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Abstract : Sarcopenia is widely believed to be linked to poorer outcomes in inpatient rehabilitation. This study 
aimed to assess the impact of sarcopenia on functional outcomes and dietary intake during hospitalization in 
adults undergoing convalescent rehabilitation. We conducted a retrospective cohort analysis at a single reha-
bilitation institution. The Asian Working Group Consensus Criteria for Sarcopenia was used to diagnose. The 
Functional Independence Measure (FIM) score was used at hospital discharge to measure the primary functional 
outcome. Energy and protein intakes during hospitalization were calculated as part of the nutritional assess-
ment. There were 126 patients in the research (median age, 73 yr ; 54% women). Stroke (n = 73 ; 53.4% sarcopenia) 
and musculoskeletal disorders (n = 53 ; 56.6% sarcopenia) were among the admission diagnoses. Multiple linear 
regression analysis revealed that the FIM total score at discharge was modestly associated with sarcopenia only 
in stroke patients (ββ = −0.1872, P = 0.09), as well as significantly and independently associated with protein in-
take during admission only in stroke patients (ββ = 0.3217, P < 0.05). In hospitalized stroke patients undergoing 
convalescent therapy, sarcopenia is related to lower functional results. Early identification of sarcopenia and 
treatment with rehabilitation nutrition should be implemented in this population. J. Med. Invest. 70 : 457-463, 
August, 2023
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INTRODUCTION
 

Sarcopenia is defined as the loss of skeletal muscle mass and 
strength with aging (1). In frail older persons, maintaining or 
enhancing physical function and independent functioning is 
crucial (2), and sarcopenia adds to physical frailty (3). It causes 
more falls, functional dependency, and death (4). Sarcopenia has 
primarily been studied in community-dwelling adults and nurs-
ing home residents, and it is a major risk factor for mobility im-
pairment, falls, disability, loss of independence, hospitalization, 
institutionalization, and death (5-8). The prevalence of sarcope-
nia in hospital-based rehabilitation settings is approximately 
50% (9, 10). Although it is often assumed that sarcopenia is 
associated with poorer outcomes in hospital-based rehabilitation 
settings (11), few studies have established a connection between 
sarcopenia and functional outcomes in hospitalized older adults 
receiving rehabilitation.

Sarcopenia, a skeletal muscle ailment, is caused by aging, 
inadequate nutritional intake, disease, and inactivity, which 
results in a considerable loss of cell mass, particularly in skeletal 
muscle (12, 13). It is not enough to maintain these patients’ nu-
tritional condition ; a significant amount of energy is necessary 
to rebuild their lean mass and skeletal muscle mass. The clinical 
nutrition community has long acknowledged the importance 
of modifying energy requirements in these situations (14, 15). 

However, there is no clear idea of nutritional intervention to ad-
dress these circumstances in sarcopenic patients. Furthermore, 
malnutrition is widely recognized in recovery and rehabilitation 
units (16), and because improved nutritional status and weight 
gain are associated with improved activities of daily living 
(ADLs) (17-19), developing a nutritional management strategy 
to improve nutritional status in clinical settings is important.

As a result, we conducted a retrospective cohort study of inpa-
tient adults undergoing convalescent therapy to see how sarcope-
nia affected functional outcomes, such as ADLs, home discharge 
rates, and nutritional intake during hospitalization. 

MATERIALS AND METHODS
Participants and setting

From April 2019 to March 2022, we conducted a single-center, 
retrospective, cross-sectional study. We considered all consecu-
tive patients hospitalized in Kawasaki Medical School Hospital’s 
convalescent rehabilitation unit. The convalescent rehabilitation 
ward is unique in the Japanese healthcare system, serving pa-
tients who require rehabilitation after being discharged from an 
acute care unit. The study included patients newly admitted to 
the ward. Exclusion criteria included refusal to consent, missing 
data, altered consciousness, edema, and altered hydration sta-
tus, pacemaker implantation, parenteral nutrition, or diseases 
other than the two main diseases (stroke and musculoskeletal 
diseases). The observation period lasted from the time of admis-
sion to the time of discharge from the hospital.

