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Table 3 Adjusted RR for colon cancer death by BMI at baseline and around age 20 by gender, JACC study, 1988-1999

BMI No. of deaths Person-years RR? 95% ClI RR® 95% Ci
Men
BMI at baseline (kg/m?)
<20 16 66030 0.52 0.29-0.92°¢ 0.44 0.21-0.93%
20-<22 42 111439 1.00 1.00
22«24 33 119748 0.80 0.51-1.26 0.63 0.35-1.1
24-<26 22 80532 0.86 0.51-1.43 0.65 0.33-1.27
26-<28 12 31691 1.24 0.65-2.36 0.73 0.28-1.90
28- 2 15259 0.44 0.11-1.81 0.64 0.15-2.69
P-value for trend 0.32 0.97
BMI at around age 20 (kg/m?)
<20 11 52202 0.87 0.40-1.67 0.89 0.42-1.90
20-<22 23 90432 1.00 1.00
22-<24 30 89552 1.20 0.70-2.06 1.03 0.56-1.89
24-<26 14 46620 1.00 0.51-1.94 1.09 0.54-2.20
26-<28 7 15891 1.51 0.65-3.51 1.05 0.36-3.07
28- 2 8028 0.83 0.20-3.51 1.02 0.24-4.37
P-value for trend 0.42 0.68
Women
BML at baseline (kg/m?)
<20 24 93436 1.28 0.72-2.28 1.61 0.73-3.56
20-<22 23 140635 1.00 1.00
22-<24 23 157 409 0.95 0.54-1.70 1.28 0.59-2.79
24-<26 26 110785 1.50 0.86-2.63 2.23 1.06-4.68°
26-<28 12 54934 1.37 0.68-2.75 2.27 0.96-5.35
28- 14 34689 2.54 1.31-4.944 3.41 1.44-8.06°
P-value for trend <0.05 0.01
BMI at around age 20 (kg/m?)
<20 16 93069 1.15 0.58--2.25 0.84 0.36-1.94
20-<22 18 117956 1.00 1.00
22-<24 22 106 907 1.25 0.67-2.233 1.17 0.57-2.40
24-<26 20 62675 1.73 0.91-3.27 1.96 0.97-3.99
26-<28 11 25559 1.99 0.94-4.23 2.54 1.15-5.64°
28— 5 12976 1.68 0.62-4.54 1.36 0.39-4.75
P-value for trend 0.05 <0.01

“Adjsuted for age at baseline. bAdjustecl for age at baseline, smoking status (never, past, current), alcohol consumption (none, past, regular), exercise (> 5, 3—4, 1-2
days/week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3~7, 1-2 days/week, seldom) and family history of colon cancey.

9P-20.01. ¢P<0.05."

central adiposity and higher insulin levels may play a
significant role. Another potential explanation for the weak
O1 1o association between BMI and colon cancer in women
seen in previous studies®> 7% 1415,20-24.26 15y he the possible
protective effects of estrogen. Estrogen replacement therapy
appears to reduce colon cancer mortality.>® In postmeno-
pausal women, the conversion of androgens to estrogens by
adipose tissue is thought to be the primary source of extra-
Ovarian estrogen production, and circulating bio-available
estrogen increases with age and excess body fat.*32 In
Contrast, elevated estrogen levels as a consequence of obesity
in men seems to lead to increased insulin resistance and
elevated insulin.>3

Why did our Japanese population study show a positive
association between BMI and colon cancer shown in women
but not in men? Both Japanese men and women have lower
BMI than Occidentals (mean BMI at baseline in our study;
men: 22.7 kg/m?, women: 22.9 kg/m?), possibly explaining
our results. Since the degree of central or abdominal

adiposity is low in Japanese men, the carcinogenetic
effects of insulin resistance and hyperinsulinemia on
colon cancer is considered to be weaker among them than
among Occidental men. It is also supposed that the
protective effect of extra-ovarian estrogen by body fat
is weaker in Japanese women than in Occidental women.
Recently, it was reported that obesity was associated with
an increased risk of colon cancer in premenopausal but
not postmenopausal Occidental women.!” One hypothesis
to explain this observation is that obesity increases risk
through hyperinsulinemia; however, high estrogen levels
associated with obesity in postmenopausal women may
have a countering influence. The opposing influences of
insulin and estrogen appear to approximately cancel
each other out. In our study, however, a positive associa-
tion of obesity with colon cancer risk was observed even
among women aged 55y or older, suggesting that the
adverse influence of obesity on hyperinsulinemia may
predominate.
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Table 4 Adjusted RR for colon cancer death in nine groups according to BMi at baseline and around age 20 by gender, JACC study, 1988-1999

BMI at baseline (kg/m?)

<22 22-<26 26—
BMI around age 20 (kg/m*)
Men .
<22 No. of deaths 24 9 1
Person-years 91158 43822 7653
RR* 95% ClI 1.00 1.00 0.46-2.15 0.67 0.09-4.96
RR® 95% Cl 1.00 0.62 0.25-1.54 0.62 0.08-4.61
22-<26 No. of deaths 17 21 6
Person-years 31958 92988 11227
RR® 95% Cl 1.51 0.81-2.81 0.9 0.50-1.62 2.49 1.01-6.11¢
RR® 95% Ci 1.37 0.71-2.64 0.7 0.37-1.33 1.59 0.55-4.64
26— No. of deaths 0 4 5
Person-years 2125 7054 14740
RR® 95% C! —_ 1.71 0.59-4.93 1.48 0.56-3.89
RR" 95% ClI — 1.73 0.60-5.03 0.65 0.15-2.77
Women
<22 No. of deaths 23 5 6
Person-years 119877 72788 18359
RR? 95% Ci 1.00 0.44 0.17-1.16 1.99 0.81-4.89
RR® 95% C! 1.00 0.61 0.20-1.88 3.41 1.29-9.02°
22-<26 No. of deaths 9 28 5
Person-years 39693 106235 23654
RR® 95% CI 0.94 0.43-2.03 1.37 0.79-2.38 1.2 0.46-3.18
RR® 95% Ci 1.1 0.42-2.92 2.01 1.02~3.97¢ 1.64 0.53-5.05
26~ No. of deaths 0 5 n
Person-years 4045 11630 22860
RR® 95% CI — 1.54 0.58-4.06 2.07 1.01-4.26°
RR® 95% Ci — 215 0.70-6.63 3.33 1.46-7.63¢

*Adjusted for age at baseline. PAdjusted for age at baseline, smoking status (never, past, current), alcohol consumption (none, past, regular), exercise (25, 34, 1-2
days/week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/week, seldom) and family history of colon cancer.

