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Objective  To investigate the effect of decreased Skeletal Muscle Index (SMI) and hand grip strength on functional 
recovery in subacute ambulatory stroke patients.
Methods  Subacute stroke patients who were referred to the rehabilitation center were recruited. Decreased SMI 
and hand grip strength were diagnosed according to the Asian Working Group on Sarcopenia. Diagnostic criteria 
were decreased SMI and decreased unaffected hand grip strength. SMI was measured by bioelectrical impedance 
analysis. Unaffected hand grip strength was measured with a hand dynamometer. Patients were divided into 
two groups, decreased group (DG) and not-decreased group (NDG), according to the presence of decreased SMI 
and hand grip strength. Both groups received conventional stroke rehabilitation for 3 weeks. All patients were 
evaluated at the baseline and at 3 weeks after treatment. Functional status was evaluated with 4-meter walk test 
(4MWT), 6-minute walk test (6MWT), Timed Up and Go test (TUG), and Modified Barthel Index (MBI).
Results  Both groups showed improvement in 4MWT, TUG, and MBI. NDG showed improvement in 6MWT. 
Comparing improvements between the two groups, NDG showed more improvement in 6MWT and TUG than DG.
Conclusion  The presence of decreased SMI and hand grip strength had negative effects on functional recovery in 
subacute ambulatory stroke patients. 
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INTRODUCTION

Decreased Skeletal Muscle Index (SMI) and hand grip 
strength are major diagnostic components of sarcopenia. 
Characteristics of patients with decreased muscle mass 
and strength are expected to be similar to those of pa-
tients with sarcopenia. Sarcopenia was first introduced 
by Rosenberg in 1989 [1]. It was described as a general 
loss of muscle mass that occurred with advancing age. 
The definition of sarcopenia has evolved to account for 
body size, body fat, strength, and functions [2-5]. Some 
studies have reported that the loss of muscle mass and 
muscle function or the presence of sarcopenia is related 
to functional decline in the elderly [6,7]. Although the 
prevalence of sarcopenia has some variations due to dif-
ferent definitions, tools of diagnosis, and patient popu-
lations, the European Working Group on Sarcopenia in 
Older People (EWGSOP) has reported a prevalence of up 
to 29% in elderly community-dwelling populations and a 
prevalence of 14%–33% in long-term care populations [8]. 
Among various factors causing sarcopenia, advanced age 
has been consistently suggested as a major risk factor for 
sarcopenia [9–14].

Stroke is substantially prevalent among older patients. 
The risk of stroke rapidly rises with age, doubling each 
decade after age 55 [15]. As stroke and sarcopenia share 
the same risk factor which is age, they might have com-
mon comorbid state of diseases. In addition, these two 
diseases might influence each other’s conditions. Nev-
ertheless, there are few studies about the comorbidity of 
sarcopenia and stroke. Only several studies have reported 
the relationship between the two diseases about stroke-
related sarcopenia [16,17]. These studies have reported 
that stroke-related sarcopenia has a number of features 
distinguishing from age-related sarcopenia, stating that 
sarcopenia is the chronic consequence of stroke. How-
ever, in patients with early stage of stroke, it is not rea-
sonable to regard sarcopenia as a consequence of stroke. 
In addition, decreased muscle mass and strength might 
have influence on the recovery of stroke.

Since studies regarding the effect of sarcopenia or de-
creased muscle mass and strength in the early stage of 
stroke on recovery were lacking, the objective of this 
study was to investigate the effect of decreased SMI and 
hand grip strength on functional recovery in subacute 
ambulatory stroke patients.

MATERIALS AND METHODS

This study was approved by the Institutional Re-
view Board of Dong-A University Hospital (No. DAUH-
IRB-19-052). Subacute stroke patients who were referred 
to rehabilitation center were recruited. Inclusion criteri-
on was the first ever onset of stroke revealed by computed 
tomography or magnetic resonance images. To evaluate 
the effect of decreased SMI and hand grip strength on 
functional recovery in subacute phase of stroke, duration 
of stroke was limited to be from 1 week to 1 month. To 
prevent additional loss of muscle mass, patients started 
bedside rehabilitation with physical therapist in stroke 
care unit within 72 hours of admission. To accomplish 
functional evaluations, patient’s status had to be at Func-
tional Ambulation Category (FAC) 3 or 4, indicating that 
they could walk under supervision or independently on 
even surface [18]. Patients with severe cognitive impair-
ment having Mini Mental Status Examination (MMSE) 
score of less than 10, recurrent history of stroke, or other 
severely ill medical conditions that could have caused 
decline in muscle mass were excluded.

