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Purpose: Several studies have examined the clinical impact of poststroke and stroke-related sarcopenia on stroke recovery. However, 
few studies have investigated the effect of sarcopenia detected shortly after stroke on functional prognosis. We predicted functional 
outcomes using early screening for sarcopenia in patients with acute ischemic stroke. We also examined the effect of sarcopenia 
detected shortly after stroke on functional prognosis.
Patients and Methods: Patients diagnosed with acute ischemic stroke within 2 days of symptom onset were consecutively enrolled 
at a tertiary university hospital. Appendicular skeletal muscle mass (ASM) was measured using dual-energy X-ray absorptiometry 
during early hospitalization. Sarcopenia was diagnosed based on low ASM and strength criteria of the Asian Working Group for 
Sarcopenia (AWGS) and European Working Group on Sarcopenia in Older People (EWGSOP2). The primary outcome was poor 
functional outcome, defined as a modified Rankin score of 4–6 and all-cause mortality at 3 months.
Results: Of the 653 patients, 214 (32.8%) and 174 (26.6%) had sarcopenia according to the AWGS and EWGSOP2 criteria, 
respectively. Irrespective of the definition, the sarcopenia group had a significantly higher proportion of patients with poor functional 
outcomes and all-cause mortality. Multivariate logistic regression analysis revealed that height-adjusted ASM was independently 
associated with poor functional outcomes (odds ratio: 0.61; 95% confidence interval: 0.40–0.91; P <0.005), and they were negatively 
correlated. However, the association between 3-month mortality, skeletal muscle mass, and sarcopenia was not sustained in multi-
variate analyses.
Conclusion: Height-adjusted ASM associated with sarcopenia is a potential predictor of poor functional outcomes at 3 months in 
patients with acute stroke. However, owing to the limitations of this study, further research is required to confirm these findings.
Keywords: stroke-related sarcopenia, skeletal muscle mass, functional outcome, prognosis

Introduction
The term “sarcopenia” was first introduced by Rosenberg to describe the progressive loss of general body muscle mass, 
muscle strength, and/or decreased muscle physiology associated with aging.1,2 In addition, muscle tissues play an 
important role in mobility and energy metabolism. Sarcopenia is associated with various adverse outcomes including 
frequent falls, osteoporosis, cardiovascular events, and mortality.3,4 However, variable definitions and criteria for 
sarcopenia using different cutoff values and measurement tools have led to difficulties in standardizing these definitions, 
as well as the application of sarcopenia in clinical practice. Nonetheless, in recent years, various leading groups, 
including the International Working Group on Sarcopenia, Asian Working Group for Sarcopenia (AWGS), and 
European Working Group on Sarcopenia in Older People (EWGSOP2), have attempted to create a standardized definition 
and diagnosis of sarcopenia. However, a unified definition and measurement tool for sarcopenia has not yet been 
developed.5,6
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The development of sarcopenia is associated with age. Any condition or disease that reduces physical activity can 
lead to sarcopenia. In patients with stroke, poststroke sarcopenia can develop as a complication due to changes in muscle 
tissue mass and structure. Poststroke sarcopenia is also observed in approximately half of older patients with stroke.7–10 

Previous studies have reported that stroke-induced disability causes sarcopenia during the recovery process, which can 
significantly impact activities of daily living after stroke and functional prognosis.11–13 However, these findings are 
mainly based on convalescent rehabilitation settings that might reflect sarcopenia after subacute or chronic stroke but not 
shortly after or before stroke. This could lead to biased results in that sarcopenia could result from low physical activity 
or poor functional outcomes attributed to stroke rather than the effect of sarcopenia itself.14–16 Furthermore, the effect of 
sarcopenia on functional prognosis, observed from the time of stroke onset, has rarely been investigated. In addition, the 
assessment of prestroke sarcopenia via a questionnaire, if any, might be limited in terms of accuracy compared to the 
assessment using objective tools, such as dual-energy X-ray absorptiometry (DEXA).17

Early screening for sarcopenia based on the AWGS and EWGSOP2 criteria is more appropriate for predicting clinical 
outcomes in patients with acute stroke to investigate the effect of sarcopenia rather than stroke-induced sarcopenia.7 

Therefore, this study aimed to predict functional outcomes through early appendicular skeletal muscle mass (ASM) 
measurement using DEXA in patients with acute ischemic stroke.

