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ABSTRACT 
Osteoporosis is a global problem with 
an expected increase in fracture preva-an expected increase in fracture preva-an expected increase in f
lence and public health burden as the 
world’s population ages.’s population ages.’ Although 
excess mortality is well-described in 
those with low bone mineral density 
as well as those with recent hip and 
vertebral fractures, some uncertainty 
remains about whether this link is 
causal. Survival depends greatly on 
the fracture types, age, gender, and 
race. Deaths are predominately due 
to comorbidities, but may also be at-
tributed to the fracture event itself, 
either directly or indirectly. The goal 
of osteoporosis care is prevention of 
fractures and ultimately reduction in 
morbidity and mortality. Until recently, 
there have been no data showing that 
osteoporosis treatment improves mor-
tality, and even now the extent of these 
data are rather limited. Large observa-
tional cohort studies over considerable 
time are needed to determine whether 
improving osteoporosis quality of care 
will improve mortality rates. 

Introduction
Osteoporosis is a systemic skeletal 
disorder characterized by reduced bone 
strength predisposing to an increased 
risk of fracture. The clinical and pub-
lic health importance of osteoporosis 
arises primarily from fragility fractures. 
Fragility fractures are one of the most 
common causes of disability and a ma-
jor contributor to costs of medical care 
in all regions of the world (1). Clini-
cal consequences of fracture include 
short and long-term morbidity charac-
terized by pain, limitation of function, 
decreased health-related quality of life, 
and increased mortality. As fracture fracture f
prevalence increases in tandem with 
increasing longevity of the population, 
osteoporosis is becoming an even more 
signifi cant public health burden (2-7).
The mortality risk of patients with osteo-
porosis is increased by approximately 

1.5-fold for each standard deviation de-
crease in bone mineral density (BMD) 
(8-10). Survival estimates are depend-
ent on fracture location and the com-
pleteness and duration of follow-up 
after fractures. Excess mortality in os-
teoporotic fractures occurs following 
fractures of the spine (radiographic and 
clinical fractures) (11-23) and particu-
larly of the hip (17, 24-36) . By contrast, 
there appears to be no excess mortality 
among patients who sustain a distal fore-
arm, foot, or ankle fracture (12, 14, 17, 
37). Although mortality rates are lower 
in younger elderly individuals who sus-
tain fractures, people in this age group 
constitute a large proportion of the eld-
erly population, and thus contribute sub-
stantially to the total number of excess 
deaths due to osteoporosis (13). 
While osteoporosis-associated mortal-
ity is a well-recognized public health 
concern, the impact of other risk fac-
tors on mortality associated with osteo-
porosis remains unclear. Osteoporosis 
treatment has been shown to reduce the 
risk of subsequent fracture, but the im-
pact on mortality has been minimally 
studied (38, 39). Understanding the 
possible relationship between mortality 
and osteoporosis fractures is needed to 
design strategies to improve quality of 
care in osteoporosis.
Mortality outcomes of osteoporosis 
have been analyzed in cohort studies 
and case-control observational study 
designs (often using linked hospital 
and death data). Many of these studies 
examine the observed mortality com-
pared with the expected mortality of expected mortality of expected
the (healthier) general population (13, 
40, 41) of same sex and age; the dif-
ference between the observed and ex-
pected represents excess mortality. The 
cause of death is not always noted, and 
even if described, the contribution of 
fractures or falls may be underestimat-
ed since only the most proximate cause 
of death and not the inciting event is 
usually reported (42). 
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In cohort studies, the relationship be-
tween fracture (the exposure) and mor-
tality (the outcome) is evaluated after 
adjusting for a variety of potentially 
confounding factors. Since people who 
fracture have generally poorer general 
health and physical function, earlier 
death may be a result of the patients’
poor health, greater number of pre-frac-
ture comorbidities, and poor physical 
function. For some people, a fracture 
may be a sentinel event that leads to 
new diseases, diffi culty with rehabili-
tation, progressive functional decline, 
loss of independence, and disability. 
Thus related health states, not directly 
caused by the fracture event itself, may 
be as important as the fracture in prema-
ture mortality. In order to delineate the 
quantum of excess mortality contribut-
ed by osteoporotic fractures and the ex-
tent to which mortality may be reduced 
through fracture prevention, control 
groups in these studies should ideally 
be subjects with health states as similar 
as possible to those of the study popula-
tion. In addition to patient factors, the 
process of care, including surgery, reha-
bilitation, and post-care disposition, are 
crucial to quantify in order to determine 
which factors, if any, predispose to bet-
ter post-fracture outcomes. 
This article reviews the recent clinical 
and epidemiological characteristics of 
mortality associated with osteoporotic 
hip and vertebral fractures worldwide.

