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INTRODUCTION

Vertebral compression fractures are common health 
problems in older people, and two-thirds of such fractures 
are asymptomatic.1) However, some patients report serious 
adverse health-related outcomes, such as pain,2) disability,3) 
and poor quality of life.4) Vertebral fractures are highly 
prevalent among patients with osteoporosis, many of whom 
are older women.3,5) Annually, more than 1 million patients 

present with vertebral compression fractures globally. Con-
sequently, this type of injury is considered a major public 
health concern.3) The burden resulting from this fracture 
type significantly affects both the patients themselves and 
the societal and health care economies.5)

Early rehabilitation treatment is widely recommended 
and offered to patients with various orthopedic diseases in 
acute-care hospitals.6–8) Based on previous studies, early 
rehabilitation treatment is deemed effective in reducing the 
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Objectives: Vertebral compression fractures are common among older people. Currently, 
knowledge of the effects of early rehabilitation treatment on the recovery of activities of daily 
living (ADL) in older patients who receive conservative treatment for these fractures is limited. 
Using the instrumental variable (IV) method, we examined the effects on ADL at discharge of 
a delay in initiating rehabilitation treatment. Methods: In this retrospective cohort study, data 
from the Japanese Diagnosis Procedure Combination database were analyzed. The subjects were 
patients with vertebral compression fracture who had undergone rehabilitation treatment during 
their hospitalization between 2014 and 2019 in one of the 29 acute-care hospitals in Yamagata 
Prefecture. We analyzed data from 1706 patients (mean age, 82.1 years). The independent variable 
was the number of days between hospital admission and the start of rehabilitation treatment, 
and the outcome was the Barthel index (BI) score at discharge. An IV method was applied, with 
adjustments for covariates, including demographics and functional status at admission. Results: 
Most patients started rehabilitation treatment within 3 days of hospital admission. Our IV method 
showed that the interval between hospital admission and the start of rehabilitation treatment was 
significantly associated with the BI score at discharge. The coefficient was −2.71 (95% confidence 
interval [CI]: −5.06 to −0.35). Conclusions: A delay in initiating rehabilitation treatment had a 
negative effect on ADL at discharge. This result emphasizes the importance of including early 
rehabilitation treatment in acute care, as recommended by several existing guidelines for the 
treatment of orthopedic diseases.
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length of hospital stay,9) the risk of complications,9,10) and in 
improving activities of daily living (ADL)11) among patients 
undergoing surgical treatment. Moreover, early rehabilitation 
treatment is a key component of conservative treatment for 
patients with vertebral compression fractures.12) In general, 
conservative treatment of vertebral compression fractures 
involves the use of non-surgical treatment options such as 
physical therapy.12) However, data are limited concerning 
the effects on ADL of early rehabilitation treatment in older 
patients undergoing conservative rehabilitation treatment for 
vertebral compression fractures. To the best of our knowl-
edge, only one previous observational study from Japan has 
examined the effect of early rehabilitation treatment on ADL 
among older patients who underwent conservative treatment 
for vertebral compression fractures.13) However, that study 
could not confirm whether early rehabilitation treatment was 
effective in improving ADL or whether early rehabilitation 
treatment was superior to delayed rehabilitation treatment 
because the study compared patients who did not receive 
any rehabilitation treatment and those who received early 
rehabilitation treatment.13) Furthermore, other rehabilitation-
related variables, such as the intensity of the rehabilitation 
treatment program, which could have resulted in the over-
estimation of the effects, were not considered. Therefore, 
it remains unclear whether early rehabilitation treatment is 
causally related to better ADL at discharge in patients with 
vertebral compression fractures.

Randomized controlled trials (RCTs) are considered 
the gold standard method for examining the causal effects 
of treatments on outcomes of interest. However, RCTs are 
not always feasible. As a result, several clinical questions, 
including the effects of early rehabilitation treatment, cannot 
be answered because of the ethics of unnecessarily delaying 
rehabilitation treatment. Observational studies have method-
ological issues, such as endogeneity and unmeasured con-
founding factors, that lead to biased results.14,15) However, 
the instrumental variable (IV) approach can help address the 
residual confounding factors and reverse causation present 
in observational studies.14,15) Therefore, the IV approach 
enables the validity of the current observational study to 
more closely approach that of an RCT. We hypothesized that 
patients with a delayed start to rehabilitation treatment were 
likely to have poorer ADL at discharge compared with those 
who started rehabilitation treatment early. Here, using the 
IV method, we examined the effects of delay in the initia-
tion of rehabilitation treatment on ADL at discharge in older 
patients who received conservative rehabilitation treatment 
of vertebral compression fractures.

