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Background: Smoking cessation may help the current smokers to reduce cancer risk. However, weight gain
following smoking cessation may attenuate the protective association of cessation with cancer.

Patients and methods: Our study included 1,278,794 men who were aged 20-39 years and underwent two
consecutive health examinations by the National Health Insurance Service, without previous diagnosis of cancer.
Participants were categorized into continual smokers, quitters with different degree of body weight change, and
never smokers based on the biennial national health screening program (2002-2003 and 2004-2005) and were
followed from January 1, 2006 to December 31, 2015. Cox proportional hazard models and restricted cubic
spline model was used to evaluate the association of post-cessation weight change and cancer risk after ad-
justment for potential confounders.

Results: During the 10 years of follow-up, the analyses included 1,278,794 men with 21,494 cancer incidences.
Compared to continual smokers, quitters without weight gain of 2.0 kg had significantly lower risk of obesity-
related cancer (hazard ratio [HR], 0.88; 95% confidence interval [CI], 0.79-0.97), smoking-related cancer (HR,
0.90; 95% CI, 0.83 to 0.98), and gastrointestinal cancer (HR, 89; 95% CI, 0.80 to 0.98). Weight gain among
quitters attenuated the risk reduction of cancer compared to continual smoking. Among quitters, weight gain up
to 5.0 kg with smoking cessation showed protective association with cancer risk among quitters without weight
gain.

Conclusion: Excessive weight gain with smoking cessation among quitters was not associated with reduced risk
of several cancer types. This association should be taken into account when recommending smoking cessation to
prevent cancer

1. Introduction period of time [12,13]. Obesity and excess body weight are also asso-

ciated with elevated risk of cancer in Asian and other populations

In the past few decades, several epidemiological studies across the
globe reported the association between cigarette smoking and various
types of cancer [1-6]. Analyses from multiple cohorts suggest that
smoking cessation significantly reduces the risk of cancer, if continued
over time without relapsing [7,8]. Despite the widely publicized health
benefits of smoking cessation [9,10], weight gain following smoking
cessation is known to be one of the adverse health effects that dis-
courages smokers from quitting [11]. The severity of weight gain with
smoking cessation may differ mostly by age, sex, and ethnicity, but
usually occurs during half a year after quitting and persists over a

(mostly in North America and European countries) [14-16]. However,
the association between post-cessation weight gain and cancer risk has
not been established.

Previous observational studies have reported the association be-
tween weight gain and several cancer types, but most studies were
limited to women [17-19]. Also, these epidemiological studies have not
yet examined whether the post-cessation weight gain attenuates the
protective effect of smoking cessation with cancer. Therefore, owing to
the well-established evidence of the association between excess body
weight and cancer risk, health concern on post-cessation weight gain
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and cancer risk could not be ruled out.

To examine the association of weight change with smoking cessa-
tion and risk of cancer, we used population-based linkage of national
health screening, medical claims, and death records database of more
than 1 million young men aged between 20 and 39. We report the re-
lationship of weight change with smoking cessation with risk of cancer
to update evidence on the health benefits of smoking cessation and
weight management in young men.

2. Methods
2.1. Data source and study design

We obtained health screening data and medical claims of young
men aged 20 to 39 in the National Health Insurance Service (NHIS)
cohort database between 2002 and 2015 that were linked to death re-
cords of the National Statistical Office of the Republic of Korea. The
NHIS, which is a single insurer and government-funded national health
insurance system in the Republic of Korea, provides demographics,
medical claims, and health screening dataset for research purpose after
undergoing approval procedure from the relevant review committees.
Further details of the health screening program and healthcare data of
the NHIS database are available elsewhere [20]. Among 1,357,494
young men (aged between 20 and 39) identified from the NHIS data-
base, we excluded those with unknown smoking status (N = 49,150)
and missing information on weight (N = 2760) between two con-
secutive biennial health screening periods (2002-2003 and
2004-2005). In addition, participants who had medical claims of any
cancer (ICD-10 [International Classification of Disease, 10th revision]
codes: C00-C97) or died before January 1, 2006 (N = 26,790) were
excluded from this study. Women were not enrolled in this study be-
cause of significantly low proportion of current smokers at baseline
(below 3.0%). After applying these inclusion criteria, the final cohort
included 1,278,794 young men. Since the NHIS cohort database con-
sisted of routinely collected healthcare data, we were exempted from
obtaining informed consent from the participants. Institutional Review
Board (IRB) at the Seoul National University Hospital, which complies
with the Declaration of Helsinki, approved the study (IRB No: 1703-
039-836).

2.2. Change in smoking status and weight change

Change in smoking status were drawn from the self-reported survey
between the first (2002-2003) and second (2004-2005) biennial NHIS
health screening periods. Information on cigarettes smoked per day and
smoking history were also collected from the same survey category.
Based on the responses, we grouped the participants into continual
smokers, quitters, and never smokers. We categorized quitters into
quitters with weight gain (weight gain of + 2.0 kg), without weight gain
(change within = 2.0kg), and with weight loss (loss of more than
-2.0 kg) based on the average weight gain in Asian male of similar age
group reported in the previous studies [21-24]. Furthermore, we cre-
ated the secondary weight change categories among quitters based on
the average post-cessation weight gain observed in the U.S cohort
(5.0 kg) studies from the recruited study participants [25] to assess the
extreme weight gain category for sensitivity analyses.

