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Abstract

Study objective—The aim was to study the
influence of childbearing pattern on the
incidence of breast cancer and uterine
corpus cancer.

Design—This was an ecological study of
birth cohorts of women.

Setting—The study was population based,
involving the whole of Norway.

Participants—The participants were
Norwegian women born between 1890 and
1944,

Measurements and main results—Age
specific fertility rates and age specific
incidence rates for different birth cohorts
were analysed by an age-cohort-period
model where quantitative indices of the
childbearing pattern substituted the cohort
component. The 1890-94 birth cohort had
the most favourable childbearing pattern
with regard to the risk of breast cancer as
well as uterine corpus cancer. The least
favourable pattern was in the 1910-14 cohort
for breast cancer and the 1940—44 cohort for
uterine corpus cancer. In the analysis it is
estimated that about 159, of the increase in
incidence of breast cancer from 1955 to 1984
may be attributed to changes in the
childbearing pattern of the cohorts under
study. For cancer of the uterine corpus the
corresponding fraction is about 279,.

Conclusions—The study reveals that
changes in childbearing pattern may
explain a certain fraction of the observed
increase in breast and uterine corpus cancer
in Norway in the last 30 years, but the largest
fraction must be accounted for by other
factors.

Most studies of the effect of pregnancy on the risk
of breast cancer indicate a protective effect of high
parity. A positive association between the age at
first pregnancy and risk of breast cancer has been
found, but when taking parity into account the
strength of this association has not been clarified.!
In a recent paper by Kvile and Heuch? it is
suggested that the relation between the age at
pregnancy and breast cancer risk may be more
complex than previously assumed. They found
that the age at last birth was positively associated
with breast cancer incidence.

The childbearing pattern also seems to have an
influence on the incidence of uterine cancer.
Studies have shown a higher risk of uterine corpus
cancer among nulliparous women? and an inverse
relation with parity.*

The age adjusted incidence of breast cancer in

Norway increased by 509, from 1955 to 1984 and
of uterine corpus cancer by 75%,. A pertinent
question is whether a change in childbearing
pattern could ‘‘account for” this increase in
incidence. In the present study we shall try to
elucidate this problem by applying quantitative
indices of the childbearing pattern for each birth
cohort in an age-cohort-period model for
incidence of these two types of cancer. The plan
for this study originally also included ovarian
cancer. Unfortunately, a shift in the diagnosis
criteria for ovarian cancer in our registry in the
late 60s made this type of analysis unsuitable.

Methods

MATERIAL

All births and age of the mothers at childbearing
have been registered for all female residents of
Norway since 1845 by the Central Bureau of
Statistics.® This gave us the opportunity to define
four wvariables describing the indices of
childbearing pattern for each of the five year birth
cohorts from 1890-94 to 1940—44:

NC19: Number of children born per woman aged
15-19 years

NC29: Number of children born per woman aged
20-29 years

NC39: Number of children born per woman aged
30-39 years

NC49: Number of children born per woman aged
40-49 years

Children born to women older than the age at
cancer we are studying minus 5 years are not
included in NC39 and NC49.

NC19 will be a variable indicating the cohort’s
tendency to have the first child in early life, while
NC49 indicates the tendency to have children late
in the fertile period of life. Variations in NC29 and
NC39 between different cohorts will mainly
indicate differences in parity.

All new cases of cancer have been registered in
Norway since 1953. Incidence data for the period
1955-84 will be applied in this study. Ninety
seven per cent of the breast cancer cases and 99°,
of the uterine corpus cancer cases were
histologically confirmed.

Only the age group 30—69 years was considered
in this study. This is because we were not sure of
the appropriateness of including older age groups
in such a computation.