MATERIALS AND METHODS

Data Source
We used Diagnosis Procedure Combination (DPC) data 

that are routinely collected in 30 hospitals in the Yamagata 
Prefecture, a subnational region of Japan.16) The details of 
the DPC system have been described elsewhere.17) Briefly, 
data on clinical information (baseline characteristics of the 
participants) and administrative claims were collected; the 
data accounted for approximately 90% of the acute-care 
hospitalizations for vertebral compression fractures between 
April 2014 and March 2019 in Yamagata Prefecture.16)

Patients
Patients with vertebral compression fractures who were 

discharged between April 1, 2014, and March 31, 2019, 
(n=4778) from 29 hospitals were included in this study. In 
line with a previous study,13) subjects were identified using 
the International Classification of Diseases, Tenth Revision 
(ICD-10), codes S220, S320, and T021. We excluded those 
who were admitted from another hospital (n=281), those who 
underwent surgery (n=674), those aged ≤64 years (n=458), 
those who died during hospitalization (n=31), those who 
remained in hospital for >30 days (n=1383), and those who 
did not undergo rehabilitation treatment (n=245). In Japan, 
the mean length of hospital stay for patients who receive 
conservative treatment for vertebral compression fractures 
is approximately 30 days.18) Therefore, we excluded those 
patients who remained in hospital for >30 days. As a result, 
1706 patients were included in the primary analysis (Fig. 1).
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Fig. 1. Flow diagram of the patient selection.
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Independent and Outcome Variables
The independent variable was the interval between hos-

pital admission and the start of rehabilitation treatment. We 
considered this variable to be continuous because there was 
no clear information on the ideal cut-off day for early reha-
bilitation treatment. The outcome variable was the ability to 
perform ADL at discharge, which was evaluated using the 
Barthel index (BI) scores. The BI comprises a 10-item scale 
that is used to evaluate abilities such as eating, grooming, 
bowel and bladder control, using the toilet, transfer, mobility, 
dressing, bathing, and climbing stairs,19) and its validity and 
reliability have been confirmed previously.20) The BI score, 
which ranges from 0 to 100, is the sum of the points allotted 
to each of the 10 items (i.e., 5, 10, or 15 points, depending on 
the item). Higher scores indicate a better ability to perform 
ADL.19) The minimal detectable change in the BI score for 
older patients is reportedly 15 points.21)

Covariates
The following variables were considered as covariates and 

were adjusted for in the analysis: age, sex, site of fracture 
(thoracic vertebra, lumbar vertebra, or both), BI score at ad-
mission, frequency of in-hospital rehabilitation treatments, 
intensity of in-hospital rehabilitation treatments, Charlson 
comorbidity index score,22) residence before admission 
(home or nursing facility), body mass index (BMI) at ad-
mission (<18.5, 18.5–24.9, 25.0–29.9, or ≥30.0 kg/m2), use 
of home health care services before admission (yes or no), 
level of dementia (no dementia, mild to moderate dementia, 
or severe dementia),11) length of hospital stay, and admission 
by ambulance.

The BMI was calculated as the weight in kilograms divided 
by the height in meters squared. The patient’s dementia level 
was evaluated using the scale originally developed by the 
Japanese Ministry of Health, Labour, and Welfare that was 
used in a previous study.11) The validity and reliability of 
dementia level detection were confirmed previously.23) On 
the basis of a previous study,11) we calculated the frequency 
of in-hospital rehabilitation treatment sessions (≤3.0, 3.1–4.0, 
4.1–5.0, 5.1–6.0, or 6.1–7.0 days per week) and the intensity 
(average daily time) of in-hospital rehabilitation treatment 
(20–39, 40–59, or ≥60 min/day).

Statistical Analyses
First, we performed descriptive analyses of the patients’ 

characteristics, the intervals from admission to the start 
of rehabilitation treatment, and outcomes (BI score at 
discharge). Second, we used the two-stage, least squares, 

instrumental variable (IV) approach with consideration of 
reverse causation and residual confounders (e.g., socioeco-
nomic status).14,15) The IV approach enabled us to estimate 
the causal effect of the independent variable on outcomes, as 
is usually done in RCTs.14,15)