2.3. Cancer incidence follow-up

Records of cancer incidence during the follow-up from January 1,
2006 to December 31, 2015 were identified with ICD-10 codes and
critical condition code for malignant neoplasm in the NHIS medical
claims. The diagnostic concordance of the NHIS claims data for cancer
is approximately 95% as compared to the Korea Central Cancer Registry
[26]. Cancer incidences were classified as all cancer, obesity-related
cancer (esophageal adenocarcinoma, gastric cardia cancer, liver cancer,
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kidney cancer, multiple myeloma, meningioma, pancreatic cancer,
colorectal cancer, gallbladder cancer) (U.S National Cancer Institute),
smoking-related cancer (U.S Surgeon General’s Report, 2014) [27],
gastrointestinal (GI) cancer (includes cancers of gastrointestinal tract
and digestive organs), lung cancer, gastric cancer, colorectal cancer,
and liver cancer. Specific cancer sites were selected for analysis ac-
cording to the incidence rate among men according to the National
Cancer Registry database in the Republic of Korea [28].

2.4. Assessment of covariates

Information on sociodemographic variables (age, residential area,
and insurance premium [indicator of socioeconomic status]) were
drawn from the insurance eligibility database of the NHIS. We ab-
stracted data on body mass index (BMI) (weight in kilograms divided by
height in meters squared [kg/m?]), fasting serum glucose, total cho-
lesterol, alcohol consumption, physical activity, and family history of
cancer from the clinical laboratory tests and self-reported surveys per-
formed as a part of the NHIS biennial health screening program.
Charlson Comorbidity Index was calculated based on the cumulative
medical claims data of the baseline period.

2.5. Statistical analysis

Beginning on January 1, 2006, each participant was censored at the
first event of cancer, death from cancer or other causes, or December
31, 2015, whichever occurred first. Cancer incidences and person-years
for each participant were arranged according to change in smoking
status and weight change groups. We conducted one-way analysis of
variance (ANOVA) to compare mean weight change across the cate-
gories of smoking status and weight change. We used Cox proportional-
hazards regression models adjusted for age, residential area, insurance
premium, body mass index, fasting serum glucose, total cholesterol,
alcohol consumption, physical activity, family history of cancer, and
Charlson Comorbidity Index to calculate hazard ratio (HR) and 95%
confidence intervals (95% CI) for each type of cancers among quitters
with different degrees of weight change (2.0kg according to the
average weight gain in Asian male) and never smokers as compared to
continual smokers. The proportionality assumption of the Cox regres-
sion model was tested graphically using log-log plots. For secondary
analyses, we used the same Cox regression model to compute adjusted
HR and 95% CI for each type of cancers among quitters with different
weight change category (5.0 kg adopted from the average weight gain
with smoking cessation in the U.S cohort). In addition, we examined the
relationship between smoking cessation and weight change (treated as
a continuous variable) among quitters with restricted cubic spline with
4 knots (lowest value of Bayesian information criteria) for all cancer
incidences using quitters with weight change of 0.0 kg as reference. For
sensitivity analysis, we excluded cancer events up to 2 years during the
follow-up to account for the possibility of undetected cancer or poor
health condition among quitters with weight loss. 2-sided p-values <
0.05 was considered statistically significant and was two sided. We
performed data management and statistical analysis using SAS version
9.4 (SAS Institute, Cary, NC, USA) and STATA 14 (StataCorp, College
Station, TX, USA).

3. Results
3.1. Study population

Among 1,278,794 young men enrolled in this study, there were
58.7% (n = 750,060) continual smokers, 8.5% quitters (n = 106,967)
and 32.8% (n = 421,767) never smokers (Table 1). About two-thirds of
continual smokers had smoking history of 10-19 years and reported to
smoke 10-19 cigarettes per day at baseline. Most of the quitters had
weight gain of more than 2.0kg (42.4%) or without weight change
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Table 1
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Baseline characteristics of young men (20-39 years) in the National Health Insurance Service database, according to change in smoking status.