Hip fractures and mortality 
Hip fractures are the most serious of all 
osteoporotic fractures with extremely 
costly consequences. While mortality 
rate is undoubtedly high following hip 
fracture, there is still considerable con-
troversy over the direct contribution 
of hip fractures to this excess mortal-
ity. Hip fracture may result in mortal-
ity either directly, indirectly, mediated 
through new or altered comorbidities, 
or as a result of pre-existing comor-
bidities that are simply associated with 
fracture risk. The fi rst three circum-
stances represent causal (or partially 
causal) associations, whereas the latter 
would represent an example of a con-
founding factor (Fig. 1). 
Mortality rates are highest during the 
fi rst 6 months immediately after the 

fracture; lower, but still greater than 
in the general population, for up to 12 
months post-fracture (25, 26, 34-36, 
43-45); and appear to decrease with 
time thereafter. Mortality rates range 
from 10% to 45% in the fi rst year (Ta-
ble I). When and whether the mortal-
ity curves converge with those of the 
general population varies in different 
studies. The majority of studies show 
persistently increased mortality rates 
(12, 17, 25, 26, 32, 35, 40, 43, 44, 46), 
while others suggest no long-term ele-
vated mortality over time (34, 47) rela-
tive to that expected in older individu-
als. Differences across studies may be 
explained in part by variations in cohort 
characteristics (age, institutionalized, 
etc), health of the comparator groups, 
method of calculating excess mortality, 
and whether frailty before fracture has 
been taken into account adequately.
In a recent Danish population-based 
cohort of all patients with hip fractures, all patients with hip fractures, all
the mortality rate was nearly 30% com-
pared with age- and gender matched 
subjects from the general population.  
Mortality in patients was 19% greater 
than in the control subjects (relative 
survival = 0.81) in the fi rst year after 
fracture. The major causes of death 
were factors associated with the acci-
dent leading to the fracture, accounting 
for 71% of all deaths within the fi rst 

30 days. Little of the excess mortality 
was attributed to pre-morbid condi-
tions, with the exception of lower in-
come. There was a small but constant 
1.8% excess annual mortality for the 
subsequent 19 years. Therefore, over a 
period of 20 years, the long-term ex-
cess mortality contributed more than 
the short-term excess (35). In contrast, 
Tosteson et al. found no evidence of 
excess mortality beyond 6 months 
following hip fracture, despite adjust-
ments for various pre-morbid condi-
tions and function, in an elderly U.S. 
population that included persons who 
were institutionalized (34). 

Risk factors associated with 
hip fracture mortality
Sex, age and race/ethnicity
Although the prevalence of hip frac-
tures is higher in women, men have a 
higher risk of death than women after 
a hip fracture (28, 29, 32, 35, 41, 43, 
48), but the gender-based difference is 
not signifi cant after adjustment for age 
(17). The proportion of years of life 
lost was higher in men, even after con-
sidering higher mortality rates of males 
in the general population (41). 
Intuitively, age is an independent pre-
dictor of mortality. However, some 
studies have shown an inverse rela-
tionship between age and excess risk 

