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Abstract
Summary This study estimated the fracture-related mortality
and direct medical costs among postmenopausal women in
Taiwan by fracture types and age groups by utilizing a nation-
wide population-based database. Results demonstrated that
hip fractures constituted the most severe and expensive com-
plication of osteoporosis across fracture sites.
Introduction The aims of the study were to evaluate the risk of
death and direct medical costs associated with osteoporotic
fractures by fracture types and age groups among postmeno-
pausal women in Taiwan.
Methods This nationwide, population-based study was based
on data from the National Health Insurance Research Data-
base in Taiwan. Female patients aged 50 years and older in the
fracture case cohort were matched in 1:1 ratio with randomly
selected subjects in the reference control cohort by age,
income-related insurance amount, urbanization level, and the
Charlson comorbidity index. There were two main outcome
measures of the study: age-differentiated mortality and direct
medical costs in the first and subsequent years after osteopo-
rotic fracture events among postmenopausal women. The
bootstrap method by resampling with replacement was con-
ducted to generate descriptive statistics of mortality and direct
medical costs of the case and control cohorts. Student’s t tests

were then performed to compare mortality and costs between
the two cohorts.
Results A total of 155,466 postmenopausal women in the da-
tabase met the inclusion criteria for the fracture case cohort,
including 22,791 hip fractures, 72,292 vertebral fractures, 15,
621 upper end humerus (closed) fractures, 36,774 wrist frac-
tures, and 7,988 multiple fractures. Analytical results demon-
strated that patients experiencing osteoporotic fractures were
at considerable excess risk of death and incurred substantially
higher treatment costs, notably for hip fractures. Furthermore,
results also revealed that the risk of mortality increased with
advancing age across the spectrum of fracture sites.
Conclusions The present study confirmed an excess mortality
and higher direct medical costs associated with osteoporotic
fractures. Moreover, hip fractures constituted the most severe
and expensive complication of osteoporosis among fracture
types.
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Introduction

Osteoporosis, a common bone disease in which the bones
progressively become fragile, leads to nearly 9 million frac-
tures annually worldwide, including hip, forearm, spine, hu-
merus, and other fractures [1]. Approximately 40–50 % of
women and 13–22 % of men are at risk of suffering from an
osteoporosis-related fracture in their lifespan [2].
Osteoporosis-related fractures can cause severe pain, psycho-
social impairment, diminished quality of life, and even de-
creased life expectancy [3, 4]. The association linking osteo-
porotic fractures and mortality has been evaluated by several
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groups [5, 6]. There are a number of studies that have shown a
higher mortality in patients with hip fractures than the general
population [7–10]. After hip fractures, excess mortality
is more pronounced in patients with vertebral fractures
[5, 11].

In addition, the financial strain of osteoporotic fractures
upon patients and the health care system would be substantial
[1, 12–14]. On personal level, it was estimated that patients
with osteoporotic fractures incurred closely $US10,000 in ad-
ditional direct health care costs during the 6 months after the
fracture, compared to nonfracture patients [15]. As for the
economic burden on the health care system, in the USA, direct
medical costs of osteoporosis were estimated to be between
$13.7 billion and $20.3 billion in 2005, and related expendi-
tures are projected to reach $25.3 billion per year by 2025
[16].

Although the burden of osteoporotic fractures related to
health care costs as well as the associated mortality have
been evaluated, many previous studies have had limita-
tions that may impact the generalizability of their results,
including small sample sizes [5, 17], the assessment of
only one site of fracture [8, 17, 18], and the nonrandom
selection of subjects [5, 6, 8, 17, 18]. In addition, mortal-
ity following osteoporotic fractures is less well appreciat-
ed in Asian countries. Previous research had demonstrated
that health care costs were highly sensitive to the health
care environment, and thus, related analyses generally
were country-specific [19]. In Taiwan, according to the
Nutrition and Health Survey in Taiwan (NAHSIT 2004–
2008), the prevalence of femoral neck osteoporosis in
persons aged 50 years or older was 10.7 % for men and
12.1 % for women. The prevalence would increase to 22.6
and 41.2 %, respectively, when osteoporosis was defined
as detected in one of the following sites: femoral neck,
lumbar spine, and forearm [20]. Stated differently, the
prevalence of osteoporotic fractures in Taiwan is similar
to that of other developed countries.

