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Abstract
Study objective—The aim of the study was
to investigate the impact of reproductive
variables (age at menarche, menopause,
first and last birth as well as parity, lacta-
tion, and abortions) on hip fracture
mortality.
Design and setting—A prospective study
in Norway with more than 60 000 women
followed up for 29 years. A total of 465
deaths as a result of hip fracture were
recorded.
Main results—Statistically significant lin-
ear relations (p <0.02) were found be-
tween both age at menarche and length of
reproductive period (defined as age at
menopause to age at menarche) and the
mortality of hip fractures in women aged
less than 80. The death rate for women
with a late menarche (>17 years) was
twice that of the women with relatively
early menarche (< 13 years). Compared
with women with less than 30 years
between menopause and menarche, the
mortality rate ratio in women with more
than 38 reproductive years was 0.5. We
also found an inverse relation with age at
first birth.
Conclusions—This study supports the hy-
pothesis that an early menarche and a
long reproductive period protect against
hip fracture mortality. High age at first
birth may also be protective.
(J Epidemiol Community Health 1998;52:645–650)

Hip fracture is one of the most serious eVects of
osteoporosis in terms of mortality, disability,
and economic costs. Cooper and coworkers
found that the relative five year survival rate
was 0.82, with most of the excess mortality
seen during the first six months after the
fracture.1 Hip fracture is also one of the most
frequent osteoporotic fractures in advanced
age. Therefore, risk factors for hip fractures
have been studied extensively during the past
two decades.2–4

A possible influence of reproductive history
on the risk of hip fracture is suggested by the
importance of oestrogen in reducing osteo-
porosis and fracture rates.2 5 A long period of
exposure to endogenous oestrogen—that is,
many years from menarche to menopause—
might be expected to reduce the risk of hip
fracture. However, neither age at menarche nor
age at menopause have been consistently asso-
ciated with hip fracture risk in previous
studies,4 6–14 and it has been suggested that only
very high age at menarche or menopause may
have any eVect on hip fracture risk.12

Similarly, it is at present not known whether
parity has any impact on the risk of hip
fracture.7 10 12–17 Breast feeding, however, may,
despite a possible reduced bone density
because of extended lactation,18 reduce the
long term risk of hip fracture according to
some, but not all studies.4 7 12 13 15 17

Thus, the evidence for an eVect of reproduc-
tive variables on hip fracture risk is not strong.
In this study, we present the results from a 29
year follow up of a Norwegian cohort of more
than 60 000 women. The end point is mortality
from hip fracture.

Methods
During 1956–59, information about reproduc-
tive factors was collected in personal interviews
of women who participated in a screening pro-
gramme for breast cancer in the three Norwe-
gian counties of Vestfold, Nord-Trøndelag, and
Aust-Agder. A total of 63 090 women alive and
aged 32–74 years at 1 January 1961 were
included in this study. The information in-
cluded age at menarche and menopause (if the
woman was postmenopausal), number of
fullterm pregnancies, age at first and last birth,
duration of lactation, and the number of abor-
tions as well as information about surgery on
genital organs (for example, ovariectomy). In
particular, the women were asked about the age
when the menstruation started and stopped.
This was recorded as age at menarche and
menopause. For each delivery, the woman was
asked to indicate how many months the child
had been breast fed. The screening procedures
are detailed elsewhere.19

Follow up started on 1 January 1961, when
the unique personal registration number was
introduced in Norway. During follow up from
1961 to 1989, 27 993 of the women included
in the cohort died. Information on vital status
and cause of death was obtained from files kept
at the Central Bureau of Statistics (Statistics
Norway), Oslo. A total of 465 women died of a
hip fracture—that is, hip fracture was stated on
the death certificate. Because of the routines of
the Central Bureau of Statistics, it is not possi-
ble to say whether the fracture was the under-
lying cause of death or an associated cause. A
fall was, however, reported in all but three of
the cases. Thus, the hip fracture must have
been important in the process leading to death
in the great majority of the cases. No diVeren-
tiation was made between cervical and tro-
chanteric fractures.

