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Research Article

Introduction

With the current aging of the population worldwide,1 the 
number of elderly patients with cancer is expected to 
increase. Although the definition of the term “elderly” in 
hematological malignancies cancer patients has not been 
defined, Buske et al recommended at The European 
Society for Medical Oncology consensus conference that 
patients aged 70 years or older be considered elderly.2 
Patients with non-Hodgkin lymphoma (NHL), in particu-
lar, have a mean age at diagnosis of 67 years3; these are the 
most common hematopoietic tumors in an elderly popula-
tion. Because chemotherapy in the elderly is associated 
with many comorbidities and a high risk of treatment-
related mortality, chemotherapy doses and intervals should 

be carefully determined for elderly patients with NHL.4,5 
Since aggressive chemotherapy may be difficult for 
patients with significantly impaired mental and physical 
function, as well as independence in activities of daily liv-
ing (ADL), it is important for elderly patients with NHL to 
maintain mental and physical function and ADL, not only 
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Abstract
Purpose: The aim of this study was to investigate the effects of exercise therapy on physical function and quality of life 
(QOL) in older patients with non-Hodgkin lymphoma undergoing inpatient chemotherapy, including differences between 
patients with and without sarcopenia. Methods: Thirty-one inpatients aged 70 years or older participated in this study. 
Grip and knee extensor strength, 6-minute walking test, body composition, nutritional status, fatigue and health-related 
QOL at admission and discharge were compared. In addition, the patients were classified into sarcopenic and non-
sarcopenic groups, and a comparison between admission and discharge and 2-way ANOVA were performed. Results: 
Overall, grip strength and skeletal muscle mass were significantly lower at discharge than at admission (P < .05); however, 
QOL significantly improved (P < .05). In the non-sarcopenia group, grip strength, right knee extension muscle strength, 
and skeletal muscle mass were all significantly lower at discharge than at admission (P < .05); however, this was not the 
case in the sarcopenia group. In terms of QOL, improvements were observed in different items in the non-sarcopenia and 
sarcopenia groups. There was a significant interaction between admission to discharge time period and sarcopenia regarding 
left grip strength, right knee extensor strength, and QOL. Conclusion: Exercise therapy is effective in improving QOL in 
older non-Hodgkin lymphoma patients undergoing inpatient chemotherapy. However, the effect of exercise therapy and 
optimal exercise load may differ between non-sarcopenia and sarcopenia patients. Therefore, it is necessary to consider 
exercise therapy in the future, taking into account the presence or absence of sarcopenia.
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from the perspective of health-related quality of life (QOL), 
but also to facilitate treatment.

Exercise therapy has been reported to be effective in 
improving muscle strength,6,7 ADL,8 walking ability,8 and 
QOL7,9 in patients with malignant lymphoma.10 Therefore, 
exercise therapy may play an important role in maintaining 
the physical and mental function and lifestyle of elderly 
patients with NHL and hence in administering chemother-
apy. However, the effectiveness of exercise therapy for 
elderly patients with NHL has not been fully investigated, 
and the optimal intensity and frequency of exercise are 
unknown.

In recent years, it has also become increasingly clear that 
sarcopenia affects functional outcome. For example, the 
presence of sarcopenia has been reported to adversely affect 
ADL independence at hospital discharge in stroke patients,11 
as well as functional recovery after exercise therapy in 
patients with hip fracture and knee osteoarthritis.12,13 
Therefore, the possibility that the presence of sarcopenia 
may similarly affect the effectiveness of exercise therapy in 
patients with NHL cannot be denied.

In light of the above background, examining the effec-
tiveness of exercise therapy for patients with malignant 
lymphoma aged 70 years or older, including the effect of 
sarcopenia, will provide important information that will 
contribute to the development of effective intervention pro-
grams in the future. Thus, the purpose of this study was to 
investigate the effects of exercise therapy on physical func-
tion and QOL in patients with NHL aged 70 years or older 
undergoing inpatient chemotherapy, including differences 
between patients with and without sarcopenia.

Methods

Study Design

The present study was a prospective observational study. 
The inclusion criteria were follows: patients 1) with NHL 
who received inpatient chemotherapy and exercise between 
April 2018 and January 2022 at Kita-Fukushima Medical 
Center; and 2) who were aged ≥70 years.

