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Determinants of mortality risk following
osteoporotic fractures
Dana Bliuc a and Jacqueline R. Center a,b,c

Purpose of review
Increased mortality risk is accepted for hip and vertebral fracture. Recent data suggest that other fracture
types have also been linked to excess mortality. This article reviews the existing evidence on the pattern
and determinants of postfracture mortality.
Recent findings
The pattern of mortality over time following hip and vertebral fractures has recently been clarified. Nonhip
nonvertebral fractures at major, and even minor sites in older individuals have also been associated with
excess mortality. Studies have revealed the higher excess mortality in men and in younger age groups for
all fracture types. Despite the increasing knowledge on the fracture-mortality association, little is known
about its cause. The role of co-morbidities is inconsistent across studies. Recent findings suggest low bone
mass, bone loss and muscle weakness are linked to both fracture and mortality risk, and thus may play a
role in postfracture mortality.
Summary
Nonhip nonvertebral fractures have recently been associated with mortality risk. Larger studies are needed
to better understand which specific fractures and factors contribute to fracture-associated mortality risk. The
role of bone loss in postfracture mortality needs to be validated in more studies, because of its potential
reversibility with antifracture therapies.
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INTRODUCTION
Osteoporosis is a common and increasing health
problem globally. Its burden is due primarily to
osteoporotic fracture, with direct annual costs of
over $1.9 billion. Aside from the economic burden,
osteoporotic fractures are associated with increased
disability, risk of further fracture and more importantly and often ignored, premature mortality.
The high mortality following hip and clinical
vertebral fracture is well recognized and consistently
reported. Mortality risk following other types of
fracture is far less well studied. There is however,
increasing evidence that major fractures [1,2],
particularly humerus [3–5], pelvic [4], distal femur
[4,6 ] and rib [4] fractures are also associated with
excess postfracture mortality.
The cause of the high mortality risk following
osteoporotic fracture is complex and not fully
understood. For hip fracture, parameters related to
surgery may account for some of the early mortality
risk [7,8 ,9 ]. However, other types of fracture
are less well studied and the direct causal link
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with mortality is hard to understand. The role of
co-morbidities and prefracture status on postfracture mortality risk are the most commonly studied
factors, but findings are not consistent across studies. On the other hand, fracture risk factors such
as low bone mineral density (BMD), bone loss,
muscle strength and function, have been linked
to mortality risk in the general population, and
recently documented to play a role in postfracture
mortality. Similarly, the role of subsequent fracture
on mortality risk has also been recently found
to be significant.
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KEY POINTS
 Mortality risk is increased for hip, clinical vertebral and
major fractures (such as humerus, ribs, pelvis, distal
femur). Larger studies are needed to understand the
role of individual fracture types, particularly the more
distal sites on mortality risk.
 Men have greater excess postfracture mortality
than women.
 Mortality risk is not constant over time. Excess mortality
is highest immediately postfracture, but may stay
elevated beyond 5 years. Subsequent fracture is also
associated with increased risk, and may play a role in
the long-term excess mortality.
 Fracture risk factors such as low bone mass, bone loss,
muscle weakness and sarcopenia have been
consistently linked to all-cause mortality and
postfracture mortality.
 The severity and number of co-morbidities may also be
determinants of postfracture mortality but findings are
not consistent across studies.

This review summarizes recent evidence on
the magnitude of the fracture-mortality association
and highlights some of the most important research
findings on the role of co-morbidities and fracture
risk factors on the pattern of mortality risk following
different types of fracture.

MAGNITUDE AND DETERMINANTS OF
FRACTURE-MORTALITY ASSOCIATION
Mortality risk associated with osteoporotic fractures
ranges from 15% to over two-fold above the
mortality expected in general population [1,5,10].
The variation in the magnitude of postfracture
mortality depends predominantly on the fracture
type, age, gender and length of the study.

