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Abstract

Background—Bone loss is accelerated after the menopause in women, as is the risk of hip
fracture, but little is known about the importance of age at menopause, time since menopause and
total reproductive years for risk of hip fracture.

Methods—Between 2004 and 2008, the China Kadoorie Biobank recruited 125,336
postmenopausal women who had a natural menopause and recorded 1,327 incident cases of hip
fracture during the first 10 years of follow-up. Multivariable Cox regression was used to estimate
hazard ratios and 95% confidence intervals (CI) for incident hip fracture for age at menopause,
time since menopause and total reproductive years.

Results—The mean (SD) age at menopause was 48.8 (4.0) years. Compared with women who
reached menopause before age 53 years, women with a later age at menopause had a 22%
(95%CI: 11-35%) lower risk of hip fracture. Compared to women who were <5 years since
menopause, those who were 5-9, 10-14, 15-19, and =20 years since menopause had hazard ratios
of hip fracture of 1.43 (95%Cl: 1.01-2.04), 2.10 (95% CI: 1.71-2.57), 2.50 (95%Cl: 2.21-2.83)
and 2.33 (95%Cl: 1.97-2.75), respectively. Women with a longer (=36 years) versus shorter (<30
years) duration of total reproductive years had a 19% (95%CI: 9-28) lower risk of hip fracture.

Conclusions—Women with younger age at menopause, longer interval since menopause or
shorter duration of total reproductive years had the highest risks of hip fracture.

Introduction

Hip fracture is one of the most serious complications of falls in older people worldwide, and
is associated with a high mortality, disability and economic burden.1~ Despite reports of an

increased incidence of hip fracture over the last two decades in China, ° little is known about
the determinants of hip fracture in China. Previous studies in China have reported a 23%
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higher mortality rate at one year following a hip fracture,® and reliable data on modifiable
causes of hip fracture are needed to guide the design of programs for prevention of hip
fracture in China.’

Older women are more likely to suffer from hip fracture compared with older men,89

due to higher risks of osteoporosis and falls.10 11 Peak bone mass and rates of bone loss
are highly correlated with age as are the risks of osteoporosis and hip fracturel?. It is

well established that estrogen levels are positively associated with bone mineral density.13-
15 Women typically achieve peak bone mass in their 30s, and subsequently suffer from
progressive bone loss with increasing age.16-19 Indeed, both blood levels of estrogen and
bone mineral density decline rapidly after the onset of menopause.20-24

Given that current age and age at menopause are both associated with risks of hip fracture,

it is likely that lifetime duration of exposure to endogenous estrogens may also be correlated
with risks of hip fracture in older women.25-27 A longer duration of exposure to endogenous
estrogen is likely to be associated with lower risks of hip fracture. Although extreme age at
menarche or menopause are associated with risks of hip fracture, little is known about the
effects of total reproductive years on hip fracture.28

The aims of the present study were to examine the associations of age at menopause, time
since menopause, and duration of total reproductive years with risks of incident hip fracture
in post-menopausal women recruited into the China Kadoorie Biobank (CKB) study.

Baseline Survey

Details of the design and study procedures used in CKB have been previously published.?®
Briefly, 512,891 adults (210,222 men, 302,669 women) aged 30-79 years were recruited
from 10 regions (5 urban, 5 rural) in China from 2004 to 2008. Data on demographic,
socioeconomic, dietary and other lifestyle factors (e.g. smoking, tea, alcohol drinking, and
physical activity), indoor air pollution, personal and family medical history, sleeping and
psychological wellbeing and women’s reproductive factors (e.g. menstrual history, history
of childbearing, breastfeeding, hysterectomy, ovariectomy, or use of oral contraceptives)
were collected by trained health workers using a laptop-based questionnaire. Physical
measurements were recorded and a blood sample was collected from each participant for
a long-term storage. Ethics approval was obtained from the relevant international, national
and local authorities, and all participants provided written informed consent.