The exclusion criteria were as follows: patients with an 
Eastern Cooperative Oncology Group Performance Status 
(ECOG-PS) of 3 or more at admission, those who had a his-
tory of cerebrovascular disease, those who could not be 
assessed for physical function, those who were unable to 
return questionnaires due to mental illness or other compli-
cations, those who had transferred to another hospital, those 
who had died, and those who had not agreed to participate 
in the study (Figure 1).

This study was conducted with the approval of the 
Ethical Review Committee of the Kita-Fukushima Medical 
Center (Approval No. 74). Written informed consent was 
obtained from each participant.

Definition of Sarcopenia

Sarcopenia was diagnosed according to Asian Working 
Group for Sarcopenia 201914 (AWGS 2019) consensuses. 
AWGS 2019 retains the previous definition of sarcopenia, 
but revises the diagnostic algorithm, protocols and some cri-
teria: handgrip strength <28 kg for men and <18 kg for 
women, and 6 -meter walk <1.0 m/s, and Short Physical 
Performance Battery ≤ 9 or five-time chair stand test 
≥12 seconds, and Skeletal muscle mass index (SMI) of bio-
impedance <7.0kg/m2 in men and <5.7 kg/m2 in women is 
defined as sarcopenia14. In this study, sarcopenia was defined 
to be a combination of low SMI and low muscle strength.

Exercise Therapy Intervention

All subjects underwent physical therapy with a focus on 
resistance and aerobic exercises once a day, 6 days a week. 
performed on the Borg Scale 13 (somewhat hard),15-17 
which is commonly used in cancer patients. Lower-
extremity resistance training consisted of squats and calf 
raises with body weight, and manual resistance exercise for 
hip flexors, hip abductors, knee extensors, and ankle dorsi-
flexors. Each exercise was performed 10 to 20 times for 2 to 
3 sets, depending on the subject’s muscle strength and 
endurance. Upper-extremity strength training consisted of 
shoulder flexion, shoulder abduction, and elbow joint flex-
ion/extension using weights appropriate for the patient’s 
muscle strength, and each exercise was performed 10 to 20 
times for 2 to 3 sets.

During the cytopenia phase after chemotherapy, there 
were times when the blood test results were lower than the 
“criteria for discontinuing rehabilitation in cancer patients18”; 
however, exercise therapy was continued after further evalu-
ation of the patient’s physical condition. As a countermeasure 
against infection, if the patient’s white blood cell count was 
≤2,000/μl, the physical therapy was performed not in the 
rehabilitation room, but in the ward or hospital room, and the 
same exercises were performed in the ward.

When the platelet count was <50,000/μl, resistance 
equipment such as weights were used. In addition, these 
patients were allowed to walk more briskly and go up 
and down stairs. When the platelet count was <20,000/μl, 
the patients were instructed to engage in light exercise 
such as sitting or standing exercises and walking without 
resistance.19 When the hemoglobin level was ≤8 g/dl and 
the physician judged that blood transfusion was neces-
sary, physical therapy was performed after the transfu-
sion was completed.

Measurements

Admission evaluations were performed prior to initiation of 
first chemotherapy (either on the day of admission or the 
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next day), and discharge evaluations were performed just 
prior to discharge after completion of all the chemotherapy 
courses.

Attributes of the Participants

Data on the following participant attributes were collected: 
age, gender, weight, body mass index (BMI), ECOG-PS at 
admission, type of NHL, type of chemotherapy, number of 
courses of chemotherapy, exercise therapy adherence and 
total number of days of hospitalization.

Physical Function Assessment

Physical function assessment included muscle strength (grip 
strength and knee extensor strength), 6-minute walk tests 
(6 MWT), and body composition. Handgrip strength was 
measured using a standard adjustable-handle dynamometer 

(GRIP D; TAKEI Scientific Instruments Co. Ltd, Niigata, 
Japan). The measurement was performed in the standing 
position with the upper limbs drooping. The participants 
performed 2 trials for each hand alternatively. Knee exten-
sor strength was measured using hand-held dynamometers 
(μ-tas F1; ANIMA Co., Tokyo, Japan), and was tested 
with the patient sitting with the knee flexed at approxi-
mately 90°. The dynamometer was applied proximal to the 
malleoli. The participants performed 3 trials for each side. 
For both measurements, the highest value was selected for 
analysis.

