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TABLE 4. Associations of serum levels of ©-3 polyunsaturated fatty acids with colorectal cancer risk, by sex, Japan Collaborative

Cohort Study for the Evaluation of Cancer Risk, 1988-1997

Men Women
@ Valuet cziz“;s C‘(’Qg‘)"s OR*$ 95% Cix Valuet C(ize)s C‘ZQ;’_‘)"S ORt 95% Cl
a-finolenic acid (18:3 ©-3)
Qi <0.69 34 56 1.00 <0.71 14 56 1.00
Q2 0.69-0.849 13 64 0.22 0.09, 0.55 0.71-0.859 20 63 1.97 0.81,4.79
Q3 0.85-1.069 14 60 0.25 0.10,0.59 0.86-1.09 30 59 3.07 1.28,7.33
Q4 >1.070 22 61 0.39 0.16,0.91 21.10 22 62 2.19 0.87,5.47
ptrend 0.06 0.15
Eicosapentaenoic acid (20:5 ©-3)
Q1 <1.91 25 60 1.00 <1.73 23 57 1.00
Q2 1.91-2.719 21 60 0.70 0.33,1.48 1.73-2.384 20 63 0.56 0.25,1.26
Q3 2.72-3.839 22 60 0.84 0.38, 1.86 2.385-3.329 20 60 0.67 0.31,1.48
Q4 23.840 15 61 0.44 0.18, 1.08 23.330 23 60 0.83 0.39, 1.80
ptrend 0.13 0.79
Docosapentaenoic acid (22:5 ©-3)
Q1 <0.68 29 57 1.00 <0.665 27 60 1.00
Q2 0.68-0.829 14 63 0.36 0.15, 0.86 0.665-0.789 24 56 0.83 0.39,1.75
Q3 0.83-1.019 24 57 0.55 0.24,1.24 0.790-0.944 19 64 0.62 0.29, 1.34
Q4 21.020 16 64 0.30 0.11,0.80 20.945 16 60 0.64 0.30, 1.39
ptrend 0.045 0.14
Docosahexaenoic acid (22:6 ©-3)
Q1 <4.23 22 60 1.00 <4.20 19 59 1.00
Q2 4.23-5.079 23 59 1.01 0.46,2.20 4.20-5.094 23 61 1.11 0.47,2.61
Q3 5.08-6.249 29 61 1.17 0.53, 2.62 5.095-5.919 27 59 1.62 0.72, 3.65
Q4 26.25 9 61 0.23 0.07,0.76 >5.92 17 61 0.80 0.33,1.93
ptrend 0.07 0.86

* Q, quartile; OR, odds ratio; Cl, confidence interval.

1 Values are expressed as the weight percentage of total serum lipids.

1 Odds ratios were derived from a conditional logistic analysis model adjusted for family history of colorectal cancer in first-degree relatives,
body mass index, education, smoking and alcohol drinking history, green leafy vegetable intake, and physical exercise. For men, 83 cases and
241 controls and, for women, 86 cases and 240 controls matched on age and participating institution were involved in the analyses.

DISCUSSION

The main strength of our study is its prospective design
and the use of biomarkers to evaluate each fatty acid level.
Because we collected serum samples and background data
from subjects when they were free of cancer, we were able to
eliminate any influence of the cancer itself or recall bias on
the results. We confirmed our results by repeating the anal-
yses after excluding persons who developed colorectal
cancer within the first 2 or 5 years of follow-up, along with
their matched controls, to eliminate any potential effects of
undiagnosed colorectal cancer cases at baseline.

Our study design is similar to that of the nested case-
control study based on data from the Multiple Risk Factor
Intervention Trial (MRFIT) (21). Simon et al. examined 108
cancer cases and 215 controls and found no association
between any serum fatty acid component and the risk of fatal
cancer. Unfortunately, because of the limited number of
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subjects, they were unable to estimate risk by organ site.
This prospective study is the first known to report an associ-
ation between colorectal cancer risk and specific serum fatty
acids.

We found a marginally significant inverse association
between serum level of 0-3 PUFAs and the risk of colorectal
cancer in men. The odds ratios for the highest versus lowest
quartiles of all ®-3 PUFAs examined were less than 1.0 and
were statistically significant (p < 0.05), except for eicosapen-
taenoic acid (p = 0.13). These findings support the potential
preventive effects of fish oil supplements rich in -3 PUFAs
against colorectal cancer (22, 23), which have been
suggested by a number of clinical studies (3-5, 24, 25). The
chemopreventive activity of nonsteroidal antiinflammatory
drugs on colorectal tumors has been well documented in a
number of experimental studies (26-29). Suppression of
cyclooxygenase and inhibition of prostaglandin E, synthesis
by nonsteroidal antiinflammatory drugs is thought to be the
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TABLE 5. Associations of serum levels of ©-6 polyunsaturated fatty acids with colorectal cancer risk, by sex, Japan Collaborative

Cohort Study for the Evaluation of Cancer Risk, 1988-1997

Men Women
@ Valuet C(ﬁze)s C‘Z:g_‘)"s OR* 1 95% ClI* Valuet szlze)s C‘Z;‘g‘)"s OR% 95% Gl
Linoleic acid (18:2 ®-6)
Qi <22.94 27 60 1.00 <25.19 19 60 1.00
Q2 22.94-26.34 19 60 0.80 0.39, 1.60 25.19-27.55 15 60 0.86 0.37,2.02
Q3 26.35-29.75 19 60 0.66 0.30, 1.43 27.56-30.78 24 60 1.61 0.70,3.70
Q4 229.76 18 » 61 0.57 0.24,1.38 230.79 28 60 1.88 0.78, 4.52
p trend 0.20 0.12
~-linolenic acid (18:3 -6)
Qi <0.17 16 59 1.00 <0.21 28 58 1.00
Q2 0.17-0.269 24 60 1.60 0.74,3.46 0.21-0.289 20 61 0.60 0.29, 1.26
Q3 0.27-0.359 17 60 0.98 0.44,2.21 0.29-0.379 18 57 0.53 0.25,1.13
Q4 20.36 26 62 1.99 0.86, 4.62 20.380 20 64 0.62 0.30, 1.31
ptrend 0.27 0.23
Eicosadienoic acid (20:2 w-6)
Qt <0.18 25 - B2 1.00 <0.17 15 29 1.00
Q2 0.18-0.199 23 64 0.68 0.33, 1.40 0.17-0.189 20 58 0.69 0.28,1.72
Q3 0.20-0.219 7 53 0.18 0.06, 0.56 0.19-0.209 22 70 0.52 0.22,1.22
Q4 20.22 28 72 0.71 0.33,1.53 20.21 29 83 0.58 0.25, 1.35
p trend 0.26 0.21
Dihomo-y-linolenic acid (20:3 v-6)
Qt <0.84 17 58 1.00 <0.92 18 59 1.00
Q2 0.84-1.049 22 59 1.27 0.59,2.73 0.92-1.079 25 58 1.35 0.62, 2.97
Q3 1.05-1.239 22 62 1.13 0.50, 2.55 1.08-1.349 31 62 1.55 0.76, 3.17
Q4 >1.24 22 62 1.33 0.60, 2.94 21.35 11 61 0.53 0.22, 1.31
ptrend 0.55 0.46
Arachidonic acid (20:4 ©-6)
Q1 <3.71 20 59 <4.20 26 60 1.00
Q2 3.71-4.619 25 61 1.24 0.55,2.78 4.20-4.879 22 59 0.67 0.31, 1.46
Q3 4.62-5.269 16 59 0.79 0.32, 1.96 4.88-5.634 16 61 0.49 0.22, 1.10
Q4 25.27 22 62 116 0.49,2.75 25.635 22 60 0.65 0.30, 1.44
ptrend 0.99 0.40
Docosatetraenoic acid (22:4 w-6)
Q1 <0.09 21 56 1.00 <0.085 20 60 1.00
Q2 0.09-0.099 9 34 0.82 0.31,2.22 0.085-0.109 27 57 1.47 0.68, 3.15
Q3 0.10-0.119 16 70 0.81 0.35, 1.90 0.110-0.119 13 40 0.87 0.34,2.21
Q4 20.12 37 81 1.58 0.66, 3.78 20.12 26 83 0.81 0.35, 1.87
pirend 0.30 0.49

