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SUMMARY

The results of a large mail survey sent to atomic
bomb survivors in Hiroshima and Nagasaki are
studied with respect to menarche, first birth,
menopause, and weight. These known risk
factors for breast cancer can be used to explain
some but not all of the differences in Japanese
and US breast cancer rates, The results for age
at menarche are the most striking, with the
presence of a strong secular trend. The Japanese
women’s average age at menarche was observed
to decrease from 16.4 years for women born in
1902 to 14.4 years for women born in 1942.
Further, a temporary increase was observed
in those women whose menarche was expected
to occur during the early 1940s war years.
Differences in US and Japanese women were also
observed with first birth including nulliparous
rates. Age at menopause was similar for the two
groups, although US women have a considerably
higher rate of surgically induced menopause.
Within each birth cohort, it is shown that body
weight is negatively correlated with age at
menarche and positively correlated with age at
menopause,
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INTRODUCTION

There is remarkable variation in breast cancer
rates among different countries. The most
notable difference is between North America
and Japan; as of 1970, rates were some 4.5 times
higher in the United States than in Japan in
women up to age 50; thereafter, the ratio of the
rates increased, reaching 6 times by age 70.
This US-Japan difference has long been of great
interest to epidemiologists.> Studies of Japanese
women who have emigrated to the United States
show that Japanese-American breast cancer rate
will probably soon approximate the relatively
high breast cancer rate of US white women.®*
For example, the San Francisco-Oakland
(California) area incidence rates in 1973-77 were
97.0 for white females and 63.0 for Japanese
females.® For this reason, we believe that only
a small fraction of the difference in rates can be
attributed to variations in genetic susceptibility.

Age at menarche, age at first full-term pregnancy,
age at menopause, and postmenopausal weight
are known critical risk factors for breast cancer.2’®
Considerable data on the cohort age distributions
of these factors in the United States are available
from the US vital statistics and from various
surveys,”*® but little has been recorded in the
literature about the age distributions of these
factors in Japan.!’ Thus the extent to which
differences in these risk factors may account for
the differences in breast cancer rates between
Japan and the United States has not been fully
explored.

In 1970 a2 mail questionnaire was sent to women
in Hiroshima and Nagasaki by ABCC as part of
their continuing follow-up study of the health
status of the A-bomb survivors. The women
surveyed were generally those who did not
receive high radiation exposures. The purpose
of the survey was to obtain socioeconomic and
epidemiologic information, and it included
questions on menarche, first birth, menopause,
and weight.

In this paper we examine the ABCC data, contrast
them with US data on white women, and discuss
what differences in breast cancer rates between
the two countries are explicable in terms of
these risk factors.
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MATERIALS AND METHODS

Data on breast cancer risk factors in Japanese
women were obtained from a mail questionnaire
sent to approximately 39,000 women in
Hiroshima and Nagasaki in 1970. They were
members ‘of a cohort established in 1950 for
purposes of evaluating the long-term effects of
radiation exposure from the A-bomb. Most
heavily exposed women have been medically
evaluated periodically at ABCC and were
therefore not included in the mail questionnaire
survey.

Questions asked included 1} current weight,
2) age at menarche, 3) age at first delivery
(including abortion and stillbirth), 4)age at
menocpause, and 5) whether menopause occurred
naturally or as a result of surgery. Approximately
21,000 women responded to the questionnaire.
The response rates by birth cohort were approxi-
mately: <1890=51%, 1891-1900=56%, 1901-10
=56%, 1911-20=57%, 1921-30=58%, and
193145 =47%, The distribution of radiation
doses among the respondents was: Orad=59%,
1-9rad =24%, 10-99rad=15%, and 100+rad
=2%. Except for the radiation exposures, we are
unaware of any differences in the Nagasaki-
Hiroshima cohort and believe it fo be generally
representative of the Japanese population.

Data on age at menarche in US women were
taken from MacMahon.” These data consist
of the recalled age at menarche of the approxi-
mately 10,000 females who responded to Cycles
I, II, and II1 of the National Center for Health
Statistics Health Examination Survey (HES),
which were conducted during 1960-62, 1963-65,
and 1966-70, respectively. The distribution of
age at first live birth of US women was abstracted
from published national fertility tables.®

For the distribution of menopausal age in US
women, the data of MacMahon and Worcester®
were used. These data consist of the menopausal
histories of the approximately 3,600 women who
responded to Cycle I of the HES, conducted
during 1960-62. A competing risk analysis has
been completed to assess the contributions of
both surgical and natural menopause.'? Data
on the weight distribution of US women were
taken from Stoudt et al.'® These data refer to
the same group of women who were studied
by MacMahon and Worcester.®
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Models have been recently developed which
attempt to quantitatively relate reproductive
risk factors and breast cancer incidence. Pike
et al'® defined a “breast tissue “age” function,
which they showed to be linearly related to
incidence on a log-log scale. Moolgavkar et al,14
on the other hand, developed a two-stage model
which considers events occurring at the cellular
level and relates them mathematically to cancer
incidence.

