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a b s t r a c t
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 investigation, 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 fracture 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 fractures, 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 that major osteoporotic fractures, including hip fracture, increase the risk of mortality [9], fracture is rarely documented as the
cause of death. Therefore, it is difﬁcult to make a cause-and-effect inference 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 mortality 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 counterpart 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 survival [12]. The aims of this study were therefore: (a) to estimate the relative survival among men and women following a hip fracture; and
(b) to estimate the excess mortality due to factors among elderly
women and men with hip fracture, such as prior fracture, comorbid status 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), for which details of protocol and study design 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 approximately 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.

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 infarction þ congestive heart failure
þperipheral vascular disease þ cerebral vascular disease
þdementia þ chronic pulmonary disease þ rheumatologic disease
þpeptic ulcer disease þ diabetes þ mild liver diseaseÞ  1
þ hemiplegia=paraplegia þ renal disease
þdiabetes with chronic complications þ malignancyÞ  2
þðmoderate or severe liver diseaseÞ  3 þ metastatic solid tumor
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).

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 definite and, on interview, had occurred with minimal or no trauma, including 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
and Marriage Registry of New South Wales. Mortality was 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 densitometer (GE-LUNAR, Madison USA). A qualiﬁed technologist using a

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 population 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 ðt Þ ¼

SO ðt Þ
:
SP ðt 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 accounting 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).
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Table 2
Cumulative relative survival of women and men at 1, 5 and 10 years following hip fracture,
stratiﬁed by age group and prior fracture status.

Characteristics of study participants

Relative survival ratio (95% conﬁdence interval)

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 fracture 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 fracture 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

Women (n = 151)
Age, mean (SD), years
Weight, mean (SD), kg
Height, mean (SD), cm
BMI, mean (SD), kg/m2
Lumbar spine BMD, mean (SD),
g/cm2
Femoral neck BMD, mean (SD),
g/cm2
Smoking status, no. (%)
Never smoked
Current/previously smoked
Co-morbidity status, no. (%)
No co-morbidity
One or more
Prior fracture, no. (%)
None
One or more
Follow-up, median (IQR), years
Men (n = 55)
Age, mean (SD), years
Weight, mean (SD), kg
Height, mean (SD), cm
BMI, mean (SD, kg/m2
Lumbar spine BMD, mean (SD),
g/cm2
Femoral neck BMD, mean (SD),
g/cm2
Smoking status, no. (%)
Never smoked
Current/previously smoked
Co-morbidity status, no. (%)
No co-morbidity
One or more
Prior fracture, no. (%)
None
One or more
Follow-up, median (IQR), years

Follow-up status

P-value

Deceased

Alive

(n = 86)
83 (7)
58 (12)
156 (7)
24 (4)
0.94 (0.20)

(n = 65)
79 (9)
63 (12)
159 (8)
25 (5)
1.01 (0.19)

0.027
0.028
0.046
0.150
0.014

0.67 (0.12)

0.72 (0.11)

0.022

59 (69)
27 (31)

47 (72)
18 (28)

46 (53)
40 (47)

32 (49)
33 (51)

55 (64)
31 (36)
2 (1–6)
(n = 36)
82 (8)
76(12)
172 (7)
26 (3)
1.17 (0.17)
0.78 (0.11)

46 (71)
19 (29)
3 (1–5)
(n = 19)
76 (7)
74 (14)
174 (8)
24 (4)
1.18 (0.27)
(0.27(0.27)
0.81 (0.19)

16 (44)
20 (56)

10 (53)
9 (47)

11 (31)
25 (69)

8 (42)
11 (58)

28 (78)
8 (22)
1 (1–3)

15 (79)
4 (21)
5 (2–6)

0.620

0.600

0.380

0.340
0.006
0.510
0.250
0.130
1.000
0.240
0.560

0.390

0.920

0.002

All women (n = 151)
Age group
60–79
80+
Prior fracture
Yes
No
Smoking
Never
Current/previous
Comorbid disease
None
One or more
All men (n = 55)
Age group
60–79
80+
Prior fracture
Yes
No
Smoking
Never
Current/previous
Comorbid disease
None
One or more

1 year

5 years

10 years

0.83 (0.76–0.89)

0.59 (0.48–0.68)

0.31 (0.20–0.43)

0.90 (0.77–0.96)
0.80 (0.70–0.87)

0.70 (0.53–0.83)
0.51 (0.38–0.64)

0.47 (0.28–0.64)
0.18 (0.07–0.34)

0.73 (0.57–0.84)
0.88 (0.79–0.94)

0.40 (0.23–0.58)
0.66 (0.54–0.76)

0.14 (0.03–0.37)
0.37 (0.24–0.51)

0.84 (0.75–0.90)
0.82 (0.68–0.92)

0.62 (0.49–0.73)
0.51 (0.33–0.67)

0.33 (0.20–0.48)
0.26 (0.10–0.47)

0.84 (0.73–0.91)
0.83 (0.71–0.90)
0.63 (0.48–0.75)

