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Abstract

Objectives: Osteosarcopenia is characterized by the coexistence of sarcopenia and osteoporosis. This comorbid
condition is thought to negatively affect functional outcomes. In this study, we investigated the negative impact
of osteosarcopenia on the functional outcomes of older patients undergoing rehabilitation. Methods: This single-
center retrospective cohort study was conducted at Hamamatsu City Rehabilitation Hospital in Japan and included
184 participants =65 years. Functional outcomes were assessed using the functional independence measure (FIM),
the minimum clinically important difference (MCID) achieved on the FIM, and home discharge. Multiple linear and
logistic regression analyses were conducted to assess the independent association of osteosarcopenia with FIM
score at discharge and the FIM MCID. Additionally, the association between osteosarcopenia and home discharge
was examined. Results: Osteosarcopenia was present in 30.4% of participants. Osteosarcopenia did not reach
a statistically significant association with FIM at discharge (95% confidence interval [CI]: -2.518-8.489; B,
0.058), FIM MCID (odds ratio [OR]: 1.919; 95% CI: 0.698-5.277), or discharge to home (OR: 0.525; 95% ClI:
0.126-2.189). Conclusions: Osteosarcopenia was prevalent among older patients undergoing rehabilitation, but
its association with functional outcomes at discharge did not reach statistical significance. Intensive rehabilitation
may have masked its adverse effects, warranting further longitudinal studies.

Keywords: Aging, Frail elderly, Functional status, Rehabilitation, Sarcopenia

Introduction
In recent years, many countries have seen an increase
in the number of older people, and geriatric syndromes The authors have no conflict of interest.
have become a significant concern. Geriatric syndromes Corresponding author: Ryo Mannen, PhD, Department of
refer to health issues and symptoms specific to older Nutritional Management, Faculty of Nutritional Science,
adults and are caused by multiple factors that may affect Sagami Women'’s University, 2-1-1 Bunkyou, Minami-ku,
their daily lives. Geriatric syndromes include osteoporosis Sagamihara, Kanagawa 252-0383, Japan
and sarcopenia. In osteoporosis, bone mineral density E-mail: r-mannen@star.sagami-wu.ac.jp
(BMD) progressively declines with age', which results ORCID: 0009-0007-7476-5726
in an increased risk of fragility fractures®. Furthermore, Edited by: Yannis Dionyssiotis
postmenopausal women are at a higher risk of developing Accepted 1 April 2026

osteoporosis owing to decreased estrogen secretion3.
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Sarcopenia has been recognized as an independent
disease, and is characterized by decreased muscle mass,
strength, and physical function®. Both osteoporosis
and sarcopenia increase the risk of falls, fractures, and
functional impairment®. Therefore, prevention, early
detection, and intervention are important for maintaining
independence in activities of daily living (ADL) in older
adults.

Osteosarcopenia occurs when osteoporosis and
sarcopenia are present simultaneously®. This disease
has been linked to several other conditions, including
depression, malnutrition, peptic ulcers, inflammatory
arthritis, and mobility limitations”. Studies indicate that
osteosarcopenia prevalence varies from 1.5%-64.3%,
and increases with advanced age, reaching 17.8% in
individuals <80 years and 24.8% in those aged =80
years®. The prevalence of osteosarcopenia is significantly
higher in females (19.4%) than in males (15.3%), and
hospital in-patients (24.7%) than in community-dwelling
older adults (12.9%)8. Osteosarcopenia has also been
shown to be associated with the incidence of disability
in community-dwelling older adults®. Considering these
findings, osteosarcopenia may require greater prevention,
early detection, and intervention strategies than either
disease alone.