At admission, patients were evaluated for the presence 
of decreased SMI and hand grip strength. Diagnosis was 
made according to the definition agreed by the Asian 
Working Group for Sarcopenia (AWGS) [19]. For muscle 
mass measurement, SMI was calculated by Bioelectri-
cal Impedance Analyses (InBody S10; InBody, Cerritos, 
CA, USA). Cutoff values were less than 7.0 kg/m2 for men 
and 5.7 kg/m2 for women. For muscle strength measure-
ment, hand grip strength was measured with a hand 
dynamometer (EH101; Zhongshan Camry Electronic Co. 
Ltd., Zhongshan, China). Cutoff values were less than 26 
kg for men and less than 18 kg for women. Most patients 
had hemiplegia due to stroke. Grip strength of the domi-
nant hand could not be acquired in some patients. To 
substitute for dominant hand, unaffected side hand grip 
strength was measured. Patients were asked to sit in a 
straight-backed chair with their feet flat on the floor and 
elbow flexed to 90°. The arm was not supported and the 
dynamometer was held by the testing hand in a neutral 
grip. Patients were instructed to squeeze the handle as 
hard as possible for 3 seconds and the maximum con-
tractile force (kg) was recorded. Tests were performed 
three times with a 60-second rest period between each 
trial. Mean value of the three repeated measurements 
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was used for analysis. Although gait speed of less than 
0.8 m/s was in AWGS definition, all patients had gait 
problems due to stroke. Thus, gait speed had to be ex-
cluded in evaluation for sarcopenia. According to SMI 
and grip strength, patients were divided into two groups: 
decreased group (DG) and not-decreased group (NDG). 
Both groups received conventional rehabilitation treat-
ments for 3 weeks. Treatments were consisted of stability 
training, gait training, and resistance training of hip and 
knee extensors. Stability and gait training were done 30 
minutes per session, 2 sessions per day, 10 sessions per 
week for 3 weeks. Resistance training were done 30 min-
utes per session, 1 session per day, 5 sessions per week 
for 3 weeks.

All patients were evaluated at the baseline and at 3 
weeks after treatment. Functional status was evalu-
ated with 4-meter walk test (4MWT), 6-minute walk test 
(6MWT), Timed Up and Go test (TUG), and Modified 
Barthel Index (MBI). Ten categories of MBI were reorga-
nized to three subcategories: activity of daily living (ADL), 
incontinence, and mobility. ADL consisted of personal 
hygiene, bathing, feeding, toileting, and dressing. Incon-
tinence consisted of bowel and bladder control. Mobility 
consisted of stair-climbing, ambulation, and transfer.

All statistical analyses were conducted using SPSS ver-

sion 20.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Chi-squared test was used to compare sex, stroke type, 
stroke location, FAC, and dominant hand between the 
two groups. Mann–Whitney U-test was used to compare 
baseline characteristics and changes of measurements 
between the two groups. Wilcoxon signed rank test was 
used to determine changes between measurements 
in each group. A statistical significance level was set at 
p<0.05.

RESULTS

During the study period, 146 stroke patients were ad-
mitted to our department. A total of 104 patients were 
excluded from this study. Thus, 42 were recruited (12 
in DG and 30 in NDG). Three patients in NDG dropped 
out due to early discharge. Finally, 39 who completed all 
treatment sessions were investigated (Fig. 1). Baseline 
characteristics of these subjects are shown in Table 1. 
Twelve patients were in DG and 27 patients were in NDG. 
In DG, 6 were males and 6 were females. In NDG, 15 
were males and 12 were females. In DG, 8 patients had 
infarction and 4 had hemorrhage. In NDG, 17 patients 
had infarction and 10 had hemorrhage. Mean age was 
68.24±12.92 years in DG and 64.85±9.73 years in NDG. 