The 6MWT was performed according to American 
Thoracic Society standards.20 If patients experienced symp-
toms such as dyspnea, back pain, or leg pain, they were 
allowed to rest as needed, resume if they were able to, or 
terminate the session if they were unable to continue.

Body composition was measured by bioelectrical imped-
ance analysis (BIA) using In Body S10 (In Body S10; In 

Non-Hodgkin lymphoma patients aged 70 years and older who received inpatient chemotherapy 

and exercise therapy from April 2018 to January 2022

(n = 48)

Exclusion criteria

・ECOG-PS : 3,4 (n = 2)

・History of cerebrovascular disease (n = 0)

・Could not be assessed for physical function (n = 3)

・Unable to return questionnaires due to mental illness or 

other complications (n = 0)

・Transferred to another hospital (n = 2)

・Died (n = 0)

・Did not agree (n = 0)

・Missing data (n = 10)

(n = 17)

Study subjects

(n = 31)

Figure 1. Study flow chart.
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Body Japan Co. Ltd, Tokyo, Japan), and skeletal muscle 
mass (SMM) and SMI were extracted. SMM refers to the 
total mass of body skeletal muscle, whereas SMI is a mea-
sure of muscle mass in relation to the subject’s height. SMI 
is used to assess sarcopenia, and is calculated by dividing 
the limb skeletal muscle mass (kg) by the square of the 
height (m2). Measurements were taken in the supine posi-
tion with arms and legs extended, and the patient was asked 
to remain at rest during the measurement.

Nutritional Measurements

Nutritional status was measured using the Mini Nutritional 
Assessment (MNA®) and Geriatric Nutritional Risk Index 
(GNRI). The MNA® is a comprehensive 18-item nutri-
tional assessment tool for the elderly,21 but it has also been 
used in cancer patients and has been reported to be associ-
ated with survival rate, cancer progression, and health-
related QOL.22,23

Fatigue Measurement

Fatigue was measured using Brief Fatigue Inventory24 
(BFI). The BFI is a simple questionnaire for assessing 
fatigue in patients with cancer and hematopoietic tumors.25 
It consists of 9 questions related to the intensity of fatigue 
and daily life obstacles that are each rated on a scale of 0 to 
10, with the average score calculated; a higher average 
score indicates a severe case.

Health-Related QOL

Health-related QOL was measured using the Medical 
Outcome Study 36-item Short-Form Health Survey (SF-
36), which assesses physical and mental health components 
across the following 8 domains: physical functioning (PF), 
physical role function (RP), bodily pain (BP), general health 
(GH), vitality (VT), social functioning (SF), emotional role 
functioning (RE), and mental health (MH). We also calcu-
lated 3 factor summary scores from the scores of these 8 
subscales: physical component summary (PCS), mental 
component summary (MCS), and role/social component 
summary (RCS).26 The SF-36 measures of health-related 
QOL were on a 0 to 100 scale, with higher scores indicating 
better QOL. This self-administered questionnaire is widely 
used to examine patients undergoing chemotherapy for var-
ious types of cancer and those who have undergone hema-
topoietic stem cell transplantation.27-29

Statistical Analysis

Clinical and demographic characteristics were compared 
between sarcopenia and non-sarcopenia groups. Physical 
function, body composition, nutritional status, fatigue, and 

QOL at admission and discharge were compared in each 
overall subjects, sarcopenia group, and non-sarcopenia 
groups. Parametric and nonparametric tests were used, 
depending on the normality of each variable. In addition, a 
2-way analysis of variance was performed to examine dif-
ferences in each assessment of the 2 groups. Statistical anal-
ysis was performed using SPSS 27 (SPSS Japan Inc, Tokyo, 
Japan) at a significance level of ≤5%.

Results

The attributes of all subjects are summarized in Table 1. 
The overall mean age was 76.0 ± 5.6 years, height was 
156.1 ± 4.5 cm, and weight was 54.0 ± 15.9 kg. Fourteen 
were male (17 female). The most common type of NHL was 
DLBCL, and the most common form of chemotherapy was 
R-CHOP. All subjects received chemotherapy as planned, 
with a complete response rate of 74.2% and a partial 
response rate of 25.8%. In the non-sarcopenia group 65.0% 
had a complete response, and 35% had a partial response, 
whereas in the sarcopenia group, 90.9% had a complete 
response and 9.1% had a partial response. There was no sig-
nificant difference in response rate between the 2 groups.

