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INTRODUCTION

Incontinence and non-independence of urination and 
defecation are important sequelae of stroke. Risk factors for 
urinary incontinence include age, body mass index (BMI), 
smoking, diabetes, pregnancy, hysterectomy, poor general 

health, and stroke.1,2) Risk factors for fecal incontinence in-
clude age, obesity, poor general health, physical inhibition, 
and stroke.3,4) Poststroke constipation is a common compli-
cation during inpatient rehabilitation.5–7) Older adults with 
incontinence are at increased risk of depression, social isola-
tion, falls, loss of independence, and institutionalization.8–10) 
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Objectives: There is a lack of evidence regarding the association between whole-body exercise 
and independence in urination and defecation. This study aimed to evaluate the effect of chair-
stand exercise on improving urination and defecation independence in post-stroke patients with 
sarcopenia. Methods: A retrospective study was conducted on stroke patients admitted to a com-
munity rehabilitation hospital between 2015 and 2021. Patients diagnosed with sarcopenia who 
required assistance with bladder and bowel management were included. The primary outcomes 
were the Functional Independence Measure (FIM) scores for urination (FIM-Bladder) and defeca-
tion (FIM-Bowel) at discharge. Multiple regression analysis was used to examine the association 
between chair-stand exercise and the outcomes, adjusting for potential confounders. Results: Of 
586 patients, 187 patients (mean age 79.3 years, 44.9% male) were included in the urination analy-
sis, and 180 patients (mean age 79.3 years, 44.4% male) were included in the defecation analysis. 
Multiple regression analysis showed that the number of chair-stand exercises was independently 
positively associated with FIM-Bladder at discharge (β=0.147, P=0.038) and FIM-Bladder gain 
(β=0.168, P=0.038). Similarly, the number of chair-stand exercises was independently positively 
associated with FIM-Bowel at discharge (β=0.149, P=0.049) and FIM-Bowel gain (β=0.166, 
P=0.049). Conclusions: Chair-stand exercise was positively associated with improved urination 
and defecation independence in post-stroke patients with sarcopenia. Incorporating whole-body 
exercises, such as chair-stand exercise, in addition to conventional rehabilitation programs may 
help improve voiding independence, reduce incontinence, and enhance quality of life in these 
patients.
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In addition, poor incontinence control can significantly 
affect an individual’s quality of life (QOL), not only in terms 
of physical function, but also in terms of social relation-
ships.11–14) The relationship between incontinence symptom 
intensity and QOL underscores the importance of improving 
bladder control in older adults.9)

Sarcopenia is negatively associated with activities of daily 
living (ADL) and QOL. It is caused by aging, disease, low 
activity, and poor nutrition, and is diagnosed by loss of 
skeletal muscle mass, muscle strength, and physical func-
tion.15) Sarcopenia is estimated to affect between 1% and 
29% of community-dwelling older adults,16,17) particularly 
in patients undergoing rehabilitation, where the prevalence 
of sarcopenia is about 50%.16) Sarcopenia is also associated 
with adverse outcomes such as decreased physical activity, 
falls, fractures, dysphagia, and death.18–20) It has also been 
reported that the presence of sarcopenia on admission to a 
convalescent rehabilitation ward is negatively associated 
with greater independence in urination and defecation at 
discharge.21) Therefore, prevention, diagnosis, and treatment 
of sarcopenia are important.

Exercise therapy can improve physical function in older 
adults, such as muscle strength and balance, and ADL, such 
as age-related functional decline, walking speed, and stair 
climbing.22,23) In older adults with sarcopenia, a compre-
hensive exercise program combining resistance exercise 
and other forms of exercise such as balance, endurance, 
and aerobic exercise improves muscle mass, strength, and 
physical function.24,25) Among exercise therapies, chair-
stand exercise has been reported to be positively associated 
with improvements in sarcopenia and ADLs.26) Therefore, 
exercise therapy is important for all older adults.26–29) How-
ever, there is a lack of evidence linking exercise therapy to 
improved urination and defecation control.30–32)

Given that sarcopenia is negatively associated with in-
dependence in urination and defecation, it is expected that 
exercise therapy would be effective in improving indepen-
dence in urination and defecation. Therefore, we conducted 
a retrospective study in post-stroke patients with sarcopenia 
to determine the effect of chair-stand exercise on improving 
independence in urination and defecation.

