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ABSTRACT ‘b'
Background: sarcopenia is a syndrome characterized by progressive condition and@eralized loss of
skeletal muscle mass and strength. It is associated with our prognosis and increase th of stay in stroke
patients. Skeletal Muscle Mass Index (SMMI) is an important parameter for assesgl eletal muscle mass and

the clinical outcomes of stroke patients.
Objective: to investigate the relationship between SMMI and length of st Q ng stroke patient.

Materials and Methods: the cross-sectional observational analytlca cl(was conducted at Dr. Kariadi
Semarang Hospital from June 2024 to March 2025 in hospitaliz ke patients aged >18 years. Body
composition, including skeletal muscle mass (SMM), is mea: 1ng bioelectrical impedance analysis
(BIA). Skeletal Muscle Mass will be utilized to calculate thy SMMI. Length of stay calculated from
admission to discharge from the hospital. Data were a@zﬁ by Independent t-test, Pearson Correlation
and Multiple Linear Regression.

Results: the average length of stay among the 78 indi (\((43 males and 35 females) was 11+£3.64 days. The
average SMMI levels were normal (7.61+ 3.09), j ng no sarcopenia. Skeletal Muscle Mass Index was
significantly related with length of stay in strok s (r=-0.615; p=0.000) according to the bivariate test.
Conclusion: the higher the SMMI values, werx@ated with shorter length of stay.
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&z
BACKGROUND

Stroke is the second hi % cause of death and disability in the world.! Stroke will also cause muscle
reduction, mobility disord %}hama dysphagia, and fatigue.> The risk of having a stroke increases with
age. After age 55, ther oubles every ten years.? Neurological disorders, immobility, and inflammation
associated with st%& lead to progressive muscle atrophy.'* The condition termed “stroke-related
sarcopenia” may in suboptimal recovery post-rehabilitation, leading to unfavorable stroke outcomes.>®

Sarcopent condition of gradual loss of skeletal muscle strength and mass, which can be affected by
J such as age, gender, nutritional status, comorbidities, insulin resistance, and mobility
disorders.’, is makes sarcopenia considered a risk factor for loss of mobility, disability, loss of ability to
work, a ath.” Sarcopenia occurs in 42% of stroke patients!'®, which puts 10-27% of those patients at risk
of, losﬁg skeletal muscle mass (SMM) greater than the elderly.!' Commonly used instruments to diagnose
sa@&?éma include DEXA—the criteria of the European Working Group on Sarcopenia in Older People
(EWGSOP)—and Bioelectrical Impedance Analysis (BIA)—via phase angle or Skeletal Muscle Mass Index
(SMMI) calculations.

Prior research revealed that an increase in adiposity and a decrease in SMM are a consequence of
changes in body composition during aging.'> Body composition assessments can identify nutritional or skeletal
muscle problems in stroke survivors, such as sarcopenia and obesity.!!3 Changes in body composition occur
with age and can be affected by physical activity'* and medical conditions such as stroke.

Skeletal Muscle Mass is the sum of the total muscle mass that comes from the chest and the four
extremities. Skeletal Muscle Mass upon admission to the rehabilitation ward of recovery is significantly related
to functional recovery.!>!¢ In stroke patients, maintaining and increasing SMM is essential because muscle
strength correlates with daily activities such as moving places and walking.!” Although the mechanism of




muscle change after stroke is inconclusive, several factors, such as long periods of muscle absence, denervation,
inflammation, and flexibility, are known to play an important role in muscle function.! Skeletal Muscle Mass
Index is a measure of body composition that calculates SMM per unit of height. The physical function after
hospital release was inversely connected with low phase angle and SMMI levels at the onset of the acute phase
of stroke.!®!”

Bioelectrical Impedance Analysis is the most popular technique for assessing body mass
compartments because of its affordability, ease of use, safety, and non-invasiveness. Bioelectrical
Impedance Analysis measures the electrical properties of tissues and indirectly assesses the body's
composition compartments.?’ Bioelectrical Impedance Analysis can help determine appropriate nutritional and
rehabilitation interventions for stroke patients.!* Previous research has demonstrated a correlation between BIA

parameters and post-stroke clinical functional outcomes.>*! Q
There is a link between muscle mass parameters and muscle quality determined by BEA,“Mend
rehabilitation outcomes in post-stroke patients.?? Recent studies have concluded that phase angle scle

mass are independently associated with better recovery after an acute stroke.?! It is important to@yowledge
that certain BIA-derived parameters in post-stroke patients remain inadequately investigate& articularly
concerning length of stay (LOS) and recovery outcomes following rehabilitation treat " Bioelectrical
Impedance Analysis test results are known to be influenced by the patient's medic@ environmental
conditions.?* Furthermore, the patient's body composition and nutritional status sf antly influence the
patient's LOS and recovery. Decreased muscle mass often occurs in the elderly d, ecreased appetite.?* At
Cipto Mangunkusumo Hospital, well-nourished patients had BIA parameters &ﬁa‘k lower muscle mass, body
cell mass, total body water, and higher phase angle than malnourished patients.¥ Research on the relationship
between BIA parameters, especially muscle mass, and LOS is crucial i @ngs‘la because it can improve the
quality of care, reduce LOS, and reduce the risk of complications. ?\

Tailored rehabilitation  therapy—including the imple@}atlon of dietary and nutrition
modifications—can be supported by a more comprehensive anajsis?df body composition. So far, studies have
only used SMM to examine the relationship with LOS. However, this study also included SMMI which
calculates SMM per unit of height, providing a more acc‘g?ic}me of a patient's muscle condition in relation
to their body size. By including SMMI, the study results drfmore personalized and tailored to each patient's
condition. This, in turn, makes the analysis more pregj relevant. This study was undertaken to investigate
the correlation between SMMI and LOS. x

MATERIALS AND METHODS

This analytic observational stud&wit a cross-sectional approach was conducted at Dr. Kariadi
Hospital Semarang between June 202%@ arch 2025. The subjects were patients over 18 years old who
were admitted within 48 hours after<a®o¥set of stroke, had complete medical record data, and were willing to
participate in the study (signe Gﬂ informed consent). The exclusion criteria were: patients with severe
inflammatory conditions, havg&re systemic disease, have a history of or are currently taking vitamin D and/or
calcium supplements a m m of 6 months before the intervention, and incomplete medical record data.
Ethics permit No. 3 &PK/FK— UNDIP/VII/2024 was obtained from the Health Research Ethics
Committee, Facul ¢dicine, Universitas Diponegoro, before the research was conducted.