Role of fracture site
Hip fractures
Hip fractures are associated with the highest
mortality rates among all osteoporotic fractures in
all epidemiological studies [1,11] except one [4]. The
magnitude of hip fracture mortality depends on the
length of study, follow-up and age. Up to 30% of
individuals with hip fracture are estimated to die in
the first 2 years post fracture [9 ,12]. This equates to
an excess mortality of over two-fold the expected
general population mortality [13,14]. The yearly
excess mortality from 22 cohorts in women and
&
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17 in men was recently estimated in a meta-analysis
[14]. Using a life table approach, investigators estimated an annual posthip fracture excess mortality
of 8, 11, 18 and 22% at 1, 2, 5 and 10 years for
women with hip fracture at age 80 compared with
women without fracture. In men, the estimated
annual posthip fracture excess mortality was even
higher: 18, 22, 26 and 20% for 80-year-old men with
hip fracture compared with those without fracture.
Although hip fracture occurs predominantly in
the older groups, younger individuals have higher
excess mortality compared with their nonfractured
peers than older individuals. For example, in the
Dubbo Osteoporosis Epidemiology Study (DOES),
younger women with hip fracture had over eightfold increased mortality risk compared with
two-fold for those older than 75 [1]. Similar data
on higher excess mortality in younger women
with hip fracture vs. older has also been reported
in a recent study from the Study of Osteoporotic
Fractures [15]. In this study, age was inversely correlated with excess mortality. Women in the youngest
age-group (60–69) had a five-fold mortality risk,
whereas those 80þ did not have excess mortality.
The reason behind the higher excess mortality
following hip fracture in younger vs. older individuals is not known. One reason could be that younger
participants would be expected to have much lower
mortality rates compared with older participants
and thus the excess mortality discrepancy reflects
the general population life expectancy gap. It is also
possible that individuals who experience hip
fracture at a younger age have a poor health status
[16], that could affect their survival. More studies are
needed in order to understand the epidemiology of
hip fracture in younger participants.
Vertebral fractures
Vertebral fractures are the most common type of
osteoporotic fracture, representing one-third of all
osteoporotic fractures [17], and are associated
with significant morbidity and mortality [18,19].
However despite their severity, there are far fewer
data on their mortality compared with that of hip
fracture. Nevertheless, the majority [1,4,11,12,16–
18,20], although not all [5] studies [1,4,20–22] that
investigated outcomes following vertebral fractures
reported increased mortality risk.
Their research poses a significant challenge due
to the fact that about 30% of them are symptomatic
or admitted to the hospital [23,24]. Symptomatic
vertebral fractures are associated with increased risk
of mortality in both women and men, with a magnitude ranging from 32% to over 13-fold above
expected general population mortality [11,18,19].
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Similarly to hip fracture mortality, age plays a
role in the fracture mortality magnitude. In the
DOES cohort, individuals who experienced a symptomatic vertebral fracture below 75 years of age had
significantly higher excess mortality compared with
those who had their first vertebral fracture after 75
years for both women [age-adjusted standardized
mortality ratio (SMR) 3.77 (2.45–5.81) and 1.45
(1.14–1.84)] and men [age-adjusted SMR 4.19
(2.42–7.27) and 1.88 (1.37–2.59)] [1].
The effect of asymptomatic vertebral fractures
on mortality risk is less well studied. The presence of
multiple vertebral deformities was found to be
associated with increased mortality risk in several
studies [25–27]. However, the role of a single
vertebral fracture on mortality is less clear with
contradictory findings [25,27], and any effect may
be mediated through increasing risk of new clinical
vertebral fracture. In a study [28] from the DOES
cohort, vertebral deformities were associated with
high risk of incident vertebral fracture, which
increased mortality risk.
Nonhip nonvertebral fractures
Nonhip nonvertebral fractures are the most common group of osteoporotic fractures, representing
over half of all fractures occurring in the community. However, despite their frequency, there
are very few studies on the adverse outcomes associated with them. Increased mortality risk associated
with major nonhip nonvertebral fracture (a group
of fractures including pelvis, distal femur, multiple
ribs and humerus) was first demonstrated in
DOES cohort over a 5-year follow-up [29]. Major
fractures were associated with 2.0–2.2-fold
increased mortality risk for both women and men,
while minor fractures (forearm, wrist, metacarpal,
ankle and metatarsal) were not associated with
mortality risk. Subsequently, a long-term followup (> 18 years) from the same cohort, re-confirmed
the excess mortality associated with major fracture,
and also demonstrated increased mortality for
minor fractures in the older (>75 years) individuals
[1]. Notably, given that nonhip nonvertebral fractures represented half of all incident fractures in the
cohort, they were responsible for over 40% of all
deaths and contributed to a third of all excess
mortality. Similarly high mortality risk associated
with major fracture was reported by a hospital database study [30] from Maastricht. Several other studies [4,5,6 ,10,31] have reported increased mortality
risk associated with individual fracture sites such as
proximal humerus, ribs, pelvis, and distal femur.
Proximal humerus has been consistently associated
with high excess mortality ranging from 60% up to
five-fold (REF), in both sexes, except one study [5],
&&