4p<0.01. °P<0.05.

In our study, in agreement with others,** the positive

association of colon cancer risk with high BMI around age 20
seemed impressive in women but it may have been affected
by inaccuracy in recalling weight. It may be also explained in
part by the effect of B-BMI because 20-BMI is correlated with
B-BMI. However, in fact, obesity has been shown to be
associated with the risk of colorectal polyps.” Therefore, our
data support the possibility that high BMI and/or factors
related to positive energy balance in early life may act on the
later as well as earlier stages of colon carcinogenesis.

We also found that women with low 20-BMI and high B-
BMI had a high RR of 3.41 (95% CI 1.29-9.02) compared to
those with low 20-BMI and low B-BMI. This result suggests
that excessive BMI change, that is, high adult weight gain, is
associated with a significant increase in the risk of colon
cancer among women. For most women, weight gains occur
during pregnancy and menopause, which are the very
periods when women experience the major biological effects
of hormonal changes. Possibly the time and/or age of weight
gain may be critical in elucidating the association between
weight change and colon cancer risk. The various effects
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of the time and/or age of weight change needs further
investigation.

It was suggested that tall people among both men and
women seemed to be at elevated risk of colon cancer even in
the Japanese population which is shorter, although this
association was not significant, and the underlying mechan-
ism is unknown. Adult height may be a proxy of positive
energy balance during childhood, and inadequate nutri-
tional intake in early life will stunt overall growth and organ
cellularity in particular.>® Height also correlated closely with
the total length of the human colon,®® and the greater
number of stem cells in tall people could increase their
exposure to potential carcinogens.

The strengths of our study include its prospective design
and large size. We could analyze both men and women by
similar methods and were able to control for a large number
of other potential risk factors. Limitations of the present
study also warrant discussion. First, since our results were
based on mortality data, they reflect the potential effects
of body size not only on colon cancer incidence but also
on survival or both. A second limitation is the reliance on



self-reported measurements of weight and height. It is well
known that self-reported current weight and height, and
past weight are influenced by factors such as gender and
obesity. However, many studies®’~** have reported that they
were accurate enough to use in an epidemiologic study.
Third, we have no information on colon cancer screening. If
lean individuals are more likely to get colon cancer screen-
ing, they would be expected to have more diagnosed polyps
and fewer invasive cancers. This potential bias could not be
verified since we did not collect any information during
follow-up about the subjects’ screening participation.
Fourth, we could not analyze by subsite of colon cancer
because subsite data were not available.

In conclusion, there was a significant and positive
association between BMI and colon cancer death in Japanese
women but not in men. This association in women could be
extended to lower BMI levels than that in Western popula-
tions. We also found that both obesity in early life and gains
in adult body mass are predictors of colon cancer risk. The
increased prevalence of obesity in Japan in recent years may
bode ill for future trends in colon cancer incidence and
mortality. The results of our study also suggested that the
avoidance of excessive weight gain during adult life, that is,
weight control may reduce colon cancer risk.
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If having children is regarded as an exposure in life, its effect on
a host could be considered as being due to female sex hormones
associated with pregnancy in women and some lifestyle factors
associated with large families in both men and women. To ex-
plore the roles of having children in the etiology of colon cancer,
we examined 36,629 women and 24,877 men aged 40-79 years
who completed a questionnaire on the number of children and
other lifestyle factors from 1988 to 1990 in the Japan Collabora-
tive Cohort Study for Evaluation of Cancer Risk. During 291,080
and 200,648 person-years of follow-up, we documented 198 fe-
male and 202 male incident colon cancers, respectively. After ad-
justing for some factors known or suspected to modify the risk of
colon cancer, compared with the women with no children, the
multivariate-adjusted relative risks of colon cancer were 0.74
(95% confidence interval [Cl]: 0.30-1.84) for one child, 1.00 (95%
Cl: 0.46-2.20) for two, 0.70 (95% C}: 0.31-1.55) for three, and 0.59
(95% Ci: 0.26~1.33) for four or more. The risk of colon cancer
showed a significantly monotonic decrease with increasing num-
ber of children (P value for trend=0.047). There was no associa-
tion between the number of children and colon cancer risk
among men. From these prospective data, having children may
reduce risk of colon cancer among women, but not among men,
suggesting that modifications of hormone profiles secondary to
pregnancies may influence female colon cancer risk. (Cancer Sci
2004; 95: 243-247)

Bf having children is regarded as an exposure in life, its effect
on a host might arise in two ways. One would be through the
changes in female sex hormones associated with pregnancy
among women. The other could be changes in some lifestyle
factors associated with large families in both men and women.

Most of the hormone-dependent cancers such as breast, ovar-
lan, endometrial, and prostatic cancers are sex-specific. Al-
though colon cancer is frequent among both men and women, it
has been suggested to share etiologic factors common to can-
cers of the breast and reproductive organs in women.»? The
hypothesis that parity may be important in the etiology of fe-
male colon cancer has been tested in a considerable number of
epidemiological studies.?-?? Several mechanisms have been
suggested to explain a positive protective effect of pregnancy.
These include modifications of hormone profile secondary to
pregnancies and their effects on bile acid metabolism?”2® and
immunological influences of ABO-incompatible fetal anti-
gens.? It has also been claimed that some lifestyle factors asso-
ciated with large families, such as physical activity, may
account for a substantial part of the protective effect.?