The adherence to exercise therapy was 95.5 ± 4.3%, and 
the total length of hospitalization was 143.5 ± 28.7 days. 
The percentage of sarcopenia among all subjects was 35%. 
Compared to the non-sarcopenia group, the sarcopenia 
group had significantly lower height, weight, and BMI 
(P < .05), as well as significantly more women (P < .05). 
There were no significant differences in age, ECOG-PS at 
admission, adherence, or total length of hospitalization 
between the sarcopenia and non-sarcopenia groups.

First, the results of physical function and nutritional sta-
tus, fatigue, and QOL from admission to discharge for all 
subjects are shown in Table 2. Regarding physical function, 
grip strength and SMM were significantly lower at dis-
charge than at admission (P < .05); regarding QOL, GH, 
MH, PCS, and MCS were significantly better at discharge 
than at admission (P < .05).

Second, the results of physical function and nutritional 
status, fatigue, and QOL from admission to discharge for 
the sarcopenia and non-sarcopenia groups are shown in 
Table 3. The non-sarcopenia group had significantly lower 
bilateral grip strength and right knee extension muscle 
strength (P < .01) and SMM (P < .05) at discharge than at 
admission and significantly increased MNA (P < .01). On 
the one hand, in the sarcopenia group, there were no signifi-
cant differences in any of the variables. As a result of 2-way 
ANOVA, there were significant interaction effects between 
time period (admission and discharge) and groups in left 
grip strength and right knee extensor strength. (P < .05).

Regarding QOL, the non-sarcopenia group showed sig-
nificant improvement in GH (P < .01) and PCS (P < .01) at 
discharge compared to admission, with no significant 
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differences in the other variables. The sarcopenia group 
showed a significant improvement in RE at discharge com-
pared to admission (P < .05), with no significant differ-
ences in the other items. The interaction in the sarcopenia 
and non-sarcopenia groups was significantly different in 
regards to RE and RCS (P < .05).

Discussion

Exercise therapy is known to be effective in improving 
physical function and QOL in NHL patients; however, its 
effectiveness in elderly NHL patients remains unclear. In 
addition, it has become clear that sarcopenia, which is com-
mon in the elderly, affects the functional outcomes of many 
diseases. Since NHL patients are often elderly, the present 
study investigated the progress of rehabilitation outcomes 
in elderly patients with NHL who had undergone exercise 
using Borg 13 as an index, including the presence or absence 
of sarcopenia.

In the present study, we found that in elderly NHL patients 
who had undergone chemotherapy and exercise therapy during 

hospitalization, both grip strength and SMM had significantly 
decreased, whereas MNA and some items of QOL had signifi-
cantly improved at discharge compared to admission. The rea-
son for the decrease in grip strength may be related to the 
content of the patients’ training. The upper-extremity strength 
training performed in this study was shoulder and elbow exer-
cises, and did not include grip-specific training. These results 
suggest that elderly patients with NHL may also require grip 
strength training. On the one hand, our results suggest that 
knee extension strength and QOL were maintained or improved 
in elderly patients with NHL who received exercise therapy. It 
should be noted that due to design issues in this study, it was 
not possible to state whether exercise therapy affects the main-
tenance of knee muscle strength and improvement of QOL. 
However, considering that previous studies7,9 have reported 
that exercise therapy improves QOL in cancer patients under-
going chemotherapy, exercise therapy may have contributed 
to the improvement of QOL in elderly patients with NHL in in 
the present study.

Regarding the presence of sarcopenia, the sarcopenia 
rate for all subjects was 35%. The prevalence of sarcopenia 

Table 1. Clinical and Demographic Characteristics of Patients With Malignant Lymphoma.

Characteristics
Total
n = 31

Non-Sarcopenia
n = 20 (65%)

