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Materials and Methods
The JACC Study. The JACC Study for evaluation of cancer

risk sponsored by the Monbusho started in 1988 to 1990,

during which period, 110,792 male and female inhabitants
aged 40 to 79 years completed a baseline questionnaire. The
details of this study are described elsewhere (28, 29). In brief,
participants were enrolled from 45 study areas throughout
Japan, mostly from general populations or examinees of
municipal health check-ups. Informed consent for participa-
tion was obtained individually from each participant, except in
a few study areas where it was provided at the group level
after the aim of the study and confidentiality of the data had
been explained to community leaders. The Ethical Board of the
Nagoya University School of Medicine approved the protocol
of this investigation, including the procedures used to obtain
informed consent.

Potential participants for the present analysis were restricted
to 60,569 men and women who lived in 22 study areas where
information on cancer incidence is available, and a food
frequency questionnaire (FFQ) to estimate food and nutrient
intake was included in the baseline questionnaire.

Diet and Other Exposure Data. The baseline questionnaire
covered lifestyle factors, including dietary habits, smoking and
drinking, and physical activity, as well as medical history,
education, family history of cancer, and height and weight.

The dietary component of the questionnaire included 40
food items (33). For 33 foods or dishes, we asked about the
average intake frequency without specifying portion size
information. We used five response choices: almost never, 1
to 2 times a month, 1 to 2 times a week, 3 to 4 times a week, and
almost everyday. For rice, miso soup (soup of fermented
soybean paste with soybean curd, vegetables, and/or sea-
weeds, etc.), and four nonalcoholic beverages, the number of
bowls or cups consumed per day was inquired. The frequency
of alcohol consumption was asked with the usual amount on
one occasion. Nutrient intakes were computed using the
Japanese food composition table (34) assuming the standard
portion sizes. Values for total, water-soluble, and insoluble

fiber, obtained by enzymatic-gravimetric methods by Prosky"

et al. (35), were derived from the food composition table.

Energy-adjusted intakes of nutrients, including total, solu-
ble, insoluble, fruit, vegetable, and bean fiber, were calculated
by the residual method (36). Natural logarithms of energy and
nutrient intakes were used to improve the normality of their
distribution.

The FFQ was validated by referring to four 3-day weighed
dietary records over a l-year period as a standard (33). We
reanalyzed data from the validation study to consider skewed
distributions of nutrient intakes and within-person variation in
intakes (37, 38). The de-attenuated correlation coefficients for
energy-adjusted intakes between the FFQ and dietary records
were 0.46 for total dietary fiber, 0.42 for soluble fiber, 0.47 for
insoluble fiber, 0.33 for fruit fiber, 0.41 for vegetable fiber, and
0.37 for bean fiber. The ratios of mean intakes estimated by the
FFQ to those calculated from the dietary records were 0.60,
0.51, 0.58, 0.84, 0.53, and 0.50 for total, soluble, insoluble, fruit,
vegetable, and bean fiber, respectively (part of total dietary
fiber was not classified as soluble or insoluble fiber in the food
composition table). We did not estimate intake of cereal fiber
by the FFQ because the correlation coefficient was <0.3.

Of the 60,569 potential participants, we excluded 159 men
and women with a history of colorectal cancer, 17,221 without
sufficient responses to the FFQ to estimate nutrient intake
(judged by predefined criteria), and 74 with an implausibly
high or low intake of total energy (<500 or >3,500 kcal/day),
leaving 16,636 men and 26,479 women (71.2% of potential
participants) eligible for the analysis. Participants included in
the analysis were younger (mean age + SD, 56.4 + 10.1 years

for men and 56.7 + 9.9 years for women) and likely to have a
family history of colorectal cancer in parents and/or siblings
(2.4% in men and 2.8% in women) than those excluded (61.0 +
10.2 years for men and 62.7 + 9.4 years for women, 1.9% in
men and 2.1% in women, respectively). In women, the analytic
cohort tended to be more highly educated (beyond high
school, 11.4%) and included fewer ever smokers (6.6%)
compared with those left out (9.1% and 9.0%, corresponding-
ly). Other baseline characteristics, including drinking habits,
body mass index (BMI), walking time, time of exercise, and
engagement in sedentary work were comparable between the
two groups.

Follow-up. We used population registries in the municipal-
ities to determine the vital and residential status of the
participants. Registration of death is required by the Family
Registration Law in Japan and is adhered to nationwide. For
logistical reasons, we discontinued the follow-up of those who
had moved out of their given study areas. .

We ascertained the incidence of cancer by means of a linkage
with the records of population-based cancer registries, supple-
mented by a systematic review of death certificates. In some
study areas, medical records in local major hospitals were also
reviewed. In 3 out of 22 areas, population-based cancer regis-
tries were not available. Therefore, hospital-based cancer
registries or inpatient records of hospitals treating cancer
patients were used to collect information on cancer incidence
in such areas. The mortality and incidence data were coded
following the rules of the 10th Revision of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10). We defined colorectal cancer as C18, C19,
and C20 of the ICD-10 code, colon cancer as C18, and rectal
cancer as C20.

The follow-up was conducted from the time of the baseline
survey through the end of 1997 except for one area (to the end
of 1994). During the study period, only 2.8% (# = 1,190) of the
subjects were lost to follow-up due to moving away. In the
analytic cohort, the proportion of death-certificate-only regis-
trations was 3.8% (17 of 443 cases) for colorectal cancer. The
mortality-to-incidence ratio was 0.24, which is comparable
with those available from representative population-based
cancer registries in Japan (0.20 fo 0.53; ref. 31).

Statistical Analysis. BMI at baseline was calculated from
reported height and weight: BMI = (weight in kilograms)/
(height in meters)’. The age- and sex-adjusted mean intake of
dietary fiber by bowel movement frequency was computed
using the analysis of covariance. We counted person-time of
follow-up for each participant from the date of filling out the
baseline questionnaire to the date of diagnosis of colorectal
cancer, the date of death from any cause, the date of
emigration outside the study area, or the end of the follow-
up period, whichever came first. For cases identified only with
a death certificate, the date of death was assumed to be that of
diagnosis. Those who died from causes other than colorectal
cancer or who moved out of their study areas were treated as
censored cases.

The rate ratios (RR) with 95% confidence intervals (95% CI)
for colorectal cancer over sex-specific quartiles of energy-
adjusted intakes of total, soluble, insoluble, fruit, vegetable, or
bean dietary fiber (the RRs for the second, third, and highest
quartiles versus the lowest) were estimated using proportional
hazards models (39) adjusted for age, sex, and other potential
confounders selected based on prior knowledge (40-42). The
RRs were adjusted for age (as a continuous variable), sex, area
(Hokkaido and Tohoku, Kanto, Chubu, Kinki, Chugoku, or
Kyushu), educational level (attended school until the age of
<15, 16-18, or =19 years), family history of colorectal cancer in
parents and/or siblings (yes or no), alcohol consumption
[never drink, ex-drinkers, or current drinkers who consume <2
or =2 Japanese drinks (<46 g or =46 g of ethanol) per day for
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Table 1. Baseline characteristics by quartile of energy-adjusted intake of total dietary fiber among 16,636 men and 26,479

women in the JACC Study, 1988 to 1997

Quartiles of energy-adjusted intake of total dietary fiber

1 2 3 4

Men
n 4,159 4,159 4,159 4,159
Intake of total dietary fiber (g/day) 67 £ 20 9.4 £+ 21 113 £ 26 134 £ 3.0
Age (y) 53.6 + 9.4 553 £ 9.7 56.8 + 10.0 59.7 + 10.3
Education beyond high school (%) 18.1 19.0 213 231
Family history of colorectal cancer in parents and/or siblings (%) 2.1 2.7 2.5 24
Alcohol consumption

Current drinkers (%) 84.0 79.0 74.8 59.8

Former drinkers (%) 3.0 4.0 6.7 121
Smoking

Current smokers (%) 59.3 53.8 51.2 44.6

Former smokers (%) 24.6 27.2 27.1 29.8
BMI (kg/mz) 227 £ 27 228 £ 39 227 £ 27 226 £29
Walking time >30 min/day (%) 64.3 68.1 717 70.2
Exercise 21 h a week (%) 27.6 30.7 33.6 37.8
Sedentary work (%) 27.9 315 33.9 36.2
Consumption of beef >3 times a week (%) 8.8 6.8 6.6 6.0
Consumption of pork >3 times a week (%) 13.6 19.7 24.8 25.6
Energy intake (kcal/day) 1,658 + 460 1,744 + 452 1,745 + 473 1,614 + 443
Folate intake (ug/day) 302 + 131 380 + 138 439 + 151 500 + 158
Calcium intake (mg/y day) 391 + 144 480 + 147 543 + 156 598 + 165
Vitamin D intake (ng/day) 6.0 £ 32 72+ 34 82 £ 36 89 +38
Women
n 6,619 6,620 6,620 6,620
Intake of total dietary fiber (g/day) 74+ 21 9.8 +21 11.5 + 2.2 134 + 2.8
Age (y) 54.7 + 9.6 559 = 9.7 568 £ 9.9 593 £ 99
Education beyond high school (%) 9.9 113 12.1 124
Family history of colorectal cancer in parents and/or siblings (%) 25 2.8 3.0 2.9
Alcohol consumption