Subjects w tained by the consecutive sampling method. The number of subjects needed was 71
people using Power program with a = 0.05 and power = 0.95. After a 10% dropout correction, the
number of cts needed is 78 people. This study used SMMI as an independent variable; LOS—as a

dependen iable; and confounding variables included diabetes mellitus status (yes or no) based on
doctor«Magnosis, National Institutes of Health Stroke Scale (NIHSS) score on the first day of hospitalization
w culated by the resident doctor then categorized (0: no stroke symptoms, 1-4: minor stroke, 5-15:

moyerate stroke, 16-20: moderate to severe stroke, 21-42: severe stroke)?®, age (years), stroke type (ischemic
or hemorrhagic), frequency of stroke attacks, and smoking status (yes or no) based on current status. LOS is the
difference between the date of admission and the date of discharge, death, or transfer to another care institution.
LOS is calculated numerically by subtracting the exit date from the entry date; if equal, LOS is set to one day.?’

Body composition assessments including SMMI were measured using the SECA mBCA 525 series
BIA device (SECA GmbH & Co., KG, Hamburg, Germany) within one day of hospital admission. This
device can be used in patients who are bedridden due to a stroke. Bioelectrical Impedance Analysis
measurements are taken after eating, either at noon or in the afternoon, with the patient lying on their back
after 15 minutes of rest.”® Electrodes are placed on the ankle, third finger, and bilateral thumb by a licensed
physician. Bioelectrical Impedance Analysis can analyze segmental lean mass (SLM) on each side of the
upper and lower limbs. Segmental lean mass consists of total body water, proteins, and non- osseous minerals



(fats and minerals in bones are not included); as a result, most SLMs are made up of muscle mass and can be
interpreted to represent SMM within the extremities.?>° Hand grip strength and calf circumference (CC) are
taken by the resident doctor. Hand Grip Strength was measured with a CAMRY EH101 Dynamometer, while
CC was measured with a OneMed measuring tape.

Primary data in this study included first-day NIHSS score, age, diabetes mellitus status, frequency of
stroke attacks, and SMM. Secondary data (the identity of the subject) was obtained from questionnaires and
medical records. Skeletal Muscle Mass Index value is obtained from the calculation using the formula: SMM
(kg) divided by height (m?).

Statistical analysis was performed with SPSS version 21 for Windows (IBM Corp., Armonk, NY, USA).
The Kolmogorov-Smirnov normality test was used to determine whether the distribution of data was normal.
Descriptive statistics are used to describe the demographics and clinical conditions of patients. Numerical data
is expressed as mean and SD, while categorical data is presented in the form of numbers and per ‘u@s.
Independent samples t-test was used to see the difference and significance between SMMI scores a@, S by
sex. Pearson correlation is performed to see the strength (p) and the direction of the lineaf rglationship
(r) between the 2 variables. Multiple linear regression predicts the value of dependent VariablesQ Mg a variety
of independent variable values. Statistically, the p<0.05 value is considered significant. @‘bv

RESULTS Q

A total of 86 patients were treated at Dr. Kariadi Hospital Semarang fro '%e 2024 to March 2025 met
the inclusion criteria; Four of them died, and four others dropped out. In totalVas many as 78 patients were
studied in one day of data collection. Subject characteristic data is present@n 2/f0rms, namely Mean = SD for
numerical data and sum (%) for categorical data.

Breakfast had no clinically significant effect on BIA measurw s (fat free mass or FFM estimates) in
healthy persons. As a result, BIA measures after eating may b eptable depending on the context because
they may reflect the natural physiological state of individuals suffering from malnutrition or other conditions

(such as sarcopenia), in which fasting is not recommen Edfthermore, most of these measurements are
collected after breakfast or dinner, when the patients age prore relaxed. However, when accuracy is critical,
BIA measurements should be done when fasting, a can alter the predicted results.
Table 1. Sithje¢f Characteristics
Variable( §” Subject (n=78)
Age N 58 +11.39
NIHSS Score X, 7.78 £ 4.95
SMMI e ) 7.61+ 3.09
LOS XY 10.17 + 3.64
F requency&&ﬂt’roke Attacks 1.21+2.34
HGS \3?
M 16.46 +8.57
M&% 8.85+5.90
e
O Right 32.69 +4.50
xQO7 Leh 32.66 + 4.59
'Q Gender
C)@ Man 43 (55.1%)
Q Woman 35 (44.9%)
Y’r State of Diabetes Mellitus
Yes 26 (33.3%)
No 52 (66.7%)
Smoking Habits
Yes 18 (23.1%)
No 60 (76.9%)
Stroke Type
Ischemic Stroke 71 (91%)
Hemorrhagic Stroke 7 (9%)

Note: age, NIHSS Score, SMMI, LOS, Frequency of Stroke Attacks,
HGS, and CC present as mean+SD; while Gender, State of Diabetes



Mellitus, Smoking Habits, and Stroke Type present as frequency.
Abbreviation: NIHSS = national institutes of health stroke scale;
SMMI = skeletal muscle mass index; LOS = length of stay; HGS =
hand grip strength; CC = calf circumference

The average subject was 58 years old with a first-day NIHSS score of 7.78, an SMMI score of 7.61,
underwent an 11-day stay and had 1 stroke. Both males and females have weak HGS, although their CC is
normal. Most of the subjects were men who did not smoke, did not have diabetes mellitus, and had an
ischemic stroke (Table 1).