Data collection
At admission, basic information, such as age, gender, 
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admission diagnosis, body mass index (BMI), admission diagno-
sis, number of medications prescribed at admission (20), includ-
ing antihypertensives and antipsychotics, time (days) since the 
onset of the primary illness, and some laboratory tests (serum 
albumin, hemoglobin, and C-reactive protein) were collected. 
BMI, bioelectrical impedance analysis (BIA) for skeletal muscle 
mass and fat mass, handgrip strength (HGS) and calf circumfer-
ence (CC), and Functional Independence Measure (FIM) scores 
for physical and cognitive function were tested within 7 days 
of admission (21). HGS was measured using a Smedley hand 
dynamometer (TTM, Tokyo, Japan) with the patient standing or 
sitting, depending on ability, with arms straight at the side ; an 
average of two readings was taken. BIA was assessed under 
the following conditions : adequate hydration, 2 h after the last 
meal, bed rest for 20 min before the evaluation, and no current 
diagnosis of fever, tremor, or poor physical condition. The device 
used (InBody S10, InBody, Tokyo, Japan) was the latest version 
of a validated BIA device, and its measurement is considered 
minimally affected by fluid overload when estimating muscle 
mass (22).

Main outcomes 
The primary outcome was the FIM score at the time of dis-

charge from the convalescent rehabilitation center (21). The FIM 
is split into two domains : motor domain (FIM motor) with 13 
sub-items and cognitive domain (FIM cognitive) with five sub-
items. Tasks are graded on a 7-point ordinal scale ranging from 
complete help to complete independence. The FIM total score 
is between 18 and 126 points, the FIM motor score is between 
13 and 91 points, and the FIM cognitive score is 5 to 35 points. 
Lower scores imply dependency.

BMI, skeletal muscle mass index (SMI), HGS, and CC at 
the time of discharge from the convalescent rehabilitation unit, 
length of stay (LOS), and discharge rate to home are secondary 
outcomes.

Diagnosis of sarcopenia
Sarcopenia was diagnosed based on the Asian Working Group 

for Sarcopenia 2019 consensus when both low muscle strength, 
as measured by grip strength, and low SMI, as measured by 
BIA, were present (23). Grip strength cutoff values were less 
than 28 kg for males and 18 kg for women, and SMI cutoff values 
were fewer than 7.0 kg / m2 for men and 5.7 kg / m2 for women.

Nutrition assessment
Energy and protein intake was assessed as the average during 

the entire hospitalization. Dietary intake at the time of admis-
sion was provide at 30 kcal per ideal body weight for energy and 
1.2 g per ideal body weight for protein.

 A nurse estimated the energy and protein intakes and visu-
ally checked the intake ratio to the amount given to the patient. 
Breakfast, lunch, and dinner intakes were recorded, and based 
on oral intake, average daily energy and protein intakes for the 
entire hospitalization period were calculated and divided by the 
desired weight at admission to estimate energy and protein in-
takes per ideal body weight. A BMI of 22.0 kg / m2 was the ideal 
body weight (24).

Statistical analysis
For parametric data, values are provided as mean (SD) or 

as median (interquartile range [IQR]) and number (%) for 
nonparametric and categorical data, respectively. The t test, 
Mann–Whitney U test, and χ2 test were used to compare those 
with and without sarcopenia according to disease. Multiple lin-
ear regression analyses were performed to assess if sarcopenia 
or energy and protein consumption at hospital admission were 

independently related to FIM total at hospital release. The vari-
ance inflation factor (VIF) was used to quantify multicollinear-
ity : a VIF between 5 and 10 was deemed to reflect the absence 
of multicollinearity. P < 0.05 was considered statistically signifi-
cant. JMP software (SAS Institute Inc., Tokyo, Japan) was used 
for all statistical analyses.

Ethics
All participants or their legal guardians provided informed 

consent. The study was approved by the Institutional Review 
Board of Kawasaki Medical School Hospital (Okayama, Japan), 
where the study was conducted. This study was conducted in 
accordance with the tenets of the Declaration of Helsinki.

RESULTS
Patient characteristics and comparison based on the presence of 
sarcopenia

During the study period, 349 patients were newly admitted, 
met the inclusion criteria, and were further assessed for eligibili-
ty. Patients with missing data, altered consciousness, pacemaker 
implantation, and other than the two main diseases were exclud-
ed from the analysis. Finally, 126 participants were included in 
the study.

Table 1 shows the clinical and demographic data of the pa-
tients. The median age of the patients was 73 (IQR : 61–81) 
years, and 46.0% were male. The median FIM total, FIM 
motor, and FIM cognitive scores were 96 (IQR : 69–108), 66 
(IQR : 44–75), and 34 (IQR : 27–35), indicating that a significant 
proportion of patients were physically at baseline. Stroke (n = 
73 ; 57.9%) and musculoskeletal diseases (n = 53 ; 42.1%) were 
the most frequent medical problems. Sarcopenia was found in 
53.4% (n = 39) of stroke patients and 56.6% (n = 30) of muscu-
loskeletal patients. Patients with sarcopenia who had a stroke 
were substantially older (P < 0.05). They had lower BMI, SMI, 
and CC than people who did not have sarcopenia (all, P < 0.01). 
According to comorbidities, there were no variations in FIM 
score between individuals with and without sarcopenia. Patients 
with stroke who had sarcopenia had substantially longer days 
from onset than those who did not have sarcopenia (P < 0.05). 
According to significant comorbidities, indicators of nutritional 
status, such as albumin and hemoglobin, and markers of inflam-
mation, such as C-reactive protein (CRP), showed no variations 
between patients with and without sarcopenia.