RESULTS

Age at Menarche

The calculated average ages at menarche (reported
age in years plus 0.5) for the Japanese birth
cohorts from 1880 to 1944 are given in Table 1
by five-year birth cohorts but with an exception
of the first group of 20-year period, and they are
plotted in Figure 1. The first three plotted
points of Japanese women in the Figure 1A are
for the birth cohorts 1880-89, 1890-94 and
1895-99, respectively. The corresponding
average ages at menarche for US women are
also shown in Table 1 and Figure 1A by five-year
birth cohorts. The average ages at menarche of
Japanese women by single year of birth are
shown in Figure 1B. Each point represents from
200 to 600 women (Appendix), and the cor-
responding standard errors range from 0.07 to
0.12 years.
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TABLE 1 AVERAGE AGE AT MENARCHE BY BIRTH COHORT
FOR JAPANESE WOMEN FROM THE ABCC SURVEY (1970) AND
FOR US WHITE WOMEN FROM THE HEALTH
EXAMINATION SURVEY (1960-62)

%1 ABCC 3 (19708 ) 12 & 5 A% & REBUF
P (1960—624F) I L B REIE ALK
itk ook — P BRI
Average Age at
Menarche in years
Birth Cohort
Japan US White
1880-99 16.4 141
1900-04 16.4 14.0
1905-09 16.0 13.6
1910-14 15.7 13.6
1915-19 15.6 137
1920-24 15.3 134
1925-29 15.2 13.3
1930-34 155 13.2
1935-39 149 13.2
194044 144 13.1
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FIGURE 1 AVERAGE AGE AT MENARCHE OF JAPANESE WOMEN FROM THE ABCC SURVEY (1970)
AND OF US WHITE WOMEN FROM THE HEALTH EXAMINATION SURVEY (1960-62)
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B. By single year of birth for Japanese
. women
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There has been a steady decrease in average age
at menarche in both Japan and the United States.
In Japan, the average age at menarche decreased
2.0 years {(from 164 to 14.4 years) for women
in the 1900-04 and 194044 birth cohorts. In
the United Siates the average age at menarche
decreased about 1.0 year (from 14.0 to 13.1
years) over the same time period.”

Figure 2 shows the cumulative age distribution
of reported menarche for the three cohorts;
1890-1909, 1910-24, and 1925-44, in both Japan
and in the United States.” The distributions
have very similar shapes, all with a long right-
hand tail. This phenomenon is illustrated by
the fact that the mean age of menarche is consis-
tently about 0.6 years greater than the median
age in all of the birth cohorts.

1880 ‘90 1800 "0 ‘20 ‘30 ‘40 1950
YEAR Of BIRTH

{Straight line shows each of the values in Table 1 &
Figure 1A.}
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FIGURE 2 PERCENTAGE DISTRIBUTION OF AGE AT MENARCHE OF JAPANESE WOMEN
FROM THE ABCC SURVEY (1970) AND OF US WHITE WOMEN FROM THE HEALTH
EXAMINATION SURVEY (1960-62) BY BIRTH COHORTS

2 ABCCHE(1970F) It £ 32 B it & B 2HT T (1960—624E) 12 £ 3
REAAZEOVEERBORE I F - RS-+ ¥ oA

CUMULATIVE PERCENTAGE

US White
N 1890-1909

® 1910-24

A 1925-44
Japanese

O 1890-1909

O 1910-24

A 1925.44

1 12 13 14

16 17 13 19 20

AGE AT MENARCHE

Age at First Birth

Tables 2 and 3 show the percentage distributions
of age at first birth by birth cohort for the
Japanese women in the ABCC survey and for US
women,? respectively. There was a steady
decrease in the proportion of nulliparous women
in both Japan and the United States. In Japan
the figure decreased from 12.7% for the-1900-04
cohort to 5.5% for the 1925-29 cohort. The
corresponding figures for US women were 19.8%
and 9.4%.8% Overall, the proportion of US women
who were nulliparous was some 73% higher than
that of Japanese women.