Information on height and weight was avail-
able for 50 101 of the 63 090 women, derived
from separate measurements made during the
time period 1963–1975 as part of compulsory
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mass examination for tuberculosis. Body mass
index was defined as weight/height2.

Relations between reproductive variables
and hip fracture mortality were investigated by
Poisson regression20 taking into account the
number of person years at risk contributed by
each woman in diVerent age groups. Women
who died of other causes than hip fractures
were censored, as were all women alive at the
end of follow up, 31 December 1989. Each
analysis included all women with known values
for the variables considered, and thus the total
number of women diVered somewhat between
analyses. Maximum likelihood estimates of
mortality rate ratios with 95% confidence
intervals were calculated in a multiplicative
model. Likelihood ratio tests for linear trend
and departure from a linear trend were
performed. The data file with aggregate
information on the number of deaths because
of hip fracture and person years was generated
by the DATAB module in the EPICURE pro-
gram package.21 The analyses were carried out
by means of the AMFIT module.

As the eVect of reproductive variables on hip
fracture mortality may be influenced by the age
of the women, we performed separate analyses
in two age groups 50–79 years and 80 years and
above. With a cut oV point of 79 years, enough
cases remained in the first group to permit reli-
able statistical analyses. All analyses were
adjusted for attained age (five years groups),
county of residence and, as an indicator of
social class, occupational group (own or
husband’s occupation).

Results
Table 1 gives the associations between demo-
graphic variables and hip fracture mortality in

this cohort. The youngest and oldest women
who died after a hip fracture were 50 and 99
years old at death, respectively. As expected, a
very strong positive relation was seen with age.
Women who lived in rural areas at the time of
screening had lower risk than women in urban
areas. A relatively high hip fracture mortality
was observed in the county of Vestfold and a
low mortality in Aust-Agder, both counties in
the southern part of Norway. This diVerence
remained after adjustment for urban/rural
place of residence (data not shown). Women
with own or husband’s occupation within
industrial work had a relatively high hip
fracture mortality, whereas women in the
occupational group “farm and forestry work”
had a relatively low hip fracture mortality.
Thus, we have adjusted for age, county, and
occupational group in our analyses.

Table 2 shows the relations between age at
menarche and menopause, the number of years
between age at menarche and menopause
(reproductive period) and hip fracture mor-
tality. In the 50–79 year age group, a statisti-
cally significant inverse relation was seen
between the number of reproductive years and
hip fracture mortality. Compared with women
with less than 30 years between menopause
and menarche, the mortality rate ratio in
women with more than 38 reproductive years
was 0.51. This eVect was reflected in associa-
tions between both age at menarche (where a
statistically significant positive relation was
seen) and age at menopause and hip fracture
mortality. In the older age group, no relation
with hip fracture mortality was observed.

In view of the grouping of values of age at
menopause and reproductive period, it is
important to carry out an accurate adjustment
for current age. To confirm that the relations in
women aged 50–79 years were not caused by
confounding by age, separate analyses were
carried out with adjustment for age in one year
instead of five year intervals. This did not,
however, influence the relative risk estimates
(results not shown).

Relations between reproductive period and
hip fracture mortality could have been biased
by women with a surgical menopause, who may
have a relatively short reproductive period.
Thus, separate analyses were also carried out
excluding 4131 women who indicated at
screening that they had had operations on the
ovaries, hysterectomy, unspecified operation of
the womb or radiography or radium treatment
of the genital organs. This did not, however,
weaken the relation between reproductive
period and hip fracture mortality (p value for
trend = 0.008 in women aged 50–79 years).

Table 3 shows the relations between vari-
ables connected to childbearing and hip
fracture mortality. No associations were found
between parity and hip fracture mortality, but a
lower hip fracture mortality was indicated in
women with high age at first birth. A long
duration of lactation was not statistically
significantly associated with hip fracture mor-
tality. No relation was found between the
number of abortions reported and hip fracture
mortality.

