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Background: Osteoporotic fractures are a significant cause of morbidity and mortality 
affecting population worldwide. All guidelines recommended vertebral fracture assessment 
by dual-energy X-ray absorptiometry (DXA). This study aimed at evaluation of any asso-
ciated benefits of screening with DXA in patients who had received vertebroplasty in 
Taiwan.
Methods: Data were obtained from the National Health Insurance Research Database 
(NHIRD) in Taiwan. We retrospectively compared the data of patients, who were admitted 
for vertebroplasty, whether they received DXA screening or not. The outcomes of interest 
were recurrence of spinal fracture and mortality during a follow-up period of 10 years.
Results: From this Taiwan national database, the screening rate of osteoporosis in patient 
who received vertebroplasty was 11.7%. The mean age in the non-DXA screened cohort 
(n=32,986) was 74.03±12.21 years (71.98% female). In the DXA screened cohort (n=4361), 
the mean age was 76.43±9.19 years (79.91% female). During the 10-year follow-up period, 
after matching, non-DXA patients had significantly higher mortality rates than their DXA 
counterparts, which were 42.37% and 37.73% (p-value < 0.0001), respectively. The re- 
fracture rates between non-DXA and DXA patients were not significantly different at 
17.26% and 16.89% (p-value = 0.1766), respectively.
Conclusion: The rate of DXA screening before patients receiving vertebroplasty was 
extremely low, at 11.7%. Our results showed that DXA screening before vertebroplasty in 
spinal fractures patients had lower mortality. From this national retrospective cohort study, 
routine screening of osteoporosis in spinal fracture patients can lead to reduction in 
mortality.
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Introduction
Osteoporotic fractures are a significant cause of morbidity and mortality affecting 
population worldwide, particularly in developed countries.1 Symptomatic osteo-
porotic vertebral compression fractures (VCFs) are very common, especially in the 
elderly.2 They lead to decreased mobility, morbidities, and age-adjusted mortality.3 

In Taiwan, awareness of osteoporosis has significantly improved over the years.4 

However, osteoporosis is generally regarded as a metabolic disease too often over-
looked by caregivers, who tend to focus solely on pain relief.

When reviewing clinical guidelines for the management of VCFs, the diagnostic 
and therapeutic recommendations were generally inconsistent. However, all 
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guidelines recommended vertebral fracture assessment by 
dual-energy X-ray absorptiometry (DXA).5,6

It is indisputable that screening for osteoporosis using 
DXA in VCF patients is an indispensable part of disease 
management. However, DXA is not performed routinely in 
VCF patients in Taiwan. Under Taiwan’s National Health 
Insurance (NHI), Taiwan Diagnosis Related Groups (Tw- 
DRGs) were implemented to provide standardized pay-
ment rates for each diagnosis. This served as 
a disincentive to perform additional tests, such as DXA. 
Physicians in Taiwan tend to perform vertebroplasty for 
pain relief solely based on image evidence such as serial 
X-rays and magnetic resonance imaging (MRI), omitting 
DXA scan to screen for osteoporosis in the high-risk 
population.

The primary aim of this study was to investigate the 
screening rates of DXA in patients who had received 
vertebroplasty in Taiwan. The secondary aim of this 
study was to point out any identifiable benefits of routine 
DXA screening.

Methods
Materials and Methods
This study was approved by the Ethical Medicine 
Committee of E-Da hospital (EMRP-108-061) and sup-
ported by the Clinical Monitoring Research Program of 
E-Da hospital (EDAD2005). The study protocol was also 
reviewed by the National Health Research Institute 
(NHRI), who consented to the planned analysis of the 
National Health Insurance Research Database (NHIRD) 
data.

Database
This population-based cohort study was performed using 
computerized records from the Taiwan NHIRD, a large 
encrypted secondary organized collection of data main-
tained by the Taiwan national healthcare system, covering 
more than 99% of the population in Taiwan. The NHIRD 
contains comprehensive medical records of the entire 
population of Taiwan since its implementation in 1995. 
Surgical case codes were used to identify and classify 
diseases. This study was performed in accordance with 
the Declaration of Helsinki guidelines.

Study Sample
The vertebroplasty cohort in this study included all 
patients with surgical codes 33126B (percutaneous 

vertebroplasty) and 64160B (open reduction for fracture 
of spine) in 1996–2013 and aged 20 years or older from 
the database. To maximize case ascertainment, the analysis 
was limited to patients receiving vertebroplasty exclu-
sively. Thus, concomitant appearance of surgical codes 
83044B (spinal fusion-anterior spinal fusion with spinal 
instrumentation≦4 motion segments) and 83046B (spinal 
fusion-posterior spinal fusion with spinal instrumenta-
tion≦6 motion segments) were excluded from this cohort 
study. Then, this vertebroplasty cohort was divided DXA 
group and non-DXA group, depending on whether the 
patients received DXA screening or not, respectively. 
Figure 1 shows a flow chart of the study procedure.

