 2.28; p=0.001) was associated with smoking
in patients with smoking-related cancer.

Results
In total, 15,141 male cancer survivors were included in the
study: 4,657 (30.8%) were current smokers at the pre-diagnosis health checks, 7,336 (48.5%) had never smoked, and 3,148
(20.8%) were former smokers (Fig. 1).
The distribution of cancer sites among the pre-diagnosis
current smokers are presented in Table 1. Overall, 84% of the
patients had non-smoking–related cancers; stomach cancer
was the most common type of cancer (18.3%), followed by
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Discussion
In this population-based study of male cancer survivors,
52% of the pre-diagnosis smokers continued smoking after
an average 2 years since cancer diagnosis. These results are
lower than those reported from previous cohort studies conducted in Western countries [10,16]. In a prospective study
of the United States, the 2-year smoking cessation rate was
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Table 2. Comparisons of characteristics of the pre-diagnosis current smokers according to post-diagnosis smoking status
and univariate analysis for predictors of sustained smoking after cancer diagnosis
Post-diagnosis smoking status, n (%)
Characteristic
Sociodemographic
Age at cancer diagnosis (yr)
< 50
50-64
65-80
Time since diagnosis to second health check (yr)
<1
1-2
>2
Body mass index (kg/m2)
< 18.5
18.5-24.9
! 25
Socioeconomic status, quartile
First, lowest
Second
Third
Fourth, highest
Place of residence
Urban area
Country
Lifestyle
Amount of smoking (pre-diagnosis)
Heavy (! 20 cigarettes per day)
Moderate (10-19 cigarettes per day)
Light (1-9 cigarettes per day)
Physical activity/wk
None
1-2
3 or more
Alcohol consumption/wk
None
1-2
3 or more
Clinical
Cancer type
Non-smoking–related
Smoking-relatedb)
Cancer severity
Low survival
High survival
Charlson comorbidity index
!3
2
1
0

OR (95% CI)
(n=4,657)

Quitters
(n=2,255)a)

p-value

408 (17.0)
1,312 (54.6)
682 (28.4)

306 (13.6)
1,144 (50.7)
805 (35.7)

< 0.001

1.57 (1.31-1.88)
1.35 (1.19-1.54)
1(

1,051 (43.8)
747 (31.1)
603 (25.1)

924 (41.0)
719 (31.9)
608 (27.0)

0.143

1.15 (0.99-1.32)
1.05 (0.90-1.22)
1(

108 (4.5)
1,582 (65.9)
712 (29.6)

94 (4.2)
1,499 (66.5)
662 (29.4)

0.824

1.07 (0.79-1.44)
0.98 (0.86-1.11)
1(

695 (28.9)
679 (28.3)
642 (26.7)
386 (16.1)

582 (25.8)
592 (26.3)
616 (27.3)
465 (20.6)

< 0.001

1.44 (1.21-1.71)
1.38 (1.16-1.64)
1.26 (1.05-1.49)
1(

1,397 (58.2)
1,005 (41.8)

1,270 (56.3)
985 (43.7)

0.205

1.08 (0.96-1.21)
1(

779 (32.4)
1,184 (49.3)
439 (18.3)

607 (26.9)
1,058 (46.9)
590 (26.2)

< 0.001

1.72 (1.47-2.03)
1.50 (1.30-1.75)
1(

1,141 (47.6)
540 (22.5)
714 (29.8)

1,045 (46.5)
492 (21.9)
711 (31.6)

0.406

1.09 (0.95-1.24)
1.09 (0.93-1.28)
1(

917 (38.3)
718 (30.0)
759 (31.7)

898 (39.9)
682 (30.3)
668 (29.7)

0.312

0.90 (0.78-1.03)
0.93 (0.80-1.07)
1(

2,098 (87.3)
304 (12.7)

1,816 (80.5)
439 (19.5)

< 0.001

1.67 (1.42-1.96)
1(

689 (28.7)
1,713 (71.3)

628 (27.8)
1,627 (72.2)

0.527

1.04 (0.92-1.18)
1(

199 (8.3)
300 (12.5)
722 (30.1)
1,181 (49.2)

176 (7.8)
286 (12.7)
722 (32.0)
1,071 (47.5)

