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Abstract. Yao P, Parish S, Bennett DA, Du H, Yang
L, Chen Y, et al. Gender differences in modifiable
risk factors for hip fracture: 10-year follow-up of a
prospective study of 0.5 million Chinese adults. J
Intern Med. 2022;291:481–492.

Background. Little is known about the incidence
rates and importance of major modifiable risk fac-
tors for hip and major osteoporotic fractures in
low- and middle-income countries. We estimated
the age- and sex-specific incidence of hip, major
osteoporotic, and any fractures and their associ-
ated risk factors in Chinese adults.

Methods. This was a prospective study of 512,715
adults, aged 30–79 years, recruited from 10 diverse
areas in China from 2004 to 2008 and followed up
for 10 years. Age- and sex-specific incidence rates
were estimated, and Cox regression was used to
yield adjusted hazard ratios (HRs) and population
attributable fractions for risk factors.

Results. The incidence rates of hip fracture in Chi-
nese adults were 5.1 (95% confidence interval [CI]
5.0–5.3) per 10,000 person-years; they were higher

in women than in men and increased by two- to
threefold per 10-year older age. Among men, five
risk factors for hip fracture, including low educa-
tion (HR= 1.23; 95%CI 1.04–1.45), regular smoker
(1.22, 1.03–1.45), lower weight (1.59, 1.34–1.88),
alcohol drinker (1.18, 1.02–1.36), and prior frac-
ture (1.62, 1.33–1.98), accounted for 44.3% of hip
fractures. Among women, lower weight (1.30, 1.15–
1.46), low physical activity (1.22, 1.10–1.35), dia-
betes (1.62, 1.41–1.86), prior fracture (1.54, 1.33–
1.77), and self-rated poor health (1.29, 1.13–1.47)
accounted for 24.9% of hip fractures. Associa-
tions of risk factors with major osteoporotic or
any fractures were weaker than those with hip
fractures.

Conclusions. The age- and sex-specific incidence
rates of hip fracture in Chinese adults were com-
parable with those in Western populations. Five
potentially modifiable factors accounted for half of
the hip fractures inmen and one quarter in women.

Keywords: CKB data release 15, hip fracture, inci-
dence rate, population attributable fractions, risk
factors

Introduction

Osteoporosis is characterized by low bone mass
and micro-architectural deterioration of bone tis-
sue, resulting in bone fragility and susceptibil-
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ity to fracture [1]. Approximately one in two
women and one in five men aged 50 years or
older will experience an osteoporotic fracture in
their remaining lifetime [2–4]. Hip fractures are
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the most serious type of osteoporotic fracture,
with an approximate 30% absolute risk of death
in the year following hip fracture [5]. Fractures
of vertebrae, humerus, and forearm or hip are
referred to as “major osteoporotic fractures” [6].
Both hip andmajor osteoporotic fractures are more
common in women than in men and the inci-
dence of both increases exponentially with age
[7,8].

Previous studies reported lower incidence rates of
hip fractures in Asian populations than in Western
populations, with reported age-standardized inci-
dence rates per 10,000 person-years (py) of 14 in
China, 13 in India, 44 in Denmark, 42 in Norway,
40 in Sweden, and 25 in the UK [9,10]. The global
burden of hip fractures is increasing worldwide,
and current estimates suggest that the annual inci-
dence will reach 4.5 million cases per year by 2050.
About half of these cases are likely to occur in Asia,
particularly in China [11,12]. Previous city-level
studies of hospitalized cases have reported differ-
ences in the age- and sex-specific incidence rates
of hip fractures between different areas of China,
albeit the reasons for such differences are uncer-
tain [10,13–16].

Several risk factors have been consistently asso-
ciated with higher risk of hip fractures, including
age, sex, weight, height, and prior history of frac-
ture, but the relevance of diabetes, alcohol use, or
socioeconomic status is uncertain [17,18]. While
gender differences in the incidence and mortality of
hip fracture have been consistently reported [19],
many previous studies of hip fracture have focused
exclusively on women [17,20–24] or on a single
set of risk factors [21,24,25], and little is known
about the relative importance of major modifiable
risk factors in low- and middle-income countries
(LMICs), such as China.

The present report examines the incidence of hip
and major osteoporotic fractures and their asso-
ciated risk factors in a 10-year follow-up of a
cohort study of >0.5 million adults recruited from
10 diverse areas in China [26]. The aims of this
report were to (i) estimate the age- and sex-specific
incidence rates of fracture types (i.e., hip frac-
ture, major osteoporotic fracture, and any frac-
ture) overall and by areas within China, (ii) iden-
tify major risk factors for fracture types, and (iii)
assess the population-attributable fractions (PAF)
for any potentially modifiable risk factors for hip
fracture.

Methods

Study population

Details of the design and methods used for
recruitment for the China Kadoorie Biobank (CKB)
study have been previously reported [26]. Over-
all, 512,715 participants aged 30–79 years took
part in the baseline survey between June 2004 and
July 2008. Local, national, and international ethics
approvals were obtained, and all participants pro-
vided written informed consent.