Osteoporotic fractures represent a substantial cause of
mortality and morbidity particularly for postmenopausal
women and the elderly since they may greatly imperil
the quality of life and survival of the target population.
As Bessette and colleagues [21] argued, comparisons of
the burden of osteoporotic fractures among countries with
differing health care and administrative structures were
fraught with challenge, and thus, the regional medical cost
data pertaining to the treatment of osteoporotic fractures
were warranted. Furthermore, mortality following osteo-
porotic fractures is less well appreciated in Asian coun-
tries. Therefore, this population-based cohort study set out
to estimate the fracture-related mortality and direct medi-
cal costs during the first and subsequent years following
osteoporotic fractures among postmenopausal women in
Taiwan by fracture sites and age groups.

Methods

Data sources

This nationwide retrospective cohort study was based on data
from the National Health Insurance Research Database
(NHIRD) in Taiwan. Taiwan launched a mandatory-enroll-
ment, single-payer National Health Insurance (NHI) program
on March 1, 1995. There are currently more than 25 million
enrollees in the program, representing 99 % of the entire pop-
ulation of Taiwan [22]. The NHIRD contains registration files
of contracted medical facilities and board-certified physicians,
and original claim data for reimbursement for all enrollees,
including details of inpatient and ambulatory care orders, den-
tal visits, medical expenditures, prescriptions, laboratory and
imaging examinations, and up to five discharge diagnoses or
three outpatient visit diagnoses [22]. In the database, the diag-
nostic codes are in the format of the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). The NHIRD is perhaps one of the largest and most
comprehensive administrative health care databases in the
world [23]. The accuracy of diagnosis of major diseases in
the NHIRD, such as ischemic stroke, has been validated
[23–25].

The privacy and confidentiality of all beneficiaries of NHI
are safeguarded by the National Health Research Institute
(NHRI) of Taiwan. Data in the NHIRD that could be used to
identify patients or care providers, including medical institu-
tions and physicians, are scrambled cryptographically and
then released in electronic format to the public annually for
research purposes. Since the study utilized de-identified sec-
ondary data, it was exempt from full review by the Taipei
Medical University Hospital Institutional Review Board.

Study samples

Considering osteoporotic fractures affect mostly postmeno-
pausal women, the study population was thus defined as post-
menopausal women in Taiwan. Female patients aged 50 years
and older whose medical records within the NHIRD contained
the primary or secondary diagnosis of hip fracture (ICD-9-CM
codes, 820.0, 820.2, and 820.8), vertebral fracture (805.2,
805.4, 805.6, 805.8, 806.2, and 806.4), upper end humerus
(closed) fracture (812.0), wrist fracture (813.4), or multiple
fractures in the period from January 1, 2006 to December
31, 2009 were identified as the fracture case cohort. To min-
imize the likelihood that a normal follow-up physician visit
for a previous osteoporotic fracture was selected as a new
incident fracture, subjects with any type of fracture history
before the index dates were excluded. Figure 1 illustrated
the case selection process.

For comparisons of the mortality and direct medical costs
of postmenopausal women with osteoporotic fractures and
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those of the general population, a reference control cohort was
drawn from a subset of the NHIRD, the Longitudinal Health
Insurance Database of 2005 (LHID 2005). The LHID 2005
database contains the entire original claim data of one million
beneficiaries (representing about 5 % of the Taiwanese popu-
lation), randomly sampled from the 2005 Registry for Bene-
ficiaries of the NHIRD. The sampling file was then merged
with the insurance claim files that traced back all the reim-
bursement data files for these matching beneficiaries in each
year and followed their medical utilizations in subsequent
years. The database contained information about 495,816
men (49.5 %) and 504,184 women (50.4 %). There were no
significant differences in the age and gender distributions be-
tween patients in the LHID 2005 database and those in the
original NHIRD [22].

To maximize the comparability of the case and control co-
horts on baseline characteristics, subjects in the reference con-
trol cohort were randomly selected and matched in 1:1 ratio
with those in the fracture case cohort based on priori matching
criteria of age, income-related insurance amount, urbanization
level and the Charlson comorbidity index (CCI) [26].