0.479

1.03 (0.83-1.28)
0.95 (0.79-1.14)
0.91 (0.79-1.04)
1(

Sustained
smokers (n=2,402)a)

(Continued to the next page)
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Table 2. Continued
Post-diagnosis smoking status, n (%)
Characteristic
Fasting serum glucose level (mg/dL)
! 126
100-125
< 100
Fasting serum cholesterol level (mg/dL)
! 240
200-239
< 200
Blood pressure (mm Hg)
Systolic < 140 and diastolic < 90
Systolic ! 140 or diastolic ! 90
Systolic ! 160 or diastolic ! 100

OR (95% CI)
(n=4,657)

Quitters
(n=2,255)a)

p-value

350 (14.6)
719 (30.0)
1,331 (55.5)

268 (11.9)
640 (28.4)
1,347 (59.7)

0.004

1.32 (1.11-1.58)
1.14 (1.00-1.30)
1(

271 (11.3)
704 (29.3)
1,424 (59.4)

226 (10.0)
700 (31.1)
1,327 (58.9)

0.231

1.12 (0.92-1.35)
0.94 (0.82-1.07)
1(

1,746 (72.7)
463 (19.3)
193 (8.0)

1,621 (71.9)
447 (19.8)
187 (8.3)

0.828

1.04 (0.84-1.29)
1.00 (0.79-1.23)
1(

Sustained
smokers (n=2,402)a)

OR, odds ratio; CI, confidence interval. a)For some variables, totals may not add up due to missing values, b)Cancers of lung,
oral cavity and pharynx, esophagus, and larynx were categorized as smoking-related cancer.

Table 3. Multivariate analysis for predictors of sustained smoking after cancer diagnosis in pre-diagnosis current smokers
Characteristic
Age < 65 yr at cancer diagnosis (ref. age ! 65 yr)
Socioeconomic status < 50% (ref. ! 50%)
Heavy smoker (ref. non-heavy smoker )
Non-smoking–related cancer (ref. smoking-related cancer )
Fasting serum glucose level ! 126 mg/dL (ref. < 126 mg/dL)

aORa)

95% CI

p-value

1.37
1.29
1.24
1.67
1.23

1.21-1.55
1.15-1.45
1.09-1.41
1.42-1.96
1.03-1.46

< 0.001
< 0.001
0.001
< 0.001
0.019

aOR, adjusted odds ratio; CI, confidence interval; ref., reference group. a)Adjusted for age, socioeconomic status, pre-diagnosis
smoking amount, cancer type, and fasting serum glucose level (except for the variable itself).

31% among 772 smokers diagnosed with cancer [10]. Similarly, in a study of Canadians, 120 of the 175 cancer patients
(69%) continued smoking during an 18-month observation
period. Of the 55 patients who quit smoking, 49% showed a
relapse at least once during the study [16]. A possible explanation for this difference is the different distribution of cancer types and severity. In previous studies, patients were
limited to those with non-metastatic cancer and patients
deemed incurable were typically excluded. Cancer severity
defined according to 5-year survival rates was not related to
sustained smoking in our study, but further information on
individual’s cancer stage and prognosis might be necessary
to clarify the association between cancer severity and smoking behavior. Also, cancers were mainly limited to non-smoking–related cancers such as prostate, breast, or gastrointestinal tract cancers in previous studies. Smoking-relatedness of cancers might have affected the motivation of patients
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for smoking cessation, which is in line with our finding that
cancer types were related to sustained smoking. Alternatively, our study investigated only male patients. Several previous reports reported that female sex is associated with
persistent smoking [15,27].
To our knowledge, only one study has examined the longitudinal changes in smoking behavior after cancer diagnosis
in Korea before the present study [21]. The study was based
on the 2009 nationwide survey on experiences of cancer survivors executed by the Korean Cancer Center. Information
on smoking status at the time of diagnosis and at the time of
survey were collected using self-reported questionnaires.
Among 439 smokers recruited form 10 cancer centers, reported prevalence of sustained smoking (27%) was much lower
compared to that in our study. As for the predictors of sustained smoking, alcohol consumption, which was not related
to smoking in our study, showed association with continued

Hye Yeon Koo, Smoking after a Cancer Diagnosis in Korean Men

Table 4. Multivariate analysis for predictors of sustained smoking after cancer diagnosis segregated by age at diagnosis
Age < 65 yr (n=3,169)