Data collection

At the local study assessment clinics, participants
completed an interviewer-administered laptop-
based questionnaire that included questions on
sociodemographic characteristics, smoking, alco-
hol consumption, diet, physical activity, personal
and family medical history, and current use of
medication. Physical measurements were recorded
using calibrated instruments for height, weight,
hip and waist circumference, bioimpedance, lung
function, blood pressure, and heart rate (see Table
S1 for details).

Follow-up for incident cases of fracture types

The vital status of each participant was determined
periodically through China’s Disease Surveillance
Points (DSP) system and national health insurance
systems, supplemented by annual active confirma-
tion through street committees or village adminis-
trators [26]. Data on the incidence of major dis-
eases and any hospitalizations were collected by
linkage, using each participant’s unique national
identification number, with disease registries and
national health insurance claims databases and all
mortality registries. All deaths or hospital admis-
sions were coded using the International Clas-
sification of Diseases, 10th Revision (ICD-10) by
trained DSP staff who were blinded to the other
information collected in the study. By 1 January
2017, 44,066 (8.6%) participants died and 4751
(0.9%) were lost to follow-up.

The primary outcomes were admission to hos-
pital with hip fracture. The secondary outcomes
included major osteoporotic fracture, any frac-
ture, and osteoporosis (see the Appendix in Sup-
porting Information for the ICD-10 codes used
to define disease endpoints) [27]. All analyses
were restricted to known first-ever hospitaliza-
tion events for that outcome during the follow-up
period.
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Statistical analyses

All the analyses were performed separately for men
and women. The incidence rates of fracture types
were standardized by age and study area, with
exposure time (years) calculated from the date of
enrolment until the incident fracture, death, or
censoring date (31 December 2016) for follow-up.
The incidence rates and their 95% confidence inter-
vals (CIs) were estimated using the number of frac-
ture cases per 10,000 py. The SEs were calcu-
lated assuming the number of cases with a Poisson
distribution [28]. Cox proportional hazards mod-
els stratified by area were used to estimate the
sex-specific hazard ratios (HRs) for fracture types
associated with individual risk factors in univari-
able and multivariable analyses (eAppendix). PAFs
(expressed as a percentage) assuming a causal
relationship were estimated for potentially modi-
fiable risk factors (i.e., excluding age and height)
separately in men and women [29–31]. Details of
the methodology used to estimate PAFs are pro-
vided in Table S1 [32]. Collinearity between mul-
tiple risk factors was assessed using a variance
inflation factor (VIF). A VIF factor >10 was used
to indicate collinearity. In sensitivity analyses, we
excluded individuals who reported a prior history
of any fracture at baseline and fractures occurring
during the first 5 years of follow-up. All analyses
were conducted using R version 3.6.2.

Results

Among the 512,715 participants included, the
mean age was 52 years and 59% were women.
Compared with men, women were younger, less
educated, had lower household income, and were
much less likely to smoke (3.3% vs 74.2%) and
drink alcohol (2.5% vs 37.0%). In contrast, women
had a higher prevalence of overweight or obesity
(45.3% vs 41.9%). The prevalence of a prior history
of any fracture at enrolment was 8.8% in men and
5.7% in women (Table 1).

During a median follow-up of 10 years, a total of
15,762 participants were hospitalized for the first
time with any fracture (2616 with hip fracture and
6857 with major osteoporotic fracture) and 2690
had a reported diagnosis of osteoporosis. The over-
all incidence rate of hip fracture per 10,000 py was
5.1 (95% CI 5.0–5.3) with higher rates in women
than in men (5.8 [5.5–6.1] vs 4.2 [3.9–4.5]), and in
rural than in urban areas (5.5 [5.2–5.8] vs 4.7 [4.5–
5.0]) (Table 2). Across the 10 study areas, the age-
adjusted incidence rates of hip fracture varied by

almost fivefold in men and 10-fold in women (Fig.
S1). Similar, albeit less extreme, associations were
observed for major osteoporotic fracture, any frac-
ture, and osteoporosis (Table 2).

The incidence rates of hip fracture were slightly
higher in men than in women up until age 50 years,
after which incidence rates increased much more
rapidly in women than in men, increasing from 1.6
at 50–59 years to 66.5 per 10,000 py at 80 years
or older in urban women and from 2.7 to 70.6 per
10,000 py in rural women (Fig. 1). Among men, the
corresponding age-related changes were much less
extreme in both urban (varied from 1.9 to 36.7) and
rural areas (from 1.8 to 44.6) (Fig. 1). Similarly, the
proportion of hip fracture to any fracture increased
rapidly with age, from 2%–9% at age 30–39 years
to 46%–51% at age 80 years or older.

