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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 Human Environmental Sciences, Mukogawa
Women’s University; Dr. Kiyomi Sakata, Wakayama
Medical University; Dr. Takayuki Nose, Tottori University
Faculty of Medicine; Dr. Norihiko Hayakawa, Research
Institute for Radiation Biology and Medicine, Hiroshima
University; Dr. Takesumi Yoshimura, Institute of Industrial
Ecological Sciences, University of Occupational and Envi-
ronmental Health, Japan; 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 members of the JACC Study, other than the
following eight, are listed in reference 9 (affiliations are
those at the time of participation in the JACC Study): Dr.
Takashi Shimamoto, Institute of Community Medicine,
University of Tsukuba; Dr. Heizo Tanaka, Medical Research
Institute, Tokyo Medical and Dental University; Dr. Shigern
Hisamichi, Tohoku University Graduate School of Medi-
cine; Dr. Masahiro Nakao, Kyoto Prefectural University of
Medicine; Dr. Takaichiro Suzuki, Research Institute, Osaka
Medical Center for Cancer and Cardiovascular Diseases; Dr.
Tsutomu Hashimoto, Wakayama Medical University; Dr.
Teruo Ishibashi, Asama General Hospital; and Dr. Katsuhiro
Fukuda, Kurume University School of Medicine.
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Perceived Psychologic Stress and Colorectal Cancer Mortality:
Findings From the Japan Collaborative Cohort Study
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Hipeaki TovosuiMa, MD, PHD, YosHiyuki WATANABE, MD, PuD, NoORIHIKO Havakawa, MD, PuD, Kon Suzuki, PuD,
Saunt Hasuimoto, PHD, Mivuki Kawapo, MSc, Sabao Suzuki, MD, PuD, Yosumor! Ito, PuD, AnD

Akiko TamakosHi, MD, PuD, ror THE JACC Stupy Group

Objective: The purpose of this research was to examine the relationship between perceived psychologic stress and colorectal cancer
mortality in a prospective large-scale study. Methods: Between the years 1988 and 1990, 32,153 men and 45,854 women aged 40
to 79 years were enrolled. Participants completed a self-administered questionnaire that addressed demographic, lifestyle, and
psychosocial characteristics. Subjects were subsequently followed for mortality until the end of 1999. Perceived psychologic stress
was assessed using the question “Do you feel stress during your daily life?” The 4 possible responses, ranging from “little or none”
(1) to “extreme” (4), were dichotomized as low (1 or 2) or high (3 or 4) stress. Relative risks (RRs) with 95% confidence intervals
(Cls) for colon and rectal cancer according to the perceived level of stress were estimated using Cox’s proportional hazard model.
Results: During the follow-up period (average, 9.6 years), 193 colon cancer deaths (96 men and 97 women) and 127 rectal cancer
deaths (88 men and 39 women) were confirmed within the study group. Women who reported high stress had a 1.64-fold higher
risk of colon cancer mortality (multivariate-adjusted RR, 1.64; 95% ClI, 1.01-2.66) compared with those reporting low stress. There
was no significant association between perceived stress and female rectal cancer or male colon and rectal cancer mortality.
Conclusions: Perceived psychologic stress was weakly associated with increased mortality from colon cancer in women. No
positive or inverse association was found in men. Further studies are needed to confirm our results. Key words: colorectal

carcinoma, psychosocial factors, perceived stress, cohort study.

BMI = body mass index; CI = confidence interval, HPA axis =
hypothalamic—pituitary-adrenocortical axis; ICD-10 = 10 Revi-
sion of the International Classification of Diseases; OR = odds ratio;
RR = relative risk; SAM system = sympathetic-adrenal-medullary
system.

INTRODUCTION

The human body responds to stress through the autonomic
nervous system, the hypothalamic—pituitary—adrenocorti-
cal (HPA) axis and the cardiovascular, metabolic, and immune
systems. However, the physiological systems that are acti-
vated by stress can themselves cause damage (1). According
to Rosch (2), the idea that cancer might be related to stress or
emotional factors is as old as the history of medicine. Many
clinical and laboratory studies, as well as anecdotal reports,
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support the hypothesis that stress can significantly influence
susceptibility and resistance to cancer, and can affect the
course of the disease (2-4). However, epidemiologic studies
have produced inconsistent results, largely owing to inappro-
priate study design and the difficulties measuring psychologic
variables (5). Dalton et al. (6) reviewed the data from previous
epidemiologic studies and found no association between ma-
jor life events and cancer risk, and inconsistent conclusions
were obtained with respect to depression and personality fac-
tors. The authors attributed these inconclusive results to meth-
odologic weaknesses in the studies such as inadequacies in
sample size, length of follow up, the detection of cancer cases,
and control for confounding factors. This highlights the need
for well-designed large prospective studies of the association
between cancer risk and psychologic variables.

Colorectal cancer is the second leading cause of cancer-
related death in most developed countries (7). Epidemiologic
studies have revealed that several lifestyle factors such as a
diet rich in fat but poor in vegetables and fiber combined with
low physical activity increase the risk of colorectal cancer (8).
Alcohol intake (9) and constipation (10,11) have also been
suggested to increase the risk. The colon and rectum are
known to be particularly sensitive to psychologic stress (12—
15), and lifestyle factors and behaviors that are associated with
colorectal cancer risk are also influenced by psychologic
stress (1,16). Some case—control studies have reported a pos-
itive association between colorectal cancer risk and psychos-
ocial stress factors such as job-related stress (17,18) and
stressful life events (19,20). However, because having cancer
itself is a stressful event, it is difficult for patients to accurately
evaluate previous stressful events and their psychologic status
without recall bias. Such biases could be avoided by examin-
ing the relationship between these factors in a prospective
study.

Stress can be defined as a nonspecific response of the body
to a demand from the environment or as a process of adapta-

Psychosomatic Medicine 67:72-77 (2005)

—729—



PERCEIVED PSYCHOLOGIC STRESS AND COLORECTAL CANCER

tion in reaction to psychologic, physical, or chemical stimuli.
There are unlimited sources of stress, and responses vary
greatly between individuals and in different situations (16,21).
The way in which an individual perceives a situation deter-
mines their specific response to stressful stimuli (1). Common
physiological responses to stress are alterations of the sympa-
thetic—adrenal-medullary (SAM) system and the HPA axis.
Both the autonomic nervous system and the HPA axis can, in
turn, influence the immune system, and persistent suppression
of the immune system increases the risk of cancer. More
specifically, dysfunction of the autonomic nervous system
might cause irregular bowel movements, which have recently
been identified as a possible risk factor for colon cancer (22).

We therefore propose that individuals who experience high
levels of perceived stress during their daily life are at a greater
risk of mortality from colorectal cancer. To test this hypoth-
esis, we evaluated the perceived levels of psychologic stress in
healthy Japanese adults. The subjects were then followed
prospectively to examine the association between psychologic
stress and colorectal cancer death. Adjustments were made
during analysis of the data for possible confounding factors.

MATERIALS AND METHODS
The Japan Collaborative Cohort Study for Evaluation
of Cancer Risk

All data were taken from the Japan Collaborative Cohort Study for
Evaluation of Cancer Risk (JACC Study), which was a nationwide multi-
center collaborative study sponsored by the Ministry of Education, Culture,
Sports, Science and Technology of Japan (Monbukagakusho). The methods of
the JACC Study have been described in detail elsewhere (23). Briefly, the
original study population consisted of 110,792 Japanese adults aged 40 to 79,
who were enrolled between the years 1988 and 1990 in 45 areas throughout
Japan. Most of the subjects were recruited from the general population or
when undergoing routine health checks in the municipalities. On enrollment,
participants completed a self-administered questionnaire that assessed demo-
graphic characteristics, lifestyle habits, and medical history, as well as psy-
chologic attitudes toward life. Written informed consent for participation was
obtained individually from subjects, with the exception of those in a few study
areas in which informed consent was provided at the group level after the aim
of the study and confidentiality of the data had been explained to community
leaders. The study protocol was approved by the Ethics Committee of Medical
Care and Research of Fujita Health University School of Medicine, Japan.

