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Hachioji, Japan). Values for oxLDL and oLAB could not
be measured in all serum samples, because some initial
samples yielded insufficient sera and other various
substances were also measured from the same samples.

Serum samples of subjects had been stored for ~ 10
years until assay. Distribution of mean + SD values for
serum oxLDL levels in study controls [males: 36.1 + 11.1
units/L (n = 144); females: 39.0 + 11.4 units/L (n = 172)]
was similar to that in our previous study (24) using fresh
sera [males: 41.6 + 12.2 units/L (n = 158); females: 42.7 +
13.9 units/L (n = 158)]. Distributions of serum ol.AB
were also similar, with median values (25th-75th percen-
tiles) at 191.0 (128.0-241.0) units/L in males (n = 179) and
192.0 (142.0-304.0) units/L in females (n = 197) for the
present study compared with 170.7 (130.9-301.2) units/L
in males (n = 158) and 209.0 (152.6-312.5) units/L in
females (1 = 158) for the previous study (25). Subjects in
this and our previous study were Japanese ages 40 to 79
years, and the same ELISA kits were used. Serum levels
of oxLDL and oLAB had thus not changed substantially
during long-term storage.

Statistical Analyses. Body mass index (BMI) was
calculated as body weight (kg) divided by height (m)
squared. Baseline characteristics were compared between
cases and controls using x° tests. Mean differences for
serum total cholesterol levels and BMI between cases and
controls were examined using ¢ tests. Because serum
oxLDL, oLAB, and a-tocopherol levels are log normally
distributed (25, 26), mean differences between cases and
controls were examined using ¢ tests after converting
serum levels of oxLDL, oLAB, and a-tocopherol to
logarithmic values. Relationships among serum levels
of oxLDL, oLAB, total cholesterol, and a-tocopherol were
examined using Spearman correlation coefficients. «-
Tocopherol was included in this analysis because it binds
to LDL and may be associated with decreased risk of
colorectal cancer (21).

Conditional logistic regression models with gender,
age, and study area strata were applied to calculate odds
ratios (OR) and 95% confidence intervals (95% CI) for
colorectal cancer. ORs were computed according to
quartile levels of serum oxLDL and oLAB. Cases were
categorized into four groups according to the quartile in
controls for serum oxLDL and oLAB. To test for linear
trends in ORs over quartiles, each quartile was coded as
0,1, 2, or 3 and then incorporated into logistic models as
a single variable.

Potential confounding was considered by smoking
habits (never, former, or current smokers and unknown),
drinking habits (never, former, or current drinkers and
unknown), intake frequency of green leafy vegetables
(1-2 times/mo or less, 1-2 times/wk or more, and
unknown), time spent in sports or physical exercise
(little, 1 h/wk or more, and unknown), family history of
colorectal cancer (yes, no, and unknown), and BMI
(<20.0, 20.0-24.9, or 2250 kg/m2 and unknown). More-
over, ORs for colorectal cancer by serum levels of oxLDL
and oLAB were also computed after adjustment for the
above confounding factors and quartiles of serum total
cholesterol and «-tocopherol, because LDL binds to
cholesterol and a-tocopherol. Elevated serum cholesterol
levels are linked with increased colon cancer risk (27),
and o-tocopherol is an antioxidant that inhibits muta-
genesis and cell transformation (21). We therefore

calculated these ORs to know the risk in relation to
serum oxLDL and oLAB independent of a-tocopherol
and total cholesterol.

Two-sided Ps < 0.05 were considered statistically
significant. All statistical analyses were done using the
Statistical Analysis System.

Results

Table 1 summarizes baseline characteristics of study
subjects. No significant differences between cases and
controls were observed for age distribution, smoking and
drinking habits, family history of colorectal cancer,
intake frequency of green leafy vegetables, or time spent
in sports or physical exercise.

Table 2 compares serum levels of oxLDL, oLAB, total
cholesterol, and a-tocopherol and BMI between cases
and controls. Serum oxLDL levels were significantly
higher in cases than in controls. BMI and serum levels of
OLAB, a-tocopherol, and total cholesterol did not differ
significantly between cases and controls.

Table 3 shows relationships among serum levels of
oxLDL, oLAB, total cholesterol, and a-tocopherol in
control subjects. Serum oxLDL levels were significantly
and positively correlated with serum levels of total
cholesterol and a-tocopherol in both genders. Serum

Table 1. Baseline characteristics of colorectal cancer
cases and controls

Cases (%) Controls (%) P (x? test)

n 161 (100.0) 395 (100.0)

Male 75 (46.6) 187 (47.3)

Female 86 (53.4) 208 (52.7)

Age (y)
40-49 14 (8.7) 36 (9.1) 0.743
50-59 48 (29.8) 131 (33.2)
60-69 65 (40.4) 159 (40.3)
70-79 34 (21.1) 69 (17.5)

Smoking habit
Current smoker 37 (23.0) 96 (24.3) 0.674
Ex-smoker 23 (14.3) 51 (12.9)
Nonsmoker 93 (57.8) 218 (55.2)
Unknown 8 (5.0) 30 (7.6)

Drinking habit
Current drinker 75 (46.6) 168 (42.5) 0.503
Ex-drinker 2(1.2) 12 (3.0)
Nondrinker 78 (48.4) 195 (49.4)
Unknown 6 (3.7) 20 (5.1)

Family history of colorectal cancer
Yes 10 (6.2) 14 (3.5) 0.161
No 151 (93.8) 381 (96.5)

Intake frequency of green leafy vegetables
1-2 times/mo or less 23 (14.3) 57 (14.4) 0.100
1-2 times/wk or more 126 (78.3) 325 (82.3)
Unknown 12 (7.5) 13 (3.3)

Time spent in sport or physical exercise
Little 97 (60.2) 247 (62.5) 0.591
1 h/wk or more 57 (35.4) 125 (31.6)
Unknown 7 (4.3) 23 (5.8)

Cancer Epidemiol Biomarkers Prev 2004;13(11). November 2004

=747 —

1783



1784

Oxidized Low-Density Lipoprotein and Colorectal Cancer

Table 2. Serum levels of oxLDL, oLAB, total cholesterol, and a-tocopherol and BMI for colorectal cancer cases

and controls

Cases Controls P

" n
oxLDL (units/L), median (25th-75th percentiles) 119 39.2 (31.6-47.8) 316 36.2 (29.2-44.7) 0.045
oLAB (units/L), median (25th-75th percentiles) 153 201.0 (142.0-312.0) 376 192.0 (135.5-272.5) 0.120
Total cholesterol (immol/L), mean £ SD 159 522 + 096 382 5.17 + 0.98 0.225
a-Tocopherol (pmol/L), median (25th-75th percentiles) 155 21.87 (15.67-27.35) 377 21.69 (17.30-26.75) 0.834
BMI (kg/m?), mean * SD 158 231 + 34 380 232 + 28 0.779

oLAB levels displayed no correlation with serum levels
of oxLDL, total cholesterol, or a-tocopherol in either
gender.

Table 4 shows ORs and 95% Cls for colorectal cancer
by serum levels of oxLDL and oLAB after adjusting for
confounding factors. ORs (95% Cls) across quartiles for
serum oxLDL adjusted for gender, age, and study area
(OR1) were 1.21 (0.57-2.55), 1.49 (0.71-3.14), and 2.34
(1.03-5.30; Pirena = 0.030). OR (95% CI) for serum oxL.DL
adjusted for gender, age, study area, smoking and
drinking habits, intake frequency of green leafy vegeta-
bles, time spent in sports or physical exercise, family
history of colorectal cancer, and BMI (OR2) was
significantly higher in the highest quartile compared
with the lowest quartile [3.65 (1.50-8.92); Pena = 0.004].
OR1 and OR2 for oLAB tended to be higher in the
highest quartile of serum oLAB but not significantly
(OR1, 1.66; 95% CI, 0.91-3.01; Peng = 0.148; OR2, 1.68;
95% CI, 0.90-3.13; P penq = 0.140).

When the analysis was limited to incident cases and
corresponding controls, the higher risk was still found in
relation to higher serum levels of oxLDL. OR2s (95% Cls)
for colorectal cancer across quartiles of serum oxLDL
were 3.11 (1.09-8.87), 2.25 (0.79-6.39), and 4.77 (1.50-15.10;
Piena = 0.027). OR2s (95% ClIs) for colorectal cancer
across quartiles of serum oLAB were 0.67 (0.32-1.41), 0.89
(0.41-1.92), and 1.22 (0.51-2.62; Prena = 0-412).

Associations of serum oxLDL and oLAB with risk of
colorectal cancer were also evaluated after further ad-
justment for quintiles of total cholesterol and a-tocopherol
(OR3). However, no substantial change in results was
observed. When evaluated by gender, no apparent
difference between males and females was noted.

The same analyses were attempted using only colon
cancer cases {11 = 80 for oxLDL and n = 106 for oLAB)
and corresponding controls (n = 215 for oxLLDL and
1 =261 for oLAB). OR3s (95% Cls) for colon cancer across

Table 3. Spearman correlation coefficients (no. sub-
jects) among serum levels of oxLDL, olAB, total
cholesterol, and a-tocopherol among control subjects

oxLLDL oLAB

Males

oLAB 0.066 (136)

Total cholesterol 0.525* (138) -0.023 (172)

a-Tocopherol 0.397* (140) 0.011 (169)
Females

oLAB 0.021 (161)

Total cholesterol 0.429* (166) -0.093 (191)

a-Tocopherol 0.227* (168) 0.006 (192)

*P < 0.001.

quartiles of serum oxLDL were 2.97 (0.97-9.06), 1.90 (0.55-
6.59), and 4.68 (1.19-18.38; P yrena = 0.062). A similar trend
was observed for serum oLAB levels: OR3s (95% Cls)
across quartiles were 1.75 (0.73-4.20), 1.69 (0.68-4.15), and
2.20 (0.90-5.37; Prena = 0.119).

Furthermore, modified data sets excluding cases
diagnosed within 2 years from baseline were also
analyzed. Results of these analyses were consistent with
those of analyses without exclusion (data not shown).

Discussion

The present investigation represents the first prospective
study to examine associations between serum oxLDL and
risk of colorectal cancer. Significant positive associations
were observed between serum oxLDL levels and risk of
colorectal cancer. There was no association between
serum oLAB levels and risk of colorectal cancer. Risk of
colorectal cancer was higher in the presence of higher
levels of serum oxLDL, independent of confounders. The
mechanisms involved in this association between oxLDL
and colorectal cancer remain unclear.

The adjustment for lifestyle factors, family history, and
BMI somewhat strengthened the positive association
between oxLDL and risk of colorectal cancer. This may
not be in line with our initial hypothesis that serum
oxLDL levels represent a marker reflecting lifestyles
related to the cancer. Serum oxLDL may be a predictor of
the risk independently of other risk factors.

There are some reports that studied the association
between serum or plasma oxLDL levels and coronary
heart disease (7, 28). It is well known that oxLDL is found
in monocyte-derived macrophages in atherosclerosis
lesions and that plasma oxLDL levels were significantly
higher in patients with coronary artery disease (28).
Several studies have been carried out on the modified
forms of oxLDL, which are prepared by oxidizing LDL
under various conditions i vitro (28). However, there is
little information about oxLDL present in vivo (28).