* Q, quartile; OR, odds ratio; Cl, confidence interval.
 Values are expressed as the weight percentage of total serum lipids.

+ Odds ratios were derived from conditional logistic analysis model adjusted for family history of colorectal cancer in first-degree relatives,
body mass index, education, smoking and alcohol drinking history, green leafy vegetable intake, and physical exercise. For men, 83 cases and
241 controls and, for women, 86 cases and 240 controls matched on age and the participating institution were involved in the analyses.

main mechanism for this activity. @-3 PUFAs are thought to
influence the carcinogenic process via their effects on the
synthesis of prostaglandins and thromboxanes (1) through a
mechanism similar to that of nonsteroidal antiinflammatory
drugs. Increased intake of eicosapentaenoic and docosa-

hexaenoic acids might also promote apoptosis in cells of the
normal human colonic mucosa (30).

We found no significant association between ®-3 PUFAs
and the risk of colorectal cancer in women. o-linolenic and
linoleic acid were associated with colorectal cancer inci-
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dence in the opposite direction for men and women. MUFAs
showed a marginally significant positive association for men
only. On the basis of the available data, we cannot suggest a
plausible explanation for the gender difference in the associ-
ation between fatty acids and colorectal cancer risk. Genetic
and hormonal factors, nutritional status, and disease are all
thought to influence fatty acid metabolism (31). In addition,
it has been suggested that female sex hormones play a role in
the etiology of colorectal cancer (32, 33). Interestingly, the
odds ratios for the highest versus lowest quartiles were less
than 1.0 for all of the -3 PUFAs examined in women when
those women who developed colorectal cancer within the
first 5 years of follow-up were excluded. It is possible that
physical disorders or medications not evaluated in the
present analyses might have influenced the results. Unfortu-
nately, we did not collect data on use of nonsteroidal antiin-
flammatory drugs and other medications that might have
interfered with the association between ®-3 PUFAs and
colorectal cancer risk. Further investigation of diet and
metabolism will therefore be necessary to clarify these
gender interactions. In addition, we did not observe an
obvious dose response between serum levels of ®-3 PUFAs
and colorectal cancer risk. Additional studies should thus
examine whether an optimal level of ®-3 PUFAs is associ-
ated with colorectal cancer prevention.

The risks of colorectal cancer are reported to vary by
subsite (34, 35). The available data showed no obvious
differences between the separate risk of colon cancer and the
combined risk of colorectal cancer regarding the association
with fatty acids. Although we were unable to estimate the
independent risks by subsite in our study because of the
limited number of cases, they should be confirmed in future
studies with larger sample sizes.

Some limitations that affected interpretation of our results
must be noted. First, our subjects were selected from among
the participants of a large cohort study. As Kato et al. (36)
discussed previously, subjects in cohort studies tend to be
homogeneous and health conscious, which might reduce the
between-person variation in food consumption and other
health-related factors and make detection of associations
between individual fatty acids and disease risk more diffi-
cult. Moreover, the subjects in the present study were limited
to those who donated blood samples: only 36.6 percent of the
total cohort. In fact, those who did not donate blood samples
were more likely to be highly educated, to consume alcohol
daily, and to exercise less compared with those who donated
blood samples, regardless of gender. In addition, compared
with nonparticipants, male participants tended to be older
and female participants tended to be younger. The differ-
ences in the background characteristics of the subjects
should be considered to generalize our findings. Second,
because this was a multicenter study (12), the procedures
used to collect blood were not uniform. However, we
confirmed that no area had a greatly different distribution of
fatty acid levels. In addition, we matched cases and controls
by participating institution; therefore, any bias due to differ-
ences between areas should have been accounted for.

Third, we used serum samples that were stored at —80°C
for 1114 years to evaluate the levels of fatty acids. Iso et al.
(37) examined 31 serum samples taken from subjects in the
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present cohort in 1990 and again in 1998. They reported an
increase in the composition of saturated fatty acids (29.2
percent vs. 30.3 percent) and 20:3 (dihomo-y linolenic acid)
(0.85 percent vs. 0.98 percent), a decline in the composition
of MUFAs (22.9 percent vs. 22.4 percent), and no changes in
the other fatty acids over this 8-year time interval. Zele-
niuch-Jacquotte et al. (11) reported that storage for up to 12
years at —80°C effectively protected PUFAs from oxidation.
However, the long-term effects of storage for up to 14 years
have not been confirmed. Fourth, although we used the fatty
acid composition of serum total lipids as a biomarker,
several alternative methods are available for biologic assess-
ment of fat intake. Adipose tissue and the erythrocyte
membrane reflect long- and medium-term fatty acid intake,
respectively, whereas serum reflects only short-term (weeks
to months) intake (10). Although measuring these alternative
biomarkers is more expensive and invasive, they might be a
better index for use in predicting colorectal cancer. There-
fore, our results should be confirmed by using these media.
Fifth and finally, we evaluated the fatty acids and back-
ground characteristics of the subjects only once, at baseline.
These measurements might not accurately reflect the long-
term habits of the subjects. Thus, repeated measurements
should be considered to reduce measurement errors (11).
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Perceived Psychologic Stress and Colorectal Cancer Mortality:
Findings From the Japan Collaborative Cohort Study
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Hipeaxi TovosHMA, MD, PHD, YOSHIYUKI WATANABE, MD, PuD, Normiko Havakawa, MD, PuD, Kon Suzuki, PHD,
Suun HasumMoto, PuD, Miyuki Kawapo, MSc, Sapao Suzuki, MD, PuD, Yosumor: Ito, PHD, aND

