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Background: Screening for sarcopenia in the stroke population is an emerging concept in re-
search and clinical practice. Therefore, this cross-sectional study aimed to assess the prevalence 
of possible sarcopenia and its associated factors among older stroke survivors who visited the 
neurology and rehabilitation departments of three public hospitals in Malaysia. Methods: We ac-
quired data on sociodemographic characteristics, clinical profiles, malnutrition risk, dietary intake, 
physical activity level, and health-related quality of life. Possible sarcopenia was diagnosed in in-
dividuals with decreased calf circumference and low handgrip strength, as proposed by the Asia 
Working Group for Sarcopenia (2019). Finally, we performed descriptive analysis and binary logis-
tic regression. Results: Among 196 older adults with stroke (mean± standard deviation of age: 
67.60 ± 5.70 years), 42.3% had possible sarcopenia, with a higher prevalence in the more ad-
vanced age group (≥70 years). In univariable analysis, possible sarcopenia was significantly asso-
ciated with anthropometric indices, malnutrition risk, nutrient intake, physical activity level, and 
health-related quality of life. In multivariable analysis, body mass index (adjusted odds ratio 
[AOR]=0.57; 95% confidence interval [CI], 0.43–0.75) was the only factor associated with possi-
ble sarcopenia among individuals aged ≥70 years. Recurrent stroke (AOR=3.48; 95% CI, 1.02–
11.92), body mass index (AOR=0.64; 95% CI, 0.54–0.76), and EQ-5D index (AOR=0.15; 95% CI, 
0.03–0.78) were significantly associated with possible sarcopenia in the 60–69-year age group. 
Conclusion: The prevalence of possible sarcopenia among community-dwelling older stroke sur-
vivors was high. Therefore, we recommend routine screening for possible sarcopenia to ensure 
early nutritional and exercise intervention.
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INTRODUCTION 

The aging process places older adults at higher risks of malnutri-
tion and stroke. Approximately three-quarters of strokes occur in 
people aged > 65 years.1) Strokes in older adult patients are gener-
ally more severe and have poorer prognosis and clinical outcomes 
than those in younger patients.2) The assessment for sarcopenia 

among the stroke population is a recently emerging concept in re-
search and clinical practices. Sarcopenia is defined as “a progressive 
and generalized skeletal muscle disorder associated with increased 
likelihood of adverse outcomes including falls, fractures, physical 
disability and mortality”.3) Although sarcopenia is primarily related 
to the aging process, it may be accelerated in the presence of physi-
cal inactivity; malnutrition; and specific diseases such as stroke, 
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endocrine diseases, and malignant tumors.4) 

To date, only few studies have investigated the prevalence of sar-
copenia in the stroke population. Studies in the United States and 
Japan reported a prevalence of sarcopenia after stroke ranging from 
14% to 54%.5,6) Other studies reported a sarcopenia prevalence of 
up to 54% among older Japanese patients undergoing rehabilita-
tion in ward.7,8) Sarcopenia was significantly associated with worse 
recovery activities of daily living, dysphagia, and a lower rate of 
home discharge.7,8) An individual is diagnosed with sarcopenia if 
he or she has low appendicular skeletal muscle mass (ASM) and 
muscle strength or low physical performance.9) However, ASM 
measurement requires expensive devices such as magnetic reso-
nance imaging, computed tomography, dual-energy X-ray absorp-
tiometry, and bioelectrical impedance analysis.9) Acknowledging 
the difficulties of installing advanced diagnostic equipment in the 
primary health care or community setting, the Asian Working 
Group for Sarcopenia (AWGS) in 2019 proposed the terminology 
“possible sarcopenia” to identify the early signs of sarcopenia and 
allow prompt health education, nutritional strategies, and exercise 
interventions.9) The AWGS suggested using either calf circumfer-
ence (CC) or the Strength, Assistance with walking, Rise from a 
chair, Climb stairs and Falls (SARC-F) or SARC-Calf to identify 
individuals with possible sarcopenia. Possible sarcopenia was diag-
nosed based on handgrip strength (HGS) or 5-time chair stand 
test results.9) 

Other than age, sarcopenia is also significantly associated with 
other factors such as household status, lifestyle, physical inactivity, 
poor nutritional and dental status, and diseases8,9); however, evi-
dence is limited in the stroke population.7) To the best of our 
knowledge, no published findings are available regarding possible 
sarcopenia in the community-dwelling older stroke population in 
Malaysia. Thus, the objectives of this study were to assess the prev-
alence of possible sarcopenia among older stroke survivors attend-
ing outpatient clinics and to determine the factors associated with 
possible sarcopenia among different age groups. 

MATERIALS AND METHODS 

Study Design and Setting 
This cross-sectional study was performed in three public hospitals 
with the highest stroke cases in 2015–2016 in the East Coast re-
gion of Peninsular Malaysia from May to August 2019. The statis-
tics of stroke cases discharged from public hospital registries were 
obtained from the Health Informatics Centre, Ministry of Health 
Malaysia. A clinical dietitian applied convenience sampling to 
screen and recruit all patients with stroke attending the neurology 
and rehabilitation departments. The same clinical dietitian per-

formed the survey by rotating between the three hospitals to mini-
mize evaluation errors. 

Participants 
This study included older adults with stroke (age ≥ 60 years) diag-
nosed with stroke as confirmed by a medical doctor and able to 
communicate in Bahasa Melayu. Patients with contracture defor-
mity, amputation, or severe organ failures were excluded. A proxy 
respondent who was the primary caregiver (spouse, parent, child, 
or sibling) was recruited if the respondent presented with severe 
language, vision, or cognitive impairments. Older adults with 
stroke and their caregivers were approached during the awaiting 
hours in the outpatient clinics.  