We have also studied associations between serum
carotenoids levels and risk of colorectal cancer in this
prospective epidemiologic study. We found inverse
associations of some carotenoids with colorectal cancer
risk in men.” Crohn disease is a chronic inflammatory
disorder and is associated with increased risk of colon
cancer (29). Although the etiology of Crohn disease is
unknown, patients with Crohn disease have increased

o Unpublished data.
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Table 4. ORs and 95% Cls for colorectal cancer risk by serum levels of oxLDL and oLAB

Range Cases  Controls  OR1 95% CI Pyena OR2  95% CI P rend OR3  95% CI Prrend

oxLDL (units/L)

Q1 <29.1 22 79 1.00 — 0.030 1.00 — 0.004 1.00 — 0.038

Q2 29.2-36.1 26 79 1.21 0.57-2.55 1.55 0.70-3.46 1.15 0.49-2.72

Q3 36.2-44.6 31 79 1.49 0.71-3.14 1.90 0.84-4.28 1.38 0.54-3.51

Q4 >44.7 40 79 2.34 1.03-5.30 3.65 1.50-8.92 3.10 1.04-9.23
oLAB (units/L)

Q1 <1354 34 94 1.00 — 0.148 1.00 — 0.140 1.00 — 0.212

Q2 135.5-191.9 41 96 1.14 0.64-2.01 0.98 0.54-1.80 1.11 0.58-2.11

Q3 192.0-272.4 28 92 0.87 0.46-1.64 0.75 0.39-1.48 0.74 0.36-1.52

Q4 >272.5 50 94 1.66 0.91-3.01 1.68 0.90-3.13 1.69 0.85-3.35

NOTE: OR1: OR adjusted for gender, age, and study area; OR2: OR adjusted for gender, age, study area, smoking and drinking habits, intake frequency of
green leafy vegetables, time spent in sport or physical exercise, family history of colorectal cancer, and BMI; OR3: OR adjusted for gender, age, study area,
smoking and drinking habits, intake frequency of green leafy vegetables, time spent in sport or physical exercise, family history of colorectal cancer, BMI,

and serum levels of total cholesterol and a-tocopherol.

production of ROS (29). It was reported that lipid
peroxidation and F, isoprostane was significantly higher
in patients with Crohn disease than in healthy control
subjects (30).

Various potentially toxic oxidized lipids are contained
in oxLDL such as lipid peroxides, oxysterol, and
aldehydes (31). These oxidized lipids elicit oxidative
stress and lipid peroxidation (31). As oxLDL reduces
antioxidant enzymes such as Cu/Zn superoxide dis-
mutase (32) and glutathione peroxidase (33) and ROS
degradation is decreased following increases in oxL.DL
(31), ROS levels are elevated. Lipid peroxidation is
initiated by ROS attacks, generating large amounts of
reactive products that have been implicated in tumor
initiation and promotion (34). Increased levels of malon-
dialdehyde, a major genotoxic carbonyl compound
generated by lipid peroxidation (34), have been reported
in tumor tissue from colorectal cancer patients compared
with normal mucosa from the same individuals (35).

In another experimental study (8), oxLDL-induced
oxidative stress enhanced p53 DNA binding activity and
p53 protein synthesis. As a tumor suppressor, p53 is
induced by various kinds of cell stress (36) to protect the
cell. ‘Genetic information is protected by the functions of
P53, including induction of cell cycle arrest or apoptosis
after DNA damage and maintenance of genomic stability
(37). Given the above, high levels of oxLDL might induce
excess stress against the cell. This stress may induce
DNA damage and mutation, because oxidative stress is
known to cause such damage (38). Mutation of p53 gene
is found in >50% of all human cancers and >75% of
colorectal adenocarcinomas (39). Mutation of the p53
gene is known to play crucial roles in tumor develop-
ment and progression (37).

Cyclooxygenase-2 (COX-2) expression is reportedly
induced by oxLDL in a murine macrophage-like cell line
(40) and human monocytes (41). COX is an enzyme that
initiates the conversion of arachidonic acid into all of the
prostaglandins and thromboxanes (42). Lipid peroxida-
tion is necessary for initiation of COX activity (43), and
reactive oxygen intermediates (ROI) induce COX-2 (44).
Levels of arachidonic acid (45) and prostaglandin E, (46)
are higher in colon tumor than in normal colonic mucosa.
Prostaglandin E;, a major product of COX, stimulates
proliferation and growth of human colorectal cancer
cells (47).

Analysis of COX-2 expression (induced by cytokines,
growth factors, and mitogens) has revealed elevated
levels in up to 90% of sporadic colon carcinomas and 40%
of colonic adenomas but no elevation in normal colonic
epithelium (48). Recent clinical epidemiologic studies
have shown that COX inhibitors such as aspirin and
other nonsteroidal anti-inflammatory agents exert pre-
ventive effects on colorectal cancer (49, 50). Such
inhibition of COX-2 is considered to lead to decreased
incidence of colorectal cancer, although the mechanisms
are not fully understood.

Functions of oxLDL such as increasing oxidative stress
and inducing COX-2 expression might play an important
role in colorectal carcinogenesis. At the very least,
oxidative stress is increased in subjects with high levels
of serum oxLDL, and oxidative stress should be related
to colorectal carcinogenesis.

Epidemiologic studies showed the close association
between insulin resistance and colon cancer risk (51). The
consumption of excess dietary energy results in the
development of insulin resistance with increased circu-
lating levels of insulin, triglycerides, and nonesterified
fatty acids. These circulating factors subject colonic
epithelial cells to a proliferative stimulus and also expose
them to reactive oxygen intermediates. Other study
reported that LDL oxidizability is increased in insulin
resistance subjects compared with healthy subjects (52).
These long-term exposures are expected to result in the
promotion of colon cancer.

Serum oLAB levels were not significantly associated
with risk of colorectal cancer. Serum oLAB is generated
from immunoresponses against oxLDL. Serum oLAB
levels, in addition to serum oxLDL levels, may therefore
also depend on various lifestyle factors such as dietary
intake of antioxidants and smoking habits. Plasma oL AB
levels are reported to show a negative correlation with
plasma oxLDL levels in healthy subjects (53), and oLAB
may play a role in maintaining low levels' of blood
oxLDL. Wide ranges of serum oLAB levels might reflect
interindividual differences in immune responses rather
than in oxLDL generation. The immune system is also
affected by various lifestyle factors such as smoking
habits. We considered that almost no relationship
between serum oLAB and oxLDL in controls was derived
from interindividual differences in immune responses.
Interindividual difference in immune responses may

Cancer Epidemiol Biomarkers Prev 2004;13(11). November 2004

—749—



1786

Oxidized Low-Density Lipoprotein and Colorectal Cancer

have also attenuated the association between serum
oLAB and risk of colorectal cancer.

Although oxLDL is an oxidant and a-tocopherol is an
antioxidant, our results show positive association be-
tween serum oxLDL and a-tocopherol levels. We suggest
that this association was observed because serum LDL
binds to a-tocopherol (54). Similarly, serum oxLLDL is
positively associated with serum cholesterol levels.

Cases included both colon and rectal cancers. Risk for
colon cancer only was increased with high serum oxLDL
levels after adjusting for gender, age, study area, and
potential confounders. The sample population for rectum
cancer cases was too small to analyze associations
between serum levels of oxLDL and oLAB and risk of
rectum cancer. These associations warrant further study.

In conclusion, the present study showed that increased
levels of serum oxLDL represent a risk factor for
colorectal cancer among Japanese. Although further
investigations are needed to clarify the role of oxLDL
in tumorigenesis for colorectal cancer, serum oxLDL
levels may be one biomarker for predicting risk of
colorectal cancer.
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The effects of reproductive factors on the etiology of colon can-
cer in Asian populations remain unexplored. So we examined
38,420 Japanese women aged 40-79 years who responded to a
questionnaire on reproductive and other lifestyle factors from
1988 to 1990 in the Japan Collaborative Cohort Study for Evalua-
tion of Cancer Risk. During an average 7.6 years of follow-up, we
documented 207 incident colon cancers. Multivariate analysis in-
dicated that colon cancer risk was likely to be lower among pa-
rous women than among nulliparous. Women who had two
abortions or more had a 72% higher risk of developing colon can-
cer [relative risk (RR) 1.72; 95% confidence interval (Cl) 1.16-2.55;
trend P<0.01} compared with women who never had an abortion.
The RR of colon cancer among postmenopausal women signifi-
cantly decreased with increasing age at menarche (trend P=0.01).
No apparent association between colon cancer and gravida, age
at first birth, age at menopause, or duration of menstruation was
seen. These prospective data support the hypothesis that female
reproductive events modify colon cancer risk, and suggest that
reproductive factors, particularly age at menarche and having an
abortion, may be of importance in the etiology of colon cancer
among Japanese women. (Cancer Sci 2004; 95: 602-607)

in 1980, McMichael and Potter! reviewed the results of two
earlier case-control studies of colorectal cancer together with
other epidemiologic, metabolic, and animal studies, and sug-
gested that reproductive events and endogenous and exogenous
sex hormones may affect carcinogenesis in the large bowel via
their effects on hepatic function and bile acid formation.
Briefly, endogenous estrogens increase bile acid production.
Progestin, pregnancy, and high-dose oral contraceptives reduce
bile acid production; therefore, they decrease the risk of colon
cancer. Since then, the results of several further studies,?-2
most of which were conducted in high-risk Western countries
using a case-control design,?~'® dealing with this issue have
been published. These studies suggested that some aspects of
reproductive history including parity, age at first birth, age at
menarche, and estrogen use after menopause may affect the de-
velopment of colon cancer. However, these studies are inconsis-
tent as to whether such reproductive factors are surrogates for
"hormonal effects or for some other lifestyle characteristics,
such as diet or physical activity. Furthermore, the effects of re-
productive factors on the etiology of colon cancer in Asian pop-
ulations remain unexplored. Here, we report the findings from a
large prospective study conducted among Japanese. Our study
offers further evidence in support of the hypothesis proposed by
McMichael and Potter.D

602-607 | Cancer Sci | July 2004 | vol.95 | no.7

Materials and Methods

The JACC study. The Japan Collaborative Cohort Study for
Evaluation of Cancer Risk, the JACC Study (sponsored by the
Ministry of Education, Culture, Sports, Science and Technology
of Japan) is a nationwide multicenter collaborative study to
prospectively evaluate the various risks and/or protective fac-
tors influencing cancer mortality and incidence. Study methods
and ethical issues have been described in detail elsewhere.?”
Briefly, our study was initiated in 1988, and enrollment contin-
ued until the end of 1990. Forty-five areas were selected from 7
out of 8 districts in Japan, thus covering almost the entire coun-
try. We enrolled 127,477 apparently healthy inhabitants in these
areas with completion of the questionnaire. Two strategies were
applied to obtain informed consent for participation, i.e., re-
questing individuals to sign the cover page of the questionnaire,
or at the group level, by explaining the aim of the study and the
confidentiality of the data to community leaders. Of 127,477
enrolled, 110,792 (46,465 men and 64,327 women), aged 40—
79 years, were followed. Of 64,327 women, 38,720 lived in 24
study areas covered by cancer registries. Among those, we ex-
cluded from analysis 14 with a history of colon cancers at base-
line, and 287 subjects with less than one year of follow-up
time, leaving 38,420 women were enrolled in the present study
(one woman had both exclusion criteria).

The present study protocol was approved by the Ethics Com-
mittee of Fujita Health University, Toyoake, Japan.