Follow-up for morbidity and mortality

Study participants were followed-up for cause-specific morbidity and mortality by linkage
with death and disease registers and for hospitalized events by linkage with the national
health insurance system. Active follow-up was performed on an annual basis to minimize
any additional loss to follow up. All deaths and diseases were coded using the International
Classification of Diseases 10t edition (ICD-10) and were blinded to baseline exposures. The
primary endpoints were incident hip fractures, defined by codes S72.0-S72.9 in ICD-10.
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Statistical methods

A total of 145,172 postmenopausal women aged 50 years or greater were recruited at
baseline after excluding individuals who had missing or inconsistent values for reproductive
factors. Participants who had a history of cancer, fracture, hysterectomy or oophorectomy
were excluded (n=19,836), leaving 125,336 women for the present analyses.

The baseline characteristics are presented as means (SD) for continuous variables and

as percentages for categorical variables. Cox proportional hazards models were used to
estimate hazard ratios (HRs) and 95% CI for the associations between age at menopause,
time since menopause, total reproductive years and risk of fatal or nonfatal hip fracture.
Time since menopause was defined as the time (in years) between age at menopause and
age at risk of hip fracture event. Analyses were conducted using time since entry into the
study as the time scale and stratified by (time-varying) age-at-risk (except for time since
menopause) and region to allow each group and region to have different baseline hazard
rates for the disease. Analyses were stratified by area of residence and age at risk (Model

1), and were additionally adjusted for the highest level of attained education (<primary,
>secondary), household income (<5000, 5000-19999, and =20000 yuan) and marital status
(Model 2). Further adjustments included disease history of diabetes, chronic obstructive
pulmonary disease (COPD), stroke, coronary health disease (CHD), body mass index (BMI),
self-rated health, smoking status (current smokers, ex-smokers, never smokers), alcohol
consumption (weekly drinker, ex or occasional drinker, never regular drinkers), dairy intake
(weekly, less than once a week, never), fruit intake (weekly, less than once a week,

never), soybean products intake (weekly, less than once a week, never), calcium or zinc

or iron intake (intake, never intake), physical activity (MET-hr/day) and reproductive factors
including age at menarche (except for total reproductive years analysis), parity, number of
abortions, age at first birth, breast feeding duration per child, and use of oral contraceptives
(OC) (Model 3). For analyses of time since menopause, age was used as the underlying time
scale with time since menopause (in 5-year groups) as a time-varying variable. Associations
were compared between subgroups of women by region, age, BMI, parity and duration

of breast feeding per child. Additional sensitivity analyses excluded: (i) those who had
parity >10, (ii) who had age at menopause <43 years; and (iii) those who never used OC.
Group-specific variances were used for variables with 3 or more categories to facilitate
comparisons between any two categories.30

Results

Baseline characteristics

Among 125,336 women included, the mean (SD) age at baseline was 60.4 (6.7) years

and 54.4% were resident in rural areas. Few women were current smokers (6.0%), regular
alcohol drinkers (2.3%), regular fruit consumers (6.9%), or ever used OC (9.3%). Around
80% of women were married, 98.9% of women had given birth and 98.1% of those

had reported breastfeeding their children. Compared with women who had a later age

at menopause or longer duration of reproductive years, women with an earlier age at
menopause or fewer reproductive years were, on average, more likely to live in rural areas,
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and be slightly leaner, less educated, have lower household income, smoke more, consume
more fruit and dairy products but consume less soy products (Table 1).