Fig. 1. Predictors of mortality following osteoporotic hip fractures. 
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of death. Older hip fracture patients 
have a much lower excess or relative 
risk of mortality than younger patients 
(i.e., age was an effect modifi er) (26, 
28, 35), since more older people in the 
general population die.  In people with 
diseases, relative risk is almost always 
higher in younger subjects while abso-
lute risk is higher in older subjects, as 
younger (control) people who do not 
have diseases are less likely to die.
Although understudied, there also ap-
pears to be a race/ethnicity dispar-
ity in mortality after hip fractures. 
Using a Medicare claims database, 
black women had higher mortality af-
ter a hip fracture than white women. 
The survival curves for black women 
and white women diverged during the 
fi rst 9 months following hip fracture, 
thereafter remaining parallel. Men ex-
perienced the highest mortality, with 
nearly identical rates among blacks and 
whites. The observed race/ethnicity 
differences in fracture mortality were 
consistent despite stratifi cation by age 
at time of hip fracture and by number 
of comorbid medical conditions (49). 
By contrast, early or late mortality fol-
lowing hip fracture was not affected by 
black versus non-black race/ethnicity in 
a subgroup analysis of a recent study of 
Medicare benefi ciaries (34). However, 
unlike the earlier study (49), this study 
was not powered to study the sex-race 
interactions in early and late hip frac-
ture mortality risks.

Type of fracture
Seemingly an unmodifi able risk fac-
tor, the type of hip fracture and conse-
quently the type of surgical interven-
tion result in differential survival (50). 
Intertrochanteric compared to femoral 
neck fractures led to signifi cantly high-
er mortality risk at hospital discharge, 
at 1 year [relative risk (RR) 2.5; 95% 
confi dence interval (CI) 1.3 - 5.1] (51), 
and up to10 years (RR 1.4; 95% CI 1.0-
1.8) (29). The higher mortality rates 
with intertrochanteric fractures may be 
due to greater frailty before injury, old-
er age, and more severe osteoporosis 
(52-55). This effect persisted after ac-
counting for age and comorbid condi-
tions; the functional outcomes among 
surviving patients was similar (51). 

Perioperative factors and 
surgical complications
Postoperative complications of hip 
fractures such as infections and cardio-
vascular diseases are well-recognized 
causes of immediate mortality (32, 33, 
35, 36, 56-58). Any major post-op-
erative complication is associated with 
90% increased mortality risk (32). Good 
surgical technique and minimization 
of operative delay (58-61) may mini-
mize postoperative complications and 
improve early mortality outcomes, al-
though studies are inconsistent (27, 62). 
In a meta-analysis, regional anesthesia 
appeared to reduce acute postoperative 
confusion but had no apparent effect 
on mortality (63). Appropriate periop-
erative management with antibiotics 
(64), blood transfusion (65), and pre-
vention of deep venous thrombosis and 
pulmonary embolism (66, 67) also ap-
pear to improve mortality outcomes. In 
addition to these measures that refl ect 
in-hospital quality of care, increase in 
hospital volume for hip fracture surgery 
has been associated with increased in-
mortality (27), although this fi nding is 
discordant with previous studies that 
either were small or did not adjust for 
confounding factors (68, 69).

Comorbidities and functional status
The severity of comorbidities, meas-
ured using the American Society of 
Anesthesiologists grading system, is an 
important predictor of mortality after 
a hip fracture (32, 40, 58, 70, 71). The 
more dependent the patient is in ambu-
latory status, activities of daily living 
(ADL), and instrumental ADL prior to 
hip fracture, the higher the mortality 
risk (32-34). Poor isometric knee ex-
tension strength may be a measure of 
frailty and old age but also has been 
shown to predict increased mortality 
independently after the fracture (72). 
A substantially increased mortality risk 
after hip fracture was observed among 
subjects with more than 5 hospitaliza-
tions since availability of electronic 
inpatient records (26). Previous serious 
hospitalization as a surrogate for poor 
pre-fracture health did not increase the 
relative risk of demise. However, when 
calculated in absolute terms, previous 
serious hospitalization increased the 

attributable 5-year mortality risk from 
9% to 26% (26). The relative attribut-
able mortality risk of hip fracture was 
higher for women than men, increased 
with age, and was markedly lower when 
hazard ratios were adjusted for health 
status in another study (34). It is com-
plex, however, to compare these fi gures 
due to the different methodologies and 
assumptions used in different studies.

Socioeconomic factors
In a large Danish case-control study, 
the excess mortality of hip fractures 
changed only slightly upon adjustment 
for pre-morbid conditions, except for 
income, suggesting the importance of 
socio-economic factors on better out-
comes (35). Institutionalized patients 
suffer higher mortality after hip frac-
ture (33, 73). Although elderly people 
with hip fractures reported living alone 
more frequently and were less likely 
to be health maintenance organization 
members, these and other socioeco-
nomic factors had no association with 
on mortality in another study (34).