Sample Size 
A previous study reported a 14% prevalence of sarcopenia among 
middle-aged and older stroke adults.5) Based on the single propor-
tion formula, a 95% confidence interval (CI), and a 10% non-re-
sponse rate, a total of 206 respondents were required in this 
study.10) 

Dependent Variable 

Definition of possible sarcopenia 
We diagnosed possible sarcopenia as the presence of decreased 
CC (males: < 34 cm, females: < 33 cm) and low HGS (males: 
< 28 kg, females: < 18 kg).9) CC was measured using a measuring 
tape with the participant in the seated or supine position with the 
non-paretic knee bent at 90°. For patients with bilateral stroke, the 
CC of both sides were measured, and the maximum values were 
reported. HGS was measured using a Takei Digital Grip Strength 
Dynamometer (Model T.K.K.5401; Takei Scientific Instruments, 
Niigata, Japan)11) with the participant in the standing or seated po-
sition with a fully extended elbow. Each hand (left and right) was 
tested twice, with a 60-second rest in between measurements. All 
readings were recorded in kilograms (kg) and the maximum mean 
HGS of either left or right hand was reported. 

Independent Variables and Measurements 

Sociodemographic and clinical profiles 
The independent variables included sociodemographic profiles, 
clinical characteristics, anthropometric measurements, dietary in-
take, physical activity (PA) levels, and health-related quality of life. 
We extracted data on participant comorbidities including hyper-
tension, diabetes mellitus, hyperlipidemia, atrial fibrillation, and 
ischemic heart disease from their medical records based on the 
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Malaysian Clinical Practice Guidelines.12-14) We also asked the par-
ticipants whether they frequently faced problems (Yes or No) such 
as chewing, swallowing, loss of appetite, speech, memory, sleeping 
at night, and paresis of the dominant arm. 

Anthropometric measurements 
Anthropometric measurements included weight, height, mid-up-
per arm circumference, and waist circumference. Weight was mea-
sured to the nearest 0.1 kg using a Seca Model 803 digital weighing 
scale (Seca, Hamburg, Germany). Height was assessed using a sta-
diometer Seca 206 (Seca, Hamburg, Germany) to the nearest 0.1 
cm. The height of participants with balance and gait problems was 
estimated using knee height and prediction equations derived in a 
previous study on the Malaysian older adult population.15) Body 
mass index (BMI) was also calculated. Waist circumference was 
measured using a measuring tape placed at the midpoint between 
the lower margin of the least palpable rib and the top of the iliac 
crest.16) Mid-upper arm circumference was measured on the 
non-paralytic arm using a measuring tape from the midpoint on 
the triceps between the process acromion and olecranon process. 

Malnutrition risk 
We screened the participants for malnutrition risk based on the 
Malnutrition Risk Screening Tool-Hospital (MRST-H) validated 
in the older adult Malaysian population.17) The MRST-H contains 
five items. Three items are related to financial dependency, feeding 
dependency, and significant unintentional weight loss. The other 
two items in the MRST-H involve anthropometric measurements 
to assess muscle wasting/malnutrition based on sex-specific cut-
off points for mid-upper arm circumference (MUAC) and CC. A 
score is allocated to each question with a positive answer (answer-
ing yes) or an MUAC and CC below the cut-off points. An indi-
vidual is classified as having high malnutrition risk if he or she has 
scores 2 or above.17) The MRST-H scale has an excellent overall di-
agnostic accuracy in discriminating malnourished groups, with an 
area under the curve (AUC) of 0.84 when validated against the 
Subjective Global Assessment.17)  

Dietary intake 
A clinical dietitian assessed the dietary intake of the participants 
using the 7-day Dietary History Questionnaire through face-to-
face interviews.18) The participants were asked to recall all food 
and beverages consumed for the past 7 days. Dietary analysis was 
conducted using the Nutritionist Pro nutrition analysis software 
(Axxya Systems, Redmond, WA, USA) to calculate the daily mean 
intakes of energy, protein, carbohydrate, fat, vitamin A, vitamin C, 
potassium, calcium, and iron. The energy and protein intakes were 

presented in kcal/kg ideal body weight (IBW)/day to prevent 
over- or underestimation of nutrient intake. We calculated IBW for 
older adults by multiplying a BMI of 25 kg/m2 by the participants’ 
actual height squared. Adequate energy and protein intakes were 
defined as the consumption of at least 25 kcal/kg IBW/day and 1.0 
g/kg IBW/day, respectively.19) 

PA levels 
The weekly PA levels were assessed using the short Malay version 
of the International Physical Activity Questionnaire (IPAQ).20) 
The IPAQ comprises seven items with four activity domains (vig-
orous, moderate, walking, and sitting). Each participant was asked 
to report the amount of time (in minutes) and the number of days 
(per week) spent on each activity domain. The participants were 
classified as achieving the recommended PA if they had total meta-
bolic equivalents of task values-minutes per week of 600 or above 
(equivalent to moderate-to-vigorous activity levels).21) 

Health-related quality of life 
The health-related quality of life of participants was assessed using 
the Malay version of the EuroQoL-5 Dimensions-5 Levels (EQ-
5D-5L) questionnaire validated in the Malaysian population.22) 
The participants were asked to rate their health on the day of eval-
uation based on a 5-point scale, indicating increasing severity of 
problems (1 = no problems, 2 = slight problems, 3 = moderate 
problems, 4 = severe problems, and 5 = extreme problems). The 
EQ-5D-5L description system contains five dimensions: mobility, 
self-care, usual activities, pain/discomfort, and anxiety/depression. 
Based on the rating of the five main dimensions of the descriptive 
system, we generated an EQ-5D summary index based on the 
equation proposed by Shafie et al.23) for the Malaysian population. 
The EQ-5D summary index ranged from 0 (death) to 1 (full 
health), with negative values representing states worse than death. 
The participants were also asked to self-rate their “health today” 
based on a scale of 0–100 (from worst to best score) using the 
EQ-visual analogue scale (VAS). 