Generally, conventional regression models are based on an 
important assumption: the absence of correlation between 
the error term (includes unmeasured confounders) and the 
independent variables. However, in practical analyses, it is 
difficult to satisfy this assumption because there are simulta-
neous decision problems and missing variables. Simultaneous 
decision problems include reverse causality, which possibly 
occurs when the control variables come with simultaneous 
outcomes. Independent variables that do not satisfy this 
condition are called endogenous variables, whereas variables 
that do are called exogenous variables. If an endogenous vari-
able exists, it can be resolved if there is an “instrumental” 
variable that is correlated with the endogenous variable but 
not with the error term.14,15) In other words, causality can be 
inferred if there is an IV that correctly meets the previously 
mentioned assumption. In RCTs, it can be considered that the 
treatment assignment is a kind of IV. In RCTs, because the 
treatment assignment is random, this IV would not directly 
affect the outcome, and the condition that it is not correlated 
with the error term is properly met. Therefore, we applied 
the IV approach to allow the current observational study to 
mimic an RCT as closely as possible. In the current study, 
we used (pre) weekend admission (defined as admission on 
a Friday or Saturday) as the IV; this variable has frequently 
been used in previous studies.24,25) Generally, patients who 
are admitted on a Friday or Saturday are more likely to start 
rehabilitation treatment later than other patients, and, over-
all, the date of hospital admission due to fractures was likely 
to be randomly distributed. The two-stage least squares IV 
model was used. First, we regressed the interval from admis-
sion to the start of rehabilitation treatment on the IV variable 
(admission on a Friday or Saturday) and the set of covariates. 
Then, we regressed our outcome on the predicted value from 
the previously mentioned regression model and the set of 
covariates. The F-test was used to evaluate the strength of 
the instruments. If F was greater than 10, the instruments 
were considered adequately strong.15) We used cluster robust 
standard errors to account for the fact that patients were 
nested within hospitals.

For missing data, we used the multiple imputation method. 
Incomplete variables were imputed with the chained equa-
tion method using all previously mentioned covariates. We 
also added dummy variables for hospitals to the estimation. 
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The results from 100 imputed datasets were combined using 
Rubin’s rule.26)

In our dataset, approximately a quarter of the patients were 
excluded because of a length of hospital stay longer than 
30 days (Fig. 1). These likely included patients with more 
severe fractures that might have required a longer period of 
hospitalization. Moreover, approximately 40% of BI data at 
admission were missing, and the distribution of the missing 
data might not have been random. Our data also lacked infor-
mation on the severity of pain or weakness before admission, 
and patients with these severe conditions were more likely to 
have longer hospital stays. Consequently, we conducted sev-
eral types of sensitivity analyses to confirm the robustness of 
our results, i.e., analyses using data from patients admitted to 
the hospital for ≤60 days and ≤90 days, complete case analy-
sis, best-case imputation analysis, and worst-case imputation 
analysis. Best-case imputation is a type of analysis in which 
the missing values for BI at admission, BMI, and use of home 
health care services were set to 100 (good score), 18.5–24.9, 
and no, respectively. Additionally, the missing values for 
BI at discharge were set to 100 (good score), and the same 
analysis was performed. In contrast, worst-case imputation 
involved the missing values for BI at admission, BMI, and 
use of home health care services being set to 0 (poor score), 
<18.5, and yes, respectively. Additionally, the missing values 
for BI at discharge were set to 0 (poor score), and the same 
analysis was performed. We also conducted (1) subgroup 
analyses in which patients with osteoporosis were included, 
(2) subgroup analysis in which only patients aged ≥75 years 
were included, and (3) another sensitivity analysis in which 
BI improvement (i.e., BI at discharge − BI at admission) was 
used as the outcome. We identified osteoporosis patients us-
ing physician diagnoses (e.g., osteoporosis) and medication 
use (e.g., elcatonin) during hospitalization. All analyses were 
conducted using Stata version 16.1. This study was approved 
by the ethics committee of Yamagata University (approval 
no. 2019–101). The requirement for informed consent was 
waived because of the anonymous nature of the data.

RESULTS

The characteristics and health status of the patients are 
shown in Table 1. Most patients were women, were aged ≥75 
years, and presented with a lumbar vertebral fracture. The 
rehabilitation-related variables and the BI score at discharge 
are shown in Table 2. The majority of patients (59.4%) 
started rehabilitation treatment within 3 days of admission. 
Furthermore, the most common frequency of in-hospital 

rehabilitation treatment was 4.1–5.0 days/week, and the most 
common intensity of in-hospital rehabilitation treatment was 
20–39 min/day. The patients’ characteristics, rehabilitation-
related variables, and BI scores according to our IV variable 
are summarized in Table 3. Overall, no significant differenc-
es in the aforementioned parameters were observed between 
the Sunday–Thursday and Friday–Saturday [(pre) weekend] 
admission groups, except for the frequency of rehabilitation 
treatment.