Using matched propensity scoring, the DXA to non- 
DXA ratio was set at 1:1 since enough vertebroplasty 
cases were available to enhance the power of statistical 
tests to be used in stratified analyses. Every single patient 
in the DXA group was matched by gender, age and 
comorbidities with one patient in the non-DXA group 
obtained in the same period to the maximal capacity.

Both the DXA and non-DXA groups were followed up 
until the end of 2018. Baseline comorbidities which were 
ascertained from ICD-9-CM codes in claims records 
included diabetes mellitus (ICD-9-CM code 250), hyper-
tension and its complications (ICD-9-CM code 401–405), 
peripheral vascular disease (ICD-9-CM code 440–447) 
Cerebrovascular disease (ICD-9-CM code 430–437), 
respiratory disease (ICD-9-CM code 491–493), peptic 
ulcer disease (ICD-9-CM code 531–534), chronic liver 
disease (ICD-9-CM code 571–573), chronic kidney dis-
ease (ICD-9-CM code 580–588), rheumatologic disease 

Figure 1 Flow chart showing selection of the study subjects. 
Abbreviation: NHIRD, National Health Insurance Record Database.
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(ICD-9-CM code 710, 714, 725), cardiac disease (ICD- 
9-CM code 410–414), pneumonia (ICD-9-CM code 480– 
486), urinary tract infection (ICD-9-CM code 599) and 
cancer (ICD-9-CM code 140–199, 200, 202–207).

The clinical characteristics and categorical demo-
graphics of the study cases were analyzed by Student’s 
t-test to compare between the non-DXA and DXA groups, 
for the unmatched and matched cohorts, in Tables 1 and 2, 
respectively. Patient survival was calculated until the study 
endpoint (31 December 2018). The main event of interest 
was patient death. All statistical tests were performed 
using Statistical Analysis Software V9.4 (SAS Institute), 
reported using 95% confidence intervals (CI) and adopted 
a two-tailed significance of 0.05.

Patient and Public Involvement
The patients and the public were not involved in the 
research.

Results
In Tables 1 and 3, the baseline demographics characteris-
tics and comorbidities of the study cohorts are shown. We 
observed that 4361 patients who received DXA screening 
and 32,986 patients who did not receive DXA screening 
were eligible for analysis. From this Taiwan national data-
base, the screening rate of osteoporosis in patient who 
received vertebroplasty for VCF was 11.7%.

Table 1 showed the baseline characteristics of the study 
population. In the non-DXA cohort, the mean age was 
74.03±12.21 years, which was significantly younger than 
the DXA cohort, with mean age at 76.43±9.19 years 
(p-value < 0.0001). The proportion of female patients 
were lower in the non-DXA cohort than the DXA cohort, 
at 71.68% and 79.91% (p-value < 0.0001), respectively. 
Table 3 showed the repeated spinal fracture rates in both 
cohorts and their mortality rates at 10 years follow-up. The 
spinal re-fracture rates were similar in both cohorts, 16.1% 
in non-DXA and 16.9% in DXA (p-value = 0.1766). The 
mortality rate was lower in DXA cohort, at 37.79%, when 
compared to non-DXA cohort, at 41.20% (p-value < 
0.0001).

After propensity score matching, the present study 
consisted of 4333 screened with DXA and 4333 matched 
non-DXA patients, shown in Tables 2 and 4. All baseline 
characteristics were well balanced between the cohorts. No 
statistically significant inter-cohort differences were 
observed in age, genders, and baseline comorbidities. Non- 
DXA patients had higher mortality rates, which was 

42.37%, than their DXA counterparts, which was 37.73% 
(p-value < 0.0001). Non-DXA patients had higher 
repeated spinal fracture rates, at 17.26%, than DXA 
patients, at 16.89%, even though it was not statistically 
significant (p = 0.679).