Ethics Approval 
We performed all methods in this study in accordance with rele-
vant guidelines and regulations. The Medical Research and Ethics 
Committee in the Ministry of Health, Malaysia (No. NMRR-19-
4024-47231 (IIR)) and the UniSZA Human Research Ethics 
Committee approved the study protocol before commencing the 
study (No. UniSZA/UHREC/2019/102). Written informed con-
sent was obtained from cognitively intact older adults with stroke 
or from a proxy if the participants had severe aphasia or hearing, 
vision, or cognitive issues. Also, this study complied the ethical 
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guidelines for authorship and publishing in the Annals of Geriatric 
Medicine and Research.24)  

Statistical Analysis  
Continuous variables are presented as either mean ± standard de-
viation or median (interquartile range) based on the normality of 
data. Categorical variables are presented as frequencies and per-
centages. We performed binary logistic regression to examine fac-
tors associated with possible sarcopenia in different age groups 
(60–69 years and ≥ 70 years) because age is a well-known factor 
for sarcopenia. We included factors with a p-value of < 0.25 in uni-
variable analysis and of clinical importance (sex and protein intake 
per kg IBW per day) in multivariable logistic regression. Variables 
with small cells ( ≤ 5) were excluded from multivariable logistic re-
gression. The magnitudes of the associations are presented as ad-
justed odds ratio (AOR) with 95% CI. Interactions and multicol-
linearity between variables were also checked. All statistical analy-
ses were performed using IBM SPSS Statistics for Windows, ver-
sion 25.0 (IBM Corp., Armonk, NY, USA), with a p-value of 
< 0.05 considered statistically significant. 

RESULTS 

A total of 448 patients with stroke was screened, and 237 of them 
were excluded based on the selection criteria. A total of 211 re-
spondents completed the survey; however, we included only 196 
respondents in the data analysis because 15 of them had unknown 
types of strokes. The mean age of the participants was 67.60 ±  
5.70 years. Two-thirds of the participants (66.3%) were aged 60–
69 years; the remaining participants were aged ≥ 70 years. Approx-
imately half of the participants were in the chronic phase of stroke 
( > 6 months from stroke onset). More than half of the participants 
were males (51.1%), married (73.0%), of Malay origin (86.7%), 
and not working (96.9%). Primary education levels were reported 
by 43.4% of the participants. The stroke cases were predominantly 
ischemic stroke (84.7%) and first-ever stroke (78.1%). Hyperlip-
idemia (95.9%) was the leading comorbidity, followed by hyper-
tension (94.4%), diabetes mellitus (55.6%), ischemic heart disease 
(13.8%), and atrial fibrillation (7.1%). Most participants were 
non-smokers (63.8%), whereas 33.1% were ex-smokers and 3.1% 
were active smokers at the time of the survey. The prevalence of 

Table 1. Comparison of sociodemographic, clinical, nutritional status, lifestyle practices and health-related quality of life between different age 
groups (n=196)

Variable 60-69 y (n = 130) ≥ 70 y (n = 66) p-valuea)

Sex
  Female 60 (46.2) 28 (42.4) 0.651
  Male 70 (53.8) 38 (57.6)
Ethnicity
  Malay 113 (86.9) 57 (86.4) 1.000
  Chinese and Indian 17 (13.1) 9 (13.6)
Marital status
  Married 100 (76.9) 43 (65.2) 0.090
  Single/divorced/widowed 30 (23.1) 23 (34.8)
Education levels
  Never attended school 10 (7.7) 9 (13.6) < 0.001
  Primary 46 (35.4) 39 (59.1)
  Secondary and above 74 (56.9) 18 (27.3)
Types of strokes
  Ischemic 106 (81.5) 60 (90.9) 0.096
  Hemorrhagic 24 (18.5) 6 (9.1)
Position of stroke
  Left 64 (49.2) 31 (47.0) 0.827
  Right 58 (44.6) 32 (48.5)
  Bilateral/unspecified 8 (6.1) 3 (4.5)
Stroke episode
  First 103 (79.2) 50 (75.8) 0.588
  Recurrent 27 (20.8) 16 (24.2)
Stroke duration

(Continued to the next page)
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Variable 60-69 y (n = 130) ≥ 70 y (n = 66) p-valuea)

  Early subacute (0–3 mo) 42 (32.3) 21 (31.8) 0.893
  Late subacute (4–6 mo) 18 (13.8) 11 (16.7)
  Chronic ( > 6 mo) 70 (53.8) 34 (51.5)
Presence of comorbidities (yes)
  Hypertension 123 (94.6) 62 (93.9) 1.000c)

  Diabetes mellitus 74 (56.9) 35 (53.0) 0.65
  Hyperlipidemia 124 (95.4) 64 (97.0) 0.720c)

  Ischemic heart disease 15 (11.5) 12 (18.2) 0.272
  Atrial fibrillation 6 (4.6) 8 (12.1) 0.076c)

Smoking status
  Never smoke 83 (63.8) 37 (56.1) 0.352
  Ex-smoker/Smoking 47 (36.2) 29 (43.9)
Physical activity
  Achieved 37 (28.5) 19 (28.8) 1
  Not achieved 93 (71.5) 47 (71.2)
Adequacy of energy intake
  No ( < 25 kcal/kg IBW) 60 (46.2) 39 (59.1) 0.098
  Yes ( ≥ 25 kcal/kg IBW) 70 (53.8) 27 (40.9)
Adequacy of protein intake
  No ( < 1.0 g/kg IBW) 76 (58.5) 42 (63.6) 0.538
  Yes ( ≥ 1.0 g/kg IBW) 54 (41.5) 24 (36.4)
Nutrient intake
  Carbohydrate (g/day) 211.56 ± 53.87 197.00 ± 51.36 0.071b)