The median age at first birth among parous
women was younger in each birth cohort for US
women than for Japanese women. The birth
cohorts 1900-14 differed only slightly in median
age between the US and Japan, but the difference
has steadily increased since then and reached
1.5 years in the 1925-29 cohort.
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TABLE 2 PERCENTAGE DISTRIBUTION OF AGE AT FIRST BIRTH BY BIRTH COHORT FOR

JAPANESE WOMEN FROM THE ABCC SURVEY (1970)

#2 ABCC HI (19704) itk 3HARMOWEFBOBETS— M/ —L Y T

Birth Cohort

Age at first birth
in years 1880-99  1900-04 1905-09 1910-14 1915-19 1920-24 1925-29
<19 14.1 104 11.3 6.6 3.3 2.2 2.7
20-24 511 55.7 54.4 53.1 49.8 53.0 56.2
25-29 159 16.4 15.8 217 29.0 339 264
30-34 3.3 31 5.1 6.6 8.3 3.7 7.0
35-39 1.4 1.2 1.8 2.0 1.2 0.6 2.0
40+ 0.2 0.2 0.7 0.4 0.2 0.1 0.2
Nulliparous 14.0 127 109 9.7 8.3 6.5 55
Median: all women 23.2 23.2 233 24.1 248 24.6 24.2
Median: parous women 22.5 22.7 22.8 237 244 24.4 23.9

TABLE 3 PERCENTAGE DISTRIBUTION OF AGE AT FIRST BIRTH BY BIRTH COHORT FOR US

WHITE WOMEN FROM THE HEALTH EXAMINATION SURVEY (1960-62)

#3 EEDIEE(90—2E) Itk kEAAKEOMESROdE k- PRI/ -2 Y AR

Birth Cohort
Apge at first birth

in years 1900-04 1905-09 1910-14 1915-19 1920-24 1925-29

<19 20.6 20.8 18.7 173 18.4 20.6

20-24 35.2 31.2 293 33.5 40.0 45.1

25-29 15.9 15.6 19.6 22.8 22.9 18.3

30-34 5.6 7.6 9.6 2.0 6.6 5.0

35-39 2.3 33 34 2.5 1.9 14

40+ 0.6 0.7 0.7 0.5 0.3 0.2
Nulliparous 19.8 208 18.7 14.4 9.9 9.4
Median: all women 23.9 24.6 254 249 23.9 22.9
Median; parous women 224 22,7 236 238 23.3 22.4

Figure 3A shows that for the 1910-19 birth
cohort, US women had many more “early”
and rather less “late” first births than Japanese
women, The 1920-29 birth cohort shows that
early first births were still much more common
in the Unijted States than they were in Japan,
but there was no longer an excess of late first
births (Figure 3B).

H3AIZERT L 512, 1910—19F 4 a4k F LU,
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FIGURE 3 PERCENTAGE DISTRIBUTION OF AGE AT FIRST BIRTH OF JAPANESE WOMEN
FROM THE ABCC SURVEY (1970) AND OF US WHITE WOMEN FROM THE HEALTH
EXAMINATION SURVEY (1960-62)
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The percentage of Japanese women in the ABCC
survey who experienced surgical menopause (last
menstrual period)} is shown in Table 4. There
has been a steady increase in the occurrence of
surgical menopause; from 5.0% in the 1880-99
birth cohort to 8.9% in the 1910-14 cohort.
The corresponding US figures are 20.8% and
28.2%.9’12

ABCC #F |2 & 2 SLEE9MAE (RS A SHR) £ 253
RHEEEOHGEEIIIRT. SRBESEL,
1880— Mok — b 5.0% A5, 1910-144
B aF— D BOBAL—E L THML TV 5.
MRt A REONRORERIE20.8%LB.2%T
3)%.9'12

TABLE 4 AGE AT MENOPAUSE BY BIRTH COHORT FOR JAPANESE WOMEN
FROM THE ABCC SURVEY (1970)

#4 ABCC AT (1970&#) It L 5 BF LMo HE 15—+ BIHAEER
. Observed Median QObserved Median
(]:3 l;th ‘ Su .:;r;;:nto se Age in Years at Age in Years at
ofor 12l pav Natural Menopause Any Menopause*
1880-99 30 49.0 48.8
1900-04 6.2 49.1 48.8
1905-09 7.4 49.8 49.2
1910-14 8.9 50.2 499

*Defined as last menstrual peried.
AgEAEABLELTERS LS,



The life table-derived distributions of reported
age at natural menopause of Japanese women
were calculated by considering surgical meno-
pause as an independent competing risk. From
the adjusted age distributions of natural meno-
pause, we found that the calculated median age
at natural menopause increased 1.2 years from
the 1880-99 birth cohort to the 1910-14 cohort
(Table 4). The distributions have slightly longer
left-hand tails, but logistic curves provide a
reasonable fit to the life table-derived distri-
butions with different medians for the different
birth cohorts; the slope parameters were not
significantly different and the common slope
parameter was estimated to be 0.43. The
differences between the medians of the 1880-99,
1900-04, 1905-09, and the 1910-14 birth cohorts
are statistically significant (chi-square on 3 df,
p<0.01).

