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Introduction: Individuals with hip fracture are at substantially increased risk of mortality. The aim of this
study was to estimate the excess mortality attributable to hip fracture in elderly men and women.
Methods: The Dubbo Osteoporosis Epidemiology Study was designed as a prospective epidemiologic investi-
gation, in which more than 2000 men and women aged 60+ as of 1989 had been followed for 21 years.
During the follow-up period, the incidence of atraumatic hip fractures was ascertained by X-ray reports,
and mortality was ascertained by the New South Wales Birth, Death and Marriage Registry. Relative survival
ratios were estimated by taking into account the age-and-sex specific expected survival in the general
Australian population from 1989 to 2010.
Results: During the follow-up period 151 women and 55 men sustained a hip fracture. Death occurred in 86
(57%) women and 36 (66%) men. In women, the cumulative relative survival post hip-fracture at 1, 5 and
10 years was 0.83 (95% confidence interval (CI) 0.76–0.89), 0.59 (95% CI 0.48–0.68), and 0.31 (95% CI
0.20–0.43), respectively; in men, the corresponding estimates of relative survival were: 0.63 (95% CI
0.48–0.75), 0.48 (95% CI 0.32–0.63), and 0.36 (95% CI 0.18–0.56). On average post hip-fracture women

died 4 years earlier (median: 4.1, inter-quartile range (IQR) 1.7–7.8) and men died 5 years earlier
(median = 4.8, IQR 2.4–7.0) than expected. For every six women and for every three men with hip fracture
one extra death occurred above that expected in the background population.
Conclusion: Hip fracture is associated with reduced life expectancy, with men having a greater reduction than
women, even after accounting for time-related changes in background mortality in the population. These
data underscore that hip fracture is an independent clinical risk factor for mortality.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Hip fracture is a relatively common and serious clinical outcome of
osteoporosis. From the age of 60, the remaining lifetime risk of hip frac-
ture for men and women is 5% and 10%, respectively [1]. In women the
lifetime risk of hip fracture is equivalent to or even higher than that of
breast cancer [2,3]. Apart from hip fracture, all other osteoporotic frac-
tures, including vertebral fracture, are associated with increased risk of
mortality [4–8]. However, the excess is greatest following hip fracture
[5,9,10]. Approximately 20% of women with a hip fracture have died
within a year following the event [5], which is equivalent to the risk of
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mortality from breast cancer. Although data in men have been limited,
recent studies [5] have shown that the one-year risk of mortality after
a hip fracture was 37%, which is 1.8-fold higher than that in women.

There are considerable discussions about whether hip fracture is
causally related to, or indirectly associated with, mortality. While it is
well known thatmajor osteoporotic fractures, including hip fracture, in-
crease the risk of mortality [9], fracture is rarely documented as the
cause of death. Therefore, it is difficult tomake a cause-and-effect infer-
ence on the association between osteoporotic fracture and mortality. It
can however be hypothesized that the excess deaths are due to two
sources: one due to fracture per se and the other one due to other
causes. Therefore, if the expected background mortality rate reflects
the effect of “other causes” it is possible to estimate the excess of mor-
tality due to hip fracture.

Life expectancy in the general population continually improves
over time. For example, in Australia a 60-year old woman in 1970
was expected on average to live another 26.1 years, but a women of
the same age in 2000 was expected to live another 32.3 years. Thus,
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if a woman with hip fracture died at the age of 60 in 2000 it would be
considered less favorable (i.e. more years of life lost) than her coun-
terpart who died at the age of 60 in 1970. Previous studies of post
fracture mortality have largely ignored this time-related increase in
life-expectancy.

In recent years, with the further development of survival analysis
techniques [11] it is possible to estimate the relative survival of patients
with hip fracture by taking into account the background expected sur-
vival [12]. The aims of this studywere therefore: (a) to estimate the rel-
ative survival among men and women following a hip fracture; and
(b) to estimate the excess mortality due to factors among elderly
women andmenwith hip fracture, such as prior fracture, comorbid sta-
tus and lifestyle factors such as history of smoking.

Materials and methods

Setting and subjects

This study was part of an on-going longitudinal Dubbo Osteoporosis
Epidemiology Study (DOES), forwhich details of protocol and study de-
sign have been previously described [13,14]. Briefly, in 1989, all men
and women aged 60 or above (as of 1989) living in Dubbo, a city of ap-
proximately 32,000 people 400 km north west of Sydney (Australia),
were invited to participate in an epidemiological study. At that time,
the population comprised 1581 men and 2095 women aged
>60 years, of whom 98.6% were Caucasian and 1.4% were indigenous
Aboriginal. These individuals were then invited to participate in DOES.
This study was approved by the St Vincent's Campus Research Ethics
Committee and informed written consent has been obtained from
each participant.