  Fat (g/day) 50.24 ± 14.39 45.43 ± 13.26 0.024b)

  Vitamin A (µg/day) 663.73 ± 507.77 657.67 ± 576.29 0.880d)

  Vitamin C (mg/day) 103.97 ± 59.85 93.12 ± 58.62 0.229b)

  Potassium (mg/day) 1303.54 ± 422.92 1248.49 ± 414.31 0.387b)

  Calcium (mg/day) 567.20 ± 369.47 543.03 ± 320.58 0.650d)

  Iron (mg/day) 12.24 ± 5.71 11.01 ± 4.24 0.010d)

At risk of malnutrition
  Yes 57 (43.8) 30 (45.5) 0.88
  No 73 (56.2) 36 (54.5)
Possible sarcopenia
  Yes 41 (31.5) 42 (63.6) < 0.001
  No 89 (68.5) 24 (36.4)
BMI (kg/m2) 24.53 ± 4.71 23.08 ± 4.38 0.039b)

WC (cm) 86.22 ± 11.83 84.91 ± 10.53 0.448b)

EQ-5D index 0.69 ± 0.47 0.54 ± 0.57 0.030d)

VAS 60.00 ± 20.00 60.00 ± 20.00 0.817d)

Presence of difficulties (yes)
  Chewing 9 (6.9) 9 (13.6) 0.189
  Swallowing 12 (9.2) 11 (16.7) 0.159
  Loss of appetite 9 (6.9) 7 (10.6) 0.413
  Memory 10 (7.7) 8 (12.1) 0.433
  Speech 12 (9.2) 4 (6.1) 0.585
  Sleeping 24 (18.5) 13 (19.7) 0.848
  Paresis of dominant arm 69 (53.1) 31 (47.0) 0.452
Values are presented as mean±standard deviation or number (%). Vitamins A and C, Iron, EQ-5D, and VAS data are expressed as median±interquartile range.
BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight.
Ideal body weight at BMI 25 kg/m2 was used.
a)Chi-square test, b)independent t-test, c)Fisher exact test, d)Mann-Whitney U test.
Significant level p<0.05.

Table 1. Continued
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possible sarcopenia was 42.3% among the older adults with stroke. 
Table 1 shows that the prevalence of possible sarcopenia was sig-

nificantly higher in the advanced age group ( ≥ 70 years) than in 
the 60–69-year age group (63.6% vs. 31.5%). Additionally, the ad-
vanced age group had significantly lower educational level 
(59.1% vs. 35.4% had achieved primary education level), fat 
(45.43 ±  13.26 vs. 50.24 ±  14.39 g/day) and iron (11.01 (4.24) 
vs. 12.24 (5.71) mg/day) intakes, BMI (23.08 ±  4.38 vs. 24.53 
±  4.71 kg/m2), and ED-5D index (0.54 (0.57) vs. 0.69 (0.47)) 
than their counterparts. Inadequate energy (59.1% vs. 46.2%) and 
protein (63.6% vs. 58.5%) intakes, high malnutrition risk (45.5% 
vs. 43.8%), and physical inactivity (71.2% vs. 71.5%) were com-
mon, with no significant differences between the two age groups. 
The two groups also did not differ significantly in the presence of 
difficulties in chewing, swallowing, loss of appetite, memory, 
speech, sleeping, and paresis of the dominant arm. 

Table 2 compares the anthropometric measurements and possi-
ble sarcopenia status by sex. Individuals without possible sarcope-
nia had significantly higher MUAC, CC, WC, BMI, and HGS than 
those with possible sarcopenia regardless of sex. 

Table 3 compares the characteristics of individuals with and 
without possible sarcopenia according to age group. The 60– 69-
year age group showed a higher prevalence of possible sarcopenia 
among individuals who failed to meet the PA and energy recom-
mendations; had lower CHO and fat intake; had high malnutrition 
risk; had lower BMI, WC and HRQoL values (EQ-5D index and 
VAS); and had frequent problems with chewing, swallowing, loss 
of appetite and speech. Meanwhile, the advanced age group 
showed a significantly higher prevalence of possible sarcopenia 
among individuals who failed to meet the PA and energy recom-
mendations; had lower CHO intake; had high malnutrition risk; 
had lower BMI, WC, and EQ-5D index values; and were ex- or ac-
tive smokers. 

Table 4 shows that in univariable analysis, both age groups 

shared similar factors related to possible sarcopenia. Participants 
who failed to meet the PA or energy recommendations were three 
times more likely to have possible sarcopenia. Similarly, partici-
pants with high malnutrition risk were 4–9 times more likely to 
have possible sarcopenia. In contrast, increasing CHO intake, 
BMI, WC, and EQ-5D index were associated with lower odds of 
having possible sarcopenia in both age groups. Moreover, every in-
crease in fat intake and VAS score was associated with a lower risk 
of possible sarcopenia in the 60–69-year age group. Ex-smokers 
and smokers were five times more likely to have possible sarcope-
nia in the advanced age group. Multivariable analysis showed that 
recurrent stroke (AOR = 3.48; 95% CI, 1.02–11.92), BMI 
(AOR = 0.64; 95% CI, 0.54–0.76), and EQ-5D index (AOR = 0.15; 
95% CI, 0.03–0.78) remained significant in the 60–69-year age 
group after adjusting for confounding variables. Meanwhile, only 
BMI (AOR = 0.57; 95% CI, 0.43–0.75) remained significant in the 
advanced age group. 