Axiko TamakosHl, MD, PuD, ror THE JACC Stupy GRroup

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 1ife?” 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
(CIs) 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% CI, 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

he 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-
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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
to 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 1 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 [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 3.3% (» = 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 (CIs) 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 model, 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% CI, 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% CI, 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%
C1, 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=75 n =22 p value for
trendt trend}
RR (95% Cb)
Age-adjusted RR 1.00 (reference) 1.01 (0.58-1.75) 74 1.00 (reference) 1.61 (1.00-2.61) .15
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 n =74 n=14 p value for =31 n=28 p value for
trendt trendt
RR (95% CI)
Age-adjusted RR 1.00 (reference) 0.93 (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.
1 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.
Cl = 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
strongly 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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The incidence of breast cancer among Japanese women, a
traditionally low-risk population, has increased substantially. To
evaluate the association of reproductive factors with breast cancer
risk, we examined 38 159 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.
During an average 7.6 years of follow-up, we documented 151
incidents of breast cancers. Cox proportional hazards modeling
was employed to estimate relative risks (RR) and 95% confidence
intervals (Cl). There was a significant decline in the risk of breast
cancer with increasing parity among parous women (trend P = 0.01).
Women with four or more parities had a 69% lower risk than uni-
parous women, a reduced risk was also evident among menopausal
women. Breast cancer risk tended to rise with increasing age at first
delivery (trend P = 0.05), the association being very apparentamong
menopausal women (trend P = 0.02). Compared to the women who
had their first delivery before age 25, those who delayed this event
until after age 34 had an RR of 2.12 (95% Cl: 0.72-6.21) and 3.33
(1.07-10.3) among the overall subjects and the menopausal,
respectively. There was no apparent association of breast cancer risk
with age at menarche or menopause. Our study concerning repro-
ductive risk factors suggests that breast cancer in Japan is similar to
that in Western countries, and that reproductive factors, particularly
the number of parity and age at first delivery, might be important
in the etiology of breast cancer among Japanese women. (Cancer Sci
2005; 96: 57-62)

Historically, Japanese women have a lower risk of breast
cancer compared to occidental women. The age-adjusted
incidence rate to the world standard population of breast cancer
in 1998 among Japanese women was 33.8/100 000,"’ about one-
third the incidence in white women in the USA. (99.0/100 000
from 1997 to 2001).?> However, the incidence of breast cancer
among Japanese women has been increasing at an alarming rate
over the last two decades, with a 1.88-fold increase from 1978
to 1998 (age-adjusted incidence rate to the world standard
population: 17.9-33.8, respectively).® Since the latter half of
1990s breast cancer has been the leading site of cancer incidence
among Japanese women. The increase was more pronounced
among younger women. The ratios of the age-specific rate in
1998 to that in 1987 were 2.36 and 1.89 for age groups 45-49
and 60—64, respectively.

The epidemiology of breast cancer has been studied exten-
sively, especially in regards to its association with reproductive
and menstrual factors.#? The results of several studies have
been published, most of which were conducted in high-risk
Western countries, using a case-control design dealing with the
issue. These studies suggested that some aspects of reproductive

© Japanese Cancer Association doi: 10.111 1/}.1349-7006.2004.00010.x

history including parity, age at first delivery, and age at menarche,
could affect the development of breast cancer. During this
period of the marked increase in breast cancer incidence, there
have been socio-economic changes in Japan, giving rise to
major alterations in various reproductive patterns and menstrual
characteristics. Nagata et al.® performed a meta-analysis of
eight case-control studies conducted from 1948 to 1993 in Japan
on the effect of reproductive factors on the risk of breast cancer.
Their findings suggested that breast cancer in Japan was similar '
with respect to reproductive risk factors to that in high-incidence
areas. The Japanese living environment including socio-economic
and life-style factors is still changing. We report here on the-
effects of reproductive and menstrual factors on the risk of
breast cancer to identify factors that might have contributed to
the change in breast cancer incidence, using data obtained from
a large sample of Japanese women participating in the Japan
Collaborative Cohort Study for Evaluation of Cancer Risk; the
JACC Study designed prospectively.

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 factors
on cancer mortality and incidence. Study methods and ethical
issues have been described in detail elsewhere.?® Briefly, our
study was initiated in 1988, and enrollment continued until
the end of 1990. A total of 45 areas were involved in this
prospective study, which were selected from seven of .the eight
districts in Japan, thus covering almost the entire country. We
enrolled 127 477 apparently healthy inhabitants in these areas
who completed the survey questionnaire. Two strategies were
applied to obtain informed consent for participation: by
individuals signing the cover page of the questionnaire in the
majority of study areas, -and by explaining the aim of the study
and confidentiality of the data to community leaders in a few
areas. Of the 127 477 enrolled, 110 792 (46 465 men and 64 327
women), aged 4079 years, were followed. Of the 64 327 women,
38 720 women lived in 24 study areas where cancer registries
were available. Among those, we excluded from analysis 561 -
subjects who had a history of breast cancers at baseline or within
one year of follow-up time, leaving 38 159 women enrolled in the -
present study.

7E-mail: tamako@med.nagoya-u.acjp
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The present study protocol was approved by the Ethics Com-
mittee of the Nagoya University Graduate School of Medicine,
Nagoya, 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 the family history
of several medical conditions, including cancer. For women,
information was obtained on menstrual factors (age at menarche
and age at menopause), and reproductive variables (number of
pregnancies, number of parity, and age at first delivery).

Follow-up and identification of breast cancer cases. We used
population registries in local municipalities to determine the
vital and residential status of the subjects. Registration of death
is required 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, medical
records were also reviewed in local major hospitals. The follow-
up was conducted from the time of the baseline survey through
to the end of 1997. During this study period, only 3.4%
(n = 1322) of the participants were lost at follow-up because
of relocation.

The mortality to incidence ratio for breast cancer was 0.15 in
the cohort covered by cancer registries. This figure is lower than
with those in acceptably accurate population-based cancer reg-
istries in Japan (0.20—0.30),®¥ and indicates that a reasonably
high proportion of breast cancer cases were identified. The
proportion of Death Certificate Only registrations was 5.9%
(9 of 151 cases).

Finally, the mean 7.6-year follow-up analyses verified 151
incident cases of colon cancer among 38 159 women. Because
of missing values for certain reproductive variables, the total
number of cases and person-years of follow-up varied somewhat
among analyses (age at menarche: 134 cases during 268 785
person-years of follow-up; gravida: 139 cases during 271 245
person-years of follow-up; parity: 140 cases during 267 332
person-years; age at first delivery: 120 cases during 229 784 person-
years age at menopause: 96 cases during 189 681 person-years of
follow-up).

Statistical analysis. In the present study, variables of interest
were age at menarche, gravida, parity, age at first delivery, and
age at menopause. For each participant, the person-years of
follow-up were calculated from the date of filling out the
baseline questionnaire to the development of breast cancer,
death from any cause, moving out of the study area, or the end
of the follow-up period, whichever occurred first. Nine of 151
breast cancer cases were discovered only by death certificate,
and their person-years of follow-up were calculated from the
date of enrollment to death from breast cancer. We used PROC
PHREG in SAS software for Cox proportional hazards modeling
to compute relative risks (RR), adjusting for age at enrollment.
In another multivariate analysis, study area (Hokkaido and
Tohoku, 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, 1-2h per week, seldom), green leafy
vegetable intake (37, 1-2 days per week, seldom), meat intake
(37, 1-2 days per week, seldom), family history of breast
cancer, and body mass index (weight in kilograms/[height
in meters]?) were further adjusted. All other reproductive and
menstrual factors, were also adjusted. These variables were
assessed by the baseline questionnaire and were selected as
covariates because they were known or suspected to modify the
risk of breast cancer. In the analysis, all categorical variables

58

were entered as dummy variables. Missing values for each
covariate were freated as an additional category in the variable
and were included in the model. A linear trend of association
was assessed by the regression model assigning a score (0, 1, 2,
... ) to the levels of each independent variable.