Materials and Methods
Patients
We prospectively enrolled consecutive patients admitted to the stroke center of Korea University Ansan Hospital for 
ischemic stroke between March 2017 and October 2019. Patients were included in the study based on the following 
criteria (Figure 1): (1) admission within 2 days of symptom onset; (2) DEXA (Figure 2) examination during early 
hospitalization; and (3) ability to walk independently, with a modified Rankin Scale (mRS) score <2 before the index 
stroke. In addition, we excluded those who had difficulties in undergoing the DEXA examination (eg, ventilator 
application and disturbances of consciousness) and those who were previously diagnosed with musculoskeletal or 
neurological diseases that could cause weakness, muscle atrophy, or both. We enrolled adults aged over 19 years, and 
there was no upper age limit.

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori 
approval by the institution’s human research committee. Finally, this study protocol was approved by the Institutional 
Review Board of the Korea University (approval no. 2016AS0334). Informed consent was obtained from all participants.

Muscle Assessment and Definition of Sarcopenia
All patients included in this study underwent DEXA using a Lunar Prodigy Advance (GE Healthcare, Chicago, IL, USA) 
to measure whole-body and/or regional lean tissue mass, including fat, lean tissue mass, and body fat percentage. DEXA 
was performed during early hospitalization to reduce the impact of stroke and reflect the skeletal muscle mass before or 
shortly after stroke. It is one of the most frequently used techniques for body composition assessment and is considered 
the gold standard. However, it has some limitations.18 Previous reports show that DEXA can provide highly precise 
measurements of body fat, fat-free mass, and bone minerals.8,9 Total and segmental fat-free lean mass and fat mass were 
recorded. In addition, the height-adjusted ASM was extracted for each patient. Handgrip strength was measured during 
early hospitalization using a Jamar® hydraulic hand dynamometer (Model J00105, Lafayette, USA) to evaluate muscle 
power. The average measurement of the three trials for each hand was recorded. If there was a discrepancy in the 
measurement between the two hands, the larger hand was selected because patients with stroke occasionally present with 
hand weakness.

Sarcopenia was diagnosed based on the AWGS and EWGSOP2 criteria using both appendicular muscle mass and 
muscle strength.5 However, the EWGSOP2 definitions may not accurately represent racial differences because their 
cutoff values are based on the European population.6 Therefore, we also used the guidelines developed by the AWGS to 
diagnose sarcopenia, which include the differences in anthropometric, cultural, and lifestyle problems in Asians.5,6 

According to the AWGS diagnostic criteria, low strength is defined as grip force <28 kg for men and <18 kg for women. 
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The cutoff values of height-adjusted muscle mass that meet the criteria for sarcopenia are <7.0 kg/m2 in men and <5.4 kg/ 
m2 in women.5 According to the EWGSOP2 definition, the muscle mass for DEXA was expressed as ASM/height2 with 
a cutoff point of <7.0 kg/m2 for men and <5.5 kg/m2 for women. The cutoff points for handgrip strength were <27 kg for 
men and <16 kg for women.6 It is difficult for patients with stroke to perform a comprehensive gait function evaluation; 
therefore, the gait speed and short physical performance battery test proposed in the EWGSOP2 were not evaluated. The 
definition of sarcopenia based on height-adjusted ASM and handgrip strength was adjusted in this study.

Data Collection and Measurements
The patients’ age, sex, height (cm), body weight (kg), body mass index (BMI), anthropometric parameters including mid- 
upper arm circumference (cm), thigh circumference (TC, cm); vascular risk factors, such as diabetes, hypertension, 
dyslipidemia, and atrial fibrillation; the Trial of ORG 10172 in Acute Stroke Treatment classification; the mRS score; and 
stroke severity score, such as the National Institute of Health Stroke Scale (NIHSS) score at the time of admission, were 
recorded. TC was measured at the level halfway between the anterior superior iliac spine and the apex of the patella on 
both the paretic and non-paretic sides.19 Laboratory findings included complete blood count, cholesterol panel, high- 
sensitivity C-reactive protein (hs-CRP) level, estimated glomerular filtration rate (eGFR), serum glucose, hemoglobin 
A1c, and homocysteine levels. In-hospital infection was defined as clinical or laboratory evidence of infection, such as 
fever, leukocytosis, or the use of antibiotics, irrespective of the infection site. Information regarding discharge medica-
tions, including statins, antiplatelet agents, and anticoagulants, was also collected.