The focus of this study was the association between psychologic stress
and colorectal cancer. We therefore excluded 73 individuals who reported a
history of colorectal cancer, along with all of the respondents from the six
areas in which the questionnaire did not include the psychologic evaluation
section (n = 23,330). In addition, those who neglected to address this section

{n = 7511) and those who did not answer the specific question about
psychologic stress (n = 1867) were excluded; 10.7% of the eligible partici-
pants refused to answer this question. A total of 78,007 subjects (32,153 men
and 45,854 women) were therefore included in the final analysis.

Evaluation of Perceived Psychologic Stress

Perceived psychologic stress was assessed in this study through responses
10 the question “Do you feel stress during your daily life?” Four possible
answers were provided: little or none (1), moderate (2), high (3), and extreme
(4). For the purposes of the analysis, these responses were dichotomized and
subjects who chose response | or 2 were categorized as having high stress
levels, whereas those that chose response 3 or 4 were categorized as having
low stress levels.

Psychosomatic Medicine 67:72-77 (2005)

Identification of Colorectal Cancer Cases and Follow
Up of the Cohort

Subjects were followed for mortality until the end of 1999. The Family
Registration Law in Japan requires registration of death. Therefore, mortality
was determined using municipal resident registration records, and causes of
death were confirmed using death certificates, with permission from the
Ministry of Public Management, Home Affairs, Post and Telecommunica-
tions. The end point of the study was defined as death from colon cancer
(International Classification of Diseases, 10" Revision [1CD-10]: C18) or
rectal cancer (ICD-10: C20). 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% (n = 2600) of the participants were lost
from the follow up as a result of change of residence. We calculated the risk
period for each subject as the interval between the date of questionnaire
administration and whichever of the following occurred first: the date of death
or the date of moving from the study area or December 31, 1999,

Statistical Analysis

Although colon and rectal cancers are often considered together, several
differences have been identified in their etiologies (24). We therefore sepa-
rately evaluated the risk of colon cancer and rectal cancer by sex. All analyses
were performed using the SAS statistical package, release 8.2 (SAS Inc,,
Cary, NC).

First, to explore the background characteristics of psychologic stress, we
calculated the means and proportions of the baseline variables for each level
of perceived psychologic stress by gender. Mean values were compared using
analysis of covariance with adjustment for age. The relationships between the
baseline categorical variables and psychologic stress were examined using
logistic regression, with adjustment for age, by gender; significant interac-
tions between gender and baseline variables in relation to psychologic stress
were further examined through logistic regression models. Then, to determine
the impact of perceived psychologic stress on colorectal cancer mortality,
age-adjusted relative risks (RR) with 95% confidence intervals (Cls) for colon
and rectal cancers according to the perceived level of stress were estimated
using Cox’s proportional hazard model. We calculated the RRs for “high”
versus “low” stress levels and tested for linear trends in the associations by
including the responses as continuous variables. To adjust for the influence of
possible confounding factors, multivariate adjusted models were computed.
The first model included the following age and lifestyle factors, which are
known to influence colorectal cancer risk: body mass index (BMI) calculated
as weight (kg)/height (m?) and categorized as “=25 kg/m®” or <25 kg/m?;”
history of colorectal cancer in parents or siblings (“yes” or “no”); current
smoking status (*‘smoker” or “nonsmoker”); intake frequency of alcohol (*=5
days per week™ or “<5 days per week”); sleep duration per night (<7 hours”
or “=7 hours™); intake frequency of green leafy vegetables (“daily” or “not
daily™); time spent walking per day (<30 minutes” or “>30 minutes”); and
severe constipation (bowel movement frequency “once every 4 days or less”
or “once every 3 days or more”). All of the variables of the baseline
characteristics were then added to the second mode!l, which included the
following sociologic factors: age at leaving full-time education (“=20 years”
or “<20 years”); marital status (“married” or “unmarried”); having children
(*yes” or “no”); and being in full-time employment (“yes” or “no”). ’

For each covariate, missing values were treated as an additional category
in the variables and were included in the models. In all cases, two-sided
probability (p) values <.05 were considered to be statistically significant.

RESULTS

During the follow-up period (average, 9.6 years; standard
deviation, 2.0 years; total of 749,354 person-years), a total of
7685 deaths (4563 men and 3122 women) were recorded, which
included 193 deaths from colon cancer (96 men and 97 women)
and 127 deaths from rectal cancer (88 men and 39 women).

Table 1 presents the baseline characteristics of the study
population for each level of perceived psychologic stress.
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Significant gender interactions were observed for all variables,
with the exceptions of marital status and family history. Re-
gardless of sex, subjects who reported high stress were more
likely to be married than those who reported low stress,
although this trend was only weakly significant. Stress was
more strongly associated with younger age, higher education
levels, having a full-time job, and having fewer hours of sleep
per day in men compared with women. Daily consumption of
green leafy vegetables was negatively associated with stress in
men, but not in women. Having children and having a BMI
=25 kg/m? were both inversely associated with stress in
women, but not men. In addition, smoking, daily alcohol
consumption, and severe constipation were all positively as-
sociated with stress in women alone.

Next, the impacts of perceived psychologic stress on colon
and rectal cancer mortalities were estimated by gender, using
Cox’s proportional hazard model (Table 2). In men, there was
no significant association between perceived psychologic
stress and colon or rectal cancer mortality; the age-adjusted
RRs were 1.01 (95% Cl, 0.58—1.75) for colon cancer and 0.93
(95% CI, 0.52-1.66) for rectal cancer. These results were
almost unchanged by adjustment for possible confounding
factors. In women, a marginally significant association was
. found between the dichotomized levels of perceived psycho-
logic stress and colon cancer mortality. Women who reported
high psychologic stress had a 1.61-fold higher mortality risk
(95% CI1, 1.00-2.61) compared with those who reported low
stress. This risk increased slightly after adjustment for lifestyle
factors (multivariate adjusted RR |, 1.64; 95% CI, 1.01-2.66).
Even after adjusting for all of the baseline characteristics,

TABLE 2.

including sociologic factors, the association between stress
and female colon cancer remained significant (RR,, 1.63; 95%
Cl, 1.002-2.640). The RR for rectal cancer mortality associ-
ated with perceived high psychologic stress in women was
also greater than unity, although this relationship was not
statistically significant (age-adjusted RR, 1.28; 95% CI, 0.59~
2.81; multivariate adjusted RR,, 1.27; 95% CI, 0.58-2.80;
RR,, 1.27;, 95% CI, 0.58-2.81). No linear trend was observed
between response to the stress question and colon or rectal
cancer mortality in either men or women.

DISCUSSION

We found a weak but significant positive association be-
tween perceived psychologic stress and the risk of female
colon cancer mortality. An increased risk of rectal cancer
mortality was also observed in women, although the associa-
tion was not statistically significant. No positive or inverse
association was found between perceived psychologic stress
and colon and rectal cancer mortality in men.

The strength of our study lies in the fact that we evaluated
the baseline characteristics of all subjects when they were free
from cancer and then followed them prospectively. In addi-
tion, our subjects were members of the general population
recruited from a total of 45 different communities from across
Japan. This study design significantly limited the influence of
both recall and selection biases, which are unavoidable in
case-—control studies.