which reported long-term mortality risk only in
men but not in women. Distal forearm fractures
on the other hand, have been consistently reported
to not be associated with increased mortality risk
[4,5,31], except in one study [10], which reported
increased mortality in men with wrist fracture.

Men have higher mortality risk than women
Epidemiological studies have consistently shown
that men have higher re-fracture [32] and mortality
risk [5,10,12,13,33 ] despite having a lower initial
fracture risk.
In a recent Dutch study, male sex was an
independent predictor of increased mortality risk
following all fracture types, being associated with
a 74% increased risk compared with women
[adjusted hazard ratio (HR) 1.74 (1.44–2.10),
P < 0.0001]. The magnitude of the sex discrepancy
in mortality rates may be even higher for the most
severe fractures such as hip and vertebral fracture.
In the DOES cohort, the absolute mortality rates
were higher for men than women for all types of
osteoporotic fractures, but particularly for hip and
vertebral fractures. Similar findings were reported in
the Manitoba Canadian health database in which
the highest mortality rates were observed in men,
particularly for hip, vertebral and humerus fractures.
Interestingly, in this study [10], the discrepancy
between sex mortality was constant over time,
and persisted beyond 5 years postfracture.
The differences in the survival between the sexes
are not fully understood. It is possible that men who
sustain fracture have a poorer health than women
with fracture, and that could influence their survival. The sex difference in co-morbidity profiles in
patients with hip fracture was reported in the Standardized Audit of Hip Fractures in Europe [8 ]. In this
study males with hip fracture had more co-morbidities, and were more likely to develop pneumonia
and cardiac complications compared with females
with hip fracture. More epidemiological studies
including all types of osteoporotic fractures
are needed in order to better understand the sex
differences in survival.
&
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The role of time post initial fracture
Several long-term epidemiological prospective studies [1,2,4,10] have reported the pattern of postfracture mortality risk over time. Postfracture mortality
is highest in the first 5 years postfracture and
then declines towards the general population
mortality rates except for hip fracture where the
increased mortality lasts longer [1,2,4,10]. The pattern of mortality with time has been best described
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for hip fractures. Data on excess posthip fracture
mortality over time were examined in a recent metaanalysis. In all included studies, the magnitude
of mortality risk was very high immediately postfracture and then decreased afterwards, but did not
reach the expected background mortality for up
to 10 years for any given age. All-cause excess
mortality ranged between five-fold and eight-fold
at 3 months, then declined to 2.9–3.7 at 1 year and
to 1.8–2.0 at 10 years post fracture [14]. A similar
pattern of excess mortality over the time was found
in a meta-analysis of 22 studies. In this review
mortality rates ranged between 8.4 and 36% in
the first year postfracture, which corresponded to
up to two-fold above the expected population
mortality [13].
A similar pattern of excess mortality immediate
after the fracture has also been described for
vertebral fracture in several studies [1,4,11,22].
The pattern of mortality risk following symptomatic
vertebral fractures is similar to that following hip
fracture with the highest mortality recorded in the
first 5 years postfracture [1,21].
For other fracture types, there are far fewer data.
In the DOES cohort, the risk of mortality was
elevated for the first 5 years postfracture for all types
of fracture, including minor fractures in those older
than 75 years [1]. Beyond 5 years, mortality risk was
elevated only for hip fracture, and beyond 10 years
none of the fractures was associated with excess
mortality.