Age at menopause

Overall, among postmenopausal women, there were no statistical differences in the
association between age at menopause and risk of hip fracture among women who reached
menopause before the age of 53 years, but a lower risk of hip fracture was observed among
women who reached menopause at age of 53 years or greater (Figure 1, p for heterogeneity=
0.04). Compared to women who reached menopause before age 53 years, women who
reached menopause at age of 53 years or greater had a 22% lower risk of hip fracture.
Further, women who had onset of menopause at =53 years had a 24% (95%CI: 11-35) lower
risk of hip fracture compared with those who had onset of menopause at age 48-50 years
(Table 2).The associations of age at menopause with hip fracture were broadly consistent
across different population subgroups including region, age, BMI, parity and mean duration
of breastfeeding (Figure 3), and in sensitivity analyses among a subset of women who never
used OCs or who had a later age at menopause (=43 years).

Time since menopause

Compared with women who were <5 years postmenopausal, higher risks of fatal or nonfatal
hip fracture were observed among women who were 5-9, 10-14, 15-19, and =20 years post-
menopause (Figure 2). Compared to women who were <5 years postmenopausal, women
who were 5-9, 10-14, 15-19, and =20 years post-menopause had hazard ratios as 1.43
(95%CI: 1.01-2.04), 2.10 (95%Cl: 1.71-2.57), 2.50 (95%Cl: 2.21-2.83) and 2.33 (95%Cl:
1.97-2.75), respectively (p trend=0.008). The risks of hip fracture increased with longer
duration since menopause, but were attenuated by 20 years after menopause.

Total reproductive years

The association between total reproductive years and risk of incident hip fracture were
consistent with the associations between age at menopause and risk of incident hip fracture.
Among those women who had a shorter duration of total reproductive years (<36 years), no
statistically significant differences were identified between reproductive years and risk of hip
fracture, but the risk of hip fracture was significantly lower in women who had the longest
duration of reproductive years (=36 years) (Table 3, Figure 1, p for heterogeneity=0.03).
Women who had the longest duration of reproductive years, compared to those who had

total reproductive years between 30 to 32 years had a 19% (95%CI: 9-28) lower risk of

hip fracture. Moreover, the association did not differ substantially when analyses were
performed among subgroups of women defined by region, age, BMI, number of live births,
mean breastfeeding duration, nor in subsequent sensitivity analyses. However, the on the risk
of incident hip fractures was significantly lower among younger women and decreased with
increasing age.

Discussion

In the present study of 125,336 postmenopausal Chinese women, a later age at menopause
and a longer total duration of reproductive years were each associated with a lower risk

Menopause. Author manuscript; available in PMC 2024 December 08.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Peng et al.

Page 11

of hip fracture. The risk of hip fracture increased steadily by time since menopause

but attenuated at about 20 years after menopause. To our knowledge, this is the first
large prospective study to investigate the associations of time since menopause and total
reproductive years with risk of hip fracture in Chinese women.

The findings of the present study are consistent with those of previous studies, indicated that
a later age at menopause was associated with a lower risk of hip fracture.31-33 Compared

to women who reached menopause before age 53 years, women who reached menopause at
age of 53 years or greater had a 22% lower risk of hip fracture. In addition, the significantly
lower risk of hip fracture was observed in women who reached menopause at 53 years

or older. No differences were observed in risk of hip fracture between the other groups.
Additional adjustment for dietary and reproductive factors, and BMI substantially reduced
the relative risks for hip fracture associated with estimates for menopause at age 48-50 years
versus age 53 or older compared to models that were adjusted for age and region only. This
suggests that these factors may confound the associations between age at menopause and
risk of hip fracture.

Previous studies of bone mineral density (BMD), indicated that once women reach
menopause, age at menopause has a very limited effect on the long-term bone mineral
density.20 2131 |t has been suggested that women with an early age of menopause have

a higher rate of bone loss compared to those having a later age at menopause. The
differences in the rate of bone loss between women having early and later age at menopause
decline after reaching the age of 65 years.20 21 In a prospective study 561,609 women

living in the UK with a mean duration of follow-up of 6.2 years, women with age at
menopause <45 years had a 22% higher risk of hip fracture compared to those who had
menopause at 50 years.3! No differences in risk of hip fracture were observed between
women had menopause at age 50 years and over and those aged 45-49 years. Similarly, a
17% (OR=1.17 95% CI: 1.03-1.33) higher risk of hip fracture was reported among women
having an average 2.6 years younger age at menopause from a case-control study with 100
postmenopausal women conducted in Taiwan.32 In contrast, two case-control studies, one in
Beijing, China (involving 118 cases and 226 controls), and one in Italy (involving 206 cases

and 590 controls) reported no differences in the risk of hip fracture and age at menopause.33
34

