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Japan is an aging society, and the incidence of diseases related to aging, such as pneumonia, heart failure, 
vertebral compression fracture (VCF), is increasing.  Prolonged hospital stays are becoming a serious 
social problem, leading to elevated medical expenses.  Thus, shortening the period of hospitalization is 
important.  This study aimed to reveal determinants associated with prolonged hospital stays for patients 
with VCF.  Our institution is the primary hospital in a rural area in the Kanto region of Japan.  Altogether, 
110 patients with a VCF, aged 65 years or older, including 79 women, were divided into two groups 
according to the average hospital stay period of 28 days: the long-stay group (mean stay 40.0 ± 11.6 days, 
n = 39) and the short-stay group (mean stay 20.6 ± 4.4 days, n = 71).  Notably, the short-stay group 
included 55 women.  Multivariate logistic regression analyses in male showed no variates significantly 
associated with prolonged hospitalization.  By contrast, multivariate logistic regression analyses in female 
showed requiring emergency transportation to hospital was significantly associated with prolonged 
hospitalization [odds ratio 7.69, 95% confidence interval 1.13-52.29, P = 0.04].  In conclusion, this study 
implies that patients with better levels of activities of daily living are able to walk alone sooner and are 
easily discharged.  Furthermore, the patient requiring emergency transportation might be in a poor social 
living environment, such as living alone.  These results may give us a good opportunity to re-consider 
fundamental problems surrounding the elderly.
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Introduction
The rate of aging in Japan is currently the highest in 

the world, and the ≥ 65-year-old population is projected to 
account for nearly 40% of the total population by the year 
2050 (Chen et al. 2016).  Thus, the prevalence of several 
diseases, including vertebral compression fracture (VCF), 
pneumonia, heart failure, and age-related dementia, might 
increase further (Tsuda 2017; Miyashita and Yamauchi 
2018; Shimada et al. 2018).  Compared with other devel-
oped countries, prolonged hospital stays are considered one 
of the most serious social problems in Japan (Muramatsu 
and Liang 1999).  A major goal is therefore to shorten the 
hospitalization period.

Our hospital has the aforementioned problem that our 
elderly patients with a wide variety of diseases were being 
hospitalized for long periods.  Particularly, elderly patients 
with VCF were admitted to our hospital and then could not 
be easily discharged.  Several Japanese studies reported that 

some determinants including the early ambulation program 
with rehabilitation and the difference of discharge destina-
tion were related to the hospital stay period on VCF 
(Kumagai et al. 2011; Ogawa et al. 2013).  Furthermore, we 
hypothesized whether prolonged hospital stay periods are 
related to a social and medical environment around VCF 
patients living in a rural area and a clinical condition 
including the ability of walking in addition to these risk fac-
tors.  The prolonged hospital stay could ensure that elderly 
patients with VCF could live healthy after discharge.  This 
study aimed to identify the factors that could lead to long 
hospitalization periods for elderly patients with VCF.  The 
study population thus included elderly patients hospitalized 
in our facility with VCF that did not require surgery.  Our 
institution is the primary and designated emergency hospi-
tal in a rural area in the Kanto region of Japan.  In 2015, 
31.5% of the population in this region were ≥ 65 years of 
age.
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Materials and Methods
This study was approved by the Ethics Committee on Research 

of Human Subjects at Hitachiomiya Saiseikai Hospital (approval 
number: 18-03) and was conducted in accordance with the 
Declaration of Helsinki.  Written informed consent was waived 
because of the study’s retrospective design.

Subjects
We evaluated the medical records of all VCF patients admitted 

to our hospital from January 2016 to December 2017 and collected 
their data relative to our research.  The diagnosis of VCF requires 
symptoms consistent with a compression fracture and magnetic reso-
nance imaging and/or computed tomography evidence of the fracture.

