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Background: It is unclear whether tobacco smoking is related to colorectal cancer risk in Japan.
We evaluated the association among the Japanese population based on a systematic review of
epidemiologic evidence.

Methods: Original data were obtained from searches of MEDLINE using PubMed, complemented
with manual searches. The evaluation of associations was based on the strength of evidence and
the magnitude of association, together with biological plausibility as previously evaluated by the
International Agency for Research on Cancer.

Results: A total of six cohort studies and 15 case—control studies were thus identified. A sub-
stantial degree of heterogeneity was observed in the association between smoking and colon
cancer; most case—control studies published before 1994 reported an inverse association,
whereas studies conducted over the last decade did not find any significant association.
Recent cohort studies have shown a non-significant 20-40% increase in colon cancer risk asso-
ciated with current smoking. Several recent case—control studies and some cohort studies have
identified a weak to strong positive association between smoking and rectal cancer.
Conclusion: We conclude that tobacco smoking possibly increases the risk of colorectal cancer
among the Japanese population. More specifically, tobacco smoking may possibly increase the
risk of rectal cancer; however, epidemiologic evidence is still insufficient to demonstrate any clear
association with colon cancer.

INTRODUCTION

In Japan, colorectal cancer has markedly increased over the
last several decades (1) and it is now among the highest
levels in the world (2). The increase in mortality has been
linked to dietary changes including a decreased consumption
dietary fibers (3) or grains (4). However, the increasing
male-to-female mortality ratio from colorectal cancer since
1970 in Japan (1) may have been a result of sex differences
in health-related lifestyles including tobacco smoking.
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Tobacco smoke contains numerous chemicals that are
potentially carcinogenic to humans. The range of cancer sites
associated with tobacco smoking has been expanded and the
International Agency for Research on Cancer (IARC) (5)
recently admitted cancers of several sites including stomach
and liver as smoke-related. Although colorectal cancer has not
formally been recognized as a smoke-related cancer, a review
identified emerging evidence showing an increased risk of
colorectal cancer associated with smoking, especially long-
term smoking (6). However, such an association has been
reported mainly from the United States, whereas the findings
from other populations remain conflicting.

The objective of the present study was to review the
epidemiological findings regarding the association between
smoking and colorectal cancer among Japanese population.
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The study results were summarized and the magnitude of the
association was assessed. This work was conducted as part of a
project of systematic evaluation of the epidemiological evid-
ence regarding lifestyles and cancers in Japanese (7).

METHODS

The original data for this review were identified by searches of
MEDLINE using PubMed, complemented by manual searches
of references from relevant articles where necessary. All epi-
demiologic studies on the association between tobacco smok-
ing and colorectal cancer incidence or mortality among
Japanese from 1963 to 2004, including papers in press if avail-
able, were identified using the search terms ‘tobacco smoking’,
‘colorectal cancer’, ‘colon cancer’, ‘rectal cancer’, ‘cohort
studies’, ‘case—control studies’, ‘Japan’ and ‘Japanese’ as key-
words found in the abstract. Papers written in either English or
Japanese were reviewed, and only studies on Japanese popu-
lation living in Japan were included. The individual results
were summarized in the tables separately by a study design
as cohort or case—control studies and, if available, by cancer
site as colon, rectum or colorectum.