Current drinkers (%) 29.6 26.2 22.1 19.1

Former drinkers (%) 1.7 1.6 17 1.7
Smoking

Current smokers (%) 7.8 4.8 3.7 39

Former smokers (%) 1.7 14 14 1.6
BMI (kg/mz) 229 £ 3.1 227 £ 3.0 229 + 3.6 228 +£3.1
Walking time >30 min/day (%) 68.7 71.6 737 737
Exercise >1 h a week (%) 195 22.8 25.1 27.7
Sedentary work (%) 31.1 34.7 36.7 38.1
Consumption of beef >3 times a week (%) 11.8 11.0 8.6 6.0
Consumption of pork >3 times a week (%) 17.1 21.8 24.0 216
Energy intake (kcal/day) 1,391 + 373 1,432 + 345 1,438 + 320 1,381 + 333
Folate intake (ng/day) 321 + 137 390 + 141 435 + 145 487 + 155
Calcium intake (mg/day) 423 + 151 504 + 154 555 + 158 586 + 166
Vitamin D intake (ug/day) 6.2 + 32 74 + 34 82 +35 89 £ 3.9
NOTE: Plus-minus values are means + 5SD.
men, and never drink, ex-drinkers, or current drinkers for Results

women], smoking (never smoke, ex-smokers, or current
smokers), BMI (<20.0, 20.0-24.9, or 2250 kg/ m?), daily walking
habits (<30 or >30 min/day), exercise (seldom or never, or 1-2,
3-4, or =5 h a week), sedentary work (yes or no), consumption
of beef (almost never, 1-2 times a month, 1-2 times a week, 23
times a week) and pork (almost never, 1-2 times a month, 1-2
times a week, >3 times a week), energy intake (as a continuous

variable), and energy-adjusted intakes of folate, calcium, and

vitamin D (sex-specific quartile for each). We considered
walking time because that was the major physical activity in
the study population (43). The RRs and 95% CIs were also
computed for colon, rectal, and colorectal cancer among men,
women, and both sexes combined. Missing values for each
covariate were treated as an additional category in the variable
and were included in the proportional hazards model. As a
basis for the trend tests, the dietary fiber intake was scored from
0 to 3 according to the sex-specific quartile of intake, and the
score was included in the model (21).

We repeated all the analyses after excluding the first 2 years
of follow-up in which 79 cases of colorectal cancer were
diagnosed. All P values were two-sided, and all the analyses
were done using the Statistical Analysis System (44).

Mean intake of total dietary fiber was 100% and 80% higher in
the highest quartile than in the lowest for men and women,
respectively (Table 1). Men and women with higher dietary
fiber intake were older, more likely to be highly educated, to
walk more than 30 min/day, to exercise more than 1 h/week,
and to engage in sedentary work, whereas the proportions of
current drinkers and smokers decreased with an increasing
total fiber intake. For dietary variables, individuals with higher
intake of dietary fiber more frequently consumed pork but less
frequently ate beef. We further found increasing trends in
intakes of folate, calcinm, and vitamin D with an increasing
level of total fiber intake. The major sources of dietary fiber
were miso soup (18.2%), rice (14.1%), fruits other than oranges
(8.7%), and green leafy vegetables (7.2%).

During the 327,273 person-years of follow-up (mean + SD,
7.6 + 1.9 years), 443 cases of incident colorectal cancer were
documented. In all participants, we found a decreasing trend
in risk of colorectal cancer with increasing intake of total
dietary fiber after adjustment for potential confounding factors
(Table 2). The multivariate RRs across quartiles were 1.00,
0.96 (95% CI, 0.72-1.27), 0.72 (0.53-0.99), and 0.73 (0.51-1.03;
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Pena = 0.028). This trend was exclusively detected for colon
cancer:. the corresponding RRs were 1.00, 0.90 (95% CI, 0.64-
1.26), 0.56 (0.38-0.83), and 0.58 (0.38-0.88; Pyeng = 0.002). The
inverse associations were similarly found between intake of
total dietary fiber and the risk of colorectal or colon cancer
among men. In women, those with high intakes of total dietary
fiber were at a decreased risk of colorectal or colon cancer,
although the trend in RRs with increasing intakes did not reach
statistical significance. The multivariate RRs for female rectal
cancer were greater than unity for higher levels of fiber intakes.
These figures, however, were unstable because of the small
number of cases (1 = 39). The major confounders that changed
the age- and sex-adjusted RRs for the highest quartile of total
dietary fiber for colorectal cancer by more than 5% were area
and energy-adjusted intake of calcium for men and women
combined, area, alcohol consumption, and energy-adjusted
intakes of calcium and vitamin D for men, and area for women.

When dietary fiber was classified into water-soluble and
insoluble fiber, the reduction in risk of colorectal or colon

cancer associated with a higher intake was observed in the
multivariate RRs for both kinds of fiber (Table 3). The risk of
rectal cancer was not correlated with soluble or insoluble
dietary fiber. It was difficult to estimate the RRs for soluble and
insoluble fiber controlled for each other because the intakes of
these two kinds of fiber were very highly correlated (Spear-
man’s correlation coefficient = 0.95), and this adjustment
resulted in inflated Cls; the multivariate RRs for colorectal
cancer across quartiles of intakes were 1.00, 0.76 (95% CI, 0.51-
1.13), 0.78 (0.46-1.32), and 0.69 (0.36-1.32; Pyenq = 0.32) for
soluble dietary fiber and 1.00, 1.27 (95% CI, 0.85-1.89), 0.94
(0.56-1.59), and 1.02 (0.54-1.94; Pyenq = 0.85) for insoluble
dietary fiber among men and women combined.

For food sources of fiber (Table 4), bean fiber intake was
somewhat inversely correlated with the risk of colorectal cancer
(Pend for multivariate RRs = 0.055), particularly that of colon
cancer (Pyeng for multivariate RRs = 0.037). On the other hand, the
intake of vegetable fiber tended to be associated with rectal cancer
risk (P eng for multivariate RRs = 0.060). The positive association

Table 2. RRs with 95% Cls for colorectal cancer by sex and quartile of energy-adjusted intake of total dietary fiber in the

JACC Study, 1988 to 1997

Quartiles of energy-adjusted intake of total dietary fiber Prend
1 2 3 4
Men and women combined (1 = 43,115)
Person-years 78,849 81,220 83,145 84,059
Colorectal cancer
Number of cancer cases 97 114 102 130
Age- and sex-adjusted RR (95% CI) 1.00 1.03 (0.78-1.35) 0.83 (0.63-1.10) 0.90 (0.69-1.18) 0.23
Multivariate RR (95% CI)* 1.00 0.96 (0.72-1.27) 0.72 (0.53-0.99) 0.73 (0.51-1.03) 0.028
Colon cancer
Number of cancer cases 71 79 60 81
Age- and sex-adjusted RR (95% CI) 1.00 0.97 (0.70-1.33) 0.66 (0.47-0.93) 0.74 (0.53-1.03) 0.019
Multivariate RR (95% CI)* 1.00 0.90 (0.64-1.26) 0.56 (0.38-0.83) 0.58 (0.38-0.88) 0.002
Rectal cancer
Number of cancer cases 25 30 40 47
Age- and sex-adjusted RR (95% CI) 1.00 1.06 (0.62-1.80) 1.30 (0.78-2.14) 1.33 (0.81-2.18) 0.19
Multivariate RR (95% CIy* 1.00 0.98 (0.56-1.70) 1.13 (0.64-2.00) 1.10 (0.59-2.07) 0.67
Men (1 = 16,636)
Person-years 30,631 31,855 32,224 32,187
Colorectal cancer
Number of cancer cases 51 76 54 77
Age-adjusted RR (95% CI) 1.00 1.27 (0.89-1.82) 0.82 (0.56-1.21) 1.00 (0.69-1.44) 0.41
Multivariate RR (95% CI)* 1.00 1.12 (0.77-1.62) 0.62 (0.40-0.96) 0.69 (0.43-1.11) 0.023
Colon cancer
Number of cancer cases 33 48 26 42
Age-adjusted RR (95% CI) 1.00 1.23 (0.79-1.91) 0.60 (0.35-1.00) 0.80 (0.50-1.28) 0.068
Multivariate RR (95% CI)* 1.00 1.06 (0.66-1.69) 043 (0.24-0.76) 0.52 (0.28-0.96) 0.004
Rectal cancer
Number of cancer cases 18 23 27 35
Age-adjusted RR (95% CI) 1.00 1.10 (0.59-2.05) 1.19 (0.65-2.17) 1.34 (0.74-2.40) 0.31
Multivariate RR (95% CI)y* 1.00 0.96 (0.50-1.83) 0.91 (0.46-1.80) 0.95 (0.45-2.02) 0.89
Women (1 = 26,479)
Person-years 48,219 49,366 50,921 51,872
Colorectal cancer
Number of cancer cases 46 38 48 53
Age-adjusted RR (95% CI) 1.00 0.75 (0.49-1.15) 0.86 (0.57-1.29) 0.80 (0.53-1.19) 0.42
Multivariate RR (95% CI)* 1.00 0.73 (0.47-1.14) 0.84 (0.54-1.33) 0.75 (0.46-1.25) 0.41
Colon cancer
Number of cancer cases 38 31 34 39
Age-adjusted RR (95% CI) 1.00 0.73 (0.46-1.18) 0.73 (0.46-1.16) 0.70 (0.44-1.10) 0.15
Multivariate RR (95% CI)* 1.00 0.72 (0.44-1.18) 0.71 (0.42-1.20) 0.64 (0.36-1.13) 0.15
Rectal cancer
Number of cancer cases 7 7 13 12
Age-adjusted RR (95% CI) 1.00 0.92 (0.32-2.62) 1.57 (0.62-3.95) 1.27 (0.49-3.29) 0.42
Multivariate RR (95% CI)* 1.00 1.15 (0.39-3.38) 2.14 (0.78-5.83) 1.82 (0.59-5.65) 0.19

*The RRs were adjusted for age (as a continuous variable), sex, area {(Hokkaido and Tohoku, Kanto, Chuby, Kinki, Chugoku, or Kyushu), educational level (attended
school until the age of <15, 16-18, or 219 y), family history of colorectal cancer in parents and/or siblings (yes or no), alcohol consumption [never drink, ex-drinkers, or
current drinkers who consume <2 or 22 Japanese drinks (<46 or 246 g of ethanol) per day for men, and never drink, ex-drinkers, or current drinkers for women],
smoking (never smoke, ex-smokers, or current smokers), BMI (<20.0, 20.0-24.9, or >25.0 kg/ 'm?), daily walking habits (<30 or >30 min/day), exercise (seldom or never,
or 1-2, 34, or 25 h a week), sedentary work (yes or no), consumption of beef (almost never, 1-2 times a month, 1-2 times a week, >3 times a week) and pork {almost
never, 1-2 times a month, 1-2 times a week, >3 times a week), energy intake (as a continuous variable), and energy-adjusted intakes of folate, calcium, and vitamin D

(sex-specific quartile for each).
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of fruit fiber with age- and sex-adjusted RRs for colorectal cancer
disappeared after adjustment for potential confounding factors.