ANALYSES
Let Diik5 i=1,2,.. S k=12, . oH j=7—i+k;
be number of observed cases in age group i (5 year



age groups 35-69 years), birth cohort j (5 year
cohort groups 1890-1944) and period of diagnosis
k (five periods 1955-84). At first we shall assume
that D is Poisson distributed with mean
exp(§ +a;+mx+ B;+10g[N;;]) where & is the
constant term, q; is the age effect, my is the period
effect and PB; the cohort effect and childbearing
pattern and Nj; is the number at risk in age group
i and cohort j.° Estimation and testing were done
by using GLIM 3.77. This model, named
“model 17, is thought of as a reference model.
An acceptable goodness of fit appraised by
the deviance of this model has been the
premise for adapting the data to the model where
the cohort effect P; is substituted by

¥1*NC19; + y,xNC29; + y;NC39; + v,xNC49;.

Y15Y25Y3,Ya are the coefficients of the variables
describing childbearing pattern. We name this
last model “model 2.

Results

Figure 1 shows the changes in the four variables
we have used to describe the childbearing patterns
by birth cohort from 1890-94 to 1940—44. The
number of children born per year by women
15-19 years of age was almost constant for the
cohorts before 1920-24. Later cohorts show an
increase up to a level in the cohort 1940—44 that is
almost three times higher than in the cohort
1920-24. The number of children born per year
by women over 40 years of age decreased steadily
by cohorts later than 1905-09 and today only a few
women have pregnancies over 40 years of age.
Most of the children are born to women between
20 and 29 years of age, with the smallest number
in the 1905-14 cohorts. The number of children
born per year by women 30-39 years of age has
been decreasing from the 1890-94 cohort to the
1900-04 cohort and from the 1910-14 cohort to
the 1940—44 cohort.

Figure 2 shows the observed incidence of breast
cancer by age and birth cohort. The figure shows
the well known hook first described by
Clemmesen? at age 50-54. However, there is a
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Figure 2 Incidence of breast cancer by age and birth
cohort.

tendency for the hook to be less pronounced in the
younger cohorts. The increase in breast cancer
incidence by age is somewhat greater in the
age-groups below the mean menopause age than
in the age groups above.

Fitting model 1 to the data, we have an
acceptable fit with a deviance of 17-8 with 15
degrees of freedom (15 is the expected deviance).
By substituting the general cohort parameters by
the four quantitative variables describing
chidbearing pattern, we obtained for this model
(model 2) a deviance of 20-4 with 20 degrees of
freedom. The difference in deviance between
these two models (2-6 with 5 degrees of freedom)
gives no reason to claim that the substitution has
significantly changed the goodness of fit of the
model. Table I shows the estimated parameters
for both models. The trend in the estimates of the
age and period effects are similar for the two
models. A negative coefficient of the variables of
childbearing patterns means that we have a
protective effect of a high value of the variable.
That means that we found a significant inverse
association between cancer incidence and number
of children born by women 20-29 years (y,) of age.
There is also a favourable significant association
between breast cancer and number of children
born by the oldest women (y4), while number of
children born by women under 20 years of age and
by women 30-39 years of age showed a positive
but far from significant association to breast
cancer incidence.

According to the y estimates in model 2 we can
see that among all the cohorts included in this
study, the 1890-94 cohort had the most
favourable childbearing pattern with regard to the
risk of breast cancer, while the 1910-14 cohort
had the least favourable pattern. If all the cohorts
had the same childbearing pattern as the 1890-94
cohort, the estimated cumulative incidence (ie, an
age adjustment according to Day®) for the
observation period 1975-84 would have been

¥  Cohort 37-87 per 1000 women instead of 44-24 per 1000 as
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Table I Estimated coefficients in the two models of breast cancer (95% confidence
intervals are given in brackets)