Characteristic
Socioeconomic status < 50% (ref. ! 50%)
Heavy smoker (ref. non-heavy smoker )
Non-smoking–related cancer (ref. smoking-related)
Fasting serum glucose ! 126 mg/dL (ref. < 126 mg/dL)

Age ! 65 yr (n=1,486)

aOR

95% CI

p-value

aOR

95% CI

p-value

1.31
1.26
1.53
1.20

1.14-1.51
1.08-1.46
1.25-1.87
0.98-1.47

< 0.001
0.003
< 0.001
0.084

1.24
1.17
1.94
1.28

1.00-1.54
0.91-1.51
1.48-2.54
0.94-1.79

0.051
0.217
< 0.001
0.120

Adjusted for socioeconomic status, pre-diagnosis smoking amount, cancer type, and fasting serum glucose level. aOR,
adjusted odds ratio; CI, confidence interval; ref., reference group.

Table 5. Multivariate analysis for predictors of sustained smoking after cancer diagnosis segregated by cancer type
Characteristic

Non-smoking–related cancer (n=3,912)

Age < 65 yr at diagnosis (ref. age ! 65 yr)
Socioeconomic status < 50% (ref. ! 50%)
Heavy smoker (ref. non-heavy smoker )
Fasting serum glucose ! 126 mg/dL (ref. < 126 mg/dL)

Smoking-related cancer (n=743)

aOR

95% CI

p-value

aOR

95% CI

p-value

1.32
1.35
1.22
1.33

1.15-1.52
1.19-1.53
1.06-1.41
1.10-1.61

< 0.001
< 0.001
0.005
0.004

1.67
1.01
1.30
0.83

1.22-2.28
0.74-1.37
0.94-1.80
0.54-1.28

0.001
0.967
0.111
0.399

Adjusted for age at cancer diagnosis, socioeconomic status, pre-diagnosis smoking amount, and fasting serum glucose level.
aOR, adjusted odds ratio; CI, confidence interval; ref., reference group.

smoking in a previous study. The reasons for discrepancy
are unclear, but the specificity of patients visiting national or
regional cancer centers might have influenced the differences
in observations. Our study investigated the populationbased samples from various clinics and hospitals, which reinforces representativeness.
Overall prevalence of smoking after diagnosis among cancer survivors was 19.4% in our study, which is about half of
the smoking prevalence of general male population in Korea
[22]. This outcome is consistent with results of previous
investigations on the health behaviors of cancer survivors
[8-10]. Data from the U.S. Health and Retirement Study [9]
showed that smokers with a new cancer diagnosis were 4.3
times more likely to quit smoking than those without new a
diagnosis. Diagnoses of other chronic diseases, such as stroke,
heart disease, or lung disease, were also associated with quitting. In a study by Westmaas et al. [10], smoking cessation
rates of individuals with cancer diagnosis during 2-year
intervals were about 1.6 times higher than healthy controls.
These findings imply that the cancer diagnosis could serve
as an opportunity for changes in smoking habits. Individuals
diagnosed with cancer would be motivated to improve their
disease prognosis and more likely to comply with their physicians’ advice on health behaviors. Therefore, identifying
predictors of persistent smoking and providing the individ-