All the findings in Tables 2—4 remained essentially the same
when we excluded the first 2 years of follow-up from the
analyses (data not shown). The multivariate RRs (95% CI) in
men and women combined over quartiles of intake of total
dietary fiber were 1.00, 0.95 {0.69-1.30), 0.74 (0.52-1.04), and
0.70 (0.48-1.02; Pyena = 0.029) for colorectal cancer; 1.00, 0.92
(0.64-1.34), 0.62 (0.40-0.94), and 0.56 (0.35-0.90; Pyrena = 0.005)
for colon cancer; and 1.00, 0.92 (0.49-1.71), 1.13 (0.61-2.12), and
1.08 (0.54-2.16; P yena = 0.69) for rectal cancer.

Discussion

In this cohort of Japanese population, dietary fiber intake was
inversely associated with colorectal cancer risk. The associa-
tion was stronger for the risk of colon cancer, and no clear
relationship was observed for rectal cancer risk. In addition, no
material differences appeared in the strength of associations
with the risk between soluble and insoluble dietary fiber.
Many possible mechanisms have been proposed to explain
putative risk-reducing effect of increased dietary fiber intake
(7-9). When entering the large bowel, fiber increases stool bulk
and dilutes fecal carcinogens. It also shortens fecal transit time
and, thus, reduces the contact of the colon epithelium to
carcinogens in stool. Indeed, severe constipation (bowel
movement every 6 days or less) was linked with the risk of
female colorectal cancer in the JACC Study (45). In the present
population, the intake of total dietary fiber decreased with

decreasing frequency of bowel movement; the age- and sex-
adjusted mean intakes + SE were 10.49 + 0.02, 9.84 + 0.04,
9.39 + 0.10, and 924 £ 0.23 g/day for bowel movement
frequency of once or more than once a day, once every 2 to
3 days, once every 4 to 5 days, and once every 6 days or more,
respectively (Piena < 0.0001). The bowel movement frequency,
therefore, may be considered as an intermediate factor in the
causal pathway. Furthermore, dietary fiber can bind to bile
acids that produce carcinogenic metabolites.

Moreover, fiber acts as a substrate for bacterial fermentation,
and short-chain fatty acids are produced. These fatty acids
prevent the conversion from primary to the more toxic
secondary bile acids by lowering colonic pH. The butyrate,
one of the major short-chain fatty acids, has specific anti-
carcinogenic effects; it reduces cell proliferation and induces
apoptosis. Fermentable fiber has the potential to selectively
enhance the growth of the flora such as those of certairi lactic
acid bacteria and bifidobacteria. Recently, hyperinsulinemia
has been related to colorectal carcinogenesis (46, 47). Dietary
fiber can delay the absorption of starch, reducing the
consequent postprandial hyperinsulinemia (41).

The majority of case-control studies reported inverse
associations between dietary fiber intake and colorectal cancer
risk. A combined analysis of 13 case-control studies yielded
summary odds ratios for colorectal cancer of 1.00, 0.79, 0.69,
0.63, and 0.53 across the quintiles of intake compared with the
lowest one (2). Large-scale case-control studies after this pooled
analysis also supported the protective effects of fiber (3-6).

The findings of prospective studies, however, are rather
inconsistent. Park et al. (48) pooled 13 cohort studies and

Table 3. RRs with 95% Cls for colorectal cancer by quartile of energy-adjusted intake of soluble and insoluble dietary fiber

in the JACC Study, 1988 to 1997 (n = 43,115)

Quartiles of energy-adjusted intake of soluble or insoluble dietary fiber Purend
1 2 3 4
Soluble dietary fiber (g/day) 12 +04 17 + 04 21 +04 26 +05
Person-years 79,325 80,944 82,891 84,113
Colorectal cancer :
Number of cancer cases 98 106 113 126
Age- and sex-adjusted RR (95% CI) 1.00 0.97 (0.74-1.28) 0.94 (0.71-1.23) 0.90 (0.68-1.17) 0.40
Multivariate RR (95% CI)* 1.00 0.85 (0.64-1.14) 0.76 (0.55-1.04) 0.67 (0.47-0.95) 0.022
Colon cancer
Number of cancer cases 70 77 64 80
Age- and sex-adjusted RR (95% CI) 1.00 0.98 (0.71-1.36) 0.73 (0.52-1.03) 0.77 (0.56-1.07) 0.049
Multivariate RR (95% CI)* 1.00 0.85 (0.61-1.20) 0.58 (0.39-0.85) 0.55 (0.36-0.84) 0.002
Rectal cancer
Number of cancer cases 27 22 49 44
Age- and sex-adjusted RR (95% CI) 1.00 0.73 (0.42-1.29) 1.50 (0.94-2.41) 1.19 (0.73-1.93) 0.13
Multivariate RR (95% CI)* 1.00 0.66 (0.37-1.19) 1.26 (0.73-2.19) 0.94 (0.49-1.78) 0.64
Insoluble dietary fiber (g/day) 53 %15 70 £ 15 82+18 9.6 £21
Person-years 78,632 81,093 83,283 84,266
Colorectal cancer
Number of cancer cases 93 120 102 128
Age- and sex-adjusted RR (95% CI) 1.00 1.12 (0.85-1.47) 0.86 (0.65-1.14) 0.91 (0.70-1.20) 0.21
Multivariate RR (95% CI)* 1.00 1.06 (0.80-1.40) 0.77 (0.56-1.05) 0.77 (0.55-1.08) 0.041
Colon cancer '
Number of cancer cases 67 86 58 80
Age- and sex-adjusted RR (95% CI) 1.00 1.11 (0.80-1.52) 0.67 (0.47-0.95) 0.77 (0.55-1.07) 0.016
Multivariate RR (95% CI)* 1.00 1.05 (0.75-1.46) 0.59 (0.40-0.88) 0.63 (0.42-0.96) 0.004
Rectal cancer
Number of cancer cases 25 29 42 46
Age- and sex-adjusted RR (95% CI) 1.00 1.02 (0.59-1.74) 1.35 (0.82-2.22) 1.29 (0.78-2.12) 0.20
Multivariate RR (95% CI)* 1.00 0.95 (0.55-1.66) 1.20 (0.68-2.09) 1.08 (0.58-2.02) 0.66

NOTE: Plus-minus values are means = SD.

*The RRs were adjusted for age (as a continuous variable), sex, area (Hokkaido and Tohoku, Kanto, Chubu, Kinki, Chugoku, or Kyushu), educational level (attended
school unti! the age of <15, 16-18, or =19 y), family history of colorectal cancer in parents and /or siblings (yes or no), alcohol consumption [never drink, ex-drinkers, or
current drinkers who consume <2 or >2 Japanese drinks (<46 or 246 g of ethanol) per day for men, and never drink, ex-drinkers, or current drinkers for women),
smoking (never smoke, ex-smokers, or current smokers), BMI (<20.0, 20.0-24.9, or >25.0 kg/. ‘m?), daily walking habits (<30 or >30 min/day), exercise (seldom or never,
or 1-2, 3-4, or >5 h a week), sedentary work (yes or no), consumption of beef (almost never, 1-2 times a month, 1-2 times a week, >3 times a week) and pork (almost
never, 1-2 times a month, 1-2 times a week, >3 times a week), energy intake (as a continuous variable), and energy-adjusted intakes of folate, calcium, and vitamin D

(sex-specific quartile for each).
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Table 4. RRs with 95% Cls for colorectal cancer by quartile of energy-adjusted intake of fruit, vegetable, and bean dietary

fiber in the JACC Study, 1988 to 1997 (n = 43,115)