Model 1 Model 2

13 —8-000 (—8-088,—7-912) -17-753 (—17-898,—7-607)
Age ayp:  35-39 0 -) 0 =)

a2: 4044 0-678 (0-601, 0-755) 0621 (0-488, 0-753)

as: 4549 1-051 (0974, 1-128) 0968 (0-778, 1-159)

ag: 50-54 1-018 (0940, 1-096) 1-127 (0-872, 1-382)

as: 55-59 1-111  (1-027, 1-195) 1-245 (0979, 1-500)

ag: 60-64 1260 (1-176, 1-344) 1-413  (1-139, 1-687)

a7:  65-69 1364 (1267, 1-461) 1-534 (1-247, 1-821)
Period n1: 1955-64 0 - 0 ()

n2:  1960-69 0-079  (0-031, 0-127) 0-071  (0-025, 0-118)

n3:  1965-74 0-154 (0-100, 0-208) 0-127  (0-080, 0-175)

rg:  1970-79 0290 (0236, 0-344) 0-247 (0-196, 0-299)

ns: 1975-84 0305 (0251, 0-359) 0-238 (0-170, 0-306)
Cohort B1: 1890-94 0 =)

B2: 189599 0-077 (—0-026, 0-179)

B3: 1900-04 0-031 (—0-063, 0-125)

Bs: 1905-09 0-062 (—0-027, 0-152)

Bs: 1910-14 0-091 (—0-003, 0-178)

Be: 1915-19 0-047 (—0-048, 0-141)

B7: 1920-24 0-049 (—0-049, 0-149)

Bs: 1925-29 —0-011 (—0-122, 0-101)

Bo: 1930-34 —0-070 (—0-195, 0-055)

B1o: 1935-39 —0-056 (—0-199, 0-086)

B11: 194044 0 aliased
Childbearing v 1-299 (—0-557, 3-155)
per woman Y2 —0-240 (—0-390,—-0-097)

Y3 0-106 (—0-102, 0-314)

v4: —1-414 (—2-578,—0-250)

Model 1: exp(E +aj+ mx + B;)

Model 2: exp(§ + aj + g + 71*NC19; + y24NC29; + y32NC39; + 74+ NC49;)

Figure 3 Observed
cumulative incidence of
breast cancer compared
with estimated cumulative
incidence given that the
childbearing pattern was

as for the period 1955—64.

influence of the childbearing pattern is shown in
fig 3. Here the observed cumulative incidence for
the periods of diagnosis between 1955 and 1984
are compared to the estimated cumulative
incidence given that the cross sectional
childbearing pattern for each of the five periods of
diagnosis are the same and equal to the
childbearing pattern of the first period. That
means that 159 of the increase in cumulative
incidence from the level of 33-60 per 1000 women
in the first period to 44-24 per 1000 women in the
last may be explained by changes in the
childbearing pattern among those under risk of
getting a breast cancer.

Figure 4 shows the observed incidence of
uterine corpus cancer by age and cohort. There
are large differences between the different
cohorts, and the shape of the curves indicates that
the number of new uterine corpus cancer cases per
100 000 women can be expected to increase in the
future. If we do the same modelling exercise for
uterine corpus cancer as for breast cancer, we find
a deviance for model 1 of 13-4 with 15 degrees of
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freedom, which is close to the expected value. By
substituting the cohort parameters with the
variables describing the childbearing pattern of
the cohorts, this model (model 2) obtained a
deviance of 21-6 with 20 degrees of freedom.

Table II shows the estimated parameters in
both models. The shapes of the age and period
effects do not occur very differently in the two
models. The variables NC29 and NC49
contribute significantly in the model. The ¥y
values for NC29, NC39 and NC49 are negative
which means that there is an inverse association
between all variables and the risk of uterine
corpus cancer.

From Model 2 we can see that the most
favourable cohort with respect to childbearing
pattern and risk of uterine corpus cancer is the
1890-94 cohort. If all later cohorts had the same
childbearing pattern as this cohort, the estimated
cumulative incidence of uterine corpus cancer for
the observation period 1975-84 would have been
7:21 cases per 1000 women compared to the
observed 11-83 cases per 1000. Figure 5 shows, in
the same manner as in fig 3, the influence of
changes in childbearing pattern on the cumulative
incidence of uterine corpus cancer through the
periods between 1955 to 1984. Twenty seven per
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Figure 4 Incidence of uterine corpus cancer by age and
birth cohort.

cent of the increases in cumulative incidence from
6-97 per 1000 women for the period 1955-64 to
11-83 per 1000 for the period 1975-84 may be
attributed to changes in childbearing patterns
among those under risk of getting a uterine corpus
cancer in these two periods.

