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Aim: Anti-osteoporotic therapy requires years of proper compliance to reduce the risk of
fractures. This study investigated the effects of 1st-year adherence to anti-osteoporotic treatment
on the risk of mortality in patients with magnetic resonance imaging-proven acute osteoporotic
vertebral fractures after vertebroplasty.
Patients and methods: This retrospective study included 294 patients (252 females; mean
age, 73.93±7.18 years) with osteoporosis and acute vertebral fractures treated with vertebroplasty
between January 2001 and December 2007. Sex, age, body mass index, comorbidities, previous
hip fracture, number of vertebral fractures, 5-year re-fracture rate, and use of anti-osteoporotic
therapy were recorded for each patient. Adherence was determined according to compliance and
persistence for 1 year. Compliance was calculated as the medication possession ratio (MPR),
and persistence as the time from treatment initiation to discontinuation. Poor adherence was
defined as either non-compliance or non-persistence.
Results: The MPR of the patients at 1 year was 55.1%, with a persistence rate of 69.4% and a
poor adherence rate of 62.6%. Cox regression analysis revealed that poor adherence to medications was associated with a significantly higher risk of mortality after adjustment for potential
confounders (hazard ratio [HR]: 1.75; 95% CI: 1.13–2.71). Poor adherence to medications was
significantly associated with an increase in the rate of infection (HR: 4.56; 95% CI: 1.12–18.52),
which was the most common cause of death.
Conclusion: Poor adherence to anti-osteoporotic therapy significantly increases the risk of
morality, possibly due to an increased risk of infection. Efforts should be made to improve
adherence.
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Osteoporotic fractures are a serious health problem that can cause severe pain for
2–3 months and have been associated with an increased mortality rate.1 Anti-osteoporotic
agents can increase bone mineral density and decrease the incidence of vertebral fractures.2 Several agents are used for the treatment of osteoporosis, including bisphosphonates (zoledronic acid, ibandronate, risedronate, and alendronate), calcitonin, selective
estrogen receptor modulators (raloxifene), parathyroid hormone (teriparatide), and
nuclear factor-κB ligand (RANK) ligand inhibitors (denosumab).3
Non-adherence to therapy can reduce its beneficial effects4 and subsequently its
effectiveness.5 Nevertheless, the non-adherence rate has been estimated to be as high as
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50% in chronic diseases.6 Terminology and definitions paper
provides a definition that is consistent with the commonly used
technique of the medication possession ratio (MPR), noting
that it is a ratio of the number of doses dispensed relative to the
dispensing period. A previous study reported that the rate of hip
fractures increased by 0.4% for every 1% decrease in MPR.7
In studies in the US, poor compliance has been associated with
increased health care costs and risk of hospitalization.8–11
The aim of this study, therefore, was to determine the
association between adherence to anti-osteoporotic treatment and mortality in patients with vertebral fractures after
vertebroplasty.

Patients and methods
This was a retrospective study including patients with
osteoporosis and acute vertebral fractures treated with
vertebroplasty between January 2001 and December 2007.
The institutional review board of Chang Gang Memorial
Hospital approved the study protocol (103-3501B), and it
was conducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization of Good
Clinical Practice Guidelines. According to the institutional
review board of Chang Gang Memorial Hospital, no informed
consent was required, as patient information was anonymized
and de-identified before data analysis.
The inclusion criteria were as follows: 1) osteoporosis
with fragile vertebral fractures; 2) acute vertebral fractures
defined by magnetic resonance imaging (MRI) with low
signal intensity (SI) on T1-, T2-weighted, and fat-suppressed
T1-weighted images with enhanced SI of the injured vertebral
body;12 and 3) vertebroplasty within 1 week after vertebroplasty. The exclusion criteria were as follows: 1) pyogenic
infections or neoplasia and 2) fractures caused by more than
minimal trauma.
The patients were followed up from the time of recruitment until December 2014 or the time of death, whichever
occurred first. The included patients underwent bone density
studies (dual energy X-ray absorptiometry), and data on
age; sex; body mass index; comorbidities such as hypertension, diabetes, and liver and renal diseases; the use of
anti-osteoporotic agents (ie, raloxifene, alendronate, calcitonin, and teriparatide); and a previous history of fractures
were recorded.

Adherence
Cramer et al13 defined adherence using parameters of compliance and persistence. They defined compliance as the
MPR and persistence as the time from treatment initiation to
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discontinuation, with no medication refill gap for a period of
30 days. Poor adherence was defined as either noncompliance
or non-persistence.