Main outcome measures

There were two main outcome measures of the study: age-
differentiated mortality and direct medical costs in the first

and following years after osteoporotic fracture events of hip,
vertebral, upper end humerus (closed), wrist, and multiple
fractures among postmenopausal women in Taiwan. Direct
medical costs of fracture treatments were calculated and ana-
lyzed from the payer’s perspective for osteoporotic fracture
cases of the study cohort, and represented the sum of direct
medical costs relating to outpatient care, inpatient stays, and
emergency department visits of subjects after the index frac-
tures. Differences in direct medical costs between the osteo-
porotic fracture cases and controls were regarded as attribut-
able to osteoporotic fracture events. Medical cost data were
collected and analyzed through the first year as well as the
second and following years from the incident fracture date
since complications from fractures regularly occur into the
second year post-fracture. The estimated annual costs by age
groups were inflation-normalized to 2009 New Taiwan dollar
(NT$) as to represent the annual direct medical costs associ-
ated with these fractures, in comparison of the annual costs of
the reference control cohort (the average exchange rate in
2009 was US$1.00=NT$32.23).

Statistical analyses

For the descriptive results of baseline characteristics of the
case and control cohorts, categorical variables were expressed
using frequencies and percentages, whereas continuous

Female patients who ever experienced hip, vertebral, upper end humerus (closed) or wrist fractures during 2005-2009

First hip fracture diagnosis in 

the period 2006–2009, and 

without any other fracture in 

the 1st year 

(n = 40,840) 

First vertebral fracture 

diagnosis in the period 

2006-2009, and without any 

other fracture in the 1st year 

(n = 107,296) 

First upper end humerus 
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the period 2006-2009, and 

without any other fracture in 

the 1st year 

(n = 20,467)
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(n = 45,628) 
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ICD-9-CM codes = 820.0, 

820.2, 820.8 

Index date =  

first visit/admission of hip 

fracture diagnosis 

ICD-CM codes = 805.2, 805.4, 

805.6, 805.8, 806.2, 806.4

Index date = 
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vertebral fracture diagnosis 
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Index date = 
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Index date = 
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the index dates were 

excluded

Patients with any other 
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2 years of the index 

dates were excluded

Hip 
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(n = 12,864) 

Multiple 

(n = 12,538) 
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mentioned-above fractures 

diagnosis 

Matched the control cohort in the LHID 2005 database in 1:1 ratio based on age, income-level insurance amount, urbanization level and the Charlson Comorbidity Index 
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Fig. 1 Flow diagram of patient selection process
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variables were reported using means and standard deviations.
Furthermore, considering the distributions of medical cost da-
ta tend to be truncated and highly skewed to the right with
large coefficients of variation, the non-parametric
bootstrapping method by resampling with replacement was
performed to generate more accurate arithmetic mean costs
and other descriptive statistics for both case and control co-
horts [27, 28]. The bootstrapping procedure produced 1,000
bootstrap samples with replacement of subjects within each
stratum. Finally, Student’s t tests were conducted to assess the
differences of mortality and direct medical costs between case
and control cohorts.

Statistical significance was set at p<0.05 (two-tailed). All
analyses were performed using the SAS software version 9.3
(SAS Institute, Cary, NC, USA).

Results

Characteristics of the case and control cohorts

A total of 155,466 postmenopausal women in the database
met the inclusion criteria for the osteoporotic fracture case
cohort, including 22,791 hip fractures, 72,292 vertebral frac-
tures, 15,621 upper end humerus (closed) fractures, 36,774
wrist fractures, and 7,988 multiple fractures. In other words,
vertebral fractures were more prevalent than other fracture
types in the case cohort. Table 1 lists baseline characteristics
of the case and control cohorts under study. Age seemed to be
associated with the likelihood of having osteoporotic frac-
tures. Older women were more likely to have hip fractures
except the very old (aged 90 years and older). The tendency
is mostly the same as that of vertebral fracture except two age
groups (80–89, 90, and older). On the contrary, age was neg-
atively associated with the likelihood of having upper end
humerus (closed) or wrist fractures. With respect to comorbid
conditions of the population under study, most patients had a
CCI score of 0.