Figure 1 Flow diagram for the inclusion and exclusion criteria.
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Outcomes
The outcome was functional status as indicated by the mRS score at 3 months. Outcomes were grouped into dichotomous 
categorical variables, and a poor functional outcome was defined as an mRS score of 4–6. The primary outcome was poor 
functional status at 3 months. The secondary outcome was all-cause mortality at 3 months. Information on functional 
status was acquired via direct assessment in the outpatient clinic by stroke neurologists (JJM and LSH), or via telephone 
interviews conducted by an experienced nurse if the patient had not visited the hospital.

Statistical Analysis
ASM was considered a continuous and categorical variable that was divided into four groups (Q1–4) based on the 
quartiles of height-adjusted ASM. Q1 implied the highest value of height-adjusted ASM and Q4 implied the lowest 
value. Patients with sarcopenia were divided into two groups according to the EWGSOP2 and AWGS definitions. 
Categorical variables were analyzed using the χ2 test and Fisher’s exact test. Differences in continuous variables 
were assessed using the Student’s t-test, nonparametric Wilcoxon test, or Kruskal–Wallis test, depending on the 
normal distribution of each variable. Multivariate logistic regression analyses were performed to identify the 
predictive factors for each outcome. All potential predictors (P <0.05) from the univariate analyses were adjusted 
in the multivariate models using a backward elimination selection method. In addition, we used restricted cubic 
splines to examine the shape of the association between height-adjusted ASM and outcomes at 3 months after 
adjusting for all potential variables in the univariate analyses. The significance level was set at P <0.05. All 
statistical analyses were performed using R 4.0.3 and IBM SPSS Statistics for Windows (version 20.0; IBM Corp., 
Armonk, NY, USA).

Figure 2 A representative dual-energy X-ray absorptiometry image used for skeletal muscle mass measurement.
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Results
Between March 2017 and October 2019, 1760 patients were admitted to the stroke center of Korea University Ansan 
Hospital for ischemic stroke. In total, 916 patients who underwent DEXA were enrolled in this study. Among them, 231 
patients with a prestroke mRS score ≥2, 26 with an incomplete study in which DEXA evaluation was not properly 
derived, and six who were lost to follow-up were excluded. In total, 653 participants were included in the analysis. The 
EWGSOP2 and AWGS criteria were used to identify 214 (32.8%) and 174 (26.6%) patients, respectively. Eighty-nine 
patients were classified into the group with poor functional outcomes at 3 months (Figure 1).

Table 1 presents the demographic characteristics of patients according to their functional outcomes. Older age; female 
sex; and higher rates of diabetes, atrial fibrillation, symptomatic intracerebral hemorrhage, and in-hospital infections were 

Table 1 Baseline Characteristics of Study Participants

Patients with Poor 
Functional Outcome

Patients Without Poor 
Functional Outcome

P-value

N 89 564

Age (years) 74.0±12.4 64.6±13.0 <0.001
Sex (female, %) 48 (53.9%) 202 (35.8%) 0.001

Previous stroke, n (%) 14 (15.7%) 65 (11.5%) 0.258

Hypertension, n (%) 61 (68.5%) 365 (64.7%) 0.482
Diabetes, n (%) 42 (47.2%) 198 (35.1%) 0.028

AF, n (%) 24 (27.0%) 83 (14.7%) 0.004

CAD, n (%) 8 (9.0%) 44 (7.8%) 0.701
CHF, n (%) 5 (5.6%) 14 (2.5%) 0.162

PAD, n (%) 1 (1.1%) 7 (1.2%) 1.000
Onset-to-admission time (h) 13.8 [5.1, 26.3] 10.1 [2.2, 26.6] 0.172