Osteoporosis and sarcopenia are reportedly associated
with functional outcomes'-'°. Therefore, osteosarcopenia,
combining both diseases, has the potential to exert a
more significant adverse effect on functional outcomes
than either disease alone. Previous studies have reported
that osteosarcopenia is associated not only with adverse
outcomes in community-dwelling older adults but also
with outcomes such as fractures, falls, and mortality
in hospitalized patients®''. In older patients admitted
to rehabilitation wards after fractures, the degree of
functional recovery at discharge and the possibility of
returning home are often key clinical considerations;
however, to our knowledge, no studies have examined
whether osteosarcopenia affects functional recovery in
this rehabilitation population, particularly when assessed
using functional status measures such as the functional
independence measure (FIM)'2. Furthermore, some
studies suggest that osteosarcopenia does not necessarily
increase the risk of fractures or falls''. Whether it exerts a
synergistic effect on functional outcomes remains unclear.
Considering the high prevalence of osteosarcopenia in
hospitalized patients, the identification of its outcomes in
rehabilitation patients hospitalized for fractures and other
diseases may assist with determining the prognosis in
this population. Therefore, in the current study, we aimed
to investigate the negative effects of osteosarcopenia
on the functional outcomes of older patients undergoing
rehabilitation.

Materials and Methods
Study design and participants

We conducted a single-center retrospective cohort study
at Hamamatsu City Rehabilitation Hospital. We included
patients aged =65 years with hip, kneecap, or vertebral
compression fractures who required rehabilitation. In the
Japanese healthcare system, patients typically transition
from acute care to convalescent rehabilitation. In this
study, the hip fracture category included intertrochanteric
fractures and cases after total hip arthroplasty (THA), and
the kneecap fracture category included cases after total
knee arthroplasty (TKA). Vertebral compression fractures
comprised fractures of the thoracic and lumbar vertebrae.
The Japanese medical insurance system provides
rehabilitation units for individuals who have experienced
stroke, musculoskeletal disease, and hospital-associated
deconditioning. This study included patients admitted
to the rehabilitation units between June 2019 and July
2021. We included patients who required rehabilitation
for functional decline following fractures, regardless of
the injury mechanism. Fractures were not categorized
as fragility or traumatic in this study. Exclusion criteria
were incomplete data, the presence of a pacemaker,
and in-hospital mortality. Approval for this study was
obtained from the Ethics Committee of Hamamatsu
City Rehabilitation Hospital (approval number: 21-82).
Informed consent was waived by the Ethics Committee due
to the retrospective design of the study. Consequently,
an opt-out approach was adopted, whereby information
regarding the study was disclosed on the hospital’s official
website and notice boards. Participants were provided with
the opportunity to decline participation in accordance with
the procedures described in these announcements prior to
data anonymization.

Functional outcomes

The main outcomes were the FIM'2 score at discharge
and the minimum clinically important difference (MCID)
achieved in the FIM. The FIM evaluates activities of daily
living through motor and cognitive functions. The total
score ranges from 18 to 126 points, where higher scores
reflect greater independence in daily activities. The FIM
MCID was defined as an improvement of at least 22 points
in the FIM score compared to a previous report'3. The
secondary outcome was the home discharge rate.

Definition and diagnosis of osteosarcopenia,
osteoporosis, and sarcopenia

The patients were classified into four groups:
osteosarcopenia, osteoporosis only, sarcopenia only,
and neither osteoporosis nor sarcopenia (normal).
Patients with osteosarcopenia were defined as those
with both sarcopenia and osteoporosis. The criteria from
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the Asian Working Group for Sarcopenia (AWGS) 20194
were used to diagnose sarcopenia in patients with
decreased muscle mass and strength. However, although
walking speed and five times sit-to-stand tests are part
of the AWGS 2019 diagnostic criteria, they could not
be performed in all patients in this study because of
fractures and pain. Muscle mass was assessed using the
skeletal muscle mass index (SMI), which was obtained
by summing the muscle masses of both the upper and
lower limbs measured using bioelectrical impedance
analysis (BIA) (InBody S10; InBody Japan, Tokyo, Japan)
to calculate the appendicular skeletal muscle (ASM) and
then dividing by the square of the height (m). Decreased
muscle mass was defined as an SMI value <7.00 kg/m?
for men and <5.70 kg/m? for women. Handgrip strength
was assessed to measure muscle strength. Decreased
muscle strength was defined as handgrip strength <28.0
kg and <18.0 kg for men and women, respectively.
Handgrip strength measurements were performed using
the hand dynamometer (MG-4800; CHARDER Electronic,
Taichung, Taiwan) while participants were seated on a
chair or bed with elbows flexed at 90°. Measurements
were taken twice for each hand, and the highest value
was used for analysis. The BMD of the femur and/or
lumbar spine was measured using dual-energy X-ray
absorptiometry (DXA) (Figa, GE Healthcare, USA).
Femoral BMD was measured at the femoral neck, and
lumbar spine BMD was measured at the posteroanterior
lumbar spine (L1-L4) and calculated as the mean of L1-
L4. Exclusion of vertebrae with compression fractures or
severe deformities was not performed because detailed
information on individual vertebrae was not consistently
available in this retrospective study. Osteoporosis was
definedusingthe World Health Organization (WHO) criteria
of BMD T-score of <-2.5 SD'5. We used an accurately
obtained BMD of the femur or lumbar spine given that
metal objects may be present inside the patients’ bodies,
influencing the readout. Given that all participants were
Japanese, we also assessed osteoporosis using the
Japanese Osteoporosis Society (JOS) criteria'®. The
JOS criteria use population specific cutoffs for Japanese
individuals and may vyield diagnoses that do not fully
coincide with the WHO definition. To evaluate the impact
of potential nondifferential misclassification due to
definitional differences, we evaluated the associations
with functional outcomes using the JOS criteria. The
cutoff value according to the JOS criteria was a femoral
BMD of <0.751 g/cm?, or a lumbar spine BMD of
<0.954 g/cm?,