Analysis of the quantal data on the distribution
of age at menopause in US women,? using a
competing risk modei, shows that the distribution
of natural menopause is well fitted by a logistic
curve with a median of 50.0 years and a slope of
0.41." There is no evidence of any change in
median age at natural menopause for the cohorts
studied, i.e., women born between 1885 and
1905.

Weight

The distribution of reported body weight of
Japanese women in the ABCC survey are given
in Table 5, and Table 6 shows the corresponding
US data for 1960-62."°
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TABLE 5 PERCENTAGE DISTRIBUTION OF CURRENT WEIGHT BY BIRTH COHORT FOR
JAPANESE WOMEN FROM THE ABCC SURVEY (1970)
#5 ABCCHFEH (1970H) 2L 3HARXMORENRTOME Ih— IS —t > b5

Birth Cohort (Age at survey)

Weight
inkg 1880-99 1900-04 1905-14 1915-24 1925-34 1935-44
(70+) (65-69) (55-64) (45-54) (3544) (25-34)
<34 10.2 4.2 1.6 0.5 0.3 0.2
35-39 16.5 13.0 7.2 39 2.9 2.5
40-44 24.0 223 173 14.6 14.1 17.2
45-49 21.9 25.2 247 23.1 24.7 304
50-54 14.1 16.8 225 24.1 26.0 27.6
55-59 7.3 io.0 13.0 15.6 16.0 12.1
60-64 4.1 6.0 8.5 111 99 6.6
65-69 1.3 1.6 3.1 44 3.7 24
70+ 0.6 0.9 2.1 2.8 2.3 1.1
Average 45.1kg 46.9 49.7 514 51.3 50.0
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TABLE 6 PERCENTAGE DISTRIBUTION OF CURRENT WEIGHT BY BIRTH COHORT FOR US
WHITE WOMEN FROM THE HEALTH EXAMINATION SURVEY (1960-62)

#6 WEBEEE(1960—62%) 1L & 3 REAAKKORED
f$ﬁ0)tﬂ$j:]‘:— RS-t v bR

Birth Cohort {Age at survey)

Weight
inkg 1880-84 188594 1895-04 1905-14  1915-24 - 1925-34 1935-44
(75+) (65-74) (55-64) (45-54) (3544) (25-34) (15-24)
<44 6.7 2.3 1.5 19 0.8 32 5.2
4549 9.1 4.9 27 57 5.4 10.8 13.6
50-54 16.8 8.7 6.9 11.4 17.2 185 19.8
55-59 12,7 144 15.1 14.1 18.8 21.2 23.7
60-64 111 17.2 19.3 17.3 16.9 16.6 15.8
65-69 12.8 16.3 14.7 15.6 12.1 11.1 - 10.2
70-74 13.4 12.4 10.3 9.9 9.1 5.6 5.3
7579 6.7 9.7 9.8 7.5 64 4.2 2.3
80-84 4.2 6.2 6.4 5.5 4.4 31 1.3
§5-89 4.1 39 4.6 4.3 2.3 1.8 0.9
90+ 2.4 4.0 3.7 6.8 6.1 3.9 1.9
Average 62.6kg 66.2 68.9 66.7 65.3 61.7 58.5

The average weights for both Japanese and US
women show a peak at about age 60. The
Japanese are some 8.5kg lighter at age 20,
and this difference steadily increases with age
until it reaches approximately 20kg at age 70.
At age 60 only 4% of US women weighed less
than 50kg and only 26% weighed less than 60keg.
Corresponding figures for Japanese women are
51% and 86%.

The differences in average weights by age are a
combination of cohort- and age-related effects.
The fact that the increase in cross-sectional
average weight of Japanese women from 20 to
60 years of age is so small is probably due to a
possible strong cohort effect of increasing
weight at young ages, as suggested by their
sharp decline in average age at menarche.