ROLE OF SUBSEQUENT FRACTURE
The role of subsequent fracture on mortality risk
was first evaluated in the DOES cohort by comparing
the pattern of excess mortality over the time for
those with one vs. more than one fracture [1]. A
subsequent fracture that occurred in the first 5 years
post initial fracture, increased that initial 5 year
mortality risk up to two-fold for both women and
men and was higher than the excess mortality
solely attributed to the initial fracture. Notably,
the second fracture resulted in an excess mortality
that remained elevated beyond the first 5 years
in both women and men [age-adjusted SMR: 1.41
(1.01–1.97) and 1.78 (0.96–3.31) for women and
men, respectively] [1]. Interestingly, a subsequent
study [34] from the same cohort, demonstrated that
the majority of the excess mortality beyond 5 years
postfracture was attributable to the subsequent
fracture, while those who survived for 10 years without experiencing a second fracture were at low risk
of having either another fracture or premature
mortality. The role of subsequent fracture in
mortality risk has also been reported in a Dutch
416
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study. In this study [12] a subsequent fracture was
an independent predictor of mortality risk (1.65fold) after adjusting for age, sex and fracture type.
The understanding of the role of subsequent
fracture in mortality risk is particularly important
given its high frequency following all types of
fracture and its potential to be prevented by
antifracture therapy.

Role of bone loss
Low femoral neck BMD is a well-known fracture risk
factor, which has also been reported as a determinant
of all-cause mortality risk in the general population
[35–37]. A meta-analysis of 10 studies, estimated
that low bone mass was associated with both total
cardio-vascular (1.13-fold per standard deviation
(SD) lower bone density) and total mortality risk
(1.17 fold per SD lower bone density) [38].
The additive effect of low bone mass, bone loss,
weight loss and weight fluctuation in all-cause
mortality was reported in the Dubbo Study [36].
Low baseline femoral neck BMD was associated with
an increased risk in all-cause mortality risk in
women [HR per SD: 1.3 (95% CI, 1.0–1.7)] but
not in men [HR per SD: 1.1 (95% CI, 0.9–1.2)],
whereas bone loss predicted mortality risk in both
sexes [women HR 1.8 (1.2–2.5) per 5% bone loss/
year and men 1.6 (1.1–2.5) per 5% bone loss/year].
The combination of low bone mass, bone loss and
weight fluctuation explained approximately 36% of
all deaths in women and 22% in men. Consistently
with this data, accelerated rates of bone loss have
also been found to be associated with postfracture
mortality [39 ]. In this study [39 ] women and men
in the highest quartile of bone loss (1.33%/year for
women and 1.35%/year for men) had 44–77%
higher mortality rates compared with those who did
not lose bone, even after adjusting for age, baseline
BMD and co-morbidities.
The mechanism of increased mortality with
accelerated bone loss is complex and is not fully
understood. Bone loss may be a marker of frailty
and ageing, and may be induced by inflammatory
factors such as interleukin-6 [40], which are also
associated with reduced survival [41]. It is also
hypothesized that the increased mortality in individuals with accelerated bone loss may be due to a
release of lead from the bone, which subsequently
may predispose to cardio-vascular diseases. One
study [42] has demonstrated that significantly
higher lead concentrations are found in whole
blood after menopause, a state of high bone turnover and bone loss, compared with the concentrations before menopause while another study
[43] reported increased cardio-vascular mortality
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in women with high levels of blood lead concentrations. However a causal relationship between
bone loss, lead and mortality has never been
demonstrated.

