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Abstract

Objective To prospectively examine the association
between physical activity and the risk of developing
colorectal cancer in a large population-based cohort
study of Japanese men and women, and to investigate
whether the effects of physical activity on colorectal
cancer risk differ by sex and subsite.

Methods We analyzed data from a population-based
cohort of 65,022 subjects. A total of 486 incident colorectal
cancers (154 proximal colon, 166 distal colon and 149
rectal cancers) was identified during 6 years of follow-up.
Results We observed a significant inverse association
between physical activity and the risk of developing
colorectal cancer, particularly colon cancer, among
men. Relative to men in the lowest level of metabolic
equivalent (MET) hours per day, those in the highest
level had a RR of 0.69 (95% CI = 0.49-0.97). A signif-
icant decrease in risk of colorectal cancer was associated
with increasing MET hours per day among men. This
inverse association was essentially limited to colon
cancer. A significant decrease in risk with increasing

Study group members are listed in the Appendix at the end of
this article.

K.-J. Lee - M. Inoue (P<) - T. Otani - M. Iwasaki -

S. Sasazuki - S. Tsugane

Epidemiology and Prevention Division, Research Center
for Cancer Prevention and Screening, National Cancer
Center, 5-1-1 Tsukiji, Chuo-ku, 104-0045 Tokyo, Japan
e-mail: mnminoue@gan2.res.ncc.go.jp

K.-J. Lee
Department of Preventive Medicine, Soonchunhyang
University College of Medicine, Seoul, Korea

MET-hour score was observed predominantly for
proximal colon cancer among men. In contrast, no sig-
nificant decrease was seen among women.

Conclusion These findings suggest that physical
activity may prevent colon cancer among Japanese men.
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Introduction

Colorectal cancer is the second most frequent cancer
and the second most common cause of cancer death in
more developed countries, with nearly 945,000 new
cases diagnosed worldwide each year and 492,000
deaths [1]. In Japan, the incidence and mortality of
colorectal cancer has recently increased, and it is now a
leading cause of morbidity and mortality, with about
36,000 deaths in 2000 [2].

Although the role of physical activity in the etiology
of colorectal carcinogenesis has drawn interest, results
from epidemiological studies have been inconsistent.
No randomized controlled trials of physical activity as
a means of primary prevention of colorectal cancer
have been published, but prospective studies have no-
ted a consistent association between increased physical
activity and lower risk of colon cancer among men [3-
17]. In contrast, results from studies in women have
been less consistent. Further, results for subsite-specific
associations between physical activity and colorectal
cancer have also been inconsistent, although few pro-
spective studies have reported on physical activity and
colorectal cancer by anatomical subsite [9-11, 17].
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To date, moreover, no prospective results have been
obtained in Japan [18, 19].

Here, we prospectively examined the association
between physical activity and risk of developing colo-
rectal cancer in a large population-based prospective
study of Japanese men and women. We further inves-
tigated whether the effects of physical activity on
colorectal cancer risk differed by sex and subsite.

Material and methods
Study population

The basis for this investigation lies with the Japan
Public Health Center-based Prospective Study (JPHC
Study), which was established in 1990 for Cohort I and
in 1993 for Cohort II, and included questions on
physical activity. Cohort I included those residents
aged 40-59 years who had registered their addresses in
five public health center (PHC) areas (Ninohe (Iwate
Prefecture), Yokote (Akita Prefecture), Saku (Nagano
Prefecture), Chubu (Okinawa Prefecture), and Kats-
ushika (metropolitan Tokyo)), and Cohort II included
those aged 40-69 years who had registered in six PHC
areas (Mito (Ibaraki Prefecture), Nagaoka (Nigata
Prefecture), Chuohigashi (Kochi Prefecture), Kamig-
oto (Nagasaki Prefecture), Miyako (Okinawa Prefec-
ture) and Suita (Osaka Prefecture, including two
cohorts)). Details of the study design have been pro-
vided elsewhere [20]. The study protocol was approved
by the institutional review board of the National
Cancer Center, Japan. For the present analysis, the
Katsushika PHC area (metropolitan Tokyo) cohort
and one of the two cohorts in the Suita PHC area were
defined differently, and were therefore excluded be-
cause the population was aged 40 or 50 years at base-
line and selected based on having been invited to
undergo a comprehensive health check-up program
conducted by the city government.

The 5-year follow-up survey, which included more
comprehensive information on physical activity than
the baseline survey, was conducted in 1995 for Cohort I
and in 1998 for Cohort II. For the present study,
therefore, we regarded the 5-year follow-up survey as
the baseline, and sourced information on exposures
from this survey, while follow-up time was counted
from this 5-year follow-up survey to the end of the
follow-up period, namely 2002.

A total of 99,808 subjects were identified as the
study population. Of these, 19 were found to be ineli-
gible during the follow-up period and excluded owing
to non-Japanese nationality (n = 11) and late report of
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emigration before the start of the follow-up period
(n=18). As a result, a population-based cohort of
99,789 subjects was established.