Tamakoshi et al.

Despite reasonable biological mechanisms, as mentioned
above, the results from epidemiological studies,>-?® mainly
those with case-control study design,'0-?% have been conflict-
ing. The limitation of case-control studies in assessing lifestyle
characteristics predating the disease may account for some of
the observed inconsistencies.

Thus, we examined the influence of having children on colon
cancer in both men and women by means of a prospective
study design. Examining the effects of having children on colon
cancer risk among men will be helpful in verifying the hypothe-
sis that its protective effect may be due to some lifestyle factors
associated with large families. Moreover, we examined the in-
fluence of children’s gender on colon cancer from the view-
point of the difference in hormonal factors associated with fetal
gender.

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 effects of various risks and/or pro-
tective factors on cancer mortality and incidence. Study meth-
ods and ethical issues have been described in detail
elsewhere.?® Briefly, our study was initiated in 1988, and en-
rollment continued until the end of 1990. We enrolled 127,477
apparently healthy inhabitants in these areas with completion of
the questionnaire. Two strategies were applied to obtain in-
formed consent for participation in the majority of study areas,
i.e., by asking individuals to sign the cover page of the ques-
tionnaire, or at the group level by explaining the aim of the
study and the confidentiality of the data to community leaders.
Of 127,477 enrolled, 110,792 (46,465 men and 64,327 women),
aged 40-79 years, were followed up.

Subjects for the present analysis were restricted to 65,184 in-
dividuals who lived in 24 study areas, where cancer registries
are available. Of 65,184 participants, we excluded from analy-
sis 26 subjects with a history of colon cancer at baseline, 619
subjects who had less than 1 year of follow-up time, and 3103
with an unknown number of children, leaving 61,506 eligible
subjects (24,877 men and 36,629 women) for the analysis.

Data collection. A self-administered questionnaire was used to
assess the baseline characteristics of participants. It covered
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medical history and included lifestyle-related items such as
diet, physical activity, drinking, smoking, and family history of
several medical conditions including cancer. Reproductive his-
tories were asked only among women. It also included ques-
tions about the numbers of sons and daughters. The number of
sons plus the number of daughters was defined as the total
number of children. We divided the number of children into
five categories: no child, one, two, three, and four or more chil-
dren. As regards the children’s gender, we also created three
categories: only female, only male, and mixed. Due to missing
values for certain variables, the total number of cases and per-
son-years of follow-up varied somewhat between analyses.

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

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

The incidence to death ratio for colon cancer was 2.57 in the
cohort covered by cancer registries. This figure is comparable
with those in acceptably accurate population-based cancer reg-
istries in Japan®® (1.69 to 3.45) and indicates that a reasonably
high proportion of colon cancer cases was identified.

Finally, the mean follow-up period was 7.6 years (7.7 years
for men and 7.6 years for women). During 200,648 and
291,080 person-years of follow-up, 202 male and 198 female
incident colon cancers were identified.

Statistical analysis. In the present study, variables of interest
are the total number of children and the gender of children. For
each participant, the person-years of follow-up were calculated
from the date of filling out the baseline questionnaire to devel-

opment of colon cancer, death from any cause, moving out of
the study area, or the end of the follow-up period, whichever
occurred first. Those who died from causes other than colon
cancer or moved out of the study areas were treated as censored
cases.

We used a Cox proportional hazards model to compute rela-
tive risks (RRs), adjusted for age at enrollment. In another mul-
tivariate analysis, smoking status (never, past, current), alcohol
drinking habit (none, past, present), exercise: “How long do
you take exercise or sports in a week?” (25, 3-4, 1-2 h per
week, seldom), spinach and green leafy vegetable intake (3-7,
1-2 days per week, seldom), meat intake (3-7, 1-2 days per
week, seldom), family history of colon cancer (yes, no), and
body mass index (£18.5, 18.5-<22.0, 22.0-<25.0, 225.0 kg/m?)
were further adjusted. Menopausal status (yes/no) and age at
menarche were additionally adjusted among women. These
variables were assessed by the baseline questionnaire and were
selected as covariates because they were known or suspected to
modify the risk of colon cancer. In the analysis, all variables
were entered as dummy variables except for age at enroliment.
Missing values for each covariate were treated as an additional
category in the variable and were included in the model. A lin-
ear trend of association was assessed by means of a regression
model assigning scores (0, 1, 2, ...) to the levels of the indepen-
dent variable.

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

Results

Characteristics of the subjects according to the number of children
among women. Table 1 summarizes background characteristics
of the women. Those who have more children were likely to be
older. The proportions of current smokers and alcohol drinkers
decreased with increase of the number of children. The mean
values of BMI and age at menarche increased with the number

Table 1. Characteristics of the subjects according to the number of children among women
Number of children P
Characteristics 0 1 2 3 >4 differ:r:cez’ P for trend?
(n=1,317) (n=3,088) (n=13,858) (n=11,720) (n=6,646)

Age (years)" 59.9 58.3 54.7 57.2 66.4 <0.01 <0.01
Current smoker (%) 7.7 9.0 5.0 3.9 4.4 <0.01 <0.01
Current alcohol drinker (%) 22.4 24.4 258 23.0 19.5 <0.01 <0.01
Familial history of colon cancer (%) 0.8 1.1 1.0 1.1 0.9 0.73 0.65
Body mass index (kg/m?)" 22.5 22.6 229 23.0 23.0 <0.01 <0.01
Age at menarche (years)” 15.1 14.9 14.7 14.9 15.4 <0.01 <0.01
Menopause (%) 60.4 68.6 62.4 67.2 80.8 <0.01 <0.01
Exercise (h/week) (%)

25 43 3.8 3.2 4.1 6.9

3~-4 5.0 4.3 5.1 53 7.6

1-2 14.0 14.6 14.8 14.0 13.2 <00 <0.01

Seldom 76.7 77.4 76.9 76.7 72.4
Meat intake (day/week) (%)

Seldom 31.2 26.7 21.2 214 29.7

1-2 32.5 33.7 346 33.8 32.8 <0.01 <0.01

3-7 36.3 39.7 44.2 44.8 37.5
Green leafy vegetables intake (day/week) (%)

Seldom 7.8 7.6 7.8 7.3 8.2

1-2 27.5 27.2 27.8 28.6 26.4 0.13 0.97

3-7 64.7 65.2 64.4 64.1 65.4

1) Mean value.
2) Pearson 2 test or analysis of variance (ANOVA).