The results of the IV regression models are shown in Table 
4. The F-statistic was 20.1, thereby indicating a sufficient 
correlation between the IV approach and the independent 
variable. The interval between admission and the start of 
rehabilitation treatment was significantly associated with the 
BI score at discharge after adjusting for all covariates. The 
coefficient was −2.71 (95% confidence interval [CI]: −5.06 
to −0.35). Moreover, subgroup analyses targeting patients 
with osteoporosis also illustrated that the interval between 
admission and the start of rehabilitation treatment was sig-
nificantly associated with BI at discharge (coefficient=−4.89 
[95% CI=−9.69 to −0.10], Supplementary Table 1). Similar 
results were observed when we analyzed patients hospital-
ized for ≤60 days and ≤90 days (Supplementary Tables 2 
and 3). The coefficients were −2.02 (95% CI: −3.84 to −0.20) 
and −1.93 (95% CI: −3.90 to −0.02), respectively. Sensitivity 
analysis in which the improvement in BI was used as the 
outcome also showed that the interval between admission 
and the start of rehabilitation treatment was significantly 
associated with BI improvement among patients hospitalized 
for ≤30 days (coefficient=−2.72 [95% CI=−5.08 to −0.36], 
Supplementary Table 4). Similarly, subgroup analyses in 
which only patients aged ≥75 years were included showed 
that the interval between admission and the start of reha-
bilitation treatment had a similar effect on BI at discharge, 
although the difference was not statistically significant 
(coefficient=−2.68 [95% CI=−5.51 to 0.15]; Supplementary 
Table 5).

The associations between the other rehabilitation-related 
variables (i.e., the frequency of rehabilitation treatment dur-
ing hospitalization and the intensity of rehabilitation treat-
ment during hospitalization) and the BI score at discharge 
in the IV regression model are presented in Table 4. The BI 
score at discharge was significantly higher in the group that 
received rehabilitation treatment for 40–59 and ≥60 min/
day than in the group that received rehabilitation treatment 
for 20–39 min/day (lowest intensity). The coefficients were 
7.28 (95% CI: 1.83–12.72) and 10.24 (95% CI: 3.53–16.94), 
respectively. In contrast, no significant associations were 
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observed between the frequency of rehabilitation treatment 
during hospitalization and the BI score at discharge.

DISCUSSION

To the best of our knowledge, this is the first study to 
demonstrate the effects on ADL at discharge of a delay in 
initiating rehabilitation treatment among older patients who 

underwent conservative rehabilitation treatment for vertebral 
compression fractures. A significant effect was observed in 
terms of the BI score at discharge and of the improvement in 
BI score at discharge.

A previous observational study from Japan showed that 
early rehabilitation treatment was effective in improving BI 
scores among older patients who underwent conservative 
treatment for vertebral compression fractures. In that study, 
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Table 1. Characteristics of patients with vertebral compression fractures

Characteristic Total number of patients 
(n=1706)

Age (years) Total %
 65–74 291 17.1
 75–84 713 41.8
 85–94 655 38.4
 ≥95 47 2.8
Female participants 1199 70.3
Body mass index, kg/m2

 <18.5 222 13.0
 18.5–24.9 935 54.8
 25.0–29.9 207 12.1
 ≥30 35 2.1
 Missing data 307 18.0
Level of dementia
 None 1111 65.1
 Mild to moderate 549 32.2
 Severe 46 2.7
Charlson comorbidity index score
 0–1 1544 90.5
 ≥2 162 9.5
Site of fracture
 Thoracic vertebra 528 31.0
 Lumbar vertebra 1012 59.3
 Thoracic and lumbar vertebra 166 9.7
Diagnosis of osteoporosis or prescribed medications related to osteoporosis 748 43.9
Admission by ambulance 735 43.1
Nursing facility resident 67 3.9
Barthel index at admission
 <100 (dependent) 815 47.8
 100 (independent) 158 9.3
 Missing data 733 43.0
Use of home health care services
 Yes 81 4.8
 No 1507 88.3
 Missing data 118 6.9
Because of rounding, percentages do not add up to exactly 100%.
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Kobata et al. compared patients who did not receive any re-
habilitation treatment with those who received early rehabili-
tation treatment (defined as rehabilitation treatment within 
3 days of admission).13) Because of its design, that study 
could not confirm whether early rehabilitation treatment was 
effective in improving ADL at discharge or whether early re-
habilitation treatment was superior to delayed rehabilitation 
treatment. Furthermore, other rehabilitation-related vari-
ables, such as the intensity of the rehabilitation treatment 
program (which could have resulted in the overestimation of 
the effects) were not considered. Indeed, the present study 
showed that a higher intensity of rehabilitation treatment 
per day was significantly associated with better ADL at 
discharge. Moreover, Kobata et al. excluded those patients 
whose BI was missing, possibly indicating that their results 
were biased toward those with mild symptoms. Indeed, in 
the current study, patients who arrived by ambulance and 
those with lower BI scores at discharge were more likely to 
have missing data for the BI at admission (Supplementary 
Table 6). Furthermore, these two variables were moderately 
correlated with the BI at admission (Supplementary Table 
7). The findings of the current study, therefore, have added 

new robust pieces of evidence showing that early rehabilita-
tion treatment is associated with better ADL at discharge in 
patients with vertebral compression fractures who received 
rehabilitation treatment during hospitalization.