Iso et al. examined the relationship between perceived
stress and mortality from cardiovascular diseases in the same
initial population as the present study using a similar ques-

Relative Risk (RR) for Colorectal Cancer Mortality According to the Level of Perceived Stress, Derived From Cox’s Proportional

Hazard Models by Gender

Men

Women

Perceived stress

Perceived stress

Low High Low High
(n = 24,816) (n = 7337) (n = 36,634) (n = 9220)
Person-years 233,849 70,320 355,038 90,147
Colon cancer death n= 80 n=16 p value for n=175 n = 22 p value for
trendt trendt
RR (95% CI)
Age-adjusted RR 1.00 (reference) 1.01 (0.58-1.75) 74 1.00 (reference) 1.61 (1.00-2.61) a5
Multivariate RR,* 1.00 (reference) 0.96 (0.55-1.67) .59 1.00 (reference) 1.64 (1.01-2.65) A5
Multivariate RR,T 1.00 (reference) 0.95 (0.55-1.66) .58 1.00 (reference) 1.63 (1.00-2.64) 15
Rectal cancer death =74 n=14 p value for n =31 n=8 p value for
trendf trend$
RR (95% CI)
Age-adjusted RR 1.00 (reference) 10.93 (0.52-1.66) .69 1.00 (reference) 1.28 (0.59-2.81) .76
Multivariate RR,* 1.00 (reference) 0.95 (0.53-1.70) 67 1.00 (reference) 1.27 (0.58-2.80) .75
Multivariate RR,T 1.00 (reference) 0.96 (0.53-1.73) 61 1.00 (reference) 1.27 (0.58-2.81) .75

* Multivariate RR, adjusted for following lifestyle factors: age, obesity, family history of colorectal cancer, smoking, drinking, daily consuming of green

vegetables, walking, and constipation.
 Multivariate RR, adjusted for the lifestyle factors and following social factors: education, marital status, having children and being in a fulltime employment.

% p value for trend: the linear trends in the associations of stress levels and cancer risk were tested by entering the stress levels ranged from 1 to 4 as continuous

variables in the models.
CI = confidence interval.
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tionnaire (25). Their analysis revealed positive associations
between perceived stress and increased stroke mortality in
women, and between perceived stress and chronic heart dis-
ease in both sexes. Lifestyle factors that are associated with
colorectal cancer risk—such as obesity, low physical activity,
excessive alcohol consumption, and low vegetable intake—
are also known risk factors for cardiovascular diseases. How-
ever, even when we adjusted for these factors in our analysis,
the independent association between colon cancer mortality
and perceived psychologic stress persisted in women. These
observations indicate that for both female colon cancer and
cardiovascular diseases, psychologic stress is possibly an in-
dependent risk factor separate from other lifestyle factors.

Colorectal cancer and psychologic stress were not posi-
tively associated among the male subjects in our study. Nu-
merous epidemiologic studies have reported an increased
prevalence of stress-related disorders—including acute stress
disorder, posttraumatic stress disorder, and major depressive
disorder-——among women compared with men. However, we
cannot conclude from our data alone that men are less sus-
ceptible than women to the effects of stress in relation to
colorectal cancer risk. We observed significant gender inter-
actions between most of the background characteristics exam-
ined and perceived stress levels. High stress was more
strorigly associated in men than in women with having a
full-time job, and spending less time sleeping and walking.
Having children and obesity were both inversely associated;
by contrast, smoking and daily alcohol consumption were
positively associated with stress in women alone. Although we
adjusted for all of these variables in our multivariate analysis,
it remains possible that a combination of perceived psycho-
logic stress and differences in background characteristics
might increase the risk of female colon cancer. We should also
note that limitations of the questionnaire might provide an
alternative explanation for the gender differences observed in
the present study. The single question that was used to assess
perceived stress levels might not have accurately reflected the
psychologic burden of male subjects. Further studies will be
necessary to clarify gender differences in the relationship
between perceived psychologic stress and colorectal cancer
risk.

Female sex hormones might have a role in the association
between stress and colon cancer risk. It has been suggested
that colon cancer might share etiologic factors with breast
cancer in women (26,27). A number of studies have shown
protective effects of parity on cancers of the colon, breast, and
reproductive organs (28); modifications of hormone profiles
caused by pregnancy and their effects on bile acid metabolism
might be the main mechanisms of these associations (29,30).
Recently, Helgesson et al. examined a cohort of 1462 Swedish
women aged 38 to 60 years and followed these subjects for 24
years (31). The authors reported that stress associated with
daily activities, which was measured using a four-item self-
administered questionnaire, was associated with a twofold
increase in the risk of subsequent breast cancer compared with
individuals that reported no stress. Although the possible
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mechanisms of this association have not been addressed, the
interaction between psychologic stress and female sex hor-
mones in relation to cancer risk is worthy of further investi-
gation.

Some limitations to the interpretation of our data should be
noted. First, the end point of the study was death from colon
or rectal cancer, so the risks reported here relate to fatal colon
and rectal cancers only, not cancers that respond to curative
treatments. Moreover, these data do not allow a discussion of
whether perceived psychologic stress influences the develop-
ment or progression of colorectal cancers. Second, perceived
stress was assessed only on the basis of the response to a
single question: “Do you feel stress during your daily life?”
Stress is clearly a complex phenomenon, the measurement of
which is controversial, and it is not possible to capture full
data on this subject using any available tools at present.
However, it is generally agreed that the reliability of a test
increases with the number of questions (32). Our findings
should therefore be confirmed using more sophisticated meth-
ods to assess psychologic stress from a range of perspectives,
including general and specific types of stress that are related to
different environments such as the home and workplace.

Third, although we observed a significant association be-
tween the dichotomized levels of stress and the risk of female
colon cancer, there was no linear trend between:the four
separate responses to the stress question and colon cancer
mortality. These data do not allow us to determine whether
there is an acceptable level of perceived stress or whether the
results are the result of limitations of the questionnaire.

In conclusion, perceived psychologic stress was weakly
associated with increased mortality from colon cancer in
women but not in men. Future studies should attempt to clarify
these results in terms of gender differences and their relevance
to other types of cancer. In addition, it will be important to
explore the most appropriate methods of measuring stress in
the context of its role as a possible risk factor for cancer.
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Diet and Colorectal Cancer Mortality:
Results From the Japan Collaborative Cohort Study
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and Akiko Tamakoshi for the JACC Study Group

Abstract: The relationship between diet and colorectal can-
cer mortality was analyzed in a prospective study of 45,181
men and 62,643 women aged 40-79 yr enrolled in the Japan
Collaborative Cohort Study. Between 1988 and 1990, sub-
Jects completed a self-administered questionnaire on their
sociodemographic characteristics, diet, and other lifestyle
habits. During the follow-up period (average 9.9 yr), 284 co-
lon cancer deaths (138 men and 146 women) and 173 rectal
cancer deaths (116 men and 57 women) were confirmed. The
only significant association of colorectal cancer mortality
with vegetable intake was observed between male rectal can-
cer mortality and green leafy vegetable consumption [hazard
ratio (HR) using Cox proportional hazard models = 0.6;
95% confidence interval (CI) = 0.3-0.9; P for trend = 0.02].
Yogurt intake was also inversely associated with male rectal
cancer mortality (HR = 0.5; 95% CI = 0.2~1.0; P for trend =
0.04). Egg consumption was positively associated with male
colon cancer mortality (P for trend = 0.04). Women with high
Jfruit consumption had increased colon cancer mortality (HR
= 1.6; 95% Cl = 1.0-2.6; P for trend = 0.04). It should be
noted that this study lacked statistical power due to small
sample size and measurement error in the food-frequency
questionnaire. Further investigation is therefore necessary to
confirm the association berween diet and colorectal cancer,
especially by subsites and gender.

Introduction

A large number of epidemiological and experimental
studies have examined the relationship between colorectal

cancer and dietary habits. In 1997, a review of major pub-
lished studies by the World Cancer Research Fund and the
American Institute for Cancer Research (WCRF/AICR) con-
cluded that a high intake of vegetables reduces the risk of
colorectal cancer, whereas a high intake of red meat probably
increases the risk (1). The review also listed starch, fiber, and
carotenoids as possible dietary protective factors and sugar,
fat, egg, and processed meat as possible dietary risk factors.
The British Working Group on Diet and Cancer of the Com-
mittee on Medical Aspects of Food and Nutrition Policy also
reviewed the existing research on diet and colorectal cancer
and recommended increased vegetable consumption and re-
duced consumption of red meat, particularly for high-meat
consumers (2).