Muscle strength
Poor muscle strength is another factor that has been
independently associated with both fracture and
mortality risk [44,45]. The role of sarcopenia, which
is a combined measure of muscle mass and strength
has been recently reported to play a role in fracture,
frailty and mortality risk [46 ].
The role of poor muscle strength in postfracture
rehabilitation and ultimately survival has predominantly been studied post hip fracture where it has
been found to play a significant role [19]. It was also
found to be an independent predictor for increased
mortality following all osteoporotic fractures in the
Lieto and DOES studies [1,5].
It remains unclear whether mortality risk is
related to underlying risk factors for both the fracture and mortality, or whether the fracture event
may directly increase mortality risk or whether it
may be a combination of factors.
&

The role of co-morbidities
Co-morbidities have been hypothesized to play
a major role in the cause of postfracture mortality
risk. Indeed several studies have found a positive
association between the severity of co-morbidities
and mortality risk. In a large survey of Medicare
beneficiaries, after adjustment for co-morbidities,
mortality risk following hip fracture diminished
significantly in the early postfracture period
(first 6 months) and disappeared altogether in the
later (over 6 months) postfracture follow-up. Due to
this dramatic reduction in excess mortality with
health status adjustment, the authors concluded
that most of the early deaths and all the late deaths
were not attributable to hip fracture. The severity of
co-morbidities has also found to play a role in the
mortality risk following hospitalized vertebral fracture in a large Spanish study [21]. However, not all
studies have found that co-morbidities play a role in
postfracture mortality. In the Study of Osteoporotic
Fractures, co-morbidity adjustment did not affect
the hazard ratio of mortality for any of the clinical
fractures analysed [11]. Similar findings of no
trend of excess mortality with the number of comorbidities were reported in a nationwide database
of hip fracture. In this hip fracture study [7]
all excess mortality has been linked to either the
fracture event per se or to complications surrounding
the fracture event.

In the studies that have reported a positive
effect of co-morbidities on postfracture mortality,
specific types of co-morbidities have been linked
particularly to hip and vertebral fractures. Cardiovascular, renal, pulmonary diseases and reduced
cognitive function have been reported in several
studies of hip fracture mortality to play a role in
postfracture mortality either through delaying time
to surgery or increasing postoperative complications
which both increase mortality risk [47,48]. Individuals with vertebral fractures, and particularly those
with multiple vertebral compression fractures may
develop pulmonary diseases because of progressive
kyphosis, which leads to thoracic cavity reduction
and decreased pulmonary function [49]. The role of
co-morbidities in mortality associated with nonhip
nonvertebral fracture is less clear. In the DOES
cohort the number of co-morbidities did not play
a significant role in mortality following all types of
osteoporotic fracture. Similarly, in the Manitoba
Healthcare database study, co-morbidities played
little role in the first year postfracture, but, having
six or more co-morbidities was associated with
mortality risk. Thus, the role of co-morbidities in
fracture-associated mortality remains controversial
because of the paucity of data and inconsistencies
among findings.