Fracture ascertainment

Because Dubbo City is relatively isolated in terms of health care,
with only two major hospitals in the region, it is possible to have a
complete ascertainment of fractures in the city. Low-trauma fractures
occurring during the study period were identified in residents of the
Dubbo local government area through radiologist's reports from the
only two centers providing X-ray services as previously described
[13,14]. Fractures were only included if the report of fracture was def-
inite and, on interview, had occurred with minimal or no trauma, in-
cluding a fall from standing height or less. If study participants were
unavailable for interview following fracture, relatives were contacted
to obtain the circumstances related to the fracture event. Fractures
clearly caused by major trauma such as motor vehicle accidents
were excluded from the analysis. Fractures were classified as follows:
hip, clinical vertebral, forearm and others. Other fractures included:
clavicle, ribs, sternum, upper arm (including humerus and scapula),
pelvis, and lower limb (including distal femur). Fractures of digits,
face and skull were excluded from the analysis.

Mortality ascertainment

The incidence of mortality was ascertained through the Birth, Death
andMarriage Registry of New SouthWales.Mortalitywas also recorded
by the study nurse coordinators located in Dubbo up to November 30,
2010. The date of death was then corroborated with the list of deaths
from the Birth, Deaths and Marriage Registry of New South Wales.
Causes of deaths were not collected.

Bone mineral density

Lumbar spine and femoral neck bone density was measured at
baseline and at follow-up visits (average interval 2.2 years) by dual
X-ray absorptiometry (DXA) using a LUNAR DPX or Prodigy densi-
tometer (GE-LUNAR, Madison USA). A qualified technologist using a
standard protocol performed the measurements. Daily quality control
of both densitometers occurred throughout the study period. At our
institution the coefficient of variance (CV) was between 1.5% and
2.0% at the femoral neck and lumbar spine, respectively, for the DPX
[15].

Ascertainment of co-morbidity and smoking status

A structured questionnaire was used to obtain data concerning
concomitant illnesses of participants. These co-morbidity data were
reduced into a Charlson Comorbidity Index [16] as follows:

�
acute myocardial infarctionþ congestive heart failure

þperipheral vascular diseaseþ cerebral vascular disease

þdementiaþ chronic pulmonary diseaseþ rheumatologic disease

þpepticulcer diseaseþ diabetesþmild liver diseaseÞ � 1
þ�

hemiplegia=paraplegiaþ renaldisease

þdiabetes with chronic complicationsþmalignancyÞ � 2
þ moderate or severe liver diseaseð Þ � 3þ �

metastatic solidtumor

þHIV=AIDSÞ � 6:

Smoking status was obtained by self report and categorized as
pack-years. Smoking status was categorized based on the number of
pack-years. However, “smoker” was defined as an individual who had
smoked one pack-year (even if the smoker had recently given up
smoking).

Relative survival

Relative survival ratio (RSR) is defined as the observed survival in
the study group (where all deaths from any cause are considered an
event) divided by the expected survival in the background [general]
population of the same age, sex and calendar period. Expected survival
was estimated using the Ederer II method [11] from Australian popula-
tion lifetables stratified by age, sex and calendar period. Lifetable data
was obtained from the Human Mortality Database [17]. At the time of
analysis (November 2010), lifetable data were only available up until
2007, therefore, expected survival for the period 2008 to 2010 were
based on 2007 data. The cumulative relative survival function, r(t), is
defined as [18]:

r tð Þ ¼ SO tð Þ
SP tð Þ : ð1Þ

Where SO(t) denotes observed survival in the hip fracture group,
and SP(t) is the background or expected survival [19]. Thus, relative
survival ratio provides a measure of the excess mortality associated
with hip fracture [11].

Excess mortality related to factors among the study participants was
estimated using a modified Poisson regression model as suggested by
Dickman [11]. This model incorporates, in our case, the assessment of
potential risk factors for death in the fracture group (i.e. age, sex, prior
fracture status, smoking status and co-morbidity status), while account-
ing for the expected mortality in the background population of a similar
age, sex and calendar period. The estimate obtained is referred to as
“excess mortality ratio” (EMR) [11]. In initial analyses we found no
dose-dependent association between the number of co-morbidities
and mortality; therefore, we decided to present the co-morbidity data
in a stratified form (e.g. present or absent).



Table 2
Cumulative relative survival of women andmen at 1, 5 and 10 years following hip fracture,
stratified by age group and prior fracture status.