0.55 (0.39–0.67)
0.63 (0.49–0.76)
0.48 (0.32–0.63)

0.25 (0.11–0.42)
0.37 (0.21–0.54)
0.36 (0.18–0.56)

0.80 (0.58–0.92)
0.48 (0.29–0.65)

0.70 (0.45–0.87)
0.26 (0.10–0.48)

0.52 (0.24–0.77)
0.22 (0.46–0.85)

0.60 (0.28–0.82)
0.63 (0.46–0.77)

0.37 (0.11–0.65)
0.51 (0.33–0.69)

0.41 (0.66–1.12)
0.33 (0.13–0.72)

0.71 (0.49–0.86)
0.54 (0.34–0.71)

0.49 (0.27–0.70)
0.46 (0.25–0.68)

0.44 (0.19–0.71)
0.30 (0.09–0.75)

0.68 (0.42–0.86)
0.59 (0.41–0.74)

0.39 (0.15–0.64)
0.52 (0.32–0.71)

0.44 (0.17–0.72)
0.34 (0.14–0.59)

(Fig. 1). It is perhaps expected that the RSR reduced (e.g. risk of mortality 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 stratiﬁed by age, sex, prior fracture, comorbid status, current or prior
smoking and mortality 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 documented comorbid conditions. On average women died 4 years (median = 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 attributable 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 during 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.
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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.

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 excess of mortality than women. More importantly, we found that comorbidity 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 following hip fracture in men to that expected in the background population 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
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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 excess of mortality in women and men with hip-fracture between 1989 and 2010.
P-valuea

Excess mortality ratio (95% CI)

Age group
60–79
80+
Sex
Female
Male
Prior fracture
No
Yes
Comorbidity disease
None
One or more
Smoking status
Never
Current/previous
a

Adjusted for age and sex.

a

Crude

Adjusted

1.0 (reference)
2.54 (1.6–4.1)

1.0 (reference)
2.82 (1.7–4.6)

b0.001

1.0 (reference)
1.30 (0.8–2.1)

1.0 (reference)
1.68 (1.1–2.7)

0.034

1.0 (reference)
2.10 (1.3–3.3)

1.0 (reference)
1.65 (1.1–2.6)

0.029

1.0 (reference)
0.86 (0.6–1.3)

1.0 (reference)
0.85 (0.6–1.3)

0.477

1.0 (reference)
1.47 (0.9–2.3)

1.0 (reference)
1.41 (0.9–2.2)

0.128

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 mechanism 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 worldwide, an extra of 120,000 women and 105,000 men would have
died within the ﬁrst-year following a hip fracture. The additional signiﬁcance 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.
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Fig. 3. Effect of age, sex, history of prior fracture, comorbid disease and smoking status on excess of mortality in women and men with hip-fracture. All estimates are adjusted for age and sex.

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 osteoporotic 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 Study was 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 factors 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 mortality among men and women with a fracture [26,27]. In a large randomized 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 reducing 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 expectancy 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 independent clinical risk factor for mortality.
Acknowledgments
This study was partly supported by the National Health and Medical Research Council (NHMRC), the MBF Living Well Foundation,
Ernst Heine Foundation, and untied grants from Amgen, Merck
Sharp & Dohme, Sanoﬁ-Avetis, Servier, and Novartis. We thank
Sr. Janet Watters, Shaye Field, and Genys Hubbard for data collection
and measurement of bone mineral density. We also appreciate the
invaluable help of the staff of Dubbo Base Hospital. We thank
Mr. J. McBride and the IT group of the Garvan Institute of Medical
Research for the management of the database.
Conﬂicts of interest
Professor J. A. Eisman received support from the MBF Living Well
Foundation; the Ernst Heine Foundation; and untied grants from
Amgen, Merck Sharp & Dohme, Sanoﬁ-Aventis, Servier, and Novartis.
Professor T. V. Nguyen is supported by a senior fellowship from the
Australian National Health and Medical Research Council, and has
served as a consultant or speaker for Merck Sharp & Dohme,
Sanoﬁ-Aventis, Servier, Roche, and Novartis.
References
[1] Nguyen ND, Ahlborg HG, Center JR, Eisman JA, Nguyen TV. Residual lifetime risk of
fractures in women and men. J Bone Miner Res 2007;22:781–8.