Characteristics at Baseline

Continual Smokers

Quitters

All Quitters

Quitters with Weight

Quitters without

Quitters with Weight

Never Smokers

(N = 750,060) (N = 106,967) gain (N = 45,414) Weight gain' loss™ (N = 10,481) (N = 421,767)
(N = 51,072)
Age, years, mean (SD) 34.6 (4.84) 35.3 (4.60) 34.7 (4.64) 35.7 (4.54) 35.7 (4.45) 35.2 (4.89)
Residential Area
Capital 120,280 (16.0) 18,547 (17.3) 7,410 (16.3) 9,126 (17.9) 2,011 (19.2) 72,346 (17.2)
Metropolitan 211,835 (28.2) 28,977 (27.1) 12,500 (27.5) 13,769 (27.0) 2,708 (25.8) 111,060 (26.3)
City/Town 417,945 (55.8) 59,443 (55.6) 25,504 (56.2) 28,177 (55.1) 5,762 (55.0) 238,361 (56.5)
Insurance Premium
1Q 78,383 (10.5) 7,887 (7.4) 3,434 (7.6) 3,664 (7.2) 789 (7.5) 36,647 (8.7)
2Q 157,552 (21.0) 17,323 (16.2) 7,923 (17.5) 7,707 (15.1) 1,693 (16.2) 71,080 (16.9)
3Q 292,794 (39.0) 40,773 (38.1) 18,031 (39.7) 18,914 (37.0) 3,828 (36.5) 154,658 (36.7)
4Q 221,331 (29.5) 40,984 (38.3) 16,026 (35.2) 20,787 (40.7) 4,171 (39.8) 159,382 (37.7)
Prevalence of Obesity® 269,108 (35.9) 42,876 (40.1) 20.963 (46.1) 18,208 (35.7) 3,705 (35.5) 142,527 (33.8)
Body Mass Index, kg/m?, 24.0 (3.5) 24.4 (2.9) 24.9 (2.9) 24.0 (2.86) 24.0 (3.0) 23.9 (2.9)

mean (SD)
Weight Change’
Mean (SE) [95% CI]

Median (IQR)
FSG, mg/dL, mean (SD)
Total Cholesterol, mg/d,
mean (SD)
Blood Pressure, mmHg,
mean (SD)
SBP
DBP
Cigarettes smoked/day
< 10/day
10-19/day
20-39
=40
Smoking history
< 10 years
10-19 years
=20 years
Alcohol Consumption
None/Barely any 2-3
times/month
1-2 times/week
3-4 times/week
=5 times/week
Physical Activity
None
1-2 times/week
3-4 times/week
5-6 times/week
Almost everyday
Family History of Cancer
Charlson Comorbidity
Index

VL=

0.95 (0.01) [0.94 to
0.96]

1.0 (-1.0 to 3.0)
92.4 (21.7)

191.6 (40.5)

123.2 (13.2)
77.9 (9.7)

118,300 (15.8)
459,377 (61.4)
164,678 (22.0)
5,701 (0.8)

191,493 (25.5)
455,731 (60.8)
102,836 (13.7)

113,532 (15.1)
213,989 (28.5)
315,028 (42.0)
91,130 (12.1)
17,381 (2.2)

314,313 (41.9)
312,445 (41.7)
85,731 (11.4)
15,860 (2.1)
21,711 (2.9)
82,795 (11.0)

425,620 (56.7)
238,033 (31.7)
86,407 (11.6)

1.95 (0.01) [1.93 to
1.98]

2.0 (0.0 to 4.0)
92.4 (19.5)

194 .2 (36.9)

123.4 (13.2)
78.0 (9.6)

39,532 (37.1)
45,001 (42.1)
22,334 (20.8)

18,566 (17.4)36,407
(34.0)

40,986 (38.3)

9,604 (8.9)

1,404 (1.4)

38,486 (35.9)
43,799 (40.9)
17,588 (16.4)
3,495 (3.3)
3,499 (3.5)
13,266 (12.4)

55,076 (51.5)
36,986 (34.6)
14,905 (13.9)

5.35 (0.01) [5.33 to

0.34 (0.01) [0.33 to

—4.91 (0.03) [-4.96 to

0.74 (0.01) [0.73 to

5.37] 0.36] -4.86] 7.75]

5.0 (3.0 to 6.0) 0.0 (-1.0 to 2.0) —4.0 (-6.0 to -3.0) 1.0 (-1.0 to 3.0)
92.1 (17.1) 92.2 (18.6) 95.4 (30.5) 91.2 (18.8)
196.8 (35.3) 192.7 (37.7) 190.3 (39.5) 189.2 (40.4)
124.3 (13.0) 122.7 (13.2) 123.2 (13.6) 122.5 (13.1)
78.5 (9.5) 77.6 (9.7) 77.8 (9.9) 77.5 (9.6)
16,362 (36.0) 19,099 (37.4) 4,171 (39.8)

19,474 (42.9) 21,304 (41.7) 4,223 (40.3)

9,578 (21.1) 10.669 (20.9) 2,087 (19.9)

7,601 (16.7) 14,738

8,879 (17.4) 17,859

2,086 (19.9) 3,810

177,178 (42.0)

(32.5) (35.0) (36.4) 124,037 (29.4)
17,866 (39.3) 19,416 (38.0) 3,704 (35.3) 102,429 (24.3)
4,494 (9.9) 4,338 (8.5) 772 (7.4) 15,784 (3.7)
715 (1.6) 580 (1.1) 109 (1.0) 2,339 (0.6)
17,528 (38.6) 17,944 (35.1) 3,014 (28.8) 189,849 (45.0)
18,767 (41.3) 21,107 (41.3) 3,925 (37.4) 153,184 (36.3)
6,641 (14.6) 8,651 (16.9) 2,296 (21.9) 55,316 (3.1)
1,162 (2.6) 1,697 (3.3) 636 (6.1) 636 (6.1)
1,316 (2.9) 1,673 (3.3) 610 (5.8) 12,744 (3.0)
5,666 (12.5) 6,393 (12.5) 1,207 (11.5) 41,205 (9.7)
24,004 (52.9) 26,052 (51.0) 5,020 (47.9) 214,654 (50.9)
15,497 (34.1) 17,814 (34.9) 3,675 (35.1) 147,631 (35.0)
5,913 (13.0) 7,206 (14.1) 1,786 (17.0) 59,482 (14.1)

All data above are in reference to the second health examination period (2004-200
Values are presented as no. (%) unless otherwise stated.