Patient characteristics

Data on patient characteristics were obtained from
medical records. They included age, sex, number of days
from disease onset to admission to a rehabilitation unit,
body mass index (BMI), fracture type, comorbidities,

nutritional status, swallowing ability, and cognitive
function. Comorbidities were assessed using the Charlson
Comorbidity Index (CCI)'"'8, which is a predictor of poor
prognosis. Nutritional status was evaluated by a registered
dietitian through the mini nutritional assessment tool
short form (MNA-SF), with higher scores indicating better
nutritional status'®. Swallowing ability was assessed by a
speech-language therapist using the food intake level scale
(FILS)?°. The FILS is an ordinal scale scored ona 1-10 point
scale, with a focus on daily consumption, where a higher
score indicates better swallowing ability. Cognitive function
was assessed using the mini-mental state examination
(MMSE), where lower scores indicate lower cognitive
function.

Sample size calculation

Based on a previous study?', we hypothesized that the
FIM MCID achievement rates for patients without sarcopenia
undergoing rehabilitation would be approximately 60%.
No data were available on previous FIM MCID achievements
in patients with osteosarcopenia. However, clinical
observations suggested that patients with osteosarcopenia
may achieve approximately half the FIM MCID compared to
the control group. Therefore, we set the target achievement
rate at 40% for patients with osteosarcopenia. We
expected that 148 patients would be needed to detect this
difference, at a = 0.05 and power = 0.9.

Statistical Analysis

Each variable was expressed as the number (%), mean,
and median [IQR]. To compare the four independent
groups, one-way analysis of variance (ANOVA) was used
for parametric data and the Kruskal-Wallis test was used
for non-parametric data. To examine the independent
relationship between osteosarcopenia and discharge FIM
scores, we employed multiple linear regression analysis.
We also analyzedthe association between osteosarcopenia
and the achievement of the FIM MCID using multivariate
logistic regression analysis. The association between
osteosarcopenia and home discharge was evaluated using
multivariate logistic regression analysis. Model 1 classified
participants into four groups: normal, osteoporosis only,
sarcopenia only, and osteosarcopenia. To further enhance
the statistical power, Model 2 analyzed participants in
three groups: normal, others (osteoporosis or sarcopenia
only), and osteosarcopenia. Model 3 analyzed participants
in two groups: osteosarcopenia and others. Covariates
for multivariate regression and sensitivity analyses were
selected based on their potential impact on functional
outcomes and included age, sex, fracture type, onset, CCl,
MNA-SF, FIM at admission, FILS at admission, and MMSE.