The inclusion criteria were (1) age ≥ 65 years; (2) VCF of a 
thoracic and/or lumbar vertebra; and (3) symptoms of a compression 
fracture.  The exclusion criteria were (1) VCF caused by a high-
energy injury, (2) infection, or (3) it was a pathologic fracture; (4) its 
treatment required surgery; (5) the patient had been hospitalized two 
or more times; and (6) there was no imaging evidence of a compres-
sion fracture.  The average hospital stay period in all patients with 
VCF in this study was 27.5 ± 12.1 days, approximately 28 days.  We 
therefore divided the study subjects into those whose hospital stay 
was ≥ 28 days (long-stay group) and those whose hospital stayed was 
< 28 days (short-stay group).  The clinical characteristics were com-
pared between the long- and short-stay groups.

Definitions
●  Hypertension was defined as the patient having had medical treat-

ment for hypertension and/or a history of hypertension before 
admission.

●  Dyslipidemia was defined as a total cholesterol level of ≥ 220 mg/
dl and/or low-density lipoprotein cholesterol level ≥ 140 mg/dl 
and/or medical treatment for dyslipidemia and/or a history of dys-
lipidemia.

●  Diabetes mellitus was defined as a hemoglobin A1c level of ≥ 6.5%, 
the National Glycohemoglobin Standardization Program (NGSP) 
value, and/or medical treatment for diabetes mellitus and/or a his-
tory of diabetes mellitus.  We also calculated the estimated glomer-
ular filtration rate (eGFR) from the patient’s serum creatinine level, 
age, weight, and sex using the following formulas (Matsuo et al.  
2009).

eGFR = 194 × Cr−1.094 × age−0.287 (male)
eGFR = 194 × Cr−1.094 × age−0.287 × 0.739 (female)

●  Osteoporosis, dementia, and thyroid disease were defined according 
to the use of the particular medical treatment of each and/or a med-
ical history of the disease.  Being an insured person with long-term 
care insurance was qualified as having a need for long-term care 
because of the condition in question (Hamada et al.  2018).

Statistical analysis
Data are expressed as means ± SD or as the number and per-

centage.  Categorical variables are presented as numbers (percentage) 
and were compared by using Pearson’s χ2 test or Fisher’s exact test.  
The Kolmogorov-Smirnov test was performed to determine if the 
continuous variables were normally distributed.  Normally distributed 
continuous variables were compared between the groups by using an 
unpaired Student’s t test.  Otherwise, continuous variables were com-
pared by using a Mann-Whitney U test.  The multivariate logistic 
regression model used the variables identified to incur a long hospital 
stay in the univariate analysis (defined as P < 0.05) without missing 
values.  All variables were simultaneously adjusted in one step.  
Furthermore, multivariate logistic regression analysis predicting the 
long hospitalization period both in the male patient group and in the 
female patient group used variables that were the risk factors found in 
the univariate logistic regression analysis in all study population.  The 
odds ratio (OR) and 95% confidence interval (CI) were calculated.  A 
value of P < 0.05 was considered to indicate statistical significance 
(Wang et al. 2018).  All analyses were performed using SPSS 23.0 
statistical software/Windows (IBM, Armonk, NY, USA)

Vertebral Compression Fractures  
January 2016 to December 2017  (N = 139) 

Compression fracture (N = 110) 

 Long hospital stay group 
(N = 39) 

Short hospital stay group 
(N = 71) 

Exclusion factors: 
  Age < 65 years (N = 2) 
  Due to -high-energy injury (N = 10) 
              -infection (N = 1) 
              -pathologic fracture (N = 1) 
  Two or more re-admissions (N = 4) 
  No imaging evidence of compression fracture (N = 6) 
  Diagnosis by plain radiography (N = 4) 
  Treatment included surgery (N = 1) 

Fig. 1.  Flow chart of the study.
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Results
Among 139 VCF patients admitted to our hospital 

from January 2016 to December 2017, the final study popu-
lation included 110 patients (39 in the long-stay group and 
71 in the short-stay group) who met the inclusion criteria 
(Fig. 1).