3) Mantel-Haenszel y2 test or trend analysis in a one-way ANOVA (PROC GLM with CONTRAST statement in SAS).
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of children. The rate of menopause also became higher as the
number of children increased. Those with more children tended
1o take more time to exercise and to consume more meat.

Characteristics of the subjects according to the number of children
among men. Table 2 shows background characteristics of the
men. The men who have more children were also likely to be
‘older and the proportion of current smokers decreased with in-
crease of the number of children. Those with more children
tended to exercise and to consume meat more frequently. The
men seemed to consume less green leafy vegetables than the
women but those with more children were likely to consume
more green leafy vegetables.

Association of having children with the risk of colon cancer. Table
3 presents the age-adjusted and multivariate RRs for colon can-
cer by the number of children. Compared with the women with
no children, the multivariate-adjusted RRs of colon cancer were
0.74 (95% CI: 0.30-1.84) for one child, 1.00 (95% CI: 0.46—
2.20) for two, 0.70 (95% CI: 0.31-1.55) for three, and 0.59
(95% CI: 0.26~1.33) for four and more. The risk of colon can-
cer showed a significant monotonic decrease with increasing

number of children (P value for trend=0.047). However, there
was no association between the number of children and colon
cancer risk among men.

Association of children’s gender with the risk of colon cancer. We
also examined the risks for colon cancer by gender of children.
The gender of children was not associated with risk of colon
cancer among either women or men.

Discussion

In our prospective study, we observed a statistically significant
protective effect of having children against development of co-
lon cancer among women, and the effect was independent of
lifestyle factors known to modify the risk of colon cancer.
However, there was no association between having children
and the risk of colon cancer among men. .
It is thought that having children may be related to the devel-
opment of colon cancer in females through two mechanisms.
One mechanism is based on participation of female sex hor-
mones and the other is based on the lifestyle factors related to

Table 2. Characteristics of the subjects according to the number of children among men

Number of children

Characteristics 0 1 2 3 >4 difffa:sr:ce?’ P for trend”
(n=871) (n=1,891) (n=10,089) (n=8,414) (n=3,612)
Age {years)" 57.3 56.7 55.3 57.8 66.7 <0.01 <0.01
Current smoker (%) 53.7 535 52.5 51.8 50.6 0.18 <0.05
Current alcohol drinker (%) 67.8 72.7 76.4 77.6 68.4 <0.01 0.15
Familial history of colon cancer (%) 1.0 0.8 1.0 1.0 0.9 0.87 0.74
Body mass index {(kg/m?)" 22.5 22.6 22.7 22.7 22.2 <0.01 0.17
Exercise (h/week) (%)
=5 6.1 55 5.9 6.5 10.9
3-4 6.7 6.4 7.3 7.7 10.0
1-2 17.9 17.2 18.6 18.0 16.4 <0.01 <0.01
Seldom 69.4 71.0 68.2 67.8 62.7
Meat intake (day/week) (%)
Seldom 32.2 26.4 23.2 23.1 26.0
1-2 32.4 36.8 36.9 35.6 35.4 <0.01 <0.01
3-7 35.4 36.8 39.9 41.3 38.7
Green leafy vegetables intake (day/week) (%)
Seldom 15.3 131 12.4 10.4 10.4
1-2 30.9 30.6 321 30.8 285 <0.01 <0.01
3-7 53.8 56.3 55.5 58.8 61.2
1) Mean value.
2) Pearson 2 test or analysis of variance (ANOVA).
3) Mantel-Haenszel x? test or trend analysis in a one way ANOVA (PROC GLM with CONTRAST statement in SAS).
Table 3. Relative risk (RR) and 95% confidence interval of colon cancer according to the number of children
Number of children
P for trend
0 1 2 3 24
Women
Number of cases 10 16 69 53 50
Person-years of follow up 10,250 22,560 105,471 90,520 49,821
Age-adjusted RR 1.00 0.83 (0.38-1.83) 1.02 (0.52-2.00) 0.74 (0.38-1.46) 0.70 (0.35-1.38) 0.09
Multivariate RR" 1.00 0.74 (0.30-1.84) 1.00 (0.46-2.20) 0.70 (0.31-1.55) 0.59 (0.26-1.33) <0.05 -
Men
Number of cases 6 14 74 77 31
Person-years of follow up 6885 14,245 78,181 65,783 26,515
Age-adjusted RR 1.00 1.22 (0.47-3.18) 1.29 (0.56-2.96) 1.35 (0.59-3.10) 0.87 (0.36-2.09) 0.46
Multivariate RR? 1.00 1.03 (0.39-2.68) 1.07 (0.46-2.48) 1.12 (0.49~2.57) 0.72 (0.30-1.74) 0.30

1) Adjusted for age at baseline, smoking status

(never, past, current), alcohol consumption (none, past, regular), exercise (25, 3-4, 1-2

days/week, seldom), meat intake (3-7, 1-2 days/week, seldom), green leafy vegetable intake (3-7, 1-2 days/week, seldom), family history
of colon cancer (yes, no) and BMI at baseline (<18.5, 18.5-<22, 22-<25, 25-kg/m2). Additionally adjusted for menopausal status and age at

menarche among women.

Tamakoshi et al.