An evaluation was made based on the magnitude of associ-
ation and the strength of evidence. First, the relative risks in
each epidemiologic study were grouped by the magnitude of
association, while considering statistical significance (SS) or
no statistical significance (NS), as strong, <0.5 or >2.0(SS);
moderate, either (i) <0.5 or >2.0(NS), (ii) >1.5 to 2(SS) or
(>ii1) 0.5 to <0.67 (SS); weak, either (i) >1.5 to 2 (NS), (ii) 0.5 to
<0.67 (NS) or (iii) 0.67 to 1.5(SS); or no association, 0.67 to
1.5 (NS). In the case of multiple publications of analyses of the
same or overlapping datasets, only data from the largest or
most updated results were included, and the incidence was
given priority over mortality as an outcome measure. The
incidence was also given priority in a single publication
describing both incidence and mortality. After this process,
the strength of evidence was evaluated in a similar manner
to that used in the WHO/FAO Expert Consultation Report (8),
in which evidence was classified as ‘convincing’, ‘probable’,
‘possible’ and ‘insufficient’. We assumed that biological
plausibility corresponded to the judgment of the most recent
evaluation from [ARC (5). Notwithstanding the use of this
quantitative assessment rule, an arbitrary assessment cannot
be avoided when considerable variation exists in the magnitude
of association between the results of each study. The final
judgment, therefore, was made based on a consensus of the
research group members, and it was therefore not necessarily
objective. When we reach a conclusion that there is
‘convincing’ or ‘probable’ evidence of an association, we
conduct a meta-analysis to obtain summary estimates for
the overall magnitude of association.

MAIN FEATURES AND COMMENTS

A total of six cohort studies and 15 case—controls studies were
identified (Table 1 and Table 2, respectively). Among the

cohort studies, four presented results by gender (10,12-14),
one for men only (9), and one only for men and women
combined (11). The respective numbers for the case—control
studies are three, four and eight. Two case—control studies that
did not indicate a point estimate and confidence interval, or
P-value, were excluded (15,27), and a summary of the mag-
nitude of association for the remaining studies is shown in
Tables 3 and 4 for the cohort studies and case—control studies,
respectively.

Among the five cohort studies showing relative risks separ-
ately for the colon and rectum, no study found a significant
association with colon cancer, although recent cohort studies
(12-14) reported a non-significant 20-40% increased risk for
colon cancer associated with smoking. For rectal cancer, one
study (10) found a weak positive association in both men and
women, whereas another study (12) reported a strong positive
association in men. Of the two cohort studies showing relative
risk for colon and rectum combined, a nation-wide study (13)
reported a weak positive association in men. This study also
found marginally significant associations in a separate analysis
for the colon and rectum; the respective relative risks (95%
confidence intervals) of current smoking compared with never-
smoking were 1.4 (0.99-1.9) and 1.4 (0.9-2.3).

Of the 13 case—control studies evaluated, 11 studies provided
odds ratios for the colon and rectum separately. Among these
studies, five (17-20,22) of six studies published before 1994
have identified a reduced risk of colon cancer associated with
smoking, whereas no study published after 1994 showed either
a positive or inverse association with colon cancer. For
rectal cancer, of five relevant studies published after 1994,
four (23-25,29) have shown a weak or moderate positive asso-
ciation and the remaining study (28) reported a significant
trend association with smoking index (P for trend = 0.04),
whereas studies published before 1994 did not find any signi-
ficant association. Of the four case—control studies reporting
odds ratio for the colon and rectum combined (16,21,26,28),
one study (26) found a significantly increased risk associated
with smoking, especially with smoking in the distant past.

Four cohort studies (9,12—14) and two case—control studies
(26,29) adjusted for alcohol consumption, but few studies con-
trolled for other dietary (14) and non-dietary factors including
sports activities (13,14) and obesity (12—14,26). Three case-
control studies were performed on a community basis for
recruiting control subjects (20-22), whereas the remaining
studies were conducted using either hospital-based, health
center-based or screening-based design.