Clinical and functional outcomes at hospital discharge between 
patients with and without sarcopenia according to diseases

The results of the univariate analysis for clinical and func-
tional outcomes at hospital discharge between patients with and 
without sarcopenia according to the main diseases are shown in 
Table 2. Patients with sarcopenia had substantially lower BMI, 
SMI, and CC than those without (all, P < 0.01). FIM total and 
FIM motor were significantly lower in patients with sarcopenia 
following stroke than in those without (all, P < 0.01 or P < 0.05). 
After the stroke, FIM cognitive function was slightly lower in 
patients with sarcopenia than those without (P = 0.0699). Ac-
cording to musculoskeletal illnesses, the FIM score revealed no 
differences between patients with and without sarcopenia. Ac-
cording to significant comorbidities, there were no differences in 
LOS between patients with and without sarcopenia. According 
to stroke, home discharge rate was marginally worse in patients 
with sarcopenia than those without (P = 0.0571). According to 
musculoskeletal illnesses, home discharge rate revealed no dif-
ferences between patients with and without sarcopenia. 
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Table 1.　Baseline characteristics of patients and between-group comparison according to the presence of sarcopenia

Stroke (n = 73) Musculoskeletal disease (n = 53)

Total
(N = 126)

Sarcopenia
(n = 39)

No sarcopenia
(n = 34)

P value Sarcopenia
(n = 30)

No sarcopenia
(n = 23)

P value

Demographic

Age (yr), median (IQR) 73 (61–81) 76 (69–83) 65 (53–73) 0.0024 79 (70–82) 76 (58–80) 0.1406

Sex, n (%) 0.6356 0.0786

Male 58 (46.0) 21 (53.8) 21 (61.8) 6 (20.0) 10 (43.5)

Female 68 (54.0) 18 (46.2) 13 (38.2) 24 (80.0) 13 (56.5)

Reason for admission, n (%)

Stroke

Brain infarction 33 (26.2) 17 (43.6) 16 (47.1)

Cervical spondylotic myelopathy 9 (7.1) 7 (17.9) 2 (5.9)

Brain hemorrhage 8 (6.3) 2 (5.1) 6 (17.6)

Subarachnoid hemorrhage 6 (4.8) 4 (10.3) 2 (5.9)

Spinal cord injury 6 (4.8) 2 (5.1) 4 (11.8)

Brain tumor 4 (3.2) 4 (10.3)

Peripheral neuropathic 1 (0.8) 1 (2.6)

Polyneuropathy 1 (0.8) 1 (2.6)

Spinal cord tumor 1 (0.8) 1 (2.6)

Multiple sclerosis 1 (0.8) 1 (2.9)

Cerebral palsy 1 (0.8) 1 (2.9)

Brain arteriovenous malformation 1 (0.8) 1 (2.9)

Lateral medullar 1 (0.8) 1 (2.9)

Musculoskeletal disease

Fractures 33 (26.2) 18 (60.0) 15 (65.2)

Degenerative joint disease 10 (7.9) 6 (20.0) 4 (17.4)

Total knee arthroplasty 7 (5.6) 6 (20.0) 1 (4.3)

Amputation 3 (2.4) 3 (13.0)

Anthropometrics

BMI (kg / m2), median (IQR) 22.3 (24.7–20.2) 20.4 (18.7–22.4) 24.2 (22.0–26.9) <0.0001 21.7 (19.3–22.6) 24.4 (22.7–25.4) 0.0004

SMI (kg / m2), median (IQR) 6.2 (5.3–7.1) 5.5 (4.6–6.5) 7.2 (6.3–7.6) <0.0001 5.4 (4.9–5.6) 7.4 (6.5–8.0) < 0.0001

CC (cm), mean (SD) 32.2 (3.6) 29.9 (2.9) 34.7 (2.8) 0.0001 30.7 (2.4) 34.4 (3.4) < 0.0001

Handgrip strength (kg), mean (SD) 20.1 (9.1) 18.4 (8.6) 23.2 (9.1) 0.0532 16.8 (6.5) 22.0 (10.8) 0.0666