As a measure of adiposity the Quetelet index,
{weight (Ib)/height (in)?] x 1000, was calculated
using average heights and weights of the survey
women. The Japanese women had fairly constant
average Quetelet index values which ranged
between 31 and 32. The US women, on the
other hand, had much larger values which ranged
from a low value of 32 for the youngest group
to 39 for the 60-year-old group.
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Relationship Between Weight and Age at Menar-
che and Mencgpause

Table 7 shows the regression coefficients for age
at menarche against weight in 1970 caleulated
separately for each birth cohort for the Japanese
women from the ABCC survey. The data clearly
show that age at menarche is inversely related to
weight, even when weight is analysed many
years after the event. Table 7 also shows the
regression coefficients by birth cohort for age
at natural menopause against weight in 1970.
There is a positive correlation in all four data
sets, and the regression coefficient is the largest
for the youngest cohort, which presumably
includes the most relevant data because the
event is closer in time and likely to be more
accurately recalled.
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TABLE 7 REGRESSION COEFFICIENTS OF AGE AT
MENARCHE AND MENOPAUSE ON CURRENT WEIGHT
FOR JAPANESE WOMEN FROM THE 1970 ABCC SURVEY
#17 ABCCHE(1970F) k5 AFXEOHED

HEICHT 2MBRUCHE L0 ERER

Birth Cohort Menarche Menopause
1880-99 —0.003 0.005
1900-04 —0.023 0.026
1905-09 -0.019 0.023
1910-14 —0.020 0.049
1915-19 —0.024 -
1920-24 —0.024 -
1925-29 -0.032 -
1930-34 --0.017 -
1935-39 -0.022 -
1940-44 —0.019 -

DISCUSSION #F 2=

Secular Trends in Risk Factors

The issue of the presence of a secular trend in
age at menarche has recently been discussed in
the literature.'>™!7 In a review of the historical
data of Europe and the United States, Wyshak
and Frisch!? concluded that the age at menarche
has decreased by two to three months per decade
during the past century. The changes ranged
from 1.1 months per decade observed in France

to 3.2 months per decade observed in Scandinavia.

Figure 1 shows a decline in this century of
approximately six months per decade for ihe
Japanese, which is considerably greater than the
values reported in Europe. The US values
indicate a decrease of about two months per
decade.!”
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The most significant feature of the Japanese data
is the increased age at menarche of women born
in the late 1920s in comparison to both earlier
and later cohorts (Figure 1). This late 1920s
cohort consists of women whose menarche
should have occurred during the early 1940s,
World War II years. The poor nutrition, preva-
lence of disease, heavy workload shouldered by
the Japanese women, and other hardships of
this period are among the most likely explan-
ations for this temporary reversal in the time
trend. This reversal also provides evidence of
lack of systematic cohort bias, ie., bias that

decreases or increases with age at survey, in the.

reporied data.

Age at menarche is, of course, not accurately
recalled by every woman.” Thus, even if there is
little bias in the ages at reported menarche, the
spread (variance) of the distribution of reported
age at menarche will be greater than the spread
of the distribution of actual age at menarche.
The latter can be reliably obtained only if the age
at menarche is recorded at the time of its occur-
rence, or if girls in the menarcheal age range are
surveyed and the distribution inferred from
answers to a question asking only whether or
not menarche has occurred. From analysis of US
data collected in 1960-62 by this method,
MacMahon’ found that the distribution of actual
age at menarche in years is nearly symmetrical
and can be well approximated by a logistic curve
with a slope parameter 1.44. Figure 2 suggests
that the distribution of age at menarche around
the mean value is very similar in Japan and the
United States, and there is little cohort effect on
shape in either country. The distribution of age
at menarche is probably best assumed to be
logistic, with slope parameter 1.44, the value
reported by MacMahon.”

We noted the apparent lack of secular trend bias
in the reported age at menarche in the ABCC
survey, but we cannot address the important
question of systematic bias in these data. Sys-
tematic bias is not a problem with the data from
US women; average reported age (+0.5) at
menarche is linearly related to year of birth and
accurately predicts average actual age at menarche
as calculated from women in the menarcheal age
range.”
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The results given in Table 7 show that age at
menarche is correlated with weight, even though
weight was recorded many years after the event.
These data provide further evidence that some
aspect of weight is related to age at menarche.
Even so, the values of regression coefficients in
Table 7 are too small to have the secular trend
in weight explain the trend in age at menarche.

It is of interest to see how changes in breast
cancer rates in Japan compare with the observed
changes in reproductive factors. As we have
shown, the mean age at menarche exhibited the
greatest change among the risk factors considered,
with 2 downward trend beginning with the 1900
birth cohort. The mean age at menarche declined
at a rate of approximately one-half year per
decade. This trend continued until about the
1925 birth cohort, when the impact of the war
years caused a five-year interruption in this
decrease.