Mortality

Table 2 shows the results of age-group specific mortality of
the first and subsequent years after osteoporotic fractures.
Generally speaking, female patients experiencing osteoporotic
fractures were at considerable excess risk of death, compared
with the non-fracture control cohort for all age groups, except
wrist fractures (all p values <0.001). Overall, the highest rel-
ative risk of death was associated with hip fractures. Further-
more, results also demonstrated that the risk of mortality in-
creased with advancing age across the spectrum of fracture
sites.

Figure 2 depicted mortality of the first and subsequent
years af ter fracture events across fracture si tes .

Correspondingly to the results of Table 2, compared with the
matched non-fracture control cohort, higher mortality rates
were observed in the case cohort for all fracture types, except
wrist fractures. Furthermore, among all fracture types, excess
mortality was more pronounced in patients with hip fracture in
both the first and subsequent years for the most part. In the
first year, after hip fractures, upper end humerus (closed) frac-
tures produced the second-leading mortality rates. Nonethe-
less, comparative results of mortalities among fracture types
were not so discernible in subsequent years.

Direct medical costs

Direct medical costs by cohorts and fracture sites are illustrat-
ed in Table 3. As expected, patients with osteoporotic fractures
incurred comparatively larger direct medical costs in both the
first and subsequent years than their counterparts for all frac-
ture sites (all p values <0.001). Take hip fractures. Direct
medical costs during the first year following hip fractures were
more than two times higher for cases than their matched con-
trols in all age groups. In addition, direct medical costs of the
first years were larger than those of subsequent years for all
fracture types. Lastly, hip fractures were associated with sub-
stantially higher direct medical costs and incremental costs
than other types of fractures for all age groups in the first year
and subsequent years for the most part, followed by multiple
fractures.

Figure 3 illustrated direct medical costs of the first and
subsequent years after fracture events among fracture types.
Similar to the results of Table 3, Fig. 3 decisively demonstrat-
ed that patients with osteoporotic fractures incurred substantial
higher direct medical costs than their counterparts across all
fracture sites in both the first and subsequent years, except the
very old group (≥90) of wrist fractures in subsequent years.
Moreover, among all fracture types, hip fractures constituted
the most expensive complication of osteoporosis for all age
groups, followed by multiple fractures. The comparative re-
sults were especially noticeable in the first year.

Discussion

Osteoporotic fractures have garnered substantial attention
from researchers of relevant fields as they are known to gen-
erate a profound burden of morbidity and medical costs. With
the aging of the population in Taiwan and other developed
countries, the mortality and medical costs of osteoporotic frac-
tures are increasingly significant public health concerns and
require further elucidation. The relevance of this study’s find-
ing can be appreciated within such a context. Even though
there are numerous studies conducted to evaluate the mortality
and economic burden of osteoporotic fractures, themajority of
them focus on hip and vertebral fractures, while existed data
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regarding non-hip and non-vertebral fractures are still limited
[5, 6, 12, 14]. In addition, many previous studies have had
limitations that may impact the generalizability of their results,
such as using regional samples. Moreover, fracture-related
mortality and medical costs remain under-recognized in many
countries. Hence, this nationwide, population-based study
contributes to better elucidating fracture-related mortality
and direct medical costs among postmenopausal women .

Overall, this study provides evidence that the impacts of
osteoporotic fractures on treatment costs and survival vary

with the sites of fractures. The literature suggests that across
different sites of osteoporotic fractures, hip fractures are asso-
ciated with excess mortality and the greatest healthcare costs
[3–5, 7, 9–14]. For example, Grønskag et al. [29] reported that
elderly women who experienced hip fracture had higher mor-
tality than the general population. The study has validated an
excess mortality associated with osteoporotic fractures, com-
pared with the matched non-fracture control cohort. Specifi-
cally, analytical results of the study demonstrated that hip
fractures constituted the most severe and expensive

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

Mortality in the 1st year Mortality in subsequent years

Case         Control 

Fig. 2 Age-group specific
mortality of the first and
subsequent years
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complication of osteoporosis across fracture sites. These find-
ings corroborate those from previous research [6, 10, 18, 30,
31].