It is known that age at diagnosis or menopausal status might
modify the association between reproductive factors and breast
cancer risk. Unfortunately, as we had no information on
menopausal status at diagnosis, we could not help performing
the same analysis as above among the menopausal women at
baseline. Furthermore, we described the menstrual and repro-
ductive factors by age at 10-year intervals to identify any such
trends in Japan. These data were analyzed using PROC ANOVA
with contrast linear statement in SAS software.

The 95% confidence intervals (CI) were presented for all RR.
All P-values were based on two-sided tests, in which P < 0.05
was considered statistically significant.

Results

Association of age at menarche, gravida, parity, and age at first
delivery with the risk of breast cancer. Table 1 presents the age-
adjusted and multivariate RR for breast cancer by age at
menarche, gravida, parity, and age at first delivery among all
subjects. There was no association between breast cancer risk
and age at menarche. The multivariate RR of breast cancer for
women with any pregnancy compared with those with no
pregnancy was above unity [RR (95% CI): 1.64 (0.52-5.19)],
whereas a significant declining trend in risk was observed only
for women with any pregnancy. Similarly, the multivariate RR
of breast cancer for parous women compared with nulliparous
was near unity [RR (95% CI): 0.95 (0.38-2.32)]; whereas only
among parous women, the multivariate RR by the number of
parity compared to those with one delivery were 0.78 (0.42—
1.44) for two deliveries, 0.68 (0.36-1.31) for three, and 0.31
(0.13-0.76) for four and more. There was a significantly
declining trend for the association between the number of parity
and the risk of breast cancer (P-value for trend = 0.01). Only
among parous women, was there a borderline significant increase
in the risk of breast cancer with rising age at first delivery (P-
value for trend = 0.05), with the highest risk occurring in women
who had their first delivery at age 35 or older (RR =2.12).

Association of reproductive and menstrual factors with the risk of
breast cancer among menopausal women at baseline. The associa-
tions of age at menarche, parity, and age at first delivery with
breast cancer risk were almost equal to those observed among
overall subjects (Table 2). The positive association of age at first
delivery with breast cancer risk was clear among menopausal
women. A significantly increasing trend was observed, and the
RR for women who had their first delivery at age 35 or older
rose to 3.33. With reference to age at menopause, compared to
women whose menopause occurred at age 45 or less, the point
estimates tended to be above unity but no consistent trend in
risk emerged (P-value for trend = 0.15).

Among the premenopausal women at baseline, whose meno-
pausal status at diagnosis was unknown, the associations of

-menarche and parity with breast cancer were similar to those

among the postmenopausal women at baseline. Meanwhile, no
association of age at first delivery with breast cancer was
observed among the premenopausal women.

Description of menstrual and reproductive factors by generation.
We describe the above-mentioned reproductive and menstrual
factors by age at 10-year intervals among the present study
participants in Table 3, although it is necessary to consider
survival bias in the interpretation of the results. Both age at
menarche and the number of parity declined with decreasing
age at baseline (P-value for trend < 0.01). Age at first delivery
increased with decreasing age at baseline (P-value for trend

© Japanese Cancer Association doi: 10.1111/.1349-7006.2004.00010.x




Table 1. Adjusted relative risk (RR) for breast cancer by age at menarche, gravida, parity,
and age at first delivery, JACC study, 1988-1997

Person-years' No. cases' RR (95%CI)* RR (95%Cl)¢
Age at menarche
<12 17 524 9 1.00 1.007
13-14 99 163 51 1.02 (0.50-2.09) 1.05 (0.51-2.15)
15-16 102 068 51 1.03 (0.50-2.13) 1.15 (0.55-2.41)
217 50 030 23 0.97 (0.43-2.15) 1.27 (0.56-2.85)
P-value for trend 0.89 0.45
Gravida
No pregnancy 13 237 5 1.00 1.00
Any pregnancy 258 008 134 1.35 (0.55-3.31) 1.64 (0.52-5.19)
1 ’ 13512 9 1.00 1.00
2 57 263 43 1.11 (0.54-2.28) 1.11 {0.52-2.38)
3 74 961 35 0.69 (0.33-1.44) 0.69 (0.32-1.50)
>4 112272 47 0.63 (0.31-1.29) 0.63 (0.29-1.33)
P-value for trend 0.01 0.01
Parity
Nulliparous 13 307 8 1.00 1.00™
Parous 254 025 132 0.85 (0.42-1.74) 0.95 (0.38-2.32)
1 18 984 17 1.00 1.00%
2 96 954 59 0.69 (0.40-1.18) 0.78 (0.42-1.44)
3 86 679 45 0.58 (0.33-1.01) 0.68 (0.36-1.31)
24 51408 1" 0.23 (0.11-0.50) 0.31 (0.13-0.76)

P-value for trend
Age at first delivery (only parous women)

<0.01

0.01

<25 105 682 48 1.00 1.00%

25-<30 105 347 51 1.05 (0.71-1.56) 1.02 (0.67-1.56)
30-<35 15527 17 2.45 (1.41-4.26) 1.99 (1.09-3.66)
35—~ 3228 4 2.77 (0.99-7.67) 2.12 (0.72-6.21)

P-value for trend

<0.01

0.05

*Number of cases and person-years do not always add up to
information for the risk factors. *Adjusted for age at baseline.
study area (Hokkaido and Tohoky, Kanto, Chubu,
{never, past, current), alcoho! consumption (none,
(=5, 3-4, 1-2 daysiweek, seldom), meat intake (37, 1

Kinki, Chugoku,
past, regular), exercise
-2 days/week, seldom), green leafy

the total because of missing
sAdjusted for age at baseline,
Kyushu), smoking status

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?). sAdditionally adjusted for menopausal
status and the number of parity. TtAdditionally adjusted for menopausal status and age at

menarche. #*Additionally adjusted for menopausal status, age at menarch
delivery. $Additionally adjusted for menopausal status, age at menarche,

of parity.

<0.01). Age at menopause among the subjects aged 60—69
years at baseline was significantly higher than among those aged
70-79 years at baseline. The well-known risk factors were
pronounced among the younger generation.

Discussion

This prospective study in Japan, a low-risk country, demon-
strated some degree of reproducibility of the most established
menstrual and reproductive breast cancer risk factors among
occidentals. We found that multiparity was associated with
decreased risk of breast cancer, and that late age at first delivery
was related to increased risk, similar to that found in most
epidemiological studies conducted in Western®3451” and Asian
countries.® We, however, did not find that early age at menarche
was associated with breast cancer risk. The effects of these
reproductive factors did not differ among postmenopausal subjects
at baseline.