Relative survival ratio (95% confidence interval)

1 year 5 years 10 years

All women (n = 151) 0.83 (0.76–0.89) 0.59 (0.48–0.68) 0.31 (0.20–0.43)
Age group
60–79 0.90 (0.77–0.96) 0.70 (0.53–0.83) 0.47 (0.28–0.64)
80+ 0.80 (0.70–0.87) 0.51 (0.38–0.64) 0.18 (0.07–0.34)

Prior fracture
Yes 0.73 (0.57–0.84) 0.40 (0.23–0.58) 0.14 (0.03–0.37)
No 0.88 (0.79–0.94) 0.66 (0.54–0.76) 0.37 (0.24–0.51)

Smoking
Never 0.84 (0.75–0.90) 0.62 (0.49–0.73) 0.33 (0.20–0.48)
Current/previous 0.82 (0.68–0.92) 0.51 (0.33–0.67) 0.26 (0.10–0.47)

Comorbid disease
None 0.84 (0.73–0.91) 0.55 (0.39–0.67) 0.25 (0.11–0.42)
One or more 0.83 (0.71–0.90) 0.63 (0.49–0.76) 0.37 (0.21–0.54)

All men (n = 55) 0.63 (0.48–0.75) 0.48 (0.32–0.63) 0.36 (0.18–0.56)
Age group
60–79 0.80 (0.58–0.92) 0.70 (0.45–0.87) 0.52 (0.24–0.77)
80+ 0.48 (0.29–0.65) 0.26 (0.10–0.48) 0.22 (0.46–0.85)

Prior fracture
Yes 0.60 (0.28–0.82) 0.37 (0.11–0.65) 0.41 (0.66–1.12)
No 0.63 (0.46–0.77) 0.51 (0.33–0.69) 0.33 (0.13–0.72)

Smoking
Never 0.71 (0.49–0.86) 0.49 (0.27–0.70) 0.44 (0.19–0.71)
Current/previous 0.54 (0.34–0.71) 0.46 (0.25–0.68) 0.30 (0.09–0.75)

Comorbid disease
None 0.68 (0.42–0.86) 0.39 (0.15–0.64) 0.44 (0.17–0.72)
One or more 0.59 (0.41–0.74) 0.52 (0.32–0.71) 0.34 (0.14–0.59)
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Results

Characteristics of study participants

During the follow-up period up, 206 individuals (of which, 155
women) had sustained a hip fracture. The rate of mortality among
hip fracture patients was 57% in women (n = 86) and 66% in men
(n = 36). Women and men who died following hip fracture were
older, and had lower body weight than those who survived after a
hip fracture (Table 1). Moreover, femoral neck BMD in both women
and men who died was lower than survivors. There was no significant
difference in comorbidity and smoking prevalence between survivors
and non-survivors. However, a greater number of women who died
following hip fracture had a history of previous non-hip osteoporotic
fracture.

Relative survival

Relative survival ratios (RSR) for 1, 5 and 10-year survival post
fracture are presented in Table 2. In women, RSR following hip frac-
ture ranged from 0.90 (95% CI 0.77–0.96) in those aged 60–79 after
1 year, to 0.14 (95% CI 0.03–0.37) in those with a history of prior frac-
ture after 10 years. In men, RSR following hip fracture ranged from,
0.80 (95% CI 0.58–0.92) in men aged 60–79 after 1 year, to 0.22
(95% CI 0.09–0.75) in men aged 80+ after 10 years.

The gender-related difference in RSR was most pronounced during
the first 5 years after fracture, but tended to converge after 8 years
Table 1
Baseline characteristics of women and men with hip-fracture between 1989 and 2010.

Characteristic Follow-up status P-value

Deceased Alive

Women (n = 151) (n = 86) (n = 65)
Age, mean (SD), years 83 (7) 79 (9) 0.027
Weight, mean (SD), kg 58 (12) 63 (12) 0.028
Height, mean (SD), cm 156 (7) 159 (8) 0.046
BMI, mean (SD), kg/m2 24 (4) 25 (5) 0.150
Lumbar spine BMD, mean (SD),
g/cm2

0.94 (0.20) 1.01 (0.19) 0.014

Femoral neck BMD, mean (SD),
g/cm2

0.67 (0.12) 0.72 (0.11) 0.022

Smoking status, no. (%) 0.620
Never smoked 59 (69) 47 (72)
Current/previously smoked 27 (31) 18 (28)
Co-morbidity status, no. (%) 0.600
No co-morbidity 46 (53) 32 (49)
One or more 40 (47) 33 (51)
Prior fracture, no. (%) 0.380
None 55 (64) 46 (71)
One or more 31 (36) 19 (29)
Follow-up, median (IQR), years 2 (1–6) 3 (1–5) 0.340