The self-administered follow-up questionnaire in-
cluded items on socio-demographics, personal medical
history, physical activity, smoking and alcohol drinking
habits and diet by a food-frequency questionnaire of
138 items. A total of 83,487 subjects responded, giving
a response rate of 84%. Excluded from the study were
those who reported a history of cancer (e.g., colorectal,
gastric, lung, liver, breast, uterine, and other cancer)
(n = 1,205), were diagnosed with cancers (n = 959) or
were censored (n = 1,274) before the start of the fol-
low-up survey, or reported missing data for physical
activity (n = 15,027). Finally, 65,022 eligible subjects
(29,842 men and 35,180 women) were included in the
analysis.

Follow-up

Subjects were followed from the 5-year follow-up sur-
vey until December 31, 2002. Residence status was
confirmed annually through the residential registry
maintained by the respective study area municipality;
for those who moved out of the area, residence status
was confirmed through the municipal office of the area
to which they had moved. The occurrence of cancer
was identified by active patient notification from major
local hospitals in the study area and data linkage with
population-based cancer registries, with permission
from each of the local governments responsible for the
cancer registries. Death certificate information was
used as a supplementary information source. The site
and histology of each case were coded using the
International Classification of Diseases for Oncology,
Third Edition (ICD-0O-3) [21].

As of December 2002, a total of 486 cases of newly
diagnosed colorectal cancer were identified during the
follow-up period based on ICD-O-3 (code: C18-C20).
Subsite-specific analyses were conducted as follows:
C180-C189 for colon cancer; C180-C185 for proximal
colon cancer; C186 and C187 for distal colon cancer;
and C199 and C209 for rectal cancer. Finally, 65,022
subjects (29,842 men and 35,180 women) were used for
analysis, including 154 cases of proximal colon cancer,
166 of distal colon cancer and 149 of rectal cancer. In
our cancer registry system, 5.5% of incident cases of
colorectal cancer were notified by death certificate
(Death Certificate Notification, DCN); 2.2% had no
information other than death certificates (Death Cer-
tificate Only, DCO); and 94.7% were verified by his-
tological examination (Histological Verification, HV).
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Assessment of physical activity

The self-administered follow-up questionnaire in-
cluded a section on physical activity. Subjects reported
the average time per day spent for each of the fol-
lowing activities: heavy physical work or strenuous
exercise (assigning the value of 0 for “none,” 0.5 for
“less than 1 h,” and 3 for ““1 h and more”), sedentary
activity (1.5 for “less than 3 h,” 5.5 for 3-8 h,” and 7.5
for “more than 8 h”’), and walking or standing (0.5 for
“less than 1 h,” 2 for “1-3 h,” and 8.5 for “more than
3 h”’) [unpublished data, Fujii H et al.].

Metabolic equivalent (MET) hours per day were
estimated by multiplying the reported time spent at
each activity per day by its assigned MET intensity
[22]: heavy physical work or strenuous exercise (4.5),
walking or standing (2.0), sedentary (1.5), and sleep or
others (1.0). After summing across all activities, sub-
jects were grouped into four exposure levels by quar-
tiles of MET-hour score. The validity of MET-hour
score was assessed using 110 volunteer samples (55
men and 55 women) from the cohort using a 4-day 24-h
physical activity record (Sunday, or another day off if
Sunday was a workday, plus three weekdays. The mean
MET-score for physical activity obtained from the self-
report was 35.5 in men and 34.4 in women and that
from the 24-h physical activity record was 39.5 in men
and 40.6 in women. Energy expenditure estimated in
METs showed little difference by gender or area
(p > 0.05). The rank correlation coefficient between
MET-hour score and physical activity records was 0.64
(p <0.0001) [unpublished data, Fujii H et al.]. We
further examined gradients in hours per day (less than
3 h, or more) spent at walking or standing as well as
gradients in hours (none, or yes) spent at heavy phys-
ical work or strenuous exercise.

Statistical analysis

Person-years were counted from the date of response
to the follow-up survey until one of the following
endpoints: the date of occurrence of colorectal cancer,
the date of emigration from the study area, the date of
death, or the end of the study period, whichever came
first. Persons who were lost to follow-up were censored
on the last confirmed date of their presence in the
study area.

Incident cases of colorectal cancer were the main
outcome measure. In addition, to estimate the inci-
dence rate of invasive colorectal cancer, incident cases
invading over the mucosal layer were considered as
invasive cancer cases according to the depth of tumor
invasion.

Relative risk (RR) and 95% confidence intervals
(95% CI) were used to describe the RR of colorectal
cancer incidence associated with physical activity.
Subgroup analyses were done to investigate the rela-
tion of physical activity in men and women. Additional
subsite-stratified analyses were done to examine asso-
ciations with physical activity, and their respective RRs
were estimated. Subgroup analyses stratified by body
mass index (BMI) were also done and their respective
RRs were estimated.