Table 1 Hip fracture mortality and demographic variables; distribution of person years
and mortality rate ratio (MRR) with 95% confidence intervals

Person years
(×1000) Deaths MRR (95% CI)

Total series 1247.3 465
Attained age

50–74 1035.2 63 1.00
75–79 117.3 103 14.42 (10.54, 19.73)
80–84 63.3 119 30.90 (22.77, 41.94)
85–89 24.9 123 81.06 (59.83, 109.8)
90–99 6.6 57 142.1 (99.28, 203.3)

p value for heterogeneity <0.001
Birth cohort*

1885–1889 20.8 42 1.00
1890–1899 176.3 238 1.11 (0.80, 1.54)
1900–1909 368.7 147 0.97 (0.68, 1.38)
1910–1929 681.5 38 1.00 (0.60, 1.68)

p value for heterogeneity 0.67
Place of residence†

Urban 263.3 115 1.00
Rural 984.0 350 0.82 (0.67, 1.02)

p value for heterogeneity 0.07
County

Nord-Trøndelag 424.8 134 1.00
Aust-Agder 273.2 74 0.75 (0.56, 0.99)
Vestfold 549.4 257 1.55 (1.26, 1.91)

p value for heterogeneity <0.001
Occupational category†‡

Professional, private enterprise 196.1 72 1.00
Clerical work 151.0 48 0.88 (0.61, 1.27)
Fishing, ship oYcers, crew 108.8 36 0.95 (0.64, 1.42)
Farm and forestry work 275.5 93 0.74 (0.54, 1.01)
Industrial work 152.1 63 1.37 (0.98, 1.92)
Domestic and other work 218.8 79 0.97 (0.71, 1.34)
Not specified 145.0 74 1.00 (0.72, 1.39)

p value for heterogeneity 0.02

*Adjusted for attained age in one year intervals. †Adjusted for attained age in five year intervals.
‡Own or husband’s occupation. Adjusted for attained age in five year intervals.
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In the subgroup of women with information
about height and weight, a highly significant
inverse relation (p < 0.001) was found between
body mass index and hip fracture mortality.
The mortality of hip fracture for obese women
(body mass index > 30 kg/m2) was 33% of that
for lean women (body mass index < 20 kg/m2).
This association was also seen in the 50–79
years age group (p value for linear
trend=0.008). The major diVerence in mor-
tality risk (approximately 60%) seemed to be
between that of lean women compared with
women with body mass index >20 kg/m2.

The negative relation between number of
reproductive years and hip fracture in women
aged 50–79 years was upheld after adjustment

for body mass index (p value for linear
trend=0.02). Similarly, the negative relation
between age at first birth and hip fracture mor-
tality was somewhat strengthened (p value for
linear trend <0.05 in both age groups). The
mortality rate ratio (MRR) for women with age
at first birth >35 years was 0.46 (95%
confidence intervals 0.26, 0.83) compared with
women with age at first birth <24 years; nearly
identical MRRs were found in both age groups.

After adjustment for body mass index, the
negative association between duration of
lactation and hip fracture mortality was
slightly stronger than that displayed in table 3
for women aged 50–79 years (MRR=0.41,
95% confidence intervals 0.16, 1.10, when

Table 2 Hip fracture mortality and age at menarche, age at menopause and reproductive period; distribution of person years and mortality rate ratio
(MRR) with 95% confidence intervals, by age group

Person
years
(×1000)

Total

Age (y)

50–79 >80

Deaths MRR (95% CI) Deaths MRR (95% CI) Deaths MRR (95% CI)

Age at menarche* <13 345.0 90 1.00 29 1.00 61 1.00
14 393.1 137 1.06 (0.81, 1.38) 46 1.25 (0.79, 1.99) 91 0.96 (0.69, 1.33)
15 274.9 121 1.14 (0.87, 1.50) 46 1.62 (1.01, 2.57) 75 0.93 (0.66, 1.31)
16 126.4 57 1.04 (0.75, 1.45) 23 1.61 (0.93, 2.78) 34 0.81 (0.53, 1.23)
>17 74.3 44 1.12 (0.78, 1.60) 18 2.02 (1.12, 3.64) 26 0.80 (0.51, 1.27)

p value for linear trend 0.54 0.01 0.22
Age at menopause† <43 62.9 60 1.00 21 1.00 39 1.00

