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Abstract
Purpose  No study has investigated the clinical and radiographic risk factors for the deterioration of quality of life (QOL) 
beyond 6 months after osteoporotic vertebral fractures (OVF). The purpose of this study was to identify the predictors asso-
ciated with poor QOL improvement after OVF.
Methods  This post hoc analysis included 166 women aged 65–85 years with acute 1-level OVFs. For the patient-reported 
outcome measures, scores on the European Quality of Life-5 Dimensions (EQ-5D) scale, and visual analogue scale (VAS) 
for low back pain were used. Lateral radiography at 0, 12, and 48 weeks and magnetic resonance imaging (MRI) at enroll-
ment and at 48 weeks were performed. The associations between baseline variables with change scores for EQ-5D were 
investigated using a multiple linear regression model.
Results  Univariate analysis showed that time since fracture, EQ-5D score, and VAS for low back pain at 0 week showed 
significant association with increased EQ-5D score from 0 to 48 weeks. According to the multiple regression analysis, 
the following equation was obtained: increased EQ-5D score from 0 to 48 weeks = 1.305 – 0.978 × EQ-5D at 0 week – 
0.021 × VAS for low back pain at 0 week – 0.006 × age + (fluid-intensity T2-weighted MR image patterns: − 0.037, except 
for fluid-intensity T2-weighted MR image patterns: + 0.037).
Conclusion  In conclusion, older patients with severe low back pain and fluid-intensity T2-weighted MR image patterns were 
more likely to have lower QOL improvements after OVFs and may therefore need extra support to improve QOL

Keywords  Osteoporotic vertebral fracture · Risk factor · Quality of life · Visual analogue scale · European quality of life-5 
dimensions

Introduction

Vertebral fractures are the hallmark of osteoporosis and are 
commonly associated with deterioration in quality of life 
(QOL) [1]. While most acute vertebral fractures heal with 
kyphotic deformities and height loss, some vertebral frac-
tures develop non-union [2]. Kyphotic deformities and/or 
non-union can often lead to reduced mobility and chronic 
pain, which limit everyday activities [3]. Reduced activities 

can lead to increased isolation and can cause depression. 
Several reports have shown that patients with osteoporotic 
vertebral fractures (OVFs) suffer from a loss of independ-
ence [4, 5]. Collectively, these factors arising from OVFs 
could have a negative impact on the QOL of osteoporotic 
patients. Indeed, a prospective cohort study concluded that 
acute OVF was the beginning of a long-lasting severe dete-
rioration of the patient’s health [6].

Regardless of the high prevalence and incidence of 
OVFs, little is known about the long-term clinical course 
of acute OVFs. To the best of our knowledge, there are no 
studies that have investigated the clinical and radiographic 
risk factors for poor QOL improvement beyond 6 months 
after OVF. We believe that identifying the risk factors for 
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poor QOL improvement after OVF is essential for imple-
menting preventive measures and improving the clinical 
outcomes of OVF.

The purpose of this study was to identify the predictors 
associated with QOL improvement, with a focus on clini-
cal factors, patient-reported outcome measures (PROMs), 
and radiographic assessments.

Methods

This study involves a post hoc analysis of a previous pro-
spective randomized study that compared the effectiveness 
of rigid and soft braces for acute thoracolumbar OVFs 
(UMIN000014876) [7]. Briefly, the original trial enrolled 
patients with acute thoracolumbar OVF from 71 hospi-
tals; 141 of these patients were randomly assigned to wear 
rigid braces, and 143 were assigned to wear soft braces. 
This study was approved by each hospital’s institutional 
review board, and informed consent was obtained from 
all participants included in the study. Detailed inclusion 
and exclusion criteria of this study have been described 
previously [7].

The original study enrolled 284 patients. Reasons for 
dropout during the 48-week follow-up period included 
the following: 2 patients due to changes in osteoporosis 
medication (bisphosphonate, 1; teriparatide, 1), 6 due to 
operations (for neurological deficits, 4; for severe pain, 1; 
for lumbar spinal stenosis, 1), 5 due to their own decision, 
2 for dementia progression, 3 because they changed hos-
pitals, 3 because of death, 1 for pneumonia, 29 for miss-
ing MRI at enrollment, 33 for missing MRI at 48 weeks, 
and 34 with no reason given. Finally, 166 patients with 
48 weeks of follow-up were included in this study.

The current analysis included patients with 1-level acute 
thoracolumbar OVF who had received either rigid- or soft-
brace treatment. In addition, the patients had undergone 
lateral radiography at 0, 12, and 48 weeks, and magnetic 
resonance imaging (MRI) at enrollment and at 48 weeks.