Cox proportional hazards modeling was used to
examine the association between physical activity and
the risk of developing colorectal cancer, with person-
years of follow-up as time scale. The assumptions for
the Cox proportional hazards model were checked and
found to hold. We adjusted for age at the follow-up
survey (continuous) and study area (10 PHC areas),
and then additionally adjusted for a family history of
colorectal cancer (yes or no), smoking status (never,
former, or current), alcohol intake (none, occasional,
or regular), and BMI (in quartiles). Further adjustment
was made for intake of energy-adjusted dietary fiber
(in quartiles), total folate (in quartiles) and red meat
(in quartiles). These variables are either known or
suspected risk or preventive factors for colorectal
cancer [20, 23-30]. Additional adjustment for intake of
energy-adjusted total calcium and vitamin D produced
no appreciable change in the results and these vari-
ables were excluded from the final model. The signifi-
cance of interactions between physical activity and
these risk factors for colorectal cancer was determined
by comparing the model of physical activity x the
respective variable with the model that assessed the
main effect only. The likelihood ratio test was used to
assess statistical interaction. Statistical analyses were
performed using SAS version 9.1 (SAS Institute, Inc.,
Cary, NC, USA). We used the median of each category
as a continuous variable to calculate the tests for trend;
P values for these tests were two-sided and considered
significant at 0.05.

Results

During 6 years of follow-up (average follow-up period:
5.8 years) for 65,022 subjects (29,842 men and 35,180
women), a total of 486 cases of colorectal cancer (306
invasive and 180 in-situ) developed over 374,779 per-
son-years. Mean age at the follow-up survey was
56.9 years among men and 57.2 years among women.
Characteristics of study subjects according to level of
physical activity are shown in Table 1. The MET-hour
scores—the sum of the average time per day spent in
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each physical activity multiplied by the MET value for
each study—for the 4 groups, the lowest, the second,
the third and the highest were 28.25, 33.25, 35.25 and
43.75 in men and 28.50, 33.25, 35.25 and 43.75 in wo-
men, respectively. Men who were more physically ac-
tive were more likely to report greater consumption of
total folate, fiber, vitamin D, and calcium than men
who were less physically active, but to have higher
current smoking and regular drinking and greater
consumption of daily mean energy, total fat, and red
meat. No difference in mean age and BMI was ob-
served between the groups by physical activity level.
Similar trends were found for women (Table 1).
Associations between hours of physical activity and
risk of incident colorectal cancer by type of activity in
men and women are presented in Table 2. Those who

reported vigorous physical activity had a 15% lower
risk of colorectal cancer compared with those reporting
none in men (RR =0.85; 95% CI = 0.67-1.08), al-
though this difference was not statistically significant.
A statistically significant decrease was limited to colon
cancer in men (RR =0.73; 95% CI = 0.55-0.98).
Moreover, a greater decrease was seen in risk for
cancer of the proximal colon among men (RR = 0.43;
95% CI = 0.26-0.70). However, women who reported
vigorous physical activity were not at lower risk of
colorectal cancer. Analysis for men and women com-
bined showed a significant decrease in risk of proximal
colon cancer (RR = 0.57; 95% CI = 0.39-0.83).

Those who reported more than 3 h per day of
walking or standing had a 18% lower risk of colorectal
cancer than those reporting less than 3 h among men,

Table 1 Subject characteristics according to physical activity level in the JPHC Study

MET hours per day®

Lowest Second Third Highest
Men (n = 29,842)
Quartile median 28.25 33.25 35.25 43.75
No of subjects 8261 7697 6075 7809
Mean age (years) 57.1 56.3 577 56.6
Mean BMI (kg/m?) 23.7 23.6 23.7 235
Family history of colorectal cancer (%) 1.9 1.8 1.3 1.1
Current smokers (%) 45.0 45.7 45.4 47.4
Regular drinkers (%) 65.1 67.7 67.4 71.0
Mean daily intakes
Total energy (kcal) 2069.2 2260.8 2241.7 2409.7
Total fat (g) 55.9 61.2 60.2 63.5
Saturated fat (g) 16.8 18.0 17.6 18.3
Dietary fiber (g) 11.5 12.5 12.7 134
Folate (ug) 370.5 402.7 407.2 429.1
Vitamin D (ug) 10.2 11.4 112 125
Calcium (mg) 511.1 546.2 5413 559.2
Red meat (g) 46.0 53.4 50.0 54.8
Women (n = 35,180)
Quartile median 28.50 33.25 35.25 43.75
No of subjects 9595 9185 8591 7809
Mean age (years) 58.0 56.8 57.0 56.7
Mean BMI (kg/m2) 23.6 23.6 235 23.6
Family history of colorectal cancer (%) 1.3 13 13 1.3
Current smokers (%) 4.5 4.8 4.8 52
Regular drinkers (%) 12.2 12.1 12.9 12.0
Mean daily intakes
Total energy (kcal) 1856.0 1934.2 1910.7 2030.1
Total fat (g) 58.5 61.7 60.3 64.7
Saturated fat (g) 17.5 18.3 17.8 19.0
Dietary fiber (g) 13.7 14.3 14.5 15.4
Folate (ug) 417.0 433.1 441.8 465.2
Vitamin D (ug) 10.8 11.2 11.0 11.8
Calcium (mg) 579.0 599.9 597.8 626.6
Red meat (g) 422 45.8 42.8 47.8