Discussions
Osteoporosis-related fractures are a major health concern, 
affecting a growing number of individuals worldwide.1 It 
is associated with age-related fractures, rheumatic dis-
eases, and chronic pulmonary diseases.2 Epidemiological 
studies have consistently shown that osteoporosis is asso-
ciated with high mortality and adverse outcomes in the 
elderly population.3 However, most studies focused on hip 
fractures,7,8 with fewer literature reporting on the out-
comes of other fracture types, such as spinal fracture. In 
limited studies, hip fracture is associated with significantly 
increased mortality than VCF, reaching 32.1% compared 
to 10%, respectively; however, the latter is associated with 
more morbidity.9 It is proven in multiple studies that 
osteoporosis treatment in vertebral and nonvertebral frac-
ture can reduce mortality in older, frailer individuals who 
are at high risk of fracture. In the meta-analysis, osteo-
porosis treatment was associated with an 11% reduction in 
mortality.10

Vertebroplasty is a time-proven management for VCF 
that can improve pain score, disability, and quality of life. 
It is considered as an effective procedure for the treatment 
of painful acute vertebral fracture in patients who have 
failed to respond to a 4- to 6-week course of appropriate 
medical therapy.11 In this observational cohort study, we 
evaluated the rates and potential benefits of DXA screen-
ing in patients treated for VCF with vertebroplasty using 
electronic record from Taiwan NHIRD.

This is the first nationwide study to evaluate the effect 
of DXA screening on mortality rate in patients who 
received vertebroplasty. There were two main findings in 
this study. Firstly, the rate of DXA screening before 
patients receiving vertebroplasty was extremely low, at 
11.7%. Secondly, our results showed that compared to no 
DXA screening, DXA screening before vertebroplasty in 
spinal fractures patients had lower mortality, 37.73% com-
pared to 42.37% (p-value < 0.0001).

In Taiwan, the DXA screening rate of less than 12% in 
vertebroplasty patients was strikingly low. This is under-
standable under Taiwan’s National Health Insurance pay-
ment system which implement the same Standardized 
Payment Rate of a particular Diagnosis Related Group. 
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Table 2 Baseline Characteristics of the Study Population (MATCHED)

Non-DXA Cohort N=4333 DXA Cohort N=4333 p-value

Age 76.44±9.07 76.44±9.07 0.9956

Age Group >0.9999

20–40 6(0.14) 6(0.14)
40–65 472(10.89) 472(10.89)

>65 3855(88.97) 3855(88.97)

Gender >0.9999
Female 3467(80.01) 3467(80.01)

Male 866(19.99) 866(19.99)

Comorbidities

Diabetes 1648(38.03) 1640(37.85) 0.8594
Hypertension and its complications 3477(80.24) 3435(79.28) 0.2615

Peripheral Vascular Disease 636(14.68) 664(15.32) 0.3996

Cerebrovascular Disease 1534(35.4) 1551(35.8) 0.7029
Respiratory system 1735(40.04) 1799(41.52) 0.1618

Peptic Ulcer Disease 2751(63.49) 2749(63.44) 0.9644

Chronic liver disease 1463(33.76) 1496(34.53) 0.4547
Chronic kidney disease 859(19.82) 883(20.38) 0.5200

Rheumatologic Disease 518(11.95) 513(11.84) 0.8682

Cardiac disease 2110(48.7) 2013(46.46) 0.0369
Pneumonia 861(19.87) 910(21) 0.1918

Urinary tract infection 2033(46.92) 2012(46.43) 0.6511

Cancer 412(9.51) 405(9.35) 0.7969

Table 1 Baseline Characteristics of the Study Population (UNMATCHED)

Non-DXA Cohort N=32,986 DXA Cohort N=4361 p-value

Age 74.03±12.21 76.43±9.19 <0.0001
Age Group <0.0001

20–40 845(2.56) 8(0.18)

40–65 4733(14.35) 479(10.98)
>65 27,408(83.09) 3874(88.83)

Gender <0.0001

Female 23,644(71.68) 3485(79.91)
Male 9342(28.32) 876(20.09)

Comorbidities

Diabetes 11,293(34.24) 1654(37.93) <0.0001
Hypertension and its complications 24,444(74.1) 3455(79.22) <0.0001

Peripheral Vascular Disease 4593(13.92) 671(15.39) 0.0091

Cerebrovascular Disease 10,292(31.2) 1565(35.89) <0.0001
Respiratory system 12,918(39.16) 1813(41.57) 0.0022

Peptic Ulcer Disease 19,417(58.86) 2770(63.52) <0.0001

Chronic liver disease 10,812(32.78) 1512(34.67) 0.0125
Chronic kidney disease 6103(18.50) 891(20.43) 0.0021

Rheumatologic Disease 3704(11.23) 518(11.88) 0.2034

Cardiac disease 14,834(44.97) 2022(46.37) 0.0819
Pneumonia 6481(19.65) 920(21.1) 0.0241

Urinary tract infection 13,154(39.88) 2031(46.57) <0.0001

Cancer 3392(10.28) 408(9.36) 0.0569
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This served as a disincentive since it became unprofitable 
to perform DXA examination for patients admitted for 
spinal fractures. Caregivers tend to focus solely on pain 
relief provided by vertebroplasty, foregoing the impor-
tance to screen for osteoporosis using DXA, which was 
clearly stated in management guidelines.5,6 Caregivers 
were more likely to issue DXA screening in patients hav-
ing comorbidities. In other words, osteoporosis awareness 
is higher in these patients. After matching in Table 2, 
patients not screened with DXA evaluation had signifi-
cantly higher mortality.