The results of the Kolmogorov-Smirnov normality test showed a normal distribution for the research data
(p>0.05). Next, an Independent-t test was performed to determine if there was a significant difference b
SMMI and LOS by sex. Since the data is normally distributed, Pearson correlation is used to me he
strength and direction of the linear relationship between two variables (Table 3). Confounding Y@S that

affect the LOS were identified through Multiple Linear Regression (Table 4). A
Table 2. Differences in SMMI and LOS by Gender &
SMMI LOS A\
Gender SD p Mean=SD AP
Man 8.84+2.52 s 10.07 +3.32 *
Woman 6.10 % 3.09 0.000 10.28 +4.04 0.802

Sindependent t-test; “significant correlation at the level of p<0.05 V&~

By gender, the SMMI value of men was higher than that of wom ch were classified as normal (men
>7 kg/m? and women >5.7 kg/m?), and the average LOS was 11 da ﬁﬂ}ere is a significant difference between
SMMI for men and women. (p<0.05). However, there was no t difference in LOS (p>0.05) (Table

2).
Table 3. Relationships b(&ee/erarlables
Variables a&y‘ " LOS D
SMMI L) -0.615 <0.001"
State of Diabetes Mellifis4, Y -.0770 <0.001"
NIHSS Score A~ 0.187 0.101
Age X ’ 0.032 0.778
Type of Stroke N\ 7 -0.747 <0.001"
Frequency %&‘&e Attacks -0.760 <0.001"
Smokng{j) -0.737 <0.001"
SAn, using Pearson Correlation; “significant correlation at the
e/ﬁo.%
Accordi@the Pearson Correlation test, age and first-day NIHSS scores were not correlated with
LOS (p>0.0%\¥n the other hand, there was a significant correlation between SMMI (p=<0.001), diabetes
mellitus (p=<0.001), stroke type (p=<0.001), frequency of stroke (p=<0.001), and smoking habits
(p=<0 ith LOS (Table 3).

ased on the direction of the relationship, LOS was positively correlated with first-day NIHSS

s (r=0.187) and age (r=0.032). This means that the longer the stay is associated the higher the first-

day NIHSS score and the older a patient is. In contrast, LOS was negatively correlated with SMMI (1= -

0.615), diabetes mellitus status (r= -0.770), stroke type (r= -0.747), frequency of stroke (r= -0.760), and

smoking habit (r= -0.737). This indicates that higher SMMI scores, not having diabetes mellitus, being

diagnosed with ischemic stroke, having had only 1 stroke, and not smoking correlated with shorter LOS
(Table 3).

Table 4. Influence of Confounding Variables on LOS Variable

Variables p’ R Square
State of Diabetes Mellitus <0.001"
NIHSS Score <0.001" 0.940

Age <0.001"




Type of stroke <0.001"
$Analyzed using Multiple Linear Regression: “significant correlation at
the level of p<0.05

Diabetes mellitus status, first-day NIHSS score, age, and stroke type were confounding variables that
had a significant correlation with LOS, according to the results of a multiple linear regression test (p<0.05;
CI195%; SC=-0.462, 0.644, 0.114, -0.616, respectively). These four variables affect the LOS simultaneously
by 94%, while 6% are influenced by other variables (Table 4).

DISCUSSION

Our research showed that SMMI in stroke patients, as measured by SMM, was significantly assodiated
with LOS. A low SMI reflects poorer muscle condition, thus slowing the movement ability and rec of
stroke patients, which ultimately increases LOS. These results are in line with previous resea c? has
found that sarcopenia is an important determinant of prognosis in a wide range of chrenid diseases,
such as cancer, stroke, and cardiovascular disease.’?’** Changes in body composition caxg/}zcur after a
stroke.! Body composition changes drastically after stroke, such as increased fat mass in @mdsection and
decreased muscle and bone mass on the hemiplegic side. Hemiparesis reduces physjéﬁctivity, triggers
muscle atrophy, and decreases bone mass.*> Inflammation and insulin resistance afteﬁ@ e accelerate muscle
loss and increase the risk of sarcopenia.’®*” Decreased muscle mass and increas ection fat mass have a
direct impact on patient prognosis, LOS, risk of complications, and speed of r% glitation and recovery. BIA
analysis can help determine appropriate rehabilitation and nutritional managen¥ent for post-stroke patients. In
addition, the BIA examination is useful for obtaining an indirect esti @f Jfuscle mass, namely through
the electrical conductivity of the whole body. K

Stroke is a disorder in which brain function is lost abruptl ipg to reduced blood flow to the brain,
which can occur because of brain blood artery blockage (ischgfi@)®or rupture (hemorrhagic). Disruption of
blood flow to the brain causes brain cells to lack oxygen and nutrients, disrupting brain function and resulting
in cell death. This results in neurological symptoms like weghmess/and paralysis of specific areas of the body.*®
Stroke causes paralysis throughout the body, includin otor neurons of the central nervous system. This
results in muscle weakness and atrophy, as w % ecreased physical activity and mobilization.’*
Therefore, these factors affect LOS of bedridden4qatipats. Another study examining the LOS and sarcopenia
in hemiplegic stroke patients concluded that LOS in the ICU was associated with sarcopenia.*!
Sarcopenia is a substantial risk factor for L(ﬁ ¢ intensive care unit (ICU), according to data obtained by
calculating SMM using skeletal muscle volume at the L3 level and body surface area. Patients with sarcopenia
experience reduced physical capacity, ng more susceptible to complications, infections, and reduced
recovery. This contributes to functio line and LOS.#?

Lean body mass at the begfhming of treatment, especially muscle tissue, affects the ability to survive
a stroke.'? Healthy muscle co &1\ is essential during the recovery period. The Asian Working Group of
Sarcopenia (AWGS) 2019 s low muscle mass as an SMMI < 7.0 kg/m?for males and an SMMI<5.7 kg/m?
for females.** The resujt is study showed that the SMMI score of men was 9 kg/m? and women 6 kg/m?,
as no sarcopenia. These findings are in line with the previous study which showed
omposition did not change after 6 weeks of rehabilitation treatment.?> However, other
that in post-stroke patients, SMMI increases from 1 month to 6 months post-
this increase is independently related to the LOS.*
actors related to complex muscle changes after a stroke, as well as the patient's characteristics
before t@ ack, can cause stroke patients to have a normal SMMI at the time of stroke. The normal SMMI
value e onset of stroke is influenced by several factors, including muscle mass and quality before stroke,
strgkdseverity, and time of muscle mass change.

