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Background and Objectives: Sarcopenia is prevalent in patients with stroke. However, the relationship between 
sarcopenia and poor functional outcome of patients with acute stroke remains unknown. A systematic review and 
meta-analysis was performed to evaluate the above association. Methods and Study Design: Observational stud-
ies which evaluated the influence of sarcopenia on functional outcome in patients with acute stroke were retrieved 
by search the PubMed, Embase, Cochrane Library, and Web of Science databases. A poor functional outcome 
was defined as modified Rankin scale (mRS) of two or more points during follow-up. Two authors independently 
collected the data of study characteristics and outcomes. A random-effects model was used to pool the results via 
incorporating the influence of possible between-study heterogeneity. Results: Nine datasets from seven cohort 
studies contributed to the meta-analysis. A total of 1774 patients with stroke were included, and 481 (27.1%) of 
them had sarcopenia. Compared to patients without sarcopenia, those with sarcopenia were associated with a 
higher risk of poor functional outcome during follow-up duration up to 6 months after stroke onset (odds ratio: 
2.42, 95% confidence interval: 1.76 to 3.33, p < 0.001) with mild heterogeneity (I2 = 23%). Subgroup analyses 
according to study design (prospective versus retrospective), sex of the patient, type of stroke (ischemic or mixed), 
diagnostic methods for sarcopenia, follow-up duration and cutoff scores for mRS showed consistent results (p for 
subgroup analyses all > 0.05). Conclusions: Sarcopenia may be associated with poor functional outcome in pa-
tients with acute stroke. 
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INTRODUCTION 
Despite of the continuous efforts in the primary and sec-
ondary prevention of cardiocerebrovascular diseases, 
stroke remains one of the most important causes of mor-
bidity and mortality of the global population, particularly 
in the older people.1-3 With the accelerating of the popula-
tion aging worldwide, it could be estimated that the num-
bers of patients with stroke will continuously increase in 
upcoming decades.4 According to the etiology, stroke 
could be classified as ischemic and hemorrhagic.5 Alt-
hough acute ischemic stroke (AIS) accounts for the ma-
jority cases of stroke, patients with hemorrhagic stroke, 
such as those with intracerebral hemorrhage (ICH), usual-
ly have poor prognosis.6 Due to the complexity of the 
etiology and clinical progression of stroke, it is important 
to determine the prognostic factor which is associated 
with the functional outcome of these patients.7 

It has been shown that sarcopenia, a generalized loss of 
skeletal muscle mass with aging,8 is associated with frail-
ty, overall functional impairment, and poor survival in 
older population.9 It has been confirmed that disability of 
extremities related to stroke may lead to sarcopenia in 
patients with stroke.10 A recent systematic review showed 
that the overall prevalence of sarcopenia in survivors of 
stroke (stroke-induced sarcopenia) was 42%.11 On the 
other hand, due to the close correlation of sarcopenia with 
aging and the high incidence of stroke in older people,  

 
 
considerable patients with acute stroke may already have 
sarcopenia at the onset of stroke (premorbid sarcope-
nia).12 Therefore, it is important to determine if sarcope-
nia in patients with acute stroke is associated with poor 
prognosis.13 Accordingly, in this systematic review and 
meta-analysis, we aimed to evaluate the influence of sar-
copenia on the risk of poor functional outcome during 
follow-up in patients with acute stroke. 
 
METHODS 
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement14,15 and the 
Cochrane’s Handbook16 guideline was followed in the 
conceiving, conducting, and reporting the study. 
 