Furthermore, excess mortality associated with osteoporotic
fractures could be attributed to advanced age, the acute effects
of the injury, comorbidities, postoperative complications, a
prior fracture history, poor pre-fracture functional status, and
a solitary life [32, 33]. For instance, Maggi and colleagues
[34] evaluated the predictors of mortality for hip fracture pa-
tients. They demonstrated that six-month mortality was

positively associated with increasing age for hip fracture. This
study also provided evidence that the risk of mortality in-
creased with advancing age across the spectrum of fracture
sites.

However, it should be noted that analytical results of the
study indicated that the differences in mortality between the
case and control cohorts with respect to wrist fractures were
not really large, especially in subsequent years, although they
were statistically significant (Table 2). Conventional wisdom
holds that in an “over-powered” study (such as the present

Costs in the 1st year Costs in subsequent years

Case                    Control

Fig. 3 Age-group specific direct
medical costs of the first and
subsequent years. Costs data are
in New TaiwanDollar (NT$). The
average exchange rate in 2009
was US$1.00=NT$32.23
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study where a large national database was used), group differ-
ences which are found to be statistically significant may not
translate into clinically meaningful or policy-relevant. In the
light, interpretations of analytical results of the study should
be taken with caution.

With regard to direct medical costs of osteoporotic frac-
tures, research findings of the present study are largely in line
with the literature regarding the economic burden of osteopo-
rotic fractures [12–14, 35]. Overall, there are considerable
discussions that osteoporotic fractures impose a substantial
financial burden on personal resources and health care system.
Previous studies indicated that the economic burden of hip
fractures was typically the heaviest across different types of
osteoporotic fractures. With a similar study population as in
the present study (postmenopausal women aged 50 years and
older), Bessette and colleagues [21] reported that direct med-
ical costs of treating hip fractures were the highest ($46,664
Canadian dollar [CAD] per fracture), while treating other frac-
tures also accounted for substantial economic burden ($5,253
to $10,410 CAD per fracture). Moreover, total attributable
treatment costs of hip fractures could be conservatively esti-
mated to be $1.65 billion annually. Even for the less expensive
patients who had wrist fractures, the aggregate annual
healthcare costs were about $85 million.

Along the same lines, Burge et al. [16] assessed the treat-
ment costs of fractures in the USA and concluded that while
the incidence of hip fractures was ranked the third (14 %, after
vertebrae fractures of 27 % and wrist fractures of 19 %), the
treatment costs of hip fractures were highest, accounting for
72 % of the total economic burden. The results are roughly
comparable to the present study’s findings.

The present study provides a contemporary look at the
fracture-related mortality and direct medical costs among
postmenopausal women across age-groups. The strengths of
the research are numerous. The main strength of the study,
while the majority of previous studies assessing the relation-
ships between osteoporotic fractures and mortality as well as
healthcare costs have lacked of, is that we used a nationwide,
population-based database. In addition, we matched osteopo-
rotic fracture cases with appropriate controls by age, income-
related insurance amount, urbanization level and the CCI. Ac-
cordingly, the study has the capabilities to reduce confounding
errors and thus lead to robust estimates of fracture-related
mortality and direct medical costs.

Furthermore, we employed the bootstrapping with re-
placement subsampling method to generate more accurate
arithmetic mean costs and mortality for both case and
control cohorts. Using the bootstrapping method has the
advantage of generating normally distributed data. Conse-
quently, we could perform a more efficient and powerful
Student’s t test for comparing means in lieu of the
Wilcoxon rank-sum test which is often used when data
are skewed.

Moreover, thanks to the large sample size in the study,
statistical analyses could be performed with more valid re-
sults, and it is vital as age is a risk modifier. In addition, the
effect of age was taken into account by using age-matched
control groups within each of the sub-groups.

Finally, another asset of the study is the relatively homoge-
neous study population covered by a universal healthcare sys-
tem. More than 98 % of the population of Taiwan is of Han
Chinese ethnicity, thereby minimizing the biases which occur
due to the heterogeneity of population subgroups and varia-
tions of healthcare access in previous studies conducted in
western countries.