However, the published epidemiological reports on diet
are not consistent. Most previous large cohort studies of the
association between diet and colorectal cancer were con-
ducted in the United States and western Europe. In Japan,
only a few cohort studies of diet and cancer risk have been
performed. Hirayama evaluated the associations between
lifestyle factors and cancer risk in a cohort of 265,118 Japa-
nese adults who were followed for 17 yr, starting in 1965 (3).
In contrast to the results of studies of Western populations,
they found only small associations of limited dietary factors
(for example, green and yellow vegetables) with colorectal
cancer (4). Since this study was performed, the dietary habits
of the Japanese population have changed dramatically. Be-
tween 1971 and 2000, consumption of green and yellow veg-
etables increased by 100%, meat by 50%, and dairy products
by 25%, whereas consumption of rice decreased by 50%
(5,6). During the same period, the incidence (7) and mortality
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Figure 1. Trends in colon and rectal cancer mortality from 1970 to 2001 in
Japan (age adjusted, per 100,000). Age-adjusted mortality rate was stan-
dardized on the age distribution of the Japanese standard population (1985
model). From Ref. 8.

rates (8) for colon cancer increased linearly until the
mid-1990s in both sexes, whereas the rates for rectal cancer
slightly increased in men and decreased in women (Fig. 1).
These findings strongly suggest that the recent changes in the
Japanese diet and other lifestyle factors contributed to the
change in the incidence and mortality rate of colorectal
cancer.

We therefore examined the association between diet and
colorectal cancer risk in Japanese adults. Here we report re-
sults from the Japan Collaborative Cohort Study for Evalua-
tion of Cancer Risk (JACC Study, sponsored by the Ministry
of Education, Culture, Sports, Science and Technology of Ja-

pan), a nationwide multicenter collaborative study launched
in 1988.

Materials and Methods

"JACC Study

All data in the present analysis were drawn from the JACC
Study. The methods of the study have been described in de-
tail elsewhere (9). Briefly, the original study population con-
sisted of 110,792 Japanese adults aged 40~79 enrolled be-
tween 1988 and 1990 in 45 areas throughout Japan. Most
subjects were recruited at the general health check-ups pro-
vided periodically by municipalities. On enrollment, partici-
pants completed a self-administered questionnaire that in-
cluded items on demographic characteristics, lifestyle habits,
and medical history and provided informed consent for par-
ticipation. The study protocol was approved by the Ethics
Committee of Medical Care and Research of the Fujita
Health University School of Medicine, Japan.

24

In the present analysis, we excluded 77 subjects who had a
history of colorectal cancer. In addition, participants in the
study area whose baseline questionnaire did not include the
section on diet (n = 1,470) and participants who skipped all
questions about diet (n = 1,421) were excluded from the anal-
ysis. Therefore, the final analysis included 107,824 subjects
(45,181 men and 62,643 women).

Assessment of Dietary and
Other Lifestyle Factors

The baseline questionnaire included questions about
height and weight, medical history, family history of cancer,
demographic characteristics, and lifestyle habits, including
diet, tobacco smoking, alcohol consumption, and physical
activity. In the food-frequency questionnaire (FFQ), partici-
pants were asked to categorize how often, on average, they
consumed each of 33 foods typical in the Japanese diet; the
five possible responses were “seldom,” “0-2 times per
month,” “1-2 times per week,” “3—4 times per week,” and
“almost every day.” JACC Study nutrition experts validated
the FFQ in 85 subjects selected from the 14 study areas (10).
Briefly, after completing the FFQ, participants recorded their
3-day diets approximately every 3 mo for a year (four times
total). From these data, the year-average food intake was esti-
mated. Participants then filled out the FFQ again.
Spearman’s correlation coefficients between the first and the
second FFQs for the 33 items ranged from 0.4 to 0.8; thus,
reproducibility was deemed acceptable. When the second
FFQ was validated against the 3-day diet records (four re-
cords for a total of 12 days), the correlation coefficients be-
tween the FFQ and the diet record estimates ranged from
0.07 (wild edible plants) to 0.62 (milk). In the present study,
we analyzed 18 food items that had correlation coefficients
of >0.3 for the association between the FFQ and the diet re-
cord estimates.

Identification of Colorectal Cancer Cases
and Follow-Up of the Cohort

The subjects were followed for mortality until the end of
1999. Mortality was determined using the resident registra-
tion records of municipalities with permission from the Min-
istry of Public Management, Home Affairs, Post and Tele-
communications. Registration of death is required by the
Family Registration Law in Japan. Causes of death were con-
firmed with death certificates. The endpoint of this study was
defined as death from colon cancer (International Classifica-
tion of Diseases, 10th revision, ICD-10 C18) or rectal cancer
(ICD-10 C20). 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 3.5% (n =
3,769) of the participants were lost from the follow-up due to
residence change. We computed each subject’s period at risk
as the time_from the date of questionnaire administration 10
the date of death, the date of moving out of the study area, or
December 31, 1999, whichever occurred first.
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Statistical Analysis

Although colon and rectal cancers are often considered to-
gether, several differences in their etiologies have been iden-
tified (11). Additionally, as discussed previously, the secular
trends in mortality over the last 30 yr for colon and rectal can-
cer in Japan are distinct (Fig. 1). Therefore, we evaluated the
risk of colon cancer and rectal cancer separately by sex. All
analyses were performed using the SAS statistical package,
version 8.2 (SAS, Inc., Cary, NC). The hazard ratios (HRs)
and 95% confidence intervals (Cls) for colon and rectal can-
cers, according to the intake frequencies for specific food
items, were estimated using Cox’s proportional hazard mod-
els through the “PHREG” procedure in SAS. We
recategorized the intake frequency for each food item into
three dummy variables and calculated the HR for “high” vs.
“low” and “middle” vs. “low” levels of consumption of each
food in the FFQ. To test for linear trends in the associations of
food-intake frequency and cancer risk, the values 1-5 were
assigned to the five responses (seldom, 0-2 times per month,
1-2 times per week, 3-4 times per week, and almost every
day) respectively and entered as a continuous variable in the
proportional hazard model. As diet is strongly influenced by
residential area, we grouped subjects into six regions
(Hokkaido and Tohoku, Kanto, Tokai, Kinki, Chugoku, and
Kyushu) and used the “STRATA” statement of the PHREG
procedure to consider area differences. We adjusted for the
following potential confounding factors in the models: age,
time spent walking daily (<30 min or >30 min), age at leav-
ing full-time education (>18 yr or <18 yr), history of
colorectal cancer in parents or siblings (yes or no), body mass
index {calculated as weight (kg)/[height (m)]?; =25 or <25},

" frequency of alcohol intake (25 days/wk or <5 days/wk), and
current smoking status (smoker or nonsmoker). For each
covariate, missing values were treated as an additional cate-
gory in the variable and were included in the model.
Two-tailed P values of <0.05 were considered statistically
significant.

Power Calculations

During the follow-up period of 9.9 + 2.2 yr (average +
SD), or 1,064,448 person-years at risk, 11,884 total deaths
(7,074 men and 4,810 women) were observed. There were
284 cases of death from colon cancer (138 men and 146
women) and 173 from rectal cancer (116 men and 57
women). The power ranges for detection of the relative risk
of 2.0 for high versus low levels of consumption, which were
computed using the equation given by Breslow and Day (12),
were as follows: 21.2-929% for male colon cancer,
42.1-94.9% for female colon cancer, 19.8-90.8% for male
rectal cancer, and 0.08-55.6% for female rectal cancer. The
following items had power values of <50% for detection of
the relative risk of 2.0: beef, yogurt, carrot, and tomato for
male colon cancer; beef, carrot, and tomato for male rectal
cancer; and beef for female colon cancer. Because of the

Vol. 50, No. 1

small number of cases of female rectal cancer, most items
(except for milk, egg, and tofu) had power values of <50%.