Stroke
(n=146)

(from January 2018 to June 2018)

FAC: 3 or 4
(n=42)

SMI <7.0 kg/m (men), <5.7 kg/m (women)
and

Hand grip strength <26 kg (men),
<18 kg (women)

(n=12)

2 2

3 discharged early

Decreased group (n=12) Not-decreased group (n=27)

SMI >7.0 kg/m (men), >5.7 kg/m (women)
or

Hand grip strength >26 kg (men),
>18 kg (women)

(n=30)

2 2

41
24
10
9

20

104 Excluded:
had FAC 1 or 2
had FAC 5
had cognitive impairment (MMSE <10)
had previous stroke history
had ill medical conditions

Fig. 1. Flowchart showing the en-
rollment of subjects. MMSE, Mini-
Mental State Examination; FAC, 
Functional Ambulatory Category; 
SMI, Skeletal Muscle Index.
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Table 1. Baseline characteristics of patients enrolled in this study

DG NDG p-value
Sex 0.748

    Male 6 15

    Female 6 12

Stroke type 0.824

    Infarction 8 17

    Hemorrhage 4 10

Age (yr) 68.24±12.92 64.85±9.73 0.628

Stroke location

    Left 5 11 0.952

    Right 7 16

    Supratentorial 11 22 0.820

    Infratentorial 1 5

Initial NIHSS 4.58±2.53 3.85±4.52 0.176

Initial mRS 3.25±0.75 3.28±0.61 0.977

Stroke care unit stay (day) 2.91±0.99 2.78±1.18 0.742

Stroke duration (day) 14.17±5.42 16.73±5.53 0.617

FAC (3/4) 0.661

    3 8 16

    4 4 11

MMSE 18.50±4.03 18.85±3.92 0.822

Penetration-Aspiration score 4.25±2.70 3.35±2.73 0.297

Dominant hand 0.781

    Left 0 1

    Right 12 26

SMI (kg/m2)

    Male 6.55±0.41 7.85±0.76 0.041*

    Female 5.32±0.34 6.25±0.40 0.035*

Grip strength, unaffected (kg)

    Male 19.52±6.28 34.63±5.61 0.029*

    Female 12.52±3.67 20.52±3.53 0.032*

Function

    4MWT (m/s) 0.65±0.24 0.78±0.32 0.198

    6MWT (m) 143.52±15.18 155.64±17.85 0.598

    TUG (s) 10.15±3.28 9.84±3.67 0.354

    MBI 73.13±9.66 75.25±10.57 0.698

        ADL 27.58±4.70 30.44±3.30 0.168

        Incontinence 14.83±6.63 14.33±3.63 0.776

        Mobility 30.92±2.19 31.85±8.08 0.391

Values are presented as mean±standard deviation.
DG, decreased group; NDG, not-decreased group; NIHSS, National Institutes of Health Stroke Scale; FAC, Functional 
Ambulation Category; MMSE, Mini Mental Status Examination; SMI, Skeletal Muscle Index; 4MWT, 4-meter walk test; 
6MWT, 6-minute walk test; TUG, Timed Up and Go test; MBI, Modified Barthel Index; ADL, activity of daily living.
*p<0.05 by Mann-Whitney U-test.
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Mean stroke duration from the onset of stroke to referral 
was 14.17±5.42 days in DG and 16.73±5.53 days in NDG. 
In DG, 5 had stroke in the left side and 7 had it in the 
right side. In NDG, 11 had stroke in the left side and 16 
had it in the right side. In DG, 11 had stroke in supraten-
torial region and 1 had it in infratentorial region. In NDG, 
22 had stroke in supratentorial region and 5 had it in 
infratentorial region. Mean initial National Institutes of 
Health Stroke Scale was 4.58±2.53 in DG and 3.85±4.52 in 
NDG. Mean modified Rankin Scale was 3.25±0.75 in DG 
and 3.28±0.61 in NDG. Mean duration of stay in stroke 
care unit was 2.91±0.99 days in DG and 2.78±1.18 days 
in NDG. Mean penetration-aspiration score following 
videofluoroscopic swallowing study was 4.25±2.70 in DG 
and 3.35±2.73 in NDG. No patient in DG was left-handed 
while one patient in NDG was left-handed. In DG, 8 pa-
tients had FAC 3 and four patients had FAC 4. In NDG, 16 
patients had FAC 3 and 11 had FAC 4. Mean MMSE was 
18.50±4.03 in DG and 18.85±3.92 in NDG. Mean SMI of 
males was 6.55±0.41 kg/m2 in DG and 7.85±0.76 kg/m2 in 
NDG. Mean SMI of females was 5.32±0.34 kg/m2 in DG 
and 6.25±0.40 kg/m2 in NDG. Mean unaffected side grip 
strength of males was 19.52±6.28 kg in DG and 34.63±5.61 
kg in NDG. Mean unaffected side grip strength of females 
was 12.52±3.67 kg in DG and 20.52±3.53 kg in NDG. 
In functional evaluation, mean 4MWT was 0.65±0.24 m/
s in DG and 0.78±0.32 m/s in NDG. Mean 6MWT was 
143.52±15.18 m in DG and 155.64±17.85 m in NDG. 
Mean TUG was 10.15±3.28 seconds in DG and 9.84±3.67 
seconds in NDG. Mean MBI was 73.13±9.66 in DG and 