Sarcopenia
n = 11 (35%) P-value

Age, years 76.0 ± 5.6 75.9 ± 4.5 76.1 ± 7.4 .90
Height, cm 156.1 ± 8.9 159.9 ± 8.5 151.2 ± 7.7 <.05
Body weight, kg 54.0 ± 15.9 60.6 ± 9.6 44.4 ± 6.2 <.05
BMI, kg/m2 22.1 ± 5.6 23.5 ± 6.4 19.4 ± 2.2 <.05
Sex
 Male 14 (45.0) 12 (60.0%) 2 (18.0%) <.05
 Female 17 (55.0) 8 (40.0%) 9 (82.0%)  
Performance status
 0 22 (71.0) 17 (85.0%) 5 (45.4%) .06
 1 5 (16.0) 2 (10.0%) 3 (27.3%)  
 2 4 (13.0) 1 (5.0%) 3 (27.3%)  
Non-Hodgkin Lymphoma Type
 DLBCL 29 (93.6) 19 (95.0%) 10 (91.0%)  
 FL 1 (3.2) 1 (5.0%) 0 (0%)  
 MALT 1 (3.2) 0 (0%) 1 (9.0%)  
Chemotherapy
 R-CHOP 26 (83.9) 18 (90.0%) 8 (72.7%)  
 Number of courses 6.5 ± 0.9 6.7 ± 1.0 6.3 ± 0.7  
 Other than R-CHOP 5 (16.1) 2 (10.0%) 3 (27.3%)  
 Number of courses 5.8 ± 0.4 6.0 ± 0.0 5.7 ± 0.6  
Treatment effect .20
 Complete response 23 (74.2%) 13 (65.0%) 10 (90.9%)  
 Partial response 8 (25.8%) 7 (35.0%) 1 (9.1%)  
 Adherence to Exercise Therapy, % 95.5 ± 4.3 95.6 ± 5.1 95.3 ± 2.6 .89
 Length of hospitalization, days 143.5 ± 28.7 143.9 ± 27.2 142.8 ± 33.8 .93

Values are presented as means ± standard deviations (SD) or number. Statistical testing at baseline was performed using independent Student’s t-tests 
or Pearson’s χ2 tests. P < .05 compared with the non-sarcopenia and sarcopenia groups.
Abbreviations: BMI, body mass index; ECOG-PS, eastern cooperative oncology group performance status; DLBCL, diffuse large B-cell lymphoma; FL, 
follicular lymphoma; MALT, mucosa-associated lymphoid tissue. R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone.
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has varied from a minimum of 24.6%30 to a maximum of 
54.9%31 in studies using L3-SMI, and the only previous 
study32 using BIA approximated the present results at 36%. 
In the present study, the sarcopenia group had significantly 
lower height, weight, and BMI than the non-sarcopenia 
group, possibly because there were more women in the sar-
copenia group. Although previous studies have reported no 
sex difference in the prevalence of sarcopenia,33,34 when 
looking at age and sex differences, sarcopenia tends to be 
more common in women under the age of 80 and in men 
over the age of 80.35 Considering that the average age of the 
subjects in the present study was 76.0 years, the results are 
consistent with previous studies. It has also been reported 
that the prevalence of sarcopenia is higher in women than in 
men with NHL,35 and the results of the present study results 
are similar to those of the reports.

One of the main findings of this study was that elderly 
NHL patients with and without sarcopenia experienced 
different outcomes, despite having undergone similar 
exercise regimens based on Borg scale 13. In a compari-
son of the sarcopenia and non-sarcopenia groups, the 
non-sarcopenia group showed a trend toward decreased 
muscle strength and SMM, while the sarcopenia group 
showed a trend toward maintained or increased muscle 

strength. An interaction between the time of assessment 
(admission and discharge) and the presence or absence of 
sarcopenia was also observed for some muscle strengths, 
indicating that the progress of patient’s functional status 
differed between the groups. There were no differences in 
weight or nutritional status between the groups, making it 
unlikely that nutritional status influenced the differences 
in progress of patient’s functional status. The reason for 
the difference in progress of patient’s functional status 
between the groups is a matter of speculation, but one 
possibility is that the exercise intensity required to main-
tain and improve muscle strength differs between sarco-
penic and non-sarcopenic groups. A systematic review by 
Beckwee et al 36 reported that resistance training for sar-
copenia is sufficient for muscle strengthening even at low 
intensities (≤50% 1RM) and the recommended frequency 
is 7 to 9 times per set, 3 times per week, for 2 to 3 sets. 
The exercise regimen in this study, indexed to Borg 13 of 
exercise therapy, was performed once a day, 6 days a 
week, which may have been a sufficient intensity for 
those with sarcopenia. On the other hand, for the non-
sarcopenia group, which had higher physical function at 
admission, the intensity was not high enough, and a stron-
ger load may have been necessary.

