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Abstract
We evaluated cigarette smoking as a risk factor for prostate cancer in a prospective, population-based cohort
study. The subjects were 14,450 males among the participants in the Seoul Male Cancer Cohort Study who had
at least 1-year follow-up. They were followed up between 1993 and 2008. During the 16-year follow-up period,
87 cases of prostate cancer occurred over the 207,326 person-years of the study. The age-adjusted relative risks
of past and current smokers at entry were 0.60 (95%CI: 0.34-1.06) and 0.70 (95%CI: 0.43-1.13), respectively,
suggesting that cigarette smoking may not be a risk factor for prostate cancer. The relationship between prostate
cancer and other modifiable factors, such as Westernized diet, should be studied with the goal of establishing
prevention programs for prostate cancer.
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Introduction

Materials and Methods

Prostate cancer is the most frequently diagnosed
cancer among men in developed countries and has the
second highest incidence worldwide (Jemal et al., 2011).
Migrant studies demonstrating an increase in the incidence
of prostate cancer among men who move from low- to
high-incidence countries (Cook et al., 1999) suggest that
environmental factors may play a role in the development
of prostate cancer.
Smoking is a modifiable environmental factor that
may increase the risk of prostate cancer because cigarettes
contain several known carcinogens and have been reported
to increase circulating levels of androgens in men (Pour,
1919; Dai et al., 1988). Huncharek et al. (2010) argued an
association between smoking and the incidence of prostate
cancer in a meta-analysis of 24 prospective cohort studies.
However, one of their results showed no increase in the
risk of cancer in current smokers.
Previous observational studies of the link between
smoking and prostate cancer in humans have yielded
inconsistent results, and the incidence of prostate cancer
varies widely according to race and ethnicity (Huncharek
et al., 2010; Mordukhovich et al., 2011); thus, the present
study used a population-based, prospective cohort design
to evaluate the relationship between smoking habits and
the risk of prostate cancer in Korean men.

Study cohort
The source population was the participants of the
Seoul Male Cancer Cohort (SMCC) study, which has been
reported elsewhere (Bae et al., 2002; 2007; 2013). The
cohort was constructed in 1992 and 1993 for investigating
the association between exposure to modifiable lifestyle
factors and the risk of major cancers in Korean men. The
age distribution of this cohort is similar to that of the
Korean population. After excluding subjects with less
than 1-year follow-up, 14,450 men were included in the
present study.
A 15-page confidential questionnaire including
questions on smoking habits was used to collect
information about smoking status (never, past, current),
duration of smoking (years), and daily amount of smoking
(cigarettes/day). The reproducibility and validity of the
questionnaire was evaluated in a subset of participants
(Kim et al., 1996).
Follow-up was conducted over the 16-year period
between January 1, 1993, and December 31, 2008.
The incidence of all cases of cancer, including prostate
cancer, occurring during the 16-year follow-up period
were identified using the Seoul Regional Cancer Registry
(SRCR) database, a population-based cancer registry
(Parkin et al., 2002); the Korea Central Cancer Registry

Department of Preventive Medicine, Jeju National University, School of Medicine, Jeju, 3Department of Social and Preventive
Medicine, Sungkyunkwan University School of Medicine, Suwon, 4Department of Social Mediicine, Hallym University College of
Medicine, Chuncheoun, 5Department of Preventive Medicine, Ulsan University College of Medicine, 6Department of Preventive
Medicine, Seoul National University College of Medicine, Seoul, Korea, 2Department of Epidemiology and Statistics, Jilin University
School of Public Health Science, Changchun, China *For correspondence: jmbae@jejunu.ac.kr
1

Asian Pacific Journal of Cancer Prevention, Vol 14, 2013

4667

Jong-Myon Bae et al

stata.com/).

(KCCR), a nationwide, hospital-based, cancer registry
(KCCR, 2013); and death certificates from Statistics
Korea, 2013 ( http://www.kostat.go.kr/portal/english/
resources/2/4/1/index.static).

Ethics statement
The study protocol was approved by the Institutional
Review Board of the Seoul National University College
of Medicine (IRB No. C-1193-146-357).

Categorization of variables
Subjects were categorized at entry according to age
(40-44, 45-49, 50-54, and 55-59 years), duration of
smoking (0, 1-10, 11-20, 21-30, or 31+ years), daily
amount of smoking (0, 1-10, 11-20, 21-30 or 31+
cigarettes/day), and total cigarette index (TCI) obtained
from smoking duration times daily amount of smoking
(0, 1-10, 11-15, 16-20, 21-34 or 35+ packs/year).

Results
Table 1 shows the distribution of participants by
age and smoking status at entry into the study and the
accumulated person-years of follow-up. During the total
207,326 person-years of follow-up, 87 newly diagnosed
cases of prostate cancer were identified in the 14,450
study participants. Because the risk of prostate cancer was
strongly age-dependent, the aRR were calculated using
Cox’s proportional hazard model.
Table 2 shows the estimated aRRs and 95% CIs
according to smoking history at entry. The risk of prostate
cancer was slightly lower for past (aRR, 0.60) and
current smokers (aRR, 0.70) compared to never-smokers,
although the difference was not statistically significant.
We found no significant effect of duration of smoking,
amount of daily smoking, or total cigarette index on
the aRR of prostate cancer, with the exception of 21-30
years of smoking duration. However, no significant trend
with regard to the smoking duration was observed (p for

Statistical methods
Accumulated person-years were calculated by
determining the number of days from the initiation of
follow-up, January 1, 1993, until the date of cancer
diagnosis, death from other causes, or the end of the
follow-up period, December 31, 2008, after which the
number of days was converted into years. The ageadjusted relative risk (aRR) was calculated using the Cox
proportional hazards regression. Confidence intervals
were obtained using the Wald method, and all reported p
values are two-sided. The chi-squared test for trends was
used to evaluate linear trends. Analyses were conducted
using Stata software ver. 12 (StataCorp, 2013) (http://www.