44–46 66.5 48 0.72 (0.49, 1.05) 17 0.74 (0.39, 1.41) 31 0.71 (0.44, 1.13)
47–49 114.2 78 0.66 (0.47, 0.92) 25 0.62 (0.34, 1.10) 53 0.68 (0.45, 1.03)
50–52 141.6 144 0.83 (0.61, 1.12) 36 0.69 (0.40, 1.18) 108 0.90 (0.62, 1.30)
>53 49.9 61 0.84 (0.59, 1.20) 11 0.58 (0.28, 1.21) 50 0.95 (0.62, 1.44)

p value for linear trend 0.77 0.15 0.58
Reproductive period (y)‡ <29 71.7 68 1.00 26 1.00 42 1.00

30–32 74.0 61 0.80 (0.56, 1.13) 20 0.71 (0.40, 1.28) 41 0.85 (0.55, 1.31)
33–35 126.5 93 0.69 (0.50, 0.94) 29 0.59 (0.35, 1.00) 64 0.75 (0.51, 1.10)
36–38 109.5 110 0.85 (0.63, 1.15) 23 0.54 (0.31, 0.94) 87 1.03 (0.71, 1.49)
>39 43.5 47 0.81 (0.56, 1.18) 9 0.51 (0.24, 1.09) 38 0.98 (0.63, 1.52)

p value for linear trend 0.41 0.02 0.62

*Among women with known age at menarche, adjusted for attained age, county, and occupational group. †Among women with known age at menopause, adjusted for
attained age, county, and occupational group. ‡Among women with known age at menarche and menopause, adjusted for attained age, county, and occupational group.

Table 3 Hip fracture mortality and parity, age at first and last birth, lactation and abortions; distribution of person years and mortality rate ratio (MRR)
with 95% confidence intervals, by age group

Person
years
(×1000)

Total

Age (y)

50–79 >80

Deaths MRR (95% CI) Deaths MRR (95% CI) Deaths MRR (95% CI)

Parity* 0 226.8 111 1.00 37 1.00 74 1.00
1–2 529.4 156 0.88 (0.69, 1.13) 56 0.81 (0.53, 1.24) 100 0.93 (0.69, 1.27)
3–4 344.9 116 0.88 (0.68, 1.16) 45 0.97 (0.62, 1.51) 71 0.84 (0.60, 1.18)
>5 120.5 73 1.02 (0.75, 1.39) 24 1.22 (0.72, 2.07) 49 0.95 (0.65, 1.37)

p value for linear trend 0.98 0.42 0.55
Age at first birth (y)† <24 367.3 142 1.00 53 1.00 89 1.00

25–29 345.1 118 1.03 (0.80, 1.32) 40 0.89 (0.59, 1.36) 78 1.11 (0.81, 1.52)
30–34 164.9 45 0.77 (0.54, 1.09) 20 0.90 (0.52, 1.53) 25 0.69 (0.43, 1.09)
>35 71.5 19 0.57 (0.35, 0.93) 7 0.58 (0.25, 1.31) 12 0.56 (0.30, 1.05)

p value for linear trend 0.02 0.24 0.04
Age at last birth (y)‡ <29 272.7 92 1.00 39 1.00 53 1.00

30–34 297.8 90 0.89 (0.66, 1.20) 28 0.63 (0.38, 1.03) 62 1.09 (0.75, 1.60)
35–39 254.4 85 0.79 (0.57, 1.08) 27 0.52 (0.31, 0.88) 58 1.02 (0.68, 1.52)
>40 124.0 57 0.76 (0.53, 1.10) 26 0.83 (0.48, 1.45) 31 0.71 (0.44, 1.16)

p value for linear trend 0.10 0.27 0.22
Total lactation (months)§ 0 77.0 27 1.00 11 1.00 16 1.00