Quartiles of energy-adjusted intake of fruit, vegetable, or bean dietary fiber Pirenda
1 2 3 4
Fruit fiber (g/day) 04 +0.3 1.0 +£04 1.7 £ 05 22+03
Person-years 81,817 82,545 82,840 80,072
Colorectal cancer
Number of cancer cases 90 103 128 122
Age- and sex-adjusted RR (95% CI) 1.00 1.11 (0.84-1.47) 1.36 (1.04-1.79) 1.29 (0.98-1.69) 0.029
Multivariate RR (95% CIy* 1.00 1.05 (0.78-1.40) 1.23 (0.92-1.64) 1.06 (0.78-1.43) 0.55
Colon cancer
Number of cancer cases 57 74 82 78
Age- and sex-adjusted RR (95% CI) 1.00 1.26 (0.89-1.77) 1.38 (0.98-1.93) 1.29 (0.92-1.81) 0.14
Multivariate RR (95% CI)* 1.00 1.20 (0.84-1.71) 1.26 (0.88-1.81) 1.06 {0.73-1.54) 0.83
Rectal cancer
Number of cancer cases 32 26 43 41
Age- and sex-adjusted RR (95% CI) 1.00 0.79 (0.47-1.32) 1.29 (0.82-2.04) 1.23 (0.77-1.96) 0.14
Multivariate RR (95% CI)* 1.00 0.70 (0.42-1.19) 1.06 (0.65-1.73) 0.92 (0.55-1.54) 0.84
Vegetable fiber (g/day) 20 + 0.7 31+07 4.0 + 038 51+11
Person-years 79,628 82,186 82,659 82,800
Colorectal cancer
Number of cancer cases 104 95 112 132
Age- and sex-adjusted RR (95% CI) 1.00 0.83 (0.63-1.09) 0.90 (0.69-1.18) 0.94 (0.72-1.22) 0.87
Multivariate RR (95% CI)* 1.00 0.81 (0.60-1.08) 0.86 (0.64-1.16) 0.89 (0.65-1.24) 0.65
Colon cancer
Number of cancer cases 76 62 68 85
Age- and sex-adjusted RR (95% CI) 1.00 0.74 (0.53-1.03) 0.74 (0.53-1.03) 0.81 (0.60-1.12) 0.26
Multivariate RR (95% CIy* 1.00 0.71 (0.50-1.01) 0.69 (0.48-0.99) 0.74 (0.50-1.11) 0.17
Rectal cancer
Number of cancer cases 23 29 43 47
Age- and sex-adjusted RR (95% CI) 1.00 1.15 (0.66-1.98) 1.59 (0.96-2.64) 1.56 (0.94-2.59) 0.043
Multivariate RR (95% CI)* 1.00 1.16 (0.66-2.04) 1.64 (0.94-2.88) 1.68 (0.91-3.11) 0.060
Bean fiber (g/day) 02 £0.1 04 +01 07 £ 02 14 £ 06
Person-years 78,611 82,828 83,166 82,669
Colorectal cancer
Number of cancer cases 103 104 115 121
Age- and sex-adjusted RR (95% CI) 1.00 0.87 (0.67-1.15) 0.88 (0.67-1.15) 0.83 (0.63-1.08) 0.19
Multivariate RR (95% CI)* 1.00 0.84 (0.64-1.11) 0.83 (0.63-1.10) 0.74 (0.55-0.99) . 0.055
Colon cancer
Number of cancer cases 72 67 75 77
Age- and sex-adjusted RR (95% CI) 1.00 0.80 (0.58-1.12) 0.81 (0.59-1.12) 0.73 (0.53-1.01) 0.081
Multivariate RR (95% CI)* 1.00 0.79 (0.56-1.12) 0.79 (0.56-1.11) 0.67 (0.47-0.95) 0.037
Rectal cancer
Number of cancer cases 30 35 37 40
Age- and sex-adjusted RR (95% CI) 1.00 1.01 (0.62-1.65) 0.98 (0.60-1.60) 0.97 (0.60-1.57) 0.87
Multivariate RR (95% CI)* 1.00 0.92 (0.56-1.52) 0.87 (0.52-1.45) 0.81 (0.48-1.37) 0.42

NOTE: Plus-minus values are means  SD.

*The RRs were adjusted for age (as a continuous variable), sex, area (Hokkaido and Tohoku, Kanto, Chubu, Kinki, Chugokuy, or Kyushu), educational level (attended
school until the age of <15, 16-18, or 219 years), family history of colorectal cancer in parents and/or siblings (yes or no), alcohol consumption [never drink, ex-
drinkers, or current drinkers who consume <2 or >2 Japanese drinks (<46 or 246 g of ethanol) per day for men, and never drink, ex-drinkers, or current drinkers for
women}, smoking (never smoke, ex-smokers, or current smokers), BMI (<20.0, 20.0-24.9, or >25.0 kg/ 'm3), daily walking habits (<30 or >30 min/day), exercise (seldom
or never, or 1-2, 34, or 25 h a week), sedentary work (yes or no), consumption of beef (almost never, 1-2 times a month, 1-2 times a week, >3 times a week) and pork
(almost never, 1-2 times a month, 1-2 times a week, >3 times a week), energy intake (as a continuous variable), and energy-adjusted intakes of folate, calcium, and

vitamin D (sex-specific quartile for each).

concluded that high dietary fiber intake was not related to a
reduced risk of colorectal cancer; the summary relative risk was
0.94 (95% CI, 0.86-1.03) for the highest versus lowest quintiles of
intake. On the contrary, the European Prospective Investigation
into Cancer and Nutrition (EPIC) reported a lower risk of
colorectal cancer with higher intake of total fiber (21, 22).

The discrepancy between the studies may, in part, be
attributable to the difference in the extent of diversity of diet
among the study population. In the EPIC, the analytic cohort
included participants from eight countries and showed a very
large variety of diet (21).

In our cohort, the low-level intake of dietary fiber may be
related to the emergence of risk-reducing effect of dietary fiber.
In fact, the above-mentioned pooled analysis of prospective
studies (48) suggested an increase in the risk associated with
very low fiber intake. The pooled RR comparing <10 g/day
versus =10 g/day of dietary fiber intake was 2.16 (95% CI,

1.12-4.16) after correction for measurement error. Although the
40-item FFQ in the JACC Study may underestimate the intake,
the data from the National Nutrition Survey (30) shows the
low median intake of dietary fiber in Japan (13.3 g/day in
2003). Because the 25-percentile value was lower than 10 g/
day in the survey (9.7 g/day), one fourth of Japanese might
benefit from increasing intake of dietary fiber to prevent
colorectal cancer if the resulis of the pooled analysis of cohorts
(48) are true. The Japan Public Health Center—Based Prospec-
tive Study, another nationwide cohort study in Japan, did not
find a clear dose-response relationship between dietary fiber
and the risk of colorectal cancer, but reported an elevated risk
in the subgroup of women with a very low intake of fiber [the
lowest subtertile of the lowest quintile {mean, 8.3 g/day for the
lowest quintile); ref. 27]. The low dietary fiber content in
refined rice, the staple among Japanese, may result in the low
intake of fiber in this population (7).
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Moreover, the major food contributors to fiber will vary
between countries, and the combination of miso soup and rice
may be specific to Japan (27). These foods might be rich in some
kinds of dietary fiber that reduce the risk of colorectal cancer.
Indeed, bean fiber intake was somewhat inversely correlated
with the risk in the present study as reported by Lin et al. (19).
We cannot, however, rule out the possible confounding by some
biofactors concentrated in the major sources of dietary fiber.

In this study, the inverse association of dietary fiber with the
risk was predominantly found for colon cancer rather than
rectal cancer. This may be biologically plausible because the
rectum is empty most of the time (49), reducing the above-
mentioned potential risk-reducing effects of fiber. The colon
predominance in risk reduction in the present study is in line
with some case-conirol (50) and cohort studies (21, 22).

Our analyses did not find a material difference in the effects
of colorectal cancer risk for soluble and insoluble fiber. Of the
five case-control studies that addressed such a difference, four
are consistent with our results (3-5, 51), whereas Slattery et al.
(6) reported a stronger inverse association of insoluble fiber
with rectal cancer risk than that of soluble fiber. Wakai et al. (50)
also found a decrease in the risk of colon cancer specifically
associated with insoluble fiber in a case-control study. Soluble
fiber is most effective for delaying starch absorption, thus
reducing the glycemic load (41). On the other hand, insoluble
fiber is most efficient for reducing the transit time of stool,
provides bulk, dilutes fecal contents, and is converted to short-
chain fatty acids, including butyrate as well as soluble fiber (7).
The relative importance of soluble and insoluble fiber may
depend on the underlying mechanism of colorectal carcino-
genesis in the populations studied. In addition, it would not be
easy for observational studies to separate the effects of soluble
and insoluble fiber because intakes of these two kinds of fiber
may be highly correlated as in the present study.

The percentage of individuals with a positive family history
of colorectal cancer in parents and/or siblings was 2.4% in men
and 2.8% in women in the present study. Considering the
higher incidence rates in Japan than in the United States (31),
these figures seem to be very low compared with those in the
United States, where the percentage often exceeds 10% (17, 19,
20). In Japan, however, the low proportion is not specific to the
JACC Study. The percentage was 1.3% for both men and
women in the Japan Public Health Center-Based Prospective
(JPHC) Study I (52). The proportions of participants who
reported a family history of colorectal cancer in parents were
1.3% in men and 1.2% in women in the JPHC Study I (52),
against 1.7% and 1.9% in our population, respectively. The
corresponding figures for history in siblings were 0.5% and
0.5% in the JPHC Study I (52) and 0.8% and 0.9% in the
present study. One possible reason for the low percentages in
Japan is the rapid increase in incidence rates in the country
(32). Another one may be the underreporting of family history.
The sensitivity of self-reporting of past cancer history was
previously reported to be quite low in Japan (36%; ref. 53), so
that underreporting of family history may have occurred.

The strengths of the present study include its prospective
design and large sample size. We assessed dietary intake
before the diagnosis of colorectal cancer; thus, any errors of
recall should have been nondifferential between cases and
noncases.

Some methodologic limitations of our study, however, need
consideration. First, because dietary habits could have changed
during the follow-up, one-time administration of the FFQ at
baseline might not sufficiently reflect the long-term exposure.
However, the Nurses” Health Study has found that findings
from baseline diet questionnaire were consistent with those
from data updated with follow-up FFQs (20).

Second, possible residual confounding cannot be ruled out.
For example, we could not consider the use of nonsteroidal
anti-inflammatory drugs, which may confound the association

of diet with colorectal cancer risk (41). In this study, physical
activity was rather roughly measured, although it seemed not
to be a major confounder. Third, the intakes of dietary fiber are
likely to be underestimated due to the limited number of food
items in our FFQ), as shown by the relatively low ratios of mean
intakes estimated by the FFQ to those derived from the dietary
records in the validation study. Finally, the dietary data from
the 40-item FFQ did not allow us to estimate intakes of fiber
from some food sources such as cereals. Further studies with
comprehensive dietary instruments are required to address
these issues.