Men (n = 55) (n = 36) (n = 19)
Age, mean (SD), years 82 (8) 76 (7) 0.006
Weight, mean (SD), kg 76(12) 74 (14) 0.510
Height, mean (SD), cm 172 (7) 174 (8) 0.250
BMI, mean (SD, kg/m2 26 (3) 24 (4) 0.130
Lumbar spine BMD, mean (SD),
g/cm2

1.17 (0.17) 1.18 (0.27)
(0.27(0.27)

1.000

Femoral neck BMD, mean (SD),
g/cm2

0.78 (0.11) 0.81 (0.19) 0.240

Smoking status, no. (%) 0.560
Never smoked 16 (44) 10 (53)
Current/previously smoked 20 (56) 9 (47)
Co-morbidity status, no. (%) 0.390
No co-morbidity 11 (31) 8 (42)
One or more 25 (69) 11 (58)
Prior fracture, no. (%) 0.920
None 28 (78) 15 (79)
One or more 8 (22) 4 (21)
Follow-up, median (IQR), years 1 (1–3) 5 (2–6) 0.002
(Fig. 1). It is perhaps expected that the RSR reduced (e.g. risk of mortal-
ity increased) with age and this was independent of the duration after
fracture. Moreover, individuals with a prior fracture and/or smoking
were associated with reduced RSR with time (Fig. 2).
Relative excess mortality

Excess mortality ratio (EMR) was estimated for subgroups strati-
fied by age, sex, prior fracture, comorbid status, current or prior
smoking andmortality is shown in Table 3 and Fig. 3. Excess mortality
was observed in older age groups (EMR = 2.82, 95% CI 1.7–4.6),
among men (EMR = 1.68, 95% CI 1.1–2.7), in those with a history
of prior non-hip fracture (EMR = 1.65, 95% CI 1.1–2.6), and a history
of smoking (EMR = 1.41, 95% CI 0.9–2.2). The presence of at least one
comorbid condition did not significantly increase the risk of mortality
(EMR = 0.85, 95% CI 0.6–1.3) compared with those with no docu-
mented comorbid conditions. On average women died 4 years (medi-
an = 4.1, inter-quartile range (IQR) 1.7–7.8), and men died 5 years
(median = 4.8, IQR 2.4–7.0) earlier than expected.

We next addressed the question of how many deaths were attrib-
utable to hip fracture? For approximately every 6 women (95% CI
4–9) with a hip fracture, there was one extra death in the first year
following the fracture. In men this excess was greater: for every 3
men (95% CI 2–4) with a hip fracture there was one extra death dur-
ing the first year after the fracture. However, this attributable fraction
(also referred to as “number needed to harm”) was not constant
across subgroups. For instance, in women with a history of non-hip
osteoporotic fracture, one extra death will occur in every 4 women
following a hip fracture. In smoking men, one extra death will occur
in every 2 hip fractures over five years. Thus, smoking contributes
substantially to the excess post-hip fracture mortality in men. The
excess of mortality related to these lifestyle factors would suggest a
potential independent effect on mortality — above that attributable
to the hip fracture event alone.



Fig. 1. Plots of relative survival following hip fracture comparing women and men (panel A) and age groups (panel B). Observed survival and [expected survival] added to the bottom of
each plot.
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Discussion

In this elderly population with hip fracture, the risk of mortality
was higher than that expected from the background population of
similar age and calendar period. Men had a higher risk and greater ex-
cess of mortality than women. More importantly, we found that co-
morbidity was not significantly associated with reduced survival
among hip fracture, suggesting that hip fracture is probably causally
related to mortality.

The relative survival of patients with a hip fracture has been
reported previously [4,5,20]. Our estimates of relative survival in this
study are comparable with those of previous studies which also used
the relative survival technique [9,20]. For instance, the Rochester
Epidemiology Project reported a 5-year RSR of 0.82 (95% CI 0.77–0.87)
(women and men combined) post hip fracture. A hospital registry
based hip fracture study, that compared women aged 70 or older post
fracture, with a group of women from a population-based aging study
[21], found an overall excess of 1-year mortality of 4 per 100 fractures,
or an NNH of 25. Importantly, our data show an excess of mortality fol-
lowing hip fracture in men to that expected in the background popula-
tion of men of a similar age and calendar period. Greater risk of
mortality among men when compared to women has been previously
described by Kannegaard [22].