Statistical analysis
All statistical analyses were performed using SPSS software,
version 21.0 (SPSS, Chicago, IL, USA). Patient characteristics were reported as mean ± standard deviation. Kaplan–
Meyer analysis with the log-rank test was performed to assess
adherence or non-adherence to anti-osteoporotic agents.
Comparisons between independent variables were analyzed
using the independent t-test, and relationships between categorical variables were evaluated using the chi-square test.
Cox regression analysis was used to adjust for confounding
factors. Statistical significance was set at P,0.05.

Results
Between January 2001 and December 2007, 294 patients
with MRI-proven acute vertebral fractures who received
vertebroplasty and anti-osteoporotic therapy were enrolled. Of
these patients, 93 (31.6%) took alendronate, 52 (17.6%) took
raloxifene, 38 (12.9%) took calcitonin, and 15 (5.1%) took
teriparatide. Overall, the MPR at 1 year was 55.1%, with a
persistence rate of 69.4% and poor adherence rate of 62.6%.
Of the 294 patients, 85.71% were women. Their mean
age was 73.93±7.18 years, with a follow-up period of
7.08±3.67 years. The mean number of vertebral fractures
was 1.99±1.32, and 22 patients had a history of previous hip
fractures. At the end of the follow-up period, 194 patients
were still alive (Table 1). Based on the Kaplan–Meier analysis,
Table 1 Characteristics of the study patients
Variables

Results

Age (years), mean ± SD
BMI (kg/m2), mean ± SD
Spine fractures (number), mean ± SD
Follow-up (years), mean ± SD
Sex (female), n (%)
Previous hip fractures, n (%)
Smoking, n (%)
Alcohol consumption, n (%)
Rheumatoid arthritis, n (%)
Diabetes mellitus, n (%)
Hypertension, n (%)
Neurological disease, n (%)
Cardiovascular disease, n (%)
Pulmonary disease, n (%)
Hepatitis, n (%)
Kidney disease, n (%)
Glucocorticoid use, n (%)
Poor adherence, n (%)

73.93±7.18
23.47±5.12
1.99±1.32
7.08±3.67
252 (85.71)
22 (7.5)
14 (4.8)
8 (2.7)
36 (8.8)
76 (25.9)
150 (51)
8 (2.7)
4 (1.4)
10 (3.4)
18 (6.1)
2 (0.7)
44 (15)
184 (62.6)

Abbreviations: SD, standard deviation; BMI, body mass index.
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poor adhesion and higher mortality (Table 3). Poor adherence
to medications was significantly associated with an increase in
the rate of infection (HR: 4.56; 95% CI: 1.12–18.52), which
was the most common cause of death.
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Figure 1 Kaplan–Meier survival curves for the adherence (blue line) and poor
adherence (green line).
Note: The poor adhesion group had a lower survival than the adherence group.

poor adherence to anti-osteoporotic therapy had a significant
effect on mortality (Figure 1). After adjusting for potential
confounding factors such as alcohol consumption, smoking,
hypertension, diabetes, and cardiovascular, pulmonary, liver,
and neurological diseases, those with poor adherence still
had a higher mortality rate than those with good adherence
(P=0.012; hazard ratio [HR]: 1.753; 95% CI: 1.133–2.711).
Except for a higher mortality rate in those with liver disease
(P=0.006; HR: 2.767; 95% CI: 1.337–5.729), smoking; alcohol consumption; hypertension; cardiovascular, pulmonary,
and neurological diseases; history of hip fractures; and the
number of vertebral fractures were not associated with an
increased risk of mortality (P.0.05; Table 2). When subgroup analysis was performed, we found that calcitonin had

Patients with established osteoporosis have been reported
to have a high mortality rate,14,15 and vertebral deformities
are known to predict mortality and fracture rate.16–21 Antiosteoporotic therapy has been reported to reduce mortality
in those at high risk of fractures.2,22,23
In this retrospective analysis, we assessed adherence to
anti-osteoporotic therapy in patients with MRI-proven acute
osteoporotic vertebral fractures after vertebroplasty. During
the first 12 months of anti-osteoporotic therapy, only 37.4%
of the patients adhered to treatment. In a review, those who
were compliant with the anti-osteoporotic treatment had
a 37% reduction in the risk of hip or vertebral fractures,24
whereas those who were not compliant had a higher risk of
fractures25 and a higher risk of vertebral and hip fractures.
Adherence is associated with a lower risk of infection,
which is possibly through the effects on the immune system
such as changes in cytokines and the monocyte–macrophage
system.26 It has also been suggested that anti-osteoporotic
therapy may modulate the immune process by influencing
the production of pro- and anti-inflammatory cytokines (γδ
T cells, tumor necrosis factor (TNF)-α, and interferon-γ), so
adherence may reduce infection-related deaths. A reduction
in pneumonia-related deaths was reported in a zoledronic acid
study, supporting this hypothesis.27 Furthermore, patients