Using the statistical model of Pike et al,'* one
would predict about a 10% increase in post-
menopausal breast cancer incidence rates every
decade. Comparing this prediction with actual
data is problematic because of the lack of good
incidence rate data. However, Stevens et al'®
have analyzed both Japanese incidence and
mortality data assuming a multiplicative cohort
model.
Stevens et al'®), the rate increased 3% to 4%
with each five-year birth cohort beginning in
1901 and continuing through 1921. On the
other hand, the estimated incidence rates
increased 11% to 14% with each five-year cohort
over the same time period. Stevens et al,™®
however, only had incidence data from Osaka for
three five-year time periods. This compares with
the six five-year periods they had available for
the mortality estimates. Also, the mortality data
were not restricted to Osaka. I, therefore, seems
that changes in breast cancer rates in Japan are
best described by the birth cohort trends in
mortality. The predicted changes in breast
cancer incidence from the menarche data seem
to be in reasonable agreement with the cohort
mortality estimates. Although Pike’s model'
somewhat overestimates the change (i.e., 10% vs
6% to 8% per decade), the period of trend in
menarche, 1900 to 1925, seems to coincide with
the period of trend in the cancer rates.

For breast cancer mortality (Table 4 of

13
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Japan-US Comparisons of Risk Factors
Comparison of the distributions of age at menar-
che clearly favors a lower breast cancer rate in
Japanese as compared to US women, The
average reported age at menarche was much later
in Japan than in the United States for all the
birth cohorts studied {1880 to 1944)., The
difference in average age at menarche decreased
from 2.4 to 1.3 years from the 1900 to 1945
cohorts. A 40% increase in breast cancer rates
would be expected to be produced by a decrease
of two years in mean age at menarche.”®> The
mathematically more complicated model of
Moolgavkar et al'® predicts a twofold difference
in breast cancer rates for individuals with a
mean age at menarche of 10 and 16 years.

Breast cancer risk is increased among women
who are nulliparous and decreased among women
who are younger at first birth.'> Tables 2 and
3 show that the proportion of nulliparous
women has been consistently greater in the
United States than in Japan, supporting the
higher breast cancer rate in the former country.
However, age at first birth among parous women
has consistently been earlier in the United States
than in Japan. Overall, a comparison of the
distributions of age at first birth for the two
countries would not suggest a difference in their
respective breast cancer rates.

An increase in breast cancer risk at older ages
is associated with a later age at menopause, >
Comparison of the results of MacMahon and
Worcester® and others'? for the US with those
given in Table 4 for Japan shows that the median
age at natural menopause may have been
as much as a year earlier in Japanese women
than in US women, Of itself, this would lead
to a reduction in risk of some 10% in older
women.21*1®  The situation is complicated by
the fact that the proportion of women having a
surgically induced menopause is almost four
times greater in the United States than it is in
Japan, An unknown proportion of these women
have also had their ovaries surgically removed.
If we calculate the median ages for any type of
last menstrual period, the observed medians for
the Japanese birth cohorts given in Table 4 are
reduced to between 48.8 and 49.9, while the
median ages of 50.0 for the United States is
reduced to 48.3.71% Differences in age at
menopause appear unlikely to have any role
in producing the observed difference in breast
cancer rates between US and Japanese women.
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The results given in Table 7 confirm the obser-
vation reported by others®® that age at menopause
is correlated with weight. The 15 to 20kg
preater menopausal-age weight of US women
would be expected, on the basis of the resulis for
the 1910-14 birth cohort shown in Table 7, to
have produced a 0.75 to 1.0 year later average
age at menopause. However, the 1910-14 birth
cohort of Japanese women has the same reported
overall age at menopause as US women. This
may be because of errors of recall; e.g., there
is a marked digit preference and this may be
producing a bias.

Breast tissue ‘‘activity’ is controlled to a large
extent by estrogen,” and at postmenopausal
ages the source of almost all circulating estrogen
is peripheral conversion of adrenal androgens.*?
The site of this peripheral conversion appears to
be fat cells. The rate of peripheral conversion is
greatly influenced by body size, although it is
stili unclear whether the relationship is with
body mass or some index of overweight. This
relationship is thought to be the basis of the
observed increase in postmenopausal breast
cancer risk with increasing weight.?

Breast cancer rates are almost constant with
age after 50 years in Japan. This is in sharp
contrast to the continuing increase in rates
found in US women. These differences produce
a ratio of breast cancer rates of the two groups
of women which is steadily increasing with age
at postmenopausal ages. Extrapolation from
the relationship observed between weight
and peripheral conversion of androgens in US
women?* suggests that little conversion takes
place in Japanese women, who tend to have a
small proportion of body fat (Table 6). Leanness
may have the effect of fixing the breast cancer
incidence rate at the level it had reached at the
onset of menopause.