In conclusion, this prospective study supported potential
protective effects of dietary fiber intake against colorectal
cancer and mainly against colon cancer. The highest intake
may be related to a 25% decrease in the risk of colorectal
cancer, compared with the lowest intake. The role of dietary
fiber in the prevention of colorectal cancer seems to remain
inconsistent. Further investigations in various populations are
warranted.
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To clarify host and environmental factors for gastric
carcinogenesis, we obtained information about gastric
cancer mortality in Babol, in the North of Iran, and recruited
130 participants aged 30-80 years from the general
population of Babol in 2004. A urea breath test,
assessment of IgG antibodies to Helicobacter pylori, a
pepsinogen test, a marker of chronic atrophic gastritis, and
determination of urinary excretions of sodium and

- potassium were performed. Diet and lifestyle information
was also obtained using a questionnaire. The stomach
cancer mortality rate for men in Babol (38.2/10°) was
found to be somewhat lower than that for Japanese men
(45.1/10%), while the mortality for women (26.9/10°) was
higher than for Japanese women (20.9/10%). Positive rates
for the urea breath test were 775 and 81.8% for lranian
men and women, respectively. Helicobacter pylori 1IgG
antibodies were present in 68.7 and 73.7% of Iranian men
and women, respectively, both values being marginally
higher than for Japanese. We also found 51.0 and 52.8% to
be positive for a pepsinogen test, significantly higher than
the Japanese values. Urinary excretions of sait and
potassium in this population appeared approximately the
same as the consumption in Japanese. The elevated
gastric cancer mortality in both men and women in Babol

Introduction

Stomach cancer is the second most common cancer in
terms of incidence. and mortality in the world, bur the
distribution varies greatly across countries and areas
(Correa and Haenszel, 1998; Parkin e o/, 2002). In
Japan, Korea, China and other developing countries in
Asia and South America, this malignancy is more frequent
than in the West (Packin &z &/, 2002). It is the most
prevalent gastrointestinal cancer in Iran (Nadim and
Noorai, 2000; Naghavi, 2000) where Ardabil, a North-
westcrn province, has the highest incidence of gastric
adenocarcinoma (Sadjadi ¢f o/, 2003). Physicians in Babol,
a city near the Caspian Sea, have reported that the
number of patients with gastric neoplasm increased
recently (Bijani and Babaei, 2002).

The variation in gastric cancer mortality rates suggests
thart they are influenced largely by environmental factors,
rather than the genetic background (Hwang ¢r 2/, 1994).
It is a paradigm that the risk of gastric cancer is largely

0959-8278 © 2007 Lippincoft Wiliams & Wilkins

seems, by and large, to be related to higher H. pylori
infection rates and prevalence of chronic atrophic gastritis.
Certain factors, including H. pylori DNA diversity, host
factors and their interactions, together with the level of
medical practice, prevalence of and access to secondary
prevention of stomach cancer, may also be associated with
the relatively high mortality. European Journal of Cancer
Prevention 16:192-185 © 2007 Lippincott Williams

& Wilkins.
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due to Helicobacter pylori infection, intake of sale (Hill,
1998), nitrates (Sandor er «f, 2001), fresh fruit and
vegetables (Serafini & @4, 2002) and smoking habits,
along with host factors (Tokudome e 4/, 2005). In
particular, H. pylori is known to be involved in gastric
cancer development, and the Internarional Agency for
Research on Cancer categorized the bacterium as a class |
human carcinogen in 1994 (Asaka e 4/, 1997; Helico-
bacter and Cancer Collaborative Group, 2001). Its
colonization of the stomach mucosa triggers a series of
inflammatory reactions and causes chronic atrophic
gastritis (CAG), a primary step in mucosal changes in
the stomach leading to cancer development: that is,
normal mucosa - chronic active gastritis » CAG — intest-
inal metaplasia - dysplasia— carcinoma # sity  (Fukao
et al., 1993; Corrca and Miller, 1995). The early detection
of gastric precancerous changes, mainly CAG, may be
helpful for prevention of stomach cancer or diagnosis of
the neoplasm at a curable stage. Previous studies have
shown the pepsinogen level, which can easily be



measured without dilgcomfort for study participants, to be
a rcliable marker for the extent of CAG, while
histopathological diagnosis needs multifocal endoscopic
biopsy samples to accurately quantify its extent (Miki
et al., 2003).

In the present study, we first collected information on the
mortality statistics of stomach cancer in Babol, lran, and
then conducted a collaborative epidemiologic study on
host and local environmental factors, examining the
prevalence of H. pylri infection and markers of CAG
along with salt and potassium urinary excretions, for
comparison with relevant data for Japan.

Study participants and methods

Babol is a town located in Mazandaran Province in the
North of Iran near the Caspian Sea. According to the
census of 1999, the population is about 450000, of which
approximately 46% were registered as urban dwellers and
54% as villagers. Approximately 90% of them are of Aryan
Caucasian origin. We obtained information on population
and number of deaths due to gastric cancer for both sexes
during 1999-2003 from the Statistics Center of Babol
University of Medical Sciences.

We randomly recruited 130 participants (50 men and 80
women), aged 30-80 years, from the general population of
Babol in August 2004,

After providing informed consent, each participant was -

interviewed by a trained interviewer using a semi-
quantitative food frequency questionnaire and lifestyle
questionnaire; then, body weight and height were
measured. Oral mucous membranes, breath, overnight-
fasting blood, second morning voiding urine and feces
samples were obtained from each participant,

Serum antibodies for H. py/ori were examined by enzyme
immunoassay (Kyowa Medics Co., Tokyo, Japan), and
values = 1.7 were defined as positive. Serum pepsinogen
I and II levels were measured by chemical luminescence
enzyme immunoassay (Eiken Chemicals Co., Tokyo,
Japan), a pepsinogen I level < 70 ng/ml and a pepsinogen
I/Il ratio < 3.0 being defined as positive (Miki ez o/,
2003). For the urca breath test, UBIT-IR300 kits (Otsuka
Pharmaceutical Co., Tokyo, Japan) were used with 2.5%.
as the positive cutoff (Ohara « o/, 1998). For this
purpose, a single UBIT tablet containing 100mg of
3C-urea was ingested with 100 ml of water under fasting
conditions (Ohara ¢/ «/, 2004). As the values differed by
sex and age, age adjustment was made for the rates,
adopting the World Population (Parkin ef 2/, 2002) as
standard, for comparison with the figures for Japan. Using
second morning voiding urine, excretions of sodium and
potassium were analyzed by electrode assay and excre-
tions of crcatinine by an enzymatic method with
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adjustment for creatinine (Kawasaki ¢ @/, 1993), and
were then compared with the consumption in the
Japanese after adjustment for age.

The study protocol was approved by the Internal Review
Board of Nagoya City University and the Research
Committee of Babol University of Medical Sciences.

Results

The average population of Babol during 1999-2003 was
450464 (individuals aged 15 years or older numbered
around 317 700), and the mean annual number of deaths
from gastric cancer during the same period was 69.5 (41.5
males and 28.0 females). The age-adjusted gastric cancer
mortality rates in the population aged 15 years or older in
Babol, Iran were 38.2/10° 95% confidence interval:
26.5-49.9 for males and 26.9/10° (95% confidence inteval
16.9-36.9) for females. The corresponding Japanese
values were 45.1/10° (95% confidence interval 44.6-
45.6) and 20.9/10° (95% confidence interval 20.5-21.2),
respectively.

The mean ages for the 50 male and 80 female participants
were 50.5 + 1.7 and 49.6 + 1.1 years, respectively. Smok-
ing rates in Babol (28.7% of male and 2.9% of female
participants) were lower than those in Japan in both sexes
(Table 1). The age-adjusted body mass indexes in this
population were 26.1 for men and 29.1 for women, being
higher than Japanese values (Ministry of Health, Labour

.and Welfare, Japan, 2004)

After adjusting for age, urea breath test results were
positive for 77.5% male and 81.8% female participants,
and H. pylori 1gG antibodies were found in 68.7 and
73.7%, respectively, in Babol, both higher than the
Japanese values (Kikuchi ¢z 4/, 2000) (Table 2).

Positive pepsinogen tests indicated that the prevalence of
CAG in both sexes of the general population of Babol was
significantly higher than the reported values in Japanese
(Watase o 4/., 2004) (Table 2).

Age-adjusted means for salt excretions were 12.1 and
10.2 g/day for male and female participants, respectively,
being slightly lower than the consumption in Japan
(Ministry of Health, Labour and Welfare, Japan, 2004).
Potassium excretions were 2.7 g/day for male and 2.4 g/day
for female participants, being quite similar to the
Japanese levels (Table 2).

Discussion

This first international ecological study on stomach
cancer in Babol, on the Caspian Sea Coast, [ran,
demonstrates that an age-adjusted mortality rate for
stomach cancer for males in Babol is somewhat lower than
that in Japanese males, but higher in Iranian than
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Table 1 Comparlison of selected characteristics between Iranians in Babol and Japanese

Babol, Iran Japan®
) Male participants (n=80} Female participants (n==80) Male participants Female participants

Body mass index (kg/m?)® 26.1 29.1 23.5 22.7

{95% CI) {24.9-273) (28.1-30.1) (23.4-23.6) (22.4-22.9)
Tobacco smoking (%)° 28,7 2.9 51.5 13.0

(96% ClI) (16.3-42.0) (0.0-7.1) (46.5-56.4) (9.6-16.4)
Alcohol drinking (%)° 13 o 549 108

{95% Ci) (3.1-19.4) (0.0-0.0) (49.8-59.9) (7.6-14)

Cl, confidence interval,
®Data from The National Nutritional Survey in Japan 2002.
bAdjusted for age.