A linear trend was observed in the association between increasing time since menopause
and risk of hip fracture in the first 20 years after menopause, but the observed trend appears
to attenuate thereafter. Likewise, BMD is positively correlated with current estrogen levels.
Both BMD and estrogen levels are likely to reach their lowest levels at about 20 years after
the menopause. However, previous studies had reported that BMD has a relatively higher
initial speed of decrease in the first 5-10 years after menopause, but the rate of bone loss
slows down thereafter.3% 36 The present study demonstrated that women who were reached
menopause greater than 15 years previously had the highest risk of hip fracture.

Similar associations between total reproductive years and risk of hip fracture were observed
as those between age at menopause and hip fracture. A longer total duration of reproductive
years was associated with a lower risk of hip fracture. A longer duration of reproductive
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years was associated with a higher BMD in a Chinese study, which is consistent with

the findings of the present study37. Moreover, a prospective study of 63,000 Norwegian
women also reported an inverse association between total reproductive years and risk of hip
fractures in those aged 50-79 years38. In a subgroup analysis, however, a decreasing trend

of association was observed between total reproductive years and increasing age group. This
may reflect the cumulative lifetime exposure to endogenous estrogens, which attenuates
when the BMD reaches a stable level after a larger initial reduction. The association between
estrogen level and risk of hip fracture attenuated after reaching a lower level of bone mass.

This is the first large prospective study to examine the associations between menopausal
characteristics and risk of hip fracture in Chinese, and also the first study to explore the
effect of time since menopause on long-term risks of hip fracture. The analyses were

robust to adjustment for a wide range of potential confounders including socio-demographic,
physical and lifestyle characteristics, medical history and relevant reproductive factors.

The study had several limitations, including that hip fractures included both fragility and
non-fragility hip fractures which could underestimate the associations of menopause with
hip fracture. Women with hip fractures occurring between their menopause and recruitment
were excluded. No assessments of bone mineral density or hormone levels were recorded
in the present study, and no validation of reported fracture diagnosis was performed.
Likewise, no data were collected on the use of hormone replacement therapy in the present
study. Potential confounders in the present study were collected at baseline which could
have changed during the follow-up. Age at menarche and age at menopause were also
self-reported retrospectively by the participants. Thus, recall bias could have been more
significant in those who were older at baseline due to a longer recall period.

Conclusions

The present report involving 125,336 older women, demonstrated that a later age at
menopause and longer duration of reproductive years were associated with a lower risk

of incident hip fractures in postmenopausal women aged 50 years or greater. Longer
intervals since menopause were associated higher risks of hip fracture, but the excess risks
of hip fracture were attenuated by 20 years after reaching menopause. Recognition of the
importance of the relationships of reproductive years with hip fracture may guide more
intensive treatment for affected individuals to reduce their risks of hip fracture. Further
studies investigating the associations between menopause characteristics and BMD or bone
remodeling are needed to confirm the findings of the present study.
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Two sentence summary

In a study of 125,336 postmenopausal women who had a natural menopause, 1,327
incident cases of hip fracture were recorded during the first 10 years of follow-up. The
study demonstrated that women with younger age at menopause, longer interval since
menopause or shorter duration of total reproductive years had the highest risks of hip
fracture.
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Figure 1. Adjusted hazard ratios (HRs) and 95% Cls for incident hip fracture by age at
menopause and total reproductive years.