Furthermore, regarding the diagnostic criteria
for osteoporosis, the WHO definition may not fully
reflect Japanese population characteristics and may
underestimate its prevalence in this cohort. To address the
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Osteoporosis . .
il Sarcopenia only Osteosarcopenia | p-value

46 (25.0) 16(8.7) 66 (35.9) 56 (30.4)

Age, years, mean (SD) 79.5(7.2) 80.7 (8.3) 83.4(7.3) 85.1(7.3) 0.001
Sex, n (%)

10@21.7) 0(0.0) 28 (42.4) 9(16.1)  <0.001

36(78.3) 16 (100.0) 38(57.6) 47 83.9)
BMI, kg/m2, mean (SD) 22.9(4.0) 205 (2.7) 209 (2.9) 18.8(2.9) <0.001
SMI, kg/m2, mean (SD) 6.0(0.9) 5.7(1.2) 5.1 (0.9) 43(0.8) <0.001
Handgrip strength, kg, mean (SD) 22.0(7.5) 19.8(3.0) 15.4(6.5) 13.0(5.0) <0.001

BMD, g/cm?, mean (SD)
- Femoral neck (n = 172) 0674(0.123)  0.512(0.144) 0.643 (0.120) 0.519(0.100)  <0.001
- Lumbar spine (n = 12) 1.084(0.156)  0.739(0.105) 0.993(0.161) 0.677(0.099)  <0.001
Fracture type, n (%)

- Hip fracture 36 (78.3) 14(87.5) 50 (75.8) 41(73.2) 0.001

- Vertebral compression fracture 3(6.5) 2(12.5) 15(22.7) 15(26.8)
Onsetat adm'ﬁ;‘;?’ LU 1501152, 240]1 1800148 258] 210[16.2,27.8] 2000[160,282] 0565
CCl, score, median [IQR] 1[0, 1] 0Ol[0o, 11 1[0, 2] 1[0, 11 0.164
MNA-SF, score, median [IQR] 9.0[7.0.100]  80I[7.0.10.0] 7.0[4.0,9.0] 6.0[40,70]  <0.001
Fmat“m“ngfmm"wm“ 9283, 991 9376, 107] 79164, 891 74162,86]  <0.001
FIES at adm's?:g’;]s“'e’ median 918,91 918,91 818,91 818, 9] 0.005
LHSCUCE I DR OO R 26123, 291 251[23, 291 231[16,271 22119, 271 0017

[IQR]

Abbreviations: SD: Standard deviation, IQR: Interquartile range, BMI: Body mass index, SMI: Skeletal muscle mass index, BMD: Bone mineral
density, CCl: Charlson comorbidity index, MNA-SF: Mini nutritional assessment short form, FIM: Functional independence measure, FILS: Food

intake level scale, MMSE: Mini mental state examination.

Table 1. Patient characteristics upon admission.

possibility that definitional discrepancies could obscure
consistent associations with outcomes, we additionally
analyzed the data using the JOS criteria derived from
Japanese populations. This approach allowed us to assess
the robustness of our findings regarding the association
between osteosarcopenia and functional outcomes.
Osteoporosis is known to have a higher prevalence in
female?2. Furthermore, hip fractures have been shown to
have a negative association with ADL23. Based on this, we
also conducted analyses exclusively on female participants
and patients with hip fractures to examine whether these
states influenced the outcomes. Statistical analyses were
performed using R version 3.4.0 (The R Foundation for
Statistical Computing, Vienna, Austria). The statistical

N

significance level was set at P < 0.05 to determine
significant differences.

Results

Tables 1 and 2 show the patient characteristics at
admission and discharge. We investigated data from 198
older adult patients aged =65 years who were admitted to
rehabilitation units. Fourteen patients were excluded due
to missing data (four patients), use of a pacemaker (seven
patients), or death during hospitalization (three patients).
Finally, 184 (25.5% male, 74.5% female) patients were
included in the analysis. The mean age was 82.7 £ 7.6
years, and the mean BMI was 20.7 + 3.5 kg/m?2. Sixteen
patients (8.7%) had osteoporosis, 66 (35.9%) had
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Osteoporosis . 9
il Sarcopenia only Osteosarcopenia