Table 1 compares patients’ characteristic between the 
long- and short-stay groups.  There were 15 men out of 39 
VCF patients (38.5%) in the long-stay group and 16 men 
out of 71 VCF patients (22.5%) in the short-stay group.  
Mean height was significantly greater in the long-stay group 
(150.4 ± 10.0 cm) than in the short-stay group (145.5 ± 8.1 
cm) (P = 0.01).  The difference in the mean height may 
reflect the presence of 55 women in the short-stay group.  
Patients frequently lived alone in the long-stay group 

(43.6%) than in the short-stay group (23.9%) (P = 0.003).  
Levels of activities of daily living (ADL) before onset of 
the compression fracture were worse in the long-stay group.  
There were also significantly more long-term care insurance 
owners in the long-stay group (51.3%) than in the short-
stay group (29.6%) (P = 0.02).  The mean serum albumin 
level was lower in the long-stay group (3.8 ± 0.5 mg/dL) 
than in the short-stay group (4.0 ± 0.3 mg/dL) (P = 0.01).  
The mean white blood cell counts were higher in the long-
stay group (7,808 ± 2,264/µL) than in the short-stay group 
(6,660 ± 1,947 /µL) (P = 0.003).

Table 2 compares the characteristics of VCF and its 
treatment between the two patient groups.  Patients in the 
long-stay group were significantly more likely to need 
emergency transportation to the hospital at VCF onset 
(20.5%) than those in the short-stay group (4.2%) (P = 

Parameters All (N = 110) Long hospital stay group (N = 39) Short hospital stay group (N = 71) P 
Patient characteristics 

Age (years)  83.0 ± 6.7 (110, 100) 83.4 ± 8.2 (39, 100) 82.9 ± 5.9 (71, 100) 0.74 
Male sex 31 (28.2) 15 (38.5) 16 (22.5) 0.08 
Height, cm  147.3 ± 9.1 (108/110, 98.2) 150.4 ± 10.0 (38/39, 97.4) 145.5 ± 8.1 (70/71, 98.6) 0.01 
Body mass index, kg/m2 22.3 ± 4.0 (108/110, 98.2) 21.8 ± 4.6 (38/39, 97.4) 22.5 ± 3.6 (70/71, 98.6) 0.40 
Habitual drinking 15/109 (13.8) 5/39 (12.8) 10/70 (14.3) 0.83 
Current and/or Post smoking 22/108 (20.4) 10/39 (25.6) 12/69 (17.4) 0.31 
Living alone 34 (30.9) 17 (43.6) 17 (23.9) 0.003 
ADL before compression fracture 0.047 

Walk by oneself 86 (78.2) 25 (64.1) 61 (85.9) 
Walk with self-help tool 20 (18.2) 11 (28.2) 9 (12.7) 
Walk along a wall 1 (0.9) 1 (2.6) 0 
Walk with human assistance 3 (2.7) 2 (5.1) 1 (1.4) 

Long-term care insurance user 41 (37.3) 20 (51.3) 21 (29.6) 0.02 
Long-term care insurance category 0.09 

No usage of long-term care insurance 69 (62.7) 19 (48.7) 50 (70.4) 
Requiring support 1 4 (3.6) 1 (2.6) 3 (4.2) 
Requiring support 2 9 (8.2) 4 (10.3) 5 (7.0) 
Requiring long-term care 1 11 (10.0) 5 (12.8) 6 (8.5) 
Requiring long-term care 2 10 (9.1) 6 (15.4) 4 (5.6) 
Requiring long-term care 3 5 (4.5) 4 (10.3) 1 (1.4) 
Requiring long-term care 4 2 (1.8) 0 2 (2.8) 
Requiring long-term care 5 0 0 0 

Medical history 
Prevalence of hypertension 67 (60.9) 26 (66.7) 41 (57.7) 0.36 
Prevalence of dyslipidemia 37 (33.6) 11 (28.2) 26 (36.6) 0.37 
Prevalence of diabetes mellitus  16 (14.5) 5 (12.8) 11 (15.5) 0.70 
Prevalence of osteoporosis  44 (40.0) 16 (41.0) 28 (39.4) 0.87 
Episode of previous vertebral compression fracture 19 (17.3) 9 (23.1) 10 (14.1) 0.23 
Prevalence of atrial fibrillation and/or atrial flutter  11 (10.0) 5 (12.8) 6 (8.5) 0.34 
Prevalence of dementia  12 (10.9) 6 (15.4) 6 (8.5) 0.21 
Prevalence of cerebrovascular disease  11 (10.0) 5 (12.8) 6 (8.5) 0.34 
Cancer-bearing status without early-stage cancer  20 (18.2) 10 (25.6) 10 (14.1) 0.13 
Prevalence of thyroid disease without tumor 5 (4.5) 4 (10.3) 1 (1.4) 0.05 