The biological mechanisms underlying pregnancy and breast
cancer risk has been proposed both in epidemiological and
experimental studies,®" although contradictory results have
also been reported.®? According to the proposed multistep
process of carcinogenesis,®” undifferentiated mammary gland

Tamakoshi et al.

e, and age at first
and the number

cells might be initiated by carcinogens and after promotion give
rise to a breast tumor several years later. The mammary gland
epithelium could reach full differentiation at the first full-term
pregnancy, and differentiated cells do not divide or proliferate
under normal conditions and are less susceptible to the effects
of carcinogens. In other words the earlier the first full-term
pregnancy, the earlier the mammary gland cells undergo differ-
entiation. Furthermore, the first full-term pregnancy changes
long-term hormonal levels including decreased prolactin, higher
sex hormone-binding globulin, and lower estrogen.®'~> These
changes may provide further protection against breast cancer.
Meanwhile, a transient increase in the risk of breast cancer after
childbirth has been reported.%!5'? In our present study, women
who had a first birth at 30 years or older had a significantly high
risk of breast cancer compared with those under 25 years old.
Women who did not have a first birth until age 30 might already
have had cells that had undergone early stages of malignant
transformation, and pregnancy could have stimulated the growth
of these mutated cells. In our study, the association of age at
first delivery with breast cancer risk was strengthened among
postmenopausal women at baseline, but the association was not
observed among premenopausal women at baseline aged 40 or
older. This fact is inconsistent with the results of the studies
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Table 2. Adjusted relative risk (RR) for breast cancer by age at
menarche, parity, age at first delivery, and age at menopause among

menopausal women, JACC

study, 1988-1997

Person-  No.  pp(95%Cl* R (95%CS
years'  cases
Age at menarche
<12 7 544 5 1.00 1.00%
13-14 56 763 32 0.85 (0.33-2.18) 0.86 (0.33-2.23)
15-16 78 204 35 0.68 (0.26-1.74) 0.74 (0.29-1.93)
217 43 671 18 0.62 (0.23-1.70) 0.79 (0.29-2.18)
P-value for trend 0.20 0.60
Parity
Nulliparous 7275 5 1.00 1.00"*
Parous 171672 86 0.73 (0.30-1.79) 1.17 (0.37-3.73)
1 12798 10 1.00 1.00%
2 58 715 37 0.83 (0.41-1.68) 0.86 (0.41-1.84)
3 57 496 31 0.69 (0.34-1.40) 0.79 (0.36-1.77)
24 42 662 8 0.22 (0.09-0.57) 0.34 (0.12-0.98)

P-value for trend

<0.01

Age at first delivery (only parous women)

0.05

<25 73 184 29 1.00 1.00%8
25-<30 69 160 32 1.16 (0.70-1.92) 1.13 (0.66-1.92)
30-<35 10 654 12 2.90 (1.48-5.69) 2.20 (1.04-4.65)
35- 2233 4 4.60 (1.62-13.1) 3.33 (1.07-10.3)
P-value for trend <0.01 0.02
Age at menopause
<45 37 140 14 1.00 1.00%
46-<50 50 790 22 1.15 (0.59-2.24) 1.25 (0.61-2.57)
50-<55 91837 55 1.59 (0.89-2.86) 1.69 (0.90-3.17)
255 9914 5 1.37 (0.49-3.82) 1.20 (0.38-3.74)

P-value for trend 0.1 0.15

Number of cases and person-years do not always add up to the total
due to missing information for the risk factors. *Adjusted for age at
baseline. 3Adjusted for age at baseline, study area (Hokkaido and
Tohoku, Kanto, Chubu, Kinki, Chugoku, Kyushu), smoking status
(never, past, current), alcohol consumption (none, past, regular),
exercise (=5, 3-4, 1-2 days/iweek, 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 BM! at baseline
(<18.5, 18.5-<22, 22~-<25, 25-kg/m?). YAdditionally adjusted for the
nunber of parity and age at menopause. "Additionally adjusted for
age at menarche and at menopause. *¥*Additionally adjusted for age at
menarche, age at menopause, and age at first delivery. $Additionally
adjusted for age at menarche, age at menopause, and the number of
parity. ™Additionally adjusted for age at menarche and the number of

parity.

conducted in Western countries reporting that late age at first
full-term pregnancy had a greater effect on the risk of breast
cancer diagnosis at early age or before menopause.®? Further.
investigation is necessary to determine whether our findings are
a result of the lack of reproductive information, such as the final
term of pregnancy, the number of abortions and breast feeding,
or are linked to the hormonal milieu or lifestyle peculiar to
Japanese, or are merely attributable to chance.

We also found that multiparity was associated with a
decreased risk of breast cancer independent of the effect of age
at first delivery, although these two variables were inversely
correlated (correlation of coefficient =—0.27, P <0.001). This
result is consistent with the possibility that cellular differentia-
tion of the mammary gland initiated by the first birth might
mask or overcome the short-term promoting effect of subse-
quent pregnancy for multiparous women,"# and that every new
pregnancy might differentiate the remaining undifferentiated
cells, which are caused by inconsistency in the process of differ-
entiation.®® Alternatively, parity could be a surrogate for other
exposures relevant to breast cancer risk. Physical activity
associated with large families has been suggested as such an
exposure.®*¥ In our previous study,®® the women with more
children were likely to take more time to exercise at baseline.
However, the protective effect of multiparity was unchanged
after adjustment for physical activity other than smoking, alcohol
intake, and diet. The independently protective effect of multipar-
ity on breast cancer observed in our study may be due to some
yet unidentified factors specific to the women such as social
or psychological factors. More research on the effect of a large
family on important lifestyle factors is needed.

It has been hypothesized that early menarche induces an early
proliferation of mammary gland cells through early exposure
to high hormonal levels. Several studies showed that early age
at menarche had a greater effect on breast cancer risk.C->18-22
However, there was no association between age at menarche and
breast cancer risk in our study. In the study by Clavel-Chapelon
et al.® teporting the adverse effect of early menarche, age at
menarche was 13.3 and 12.7 years old on average for the 1930
and 1950 cohorts, respectively, whereas mean ages at menarche
for the corresponding cohorts in our study were 15.1 and 13.9
years old. Our inconsistent finding may be a result of the differ-
ence of age at menarche as well as the small number of breast
carncer cases.

Late age at menopause is known to be a risk factor for breast
cancer.?**? In our study, the women who reached menopause at
a late age were likely to have a higher risk of breast cancer,
although no consistent trend was observed. The higher breast
cancer risk in women with a late menopause is most likely
explained by both the longer duration and higher level of expo-
sure to estrogen and progesterone experienced by these
women. They also may experience a larger number of anovula-
tory cycles resulting in a lack of cyclic progesterone. The effect
of hormonal milieu on breast cancer during anovulatory cycle is
less clear.