The positive effect of early rehabilitation treatment dur-
ing hospitalization has been observed in various orthopedic 
diseases, which is in accordance with the findings of the 
present study.9–11,27) We showed that a 1-day delay in starting 
rehabilitation treatment was associated with a decline of 2.7 
points in the BI score at discharge among patients who were 
admitted on Friday or Saturday. The IV approach, which 
helped the current observational study more closely mimic 
an RCT, was theoretically considered to overcome unmea-
sured confounders, including patients’ socioeconomic status 
and pre-fracture function.14,15) Furthermore, a mid-term 
effect (a median of 19 days in hospital) of early rehabilita-
tion treatment on ADL was observed in the present study. 
The effect of early rehabilitation treatment was more likely 
to be maintained when patients who were in the hospital 
for ≤60 days and ≤90 days were included in the analysis 
(Supplementary Tables 2 and 3). Therefore, the effect of 
early rehabilitation treatment likely persist over the mid-
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Table 2. Rehabilitation-related variables and Barthel index score at discharge

Rehabilitation-related 
variable

Number of participants 
(n=1381*)

BI score at discharge, median  
(25th–75th percentiles)

Interval from admission to rehabilitation (per extra day)
 1 68 70 (50–100)
 2 510 70 (45–100)
 3 242 70 (50–100)
 4 177 70 (45–100)
 5 119 80 (50–100)
 6 67 65 (35–100)
 ≥7 198 80 (45–100)
Frequency of rehabilitation treatment during hospitalization (days/week)
 ≤3.0 93 75 (40–95)
 3.1–4.0 226 70 (40–100)
 4.1–5.0 599 75 (45–100)
 5.1–6.0 337 70 (50–100)
 6.1–7.0 126 70 (50–95)
Intensity of rehabilitation treatment during hospitalization (min/day of rehabilitation 
treatment)
 20–39 1001 65 (40–95)
 40–59 246 85 (50–100)
 ≥60 134 90 (65–100)
BI, Barthel index.
*We excluded 325 participants who lacked information regarding the BI score at dis-

charge.
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Table 3. Characteristics of the patients with vertebral compression fractures according to the instrumental variable
Characteristics Sunday–Thursday 

admission (n=1284)
Friday or Saturday 

[(pre) weekend] 
admission (n=422)

P-value*

Age (years)
 65–74 233 (18.2) 58 (13.7)

0.08 75–84 542 (42.1) 171 (40.5)
 85–94 475 (37.0) 180 (42.7)
 ≥95 34 (2.7) 13 (3.1)
Female participants 900 (70.1) 299 (70.9) 0.77
Body mass index, kg/m2

 <18.5 167 (13.0) 55 (13.0)

0.43
 18.5–24.9 712 (55.5) 223 (52.8)
 25.0–29.9 161 (12.5) 46 (10.9)
 ≥30 25 (2.0) 10 (2.4)
 Missing data 219 (17.1) 88 (20.9)
Level of dementia
 None 837 (65.2) 274 (64.9)

0.87 Mild to moderate 411 (32.0) 138 (32.7)
 Severe 36 (2.8) 10 (2.4)
Charlson comorbidity index score
 0–1 1160 (90.3) 384 (91.0) 0.69 ≥2 124 (9.7) 38 (9.0)
Site of fracture
 Thoracic vertebra 394 (30.7) 134 (31.8)

0.92 Lumbar vertebra 765 (60.0) 247 (58.5)
 Thoracic and lumbar vertebra 125 (9.7) 41 (9.7)
Diagnosis of osteoporosis or prescribed medications related to  
osteoporosis

564 (43.9) 184 (43.6) 0.91

Admission by ambulance 539 (42.0) 196 (46.5) 0.11
Nursing facility resident 49 (3.8) 18 (4.3) 0.68
Barthel index at admission
 <100 (dependent) 617 (48.1) 198 (46.9)

0.58 100 (independent) 123 (9.6) 35 (8.3)
 Missing data 544 (42.4) 189 (44.8)
Barthel index at discharge
 <100 (dependent) 737 (57.4) 259 (61.4)

0.09 100 (independent) 306 (23.8) 79 (18.7)
 Missing data 241 (18.8) 84 (19.9)
Interval from admission to rehabilitation (days)
 ≤1 67 (5.2) 21 (5.0)

<0.01

 2 566 (44.1) 50 (11.9)
 3 242 (18.9) 54 (12.8)
 4 93 (7.2) 124 (29.4)
 5 81 (6.3) 70 (16.6)
 6 52 (4.1) 32 (7.6)
 ≥7 183 (14.3) 71 (16.8)
Frequency of rehabilitation treatment during hospitalization (days/week)
 ≤3 96 (7.5) 25 (5.9)

<0.01
 3.1–4.0 224 (17.5) 65 (15.4)
 4.1–5.0 578 (45.0) 161 (38.2)
 5.1–6.0 275 (21.4) 128 (30.3)
 6.1–7.0 111 (8.6) 43 (10.2)
Intensity of rehabilitation treatment during hospitalization (min/day of rehabilitation treatment)
 20–39 940 (73.2) 313 (74.2)