Data collection. A self-administered questionnaire was used to
assess the baseline characteristics of participants. It covered
medical history and included lifestyle-related items such as
diet, physical activity, drinking and smoking, and family history
of several medical conditions including cancer. For women, in-
formation was obtained on menstrual factors (age at menarche
and age at menopause), reproductive variables (number of preg-
nancies, number of parity, and age at first birth). The number of
abortions was calculated as the number of pregnancies minus
the parity number. Induced and spontaneous abortions as well
as stillbirths were included in our criteria without regard for
gestational week. Among menopausal women, the duration of
menstruation was defined as age at menopause minus age at
menarche.

Follow-up and identification of colon cancer cases. We used pop-
ulation registries in local municipalities to determine the vital
and residential status of the subjects. Registration of death is re-
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quired by the Family Registration Law in Japan and is enforced
throughout the country. For logistical reasons, we discontinued
the follow-up of subjects who moved out of their study areas.

We ascertained the incidence of cancer by consulting the
records of population-based cancer registries, supplemented by
a systematic review of death certificates. In some areas, medi-
cal records were also reviewed in local major hospitals. The
follow-up was conducted from the time of the baseline survey
through the end of 1997 except for three areas, where it ended
in 1994, 1995, and 1996. During the study period, only 3.0%
(1164) of the participants were lost to follow-up due to moving.

The incidence to death ratio for female colon cancer was
2.33 in the cohort covered by cancer registries. This figure is
comparable with those in acceptably accurate population-based
cancer registries in Japan® (1.69 to 3.03) and indicates that a
high proportion of colon cancer cases was identified. The pro-
portion of Death Certificate Only (DCO) registrations was
T.7% (16 of 207 cases).

Finally, the 7.6-year follow-up analyses verified 207 incident
cases of colon cancer among 37,420 women. Because of miss-
ing values for certain reproductive variables, the total number
of cases and person-years of follow-up varied somewhat among
analyses (gravida: 192 cases during 272,684 person-years of
follow-up; parity: 190 cases during 268,750 person-years; age
at menarche: 180 cases during 270,253 person-years of follow-
up; age at menopause: 154 cases during 190,989 person-years
of follow-up).

Statistical analysis. In the present study, variables of interest
were gravida, parity, age at first birth, number of abortions, age
at menarche, age at menopause, and duration of menstruation.
For each participant, the person-years of follow-up were calcu-
lated from the date of filling out the baseline questionnaire to
development of colon cancer, death from any cause, moving
out of the study area, or the end of follow-up period, whichever
occurred first. Sixteen of 207 colon cancer cases were discov-
ered only by death certificate and their person-years of follow-
up were calculated from the date of enrollment to death from
colon cancer. We used Cox proportional hazards modeling to
compute relative risks (RRs), adjusting for age at enrollment. In
another multivariate analysis, study area (Hokkaido and To-
hoku, Kanto, Chubu, Kinki, Chugoku, Kyushu), smoking status
(never, past, current), alcohol consumption (none, past,
present), exercise: “How long do you take exercise or sports in
a week?” (25, 3-4, 1-2 h per week, seldom), green leafy vege-
table intake (3-7, 1~2 days per week, seldom), meat intake 3~
7, 1-2 days per week, seldom), family history of colon cancer,
and body mass index (weight in kilograms/[height in meters]?)
were further adjusted. Other reproductive and menstrual factor
were also adjusted. These variables were assessed by the base-
line questionnaire and were selected as covariates because they
were known or suspected to modify the risk of colon cancer. In
the analysis, all variables were entered as dummy variables ex-
cept for age at enrollment. Missing values for each covariate
were treated as an additional category and were included in the
model. A linear trend of association was assessed by the regres-
sion model assigning score (0, 1, 2,...) to the levels of the inde-
pendent variable.

Estrogens appear to influence colon cancer risk. In premeno-
pausal women, ovarian sources of estrogen are of prime impor-
tant but in postmenopausal women, conversion of androgens to
estrogen in adipose tissue is the major source of estrogen, and
the serum level of endogenous estrogen in postmenopausal
women is lower than that in premenopausal women. We hy-
pothesized that menopausal status may modify the association
between reproductive factors and colon cancer risk, and to test
this, we performed the same analysis as above only among
menopausal women at baseline.

All data were analyzed using SAS software. The 95% confi-
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dence intervals (Cls) were presented for all RRs. All 2 values
were based on 2-sided tests, in which P<0.05 was considered
statistically significant.

Results

Association of age at menarche, gravida, parity, age at first birth,
and the number of abortions with the risk of colon cancer. Table 1
presents the age-adjusted and multivariate RRs for colon cancer
by age at menarche, gravida, parity, age at first birth, and the
number of abortions among all subjects. With reference to age
at menarche, compared to women whose menarche occurred at
age 12 or less, the point estimates tended to be below unity, but
no consistent trend in risk emerged. There was no association
of gravida with colon cancer risk, whereas the multivariate RR
of colon cancer for parous women compared with nulliparous
women was 0.65 (95% CI: 0.35-1.20). The multivariate RRs
by the number of deliveries were 0.63 for one birth, 0.80 for
two, 0.57 for three, 0.60 for four and more. The point estimates
were below unity, but there was no consistent pattern of trends.
Among parous women, no consistent trend in risk was ob-
served. There was also no association between age at first birth
and colon cancer risk among parous women. The subjects who
had had 2 or more abortions had a significantly increased risk
compared to those with no abortions (RR: 1.72, 95% CI: 1.16-
2.55) among the women with any pregnancy. There was a sig-
nificantly increasing trend for an association between the num-
ber of abortions and the risk of colon cancer (P value for trend
<0.0D)

Association of reproductive and menstrual factors with the risk of
colon cancer among menopausal women at baseline. Table 2 shows
the age-adjusted and multivariate RRs for colon cancer by age
at menarche, parity, age at menopause, and duration of men-
struation only among menopausal women. The RRs of colon
cancer was 0.64 (95% CI. 0.32—-1.28) for women who had ex-
perienced menarche at age 13—15 and 0.49 (95% CL 0.24—
1.01) for those who did so at age 16 or more compared with
those who did so at age 12 and under. There was a significantly
decreasing pattern for a relation between age at menarche and
the risk of colon cancer. We observed no significant association
between parity and risk of colon cancer. In relation to age at
menopause, the point estimates of colon cancer risk were below
unity for subsequent age groups above 45, but there was no
consistent pattern of trends. There were no apparent association
between duration of menstruation and colon cancer risk.

Discussion

Most of the previous studies conducted in Western populations
at high risk for colon cancer suggested that reproductive factors
might be important in the etiology.>-'* 16-18.20-26) [f reproductive
and hormonal factors are determinants of colon cancer risk, it
would be extremely valuable to determine whether their effects
are similar in different populations. Although one case-control
study'? analyzed this issue among Japanese women, we at-
tempted to resolve this question by means of a prospective
study in order to avoid some of the problems inherent in a case-
control study, such as selection and recall bias, which may dis-
tort the results. ,

Our prospective study found that parity was likely to have a
protective effect against colon cancer risk, whereas, {0 our
knowledge, only two?? of the seven published cohort
studies***® have shown a weak and statistically insignificant
inverse effect of parity on colon cancer, and less than
half*-6.7. 11121916 of the |8 case-control studies?™'® found evi-
dence of parity’s protective effect. This protective effect was
consistent in our study up to high parity number, though one
case-control study has reported a U-shaped association between
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Table 1. Adjusted relative risk (RR) for colon cancer by age at menarche, gravida, parity, age at first birth, and

the number of abortions, JACC study, 1988-1997

Person-years’” No. of cases” RR {95% C})? RR (85% C})»
Age at menarche
<12 17,649 12 1.00 1.00 R
13-15 159,100 101 0.67 (0.37-1.22) 0.74 (0.39-1.38)
216 93,352 67 0.53 (0.28-0.99) 0.62 (0.32-1.20)
P value for trend <0.05 0.13
Gravida
No pregnancy 13,357 1 1.00 1.00 A
Any pregnancy 259,326 181 1.00 {0.54-1.83) 0.82 (0.42-1.62)
1 13,631 11 1.00 1.00
2 57,649 33 0.94 (0.47-1.87) 1.39 (0.61-3.16)
3 75,318 45 0.87 (0.45-1.68) 1.27 {(0.57-2.83)
24 112,727 92 0.89 (0.48-1.67) 1.28 (0.59-2.79)
P value for trend 0.70 0.87
Parity
Nulliparous 13,438 14 1.00 1.00 9
Parous 255,311 176 0.77 (0.45-1.33) 0.65 {0.35-1.20)
1 19,198 15 1.00 1.00
2 97,564 60 1.04 (0.59-1.84) 1.24 {0.66-2.32)
3 87,065 48 0.75 {0.42-1.35) 0.88 (0.46-1.68)
24 51,483 53 0.75 (0.42-1.35) 0.90 (0.47-1.74)
P value for trend 0.10 0.24
Age at first birth (only parous women)
<25 106,081 74 1.00 1.00 8
25- <30 105,979 77 1.09 (0.79-1.05) 1.04 (0.73-1.49)
30-<35 15,620 10 0.84 (0.43-1.63) 0.65 (0.31-1.40)
35- 3279 3 1.21 (0.38-3.83) 1.16 (0.35-3.83)
P value for trend 0.92 0.68
Number of abortions (only women with any pregnancy)
0 158,765 105 1.00 1.00 N
1 57,820 40 1.29 (0.89-1.87) 1.29 (0.87-1.92)
22 36,467 31 1.69 (1.17-2.43) 1.72 (1.16-2.55)

P value for trend

<0.01 <0.01

1) Number of cases and person-years do not always add up to the total due to missing information for the risk

factors.
2) Adjusted for age at baseline.

3) Adjusted for age at baseline, study area (Hokkaido and Tohoku, Kanto, Chubu, Kinki, Chugoku, Kyushu),
smoking status (never, past, current), alcohol drinking habit (none, past, regular), exercise (25, 3-4, 1-2 days/
week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/week,
seldom), family history of colon cancer (Y/N), and BMI at baseline (<18.5, 18.5- <22, 22~ <25, 25~ kg/m?).

4) Additionally adjusted for menopausal status and parity.

5) Additionally adjusted for menopausal status and age at menarche.

6) Additionally adjusted for menopausal status, age at menarche, and parity.

7) Additionally adjusted for menopausal status and age at menarche.

the parity number and colon cancer risk.' Furthermore, the
protective effect of parity became clear after adjustment for
some confounding factors, such as smoking, alcohol consump-
tion, intake of vegetables, physical activity, and body mass in-
dex. Several mechanisms have been suggested to explain the
protective effect of parity on colon cancer, including modifica-
tions of estrogen profiles secondary to pregnancies and their ef-
fects on bile acid metabolism,"? immunological influences of
ABO-incompatible fetal antigens,® increased physical activity
associated with large families,?® and unidentified lifestyle fac-
tors associated with having children.