DISCUSSION 

The results of this study revealed a few important findings. First, 
the prevalence of possible sarcopenia among older stroke survivors 
was high, at 42.3%, and was higher in the advanced age group 
( ≥ 70 years) than in the 60–69-year age group. Second, a higher 
BMI was significantly associated with a lower risk of possible sar-
copenia regardless of age. Participants in the younger age group 
(60–69 years) with recurrent stroke were more likely to have pos-
sible sarcopenia. Conversely, a higher EQ-5D index in this age 
group was significantly associated with a lower risk of having possi-
ble sarcopenia. 

The prevalence of possible sarcopenia in the Malaysian stroke 
population was high and deserves attention from healthcare pro-
fessionals for further evaluation and treatment. Other Asian stud-
ies in Japan and Korea reported the prevalence of sarcopenia diag-

Table 2. Comparison of the anthropometric measurements and possible sarcopenia status within females and males

Variable
Female Male

Without possible sarcopenia 
(n = 52)

Possible sarcopenia  
(n = 36) p-valuea) Without possible sarcopenia 

(n = 61)
Possible sarcopenia  

(n = 47) p-valuea)

MUAC (cm) 28.99 ± 3.29 25.49 ± 3.41 < 0.001 30.07 ± 2.37 25.11 ± 2.87 < 0.001
CC (cm) 33.98 ± 3.16 28.84 ± 3.04 < 0.001 36.02 ± 2.58 29.51 ± 2.44 < 0.001
WC (cm) 89.02 ± 10.56 80.93 ± 12.05 0.001 92.07 ± 10.19 77.75 ± 5.66 < 0.001
BMI (kg/m2) 26.47 ± 4.62 20.83 ± 3.74 < 0.001 26.42 ± 3.64 20.59 ± 2.27 < 0.001
HGS (kg) 17.35 ± 5.80 11.52 ± 4.90 < 0.001 27.32 ± 7.77 18.01 ± 7.71 < 0.001

Values are presented as mean±standard deviation.
MUAC, mid-upper arm circumference; CC, calf circumference; WC, waist circumference; BMI, body mass index; HGS, handgrip strength.
a)Independent t-test.
Significant level p<0.05.
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Table 3. Comparison of sociodemographic, clinical, nutritional status, lifestyle practices and health-related quality of life between group with-
out possible sarcopenia and possible sarcopenia within different age groups

Variable

Age group
60-69 y (n = 130) ≥ 70 y (n = 66)

Without possible  
sarcopenia (n = 89)

Possible sarcopenia 
(n = 41) p-valuea) Without possible  

sarcopenia (n = 24)
Possible sarcopenia 

(n = 42) p-valuea)

Sex
  Female 40 (44.9) 20 (48.8) 0.709 12 (50.0) 16 (38.1) 0.439
  Male 49 (55.1) 21 (51.2) 12 (50.0) 26 (61.9)
Ethnicity 0.713b)

  Malay 76 (85.4) 37 (90.2) 0.580 20 (83.3) 37 (88.1)
  Chinese and Indian 13 (14.6) 4 (9.8) 4 (16.7) 5 (11.9)
Marital status
  Married 70 (78.7) 30 (73.2) 0.508 12 (50.0) 31 (73.8) 0.064
  Single/divorced/widowed 19 (21.3) 11 (26.8) 12 (50.0) 11 (26.2)
Education levels
  Never attended school 6 (6.7) 4 (9.8) 0.805 4 (16.7) 5 (11.9) 0.816
  Primary 31 (34.8) 15 (36.6) 13 (54.2) 26 (61.9)
  Secondary and above 52 (58.4) 22 (53.7) 7 (29.2) 11 (26.2)
Types of strokes
  Ischemic 76 (85.4) 30 (73.2) 0.143 24 (100.0) 36 (85.7) 0.079b)

  Hemorrhagic 13 (14.6) 11 (26.8) 0 (0.0) 6 (14.3)
Position of stroke
  Left 40 (44.9) 24 (28.5) 0.245 15 (62.5) 16 (38.1) 0.121
  Right 42 (47.2) 16 (39.0) 9 (37.5) 23 (54.8)
  Bilateral/unspecified 7 (7.9) 1 (2.4) 0 (0.0) 3 (7.1)
Stroke episode
  First 74 (83.1) 29 (70.7) 0.161 19 (79.2) 31 (73.8) 0.768
  Recurrent 15 (16.9) 12 (29.3) 5 (20.8) 11 (26.2)
Stroke duration
  Early subacute (0–3 mo) 29 (32.6) 13 (31.7) 0.933 11 (45.8) 10 (23.8) 0.199
  Late subacute (4–6 mo) 13 (14.6) 3 (12.2) 3 (12.5) 8 (19.0)
  Chronic ( > 6 mo) 47 (52.8) 23 (56.1) 10 (41.7) 24 (57.1)
Presence of comorbidities (yes)
  Hypertension 83 (93.3) 40 (97.6) 0.431b) 24 (100) 38 (90.5) 0.288b)

  Diabetes mellitus 52 (58.4) 22 (53.7) 0.704 13 (54.2) 22 (52.4) 1.000
  Hyperlipidemia 87 (97.8) 37 (90.2) 0.078b) 23 (95.8) 41 (97.6) 1.000b)

  Ischemic heart disease 10 (11.2) 5 (12.2) 1.000b) 4 (16.7) 8 (19.0) 1.000b)

  Atrial fibrillation 5 (5.6) 1 (2.4) 0.664b) 5 (20.8) 3 (7.1) 0.128b)