Cancer 5ci | March 2004 | vol.95 | no.3 | 245

=773~



Jarge families. Many studies®-?® have investigated the effect of
parity on colon cancer risk. There has been evidence of a pro-
tective effect of parity in less than half!®1419.20.2223 of the 17
case-control studiesi®-2® and only two*® of the seven published
prospective studies®* have shown non-significant inverse asso-
ciations between parity and colon cancer.

Several mechanisms have been suggested to explain a protec-
tive effect of pregnancy on colon cancer. The bile acid hypothe-
sis was suggested by McMichael and Potter.””*¥ Female sex
hormones influence the hepatic cholesterol metabolism and bile
production. Progestins in pregnancy reduce hepatic clearance of
plasma cholesterol and reduce bile production and thus may de-
crease the risk of colon cancer. The ABO-incompatible fetal an-
tigen hypothesis was suggested based on the fact that the
protective effect of multiple pregnancies was limited to women
with blood group O in a case-control study.® However, we
could not analyze that effect due to the lack of data on blood
groups.

Alternatively, parity may be a surrogate for other exposures
relevant to colon cancer risk. Physical activity associated with
large families has been suggested as such an exposure.” In our
study, the women with more children were likely to take more
time to exercise at baseline. However, the protective effect of
having children was unchanged after adjustment for physical
activity besides smoking, alcohol intake, and diet. These find-
ings suggest that having children may be associated with re-
duced risk for developing female colon cancer independently of
lifestyle factors associated with large families.

To some extent, a high-parity lifestyle, whatever that may in-
clude, is shared by both parents. Therefore, it is interesting to
elucidate the effect of having children on colon cancer in men
when we study epidemiologically the mechanisms underlying
the protective effect of having children on female colon cancer.
In our study, the lifestyle characteristics according to the num-
ber of children showed a similar pattern in men and women.
Previously, only four studies®® 1 have analyzed the effects
of having children in men. One'® of them reported a significant
and protective effect of having children and the others found no
significant effect. There was also no association of having chil-
dren with the risk of colon cancer among men in our study. The
mother’s use of time may be more strongly correlated with her
familial obligations than that of the father. More research on
gender-specific differentials of having children in important lif-
estyle factors is needed. The independent protective effect of
having children on female colon cancer observed in our study
may be due to some as-yet unidentified factors specific to the
" women, such as social, or psychological factors.

To our knowledge, this is the first study to examine whether
gender difference of children affects colon cancer risk. A few
studies®-3¥ have examined whether the gender of the fetus in-
fluences subsequent maternal breast cancer risk, since gender
differences in the maternal levels of serum hormone-binding
globulin, o-fetoprotein, and chorionic gonadotrophin have been
reported that might be related to maternal breast cancer. One
study®" found that deliveries of male offspring had a protective
effect, but the others’3 reported no modification. Thus, we
tried to study whether gender difference of children affects co-
lon cancer risk. Although the women with male offspring only
had a statistically non-significant and low risk for colon cancer,
the gender. of children does not seem likely to influence colon
cancer risk. However, this needs to be investigated further.

The strengths of the present study include its prospective de-
sign and large size. Data on exposure were collected before di-
agnosis and incidence of colon cancer, which should preclude
recall bias. Moreover, since data on many kinds of exposure
known or suspected to modify the risk of colon cancer were
collected in the present study, we could elucidate the indepen-
dent effects of reproductive factors by multivariale adjustment.
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The first limitation of this study is in the absence of informa-
tion about specific subsites of origin in the large bowel, since it
has been suggested that the influence of sex hormones should
be greater on, or restricted to, the right side of the large
bowel .2® Second, our study showed an independent protective
effect of having children on female colon cancer by multivari-
ate-adjusted model. But, we did not have information on life-
style during the child-rearing years.

In summary, the present prospective study showed a signifi-
cant inverse association of having children with colon cancer
risk among women, but not among men, independently of some
lifestyle factors. These results suggest that modifications of
hormone profiles secondary to pregnancies may influence fe-
male colon cancer risk. Our study also provides additional sup-
port for the earlier suggestions by McMichael and Potter et al.
However, some as-yet identified factors which are related to
large families and specific to the women may exist.
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Abstract

Objective. Pepsinogen testing is widely used in Japan as 2 method of screening for gastric cancer. To evaluate the efficacy of

~ this method, a case-control study was conducted in a rural town in Hiroshima prefecture, Japan, where no previous .
pepsinogen testing had been performed. AMaterial and methods. Three age-and gender-matched control subjects were

randomly selected for each of 41 individuals who had died of gastric cancer. The three control subjects were selected from

individuals who were living in the same area as the patient when gastric cancer was diagnosed. Results. The odds ratios for

death from gastric cancer among control subjects screened within 1 and 2 years before the individuals were diagnosed versus

those not screened were 0.238 (95% confidence interval (CI): 0.061-0.929), and 0.375 (95% CI: 0.155-0.905),

respectively. Conchasions. The study results suggest that gastric cancer screening using the pepsinogen method may reduce
mortality from gastric cancer.

Key Words: Gastric cancer, mortality, pepsinogen, screening

Introduction ‘ which affects serum concentration of pepsinogen
' Gastri . . . (PG), is the major risk factor for atrophic gastriris
astric cancer is a major cause of cancer death in . .
many countries, including Japan. However, the (8-10]). Many gastric cancers develop in areas Of‘
T > ) ’ > severe and extensive atrophic gastritis [11-14]. We
mortality rate for gastric cancer has been decreasing h . .
. . . ave reported a high prevalence of gastric neo-
in Japan, partly because of the introduction of mass lasms in populati ith atrophic gastritis diag-
screening programs [1]. The validity of indirect P bopuiarions with atrop & 28
; ) . nosed on the basis of the serum PG concentration
photofluorography, which is the conventional {15]. Thus, serum PG measurement.can be applied
screening method u§ed‘ in Japan, has been recog- as a gasiric cancer screening merhod [16-20]. The
mzed. [1—5]., but %ndn"ect photofluorography is accuracy of PG testing in comparison with photo-
assocxa.tcc? with certain drawbacks, such. as cxpo.sure fluorography or endoscopy or with follow-up study
to ra‘dl.anon and th.c need. for specu.:llly .tra'm.ed has been reported [15-20]; however, there have
technicians and ?peclal equipment, Wl"“Ch hrmt.lts been no reports on the effectiveness of such screen-
use. Therefore, simpler and more effective screening ing in reducing the number of deaths from gastric
strategies for gastric cancer are needed.