Numerous studies including Japanese one (30) have identi-
fied smoking as a risk factor for colorectal adenomas, a
precursor of colorectal cancer. Among the Japanese studies
reviewed; however, we found a substantial heterogeneity in
the risk estimates for an association between smoking and
colon cancer, including marginally significant positive asso-
ciation in a nation-wide cohort study (13) and an inverse asso-
ciation in several case—control studies (17-20,22).
Interestingly, all case—controls studies that reported an inverse
association with colon cancer were published before 1994.
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Colorectum

NA
NA
NA
NA
NA
NA

Rectum
NA
i

NA

Magnitude of association*

Colon
NA
NA

39
444
468
542

Number of incident
161

cases or deaths

134
447
259
366

Event
Death
Death
Death
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence
Incidence

Not specified

27-89 years
40+ years
35+ years
35+ years
40-69 years
40-69 years
40-79 years
40-79 years

40+ years

Study population
Age

5477
122261
142857

61505
13392
15 659
42540
47464
25260

Number of subjects
34 619

Men and women

Men
Women

Women

Women
Men

Men
Men
Women
Men

Sex

Study period
1963-87
1993-2000
1990-99
1988-97

1965-83
1966-81

Table 3. Summary of the association between tobacco smoking and colorectal cancer risk, cohort study
#1177 or |||, strong; 11 or ||, moderate; | or |, weak; —, no association (see text for more detailed definition).

Kono et al. 1987 (9)

Akiba and Hirayama 1990 (10)
Akiba 1994 (11)

Shimizu et al. 2003 (12)

Otani et al. 2003 (13)

Wakai et al. 2003 (14)

NA, not available.
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Giovannucci (6) proposed a hypothesis that smoking is
involved in cancer initiation and long induction period is
needed before the appearance of the carcinogenic effects of
smoking, which may be detected by recent studies including a
sufficient number of long-term smokers. In line with the hypo-
thesis, recent cohort studies in Japan (12—14) reported a 20—
40% increased risk of colon cancer associated with current
smoking in men. These studies probably include many long-
term smokers, because most Japanese smokers started smoking
around 20 years of age and participants in these studies were
relatively old: 35 years or older (12), 40-69 years (13) and 40—
79 years (14).

We identified a significant, or marginally significant,
increased risk of rectal cancer associated with smoking in
all case—control studies published after 1994 (23-29) and in
some cohort studies (10,12,13). No study in this review repor-
ted a significant inverse association between smoking and
rectal cancer. A clearer association of smoking with rectal
cancer than with colon cancer has also been noted in several
studies outside Japan (6). Furthermore, a Japanese study indic-
ated that smoking is more strongly associated with rectal
adenomas than with colon adenomas (30).

We should mention methodological issues. Several Japanese
studies (9,12-14,26,29) controlled for alcohol drinking, a
probable risk factor for colorectal cancer (8) and closely cor-
related with smoking behavior. However, few controlled for
other dietary factors (14). According to a Japanese national
survey on nutrition (31), there is a substantial difference
between smokers and non-smokers in diet including the intake
of calcium and folate, which are potentially associated with
reduced risk of colorectal cancer (32,33). As a result, such
confounding cannot be excluded from the results of Japanese
studies.

In summary, epidemiological evidence for the association
with smoking among Japanese population appears to be
stronger for rectal cancer than for colon cancer. A consistent
positive association between smoking and rectal cancer was
observed among several recent case—control studies. However,
since earlier case—controls studies and several cohort studies
did not show a significant association between smoking and
rectal cancer, it would therefore be appropriate to classify their
association as ‘possible’. For colon cancer, epidemiological
studies have provided mixed results; namely, several earlier
case—control studies reported a decreased risk with smoking,
whereas recent cohort studies showed a non-significant
increased risk with smoking. Therefore, evidence among Jap-
anese population is insufficient to establish any clear associ-
ation between smoking and colon cancer.

EVALUATION OF THE EVIDENCE ON
TOBACCO SMOKING AND COLORECTAL
CANCER RISK IN JAPANESE

From these results and based on assumed biological plausib-
ility, we conclude that tobacco smoking may possibly increase
the risk of colorectal cancer among the Japanese population.
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More specifically, tobacco smoking may possibly increase the
risk of rectal cancer; however, the epidemiologic evidence
remains insufficient to demonstrate any clear association
with colon cancer.