Smoking status
  Never smoke 55 (61.8) 28 (68.3) 0.557 19 (79.2) 18 (42.9) 0.005
  Ex-smoker/smoking 34 (38.2) 13 (31.7) 5 (20.8) 24 (57.1)
Physical activity
  Achieved 31 (34.8) 6 (14.6) 0.021 11 (45.8) 8 (19.0) 0.027
  Not achieved 58 (65.2) 35 (85.4) 13 (54.2) 34 (81.0)
Adequacy of energy intake
  < 25 kcal/kg IBW/day 34 (38.2) 26 (63.4) 0.009 10 (41.7) 29 (69.0) 0.039
  ≥ 25 kcal/kg IBW/day 55 (61.8) 15 (36.6) 14 (58.3) 13 (31.0)

(Continued to the next page)
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nosis ranging from 31% to 60% among patients with stroke.6,25,26) 
Although these findings are not directly comparable, Ueshima et 
al.27) demonstrated the high diagnostic accuracy of possible sarco-
penia based on its sensitivity, specificity, and F-value. Possible sar-
copenia (diagnosed based on CC and HGS) predicted sarcopenia 
among Japanese men and women with a sensitivity of 0.71 and 
0.71, specificity of 1.00 and 0.94, and F-value of 0.83 and 0.71, re-
spectively. Due to resource constraints, we were unable to perform 
confirmatory diagnosis of sarcopenia following diagnostic proto-
cols. However, the AWGS (2019) suggested the initiation of life-
style interventions among individuals with possible sarcopenia re-
gardless of the final diagnosis. More research is needed to explore 
the usefulness of using possible sarcopenia for predicting sarcope-

nia diagnosis in the Malaysian population. 
The results of this study add to the growing body of evidence 

showing that the syndrome of sarcopenia is multifactorial, with re-
lationships to age, disease, inactivity, and poor nutrition. Unsur-
prisingly, advanced age was significantly associated with possible 
sarcopenia, consistent with findings of other Asian studies.27,28) 
Muscle tissue gradually decreases during aging, resulting in de-
creased muscle mass and strength. 

Moreover, increasing BMI was significantly associated with low-
er odds of having possible sarcopenia regardless of advanced age, also 
consistent with previous studies of community-dwelling older adults 
with stroke or those admitted to the convalescent rehabilitation 
ward.7,27) Indeed, the participants with possible sarcopenia in this 

Variable

Age group
60-69 y (n = 130) ≥ 70 y (n = 66)

Without possible  
sarcopenia (n = 89)

Possible sarcopenia 
(n = 41) p-valuea) Without possible  

sarcopenia (n = 24)
Possible sarcopenia 

(n = 42) p-valuea)

Adequacy of protein intake
   < 1.0 g/kg IBW/day 47 (47.2) 29 (70.7) 0.059 13 (54.2) 29 (69.0) 0.290
   ≥ 1.0 g/kg IBW/day 42 (52.8) 12 (29.3) 11 (45.8) 13 (31.0)
Nutrient intake
  Carbohydrate (g/day) 224.77 ± 50.89 182.88 ± 49.29 < 0.001c) 225.34 ± 59.83 180.81 ± 37.89 0.002c)

  Fat (g/day) 52.05 ± 14.69 46.32 ± 13.04 0.034c) 46.97 ± 11.98 44.55 ± 14.01 0.480c)

  Vitamin A (µg/day) 726.83 ± 334.55 812.07 ± 398.37 0.207c) 735.00 ± 397.26 704.06 ± 429.94 0.774c)

  Vitamin C (mg/day) 102.75 ± 60.49 106.60 ± 59.10 0.735c) 96.48 ± 65.02 91.20 ± 55.37 0.728c)

  Potassium (mg/day) 1300.28 ± 373.58 1310.62 ± 519.36 0.909c) 1336.82 ± 406.98 1198.01 ± 414.78 0.193c)

  Calcium (mg/day) 640.72 ± 277.88 686.67 ± 373.64 0.435c) 617.55 ± 348.62 636.11 ± 329.59 0.830c)

  Iron (mg/day) 13.45 ± 4.33 12.42 ± 4.84 0.225c) 11.70 ± 3.61 11.48 ± 4.73 0.842c)

At risk of malnutrition
  Yes 25 (28.1) 32 (78.0) < 0.001 6 (25.0) 24 (57.1) 0.020
  No 64 (71.9) 9 (22.0) 18 (75.0) 18 (42.9)
BMI (kg/m2) 26.40 ± 4.10 20.46 ± 3.14 < 0.001c) 26.78 ± 4.20 20.97 ± 2.83 < 0.001c)

WC (cm) 90.04 ± 10.58 77.92 ± 10.09 < 0.001c) 92.98 ± 9.73 80.30 ± 7.93 < 0.001c)

EQ-5D index 0.66 ± 0.27 0.40 ± 0.36 < 0.001c) 0.62 ± 0.33 0.41 ± 0.30 0.012c)

VAS 60.00 ± 20.00 50.00 ± 13.00 < 0.001d) 60.00 ± 29.00 52.50 ± 13.0 0.215d)

Presence of difficulties (yes)
  Chewing 2 (2.2) 7 (17.1) 0.004b) 2 (8.3) 7 (16.7) 0.469b)

  Swallowing 2 (2.2) 10 (24.4) < 0.001b) 3 (12.5) 8 (19.0) 0.733b)

  Loss of appetite 2 (2.2) 7 (17.1) 0.004b) 2 (8.3) 5 (11.9) 1.000b)

  Memory 6 (6.7) 4 (9.8) 0.724b) 1 (4.2) 7 (16.7) 0.241b)

  Speech 4 (4.5) 8 (19.5) 0.010b) 1 (4.2) 3 (7.1) 1.000b)

  Sleeping 16 (18.0) 8 (19.5) 1 3 (12.5) 10 (23.8) 0.345b)

  Paresis of dominant arm 43 (48.3) 26 (63.4) 0.132 12 (50.0) 19 (45.2) 0.800

Values are presented as mean±standard deviation or number (%). VAS data are expressed as median±interquartile range.
BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight.
Ideal body weight at BMI 25 kg/m2 was used.
a)Chi-square test, b)Fisher exact test, c)independent t-test, d)Mann-Whitney U test.
Significant level p<0.05.