CONCLUSION
There is no doubt that hip and clinical vertebral
fractures are associated with high mortality risk.
However, accumulating evidence suggests that
major nonhip nonvertebral fractures are also associated with excess mortality, and because of their high
prevalence, are responsible for a significant number
of fracture deaths in the community. There is a clear
need for more large prospective studies to assess the
effect of individual types of nonhip nonvertebral
fractures on mortality risk, in order to determine
which type of fracture are associated with excess
mortality risk.
Acknowledgements
The authors would like to thank Janet Watters, RN,
Garvan Institute of Medical Research (Dubbo site) for
providing expert assistance with patient interviews and
data collection and Denia Mang, BSc, Garvan Institute of
Medical Research for help with managing the database.
Financial support and sponsorship
This work was supported by the National Health Medical
Research Council Australia (NHMRC project ID; DB
1073430, JRC 1008219 and 1070187). The authors
are solely responsible for the contents of this paper, and
do not reflect the views of NHMRC. Other funding bodies

1040-8711 Copyright ß 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.co-rheumatology.com

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

417

Metabolic bone disease

are Osteoporosis Australia-Amgen grant, the Bupa
Health Foundation (formerly MBF Foundation), the
Ernst Heine Foundation, and untied grants from Amgen,
Merck Sharp & Dohme, Sanofi-Aventis, Servier and
Novartis. The study sponsors had no role in the study
design; collection, analysis and interpretation of the
data; the writing of this report; or the decision to submit
this article for publication.
Conflicts of interest
D.B. has no conflicts of interest. J.R.C. has been supported by and/or given educational talks for Merck Sharp
and Dohme, Amgen and Sanofi-Aventis.

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
1. Bliuc D, Milch VE, Nguyen TV, et al. Mortality risk associated with low-trauma
osteoporotic fracture and subsequent fracture in men and women. JAMA
2009; 301:513–521.
2. Huntjens KM, Kosar S, van Geel TA, et al. Risk of subsequent fracture and
mortality within 5 years after a non-vertebral fracture. Osteoporos Int 2010;
21:2075–2082.
3. Johnell O, Kanis JA, Oden A, et al. Fracture risk following an osteoporotic
fracture. Osteoporos Int 2004; 15:175–179.
4. Melton LJ 3rd, Achenbach SJ, Atkinson EJ, et al. Long-term mortality following
fractures at different skeletal sites: a population-based cohort study. Osteoporos Int 2013; 24:1689–1696.
5. Piirtola M, Vahlberg T, Lopponen M, Raiha I, et al. Fractures as predictors of
excess mortality in the aged – a population-based study with a 12-year followup. Eur J Epidemiol 2008; 23:747–755.
6. Somersalo A, Paloneva J, Kautiainen H, et al. Increased mortality after upper
&&
extremity fracture requiring inpatient care. Acta Orthop 2015; 86:533–557.
New evidence regarding the effect of upper extremity fractures in mortality risk,
particularly in men.
7. Vestergaard P, Rejnmark L, Mosekilde L, et al. Increased mortality in patients
with a hip fracture-effect of pre-morbid conditions and post-fracture complications. Osteoporos Int 2007; 18:1583–1593.
8. Ekstrom W, Samuelsson B, Ponzer S, et al. Sex effects on short-term
&&
complications after hip fracture: a prospective cohort study. Clin Interv Aging
2015; 10:1259–1266.
Explored the causes behind the worse survival of men compared with women
following hip fracture.
9. Nikkel LE, Kates SL, Schreck M, et al. Length of hospital stay after hip fracture
&
and risk of early mortality after discharge in New York state: retrospective
cohort study. BMJ 2015; 351:h6246. [Epub ahead of print]
The article presents the role of hospital stay length following hip fracture as
predictor of immediate mortality risk.
10. Morin S, Lix LM, Azimaee M, et al. Mortality rates after incident non-traumatic
fractures in older men and women. Osteoporos Int 2011; 22:2439–2448.
11. Cauley JA, Thompson DE, Ensrud KC, et al. Risk of mortality following clinical
fractures. Osteoporos Int 2000; 11:556–561.
12. Kannegaard PN, van der Mark S, Eiken P, et al. Excess mortality in men
compared with women following a hip fracture. National analysis of comedications, comorbidity and survival. Age Ageing 2010; 39:203–209.
13. Abrahamsen B, van Staa T, Ariely R, et al. Excess mortality following hip
fracture: a systematic epidemiological review. Osteoporos Int 2009;
20:1633–1650.
14. Haentjens P, Magaziner J, Colon-Emeric CS, et al. Meta-analysis: excess
mortality after hip fracture among older women and men. Ann Intern Med
2010; 152:380–390.
15. LeBlanc ES, Hillier TA, Pedula KL, et al. Hip fracture and increased short-term
but not long-term mortality in healthy older women. Arch Intern Med 2011;
171:1831–1837.
16. Robinson CM, Court-Brown CM, McQueen MM, et al. Hip fractures in adults
younger than 50 years of age. Epidemiology and results. Clin Orthop Relat
Res 1995; 312:238–246.
17. Burge R, Dawson-Hughes B, Solomon DH, et al. Incidence and economic
burden of osteoporosis-related fractures in the United States 2005–2025. J
Bone Miner Res 2007; 22:465–475.