FIM score, median (IQR)

Total 96 (69–108) 86 (52–101) 95 (81–102) 0.2592 101 (89–109) 107 (87–112) 0.3643

Motor 66 (44–75) 63 (20–71) 62 (46–74) 0.4653 67 (54–74) 73 (52–77) 0.4562

Cognitive 34 (27–35) 30 (18–35) 33 (25–35) 0.1670 35 (32–35) 35 (33–35) 0.5228

Days from onset (days), median (IQR) 23 (17–34) 27 (19–40) 21 (14–32) 0.0240 23 (18–36) 20 (14–28) 0.1180

Drugs

Total (n), median (IQR) 6 (3–7) 5 (3–7) 5 (4–7) 0.1441 5 (2–10) 4 (3–8) 0.4562

Antihypertensive drugs, n (%) 57 (45.2) 22 (56.4) 25 (73.5) 0.1483 4 (13.3) 6 (26.1) 0.2995

Antipsychotics, n (%) 30 (23.8) 9 (23.1) 8 (23.5) 0.9636 10 (33.3) 3 (13.0) 0.0666

Laboratory data

Albumin (g / dL), mean (SD) 3.6 (0.5) 3.4 (0.4) 3.8 (0.5) 0.9745 3.5 (0.5) 3.5 (0.5) 0.9743

Hemoglobin (g / dL), mean (SD) 11.9 (1.9) 12.0 (1.8) 13.2 (1.9) 0.1639 10.8 (1.6) 11.4 (1.7) 0.1639

CRP (mg / dL), median (IQR) 0.24 (0.09–0.55) 0.14 (0.05–0.38) 0.23 (0.08–0.40) 0.6239 0.36 (0.14–0.64) 0.37 (0.14–1.01) 0.8393

Note. Data are presented as mean or median. Between-group comparisons were made using the t test and Mann–Whitney U test.
Abbreviations : BMI, body mass index ; CC, calf circumference ; CRP, C-reactive protein ; FIM, Functional Independence Measure ; IQR, 
interquartile rate ; SMI, skeletal muscle mass index.
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Energy and protein intake and dietary assessment in admission 
between patients with and without sarcopenia by disease

Table 3 compares the dietary assessments of patients with 
and without sarcopenia admission based on the major disorders. 
According to the primary diseases, there were no changes in en-
ergy and protein intake and dietary intake rate between patients 

with and without sarcopenia.
 

Multiple linear regression analysis for FIM total at hospital discharge 
according to diseases

Table 4 shows the multivariate analyses for FIM total at 
hospital discharge after adjusting for sarcopenia or energy and 

Table 2.　Univariate analysis for clinical and functional outcomes at hospital discharge between patients with and without sarcopenia accord-
ing to the diseases

Stroke (n = 73) Musculoskeletal disease (n = 53)

Sarcopenia
(n = 39)

No sarcopenia
(n = 34) P value Sarcopenia

(n = 30)
No sarcopenia

(n = 23) P value

Anthropometrics

Body mass index (kg / m2), median (IQR) 20.1 (18.8–20.5) 24.5 (21.9–26.0) < 0.0001 21.4 (18.9–22.7) 23.6 (22.0–25.5) 0.0006

SMI (kg / m2), median (IQR) 5.7 (5.1–6.5) 7.1 (6.3–7.8) 0.0001 5.4 (5.1–6.0) 7.3 (6.4–7.8) < 0.0001

Calf circumference (cm), median (IQR) 31.0 (28.6–32.9) 35.4 (33.6–37.7) < 0.0001 31.6 (30.1–33.2) 33.8 (32.4–36.2) 0.0004

Handgrip strength (kg), mean (SD) 18.0 (9.3) 23.7 (8.7) 0.098 16.0 (5.9) 20.3 (10.7) 0.0980

FIM score, median (IQR)

Total 102 (89–118) 118 (103–122) 0.0178 115 (108–118) 115 (113–120) 0.4275

Motor 80 (60–85) 86 (72–89) 0.0399 80 (74–83) 80 (79–85) 0.4060

Cognitive 31 (21–35) 34 (30–35) 0.0699 35 (33–35) 35 (35–35) 0.1221

LOS (days), median (IQR) 59 (32–113) 54 (42–86) 0.5802 57 (42–76) 58 (35–96) 0.3413

Home discharge, n (%) 33 (84.6) 33 (97.1) 0.0571 27 (90.0) 20 (87.0) 0.7299

Note. Data are presented as mean or median. Between-group comparisons were made using the t test and Mann–Whitney U test.
Abbreviations : FIM, Functional Independence Measure ; IQR, interquartile rate ; LOS, length of stay ; SMI, skeletal muscle mass index.