MATERIALS AND METHODS

Participants and Settings
The study was conducted in a 135-bed community rehabil-

itation hospital, including three convalescent rehabilitation 
units (45 beds each). The study focused on stroke patients 

admitted to the hospital for the first time between January 
2015 and December 2021. The study included patients who 
were identified as having sarcopenia on admission and who 
needed assistance with bladder and bowel management. 
Patients were excluded if they refused to participate, had 
incomplete data, were not fully conscious, had significant 
swelling or hydration changes, or had a pacemaker. The 
observation period for each patient was from the date of 
admission to the date of discharge.

Data Collection
At admission, data collection included: patient age, sex, 

medical conditions as assessed by the Charlson Comorbidity 
Index (CCI),33) premorbid ADL as assessed by the Modified 
Rankin Scale (mRS),34) history of stroke, type of stroke, 
BMI, swallowing ability as assessed by the Food Intake 
Level Scale (FILS),35) nutritional assessment as assessed by 
the Geriatric Nutritional Risk Index (GNRI), and level of 
paralysis as assessed by the Brunnstrom Scale (BRS), among 
other baseline details. Tests of higher brain function were 
used to test for higher brain dysfunction, such as attention 
deficit and aphasia. Information on the use of balloon cath-
eters and laxatives was also collected from medical records. 
Within the first 72 h of admission, BMI, skeletal muscle, and 
fat mass were assessed by bioelectrical impedance analysis 
(BIA) using the InBody S10 device (InBody S10; InBody, 
Tokyo, Japan), handgrip strength (HG), and the Functional 
Independence Measure (FIM)36) to assess physical and 
cognitive abilities. HG was measured using a Smedley hand 
dynamometer (TTM, Tokyo, Japan) with the non-dominant 
or non-paralyzed hand in a standing or sitting position with 
the arm extended, taking the best of three attempts. BIA 
measurements were performed with proper hydration, 4 h 
after a meal, with the patient resting in bed for 1 h prior to 
testing, and without recent fever, tremor, or acute illness. 
The FIM evaluation also included the FIM-Toileting and 
FIM-Transfer to the toilet, two FIM sub-items that may be 
relevant to voiding.

Sarcopenia Diagnosis
The diagnosis of sarcopenia, according to the 2019 guide-

lines of the Asian Working Group for Sarcopenia,18) requires 
the presence of both reduced skeletal muscle mass index 
(SMI) determined by BIA and reduced muscle strength as-
sessed by HG, with thresholds tailored to the Asian elderly 
population. A validated multifrequency BIA device was 
used to measure skeletal muscle and fat mass. SMI was cal-
culated by dividing skeletal muscle mass by height in meters 
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squared. The cutoff values for SMI to define sarcopenia 
were less than 7.0 kg/m2 for men and less than 5.7 kg/m2 for 
women. The cutoff values for HG to define sarcopenia were 
less than 28 kg for men and less than 18 kg for women.

Chair-stand Exercise
In addition to the usual rehabilitation program, patients 

were given “chair-stand exercises” as full-body resistance 
training. The chair-stand exercises involved the use of a 
standard chair, a platform, and a wheelchair, with the seat 
height adjusted to each patient’s body size, ranging from 40 
to 50 cm. Supportive equipment such as parallel bars and 
handrails were used as needed. Rehabilitation therapists 
provided assistance to those who had difficulty standing 
independently. Sessions lasted 20 min, during which indi-
viduals performed sit-to-stand movements up to 120 times, 
maintaining a rhythm of approximately one sit-to-stand 
cycle every 8 s. The intensity of the exercise was individual-
ized, with the number of repetitions increasing progressively 
to increase muscle strength and endurance. These exercises 
were significantly slower and gentler than other full-body 
workouts for older adults, at 20%–30% of the maximum 
number of repetitions per repetition. The number of chair-
stand exercises was determined by each assigned therapist 
based on the severity of symptoms, the patient’s motivation, 
and the amount of pain and assistance required. Each patient 
was encouraged to participate in as many standing exercises 
as possible. These exercises were considered a safe and effec-
tive method for increasing muscle mass and strength in older 
adults with diminished physical abilities.37)

Outcomes
The primary outcome was defined as the sphincter control 

items of the FIM at discharge from a convalescent ward: uri-
nation (FIM-Bladder) and defecation (FIM-Bowel). The FIM 
is divided into two sections: the motor domain (FIM-motor), 
which includes 13 items, and the cognitive domain (FIM-
cognitive), which includes 5 items; both the FIM-Bladder 
and FIM-Bowel fall into the FIM-motor category. The FIM 
total score ranges from 18 to 126, the FIM motor score from 
13 to 91, and the FIM cognitive score from 5 to 35. Sphincter 
control is assessed by the timely contraction of the sphincter 
at appropriate times for urination or defecation. Scoring con-
sidered both the frequency of incontinence and the amount 
of assistance required, with the lower score being recorded. 
Clothing manipulation before and after urination, wiping the 
buttocks, and transferring the patient were not included in the 
evaluation. Tasks were rated on a 7-point ordinal scale from 