Table 2 Comparison of data for Helicobacter pylori infection, pepsinogen test, salt and potassium excretions between Babol, lran and

Japan
Babol, lran Japan®

Male participants {n=50) Female participants (n=80) Male participants Female participants
Positive UBT (%)° 775 81.8 NA NA
(95% ClI). (64.9-90.1) (71.4-92.1)
Positive H. pylori 1gG {%)° 68.7 73.7 61.5% 56.7%
{(95% Ci). (66.0-81.5) (63.6-83.8) (58.0-65.1) (53.1-60.3)
Positive chronic atrophic gastritis (%)>° 51.0 52.8 23.5" 21.8"
(95% Ci) (37.1-64.9) (39.5-61.7) (21.5-25.4) {20.3-23.4)
Salt excretions (g/day)® 12.1 10.2 12.9° 11.3°
(95% ClI) (11.2-13.0) (9.5-11.0) (12.7-13.1) (11.1-11.4)
Potassium excretions {g/day)® 2.7 24 2.5° 2.4°
(95% ClI) (2.5-2.9) (2.3-2.5) {2.5-2.5) (2.3-2.4)

UBT, urea breath test; C|, confidence interval; NA, not available.

*Cited from references Kikuchi et al. (2000), Watase ef al, (2004), and Ministry of Health, Labour and Welfare, Japan (2004).

Adjusted for age.

“Positive chronic atrophic gastritis was defined as a serum pepsinogen | level < 70ng/ml and a pepsinogen I ratio < 3.0,

Japanese females. The H. pylosi infection rates, deteor-
mined by the urea breath test and IgG, were higher in
Babol than in Japan and the prevalence of CAG,
diagnosed by the pepsinogen test, in the present Iranians
were also significantly higher than in the Japanese. Thus,
it seems plausible that Northern Iranians might have a
higher gastric cancer risk in the female sex, in particular,
when compared with the Japanese.

Expression of Cag A, a highly immunologic protein
encoded by the Cag A gene, is crucial for gastric
carcinogenesis. Most H. pyloré strains in the Japancse are
of the East Asian type which is more virulent than the
Western varictics (Azuma, 2004), and the grades of
inflammation, gastritis and atrophy are significantly
elevated in gastritis patients infected with the East Asian
type Cag A positive strain as compared with their
counterparts infected with the Cag A negative or Western
type Cag A positive strain (Azuma, 2004). No data about
Cag A subtypes in Babol, however, are available at present.

Excessive salt intake is another risk factor for gastric
cancer, and the promoting effect may be due to
destruction of the mucosal barrier that protects the surface
membranes of the stomach (Tatematsu ¢ 2/, 1975; World
Cancer Research Fund, 1997; Nozaki ¢ af, 2002). In the
present study, although daily salt consumption was higher

than 6gf/day as recommended byrthe. World Health
Organization (1990), there are no significant differences
in sodium excretions and intakes between the Iranian
people living in Babol and the population of Japan.
Similarly, no significant discrepancies were found between
potassium excretions, a marker of consumption of
vegetables and fruit, a preventive factor for stomach
cancer, in Iranian people and intakes in the Japanese.

Other important risk factors that might contribute to
variation in gastric cancer mortality rates between the two
populations include smoking (Sasazuki e «f, 2002,
Montani ez 4/, 2004) and drinking habits (Kikuchi e a/,
2002). Tobacco smoke contains well-known potent
carcinogens, including benzopyrene (Rubin, 2001), and
other chemicals that can increase mRNA expression of
certain chemokines in gastric mucosa, which may
augment inflammatory reactions. Furthermore, gastric
defense mechanisms may be reduced among smokers
(Kato ez al., 2004). As shown in Table 1, however, tobacco
smoking and alcohol drinking rates were higher in the
Japanese than in the Iranians.

In Babol, a population-based cancer registration system is
not in operation and no data were available for cancer
incidence. The mortality is generally accepted to be a
reliable source of statistical information on cancer risk as



it is collected from death certificates, which are legally
requircd documents. The mortality rate may be proxy of
incidence, however, because it is a function of both
incidence and treatment modalities. Mortality is largely
influenced by severity of disease and the time of
diagnosis, and there is no special screening program for
gastric cancer in Babol. Most patients are diagnosed at
late stages and patients may not pay close attention to
the physician’s recommendations for secondary preven-
tion. These factors would clearly be expected to increase
the gastric cancer mortality rate. In addition, the location
and types of gastric cancer impact on outcome and
survival.

In conclusion, despite the weaknesses mentioned above
and low-rank evidence provided by ecological study, our
data showed simple but compelling evidence that the
high stomach cancer mortality rate in Babol may be due
to the high prevalence of H. pylori infection and CAG,
suggesting that H. pylori is an essential factor for the
onset of stomach cancer. The present study may also
suggest an influence of host factors, including genetic
polymorphisms, impacting on cellular immunity and
human lymphocyte antigens, and interactions between
host and environmental factors. Further studies, however,
including our on-going case~control study, are necessary
to elucidate host and environmental factors for the high
gastric cancer mortality rate in this region of Iran.
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Abstract

Objective To examine the association between
psychological factors and the risk of breast cancer
prospectively in a non-Western population.

Methods Data from the Japan Collaborative Cohort
(JACC) study were analyzed. From 1988 to 1990,
34,497 women aged 40-79 years completed a ques-
tionnaire on medical, lifestyle and psychosocial factors.
The rate ratios (RRs) of their responses were com-
puted by fitting to proportional hazards models.
Results During the mean follow-up period of
7.5 years, 149 breast cancer cases were documented.
Those individuals who possessed “ikigai™ (Japanese
term meaning something that made one’s life worth
living) showed a significantly lower risk of breast
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cancer (multivariate-adjusted RR = 0.66; 95% confi-
dence interval [Cl} = 0.47-0.94). Those who perceived
themselves as able to make decisions quickly also had a
lower risk of breast cancer (multivariate-adjusted
RR = 0.56; 95% CI = 0.36-0.87). The other factors
investigated, including ease of anger arousal and self-
perceived stress of daily life were not associated with
breast cancer risk.

Conclusions  Although further studies will be neces-
sary to verify these findings, our results suggest that
having “ikigai” and being decisive decrease an indi-
vidual’s subsequent risk of breast cancer.
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Introduction

It has long been suggested that psychological factors
might play a role in the etiology of breast cancer. Both
immune and hormonal factors have been discussed as
potential biological mechanisms underlying the asso-
ciations between psychological factors and the general
risk of developing cancer. Psychological factors can
indirectly influence the breast cancer risk by altering
behaviors such as sleep, exercise, diet, smoking, alco-
hol consumption, drug use, and poor adherence to
medical regimens [1, 2]. Previous case—control studies
have investigated the effects of various psychological
factors on breast cancer development, including nega-
tive emotions, personality, stressful life events, meth-
ods of coping and social support, but have yielded
inconsistent results [3, 4].

Prospective studies are superior in design to case~
control studies as they avoid biases and can provide
better evidence, but their results have also been
inconclusive. Recent meta-analyses [5] and reviews [3,
4] reported no evidence of, or only weak associations
with emotional repression and severe life events and
the risk of breast cancer. Most of these earlier studies
were, however, insufficient in sample size and length of
follow-up, and potential confounding variables were
rarely adequately adjusted [3, 4]. These deficiencies
might have led to equivocal findings.

Recently, two large prospective studies have pub-
lished their results. Lillberg et al. analyzed the Finnish
Twin Cohort, which examined the association between
psychosocial factors and breast cancer risk in over
10,000 women with a 15-year follow-up period [6-9].
They found a positive association with breast cancer
risk in the accumulation of stressful life events and
single major life events [9], but no association was
observed in life satisfaction, neuroticism [7], extrover-
sion, Type A behavior, hostility [8], and stress of daily
activities [6]. Aro et al. reported the results of another
Finnish cohort study including 10,892 women and a six-
to nine-year follow-up period, and found that none of
the psychological factors such as depression, trait
anxiety, cynical distrust, or coping were associated with
breast cancer risk [10].

Although these large studies were of a prospective
design and had adjusted for major confounding factors,
they were conducted in the same country. Psychosocial
factors are subject to cultural influences, so evidence
from different cultures is important. To further
prospectively examine the association between psy-
chological factors and the risk of breast cancer in a
non-Western setting, we analyzed data from a large
follow-up study, the Japan Collaborative Cohort Study

(JACC) for the Evaluation of Cancer Risk, sponsorecji
by Monbukagakusho (the Ministry of Education, Cul-
ture, Sports, Science and Technology of Japan). By
performing multivariate analysis, we were able to
separate the independent effects of psychological fac-
tors on breast cancer from those of established risk
factors, such as age, family history of cancer, use of
exogenous female hormones, and reproductive factors.

We focused on “ikigai” as a possible psychological
factor that might be associated with breast cancer risk.
“Ikigai” is a Japanese word that is believed to be an
essential factor for maintaining health [11]. Japanese
dictionaries define *‘ikigai’* as something to live for; the

joy and goal of living; the happiness and benefit of

being alive. The term “ikigai’* is a peculiar to the

Japanese language [12], being less philosophical and

more intuitive in its nuance than comparable terms in
Western languages [13]. It is a comprehensive concept
that reflects emotions such as happiness and life-satis-
faction as well as the cognitive evaluation towards
one’s life [14]. Recently, some researchers have used
“ikigai” directly and reported ils associations with
various health conditions [11, {2, 14-19] including total
mortality [17]. It has not been evaluated for its rela-
tionship with breast cancer risk, but we hypothesized
that it-would have a protective effect on breast cancer
development.