# Metabolic equivalent (MET)-hours = sum of the average time per day spent in each physical activity multiplied by the MET value
for each activity. MET value = (caloric need/kilogram body weight per hour activity)/(caloric need/kilogram body weight per hour at

rest)
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Table 2 Association between hours of physical activity and risk of incident colorectal cancer by type of activity in men and women in

the JPHC Study

Men Women

Variables Cases RR  (95% CI)*> RR (95% CI)® Cases RR (95% CI)* RR  (95% CI)®
Vigorous physical activity
Total colorectal cancer

No 167 1.00 (Reference) 1.00 (Reference) 140 1.00 (Reference) 1.00 (Reference)

Yes 123 0.85 (0.67-1.07) 0.85 (0.67-1.08) 56 1.10  (0.81-1.50) 1.11  (0.80-1.54)
Colon cancer

No 120 1.00 (Reference) 1.00 (Reference) 103 1.00 (Reference) 1.00 (Reference)

Yes 77 0.73  (0.55-0.98) 0.73 (0.55-0.98) 37 1.02  (0.70-1.49) 1.02  (0.68-1.51)
Proximal colon cancer

No 58 1.00 (Reference) 1.00 (Reference) 56 1.00 (Reference) 1.00 (Reference)

Yes 24 0.46 (0.28-0.74) 043 (0.26-0.70) 16 0.84 (0.48-1.48) 0.86 (0.48-1.54)
Distal colon cancer

No 57 1.00 (Reference) 1.00 (Reference) 40 1.00 (Reference) 1.00 (Reference)

Yes 50 1.00 (0.68-1.47) 1.03  (0.70-1.52) 19 1.30 (0.75-2.25) 126 (0.70-2.26)
Rectal cancer

No 47 1.00 (Reference) 1.00 (Reference) 37 1.00 (Reference) 1.00 (Reference)

Yes 46 1.15  (0.77-1.74) 1.16  (0.76-1.77) 19 1.31  (0.75-2.28) 136  (0.77-2.42)
Walking or standing hours
Total colorectal cancer

Less than 3 h per day 122 1.00 (Reference) 1.00 (Reference) 66 1.00 (Reference) 1.00 (Reference)

More than 3 h per day 168 085 (0.67-1.07) 0.82 0.65-1.05 130 1.03  (0.76-1.39) 1.06 (0.78-1.45)
Colon cancer

Less than 3 h per day 84 1.00 (Reference) 1.00 (Reference) 48 1.00 (Reference) 1.00 (Reference)

More than 3 h per day 113 0.81 (0.61-1.08)  0.79 (0.59-1.06) 92 1.02  (0.72-1.46) 1.02  (0.70-1.47)
Proximal colon cancer

Less than 3 h per day 37 1.00 (Reference) 1.00 (Reference) 24 1.00 (Reference) 1.00 (Reference)

More than 3 h per day 45 0.69 (045-1.07) 0.62 (0.40-0.98) 48 1.09 (0.67-1.79) 1.03  (0.62-1.72)
Distal colon cancer

Less than 3 h per day 42 1.00 (Reference) 1.00 (Reference) 21 1.00 (Reference) 1.00 (Reference)

More than 3 h per day 65 095 (0.64-1.41) 1.02  (0.68-1.52) 38 095 (0.56-1.63) 1.03  (0.58-1.83)
Rectal cancer

Less than 3 h per day 38 1.00 (Reference) 1.00 (Reference) 18 1.00 (Reference) 1.00 (Reference)

More than 3 h per day 55 093 (0.61-1.41) 0.88 (0.57-1.36) 38 1.05 (0.60-1.84) 120 (0.65-2.19)

? Adjusted for age and study area

b Additionally adjusted for family history of colorectal cancer, smoking status, alcohol intake, body mass index, intake of red meat,

dietary fiber and folate

although this difference was not statistically significant
(RR =0.82; 95% CI = 0.64-1.05). A significant de-
crease in risk of proximal colon cancer was observed in
men (RR =0.62; 95% CI = 0.40-0.98). However, no
significant association was observed among women
(Table 2).