Patient‑reported outcome measures

For the PROMs, scores on the European Quality of Life-5 
Dimensions (EQ-5D-3L; range − 0.111 to 1, with higher 
scores indicating a better QOL) instrument [8] and a vis-
ual analogue scale (VAS) score for low back pain (range 
0–10, with higher scores indicating more severe pain) [9] 
were used. These PROMs were provided by patients when 
they visited the hospital at 0, 12, and 48 weeks after brace 
application.

Radiographic assessment

In the radiographic analysis, the anterior vertebral body com-
pression percentage [10], which is defined as the ratio between 
the vertical height of the compressed anterior section of the 
injured vertebral body and the posterior vertebral body height 
at the same level, was measured. For assessment of the MRI 
findings in the acute phase, we classified the MRI findings 
into T1 diffuse low-intensity patterns or T1 non-diffuse low-
intensity patterns (except for diffuse low-intensity T1-weighted 
image patterns) and T2 fluid-intensity patterns or T2 non-
fluid-intensity patterns (except for fluid-intensity T2-weighted 
image patterns) according to the previous reports [11, 12]. 
Non-union was defined as a recognizable gas- or fluid-filled 
cleft separating the superior and inferior end plates on MRI 
and radiography at the 48-week follow-up.

Data analysis

An analysis of variance with repeated measures was used as 
the primary statistical tool to analyze the data over time. When 
there was a significant main effect of time, we performed 
paired t test with Bonferroni correction to identify differences 
between different time points.

The associations between baseline variables with change 
scores (the difference from 0 to 48 weeks) for EQ-5D were 
investigated in a multiple linear regression model. First, predic-
tors associated with the dependent variable at a p value ≤ 0.25 
in univariate regression analyses were carried forward to the 
second step of the analysis [13]. Second, the remaining predic-
tors were included in a backward multiple regression analysis 
along with the baseline equivalent (EQ-5D score at 0 week) of 
the dependent variable. Including the baseline equivalent is a 
standard procedure in prediction analysis, because this variable 
is usually the most important predictor in the regression model 
[14]. Predictors with a p value > 0.1 were removed.

For all statistical analyses, JMP version 12 (SAS Institute, 
Cary, NC, USA), EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan) and a graphic user interface for R 
(The R Foundation for Statistical Computing, Vienna, Austria) 
[15, 16] were used. We imputed the missing data measure-
ments with data obtained using the Multiple Imputation by 
Chained Equations package in R. We chose 20 iterations for 
multiple imputation. All tests were 2-sided, and p values < 0.05 
were considered significant.
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Results

Patient demographics

A total of 166 patients were included from the original 
study. The baseline characteristics of the patients are shown 
in Table 1.

Patient‑reported outcome measures 
and radiographic assessments

Table 2 shows the differences in PROMs and radiographic 
assessments during follow-ups. There was a significant main 
effect of time in EQ-5D (p < 0.001), VAS for low back pain 
(p < 0.001), and anterior vertebral body compression per-
centage (p < 0.001). There was a significant difference in 
EQ-5D between 0 and 12 weeks, 0 week and 48 weeks, and 
12 weeks and 48 weeks (p < 0.001, p < 0.001, and p = 0.01, 
respectively). While there was a significant difference in 
VAS for low back pain between 0 and 12 weeks, and 0 and 
48 weeks (p < 0.001 and p < 0.001), there was no signifi-
cant difference in VAS for low back pain between 12 and 
48 weeks (p > 0.99). There was a significant difference in 
anterior vertebral body compression percentage between 0 
and 12 weeks, 0 week and 48 weeks, and 12 weeks and 
48 weeks (p < 0.001, p < 0.001, and p = 0.003, respectively) 
(Fig. 1).

Independent predictors of increased EQ‑5D score 
from 0 to 48 weeks

The associations between baseline variables with change 
scores (the difference from 0 to 48 weeks) for EQ-5D 
were investigated in the univariate regression model 
(Table 3). As a result, time since fracture, EQ-5D score, 
and VAS for low back pain at 0 week showed significant 
association with an increase in EQ-5D score from 0 to 
48 weeks (Table 3). Then, the independent predictors for 
increased EQ-5D score from 0 to 48 weeks were evalu-
ated using a multiple regression analysis. Based on the 

univariate analysis, the dependent variable was defined 
as the increase in EQ-5D score from 0 to 48 weeks, and 
the independent variables were age, time since fracture, 
EQ-5D score at 0 week, VAS for low back pain at 0 week, 
MRI T1 findings, and MRI T2 findings. As a result, the 
independent baseline predictors were identified as VAS for 
low back pain at 0 week (regression coefficient =  − 0.021, 
p < 0.001) and age (regression coefficient =  − 0.006, 
p = 0.03) (Table 4). According to this prediction model, 
following equation was obtained: increased EQ-5D 
score from 0 to 48  weeks = 1.305 – 0.978 × EQ-5D 
at 0 week – 0.021 × VAS for low back pain at 0 week 
– 0.006 × age + (fluid-intensity T2-weighted MR image 
patterns: − 0.037, except for fluid-intensity T2-weighted 
MR image patterns: + 0.037): R2 = 0.71 (Fig. 2). Accord-
ing to the value of the variance inflation factor of each 
variable, the variables in the final model were controlled 
for multicollinearity. These results show that patients with 