5) except for weight change.

Abbreviations: Q quartile; SD standard deviation; SE standard error; IQR interquartile range; BMI Body Mass Index; FSG Fasting Serum Glucose; SBP Systolic Blood

Pressure; DBP Diastolic Blood Pressure;

* Weight gain of more than +2.0kg in the second health examination period (2004-2005) compared to the first health checkup (2002-2003).

T
*

Weight change within + 2.0kg in the second health examination period (2004-2005) compared to the first health checkup (2002-2003).
Weight loss of more than -2.0 kg in the second health examination period (2004-2005) compared to the first health checkup (2002-2003).

§ Defined as BMI = 25 kg/m? according to the Korean Society for the Study of Obesity.
1 Change in weight between the two consecutive health examination (2002-2003 and 2004-2005) periods.

within 2.0kg (47.8%). Continual smokers and never smokers had no
significant weight change (median +1.0kg of weight change, range
-1.0 to 3.0kg). Weight change was significantly different across the
smoking status and weight change groups (p < 0.0001 from ANOVA
test).
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3.2. Smoking cessation, weight gain, and cancer risk

There were 21,494 cancer incidences among 1,278,794 young men
during the 10 years of follow-up. Of the incidences of cancer in the
study participants, approximately half of them were obesity-related
(n = 10,314) and smoking-related (n = 12,617). After adjustment for
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2% 55 potential confounders, weight gain with smoking cessation (weight gain
3 S5 S S of more than 2.0kg) was associated with no significant decrease in
g 33 ] obesity-related cancer (HR, 0.93; 95% CI, 0.84-1.04), but was asso-
& > 0 >
5 N E\E © \E S’; ciated with marginal decrease in smoking-related cancer (HR, 0.91;
g ges SE&S 95% CI, 0.82-1.00) risk as compared to continual smoking. Quitters
without weight gain (weight change within = 2.0kg) had a sig-
nificantly decreased risk of obesity-related cancer (HR, 0.88; 95% CI,
§ 0.79 to 0.97), smoking-related cancer (HR, 0.90; 95% CI, 0.83 to 0.98),
E and GI cancer (HR, 0.86; 95% CI, 0.89 to 0.98) compared to continual
'§° - P smokers. Never smokers had a significantly decreased risk of cancer as
o § § § § compared with continual smokers. When cancer events were excluded
= w ¥ QW up to 2 years of the follow-up period, similar results were observed
g e se (Table 3).
2| z8% gRE
N O © - O O
3.3. Secondary analyses
= To further explore the association between weight change with
§° smoking cessation and risk of cancer, we categorized quitters by 5.0 kg
go (average weight gain observed in the U.S cohort). Protective association
= of smoking cessation with cancer was attenuated among quitters with
_:g’ 83 33 weigh gain of more than 5.0 kg. Weight change within 5.0 kg with
§ vy > b smoking cessation was associated with significantly lower risk of obe-
O O O O N . .
4 Ss Ss sity-related cancer, smoking-related cancer, GI-cancer, and liver cancer.
2 088 988 Quitters with weight loss of more than 5.0 kg showed a non-significant
< ®ee mee increase in cancer risk (Table S1 in the Supplementary Appendix).
When we further classified quitters into quitters with severe weight
= o gain (=5.0kg), quitters with moderate weight gain (2.0-5.0 kg), quit-
g go ters without weight change ( = 2.0 kg), and weight loss (<-2.0kg), risk
;* i of obesity-related cancer, smoking-related cancer, and GI-cancer were
2 = =k g ) lower among quitters without weight change (Table S2 in the
) =] = S Supplementary Appendix). When we stratified the participants by re-
5} ; 22 L n sidential area, insurance premium, presence of obesity, alcohol con-
i £ NS omw sumption, physical activity, and Charlson comorbidity index, the risk
§ & Res 8so ratio for all-cancer, obesity-related cancer, smoking-related cancer, and
: GI cancer showed similar results compared to the main analyses for
:;, . s ’g each subgroup (Table S3-S6 in the Supplementary Appendix). When we
] KL S5 | > restricted the analysis among quitters to examine the association be-
i 5 S S S | B . . ) . . .
2 4 23 23 & tween weight change with smoking cessation and risk of cancer, weight
E 4 2 Ss S8 ] gain up to approximately 5.0 kg was associated with lower risk of all
S (=Nt n = . s s . . .
; 5 g BR% 883 | &g cancer. No protective association of smoking cessation with cancer was
2|9 < “ee Ze° s observed among quitters with weight loss (Fig. 1).
E 8
g o £ 4. Discussion
1)
= = 0
< =] =)
5 & e CIERRE This large cohort study of young men in the Republic of Korea de-
-1 - [=I=1 == -— . . . . . .
=) § _gE o8B |E monstrated that weight gain with smoking cessation was not associated
°§ g 2 E’, E 3 :&3 E i with reduced cancer risk. After 10 years of follow-up, we found a sig-
= S oo o . . . :
g © Il ; nificant decrease in risk of cancer among quitters without weight gain
B 3 of more than 2.0 kg as compared with continual smokers. Weight gain
w
g a :O of more than 2.0 kg with smoking cessation was not associated with
o ; > significantly decreased risk of cancer compared to continual smoking.
o =1 . . . o . .
< :: =] § The risk of cancer remained significantly lower among quitters with
g :e % ~ weight gain up to approximately 5.0 kg. Although the protective asso-
k] 5 3 E ciation of smoking cessation with cancer is well-established, our study
é % % _ '§ suggests that weight management along with smoking cessation is an
g & C g ° g important factor for successfully reducing risk of cancer in young men.
Oo o Oo . . . . . . . .
2 2 § > @ g Weight gain is strongly associated with smoking cessation, and still
- = 2 o . .
§ 2 g = e g = |5 remains as one of the factors that discourages current smokers from
I g S g £ § quitting smoking [29]. In a meta-analysis of 35 prospective cohort
=t 2 og£8 o |2 studies including a total of 451,835 adult participants who were fol-
- & 2 & g | = 8 p P
§ % £ =) % £ ) “; lowed up to 12 months after cessation found that quitters had a mean
E £8 3 228 3 g g weight gain of 4.0 to 5.0 kg. Tian et al. reported that smoking cessation
;, @ 8 _§,§ @ 8 ,§§ Z2 was associated with 2.61 kg of excess weight gain as compared to
o 5 3 : ;05 3 Z ;’% R continual smoking [30] (at least 3 months from the baseline). In ana-
_% E E z <= 5 Z <= m :“ lysis of 1,995 Japanese male workers in the High-risk and Population
S Strategy for Occupational Health Promotion study, smoking cessation
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was associated with approximately 2.0 kg of weight gain over a 4-year
period [23]. Also, Asian male older than 30 years of age showed 1.57 kg
of weight gain with quitting smoking based on the health examination
records of 2,848 patients with 1 to 3 year interval between the mea-
surements [22]. In our study, about half of the quitters had weight gain
of more than 2.0 kg and approximately a quarter of them gained more
than 5.0kg. Our results are consistent with the previous findings that
smoking cessation is associated with subsequent weight gain, which is
mainly attributable to increased caloric intake without substantial
change in physical activity [31]. Therefore, physical activity has been
suggested as one of the interventions to minimize weight gain following
smoking cessation [32].