Acknowledgments

The authors gratefully acknowledge the assistance of
Ms Tamami Hatano. This work was supported by the Third
Term Comprehensive 10-year Strategy for Cancer Control
from the Ministry of Health, Labour and Welfare, Japan.

References

1.

12.

13.

14.

Statistics and Information Department, Minister’s Secretariat, Ministry of
Health, Labor and Welfare. Age-adjusted Death Rates by Prefecture,
Special Report on Vital Statistics, 2000. Tokyo: Japan Health and
Welfare Statistics Association 2002 (in Japanese).

. International Agency for Research on Cancer. Parkin DM, Whelan SL,

Ferlay J, et al., eds. Cancer Incidence in Five Continents. Vol. VIII
IARC Publications No. 155. Lyon, France: IARC 2002.

. Honda T, Kai I, Ohi G. Fat and dietary fiber intake and colon cancer

mortality: a chronological comparison between Japan and the United
States. Nutr Cancer 1999;33:95-9.

. Kono S, Ahn YO. Vegetables, cereals and colon cancer mortality: long-term

trend in Japan. Eur J Cancer Prev 2000;9:363-5.

. International Agency for Research on Cancer. IARC Monographs on the

Evaluation of Carcinogenic Risks to Humans. Tobacco Smoke and
Involuntary Smoking. Vol. 83. Lyon, France: IARC 2004.

. Giovannucci E. An updated review of the epidemiological evidence that

cigarette smoking increases risk of colorectal cancer. Cancer Epidemiol
Biomarkers Prev 2001;10:725-31.

. Inoue M, Tsuji I, Wakai K, Nagata C, Mizoue T, Tanaka K, et al. Evaluation

based on systematic review of epidemiological evidence among Japanese
populations: tobacco smoking and total cancer risk. Jpn J Clin Oncol
2005;35:404-11.

. World Health Organization. WHO Technical Reports Series 916. Diet,

Nutrition, the Prevention of Chronic Disease. Report of a Joint WHO/
FAO Expert Consultation. Geneva: WHO 2003.

. Kono S, Tkeda M, Tokudome S, Nishizumi M, Kuratsune M. Cigarette

smoking, alcohol and cancer mortality: a cohort study of male Japanese
physicians. Jpn J Cancer Res 1987;78:1323-8.

. Akiba S, Hirayama T. Cigarette smoking and cancer mortality risk in

Japanese men and women—results from reanalysis of the six-prefecture
cohort study data. Environ Health Perspect 1990;87:19-26.

. Akiba S. Analysis of cancer risk related to longitudinal information on

smoking habits. Environ Health Perspect 1994;102(Suppl 8):15-9.
ShimizuN, Nagata C, Shimizu H, Kametani M, Takeyama N, Ohnuma T, etal.
Height, weight, and alcohol consumption in relation to the risk of colorectal
cancer inJapan: a prospective study. BrJ Cancer2003;88:1038—43.

Otani T, Iwasaki M, Yamamoto S, Sobue T, Hanaoka T, Inoue M, et al.
Alcohol consumption, smoking, and subsequent risk of colorectal cancer in
middle-aged and elderly Japanese men and women: Japan Public Health
Center-based prospective study. Cancer Epidemiol Biomarkers Prev
2003;12:1492-500.

Wakai K, Hayakawa N, Kojima M, Tamakoshi K, Watanabe Y, Suzuki K,
et al. Smoking and colorectal cancer in a non-Western population: a
prospective cohort study in Japan. J Epidemiol 2003;13:323-32.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Jpn J Clin Oncol 2006,36(1) 39

Kondo R. Epidemiological study on cancer of the colon and the rectum. II.
Etiological factors in cancer of the colon and the rectum. Nagoya Med
1975;97:93-116 (in Japanese).

Haenszel W, Locke FB, Segi M. A case—control study of large bowel cancer
in Japan. J Natl Cancer Inst 1980;64:17-22.