The patient's initial muscle mass and quality before stroke are influenced by age, physical condition,
nutritional status, and comorbidities. Normal SMMI levels at onset may occur in some patients due to muscle
mass maintained because of a healthy diet and regular exercise before stroke.*> In addition, normal SMMI
values upon admission can occur especially in early-stage or less severe patients.*® Patients who are younger,
meet nutritional needs, exercise regularly, and have maintained muscle mass before stroke will produce normal
SMMI at onset, as some of these factors help maintain muscle mass. In addition, patients without sarcopenia
before stroke and patients with less severe or early-stage strokes tend to have normal muscle mass at onset.
This is because severe strokes are more often associated with muscle shrinkage.*>*’

Stroke causes changes in the type and quality of muscle fibers, rather than the overall loss of muscle
mass. The stroke also weakens the muscles on the paretic side (which is affected). However, the non-paretic

studies have s



(unaffected) side also becomes weaker due to reduced muscle use and changes in the way the brain controls
muscles. Due to the loss of "balanced" muscle on both sides of their body, stroke patients can have a normal
SMMI despite the presence of functional impairments.*$->

This study used CC and HGS as supporting indicators to assess skeletal muscle mass. This is because
CC can be an anthropometric indicator that indirectly reflects muscle mass in the lower extremities®!, while
the strength of the hand grip correlates with muscle mass and nutritional status, especially in men.3>3

Calf Circumference is a muscle mass measurement alternative that has been recognized as effective,
accessible, inexpensive, and clinically feasible. CC is an anthropometric measuring tool that can be used to
assess SMM and track the risk of sarcopenia in women and other populations.>* In addition, CC is a sensitive
tool for identifying low muscle mass in the elderly.

Hand Grip Strength is a popular method for assessing muscle strength and can predict a pexsQn's
physical function.’®7 Its simple, inexpensive nature, and fast application time are its main advatﬂj?:‘ﬁ
Subjects in this study had normal CC (>31 cm) but had low HGS (male<28 kg and female<18 k 4% ious
studies concluded a positive correlation between CC and SMMI as well as appendicular skeletal%c € mass
(ASM).’8% So CC can be used for the diagnosis of sarcopenia.®

Low HGS values directly measure upper extremity strength, which is associat
outcomes and discharge status in stroke rehabilitation. HGS reflects the neuromuscular
daily activities and effective rehabilitation. Low grip strength is associated with poo ilitation outcomes
and longer discharge times. This is because HGS reflects functional ability and @rge status. Meanwhile,
a large CC can be used as an indicator of overall muscle mass, including thg¥ggs. This combination can
indicate a loss of muscle mass and strength affecting the upper and lower extre 1es.61:62

Low HGS values despite having normal CC indicate how 1mportan ilation is focused on improving
muscle strength. The results of low HGS measurements, but normal f}) Values indicate that this condition

&ch functional

is most likely not related to overall muscle mass. Instead, it has do with problems that affect muscle
function, nerve health, or other conditions that affect nerves 1n s and forearms.

Age, stroke type, first-day NIHSS score, and diabetes m htus status were confounding factors that
significantly correlated with LOS. A study in Burkina Fas n}ifthat the average acute stroke patient was 57

years old and required LOS of approximately 10 day nts with more severe clinical conditions, worse
functional outcomes, and a higher risk of comphc ended to be older, so they spent more time in the
hospital.** Stroke type influences LOS. A stud ogyakarta revealed that hemorrhagic stroke patients

generally had a longer LOS than ischemic stroke ents with an average of 11 days compared to 7 days, due
to more severe symptoms and a higher risk o lications.65 Furthermore, cortical bleeding was significantly
associated with LOS.% Stroke severity is a sfgnificant factor influencing both the acute period and overall
LOS. The acute period LOS rose by 0 and the overall LOS by 3.4 days for every 1-point rise in the

NIHSS score.®” A retrospective study ucted in China found that the average LOS was 8.16 days for mild
stroke patients with type 2 diab Diabetes can increase the risk of complications and worsen stroke
outcomes, thereby prolongmg S.

The strength of the
patients experience nery,
numbness in the area a
values—because

n be affected by several conditions that often occur in stroke patients. Stroke
age, which causes various symptoms such as pain, muscle weakness, and
ed by the stroke. Sarcopenia can cause HGS to be reduced, even with normal SMMI
does not fully capture the quality of a person's muscles. Stroke can lead to muscle
rength caused by lack of use of the hands and forearms. Muscle strength, including grip
rally decline with age.®*7? This research has several limitations. First, this study did not
M of each limb. Sarcopenia causes a decrease in SMM in the affected area so hemiplegia
so expected to experience an increase in SMM during the treatment and rehabilitation period. We
to use alternative methods to check muscle mass, such as dual-energy X-ray absorptiometry

patients
may ¢
or@(A.

Skeletal Muscle Mass Index is an extremely useful tool for doctors, rehabilitation professionals, and
dietitians. It enables clinicians to measure the risk of chronic diseases, track therapy success, and evaluate
physical function. It assists rehabilitation professionals in designing targeted programs, tracking patient
progress, and creating individualized activity plans, whereas nutritionists utilize it to assess nutritional needs,
construct supporting nutrition programs, and monitor nutritional status. Overall, SMMI is important in
preventing chronic diseases, optimizing physical performance, and leading effective intervention measures to
increase muscle mass and overall health.

This study used SMMI compared to an individual's height, making it more accurate and sensitive than
looking solely at SMM. Furthermore, the study used BIA, the gold standard for assessing body composition,
making the results superior to BMI alone. This study is cross-sectional so it is not possible to see the causal



relationship of these results.