Search of databases 
Studies were retrieved by search of the electronic data-
bases including PubMed, Embase, Web of Science, 
Cochrane Library, and Web of Science databases from 
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the inception to January 10, 2023, with the combined key 
terms of (1) "sarcopenia" OR "muscle wasting" OR 
"muscle loss" OR "muscular atrophy" OR "muscle deple-
tion" OR "sarcopaenia" OR "sarcopenic" OR "presarco-
penia" OR "sarcopaenic" OR "lean body mass" OR 
"cross-sectional muscle area" OR "skeletal muscle deple-
tion" OR "muscle mass" OR "muscle index"; (2) "stroke" 
OR "transient ischemic stroke" OR "TIA" OR "cerebral 
infarction" OR "cerebrovascular infarction" OR "intracer-
ebral hemorrhage" OR "intracranial hemorrhage"; and (3) 
"functional outcome" OR "prognosis" OR "modified 
Rankin Scale" OR "function outcome". The search was 
restricted to clinical studies involving patients with stroke 
and published in English. The reference lists of the rele-
vant original and review articles were also manually 
screened for possible related studies. Only studies pub-
lished as full-length articles in peer-reviewed journals 
were considered to be eligible for the meta-analysis. 

 
Study inclusion and exclusion criteria 
The inclusion criteria were developed according to the 
aim of the meta-analysis, with the recommended PICOS 
criteria. 

P (patients): Adult patients diagnosed as acute stroke, 
including AIS and acute ICH. 

I (exposure): Patients the sarcopenia at the onset of 
stroke. 

C (control): Patients without sarcopenia at the onset of 
stroke. The diagnostic methods and criteria were in ac-
cordance with the strategies used in the original studies. 

O (outcomes): Incidence of poor functional outcome 
during follow-up in acute stroke patients with versus 
without sarcopenia at baseline. A poor functional out-
come was defined as AIS patients with functional de-
pendency as evaluated by modified Rankin scale (mRS) 
of two or more points during follow-up. 

S (study design): Observational studies with longitudi-
nal follow-up, which included cohort studies, nested case-
control studies, and post-hoc analysis of clinical trials. 
Reviews, editorials, meta-analyses, studies including pa-
tients not with stroke, studies including patients with non-
acute stroke, or studies that did not report the outcome of 
poor functional outcome were excluded. For studies with 
the overlapped population, the one with the largest sam-
ple size was included. 

 
Data collection and quality assessing 
The literature search, data collection, and study quality 
assessment were independently conducted by two au-
thors. If discrepancies occurred, the corresponding author 
was contacted for discussion to reach the consensus. We 
collected data regarding study information, participant 
characteristics (age, sex, and type of stroke, methods and 
criteria for the diagnosis of sarcopenia, follow-up dura-
tion, definitions of the outcome, and variables incorpo-
rated in the multivariate regression analyses. Study quali-
ty was assessed via the Newcastle–Ottawa Scale (NOS)17 

with scoring regarding the criteria for participant selec-
tion, comparability of the groups, and the validity of the 
outcomes. The scale ranged between 1-9 stars, with larger 
number of stars presenting higher study quality. 

 

Statistical analyses 
The association between sarcopenia and the incidence of 
poor functional outcome after stroke was summarized as 
odds ratios (ORs) and the 95% confidence intervals (CIs). 
For studies that analyzed the above association with mul-
tiple regression models, data with the most adequately 
adjusted model was extracted for the meta-analysis. Us-
ing the data of 95% CIs or p values, data of ORs and the 
standard errors (SEs) could be calculated, and a subse-
quent logarithmical transformation was conducted to keep 
stabilized variance and normalized distribution. Between-
study heterogeneity was examined with the Cochrane Q 
test and the estimation of I2 statistic.18 An I2 > 50% re-
flects the significant heterogeneity. A random-effects 
model was applied to combine the results by incorporat-
ing the influence of heterogeneity.16 Sensitivity analysis 
by excluding one dataset at a time was performed to eval-
uate the influence of individual study on the results of the 
meta-analysis.19 Subgroup analyses were performed to 
evaluate the influence of study characteristics on the out-
come. By construction of the funnel plots, the publication 
bias was estimated based on the visual judgment of the 
symmetry of the plots, supplemented with the Egger’s 
regression asymmetry test.20 The RevMan (Version 5.1; 
Cochrane Collaboration, Oxford, UK) and Stata software 
(version 12.0; Stata Corporation, College Station, TX) 
were applied for these analyses. 
 