N N ELL LI 400[29.2.51.0] 41.5[32.8,542] 46.0[350,560] 41.5[33.0,560]1 0377
L d'SCha[:’;l’?;“re’ LTI 1130102, 1191 1171100, 1211 102 [76, 1141 10082, 1101  0.001
FIES at d'sc"a[rlg;’]“"e’ median 9.0[8.0, 9.0 9.0[8.8,9.01 8.0[8.0, 9.0 80[80,901 0004
Discharge outcome, n (%)
4@87) 2(12.5) 17 25.8) 18@32.1) 0025
42(91.3) 14(87.5) 49(74.2) 38(67.9)
Achieved the FIM MCID, n (%)
31(67.4) 9(56.2) 35(53.0) 30(536) 0436
15(32.6) 7(438) 31(47.0) 26 (46.4)

Abbreviations: IQR: Interquartile range, FIM: Functional independence measure, FILS: Food intake level scale, MCID: Minimum clinically

important difference.

Table 2. Patient characteristics upon discharge.

sarcopenia, and 56 (30.4%) had osteosarcopenia. Most
patients with osteosarcopenia were female and had a
femoral neck bone density of 0.519 + 0.100 g/cm? and a
lumbar spine bone density of 0.677 + 0.099 g/cm?. The
average length of stay was 42.5 days, which did not reach
significance in the univariate analysis. The FIM at discharge
reached significance in the univariate analysis and was the
lowest in the osteosarcopenia group.

Figure 1 shows the results of multivariate linear
regression analysis of the effect of osteosarcopenia on
FIM scores at discharge. Regardless of the osteoporosis
diagnostic criteria used, osteoporosis (95% confidence
interval [CI]l: -8.515-5.655; B, -0.017, P = 0.691),
sarcopenia (95% Cl: -1.440-8.590; B, 0.073, P =
0.161), and osteosarcopenia (95% Cl: -2.518-8.489; B,
0.058, P = 0.286) did not reach a statistically significant
association with FIM at discharge. In Models 2 and 3, which
used different group classifications, osteosarcopenia still
did not reach statistical significance in relation to FIM.

Figure 2 shows the results of the multiple logistic
regression analysis that investigated the association
between osteosarcopenia and achievement rates of the FIM
MCID. Regardless of the osteoporosis diagnostic criteria
used, the results did not reach a statistically significant
association between the FIM MCID and osteoporosis (odds
ratio [OR]: 1.142; 95% CI: 0.321-4.061; P = 0.838),
sarcopenia (OR: 1.974; 95% Cl: 0.780-4.994; P =
0.151), or osteosarcopenia (OR: 1.919; 95% CI: 0.698-
5.277; P=0.206). In Models 2 and 3, which used different
group classifications, osteosarcopenia still did not reach
statistical significance in relation to FIM MCID.

[§)]

Figure 3 shows the results of multiple logistic regression
analysis of the association between osteosarcopenia and
home discharge. Regardless of the osteoporosis diagnostic
criteria used, the results did not reach a statistically
significant association between home discharge and
osteoporosis (OR: 0.693; 95% Cl: 0.081-5.904; P =
0.738), sarcopenia (OR: 0.565; 95% Cl: 0.142-2.243;
P = 0.417), or osteosarcopenia (OR: 0.525; 95% ClI:
0.126-2.189; P=0.376). In Models 2 and 3, which used
different group classifications, osteosarcopenia still did not
reach statistical significance in relation to home discharge.

Similarly, in analyses conducted exclusively on female
participants and patients with hip fractures, osteosarcopenia
did not reach a statistically significant association with FIM,
FIM MCID, or home discharge (Supplementary Figures 1
and 2).

Discussion

In this study, we investigated the negative impact of
osteosarcopenia on the functional outcomes of older
patients undergoing rehabilitation. Our results did not
reach a statistically significant association between
osteosarcopenia, improved functional outcomes, and home
discharge.