Table 3.　Energy and protein intake and dietary intake rate in admission between patients with and without sarcopenia according to the diseases

Stroke (n = 73) Musculoskeletal disease (n = 53)

Sarcopenia
(n = 39)

No sarcopenia
(n = 34) P value Sarcopenia

(n = 30)
No sarcopenia

(n = 23) P value

Dietary assessment

Energy intake in admission (kcal / day / kg IBW), 
median (IQR) 26 (24–29) 27 (25–30) 0.6173 27 (24–32) 30 (26–34) 0.2391

Protein intake in admission (g / day / kg IBW), 
median (IQR) 1.1 (0.9–1.2) 1.0 (1.0–1.1) 0.3725 1.1 (0.9–1.2) 1.1 (1.0–1.3) 0.2541

Dietary intake rate in admission (%), median (IQR) 89 (83–93) 92 (86–96) 0.1378 90 (84–94) 93 (88–96) 0.0712

Note. Data are presented as mean or median. Between-group comparisons were made using the t test and Mann–Whitney U test.
Abbreviation : IQR, interquartile rate.

Table 4.　Multiple linear regression analysis for FIM total at hospital discharge according to diseases 

Stroke (n = 73) Musculoskeletal disease (n = 53)

β P value β P value

Age − 0.4941 < 0.0001 − 0.1191 0.4263

Sex − 0.1851 0.0896 − 0.1328 0.3943

Sarcopenia − 0.1872 0.0856 − 0.0973 0.5285

Energy intake in admission − 0.2363 0.1241 0.0022 0.9919

Protein intake in admission 0.3217 0.0365 − 0.0099 0.9648

R2 0.3192 0.0575

P value < 0.0001 0.7288

Note. β, standardized partial regression coefficient. Adjusted for age and sex at admission.
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protein consumption on admission by disease. After controlling 
for relevant confounders, such as age and gender, sarcopenia was 
modestly linked with FIM total at hospital release according 
to stroke (β = −0.1872, P = 0.0856). Furthermore, protein con-
sumption at admission was linked with FIM total after hospital 
release on stroke (β = 0.3217, P < 0.05).

 

DISCUSSION

Sarcopenia, or the age-related loss of muscle mass and 
strength, dramatically hinders physical function and indepen-
dent functioning in frail older persons, increasing the risk of 
falls, functional reliance, and death. In this cohort study, we 
investigated the impact of sarcopenia on functional outcomes, 
such as ADLs, and the rate of release to home among hospi-
talized people receiving convalescent therapy. There was no 
difference in admission FIM ratings between patients with and 
without sarcopenia for stroke. FIM ratings upon discharge were 
lower in patients with sarcopenia at the time of transfer than 
in patients without sarcopenia. Furthermore, sarcopenia was 
linked to ADL at discharge in people hospitalized for stroke. 
With a β of −0.1872 (stroke), the degree of association was mild 
to moderate. It is hypothesized that because stroke significantly 
impacts physical functioning, disability, and recovery, the impact 
of sarcopenia is reduced. This finding is consistent with the 
results of Yoshimura et al. survey (25). It has been observed that 
malnutrition and sarcopenia are related to poorer outcomes, 
such as ADL and home discharge rates in rehabilitation indi-
viduals (25, 26). Our discovery that poststroke sarcopenia is 
related to status after discharge emphasizes the necessity in hos-
pitalized patients. We conducted further analyses to explore the 
relationship between the presence of sarcopenia and recovery 
of physical function. Specifically, we examined the difference in 
FIM scores from admission to discharge (FIM gain) in relation 
to sarcopenia. However, our results did not show a significant 
relationship (data not shown). It is worth noting that FIM gain is 
often difficult to improve in patients requiring total assistance, 
while a ceiling effect is observed in patients with light assis-
tance, resulting in minimal gains. Conversely, patients with 
moderate assistance showed greater gains (27). In addition, the 
lack of improvement and ceiling effects observed in critically ill 
patients may influence FIM gains on admission (27). A plausible 
explanation for the lack of association between FIM gain and the 
presence of sarcopenia in our study could be due to the substan-
tial interindividual variability in admission FIM scores, which 
consequently led to substantial interindividual variability in 
FIM gain. To obtain more precise results, future studies should 
consider increasing the sample size and performing a more com-
prehensive examination.