Medication on admission 
Vitamin Ds 22 (20.0) 9 (23.1) 13 (18.3) 0.55 
Bisphosphonates  20 (18.2) 6 (15.4) 14 (19.7) 0.57 
Diuretics 15 (13.6) 5 (12.8) 10 (14.1) 0.85 
Oral anti-diabetes medicines 14 (12.7) 4 (10.3) 10 (14.1) 0.40 
Oral steroids  1 (0.9) 1 (2.6) 0 (0.0) 0.36 
Proton pump inhibitors  46 (41.9) 16 (41.0) 30 (42.3) 0.90 
Warfarin 2 (1.8) 1 (2.6) 1 (1.4) 0.59 
Laboratory data at admission 
Serum albumin, g/dL  3.9 ± 0.4 (109/110, 99.1) 3.8 ± 0.5 (39/39, 100) 4.0 ± 0.3 (70/71, 98.6) 0.01 
Lactate dehydrogenase, U/L 246 ± 65 (109/110, 99.1) 261 ± 83 (39/39, 100) 237 ± 51 (70/71, 98.6) 0.18 
Serum sodium, mEq/L 139.4 ± 3.9 (109/110, 99.1) 137.3± 4.4 (39/39, 100) 139.8 ± 3.6 (70/71, 98.6) 0.17 
Serum creatinine, mg/dL  0.72 ± 0.23 (109/110, 99.1) 0.73 ± 0.23 (39/39, 100) 0.72 ± 0.23 (70/71, 98.6) 0.65 
Estimated glomerular filtration rate, mL/min/1.73 m2 69.5 ± 22.7 (109/110, 99.1) 71.9 ± 26.7 (39/39, 100) 68.3 ± 20.3 (70/71, 98.6) 0.70 
White blood cells, /µL 7,071 ± 2,129 (109/110, 99.1) 7,808 ± 2,264 (39/39, 100) 6,660 ± 1,947 (70/71, 98.6) 0.003 

Results are expressed as the number (%) or the mean ± SD (number/total number, %).
Categorical variables were compared with Pearson’s χ2 test or Fisher’s exact test and presented as the number (%).  Kolmogorov-
Smirnov test was performed to determine if the continuous variables were normally distributed.  Continuous variables were compared 
using an unpaired Student’s t test or a Mann-Whitney U-test and are presented as the mean ± significant deviation.  P < 0.05 is consid-
ered to indicate statistical significance.

Table 1.  Patient characteristics of the long and short hospital stay groups.
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0.02).
Table 3 shows the clinical outcomes for the two 

groups.  The mean hospitalization period for all patients 
was 27.5 ± 12.1 days.  Patients in the long-stay group were 
more likely to be discharged to somewhere other than their 
homes than those in the short-stay group.  Period for acquir-
ing an ability to walk by oneself was significantly longer in 
the long-stay group (21.7 ± 6.8 days) than in the short-stay 
group (11.8 ± 6.0 days) (P < 0.001).  The prevalence of 
deterioration of levels of ADL was similar in the two 
groups, and there was no one whose levels of ADL were 
improved during hospitalization compared with ADL before 
admission.

Table 4 shows the univariate and multivariate logistic 
regression analyses to identify factors that predict pro-
longed hospitalization stays.  The univariate logistic regres-

sion analysis showed that the following factors were signifi-
cantly associated with a long hospital stay: the patient’s 
height, serum albumin level, and white blood cell count; 
living alone; walking by oneself before the compression 
fracture; owning long-term care insurance; requiring emer-
gency transportation to the hospital; ability of walking by 
oneself at discharge; and discharged to home.  The multi-
variate logistic regression analysis model indicated that the 
living alone and the ability of walking by oneself at dis-
charge were significantly associated with prolonged hospi-
talization, including variables identified in the univariate 
analysis that would incur a long hospital stay.