CONCLUSIONS

Skeletal Muscle Mass Index correlates significantly with LOS. Some factors are independently related

to LOS, including diabetes mellitus status, day one NIHSS score, age, and stroke type. This study
recommends using alternative methods for SMM assessment, such as DEXA, which can also be utilized for
comparison, to ensure more accurate and exact results.

REFERENCES

1. Scherbakov N, von Haehling S, Anker SD D, U DW. Stroke induced sarcopenia: muscle wasting and
disability after stroke. Int J Cardiol. 2013;170:89-94. https://doi.org/10.1016/j.ijjcard.2013.10.03

2. Rodgers H, Price C. Stroke unit care, inpatient rehabilitation and early supported discharge. C d
(Northfield I1). 2017;17(2):173-7. https://doi.org/10.7861/clinmedicine.17-2-173

3. Ovbiagele B NHM. Stroke epidemiology: advancing our understanding of disease mech.aql}gn and
therapy. Neurotherapeutics. 2011;8:319-29. https://doi.org/10.1007/s13311-011-0053- N

4, Scherbakov N, Sandek A DW. Stroke-related sarcopenia: specific characteristics. J ed Dir
Assoc. 2015;16:272-276. https://doi.org/10.1016/j.jamda.2014.12.007

5. Ohyama, K.; Watanabe, M.; Nosaki, Y.; Hara, T.; Iwai, K.; Mokuno K. Correﬁ@) Between Skeletal
Muscle Mass Deficit and Poor Functional Outcome in Patients with Acut s@bmic Stroke. J Stroke
Cerebrovasc Dis. 2020;29:104623. https://doi.org/ 10.1016/j.jstrokecere§‘ sdis.2019.104623

6. Matsushita, T.; Nishioka, S.; Taguchi, S.; Yamanouchi A. Sarcopenia a¥a’Predictor of Activities of
Daily Living Capability in Stroke Patients Undergoing Rehabilit @ Geriatr Gerontol Int.
2019;19:1124—-1128. https://doi.org/10.1111/ggi.13780

7. Fielding RA, Vellas B, Evans WJ et al. Sarcopenia: an un '!g}ysed condition in older adults.
Current consensus definition: prevalence, etiology, and uuences. International Working Group
for Sarcopenia. ] Am Med Dir Assoc. 2011;12:249-256. h¥ps://doi.org/10.1016/j.jamda.2011.01.003

8. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y ; y(‘;:e, 0.; Cederholm, T.; Cooper, C.; Landi, F.;
Rolland, Y.; Sayer AA. et al. Sarcopenia: Revi opean Consensus on Definition and Diagnosis.
Age Ageing. 2019;48:16-31. https://doi.org), /ageing/afz046

9. Bianchi L, Ferrucci L, Cherubini A, Ma g&{g@)& dinelli S, Savino E et al. The predictive value of
the EWGSOP definition of sarcopenia: ffe from the INCHIANTTI Study. J Gerontol A Biol Sci
Med Sci. 2016;71:259—-64. https://dof} 0.1093/gerona/glv129

10.  SuY, Yuki M OM. Prevalence of stroke-related sarcopenia: a systematic review and meta-analysis. J
Stroke Cerebrovasc Dis. 2020;2 5002. https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105092

11.  Petermann-Rocha F, Balntzi y SR et al. Global prevalence of sarcopenia and severe
sarcopenia: a systematic re@p and meta-analysis. J Cachexia Sarcopenia Muscle. 2022;13:86—99.
https://doi.org/lO.1002/'@1.12783

12.  Batsis JA, Mackenzi , Bartels SJ et al. Diagnostic accuracy of body mass index to identify
obesity in older a "NHANES 1999 2004. Int J Obes. 2016;40:761-7.
https://doi.org/ 38/ij0.2015.243

13.  Nakanishi,N\\Dkura, K.; Okamura, M.; Nawata, K.; Shinohara, A.; Tanaka, K.; Katayama S.

i Monitoring Skeletal Muscle Mass after Stroke: A Review of Current Methods and
plications. J Stroke Cerebrovasc Dis. 2021;30:105736.
Xdoi.org/10.1016/j.jstrokecerebrovasdis.2021.105736
14. S7; Won CW. Sex-Different Changes of Body Composition in Aging: A Systemic Review. Arch

erontol Geriatr. 2022;102:104711. https://doi.org/10.1016/j.archger.2022.104711

15\ Yoshimura Y, Wakabayashi H, Bise T et al. Sarcopenia is associated with worse recovery of physical

16.

17.

18.

function and dysphagia and a lower rate of home discharge in Japanese hospitalized adults
undergoing convalescent rehabilitation. Nutrition. 2019;61:111-8.
https://doi.org/10.1016/j.nut.2018.11.005

Shiraishi A, Yoshimura Y, Wakabayashi H TY. Prevalence of stroke-related sarcopenia and its as
sociation with poor oral status in post-acute stroke patients: implications for oral sarcopenia. Clin
Nutr. 2018;37:204—7. https://doi.org/10.1016/j.clnu.2016.12.002

Nozoe M, Kubo H, Yamamoto M et al. Muscle weakness is more strongly associated with functional
outcomes in patients with stroke than sarcopenia or muscle wasting: an observational study. Aging
Clin Exp Res. 2024;36:4. https://doi.org/10.1007/s40520-023-02672-9

Abe T, Iwata K, Yoshimura Y et al. Low Muscle Mass is Associated with Walking Function in


https://doi.org/10.1016/j.ijcard.2013.10.031
https://doi.org/10.7861/clinmedicine.17-2-173
https://doi.org/10.1007/s13311-011-0053-1
https://doi.org/10.1016/j.jamda.2014.12.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104623
https://doi.org/10.1111/ggi.13780
https://doi.org/10.1016/j.jamda.2011.01.003
https://doi.org/10.1093/ageing/afz046
https://doi.org/10.1093/gerona/glv129
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105092
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.1038/ijo.2015.243
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105736
https://doi.org/10.1016/j.archger.2022.104711
https://doi.org/10.1016/j.nut.2018.11.005
https://doi.org/10.1016/j.clnu.2016.12.002
https://doi.org/10.1007/s40520-023-02672-9