Based on the current findings, there is an urgent need to 
detect early (i.e., at hospital admission) to commence preventive 
and particular interventions to avoid worse functional outcomes 
among hospitalized individuals receiving rehabilitation. Re-
sistance training and proper calorie and protein consumption 
should be the primary aims of sarcopenia treatment to preserve 
skeletal muscle mass and function and restore physical function 
(28). Protein consumption at admission was linked to FIM score 
at discharge in hospitalized stroke patients undertaking conva-
lescent therapy in this research. In stroke patients, this risk was 
relatively low (β of 0.3217). In contrast, in hospitalized stroke 
patients receiving convalescent rehabilitation, energy intake at 
admission was not related to the FIM score at discharge. These 
findings imply that dietary protein intake regulation is more im-
portant than energy consumption functional outcomes in stroke 
patients. Protein intake of 1.0–1.5 g / kg of ideal body weight per 

day is indicated to improve sarcopenia (29). Protein consumption 
in stroke patients with sarcopenia was within the recommended 
range in this study. As a result of these findings, it is proposed 
that the target protein consumption be increased compared with 
the intake in this study to improve functional outcomes in stroke 
patients with sarcopenia. Nutritional therapy that accounts for 
daily energy consumption, protein requirements, and accumula-
tion is required and will be a future challenge in this study (30).

Previous research has linked sarcopenia in patients with 
musculoskeletal disorders to poor functional outcomes due to im-
paired ADL (25, 31). Our study, however, found no link between 
sarcopenia at admission and functional outcomes, including 
ADLs, in patients with musculoskeletal disorders. This study’s 
sub-analysis could not explain the reasons for the disparity with 
earlier investigations. Musculoskeletal disease is more likely to 
cause localized damage than cerebrovascular disease, and the 
disease’s severity may be less severe. As a result, the recovery 
rate in functional prognosis with or without sarcopenia may dif-
fer. This study did not consider factors influencing sarcopenia on 
admissions and functional outcomes, such as rehabilitation du-
ration, content, and physical activity levels, which may influence 
the association. Similarly, factors influencing these outcomes, 
such as family presence, long-term care insurance, living envi-
ronment, disease severity, and treatment, were not investigated 
(32-34). Because the investigation was conducted retrospectively, 
certain unadjusted factors may have influenced the findings. 
High-quality prospective studies are needed to study the impact 
of sarcopenia and functional outcomes on hospital LOS and 
discharge rates to home, as well as social contexts, such as the 
presence of family members for support and social services.

This study has several limitations. First, the small sample 
size and single-study setting may reduce the precision of the 
statistical analysis and limit the generalizability of the results. 
Future research is needed to see if similar outcomes may be 
obtained in diverse therapeutic contexts. Second, the effects of 
various sarcopenia therapies, such as rehabilitation therapy 
and nutrition therapy, were not studied. Third, because the 
study was conducted retrospectively, the effect of confounding 
factors on the results could not be adequately corrected. Finally, 
there was no evidence of a causal association between diet and 
improved functional outcomes at hospital discharge in this trial. 
The clinical effects of a rehabilitation nutrition on sarcopenia 
and functional results in hospital-based rehabilitation settings 
should be investigated in future studies.

CONCLUSION

In conclusion, the results suggest that sarcopenia is associated 
with functional status at hospital discharge, emphasizing the 
importance of early detection and diagnosis of sarcopenia and 
dietary management (particularly protein intake) in patients 
undergoing convalescent rehabilitation, particularly those with 
stroke.

CONFLICT OF INTEREST
The authors declared no conflict of interest.

ACKNOWLEDGMENTS

We thank the paramedical staff from the Convalescent Reha-
bilitation Department Ward of Kawasaki Medical School Hospi-
tal for their help with performing patient assessments.



462 Y. Yamasaki, et al.  Sarcopenia effect on convalescent rehabilitation outcomes

REFERENCES
1.	 Rosenberg IH : Sarcopenia : Origins and clinical relevance. 

J Nutr 127 : 990-991, 1997
2.	 Morley JE, Vellas B, Van Kan GA, Anker SD, Bauer JM, 

Bernabei R, Cesari M, Chumlea WC, Doehner W, Evans J, 
Fried LP, Guralnik JM, Katz PR, Malmstrom TK, McCarter 
RJ, Gutierrez Robledo LM, Rockwood K, von Haehling S, 
Vandewoude MF, Walston J : Frailty Consensus : a call to 
action. J Am Med Dir Assoc 14 : 392-397, 2013

3.	 Fried LP, Tangen CM, Walston J, Newman AB, Hirsch 
C, Gottdiener J, Seeman T, Tracy R, Kop WJ, Burke G, 
McBurnie MA : Frailty in older adults : evidence for a phe-
notype. J Gerontol A Biol Sci 56 : 146-156, 2001