Several major risk factors (e.g., low education, low
physical activity, low consumption of fish or fresh
fruit, and history of fracture) were also indepen-
dently associated with the risk of hip fracture in
univariable analyses in men and women (Table S2).
In multivariable analyses (Fig. 2), age was more
strongly associated with higher risk of hip frac-
ture in women than in men (per 10-year older:
2.99 [2.82–3.18] vs 2.23 [2.06–2.41]; χ2 = 30.3,
P = 2.2e-08). Low physical activity, self-rated poor
health, diabetes, and history of fracture were each
strongly associated with higher risks of hip fracture
in both men and women (HR range: 1.18–1.74).
Regular smoking or regular alcohol drinking were
each associated with higher risks of hip fracture in
men but not in women. Lower levels of education
and prior Cardiovascular Disease were also asso-
ciated with higher risks of hip fracture, but only
in men. Prior rheumatoid arthritis was associated
with a higher risk of hip fracture only in women.

Taller standing height was positively associated
with a higher risk of hip fracture in both men
and women (Fig. S2). The association of height
with hip fracture was log-linear, with each 1 stan-
dard deviation (SD) taller height associated with an
adjusted HR of 1.07 (0.99–1.16) in men and 1.16
(1.10–1.23) in women. In contrast, all measures
of adiposity, including weight, hip circumference,
waist circumference, waist–hip ratio, waist–height
ratio, and body mass index were each inversely
associated with the risk of hip fracture (Fig. S2).
Likewise, physical activity was inversely associated
with hip fracture in both men and women (Fig. S3).
Height, weight, and waist–hip ratio were selected
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Table 1. Selected baseline characteristics in men and women

Characteristics Overall(512,715) Men(210,205) Women (302,510)

Demographic factors
Age, years 52.0 (10.7) 52.9 (10.9) 51.5 (10.5)
Urban residents, % 44.1 43.3 44.9
Education less than high school, % 79.0 73.9 82.5
Household income (>20,000 yuan/year), % 42.7 45.6 40.8

Lifestyle factors
Regular smokers, % 32.4 74.2 3.3
Regular drinkers, % 16.7 37.0 2.5
Physical activity, MET h/day 21.1 (13.9) 22.4 (15.3) 20.2 (12.8)

Dietary factors
Meat (≤3 days/week) 52.8 48.4 55.9
Fish (<1 day/week) 53.2 50.9 54.8
Fresh fruit (<1 day/week) 40.4 44.0 37.8
Dairy (nonconsumers) 68.4 69.3 67.8

Medical history and health status, %
Poor self-rated health 10.4 8.8 11.5
Diabetesa 5.9 5.5 6.3
History of fracture 6.9 8.8 5.7
History of rheumatoid arthritis 2.1 1.4 2.5
History of CVDb 4.5 4.8 4.3
History of cancer 0.5 0.4 0.5
Hypertension 33.5 35.8 31.9

Anthropometry
Standing height, cm 158.9 (8.3) 165.3 (6.5) 154.1 (6.0)
Weight, kg 59.8 (10.8) 64.3 (10.9) 56.6 (9.5)
BMI, kg/m2 23.7 (3.4) 23.5 (3.2) 23.8 (3.5)
BMI ≥24 kg/m2, % 43.8 41.9 45.3
Waist—hip ratio 0.88 (0.07) 0.90 (0.06) 0.87 (0.07)
SBP, mmHg 131 (21) 132 (20) 130 (22)

Note: Mean (SD) and percentages were standardized by age at baseline (5-year intervals) and area of the CKB population.
Abbreviations: BMI, body mass index; CHD, coronary heart disease; CKB, China Kadoorie Biobank; CVD, cardiovascular
disease; MET-h, metabolic equivalent of task-hours; SBP, systolic blood pressure.
aIncludes those with a self-reported diagnosis by a doctor of diabetes and screen-detected cases at baseline.
bIncludes self-reported diagnosis by a doctor of CHD, stroke, or transient ischemic attack.

for multivariable analyses (as these were less corre-
lated with each other, with correlation coefficients
<0.6), with the risk group being the top quintile
for height, and bottom quintile for weight, waist–
hip ratio, and physical activity. In multivariable
analyses, taller standing height and lower weight
were each strongly associated with higher risks
of hip fracture in both men and women (Fig. 2).
The associations of these risk factors with major
osteoporotic fracture and any fracture were simi-
lar, albeit less extreme, as those with hip fracture
(Fig. S4). Likewise, age, self-rated poor health, his-
tory of fracture, or rheumatoid arthritis were also

associated with higher risk of osteoporosis in men
and women (Fig. S4). There was no evidence of
collinearity between any of these risk factors and
risk of hip fracture.

Figure 2 shows that the modifiable risk factors that
accounted for the highest proportions of the PAF
for hip fracture differed between men and women.
Low education was the most important risk factor
for hip fracture in men, accounting for 15.7% of
the PAF, followed by regular smoker (14.3%), lower
weight (13.3%), alcohol drinker (6.3%), prior frac-
ture (5.1%), low physical activity (4.8%), diabetes
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Fig. 1 Age- and sex-specific incidence rates of different fracture types, by area. The age-specific incidence rates of different
fracture types were estimated separately in (a) rural men, (b) rural women, (c) urban men, and (d) urban women. The
numbers next to the squares are the incidence rates per 10,000 person-years (pys).