> - = 1 ) cancer. In the present case-control study, we
Helicobacter pylori (H. pylori) infection can cause evaluated the relation between testing and mortality
gastric inflammartion, and glandular atrophy [6,7], due to gastric cancer.
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Material and methods
Sﬁtdy area

The study was conducted in a town located in a rural
area of Hiroshima Prefecture, Japan, with a total
population of approximately 4500 (male/female
ratio: 0.91), 39.3% of the population being over
65 years of age. The town was chosen for this study
because gastric cancer screening by serum PG
concenrrarion testing had been conducted there
since 1989. Data pertaining to diagnosis of gastric
cancer were obtained from the death certificate
records and the Hiroshima Prefectural Cancer
Registry. Individuals residing in the town during
the relevant time period were selected at the town
office. The study was approved by the ethics
committee of Hiroshima University School of Med-
icine and by the Ministry of Public Management,
Home Affairs, Posts and Telecommunications of
Japan.

Screening by serum pepsinogen testing

Fasting blood samples were obtained from the
participants, and serum samples were stored at
—20°C until use. Serum PG I and II were measured
by radioimmunoassay (Dainabot, Tokyo, Japan)
[18,19]. Screening results were determined accord-
ing to established cut-off values: individuals with a
value less than the cut-off value were considered to
be at high-risk for gastric cancer and were advised to
undergo a more specific examination. The cut-off
levels during the study period were as follows: a PGY/
PGI ratio of less than 2 in 1989; a PG I concentra-
tion of less than 30 ng/ml or a PGI/PGII ratio of less
than 2 in 1990-92; a PG I concentration of less than

50 ng/ml and a PGUPGII ratio of less than 3 after
1993, as reported previously {15,18,19]. The screen-
ing was offered annually in the town through the
local government. The target population comprised
all residents aged 40 years or older. In 2002, there
were 1596 residents in the town aged 40 years or
older and 663 (41.5%) individuals participated in
the gastric cancer screening. During 13 years, 873
residents had positive screening tests by serum
pepsinogen and 585 (67.0%) underwent more
specific examinations (gastointestinal endoscopy;
539 (92.1%), photofluorography; 46 (7.9%)).
Some of the results were reported previously
(15,18,19].

Identificarion of individuals who died from gastric cancer

The case series consisted of residents of the town,
who, according to the death certificate records and
the Hiroshima Prefectural Cancer Registry, died

from gastric cancer during the period April 1989 to
March 2002. Forty-nine individuals died from
gastric cancer during the period. Gastric cancer
death was confirmed in 46 (93.9%) of these in-
dividuals (28 M, 18 F). Of the 46 deaths, 5 were
prior to the initiation of serum PG testing; thus, 41
cases were finally selected for the study.

Identificarion of control subjects

For each of the 41 individuals who died of gastric
cancer, 3 gender-matched control subjects with the
same birth year were selected randomly from
the residents that were alive on the date thar the
individual died. When there were fewer than three
other residents with a matching birth year, the
matching was done with residents whose birth year
was within +3 years. For the 41 individuals who
died from gastric cancer, a total of 123 control
subjects were selected.

Identificarion of screening history

Records of the gastric screening program were
reviewed to obtain screening histories for the 41
individuals who died and the 123 conrrol subjects
during the 2 years before each diagnosis of gastric
cancer.

Data analysis

The Mantel-Haenszel procedure was used to esti-
mate odds ratios (ORs) and 95% confidence inter-
vals (Cls). ORs were calculated for control subjects
who participated in the screening once during the
1 or 2 years before case diagnoses, in comparison
with those who did not participate in the screening
during this period. The relation between partici-
pants’ age and reduction in dearhs from gastric
cancer was examined. In the analysis, age was
categorized as less than 65 years, less than 70 years,
less than 75 years, less than 80 years, and less than
85 years.

Results

Age and gender of the individuals who died from
gastric cancer and the contro! subjects are reported
in Table 1. The male-to-female ratio of the indivi-
duals who died was 25/16, and the mean age of these «
individuals was 71.9 years (range, 44—92 years).
The ORs for death from gastric cancer among
control subjects who participated in the screening
once during the 1 year and once during the 2 years
before the diagnosis of cases, as opposed to death
from gastric cancer among those who did not
participate in the screening during these periods,
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Table I. Age and sex of individuals who died from gaswic cancer
and control subjects.

Case Control
(n=41) (n=123)
Age (years) at diagnosis
40-59 3 10
60-69 15 31
70-79 9 52
80— 14 30
Male/femnale rado 25/16 75/48

Table M. Mantel-Haenszel odds ratios for death from gastric
cancer in PG testng performed during 1 year before gastric
cancer diagnosis.

Number of screening participants
(out of 3 matched controls)
during the year before gastric
cancer diagnosis

0 1 2 3
Gastric cancer deaths
Screening history 1 1 0
No screening history 22 14 2 1

were 0.238 (95% CI: 0.061-0.929) and 0.375 (95%
CI: 0.156-0.905), respectively (Tables II and III).
Thus, the number of gastric cancer deaths was
reduced by 76% among subjects participating in
PG screening within 1 year and 62% among subjects
participating in PG screening within 2 years of the
time of gastric cancer diagnosis in the corresponding
individuals who died from gastric cancer. The OR
for death from gastric cancer among subjects parti-
cipating in screening once during the 1 year before
the diagnosis of cases was lower than that of subjects
who participated once during the 2 years before
diagnosis.