1–9 314.0 72 0.70 (0.45, 1.10) 33 0.81 (0.41, 1.60) 39 0.64 (0.36, 1.15)
10–19 255.2 79 0.76 (0.49, 1.19) 27 0.69 (0.34, 1.41) 52 0.81 (0.46, 1.43)
20–29 142.8 53 0.78 (0.48, 1.28) 19 0.72 (0.33, 1.57) 34 0.83 (0.44, 1.55)
>30 121.4 63 0.80 (0.48, 1.35) 17 0.59 (0.25, 1.37) 46 0.96 (0.49, 1.86)

p value for linear trend 0.88 0.24 0.45
Abortions¶ 0 935.9 349 1.00 128 1.00 221 1.00

1 175.1 58 0.98 (0.74, 1.30) 21 0.90 (0.56, 1.44) 37 1.03 (0.72, 1.47)
>2 70.0 26 0.96 (0.64, 1.45) 9 0.90 (0.45, 1.78) 17 1.00 (0.60, 1.66)

p value for linear trend 0.82 0.63 0.93

*Among women with known parity, adjusted for attained age, county, and occupational group. †Among parous women with known parity and age at first birth,
adjusted for attained age, county, occupational group, and parity. ‡Among parous women with known parity and age at last birth, adjusted for attained age, county,
occupational group, and parity. §Among parous women with known parity and total lactation, adjusted for attained age, county, occupational group, and parity.
¶Among women with known parity and number of abortions, adjusted for attained age, county, occupational group, and parity.
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comparing women with >30 months with
women who reported no lactation, p value for
linear trend=0.10). No interaction with parity
was indicated in the relation between lactation
and hip fracture mortality (results not shown).

Discussion
In this 29 year follow up of more than 60 000
women, we found a protective eVect of an early
menarche, a long reproductive period, and a
high age at first birth on the risk of hip fracture
mortality.

There is no reason to believe that any of the
women included as cases have not sustained a
hip fracture. However, some women who die
after a hip fracture may not have this diagnosis
stated on the death certificate. Meyer and
coworkers22 have reported a comparison be-
tween the incidence and mortality of hip
fractures in Norway in 1979. The number of
persons who had a diagnosis of hip fracture on
their death certificate was about one tenth of
the total number of fractures (603 and 5920
subjects, respectively), which is below the
expected 12–20% one year excess mortality
after a hip fracture.1 Still, the strength of the
relations between reproductive factors and hip
fracture mortality should be aVected only if the
reproductive history influences the probability
that the fracture is included as a cause on the
death certificate.

Parity or age at menarche or menopause are
unlikely to influence the decision whether the
hip fracture should be reported, as this
information is not normally available to the
physician completing the death certificate.
However, if there is a relation between these
variables and the total number of diagnoses
reported on the death certificate, this may
influence the likelihood that the hip fracture is
included. A person with many serious or
concomitant diseases might have lower prob-
ability that the hip fracture is reported. To
explain the inverse relation between the
number of reproductive years and hip fracture
mortality in this way, substantially fewer
diagnoses have to be reported in women with a
long reproductive period than in women with a
short period. This was not the case. In death
certificates from women aged 50–79 years with
< 30 years between menarche and menopause,
the mean number of diagnoses was 1.80 com-
pared with 1.74 in women with a long
reproductive period (> 38 years) (unpublished
observations).

Most women who sustain a hip fracture
survive.1 Thus, during the 29 years of follow
up, many hip fractures must have occurred in
the cohort that were not included as cases in
our study. This may influence the extent to
which our results are valid for reproductive
factors regarded as risk factors for hip fracture
incidence. Possible associations between repro-
ductive factors and hip fracture fatality cannot
be excluded, although we are not aware of
published results indicating associations be-
tween, for example, the number of reproduc-
tive years and hip fracture survival.

Our data do not, however, indicate that there
is an inverse association between length of

reproductive period and total mortality. Such a
relation would suggest that this variable is
related to general health and thereby to
survival, which could explain our result. In
women aged 50–79 years, no association was
observed between length of reproductive
period and total mortality (MRR comparing >
38 years with < 30 years was 1.07 (95% CI:
0.98, 1.16, p value for linear trend=0.4). For
age at menarche, a weak inverse relation was
found (p value for trend=0.05) (unpublished
observations), in contrast with what might be
expected if the positive associations between
age at menarche and hip fracture mortality
should be explained by eVects of age at
menarche on general health.