75.25±10.57 in NDG. Except for SMI or grip strength, 
other baseline characteristics showed no statistically sig-
nificant difference between the two groups.

Changes of measurements at 3 weeks after treatment 
are shown in Table 2. In DG, 4MWT, TUG, and MBI 
were improved by 0.78±0.38 m/s, 7.76±2.78 seconds, 
82.63±7.16 and 3.67±0.51, respectively. In NDG, 4MWT, 
6MWT, TUG, and MBI were improved by 0.98±0.48 m/
s, 202.18±20.71 m, 6.12±3.48 seconds, 86.33±9.86, and 
3.67±0.48, respectively. NDG showed additional im-
provement in 6MWT. Scores for three subcategories of 
MBI were increased in both groups after rehabilitation. 
In DG, ADL, incontinence, and mobility were improved 
by 32.58±1.50, 16.67±3.44, 33.25±3.25, respectively. In 
NDG, ADL, incontinence, and mobility were improved by 
33.67±3.51, 16.81±3.19, 35.19±2.54, respectively.

Comparison results of changes in measurements be-
tween the two groups are shown in Table 3. In 6MWT, 
DG showed 28.87±7.71 m changes and NDG showed 
47.52±9.55 m changes. In TUG, DG showed -2.48±1.39 
second changes and NDG showed -3.78±1.54 second 
changes. NDG showed significantly more changes in 
6MWT and TUG compared to DG.

DISCUSSION

This study found that decreased SMI and hand grip 
strength had negative effects on functional recovery in 
subacute ambulatory stroke patients. Patients without 
decrease of SMI or hand grip strength had additional im-

Table 2. Changes of measurements after treatment

DG NDG
Baseline After 3 weeks Baseline After 3 weeks

4MWT (m/s) 0.65±0.24 0.78±0.38* 0.78±0.32 0.98±0.48*

6MWT (m) 143.52±15.18 172.52±21.18 155.64±17.85 202.18±20.71*

TUG (s) 10.15±3.28 7.76±2.78* 9.84±3.67 6.12±3.48*

MBI 73.13±9.66 82.63±7.16* 75.25±10.57 86.33±9.86*

    ADL 27.58±4.70 32.58±1.50* 30.44±3.30 33.67±3.51*

    Incontinence 14.83±6.63 16.67±3.44* 14.33±3.63 16.81±3.19*

    Mobility 30.92±2.19 33.25±3.25* 31.85±8.08 35.19±2.54*

FAC 3.42±0.51 3.67±0.49 3.41±0.50 3.67±0.48

Values are presented as mean±standard deviation.
DG, decreased group; NDG, not-decreased group; 4MWT, 4-meter walk test; 6MWT, 6-minute walk test; TUG, Timed 
Up and Go test; MBI, Modified Barthel Index; ADL, activity of daily living; FAC, Functional Ambulatory Category.
*p<0.05 by Wilcoxon signed-rank test.
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provement in 6MWT. When comparing changes between 
the two groups, only patients without decreased SMI or 
hand grip strength showed improved changes in 6MWT 
and TUG.