Little is known about the association of weight gain attributable to
smoking cessation with risk of several cancer types. In a longitudinal
study of general population of Korean men over 40 years of age,
smoking cessation was associated with a significant decrease in all
cancer and smoking-related cancer regardless of the intensity of
smoking at baseline [33]. A significant decrease in colorectal cancer
risk among quitters as compared to continual smokers was observed in
the Health Professionals Follow-up Study and Nurses’ Health Study
[34]. In addition, a pooled analysis of five contemporary cohorts in the
U.S showed that cigarette smoking is related to death from stomach,
esophageal, liver, pancreatic, and other types of cancer [35], some of
which are included in obesity-related cancer category as suggested by
the U.S National Cancer Institute. However, these cohort studies did not
evaluate whether weight gain following quitting smoking attenuates
the protective effect of cancer with smoking cessation. We found that
the protective association of smoking cessation with cancer was atte-
nuated among quitters with excess weight gain of more than 2.0 kg as
compared to continual smoking. In contrast, those without weight gain
of more than 2.0 kg had a significantly lower risk of smoking-related,
obesity-related, and GI cancer. Weight loss of more than 2.0 kg with
smoking cessation was associated with a non-significant increase in
cancer risk, suggesting that substantial decrease in body weight with
smoking cessation may be an indicator of poor general health or hidden
malignancy [36], which could be a residual confounder.

Overall, weight gain with smoking cessation may attenuate to the
health benefits of smoking cessation for cancer prevention. Substantial
evidence from large cohort studies such as Korea National Health
Insurance Corporation cohort [15] and cohort of Swedish men [37] and
meta-analyses of prospective observational studies [38] suggest a po-
sitive association between excess body weight and increased risk of a
wide range of cancer types. Although the biological mechanisms by
which weight gain accelerates cancer develop may vary by cancer sites,

All Cancer

Hazard Ratio
Y

weight change (kg)

Fig. 1. Association between weight change following smoking cessation and
risk of all cancer in male quitters, plotted with restricted cubic spline model.
Reference group is quitters with weight change of 0.0kg, and the model was
adjusted for all the variables included in multivariable model (see Table 2 for
variables).
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excessive adipose tissue, if accumulated after smoking cessation, may
induce insulin resistance, chronic hyperinsulinemia, and localized in-
flammation that contribute to increased cancer risk [39,40]. Despite
these plausible mechanism, further studies are necessary to examine the
composite health benefits and harms of smoking cessation in relation to
several cancer types.