Table 3. Continued
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study were significantly thinner (20.7 ± 3.0 vs. 26.5 ± 4.1 kg/m2) 
than their counterparts. Landi et al.29) reported a lower risk of sar-
copenia among older adult individuals with BMI of > 21.0 kg/m2 
than the risk among those with BMI of < 21 kg/m2 in nursing 
homes of Italy. Cheng et al.30) suggested that higher fat mass can 
have several age-rated effects on lean mass. Individuals with higher 
fat mass might consume higher protein, which is important for sar-
copenia prevention. Our results showed that BMI was weakly to 
moderately correlated with total energy (r = 0.520, p < 0.001) and 
protein intake (r = 0.398, p < 0.001). Despite this, the accurate 
measurement of BMI could be challenging among older adults 
with stroke and hemiparesis. Additionally, older adults with stroke 
show more prominent body composition changes than healthy 
older adults.31). Chang et al.31) showed a significantly lower bone 
mineral content, lower lean mass, and higher trunk fat mass among 

Table 4. Factors associated with possible sarcopenia at univariable and multivariable analysis

Variable
Age group

60-69 y ≥ 70 y
OR (CI) p-valuea) AOR (CI) p-valuea) OR (CI) p-valuea) AOR (CI) p-valuea)

Recurrent stroke -
  No (ref) 1.00 1.00 -
  Yes 2.04 (0.85, 4.88) 0.109 3.48 (1.02, 11.92) 0.047 -
Smoking status -
  Never smoke (ref) - - 1 -
  Ex-smoker/smoking - - 5.07 (1.59, 16.15) 0.006 -
Physical activity 0.024 -
  Yes (ref) 1.00 - 1 -
  No 3.12 (1.18, 8.22) 0.022 - 3.60 (1.18, 10.94) -
Adequacy energy
  ≥ 25 kcal/kg IBW/day (ref) 1.00 - 1.00 -
  < 25 kcal/kg IBW/day 2.80 (1.30, 6.03) 0.008 - 3.12 (1.10, 8.86) 0.032 -
Carbohydrate (g/day) 0.98 (0.98, 0.99) < 0.001 - 0.98 (0.97, 0.99) 0.003 -
Fat (g/day) 0.97 (0.94, 0.99) 0.037 - - -
At risk of malnutrition
  No (ref) 1.00 - 1.00 -
  Yes 9.10 (3.81, 21.77) < 0.001 - 4.00 (1.32, 12.11) 0.014 -
BMI (kg/m2) 0.64 (0.55, 0.75) < 0.001 0.64 (0.54, 0.76) < 0.001 0.57 (0.43, 0.75) < 0.001 0.57 (0.43, 0.75) < 0.001
WC (cm) 0.89 (0.85, 0.93) < 0.001 - 0.84 (0.77, 0.92) < 0.001 -
EQ-5D index 0.07 (0.02, 0.25) < 0.001 0.15 (0.03, 0.78) 0.025 0.12 (0.02, 0.67) 0.016 -
VAS 0.93 (0.90, 0.97) < 0.001 - - -
Hosmer-Lemeshow test - 0.988 - 0.374
Classification table - 0.823 - 0.848
ROC - 90.5 - 88

BMI, body mass index; WC, waist circumference; VAS, visual analogue scale; BW, body weight; IBW, ideal body weight; ROC, receiver operating characteristic; 
Ref, reference category; OR, odds ratio; AOR, adjusted odds ratio; CI, confidence interval.
a)Likelihood ratio test with significance level set at less than 0.05; multicollinearity and interaction terms were checked and not found; Hosmer-Lemeshow test, 
classification table (overall correctly classified percentage) and area under the ROC curve were applied to check the model fitness.
Significant level p<0.05.

older adult Taiwanese patients with stroke (stroke duration ≥ 6 
months) than healthy older adults of similar age. The study postu-
lated that stroke-induced malnutrition, accelerated protein degra-
dation secondary to chronic inflammation, and bone loss follow-
ing physical inactivity might have explained the decrease in lean 
body mass and bone minerals in patients with stroke. Thus, other 
than BMI, body composition evaluation should be integrated into 
routine clinical practice for older adult patients with stroke to allow 
more accurate nutritional screening and assessment. 

Individuals with possible sarcopenia in our study also showed a 
significantly overall poor quality of life, consistent with previous 
findings.32) Further exploration showed that possible sarcopenia 
was significantly associated with the physical dimension of 
HRQoL, namely, mobility, self-care, and usual activities. Sarcope-
nia is characterized by loss of lean body mass and muscle function, 
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which are required for physical functioning in stroke survivors. 
Matsu et al. showed that sarcopenia was a predictor of activities of 
daily living capability in patients with stroke undergoing rehabilita-
tion.33) Improvement in sarcopenia was also associated with better 
functional and discharge outcomes among patients with stroke 
undergoing rehabilitation.34) 

Additionally, participants with recurrent stroke were more likely 
to have possible sarcopenia. However, this factor was only signifi-
cant in the younger age group. Recurrent stroke is often more se-
vere, fatal, and disabling than the first episode.35,36) Thus, these pa-
tients were more likely to experience severe dysphagia, hemipare-
sis, and cognitive impairment, which may hinder their abilities to 
be mobile and consume adequate food. 