Models were stratified by age and study area, and adjusted for level of attained education,
household income, marital status, diabetes, COPD, stroke, CHD, self-rated health, smoking
status, alcohol use, dairy intake, fruit intake, soy intake, calcium intake, physical activity,
body mass index (BMI) and reproductive factors including age at menarche, parity, abortion,
age at first birth, breastfeeding duration per child, and oral contraceptive use. Squares
represent the HR with area inversely proportional to the variance of the log HR. Vertical
lines indicate the corresponding 95% CI.
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Figure 2. Adjusted hazard ratio (HR) and 95% CI for incident hip fracture by, time since
menopause.

Models were stratified by age and study area, and adjusted for level of attained education,
household income, marital status, diabetes, COPD, stroke, CHD, self-rated health, smoking
status, alcohol use, dairy intake, fruit intake, soy intake, calcium intake, physical activity,
body mass index (BMI) and reproductive factors including age at menarche, parity, abortion,
age at first birth, breastfeeding duration per child, and oral contraceptive use. Squares
represent the HR with area inversely proportional to the variance of the log HR. Vertical
lines indicate the corresponding 95% CI.
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Figure 3. Adjusted hazard ratios (HR) and 95% CI for incident hip fracture comparing
postmenopausal women who had an age at menopause =53 with who had an age at menopause
<53, by baseline characteristics.

Models were stratified by age and study area, and adjusted for level of attained education,
household income, marital status, diabetes, COPD, stroke, CHD, self-rated health, smoking
status, alcohol use, dairy intake, fruit intake, soy intake, calcium intake, physical activity,
body mass index (BMI) and reproductive factors including age at menarche, parity, abortion,
age at first birth, breastfeeding duration per child, and oral contraceptive use. Each square
represents the HR. Horizontal lines indicate the corresponding 95% CI. The diamond
indicates the overall estimate and its 95% CI.
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Table 1
Baseline characteristics of postmenopausal women by age at menopause

Characteristics Total Age at menopause
Mean (SD) or median (ranges) or <43 43-47 48-50 51-52 >53
percentage (%)
N (%) 125,336 9,658 (7.7) 27,999 (22.3) 47,887 (38.2) 21,552 (17.2) 18,240 (14.6)
Mean (SD) age at base line, y 60.4 (6.7) 62.6 (7.1) 60.8(7.0) 59.8 (6.9) 59.5 (6.2) 61.5 (5.6)
Lifestyle factors and physical measurement
Rural, % 54.4 65.4 57.5 54.1 52.0 47.6
Education primary or below, % 74.8 84.8 77.3 73.8 71.6 72.4
Married, % 81.9 75.4 80.5 82.8 84.5 81.7
Low household income, % 15.1 23.4 16.7 14.1 12.7 14.1
Current regular smoking, % 6.0 9.0 6.9 5.7 5.1 5.2
Weekly regular drinker, % 2.3 29 2.4 2.3 24 2.1
Physical activity, MET h/day 12.9(8.4, 20.8) %.é)(m, 12.8(8.4,21.0) 13.0(8.4,21.0) 13.5(8.9,21.4) 12.2(8.4,19.3)
BMI (SD), kg/m? 23.9(3.7) 23.3(3.7) 23.7(3.7) 23.8(3.6) 24.2 (3.6) 245 (3.7)
Dietary factors, %
Weekly dairy consumption 67.8 75.2 69.2 67.3 67.1 63.7
Weekly fruit consumption 6.9 9.8 7.4 6.7 5.8 6.5
Weekly soy consumption 57.7 49.3 56.2 57.6 60.7 61.3
Regular calcium consumption 10.5 8.9 10.2 10.4 11.0 11.7
Medical History
Diabetes 9.6 8.9 9.2 9.1 10.0 11.9
COPD 8.8 12.2 9.6 8.4 7.8 8.1
CHD 5.6 5.3 5.7 51 5.6 6.8
Stroke 2.3 2.3 2.6 2.1 2.2 2.7
Poor self-rated health 62.1 65.3 62.1 62.8 59.6 61.2