A notable strength of this study is its large size of study population
including more than 1 million young men with reliable information on
health examination, medical claims, and death records. Another
strength is that we were able to collect data on sociodemographic
factors, health status, comorbidities, and family history from a linked
database for adjustment in risk estimates for cancer. Also, classification
of cancer types in the NHIS database was based on reliable medical
claims and relevant codes among the participants [41], and did not rely
on the secondary data source. Furthermore, we were able to conduct
several sensitivity analyses with different categorization of weight
change that were generally consistent with the main analysis.

There are several limitations in this study that should be noted.
First, change in smoking status, especially for those who had quit
smoking, was identified from self-reported survey without biochemical
assays or information on nicotine dependence, which was not available
in the NHIS database. However, confirmation of smoking status by la-
boratory assessment is rarely available in a large population-based co-
hort. In addition, since smoking status and weight measurement data
were based on the two surveys between 2002-2003 and 2004-2005,
timing and accuracy of weight change need to be considered in future
studies to account for residual confounding. Second, additional risk
factors for cancer, such as dietary intake, genetic mutations, and en-
vironmental carcinogen were unobtainable and not adjusted in the risk
estimates because such data could not be collected in this study. Also,
this study was limited to young men who were subject to the national
health screening program provided by the NHIS. Therefore, further
studies are needed in women and other ethnic groups of older age to
confirm the association of post-cessation weight change with cancer
risk observed in this study.

In conclusion, this population-based examination on weight change
with smoking cessation and cancer risk showed that the protective ef-
fect of smoking cessation was attenuated among quitters with excessive
weight gain in young men. Although these associations need to be ex-
amined a step further, findings of our study suggest the importance of
weight management with smoking cessation to reduce cancer risk.

Ethical approval

This study was approved by the National Health Insurance Service
and the Institutional Review Board (IRB) at the Seoul National
University Hospital (IRB No: 1703-039-836).

Transparency

The lead author affirms that the manuscript is an honest, accurate,
and transparent account of the study being reported; that no important
aspects of the study have been omitted; and that any discrepancies from
the study as planned (and, if relevant, registered) have been explained.

Authors’ contributions

K.K and S.M.P conceived the study. K.K and S.C collected data and
performed the statistical analyses with the assistance of Y.Y.K and
S.Y.P. All authors were involved in interpretation of the data. K.K wrote
the first draft of the manuscript under the supervision of S.M.P. All
authors provided intellectual contents and commented on the first draft
for critical revisions. All authors approved the final manuscript.



K. Kim, et al.

Role of the sponsor

The Ministry of Health & Welfare in the Republic of Korea had no
role in the study conceptualization, design, analysis, and interpretation
of the data. This funding source also had no role in preparation, review,
or approval of the final manuscript.

Authorship contribution statement

Study concepts: Sang Min Park.

Study design: Kyuwoong Kim, Sang Min Park, Seulggie Choi.

Data acquisition: Kyuwoong Kim and Seulggie Choi.

Quality control of data and algorithms: Yeong-Yong Kim and Seong
Yong Park.

Data analysis and interpretation: All authors.

Statistical analysis: Kyuwoong Kim and Seulggie Choi.

Manuscript preparation: Kyuwoong Kim.

Manuscript editing: All authors.

Manuscript review: All authors.

Conflict of interest
None to declare.
Acknowledgement

We would like to thank the National Health Insurance Service for
providing the dataset (NHIS-2017-1-143). Kyuwoong Kim received a
scholarship from the BK21-plus education program provided by the
National Research Foundation of Korea. This research was supported by
the Ministry of Health and Welfare in the Republic of Korea (Grant No:
20170322652-00).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.canep.2019.03.005.

References

[1] S. Akiba, T. Hirayama, Cigarette smoking and cancer mortality risk in Japanese men
and women-results from reanalysis of the six-prefecture cohort study data, Environ.
Health Perspect. 87 (1990) 19.

E. Giovannucci, G.A. Colditz, M.J. Stampfer, D. Hunter, B.A. Rosner, W.C. Willett,
et al., A prospective study of cigarette smoking and risk of colorectal adenoma and
colorectal cancer in US women, JNCI J. Natl. Cancer Inst. 86 (1994) 192-199.
C.A. Gonzédlez, G. Pera, A. Agudo, D. Palli, V. Krogh, P. Vineis, et al., Smoking and
the risk of gastric cancer in the European Prospective Investigation Into Cancer and
Nutrition (EPIC), Int. J. Cancer 107 (2003) 629-634.

S.H. Jee, J.M. Samet, H. Ohrr, J.H. Kim, I.S. Kim, Smoking and cancer risk in Korean
men and women, Cancer Causes Control 15 (2004) 341-348.

S.M. Lynch, A. Vrieling, J.H. Lubin, P. Kraft, J.B. Mendelsohn, P. Hartge, et al.,
Cigarette smoking and pancreatic cancer: a pooled analysis from the pancreatic
cancer cohort consortium, Am. J. Epidemiol. 170 (2009) 403-413.