0.88 40–59 227 (17.7) 70 (16.6)
 ≥60 117 (9.1) 39 (9.2)
Use of home health care services
 Yes 60 (4.7) 21 (5.0)

0.79 No 1138 (88.6) 369 (87.4)
 Missing data 86 (6.7) 32 (7.6)
Values are presented as number and percentages. Because of rounding, percentages do not add up to exactly 100%.
*Chi-squared test was performed.
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term (approximately 2–3 months from hospital admission). 
Furthermore, subgroup analyses indicated that the effect 
of delayed rehabilitation treatment was larger in patients 
with osteoporosis, thereby emphasizing the importance of 
introducing early rehabilitation treatment for these patients 
(Supplementary Table 1).

The fact that bed rest results in loss of muscle mass in older 
individuals may be the mechanism underlying the effect of 
early rehabilitation treatment on ADL.28) In general, reha-
bilitation treatment programs for acute vertebral compres-
sion fractures comprise (1) therapeutic exercise, which aims 
to reduce pain and improve bone density, and (2) education, 
which aims to improve posture and body mechanics to 
reduce vertical compressive loads and prevent future frac-
tures.29) Patients with delayed rehabilitation treatment were 
more likely to have worsened ADL because they had had no 
opportunity to improve their function. Consequently, early 
rehabilitation treatment is necessary for patients with acute 
vertebral compression fractures.

The present study showed that a higher rehabilitation 
treatment intensity per day was significantly associated 
with better BI scores at discharge, whereas the frequency 
of rehabilitation treatment was not associated with better BI 
scores at discharge. Higher frequency and higher intensity of 
rehabilitation treatment were found to be effective in improv-
ing function among patients who had undergone hip fracture 
surgery.11,30,31) That result was partly in accordance with our 
findings.11,30,31) The difference with respect to the frequency 

of rehabilitation treatment could have resulted from the lack 
of detailed information on rehabilitation treatment programs 
in the present study, and the programs may have varied 
based on the number of days after admission or the clinical 
condition of the patient. Future studies must be conducted to 
identify the differential effects of different types and intensi-
ties of rehabilitation treatment.

Older patients who underwent conservative treatment for 
vertebral compression fractures required long-term treat-
ment,32) and the presence of existing vertebral compression 
fractures was found to increase the risk of recurrence.33) As a 
result, appropriate treatments are necessary for maximizing 
health-related outcomes. Furthermore, vertebral compres-
sion fractures are common complications of osteoporosis.3,5) 
Previous studies have indicated that rehabilitation treat-
ment is effective in improving bone density. Additionally, 
early rehabilitation treatment is beneficial for patients with 
various orthopedic diseases.9–11,27) When integrating these 
findings, early rehabilitation treatment could play a vital role 
in the management of patients with vertebral compression 
fractures who undergo conservative treatment.

The coefficient for the association between the interval 
between admission and the start of rehabilitation treatment 
and BI at discharge indicated that BI was 2.71 lower for each 
day that the initiation of rehabilitation treatment was delayed 
among patients admitted (pre) weekend. However, the mag-
nitude of the association with early rehabilitation treatment 
was smaller than that of the per-day intensity of in-hospital 
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Table 4. Imputed data of rehabilitation-related variables with Barthel index score at discharge

Variables β 95% CI P–value
Interval from admission to rehabilitation (per extra day) −2.71 −5.06 −0.35 0.02
Frequency of rehabilitation treatment during hospitalization (days/week)
 ≤3 Ref.
 3.1–4.0 0.79 −4.30 5.87 0.76
 4.1–5.0 −1.24 −6.72 4.23 0.66
 5.1–6.0 −0.64 −9.41 8.13 0.89
 6.1–7.0 −0.83 −13.03 11.37 0.89
Intensity of rehabilitation treatment during hospitalization (min/day of rehabilitation treatment)
 20–39 Ref.
 40–59 7.28 1.83 12.72 0.01
 ≥60 10.24 3.53 16.94 <0.01
CI confidence interval.
The model was adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, and admission by ambulance.

Clustering of standard errors within hospitals was considered.
F-statistic=20.1.
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rehabilitation treatment. Moreover, a similar coefficient 
value was obtained when using the improvement in BI as 
the outcome (coefficient=−2.72, Supplementary Table 4), 
which is also smaller than the minimal detectable change in 
the BI in older patients (i.e., 15 points).21) Consequently, the 
intensity of daily rehabilitation treatment plays an important 
role in hospitalized older patients receiving conservative 
treatment for vertebral compression fractures in the acute 
phase. In other words, our findings suggest that intensive 
rehabilitation treatment is beneficial for improving ADL at 
discharge, even if it is not implemented immediately after 
admission.