While the study benefits from taking advantage of a highly
representative dataset, those caveats and limitations inherent
in using a national registry database still apply. First of all,
diagnosis of a fracture event in the study relies solely on the
ICD-9-CM codes, not being further validated using medical
chart review, and it may have affected diagnostic accuracy.
Relying on relevant diagnosis codes only may give rise to
ascertainment bias [15]. Nonetheless, by using computerized
Medicare files in regard to diagnoses of fractures, Ray and
colleagues [36] yielded a positive predictive value (PPV) of
94 % for all fractures. As for individual fracture sites, PPVs
were ranged from 79 % (tibia/fibula) to 98 % (hip). Conse-
quently, they postulated that computerized Medicare claim
data could be used for fracture ascertainment. Other re-
searchers have also suggested that the magnitude of under-
or over-ascertainment of fracture events by using administra-
tive datasets would be modest [37]. With respect to the valid-
ity of data extracted from the NHIRD in the present study, the
accuracy of diagnosis of major diseases in the NHIRD has
been validated [23–25]. Hence, even though some patients
may be misclassified into the fracture or control cohorts, the
principal conclusions of the study should still hold.

Yet cautions need to be exercised with respect to ver-
tebral fractures. A critical review of the literature suggests
that it is notoriously difficult to reliably identify vertebral
fractures, compared to hip fractures, by using administra-
tive claims data [21, 37–39]. It is because vertebral frac-
tures are commonly asymptomatic and do not come to
medical attention at the time of their occurrence [37].
Consequently, current diagnostic algorithms for vertebral
fractures in administrative data are suboptimal, with lim-
ited sensitivity and low PPVs [38, 39].

Secondly, data on anthropometric variables (such as bone
mineral density), heavy alcohol use, smoking status, nutrition-
al practices, sedentary lifestyle, family history of hip fracture,
and other possible predictors of fracture risk were not avail-
able in the NHIRD dataset [40]. Accordingly, this study could
only capture clinically diagnosed osteoporotic fractures and
might inadvertently exclude patients with sub-clinical frac-
tures that did not reach medical attention. As a result, research
findings of the study may have been biased downwards.
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Hence, we propose that in the future researchers would recruit
subjects with risk factors for fractures but without confirmed
osteoporosis so that they could more fully capture the mortal-
ity and healthcare costs of osteoporotic fractures by
disentangling confounding factors.

Thirdly, study samples of this study were patients who had
ambulatory visits to physicians or were admitted to acute hos-
pital wards, not including residents in long-term care institu-
tions. As residents in those facilities are probably frailer, the
relationship between fracture sites and patient outcomes
should be more notable among them.

Fourthly, the scope of our cost estimate is limited in that we
did not estimate indirect costs to patients and society. Further
work that evaluates the impacts of osteoporotic fractures on
productivity loss and the financial strain on society is also
warranted.

Finally, we could not rule out the possibility that results of
the study were influenced by surveillance bias, whereby pa-
tients with fractures were subjected to increased clinical sur-
veillance, thereby increasing their utilization of health care
services in comparison to that for the general population.
However, we cannot validate this speculation because of a
lack of information in the database.

Despite these limitations, this study contributes to better
elucidating fracture-related mortality and direct medical costs
among postmenopausal women. In this study we evaluate a
large cohort of a younger population of women (≥50 years)
with different fracture sites and compared them with a parallel
cohort of patients. Our results reveal strong associations be-
tween hip and vertebral fractures and patient outcomes in
terms of mortality and healthcare costs. Hence, hip and verte-
bral fractures remain important targets for improved preven-
tion and treatment. These research findings signify potential
benefits from interventions aimed at curbing looming
osteoporosis-related costs and reducing the likelihood of mor-
tality after fractures.

Lastly, it should be emphasized that among the most im-
portant policy concerns relevant to health care is to allocate
limited financial, institutional and technical resources across a
number of diseases in geriatric populations. Accordingly,
characterizing the burden of an illness pertaining to health care
resources utilization plays a vital role in optimal management
of constrained resources [41]. Moreover, it has been proposed
that optimal osteoporosis management may affect the risk of
death [42]. Hence, it is imperative to optimize health status
preoperatively and prevent postoperative complications in the
elderly in the hope of reducing the mortality and costs of
osteoporosis-related fractures. Possible management strate-
gies include the use of hip protectors, nutritional supplemen-
tation and dietetic assessment, osteoporosis medications, op-
timal treatment of all major comorbidities, specialist medical
assessment, and management of older persons with fractures
before and after surgery [32, 43].
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