J.K. McLaughlin, Z. Hrubsec, W.J. Blot, J.F. Fraumeni, Smoking and cancer mor-
tality among US veterans: a 26-year follow-up, Int. J. Cancer 60 (1995) 190-193.
J. Ebbert, P. Yang, C. Vachon, R. Vierkant, J. Cerhan, A. Folsom, et al., Lung cancer
risk reduction after smoking cessation: observations from a prospective cohort of
women, J. Clin. Oncol. 21 (2003) 921-926.

Y.-M. Song, J. Sung, H.-J. Cho, Reduction and cessation of cigarette smoking and
risk of cancer: a cohort study of Korean men, J. Clin. Oncol. 26 (2008) 5101-5106.
U. Mons, A. Miiezzinler, C. Gellert, B. Schéttker, C.C. Abnet, M. Bobak, et al., Impact
of smoking and smoking cessation on cardiovascular events and mortality among
older adults: meta-analysis of individual participant data from prospective cohort
studies of the CHANCES consortium, BMJ 350 (2015) h1551.

E. Banks, G. Joshy, M.F. Weber, B. Liu, R. Grenfell, S. Egger, et al., Tobacco smoking
and all-cause mortality in a large Australian cohort study: findings from a mature
epidemic with current low smoking prevalence, BMC Med. 13 (2015) 38.

F. Pistelli, F. Aquilini, L. Carrozzi, Weight gain after smoking cessation, Monaldi
Arch. Chest Dis. 71 (2016).

H.-J. Aubin, A. Farley, D. Lycett, P. Lahmek, P. Aveyard, Weight gain in smokers
after quitting cigarettes: meta-analysis, BMJ 345 (2012) e4439.

P. Jain, G. Danaei, J.M. Robins, J.E. Manson, M.A. Hernédn, Smoking cessation and

[2]

[3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]
[12]

[13]

92

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Cancer Epidemiology 60 (2019) 86-92

long-term weight gain in the Framingham Heart Study: an application of the
parametric g-formula for a continuous outcome, Eur. J. Epidemiol. 31 (2016)
1223-1229.

M. Arnold, A.G. Renehan, G.A. Colditz, Excess weight as a risk factor common to
many cancer sites: words of caution when interpreting meta-analytic evidence,
Cancer Epidemiol. Prevent. Biomark. 26 (2017) 663-665.

S.W. Oh, Y.S. Yoon, S.-A. Shin, Effects of excess weight on cancer incidences de-
pending on cancer sites and histologic findings among men: Korea National Health
Insurance Corporation Study, J. Clin. Oncol. 23 (2005) 4742-4754.

A.G. Renehan, M. Tyson, M. Egger, R.F. Heller, M. Zwahlen, Body-mass index and
incidence of cancer: a systematic review and meta-analysis of prospective ob-
servational studies, Lancet 371 (2008) 569-578.

H.S. Feigelson, C.R. Jonas, L.R. Teras, M.J. Thun, E.E. Calle, Weight gain, body mass
index, hormone replacement therapy, and postmenopausal breast cancer in a large
prospective study, Cancer Epidemiol. Prevent. Biomark. 13 (2004) 220-224.

R.G. Ziegler, R.N. Hoover, A.M. Nomura, D.W. West, A.H. Wu, M.C. Pike, et al.,
Relative weight, weight change, height, and breast cancer risk in Asian-American
women, JNCI J. Natl. Cancer Inst. 88 (1996) 650-660.

A. Vrieling, K. Buck, R. Kaaks, J. Chang-Claude, Adult weight gain in relation to
breast cancer risk by estrogen and progesterone receptor status: a meta-analysis,
Breast Cancer Res. Treat. 123 (2010) 641-649.

S. Cheol Seong, Y.-Y. Kim, Y.-H. Khang, J. Heon Park, H.-J. Kang, H. Lee, et al., Data
resource profile: the national health information database of the National Health
Insurance Service in South Korea, Int. J. Epidemiol. 46 (2016) 799-800.

E.H. Kim, H. Lee, D.W. Shin, J.M. Yun, J.-H. Shin, Y.K. Lim, et al., Association
between weight changes after smoking cessation and cardiovascular disease among
the Korean population, Korean J. Fam. Med. 38 (2017) 122-129.

C. Yoon, E. Goh, S.M. Park, B. Cho, Effects of smoking cessation and weight gain on
cardiovascular disease risk factors in Asian male population, Atherosclerosis 208
(2010) 275-279.

U. Tamura, T. Tanaka, T. Okamura, T. Kadowaki, H. Yamato, H. Tanaka, et al.,
Changes in weight, cardiovascular risk factors and estimated risk of coronary heart
disease following smoking cessation in Japanese male workers: HIPOP-OHP study,
J. Atheroscler. Thromb. 17 (2010) 12-20.

K. Kim, S.M. Park, K. Lee, Weight gain after smoking cessation does not modify its
protective effect on myocardial infarction and stroke: evidence from a cohort study
of men, Eur. Heart J. (2018).