The study by Nagata et al.,) which is a meta-analysis of
eight case-control studies on the effect of reproductive factors
on the risk of breast cancer in Japan, reported that late age at
first delivery and early age at menarche were significantly asso-
ciated with risk of breast cancer. They also found that parity is
one of the independent risk factors of breast cancer. Concerning
age at first delivery and parity, our findings were consistent with
theirs. However, our prospective study observed no association
between age at menarche and risk of breast cancer. Seven of

Table 3. Mean (SD) values of menstrual and reproductive factors according to age, JACC

study, 1988-1997

Age at baseline (years)

40-49 50-59 60-69 70-79
Age at menarche (year) 139+142 15.1+£179 153+180 156+169 <0.017
The number ofl_kparity 231+£086 236+0.96 280131 3.68+196 <0.01"
Age at first birth (year) 25.2+3.06 25.1+3.12 249+330 25.0%371 <0.01"
Age at menopause (year) - - 49.1+4.53 4851455 <0.01*

tpvalue for trend; *P-value for difference.
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eight case-control studies had been conducted mainly in urban
areas and six 'of them had used hospital controls, whereas our
study areas were population-based and nationwide. Inconsistency
in the effect of age at menarche may be a result of the difference
in study area or subject.

There are both strengths and limitations in our study. The
strengths include its prospective design. Data on exposure were
collected before diagnosis and prior to any breast cancer deaths,
which could preclude recall bias. Moreover, as data on the many
kinds of exposure known or suspected to modify the risk of
breast cancer were collected in the present study, we could
elucidate the independent effects of reproductive factors by mul-
tivariate adjustment. However, the lack of reproductive informa-
tion such as the final term of pregnancy and breast feeding is
one of the limitations of our study. The second limitation arises
from the validity of self-reported reproductive histories. Some
reproductive exposures occurred long before enrollment or any
diagnosis of disease. However, previous studies on the validity
of self-reported reproductive histories have shown good agree-
ment between the respondents of reproductive events and their
medical records.®”® Thirdly, Familial history of breast cancer
is considered one of the important risk factors for breast cancer.
In our study, familial history of first-degree relatives was also
significantly associated with breast cancer incidence. However,
we examined neither familial history of the relatives beyond the
first-degree of relationship nor the germinal mutation in the
BRCAI or BRCA2 genes. Breast cancer cases in this study include
the hereditary breast and ovarian cancer syndrome. Unfortu-
nately, our study is not also able to distinguish between estrogen
receptor-positive and negative breast cancers. Finally, our results
might include chance findings because the participants were
not drawn demographically from Japan as a whole. Also, the
number of incidents of cancer cases of the breast was small
compared to those in Western studies.

The present study suggested that breast cancer in Japan is
similar to that in Western countries in terms of menstrual and
reproductive risk factors. In Japan, the westernization of life-
styles has progressed rapidly since the early 1960s. Changes in
lifestyle and behavior related to socio-economic development
including food intake pattern and birth-control behavior, might
have resulted in earlier age at menarche, later age at first deliv-
ery, fewer children, and later age at menopause. These changes
observed in our study reflect substantial generational differences
in menstrual and reproductive factors. Breast cancer has already
become the most common malignancy among women in Japan.
The recent increase in beast cancer risk is more pronounced in
premenopausal than postmenopausal women. Therefore, it is
necessary to further examine the change in reproductive factors,
their effect on breast cancer, and the interactive effects between
reproductive factors and lifestyle factors such as obesity and fat
intake among Japanese women, most of whom have lived
largely westernized lifestyle since childhood, in consideration
of the difference between premenopausal and postmenopausal
breast cancers.

References

1 The Research Group for Population-based Cancer Registration in Japan.
Cancer Incidence and Incidence Rates in Japan in 1998: Estimates Based on
Data from 12 Population-based Cancer Registries. Jpn J Clin Oncol 2003;
33; 241-5.

2 Ries LAG, Fisner MP, Kosary CL et al. (eds). SEER Cancer Statistics
Review 1975-2001. National Cancer Institute, Bethesda, MD. http://
seer.cancer.gov/cst/_2001/,2004. :

3 The Research Group for Population-based Cancer Registration in Japan.
Cancer Incidence Japan. Gann Monograph Cancer Res 1999; 47: 83-143.

4 Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer.
Epidemiol Rev 1993; 15: 36-47.

Tamakoshi et al.

Acknowledgments

The authors wish to express their appreciation to Dr Kunio Aoki, Professor
Emeritus, Nagoya University School of Medicine and former chairman
of the JAC_C Study Group, and to Dr Haruo Sugano, former Director of
the Cancer Institute of the Japanese Foundation for Cancer Research,
both of whom contributed greatly to the initiation of the study.

The present members of the JACC Study and their affiliations are as
follows: Dr Akiko Tamakoshi (present chairperson 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 Community Medicine, University
of Tsukuba; Dr Haruo Mikami, Chiba Cancer Center; Dr Yutaka Inaba,
Juntendo University School of Medicine; Dr Yoshiharu Hoshiyama,
University of Human Arts and Sciences Graduate School; 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 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 Kenji
‘Wakai, Aichi Cancer Center Research Institute; 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 Environmental Health, Japan;
Dr Akira Shibata, 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 23 except for the
following eight members (affiliations 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
Medical 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, Osaka
Medical Center for Cancer and Cardiovascular Diseases; Dr Tsutomu Hash-
imoto, Wakayama Medical University; Dr Teruo Ishibashi, Asama General
Hospital; and Dr Katsuhiro Fukuda, Kurume University School of Medicine.

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 minisiry
(Nos. 61010076, 62010074, 63010074, 1010068, 2151065, 3151064,
4151063, 5151069, 6279102, and 11181101).

5 Nagata C, Hu YH, Shimizu H. Effects of menstrual and reproductive factors
on the risk of breast cancer: meta-analysis of the case-control studies in
Japan. Jpn J Cancer Res 1995; 86: 910-5.

Gao YT, Shu XO, Dai Q, Potter JD, Brinton LA, Wen W, Sellers TA,
Kushi LH, Ruan Z, Bostick RM, Jin F, Zheng W.. Association of menstrual
and reproductive factors with breast cancer risk: results from the Shanghai
Breast Cancer Study. Int J Cancer 2000; 87: 295-300..

7 Yang PS, Yang TL, Liu CL, Wu CW, Shen CY. A case-control study of breast
cancer in Taiwan — a low-incidence area. Br J Cancer 1997; 75: 752-6.
Magnusson CM, Persson IR, Baron JA, Ekbom A, Bergstrom R, Adami HO.
The role of reproductive factors and use of oral contraceptives in the
aetiology of breast cancer in women aged 50-74 years. Int J Cancer 1999;
80: 231-6. ’

N

o0

CancerSci | January2005 | vol.96 | no.1 | 61




D

10

1

jo

12

13

14
15
16
17
. 18
19
20
21

22.

23

62

Clavel-Chapelon F, E3N-EPIC Group. Differential effects of reproductive
factors on the risk of pre- and postmenopausal breast cancer. Results from a
large cohort of French women. Br J Cancer 2002; 86: 723-7.

Chie WC, Hsieh C, Newcomb PA, Longnecker MP, Mittendorf R, Greenberg ER,
Clapp RW, Burke KP, Titus-Emstoff L, Trentham-Dietz A, MacMahon B.
Age at any full-term pregnancy and breast cancer risk. Am J Epidemiol 2000;
151: 715-22.

McCredie M, Paul C, Skegg DC, Williams S. Reproductive factors and
breast cancer in New Zealand. Int J Cancer 1998; 76: 182-8.
Tryggvadottir L, Tulinius H, Eyfjord JE, Sigurvinsson T. Breast cancer risk
factors and age at diagnosis: an Icelandic cohort study. Int J Cancer 2002;
98: 604-8.