One potential reason that osteosarcopenia did not
reach a significant association with functional outcomes
might be insufficient statistical power. An association
between osteosarcopenia and functional disability in
community-dwelling older adults has been previously
reported®. In this study, the univariate analysis showed a
statistically significant difference in FIM at discharge, with
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@ ®
Variable : Coefficient (95% (1)  P-value Variable : Coefficient (95% (1)  P-value
Model 1 5 Model 1 :
- Normal (Reference) 5 - Normal (Refzrence) :
- Ostecporosis only -~ 1430 (85155655 0.691 - Ostoporosis only e -0.008 (03890374  0.568
-Saropenia caly e 3575(14408550) 0.6l -Sarcopenia caly . -0057(-0330-0217)  0.686
- Ostaosarcopenia Y 2985(-2.518-8489)  0.286 - Ostaosarcopania » 0013(-0278-0309) 0529
Model 2 Model 2 :
- Normul (Reference) 5 - Normul (Reference) :
- Ostzoporosis of saropenia caly ——.——— 2366(2372-7.109) 0326 - Ostzoporosis of saropenia caly b -0.044(-0301-0213)  0.735
- Osteosaropenia —e 2744(276582549) 0327 - Ostecsaeopenia - 0016(:0276-0307) 0516
Model 3 5 Model 3 '
- Others (Reference) ' - Others (Reference) :
- Ostecsarcopenia — e 0.540(32195.098)  0.656 - Ostacsarcopenia — e 2824(-12336882) 0171

0 S € 3202 263801 7635 332101234567

Partial regrassion coafficient Partial regrassion coaficent

Figure 1. Multiple regression analysis of osteosarcopenia for FIM at discharge. (A) represents the group diagnosed with osteoporosis according to the WHO criteria, and (B) represents the group
diagnosed according to the JOS criteria. Model 1 analyzed the four groups: normal, osteoporosis only, sarcopenia only, and osteosarcopenia. Model 2 increased statistical power by analyzing three
groups: normal, others (osteoporosis or sarcopenia only), and osteosarcopenia. Model 3 further increased statistical power by analyzing two groups: others and osteosarcopenia.

(GY) ®
Variable Odds ratio ®5% CT)  P-value Variable Odds ratio ®5% CT)  P-value
Model 1 ; Model 1 :
-Noemal (Reference) ¢ 1.000 -Noemal (Reference) ¢ 1.000
- Osteoporosis only R 1142(0321-4.061) 0838 - Ostacporosis only g 1142(03214.061)  0.838
-Sarcopenia caly : T 1.574 (0.7804.994) 0.151 -Sarcopenia caly : * 1.634 (0.6404.177) 0.305
- Ostecsascopenia ; . 1919 (0698-5.277)  0.206 - Ostecsascopania - - 2442(0503-6.602)  0.079
Model 2 : Model 2 :
- Nocmal (Reference) 6 1.000 - Nocmal (Reference) ° 1.000
- Ostzoporosis or sarcopenia ealy i - 1.713 (0.720-4.080) 024 - Ostzoporosis or sarcopenia caly ‘—:*—0—' 1483 (0.618-3.551) 0.376
- Ostacsascopenia L e 1850 0677-5.058)  0.230 - Ostacsarcopenia : - 2337(0887-6.423)  0.085
Model 3 : Model 3 :
- Others (Reference) . 1.000 - Others (Reference) * 1.000
- Ostecsarcopenia e 2505802585  0.595 - Ostecsarcopenia A—o—- 17790850-3729)  0.126

00 10 20 30 30 50 60 00 10 20 30 40 50 60 70

0Odds ratio 0Odds ratio

Figure 2. Logistic regression analysis for FIM MCID. (A) represents the group diagnosed with osteoporosis according to the WHO criteria, and (B) represents the group diagnosed according to the JOS
criteria. Model 1 analyzed the four groups: normal, osteoporosis only, sarcopenia only, and osteosarcopenia. Model 2 increased statistical power by analyzing three groups: normal, others (osteoporosis
or sarcopenia only), and osteosarcopenia. Model 3 further increased statistical power by analyzing two groups: others and osteosarcopenia.
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@

Variable ; Odds ratio 5% CT)  P-value

Model 1 :

- Norrmal (Reference) ¢ 1,000

- Ostzoporosis only P 0.653 (0.081-5.904) 0.738

-Sarcopenia caly ——t 0.565(0.142-2243) 0417

- Osteosarcopenia . 0.525(0.126-2.185)  0.376

Model 2 :

- Normal (Refrence) ¢ 1.000

- Osteoporosis or samopenia caly P 0.582(0.1502253) 0433

- Osteosaropenia ——— 0.524(0126-2189) 0376

Model 3 :