This study has several limitations. First, other factors, 
including the severity of pain or weakness before admis-
sion, were not evaluated because that information was not 
available in the database. Therefore, the effects of early 
initiation of rehabilitation treatment might differ depending 
on patients’ pain levels and degree of frailty. However, in our 
regression models, we included several variables (admission 
by ambulance, length of hospital stay, use of home health care 
services, nursing facility resident) that likely reflected the se-
verity of disease. Moreover, we conducted several sensitivity 
analyses, all of which had consistent results (Supplementary 
Table 8). Second, because this was a retrospective obser-
vational study, it could have been affected by unknown or 
unmeasured confounders, including socioeconomic factors. 
Although we used the IV method to make the current study 
more closely mimic an RCT, the validity of the IV method in 
this study has not been definitively proven. Third, detailed 
information about the rehabilitation treatment programs was 
not available. However, rehabilitation treatment programs for 
acute vertebral compression fractures usually comprise (1) 
therapeutic exercises, which are aimed at reducing pain and 
improving bone density, and (2) education, which is aimed 
at improving posture and body mechanics to reduce vertical 
compressive loads and prevent future fractures.29) Fourth, the 
generalizability of the current results may be limited because 
our study was conducted in one prefecture of Japan. The 
proportion of older people in Yamagata Prefecture is higher 
than that for Japan as a whole (30.8% vs. 26.6%, in 2015).34) 
Nonetheless, the duration of hospital stay was similar to that 
of Japanese national standards (26.8 days vs. 29.3 days, in 
2017).35) Additionally, the generalizability of our findings to 
other countries might be limited because of differing lengths 
of hospital stay. The length of hospital stay in Japan is longer 
than that of the US or European countries36); consequently, 
our results are more likely to be influenced by the intensity 
of daily rehabilitation treatment.

In conclusion, delay in starting rehabilitation treatment 
had a negative effect on ADL at discharge in patients with 
vertebral compression fractures who received conservative 
rehabilitation treatment. Our findings emphasize the im-
portance of including early rehabilitation treatment in acute 
care, as recommended by several existing guidelines for the 
treatment of orthopedic diseases.
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Supplementary Table 1 . Subgroup analysis (only patients with osteoporosis were included)

Type of subgroup analysis β 95% CI P-value F-statistic
Analysis of patients aged ≥65 years and length of 
hospital stay ≤30 days (n=748) −4.89 −9.69 −0.10 0.045 18.1

Analysis of patients aged ≥65 years and length of 
hospital stay ≤60 days (n=1271) −3.04 −5.77 −0.31 0.03 15.9

Analysis of patients aged ≥65 years and length of 
hospital stay ≤90 days (n=1450) −3.13 −6.17 −0.10 0.04 17.6

Patients with osteoporosis were included in the analyses (multiply imputed data).
The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.

Supplementary Table 2. Sensitivity analysis of patients hospitalized for ≤60 days

Type of sensitivity analysis β 95% CI P-value F-statistic
Multiple imputation analysis (n=2635) −2.02 −3.84 −0.20 0.03 28.0
Best-case imputation* (n=2176) −2.32 −4.41 −0.22 0.03 31.0
Best-case imputation** (n=2635) −1.83 −3.93 0.28 0.09 42.9
Worst-case imputation† (n=2176) −2.22 −4.29 −0.16 0.03 28.5
Worst-case imputation‡(n=2635) −2.07 −4.82 0.69 0.14 43.1
Complete case analysis (n=1169) −2.12 −5.99 1.76 0.29 16.7
The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.
* Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively.
** Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively. Furthermore, missing values for the Barthel index score at 
discharge were set to 100 (good score).

† Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively.

‡ Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively. Furthermore, missing values for the Barthel index at discharge 
were set to 0 (poor score).
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Supplementary Table 3. Sensitivity analysis of patients hospitalized for ≤90 days

Type of sensitivity analysis β 95% CI P-value F-statistic
Multiple imputation analysis (n=2923) −1.93 −3.90 −0.02 0.048 23.3
Best-case imputation* (n=2420) −2.27 −4.35 −0.19 0.03 28.3
Best-case imputation** (n=2923) −1.59 −3.49 0.30 0.10 36.5
Worst-case imputation† (n=2420) −2.15 −4.26 −0.05 0.045 25.8
Worst-case imputation‡(n=2923) −2.15 −5.00 0.70 0.14 35.6
Complete case analysis (n=1333) −2.61 −6.33 1.12 0.17 17.8
The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.
* Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively.
** Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively. Furthermore, missing values for the Barthel index score at 
discharge were set to 100 (good score).

† Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively.

‡ Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively. Furthermore, missing values for the Barthel index at discharge 
were set to 0 (poor score).