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Patients with Acute Ischemic Stroke. J Stroke Cerebrovasc Dis. 2020;29(11):105259.
https://doi.org/10.1016/].jstrokecerebrovasdis.2020.105259

Abe T, Yoshimura Y, Imai R, Yoneoka Y, Tsubaki A SY. Impact of Phase Angle on Physical
Function in Patients with Acute Stroke. J Stroke Cerebrovasc Dis. 2021;30(9):105941.
https://doi.org/10.1016/].jstrokecerebrovasdis.2021.105941

Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gémez, J.M.; Heitmann, B.L.;
Kent-Smith, L.; Melchior JC., Pirlich M. et al. Bioelectrical Impedance Analysis—Part I: Review of
Principles and Methods. Clin Nutr. 2004;23:1226—1243. https://doi.org/10.1016/j.clnu.2004.06.004
Abe, T.; Yoshimua, Y.; Imai, R.; Sato Y. A Combined Assessment Method of Phase Angle and
Skeletal Muscle Index to Better Predict Functional Recovery after Acute Stroke. J Nutr Heal Aging.
2022;26:445—451. https://doi.org/10.1007/s12603-022-1777-9

Guerrini A, Siotto M, Germanotta M, Schirru M, Pavan A, Cipollini V, et al. Body Cell Mass ﬂ%&
Bioelectrical Impedance Analysis in Patients with Stroke Undergoing Rehabilitation. Appl %
2023;13(6). https://doi.org/10.3390/app13063965 .

M D, AT M. Is bioelectrical impedance accurate for use in large epidemiological studia&ﬁl trJ.

2008;7:26-33. https://doi.org/10.1186/1475-2891-7-26 ‘bv
Keller, K. and Engelhardt M. Strength and muscle mass loss with aging process. nd strength
loss. Muscles Ligaments Tendons J. 2014;3(4):346-50. https://doi.org/10.32 t.04.2013.17

Taufiq, Syam ari fahrial, Lesmana c rinaldi, Suwarto S. Perbedaan Hasi e@nksaan Bio Electric
Impedance Analysis antara Status Nutrisi Baik dan Malnutrisi pada Pertdelga Penyakit
Gastrointestinal dan Hati yang Dirawat Inap di RSCM Tahun 2013. J Pefiyakit Dalam Indones.
2014;1(2):108-13. https://doi.org/10.32098/mltj.04.2013.17 ‘ﬁ% /
Kogan E, Twyman K, Heap J, Milentijevic D, Lin JH, Albertg M\ASsessing stroke severity using
electronic health record data: a machine learning approach.@& ed Inf Decis Mak. 2020;(20):8.
https://doi.org/10.1186/s12911-019-1010-x /Xﬂ
Somerford PJ, Lee AH YK. Ischemic stroke hospital stay and discharge destination. Ann Epidemiol.
2004;14:773-777. https://doi.org/10.1016/j.annepi 2004.02.003

Walter-Kroker A, Kroker A, Mattiucci-Guehlk aab T. A practical guide to bioelectrical
impedance analysis using the example of ch structive pulmonary disease. Nutr J. 2011;10:35.
https://doi.org/10.1186/1475-2891-10-35

Gonzalez MC HS. Bioelectrical imped @ alysis for diagnosing sarcopenia and cachexia: what
are we really estimating? J Cachexiaﬂs penia Muscle. 2017;8:187-9.
https://doi.org/10.1002/jcsm.12159

Kim SJ, Yu EH, Min JH, Shin oMY KS. Segmental bioelectrical impedance analysis of the
body composition of affecte naffected limbs after hemiparetic stroke. Am J Phys Med Rehabil.
2020;99:830-6. https://doi 0.1097/PHM.0000000000001434

Korzilius JW, Oppenh ﬁgr E, Roos NM de, Wanten GJA, Zweers H. Having breakfast has no
clinically relevant e \?b()n bioelectrical impedance measurements in healthy adults. Nutr J.
2023;22:55. https; .org/10.1186/s12937-023-00882-5

Zuo X, LiX, T ,Zhao R, Wu M, Wang Y et al. Sarcopenia and cardiovascular diseases: a

and meta-analysis. J Cachexia Sarcopenia Muscle. 2023;14(3):1183-98.

systematic
https://dosdeg/10.1002/jcsm. 13221
Lee IH, Heo J, Baik M, Park H, Lee HS et al. Impact of sarcopenia on functional outcomes

am atients with mild acute ischemic stroke and transient ischemic attack: a retrospective study.
eurol. 2022;13:841945. https://doi.org/10.3389/fneur.2022.841945

34, @uo L, Shen X, Fang S, Wan T, Liu P, Li P et al. Sarcopenia as a risk factor of progression-free

35.

36.

37.

survival in patients with metastases: a systematic review and meta-analysis. BMC Cancer.
2023;23(1):127. https://doi.org/10.1186/s12885-023-10582-2

Chang KV, Wu WT, Huang KC, Han DS. Segmental body composition transitions in stroke patients:
Trunks are different from extremities and strokes are as important as hemiparesis. Clin Nutr.
2020;39(6):1968—73. https://doi.org/10.1016/j.clnu.2019.08.024

Irisawa H, Nakamura T, Chiba Y, Hirota M, Hoshiai H, Mizushima T. Factors influencing changes in
body composition and nutritional status in patients with hyperacute stroke: prospective study. Front
Nutr. 2025;12. https://doi.org/10.3389/fnut.2025.1548796

Suryadinata RV, Subagio HW, Khairuddin, Darmonoss, Christianto F. Analysis of the Impact of
Muscle Mass Changes in Stroke Patients. Pharmacogn J . 2024;16(6):1359—-64.
https://doi.org/10.5530/pj.2024.16.219


https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105259
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105941
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.1007/s12603-022-1777-9
https://doi.org/10.3390/app13063965
https://doi.org/10.1186/1475-2891-7-26
https://doi.org/10.32098/mltj.04.2013.17
https://doi.org/10.32098/mltj.04.2013.17
https://doi.org/10.1186/s12911-019-1010-x
https://doi.org/10.1016/j.annepidem.2004.02.003
https://doi.org/10.1186/1475-2891-10-35
https://doi.org/10.1002/jcsm.12159
https://doi.org/10.1097/PHM.0000000000001434
https://doi.org/10.1186/s12937-023-00882-5
https://doi.org/10.1002/jcsm.13221
https://doi.org/10.3389/fneur.2022.841945
https://doi.org/10.1186/s12885-023-10582-2
https://doi.org/10.1016/j.clnu.2019.08.024
https://doi.org/10.3389/fnut.2025.1548796
https://doi.org/10.5530/pj.2024.16.219

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Mir MA, Al-Baradie RS, Alhussainawi MD. Pathophysiology of Strokes. In: Mir MA, editor. Recent
Advances in Stroke Therapeutics. Nova Science Publishers, Inc.; 2014. p. 1-54.