Table 2. Physical Function, Muscle Mass, Body Weight, GNRI, MNA®, BFI, and QOL at Admission and Discharge of the Study 
Participants.

Variables Admission Discharge P-value

Rt Handgrip (kgf) 23.5 ± 9.1 21.2 ± 7.3 <.01
Lt Handgrip (kgf) 21.6 ± 9.6 19.7 ± 7.1 <.05
Rt Knee ext (kgf) 22.2 ± 9.0 21.2 ± 7.4 .18
Lt Knee ext (kgf) 21.8 ± 8.8 21.4 ± 7.6 .52
6MWT (m) 414.4 ± 81.5 424.9 ± 81.5 .37
SMM (kg) 20.7 ± 4.9 19.7 ± 4.5 <.01
SMI (kg/m2) 6.2 (5.6-7.0) 5.7 (5.2-6.8) .08
Body weight (kg) 55.0 ± 11.5 53.8 ± 11.3 .13
GNRI (points) 100.1 ± 12.6 101.9 ± 9.0 .33
MNA® 21.5 (19.0-23.5) 24.0 (22.0-26.0) <.05
BFI 2.6 (0.8-3.4) 1.2 (0.3-2.8) .50
Physical functioning 66.0 ± 23.5 73.8 ± 19.6 .10
Role physical 63.5 ± 31.2 65.3 ± 31.1 .82
Bodily pain 64.6 ± 26.9 76.2 ± 23.9 .09
General health 43.4 ± 14.6 55.2 ± 15.7 <.01
Vitality 51.3 ± 20.6 57.5 ± 20.7 .33
Social functioning 74.0 ± 27.0 72.5 ± 26.8 .82
Role emotional 67.7 ± 27.5 77.0 ± 29.1 .16
Mental health 61.4 ± 20.2 72.0 ± 19.1 <.05
PCS 36.6 ± 11.5 42.0 ± 12.3 <.05
MCS 49.2 ± 8.7 54.1 ± 9.7 <.05
RCS 43.1 ± 17.6 41.8 ± 13.5 .74

Mean ±SD or Median (25–75%tile).
Abbreviations: Rt, right; Lt, left; Knee ext, knee extension; 6MWT, 6-minute walk test; SMM, skeletal muscle mass; SMI, skeletal muscle mass index; 
GNRI, geriatric nutritional risk index; MNA®, mini nutritional assessment; BFI, brief fatigue inventory; SF-36, MOS 36-item short-form health survey; 
PCS, physical component summary; MCS, mental component summary; RCS, role/social. Component summary.
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Regarding QOL, the only items that significantly 
improved were GH and PCS in the non-sarcopenia group 
and RE in the sarcopenia group. The current results showed 
no significant improvement in either group, but there were 
no significant decreases in any of the items, indicating an 
overall trend toward maintenance and improvement. 
Although this study did not investigate causality, exercise 
therapy may be associated with the maintenance and 
improvement of QOL regardless of the presence or absence 
of sarcopenia. However, there is an interaction between RE 
and RCS in the non-sarcopenia and sarcopenia groups, and 
exercise therapy for the sarcopenia group may be associated 
with improved social aspects of QOL.

A limitation of this study is the small sample size. The 
required sample size, calculated before the study began, 
was set at a = 0.05, power = 0.8, and effect size (d) =0.5, 
which would require 34 patients. However, due to the influ-
ences of the COVID-19 pandemic, it was difficult to recruit 
enough patients to meet these requirements within the study 
enrollment period. In addition, this was a single-arm and 
pre-post comparison study. Since various factors are 

involved in rehabilitation outcomes, the various changes in 
the subjects in the present study were not due to exercise 
therapy alone. In the future, in addition to securing a larger 
sample, it will be necessary to review the nutritional assess-
ment and evaluate activity levels.

Conclusion

Exercise therapy on the Borg scale 13 is feasible and safe 
enough for NHL patients over 70 years of age during inpa-
tient chemotherapy. Regarding the effects of the subject’s 
exercise therapy on physical function, both knee extensor 
strength and endurance were maintained between admis-
sion and discharge; however, there was a decrease in grip 
strength in both hands in our participants. Furthermore, the 
same exercise therapy was administered in the non-sarcope-
nia and sarcopenia groups from the time of admission, with 
differences in changes in physical function and QOL. 
Therefore, it is necessary to consider the content of exercise 
therapy in the future, taking into account the presence or 
absence of sarcopenia.