The reduction in the number of deaths from
gastric cancer did not correlate with age of subjects
who underwent screening once during the 1 year
before diagnosis of the cases (Table IV). The
reduction was not related to age in any subjects
with the exception of those less than 85 years of age
who underwent screening once during the 2 years
before diagnosis of the cases (OR: 0.321; 95% CI:

. 0.120-0.862; p =0.027).

Discussion

This is the first case-control study evaluating the
relation between mass screening on the basis of PG
concentration and gastric cancer mortality. In Japan,
mass photofluorography screening programs for
gastric cancer were iniriated around 1960 [1]. The
usefulness of such screening has been reported. A’

Gastric cancer mortality reduction by PG testing 3

Table III. Mantel-Haenszel odds rados for death from gastric
cancer in PG testing performed during 2 years before gastric
cancer diagnosis.

Number of screening participants
(our of 3 matched controls)
during 2 years before gastric

cancer diagnosis

0 1 2 3

Gastric cancer deaths
Screening history 3 1 1 0
No screening history 15 13 5 3

Abbreviation: PG =pepsinogen.

population-based, case-control study of screening
based on photofluorography showed a 55% reduc-
tion in gastric cancer deaths for individuals who
participated in the screening at least once during a
2-year period {1-4]. Lee et al. reported a 2-fold
decrease in gastric cancer mortality in subjects who
participated in photofluorography screening during
the preceding 1 year versus control subjects [5]. At
present, about 5 million people in Japan are screened
annually by phortofluorography.

The sensitivity of photofluorography is by no
means high when endoscopy is used as a yardstick.
Thus, measurement of serum PG concentrations has
recently gained attention as a new screening method
for gastric cancer. The results of studies of PG
concentration testing show that this method has a
superior cancer detection rate and is less expensive
than the conventional photofluorography-based
mass screening [21,22]. Furthermore, the percen-
tage of early gastric cancers detected by PG testing is
higher than that of conventional screening, and a
considerable number of individuals with gastric
cancer identified by PG testing have been treated
by endoscopic surgery. Miki et al. reported the
incidence of gastric cancer to be 0.05% by X-ray
detection and 0.18% by PG testing in populations
who underwent X-ray and PG screening simulta-
neously, and that 90% of gastric cancers detected by
the PG method were in the early stages [21]. It has
been reported that screening by serum PG testing
may be useful in detecting small asymptomatic
cancer of non-ulcerated morphology, and well-
differentiated histology [1]. Small asymptomatic .
cancers of this type are relatively difficult to detect
by photofluorography, whereas such conventional
screening is effective in detecting cancers of ulcer-
ated morphology and poorly differentiated histology
as well as advanced cancers, which are frequently
symptomatic. In addition, the PG method has many
advantages over the X-ray method. For example, PG
testing is easy to perform, and patients do not feel
much discomfort. There is no radiation exposure,
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Table IV. Reduction in gastric cancer mortality and age.

Participation in screening during 1 year
before gastric cancer diagnosis in

3 matched controls

Participation in screening during 2 years
before gastric cancer diagnosis in
3 matched conwols

Age

(years) n OR 95% CI p-value OR 95% CI p-value
<65 11 - — 0.562 0.600 0.081-4.444 >0.999
<70 18 - - 0.188 0.385 0.094-1.567 0.166
<75 25 0.429 0.056-3.726 0.444 0.333 0.096-1.156 0.146
<80 30 0.500 0.100~2.495 0.514 0.500 0.163-1.532 0.306
<85 36 0.294 0.072-1.209 0.161 0.321 0.120-0.862 0.027
All 41 0.238 0.061-0.929 0.043 0.375 0.155-0.905 0.036

Abbreviations: OR =odds ratio; CI =confidence interval.

and there is no barium ingestion, with its related side
effects. The PG method is fast, and many serum
samples can be analyzed simultaneously. If man-
power, costs, and efficiency were not issues, the
highest sensitivity could be reached in all individuals
by using a combination of PG and photofluorograhy
screening. However, since man-power and cost are
limiting factors, and photofluorography produces
some harmful effects, the more efficient screening
method should be determined on the basis of
scientific and epidemiologic evidence.

There have been no studies directly examining
whether screening on the basis of the serum PG
concentration is associated with reduced gastric
cancer mortality. A randomized, controlled trial is
the most suitable method for evaluating the effec-
tiveness of a cancer screening program; however,
mass screening programs for gastric cancer have
been so widely implemented in Japan that it is
impossible to undertake such a trial. As an alter-
native, we undertook this case-control study.

Because the screening histories of the individuals
who died from gastric cancer and the control
subjects in the present srudy were obtained from
the same darta source, recall bias and inter-observer
bias were thought to be eliminated. Measurement
bias was also eliminated because the record linkage
on the computer was performed similarly for cases
and control subjects. However, our study had two
weaknesses. First, the self-selection bias could not be
controlled because some information could not be
obtained. If a family history of cancer increased the
risk of death from gastric cancer, the effectiveness of
the screening might have been underestimated if this
factor was not taken into account. Similarly, if
habitual smoking increased the risk, the effectiveness
might have been overestimated. In fact, in several
studies it is suggested that the risk of gastric cancer
may be associated with a family history of cancer and
with habitual smoking {23,24]. These factors and
other factors, such as socio-economic status, dietary

habits, and health practices, should be controlled in
order to evaluate the screening method more pre-
cisely. Another consideration is the effect of mass
X-ray screening. The effect was not evaluated in the
present study because we could not sufficiently
investigate the subjects’ histories of X-ray screening.