1 (complete assistance) to 7 (complete independence), with 
lower scores indicating greater dependency. The secondary 
outcomes were the FIM-Bladder gain and the FIM-Bowel 
gain. The FIM-Bladder gain and FIM-Bowel gain were 
calculated by subtracting the admission scores from the dis-
charge scores of FIM-Bladder and FIM-Bowel, respectively.

Sample Size Calculation
The sample size was calculated using data from our previ-

ous study,38) the results of which showed that the standard 
deviations of FIM-Bladder and FIM-Bowel of patients on 
hospital admission were 2.46 and 2.25, respectively. If the 
true difference in means between patients with low and high 
frequency of chair-stand exercise is 1.00, we would need to 
study 83 and 81 participants in each group, respectively, to 
reject the null hypothesis that the population means of the 
experimental and control groups are equal with a power of 
0.80. The Type I error probability associated with this test of 
the null hypothesis was 0.05.

Statistical Analysis
All analyses were performed with SPSS version 21 (IBM, 

Armonk, NY, USA). Results were reported as mean ± stan-
dard deviation (SD) for parametric data, median [inter-
quartile range; IQR] for nonparametric data, and number 
(percentage) for categorical data. Based on the median daily 
frequency of chair-stand exercise, patient backgrounds were 
compared between two groups: the high-frequency chair-
stand exercise (HF) group and the low-frequency chair-stand 
(LF) exercise group. FIM-Bladder at discharge and FIM-
Bowel at discharge and FIM-Bladder gain and FIM-Bowel 
gain were compared between the HF group and the LF 
group using the Mann–Whitney U test. Multiple regres-
sion analysis was used to examine the association between 
FIM-Bladder at discharge and chair-stand exercise and be-
tween FIM-Bladder gain and chair-stand exercise. Multiple 
regression analysis was also used to examine the association 
between FIM-Bowel at discharge and chair-stand exercise 
and between FIM-Bowel gain and chair-stand exercise. The 
covariates used for adjustment as potential confounders of 
outcomes were age, sex, length of hospital stay, premorbid 
mRS, CCI, HG, SMI, lower limb BRS, rehabilitation therapy, 
FIM-Total, aphasia, higher brain dysfunction, voiding man-
agement at admission (FIM-Bladder or FIM-Bowel), FIM-
Transfer to the toilet on admission, and FIM-Toileting on 
admission, all of which are reported to be clinically relevant 
to rehabilitation outcomes. Multicollinearity was assessed 
using Variance Inflation Factor (VIF), with VIF less than 10 
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considered as no multicollinearity; P <0.05 was considered 
statistically significant.

Ethics
The study was approved by the Institutional Review Board 

of Kumamoto Rehabilitation Hospital, Kumamoto, Japan 
(approval number 222–230414). Participants were free to 
withdraw from the study at any time via an opt-out option. 
Written informed consent was not obtained because of the 
retrospective nature of the study. The study was conducted 
in accordance with the principles of the Declaration of Hel-
sinki and ethical standards for medical and health research 
involving human subjects.

RESULTS

One thousand and eighteen stroke patients were consecu-
tively admitted to our convalescent wards between 2015 and 
2021. Of these, 586 patients were selected after the exclusion 
of 432 patients: 116 patients who were non-compliant with 
the BIA, 36 patients with severe impaired consciousness, 
and 280 patients with missing data. A further 329 patients 
without sarcopenia were excluded, leaving 257 patients with 
sarcopenia to be included. For the analysis of urination, 187 
patients were included in the final analysis after the exclu-
sion of 70 patients with FIM-Bladder scores of 6 or higher 
on admission. For the analysis of defecation, 180 patients 
were included in the final analysis after the exclusion of 77 
patients with FIM-Bowel scores of 6 or higher on admission 
(Fig. 1).