We then analyzed the variables found in the univariate 
logistic regression analysis of the all study population in the 
male patient group (N = 31) and in the female patient group 
(N = 79), respectively.  The male group was also divided 

Compression fracture data All (N = 110) Long hospital stay group (N = 39) Short hospital stay group (N = 71) P 
Characteristics 

Causes of vertebral compression fracture 0.12 
Turnover 47 (42.7) 22 (56.4) 25 (35.2) 
Minor trauma except turnover 18 (16.4) 3 (7.7) 15 (21.1) 
Lifting heavy objects 15 (13.6) 5 (12.8) 10 (14.1) 
Fracture (not obvious) 30 (27.3) 9 (23.1) 21 (29.6) 

Emergency transportation to hospital 11 (10.0) 8 (20.5) 3 (4.2) 0.02 
Details of detection device for compression fracture 0.59 

Magnetic resonance imaging 108 (98.2) 38 (97.4) 70 (98.6) 
 Computed tomography 2 (1.8) 1 (2.6) 1 (1.4) 
Multiple compression fracture on image 22 (20.0) 9 (23.1) 13 (18.3) 0.55 
Old compression fracture on image 63 (57.3) 26 (66.7) 37 (52.1) 0.14 

Treatment during hospitalization 
Elcatonin  57 (51.8) 22 (56.4) 35 (49.3) 0.48 
Bisphosphonates during hospital stay 22 (20.0) 8 (20.5) 14 (19.7) 0.92 
Creation of new corset during hospital stay 84 (76.4) 32 (82.1) 52 (73.2) 0.30 
Rehabilitation 110 (100.0) 39 (100.0) 71 (100.0) N/A 
Rehabilitation started on admission, days  3.75 ± 2.9 (110, 100) 4.3 ± 3.5 (39, 100) 3.5 ± 2.4 (71, 100) 0.17 

Table 2.  Characteristics of compression fracture and its treatment between the long and short hospital stay groups.

Results are expressed as the number (%).
Categorical variables were compared with a Pearson’s χ2 test or Fisher’s exact test and presented as number (percentage).  Kolmogorov-
Smirnov test was performed to determine if the continuous variables were normally distributed.  Continuous variables were compared 
using an unpaired Student’s t test or a Mann-Whitney U test and are presented as mean ± SD.
P < 0.05 is considered to indicate statistical significance.

Outcomes All (N = 110) Long hospital stay group (N = 39) Short hospital stay group (N = 71) P 

Hospitalization period, days 27.5 ± 12.1 (110, 100) 40.0 ± 11.6 (39, 100) 20.6 ± 4.4 (71, 100) < 0.001 
Discharge destination 0.01 

Discharge to home 102 (92.7) 32 (82.1) 70 (98.6) 
Discharge to nursing home 6 (5.5) 5 (12.8) 1 (1.4) 
Transfer to other hospital 2 (1.8) 2 (5.1) 0 

Delirium during hospitalization 11 (10.0) 5 (12.8) 6 (8.5) 0.34 
ADL at discharge 0.01 

Walk by oneself 71 (64.5) 18 (46.2) 53 (74.6) 
Walk with self-help tool 31 (28.2) 16 (41.0) 15 (21.1) 
Walk along a wall 3 (2.7) 1 (2.6) 2 (2.8) 
Walk with human assistance 5 (4.5) 4 10.3) 1 (1.4) 

Deterioration of levels of ADL 19 (17.3) 9 (23.1) 10 (14.1) 0.23 
Period for acquiring ability to walk by oneself, days 14.3 ± 7.5 (71, 64.5) 21.7 ± 6.8 (18, 46.2) 11.8 ± 6.0 (53, 74.6) < 0.001 

Table 3.  Clinical outcomes in the long and the short hospital stay groups.