Stroke Unit Trialists” Collaboration. Organised inpatient (stroke unit) care for stroke [Internet]. Vol.
9, Cochrane Database of Systematic Reviews. London: John Wiley & Sons, Ltd.; 2013 [cited 2025
Apr 21]. Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000197.pub3/full

Hunnicutt JL GC. Skeletal muscle changes following stroke: a systematic review and com parison to
healthy individuals. Top Stroke Rehabil. 2017;24:463-71.
https://doi.org/10.1080/10749357.2017.1292720

Jang A, Bae CH, Han SJ, Bae H. Association Between Length of Stay in the Intensive Care Unit and
Sarcopenia Among Hemiplegic Stroke Patients. Ann Rehabil Med. 2021;45(1):49-56. b
https://doi.org/10.5535/arm.20111

Akahoshi T, Yasuda M, Momii K, Kubota K SY, Kaku N et al. Sarcopenia is a predictive f@ or
pro longed intensive care unit stays in high-energy blunt trauma patients. Acute Med Su§.
2016;3:326-31. https://doi.org/10.1002/ams2.195

Chen LK, Woo J, Assantachai P et al. Asian Working Group for Sarcopenia: 2019 &nsus update
on sarcopenia diagnosis and treatment. ] Am Med Dir Assoc. 2020;21(3):300—7.,&’
https://doi.org/10.1016/j.jamda.2019.12.012

Ogawa, T.; Suenaga M. Elderly Patients after Stroke Increase Skeletal M, C&.SS by Exercise
Therapy in Rehabilitation Wards. J Stroke Cerebrovasc Dis. 2021;30:1 %
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105958

Honma K, Honda Y, Nagase M, Nakao Y, Sota K, Naoki Sasan Lt al. Pre-stroke patient
characteristics that influence skeletal muscle quality: A cross- &\"onal study. Geriatr Gerontol Int.
2025;25:213-219. https://doi.org/10.1111/ggi.15060

Arsava EM, Gungor L, Sirin H, Sorgun MH, Aykac O, aglayan HZ, et al. Muscle mass as a
modifier of stress response in acute ischemic stroke patients. Sci Rep. 2024;14(1):1-7.
https://doi.org/10.1038/s41598-024-60829-6
Kim KY, Jung S, Cho E Bin, Yang TW, Kim S , et al. The impact of reduced skeletal muscle
mass at stroke onset on 3-month functional hes in acute ischemic stroke patients. PLoS One
[Internet]. 2025;20(1):1-13. Available fro®: s://doi.org/10.1371/journal.pone.0313368

Azzollini V, Dalise S, Chisari C. How @ troke Affect Skeletal Muscle? State of the Art and
Rehabilitation Perspective. Front Ne(ﬁ&. 021;12:797559. https://doi.org/10.3389/fneur.2021.797559
Mas MF, Gonzalez J, Frontera WR. Stroke and sarcopenia. Curr Phys Med Rehabil Rep.
2020;8(4):452-460. https://doi. 0A007/540141-020-00284-2

Knight RL, H D, Saunders, . Maximal muscle power after stroke: a systematic review. Clin
Pr. 2014;11(2):183-191. v//doi.org/10.2217/cpr.13.97

Hajar N, Tatius B, Bas &Fatharani LF, Adhyatma GP, Kurniawan DA, et al. Lingkar Betis

Berhubungan denga ugaran Kardiorespirasi Pada Mahasiswa Kedokteran: Sebuah Studi Potong
Lintang. In: Prgsigs ONGRES XV & HUT KE - 52 PAAI 2023 - 4th LUMMENS: “The Role of
Gut-Brain A@ donesian Human Development.” Semarang: Universitas Muhammadiyah

Semarang; . p. 1-6.
Satya A iana NT, Hastuti J. Hubungan Kekuatan Genggam Tangan dengan Massa Otot dan
Indek; sa Tubuh (IMT) pada Usia Dewasa di Daerah Istimewa Yogyakarta. Universitas Gadjah
M@OB.

arfika Lubis DMP. Hubungan antara Kekuatan Genggaman Tangan dengan Indeks Massa

Qll)gu?mh pada Mahasiswa Fakultas Kedokteran Universitas Muhammadiyah Sumatera Utara. J Kedokt

Anat. 2021;4(2). https://doi.org/10.30596/amj.v4i2.6514

54.”7 Trussardi Fayh AP de SI. Comparison of revised EWGSOP2 criteria of sarcopenia in patients with

55.

56.