In our study, there was an inverse association between age at
menarche and colon cancer risk and the association was signifi-
cant among menopausal women. Of five cohort studies?0-2224.29
which examined the effect of age at menarche, only one?”
found this inverse association. It is unclear whether the effect of
age at menarche on colon cancer risk is affected by some hor-
monal mechanism. Age at menarche may be a surrogate for
some unidentified risk factors around puberty, such as body
size, nutrition, or physical activity. Abdominal obesity, which is
associated with hyperinsulinemia resulting from insulin resis-

604

tance,3" has been noted in girls even before puberty*® and has
been shown to be associated with an earlier onset of me-
narche.? Since insulin is a growth factor for colon epithelial
cells, it has been suggested that hyperinsulinemia plays an im-
portant role as a colon cancer promoter.>® In our study, the as-
sociation between age at menarche and colon cancer risk still
remained after multivariate adjustment; this is consistent with
the above-mentioned reasoning and may suggest a role of
childhood nutrition in the subsequent development of colon
cancer. However, the reason why this association between age
at menarche and colon cancer risk was observed more clearly
among menopausal women also remains unclear. The predomi-
nant premenopausal profile of endogenous female sex hor-
mones derived from the ovaries modifies the risk of female
colon cancer through increased excretion of bile acids. The ef-
fect of hyperinsulinemia on the risk of colon cancer may pre-
dominate in postmenopausal women with low levels of female
sex hormone. Adult women who had early menarche may have
hyperinsulinemia, since tracking of serum insulin is observed
especially in females.?»

There are only a few studies on the effect of abortion or in-
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Table 2. Adjusted relative risk (RR) for colon cancer by age at menarche, parity, age at menopause, and du-
ration of menstruation among menopausal women at baseline, JACC study, 1988-1997

Person-years” No. of cases” RR (95% Cl)? RR (95% Ci)»
Age at menarche
<12 7653 9 1.00 1.00 4
13~15 99,600 82 0.61 (0.31~-1.22) 0.64 (0.32-1.28)
216 80,038 58 0.47 (0.23-0.95) 0.49 (0.24~1.01)
P value for trend <0.05 <0.05
Parity
Nulliparous 7374 9 1.00 1.00 2
Parous 172,638 137 0.67 {(0.34-1.32) 0.70 (0.36-1.39)
1 12,944 14 1.00 1.00
2 59,154 45 0.85 (0.46-1.55) 0.99 (0.52-1.89)
3 57,811 35 0.57 (0.31-1.07) 0.70 (0.36-1.35)
24 42,729 43 0.64 (0.34-1.18) 0.79 (0.41-1.53)
P value for trend 0.07 0.24
Age at menopause
<45 37,430 35 1.00 1.00 o
46—~ <50 51,011 44 0.94 (0.60-1.46) 0.87 (0.54-1.38)
50- <55 92,453 66 0.76 (0.50-1.15) 0.74 (0.49-1.14)
255 9956 9 0.83 (0.40-1.74) 0.73 (0.34~1.58)
P value for trend 0.19 0.16
Duration of menstruation (years)
<30 31,264 27 1.00 1.00 2
30— <35 70,183 59 0.97 (0.61-1.52) 0.93 (0.59-1.49)
35- <40 74,796 53 0.86 (0.54-1.37) 0.83 {(0.51-1.33)
240 11,085 10 1.00 (0.48-2.07) 0.94 (0.45-1.95)

P value for trend

0.63

0.51

1) Number of cases and person-years do not always add up to the total due to missing information for the

risk factors.
2) Adjusted for age at baseline.

3) Adjusted for age at baseline, study area (Hokkaido and Tohoku, Kanto, Chubu, Kinki, Chugoku, Kyushu),
smoking status {never, past, current), alcohol drinking habit (none, past, regular), exercise (25, 3-4, 1-2 days/
week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/
week, seldom), family history of breast cancer (Y/N), and BMI at baseline (<18.5, 18.5~ <22, 22~ <25, 25~ kg/

m?),

4) Additionally adjusted for parity and age at menopause.
5) Additionally adjusted for age at menarche and at menopause.
6) Additionally adjusted for age at menarche and parity.

7) Additionally adjusted for parity.

complete pregnancy on the risk of colon cancer. Negri et al.'®
found no consistent relation with the number of abortions,
whereas Howe er 4l.'9 found a high number of non-live births
among colorectal cases, and Peters e al.'¥ reported a U-shaped
association. The definitions of a failed pregnancy differed
among the various studies. We found a consistent and positive
association between the number of abortions and colon cancer
risk. The adverse effect of abortion is similar to what has been
observed in some studies on breast cancer,’® but the underlying
mechanisms remain unclear.

The fact that a first delivery early in life is a protective factor
against colon cancer is supported by four cohort studies,?!-23.25)
though none of their results proved statistically significant. Evi-
dence of a long-term shift in hormone profiles that would affect
bile acid production after the first complete pregnancy® 3 may
explain the protective effect not only of having been parous, but
also of having given birth at an early age. However, we ob-
served no association between age at first birth and colon can-
cer risk.

We found no effect of age at menopause or duration of men-
struation. Previous results on these variables have been
inconsistent.?*-1619-2) However, our study has an advantage
over previous studies with respect to age at menopause and du-
ration of menstruation, because few Japanese women had used
estrogens after menopause. Hormone use may induce artificial
menstruation, thus affecting accurate recall of when their peri-
ods had stopped naturally.

Tamakoshi et al.

The study by Yoo et al.,'? which is the first study on the as-
sociation between reproductive factors and colorectal cancer in
Japan, reported that menstrual regularity, late age at meno-
pause, late age at first pregnancy, and late age at first full-term
pregnancy were significantly associated with the risk of colo-
rectal cancer. Yoo et al. also found a positive association be-
tween age at menarche and risk of distal colon cancer. Our
study yielded a negative association, especially among post-
menopausal women. The study by Yoo et al. gave no consider-
ation to menopausal status and our study had no information on
subsite. The effect of menarche on colon cancer needs further
investigation.

There are both strengths and limitations in our study. The
strengths include its prospective design and large sample size.
Data on exposure were collected before diagnosis and prior to
any colon cancer deaths,” which could preclude recall bias.
Moreover, since data on many kinds of exposure known or sus-
pected to modify the risk of colon cancer were collected in the
present study, we could elucidate the independent effects of re-
productive factors by multivariate adjustment. One limitation of
this study lies in the absence of information on the specific sub-
sites of origin in the large bowel, since it has been suggested
that the influence of sex hormones should be either greater at,
or restricted to, the right side of the large bowel.® Another limi-
tation arises from the validity of self-reported reproductive his-
tories. Some reproductive exposures occurred long before
enrollment or any diagnosis of disease. However, previous
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studies on the validity of self-reported reproductive histories
have shown good agreement between the respondents recall of
reproductive events and their medical records.® *® Finally, our
results may be chance findings, because the participants were
not drawn uniformly from throughout Japan. Also, the number
of incident cancer cases of the colon was small compared to
those in Western studies.

In summary, the present study provides additional support for
earlier suggestions by McMichael and Potter as well as other
researchers that there is a hormonal component in the risk pro-
file for female colon cancer. In Japan, the westernization of lif-
estyles has progressed rapidly since the early 1960s, suggesting
that it will be necessary to examine the change of reproductive
factors and their effect on colon cancer among Japanese women
who have experienced largely westernized lifestyles since
childhood.

The authors express their sincere appreciation to Dr. Kunio Aoki, Pro-
fessor Emeritus, Nagoya University School of Medicine and the former
chairman of the JACC Study Group, and also to Dr. Haruo Sugano, the
former Director of the Cancer Institute of the Japanese Foundation for
Cancer Research, who greatly contributed to the initiation of the study.
The present members of the JACC Study and their affiliations are as
follows: Dr. Akiko Tamakoshi (present chairman of the study group),
Nagoya University Graduate School of Medicine; Dr. Mitsuru Mori,
Sapporo Medical University School of Medicine; Dr. Yutaka
Motohashi, Akita University School of Medicine; Dr. Ichiro Tsuji,
Tohoku University Graduate School of Medicine; Dr. Yosikazu
Nakamura, Jichi Medical School; Dr. Hiroyasu Iso, Institute of Com-
munity Medicine, University of Tsukuba; Dr. Haruo Mikami, Chiba
Cancer Center; Dr. Yutaka Inaba, Juntendo University School of Medi-
cine; Dr. Yoshiharu Hoshiyama, Showa University School of Medicine;
Dr. Hiroshi Suzuki, Niigata University Graduate School of Medical
and Dental Sciences; Dr. Hiroyuki Shimizu, Gifu University School of
Medicine; Dr. Hideaki Toyoshima, Nagoya University Graduate School
of Medicine; Dr. Shinkan Tokudome, Nagoya City University Graduate

1. McMichael AJ, Potter JD. Reproduction, endogenous and exogenous sex
hormones, and colon cancer: a review and hypothesis. J Natl Cancer Inst
1980; 65: 1201-7.

2. Dales LG, Friedman GD, Ury HK, Grossman S, Williams SR. A case-control
study of relationships of diet and other traits to colorectal cancer in Ameri-
can blacks. Am J Epidemiol 1979; 109: 132-44.

3. Miller AB, Barclay TH, Choi NW, Grace MG, Wall C, Plante M, Howe GR,
Cinader B, Davis FG. A study of cancer, parity and age at first pregnancy. J
Chronic Dis 1980; 33: 595-605.

4. Weiss NS, Daling JR, Chow WH. Incidence of cancer of the large bowel in
women in relation to reproductive and hormonal factors. J Nail Cancer Inst
1981; 67: 57-60.

5. Byers T, Graham S, Swanson M. Parity and colorectal cancer risk in women.
J Nail Cancer Inst 1982; 69: 105962,

6. Potter ID, McMichael AJ. Large bowel cancer in women in relation to repro-
ductive and hormonal factors: a case-control study. J Natl Cancer Inst 1983,
71:703~9.

7. McMichael Al, Potter JD. Parity and death from colon cancer in women: a
case-control study. Community Health Stud 1984; 8: 19-25.

8. Papadimitriou C, Day N, Tzonou A, Gerovassilis F, Manousos O,
Trichopoulos D. Biosocial correlates of colorectal cancer in Greece. Int J Ep-
idemiol 1984; 13: 155--9.

9. Plesko 1, Preston-Martin S, Day NE, Tzonou A, Dimitrova E, Somogyi J.
Parity and cancer risk in Slovakia. fnt J Cancer 1985; 36: 52933,

10. Howe GR, Craib KJ, Miller AB. Age at first pregnancy and risk of colorectal
cancer: a case-~control study. J Nail Cancer Inst 1985; 74: 1155-9.

11. Kune GA, Kune S, Watson LF. Children, age at first birth, and colorectal
cancer risk. Data from the Melbourne Colorectal Cancer Study. Am J Epide-

) miol 1989; 129: 533-42.

12. Davis FG, Fumner SE, Persky V, Koch M. The influence of parity and
exogenous female hormones on the risk of colorectal cancer. Int J Cancer
1989; 43: 587-90.

13. Negri E, La Vecchia C, Parazzini F, Savoldelli R, Gentile A, D’Avanzo B,
Gramenzi A, Franceschi S. Reproductive and menstrual factors and risk of
colorectal cancer. Cancer Res 1989; 49: 7158-61.