418

www.co-rheumatology.com

18. Kado DM, Browner WS, Palermo L, et al. Vertebral fractures and mortality in
older women: a prospective study. Study of Osteoporotic Fractures Research
Group. Arch Intern Med 1999; 159:1215–1220.
19. Kado DM, Duong T, Stone KL, et al. Incident vertebral fractures and mortality
in older women: a prospective study. Osteoporos Int 2003; 14:589–594.
20. Ioannidis G, Papaioannou A, Hopman WM, et al. Relation between fractures
and mortality: results from the Canadian Multicentre Osteoporosis Study.
CMAJ 2009; 181:265–271.
21. Bouza C, Lopez T, Palma M, et al. Hospitalised osteoporotic vertebral
fractures in Spain: analysis of the national hospital discharge registry. Osteoporos Int 2007; 18:649–657.
22. Hasserius R, Karlsson MK, Jonsson B, et al. Long-term morbidity and mortality
after a clinically diagnosed vertebral fracture in the elderly – a 12- and 22-year
follow-up of 257 patients. Calcif Tissue Int 2005; 76:235–242.
23. Cooper C, O’Neill T, Silman A, et al. The epidemiology of vertebral fractures.
European Vertebral Osteoporosis Study Group. Bone 1993; 14 (Suppl
1):S89–S97.
24. Fink HA, Milavetz DL, Palermo L, et al. What proportion of incident radiographic vertebral deformities is clinically diagnosed and vice versa? J Bone
Miner Res 2005; 20:1216–1222.
25. Hasserius R, Karlsson MK, Nilsson BE, et al. 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; 14:61–68.
26. Ismail AA, O’Neill TW, Cooper C, et al. Mortality associated with vertebral
deformity in men and women: results from the European Prospective Osteoporosis Study (EPOS). Osteoporos Int 1998; 8:291–297.
27. Trone DW, Kritz-Silverstein D, von Muhlen DG, et al. Is radiographic
vertebral fracture a risk factor for mortality? Am J Epidemiol 2007;
166:1191–1197.
28. Pongchaiyakul C, Nguyen ND, Jones G, et al. Asymptomatic vertebral
deformity as a major risk factor for subsequent fractures and mortality:
a long-term prospective study. J Bone Miner Res 2005; 20:1349–
1355.
29. Center JR, Nguyen TV, Schneider D, et al. Mortality after all major types of
osteoporotic fracture in men and women: an observational study. Lancet
1999; 353:878–882.
30. Huntjens KM, Kosar S, van Geel TA, et al. Risk of subsequent fracture and
mortality within 5 years after a nonvertebral fracture. Osteopor Int 2010;
21:2075–2082.
31. Shortt NL, Robinson CM. Mortality after low-energy fractures in patients aged
at least 45 years old. J Orthop Trauma 2005; 19:396–400.
32. Center JR, Bliuc D, Nguyen TV, et al. Risk of subsequent fracture after lowtrauma fracture in men and women. JAMA 2007; 297:387–394.
33. Brozek W, Reichardt B, Kimberger O, et al. Mortality after hip fracture in
&
Austria 2008–2011. Calcif Tissue Int 2014; 95:257–266.
This article explores the pattern of mortality risk over time following hip fracture with
an emphasis on the role of sex and age on this risk.
34. Bliuc D, Nguyen ND, Nguyen TV, et al. Compound risk of high mortality
following osteoporotic fracture and re-fracture in elderly women and men. J
Bone Miner Res 2013; 28:2317–2324.