Admission to DEXA scan (days) 2 [1, 4] 1 [1, 2] 0.007

Initial NIHSS 7 [4, 12] 2 [1, 5] <0.001
Thrombolysis, n (%) 13 (14.6%) 65 (11.5%) 0.405

Territorial ischemic lesion, n (%) 6 (6.7%) 24 (4.3%) 0.280

Symptomatic ICH, n (%) 3 (3.4%) 2 (0.2%) 0.009
Craniectomy, n (%) 1 (1.1%) 0 (0%) 0.136

In-hospital infection, n (%) 16 (18.0%) 30 (5.3%) <0.001

TOAST classification 0.047
LAA, n (%) 20 (22.5%) 126 (22.3%)

CE, n (%) 20 (22.5%) 84 (14.9%)

SVO, n (%) 16 (18.0%) 185 (32.8%)
Others, n (%) 7 (7.9%) 40 (7.1%)

Undetermined, n (%) 26 (29.2%) 129 (22.9%)

Height-adjusted ASM (kg/m2) 6.2±1.1 7.1±1.2 <0.001
Height-adjusted ASM group <0.001

Q1, n (%) 8 (9%) 155 (27.5%)

Q2, n (%) 15 (16.9%) 148 (26.2%)
Q3, n (%) 18 (20.2%) 145 (25.7%)

Q4, n (%) 48 (53.9%) 116 (20.6%)

Sarcopenia (EWGSOP2), n (%) 47 (52.8%) 167 (29.6%) <0.001
Sarcopenia (AWGS), n (%) 41 (46.1%) 133 (23.6%) <0.001

Note: Data are presented as mean±SD or median [interquartile range] according to normal distribution. 
Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CHF, congestive heart failure; PAD, peripheral artery disease; DEXA, 
dual-energy absorptiometry; LDL, low-density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; ICH, intracerebral hemorrhage; 
TOAST, Trial of ORG 10172 in Acute Stroke Treatment; LAA, large-artery atherosclerosis; CE, cardioembolism; SVO, small vessel occlusion; 
ASM, appendicular skeletal muscle mass; EWGSOP2, European Working Group for Sarcopenia in Older People; AWGS, Asian Working 
Group for Sarcopenia.
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significantly associated with poor functional outcomes (all P < 0.05). The stroke subtype was associated with poor 
functional outcomes. The small-vessel occlusion group had a higher prevalence of subtypes with a good functional 
outcome, whereas the cardioembolic stroke group had a lower prevalence of those with a good functional outcome. The 
lowest quartiles of height-adjusted ASM and sarcopenia, according to the EWGSOP2 and AWGS criteria, were observed 
to occur significantly more in the poor-functional outcome group (all P < 0.001).

Higher levels of white blood cells (9.14±3.23 vs 8.02±3.22, ×103/mm3), hs-CRP (0.69 [0.14–2.31] vs 0.13 [0.05– 
0.34], ng/mL), and homocysteine (12.8 [9.7–15.3] vs 10.9 [8.6–13.8], IU/L), and lower BMI (23.6±3.9 vs 24.5±3.4, kg/ 
m2), eGFR (74.6±24.6 vs 89.7±27.9, mL/min/1.73 m2), handgrip strength (13.0±8.0 vs 20.1±12.3, kg), and (44.6±7.8 vs 
47.8±8.9, cm) were significantly associated with the group with poor functional outcomes than the group without such 
outcomes (all P < 0.05) (Table 2).

Figure 3A and B show the proportions of 90-day mRS scores according to whether sarcopenia was diagnosed using 
the AWGS and EWGSOP2 criteria. Overall, a large proportion of the patients with high mRS scores were diagnosed with 
sarcopenia, suggesting poor functional outcomes. When the diagnostic definition of the AWGS was applied, the 
proportion of patients with poor functional outcomes in the sarcopenia group was 23.5%, which was more than twice 
that in the non-sarcopenia group (10%). A similar pattern was observed when the EWGSOP2 diagnostic criteria were 