14. Peters RK, Pike MC, Chang WW, Mack TM. Reproductive factors and colon
cancers. Br J Cancer 1990; 61: 741-8.

606

School of Medicine; Dr. Yoshinori Ito, Fujita Health University School
of Health Sciences; Dr. Shuji Hashimoto, Fujita Health University
School of Medicine; Dr. Shogo Kikuchi, Aichi Medical University
School of Medicine; Dr. Akio Koizumi, Graduate School of Medicine
and Faculty of Medicine, Kyoto University; Dr. Takashi Kawamura,
Kyoto University Center for Student Health; Dr. Yoshiyuki Watanabe
and Dr. Tsuneharu Miki, Kyoto Prefectural University of Medicine
Graduate School of Medical Science; Dr. Chigusa Date, Faculty of Hu-
man Environmental Sciences, Mukogawa Women's University; Dr.
Kiyomi Sakata, Wakayama Medical University; Dr. Takayuki Nose,
Tottori University Faculty of Medicine; Dr. Norihiko Hayakawa, Re-
search Institute for Radiation Biology and Medicine, Hiroshima Uni-
versity; Dr. Takesumi Yoshimura, Institute of Industrial Ecological
Sciences, University of Occupational and Environmental Health,
Japan; Dr. Katsuhiro Fukuda, Kurume University School of Medicine;
Dr. Naoyuki Okamoto, Kanagawa Cancer Center; Dr. Hideo Shio,
Moriyama Municipal Hospital; Dr. Yoshiyuki Ohno (former chairman
of the study group), Asahi Rosai Hospital; Dr. Tomoyuki Kitagawa,
Cancer Institute of the Japanese Foundation for Cancer Research; Dr.
Toshio Kuroki, Gifu University; and Dr. Kazuo Tajima, Aichi Cancer
Center Research Institute. The past investigators of the study group
were listed in reference 27 except for the following seven members (af-
filiations are those at the time they participated in the study): Dr.
Takashi Shimamoto, Institute of Community Medicine, University of
Tsukuba; Dr. Heizo Tanaka, Medical Research Institute, Tokyo Medi-
cal and Dental University; Dr. Shigeru Hisamichi, Tohoku University
Graduate School of Medicine; Dr. Masahiro Nakao, Kyoto Prefectural
University of Medicine; Dr. Takaichiro Suzuki, Research Institute, Os-
aka Medical Center for Cancer and Cardiovascular Diseases; Dr.
Tsutomu Hashimoto, Wakayama Medical University; and Dr. Teruo
Ishibashi, Asama General Hospital. This work was supported by a
Grant-in-Aid for Scientific Research on Priority Areas (2) (No.
14031222) from the Ministry of Education, Culture, Sports, Science
and Technology of Japan. The JACC Study has also been supported by
Grants-in-Aid for Scientific Research from the same ministry (Nos.
61010076, 62010074, 63010074, 1010068, 2151065, 3151064,
4151063, 5151069, 6279102, and 11181101).

15. Wu-Williams AH, Lee M, Whittemore AS, Gallagher RP, Jiao DA, Zheng S,
Zhou L, Wang XH, Chen K, Jung D er al. Reproductive factors and
colorectal cancer risk among Chinese females. Cancer Res 1991, 51: 2307
1L

16. Franceschi S, Bidoli E, Talamini R, Barra S, La Vecchia C. Colorectal cancer
in northeast ltaly: reproductive, menstrual and female hormone-related fac-
tors. Eur J Cancer 1991; 27: 604-8.

17. Jacobs EJ, White E, Weiss NS. Exogenous hormones, reproductive history,
and colon cancer (Seattle, Washington, USA). Cancer Causes Control 1994;
5:359-~66.

18. Slattery ML, Mineau GP, Kerber RA. Reproductive factors and colon cancer:
the influences of age, tumor site, and family history on risk (Utah, United
States). Cancer Causes Control 1995; 6: 332-8.

19. Yoo KY, Tajima K, Inoue M, Takezaki T, Hirose K, Hamajima N, Park SK,
Kang DH, Kato T, Hirai T. Reproductive factors related to the risk of colo-
rectal cancer by subsite: a case-control analysis. Br J Cancer 1999; 7%:
1901-6.

20. Wu AH, Paganini-Hill A, Ross RK, Henderson BE. Alcohol, physical activ-
ity and other risk factors for colorectal cancer: a prospective study. Br J Can-
cer 1987, 55: 687-94.

21. Kvale G, Heuch 1. Is the incidence of colorectal cancer related to reproduc-
tion? A prospective study of 63,000 women. Int J Cancer 1991; 47: 390--5.

22. Chute CG, Willett WC, Colditz GA, Stampfer MJ, Rosner B, Speizer FE. A
prospective study of reproductive history and exogenous estrogens on the
risk of colorectal cancer in women. Epidemiology 1991; 2: 201-7.

23. Kravdal O, Glattre E, Kvale G, Tretli S. A sub-site-specific analysis of the
relationship between colorectal cancer and parity in complete male and
female Norwegian birth cohorts. fnz J Cancer 1993; 53: 56-61. o

24. Bostick RM, Potter JD, Kushi LLH, Sellers TA, Steinmetz KA, McKenzie
DR, Gapstur SM, Folsom AR. Sugar, meat, and fat intake, and non-dietary
risk factors for colon cancer incidence in Iowa women (United States).
Cancer Causes Control 1994; 5: 38-52.

25. Martinez ME, Grodstein F, Giovannucei E, Colditz GA, Speizer FE,
Hennekens C, Rosner B, Willett WC, Stampfer MJ. A prospective study of
reproductive factors, oral contraceptive use, and risk of colorectal cancer.
Cancer Epidemiol Biomarkers Prev 1997; 6: 1-5.

26. van Wayenburg CA, van der Schouw YT, van Noord PA, Peeters PH. Age at

Tamakoshi et al.

—=756—



27.

28.

29.

30.

3L

32.

menopause, body mass index, and the risk of colorectal cancer mortality in
the Dutch Diagnostisch Onderzoqk Mammacarcinoom (DOM) cohort.
Epidemiology 2000; 11: 304 8.

Ohno Y, Tamakoshi A; JACC Study Group. Japan collaborative cohort study
for evaluation of cancer risk sponsored by Monbusho (JACC study). J Epi-
demiol 2001; 11: 144-50.

Parkin DM, Whelan SL, Ferlay J, Raymond L, Young J. Cancer incidence in
five continents. vol. VIL. Lyon: International Agency for Research on Can-
cer; 1997,

McMichael AJ, Potter JD. Do intrinsic sex differences in lower alimentary
tract physiology influence the sex-specific risks of bowel cancer and other
biliary and intestinal diseases? Am J Epidemiol 1983; 118: 620—7.

Bjelke E. Epidemiologic studies of cancer of the stomach, colon, and rectum;
with special emphasis on the role of diet. Scand J Gastroenterol Suppl 1974,
31:1-235.

Amiel SA, Caprio S, Sherwin RS, Plewe G, Haymond MW, Tamborlane
WYV. Insulin resistance of puberty: a defect restricted to peripheral glucose
metabolism. J Clin Endocrinol Metab 1991; 72: 277-82.

de Ridder CM, Bruning PF, Zonderland ML, Thijssen JH, Bonfrer M,
Blankenstein MA, Huisveld IA, Erich WB. Body fat mass, body fat distribu-
tion, and plasma hormones in early puberty in females. J Clin Endocrinol
Metab 1990; 70: 888-93.

Tamakoshi et al.

—757—

33.

34.

35.

36.

37.

38.

39.

40.

Frisancho AR, Flegel PN. Advanced maturation associated with centripetal
fat pattern. Hum Biol 1982; 54: 717-27.

Giovannucci E. Insulin and colon cancer. Cancer Causes Control 1995; 6:
164-79.

Ronnemaa T, Knip M, Lautala P, Viikari J, Uhari M, Leino A, Kaprio EA,
Salo MK, Dahl M, Nuutinen EM, Pesonen E, Pietikainen M, Akerblom HK.
Serum insulin and other cardiovascular risk indicators in children, adoles-
cents and young adults. Ann Med 1991; 23: 67-72.

Rosenberg L, Palmer JR, Kaufman DW, Strom BL, Schottenfeld D, Shapiro
S. Breast cancer in relation to the occurrence and time of induced and
spontaneous abortion. Am J Epidemiol 1988; 127: 981 -9.

Cole P, MacMahon B, Brown JB. Oestrogen profiles of parous and
nulliparous women. Lancer 1976; ii: 596-9.

Trichopoulos D, Cole P, Brown JB, Goldman MB, MacMahon B. Estrogen
profiles of primiparous and nulliparous women in Athens, Greece. J Nail
Cancer Inst 1980; 65: 43-6.

Martin CJ. Monitoring maternity services by postal questionnaire: congruity
between mothers” reports and their obstetric records. Star Med 1987 6: 613
27.

Paganini-Hill A, Ross RK. Reiiability of recall of drug usage and other
health-related information. Am J Epidemiol 1982; 116: 114-22.

Cancer Sci | July 2004 | vol.95 | no.7 | 607



British Journal of Cancer (2004) 90, 1397~ 1401
© 2004 Cancer Research UK All rights reserved 0007 - 0920/04  $25.00

@

www.bjcancer.com

Bowel movement frequency and risk of colorectal cancer in a large
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The relationship between bowel movement (BM) frequency and the risk of colorectal cancer was examined in a large cohort of
25731 men and 37 198 women living in 24 communities in Japan. At enrolment, each participant completed a self-administrated
questionnaire on BM frequency and laxative use. Incidence rate ratios (IRR) with 95% confidence intervals (CI) were estimated using
Cox's proportional-hazard model. During the follow-up period (average length 7.6 years), 649 cases of colorectal cancer, including
429 cases of colon cancer, were identified. Among women, subjects who reported a BM every 2-3 days had the lowest risk of
developing colorectal (IRR=071, 95% Cl=052-0.97) and colon cancer (IRR=070, 95% Cl=049-1.00), whereas those.
reporting a BM every 6 days or less had an increased risk of developing colorectal (IRR =2.47,95% Cl = 1.01-60 1) and colon cancer
(IRR = 2.52, 95% Cl = 0.93-6.82) compared with those reporting > | BM per day. A similar, but nonsignificant, association between
the frequency of BM and cancer risk was observed in men. There was no association between colorectal or colon cancer risk and
laxative use. Regulating BM frequency might therefore have a role in the prevention of colorectal cancer.
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An association between constipation and the risk of colorectal
cancer Has long been noted. Prolonged intestinal transit time
might not only increase the duration of contact between
carcinogens in the stools and the gut wall, but could also
concentrate carcinogens by increasing colonic water absorption.
A meta-analysis of 14 case-control studies that examined the
association between constipation or infrequent bowel movements
(BMs) and colorectal cancer and found a statistically significant
48% increase in the pooled odds ratios for colorectal cancer in
association with constipation (Sonnenberg and Miiller, 1993).
Recent case-control studies have also reported a relatively
consistent positive relationship between constipation and color-
ectal cancer (Kotake et al, 1995; Le Marchand et al, 1997
Ghadirian et al, 1998; Jacobs and White, 1998; Roberts et al, 2003).

Since bowel habits might be influenced by the presence of
colorectal cancer, retrospective studies cannot exclude the effects
of the cancer itself, as well as recall bias, on their results. However,

*Correspondence: M Kojima; E-mail: masayok@med.nagoya-cu.ac.jp
Received 5 December 2003; revised 28 January 2004; accepted 28
January 2004; published online 9 March 2004

few prospective studies have addressed this issue. The only cohort
study, which had a 12-year follow-up period involving 84577
women, of colorectal cancer incidence and BM frequency or
laxative use reported negative results (Dukas et al, 2000). The
influence of BMs on male colorectal cancer has not been previously
studied prospectively.