(4.7%), self-rated poor health (4.1%), and prior
cardiovascular disease (CVD) (2.6%). Together,
the top five modifiable factors based on the PAF
accounted for 44.3% of all hip fractures in men.
In women, lower weight accounted for 7.5% of hip
fractures, followed by low physical activity (6.5%),
diabetes (5.5%), prior fracture (4.5%), self-rated

poor health (3.8%), and prior rheumatoid arthritis
(1.1%). Together, the top five modifiable factors
accounted for 24.9% of all hip fractures in women.

Table 3 shows the distribution of the top five mod-
ifiable risk factors by 10 areas separately for men
and women. Compared to the regional differences
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Table 3. Regional differences in incidence rates of hip fracture and their associated risk factors (top five) in men and women

Risk factors Zhejiang Liuzhou Hunan Sichuan Suzhou Gansu Harbin Haikou Qingdao Henan

Men
No. of participants 24,027 19,321 26,370 21,315 22,363 19,298 23,252 10,794 15,624 27,841
Age-adjusted rateb 6.3 5.3 3.8 3.8 3.6 3.3 2.9 2.5 2.1 1.3
Education less than high school 94.2 55.3 88.4 89.4 86.5 83.6 40.1 49.9 58.8 78.5
Ever-regular smokers, % 82.3 65.3 78.1 78.5 81.6 78.4 68.6 52.6 74.0 71.9
Weight Q1, % 24.1 14.9 37.5 35.4 14.9 27.9 6.0 19.6 3.0 13.4
Ever-regular drinkers, % 43.1 29.9 31.6 56.9 45.6 9.2 51.8 18.2 50.4 26.5
Prior fracture, % 11.3 12.1 8.1 5.4 18.4 3.9 6.9 4.0 3.8 9.6

Multivariable-adjusted ratec 5.7 6.0 3.5 3.4 3.4 3.4 3.6 3.0 2.4 1.5
Women
No. of participants 33,677 30,852 33,530 34,371 30,896 30,589 34,304 18,892 19,884 35,515
Age-adjusted rateb 9.6 6.1 5.4 4.6 4.9 3.7 3.6 3.1 3.4 1.0
Weight Q1, % 23.3 18.0 34.0 32.0 16.6 22.5 9.1 25.4 3.1 12.1
Physical activity Q1, % 9.7 24.9 24.1 9.3 15.8 8.7 29.1 32.8 33.3 23.8
Diabetes, %a 5.8 8.3 4.1 4.0 5.3 3.6 9.6 6.6 10.4 5.7
Prior fracture, % 8.7 9.1 4.6 2.5 15.0 1.3 4.4 2.4 1.9 4.0
Self-rated poor health, % 5.1 10.5 7.0 22.9 12.3 12.4 11.5 7.3 5.3 14.8
Multivariable-adjusted ratec 7.8 8.1 4.7 4.6 4.7 4.6 4.8 4.1 3.3 2.0

Note: Areas are ordered by incidence rates of hip fractures in men. Comparisons of numbers (percentages) used chi-square
tests.
Abbreviation: py, person-years; Q, quintile.
aIncludes those with a self-reported prior doctor’s diagnosis of diabetes and screen-detected cases at baseline.
bIncidence rate per 10,000 py was calculated from the adjusted hazard ratios using a weighted method with the number
of events in each group as the weighting variable.
cAdjusted for age and sex-specific risk factors (top five, as listed in the table).

in the age-adjusted incidence rates of hip fracture
(∼fivefold in men and ∼10-fold in women), the dif-
ference decreased to ∼fourfold in both men and
women when further adjusted for the leading five
risk factors. The associations of these risk fac-
tors with hip fracture were largely unaltered by
the exclusion of participants with a prior history
of fracture at baseline (Fig. S5), or by the exclu-
sion of fractures occurring during the first 5 years
of follow-up (Fig. S6), or both (Fig. S7).

Discussion

This study demonstrated that the incidence rates
of hip fracture in Chinese adults were comparable
with those in European populations [5], and were
higher in women than in men at age 50 years or
older. The incidence rates for hip fracture at age
≥80 years were 40.3 in men and 68.2 per 10,000
py in women, while in the UK, the corresponding
rates obtained from primary care records were 40.1
and 89.4, respectively [7]. Overall, five potentially
modifiable risk factors accounted for about half of

all hip fractures in men and a quarter in women.
Several modifiable markers of frailty (low weight
and low physical activity) and adverse lifestyle fac-
tors (smoking, alcohol use, and, particularly in
men, low education) and medical history (diabetes,
prior fracture, or rheumatoid arthritis) accounted
for most hip fractures.