Results are expressed as the number (%), or the mean ± SD (number, %).
Categorical variables were compared with Pearson’s χ2 test or Fisher’s exact test and are presented as the number (percentage).  
Kolmogorov-Smirnov test was performed to determine if the continuous variables were normally distributed.  Continuous variables 
were compared using an unpaired Student’s t test or a Mann-Whitney U test and are presented as mean ± SD.
P < 0.05 is considered to indicate statistical significance.
ADL, activities of daily living.



Determinants for Prolonged Hospitalization after VCF 31

into the long-stay group (N = 15, hospitalization period 
42.2 ± 14.9 days) and the short-stay group (N = 16, hospi-
talization period 20.3 ± 4.6 days) according to this study 
definition.  The female group was also divided into the 
long-stay group (N = 24, hospitalization period 38.7 ± 9.1 
days) and the short-stay group (N = 55, hospitalization 
period 20.7 ± 4.4 days) according to this study definition.  
Table 5 showed univariate and multivariate logistic regres-
sion model both in the male patient group and the female 
patient group.  Multivariate logistic regression model in the 
male patient group showed no significant variable associ-
ated with the prolonged hospital stay.  By contrast, multi-
variate logistic regression model in the female patient group 
showed that the requiring emergency transportation to 
emergency department (ED) was significantly associated 
with prolonged hospitalization, and the living alone as well 
as the ability of walking by oneself at discharge trended to 
prolong hospitalization periods.

Discussion
VCF is one of the leading causes of hospitalization 

among elderly people.  This is especially true in Japan, 
which is becoming a super-aging society (Arai et al. 2015).  
The mean hospital stay in Japan is considerably longer than 
in other developed countries and is becoming a serious 
social problem (Akiyama 2001).  Prolonged hospitalization 
vastly increases medical expenses, and the problem must be 
considered and solved.  Several studies that examined 
determinants for long hospital stays to identify ways to 
shorten the hospitalization period have been reported 
(Kuroda et al. 1992; Langhorne and Baylan 2017).  
However, effects of the living alone and ability to walk at 
discharge toward the prolonged hospital stay of VCF 

patients shown in this study were not mentioned in previous 
studies.  Moreover, few focused on factors associated with 
long hospitalization periods in rural areas with limited med-
ical resources compared with those in urban areas (Habibov 
2010).

In the present study, we showed that patients who lived 
alone stayed in hospital longer than patients who lived with 
other family members.  Indeed, several studies have shown 
that living alone was a risk factor for mortality, longer hos-
pital stays following surgery, numerous readmissions, and 
more expensive medical costs for the elderly (Tabue Teguo 
et al. 2016; Turner et al. 2016).  Unfortunately, the living 
alone is thought to be increasing in Japan.  The problems of 
the increased number of older persons living alone, their 
longer hospitalization times, and the increased medical 
costs have not only been addressed by health care providers 
but are a concern of the general population benefiting from 
the present medical system in Japan.  Also, older patients 
living alone might experience anxiety about the possibility 
of re-admission due to symptom recurrence after discharge 
(Andreasen et al. 2015).  It is thus a challenging issue to try 
to reassure these patients, even before their admission, that 
they could be discharged without anxiety.  Hence, we 
should work toward reducing their anxiety from beginning 
on the day of admission perhaps by coordinating their liv-
ing environment with a care service system for the elderly, 
such as home nursing (Nordin et al. 2015).

This study showed that patients who could walk by 
themselves at discharge stayed in hospital a significantly 
shorter time than patients with lower ADL.  Some studies 
reported that lower levels of ADL of elderly patients were a 
risk factor for longer hospital stays and depression 
(Zanocchi et al. 2002; Unsar et al. 2015).  It has been 

Univariate analysis Multivariate analysis 
Factors OR 95% CI P OR 95% CI P 

Continuous variables 
Age (per 1 year old)  1.01 0.95-1.07 0.71 
Height (per 10 cm) 1.70 1.09-2.64 0.02 
Serum albumin (per 1 g/dL) 0.19 0.06-0.57 0.003 
White blood cell count (per 1,000/µL) 1.31 1.07-1.59 0.01 
Period for acquiring ability to walk by oneself 1.29 1.13-1.48 < 0.001 