We conducted a large cohort study to investigate the association
between bowel habits, laxative use, susceptibility to diarrhoea and
the colorectal cancer risk in Japanese men and women.

MATERIALS AND METHODS

All data were taken from the Japan Collaborative Cohort (JACC)
Study, the methods of which have been described in detail
elsewhere (Ohno and Tamakoshi, 2001). Briefly, the original study
population consisted of 110792 Japanese adults aged 40-79 years.
Enrolment began in 1988 and continued until the end of 1990 in 45
areas across Japan. Most subjects were recruited from the general
population or when undergoing routine health checks in the
municipalities. Written informed consent for participation was
obtained individually from subjects, with the exception of a few
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study areas in which informed consent was provided at the group
level after explaining the aims of the study and confidentiality of
the data to community leaders. The study protocol was approved
by the Ethics Committee of Medical Care and Research of the
Fujita Health University School of Medicine, Japan.

Analyses were restricted to data from the 65184 participants
who lived in the 24 study areas in which cancer registries were
available. A further 58 subjects with a previous history of
colorectal cancer, and 2197 subjects for whom information about
bowel habits was not available, were excluded. Therefore, a total of
62929 individuals (25731 men and 37198 women) were involved
in this analysis.

All participants completed a self-administered questionnaire on
enrolment. This covered demographic characteristics and lifestyle
factors such as diet, tobacco smoking, alcohol consumption,
physical activity, BM frequency, susceptibility to diarrhoea and
laxative use over the past year. The alternative answers provided
on the questionnaire for the frequency of BM were: ‘daily’, ‘every
2-3 days’, ‘every 4-5 days’ and ‘every 6 days or less’. With regard
to laxative use, the questionnaire asked only whether the
participants used laxatives in the past one year at the time of
enrolment; additional data on the type of laxative, the reason for
use and the duration of use were not collected. Participants also
provided information about susceptibility to diarrhoea by
answering ‘yes’, ‘no’ or ‘neutral’ in response to the question: do
you often have diarrhoea?

Population registries in the municipalities were used to
determine the vital and residential status of subjects. Registration
of death is required under the Family Registration Law in Japan,
which applies throughout the country. Incidences of cancer were
confirmed using records from the population-based cancer
registries, which were supplemented by a systematic review of
death certificates (Ohno and Tamakoshi, 2001); in some areas,
medical records were also reviewed in major local hospitals. The
mortality-to-incidence ratio for colorectal cancer was 0.28 in the
cohort covered by the cancer registries. This figure is comparable
with those calculated in the most accurate population-based cancer
registries in Japan (Parkin et al, 2003), which indicates that most
cases of colorectal cancer were identified in the study population.

The follow-up period ran from the time of the baseline survey
through to the end of 1997 in all but three areas (in which it ran
until the end of 1994, 1995 and 1996, respectively). The end point
of the study was defined as the incidence of colorectal cancer {10th
Revision of the International Classification of Diseases, ICD-10:
C18-C20) or colon cancer (ICD-10: C18). The risk of rectal cancer
was not analysed separately because of the relatively small number
of cases observed. Subjects who moved out of the study area or
died from causes other than colorectal cancer were treated as
censored cases. During the study period, only 3.3% (2071) of the
participants were lost from the follow-up as a result of a change of
residence.

All analyses were carried out by sex using the SAS statistical
package release 8.2 (SAS Inc., Cary, NC, USA). Differences in
baseline characteristics between categories of BM frequency were
tested using the chi-squared (x°) test or one-way analysis of
variance (ANOVA). The follow-up period for each participant was
calculated as the time between completing the questionnaire and
either the diagnosis of colon or rectal cancer, death, moving out of
the study area or the end of the study - whichever occurred first.

The incidence rate ratios (IRR) and 95% confidence intervals
(CI) for colorectal and colon cancer were estimated, by sex, using
Cox’s proportional-hazard model according to the levels of BM
frequency, laxative use and susceptibility to diarrhoea. The
categories of ‘every day’ for BM, ‘nonuse’ for laxative use and
‘no’ or ‘neutiral’ for susceptibility to diarrhoea were used as
reference groups.

Analyses were adjusted for the following potential confounding
factors: age (continuous variable); body mass index (BMI)
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calculated as weight (kg) [height (m)]™ and categorised as
‘225kgm™® or ‘<25kgm™%; intake frequency of green leafy
vegetables (‘daily’ or ‘not daily’); intake frequency of alcohol (‘=5
days per week’ or ‘<5 days per week’); current smoking status
(‘smoker’ or ‘nonsmoker’); time spent walking per day (‘<30 min
or ‘>30min’); history of colorectal cancer in parents or siblings
(‘yes’ or ‘no’); and age at leaving full-time education (‘20 years’
or ‘<20 years’). For each covariate, missing values were treated as
an additional category and were included in the model. To
determine the influence of symptoms of colorectal cancer on bowel
habits, analyses were repeated excluding the first 3 years of follow-
up. In all cases, two-sided P-values <0.05 were considered to be
statistically significant.

RESULTS

Within the study group, 1.1% of men and 4.0% of women reported
infrequent BMs (every 4 days or less). The use of laxatives was
more common among women (14.7%) than men (6.9%), whereas
men were more likely to report frequent diarrhoea (20.3%) than
were women (9.7%).

Table 1 shows the baseline characteristics of the study
population by BM frequency. Regardless of sex, individuals who
reported infrequent BMs ~ compared with those who reported BMs
daily or every 2-3 days - had a lower average BM1, were less likely
to spend >30min walking per day and were more likely to use
laxatives.

A significant difference in the intake frequency of green leafy
vegetables and in smoking status across the BM groups was
observed only among women: those who reported BMs daily or
every 2 -3 days were more likely to consume green leafy vegetables
daily and less likely to be smokers. In addition, women who
reported BMs every 2 -3 days were, on average, younger than those
in the other BM groups. Alcohol consumption did not differ
between BM groups in women.

Among men, the number that reported daily al¢ohol intake
increased linearly with BM frequency. Male subjects who reported
BMs every 2-3 days had the lowest rate of frequent diarrhoea,
whereas the number of women who reported frequent diarrhoea
decreased linearly with BM frequency.

During the follow-up period (average length 7.6 years, standard
deviation 1.9), a total of 649 cases of colorectal cancer were
identified (379 in men and 270 in women), which included 429
cases of colon cancer (225 in men and 204 in women).

Age-adjusted IRRs were calculated for colorectal and colon
cancer according to BM frequency (not shown). Regardless of sex,
the ratios were <1.00 for subjects who reported BMs every 2-3
days relative to those who reported daily BMs: the IRRs for
colorectal cancer were 0.74 in men (95% CI=0.51-1.09) and 0.71
in women (95% CI=0.52-0.97), whereas the IRRs for colon
cancer were lower in men (0.45; 95% CI =0.25-0.82) and the same
in women (0.71; 95% CI = 0.49 - 1.00). In contrast, the age-adjusted
IRRs for subjects who reported highly infrequent BMs (every 6
days or less) relative to those with daily BMs were > 1.00: the IRRs
for colorectal cancer were 1.14 in men (95% CI=0.16~8.10) and
2.53 in women (95% CI=1.04-6.15), whereas the IRRs for colon
cancer were 1.78 in men (95% Cl = 0.25-12.7) and 2.59 in women
(95% CI=0.96-6.98).

Adjustment for potential confounding factors (as discussed
above) had no significant effects on the IRRs (Table 2).
Furthermore, even after excluding the first 3 years of follow-up,
there was a lower risk of colorectal or colon cancer in women who
reported BMs every 2-3 days relative to those who reported daily
BMs: the multivariate-adjusted IRRs were 0.64 for colorectal
cancer {95% CI=0.43-0.96) and 0.68 for colon cancer (95%
CI=0.43-1.05). Increased risks of colorectal and colon cancers
were also observed in association with highly infrequent BMs

© 2004 Cancer Research UK
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Table | Background characteristics of the participants at baseline by BM frequency by sex
BM frequency
Men Women
Every 6
Every 2-3 Every 4-5 days or Every 2-3 Every 4-5 Every & days
= Iper day, days, days, less, 2 iper day, days, days, or less,

Variable (n=22930) (n=2526) (n=222) (n=353) P-value®* (n=25884) (n=9813) (n=1238) (n=263) P value®
Age (yeurs)

Mean 576 59.7 625 659 <0.0001 584 S7.3 574 588 <0.0001

sd 10.2 1.2 113 .6 99 10.5 10.8 1.0
BMI (kgm™?)

Mean 227 222 217 207 <0.0001 234 226 225 220 <0.000!

s.d. 30 29 3. 36 3.6 30 34 30
Having green leafy 262 26.1 207 226 029 325 27.8 27.1 247 <0.0001
vegetables every day (%)
Daily alcohol drinking (%) 484 36.0 333 283 <0.0001 52 47 43 49 0.15
Current smokers (%) 503 489 51.8 47.2 0.55 45 47 8.1 114 <0.0001
Daily walking time 259 323 38.3 50.9 <0.0001 224 266 319 373 <0.0001
<30min (%
Having family history of 2.2 2.1 1.8 0.0 071 25 25 3.1 34 053
colorectal cancer (%)
Age of final education 1.8 114 8.1 151 0.30 52 5.6 49 42 0.29
completed 220 years (%) :
Use of laxatives (%) 4.6 218 46.2 60.5 <0.000! 85 24.1 485 64.3 <0.0001
Having frequent diarrhoea 207 16.5 20.1 188 <0.0001 107 7.6 64 38 <0.0001

(%)

BM = bowel moverment; BMI = body mass index; ANOVA = analysis of variance. *Test for homogeneity of characteristics between categories of BM frequency, using ANOVA
(age, BMI) and ? (other variables).

Table 2 IRR for colorectal and colon cancer according to BM frequency by sex
Colorectal cancer Colon cancer
Observed No. of Multivariate- No. of Multivariate-
BM person-years cases adjusted® IRR 95% CI” cases adjusted® IRR 95% CI®
Men
= I per day 175485 346 100 211 1.00
Every 2-3 days 18335 30 0.77 0.53-1.42 I 0.46 0.25-0.85
Every 4 -5 days IS15 2 0.56 0.14-226 2 093 0.23-375
Every 6 days or less 321 i .16 0.16-827 | .86 026-134
Women
= lper day 196472 204 1.00 155 1.00
Every 2-3 days 72891 51 0.71 0.52-097 38 0.70 0.49-0.99%6
Every 4-5 days 8937 10 112 0.59-2.11 7 1.0t 047-2.17
Every 6 days or less 1880 5 247 101 -601 4 252 093-682

IRR = Incidence rate ratios; BM = bowel movernent; BMI = body mass index. *Adjusted for age, BMI, intake frequency of green leafy vegetables. daily alcohol drinking, current
smoking status, time spent for walking per day, family history of colorectal cancer and education. °Cl: confidence interval.

(every 6 days or less), although they were not statistically DISCUSSION

significant.

Table 3 shows the associations between laxative use, suscept-
ibility to diarrhoea and colorectal or colon cancer risk. There were
weak nonsignificant positive associations between laxative use and
cancer risk in both men and women, but no association between
cancer risk and frequent diarrhoea.