This study also found that individuals who failed to consume 
adequate energy intake were more likely to have possible sarcope-
nia, although the relationship lost its significance in the multivari-
able analysis. Other studies have demonstrated that older adults 
with sarcopenia consumed significantly lesser energy, protein, vi-
tamins (vitamin B12 and vitamin D), and minerals (potassium, 
calcium, magnesium, and selenium) than those without sarcope-
nia.35,36) Our study results showed that the adequacy and quality 
of nutrient intake among older adult patients with stroke deserve 
more attention since these patients generally consumed less than 
the recommended values (24.20 ±  5.25 kcal/kg IBW/day; 0.95 
±  0.22 g protein/kg IBW/day; potassium 1285 ±  419.8 mg/day; 
calcium 646.5 ±  318.0 mg/day). Kakehi et al.37) recommended 
the consumption of 25–35 kcal/kg BW/day and 1.2–1.5 g/kg 
BW/day protein during the subacute phase (2–4 weeks after 
stroke onset) and subsequently more energy to match the PA lev-
el during the convalescent phase to prevent sarcopenia. The di-
etary inadequacy among patients with stroke might be explained 
by the presence of oral dysfunction such as chewing, swallowing, 
and speech difficulties. Thus, texture modification, appropriate 
use of nutritional supplements, and oral rehabilitation strategies 
may help achieve adequate energy and protein intakes in these pa-
tients. 

Similarly, univariable analysis in this study showed that possible 
sarcopenia was significantly associated with physical inactivity. 
Physical inactivity and immobilization after stroke can decrease 
muscle protein synthesis and reduce leg lean mass, leading to re-
duced muscle strength.38) The International Clinical Practice 
Guidelines For Sarcopenia strongly recommend resistance exercise 
and conditionally recommend protein supplementation/pro-
tein-rich diet in sarcopenia treatment.39) Multimodal exercises in-
cluding a combination of resistance, aerobic, walking, and balance 
training are also recommended.40) Thus, attention should be paid 
to increase the PA levels of older adult patients with stroke to pre-

vent sarcopenia and its complications. 
The study has some limitations. First, we could not fully clarify 

the causal relationship between possible sarcopenia and its associ-
ated factors due to the cross-sectional study design. Second, we did 
not examine important variables such as severity of stroke and de-
gree of disability as these data were either largely missing or re-
quired a manual search in the patient records. Third, we did not re-
port on important nutrients such as vitamin D, omega 3 fatty acids, 
selenium, and magnesium because they were largely absent in the 
Malaysian Food Composition Database.41) Fourth, the measure-
ments of CC and HGS may vary according to posture, which 
might have affected the diagnostic accuracy. Xu et al.42) reported 
the highest HGS measured while standing with the elbow fully ex-
tended, followed by standing with the arm raised, sitting with the 
elbow fully extended, and sitting with the elbow flexed 90º among 
764 healthy Chinese individuals. They observed no significant dif-
ferences in HGS among participants sitting with either elbow 
flexed or fully extended. In contrast, Jeong et al.43) reported a sig-
nificantly lower CC when standing than when sitting regardless of 
the measurement side among community-dwelling Korean older 
adults. Although the AUC values of CC did not differ significantly 
when measured in different postures and sides, the AUC of right 
CC was largest when validating against the sarcopenia criteria ac-
cording to the AWGS. Fifth, we did not perform an alternative 
method of sarcopenia screening, namely, SARC-F and 5-time chair 
stand test; thus, comparison of screening results between different 
methods was unlikely. Previous studies have suggested that 
SARC-F might underestimate the prevalence of possible sarcope-
nia among community-dwelling healthy older adults in Asian 
countries.44,45) Additionally, the presence of cognitive decline 
might have influenced the accuracy of the results as the SARC-F is 
a self-report questionnaire; thus, it depends on a participant’s abili-
ty to accurately estimate their physical abilities.46) In contrast, Yao 
et al.47) showed that when validated against the 2019 AWGS diag-
nostic criteria among patients with stroke in China, the sensitivity 
and specificity of the sarcopenia screening tools were as follows: 
SARC-F (sensitivity of 94.7%; specificity of 40.0%), Ishii’s score 
(sensitivity of 90.1%; specificity of 36.0%), and CC alone (sensi-
tivity of 81.8%; specificity of 90.1%). Ishii’s score was derived from 
a sex-specific formula that included age, HGS, and CC values. 
However, they used revised cut-off points for screening when vali-
dated against the diagnostic criteria. Therefore, further research is 
needed to confirm the diagnostic efficacy of these screening tools 
among patients with stroke, and the most appropriate cut-off val-
ues is highly recommended. Sixth, the presence of cognitive de-
cline among the elderly might have influenced the accuracy of the 
self-reported information for dietary intake and physical activity, 
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although a proxy of the respondent was used to improve the re-
sponse rate. Finally, the presence of possible sarcopenia before 
stroke was not addressed in this study because the screening of sar-
copenia was not routinely conducted in the acute stroke phase and 
thus should be examined in future cohort studies. Despite these 
limitations, this is one of the very few studies in Malaysia to ex-
amine the prevalence of possible sarcopenia among stroke survi-
vors and its association with multiple dimensions of factors. An-
other point warranting discussion is stroke-related sarcopenia. 
Sarcopenia is caused not only by aging also by various factors. 
Stroke-related sarcopenia is a new concept that deserves atten-
tion and future clinical studies to elucidate its pathophysiology, 
early identification, prevention, and treatment. Moreover, the 
clinical impacts and associated complications of stroke-related 
sarcopenia on individuals with stroke have not been thoroughly 
studied and understood. 

In conclusion, the prevalence of possible sarcopenia among 
community-dwelling older stroke survivors was high at 42.3%, 
with a higher prevalence in the more advanced age group ( ≥ 70 
years). Furthermore, possible sarcopenia was significantly associat-
ed with BMI, recurrent stroke, and health-related quality of life in 
this population. Sarcopenia is often overlooked; therefore, we 
highly recommend screening for possible sarcopenia to allow early 
nutritional and exercise interventions. 
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