Watanabe Y, Tada M, Kawamoto K, Uozumi G, Kajiwara Y, Hayashi K,
et al. A case—control study of cancer of the rectum and colon. Nippon
Shokakibyo Gakkai Zasshi 1984;81:185-93 (in Japanese).

Tajima K, Tominaga S. Dietary habits and gastro-intestinal cancers: a
comparative case—control study of stomach and large intestinal cancers
in Nagoya, Japan. Jpn J Cancer Res 1985;76:705-16.

Kato I, Tominaga S, Ikari A. A case—control study of male colorectal cancer
in Aichi Prefecture, Japan: with special reference to occupational activity
level, drinking habits and family history. Jpn J Cancer Res 1990;
81:115-21.

Kato I, Tominaga S, Matsuura A, Yoshii Y, Shirai M, Kobayashi S. A
comparative case—control study of colorectal cancer and adenoma. Jpn J
Cancer Res 1990;81:1101-8.

Yoshida K, Oku T, Ohba S, Masuoka H, Watabe K, Mukaiya M, et al. A
case—control study of colorectal cancer: association between smoking,
drinking, family history of cancer and colorectal cancer. Jpn J Cancer
Clin 1992;38:371-8.

HoshiyamaY, Sekine T, Sasaba T. A case—control study of colorectal cancer
and its relation to diet, cigarettes, and alcohol consumption in Saitama
Prefecture, Japan. Tohoku J Exp Med 1993;171:153-65.

Kotake K, Koyama Y, Nasu J, Fukutomi T, Yamaguchi N. Relation
of family history of cancer and environmental factors to the risk of
colorectal cancer: a case—control study. Jpn J Clin Oncol 1995;
25:195-202.

Inoue M, Tajima K, Hirose K, Hamajima N, Takezaki T, Hirai T, et al.
Subsite-specific risk factors for colorectal cancer: a hospital-based case—
control study in Japan. Cancer Causes Control 1995;6:14-22.

Murata M, Takayama K, Choi BC, Pak AW. A nested case—control study on
alcohol drinking, tobacco smoking, and cancer. Cancer Detect Prev
1996;20:557-65.

Yamada K, Araki S, Tamura M, Sakai I, Takahashi Y, Kashihara H, et al.
Case—control study of colorectal carcinoma in situ and cancer in relation to
cigarette smoking and alcohol use (Japan). Cancer Causes Control
1997;8:780-5.

Ping Y, Ogushi Y, Okada Y, Haruki Y, Okazaki I, Ogawa T. Lifestyle and
colorectal cancer: a case—control study. Environ Health Prev Med
1998;3:146-51.

Murata M, Tagawa M, Watanabe S, Kimura H, Takeshita T, Morimoto K.
Genotype difference of aldehyde dehydrogenase 2 gene in alcohol drinkers
influences the incidence of Japanese colorectal cancer patients./pnJ Cancer
Res 1999;90:711-9.

Minami Y, Tateno H. Associations between cigarette smoking and the risk
of four leading cancers in Miyagi Prefecture, Japan: a multi-site case—
control study. Cancer Sci 2003;94:540-7.

ToyomuraK, YamaguchiK,KawamotoH, TabataS, ShimizuE,MineshitaM,
et al. Relation of cigarette smoking and alcohol use to colorectal adenomas
by subsite: the self-defense forces health study. Cancer Sci 2004;
95:72-6.

Bureau of Public Health, Ministry of Health and Welfare: The National
Nutrition Survey in Japan, 2002. Tokyo: Daiichi Shuppan 2004
(in Japanese).

Cho E, Smith-Warner SA, Spiegelman D, Beeson WL, van den Brandt PA,
Colditz GA, et al. Dairy foods, calcium, and colorectal cancer: a pooled
analysis of 10 cohort studies. J Natl Cancer Inst 2004;96:1015-22.
Sanjoaquin MA, Allen N, Couto E, Roddam AW, Key TJ. Folate intake and
colorectal cancer risk: a meta-analytical approach. Int J Cancer
2005;113:825-8.