Lee SH, Akuete K, Fulton J, Chelmow D, Chung MA, Cady B. An increased
risk of breast cancer after delayed first parity. Am J Surg 2003; 186: 409~12.
MacMahon B. General Motors Cancer Research Prizewinners Laureates
Lectures. In: Charles S, Mott P (eds) Reproduction and cancer of the breast.
Cancer 1993; 71: 3185-8.

Lambe M, Hsieh C, Trichopoulos D, Ekbom A, Pavia M, Adami HO.
Transient increase in the risk of breast cancer after giving birth. N Engl J
Med 1994; 331: 5-9.

Negri E, La Vecchia C, Duffy SW, Bruzzi P, Parazzini F, Day NE. Age
at first and second births and breast cancer risk in biparous women. Int J
Cancer 1990; 45: 428-30.

Albrektsen G, Heuch I, Kvale G. The short-term and long-term effect of
a pregnancy on breast cancer risk. A prospective study of 802 457 parous
Norwegian women. Br J Cancer 1995; 72: 480-4.

De Stavola BL, dos Santos Silva I, McCormack V, Hardy RJ, Kuh DJ,
‘Wadsworth ME. Childhood growth and breast cancer. Am J Epidemiol 2004;
159: 671-82.

Li CI, Malone KE, Porter PL, Weiss NS, Tang MT, Daling JR. Reproductive
and anthropometric factors in relation to the risk of lobular and ductal breast
carcinoma among women 65-79 years of age. Int J Cancer 2003; 107: 647-51.
Kvale G, Heuch I. Menstrual factors and breast cancer risk. Cancer 1988;
62: 1625-31.

Oran B, ‘Celik I, Erman M, Baltali E, Zengin N, Demirkazik F, Tezcan S.
Analysis of menstrual, reproductive, and life-style factors for breast
cancer risk in Turkish women: a case-control study. Med Oncol 2004; 21:
31-40.

La Vecchia C, Negri E, Bruzzi P, Dardanoni G, Decarli A, Franceschi S,
Palli D, Talamini R. The role of age at menarche and at menopause on breast
cancer risk: combined evidence from four case-control studies. Ann Oncol
1992; 3: 625-9.

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

24

25

26

27

28

29

30

3

feorg

32

33

34

35

36

37

38

Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB. Cancer incidence in
five continents, Vol. 8. International Agency for Research on Cancer, Lyon
2002.

Russo J, Tay LK, Russo IH. Differentiation of the mammary gland and
susceptibility to carcinogenesis. Breast Cancer Res Treat 1982; 2: 5-73.
Russo J, Russo IH. Cellular basis of breast cancer susceptibility. Oncol Res
1999; 11: 169-78.

Russo J, Gusterson BA, Rogers AE, Russo IH, Wellings SR, van Zwieten
MJ. Comparative study of human and rat mammary tumorigenesis,
Laboratory Invest 1990; 62: 244-78.

Sivaraman L, Stephens LC, Markaverich BM et al. Hormone-induced refrac-
toriness to mammary carcinogenesis in Wistar-Furth rats. Carcinogenesis
1998; 19: 1573-81.

Grubbs CJ, Famell DR, Hill DL, McDonough KC. Chemoprevention of
N-nitroso-N-methylurea-induced mammary cancers by pretreatment with 17
beta-estradiol and progesterone. J Natl Cancer Inst 1985; 74: 927-31.
Ponten J, Holmberg L, Trichopoulos D, Kallioniemi OP, Kvale G, Wallgren
A, Taylor-Papadimitriou J. Biology and natural history of breast cancer. Int
J Cancer Suppl 1990; 5: 5-21.

Kwa HG, Cleton F, Bulbrook RD, Wang DY, Hayward JL. Plasma prolactin
levels and breast cancer: relation to parity, weight and height, and age at first
birth. Int J Cancer 1981; 28: 31-4.

Musey VC, Collins DC, Musey PI, Martino-Saltzman D, Preedy JR. Long-
term effect of a first pregnancy on the secretion of prolactin. N Engl J Med
1987; 316: 229-34.

Bemstein L, Pike MC, Ross RK, Judd HL, Brown JB, Henderson BE.
Estrogen and sex hormone-binding globulin levels in nulliparous and parous
women, J Natl Cancer Inst 1985; 74: 741-5.

John EM, Homn-Ross PL, Koo J. Lifetime physical activity and breast cancer
risk in a multiethnic population: the San Francisco Bay area breast cancer
study. Cancer Epidemiol Biomarkers Prev 2003; 12: 1143-52.

McTiemnan A, Kooperberg C, White E, Wilcox S, Coates R, Adams-
Campbell LL, Woods N, Ockene J, Women's Health Initiative Cohort Study.
Recreational physical activity and the risk of breast cancer in postmenopausal
women. JAMA 2003; 290: 1331-6.

Tamakoshi K, Wakai K, Kojima M, Watanabe Y, Hayakawa N, Toyoshima H,
Yatsuya H, Kondo T, Tokudome S, Hashimoto S, Suzuki K, Ito Y,
Tamakoshi A, JACC Study Group. A prospective study on the possible
association between having children and colon cancer risk: findings from the
JACC Study. Cancer Sci 2004; 95: 243-7.

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

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

© Japanese Cancer Association doi: 10.1111/].1349-7006.2004.00010.x




Int. J. Cancer: 113, 509 (2005)
© 2004 Wiley-Liss, Inc.

Letter to the Editor

Is the Proportion of Infection-Related Cancers Much Greater than Generally Appreciated?

Shinkan Tokudome*, Sadao Suzuki, Masayo Kojima and Akihiro Hosono
Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan

Dear Sir,

Etiologic fractions of malignancies differ by population,
dependirig on the age and sex distribution, time and place,
which is of interest with reference to cancer prevention and
control. In a famous exercise in the 1980s, Doll and Peto!
estimated values for differences in cancer causes in the US,
which have long been cited throughout the world, including
Japan. They argued that 30% of malignant tumors were attribut-
able to smoking, with 35% caused by an inappropriate diet. The
proportion considered due to infections was no more than 10%.

Smoking is the single most potent causal factor for various
malignancies, and it may also play significant roles in promo-
tion of lesions triggered by other carcinogens and infections.*-
Thus, anti-smoking campaigns and strategies remain crucial for
cancer prevention and control. The second major fraction,
attributable to dietary factors such as excess enmergy intake,
high or imbalanced consumption of fats/oils, and associated
with physical inactivity and obesity, may be greater in elderly
people than in the younger generation.* The diet clearly has
characteristics of a double-edged sword, and research is slowly
but surely elucidating the interactions that need to be targeted
for primary and secondary prevention. The major malignant
tumors that will still remain are generally infection-linked.