© 2004 Cancer Research UK

This is the first prospective study, to our knowledge, that has
reported a significant association between BM frequency and
colorectal cancer risk. Infrequent BMs were associated with a
significantly increased risk of colorectal cancer and a marginally
increased risk of colon cancer in women. A similar, but
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Table 3 IRR for colorectal and colon cancer according to laxative use and susceptibility to diarrhoea

Colorectal cancer

Colon cancer

Muitivariate-

Multivariate-

Observed adjusted® adjusted®
person-years  No. of cases IRR 95% C1° No. of cases IRR 95% Ci1®
Men
Laxative use
No 155068 292 1.00 170 1.00
Yes . 10015 33 1.28 0.89-1386 20 131 0.81-2.11
Susceptibility to diarrhoea
Normal 143808 285 1.00 168 1.00
Having frequent diarrhoea 35775 68 1.08 0.82-141 40 1.08 0.76-1.53
Women
Laxative use
No 206 189 183 1.00 137 1.00 )
Yes 33097 41 1.20 0.85~1.69 33 1.26 086-185
Susceptibility to diarrhoea
Normal 230880 224 1.00 173 1.00
Having frequent diarrhoea 23417 26 118 0.79-1.78 6 0.95 057-1.59

IRR = incidence rate ratios; BM| = body mass index. *Adjusted for age, BMI, intake frequency of green leafy vegetables, daily alcohol drinking, current smoking status, time spent
for walking per day, family history of colorectal cancer and education. °Cl: confidence interval.

nonsignificant, association was found in men. These results were
not altered by adjusting for potential confounding factors or
excluding the first 3 years of follow-up from the analysis, which
indicated that the effects of the cancers themselves on bowel habits
were not responsible for the associations.

These results support the findings of recent case-control
studies and of the meta-analysis carried out by Sonnenberg and
Mitler (1993), which reported a significantly increased risk of
colorectal cancer in association with constipation or infrequent
BMs. However, the findings from the Nurses’ Health Study in the
United States - only one published prospective data on the
association between BM frequency and female colorectal cancer
risk (Dukas et al, 2000) - did not support an association between
infrequent BMs and the risk of colorectal cancer. One possible
reason for the discrepancy between these results and those of the
present study is that different criteria were used to define
‘infrequent BM’. The Nurses’ Health Study defined this as an
average frequency of ‘every third day or less’. However, in the
present study, a significantly increased risk of colorectal and colon
cancer was found only in subjects who reported BMs every 6 days
or less relative to those reporting daily BMs. Therefore, we suggest
that only highly infrequent BMs elevate the risk of colorectal
cancer.

Daily BMs were found to increase the risk of colorectal and
colon cancer compared with BMs every 2~ 3 days, in both men and
women. This observation is in line with the results of a previous
case-control study carried out in Japan (Kato et al, 1993).
However, the Nurses’ Health Study (Dukas et al, 2000) found no
difference in colorectal cancer incidence between subjects who
reported >2 BMs per day and those who reported BMs once per
day (multivariate-adjusted IRR =0.89, 95% CI =0.65-1.20). Un-
fortunately, limitations of the questionnaire used in the present
study precluded us from determining the risk associated with 2
BMs per day. On the basis of the combined findings of these
studies, we speculate that subgroups that have highly frequent BMs
might be at an increased risk of colorectal cancer. Experimental
studies have reported elevated levels of prostaglandin E, (PGE,) in
the gastrointestinal tract in many diarrhoeal states (Burakoff and
Percy, 1992), and increased levels of PGE, might be associated with
carcinogenesis in the large intestine (Reddy et al, 1993). We did
not observe a significant association between self-reported
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susceptibility to diarrhoea and colorectal cancer risk, and the
results of previous epidemiological studies (case - control studies
only) were inconsistent (Dales et al, 1979; Kune ef al, 1987).
Similar to ‘constipation’, the definition of ‘diarrhoea’ is equivocal.
Some case-control studies have suggested that ‘soft’ or ‘loose’
faeces might increase the risk of colorectal cancer (Kato et al, 1993;
Inoue et al, 1995). To have a conclusion, additional data on factors
such as faecal consistency should be collected and analysed
together with data on susceptibility to diarrhcea and BM
frequency.

A weak nonsignificant positive association was found between
laxative use and the risk of colorectal cancer in both men and
women. Previously, the meta-analysis of Sonnenberg and Miiller
(1993) revealed a significant 46% increase in the risk of colorectal
cancer associated with the use of laxatives. On the other hand,
recent case - control studies (Jacobs and White, 1998; Nascimbeni
et al, 2002; Roberts et al, 2003) and a prospective study (Dukas
et al, 2000) found no relationship between these factors - although
Dukas et al suggested that some types of laxative might influence
intestinal pH and the metabolism of intestinal flora, thereby
modifying colorectal cancer risk. The effects of laxative type were
not investigated in the present study because of limitations of the
questionnaire. Further prospective studies investigating the types
of laxative and duration of use will be necessary to resolve this
question.

The risk of rectal cancer was not analysed independently
because of the small number of cases in the study group. Larger-
scale prospective studies will be necessary to reveal the effects of
bowel habits on the development of cancers of the large intestine at
specific sites.

There were some limitations to the scope of the present study.
For example, although the main risk factors for colorectal cancer
were adjusted for in the analysis, other factors such as aspirin use
and hormone replacement therapy in women might have
confounded the results. Also, bowel habits were evaluated only
through a self-reported questionnaire that was administered once
at the baseline; the reproducibility and validity of the responses of
subjects were therefore not confirmed.

In conclusion, this study shows that highly infrequent BMs can
increase the risk of colorectal cancer in both men and women.
Highly frequent BMs may also enhance this risk. Further
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prospective studies are needed to confirm our findings and to
clarify the risk associated with BMs for colorectal cancer by
subsite.
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A prospective study of body size and colon cancer
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OBJECTIVE: To determine whether body size measurements are risk factors for colon cancer death among the japanese.
DESIGN AND SUBJECTS: A nationwide prospective study, the Japan Collaborative Cohort (JACC) Study from 1988 to 1999. The
present analysis included 43171 men and 58 775 women aged 40-79 y who respond to a questionnaire on current weight and
height, weight around 20y of age, and other lifestyle factors. Body mass index (BMI) at baseline and 20y of age (B-BM! and 20-
BMI, respectively) were calculated.

RESULTS: We identified 127 deaths from colon cancer during the follow-up of 424 698 person-years among men and 122
deaths during the follow-up of 591 787 person-years among women. After adjustments for the lifestyle factors known to modify
the risk of colon cancer, weight at baseline showed a significant positive association in women, while no such association was
seen in'men. There was also a significant trend of increasing risk with the increase in B-BMI among women. Women with B-BMi
228 kg/m? had a relative risk (RR) of 3.41 (95% confidence interval (Cl): 1.44-8.06) compared with those with BMI of 20-
<22kg/m?. 20-BMl also presented the same trend of increasing risk as B-BMI. Women with 20-BMI of <22 and B-BMI of
> 26 kg/m?, that is, excessive BMI gain, had a high RR of 3.41 (95% C! 1.29-9.02) compared with those with 20-BMl of <22
and B-BMI of <22kg/m?. There were no corresponding trends of colon cancer risk for B-BMI, 20-BM, or BMI change among men.
CONCLUSIONS: These study data suggest that obesity and excessive weight gain are associated with the risk of colon cancer
death in Japanese women but no such relationship was found in Japanese men.
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Introduction

Colon cancer is now the fourth leading cause of cancer death
among men and the third among women in Japan. This
malignancy has markedly increased since the end of World
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War II. The ratio of the age-adjusted rate (adjusted by the
198S Japanese model population) in 1999 to that in 1960
was 4.1 (from 3.6 to 14.7 per 100000 population) and
2.7 (from 3.6 to 9.8 per 100000 population) among men
and women, respectively.! International comparison studies?
and observations® of increased rates in subjects who migrate
from low- to high-risk regions indicate that westernization
or industrialization may lead to an increase in the rates
of colon cancer. Although the precise causes of colon
cancer remain unclear, various dietary components such
as high consumption of red meat or animal fat, physical
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inactivity, and obesity have been studied as possible risk
factors. 4%’

Despite the number of prospective®**® and case-contro
27 studies that have examined the association between body
size and colon cancer in greater or lesser detail, the evidence
of obesity as a risk factor is inconclusive. Several studies*
13.19.22-24 nave found positive associations between body
mass and risk of colon cancer in men, whereas most of the
studies®7%14-16:20-26 15 women suggested either no associa-
tion or only weakly positive associations. A few studies®!’
have shown that obesity is indeed related to colon cancer in
women. Some studies?®?® found no association in either
men or women, and one study18 reported that men who
developed colon cancer weighed slightly less than those who
did not. Height also appeared to be associated with an
increased risk of colon cancer in some studies,’’ but not
all.?® Few studies, however, have been addressed the effect of
body size on colon cancer risk among Asians, who are
generally shorter and leaner than Occidentals among whom
the incident and mortality rates of colon cancer are higher.
Since the prevalence of obesity has gradually increased in
Japan in recent years, it is important to characterize its role

119—

‘in colon cancer mortality.

To elucidate the effects of body size on the risk of colon
cancer death among Japanese, we prospectively examined
the associations of height, weight and body mass index
(BMI) at baseline (B-BMI), BMI around age 20 (20-BMI), and
BMI change with colon cancer among Japanese men and
women, using nationally representative large-scale cohort data.

Subjects and methods

JACC study

The Japan Collaborative Cohort Study for Evaluation of
Cancer Risk, the JACC Study (sponsored by the Ministry of
Education, Culture, Sports, Science, and Technology of
Japan), is a nationwide multicenter collaborative study to
prospectively evaluate various risks or preventive factors as
they relate to cancer mortality and incidence. Study methods
and ethical issues have been described in detail elsewhere.?’
Briefly, our study was initiated in 1988, and enrollment was
continued until the end of 1990. Subjects were followed
until the end of 1999 unless they had moved out of the study
areas. A total of 45 municipalities were involved in this
prospective study, including six cities (35% of the cohort
population) and 34 towns and five villages (65%). These
municipalities were selected from seven out of eight districts
in Japan, thus covering almost the entire country. Enroll-
ment was based on the participants in general health
checkups periodically provided by these municipalities. We
enrolled 127477 apparently healthy inhabitants of these
areas who had completed the questionnaire. Two strategies
were applied to obtain informed consent for participation: in
the majority of study areas. In some areas consent was
obtained by signing the cover page of the questionnaire. In
others, it was obtained at the group level by explaining the
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aim and confidentiality of the data to leaders of the
community. Of 127477 participants enrolled, 110792
(46 465 men and 64 327 women) aged 40-79 y were followed
up for mortality to the end of 1999.

The Ethics Committee of Fujita Health University ap-
proved this investigation.

Present study subjects

Of 110 792 subjects enrolled, we excluded from analyéis 1258
with a history of any cancers at baseline, 6070 of unknown
height, and 4393 of unknown weight. We also excluded
subjects with extreme height (<120cm or >200cm: 47
subjects), weight (<30kg or >120kg: 27 subjects), or
calculated BMI (< 15kg/m? or >45kg/m?: 201 subjects). To
minimize confounding the data by undiagnosed diseases, we
further excluded 933 subjects who had less than 1 year of
follow-up time. Therefore, 43171 men and 58 775 women
were finally enrolled in the present study. In another analysis
of the effects of BMI around aged 20y and BMI change on
colon cancer risk, we further excluded 27 483 subjects of
unknown weight around 20y of age, 65 extremely under- or
overweight subjects (<30kg or >120kg), and 143 subjects
with extreme calculated 20-BMI (<15 kg/m2 or >45 kg/mz).
This left 31585 men and 42735 women eligible for the
second analysis.