Table 2 Multivariate Cox regression analysis of the HRs for mortality in patients with vertebral fractures
Variables

Regression coefficient

SE

Wald

P-value

HR (95% CI)

Sex
Age
BMI
Smoking
Alcohol consumption
RA
DM
Hypertension
Neurological disease
Hepatitis
Cardiovascular disease
Kidney disease
Pulmonary disease
Glucocorticoid use
Previous hip fracture
Poor adherence

0.115
0.023
-0.038
-0.33
-12.168
-0.127
0.274
0.38
0.709
1.018
-12.065
1.887
0.759
0.482
-0.368
0.561

0.328
0.016
0.024
0.579
239.1
0.456
0.241
0.225
0.533
0.371
303.3
0.733
0.5
0.35
0.478
0.223

0.12
2.02
2.47
0.33
0.02
0.08
1.29
2.85
1.77
7.52
0.001
5.97
2.3
1.9
0.59
6.36

0.727
0.156
0.116
0.569
0.959
0.781
0.256
0.092
0.183
0.006
0.968
0.276
0.129
0.168
0.441
0.012

1.121 (0.590–2.133)
1.023 (0.991–1.057)
0.962 (0.918–1.009)
0.718 (0.231–2.237)
1.194 (0.001–1.863)
0.881 (0.361–2.153)
1.314 (0.820–2.109)
1.462 (0.940–2.273)
2.032 (0.716–5.771)
2.767 (1.337–5.729)
5.760 (0.001–8.440)
1.454 (0.741–2.853)
2.136 (0.801–5.694)
1.618 (0.816–3.212)
0.692 (0.271–1.765)
1.753 (1.133–2.711)

Abbreviations: HR, hazard ratio; SE, standard error; BMI, body mass index; RA, rheumatoid arthritis; DM, diabetes mellitus.
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Table 3 Subgroup analysis of adhesion on mortality rate in
different anti-osteoporotic drugs

increased risk of infection. Efforts should be made to improve
adherence in these patients.

Raloxifene Calcitonin Teriparatide Alendronate
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Poor
67.90
adhesion (%)
Mortality
23.70
rate (%)

84.60

88.50

59

46.20

27

36

with hip fractures in a cohort study were reported to have a
higher risk of infections, mainly septicemia and pneumonia.28
Patients treated with anti-osteoporotic regimens may be less
likely to die from pneumonia.
Liver disease is associated with a higher risk of mortality,
with hepatitis being an important factor. In Taiwan, there
is a high prevalence of hepatitis B and C.29–31 In previous
studies, hepatitis has been shown to increase the risk of
osteoporosis in Taiwan.32–34 Thus, patients with hepatitis
may be more likely to visit an osteoporosis clinic for low
bone mass-related fractures, further strengthening the consideration that hepatitis is an associated medical illness, as
noted in this study.
Improving compliance to anti-osteoporotic medication is
important, which may be achieved through improved clinical
consultation, patient and physician education, and follow-up
monitoring.35 Further studies on the causes of non-adherence
are also needed.
There are several limitations to this study. First, the
sample size is small. Second, because of the retrospective
design, incomplete data such as the use of vitamin D and
calcium supplements could not be included. The lack of
vitamin D levels may impact the results, because it has been
demonstrated that low vitamin D levels may affect mortality
and also infection risk. Nonetheless, this study also has a
number of strengths. First, the mean follow-up period was
relatively long at .7 years. In addition, MRI scans were taken
for all patients; thus, other causes of vertebral fracture such
as pyogenic infection or neoplasia could be excluded.
The results of this study show that poor adherence
to pharmacological therapy can lead to higher mortality
among patients with osteoporotic vertebral fractures, even
after adjusting for comorbidities. Thus, optimal adherence
to anti-osteoporosis management may reduce the risk of
death, which may be caused by a reduction in the risk of
infection.

Conclusion
Poor adhesion to anti-osteoporotic therapy significantly
increases the risk of morality, which may be caused by an
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