Osteoporosis interventions to 
reduce mortality
It remains unclear whether prevention of 
fractures using anti-osteoporotic thera-
pies may extend life expectancy, and 
to what extent. In a recent randomized 
controlled trial of secondary fracture 
prevention (39), there was a 28% re-
duction of mortality after 16 months in 
the zoledronic acid group compared to 
the placebo group, in addition to pre-
vention of recurrent symptomatic frac-
tures. Mortality outcome was not one of 
the pre-specifi ed study endpoints, and 
this unexpected fi nding has not been 
explained. Extremely large population 
cohort studies are needed to establish 
whether prevention of a secondary hip 
fracture will improve longevity. After a 
hip fracture has occurred, implementa-
tion of evidence-based clinical path-
ways appears to reduce postoperative 
morbidity, but may not affect mortal-
ity (74, 75). However, co-management 
of hip fracture patients by orthopedic 
surgeons and geriatricians may poten-
tially improve outcomes (76, 77). In 
summary, reducing the number of hip 
fractures and optimizing immediate 
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post-fracture medical care may reduce 
mortality, particularly if the focus is on 
reducing comorbidities such as infec-
tion and cardiovascular complications 
immediately following this very seri-
ous yet common late-life event. Further 
studies are required to identify other 
factors in the process of care that are 
associated with better outcomes.

Vertebral fractures and mortality 
Vertebral fractures are the most fre-
quent complication of osteoporosis 
(14, 78). The lifetime risk of a clini-
cally diagnosed vertebral fracture after 
the age of 50 is estimated to be 9% in 
men and 15% in women (79). Howev-
er, only one-third of cases are clinically 
diagnosed and an even smaller propor-
tion of patients are admitted to hospital 
(18, 80, 81). Compared to hip fractures, 
it is thus more even more challenging 
to analyze the mortality burden of ver-
tebral fractures. 
Many studies have indicated an in-
crease in mortality risk after vertebral 
fracture (11-14, 16, 18, 20, 21, 23, 82, 
83). Excess mortality varies substan-
tially after a clinical vertebral fracture, 
with 1-year rates ranging considerably 
from 1.9 to 42% (Table III).  Increased 
mortality risk appears lower than that 
for hip fractures (13), although one 
study, the Study of Osteoporotic Frac-
tures, indicated higher mortality risk 
following vertebral fracture (RR = 8.6) 
compared to hip (RR = 6.7) (although 
the CIs overlapped) (12). As with hip 
fractures, mortality risk is most marked 
within the fi rst year after fracture (12-
14, 20, 82), but an increased mortality 
risk greater than that of the general 
population extends for up to 5-22 years 
(14, 82). In one of the longest cohort 
studies, with 22 years of post-fracture 
follow-up, the post-vertebral fracture 
survival curves of men and women 
were similar in general.  The greatest 
divergence of survival curves from the 
age-expected norms occurred during 
the fi rst 3 years in men (Fig. 2) but later 
(near the tenth year) in women (data not 
shown), compared to the general popu-
lation. After the fi rst decade, the curves 
converged towards expected mortality 
rates in both sexes. Despite this, mor-
tality was signifi cantly higher in those 

experiencing vertebral fractures than in 
the comparator group over the entire 
22-year follow-up period (82). 

Mortality patterns with 
vertebral fractures
Although the absolute risk of mortality 
associated with vertebral fracture in-
creases with age (11, 13, 20), the age-
matched relative risk of death is higher 
in younger individuals and decreases 
with age (13, 20). In a study where 
low- and high-energy-related verte-
bral fracture were not distinguished, 
younger patients died more commonly 
from high trauma injuries or from sec-
ondary causes of osteoporosis (20). 
Similar to hip fracture studies, most 
(11, 13, 16) but not all vertebral frac-
ture studies (20, 21) describe a higher 
mortality in men compared to women. 
Standardized mortality ratios (SMRs) 
were increased for incident and preva-
lent clinical vertebral fractures (13). 
Women with undiagnosed but severe 
vertebral fractures also had increased 
mortality risk in at least one study (18), 
contradicting the notion that subclini-
cal fractures are less serious. The risk 
of death increased with number and se-
verity of prevalent vertebral fractures 
(18, 22, 23). 