- Others (Reference) Py 1.000

- Ostaosaropenia e 0.505(0330-1682)  0.643
00 10 20 30 40 50 60

0dds ratio

®
Variable ; Odds ratio ©5% CT)  Povalue
Model 1 :
- Noemal (Rerence) o 1.000
- Ostzoporosis only , P 2.832(0.1504.229) 0.450
-Sascopenia caly o 0.865(0230-3251)  0.830
- Ostacsarcopenia ._._—. 0.686(0.182-2578) 0577
Model 2 5
- Normal (Reference) ° 1.000
- Osteoporosis or sarcopania caly QI 0.979 (0265-3.613) 0.875
- Ostzosaropenia —.— 0.681(0.181-2.368) 0371
Model 3 :
- Others (Reference) . 1.000
- Ostsosaropenia »—0—*—- 0.692(0284-1687) 0418

00 10 20 30 50

0Odds ratio

Figure 3. Logistic regression analysis for home discharge. (A) represents the group diagnosed with osteoporosis according to the WHO criteria, and (B) represents the group diagnosed according to
the JOS criteria. Model 1 analyzed the four groups: normal, osteoporosis only, sarcopenia only, and osteosarcopenia. Model 2 increased statistical power by analyzing three groups: normal, others
(osteoporosis or sarcopenia only), and osteosarcopenia. Model 3 further increased statistical power by analyzing two groups: others and osteosarcopenia.

osteosarcopenia having the lowest value. However, in the multivariate analysis, the
association did not reach statistical significance. We estimated the required sample
size to ensure adequate statistical power to reject the null hypothesis. Although
the overall sample met the required size, dividing participants into four groups
likely reduced statistical power. In the multivariable analyses, the 95% confidence
intervals were wide across all groups, strongly suggesting limited power. In addition,
heteroscedasticity may have influenced the estimates.

We also thought that differences in the study population may have influenced the
association between osteosarcopenia and functional outcomes. Community-dwelling
older adults usually have better motor function and ADL than hospitalized patients.
Among community-dwelling older adults, the prevalence of osteosarcopeniahas been
reported to be low?*. Those with osteosarcopenia tend to be substantially more frail
than their community counterparts, which likely makes between-group differences
in outcomes easier to detect. By contrast, our study population comprised patients
who required rehabilitation therapy after fracture. As suggested by Japanese health
statistics indicating that approximately 80% of patients with hip fracture require
convalescent rehabilitation®s, our study population was likely already relatively

homogeneously frail, irrespective of osteosarcopenia status. Therefore, the
additional adverse effect of osteosarcopenia on functional outcomes may have been
difficult to detect in our study. More importantly, the rehabilitation intervention
itself may have acted as an effect modifier, mitigating the potential negative impact
of osteosarcopenia. All patients in this study received specialized rehabilitation,
and this intensive intervention may have uniformly promoted functional recovery,
potentially masking any adverse prognostic effect of osteosarcopenia on functional
outcomes.

Additionally, incomplete assessment of potential risk factors may have influenced
our findings. For example, biomarkers have been reported to influence functional
outcomes?®. Additionally, potential risk factors reflecting patient severity, such as
fracture severity and prior fracture history, may also have acted as confounders.
These are not only important risk factors for osteoporosis but also factors that
directly impede recovery during rehabilitation?”2%, In this study, we could not
adjust for these confounding factors, which may have obscured the true impact of
osteosarcopenia. Furthermore, the definition of osteoporosis could also influence
interpretation. We defined osteoporosis solely by DXA T-scores. However, current
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clinical definitions diagnose osteoporosis based on either
a T-score threshold or the presence of fraqgility fractures®®.
Failing to identify prior fragility fractures may have
resulted in inadequate risk stratification. This potential
misclassification could have artificially inflated the frailty
within the control group, thereby attenuating or diluting the
observed differences from the osteosarcopenia group.

Osteosarcopenia did not reach a statistically significant
association with home discharge. Sarcopenia is reportedly
an impediment to home discharge*°. Yoshimura et al.
reported that the mean age of older adult inpatients
undergoing the same rehabilitation was 74.9 = 13.2
years®°. In contrast, the target population of this study
was older, with a mean age of 82.7 + 7.6 years. The older
the patient, the more common the functional and cognitive
decline. Therefore, the target population may have affected
the results of this study.