Table 2 Body Scales, Laboratory Findings, and Medications of Study Participants

Patients with Poor 
Functional 
Outcome

Patients Without 
Poor Functional 

Outcome

P-value

BMI (kg/m2) 23.6±3.9 24.5±3.4 0.017
MUAC (cm) 28.7±8.4 30.1±6.8 0.093

TC (cm) 44.6±7.8 47.8±8.9 0.002

Hand grip test 13.0±8.0 20.1±12.3 <0.001
Laboratory findings

White blood cells (×103/mm3) 9.14±3.23 8.02±3.22 0.002

Hemoglobin (g/dL) 13.5 [12.4, 14.6] 14.2 [13, 15.3] 0.001
Platelet count (×103/μL) 234 [207, 292] 229 [192, 272] 0.243

Initial glucose (mg/dL) 132±29 146±42 0.040

Fasting glucose (mg/dL) 124.2±38.8 117.0±42.4 0.140
HbA1c (%) 6.1 [5.7, 7.3] 6 [5.6, 6.8] 0.273

hs-CRP (ng/mL) 0.69 [0.14, 2.31] 0.13 [0.05, 0.34] <0.001

Total cholesterol (mg/dL) 157[136, 182] 167 [140, 194] 0.065
Triglycerides (mg/dL) 112.5±40.7 134.4±86.4 <0.001

HDL cholesterol (mg/dL) 41 [35, 51] 44 [36, 54] 0.081
LDL cholesterol (mg/dL) 106.4±40.1 112.1±54.2 0.345

eGFR (mL/min/1.73 m2) 74.6±24.6 89.7±27.9 <0.001

Homocysteine (IU/L) 12.8 [9.7, 15.3] 10.9 [8.6, 13.8] 0.008
Discharge medication

Statins 0.006

No medication, n (%) 12 (13.5%) 32 (5.7%)
Withdrawal, n (%) 4 (4.5%) 9 (1.6%)

Add-on, n (%) 55 (61.8%) 427 (75.7%)

Continuous usage, n (%) 18 (20.2%) 96 (17.0%)
Anti-platelet agents, n (%) 65 (73.0%) 494 (87.6%) <0.001

Anticoagulants, n (%) 26 (29.2%) 85 (15.1%) 0.001

Note: Data are presented as mean±SD or median [interquartile range] according to normal distribution. 
Abbreviations: BMI, body mass index; MUAC, mid-upper arm circumference; TC, thigh circumference; hs-CRP, C-reactive protein; eGFR, 
estimated glomerular filtration rate; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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applied. Figure 3C shows the proportion of 90-day mRS scores in four groups (Q1–4) classified according to the quartiles 
of height-adjusted ASM. As the height-adjusted ASM score decreased, the proportion of patients with poor functional 
outcomes increased (Q1: 4.9%; Q2: 9.2%; Q3: 11%; Q4: 18.3%).

Association of Muscle Mass and Sarcopenia with Patients’ Functional Outcomes at 3 
Months
As the height-adjusted ASM increased, the odds of presenting with poor functional outcomes at 3 months poststroke 
decreased (odds ratio [OR]: 0.50; 95% confidence interval [CI]: 0.40–0.62; P <0.001) (Table 3). Regarding the height- 
adjusted ASM category, the groups Q2, Q3, and Q4 had a higher risk of poor functional outcomes at 3 months than the 
highest group (Q1 reference) (P <0.001). As the quartile of the height-adjusted ASM increased, the magnitude of the OR 
increased considerably. The sarcopenia group, diagnosed based on the AWGS and EWGSOP2 criteria, had a higher risk 
of poor functional outcomes at 3 months (OR: 2.77, 95% CI: 1.75–4.38, P <0.001; OR: 2.66, 95% CI: 1.69–4.19, 
P <0.001, respectively) in the univariate analyses. Multivariate logistic regression analysis revealed that height-adjusted 
ASM per unit increase (OR: 0.61; 95% CI: 0.40–0.91; P <0.005) was associated with a lower risk of poor functional 