Table 1   Baseline characteristics of patients

Data are presented as mean ± standard deviation or n (%)

Characteristics

Age (years) 75.5 ± 5.4
Time since fracture (weeks) 1.4 ± 1.0
Receiving osteoporosis therapy at enrollment 25 (15)
Any previous vertebral fracture 31 (19)
Type of brace
 Rigid 84 (51)
 Soft 82 (49)

Table 2   Patient-reported outcome measures and radiographic assess-
ments

Data are presented as mean ± standard deviation or n (%)
VAS visual analogue scale, EQ-5D European quality of life-5 dimen-
sions, MRI magnetic resonance imaging
*p < 0.05

Patient-reported outcome measures p

EQ-5D
 0 week 0.25 ± 0.29  < 0.001*
 12 weeks 0.71 ± 0.18
 48 weeks 0.75 ± 0.19

VAS low back pain
 0 week 7.5 ± 2.6  < 0.001*
 12 weeks 2.7 ± 2.3
 48 weeks 2.7 ± 2.7

Radiographic assessments
 Anterior vertebral body compression 

percentage
  0 week 72.6 ± 12.9  < 0.001*
  12 weeks 56.5 ± 15.5
  48 weeks 54.6 ± 16.4

 MRI findings in the acute phase
  Middle column injury 72 (43)

 T1
  Non-diffuse low 44 (27)
  Diffuse low 121 (73)

 T2
  Fluid 20 (12)
  Non-fluid 146 (88)

 MRI findings at 48 weeks
  Non-union 29 (17)
  Secondary fracture 11 (7)
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a mild low back pain in the acute phase were more likely 
to improve their QOL, relative to those with a severe low 
back pain. This prediction model also shows that younger 
patients were more likely to improve their QOL compared 
with older patients.

Discussion

This study investigated the predictors of poor QOL 
improvement after acute OVFs. The EQ-5D score 
improved over time, but the VAS for low back pain did not 
differ significantly between 12 and 48 weeks. Univariate 
analysis showed that time since fracture, EQ-5D score, and 
VAS for low back pain at 0 week showed significant asso-
ciation with increased EQ-5D score from 0 to 48 weeks. 
Multiple regression analysis showed that the independent 
baseline predictors were identified as VAS for low back 
pain at 0 week and age. According to the prediction model, 
an increase in EQ-5D score from 0 to 48 weeks = 1.305 
– 0.978 × EQ-5D at 0 week – 0.021 × VAS for low back 
pain at 0 week – 0.006 × age + (fluid-intensity T2-weighted 
MR image patterns: − 0.037, except for fluid-intensity 
T2-weighted MR image patterns: + 0.037). To the best of 
our knowledge, this study is the first to investigate the 
predictive value of PROMs and radiographic assessments 
for predicting changes in QOL 48 weeks after acute OVFs.

Univariate analysis showed that time since fracture 
had significant association with increased EQ-5D score 
from 0 to 48 weeks. Because this study was a secondary 
analysis of prospective randomized study examining the 
effect of brace treatment, patients who had brace treat-
ment interventions early were likely to have better QOL 
improvement. Indeed, a randomized prospective study 
showed that brace treatment improved QOL after OVFs 
[17]. On the other hand, there was no significant differ-
ence in the improvement in QOL between the different 
types of braces in this study. Collectively, it may be better 
to fit a rigid or soft brace after OVFs as soon as possible. 
Naturally, future prospective studies should be conducted 
to determine whether to provide brace treatment for acute 
OVFs or not.

We found that old age and severe low back pain in 
the acute phase were significant predictors for low QOL 
improvement at 48 weeks after OVFs. Moreover, mul-
tiple regression analysis revealed that fluid-intensity 
T2-weighted MR image patterns were included in the 
prediction model. Therefore, in the presence of fluid-
intensity T2-weighted MR image patterns in older patients 
with severe low back pain after OVFs in the acute phase, 
it might be better to consider intervention to prevent the 
acute pain from developing into chronic deterioration of 
QOL. Regarding surgical interventions, one prospective 
randomized study showed that percutaneous vertebro-
plasty did not result in statistically significant greater pain 
relief, improvement of QOL, and physical functioning than 
a sham procedure during 12 months’ follow-up among 
patients with acute OVFs with VAS for back pain > 5 [18]. 
In contrast, another prospective study reported that early 
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balloon kyphoplasty improved QOL and prevented verte-
bral body deformities at 6 months after injury more effec-
tively than conservative treatment in patients with acute 
OVFs with a VAS for back pain > 5 and MRI T2 diffuse 
low- or fluid-intensity image patterns [19]. Based on the 
results of this study, when considering surgical interven-
tions for OVFs in the acute phase to improve patient’s 
QOL, not only VAS scores, but also age and fluid-inten-
sity T2-weighted MR image patterns might be considered 
to accurately select candidates who really need surgical 
interventions.