Some studies have shown that decreased muscle mass 
and strength can influence function in several medical 
conditions. In community dwelling older adults, lower 
SMI was associated with cardiopulmonary functions [20]. 
In addition, there was a positive correlation between SMI 
and peak oxygen uptake [20]. Another study has reported 
that the elderly with sarcopenia is over three times more 
likely to fall than non-sarcopenic individuals regardless 
of age, gender, or other confounding factors [21]. Several 
studies have reported that the presence of sarcopenia 
in pre-operative state has negative outcomes. Harimoto 
et al. [22] have reported that patients with decreased 
muscle mass and strength in liver transplantation have 
worse liver function, greater blood loss, greater incidence 
of postoperative complications, and longer hospital stay. 
Similar results in colorectal cancer surgery and orthope-
dic surgery have also been reported [23,24]. In ankylos-
ing spondylitis, SMI has positive correlation with spine 
mobility and strength [25]. In peripheral arterial disease, 
patients with decreased skeletal mass demonstrate de-
creased mobility and function [26]. In the case of stroke, 
age-related muscle atrophy has increased risk of dyspha-
gia after stroke [27]. Another study has found that unaf-

fected side grip strength is a predictive factor for short-
term functional gain and outcome after stroke [28]. The 
stronger the grip strength and the greater the difference 
between admission and discharge MBI, the greater the 
discharge MBI [28]. In accordance with other studies, our 
study found that decreased SMI and hand grip strength 
had negative influence on functional recovery of sub-
acute ambulatory stroke patients. As decreased muscle 
mass and strength were proven to have negative effect 
on various medical conditions, they seemed to play the 
same role in stroke.

The present study evaluated functions mainly associat-
ed with gait. Although MBI represented overall function, 
other measurements including 4MWT, 6MWT, and TUG 
were also used in this study. For definition of sarcopenia, 
most studies evaluated gait speed as a representative of 
physical performance. The international working group 
on sarcopenia regarded gait speed of less than 1 m/s as 
poor functional capacity [3]. The special interest group 
defined sarcopenia by gait speed of less than 0.8 m/s us-
ing 4MWT [29]. The AWGS suggested gait speed of 0.8 
m/s as the cutoff value for low physical performance by 
walking 6 m at usual gait speed [19]. The foundation for 
the national institutes of health provided evidence that 
usual gait speed of less than 0.8 m/s was associated with 
reduced survival and increased disability [30]. Because 
patients in the present study could not walk at usual 
speed due to hemiplegia, mean gait speed was less than 
0.8 m/s in both groups. Although hemiplegia had com-
promised gait speed, the absolute value of 4MWT after 
treatment in NDG showed improvement above the cutoff 
value of sarcopenia, implying that the presence of de-
creased SMI and hand grip strength had negative effects 
on stroke recovery. In addition to hemiplegia, decreased 
muscle mass and strength seemed to have led to decline 
in gait function. It might be associated with weakened 
plantar flexion and uncoordinated intersegmental lower 
limb motion that were observed in age-related sarcope-
nic elderly [31].

Besides changes of 4MWT, changes of 6MWT and TUG 
also showed improvement in NDG. 4MWT was used to 
evaluate gait speed only. 6MWT was used to evaluate gait 
endurance and TUG was used to evaluate overall func-
tions such as balance and mobility. Although sarcopenia 
was defined as decreased physical performance by gait 
speed, there were other functional declines due to sar-