Table 1. The Seoul Male Cancer Cohorts Follow-up Study*
Age at entry
(years)

40-44
45-49
50-54
55-59
All ages

No. of subjects
(col%)

4,958 (34.3)
4,214 (29.2)
3,578 (24.7)
1,700 (11.8)
14,450 (100.0)

Person-

Cases

years

(col%)

72,785
60,810
50,484
23,247
207,326

8 (9.2)
24 (27.6)
40 (46.0)
15 (17.2)
87 (100.0)

No. (row%) by smoking status at entry**

Never                    Ex                   Current
1,026 (21.0)
915 (22.2)
852 (24.5)
405 (24.5)
3,198 (22.6)

1,247 (25.5)
1,082 (26.2)
970 (27.9)
506 (30.6)
3,805 (26.9)

2,616 (53.5)
2,130 (51.6)
1,652 (47.6)
745 (44.9)
7,143 (50.5)

*Number of subjects recruited in 1993 and accumulated person-years during follow-up for prostate cancer incidence through 2008, according to age at entry and smoking
status. **Excluding missing data (N=304, 2.01%)

100.0
100.0
Table 2. Age-Adjusted Relative Risk (aRR) and 95% Confidence Intervals (CI) for Prostate Cancer Incidence
6.3
10.1at Entry
20.3
through 2008 among Seoul Male Cancer Cohorts According to Smoking History
into the Cohort in 1993*

0

23.7

31.3

0.12
0.06

56.3
51.1

50.0

30.0

25.0
0.3

100.0
30.0
0

0.26

None

30.0
75.0

33.1
31.3

6.3
12.8
Newly diagnosed without treatment
Chemotherapy

31.3
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38.0

p value
30.0
(χ2 trend) 75.0

56.3
51.1

50.0

30.0

25.0
30.0

0

33.1
31.3

ent
rapy

56.3

ref
0.6
(0.34, 1.06)
0.7 54.2 (0.43, 31.3
1.13)
ref		
0.16
(0.02, 1.20)
0.82
(0.40, 1.66)
0.56
(0.32, 0.99)
38.0 0.63
(0.36, 31.3
1.08)
23.7
ref		
10.1 0.6520.3 (0.27, 1.57)
0.55
(0.30, 1.01)
0.89
(0.54, 25.0
1.48)
0.53
(0.21, 1.37)
46.8 ref
0.53
(0.24, 1.14)
0.4154.2 (0.14, 1.14)
31.3
1.08
(0.56, 2.09)
0.75
(0.43, 1.29)
0.55
(0.25, 1.19)
46.8

Remission

6.3

29
19
38
34
1
10
20
22
30
6
16
30
5
29
8
4
12
21
8

25.0

one

4668

25.0

31.3

ent

*Excluding missing data

56.3

95% CI

ssion

46,391
54,771
101,776
50.0
54,851
11,122
24,699
25.0
74,876
100.041,781
53,152
17,941
0
54,847
75.063,331
18,055
49,235
31,385
50.020,033
22,575
52,598
20,859

aRR

Persistence or recurrence

3,198 (22.6)
3,805 (26.9)
7,143 (50.5)
3,796 (26.3)
767 ( 5.3)
1,703 (11.8)
5,193 (35.9)
3,001 (20.7)
3,668 (25.4)
1,235 ( 8.6)
3,826 (18.4)
4,446 (30.8)
1,275 ( 8.8)
3,393 (24.7)
2,173 (15.9)
1,390 (10.1)
1,572 (11.5)
3,683 (26.9)
1,498 (10.9)

No. of cases

ence

Smoking status

Never
Past
Current
Duration of smoking
0
(years)
1-10
11-20
21-30
31+
Amount of daily smoking 0
(cigarettes/day)
1-10
11-20
21-30
31+
Total cigarette Index
0
(pack-year)
1-10
11-15
16-20
21-34
35+

Person-

Newly diagnosed with treatment

75.0years

ent

No. of subjects
(col%)

Newly diagnosed without treatment

Variables

6.3
12.8
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Table 3. Smoking and Prostate Cancer*
Study (Reference)**
Allen et al. (24)
Engeland et al. (28)
Severson et al. (43)
Adami et al. (22)
Rohrmann et al. (42)
Giovannucci et al. (29)

Follow-up years RR
33
27
21
20
19
16

0.8
1.1
0.87
1.11
1
0.98

particularly fat intake, and prostate cancer is warranted.

95%CI
(0.60, 1.07)
(0.9, 1.3)
(0.61, 1.23)
(1.01, 1.23)
(0.63, 1.59)
(0.89, 1.07)
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1
30.0

5
30.0

30.0
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