Supplementary Table 4. Sensitivity analysis (the improvement in Barthel index was used as the outcome, multiple im-
putation analysis)

β 95% CI P-value F-statistic
Analysis of patients aged ≥65 years and length of 
hospital stay ≤30 days (n=1706) −2.72 −5.08 −0.36 0.02 19.0

Analysis of patients aged ≥65 years and length of 
hospital stay ≤60 days (n=2635) −2.02 −3.85 −0.18 0.03 25.3

Analysis of patients aged ≥65 years and length of 
hospital stay ≤90 days (n=2923) −1.93 −3.90 0.04 0.054 22.1

The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 
residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.

Supplementary Table 5. Subgroup analysis (patients aged ≥75 years)

Type of subgroup analysis β 95% CI P-value F-statistic
Analysis of patients aged ≥75 years and length of 
hospital stay ≤30 days (n=1415) −2.68 −5.51 0.15 0.06 16.1

Analysis of patients aged ≥75 years and length of 
hospital stay ≤60 days (n=2233) −2.07 −4.21 0.07 0.06 34.8

Analysis of patients aged ≥75 years and length of 
hospital stay ≤90 days (n=2489) −1.86 −4.10 0.39 0.11 32.5

Only patients aged ≥75 years were included in the analyses (multiply imputed data).
The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.
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Supplementary Table 7. Spearman's correlation coefficients between variables

BI at 
dis-

charge

BI at 
admis-

sion

LOH Ambu-
lance 
use

Sex Age Resi-
dence

Hospi-
tal

Home 
health 
care

Osteo-
porosis

De-
mentia

BMI

BI at discharge 1.00
BI at admission 0.38* 1.00
LOH −0.03 −0.10* 1.00
Ambulance use −0.12* −0.27* −0.04 1.00
Sex −0.09 −0.04 0.06* −0.09* 1.00
Age −0.42* −0.14* 0.15* 0.00 0.17* 1.00
Residence −0.15* −0.07* 0.03 −0.03 0.07* 0.12* 1.00
Hospital 0.12* 0.24* 0.08* −0.02 0.02 −0.04 −0.07* 1.00
Home health care −0.13* −0.09* 0.01 −0.01 −0.02 0.08* 0.07* −0.01 1.00
Osteoporosis −0.03 −0.05 0.14* −0.08* 0.24* 0.09* −0.02 0.08* −0.01 1.00
Dementia −0.31* −0.13* 0.21* 0.00 0.10* 0.41* 0.14* 0.12* 0.11* 0.11* 1.00
BMI 0.11* 0.05* −0.06* −0.01 −0.06* −0.18* 0.00 −0.03 −0.04 −0.07* −0.16* 1.00
The number of patients represented in this table is 3345 because patients aged ≤64 years and those who remained in hospital 

for >30 days were included.
LOH, length of hospital stay.
*P <0.05.

Supplementary Table 6. Admission by ambulance and the Barthel index at discharge with the Barthel index at admis-
sion

Barthel index at admission
<100 

(dependent) 100 (independent) Missing data

n % n % n %
Admission by ambulance No 1068 55.1 180 9.3 690 35.6

Yes 614 43.6 100 7.1 693 49.3
Barthel index at discharge <100 (dependent) 1150 58.2 80 4.1 747 37.8

100 (independent) 379 46.1 168 20.4 275 33.5
Missing data 153 28.0 32 5.9 361 66.1

The number of patients represented in this table is 3345 because patients aged ≤64 years and those who remained in hospital 
for >30 days were included.
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Supplementary Table 8. Sensitivity analysis of patients hospitalized for ≤30 days

Type of sensitivity analysis β 95% CI P-value F-statistic
Best-case imputation* (n=1381) −3.07 −5.83 −0.30 0.03 21.2
Best-case imputation** (n=1706) −2.61 −5.07 −0.16 0.04 31.0
Worst-case imputation† (n=1381) −2.92 −5.72 −0.14 0.04 19.8
Worst-case imputation‡(n=1706) −3.04 −6.36 0.29 0.07 31.2
Complete case analysis (n=703) −4.80 −10.23 0.63 0.08 14.0
The models were adjusted for age, sex, site of fracture, Barthel index score at admission, Charlson comorbidity index score, 

residence before admission, BMI at admission, use of home health care services before admission, level of dementia, length 
of hospital stay, admission by ambulance, and frequency/intensity of in-hospital rehabilitation treatment.

Clustering of standard errors within hospitals was considered.
* Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively.
** Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-

sion were set to 100 (good score), 18.5–24.9, and no, respectively. Furthermore, missing values for the Barthel index score at 
discharge were set to 100 (good score).

† Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively.

‡ Missing values for the Barthel index at admission, BMI at admission, and use of home health care services before admis-
sion were set to 0 (poor score), <18.5, and yes, respectively. Furthermore, missing values for the Barthel index at discharge 
were set to 0 (poor score).