Table 3 shows the RR of colorectal cancer by
physical activity level in men and women. Compared
with men in the lowest level of MET hours per day,
those in the highest level had a RR of 0.69 (95%
CI = 0.49-0.97). A statistically significant decrease in
risk of colorectal cancer was associated with increasing
MET hours per day among men (P for trend = 0.022).
This inverse association was essentially limited to colon
cancer among men. A significant decrease in risk with
increasing MET hours per day was observed predom-
inantly in cancer of the proximal colon; men in the

highest level were approximately 70% less likely to
develop cancer at this site than those in the lowest level
(RR =0.29; 95% CI = 0.14-0.60; p for trend <0.001).
No significant trend was found for rectal cancer. The
same analyses in women showed a non-significant in-
verse association between physical activity and the risk
of developing colon cancer (Table 3). There was no
appreciable difference between the results in Tables 2
and 3 with and without adjustment for BMI.
Additional analysis stratified by BMI was investi-
gated in relation to the risk of colorectal cancer among
men and women (Table 4). Men categorized with both
a BMI of less than 25 kg/m? and a high level of physical
activity had a significantly decreased risk for colorectal
cancer relative to those with a low level of physical
activity (RR = 0.54; 95% CI = 0.36-0.82). A statisti-
cally significant decrease in risk of colorectal cancer
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Table 3 Relative risk (RR) of colorectal cancer by physical activity level in men and women in the JPHC Study

Quartile (MET hours per day)

Lowest Second Third Highest P

Men
Quartile median for MET hours per day 28.25 33.25 35.25 43.75
Total colorectal cancer

No of cases 84 81 64 61

RR (95% CI)? 1.00 (Reference) 1.00 (0.73-1.36) 0.91 (0.65-1.26) 0.70  (0.50-0.98) 0.025

RR (95% CI)b 1.00 (Reference) 0.99 (0.72-1.35) 0.85 (0.61-1.20) 0.69 (0.49-0.97) 0.022
Colon cancer

No of cases 64 55 38 40

RR (95% CI)* 1.00  (Reference) 0.87 (0.61-1.26) 0.69 (0.46-1.03) 0.59 (0.39-0.87) 0.007

RR (95% CI)b 1.00 (Reference) 0.87 (0.61-1.26) 0.62 (0.41-0.95) 0.58 (0.39-0.87) 0.006
Proximal colon cancer

No of cases 29 27 15 11

RR (95% CI)* 1.00 (Reference) 091 (0.54-1.53) 0.56 (0.30-1.05) 0.33 (0.17-0.67) 0.001

RR (95% CI)b 1.00  (Reference) 0.89 (0.52-1.51) 0.44 (0.22-0.86) 0.29  (0.14-0.60) <0.001
Distal colon cancer

No of cases 32 27 20 28

RR (95% CI)* 1.00  (Reference) 0.87 (0.52-1.45) 0.74 (0.42-1.30) 0.84 (0.50-1.40) 0.522

RR (95% CI)b 1.00 (Reference) 0.92 (0.54-1.54) 0.75 (0.42-1.33) 0.89 (0.53-1.51) 0.685
Rectal cancer

No of cases 20 26 26 21

RR (95% CI)* 1.00  (Reference) 1.40 (0.78-2.51) 1.65 (0.92-2.97) 1.07 (0.58-1.99) 0.997

RR (95% CI)b 1.00 (Reference) 136 (0.74-2.49) 1.64 (0.90-2.99) 1.06 (0.56-2.00) 0.970
Women
Quartile median for MET hours per day 28.50 33.25 35.25 43.75
Total colorectal cancer

No of cases 53 53 45 45

RR (95% CI)* 1.00 (Reference) 1.07 (0.73-1.57) 0.93 (0.62-1.38) 1.09 (0.73-1.63) 0.712

RR (95% CI)b 1.00 (Reference) 1.17 (0.79-1.75) 0.97 (0.63-147) 1.16 (0.76-1.77) 0.569
Colon cancer

No of cases 41 37 35 27

RR (95% CI)* 1.00  (Reference) 1.00 (0.64-1.56) 0.93 (0.59-1.46) 0.88 (0.54-1.43) 0.573

RR (95% CI)b 1.00 (Reference) 1.03 (0.65-1.64) 091 (0.57-1.47) 0.89 (0.54-1.49) 0.610
Proximal colon cancer

No of cases 21 21 21 9

RR (95% CI)* 1.00  (Reference) 1.15 (0.63-2.11) 1.08 (0.59-1.99) 0.59 (0.27-1.30) 0.192

RR (95% CI)b 1.00 (Reference) 1.14 (0.61-2.12) 1.01 (0.53-1.89) 0.55 (0.24-1.26) 0.151
Distal colon cancer

No of cases 17 15 11 16

RR (95% CI)* 1.00  (Reference) 0.96 (0.48-1.92) 0.70 (0.33-1.51) 1.21 (0.61-2.41) 0.565

RR (95% CI)b 1.00 (Reference) 1.09 (0.52-2.29) 0.77 (0.34-1.74) 137 (0.66-2.85) 0.401
Rectal cancer

No of cases 12 16 10 18

RR (95% CI)* 1.00 (Reference) 1.31 (0.62-2.78) 0.92 (0.40-2.14) 1.79 (0.86-3.72) 0.115