Results

Tables 1 and 2 show HRs and 95% CI estimates of colon
and rectal cancer mortality by sex and by frequency of meat
and dairy product consumption. The HRs for the colon can-
cer mortality of men with a high intake of one of several types
of meat (beef, pork, or chicken) compared with men with a
low intake of that meat exceeded 1.0. However, only the com-
parison with medium and low intakes of chicken was statisti-
cally significant (adjusted HR = 1.7; 95% CI = 1.1-2.6).
There was no significant positive or negative association of
meat consumption with rectal cancer in men or with colon or
rectal cancer in women. Yogurt intake was negatively associ-
ated with the risk of rectal cancer in men (trend P = 0.04); the
risk for the high-intake group was less than one-half of the
risk for the low-intake group. In women, there was a signifi-
cant positive association of cheese intake and rectal cancer
mortality (HR for high- vs. low-intake groups = 2.5: 95% CI
= 1.1-5.7).

Tables 3 and 4 present adjusted HRs of colon and rectal
cancer by sex and frequency of consumption of vegetables
and other food items. Green leafy vegetables such as spinach
were the only vegetables to show a significant negative asso-
ciation with male rectal cancer mortality. The HR for male
rectal cancer mortality decreased linearly with increasing
frequency of green leafy vegetable intake (trend P = 0.02),
and the HR for the highest vs. lowest groups was 0.57 95%
CI=0.3-0.9). However, a significantly increased HR for co-
lon cancer mortality was observed for the groups of men with
middle vs. low intakes of green leafy vegetables. In women,
there was no significant association between vegetable con-
sumption and colorectal cancer mortality. Fruit intake in
women was positively associated with risk of colon cancer
(trend P = 0.04) and negatively (although not significantly)
associated with risk of rectal cancer.

Egg consumption was significantly associated with colon
cancer mortality only in men (HR for men with high vs. low
intake = 1.5; 95% CI = 1.0-2.4; trend P = 0.04, Table 3). Fish,
tofu, boiled rice, and mushroom consumption were not re-
lated to colorectal cancer risk in men or women (Tablé 4).

Discussion

The JACC Study is the first nationwide cohort study of the
association between diet and colorectal cancer to be con-
ducted in Japan since that of Hirayama was completed over
20 yr ago (3). Despite the limited statistical power of the
present study, we detected small but significant associations
between the consumption of some foods and colorectal can-
cer mortality. Both chicken and egg consumption were posi-
tively associated with colon cancer, whereas intakes of yo-
gurt and green leafy vegetables were inversely associated
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Table 1. Hazard Ratio and 95% Confidence Interval for Colon and Rectal Cancer Mortality According to Intake Frequency

of Meats and Dairy Products in Men?

Colon Cancer

Rectal Cancer

No. of Adjusted P for No. of Adjusted P for
Food Frequency Person-Years Cases HR (95% CI) Trend Cases HR (95% CI) Trend
Meat

Beef
Low? 188,305 46 1.00 0.96 44 1.00 0.17
Middle® 90,391 29 1.19 (0.73-1.94) 27 1.25 (0.76-2.08)

High? 27,897 11 1.46 (0.74-2.86) 10 1.38 (0.68-2.78)

Pork
Low? 108,826 27 1.00 0.31 28 1.00 0.66
Middle¢ 149,495 51 1.55 (0.96-2.52) 40 1.08 (0.65-1.77)

High? 71,016 17 1.14 (0.61-2.14) 20 1.11 (0.61-2.03)

Ham and sausage
Low? 175,115 55 1.00 0.31 48 1.00 0.64
Middie¢ 128,706 33 0.89 (0.58-1.38) 29 0.91 (0.57-1.45)

Highd 65,101 28 144 (0.90-2.31) 16 1.00 (0.56-1.78)

Chicken
Low? 133,538 31 1.00 0.07 36 1.00 0.24
Middle® 155,963 58 1.67 (1.08-2.59) 37 0.84 (0.53-1.33)

High? 64,930 24 155 (0.90-2.66) 16 0.80 (0.44-1.45)
Dairy products

Milk
Lowe 88,178 22 1.00 0.28 25 1.00 0.68
Middle/ 154,991 48 1.34 (0.80-2.22) 30 0.75 (0.44-1.29)

Highs 165,488 58 122 (0.74-2.02) 52 1.05 (0.64~1.71)

Yogurt
Low® 208,876 52 1.00 0.37 56 1.00 0.04
Middle” 45,889 15 132 (0.74-2.35) 9 0.80 (0.39-1.62)

High! 50,482 12 0.80 (0.42-1.51) 7 0.46 0.21-1.02)

Cheese
Low¢ 161,667 43 1.00 0.53 45 1.00 0.38
Middle® 89,289 31 1.53 (0.96-2.45) 15 0.72 (0.40-1.30)

High! 64,442 20 1.17 (0.68-2.01) 21 1.19 (0.70-2.02)

Butter ) .
Low¢ 161,374 54 1.00 0.98 36 1.00 : 0.32
Middle” 78,682 21 0951 (0.55-1.52) 24 1.59 (0.95-2.68)

High 72,701 22 0.88 (0.53-1.46) 18 1.18 (0.66-2.09
a: Hazard ratio (HR) adjusted for age, family history of colorectal cancer, body mass index, frequency of alcohol intake, current smoking status, walking time
per day, and educational level and stratified by regions of enroliment by Cox proportional hazard model. Confidence interval (Cl) estimates.
b: 0-2 per month.
c: 1-2 per week.
d: 3-7 per week.
e: Seldom.
f: 0.5-4 per week.
g Every day.
h: 1-2 per month.
i 1-7 per week.

with rectal cancer in men. Any investigated food items did
not show significant associations with female colon cancer.
A positive association was observed between both cheese
and fruit intakes and female rectal cancer.

In the late 1990s, two expert committees concluded that
increased vegetable consumption was recommended for the
prevention of colorectal cancer (1,2). However, most recent
cohort studies do not support the protective effect of vegeta-
ble consumption against colorectal cancer. The Nurses’
Health Study and the Health Professionals Follow-up Study
(13), The Netherlands Cohort Study on Diet and Cancer (14),
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and the Breast Cancer Detection Demonstration Project Fol-
low-up Cohort (15) all found no association between fruit
and vegetable consumption and colorectal cancer. Only the
Swedish Mammography Screening Cohort (16) reported a
significant negative association of total fruit and vegetable
consumption with colorectal cancer risk. However, this asso-
ciation was driven mainly by fruit consumption and was
stronger for the risk of rectal cancer than of colon cancer. The
individual associations of vegetable and fruit consumption
with colon and rectal cancer risk were not statistically signifi-
cant. Sauvaget et al. recently reported the results of the Life
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Table 2. HR and 95% CI for Colon and Rectal Cancer Mortality According to Intake Frequency of Meats and Dairy

Products in Women¢

Colon Cancer

Rectal Cancer

No. of Adjusted P for No. of Adjusted P for
Food Frequency Person-Years Cases HR (95% CI) Trend Cases HR 95% CI) Trend
Meat

Beef
Low? 264,277 80 1.00 095 22 1.00 0.80
Middle¢ 129,766 19 0.65 (0.38-1.11) 7 0.86 (0.34-2.15)

High4 44,629 11 1.11 (0.57-2.14) 1 0.37 (0.05-2.84)

Pork o
Low? 154,940 42 1.00 0.77 13 1.00 0.26
Middlec 214,478 48 0.98 (0.64-1.50) 15 0.78 (0.37-1.68)

High? 102,841 20 0.93 (0.54-1.60) 3 032 (0.09-1.15)

Ham and sausage
Low? 253,150 63 1.00 0.68 19 1.00 0.50
Middle¢ 178,396 33 0.94 (0.61-1.44) 9 0.74 (0.33-1.65)

High? 89,266 15 0.94 (0.53-1.66) 9 1.56 (0.69-3.53)

Chicken
Low? 158,635 39 1.00 0.60 9 1.00 0.97
Middie¢ 237,926 68 1.28 (0.86-1.90) 20 1.58 (0.71-3.48)

High? 111,650 17 0.68 (0.38-1.21) 4 0.71 (0.22-2.32)
Dairy Products

Milk
Low¢ 110,504 22 1.00 0.88 7 1.00 011
Middle/ - 204,875 49 © 1.40 (0.85-2.33) 15 1.34 (0.54-3.31)