RESULTS 
Literature search 
The flowchart of literature search and study inclusion was 
displayed in Figure 1. In summary, 471 studies were ob-
tained in the initial database search, and 55 were removed 
for duplications. Subsequently, 416 studies were screened 
with titles and abstracts, and 389 were excluded mainly 
because they were not relevant to the objective of the 
meta-analysis. Therefore, 27 studies underwent full-text 
review, and 20 were excluded for the reasons listed in 
Figure 1. Finally, seven cohort studies21-27 were available 
for the meta-analysis. 
 
Study characteristics 
Overall, seven cohort studies including 1774 patients with 
stroke were included,21-27 and 481 (27.1%) of them had 
sarcopenia. These studies were published between 2019 
and 2022, and performed in Japan, Korea, and China. 
Regarding study design, three of them were prospec-
tive,21,24,25 the other four were retrospective.22,23,26,27 As 
for the diagnosis, four studies included patients with AIS 
only,22,24,26,27 while the remaining three included patients 
with AIS and ICH.21,23,25 The sample sizes of the included 
studies were 107 to 568. The mean ages were 57 to 76 
years, and the proportions of men were 53 to 66%. Sarco-
penia was diagnosed according to the European Working 
Group on Sarcopenia in Older People (EWGSOP) criteria 
with grip strength in one study,23 using the Asian Work-
ing Group for Sarcopenia (AWGS) criteria with skeletal 
muscle mass index (SMI) in three studies,22,24,26 and with 
tools such as SARC-F questionnaire21,25 and measuring 
the temporal muscle thickness27 in other three studies. 
The follow-up durations were from hospitalization to 6 
months after disease onset. In most studies, a poor func- 
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Figure 1. Diagram of database search and study inclusion 
 
 
Table 1. Characteristics of the included studies 
 

Study Design Country Stroke type Sample 
size 

Mean age 
(years) 

Male 
(%) 

Diagnosis of sarcopenia 

Nozoe 2019 PC Japan AIS and ICH 152 76 53.3 SARC-F 
Jang 2020 RC Korea AIS and ICH 194 64.3 59.3 EWGSOP (grip strength) 
Abe 2020 RC Japan AIS 107 76 66.4 AWGS (SMI) 
Ohyama 2020 PC Japan AIS 164 57.4 65.9 AWGS (SMI) 
Nozoe 2021 PC Japan AIS and ICH 324 76 57.7 SARC-F 
Lee 2022 RC Korea AIS 568 65.5 64.6 AWGS (SMI) 
Li 2022 RC China AIS 265 67.4 62.6 TMT 

 

Study No. of patients 
with sarcopenia 

Follow-up 
duration 

Definition of poor 
functional outcome 

Variables adjusted 

Nozoe 2019 27 3 months mRS 4~6 Age, sex, previous stroke, dyslipidemia, 
and NIHSS 

Jang 2020 81 6 months mRS 4~6 Age, sex, FOIS, and malnutrition 
Abe 2020 32 At discharge mRS 4~6 Age, sex, length of hospital stay, NIHSS, 

previous stroke 
Ohyama 2020 101 At discharge mRS 3~6 Age, sex, NIHSS, and PVH 
Nozoe 2021 61 3 months mRS 4~6 Age, sex, pre-stroke disability, NIHSS, and 

malnutrition 
Lee 2022 48 3 months mRS 2~6 Age, sex, albumin, and initial NIHSS 

score 
Li 2022 131 At discharge mRS 4~6 Age, sex, BMI, and NIHSS 

 
PC, prospective cohort; RC, retrospective cohort; AIS, acute ischemic stroke; ICH, intracerebral hemorrhage; EWGSOP, the European 
Working Group on Sarcopenia in Older People; AWGS, the Asian Working Group for Sarcopenia; SMI, skeletal muscle mass index; 
TMT, temporal muscle thickness; mRS, the modified Rankin scale; FOIS, the Functional Oral Intake Scale; NIHSS, National Institutes of 
Health Stroke Scale; PVH, periventricular hyperintensity  
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Table 2. Study quality evaluation via the Newcastle-Ottawa Scale 
 