The present study indicated that the effect of
screening based on the serum PG concentration lasts
for ar least 2 years. Fukao et al. reported that the
effect of screening by photofluorography remains for
ar least 5 years [3]. We previously reported that, in
more than 90% of cases, the PG concentraton was
similar to that obtained 5 years previously [25]. We
investigated the natural course of the PG concentra-
tion in a prospective study over a period of 9 years.
Of 207 PG-negative subjects, 182 (87.9%) were still
PG negative after 9 years [26]. Therefore, repeated
examination of the PG concentration might not be
required. However, the optimal interval between PG
tests should be decided by the effectiveness of the
screening method. Further study is necessary to
confirm the optimal interval.

In conclusion, the results of the present case-
control study suggest reductions of 76% and 62% in
gastric cancer mortality among individuals who
participate in screening for gastric cancer on the
basis of the PG concentration once a year or once
every 2 years, respectively. A large-scale study in-
cluding factors related to self-selection bias is needed
not only to evaluate the effectiveness of screening
based on PG testing more precisely bur also to
determine the optimal frequency and interval of
screening by this method.
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Purpose: We started a new screening method for gastric cancer in 1996 by measuring the serum concentration of
pepsinogen (PG) Iand Il This PG test method can identify individuals with atrophic gastritis. We have conducted a
follow up study to reveal the reduction of gastric cancer mortality among participants in the PG test method in the five
years observation period after the screening.

Methods: A total of 5,449 residents in Adachi city aged 40, 50 and 60 years old in 1996 were measured serum PGI and PGII
levels. Individuals with PGI level = 70 ng/ml and PGI/PGII < 3.0 were advised to have an upper gastro-intestinal (GI)
endoscopy to detect the gastric cancer. The participants who moved out of the city, had second screening by the PG test

BANARE - BWERE

—781—



P ASKE L THMBECOEEILTIL
(SMR) # Bl L7z, B SMR 1203 45 T#M
2 ABMTHH, SMR O 95% B ML, 1 2 &
F AT RFICHHLTEY, SEOHEMEIL
CoARi & JL 8 U THEET I/ BIC B U
ML T LT/ BCO@ERON, 7 A (self-
selection bias) DRI G E T &z w5, PG
P X B RS O WL EIR A ) B AR
THIRTH .

L Ledts, ZOMEOHRTPG DAL
PEA I35 2 i Ta v, EAGEHE A
BElo B CE, SEBIRIBIFSE O T THA T
F T 5.

| by

EGEMHE RO —H—Th D MHE PG, H
Wo<w—H—ELTAZY == 722
H, GEROME X B EH D s LTHEM
T AHMEAER T&ETWA,

PatE AR ORBR, WHBEI ST XD R L,
CHAROWIR A 7 ) — = v e — A — & LT
BENE L, TAEM LML L Ty,
LA Laehis, M XBEELTTIEE, Hp
BArofiagbee, NERELMES L
7o YR BEOKY ARG E, WOBEED
EHZ T RLTWwL 2 &T, BBV A7 4
EREIA LRGSR INS.

ks, PG DOWTOERNE, A A
NP T S s A= Y
(hitp: //www.pepsinogen.org) § & T 728
Uh,

638

Y]

-~

2

3)

8

=

9

10)

11

~

12

—106—

—782—

X W

Miki K, Ichinose M, Shimizu A, et al : Serw pepsinogens
as a screening test of extensive chronic gastrilis. Gastro-
enterol Jpm 1987 ;22: 133141,

Samloff IM, Varis K, Thamaki T, et «l : Relationships
among serum pepsinogen [, serum pepsinogen 1, and
gastric mucosal histlogy. A study in relatives of patients
with pernicious anemia. Gastroenterology 1982 ; 83 :
204—209.

Gorrea P o The gastric precancerous process. Cancer
Surn 1983 ;2 437450,

A CaE DA b oA 7 R & F ORI,

A cibs, 7Y vk, BREEEE, HE, 199828
29.

SACE TMERT Y 2 I E B HAAR Y ) —
Z o MT AT, BAEARE &K 10 KR
448 (9-8), 1999 ;39—41.

Miki K, Morita M, Sasajima M, et al : Uselulness of gastric
cancer screening using the serum pepsinogen test
ethod. Am J Gastroenterol 2003 ;98 : 735—739.
AT, EBRE, AN 7Y ik
M OOFBETE 4 0 BOE M B R AT, HTIBREE 2000,
38 : 292304, :
HREEHR  RTY 7 RO R EREE A b
W, RTLIFENF Ty 721l HROYPAR
BO7 o, AVANME -, HE, 200116 28
FEbRE D EHESHEEERFURRHBDEI L A
[MEEMAZ -2 FIZ LB HBBBOMA E ¥
WM AR HE CEERIREE © 2R 00 T R
s

B A E IR O R B R B Tl
WA ) -2y VL A YBBS O R E Il
WA P (EIRRFZEE A -1l PR 11 4R
BT, BR B HSARE. AH e AR
BO@IEILIZ MY 5 HERE S E T2 LD A RS Fik
DA VEORG ] B E, WREA D ARRBIEBR,
4058, 2001 ;81—120.
PRI, RREY-- HI R It AT
L) k0 5O B M AL L B DTEORE. 1
AN AMEE - BBIEREE 2003 1164

BEHE 1318 S5 3/FHI6CONFEI[TH



78 Vol.11 No.2 2004

method, or died from other causes than gastric cancer were defined as censored cases during the 5 years follow up period.

Standardized mortality ratios (SMR) of gastric cancer among participants were calculated based on the sex, age and
year specific gastric cancer mortality using Japan as a standard population.

Results: Five early gastric cancer cases and 1 advanced gastric cancer case were diagnosed within a year after screening.
Two advanced gastric cancer cases were found by further examinations during the follow up period of 2 - 5 years. There
were 701 censored cases and 3 gastric cancer death cases including 2 cases with negative result at the screening. SMR
(95% confidence interval) of gastric cancer in the 5 year observation period were 0.34 (0.07? 0.98) .

Conclusions: Participants for screening by the PG test method showed a reduction in gastric cancer mortality in
comparison with the general population in Japan.

Key words: pepsinogen test method, screening, stomach neoplasms
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