C. Filozof, F. Pinilla, A. Ferndndez-Cruz, Smoking cessation and weight gain, Obes.
Rev. 5 (2004) 95-103.

H.J. Seo, I.-H. Oh, S.-J. Yoon, A comparison of the cancer incidence rates between
the national cancer registry and insurance claims data in Korea, Asian Pacific J.
Cancer Prev. 13 (2012) 6163-6168.

G.W. Warren, A.J. Alberg, A.S. Kraft, KM. Cummings, The 2014 Surgeon General’s
report: “The Health Consequences of Smoking-50 Years of Progress”: a paradigm
shift in cancer care, Cancer 120 (2014) 1914-1916.

K.-W. Jung, Y.-J. Won, H.-J. Kong, C.-M. Oh, H.G. Seo, J.-S. Lee, Cancer statistics in
Korea: incidence, mortality, survival and prevalence in 2010, Cancer Res. Treat Off.
J. Korean Cancer Assoc. 45 (2013) 1.

C. Clair, N.A. Rigotti, B. Porneala, C.S. Fox, R.B. D’Agostino, M.J. Pencina, et al.,
Association of smoking cessation and weight change with cardiovascular disease
among adults with and without diabetes, JAMA 309 (2013) 1014-1021.

J. Tian, A. Venn, P. Otahal, S. Gall, The association between quitting smoking and
weight gain: a systemic review and meta-analysis of prospective cohort studies,
Obes. Rev. 16 (2015) 883-901.

J. Rodin, Weight change following smoking cessation: the role of food intake and
exercise, Addict. Behav. 12 (1987) 303-317.

1. Kawachi, R.J. Troisi, A.G. Rotnitzky, E.H. Coakley, G.A. Colditz, Can physical
activity minimize weight gain in women after smoking cessation? Am. J. Public
Health 86 (1996) 999-1004.

S. Choi, J. Chang, K. Kim, S.M. Park, K. Lee, Effect of smoking cessation and re-
duction on the risk of Cancer in Korean men: a population based study, Cancer Res.
Treat. Off. J. Korean Cancer Assoc. 50 (2018) 1114.

D.A. Drew, R. Nishihara, P. Lochhead, A. Kuchiba, Z.R. Qian, K. Mima, et al., A
prospective study of smoking and risk of synchronous colorectal cancers, Am. J.
Gastroenterol. 112 (2017) 493.

B.D. Carter, C.C. Abnet, D. Feskanich, N.D. Freedman, P. Hartge, C.E. Lewis, et al.,
Smoking and mortality—beyond established causes, N. Engl. J. Med. 372 (2015)
631-640.

L. Martin, P. Senesse, 1. Gioulbasanis, S. Antoun, F. Bozzetti, C. Deans, et al.,
Diagnostic criteria for the classification of cancer-associated weight loss, J. Clin.
Oncol. 33 (2014) 90-99.

C. Samanic, W.-H. Chow, G. Gridley, B. Jarvholm, J.F. Fraumeni, Relation of body
mass index to cancer risk in 362,552 Swedish men, Cancer Causes Control 17
(2006) 901-909.

N. Keum, D.C. Greenwood, D.H. Lee, R. Kim, D. Aune, W. Ju, et al., Adult weight
gain and adiposity-related cancers: a dose-response meta-analysis of prospective
observational studies, JNCI J. Natl. Cancer Inst. 107 (2015).

E.E. Calle, R. Kaaks, Overweight, obesity and cancer: epidemiological evidence and
proposed mechanisms, Nat. Rev. Cancer 4 (2004) 579.

J. Park, T.S. Morley, M. Kim, D.J. Clegg, P.E. Scherer, Obesity and cancer—me-
chanisms underlying tumour progression and recurrence, Nat. Rev. Endocrinol. 10
(2014) 455.

S.0. Song, C.H. Jung, Y.D. Song, C.-Y. Park, H.-S. Kwon, B.S. Cha, et al., Background
and data configuration process of a nationwide population-based study using the
Korean national health insurance system, Diabetes Metab. J. 38 (2014) 395-403.


https://doi.org/10.1016/j.canep.2019.03.005
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0005
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0010
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0015
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0020
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0025
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0025
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0025
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0030
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0030
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0035
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0040
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0045
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0050
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0055
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0060
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0060
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0065
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0070
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0075
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0080
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0085
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0090
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0095
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0100
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0100
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0100
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0105
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0110
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0115
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0120
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0125
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0125
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0130
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0135
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0140
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0145
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0150
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0155
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0160
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0165
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0170
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0175
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0180
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0185
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0190
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0195
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0200
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0205
http://refhub.elsevier.com/S1877-7821(19)30013-X/sbref0205

	Cancer risk among young men with weight gain after smoking cessation: A population-based cohort study
	Introduction
	Methods
	Data source and study design
	Change in smoking status and weight change
	Cancer incidence follow-up
	Assessment of covariates
	Statistical analysis

	Results
	Study population
	Smoking cessation, weight gain, and cancer risk
	Secondary analyses

	Discussion
	Ethical approval
	Transparency
	Authors’ contributions
	Role of the sponsor
	Authorship contribution statement
	Conflict of interest
	Acknowledgement
	Supplementary data
	References