Study Representativeness 
of the exposed 

cohort 

Selection of the 
non-exposed 

cohort 

Ascertainment 
of exposure 

Outcome not 
present at 
baseline 

Control for 
age and sex 

Control for other 
confounding 

factors 

Assessment 
of outcome 

Enough long 
follow-up 
duration 

Adequacy of 
follow-up of 

cohort 

Total 

Nozoe 2019 1 1 0 1 1 1 1 1 1 8 
Jang 2020 0 1 1 1 1 1 1 1 1 8 
Abe 2020 0 1 1 1 1 1 1 0 1 7 
Ohyama 2020 1 1 1 1 1 1 1 0 1 8 
Nozoe 2021 1 1 0 1 1 1 1 0 1 8 
Lee 2022 1 1 1 1 1 1 1 1 1 9 
Li 2022 1 1 0 1 1 1 1 0 1 7 

 

 
 
Figure 2. Forest plots for the meta-analyses of sarcopenia and poor functional outcome of patients with acute stroke. A, overall meta-analysis; B, subgroup analysis according to study design; and C, subgroup analy-
sis according to the sex of the patients. 
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tional outcome was defined as the mRS of 4~6,21-23,25,27 

while in other two studies, it was defined as the mRS of 
2~626 and 3~6,24 respectively. For all the included studies, 
multivariate analyses were used to evaluate the associa-
tion between sarcopenia and the incidence of poor func-
tional outcome after stroke, after adjustment of potential 
confounding factors such as age, sex and the National 
Institutes of Health Stroke Scale (NIHSS) at admission 
etc. The NOS of the included studies were from seven to 
nine stars, suggesting generally good study quality (Table 
2). 
 
Association between sarcopenia and functional outcome 
after stroke 
Since two studies reported the association according to 
the sex of the patients, these datasets were included in the 
meta-analysis independently,23,26 which made nine da-
tasets from seven studies available for the meta-analysis. 

Pooled results showed that compared to patients without 
sarcopenia, those with sarcopenia were associated with a 
higher risk of poor functional outcome during follow-up 
duration (OR: 2.42, 95% CI: 1.76 to 3.33, p < 0.001; Fig-
ure 2A) with mild heterogeneity (p for Cochrane Q test = 
0.24, I2 = 23%). Sensitivity analysis by excluding one 
dataset at a time showed similar results (OR: 2.27 to 2.90, 
p all < 0.05). Subgroup analyses showed consistent re-
sults in prospective and retrospective cohorts (Figure 2A), 
in men and women (Figure 2B), in patients with AIS or 
AIS/ICH (Figure 3A), in studies with different diagnostic 
criteria for sarcopenia (Figure 3B), in studies with differ-
ent follow-up durations (Figure 4A), and in studies with 
different cutoffs of mRS (Figure 4B, p for subgroup anal-
yses all > 0.05). 
 
 
 

 

 
 
Figure 3. Forest plots for the subgroup analyses of sarcopenia and poor functional outcome of patients with acute stroke. A, subgroup 
analysis according to diagnosis; and B, subgroup analysis according to the criteria to define sarcopenia 
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Publication bias 
Figure 5 represents the funnel plots for the associations 
between sarcopenia and the risk of poor functional out-
come in patients with acute stroke. Visual inspection re-
vealed symmetry of the plots, reflecting a low risk of pub-
lication biases. The Egger’s regression tests also indicated 
low risk of publication biases (p = 0.52). 
 