High# 268,252 61 1.16 (0.71-1.90) 26 1.64 (0.70-3.82)

Yogurt
Low* 231,552 58 1.00 093 i1 1.00 0.14
Middle" 86,241 13 0.78 (0.43~1.44) 7 1.95 (0.74-5.09)

High! 120,195 26 0.97 (0.61-1.56) 8 1.51 (0.60-3.8)

Cheese }

Low¢ 244,453 67 1.00 0.98 14 1.00 0.07
Middle” 112,095 21 1.00 (0.61-1.65) 4 0.78 (0.25-2.41)
High' 93,411 20 1.01 (0.61-1.69) 11 2.52 (1.11-5.72)

Butter
Low* 221,757 60 1.00 0.95 15 1.00 0.68
Middle” 100,819 17 0.88 (0.51-1.52) 6 1.11 (0.43-2.90)

High' 116,954 25 1.07 (0.67-1.72) 8 1.29 (0.54-3.08)

a: HR adjusted for age, family history of colorectal cancer, body mass index, frequency of alcohol intake, current smoking status, walking time per day, and ed-
ucational level and stratified by regions of enroliment by Cox proportional hazard model. CI estimates.

b: 0-2 per month.

c: 1-2 per week.

d: 3-7 per week.

e: Seldom.

f: 0.5-4 per week.

g: Every day.

h: 1-2 per month.

i: 1-7 per week.

Span Study, a prospective study of 38,540 atomic bomb sur-
vivors from Hiroshima and Nagasaki in Japan (17). During a
median follow-up period of 16 yr, they found that the con-
sumption of fruit and green and yellow vegetables was asso-
ciated with a reduction in stomach and lung cancer mortality
but not with colorectal cancer mortality. We found no signifi-
cant relationships between vegetables and colorectal cancer,
with the exception of an association between green leafy veg-
etable intake and male rectal cancer. These findings are con-
sistent with those of the recent prospective studies on vegeta-
" bles and colorectal cancer risk. The discrepancies between

Vol. 50, No. 1

the expert reports of the 1990s and recent prospective studies
may partly be due to the recent improvements in agricultural
and food technology, transportation, and storage systems in
developed countries, including Japan. Globalization of food
supplies has meant that all types of vegetables are available
all year round. These recent changes have probably increased
the variation in individual diets and decreased the differences
between the diets of different populations, making it more
difficult to assess long-term dietary exposures and detect re-
lationships between diet and cancer risk, especially for vege-
tables.
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Table 3. HR and 95% CI for Colon and Rectal Cancer Mortality According to Intake Frequency of Vegetables and Other

Foods in Men?

Colon Cancer

Rectal Cancer

No. of Adjusted P for No. of Adjusted P for
Food Frequency Person-Years Cases HR (95% CI) Trend Cases HR (95% CI) Trend
Vegetables and fruits
Green leafy vegetable
Low? 146,277 34 1.00 0.40 46 1.00 0.02
Middlec 102,066 43 1.63 (1.03-2.55) 26 0.74 (0.46-1.20)
High? 104,077 36 1.19 (0.74-1.91) 23 0.57 (0.34-0.94)
Carrot )
Low? 202,058 57 1.00 0.33 55 1.00 . 062
Middle¢ 80,572 27 1.10 (0.69-1.75) i5 0.60 (0.34-1.07)
High? 45,864 15 0.99 (0.55-1.76) 16 1.01 (0.57-1.79)
Tomato
Low? 249,738 62 1.00 0.66 63 1.00 0.16
Middle® 63,682 23 1.30 (0.80-2.11) 15 0.77 (0.44-1.36)
High“ 38,147 13 1.12 (0.61-2.07) il 0.83 (0.43~1.58)
Cabbage and lettuce
Low? 154,471 43 1.00 033 39 1.00 0.55
Middle¢ 100,295 29 1.05 (0.65-1.68) 26 1.05 (0.64-1.73)
High? 74,660 27 1.19 (0.73-1.94) 24 1.22 (0.73-2.05)
Fruit
Low? 150,932 40 1.00 0.63 40 1.00 0.78
Middle¢ 78,896 26 1.19 (0.72-1.96) 25 1.14 (0.69-1.89)
Highd 87,817 28 1.06 (0.64-1.75) 20 0.80 (0.46-1.41)
Others
Egg
Low? 118,645 27 1.00 0.04 37 1.00 0.50
Middle¢ 117,116 37 140 (0.84-2.31) 21 0.56 (0.33-0.96)
High? 188,707 70 1.54 (0.99-2.42) 52 0.82 (0.54-1.26)
Fish
Low? 159,005 43 1.00 0.80 45 1.00 0.87
Middle¢ 130,682 48 1.34 (0.88--2.04) 26 0.68 0.42-1.11)
High? 101,884 32 1.04 (0.65-1.66) 32 095 (0.60-1.51)
Tofu
Low? 148,384 41 1.00 0.46 40 1.00 0.53
Middle¢ 136,256 42 1.01 (0.65-1.58) 33 0.81 (0.51-1.31)
High? 104,953 40 1.13 (0.72-1.76) 33 0.97 (0.60-1.55)
Rice
Low?® 103,752 41 1.00 0.46 34 1.00 0.42
Middle/ 198,834 67 0.92 (0.62-1.36) 58 0.86 (0.56~1.32)
Highs 128,319 28 0.81 (0.49-1.33) 23 0.59 (0.34-1.03)
Mushroom
Low" 125,272 33 1.00 0.97 27 1.00 0.89
Middle! 113,112 45 1.48 (0.94-2.32) 36 1.47 (0.89-2.43)
High/ 71,029 20 0.92 (0.52-1.61) 19 1.08 (0.60-1.96)

a: HR adjusted for age, family history of colorectal cancer, body mass index, frequency of alcohol intake, current smoking status, walking time per day, and ed-
ucational level and stratified by regions of enrollment by Cox proportional hazard model. CI estimates. )

: 0-2 per week.

: 3-4 per week.

: Every day.

: 0-2 per day.

3-4 per day.

: 5 or more per day.
: 0-2 per month.
1-2 per week.
3-7 per week.
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Table 4. HR and 95% CI for Colon and Rectal Cancer Mortality According to Intake Frequency of Vegetables and Qther

Foods in Women?

Colon Cancer

Rectal Cancer

No. of Adjusted P for No. of Adjusted P for
Food Frequency Person-Years Cases HR (95% CD) Trend Cases HR (95% CI) Trend
Vegetables and fruits
Green leafy vegetable
Low? 174,726 42 1.00 0.64 14 1.00 0.23
Middlec 153,922 31 0.83 (0.52-1.32) 11 0.88 (0.40-1.94)
High? 175,858 49 1.00 (0.66-1.52) 13 0.75 (0.35-1.60)
Carrot
Low? 222,180 51 1.00 0.51 13 1.00 0.13
Middlec 154,310 36 0.99 (0.64-1.51) 11 1.16 (0.51-2.61)
High? 109,039 32 1.12 (0.71-1.75) 11 1.49 (0.66-3.37)
Tomato
Low? 311,777 74 1.00 0.23 16 1.00 0.50
Middle¢ 106,307 21 0.75 (0.46-1.22) 11 1.97 (0.90-4.29)
High 83,522 18 0.73 (0.43-1.24) 8 1.54 (0.64-3.68)
Cabbage and lettuce
Low? 183,139 42 1.00 0.44 15 1.00 0.48
Middle¢ 153,802 35 1.06 (0.67-1.66) 6 0.49 (0.19~1.27)
High? 148,010 41 1.21 (0.78-1.87) 14 1.08 (0.51-2.25)
Fruit
Low? 142,584 28 1.00 0.04 12 1.00 0.35
Middle¢ 117,048 27 1.25 (0.73-2.13) 9 0.91 (0.38-2.19)
High? 201,190 60 1.62 (1.02-2.57) 10 0.53 (0.22-1.26)
Others
Egg
Low? 172,158 41 1.00 0.29 17 1.00 0.44
Middle¢ 174,238 34 1.01 (0.64-1.59) 14 0.79 (0.38-1.62)
High? 254,445 63 1.17 (6.79-1.75) 19 0.75 (0.39-1.46)
Fish
Low? 216,873 53 1.00 0.98 20 1.00 0.46
Middle¢ 195,071 42 1.04 (0.69-1.56) 15 0.76 (0.38-1.51)
High? 147,027 34 0.97 (0.62-1.50) 13 0.90 (0.44-1.84)
Tofu
Low? 180,160 44 1.00 0.35 19 1.00 055
Middle¢ 197,632 50 1.17 (0.78-1.77) 12 0.49 (0.23-1.03)
High¢ 182,924 36 0.75 (0.48-1.18) 19 0.87 (0.45-1.67)
Rice
Low? 192,359 46 1.00 0.88 16 1.00 0.15
Middle/ 351,332 82 0.91 (0.63-1.32) 31 1.04 (0.56~1.92)
Highs 68,607 12 0.91 (0.47-1.78) 9 2.06 (0.88-4.84)
Mushroom
Low" 135,144 33 1.00 0.54 6 1.00 0.12
Middle! 175,680 47 1.13 (0.72-1.77) 16 2.08 (0.81-5.34)
High/ 143,263 34 0.95 (0.59-1.54) 15 2.29 (0.88-5.93)