The data collected at the screening on parity
and age at first and last delivery must be
regarded as highly reliable. Information con-
cerning abortions and age at menarche and
menopause is more subject to random error,
which may weaken possible relations.

The analyses involving age at menopause
and length of the reproductive period did not
include women who were pre-menopausal at
time of screening. Thus, in the younger age
groups, women with an early menopause are
over-represented in the data set analysed. This
does not, however, introduce any bias in the
evaluation of associations based on regression
analyses, with age at menopause or length of
the reproductive period as independent vari-
ables. This is because the regression model for
prospective studies describes death rates condi-
tional on the particular values of the exposure
variables. The actual distribution of exposure
values is irrelevant in this connection.

For some exposure variables, such as parity
and age at first and last birth, a minor bias is
introduced by the reliance on possibly incom-
plete information collected at screening 2–5
years before the start of follow up. Some
women may have given birth to children after
the screening took place. In general, this will
lead to observed relations that are slightly
weaker than the true associations. This bias can
therefore not explain the inverse relation found
between age at first birth and hip fracture mor-
tality.

Oestrogen, both endogenous23 and
exogenous,2 5 24 protects against osteoporosis.
Our main results are consistent with the
concept that a relatively long exposure to

KEY POINTS

x Out of a total of 60 000 women followed
up for 29 years, 465 women died after a
hip fracture.

x In women aged 79 and less, late menarche
and a short reproductive period increase
hip fracture mortality.

x The most likely explanation to this
finding is that long duration of endog-
enous oestrogens reduces osteoporosis.

x High age at first birth (particularly > 34
years) reduces hip fracture mortality.

x Reproductive factors are important for
hip fracture mortality.
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endogenous oestrogen reduces the hip fracture
mortality through the well established positive
relation between oestrogen and bone mass.23 24

The positive relation with age at menarche and
inverse relations with age at menopause and
the number of reproductive years all point in
this direction. An eVect of reproductive vari-
ables on the risk of falling, the other main risk
factor for a hip fracture, may remain specula-
tive, although it has been shown that exog-
enous oestrogen may improve postural balance
in elderly women.25

We found an inverse relation between the
length of reproductive period and hip fracture
mortality. Our results thus support the findings
of the MEDOS Study with 2086 cases,13 and
are consistent with the positive correlation
found between number of reproductive years
and bone density of the hip as well as the wrist,
radius, and spine.26

The number of reproductive years is calcu-
lated as the diVerence between age at meno-
pause and age at menarche. It is noteworthy
that, at least in the group of women aged 50–79
years, a stronger eVect is found for age at
menarche than for age at menopause
(MMR=1.15 v 1.05 per year). Although we
would not interpret this too far, it may indicate
that hormonal factors associated with the teen
years may be of greater importance than those
associated with the menopause. Possibly, bone
mineralisation may be stimulated earlier in
women with early menarche, thereby obtaining
a higher peak bone mass.24 Recently, it has been
reported that in postmenopausal women, age
at menarche is positively and age at menopause
inversely associated with low bone mineral
density.27

A reduced impact of the length of the repro-
ductive period was observed with advancing
age. This is consistent with findings of Gärdsell
and coworkers,28 and may simply reflect the
longer time since exposure to high levels of
endogenous oestrogen. Our finding agrees with
the observation that the female excess morbid-
ity of osteoporotic fractures levels oV at about
75 years of age, indicating that the duration of
the menopause eVect is approximately 25
years.29 Furthermore, with increasing incidence
of a disease (a hip fracture), the relative
importance of each risk factor can be attenu-
ated. In old women the bone mass is generally
low, and other variables (for example, the ten-
dency to fall) may become more important as
predictors for sustaining a hip fracture.