Figure 3 (A and B) Modified Rankin Scale scores at 90 days according to the diagnosis of sarcopenia. The distribution of scores on the modified Rankin Scale is shown. 
Scores ranged from 0 to 6, with 0 indicating no symptoms, 1 indicating no clinically significant disability, 2 indicating slight disability (patient is able to handle own affairs 
without assistance but unable to carry out all previous activities), 3 indicating moderate disability (patient requires some help but is able to walk unassisted), 4 indicating 
moderately severe disability (patient is unable to attend to bodily needs without assistance and is unable to walk unassisted), 5 indicating severe disability (patient requires 
constant nursing care and attention), and 6 indicating death. (C) Modified Rankin Scale scores at 90 days according to the quartiles of height-adjusted ASM. Categorical 
variables were divided into four groups (Q1–4) based on the quartiles of height-adjusted ASM. Q1 implied the highest value of height-adjusted ASM and Q4 implied the 
lowest value. 
Abbreviations: AWGS, Asian Working Group for Sarcopenia; EWGSOP2, European Working Group on Sarcopenia in Older People; ASM, appendicular skeletal muscle 
mass.
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outcomes, and there was a trend of this becoming a dose-dependent relationship when ASM was classified into quartile 
groups (Q1–Q4). The statistical significance of the association of the sarcopenia group, diagnosed using both the 
EWGSOP2 and AWGS criteria, with poor functional outcomes observed in the univariate analyses was not sustained 
in the multivariate analyses. In the restricted cubic spline model of the relationship between clinical outcomes (functional 
state and mortality) and height-adjusted ASM (Figure 4), a significant relationship was observed between poor functional 
outcomes (mRS scores of 4–6) and height-adjusted ASM (P = 0.008). However, there was no significant relationship 
between mortality and height-adjusted ASM scores (P = 0.860).

During the 3-month period, ten patients died. Of these, six patients were diagnosed with sarcopenia, whereas four 
were not. The univariate analyses demonstrated a positive association between height-adjusted ASM, sarcopenia, and 
3-month mortality (Supplementary Table). However, this significance was not observed in the multivariate analyses after 
adjusting for several confounding factors.

Table 3 Univariable and Multivariable Analyses for Poor Functional Outcome

Crude OR (95% CI) P-value Adjusted OR (95% CI)a P-value

Height-adjusted ASM per 1 increase 0.50 (0.40–0.62) <0.001 0.61 (0.40–0.91) 0.016
Height-adjusted ASM category <0.001 0.056

Q1 Reference Reference

Q2 1.96 (0.81–4.77) 0.136 0.92 (0.32–2.60) 0.868
Q3 2.41 (1.01–5.70) 0.046 1.05 (0.36–3.08) 0.924

Q4 8.02 (3.65–17.60) <0.001 2.98 (0.85–10.49) 0.089

Sarcopenia per EWGSOP2 2.66 (1.69–4.19) <0.001 - -
Sarcopenia per AWGS 2.77 (1.75–4.38) <0.001 - -

Notes: Q1 implied the highest value of height-adjusted ASM and Q4 implied the lowest value. Multivariable models were adjusted for 
covariates in univariate analyses (P < 0.05) and were performed using the backward elimination method. aAdjusted for age, sex, BMI, 
WBC, Hb, hs-CRP, TG, eGFR, homocysteine, hand grip test, NIHSS, DM, AF, discharge statins, discharge antiplatelet agents, discharge 
anticoagulants, TOAST, symptomatic ICH, in-hospital infection, and time from admission to DEXA scan. 
Abbreviations: OR, odds ratio; ASM, appendicular skeletal muscle mass; EWGS, European Working Group for Sarcopenia in Older 
People; AWGS, Asian Working Group for Sarcopenia; CI, confidence interval; BMI, body mass index; WBC, white blood cells; AF, atrial 
fibrillation; DM, diabetes mellitus; DEXA, dual-energy absorptiometry; hs-CRP, C-reactive protein; TG, triglyceride; eGFR, estimated 
glomerular filtration rate; Hb, hemoglobin; NIHSS, National Institutes of Health Stroke Scale; ICH, intracerebral hemorrhage; TOAST, 
Trial of ORG 10172 in Acute Stroke Treatment.