We hypothesized that osteosarcopenia would exhibit a
negative synergistic effect, resultingin adeclineinfunctional
outcomes. A scoping review by Inoue et al.'' reported
that osteosarcopenia may not demonstrate a synergistic
negative effect of sarcopenia and osteoporosis on fractures
and falls. However, the reason for this discrepancy between
the logic and results has not yet been clarified, and doing so
may partially explain the results of the present study.

The target population in this study was not significantly
different from that of previous studies3'*3. In this study,
the prevalence of osteosarcopenia was 30.4%, with males
accounting for 16.1% and females accounting for 83.9%.
Prevalence rates in previous studies have been in the range
of 15.4%-65.7% in hospitalized patients''. Furthermore,
the ratio of males to females also showed a higher
proportion of females'”3435, consistent with the results of
this study. These findings suggest that the validity of the
target population in this study is not a significant concern.

This study has several limitations. First, it was conducted
at a single center, which may limit the generalizability of the
findings. Given potential influences of patient characteristics
and rehabilitation practices at our institution, our findings
are not fully representative of all hospitalized older adults.
Accordingly, a multicenter, large-scale observational study
is needed to evaluate the true impact of osteosarcopenia.
In such a study, it is essential to accurately stratify patients
using more consensus-based diagnostic criteria, such as
the clinical definition of osteoporosis which includes the
presence of fragility fractures, and to adjust for confounders
not evaluated in this study, such as prehospitalization
activity levels, standardized rehabilitation intensity, and
biomarkers. Second, significant differences were observed
in baseline FIM scores between groups. Although we
adjusted for baseline FIM scores and other severity-
related factors (such as CCIl, MNA-SF, FILS, and MMSE) in
our analysis, more rigorous methods, such as matching,
would be necessary to better control for these differences.
Third, the wide 95% CI suggest that a larger sample size

may be required to detect significant differences between
groups. Fourth, osteoporosis was assessed solely by DXA
bone mineral density. Current definitions indicate that
a diagnosis may be established by bone densitometry
(WHO criteria) or by a history of fragility fractures®®.
Accordingly, nondifferential misclassification bias may
have occurred, which could have attenuated the observed
association between osteosarcopenia and functional
outcomes. Finally, data on participants’ prehospitalization
residential status were not available. However, since all
participants were transferred from acute care hospitals,
their prehospitalization residential status likely had
minimal impact on discharge outcomes. A similar previous
study conducted on patients transferred from an acute care
hospital also did not report prehospitalization residential
status=°.

Conclusion

In this study, osteosarcopenia was observed in 30.4%
of older patients with fractures admitted to rehabilitation
units. Although the associations of osteosarcopenia with
FIM at discharge, achievement of the FIM MCID, and home
discharge did not reach statistical significance, intensive
rehabilitation during hospitalization may have mitigated its
adverse effects, thereby masking its impact on functional
outcomes at discharge. Further large-scale, multicenter,
longitudinal studies are warranted to clarify the long-term
clinical impact of osteosarcopenia in this population.
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Supplementary Figure 1. The analysis results for female subjects only are presented. (A) Multiple regression analysis of osteosarcopenia for FIM at discharge (B) Logistic regression analysis for FIM
MCID (C) Logistic regression analysis for home discharge. Abbreviations: FIM: Functional independence measure, CCI: Charlson comorbidity index, MNA-SF: Mini nutritional assessment short form, FILS:
Food intake level scale, MMSE: Mini mental state examination, MCID: Minimum clinically important difference.
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Supplementary Figure 2. The analysis results for subjects with hip fractures only are presented. (A) Multiple regression analysis of osteosarcopenia for FIM at discharge (B) Logistic regression
analysis for FIM MCID (C) Logistic regression analysis for home discharge. Abbreviations: FIM: Functional independence measure, CCl: Charlson comorbidity index, MNA-SF: Mini nutritional assessment
short form, FILS: Food intake level scale, MMSE: Mini mental state examination, MCID: Minimum clinically important difference.
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