Table 3. Comparison of changes in measurements be-
tween the two groups

DG NDG p-value

Δ4MWT (m/s) 0.13±0.08 0.20±0.12 0.137

Δ6MWT (m) 28.87±7.71 47.52±9.55 0.038*

ΔTUG (s) -2.48±1.39 -3.78±1.54 0.045*

ΔMBI 9.62±4.67 11.08±7.96 0.228

    ADL 3.21±4.47 3.26±2.87 0.774

    Incontinence 3.33±3.44 3.48±3.57 0.877

    Mobility 2.33±3.96 3.33±2.36 0.284

ΔFAC 0.25±0.62 0.26±0.44 0.964

Values are presented as mean±standard deviation.
DG, decreased group; NDG, not-decreased group; 4MWT, 
4-meter walk test ; 6MWT, 6-minute walk test ; TUG, 
Timed Up and Go test ; MBI, Modified Barthel Index; 
ADL, activity of daily living; FAC, Functional Ambulatory 
Category.
*p<0.05 by Mann-Whitney U-test.
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copenia. Several studies have shown that sarcopenia has 
negative effects on balance [21], mobility [25,26], and 
overall function [28]. Loss of muscle mass and strength 
could be associated with not only gait speed, but also 
other functional parameters. Different changes in 6MWT 
and TUG between the two groups might be associated 
with decreased endurance and decline in balance and 
mobility.

There are some reports about association between gait 
and function. Usual gait speed is highly predictive for 
the onset of disability, severe mobility limitation, and 
mortality [32,33]. Poorer TUG is associated with poorer 
physical/mental function and mood status [34]. In geriat-
ric population, gait speed is significantly slower in acute 
care settings compared to outpatient settings [35]. It has 
been shown that gait speed is an important measure in 
comprehensive geriatric assessment [35]. One study has 
reported that cutoff value of above 0.85 m/s and 318 m 
could predict community walking after stroke [36]. Ac-
cording to that study, patients with similar stage as in our 
study could walk at speed of 0.72 m/s [36]. Stroke patients 
with decreased SMI and hand grip strength in our study 
could walk at speed of 0.65 m/s. The reason for slower 
gait speed might be explained by the effect of decreased 
muscle mass and strength.

In the present study, patients with decreased SMI and 
hand grip strength showed lesser extent of recovery. To 
overcome the effect of these components of sarcopenia, 
some treatment options are available. Marty et al. [37] 
have reported that in elderly with sarcopenia, protein, vi-
tamin D, creatine, and amino acid interventions in com-
bination with resistance training can improve muscle 
mass, strength, and physical performance. Patients in DG 
of the present study received the same amount of resis-
tance training as those in NDG. Tsekoura et al. [38] have 
reported that supervised strengthening exercise approach 
to sarcopenic population is effective for improving SMI, 
muscle mass, and gait speed. One report on congestive 
heart failure patients with low muscle mass has shown 
improvement by resistance training [39]. A recent meta-
analysis has shown that low-intensity resistance training 
can sufficiently enhance the synthesis of muscle proteins, 
thus recommending it for maintaining skeletal muscle 
mass in frail older people [40]. It is well accepted that 
individuals performing resistance training are required 
to intake adequate protein. In addition, older adults may 

benefit from increased consumption of branched-chain 
amino acids [41]. Patients with decreased SMI and hand 
grip strength might need additional resistance exercise 
and nutritional support to diminish functional discrep-
ancies.

This study has some limitations. First, this study evalu-
ated the effect of decreased SMI and hand grip strength 
on stroke recovery only in subacute phase. Additional 
study in chronic phase may have different results. Sec-
ond, this study mainly evaluated gait function. However, 
there could be other functional declines due to decreased 
muscle mass and hand grip strength such as dysphagia, 
cognition, spasticity, motor control, and so on. Third, 
sample size was relatively small. Lastly, even though we 
tried to minimize the effect of stroke on skeletal muscle 
and strength by shortening the immobilization period, 
other factors causing loss of muscle and strength such as 
denervation, endocrine dysfunction, and inflammatory 
process after the stroke could not be avoided. Further 
study might be needed to find out the comprehensive ef-
fects of decreased muscle mass and strength on stroke.

In conclusion, the present study found discrepancies 
in functional recovery between patients with decreases 
of SMI and hand grip strength and those without such 
decreases in subacute ambulatory stroke patients. The 
presence of decreased SMI and hand grip strength had 
negative effect on functional recovery in subacute am-
bulatory stroke patients. Thus, appropriate attention and 
supplementary treatment focusing on muscle mass and 
strength by strengthening exercise and nutritional sup-
port are needed when treating stroke patients with de-
creased SMI and hand grip strength.
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