a: Adjusted HR: hazard ratio adjusted for age, family history of colorectal cancer, body mass index, frequency of alcohol intake, current smoking status, walk-

ing time per day and educational level, and stratified by regions of enrollment by Cox pro

: 0-2 per week.
34 per week.

- Every day.

: 0-2 per day.

3-4 per day.

: 5 or more per day.
: 0-2 per month.
1-2 per week.
3-7 per week.
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Red meat consumption was considered a probable risk
factor for colorectal cancer in the 1997 WCREF report (1).
Since then, several other expert groups have reassessed the
epidemiological data, including those published after the
WCRF report (18-25). Similar to our data, the results of
many of these studies did not reach statistically significant
levels. However, the pooled results from recent meta-analy-
ses are consistent and indicate an association between high
intake of red meat and increased risk of colorectal cancer
(24,25). Nevertheless, the nutritive value of red meat, which
has an abundance of protein, minerals, and B vitamins,
should not be undervalued (26). Further data are needed to
clarify the optimal intake levels of red meat, taking into ac-
count both the adverse and beneficial effects on health.

We found a significant dose-response relationship be-
tween fruit intake and increased colon cancer risk in women.
A protective effect of fruit against upper gastrointestinal tract
cancers has been established, although the mechanisms for
this effect are still unclear (1,27,28). However, the existing
data on fruit consumption and colorectal cancer risk are lim-
ited and inconsistent. In their case-control study based in Jap-
anese hospitals, Inoue et al. (29) found a nonsignificant in-
creased risk of proximal colon cancer [age-adjusted odds
ratio (OR) = 1.3; 95% CI = 0.7-2.4] but a decreased risk of
distal colon cancer (OR = 0.4; 95% CI = 0.3-0.8) in patients
who consumed fruit frequently. Future analyses of colon can-
cer risk by cancer subsite may clarify the association be-
tween fruit intake and colon cancer.

We found that yogurt consumption was inversely associ-
ated with rectal cancer mortality in men but not in women. In
contrast, we found that the risk of female rectal cancer was
positively associated with cheese intake. No association was
observed between the consumption of any dairy product and
colon cancer risk in men or women. A number of experimen-
tal and animal studies have suggested that fermented milk,
lactic acid bacteria (LAB), and Bifidobacterium have benefi-
cial effects on the colon (30,31). Norat and Riboli reviewed
papers on dairy product consumption and colorectal cancer
(32) and reported that cohort studies, but not case-control
studies, have consistently found that high total dairy product
intake and milk product intake protect against colorectal can-
cer. Dairy products are currently available with a wide vari-
ety of manufacturing processes in developed countries. Fu-
ture epidemiological studies of the association between diet
and colorectal cancer risk should specify the type and quan-
tity of dairy products consumed so that any such association
can be clarified.

We observed a marginally significant positive association
between egg consumption and colon cancer mortality in
males. In their review, Steinmetz and Potter (33) found that 9
of 11 available studies had reported a positive association be-
tween egg consumption and colon cancer risk. However, the
most recent population-based cohort study on this subject re-
ported no such association (34). Further investigation is nec-
essary to reach a conclusion.

Against our expectation, we did not observe an associa-
tion between fish intake and colorectal cancer in either gen-
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der in this study. Several clinical trials have suggested that
fish oil supplements containing high levels of n-3 polyunsat-
urated fatty acids (n-3 PUFAs) may protect against colorectal
cancer (35). The most recent case-control study conducted in
Japan, which included 928 patients with colon cancer, 622
patients with rectal cancer, and 46,886 cancer-free
outpatients, found that frequent fish consumption signifi-
cantly decreased the OR for colon cancer in men and
marginally decreased the OR in women (34). However, other
epidemiological studies examining the association of fish in-
take and colorectal cancer risk have produced inconsistent
results (36-38). As n-3 PUFA content varies by fish species,
the frequency of fish intake does not necessarily correlate
with the amount of n-3 PUFAs consumed. The Japanese pop-
ulation is among the highest consumers of fresh fish in the
world (39). Future studies should specify in greater detail the
types and quantities of fish consumed by subjects.

This large cohort study has a significant advantage over
case-control studies, which cannot exclude the effect of re-
call bias. However, our study does have some limitations.

First, even though this is a large cohort study involving
110,792 Japanese adults with an average 10-yr follow-up
period, the number of identified cases, especially for rectal
cancer, is relatively low. This may induce error when exam-
ining the association between diet and colorectal cancer.
Moreover, we measured the level of food intake using the
original FFQ. All measurements are associated with a de-
gree of error, which might influence the results of analyses.
According to Willet (40), if only random within-person er-
ror is considered, the observed relative risk (RR,) is com-
puted as the estimated true relative risk (RR() to the power
of the correlation coefficient (y) between the true measure
and the surrogate measure: RR, = (RR\)Y. The correlation
coefficient between our FFQ and the diet records of 3 days
(x four times) ranged from 0.32 to 0.65 (average 0.44). Ac-
cording to Willet's equation, even if the true relative value
were 1.5, the observed relative risk would be 1.18 for food
iterns with correlation coefficients of <0.4. Therefore, our
results might underestimate the true values. Additionally, as
Kato et al. discussed (37), subjects in cohort studies tend to
be homogeneous and health conscious. This may reduce the
between-person variation in food consumption and make
the detection of associations between diet and disease risk
more difficult. Our results should therefore be further inves-
tigated and re-examined in prospective studies with large
heterogeneous subject populations.

Second, because our endpoint was death from colon or
rectal cancer, the risks reported are for fatal colon and rectal
cancers and not for cancers amenable to curative treatment.
We chose death rather than incidence as our endpoint as the
study involved 110,792 Japanese adults from 45 areas
throughout Japan, but incidence records were only available
for the 65,184 participants who lived in the 24 study areas
where cancer registries were available. As diet varies greatly
between different residential areas, we gave priority to col-
lecting samples from a broad range of areas (o investigate the
relationship between diet and colorectal cancer.
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Asaresultof the small sample size and the measurementer-
rorinthe present study, we are unable to draw firm conclusions
about therelationship between colorectal cancer and dietin Ja-
pan. Further investigations, including the analysis of diet-in-
fluenced biomarkers with sufficient sample size, are needed to
clarify the association between these factors and to establish
effective strategies for the prevention of colorectal cancer.
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Abstract