This study has several limitations. First, this study is a 
post hoc analysis of a subset of patients from the original 
study. Therefore, it does not represent all patients originally 
evaluated because not all radiographic assessments and 
PROMs were available, primarily due to lack of follow-up. 

Thus, attrition bias might limit the internal validity of 
this study. Second, we did not perform BMD assessment. 
Although the severity of osteoporosis might affect QOL, a 
lower BMD does not necessarily reflect an impaired QOL. 
Indeed, Albayrak et al. showed that there were no statisti-
cal differences between the osteoporosis and normal BMD 
groups in terms of VAS and QOL Questionnaire of the Euro-
pean Foundation for Osteoporosis total scores [20]. Third, 
the exclusion criteria in the original study may include fac-
tors that may contribute to a poor QOL. Hence, patients with 
the poorest QOL may be excluded from the study. How-
ever, we established this exclusion criterion to focus on the 

Table 3   Univariate regression 
analysis

Association of baseline variables with increased EQ-5D score from 0 to 48 weeks. Increased EQ-5D score 
from 0 to 48 weeks was defined as EQ-5D score at 48 weeks—EQ-5D score at 0 week
EQ-5D European quality of life-5 dimensions, VAS visual analogue scale, MRI magnetic resonance imag-
ing
*P < 0.05

Characteristic Regression coef-
ficient

95% CI p

Age (years) − 0.006 − 0.015 to 0.003 0.19
Time since fracture (weeks) − 0.050 − 0.098 to − 0.002 0.04*
Receiving osteoporosis therapy at enroll-

ment
0.014 − 0.055 to 0.084 0.68

Any previous vertebral fracture − 0.001 − 0.066 to 0.062 0.95
Brace treatment − 0.027 − 0.076 to 0.023 0.29
EQ-5D 0 week − 0.909 − 1.008 to − 0.811  < 0.001*
VAS for low back pain 0 week 0.022 0.003 to 0.041 0.02*
Anterior vertebral body compression 

percentage 0 week
− 0.0003 − 0.004 to 0.004 0.86

 Middle column injury 0.010 − 0.040 to 0.060 0.70
 MRI T1 diffuse low − 0.049 − 0.104 to 0.007 0.09
 MRI T2 fluid − 0.058 − 0.134 to 0.018 0.13

Table 4   Multiple regression analysis: independent predictors of 
increased EQ-5D score from 0 to 48 weeks

Increased EQ-5D score from 0 to 48  weeks was defined as EQ-5D 
score at 48 weeks—EQ-5D score at 0 week
EQ-5D European quality of life-5 dimensions, MRI magnetic reso-
nance imaging, VAS visual analogue scale, CI confidence interval
*p < 0.05

Factor Regression 
coefficient

95% CI p

EQ-5D − 0.978 − 1.079 to − 0.877  < 0.001*
VAS for low back pain − 0.021 − 0.032 to − 0.010  < 0.001*
Age − 0.006 − 0.011 to − 0.001 0.03*
MRI T2 fluid-intensity − 0.037 − 0.079 to 0.005 0.09

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

O
bs

er
ve

d 
in

cr
ea

se
d 

EQ
-5

D
 s

co
re

 fr
om

 0
 to

 4
8 

w
ee

ks

Predicted increased EQ-5D score from 0 to 48 

weeks. p < 0.001, R2= 0.71, RMSE=0.1766

Fig. 2   Observed versus predicted plots of multiple linear regression 
model for increased EQ-5D score from week 0 to week 48



134	 Quality of Life Research (2021) 30:129–135

1 3

process of recovery from worsening QOL due to fresh OVFs. 
Lastly, because the patients in the present study were women 
of an advanced age, it might be difficult to apply these find-
ings to men and younger individuals. Consequently, more 
studies across sexes and age ranges are warranted.

In conclusion, (a) VAS for low back pain in the acute 
phase and age contributed significantly to the improvement 
in the QOL of Japanese women with OVF over the course of 
a year; (b) the more severe the low back pain and the older 
the patient, the lesser the improvement in QOL; and (c) MRI 
T2 non-fluid-intensity patterns might protect QOL. Patients 
with these risk factors may therefore need extra support to 
reach a sufficient improvement of QOL. These findings may 
help physicians select an appropriate treatment strategy to 
prevent persistent deterioration in QOL after OVF.
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