Table 3. Comparison of Participants’ Functions Between the Sarcopenia and Non-Sarcopenia Groups.

Non-Sarcopenia  
n = 20 (65%)

Sarcopenia  
n = 11 (35%)

Non-Sarcopenia vs 
Sarcopenia Interaction

Variables Admission Discharge p-value Admission Discharge p-value p-value

Rt Handgrip (kgf) 27.5 ± 8.7 24.4 ± 6.7 <.01 16.1 ± 3.9 15.4 ± 4.5 .13 .06
Lt Handgrip (kgf) 25.7 ± 8.8 22.8 ± 6.3 <.01 14.1 ± 5.7 13.9 ± 4.5 .80 <.05
Rt Knee ext (kgf) 26.1 ± 8.4 23.9 ± 7.4 <.05 15.3 ± 5.0 16.3 ± 4.3 .31 <.05
Lt Knee ext (kgf) 25.6 ± 8.2 24.9 ± 6.4 .46 15.0 ± 4.8 15.0 ± 5.1 .96 .60
6MWT (m) 428.7 ± 74.9 435.4 ± 79.3 .65 388.3 ± 89.9 405.7 ± 85.5 .41 .66
SMM (kg) 22.7 ± 4.6 21.5 ± 4.4 <.01 17.0 ± 2.9 16.5 ± 2.7 .23 .24
SMI (kg/m2) 6.7(6.1-7.3) 6.6(5.5-7.2) .23 5.4 (4.6-5.6) 4.9 (4.6-5.7) .22 .68
Body weight (kg) 60.6 ± 9.6 59.3 ± 9.3 .27 44.6 ± 6.2 43.6 ± 7.0 .23 .85
GNRI (points) 104.5 ± 11.8 105.2 ± 8.1 .68 91.7 ± 9.7 95.6 ± 7.5 .39 .40
MNA® 22.5(20.5-23.5) 25.0(23.0-26.5) <.05 18.3 (17.0-20.5) 21.8 (20.3-23.5) .21 .89
BFI 1.3(0.6-2.8) 1.3 (0.6-2.6) .76 3.7 (1.8-5.9) 0.6 (0.2-3.2) .16 .13
Physical functioning 71.5 ± 22.5 77.4 ± 13.1 .21 54.4 ± 22.4 66.3 ± 28.8 .31 .55
Role physical 69.9 ± 31.3 62.9 ± 30.1 .30 50.0 ± 27.9 70.0 ± 32.9 .32 .10
Bodily pain 64.8 ± 25.9 76.6 ± 22.0 .08 64.3 ± 30.8 75.3 ± 29.3 .53 .96
General health 42.5 ± 13.7 56.2 ± 15.3 <.01 45.5 ± 17.1 52.9 ± 17.4 .16 .25
Vitality 56.3 ± 20.0 56.3 ± 22.8 .96 39.9 ± 17.6 60.2 ± 16.7 .07 .12
Social functioning 74.3 ± 28.8 69.9 ± 29.7 .60 73.4 ± 24.5 78.1 ± 19.8 .69 .53
Role emotional 72.1 ± 29.6 71.6 ± 31.7 .95 58.3 ± 20.9 88.5 ± 19.4 <.05 <.05
Mental health 65.0 ± 18.8 72.7 ± 10.2 .21 53.8 ± 22.1 70.6 ± 17.6 .08 .39
PCS 40.2 ± 12.8 45.5 ± 11.5 <.05 32.4 ± 9.7 36.4 ± 13.2 .47 .07
MCS 49.2 ± 8.6 54.4 ± 10.6 .05 49.2 ± 9.6 53.4 ± 7.8 .24 .82
RCS 45.6 ± 18.6 38.1 ± 14.0 .09 38.2 ± 15.0 48.6 ± 10.5 .22 <.05

Mean ±SD or Median (25%–75%tile). Mean ±SD, all values are points.
Abbreviations: Rt, right; Lt, left; Knee ext, knee extension; 6MWT, 6-minute walk test; SMM, skeletal muscle mass; SMI, skeletal muscle mass index; 
GNRI, geriatric nutritional risk index; MNA®, mini nutritional assessment; BFI, brief fatigue inventory; SF-36, MOS 36-item short-form health survey; 
PCS, physical component summary; MCS, mental component summary; RCS, role/social. Component summary.
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