The incidence of hip fracture varied by five- to 10-
fold between different areas in China, which largely
reflected differences between levels of potentially
modifiable risk factors across these areas in men
and women. However, it was not possible to fully
exclude the possibility that differences in health
systems may account for some of these geographic
differences. The China Health and Retirement Lon-
gitudinal Study also reported that the incidence of
hip fracture was higher in Zhejiang, Sichuan, and
Guangxi provinces than in other areas in China
[33].

Previous studies on hip fracture were limited to
city-level studies of hospitalized cases and were
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also constrained by a small sample size, short
duration of follow-up, and limited coverage of
geographic areas within China [10,13—16]. One
prospective study reported higher incidence rates
of hip fracture among urban adults (age ≥55 years,
9.9–12.2 and 15.6–20.4 per 10,000 py in men and
women, respectively) than the CKB study (5.5 and
8.2 per 10,000 py) [34], but the mean age of the lat-
ter study participants was considerably older than
in the present study (77.1 vs 60.0 years). A sys-
tematic review of the worldwide incidence of hip
fracture reported lower incidence rates of hip frac-
ture in Chinese than in Western populations [9].
Several studies have reported stabilized or declin-
ing incidence rates of hip fracture in North America
[8,28,35], Europe [36], and in Hong Kong and Sin-
gapore (two economically advanced cities in Asia)
[37], but rates of hip fracture in LMICs, such as
China, appear to be increasing [10,38]. Both the
increasing incidence rates of fracture and higher
proportions of the population that survive to old
age highlight the need for more effective strategies
for the prevention of fractures.

In contrast with previous studies in China, which
mainly used cross-sectional or case-control study
designs [18,25,33] or were restricted to Chinese
postmenopausal women [21], the present study
provides a detailed evaluation of potentially mod-
ifiable risk factors for hip fracture in Chinese men
and women independently. Consistent with cur-
rent fracture risk assessment tools [39], increas-
ing age, taller height, lower weight, and prior dia-
betes or fracture were independent risk factors for
hip fractures in both men and women. The asso-
ciation of height with risk of hip fracture observed
in the present study probably reflects biomechan-
ical mechanisms [40]. The length of the femur is
a determinant of the fracture risk after a fall, and
individuals with taller height require less force to
sustain a fracture. Individuals with higher levels of
adiposity are believed to have greater physical pro-
tection from a higher mass of gluteofemoral adi-
pose tissue, which reduces the impact of falling
and subsequent risk of fracture [41]. Low weight,
a marker of frailty, is a risk factor for hip fracture,
and this effect may be mediated through low bone
mineral density (BMD), as decreased muscle mass
and strain may decrease BMD and the structural
integrity of the underlying bones [41].

Low levels of education were associated with the
highest PAF of the risk factors in men. An inverse
association between the highest level of educa-

tional attainment and the risk of hip fracture was
previously reported in some studies in Europe
and the USA [42] and in China [33], but not in
others [41]. It is possible that people with lower
educational attainment may have more unhealthy
lifestyles and are less likely to undergo screening
for bone and other diseases, and suffer higher risks
of falls.

Low physical activity has also been associated with
higher risk of different fracture types in several
previous studies, which may reflect the effects of
frailty [24]. Higher levels of physical activity may
reduce the risks of hip fracture by improving bal-
ance, coordination, and muscle strength, but par-
ticipation in physical activity may also increase the
risks of falls, injury, and other fractures [23,24,43].
Other studies [23,24] have also reported that
higher levels of physical activity were associated
with lower risk of hip fracture, but higher risks of
knee, elbow, ankle, or wrist fracture [23,24].

Previous studies in Western populations have also
demonstrated the importance of current status as
cigarette smoker and alcohol drinker as indepen-
dent risk factors for hip fractures in women [17,44],
in men [45,46], or both [18]. However, in CKB, few
Chinese women regularly smoked tobacco or drank
alcohol. The strength of the associations for cur-
rent smoking in men (HR 1.22) was similar to that
in a previous study in Singapore (1.23 for men
and 1.27 for women) [47], but lower than in pre-
vious studies in Western populations [45,46]. Nev-
ertheless, approximately 15% of all hip fractures
in the present study population were attributable
to tobacco smoking, consistent with previous esti-
mates of 19% in Western studies [48].

The lack of association of hip fracture with
rheumatoid arthritis (RA) may reflect the smaller
number of men with RA. History of CVD was
not associated with a higher risk of hip frac-
ture in the multivariable analyses, perhaps reflect-
ing confounding by low levels of physical activity
and diabetes. Consistent with previous reports in
Western populations, both men and women with
a self-reported prior history of poor health in the
present study had a higher risk of hip fracture, pos-
sibly reflecting effects of frailty, due to underlying
disease or treatment [49].