Table 1 summarizes the baseline characteristics and com-
parisons between the two groups of post-stroke sarcopenia 
patients according to their frequency of chair-stand exercise. 
The analysis of urination included 187 subjects, with a mean 
age of 79.3 years and 44.9% were male. The median [IQR] 
for FIM-Bladder at admission was 1 [1–2] in the Total group, 
2 [1–3] in the HF group, and 1 [1–1] in the LF group. The me-
dian number of chair-stand exercises was 43.8. The median 
[IQR] number of chair-stand exercises was 74.0 [57.3–103.5] 
in the HF group and 19.5 [9.1–33.3] in the LF group. FILS, 
GNRI, BRS, FIM scores (total, motor, cognitive, toileting, 
transfer to the toilet), and HG were significantly higher in the 
HF group than in the LF group (P <0.001). Aphasia was pres-
ent in 67 patients (35.8%) and higher brain dysfunction in 83 
patients (44.4%), but no significant difference was observed 
between the two groups. Balloon catheters were used by 8 
patients (4.3%) at admission: 2 in the HF group and 6 in the 
LF group.

The analysis of defecation included 180 subjects, with a 
mean age of 79.3 years, and 44.4% were male. The median 
number of chair-stand exercises was 43.1. The median [IQR] 
number of chair-stand exercises was 75.6 [57.3–103.5] in 
the HF group and 18.7 [8.7–33.0] in the LF group. The HF 
group had significantly higher scores in swallowing status 
(FILS), nutritional status (GNRI), paralysis severity (BRS), 
FIM (total, motor, cognitive, toileting, transfer to the toilet), 
and HG (P <0.001). Sixty-four patients (35.6%) had aphasia 
and 80 (44.4%) had higher brain dysfunction, but there was 
no significant difference between the two groups. Laxatives 
were used by 34 patients (18.9%) at admission: 17 in the HF 
group and 17 in the LF group.

Table 2 shows the bivariate analysis of outcomes between 
the HF and LF groups. Analysis of urination outcomes 
showed that FIM-Bladder at discharge was significantly 
higher (P<0.001) in the HF group: HF group, 6 [3–7]; LF 
group, 2 [1–4]. The FIM scores indicated that the majority 
of patients in the LF group required assistance with urina-
tion at discharge. FIM-Bladder gain was significantly higher 
(P<0.001) in the HF group: HF group, 2 [1–5]; LF group, 0 
[0–3]. When comparing defecation-related outcomes, FIM-
Bowel at discharge was significantly higher (P<0.001) in 
the HF group: HF group, 6 [3–7]; LF group, 2 [1–5]. Many 
patients in the LF group required assistance with defecation 
at discharge. FIM-Bowel gain was also significantly higher 
in the HF group (P<0.001).

Table 3 shows the results of the multiple regression analy-
sis with FIM-Bladder at discharge and FIM-Bladder gain as 
dependent variables. No multicollinearity between variables 
was observed. All multiple regression analyses included the 
same covariates. Multiple regression analysis showed that 
the number of chair-stand exercises was independently posi-
tively associated with FIM-Bladder at discharge (β=0.147, 
P= 0.038) and FIM-Bladder gain (β=0.168, P=0.038).

Table 4 shows the results of the multiple regression 
analysis with FIM-Bowel at discharge and FIM-Bowel gain 
as dependent variables. No multicollinearity was found 
between the variables. Multiple regression analysis showed 
that the number of chair-stand exercises was independently 
positively associated with FIM-Bowel at discharge (β=0.149, 
P=0.049) and FIM-Bowel gain (β=0.166, P=0.049).

DISCUSSION

This study evaluated the effect of chair-stand exercise on 
improvement in urination and defecation independence in 
post-stroke patients with sarcopenia. The results showed that 
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chair-stand exercise was positively associated with improved 
urinary independence and improved defecation indepen-
dence in these patients.

Chair-stand exercise was positively associated with im-
proved urinary independence. To the best of our knowledge, 
this is the first reported evidence of this association. The 
mechanism behind the positive association may be related to 
the ability of resistance exercise to boost muscle strength and 
mass. Sarcopenia entails a gradual decline in muscle mass, 
strength, and function, potentially resulting in incontinence 
and reduced autonomy in urination. Chair-stand exercises 
can increase muscle strength and mass,26) thereby promot-
ing improved urinary independence in patients with sarco-
penia.39) Furthermore, because chair-stand movements are 
directly related to ADLs, repeated practice of this exercise 
may have facilitated improvement in voiding movements. 
In addition, because FIM was used in this study to assess 

ADLs, gaining toileting skills would improve FIM scores. 
Because chair-stand exercise is significantly associated with 
improvement in FIM-Motor, it is likely that the ability to 
stop using diapers and use the toilet for bowel movements 
contributed to the improvement in urinary independence. 
Therefore, we consider that chair-stand exercises should be 
incorporated into routine rehabilitation programs for patients 
with decreased urinary independence.