Discussion

To our knowledge this type of cohort analysis of
breast cancer and cancer of uterine corpus has not
been done before. However, the study resembles
that by Stevens and Moolgavkar® who carried out
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a cohort analysis of lung cancer and smoking. This
type of study is statistical and not biological,
which implies that any data connected with the
cohort which vary in the same manner as our four
variables describing childbearing pattern will also
explain variations in cancer incidence.

It is difficult to make comparisons between the
influence of our variables describing childbearing
pattern for the cohorts and reproduction variables
used in previous studies made on the basis of the
individual. Part of the difficulty lies in the
definition of the variables. In the case of breast
cancer it seems favourable to have many children
before the age of 30. This agrees with most of the
earlier studies.! NC49 is a variable indicating the
cohort’s tendency to have children late in the
fertile period of life. There are not many studies
concerning age at births after the first and none of
them indicate a protective effect of a late last birth.
However, the recent study by Kvile and Heuch?
indicates that the relation between age when a
pregnancy occurs and the risk of breast cancer is
more complex than previously believed.

Table II Estimated coefficients in the two models of uterine corpus cancer (95%,
confidence intervals are given in brackets)

Model 1 Model 2

4

Age ap: 35-39
a2: 4044
a3 4549
ag: 50-54
as: 55-59
as: 6064
a7: 6569

Period n:  1955-64
n2:  1960-69
n3: 1965-74
ng: 1970-79
ns: 1975-84

Cohort B1: 1890-94
B2: 1895-99
B3: 1900-04
Bs: 1905-09
Bs: 1910-14
Be: 1915-19
B7:  1920-24
Bs: 1925-29
Bo: 1930-34
Bi1o: 1935-39
B11: 194044

Childbearing v1:

per woman  y2:
Y3:
Y4:

—10-860 (—11-167,—10-553) —10-060 (— 10-460,— 9-660)

(1] - 0 -)
0-886 0-617, 1-154) 1-150 (0-803, 1-497)
1-840 (1593, 2-087) 2-232 (1-793, 2-671)
2441 (2-193, 2:689) 3277 (2:722, 3-832)
2:551 (2285, 2-817) 3-442 (2-868, 4-016)
2-428 (2133, 2:723) 3-345 (2-753, 3-937)
2-405 (2083, 2:727) 3-340 (2:725, 3-955)
0 -) 0 -
0119 (0-007, 0-231) 0-111 (0-010, 0-211)
0-220 (0-075, 0-365) 0-202 (0-100, 0-304)
0-390 (0-201, 0-579) 0-337 (0-227, 0-447)
0-507 (0-275, 0-738) 0410 (0-267, 0-553)
0 =)
0-231 (—0-014, 0-476)
0-398 (0-168, 0-628)
0-226 (—0-015, 0-467)
0-348 (0-087, 0-609)
0-326 (0-028, 0-624)
0304 (—0-032, 0-640)
0244 (-—0-138, 0-627)
0094 (—0-347, 0-535)
0-137 (-0-377, 0-776)
0 aliased
1000 (—3-563, 5-563)
- 0472 (—0-818,—0-127)
— 0410 (—0-866, 0-046)
- 3544 (—-5951,—1:137)

Model 1: exp(E + o+ rtx + B;)

Model 2: exp(E + aj + nx + Y1«NC19; + y24NC29; + y3xNC39; + y4xNC49;)