Other risk factors for mortality 
with vertebral fractures
Similar to analyses of mortality after 
hip fractures, reduced survival is dif-
fi cult to attribute directly to vertebral 
fracture, since mortality is also a re-
sult of underlying comorbidities and/or 
complications of prolonged hospital 
stays (84). Frailty and health-behaviors 
as well as the extent of comorbidities 
explain a signifi cant proportion of the 
excess mortality risk (11, 15, 16, 18, 
22) (Table IV). In a study based on hos-
pital discharge ICD-9 codes, 26% of in 
hospital deaths was attributable to the 
fracture itself since this subgroup of 
patients had no identifi able comorbid-
ity (11). In another study of nationwide 
hospitalizations for vertebral fractures 
in persons 50 years and older in Swe-
den, and based on assumptions that 
mortality in the fi rst year was attribut-
able to vertebral fracture, up to 28% of 
all deaths were attributed to vertebral 
fractures (20).

Prevalent versus incident 
vertebral fractures
Various studies have attempted to assess 
the mortality risk of prevalent versus 
incident clinical (11-14, 20) and clinical (11-14, 20) and clinical radio-
graphic vertebral fractures (16, 19, 82) 

Fig. 2.  Kaplan-Meier survival curve during a 22-year follow-up period after a clinically diagnosed 
vertebral fracture in men compared with the expected survival curve in the entire male Malmö popu-
lation at risk.  Ninety-fi ve percent confi dence intervals are shown at 5, 10, 15, and 20 years after the 
fracture event (82).  [Reprinted with permission from Hasserius R, Karlsson MK, Jonsson B, Redlund-
Johnell I, Johnell O. 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(4): 235-42.]
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Table IV. Factors related to mortality following vertebral fracture (relative risk ratio (95% CI)).

Study: Kado 1999 (18) Kado 2003 (19) Jalava 2003 (16) Bouza 2007 (11) Trone 2007 (22)

Sociodemographic and fall risk factors
Men   3.0 (1.0–8.8) 1.5 (1.2–2.0) 1.8 (1.3–2.5)

Age 1.6 (1.5–1.6) 1.6 (1.5–1.7)  a 2.0 (1.3–2.8) 1.6 (1.5–1.7)

Vertebral fracture 1.2 (1–1.3) I: 1.1(0.9–1.3) 2.4 (0.9–6.2)  1.1 (0.8, 1.4 )
  P: 1.2(1.0–1.3) 

Body mass index 0.9 (0.9–1)    

Total body fat     0.8 (0.8–0.9)

% Weight change 0.8 (0.8–0.9)   

Current smoking 2.0 (1.8–2.3) 1.3 (1.2–1.4)   1.6 (1.1–2.3)

Comorbidities
Diabetes mellitus 1.8 (1.8–2.1) 1.9 (1.6–2.3)   

Hypertension 1.4 (1.2–1.5)    

Health status 1.6 (1.5–1.9) 0.7 (0.6–0.8)   

Serum ESR   1.0 (1.0–1.1)  

Alcohol   0.6 (0.3–1.2)  1.0 (0.9–1.0)

Pulse > 80/min 1.3 (1.1–1.5)   

Charlson Index  0
      1–2    2.1 (1.5–3.0)
      3–4    5.0 (3.0–8.1)
       >4    8.5 (5.1–14.1)

Physical Function
Physical activity 0.9 (0.8–0.9) 1.0 (0.9–1.0)   0.6 (0.5–0.8)

Inability to rise from chair 1.5 (1.3–1.7)   

Diffi culty standing on feet for 2 hours 1.1 (1.0–1.2)   

95% CI: 95% Confi dence Interval; I: incident vertebral fracture; P: prevalent vertebral fracture; a: age>80; ESR: erythrocyte sedimentation rate.