Figure 4 Restricted cubic spline models for the relationship between clinical outcome (poor function and mortality) and height-adjusted ASM. (A) Poor functional outcome 
in relation to height adjusted ASM (P = 0.008). (B) Mortality in relation to height-adjusted ASM (P = 0.860). The adjusted ORs are represented by solid lines and the 95% 
confidence intervals of the adjusted ORs are represented by shaded areas. The restricted cubic spline model was adjusted for age; sex; body mass index; white blood cell 
count; hemoglobin levels; high-sensitivity C-reactive protein level; TG; estimated glomerular filtration rate; homocysteine level; National Institute of Health Stroke Scale 
score; DM; AF; use of statins, antiplatelet agents, and anticoagulants; the Trial of ORG 10172 in Acute Stroke Treatment classification; symptomatic ICH; in-hospital infection; 
and time from admission to the dual-energy X-ray absorptiometry scan. 
Abbreviations: OR, odds ratio; ASM, appendicular skeletal muscle mass.
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Discussion
In the present study, sarcopenia was investigated by measuring the initial skeletal muscle mass in patients with acute 
ischemic stroke. The present study investigated the prognostic effects of initial skeletal muscle mass and sarcopenia on 
functional outcomes and mortality in patients with acute ischemic stroke. We found that height-adjusted ASM sig-
nificantly affected only poor functional outcomes and not mortality. The higher the height-adjusted ASM of the patients, 
the lower was their odds ratio of poor functional outcomes, suggesting a negative association between them. However, 
sarcopenia had a significant effect on 3-month functional outcomes and mortality in the univariate analyses, and this 
effect was not sustained in the multivariate analyses.

Previous studies have reported that the prevalence of sarcopenia in stroke is 14–18%, and that the increase in 
sarcopenia due to stroke is greater than the increase with age.20,21 The paralyzed thighs of stroke survivors have been 
reported to have 20–24% lower muscle area and muscle mass and 17–25% higher intramuscular fat compared to non- 
paretic thighs.21,22 However, there are few studies on the functional outcomes of stroke in patients with preexisting 
sarcopenia. A previous study reported that prestroke sarcopenia was observed in 18% of older patients with acute 
stroke.17

The study revealed that prestroke sarcopenia is an independent predictor of stroke severity, measured using the early 
NIHSS, and patients with prestroke sarcopenia had a longer hospital stay and worse prognosis than those without 
sarcopenia.17 However, existing studies have shown low sensitivity because in these studies, sarcopenia was diagnosed 
using the SARC-F questionnaire. Furthermore, there may have been selection bias because only patients with the 
cognitive ability to respond to the questionnaire were recruited.

A recent study by Lee et al showed that sarcopenia is independently associated with adverse functional outcomes in 
patients with mild acute ischemic stroke and transient ischemic attack (TIA).23 This finding is consistent with our results. 
However, in the study by Lee et al, appendicular skeletal muscle mass was measured using bioelectrical impedance 
analysis, and sarcopenia was defined according to the AWGS criteria.23 In contrast, in our study, whole-body and/or 
regional lean tissue mass, including fat, lean tissue mass, and percent body fat, was measured using DEXA, which is 
considered the gold standard for evaluating body composition.18 In addition, sarcopenia was diagnosed according to the 
AWGS and EWGSOP2 criteria based on the DEXA method during early hospitalization in patients with stroke, not 
limited to mild stroke or TIA. These suggest that the reliability and generalizability of our results are likely to be 
significantly higher than those of the study by Lee et al.23

Although sarcopenia was initially defined as low muscle mass, there is now a consensus that low muscle mass and 
low muscle function must be combined to define sarcopenia; therefore, the diagnosis of sarcopenia requires a combined 
measure of muscle mass, strength, and physical performance.2,6,24,25 Various indicators are related to muscle mass, such 
as ASM, skeletal muscle mass index, height, lower extremity skeletal muscle mass, and lower extremity skeletal muscle 
mass index. The ASM was adjusted using the square of the height (ASM/ht²) to compare the muscle mass of the 
participants. This is because previous studies have shown that the square of height in the denominator is the most 
common power that should be used for minimizing the correlation of the index with height across all sexes, ethnicities, 
age groups, and study populations.26 Furthermore, previous studies have suggested the correction of overweight/obesity 
with BMI or body fat mass in chronic diseases.27