S.A. Frost et al. / Bone 56 (2013) 23–29
[2] Nguyen ND, Eisman JA, Center JR, Nguyen TV. Risk factors for fracture in
nonosteoporotic men and women. J Clin Endocrinol Metab 2007;92:955–62.
[3] Feuer EJ, Wun LM, Boring CC, Flanders WD, Timmel MJ, Tong T. The lifetime risk of
developing breast cancer. J Natl Cancer Inst 1993;85:892–7.
[4] Cauley JA, Thompson DE, Ensrud KC, Scott JC, Black D. Risk of mortality following
clinical fractures. Osteoporos Int 2000;11:556–61.
[5] Center JR, Nguyen TV, Schneider D, Sambrook PN, Eisman JA. Mortality after all
major types of osteoporotic fracture in men and women: an observational
study. Lancet 1999;353:878–82.
[6] Ensrud KE, Ewing SK, Taylor BC, Fink HA, Stone KL, Cauley JA, Tracy JK, Hochberg
MC, Rodondi N, Cawthon PM. Frailty and risk of falls, fracture, and mortality in
older women: the study of osteoporotic fractures. J Gerontol A Biol Sci Med Sci
2007;62:744–51.
[7] Abrahamsen B, van Staa T, Ariely R, Olson M, Cooper C. Excess mortality following
hip fracture: a systematic epidemiological review. Osteoporos Int 2009;20:
1633–50.
[8] Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center JR. Mortality risk
associated with low-trauma osteoporotic fracture and subsequent fracture in
men and women. JAMA 2009;301:513–21.
[9] Cooper C, Atkinson EJ, Jacobsen SJ, O'Fallon WM, Melton 3rd LJ. Populationbased study of survival after osteoporotic fractures. Am J Epidemiol 1993;137:
1001–5.
[10] Hasserius R, Karlsson MK, Nilsson BE, Redlund-Johnell I, Johnell O. Prevalent vertebral deformities predict increased mortality and increased fracture rate in both
men and women: a 10-year population-based study of 598 individuals from the
Swedish cohort in the European Vertebral Osteoporosis Study. Osteoporos Int
2003;14:61–8.
[11] Dickman PW, Sloggett A, Hills M, Hakulinen T. Regression models for relative
survival. Stat Med 2004;23:51–64.
[12] Verheul HA, Dekker E, Bossuyt P, Moulijn AC, Dunning AJ. Background mortality in
clinical survival studies. Lancet 1993;341:872–5.
[13] Nguyen T, Sambrook P, Kelly P, Jones G, Lord S, Freund J, Eisman J. Prediction of
osteoporotic fractures by postural instability and bone density. BMJ 1993;307:
1111–5.
[14] Jones G, Nguyen T, Sambrook PN, Kelly PJ, Gilbert C, Eisman JA. Symptomatic fracture incidence in elderly men and women: the Dubbo Osteoporosis Epidemiology
Study (DOES). Osteoporos Int 1994;4:277–82.

29

[15] Nguyen TV, Sambrook PN, Eisman JA. Sources of variability in bone mineral density measurements: implications for study design and analysis of bone loss. J Bone
Miner Res 1997;12:124–35.
[16] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis 1987;40:373–83.
[17] Human Mortality Database. University of California, Berkeley (USA), and Max Planck
Institute for Demographic Research (Germany). Available at www.mortality.org.
[18] HMD. Human mortality database. In: University of California Berkeley (USA), and
Max Planck Institute for Demographic Research (Germany); 2008.
[19] Stare J, Henderson R, Pohar M. An individual measure of relative survival. J Royal
Stat Soc C Appl Stat 2005;54:115–26.
[20] Melton 3rd LJ, Therneau TM, Larson DR. Long-term trends in hip fracture prevalence:
the inﬂuence of hip fracture incidence and survival. Osteoporos Int 1998;8:68–74.
[21] Magaziner J, Lydick E, Hawkes W, Fox KM, Zimmerman SI, Epstein RS, Hebel JR.
Excess mortality attributable to hip fracture in white women aged 70 years and
older. Am J Public Health 1997;87:1630–6.
[22] Kannegaard PN, van der Mark S, Eiken P, Abrahamsen B. Excess mortality in men
compared with women following a hip fracture. National analysis of comedications,
comorbidity and survival. Age Ageing 2010;39:203–9.
[23] Vestergaard P, Rejnmark L, Mosekilde L. Increased mortality in patients with a hip
fracture-effect of pre-morbid conditions and post-fracture complications. Osteoporos
Int 2007;18:1583–93.
[24] Tosteson AN, Gottlieb DJ, Radley DC, Fisher ES, Melton 3rd LJ. Excess mortality following hip fracture: the role of underlying health status. Osteoporos Int 2007;18:1463–72.
[25] Johnell O, Kanis JA. An estimate of the worldwide prevalence and disability associated with osteoporotic fractures. Osteoporos Int 2006;17:1726–33.
[26] Bolland MJ, Grey AB, Gamble GD, Reid IR. Effect of osteoporosis treatment on mortality: a meta-analysis. J Clin Endocrinol Metab 2010;95:1174–81.
[27] Center JR, Bliuc D, Nguyen ND, Nguyen TV, Eisman JA. Osteoporosis medication
and reduced mortality risk in elderly women and men. J Clin Endocrinol Metab
2011;96:1006–14.
[28] Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper CF, Mautalen C,
Hyldstrup L, Recknor C, Nordsletten L, Moore KA, Lavecchia C, Zhang J,
Mesenbrink P, Hodgson PK, Abrams K, Orloff JJ, Horowitz Z, Eriksen EF, Boonen
S. Zoledronic acid in reducing clinical fracture and mortality after hip fracture. N
Engl J Med 2007;357:1799–809.