RR (95% CI)b 1.00 (Reference) 1.72 (0.76-3.89) 120 (0.49-2.95) 223 (0.99-5.01) 0.061

% Adjusted for age and study area

® Additionally adjusted for family history of colorectal cancer, smoking status, alcohol intake, body mass index, intake of red meat,

dietary fiber and folate

was associated with increasing MET hours per day in

a

significantly

increased

risk of rectal

cancer

men with a BMI of less than 25 kg/m?> (P for
trend = 0.004). This significant association was also
noted for colon cancer. Moreover, the inverse associ-
ation was seen predominantly in the risk of proximal
colon cancer (RR =0.23; 95% CI = 0.10-0.53; p for
trend <0.001). Men categorized with a BMI of greater
than 25 kg/m? and a lower level of physical activity had
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(RR =3.37; 95% CI = 1.07-10.65), but no trend was
seen. Further, no significant association was observed
in any other site among men with a BMI of greater
than 25 kg/m>. On the other hand, no significant
associations were observed among women. We as-
sessed the interaction of BMI and physical activity in
men and women. No statistically significant interaction
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Table 4 RR for colorectal cancer with 95% CI and physical activity stratified by body mass index in men and women in the JPHC

Study

Quartile (MET hours per day)

Body mass index (kg/m?)

<25 >25
Cases RR (95% CI)* Cases RR (95% CI)*

Men

Total colorectal cancer
Lowest (28.25) 62 1.00 (Reference) 21 1.00 (Reference)
Second (33.25) 51 0.79 (0.54-1.16) 30 1.51 (0.85-2.67)
Third (35.25) 44 0.75 (0.50-1.11) 19 1.10 (0.59-2.08)
Highest (43.75) 41 0.54 (0.36-0.82) 20 1.11 (0.60-2.06)
p for trend 0.004 0.947

Colon cancer
Lowest (28.25) 46 1.00 (Reference) 17 1.00 (Reference)
Second (33.25) 37 0.76 (0.49-1.18) 18 1.08 (0.55-2.13)
Third (35.25) 27 0.58 (0.35-0.95) 10 0.67 (0.30-1.52)
Highest (43.75) 28 0.49 (0.30-0.79) 12 0.81 (0.39-1.71)
p for trend 0.003 0.502

Proximal colon cancer
Lowest (28.25) 23 1.00 (Reference) 6 1.00 (Reference)
Second (33.25) 19 0.71 (0.39-1.32) 8 1.53 (0.52-4.45)
Third (35.25) 10 0.38 (0.18-0.83) 4 0.62 (0.15-2.52)
Highest (43.75) 8 0.23 (0.10-0.53) 3 0.59 (0.15-2.38)
p for trend <0.001 0.353

Distal colon cancer
Lowest (28.25) 20 1.00 (Reference) 11 1.00 (Reference)
Second (33.25) 18 0.89 (0.47-1.71) 9 0.86 (0.35-2.09)
Third (35.25) 14 0.72 (0.36-1.48) 6 0.70 (0.26-1.90)
Highest (43.75) 20 0.87 (0.46-1.66) 8 0.82 (0.33-2.07)
p for trend 0.715 0.681

Rectal cancer
Lowest (28.25) 16 1.00 (Reference) 4 1.00 (Reference)
Second (33.25) 14 0.88 (0.42-1.86) 12 337 (1.07-10.65)
Third (35.25) 17 1.29 (0.63-2.64) 9 3.02 (0.92-9.86)
Highest (43.75) 13 0.73 (0.34-1.58) 8 2.53 (0.75-8.49)
p for trend 0.439 0.273

Women

Total colorectal cancer
Lowest (28.50) 36 1.00 (Reference) 14 1.00 (Reference)
Second (33.25) 36 1.05 (0.65-1.68) 17 1.59 (0.76-3.35)
Third (35.25) 33 0.97 (0.60-1.57) 12 0.95 (0.41-2.21)
Highest (43.75) 31 1.05 (0.64-1.72) 14 1.55 (0.70-3.42)
p for trend 0.887 0.383

Colon cancer
Lowest (28.50) 28 1.00 (Reference) 12 1.00 (Reference)
Second (33.25) 23 0.84 (0.48-1.50) 14 1.60 (0.70-3.62)
Third (35.25) 27 0.98 (0.57-1.68) 8 0.69 (0.25-1.92)
Highest (43.75) 17 0.71 (0.38-1.34) 10 1.45 (0.60-3.53)
p for trend 0.329 0.554

Proximal colon cancer
Lowest (28.50) 15 1.00 (Reference) 6 1.00 (Reference)
Second (33.25) 12 0.84 (0.38-1.84) 9 213 (0.70-6.43)
Third (35.25) 15 0.92 (0.44-1.92) 6 1.21 (0.35-4.21)
Highest (43.75) 7 0.53 (0.20-1.37) 2 0.63 (0.12-3.31)
p for trend 0.202 0.525

Distal colon cancer
Lowest (28.50) 11 1.00 (Reference) 5 1.00 (Reference)
Second (33.25) 10 0.95 (0.39-2.35) 5 1.47 (0.39-5.55)
Third (35.25) 9 0.98 (0.40-2.42) 2 0.27 (0.03-2.40)
Highest (43.75) 9 1.02 (0.40-2.59) 7 2.36 (0.68-8.23)
p for trend 0.957 0.149
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Table 4 continued

Quartile (MET hours per day) Body mass index (kg/m?)