We also examined some personality characteristics
such as decisiveness and ease of anger arousal in
relation to breast cancer risk. Following the concept of
the type-C cancer prone personalily (self-effacing and
non-assertive) proposed by Temoshok [20], we ex-
pected that those who were decisive and easily angered
would be less likely to develop breast cancer. In
addition, we examined the association between self-
perceived stress and breast cancer risk, and hypothe-
sized that it would have an adverse effect on breast
cancer development.

Materials and methods
Study population

All data were taken from the Japan Collaborative
Cohort study for Evaluation of Cancer Risk (JACC
Study), which was a nationwide multicenter collabo-
rative study sponsored by the Ministry of Education,
Culture, Sports, Science and Technology of Japan
(Monbukagakusho). The details of this study are de-
scribed elsewhere [21, 22]. In brief, the original study
population consisted of 110,792 Japanese aduits aged
40-79, who were enrolled between 1988 and 1990 in 45
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locations throughout Japan. Most of the subjects were
recruited from the general population or when under-
going routine health checks in the municipalities. On
enrollment, participants completed a self-administered
questionnaire that assessed demographic characteris-
tics, lifestyle habits and medical history, as well as
psychosocial factors.

Informed consent for participation was obtained
individually from each participant, with the exception
of those in a few study areas in which informed consent
was provided at the group level, after the study aim
and data confidentiality had been explained to com-
munity leaders. The study protocol was approved by
the Ethical Board of the Nagoya University School of
Medicine, Japan.

The subjects of the present study were restricted to
women living in 22 study areas where information on
cancer incidence was available, and where psycholog-
ical questions had been included in the baseline ques-
tionnaire. From  these potential  participants
(n = 36,035), we excluded 277 with a history of breast
cancer and 1,261 who failed to answer any of the four
psychological questions. Thus, a total of 34,497 women
were included in the present analysis (mean
age = standard deviation [SD] = 58.0 = 10.1 years).
The average response rate was 83% in 7 of the 22
study areas, which recruited all eligible residents for
the cohort [22].

Psychological factors and other exposure data

The baseline questionnaire included four questions on
psychological factors: having “‘ikigai” (do you have
“ikigai™, something that makes your life worth living?),
decisiveness (do you make decisions quickly?), ease of
anger arousal (are you easily angered?), and self-per-
ceived stress of daily life (do you experience stress
during your daily life?). Three or four possible re-
sponses were provided for each question (see Table 2).
The questionnaire also covered behavioral and lifestyle
factors, including smoking, drinking and dietary habits,
and physical activity levels, as well as medical history,
educational level, family history of cancer, height, body
weight, and female reproductive factors.

In one study area out of 22, the question about ease
of anger arousal was not asked. The 2,505 women of
this study area were therefore omitted for analysis of
this question, leaving 31,992 subjects.

Follow-up

We used populétion registries in the relevant munici-
palities to determine the vital and residential status of

the participants. Registration of death is required by
the Family Registration Law in Japan, which is ad-
hered to nationwide. For logistical reasons, we dis-
continued the follow-up of those individuals who
moved out of their given study areas.

We ascertained the incidence of cancer from the
records of population-based and/or hospital-based
cancer registries, together with a systematic review of
death certificates. In some study areas, the medical
records of the hospitals treating cancer patients were
also used to collate information on cancer incidence.
The follow-up period ran from the time of the baseline
survey to the end of 1997 in all areas except one (where
it continued until the end of 1994). During the study
period, only 2.7% (n = 947) of the subjects were lost to
follow-up because they moved out of their given study
areas.

Statistical analysis

We calculated the ‘person-time of follow-up’ for each
participant as the period between the date of com-
pleting the baseline questionnaire and whichever of the
following events occurred first: the date of diagnosis of
breast cancer, death from any cause, emigration out-
side the study area and the end of the follow-up period.
For cases identified only on a death certificate, the date
of death was assumed to be the date of diagnosis. In the
analytic cohort, the proportion of death-certificate only
(DCO) registrations for breast cancer was 3.4% (five of
the 149 cases). The mortality-to-incidence ratio was
0.18, which was lower than that determined using
representative population-based cancer registries in
Japan (0.20-0.30) [23]. Those who died from causes
other than breast cancer (n = [,559) or who moved out
of their study areas were treated as censored cases.
The rate ratios (RRs) with 95% confidence intervals
(Cls) for breast cancer, according to the dichotomized
responses to the psychological questions, were esti-
mated using proportional hazards models [24]. The
RRs were adjusted for the following potential con-
founding variables [25, 26]: age (using 10-year age
groups); area (Hokkaido and Tohoku, Kanto, Chubu,
Kinki, Chugoku or Kyushu); educational level (at-
tended school until the age of <15, 16-18 or >19 years);
family history of breast cancer in mother or sisters (yes
or no); age at time of first menstrual cycle or menarche
(213, 14-15, 16-17 or 218 y ears); age at menopause
(premenopausal at baseline, <44, 45-49 or 250 years);
age at first time of giving birth (<24, 25-29 or
230 years); number of times of giving birth or parity (0,
1, 2,3 or 24); use of exogenous female hormone (yes or
no); alcohol consumption (never a drinker, ex-drinker,
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or current drinker consuming <15 or 215 g of ethanol
daily); consumption of green leafy vegetables (<2
times/week, 3-4 times/week or almost every day); daily
walking habits (seldom or never, or ~30, 30-59 or
260 min/day); exercise (seldom or never, 1-2, 3-4 or
25 h/week); sedentary work (yes or no); height (<150.0,
150.0-159.9 or 2160.0 cm); and baseline body-mass
index (BMI) (<20.0, 20.0-24.9, 25.0-29.9 or 230.0 kg/
m?). We used age as the underlying time axis in the
proportional hazards model. The BMI for each indi-
vidual was calculated according to their reported
height and weight using the following formula:
BMI = (weight in kg)/(height in m)>.

Missing values for each covariate were treated as an
additional category in the variable and were included
~in the pi‘oportional hazards model. The proportional
hazards assumption of the models was statistically
tested using the time-dependent covariate method [27],
and the explanatory variables analyzed were proved to
satisfy the assumption. We repeated the analyses after
excluding the first two years of follow-up, during which
31 cases of breast cancer were diagnosed. When the
five cases of breast cancer identified only by death
certificates were omitted from the analysis, the multi-
variate RRs were altered at most by 0.03.

The baseline characteristics of the participants by
response to the psychological questions were compared
using the t-test for continuous variables and the Chi-
square test for categorical variables. Spearman’s cor-
relation coefficients were calculated to investigate the
inter-correlation between the four psychological fac-
tors.

All p-values were two-sided and all analyses were
performed using the Statistical Analysis System (SAS)
version 8.2 [28].

Results

The absolute value of Spearman’s correlation coeffi-
cients among the four psychological factors ranged

from 0.03 to 0.33 (Table ). Most variables were
independent from others, and only mild correlations
were detected between having “ikigai™ and decisive-
ness, ease of anger arousal and perceived stress.

Participant baseline characteristics by response to
the psychological questions are presented in Table 2.
Those who stated that they have “ikigai” tended to
attain a higher level of education, to have a drinking
habit, to consume green leafy vegetables every day,
and to engage in physical exercise for at least three
hours per week. Predisposition of quick decision-
making (decisiveness) was also associated with higher
levels of education, a drinking habit and physical
exercise. Women who were easily angered were less
likely to have menopause at the baseline and more
likely: to be current drinkers, compared to subjects
whose anger is less easily aroused. A self-perceived
stress of daily life was associated with high education
levels, pre-menopause, and rare physical exercise.

During the 259,023 person-years of follow-up
(mean + 8D = 7.5 + 1.9 years), 149 cases of incident
breast cancer were documented. The impacts of psy-
chological attitudes on breast cancer risks estimated
using the proportional hazard models are shown in
Table 3. The findings obtained using age-adjusted RRs
did not differ significantly from those obtained using
multivariate RRs. Women who reported having “iki-
gai” showed a significantly lower risk of breast cancer
(multivariate-adjusted RR = 0.66; 95% CI = 0.47-
0.94). Those who perceived themselves as decisive
were also at a lower risk of breast cancer (multivariate-
adjusted RR = 0.56; 95% CI = 0.36-0.87). By contrast,
ease of anger arousal and self-perceived stress of daily
life were not significantly associated with breast cancer
risk. These findings were not significantly altered when
the first two years of follow-up were excluded from the
analysis. The multivariate-adjusted RRs (and 95% CIs)
were 0.66 (0.45-0.98), 0.51 (0.31-0.86), 0.87 (0.49-1.53),
and 0.96 (0.61-1.52) for possession of “ikigai”, deci-
siveness, ease of anger arousal and self-perceived
stress, respectively.

_Table 1 Spearman’s correlation coefficients among the four items for psychological attitudes in the Japan Collaborative Cohort Study

Factors Psychological Decisiveness Ease of anger Psychological
questions arousal stress
Having “ikigai” (something that makes one’s life worth living)
(Do you have “ikigai™?) 0.28 -0.08 -0.15
Decisiveness (Do you make decisions quickly?) - 0.03 -0.03
Ease of anger arousal (Are you easily angered?) - - 0.33

(Do vou experience stress
during vour daily life?)