ualized intervention for smoking cessation might have much
greater impact among cancer survivors than in healthy adults.
In our study, patients with younger age and patients with
lower socioeconomic status were more likely to continue
smoking, which is in line with previous reports [8,11,15,17].
Younger patients might be in a better general health condition than older patients, which could impede motivations for
quitting. Patients with low income might have difficulty in
getting additional aid for smoking cessation, including medications, because of the limited financial resource. Pre-diagnosis smoking amount was also related to sustained smoking
as in the several previous studies [12,14], which could be
explained by the level of nicotine dependence.
Diagnosis of non-smoking-related cancer was strongly
associated with persistent smoking. Numerous reports have
shown that smoking rates among cancer survivors differ
according to types of cancer, although the results may be
inconsistent [8,11,16-19,21]. In a large population-based
study of Australia, lung cancer survivors were 4 times more
likely to quit after diagnosis compared with survivors of
other cancer types [11]. Previous study in Korea has also
reported that lung cancer diagnosis was associated with
lower odds of continued smoking (OR, 0.41; 95% CI, 0.19 to
0.88) [21]. A possible reason could be the patients’ perceived
risk of smoking; A study of cancer patients entering a smok-
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ing cessation program (n=111) observed that quit motivation
was associated with risk perceptions and perceived benefits
of quitting [14]. Patients diagnosed with cancers that are
strongly linked to tobacco might have been more concerned
about smoking and had strong motivation for quitting, while
patients with other types of cancers relatively lacked motivation [28].
Baseline high blood glucose level, which was rarely evaluated in the previous investigations, was associated with
higher odds of continued smoking in our study. Considering
that glucose level is largely affected by dietary intake, dietary
habits could be the underlying link. Recent population studies and meta-analysis have demonstrated that smokers tend
to have higher blood glucose level and unhealthy nutritional
habits compared to non-smokers [29,30]. In studies among
cancer survivors, unhealthy habits, such as drinking and
smoking, were interrelated [8,31]. Smokers with high glucose
level might have unhealthier diets and lifestyles, which could
possibly reflect the tendency to stick with their pre-diagnosis
smoking habit. Since hyperglycemia and smoking are the
established risk factors of cardiovascular disease, smoking
cessation might have greater clinical significance in patients
with high blood glucose [32]. Our finding that hyperglycemic
patients, who are high-risk group of cardiovascular diseases,
tend to continue to smoke implies the need for focused
interventions for smoking in this population.
When segregated by age and cancer type, socioeconomic
status, amount of smoking, and fasting serum glucose level
were not associated with sustained smoking in older age
group and in smoking-related cancer group. These findings
suggest that among patients who already have a high perceived risk of smoking and poor prognosis like older age
group and smoking-related cancer group, factors other than
age or cancer type might have little impact on smoking behavior.
Recent investigators have focused on the importance of
health habit interventions in cancer survivors [33]. While the
interventions for smoking, including counseling, cognitive
behavioral therapy, and pharmacotherapy, have shown benefits, more systematic, integrated inventions are needed for
the routine care of cancer patients [18]. Targeting the highrisk groups found in our study could help effectively providing these interventions. Previous studies have commonly
reported that early intervention after the cancer diagnosis is
critical and the effective intervention was experienced as an
integral part of the primary cancer treatment [33,34], implying that in-hospital smoking cessation program might be necessary during or early after the cancer treatment. Also, a
systematic review of smoking cessation programs for cancer
survivors has suggested that paying attention to health risk
behaviors of survivors and tailoring intervention content to
survivors’ readiness to quit are important [35]. Using peers
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to deliver intervention, regular reinforcement of the importance of quitting, and high-intensity delivery over multiple
sessions were also shown to be effective. To promote smoking cessation continuously among hard-to-reach patients,
various approaches including tailored self-help materials,
telephone counseling, and social support by peer group
might need to be taken into consideration [36,37]. Integrative
intervention combining rigorous in-hospital treatment and
tailored long-term support program could be helpful for cancer survivors who have difficulty in quitting smoking.
Our study has some limitations. First, since study subjects
were limited to the patients who received at least two times
of national health examinations, the result might not be generalizable to all cancer patients. The participants might be
more considered about their health and in a healthier lifestyle
than general patients. In addition, patients with poor prognosis might have missed their health checks after cancer
diagnosis. Second, smoking status was based on the selfreported questionnaires and was not verified via biochemical
tests, which might have led to under-reporting of current
smoking. Third, while we investigated the numerous possible predictive values of smoking, several factors related to
smoking in previous studies, such as second-hand smoking
and depression, were not evaluated. Strength of our study is
a large sample size and inclusion of various cancer types.
Few data exist on longitudinal changes of smoking status in
large, population-based samples. Also, we examined the various clinical factors such as blood glucose and cholesterol
level.
In conclusion, almost half of the male smokers in Korea
continue to smoke after diagnosis of cancer. Patients with
younger age, heavy amount of smoking, low socioeconomic
status, non-smoking–related type of cancer, and high blood
glucose level at baseline are more likely to sustain smoking.
Targeted approaches should be considered for these highrisk groups when implementing interventions for smoking
cessation.
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