It is interesting that there was no significant effect of co-morbidity
on the post-hip fracture relative survival. This finding is consistent
with a previous report [23], but is inconsistent with a previous study



Fig. 2. Plots of relative survival following hip fracture comparing prior fracture status (panel A), and history of smoking (panel B). Observed survival and [expected survival] added
to the bottom of each plot.

Table 3
Effect of age, sex, history of prior fracture, comorbid disease and smoking status on ex-
cess of mortality in women and men with hip-fracture between 1989 and 2010.

Excess mortality ratio (95% CI) P-valuea

Crude Adjusteda

Age group
60–79 1.0 (reference) 1.0 (reference)
80+ 2.54 (1.6–4.1) 2.82 (1.7–4.6) b0.001

Sex
Female 1.0 (reference) 1.0 (reference)
Male 1.30 (0.8–2.1) 1.68 (1.1–2.7) 0.034

Prior fracture
No 1.0 (reference) 1.0 (reference)
Yes 2.10 (1.3–3.3) 1.65 (1.1–2.6) 0.029

Comorbidity disease
None 1.0 (reference) 1.0 (reference)
One or more 0.86 (0.6–1.3) 0.85 (0.6–1.3) 0.477

Smoking status
Never 1.0 (reference) 1.0 (reference)
Current/previous 1.47 (0.9–2.3) 1.41 (0.9–2.2) 0.128

a Adjusted for age and sex.
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which suggested that comorbidity was associated with an increased
risk of mortality [24]. Taken together, it seems clear that comorbidity
does not contribute significantly to the excess mortality following a
hip fracture. The present study further showed that even after adjusting
for time-related increase in life expectancy in the general population,
hip fracture patients, particularly men, still had greater risk of mortality
than the general population. These facts collectively suggest that hip
fracture is probably causally related to reduced survival in the elderly
population. Nevertheless, it is not clear about the underlying mecha-
nism for the relationship between hip fracture and mortality.

The relevance of this study's finding can be appreciated within the
context of the global burden of hip fracture. It has been estimated that
in the year 2000, approximately 1.5 million hip fractures occurred
world-wide in women and men, aged 60 or older (422,000 men and
1.1 million women) [25]. With the upper confidence intervals of our
estimates of the number needed to harm, we estimated that world-
wide, an extra of 120,000 women and 105,000 men would have
died within the first-year following a hip fracture. The additional sig-
nificance of these estimates is that although fracture in men accounts
for only a-third of the incidence of hip fracture, the mortality from
men accounted for half of excess deaths following a hip fracture.

image of Fig.�2


Fig. 3. Effect of age, sex, history of prior fracture, comorbid disease and smoking status on excess ofmortality inwomen andmenwith hip-fracture. All estimates are adjusted for age and sex.
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An important strength of this study is that the results were derived
from a long-term population-based osteoporosis epidemiology study.
The study included both men and women, and was able to compare
the relative survival between sexes. Furthermore, by applying relative
survival technique and by accounting for the expected mortality in
the background population of a similar age, sex and calendar period,
we have addressed the proportion of mortality attributable to osteopo-
rotic hip fracture. The Dubbo population is highly representative of the
Australian population. Our preliminary analysis (not reported) has
shown that the rate of mortality among non-fracture individuals in
the Dubbo Studywas almost identical to that of the general population.
However, the sample size (e.g., the number of hip fracture cases) in the
study was relatively modest, which limited our ability to examine fac-
tors with low effect sizes. Importantly, we did not have information of
smoking and prior fracture status of the background population, and a
lack of accounting for these factors could introduce bias in our results.
However, the relative survival curves for the Dubbo population and
Australian population are almost identical, which is reassuring that
bias was not a real problem.

The finding that a large excess mortality occurred within the first
5 years after a fracture has important clinical implication. Bisphosphonates
are considered first-line treatment of osteoporosis, and recent evidence
suggest that the bisphosphonates as a group could reduce the risk of mor-
tality among men and women with a fracture [26,27]. In a large random-
ized controlled trial, zoledronic acid treatment was shown to reduce the
risk of post-hip-fracture mortality by 28%, when given within 90-days
post hip surgery [28]. Interestingly, only a small part of the benefit of reduc-
ing death post fracture is thought to be attributable to preventing
re-fracture. Nevertheless, our finding, together with evidence from clinical
trials, suggest that the first 5 years, particularly the first year, after fracture
is perhaps the ideal time for intervention to reduce the risk of mortality
among hip fracture patients.
In conclusion, hip fracture is associated with reduced life expec-
tancy even after accounting for time-related changes in background
mortality in the population, with men having a greater reduction
than women. These data underscore that hip fracture is an indepen-
dent clinical risk factor for mortality.
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