In summary, rough calculations show that the
later age at menarche of Japanese women could
account for as much as a 40% or 50% lower
breast cancer rate than in US women. The
observed difference in breast cancer rates at
premenopausal ages is only partially explained
by the accepted premenopausal breast cancer
risk factor of age at menarche. The increasing
divergence of US and Japanese breast cancer
rates at postmenopausal ages may in large part be
attributed to the much greater postmenopausal
weight of US women.
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The remaining unexplained difference in the two
countries’ breast cancer rates may be attributable
to dictary fat,®® but it also may be due to a
delay in the onset of regular menstrual cycles in
Japanese women. The rapid onset (after the
first menses) of regular cycles may be an
important breast cancer risk factor,”® and there
is some evidence in US women that late
menarche is associated with a longer time to
onset of regular cycies.” Data from Japan on
this point are not available. We conjecture that
weight not only affects estrogen levels at post-
menopausal ages, but also governs bascline
estrogen levels during normal menstrual cycles,
since peripheral conversion of androgens is
expected to occur at premenopausal ages.
Finally, increased weight is associated with
decreased levels of sex-hormone-binding globulin
at postmenopausal ages. This probably results in
a greater bioavailability of whatever estrogens
are present.”® The same may also be true at
premencpausal ages.

MEOFERERCFLAFERSRTOEVERS,
BEH-E3bD LA VA,P® S350, BF
I HUARNM L BEREAEGEOBRIZLS
oAy L, AR E (8RR &
Buz ki, SELZHBIAZERTH N, @S
Buve, HUNEAMOMBELE 23 v I ERHN
KELEASBSRTVLE Y ZOAIZ2WTOHE
NF—FRAFERATWEVL, 7Y FayroxE
iz, ASERDAIEL3EBPNE0T, k&
2, BEBOZA Oy Y LN HEEERL 55T
o, EE4AEREMMozA oy K
LnbErEAT S LR T S, KR, FEHM
i, HBERBOERICEVWTERLEYME T
DLANLVETFTLEBELTWS, Zhizky, &5
FET VWAL TA IOy rizonTy, Z0EMhE
AR RV RS 2B3.PRICZLH, X,
HEMNERCFPLTHYTREZI»E LAL.

REFERENCES
EEUR

1. WORLD HEALTH ORGANIZATION: Cancer incidence in five continents, Vol. 3. Lyons, International
Agency for Research on Cancer, 1976. (Scientific Publications No. 15}

2. MacMAHON B, COLE P, BROWN J: Etiology of human breast cancer: A review. JNCI 50:2142,

1973

3. HAENSZEL W, KURIHARA M: Studies of Japanese immigrants. I. Mortality from cancer and other
diseases among Japanese in the United States. JNCI 40:43-68, 1968

4, BUELL P: Changing incidence of breast cancer in Japanese-American women. JNCI 51:1479-83, 1973

5. NATIONAL CANCER INSTITUTE: Surveillance, epidemiology, and end results: Incidence and mortality
data, 1973-77. Natl Cancer Inst Monogr 57, 1981 (NIH Publication No. §1-2330)

6. MILLER AB, BULBROOK RD: The epidemiology and etiology of breast cancer. N Engl J Med 303:

1246-8, 1980

7. MacMAHON B: Age at menarche. Washington, DC, 1973.
No. 133} (DHEW Publication No. (HHRA) 74-1615)

(Vital and Health Statistics, Series 11,

8. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE: Fertility tables for birth cohorts by
color, United States, 1917-1973. Washington DC, 1976. (DHEW Publication No. (HRA)76-1152)

9. MacMAHON B, WORCESTER J: Age at menopause, United States, 1960-62. Washington DC, 1966,
(Vital and Health Statistics, Series 11, No. 19) (DHEW Publication No. (PHS)1000)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23,

24,

25.

26.

27.

RERF TR 16-84

STOUDT HW, DAMON A, McFARLAND R: Weight, height, and selected body dimensions of adults,
United States, 1960-62. Washington, DC, 1965. (Vital and Health Statistics, Series 11, No. 8) (DHEW
Publication No. (HRA)}1-44)

KAGAWA Y: Impact of westernization on the nutrition of Japanese: Changes in physique, cancer,
longevity and centenarians. Prev Med 7:205-17, 1978

KRAILO MD, PIKE MC: Estimation of the distribution of age at natural menopause from prevalence
data. Am J Epidemiol 117:356-61, 1983

PIKE MC, HENDERSON BE, CASAGRANDE JT: The epidemiclogy of breast cancer as it relates to
menarche, pregnancy, and menopause. In Banbury Report 8, Hormones and Breast Cancer. Ed by
Pike MC, Siiteri PK, Welsch CW. Cold Spring Harbor, New York, Cold Spring Harbor Laboratory, 1981,
rp3-19