<25 225
Cases RR (95% CI)* Cases RR (95% CI)*
Rectal cancer

Lowest (28.50) 8 1.00 (Reference) 2 1.00 (Reference)
Second (33.25) 13 178 (0.71-4.47) 3 1.64 (0.27-10.00)
Third (35.25) 6 0.91 (0.30-2.70) 4 228 (0.41-12.68)
Highest (43.75) 14 225 (0.90-5.61) 4 2.09 (0.34-12.88)
p for trend 0.090 0.447

? Adjusted for age, study area, family history of colorectal cancer, smoking status, alcohol intake, intake of red meat, dietary fiber and

folate

was observed (in men: p = 0.63 for colon, p = 0.23 for
rectum; in women: p = 0.18 for colon, p = 0.58 for
rectum). These stratified analyses were repeated after
additional adjustment for BMI as a continuous vari-
able, but the results were essentially unchanged (data
not shown).

We also conducted additional analyses restricted to
306 cases of invasive colorectal cancer. Among men,
the inverse association was slightly strengthened: those
in the highest level of MET hours per day had a nearly
50% lower risk of colon cancer than those in the lowest
(RR = 0.51; 95% CI = 0.30-0.85; p for trend = 0.005)
(data not shown).

To avoid potential bias due to preclinical conditions,
we performed further analyses after excluding colo-
rectal cancer cases diagnosed during the first year of
follow-up. The tendencies were essentially unchanged
after this exclusion. However, the inverse association
was slightly strengthened among women. We observed
a significantly decreased risk of proximal colon cancer
with increasing MET hours per day in women as well
as in men, although the number of cases was small (for
women, RR =0.32; 95% CI=0.11-0.95; p for
trend = 0.037; for men, RR =0.31; 95% CI = 0.14-
0.66; p for trend = 0.001).

Discussion

In this large population-based prospective study of
Japanese men and women, we found a significant in-
verse association between physical activity and the risk
of developing colorectal cancer, particularly colon
cancer, among men. Increasing levels of physical
activity were associated with a significantly lower risk
of colon cancer among men. In contrast, no significant
associations were found among women. To our

@ Springer

knowledge, the present results from the JPHC Study
represent the first prospective study of the association
between physical activity and colorectal cancer in
Japan.

Previous studies [3-7, 13-15, 17] of men have found
a statistically significant 40% lower risk of colorectal
cancer among the most active compared with the least
active subjects, whereas others have not [8, 10-12, 16].
Studies of women have shown a non-significant 10—
20% lower risk with increased physical activity [3-5, 8,
10, 11, 13, 14, 17], although these results have also been
inconsistent. However, the majority of these studies
did not include a comprehensive evaluation of poten-
tial confounders such as lifestyle factors and dietary
habits.

The present study showed a significant dose-re-
sponse relationship between decreasing colorectal
cancer risk and increasing MET hours per day of
physical activity among men. This dose-response
relationship has been reported by some but not all
prospective studies. Whereas previous studies gener-
ally showed lower risk with increasing physical activity,
three studies of men reported a significant dose—
response relationship between increased physical
activity and lower risk of colon cancer [5, 9, 14].

Few prospective studies have investigated physical
activity and colon cancer by anatomical subsite [9-11,
17], and results have been inconsistent; two found a
stronger inverse association between physical activity
and distal colon cancer [9, 11], whereas others reported
no difference by subsite in men and a stronger inverse
association with proximal colon cancer in women [10],
and an inverse association in men and women com-
bined [17]. The lack of association between physical
activity and rectal cancer in the present study is con-
sistent with previous prospective studies, which have
generally reported null results [6, 10].
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Several potential biological mechanisms may con-
tribute to the protective effect on physical activity and
risk of colorectal cancer observed here, including hy-
perinsulinemia, obesity, change in prostaglandin ratio,
lowered bile acid secretion and possibly enhanced im-
mune function. Previous reports showed that subjects
with colorectal cancer or polyps had higher levels of
colonic mucosal prostaglandin (PG) E2 than control
subjects, suggesting that prostaglandins are involved in
proliferation and metastasis. Previous studies reported
that increased physical activity had an inverse associ-
ation, lowering PG E2, and also increasing PG F2o in
relation to an increase in gut motility [19, 31, 32]. It is
also possible that physical activity decreases stool
transit time by stimulating colonic peristalsis, resulting
in decreased exposure of the intestinal epithelium to
potential carcinogens or mutagens. Physical activity
may increase colon blood flow, causing the transport-
ing away of potential carcinogens or mutagens from
the mucous membrane [19, 31-34].