Chair-stand exercise was positively associated with im-
proved defecation independence. The mechanism for this as-
sociation is likely to be similar to that associated with urinary 
independence. We believe that chair-stand exercise improved 
sarcopenia and indirectly contributed to improved defeca-
tion independence. A recent study found a 23% prevalence 
of fecal incontinence in patients with dysphagia, and sarco-
penia was independently associated with fecal incontinence, 
suggesting the presence of “anal sarcopenia”.39) Therefore, 
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Fig. 1. Flowchart of participant screening and inclusion.
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it is possible that the chair-stand exercise improved muscle 
strength of the whole body and lower extremities, result-
ing in improved strength of the pelvic floor muscle group, 
abdominal pressure, and other muscle groups involved in 
bowel movements.6,39) In addition, the repetitive movements 
associated with orthostatic exercises have a direct impact on 
movements associated with voiding, such as transferring to 
the toilet and toileting, which may also be a factor in improv-
ing FIM scores.

Whole-body exercise may be effective in improving uri-
nation and defecation independence. Resistance training, 
balance exercise, and aerobic exercise have been shown to 

improve muscle strength and walking ability in older pa-
tients with sarcopenia,24) and improving physical function 
may lead to improved independence in urination and defeca-
tion.37,39) Furthermore, given that chair-stand exercises are 
low-intensity resistance exercises that are easy to perform 
and do not require special equipment or space, these patients 
should be actively encouraged to perform this exercise in ad-
dition to their daily program of conventional rehabilitation.23)

This study has several limitations. First, it was conducted 
in a single community-based rehabilitation hospital in Japan, 
which may limit the generalizability of the findings. Second, 
because of the retrospective nature of the study, it may have 
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Table 2. Bivariate analysis of outcomes between HF and LF groups

Total HF group LF group P value a

Urination
Not independent on admission n=187 n=94 n=93
FIM-Bladder on admission 1 [1–2] 2 [1–3] 1 [1–1] <0.001
FIM-Bladder on discharge 3 [1–6] 6 [3–7] 2 [1–4] <0.001
FIM-Bladder gain 2 [0–4] 2 [1–5] 0 [0–3] <0.001
Defecation
Not independent on admission n=180 n=90 n=90
FIM-Bowel on admission 1 [1–2] 2 [1–2] 1 [1–1] <0.001
FIM-Bowel on discharge 4 [1–6] 6 [3–7] 2 [1–5] <0.001
FIM-Bowel gain 2 [0–4] 2 [1–5] 1 [0–3] <0.001
Data given as median [IQR].
a Mann–Whitney U test.

Table 3. Multivariate analysis for FIM-Bladder at hospital discharge and FIM-Bladder gain

Factor
FIM-Bladder on discharge FIM-Bladder gain

β P value β P value
Age −0.137 0.038 −0.157 0.038
Sex −0.243 0.006 −0.277 0.006
Length of stay 0.102 0.120 0.117 0.120
Premorbid mRS −0.170 0.010 −0.194 0.010
CCI 0.008 0.889 0.010 0.889
HG 0.138 0.091 0.158 0.091
SMI 0.102 0.222 0.116 0.222
Lower-limb BRS 0.152 0.041 0.173 0.041
Rehabilitation therapy −0.038 0.526 −0.044 0.526
FIM-Total 0.434 0.001 0.496 0.001
FIM-Bladder on admission 0.130 0.138 −0.442 0.000
FIM-Transfer to toilet on admission −0.153 0.158 −0.174 0.158
FIM-Toileting on admission −0.040 0.673 −0.046 0.673
Higher brain dysfunction −0.034 0.572 −0.039 0.572
Aphasia 0.046 0.461 0.053 0.461
Chair-stand exercise 0.147 0.038 0.168 0.038
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been influenced by unexplained confounding factors, such 
as medical treatment during the study period. Third, incon-
tinence was not diagnosed according to medical diagnostic 
criteria. In this study, the FIM-Bladder and FIM-Bowel 
subscales of FIM were used to assess urinary and defecation 
independence, which may not accurately assess the degree 
of independence of incontinence. In the future, high-quality 
prospective multicenter studies should be conducted to elu-
cidate the causal relationship between chair-stand exercise 
and improvement in urination and defecation independence.

CONCLUSION

Chair-stand exercise was positively associated with urina-
tion and defecation independence in stroke patients with sar-
copenia. To improve voiding independence and incontinence 
and further improve QOL, whole-body exercises such as 
chair-stand exercise should be performed by these patients in 
addition to their conventional rehabilitation programs.
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