4.	 McGlory C, van Vliet S, Stokes T, Mittendorfer B, Phillips 
SM : The impact of exercise and nutrition on the regulation 
of skeletal muscle mass. J Physiol 597 : 1251-1258, 2019

5.	 Morley JE, Anker SD, von HaehlingS : Prevalence, inci-
dence, and clinical impact of sarcopenia : facts, numbers, 
and epidemiology—update 2014. J. Cachexia Sarcopenia 
Muscle 5 : 253-259, 2014

6.	 Alfonso JC, FrancescoL, Stéphane MS, Clemente Z, 
Hidenori A, Yves B, Liang-Kung C, Roger AF, Finbarr CM, 
Jean-Pierre Ml, Cornel S, Jeffrey RS, Stephanie AS, Bruno 
V, Jean W, Mauro Z, Tommy C : Prevalence of and interven-
tions for sarcopenia in ageing adults a systematic review. 
report of the international sarcopenia initiative (EWGSOP 
and IWGS). Age Ageing 43 : 748-759, 2014

7.	 Chen LK, Lee WJ, Peng LN, Liu LK, Arai H, Akishita M, 
for Sarcopenia AWG : Recent advances in sarcopenia re-
search in asia : 2016 update from the asian working group 
for sarcopenia. J Am Med Dir Assoc 17 : 767 e1-767 e7, 2016

8.	 Alfonso JC, Jean PB, Jürgen MB, Yves B, Tommy C, 
Francesco L, Finbarr CM, Jean-Pierre M, Yves R, Stéphane 
MS, Eva T, Maurits V, Mauro Z : Sarcopenia : european 
consensus on definition and diagnosis. Age Ageing 39 : 412-
423, 2010

9.	 Yoshimura Y, Wakabayashi H, Bise T, Tanoue M : Prev-
alence of sarcopenia and its association with activities of 
daily living and dysphagia in convalescent rehabilitation 
ward inpatients. Clin Nutr 37 : 2022-2028, 2018

10.	 Sanchez-Rodriguez D, Calle A, Contra A, Ronquillo N, 
Rodriguez-Marcos A, Vazquez-Ibar O, Colominas M, 
Inzitari M : Sarcopenia in post-acute care and rehabilita-
tion of older adults : a review. Eur Geriatr Med 7 : 224-231, 
2016

11.	 Wakabayashi H, Sakuma K : Rehabilitation nutrition for 
sarcopenia with disability : a combination of both rehabili-
tation and nutrition care management. J Cachexia Sarcope-
nia Muscle 5 : 269-277, 2014

12.	 Nandi J, Meguid MM, Inui A, Xu Y, Makarenko IG, Tada 
T, Chen C : Central mechanisms involved with catabolism. 
Curr Opin Clin Nutr Metab Care 5 : 407-418, 2002

13.	 Cruz-Jentoft AJ, Sayer AA : Sarcopenia. Lancet 393 : 2636-
2646, 2019

14.	 Carpentier YA : Basics in clinical nutrition : substrates used 
in parenteral and enteral nutrition energy. E Spen Eur E J 
Clin Nutr Metab 4 : e55-e56, 2009

15.	 van Zanten ARH, De Waele E, Wischmeyer PE : Nutrition 
therapy and critical illness : practical guidance for the icu, 
post-icu, and long-term convalescence phases. Crit Care 
23 : 1-10, 2019

16.	 Wojzischke J, van Wijngaarden J, van den Berg C, 
Cetinyurek-Yavuz A, Diekmann R, Luiking Y, Bauer J : Nu-
tritional status and functionality in geriatric rehabilita-
tion patients : a systematic review and meta-analysis. Eur 

Geriatr Med 11 : 195-207, 2020
17.	 Nishioka S, Wakabayashi H, Nishioka E, Yoshida T, Mori 

N, Watanabe R : Nutritional Improvement correlates with 
recovery of activities of daily living among malnourished el-
derly stroke patients in the convalescent stage : a cross-sec-
tional study. Acad Nutr Diet 116 : 837-843, 2016

18.	 Nishioka S, Wakabayashi H, Momosaki R : Nutritional 
status changes and activities of daily living after hip frac-
ture in convalescent rehabilitation units : a retrospective 
observational cohort study from the Japan Rehabilitation 
Nutrition Database. J Acad Nutr Diet 118 : 1270-1276, 2018

19.	 Kokura Y, Nishioka S, Okamoto T, Takayama M, Miyai 
I : Weight gain is associated with improvement in activities 
of daily living in underweight rehabilitation inpatients : a 
nationwide survey. Eur J Clin Nutr 73 : 1601-1604, 2019