One finding of interest was the stronger decrease in
risk of proximal colon cancer than of distal colon
cancer among the most active compared with the least
active subjects. These findings are consistent with some
[10, 17] but not all previous prospective studies [9, 11].
One possible hypothesis might be that physical activity
modifies metabolic hormone levels and growth factors
and that the modification of these factors may influ-
ence developing cancer of the proximal rather than
distal colon. It is also possible that physical activity
affects gut motility more extensively in the proximal
than the distal colon [10]. Further investigation of this
question is required.

Another concern of this study was gender differ-
ence. We observed a non-significant decrease in the
risk of colon cancer among women. Consistent with the
findings in men, moreover, this decrease was seen
predominantly in proximal colon cancer. Although we
cannot rule out potentially true differences in the
metabolic response to physical activity between men
and women, it seems possible that misclassification of
physical activity may have contributed to the non-
significant findings in women, arising from a lack of
detailed questions related to housework and a greater
variability in physical activity at home than at work
[8, 10, 11, 14]. On this basis, therefore, the present
findings appear to show no marked gender difference
in the influence of physical activity on colorectal
cancer.

In addition, we found a statistically significant
inverse association between physical activity and
colorectal cancer risk among men with a BMI of less
than 25 kg/m? but not among those with a greater

BMI. The reason for the null finding in this latter group
is unclear, but may be attributable to the smaller
number of subjects, at least in part. A second possi-
bility is that a protective effect of physical activity on
risk may have been weaker than the impact of BMI
among those with a BMI greater than 25 kg/m?.

The main limitation of this study was its use of self-
reports. However, because the data were collected be-
fore diagnosis, any imprecision was likely to have caused
underestimation of associations rather than overesti-
mation. More importantly, the accuracy of the self-re-
ported physical activity questions used in the present
study has been validated [unpublished data, Fujii H
et al.]. The proportion of subjects excluded due to
missing data for physical activity (18%) was relatively
high. However, the characteristics of subjects with and
without missing information did not differ. Although
unmeasured confounders may not have been controlled
in this study, lifestyle factors and dietary habits identi-
fied as potential confounding factors possibly associated
with colorectal cancer in previous reports were ac-
counted for [20, 23-30], with the expectation that sta-
tistical adjustment might be to some degree possible if
information on associated variables were available.

Notwithstanding the known limitations of observa-
tional studies, the present study has the following
strengths: it was a prospective population-based study
with a 6-year follow-up period; information on physical
activity was collected before the subsequent onset of
cancer, eliminating the exposure recall bias inherent to
case—control studies; study subjects were selected from
the general population, and response rate to the
questionnaire was high while the proportion of losses
to follow-up was negligible; and finally, adjustment was
made for lifestyle factors and dietary habits identified
as possibly associated with colorectal cancer in previ-
ous reports [20, 23-30].

In conclusion, we observed a significant inverse
association between physical activity and the risk of
developing colorectal cancer, particularly colon cancer,
among men. A stronger inverse association was noted
for proximal than for distal colon cancer. These find-
ings suggest that physical activity may prevent colon
cancer among Japanese mssen.
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Prefectural Ninohe Public Health Center, Ninohe; Y.
Miyajima, N. Suzuki, S. Nagasawa, and Y. Furusugi,
Akita Prefectural Yokote Public Health Center,
Yokote; H. Sanada, Y. Hatayama, F. Kobayashi,
H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watan-
abe, and Y. Miyagawa, Nagano Prefectural Saku Public
Health Center, Saku; Y. Kishimoto, E. Takara,
T. Fukuyama, M. Kinjo, M. Irei, and H. Sakiyama,
Okinawa Prefectural Chubu Public Health Center,
Okinawa; K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito,
and F. Shoji, Katsushika Public Health Center, Tokyo;
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M. Urata, N. Okamoto, and F. Ide, Nagasaki
Prefectural Kamigoto Public Health Center, Arikawa;
H. Sakiyama, N. Onga, and H. Takaesu, Okinawa
Prefectural Miyako Public Health Center, Hirara; F.
Horii, I. Asano, H. Yamaguchi, K. Aoki, S. Maruyama,
and M. Ichii, Osaka Prefectural Suita Public Health
Center, Suita; S. Matsushima and S. Natsukawa, Saku
General Hospital, Usuda; M. Akabane, Tokyo
University of Agriculture, Tokyo; M. Konishi, and
K. Okada, Ehime University, Ehime; H. Iso, Osaka
University, Suita; Y. Honda and K. Yamagishi,
Tsukuba  University, Tsukuba; H. Sugimura,
Hamamatsu University, Hamamatsu; Y. Tsubono, To-
hoku University, Sendai; M. Kabuto, National Institute
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Aichi Cancer Center Research Institute, Nagoya;
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