Data collection

A self-administrated questionnaire was used to assess base-
line characteristics of the participants. It covered medical
history and included lifestyle-related items such as diet,
physical activity, drinking and smoking, and family history
of several medical conditions including cancer. In the
questionnaire, weight in kilograms and height in centi-
meters were entered by participants after the words ‘Current
weight and height’ and "Weight around 20y of age’. BMI at
baseline was computed as current weight in kilograms
divided by current height in square meters. 20-BMI was also
computed as weight around 20y of age in kilograms divided
by current height in square meters.

Follow-up and identification of colon cancer cases

Our primary end points were death from any causes or 31
December 1999 (censored). Those who had moved away
were also treated as censored. The mean follow-up period
was 10.0y (9.8 y for men and 10.1y for women).

The vital status of subjects was checked annually in each
study area by reviewing their population register sheets from
the Ministry of Public Management, Home Affairs, Post and
Telecommunications. For the deceased, causes of death were
determined by death certificates available from the Ministry
of Health, Labor and Welfare and coded according to the
ninth revision of International Classification of Diseases
(ICD-9) by the end of 1994 and according to ICD-10 from



1995. Colon cancer cases were defined by 153.0~153.9 (ICD-
9) or C18.0-C18.9 (ICD-10). Certification of vital status was
believed to be accurate because of the firmly established
population registration system in Japan.

Statistical analysis

In the present study, variables of interest are current weight
and height, B-BMI, 20-BMI, and BMI change. Tertiles of
weight and height were defined separately for men and
women from the distribution of total study subjects. BMI
categories were defined as follows: <20.0, 20.0-<22.0, 22.0—
<24.0, 24.0-<26.0, 26.0-<28.0, =28.0kg/m? to enable a
detailed examination of the association of BMI and colon
cancer mortality. In the analysis of BMI change, these six
categories were combined into three (<22.0, 22.0-<26.0,
226.0), and the subjects were divided into nine groups of B-
BMI/20-BMI combinations.

For each participant, the person-years of follow-up were
calculated from the date of filling out the baseline ques-
tionnaire to death, moving away from the community, or
the end of 1999, whichever occurred first. We used Cox
proportional hazards modeling to compute relative risks
(RRs), adjusting for age at enrollment. In another multi-
variate analysis, further adjustments were made to smoking
status (never, past, current), alcohol drinking habit (none,
past, present), exercise (=5, 3-4, 1-2 hours per week,
seldom), green leafy vegetable intake (3-7, 1-2 days per
week, seldom), meat intake (3~7, 1-2 days per week, seldom),
and family history of colon cancer. These variables were

Body size and colon cancer mortality
K Tamakoshi et of

assessed by the baseline questionnaire and were selected as
covariates because they were known or suspected to modify
the risk of colon cancer. In the analysis, all variables were
entered as dummy variables except for age at enrollment.
Tests for trends were performed by modeling the categories
of variable of interest as equally spaced ordinal variable.

All data were analyzed using SAS (Statistical Analysis
Systemn) software. The 95% confidence intervals (Cls) were
presented for all RRs. All P-values were based on two-sided
tests, and P<0.05 was considered statistically significant.

Results
We identified 127 deaths from colon cancer during the
follow-up of 424698 person-years among men and 122
deaths during the follow-up of 591787 person-years among
women.

The associations of weight and height at baseline with
colon cancer death risk by gender are presented in Tables 1
and 2. In multivariate analysis, weight at baseline showed a
significant positive association in women, while no corre-
sponding association was seen in men. We compared RRs
among the nine categories of weight/height combinations to
assess the effects of weight and height. Among men, the
tallest were likely to show elevated RR at each stratum of
weight, but no significant association was seen. RRs in light
(<49.0kg) and tall (=153.1cm) women were significantly
higher (RR 3.48, 95% CI 1.27-9.50) than in women who
were light and short (<149.0cm). Women who were heavy
(255.1kg) and short, and those who were heavy and

Table 1 Adjusted relative risk (RR) for colon cancer death by weight and height at baseline among men, JACC study, 1988-1999

Baseline weight and height No. of deaths Person-years RR® 95% ClI RR® 95% Ci
Weight (kg)
Lowest tertile (< 56.0) 52 136639 1.00 1.00
Tertile 2 (56.0-<63.1) 37 145847 0.95 0.62-1.46 0.90 0.52-1.55
Highest tertile (63.1-) 38 142212 1.29 0.83-1.99 1.13 0.64-1.99
P-value for trend 0.30 0.72
Height (cm)
Lowest tertile (<160.1) 55 153418 1.00 1.00
Tertile 2 (160.1-<165.1) 37 134638 1.04 0.68-1.59 0.97 0.55-1.71
Highest tertile (165.1-) 35 136642 1.34 0.87-2.08 1.58 0.91-2.73
P-value for trend 0.21 0.12
Weight (kg) and height (cm)
Weight Height
<56.0 <160.1 33 84550 1.00 1.00
<56.0 160.1-<165.1 13 36814 1.12 0.59-2.13 1.1 0.48-2.54
<56.0 165.1- 6 15275 1.43 0.60-3.41 1.51 0.51-4.45
<56.0-<63.1 <160.1 13 49754 0.87 0.46-1.65 0.77 0.32-1.84
<36.0-<63.1 160.1-<165.1 14 54032 1.07 0.57-2.01 0.79 0.33-1.90
<56.0~<63.1 165.1- 10 42062 1.22 0.59-2.50 1.58 0.70-3.57
63.1 <160.1 9 19114 1.73 0.83-3.63 1.26 0.42-3.72
63.1 160.1-<165.1 10 43792 1.04 0.51-2.13 0.92 0.36-2.34
63.1 165.1- 19 79306 1.50 0.83-2.71 1.45 0.69-3.07

*Adjusted for age at baseline. bAdjusted for age at baseline, smoking status (never, past, current), alcohol consumption (none, past, regular), exercise (> 5, 3-4, 1-2
days/week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/week, seldom) and family history of colon cancer.
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Table 2 Adjusted RR for colon cancer death by weight and height at baseline among women, JACC study, 1988-1999

Baseline weight and height No. of deaths Person-years RR® 95% Ci RRP 95% CI
Weight (kg)
Lowest tertile (< 49.0) 39 189958 1.00 1.00
Tertile 2 (49.0-<55.1) 46 214 488 1.49 0.97-2.29 1.87 1.06-3.29°
Highest tertile (55.1-) ‘ 37 187341 1.65 1.04-2.62¢ 2.17 1.21-3.92¢
P-value for trend <0.05 <0.01
Height {cm)
Lowest tertile { < 149.0) 45 185721 1.00 1.00
Tertile 2 (149.0-<153.1) 43 208873 1.26 0.83-1.92 1.30 0.77-2.19
Highest tertile (153.1-) 34 197193 1.54 0.97-2.44 1.38 0.77-2.48
P-value for trend 0.07 0.26
Weight (kg) and height (cm)
Weight Height
<49.0 <149.0 22 98 645 1.00 1.00
<49.0 149.0-<153.1 9 61920 0.93 0.43-2.02 0.62 0.17-2.23
<49.0 153.1- 8 29393 2.24 0.99-5.05 3.48 1.27-9.50°
49.0-<55.1 <149.0 15 60270 1.39 0.72-2.69 1.77 0.75-4.18
49.0-<55.1 149.0-<153.1 17 85371 1.56 0.82-2.96 215 0.94-4.92
49.0-<55.1 153.1~ 14 68 847 2.29 1.15-4.55¢ 2.71 1.10-6.71°¢
55.1~ <149.0 8 26806 1.83 0.81-4.11 3.24 1.30-8.08°
55.1- 149.0-<153.1 17 61582 2.30 1.21-4.38° 3.45 1.54-7.71¢
55.1- 153.1- 12 98953 1.45 0.70-2.98 1.27 0.46-3.53

°Adjusted for age at baseline. bAdjusted for age at baseline, smoking status (never, past, current), alcohol consumption (none, past, regular), exercise (25, 3-4, 1-2
days/week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/week, seldom) and family history of colon cancer.

4p<0.01. °P<0.05.

medium height (149.0-<153.1cm) had multivariate-ad-
justed RRs of 3.24 (95% CI 1.30-8.08) and 3.45 (95% CI
1.54-7.71), respectively, compared with light and short
women. However, the RR for tall and heavy women was
1.27 (95% CI 0.46-3.53).

The relations between B-BMI and BMI in young adults (20-
BMI), and colon cancer death risk by gender are shown in
Table 3. Among men, those with B-BMI of <20.0 had a
significantly lower RR (0.44, 95% CI 0.21-0.93) than those
with BMI of 20-<22. 20-BMI in men also showed no
association with risk. In contrast, there was a significant
trend of increasing risk with the increase in B-BMI among
women. The strongest association was for the highest
category (B-BMI >28) (RR 3.41, 95% CI 1.44-8.06). 20-BMI
of women also presented the same trend of increasing risk as
B-BMI. 20-BMI was significantly correlated with B-BMI
among both men and women (Pearson r=0.52, P<0.0001,
and r=0.45, P<0.0001, respectively).

We compared RRs among the nine categories of 20-BMI/B-

" BMI combinations to assess the effects of 20-BMI and B-BM],

and the effect of BMI change (Table 4). When the subjects
with low 20-BMI (<22.0) and low B-BMI (<22.0) were
referenced, no association was seen in men by multivariate
analysis, whereas the RR of women with medium 20-BMI
(22-<26) and B-BMI (22-<26) was 2.01 (95% CI 1.02-3.97),
and those with high 20-BMI (>26) and B-BMI (>26) was
3.33 (95% CI 1.46-7.63). We also found that women with
low 20-BMI and high B-BM], that is, excessive BMI gain, had
a high RR of 3.41 (95% Cl 1.29-9.02).
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Discussion

In Japan, the incidence and mortality rate of colon cancer
are much lower than that in Western countries. This
difference may be attributed in part to the fact that both
Japanese men and women are generally shorter and lighter
than Occidentals. Therefore, we examined whether BMI
exhibited a positive association with colon cancer in such a
low-risk population, as had been observed in some Western
countries. Interestingly, in the Japanese population, BMI at
entry into the study was strongly predictive of colon cancer
over the almost 10-year follow-up period only among
women but not among men.

Among prospective studies,*'® at least six*? included
both men and women and presented separate estimates of
RR of obesity for colon cancer. All six studies showed positive
associations in men, but only two®? reported positive
associations in women. As for the role of obesity in the
etiology of colon cancer, Giovanucci®® has proposed that
obesity results in insulin resistance, and that the resulting
prolonged elevated insulin levels may increase colon cancer
risk by acting as a tumor growth promoter or mitogen.
Mckeown—Eyssen29 also suggested that the serum levels of
glucose and triglycerides, which tend to be higher in obese
people, may affect the fecal bile acids that have been
implicated in the pathogenesis of colon cancer.

Although the reasons for the gender difference in previous
studies,*>” that is, that the association between increased
BMI and colon cancer risk is stronger in men than in women,
are not completely understood, the male tendency toward
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