57.

cancer using different parameters of muscle mass. PLoS One. 2021;16:€0257446.
https://doi.org/10.1371/journal.pone.0257446

Grili PP da F, Marim MFR, Comério ACC, Petarli GB, da Cruz GF, Marques-Rocha JL, et al. Calf
circumference as a predictor of skeletal muscle mass in postmenopausal women. Clin Nutr Open Sci.
2022;43:20-7. https://doi.org/10.1016/j.nutos.2022.04.002

RW. B. Muscle strength: clinical and prognostic value of hand-grip dynamometry. Curr Opin Clin
Nutr Metab Care. 2015;18:465¢70. https://doi.org/10.1097/MC0.0000000000000202

Lopes AJ SNR. Hand grip strength in healthy young and older Brazilian adults. Kinesiology.
2017;49:208e16. https://doi.org/10.26582/k.49.2.5


https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD000197.pub3/full
https://doi.org/10.1080/10749357.2017.1292720
https://doi.org/10.5535/arm.20111
https://doi.org/10.1002/ams2.195
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105958
https://doi.org/10.1111/ggi.15060
https://doi.org/10.1038/s41598-024-60829-6
https://doi.org/10.1371/journal.pone.0313368
https://doi.org/10.3389/fneur.2021.797559
https://doi.org/10.1007/s40141-020-00284-2
https://doi.org/10.2217/cpr.13.97
https://doi.org/10.30596/amj.v4i2.6514
https://doi.org/10.1371/journal.pone.0257446
https://doi.org/10.1016/j.nutos.2022.04.002
https://doi.org/10.1097/MCO.0000000000000202
https://doi.org/10.26582/k.49.2.5

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kawakami R, Miyachi M, Sawada SS, Torii S, Midorikawa T, Tanisawa K et al. Cut-offs for calf
circumference as a screening tool for low muscle mass: WASEDA'’S Health Study. Geriatr Gerontol
Int. 2020;20:943¢50. https://doi.org/10.1111/ggi.14025

Kawakami R, Murakami H, Sanada K, Tanaka N, Sawada SS, Tabata I et al. Calf circumference as a
surrogate marker of muscle mass for diagnosing sarcopenia in Japanese men and women. Geriatr
Gerontol Int. 2014;15:969¢76. https://doi.org/10.1111/ggi.12377

Nishioka S, Yamanouchi A, Matsushita T, Nishioka E, Mori N, Taguchi S. Validity of calf
circumference for estimating skeletal muscle mass for Asian patients after stroke. Nutrition.
2021;82:111028. https://doi.org/10.1016/j.nut.2020.111028

Stock R, Thrane G, Askim T, Anke A, Mork PJ. Development of Grip Strength During The First
Year After Stroke. J Rehabil Med. 2019;51(4). https://doi.org/10.2340/16501977-2530 b
Rashid K, Mukhtar T, Ali A, Inam R, Naureen S, Waheed H. Impact of Hand Grip Strength OW
Functional Independence and Arm Motor Performance in Stroke Survivors. J Heal Rehabil %
2024;4(1). https://doi.org/10.61919/jhrr.v4i1.498 . W
AAD,AD,JIMAK, LF OO0, CN, A M, et al. Factors influencing the longer hospital s or acute
stroke patients in a tertiary hospital in Burkina Faso. J Rehabil Res Pr. 2021 ;2(1):21@#
hitps://doi.org/10.46439/rchabilitation.2.011 @

Dikbas SK, Aslan IK. Factors Affecting Length of Stay in a Stroke Unit Afteﬁ? venous
Thrombolytic Therapy: A Retrospective Study. Bosphorus Med J. 2024; 1@ —22.
https://doi.org/10.14744/bmj.2024.37450 %

Nirmalasari N, Nofiyanto M, Hidayati RW. Lama Hari Rawat Pasien St¥Oke. J Terpadu Ilmu Kesehat.
2020;9(2):117-268. https://doi.org/10.37341/interest.v9i2.196

Arboix A, Massons J, Garcia-Eroles L, Targa C OM, E. C. Cljficel predictors of prolonged hospital
stay after acute stroke: Relevance of medical complicationsy In lin Med. 2012;3(6):24547.
https://doi.org/10.4236/ijcm.2012.36090 sb‘

P. A. Prediction of length of stay for stroke patients. Acta Neurol Scand. 2007;116:15-9.
https://doi.org/10.1111/j.1600-0404.2006.00756.x

Shang J, Zhang Z, Ma S, Peng H, Hou L, Yang K, ¥tal. A Nomogram Incorporating Intracranial

Atherosclerosis Score for Predicting Early E ﬁo gical Deterioration in Minor Stroke Patients With

Type 2 Diabetes Mellitus. Diabetes, Meta r Obes . 2025;18(February):491-506.

https://doi.org/10.2147/DMS0.S49498
Setiati FA and S. Correlation betwee grip strength and nutritional status in elderly patients. In:

IOP Publishing, editor. The 2nd Physics and Technologies in Medicine and Dentistry Symposium.
Jakarta: IOP Conf. Series: Jou Pﬁysics: Conf. Series 1073;2018. p. 1-9.
https://doi.org/10.1088/1742 1073/4/042032

Jacobs A Van, Coltman A ez-Perez SL, Bienia B, Bienia JSS, Peterson SJ. The Prevalence of
Low CT-Measured Ske uscle Index and Handgrip Strength in a General Medical Population.
Nutr Clin Pract. 2022:39¥102-9. https://doi.org/10.1002/ncp.10660

LiH, Zheng Y, Z ,Zhang X LW, Y ZW and Z. Handgrip strength and body mass index exhibit
good predictjv e for sarcopenia in patients on peritoneal dialysis. Front Nutr. 2024;11:1470669.

rawati L, MYH E, Fasrini UU, Abdiana A, Wahid I. Relationship Between Body Mass
andgrip Strength in Elderly at PSTW Sabai Nan Aluih. J Biomedika dan Kesehat.


https://doi.org/10.1111/ggi.14025
https://doi.org/10.1111/ggi.12377
https://doi.org/10.1016/j.nut.2020.111028
https://doi.org/10.2340/16501977-2530
https://doi.org/10.61919/jhrr.v4i1.498
https://doi.org/10.46439/rehabilitation.2.011
https://doi.org/10.14744/bmj.2024.37450
https://doi.org/10.37341/interest.v9i2.196
https://doi.org/10.4236/ijcm.2012.36090
https://doi.org/10.1111/j.1600-0404.2006.00756.x
https://doi.org/10.2147/DMSO.S494980
https://doi.org/10.1088/1742-6596/1073/4/042032
https://doi.org/10.1002/ncp.10660
https://doi.org/10.3389/fnut.2024.1470669
https://doi.org/10.18051/JBiomedKes.2024.v7.312-321