Categorical variables 
Male sex 2.15 0.92-5.04 0.08 
Living alone 2.46 1.07-5.66 0.04 2.68 1.01-7.12 0.048 
Walking by oneself before compression fracture 0.29 0.12-0.75 0.01 
Long-term care insurance usage 2.51 1.12-5.63 0.03 1.36 0.53-3.48 0.53 
Osteoporosis 1.07 0.48-2.39 0.87 
Episode of previous compression fracture 1.83 0.67-4.98 0.24 
Emergency transportation to emergency department 5.85 1.45-23.56 0.01 3.28 0.69-15.62 0.14 
Multiple compression fractures on imaging 1.34 0.51-3.49 0.55 
Creation of new corset during hospital stay 1.67 0.63-4.42 0.30 
Walking by oneself at discharge 0.29 0.13-0.67 0.003 0.32 0.12 -0.83 0.02 
Discharge to home 0.07 0.01-0.55 0.01 0.13 0.01-1.21 0.07 

Table 4.  Univariate and multivariate logistic regression analyses predicting long hospitalization periods.

Multivariate logistic regression model used variables found in the univariate analysis to incur a long hospital stay (significance defined 
as P < 0.05) without missing values.  All variables were simultaneously adjusted in one step.  Significant variables in the model were 
living alone, long-term care insurance usage, requiring emergency transportation to hospital, walking by oneself at discharge, and 
discharge to home.
P < 0.05 is considered to indicate statistical significance.
OR, odds ratio; CI, confidence interval.
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shown that aggressive support of elderly patients during 
hospitalization to maintain their ADL enabled them to 
maintain post-hospitalization mobility (Brown et al. 2016).  
We should make efforts to help patients with VCF to main-
tain their ADL; thus, their anxiety remains at a low level.  
Moreover, we should not forget that these patients who are 
living alone and/or with lower levels of ADL may need 
more support than those living with family and/or with 
higher levels of ADL.  We therefore should hold a confer-
ence with several members including a caregiver to support 
a patient after discharge from early phase of hospital stay 
(Ulin et al. 2016).  Furthermore, a study showed that long-
stay nursing home residents with better levels of ADL 

before hospitalization had a better prognosis after hospital-
ization (Kruse et al. 2013).  Univariate regression analysis 
in this study showed that the ability to walk alone before 
onset of VCF and at discharge were negatively associated 
with prolonged hospitalization.  Moreover, this study 
showed that patients with VCF who could not walk alone 
before onset of VCF was not able to walk alone during hos-
pitalization, and were hospitalized for longer time.  It is 
therefore important that we should support the elderly 
patients to sustain their levels of ADL before hospitaliza-
tion.

The present study showed that the patients with VCF 
in the female group requiring an emergency transportation 

Male patient group
Univariate analysis Multivariate analysis 

Factors OR 95% CI P OR 95% CI P 
Continuous variables 

Age (per 1 year old)  1.01 0.90-1.13 0.88 
Height (per 1 cm) 1.01 0.97-1.21 0.16 
Serum albumin (per 1 g/dL) 0.12 0.02-0.84 0.03 
Lactate dehydrogenase （per 1 U/L） 0.99 0.98-1.01 0.24 
White blood cell count (per 1,000/µL) 0.69 0.39-1.24 0.21 
Period for acquiring ability to walk by oneself 1.34 1.01-1.77 0.04 

Categorical variables 
Living alone 1.10 0.24-4.96 0.90 1.17 0.2-6.54 0.86 
Walking by oneself before compression fracture 0.13 0.01-1.32 0.09 
Walking by oneself at discharge 0.23 0.05-1.03 0.05 0.28 0.06-1.38 0.12 
Long-term care insurance usage 3.43 0.75-15.67 0.11 2.84 0.49-16.51 0.24 
Osteoporosis 1.10 0.24-4.96 0.90 
Episode of previous compression fracture 1.55 0.45-5.33 0.49 
Cancer-bearing status without early-stage cancer 8.00 1.33-48.18 0.02 
Emergency transportation to emergency department 1.07 0.06-18.82 0.96 0.51 0.02-12.80 0.68 
Multiple compression fractures on imaging 2.55 0.39-16.55 0.33 
Creation of new corset during hospital stay 6.36 0.65-62.69 0.11 
Discharge to home N/A N/A N/A N/A N/A N/A 