Reproductive factors,

Age at Menarche, y 16.0 (2.0) 16.0 (2.1) 15.9 (1.9) 16.0 (2.0) 16.0 (1.9) 16.2 (2.0)
Nulliparous, % 1.1 2.1 1.2 1.1 0.8 0.8

Oral contraceptive pill used, % 9.3 5.9 8.8 9.4 10.7 10.2
Number of live births 2.9 (15) 3.4 (1.6) 3.0 (1.5) 2.9 (1.5) 2.7 (1.4) 3.0 (1.4)
Parity=3 children, % 55.4 67.6 58.2 53.2 49.0 58.0

Age at first birth, y@ 22.9(3.5) 22.2(3.3) 22.7 (3.4) 23.1(3.5) 23.1(3.5) 229 (3.5)
Never breastfed child, %2 19 19 20 20 19 16
Breastfeeding per child, months@  15.7 (7.8) 16.6 (8.2) 16.1(8.1) 155 (7.7) 155 (7.8) 15.6 (7.6)

Values are percentages for categorical variables, and means (SD) or median (25th and 75th percentiles) for continuous variables. MET:, metabolic
equivalent of task.

a
/Among parous women only

All participants had reached menopause prior to recruitment at baseline in the present report.
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Table 2
HR (95% CI) for incident hip fracture associated with age at menopause

Age at menopause=53 Age at menopause
vs not
<43 43-47 48-50 51-52 =53
No. of events 118 311 521 217 160
Model 1 0.75 (0.64,0.89) 0.94 0.95 1.00 0.96 0.73
(0.78,1.12)  (0.85,1.06) (0.92,1.09) (0.84,1.10) (0.62,0.85)
Model 2 0.75 (0.64,0.89) 0.93 0.95 1.00 0.96 0.73
(0.78,1.12) (0.85,1.06) (0.92,1.09) (0.84,1.10) (0.62,0.85)
Model 3 0.78 (0.66,0.92) 0.91 0.95 1.00 0.99 0.76

(0.75,1.09)  (0.85,1.06) (0.92,1.09) (0.86,1.13) (0.65,0.89)

Model 1: Stratified by age at risk and study area.
Model 2: In addition to Model 1, adjusted to education, household income and marital status.

Model 3: In addition to Model 2, adjusted to diabetes, COPD, stroke, CHD, self-rated health, smoking status, alcohol use, dairy intake, fruit intake,
soy intake, calcium intake, physical activity, body mass index (BMI) and reproductive factors including age at menarche, parity, abortion, age at
first birth, breastfeeding duration per child, and oral contraceptive use.
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Table 3

HR (95% CI) for incident hip fracture associated with total reproductive years

Total reproductive years=36 Total reproductive years
vs not
<30 30-32 33-35 =36
No. of events 272 368 390 297
Model 1 0.80(0.70,0.91) 0.95 1.00 0.98 0.78
(0.85,1.08) (0.90,1.11) (0.88,1.08) (0.70,0.87)
Model 2 0.80(0.70,0.91) 0.95 1.00 0.98 0.78
(0.85,1.08) (0.90,1.11) (0.88,1.08) (0.69,0.87)
Model 3 0.83(0.72,0.94) 0.93 1.00 0.99 0.81
(0.83,1.05) (0.90,1.11) (0.90,1.09) (0.72,0.91)

Model 1: Stratified by age at risk and study area.

Model 2: In addition to Model 1, adjusted to education, household income and marital status.
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Model 3: In addition to Model 2, adjusted to diabetes, COPD, stroke, CHD, self-rated health, smoking status, alcohol use, dairy intake, fruit
intake, soy intake, calcium intake, physical activity, body mass index (BMI) and reproductive factors including, parity, abortion, age at first birth,

breastfeeding duration per child, and oral contraceptive use.
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