35. Kado DM, Browner WS, Blackwell T, et al. Rate of bone loss is associated
with mortality in older women: a prospective study. J Bone Miner Res 2000;
15:1974–1980.
36. Nguyen ND, Center JR, Eisman JA, et al. Bone loss, weight loss, and weight
fluctuation predict mortality risk in elderly men and women. J Bone Miner Res
2007; 22:1147–1154.
37. Van Der Klift M, Pols HA, Geleijnse JM, et al. Bone mineral density and
mortality in elderly men and women: the Rotterdam Study. Bone 2002;
30:643–648.
38. Qu X, Huang X, Jin F, et al. Bone mineral density and all-cause, cardiovascular
and stroke mortality: a meta-analysis of prospective cohort studies. Int J
Cardiol 2013; 166:385–393.
39. Bliuc D, Nguyen ND, Alarkawi D, et al. Accelerated bone loss and increased
&&
postfracture mortality in elderly women and men. Osteoporos Int 2015;
26:1331–1339.
This article presents the role of bone loss, a modifiable fracture risk factor on
postfracture mortality risk.
40. Moffett SP, Zmuda JM, Cauley JA, et al. Association of the G-174C variant in
the interleukin-6 promoter region with bone loss and fracture risk in older
women. J Bone Miner Res 2004; 19:1612–1618.
41. Harris TB, Ferrucci L, Tracy RP, et al. Associations of elevated interleukin-6
and C-reactive protein levels with mortality in the elderly. Am J Med 1999;
106:506–512.
42. Silbergeld EK, Schwartz J, Mahaffey K, et al. Lead and osteoporosis: mobilization of lead from bone in postmenopausal women. Environ Res 1988;
47:79–94.
43. Khalil N, Wilson JW, Talbott EO, et al. Association of blood lead concentrations with mortality in older women: a prospective cohort study. Environ Health
2009; 8:15. [Epub ahead of print]
44. Rantanen T, Harris T, Leveille SG, et al. Muscle strength and body mass index
as long-term predictors of mortality in initially healthy men. J Gerontol Ser A
Biol Sci Med Sci 2000; 55:M168–M173.

Volume 28  Number 4  July 2016

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Determinants of fracture-associated mortality Bliuc and Center
45. Sasaki H, Kasagi F, Yamada M, Fujita S, et al. Grip strength predicts causespecific mortality in middle-aged and elderly persons. Am J Med 2007;
120:337–342.
46. Chang SF, Lin PL. Systematic literature review and meta-analysis of the
&
association of sarcopenia with mortality. Worldviews Evid Based Nurs 2016;
13:153–162.
Comprehensive review of the definition of sarcopenia and its role in determining
mortality risk in the elderly.

47. Hu F, Jiang C, Shen J, et al. Preoperative predictors for mortality following hip
fracture surgery: a systematic review and meta-analysis. Injury 2012;
43:676–685.
48. Merchant RA, Lui KL, Ismail NH, et al. The relationship between postoperative
complications and outcomes after hip fracture surgery. Ann Acad Med
Singapore 2005; 34:163–168.
49. Kondo KL. Osteoporotic vertebral compression fractures and vertebral augmentation. Semin Intervent Radiol 2008; 25:413–424.

1040-8711 Copyright ß 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.co-rheumatology.com

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

419