(Table III). Prevalent vertebral fractures 
differ from incident spine fractures in 
that they may have occurred many years 
prior to study entry and have a different 
prognosis for mortality. After adjusting 
for age, poor health, and other known 
predictors, including sex, body mass 
index, calcium, estrogen or thiazide 
use, thyroid medication, alcohol intake, 
exercise, current smoking, physical 
function, etc., prevalent vertebral frac-
tures were an independent risk factor 
for mortality in some (18, 19, 22, 23), 
but not all studies (15, 16). One study 
found that women with two or more 
prevalent fractures had increased risk 
of all-cause mortality which was not 
seen in women with a single prevalent 
radiographic vertebral fracture (22). 
The authors indicated that a single ver-
tebral fracture detected by quantitative 
vertebral height and area assessment 
(radiographic vertebral morphometry) 
cannot always distinguish between a 
congenital anomaly and a fracture, but 

two or more morphometric fractures 
are more likely to be osteoporotic frac-
tures (22).Mortality risk appears higher 
in people with incident morphometric 
vertebral fractures compared to those 
who do not have incident vertebral 
fractures (19). However, after adjust-
ment for 12 covariates, including age, 
low bone density, prevalent vertebral 
fractures, weight loss, inability to rise 
from a chair, and diffi culty standing 
for more than 2 hours, the association 
between incident vertebral fractures 
and mortality was not signifi cant.  This 
fi nding suggests that incident vertebral 
fractures do not directly cause death. 
Women who had experienced both a 
prevalent and incident vertebral frac-
ture had the highest mortality, but there 
was no signifi cant interaction between 
prevalent and incident vertebral frac-
ture status. In other words, stratifying 
by prevalent vertebral fracture status 
did not affect the multivariable results. 
While it is possible that frailty can be 

both a cause and effect of vertebral 
fractures, the authors suggested that 
vertebral fractures, physical function 
decline, and weight loss may all be 
proxy markers of an accelerated aging 
process rather than independent con-
tributors to mortality (19). 

Proximate causes of death 
after vertebral fracture
In the Study of Osteoporotic Fractures 
(18), women with severe vertebral de-
formities had an increased risk of death 
due to pulmonary causes such as chron-
ic obstructive pulmonary disease and 
pneumonia, even after adjusting for long 
term glucocorticoid and tobacco use. 
Severe kyphosis is strongly associated 
with pulmonary deaths, possibly due 
to restrictive lung disease and reduced 
respiratory reserves. Several studies re-
port a greater rate of cancer mortality 
in women with vertebral fractures com-
pared to those without fractures (14, 
18), even after excluding the possibility 
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of metastatic disease to the spine (18). 
In the Malmö population with vertebral 
fractures, cancer was signifi cantly in-
creased compared with the female, age-
matched population at risk (82). In an-
other study, however, there was no in-
creased mortality risk in people with a 
history of vertebral fractures compared 
to the other patients (22), although the 
cause of death was unknown in 26% of 
the deceased. Differential classifi cation 
of causes of death and the overall small 
number of deaths complicate meaning-
ful comparisons across studies.
In summary, increased mortality rates 
have been observed after vertebral frac-
tures, although the independent effect of 
the fracture on this outcome compared 
to the effect of comorbidities remains 
somewhat controversial. If a direct inde-
pendent association between vertebral 
fracture and mortality exists, the patho-
physiology of how vertebral fractures 
may lead to increased mortality remains 
unknown. While vertebral fractures 
may account partly for excess mortality, 
the underlying comorbidities and poor 
health status infl uence considerably the 
risk for vertebral fractures. This may be 
due either directly to the pathogenesis 
or by selection bias through increased 
medical surveillance of a sicker popu-
lation with a higher risk of mortality. 
Beyond preventing future morbidity, 
it appears logical to manage post-ver-
tebral fracture patients aggressively to 
potentially reduce the risk of death. 

Conclusion
Hip and vertebral fragility fractures are 
associated with signifi cantly increased 
mortality rates. No single factor pre-
dicts excess risk of death, and no prov-
en solution to improving fracture sur-
vival in osteoporosis in all populations 
has been identifi ed. The independent 
role of fractures versus other confound-
ing factors, including functional status, 
comorbidities, capacity for independ-
ent living, etc., in increased mortality 
rates is uncertain. Aggressive treatment 
of osteoporosis, especially in patients 
who have already suffered from a frac-
ture event, reduces morbidity and may 
translate into longer-term survival. Fu-
ture research should help to better char-
acterize critical predictors of mortality 

and to design cost-effective interven-
tions with the goal to reduce short- and 
long-term morbidity and mortality in 
patients at greatest risk.
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