The present study had several strengths, including
prospective study design, large numbers of well-
characterized participants enrolled from 10 diverse
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areas, and the ability to assess incident cases of
different fracture types. The study also had several
limitations, including not being representative of
the Chinese population; however, this does not pre-
clude the generalizability of the relative risks with
individual risk factors [50]. The available evidence
collected on osteoporosis was limited to those iden-
tified during admission to hospital, rather than any
systematic screening for osteoporosis. Importantly,
many of the observed risk factor associations for
hip and major osteoporotic fractures were concor-
dant with those reported by previous studies in
European populations. Public health strategies for
prevention of hip and major osteoporotic fracture
should target older people with selected markers of
frailty (low weight and low physical activity) and the
presence of other potentially modifiable risk factors
(smoking, alcohol use and, particularly in men, low
education) to reduce the morbidity and mortality
associated with hip and major osteoporotic frac-
tures worldwide.

Acknowledgments

The chief acknowledgment is to the participants,
the project staff, and staff of the China CDC and
its regional offices for access to death and dis-
ease registries. The Chinese National Health Insur-
ance scheme provided electronic linkage to all
hospitalization data. The China Kadoorie Biobank
study is jointly coordinated by the University
of Oxford and the Chinese Academy of Med-
ical Sciences. Maria Kakkoura provided advice
on the dietary variables examined in this study.
The funding body for the baseline survey was
the Kadoorie Charitable Foundation, Hong Kong,
China, and the funding sources for the long-term
continuation of the study include the UK Well-
come Trust (212946/Z/18/Z, 202922/Z/16/Z,
104085/Z/14/Z, and 088158/Z/09/Z), National
Natural Science Foundation of China (81390540,
81390541, and 81390544), and National Key
Research and Development Program of China
(2016YFC 0900500, 0900501, 0900504, and
1303904). Core funding was provided to the CTSU,
University of Oxford, by the British Heart Foun-
dation, the Medical Research Council, and Cancer
Research UK.

Author contributions

Pang Yao, Zhengming Chen, and Robert Clarke had
full access to the data in the study and take respon-
sibility for the integrity of the data and the accu-
racy of the data analysis. Zhengming Chen and

Robert Clarke contributed equally to this report.
Acquisition, analysis, or interpretation of data:
Pang Yao, Sarah Parish, Zhengming Chen, and
Robert Clarke. Pang Yao wrote the first draft of the
manuscript. Critical revision of the manuscript for
important intellectual content: all authors. Statis-
tical analysis: Pang Yao. Administrative, technical,
or material support: Derrick A. Bennett, Huaidong
Du, Ling Yang, Yiping Chen, Yu Guo, Canqing Yu,
Jun Lv, Liming Li, Gang Zhou, and Zhengming
Chen. Supervision: Zhengming Chen and Robert
Clarke.

Conflict of interests

None of the authors had any conflict of interest in
relation to this report.

Data availability statement

The CKB study is committed to sharing
anonymized baseline, resurvey, and cause-specific
mortality and morbidity data with bona fide
researchers. All applications are reviewed by a
Data Access Committee and data are shared
unless data are being used for existing anal-
yses. Details about data access policies and
procedures are provided on the CKB website
(www.ckbiobank.org).

References

1 Consensus development conference: diagnosis, prophylaxis,
and treatment of osteoporosis. Am JMed. 1993;94(6):646–50.

2 Sambrook P, Cooper C. Osteoporosis. Lancet. 2006;367
(9527):2010–8.

3 Watts NB, Manson JE. Osteoporosis and fracture risk eval-
uation and management: shared decision making in clinical
practice. JAMA. 2017;317(3):253–4.

4 Wang Y, Tao Y, Hyman ME, Li J, Chen Y. Osteoporosis in
China. Osteoporos Int. 2009;20(10):1651–62.

5 Lund CA, Møller AM, Wetterslev J, Lundstrøm LH. Organi-
zational factors and long-term mortality after hip fracture
surgery: a cohort study of 6143 consecutive patients under-
going hip fracture surgery. PloS One. 2014;9(6):e99308.

6 Kanis JA, Oden A, Johnell O, Johansson H, De Laet C, Brown
J, et al. The use of clinical risk factors enhances the perfor-
mance of BMD in the prediction of hip and osteoporotic frac-
tures in men and women. Osteoporos Int. 2007;18(8):1033–
46.

7 Curtis EM, van der Velde R, Moon RJ, van den Bergh JP,
Geusens P, de Vries F, et al. Epidemiology of fractures in the
United Kingdom 1988–2012: variation with age, sex, geogra-
phy, ethnicity and socioeconomic status. Bone. 2016;87:19–
26.

8 Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB. Inci-
dence and mortality of hip fractures in the United States.
JAMA. 2009;302(14):1573–9.

490 © 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2022, 291; 481–492

http://www.ckbiobank.org


Gender differences in hip fracture in China / P. Yao et al.

9 Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl
DA, Cooper C. A systematic review of hip fracture inci-
dence and probability of fracture worldwide. Osteoporos Int.
2012;23(9):2239–56.

10 Xia WB, He SL, Xu L, Liu AM, Jiang Y, Li M, et al. Rapidly
increasing rates of hip fracture in Beijing, China. J BoneMiner
Res. 2012;27(1):125–9.