Oxidative stress plays an important role in carcinogen-
esis, but few epidemiologic studies have examined
associations with risk of colorectal cancer. Relation-
ships between serum levels of oxidized low-density
lipoprotein (oxLDL) and oxLDL antibody (oLAB) and
colorectal cancer risk were investigated in a case-
control study nested in the Japan Collaborative Cohort
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Study for Evaluation of Cancer Risk. Serum samples
and lifestyle information were collected at baseline
from 39,242 men and women between 1988 and 1990. Of
these, 161 incidents and deaths from colorectal cancer
were identified through 1999, and 395 controls were
matched for gender, age, and study area. Measurements
were taken of serum oxLDL levels in 119 cases and 316
controls and serum oLAB levels in 153 cases and 376
controls. Odds ratios (95% confidence intervals) across
quartiles, adjusted for confounding factors, were 1.55
(0.70-3.46), 1.90 (0.84-4.28), and 3.65 (1.50-8.92) for oxL.DL
(Prena = 0.004) and 0.98 (0.54-1.80), 0.75 (0.39-1.48), and
1.68 (0.90-3.13) for oLAB (Py.n.a = 0.140). Further
adjustment for serum total cholesterol and «-tocoph-
erol did not materially change these associations. Odds
ratio (95% confidence interval) of the highest quartile
of serum oxLDL compared with the lowest quartile was
3.40 (1.09-10.58; Py onq = 0.045). Analyses restricted to
colon cancer cases and corresponding controls yielded
similar relationships between serum oxLDL and oLAB
levels and risk. In conclusion, higher levels of serum
oxLDL may increase risk of colorectal cancer. (Cancer
Epidemiol Biomarkers Prev 2004;13(11):1781-7)

Introduction

Reactive oxygen species (ROS) cause oxidation of lipids,
proteins, and DNA in vive (1, 2), and free radical and
lipid peroxides have been considered very important in
carcinogenesis (3). Some studies have reported high lipid
peroxidation in human colorectal cancer tissue (4, 5).
However, few epidemiologic studies have investigated
relationships between lipid peroxidation and colorectal
cancer.

Oxidized low-density lipoprotein (oxLDL) is generat-
ed by the actions of ROS in vivo. The oxLDL is taken up
by macrophages, which develop into foam cells, and
oxLDL antibody (0LAB) is present in both atherosclerotic
lesions and plasma (6). Thus, oxLDL is believed to play a
critical role in the development and progression of

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

—745—



1782

Oxidized Low-Density Lipoprotein and Colorectal Cancer

atherosclerosis (7). Serum oxLDL levels may be consid-
ered as a biomarker reflecting the state of oxidative stress
and lipid metabolism in vivo. Experimental studies have
indicated that oxLDL increases intracellular levels of
ROS and lipid peroxidation products (thiobarbituric acid
reactive substances; ref. 8). The oLAB plays a positive
role in maintaining low levels of serum oxLDL.

Various lifestyle factors such as physical activity and
diets reportedly affect oxLDL (9-14). Regular physical
activity has been found to increase LDL resistance to
oxidation and decrease plasma oxLDL concentration (9).
Another study identified correlations between weight
reduction and decreased oxLDL (10). Some epidemio-
logic studies have reported that physical activity (15-17)
displays significant inverse associations with colorectal
cancer and that obesity (18, 19) is associated with
increased risk of colorectal cancer.

Vitamin E and lycopene have been shown to display
powerful antioxidant properties, reducing LDL oxidation
and oxidative damage to plasma proteins (11). Sup-
plementation with antioxidant nutrients (vitamin E,
vitamin C, and carotenoids) has been shown to protect
LDL from oxidation (12-14). High dietary carotenoid
intake possibly decreases the risk of colorectal cancer
(20) and a meta-analysis (21) of five prospective nested
case-control studies indicated that high plasma levels
of a-tocopherol were associated with a modest de-
crease in the subsequent incidence of colorectal cancer.

Given the results of these previous studies, we hy-
pothesize that serum oxLDL levels represent a biomarker
reflecting oxidative stress and lifestyle factors such as
physical activity and diet as related to colorectal cancer.

To the best of our knowledge, no studies have
identified relationship between oxLDL and risk of
colorectal cancer. We therefore examined correlations
between serum levels of oxLDL and oLAB and risk of
colorectal cancer in a case-control study nested in a large-
scale Japanese cohort.

Materials and Methods

Study Subjects and Serum Samples. Study subjects
were recruited in the Japan Collaborative Cohort (JACC)
Study for Evaluation of Cancer Risk sponsored by
Monbukagakusyo (Ministry of Education, Culture,
Sports, Science, and Technology of Japan; ref. 22). This
study involves 110,792 residents who were ages 40 to
79 years at baseline from 45 areas all over Japan. An
epidemiologic survey of lifestyle factors was conducted
using a self-administered questionnaire about heath
conditions and lifestyles such as medical history,
smoking habits, and alcohol consumption. Details of this
study have been published elsewhere (22).

In addition to the questionnaire survey, participants in
the JACC Study provided peripheral blood samples at
health screening checkups sponsored by municipalities
between 1988 and 1990. A total of 39,242 subjects (35.4%
of respondents to the questionnaire survey) provided
blood samples. Sera were separated from samples at
laboratories in or near the surveyed municipalities as
soon as possible after sampling. Serum derived from
each subject was divided into three to five tubes (100-500
uL/tube) and stored at —~80°C until analyzed.

Written informed consent for participation was
obtained individually from subjects, with the exception
of those in a few study areas in which informed consent
was provided at the group level after the aim of the study
and confidentiality of the data had been explained to
community leaders. This study was approved by the
Ethica] Committee of Medical Care and Research at
Fujita Health University.

Case Ascertainment and Control Selection. Subjects
who died or moved away from study areas were
identified using population registries, and causes of
death were confirmed from death certificates. Incident
cases of cancer could be identified by linkage with cancer
registries in 24 of the 45 study areas. Follow-up for death
was conducted from baseline to the end of 1999, and
follow-up for incidence was conducted from baseline to
the end of 1997, excluding three study areas (from
baseline to the end of 1994, 1995, and 1996, respectively).
Only 4% of subjects were lost to follow-up due to moving
during the study period.

Death and incidence of colorectal cancer were defined
by the codes “C18,” “C19,” and “C20” in the Interna-
tional Statistical Classification of Diseases and Related Health
Problem, 10th Revision (23). During follow-up, 76 deaths
from colorectal cancer [colon (C18), n = 50; rectum (C19 -
and 20), n = 26] and 185 incident cases of colorectal
cancer (colon, n = 123; rectum, n = 62) were identified
from subjects who had provided serum samples at
baseline. Of these, 23 subjects with a history of colorectal
and other cancers at baseline were excluded. For each
case of colorectal cancer, two or three controls were
selected from the remaining population without incident
cancer or previous history of cancer, matching for
gender, age (3 years), and study area. A total of 49
cases and 56 controls without sufficient samples for
measurement of serum levels of both oxLDL and oLAB
were excluded from analysis. Following these exclusions,
subjects without corresponding cases or controls were
also excluded. Finally, serum levels of either oxLDL or
oLAB could be measured in 161 cases (111 colon cancer
cases and 50 rectum cancer cases) and 395 controls in
this study. Of these, sufficient serum samples for
determination of oxLDL and oLAB were available for
103 cases and 279 controls and 135 cases and 330 controls,
respectively. For analyses using only incident cases and
corresponding controls, the subjects were 82 cases and
216 controls for oxLDL and 111 cases and 266 controls
for oLAB, respectively. Incident and dead cases were
analyzed together to maximize sample size for main
analysis.

Biochemical Analyses of Sera. All samples were
analyzed by trained staff blinded to case-control status
in 2001. Serum oxLDL and oLAB were determined by
enzyme-linked immunoassay using commercially avail-
able kits (oxLDL: Oxidized LDL ELISA kit, Mercodia,
Uppsala, Sweden; oLAB: oLAB ELISA kit, Biomedica,
Vienna, Austria) in our laboratory. With regard to
intraassay and interassay reproducibility, coefficients of
variation for oxLDL (24) and oLAB (25) were <10%.
Serum «-tocopherol levels were measured separately
using high-performance liquid chromatography (26) in
our laboratory. Serum total cholesterol was measured
using an autoanalyzer at a single laboratory (SRL,
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