20.	 Kose E, Maruyama R, Okazoe S, Hayashi H : Impact of 
polypharmacy on the rehabilitation outcome of Japanese 
stroke patients in the convalescent rehabilitation ward. J 
Aging Res 2016 : 7957825, 2016

21.	 Ottenbacher KJ, Hsu Y, Granger CV, Fiedler RC : The reli-
ability of the functional independence measure : a quantita-
tive review. Arch Phys Med Rehabil 77 : 1226-1232, 1996

22.	 Kaido T, Uemoto S : Direct segmental multi-frequency bio-
electrical impedance analysis is useful to evaluate sarcope-
nia. Am J Transplantation 13 : 2506-2507, 2013

23.	 Chen LK, Woo J, Assantachai P, Auyeung TW, Chou 
MY, Iijima K, Jang HC, Kang L, Kim M, Kim S, Kojima 
TKuzuya M, Lee JSW, Lee SY, Lee WJ, Lee Y, Liang CK, 
Lim JY, Lim WS, Peng LN, Arai H : Asian working group 
for sarcopenia : 2019 consensus update on sarcopenia di-
agnosis and treatment. J Am Med Dir Assoc 21 : 300-307, 
2020

24.	 Yamada K, Furuya R, Takita T, Maruyama Y, Yamaguchi 
Y, Ohkawa S, Kumagai H : Simplified nutritional screening 
tools for patients on maintenance hemodialysis. Am J Clin 
Nutr 87 : 106-113, 2008

25.	 Yoshimura Y, Wakabayashi H, Bise T, Nagano F, Shimazu 
S, Shiraishi A, Yamaga M, Koga H : Sarcopenia is associat-
ed with worse recovery of physical function and dysphagia 
and a lower rate of home discharge in Japanese hospital-
ized adults undergoing convalescent rehabilitation. Nutr J 
61 : 111-118, 2019

26.	 Marshall S, Bauer J, Isenring E : The consequences of 
malnutrition following discharge from rehabilitation to the 
community : a systematic review of current evidence in older 
adults. J Hum Nutr Diet 27 : 133-141, 2014

27.   Leung AWS, Cheng SKW, Mak AKY, Leung KK, Li LSW, 
Lee TMA : Functional gain in hemorrhagic stroke patients 
is predicted by functional level and cognitive abilities mea-
sured at hospital admission. NeuroRehabil 27 : 351-358, 
2010

28.	 Yoshimura Y, Wakabayashi H, Yamada M, Kim H, Harada 
A, Arai H : Interventions for treating sarcopenia : a sys-
tematic review and meta-analysis of randomized controlled 
studies. J Am Med Dir Assoc 18 : 553 e1-553 e16, 2017

29.	 Bauer J, Morley JE, Schols AM, Ferrucci L, Cruz-Jentoft 
AJ, Dent E, Baracos VE, Crawford JA, Doehner W, 
Heymsfield SB, Jatoi A, Kalantar-Zadeh K, Lainscak M, 
Landi F, Laviano A, Mancuso M, Muscaritoli M, Prado CM, 
Strasser F, von Haehling S, Coats AJS, Anker SD : Sarcope-
nia : a time for action. An SCWD position paper. J. Cachex-
ia. Sarcopenia Muscle 10 : 956-961, 2019

30.	 Nakahara S, Takasaki M, Abe S, Kakitani C, Nishioka S, 
Wakabayashi H, Maeda K : Aggressive nutrition therapy in 
malnutrition and sarcopenia. Nutr J 84 : 111109, 2021

31.	 Sato M, Ido Y, Yoshimura Y, Mutai H : Relationship of 



463The Journal of Medical Investigation   Vol. 70  August  2023

malnutrition during hospitalization with functional recov-
ery and postdischarge destination in elderly stroke patients. 
J Stroke Cerebrovasc Dis 28 : 1866-1872, 2019

32.	 Hirano Y, Maeshima S, Osawa A, Nishio D, Takeda K, 
Baba M, Kigawa H : The effect of voluntary training with 
family participation on early home discharge in patients 
with severe stroke at a convalescent rehabilitation ward. 
Eur Neurol 68 : 221-228, 2012

33.	 O’Connor M, Moriarty H, Schneider A, Dowdell EB, Bowles 
KH : Patients’ and caregivers’ perspectives in determin-
ing discharge readiness from home health. Geriatr Nurs 
42 : 151-158, 2021

34.	 Tanwir S, Montgomery K, Chari V, Nesathurai S : Stroke 
rehabilitation : availability of a family member as caregiv-
er and discharge destination. Eur J Phys Rehabili Med 
50 : 355-362, 2014