11 Gullberg B, Johnell O, Kanis JA. Worldwide projections for
hip fracture. Osteoporos Int. 1997;7(5):407–13.

12 Cauley JA, Chalhoub D, Kassem AM, Fuleihan GE-H. Geo-
graphic and ethnic disparities in osteoporotic fractures. Nat
Rev Endocrinol. 2014;10(6):338–51.

13 Yan L, Zhou B, Prentice A, Wang X, Golden M. Epidemiolog-
ical study of hip fracture in Shenyang, People’s Republic of
China. Bone. 1999;24(2):151–5.

14 Wang J, Wang Y, Liu W-D, Wang F, Yin Z-S. Hip fractures
in Hefei, China: the Hefei osteoporosis project. J Bone Miner
Metab. 2014;32(2):206–14.

15 Tian F-M, Zhang L, Zhao H-Y, Liang C-Y, Zhang N, Song H-
P. An increase in the incidence of hip fractures in Tangshan,
China. Osteoporos Int. 2014;25(4):1321–5.

16 Tian F-M, Sun X-X, Liu J-Y, Liu Z-K, Liang C-Y, Zhang
L. Unparallel gender-specific changes in the incidence
of hip fractures in Tangshan, China. Arch Osteoporos.
2017;12(1):18.

17 Baron JA, Farahmand BY, Weiderpass E, Michaëlsson K,
Alberts A, Persson I, et al. Cigarette smoking, alcohol con-
sumption, and risk of hip fracture in women. Arch Intern Med.
2001;161(7):983–8.

18 Lau EMC, Suriwongpaisal P, Lee JK, Das De S, Festin MR,
Saw SM, et al. Risk factors for hip fracture in Asian men
and women: the Asian Osteoporosis Study. J Bone Miner Res.
2001;16(3):572–80.

19 Wehren LE, Hawkes WG, Orwig DL, Hebel JR, Zimmer-
man SI, Magaziner J. Gender differences in mortality after
hip fracture: the role of infection. J Bone Miner Res.
2003;18(12):2231–7.

20 Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM,
Ensrud KE, et al. Risk factors for hip fracture in white women.
N Engl J Med. 1995;332(12):767–74.

21 Zhang X, Shu X-O, Li H, Yang G, Li Q, Gao YT, et al. Prospec-
tive cohort study of soy food consumption and risk of bone
fracture among postmenopausal women. Arch Intern Med.
2005;165(16):1890–5.

22 Armstrong MEG, Kirichek O, Cairns BJ, Green J, Reeves GK,
Beral V. Relationship of height to site-specific fracture risk in
postmenopausal women. J Bone Miner Res. 2016;31(4):725–
31.

23 Armstrong MEG, Cairns BJ, Banks E, Green J, Reeves GK,
Beral V. Different effects of age, adiposity and physical activ-
ity on the risk of ankle, wrist and hip fractures in post-
menopausal women. Bone. 2012;50(6):1394–400.

24 LaMonte MJ, Wactawski-Wende J, Larson JC, Mai X, Robbins
JA, LeBoff MS, et al. Association of physical activity and frac-
ture fisk among postmenopausal women. JAMA Netw Open.
2019;2(10):e1914084-e.

25 Huo D, Lauderdale DS, Li L. Influence of reproductive fac-
tors on hip fracture risk in Chinese women. Osteoporos Int.
2003;14(8):694–700.

26 Chen Z, Chen J, Collins R, Guo Y, Peto R, Wu F, et al.
China Kadoorie Biobank of 0.5 million people: survey meth-

ods, baseline characteristics and long-term follow-up. Int J
Epidemiol. 2011;40(6):1652–66.

27 Peng K, Yao P, Yang L, Kartsonaki C, Bennett D, Tian M,
et al. Parenthood and risk of hip fracture: a 10-year follow-up
prospective study of middle-aged women and men in China.
Osteoporos Int. 2020;31:783–91.

28 Amin S, Achenbach SJ, Atkinson EJ, Khosla S, Melton LJ.
Trends in fracture incidence: a population-based study over
20 years. J Bone Miner Res. 2014;29(3):581–9.

29 Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hys-
tad P, et al. Modifiable risk factors, cardiovascular disease,
and mortality in 155722 individuals from 21 high-income,
middle-income, and low-income countries (PURE): a prospec-
tive cohort study. The Lancet. 2020;395:795–808.

30 Flegal KM, Panagiotou OA, Graubard BI. Estimating popula-
tion attributable fractions to quantify the health burden of
obesity. Ann Epidemiol. 2015;25(3):201–7.

31 Rockhill B, Newman B, Weinberg C. Use and misuse
of population attributable fractions. Am J Public Health.
1998;88(1):15–9.

32 Liu X, Bragg F, Yang L, Kartsonaki C, Guo Y, Du H, et al.
Smoking and smoking cessation in relation to risk of diabetes
in Chinese men and women: a 9-year prospective study of 0.5
million people. Lancet Public Health. 2018;3(4):E167–76.