Stroke-associated sarcopenia is difficult to distinguish from hemiplegia because they both affect muscle mass, 
strength, and body function. In a recent revision of the definition of sarcopenia, the shift in the focus of assessment 
from performance to strength has improved in that it can now be used to assess both non-patients and chronically ill 
patients.26 Before these changes, it was difficult to assess stroke-related motor dysfunction according to both physical 
performance and strength, owing to inherent changes in function. Some patients with stroke cannot walk independently 
or require the help of a gait aid because of severe hemiparesis, imbalance, or ataxia. Even in patients with stroke who can 
walk, neurological symptoms, such as vertigo, neglect, or sensory impairment, can affect the quality of gait, which makes 
the gait speed test an inappropriate tool for determining sarcopenia in these patients. Therefore, in this study, we adopted 
two assessments, including ASM using DEXA and isometric handgrip strength, among the three components that 
comprise the definition of sarcopenia.
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Ryan et al reported a sarcopenia prevalence of 14–18% in stroke survivors.20 In other words, although many studies 
mention sarcopenia due to stroke, they focused on the cases of sarcopenia accompanying stroke and confirmed that it 
could seriously affect functional outcomes.20 On the other hand, our study showed a higher prevalence of sarcopenia in 
patients with acute stroke and a detrimental effect on their functional outcomes. Given these results, it is necessary for 
clinicians in the field of stroke to understand and pay attention to the clinical implications of sarcopenia as a basic or 
poststroke comorbidity in patients with stroke. The final step was to develop and validate customized rehabilitation 
treatments suitable for this condition.

Our study has some noteworthy limitations. First, this was designed as a single-hospital study. Although we 
prospectively collected the data to reduce bias in terms of patient selection, recording, completeness of data, and 
assessment of outcomes, generalizing the results of our study is challenging. These findings must be further confirmed 
in prospective multicenter studies with larger sample sizes. Extensive studies are needed to investigate the possible 
contribution of preexisting sarcopenia to the incidence, prevalence, and sequelae of stroke. Second, patients who 
participated in this study were enrolled within 2 days of cerebral infarction, and assessments including DEXA and 
handgrip tests were mostly performed within 2 days of admission to reduce the possibility of poststroke muscle 
derangements owing to the stroke itself. Structural changes in muscles can begin several hours after stroke onset because 
of disrupted synaptic transmission of motor neurons that control the muscles.28,29 The possibility of progressive muscle 
wasting after stroke may be intervened in rather than reflecting the prestroke muscle mass. Third, because of the 
difficulty in comprehensively assessing gait and motor function in patients with stroke, this study did not evaluate gait 
speed or the short physical performance battery test proposed by the EWGSOP2, and data such as cadence and chair 
stand performance were not included. Additional research is needed to incorporate comprehensive gait and motor 
evaluations in patients with TIA or minor stroke who have sufficient muscle strength to walk. Fourth, the purpose of 
this study was to evaluate the effect of basal sarcopenia after stroke, and not changes in muscle mass or follow-up 
measures in patients with stroke; therefore, only functional outcomes were measured without measuring muscle mass and 
bone density at 3 months after stroke. However, if muscle mass and bone density were additionally measured 3 months 
after stroke, it would provide more reliable information. Therefore, further well-designed prospective multicenter or 
large-sample cohort studies are needed. Finally, the association between sarcopenia and appendicular muscle mass and 
3-month mortality in the univariate analyses disappeared after multivariate analyses were performed. This could be 
attributed to the lower power of the study due to the small event rates and short follow-up period. Therefore, further 
studies with large-scale sample sizes and long-term follow-up are required to confirm the predictive roles of sarcopenia 
and appendicular muscle mass.

Conclusion
In conclusion, according to the height-adjusted ASM, sarcopenia may play an important role as an emerging predictor of 
functional outcomes early after the development of acute ischemic stroke. Furthermore, these markers can help identify 
patients at a high risk of poor functional outcomes 3 months after ischemic stroke.

Abbreviations
ASM, appendicular skeletal muscle mass; AWGS, Asian Working Group for Sarcopenia; EWGSOP2, European Working 
Group on Sarcopenia in Older People; DEXA, dual-energy X-ray absorptiometry; mRS, modified Rankin Scale; BMI, 
body mass index; TC, thigh circumference; NIHSS, National Institute of Health Stroke Scale; s-CRP, high-sensitivity 
C-reactive protein; eGFR, estimated glomerular filtration rate (eGFR); TIA, transient ischemic attack.
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