MOOLGAVKAR SH, DAY NE, STEVENS RG: Two-stage model for carcinogens: Epidemiology of
breast cancer in females. JNCI 65:559-69, 1980
BRULLOUGH VL: Age at menarche: A misunderstanding. Science 213:365-6, 1981

TANNER JM: Menarcheal age. Science 214:604, 1981

WYSHAK G, FRISCH RE: Evidence for a secular trend in age of menarche. N EnglJ Med 306:1033-5,
1982

STEVENS RG, MOOLGAVKAR SH, LEE JAH: Temporal trends in breast cancer. Am J Epidemiol
115:759-77,1982

PIKE MC, KRAILO MD, HENDERSON BE, CASAGRANDE IT, HOEL DG: ‘Hormonal’ risk factors and
the age-incidence of breast cancer. Nature 5920:767-70, 1983

LINDQUIST O, BENGTSSON C: Menopausal age in relation to smoking. Acta Med Scand 205:73-7,
1979

FERGUSSON DJP, ANDERSON TJ: Morphological evaluation of cell turnover in relation to the men-
strual cycle in the “resting’” human breast. Br J Cancer 44:177-81, 1981

SHTERI PK, MacDONALD PC: The role of extraglandular estrogen in human endocrinology. In
Handbook of Physiology. Ed by Geiger SR, et al. New York, American Physiological Society, 1973,
pp615-29

SHTERI PK, HAMMOND GL, NISKER JA: Increased availability of serum estrogens in breast cancer:
A new hypothesis. In Banbury Report 8, Hormones and Breast Cancer. Ed by Pike MC, Siiteri PK,
Welsch CW. Cold Spring Harbor, New York, Cold Spring Harbor Laboratory, 1981. pp87-101

NISKER JA, HAMMOND GL, DAVIDSON BJ, FRUMAR AM, TAKAKI NK, JUDD HL, SIITERI PK:
Serum sex hormone-binding globulin capacity and the percentage of free estradiol in postmenopausal
women with and without endometrial carcinoma. Am J Qbstet Gynecol 138:63742, 1980

ARMSTRONG BK, DOLL R: Environmental factors and cancer incidence and mortality in different
countries, with special reference to dietary practices. Int J Cancer 15:617-31, 1975

HENDERSON BE, PIKE MC, CASAGRANDE JT: Breast cancer and the sstrogen window hypothesis.
Lancet 2:363-4, 1981

WALLACE RB, SHERMAN BM, BEAN JA, LEEPER JP, TRELOAR AE: Menstrual cycle patterns
and breast cancer risk factors. Cancer Res 38:40214, 1978

17



RERF TR 16-84

APPENDIX
fT s

AVERAGE AGE AT MENARCHE OF JAPANESE WOMEN FROM THE ABCC SURVEY (1970)
ABCC #3 (19704) 12 X 2 A A X0 P HVRFis

Year of Number Average Year of Number Average
Birth of Subjects Age Birth of Subjects Age
1880 10 17.10 1913 361 15.60
1881 17 ©16.79 1914 370 15.71
1882 27 16.39 1915 346 15.66
1883 22 15.95 1916 332 15.54
1884 23 15.98 1917 288 15.63
1885 28 16.57 1918 347 15.47
1886 39 16.40 1919 367 15.59
1887 36 16.08 1920 393 1543
1888 55 16.43 1921 397 15.36
1889 78 16.56 1922 425 15.38
1890 66 16.30 1523 442 15.20
1891 65 16.10 1924 437 15.14
1892 101 16.73 1925 505 15.01
1893 118 16.38 1926 541 15.19
1894 131 16.39 1927 520 15.11
1895 160 16.57 1928 546 15.26
1896 182 16.49 1929 640 15.37
1897 183 16.31 1930 611 15.46
1898 232 16.52 1931 537 15.60
1899 213 16.43 1932 407 15.57
1900 . 205 16.33 1933 260 15.39
1901 244 16.34 1934 214 15.48
1902 285 16.36 1935 217 15.14
1903 276 16.29 1936 234 15.07
1904 293 16.37 1937 321 14.97
1905 326 16.12 1938 - 321 14.86
1906 328 16.14 1939 400 14.66
1907 346 16.03 1940 435 14.68
1908 355 15.99 1941 484 14.54
1909 361 15.96 1542 440 14.37
1910 329 15.90 1943 478 14.42
1911 347 15.79 1944 424 14.25
1912 353 15.74 1945 223 14.21
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