Our results suggest a relatively strong inverse
relation between age at first birth and hip frac-
ture mortality, a relation found to be upheld
after adjustments for body mass index. This
association was independent of age group
(50–79 or >80 years). It has previously been
reported that a first pregnancy before age 20 is
associated with lower bone mass density,24 but
case-control studies have shown no relation, or
a positive relation, between age at first birth
and hip fracture risk.7 12 17

The lack of any relation between parity and
hip fracture mortality is consistent with com-
bined results from several previous
studies.7 10 12–17 The possible eVects of multipar-

ity on hip fracture risk may simply not last into
the postmenopausal ages when the vast major-
ity of hip fractures occur, or such eVects may be
diverse and contradictory. We did not find a
significant relation between lactation and hip
fracture mortality, although an inverse relation
was suggested as in some other studies.7 12 In
still other studies4 13 15 17 no significant relation
was found.

A high body mass index is well established as
a protective factor for hip fractures.2 4 The
strong association seen in our study supports
the basic validity of using mortality of hip frac-
tures as the end point in our analyses. We do,
however, acknowledge that the adjustment for
body mass index is less than optimal as we have
information about body mass index for only
82% of the women and the information was
collected during follow up. However, body
mass index does not seem to be an important
confounder. The correlation between body
mass index and reproductive factors is low in
this population.19 Furthermore, adjustment for
the body mass index did not weaken but, if
anything, strengthened the relation with
number of reproductive years, age at first birth
or with extended lactation.

We do not believe that oestrogen replace-
ment therapy has influenced our findings to
any significant degree, as such therapy was
rather uncommon for women in this cohort.
Oestrogen replacement therapy for peri-
menopausal complaints (for example, heat
flushes) was very seldom used in Norway in the
late 1950s. It is also rather unlikely that such
therapy was of any significance during follow
up. Such treatment has until recently not been
common in Norway. Even if all use of
non-contraceptive oestrogen in Norway in
1979 was attributed to women in the age group
45–54 years (women in the climacteric age),
only 9% of the women would be users.30 In
1979 the youngest women included in this
cohort were 50 years old and 78% of the cohort
was above 58 years old.19

High physical activity is negatively related to
hip fracture risk.4 11 31 To explain our results by
this confounder, we have to assume a relatively
strong positive association between physical
activity and reproductive period or age at first
delivery, even after adjustment for age group,
county, and occupational group (which to
some extent may be a proxy for physical
activity).

Other possible confounders in our study are
cigarette smoking and alcohol and coVee
drinking, habits that may be risk factors for hip
fractures.2 4 32 We have no information about
smoking, alcohol or coVee consumption habits
of the individual woman. However, from what
is known about smoking habits in the birth
cohorts considered in this study, a large major-
ity of the women were non-smokers.33 From
the national data presented by Rønneberg and
coworkers,33 we have estimated that in the birth
cohorts included in our study, more than 70%
were lifelong non-smokers. In age groups
where the majority of the women were
postmenopausal at screening (born before
1911) this proportion was considerably higher,
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approximately 82%. This is the relevant age
group as only postmenopausal women contrib-
uted to the analysis of reproductive period as
risk factor for hip fracture.

Confounding by alcohol drinking is even less
likely because in 1973 less than 2% of the Nor-
wegian women aged 18 and more had a daily
consumption of alcoholic beverages corre-
sponding to more than 20 ml pure alcohol.34

Alcohol consumption and smoking prevalence
among women included in this study living
predominantly in rural parts of the country
were probably even lower. Thus, confounding
by alcohol drinking or cigarette smoking is not
likely to be of major importance for our results.

CoVee drinking is a common habit in
Norway.35 A weak positive relation between
coVee consumption and parity has been found
in middle aged women in Norway.36 However,
there must be a rather strong association
between coVee consumption and reproductive
variables to influence our findings notably.

In summary, in this large cohort of Norwe-
gian women, we found a statistically significant
protective eVect of an early menarche and a
long reproductive period on the mortality of
hip fractures in women aged less than 80.
There was also evidence for a protective eVect
of high age at first birth. However, in view of
the sampling errors associated with our esti-
mates, these relations should be studied further
in other prospective studies with hip fracture
incidence as the end point.
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