These data reflected that DXA screening was too often 
overlooked in vertebroplasty patients, especially if they do 
not have chronic diseases. Furthermore, this neglect to screen 
for osteoporosis in patients receiving vertebroplasty is 
a missed opportunity to initiate osteoporosis treatments, 
which is proposed to be associated with decreased mortality.

As the great English social reformer William 
Wilberforce once famously declared, “You may choose 
to look the other way, but you can never say that you did 
not know.” The under-recognition and under- 
appreciation of osteoporosis in symptomatic VCF 
patients in Taiwan was alarming, although osteoporosis 
was already declared as a government mandated national 
health priority (NHP) in Taiwan in 2005.4 A similar 
trend was observed in the Perspective database, which 
analyzed 51,346 patients hospitalized for osteoporotic 
hip fracture and showed only 1023 patients (2%) were 
prescribed ideal therapy for osteoporosis, although bone 
mineral testing information was unavailable in that 
study.12 Based on our study, we suggest that DXA 
should be routinely screened for patients with any type 

of fracture. Ultimately, detection of osteoporosis in ver-
tebroplasty patients was associated with decreased 
mortality.

The main strength of this study was the large number 
of patients who received vertebroplasty collected using 
procedure codes from NHIRD. Therefore, the problems 
of insufficient power and the potential for selection biases 
were minimized.

Our study had some limitations. First, the most glaring 
missing link in the data presented in this study was that 
diagnosing osteoporosis do not necessary signify initiation 
of osteoporosis treatment. However, refusal of treatment 
after an osteoporosis diagnosis is a rarity in Taiwan since 
osteoporotic drugs are reimbursed due to their roles as 
secondary prevention for osteoporotic fracture under 
Taiwan’s NHI system. Future studies on the osteoporosis 
treatment rate after a diagnosis made with DXA scan 
would shed more light on this matter. Second, the 
NHIRD did not include important parameters such as life-
style variables, such as smoking and drinking. Lifestyle 
modifications were shown to impact osteoporosis outcome 
and mortality.13 Third, studies have shown that the cause, 
locations, and extent of vertebral fractures were reportedly 
associated with the risk of refracture and long-term func-
tional outcome,14,15 but the imaging information was una-
vailable in the claims database. Four, no comparison of 
treatment options, such as alendronate and denosumab, 
that might have affected the patient outcomes were carried 
out.10,16 Last, no comparison between short-term and long- 
term survival was carried out. No evaluation of quality of 
life and disability levels was carried as well.

Despite these limitations, our study encompassed 
a large cohort of patients with VCFs treated with verteb-
roplasty in all demographic segments who were matched 
with corresponding controls. Although we have demon-
strated the positive impact of DXA screening on survival, 
this does not imply a causal relationship. Future studies are 
needed to include a comparison of different treatment 
strategies and preventive regimens for osteoporosis in 
fracture patients. This study proved that recognition of 
osteoporosis using DXA screening is the first step in the 
right direction for caregivers to provide effective manage-
ments, ultimately decreasing the mortality rate of vertebral 
fracture patients.

Conclusions
In conclusion, we found in this national database of 
Taiwan that the rates of in-hospital screening for 

Table 4 Outcome of the Study Population (MATCHED)

Non-DXA 
Cohort 
N=4333

DXA 
Cohort 
N=4333

p-value

Re-spine-fracture 748(17.26) 732(16.89) 0.6479

Death 1836(42.37) 1635(37.73) <0.0001

Table 3 Outcome of the Study Population (UNMATCHED)

Non-DXA 
Cohort 
N=32,986

DXA 
Cohort 
N=4361

p-value

Re-spine-fracture 5310(16.1) 737(16.9) 0.1766

Death 13,591(41.2) 1648(37.79) <0.0001
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osteoporosis with dual energy x-ray absorptiometry 
(DXA) was very low. Our findings suggest that despite 
proven therapies and established guidelines for osteoporo-
sis, DXA screening remained severely under-utilized in 
patients undergoing vertebroplasty, presenting as 
a massive missed opportunity to initiate osteoporosis treat-
ment in this high-risk population. Evidence have shown 
that treating osteoporosis is associated with better outcome 
and lower mortality.

Data Sharing Statement
This retrospective, population-based cohorts were selected 
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