Psychological stress of daily life

p < 0.001 for all the coefficients
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Table 3 Rate ratios (RRs) with 95% confidence intervals (Cls) for breast cancer by response to psychological questions among women

in the Japan Collaborative Cohort Study, 1988-1997 (n = 34.497)

Response to questions No. of women  Observed No. of cases  Age-adjusted Muliivariate-adjusted”
person-years -
RR  95% CI RR 95% CI
Having “ikigai” (something that makes one’s life living)
Do you have “ikigai™?
No/not particular 18,898 140,544 95 1.60 1.00
Yes/definitely yes 14,557 110,671 51 0.67 0.48-0.95 0.66 0.47-0.94
Decisiveness
Do you make decisions quickly?
No/same as others 25,996 194,173 123 1.00 1.00
Yes 8,032 61,259 25 0.63  0.41-0.96  0.56 0.36-0.87
Ease of anger arousal
Are you easily angered?
No/same as others 27468 203334 119 1.00 1.00
Yes ] 4,162 30,608 18 0.97 0.359-1.59 085 0.51-1.40
Psychological stress
Do you experience stress during your daily life?
No or little/same as others 26,629 199,786 115 1.00 1.00
Yes, very much/considerably 7092 53,354 34 1.5 072-155 1.01 0.69-1.50

The number of women does not equal to 24,497 for each question due to missing values

* Adjusted for age, study area, educational level, family history of breast cancer, age at menarche, age at menopause, age at first birth,
parity, use of exogenous female hormone, alcohol drinking, consumption of green leafy vegetables, daily walking, exercise, sedentary

work. height, and body mass index

Discussion

In this prospective cohort study of Japanese women,
possession of “‘ikigai’’ and decisiveness were associated
with a lower risk of breast cancer development. By
conirast, ease of anger arousal and self-perceived stress
of daily life were not significantly correlated with the
breast cancer risk.

“Ikigai’" is a term considered peculiar to the Japa-
nese language [12] that has attracted attention from
some researchers [13]. It has been a keyword for health
promotion and welfare services for the Japanese
elderly [I1], but its favorable effects on health out-
comes have rarely been examined epidemiologically.
Honma et al. followed 6,274 subjects aged 70 years or
older for three years and found that the presence of
“ikigai” was associated with prolonged active life
expectancy and actual life expectancy [29]. Another
prospective study of 1,405 elderly people aged 65 years
with a nine-year follow-up demonstrated a significantly
lower risk of total mortality in those who have “ikigai”
compared to those who do not [17]. As a possible
explanation for the favorable effect of *‘ikigai” on
health, the authors suggested that it might reflect an
active physiological and psychological profile that
encourages participation in social activities [17].

We were unable to further address the specific
mechanism of the association between ‘‘ikigai’ and

breast cancer risk. However, according to a report
based on the responses of 4,736 elderly to the self-
administered questionnaires by Shirai et al. [14], Bre-
slow’s healthy lifestyle score [30] was associated with
having “ikigai”. In the present study, women who
stated that they had “ikigai” tended to have healthier
lifestyles than those who did not, for example, they
were more likely to consume green leafy vepetables
every day, and to participate in physical exercise. Even
though we adjusted the possible confounding factors
including education, drinking habits, diet and physical
exercise, their healthy lifestyles might have contributed
to the risk reduction.

To our knowledge, there are no comparable studies
that examine such an association. As relative con-
structs, the Finnish Twin Cohort study examined life
satisfaction and neuroticism, two measures reflecting
anxiety and depression, and revealed no association
with breast cancer risk [7]. Compared to these, the
term of “ikigai” is more comprehensive, reflecting
emotions as well as the positive attitudes toward one’s
life. Further studies are needed to verify our findings
including establishment of the definition of “ikigai”
and validation of its construct with other psychological
measures.

Decisiveness also showed a lower risk of breast
cancer in the present study. Having a sense of time
urgency is a characteristic of the Type A
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coronary-prone behavior pattern, which also includes
ambitiousness, competitive drive, and aggressiveness
[31]. According to the Type C cancer-prone personality
proposed by Temoshock et al. [32], a low Type A
personality should be associated with an increased risk
of breast cancer. However, the results of previous
studies examining the relationship between Type A
personality and breast cancer risk are inconclusive [4,
5]. The most recent large prospective study reported no
association between the Type A personality as assessed
by the Bortner scale and breast cancer risk [8]. Deci-
siveness, or time urgency has never been investigated
solely in relation to cancer risk. It is suggested that
some personality factors are affected by genetic factors

which could influence predisposition to breast cancer '

[33]. Further studies are required to explore the
backgrounds behind any association between deci-
siveness and breast cancer risk, including genetic
factors. '

In the present study, we found no association be-
tween the ease of anger arousal and breast cancer risk.
Having difficulty in expressing anger was regarded as
an important component of the breast cancer-prone
personality in earlier studies [34, 35]. However, a meta-
analysis that reviewed the results of nine case—control
studies and one prospective study found no association
between anger expression and breast cancer [5]. The
most recent large prospective study reported no asso-
ciation between hostility, which includes ease of anger
arousal, and breast cancer risk [8]. Our results seem in
line with these recent studies. According to the review
by Butow et al. [3]. there is some evidence to suggest a
positive relationship between anger suppression and
breast cancer development, especially in women under
50 years of age [34, 36]. Feeling anger or ease of anger
arousal is not necessarily the opposite of anger sup-
pression, and it is possible for them to be distinguished
[3]. Carefully designed studies will be needed to
confirm the association between anger and breast
cancer risk.

In the current analysis, we failed to observe a sig-
nificant association between perceived stress of daily
life and breast cancer risk. Against the general belief
that psychological stress may increase the risk of breast
cancer, its epidemiological evidence is limited. Previ-
ous reports based on case-control studies are incon-
clusive (reviewed in Ref. 4] and there are only three
prospective studies reporting the relationship between
perceived stress and breast cancer risk [6, 37, 38].
Achat et al. examined work-related stress levels of
26,936 postmenopausal women aged 46-72 in the
Nurses’ Health Study and found no association with
breast cancer incidence [37]. Lillberg et al. also re-

ported no association between the stress of daily
activities and the risk of breast cancer from the results
of the Finnish Twin Cohort study examining 10,519
women aged 18-70 years with a 20-year follow-up
period [6]. By contrast, Helgesson et al. [38] conducted
a relatively small cohort study involving 1,462 Swedish
women aged 38-60 years with a 24-year follow-up
period and demonstrated that self-reported stress lev-
els predicted the risk of breast cancer. Although the
authors did not discuss the discrepancy, the Finnish
Twin Cohort study found a significant positive rela-
tionship between accumulated and single major life
events and breast cancer risk [9]. The recent meta-
analysis [5] and the review [3] also suggested a weak
positive influence of severe life events on breast cancer
risk. These results suggest a substantial difference be-
tween experiencing stressful life events and perceiving
stress in terms of their impact on breast cancer devel-
opment. The sources of stress are unlimited, and re-
sponses can vary between individuals and/or situations
[39, 40]. Further studies capturing broad aspects of
stress, including its sources and the responses it in-
vokes, will be necessary to verify the association with
breast cancer risk.

The strengths of the present study derive mainly
from its prospective design, which is less subjective to
recall and selection bias compared lo case-control
studies. In particular, avoiding recall bias is critical for
examining the associalions of psychological and
behavioral factors with the risk of cancer [41]. In the
current analysis, we assessed the baseline characteris-
tics of all subjects when they were free from breast
cancer, and then followed them prospectively. In
addition, it should be noted that we adjusted our
analysis for most established risk factors, including
behavioral factors (such as alcohol consumption, diet
and daily exercise) and those related to female repro-
ductive hormones (such as age at menarche, meno-
pause and first time of giving birth, parity and use of
exogenous female hormones). To exclude the possi-
bility that undiagnosed cancers affected the responses
to our questionnaire, we repeated the analysis after
excluding the first two years of follow-up, and con-
firmed that similar results were obtained. The results
were unchanged even after excluding the first four
years of follow-up (data not shown).

Our cohort population has been confirmed to be
similar to the Japanese general population in the light
of demographic and lifestyle features [21]. The preva-
lence of women who perceived psychological stress and
who were decisive in our study were comparable to
those in other population-based cohort studies in Japan
[42, 43]. Although the percentage of the subjects who
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reported to have “ikigai’’ was lower (44%) than that of
the other cohort (56.8%) [42], this may partly be
atiributable to the differences in the questions and the
provided responses between the two studies.

We excluded 1,261 subjects (3.5%) who neglected
all psychological questions from the total participants
for the present analysis. Although they were older and
less educated than the rest of the subjects, other
characteristics were comparable. The proportion of
missing values in each question was 3.0% or less.
Therefore, we believe that the elfect of missing values
is relatively small and our findings would reasonably be
valid in Japanese populations. The applicability of the
findings to other countries, however, requires further
investigation because of the variation in psychological
factors according to social and cultural backgrounds.

Some methodological issues do require further
consideration. First, in previous research within the
JACC Study, perceived stress assessed by the same
questionnaire as the present study was significantly
associated with stroke [44] and colorectal cancer mor-
tality [45] in women. However, the association of other
psychological factors such as “ikigai™, decisiveness, and
ease of anger arousal with illness risk have never been
reported from the JACC Study group. We assessed
psychological factors using single-item measures that
were not systematically designed. Further studies using
inventories that have been specifically devised to mea-
sure individual psychological concepts are therefore
warranted to verify our findings. Second, we assessed the
psychological factors at one specific time point in our
present study; as chronic exposure might be relevant to
the risk of breast cancer, repeated measurements could
provide valuable additional information [46]. Finally,
some residual confounding could not be ruled out be-
cause some potential confounding factors such as diet
and physical activity were rather roughly measured.
Moreover, a considerable number of missing values
were found in the covariates, so that we treated the
missing values for each covariate as a separate category
[47]. However, as the multivariate-adjusted RRs were
almost the same as the age-adjusted ones, the influence
of the missing values on the results seems to be limited.

In conclusion, our analysis suggests that having
“ikigai’’ and being decisive are associated with lower
risks of breast cancer. If our findings are verified by
further studies, the possession of positive psychological
attitudes will be identified as an important factor in the
prevention of breast cancer.
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