Female patient group
Univariate analysis Multivariate analysis 

Factors OR 95% CI P OR 95% CI P 
Continuous variables 

Age (per 1 year old)  1.01 0.94-1.09 0.78 
Height (per 1 cm) 1.06 0.99-1.14 0.10 
Lactate dehydrogenase (per 1 U/L) 1.01 1.00-1.02 0.02 
White blood cell count (per 1,000/µL) 1.29 1.02-1.63 0.03 
Period for acquiring ability to walk by oneself 1.28 1.10-1.48 0.001 

Categorical variables 
Living alone 3.58 1.29-9.98 0.02 3.21 0.94-10.98 0.06 
Walking by oneself before compression fracture 0.37 0.13-1.08 0.07 
Walking by oneself at discharge 0.37 0.13-1.01 0.05 0.31 0.09-1.06 0.06 
Long-term care insurance usage 2.24 0.84-5.98 0.11 1.42 0.43-4.71 0.57 
Osteoporosis 1.18 0.45-3.09 0.74 
Episode of previous compression fracture 1.55 0.45-5.33 0.49 
Thyroid disease without tumor 10.8 1.14-102.53 0.04 
Emergency transportation to emergent department 10.91 2.07-57.60 0.005 7.69 1.13-52.29 0.04 
Multiple compression fractures on imaging 1.05 0.32-3.45 0.93 
Turnover as cause of vertebral compression fracture 3.16 1.17-8.55 0.02 
Creation of new corset during hospital stay 1.20 0.34-3.09 0.97 
Discharge to home 0.20 0.02-2.36 0.20 0.68 0.04-13.24 0.80 

Table 5.  Univariate and multivariate logistic regression analyses in the female patient group and the male patient group predicting long 
hospitalization periods.

Multivariate logistic regression model used variables found in the univariate analysis of all study population to incur a long hospital stay 
(significance defined as P < 0.05) without missing values.  All variables were simultaneously adjusted in one step.  Significant variables 
in the model were living alone, long-term care insurance usage, requiring emergency transportation to hospital, walking by oneself at 
discharge, and discharge to home.  Variable of discharge to home was not analyzed in multivariate logistic regression model of the male 
patient group, because all patients in the short group could discharge to their own home.
P < 0.05 is considered to indicate statistical significance.
OR, odds ratio; CI, confidence interval.
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to ED was significantly associated with the prolonged hos-
pital stay.  This study also showed that the patients requir-
ing an emergency transportation to ED (66.7%) were likely 
to live alone compared with those who did not need emer-
gency transportation to ED (25.7%) (P = 0.02).  It appears 
that the patients who needed emergency transportation were 
in relatively poor social living environment.

This study has some limitations: first, because the 
study was based on a single-center, retrospective, observa-
tional design, there is a risk of selection bias.  Second, 
because our study population was relatively small, our sta-
tistical analysis has an inherent risk of a β error (Brogan et 
al. 1994).  This study lacked some background data on the 
patients, including bone mineral density, young adult mean 
level of bone mineral density, and degree of pain related to 
the VCF.  Finally, the study was conducted in one limited 
rural area, therefore, further studies in other setting includ-
ing other rural areas must be necessary to conclude our 
findings.

In conclusion, the conditions of living alone and the 
inability of walking alone after discharge were determinants 
significantly associated with prolonged hospitalization.  
This study might imply that patients with better levels of 
ADL are earlier able to walk alone and are easily dis-
charged.  Furthermore, the patient requiring emergency 
transportation to ED might be in a poor social living envi-
ronment.  However, this study had several limitations, one 
of which was its relatively small study population.  Future 
research is therefore necessary to elucidate the determinants 
of prolonged hospitalizations for elderly patients with VCF.
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