33 Ren Y, Hu J, Lu B, ZhouW, Tan B. Prevalence and risk factors
of hip fracture in amiddle-aged and older Chinese population.
Bone. 2019;122:143–9.

34 Zhang C, Feng J, Wang S, Gao P, Xu L, Zhu J, et al. Inci-
dence of and trends in hip fracture among adults in urban
China: a nationwide retrospective cohort study. PloS Med.
2020;17(8):e1003180.

35 Chen F-P, Shyu Y-C, Fu T-S, Sun CC, Chao AS, Tsai TL, et al.
Secular trends in incidence and recurrence rates of hip frac-
ture: a nationwide population-based study. Osteoporos Int.
2017;28(3):811–8.

36 Hernlund E, Svedbom A, Ivergård M, Compston J, Cooper C,
Stenmark J, et al. Osteoporosis in the European Union: med-
ical management, epidemiology and economic burden. Arch
Osteoporos. 2013;8(1):136.

37 Chau PH, Wong M, Lee A, Ling M, Woo J. Trends in hip frac-
ture incidence andmortality in Chinese population fromHong
Kong 2001–09. Age Ageing. 2012;42(2):229–33.

38 Cheung C-L, Ang SB, Chadha M, Chow ES, Chung YS, Hew
FL, et al. An updated hip fracture projection in Asia: the Asian
Federation of Osteoporosis Societies study. Osteoporos Sar-
copenia. 2018;4(1):16–21.

39 Kanis JA, Oden A, Johansson H, Borgström F, Ström O,
McCloskey E. FRAX and its applications to clinical practice.
Bone. 2009;44(5):734–43.

40 Lai FY, Nath M, Hamby SE, Thompson JR, Nelson CP, Samani
NJ. Adult height and risk of 50 diseases: a combined epidemi-
ological and genetic analysis. BMC Med. 2018;16(1):187.

41 Tang X, Liu G, Kang J, Hou Y, Jiang F, Yuan W, et al. Obesity
and risk of hip fracture in adults: a meta-analysis of prospec-
tive cohort studies. PloS One. 2013;8(4):e55077-e.

42 Benetou V, Orfanos P, Feskanich D, Michaëlsson K,
Pettersson-Kymmer U, Ahmed LA, et al. Education, marital
status, and risk of hip fractures in older men and women:
the CHANCES project. Osteoporos Int. 2015;26(6):1733–46.

43 Wolff I, van Croonenborg JJ, Kemper HC, Kostense PJ, Twisk
JW. The effect of exercise training programs on bone mass: a

© 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2022, 291; 481–492

491



Gender differences in hip fracture in China / P. Yao et al.

meta-analysis of published controlled trials in pre- and post-
menopausal women. Osteoporos Int. 1999;9(1):1–12.

44 Robbins J, Aragaki AK, Kooperberg C, Watts N, Wactawski-
Wende J, Jackson RD, et al. Factors associated with 5-
year risk of hip fracture in postmenopausal women. JAMA.
2007;298(20):2389–98.

45 Cauley JA, Cawthon PM, Peters KE, Cummings SR, Ensrud
KE, Bauer DC, et al. Risk factors for hip fracture in older men:
the osteoporotic fractures in men study (MrOS). J Bone Miner
Res. 2016;31(10):1810–9.

46 Wu Z-J, Zhao P, Liu B, Yuan Z-C. Effect of cigarette smoking
on risk of hip fracture in men: a meta-analysis of 14 prospec-
tive cohort studies. PloS One. 2016;11(12):e0168990-e.

47 Koh W-P, Wu AH, Wang R, Ang LW, Heng D, Yuan JM, et al.
Gender-specific associations between soy and risk of hip frac-
ture in the Singapore Chinese Health Study. Am J Epidemiol.
2009;170(7):901–9.

48 Høidrup S, Prescott E, Sørensen TI, Gottschau A, Lauritzen
JB, Schroll M, et al. Tobacco smoking and risk of hip fracture
in men and women. Int J Epidemiol. 2000;29(2):253–9.

49 Sennerby U, Farahmand B, Ahlbom A, Ljunghall S,
Michaëlsson K. Cardiovascular diseases and future risk

of hip fracture in women. Osteoporos Int. 2007;18(10):
1355–62.

50 Mealing NM, Banks E, Jorm LR, Steel DG, Clements MS,
Rogers KD. Investigation of relative risk estimates from stud-
ies of the same population with contrasting response rates
and designs. BMC Med Res Methodol. 2010;10(1):26.

Correspondence: Robert Clarke and Zhengming Chen, Clinical
Trial Service Unit and Epidemiological Studies Unit (CTSU),
Nuffield Department of Population Health, Big Data Institute
Building, University of Oxford, Old Road Campus, Oxford OX3
7LF, UK.
Email: robert.clarke@ndph.ox.ac.uk and zhengming.chen@ndph
.ox.ac.uk

Supporting Information

Additional Supporting Informationmay be found in
the online version of this article:

Supporting information

492 © 2021 The Authors. Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2022, 291; 481–492