In fact, laboratory and epidemiologic studies have provided
clear evidence that many malignant tumors can be ascribed to
the influence of chronic infections by microorganisms, includ-
ing parasites, bacteria and viruses. In addition to the obvious
case of hepatocellular carcinomas caused by hepatitis B and C
viruses, Helicobacter pylori is a definite and necessary factor
for stomach cancer,>5 human papillomaviruses are causal for
cervical cancer and possibly some proportion of head and neck
and anogenital malignancies,?$ nasopharyngeal cancer and cer-
tain type of lymphomas are provoked by the Epstein-Barr virus

and adult T-cell. leukemia is due to human T-lymphotropic
virus type 1. )

In Japan, during 19931997, the infection-related malignan-
cies in the liver, stomach and cervix, as well as adult T-cell
leukemia, have been estimated from cancer registration data to
account for approximately 35% of the total in males and 30%
in females.” If we include head and neck and anogenital ma-
lignant tumors, the percentages would be elevated to around
45% in males and 40% in females, respectively.

The fraction due to chronic infections may be greater in devel-
oping countries. We can enumerate several examples without
difficulty, including hepatitis B virus-related hepatocellular carci-
poma in Qidong and Haimen, China, liver flukes (Opisthorchis
viverrini)-associated cholangiocarcinoma in Khon Kaen, Thai-
land, Epstein-Barr virus-related lymphoma in Indonesia, parasite
(Schistosoma haematobium)-associated bladder cancer in Egypt
and HIV-related Kaposi sarcoma worldwide.>’

Analyses of host factors, including genetic polymor-
phisms, and interactions between host and environmental
factors are clearly of continuing importance in the postge-
nome era. However, in practical terms for the present,
because of the possibility of applying prophylactic vaccina-
tion and immunoglobulin therapy or prescribing antibiotics,
infection-related malignancies would appear to be more
controllable than tobacco-associated malignant tumors and
much more readily preventable than aging- and lifestyle-
related cancers. The fact that the etiologic burden may be
much greater than generally perceived needs more emphasis .
in cancer prevention and control efforts.

Yours sincerely,

Shinkan TokupoME*, Sadao SuzUKI, Masayo KomMa and
Akihiro HosoNo
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Lung cancer is the most common malignancy in the Western world, and the main risk factor is tobacco smoking.
Polymorphisms in metabolic genes may modulate the risk associated with environmental factors. The glutathione
S-transferase theta 1 gene (GSTTT) is a particularly attractive candidate for lung cancer susceptibility because of
its involvement in the metabolism of polycyclic aromatic hydrocarbons found in tobacco smoke and of other
chemicals, pesticides, and industrial solvents. The frequency of the GSTT1 null genotype is lower among Cau-
casians (10-20%) than among Asians (50-60%). The authors present a meta- and a pooled analysis of case-
control, genotype-based studies that examined the association between GSTT1 and lung cancer (34 studies,
7,629 cases and 10,087 controls for the meta-analysis; 34 studies, 7,044 cases and 10,000 controls for the pooled
analysis). No association was observed between GSTT1 deletion and lung cancer for Caucasians (odds ratio
(OR) = 0.99, 95% confidence interval (Cl): 0.87, 1.12); for Asians, a positive association was found (OR = 1.28,
95% Cl: 1.10, 1.49). In the pooled analysis, the odds ratios were not significant for either Asians (OR = 0.97, 95%
Cl: 0.83, 1.13) or Caucasians (OR = 1.09, 95% Cl: 0.99, 1.21). No significant interaction was observed between
GSTT1 and smoking on lung cancer, whereas GSTTT appeared to modulate occupational-related lung cancer.

disease susceptibility; epidemiology; genes; genetic predisposition to disease; GSTTT; lung neoplasms;

meta-analysis

Abbreviations: Cl, confidence interval; GSEC, Genetic Susceptibility to Environmental Carcinogens; GST, glutathione
S-transferase; GSTT1, glutathione S-transferase theta 1 gene; OR, odds ratio.

Editor’s note: This paper is also available on the website
of the Human Genome Epidemiology Network ( hup:l/
www.cdc.gov/genomics/hugenet/).

GENE

The glutathione S-transferase (GST) supergene family con-
sists of phase II detoxifying enzymes catalyzing several
reduced glutathione-dependent reactions with compounds
containing an electrophilic center (1). The GST family com-
prises at least eight classes of GST isoenzymes: alpha, mu,
pi, sigma, theta, kappa, omega, and zeta (2). Genetic poly-
morphisms have been described in all these classes (3). The
soluble GSTs exist as dimeric proteins of approximately 25
kDa; they are highly expressed, constituting up to 4 percent
of the total soluble proteins (4).

Two theta-class GSTs, GSTT1 and GSTT2, have been
identified in the human liver, and the corresponding genes
are localized in the same region on human chromosome 22,
specifically in the subband 22q11.2 (5, 6). GSTT1 enzymes
show important differences in their catalytic activity com-
pared with other GSTs: they have lower glutathione binding
activity, with increased catalytic efficiency (7, 8). Theta is
considered the most ancient of the GSTs, and theta-like
GSTs are found in almost all organisms investigated (2).
The encoded GSTT1 human subunit is about 25,300 Da
(9); the gene is 8.1 kb long (10).

Among the GST substrates, there are several environmen-
tal carcinogens found in food, air, or medications, such
as polycyclic aromatic hydrocarbons, found in combustion
products, diet, and tobacco smoke (11). Polycyclic aro-
matic hydrocarbons are activated by members of the phase 1
cytochrome P-450 supergene family to epoxide-containing
metabolites (e.g., benzo[a]pyrene-7,8-diol-9,10-oxide), which
are substrates for the mu, alpha, and pi GST classes. GSTTI

is an interesting candidate gene for lung cancer susceptibil-
ity because of its involvement in the metabolism of chem-
icals such as methylating agents, pesticides, and industrial
solvents (2). In vitro studies suggest that both GSTT1 and
GSTM1 enzymes protect cells from the toxic products of
phase 1 detoxification reactions (12, 13).

However, GSTT1-catalyzed reactions can also increase
the toxicity of some compounds, such as dichloromethane
(2). GSTs also conjugate isothiocyanates, which are potent
inducers of enzymes that detoxify environmental mutagens
(14). The conjugation process diverts the isothiocyanates
from the enzyme induction pathway into excretion (15),
leading to elimination of these anticarcinogenic substances
(16) and thus decreasing their potential chemopreventive
effect (17).

GENE VARIANTS

The most common polymorphism in GSTT! consists of
a deletion of the whole gene, resulting in the lack of active
enzyme (18). Complete deletion at the GSTTI locus (19)
was hypothesized by observing the phenotypic variation in
glutathione-related detoxification of halomethanes by hu-
man erythrocytes, resulting in “conjugator” and “noncon-
jugator” phenotypes (20). Recently, another less common
polymorphism (Thr104Pro) in the GSTTI gene was de-
scribed that also results in a nonconjugator phenotype (21).

The frequency of the GSTTI deletion varies among dif-
ferent populations (22). In particular, the prevalence of the
GSTTI null genotype is lower among Caucasians (10-20
percent) compared with Asians (50-60 percent) (23). The
frequency of the GSTT! null polymorphism in the controls
included in the present meta- and pooled analyses is similar
to what was previously published (22): 18.7 percent (meta-
analysis) and 19.0 percent (pooled analysis) in Caucasians;
53.8 percent and 53.6 percent, respectively, in Asians; and