Figure 5 Observed
cumulative incidence of
uterine corpus cancer
compared with estimated
cumulative incidence given
that the childbearing
pattern was as for the
period 1955-64.
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For cancer of the uterine corpus we found a
significant protective effect of two of the
variables, while NC39 showed a protective effect
but did not reach the significance level. Only the
variable given by the number of children born by
the women in the cohort before 20 years of age
showed a positive but non-significant association
to the risk of uterine corpus cancer. This seems
reasonable compared with other studies showing a
favourable effect of high parity,®!© and a
decreasing risk with an increasing age at first and
last birth.1°

If we accept this type of modelling, the model
tells us that about 159, of the increase in the
cumulative incidence of breast cancer from 1955
to 1984 may be directly attributed to changes in
childbearing pattern (fig 3). Most of the increase
may be explained by the period effect which
indicates changes in environmental factors—
among others dietary factors seem to be such
possible factors. For example, results by Hems!?
show that the variation of breast cancer mortality
between 41 countries appeared to arise
predominantly from differences in diet, the
contribution from the variation in childbearing
being small. In another study,!? he found that
changes in breast cancer mortality for all women
in England and Wales between 1911 and 1975
were not related to childbearing, but to changes in
consumption of fat, sugar, animal protein 1-2
decades earlier. However, the same study showed,
in contrast, that the geographical variation of
breast cancer mortality within the United
Kingdom, by region or by urban-rural aggregate
area, was closely correlated with childbearing but
poorly correlated with diet.

Other factors that may influence the risk of
breast cancer are menarcheal age and age at
menopause. While the menarcheal age has had a
monotonically decreasing trend in this century in
Norway,!3 the age at menopause has increased by
calendar time. Kvile!4 found that the correlation
coefficients between reproductive factors and age
at menarche or age at menopause ranged from
—0-02 to 0:06 and it is unlikely that these two
menstrual factors could be strong confounding
factors for the associations between reproductive
factors and breast cancer on the individual basis
seen in their study.? !> However, if the trend in
NC49 by cohorts is similar to that of menarcheal
age or to the inverse of the trend in age at
menopause, it could be that the significant inverse
association between NC49 and the risk of breast
cancer would disappear if these variables were
included in the analysis.

The breast cancer results are also in accordance
with those by Moolgavkar ez al'® and Hems!?
which indicated that differences between
populations cannot be explained by factors related
to childbearing pattern.

Our model indicates that 27°,, of the increase in
the cumulative incidence of uterine corpus cancer
in the period 1955 to 1984 in Norway may be
directly attributed to changes in the childbearing
pattern (fig 5). On the West Coast of the United
States a rise in incidence of endometrial cancer
began in the middle of 1960s and reached a peak in
1975.18 The rise was connected with the use of
replacement oestrogen treatment. Such a trend in
the incidence of uterine corpus cancer has not
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been noticed in Norway. Such treatment has only
been used in the last decade of the observation
period and even only then to a limited extent.!® If
the incidence of uterine corpus cancer in Norway
is influenced by the use of replacement oestrogen
treatment, the effect is small and probably
included in the period effect.

We do not believe that the use of hysterectomy
has been an important factor in this study. In a
Norwegian study covering the age group 27-69
years, 1011 out of 62 079 women (1-6%,) reported
surgical removal of the uterus.2® The rate of
hysterectomy in Norway is much lower than the
frequency observed in districts in England and in
New England.?!

Overweight is a strong risk factor for uterine
corpus cancer. We do not know how this factor
changes between the different cohorts and by
calendar time. Kvile ez al'* have shown that the
correlation coefficients between body mass index
(weight/height?) and the reproduction factors of
parity and age at first and last birth were 0-13,
—0-05, and 0-06 respectively on an individual
basis. Kvile ez al concluded that a stratification by
body mass index did not notably influence risk
estimates for reproductive factors.

We thank Dr Ashton Miller and Mr @ystein Kravdal for
valuable comments during preparation of this
manuscript. Tor Haldorsen is a Fellow of the
Norwegian Cancer Society.
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