DISCUSSION 
Since both sarcopenia and stroke are related to aging, we 
observed in this study of meta-analysis if premorbid sar-
copenia is associated with the poor functional outcome in 
patients with acute stroke. By searching four commonly 
used electronic databases, we obtained nine datasets from 

seven eligible studies. The results showed that compared 
to those without sarcopenia at baseline, patients with sar-
copenia and acute stroke were associated with a higher 
incidence of poor functional outcome during the follow-
up duration up to six months after stroke onset. The sta-
bility and robustness of the finding was further confirmed 
by consistent results of multiple sensitivity and subgroup 
analyses, according to the study design, patient sex, type 
of stroke, criteria for determining sarcopenia, follow-up 
duration, and cutoff of mRS to define poor functional 
outcome. Taken together, results of the meta-analysis 
demonstrate that sarcopenia may be associated with poor 
functional outcome in patients with acute stroke. 

 
 
Figure 4. Forest plots for the subgroup analyses of sarcopenia and poor functional outcome of patients with acute stroke. A, subgroup 
analysis according to follow-up duration; and B, subgroup analysis according to cutoffs of mRS 
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To the best of our knowledge, this may be the first sys-
tematic review and meta-analysis which summarized the 
current evidence of the association between sarcopenia 
and poor functional outcome in patients with acute stroke. 
There are several methodological strengths of the meta-
analysis which should be noticed before the results are 
interpreted. Frist, an extensive literature search was per-
formed four commonly used English electronic databases, 
which provided the up-to-date literatures on this topic. 
Second, all the included studies were cohort studies, 
which could provide a longitudinal relationship between 
premorbid sarcopenia and poor functional outcome in 
patients with acute stroke. This is important because 
stroke itself could also lead to disability and sarcopenia. 
Third, in all the studies, the relationship between sarco-
penia and poor functional outcome was analyzed with a 
multivariate regression model, which therefore could 
suggest a potentially independent association. Finally, 
consistent results in multiple subgroup analyses could 
also suggest that the relationship between sarcopenia and 
poor functional outcome was independent of the study 
characteristics involved in the subgroup analyses. Taken 
together, these findings confirmed that sarcopenia may be 
an independent predictor of poor functional outcome of 
patients with acute stroke. 

The potential mechanisms underlying the association 
between sarcopenia and poor functional outcome after 
stroke may be multifactorial. An early study in elderly 
patients with acute stroke showed that the presence of 
pre-stroke sarcopenia was correlated with the severity of 
stroke, as indicated by the NIHSS, even after adjusting 
for various confounding factors.28 Subsequent studies in 
patients hospitalized after acute stroke showed that sarco-
penia defined as low trunk and appendicular skeletal 
muscle mass index at admission was independently asso-
ciated with impaired swallowing function and eating ac-
tivities,29 as well reduced activities of daily living30 at 
discharge. Early neurological deterioration (END) is an 
independent predictor of poor functional outcome in pa-
tients with acute stroke.31 A recent study showed that 
premorbid sarcopenia was independently associated with 
END in patients with AIS, which may also partly explain 

the results of the meta-analysis.13 In addition, a long-term 
follow-up study showed that sarcopenia at baseline was 
independently associated with a higher risk of recurrent 
cerebrovascular events,32 which may be an underlying 
mechanism. Pathologically, people with sarcopenia, as 
compared to those with normal muscular volume and 
strength, are associated with higher systematic inflamma-
tion33 and oxidative stress,34 while both of which have 
been linked to the aggravated neurologic dysfunction dur-
ing stroke.35,36 Studies are warranted in the future to de-
termine the key molecular mechanisms underlying the 
association between sarcopenia and deteriorated neuro-
logic function in stroke. 

This study also has limitations. First, multiple methods 
were used to define sarcopenia among the included stud-
ies. To the best of our knowledge, no consensus has been 
reached regarding the gold diagnostic criteria for sarco-
penia for patients with acute clinical conditions, such as 
stroke. Although the subgroup analysis showed no signif-
icant difference, studies are needed to determine the op-
timal methods and criteria for determining sarcopenia in 
patients with acute stroke. In addition, the number of the 
included studies for the meta-analysis is small. Results of 
the meta-analysis and subgroup analyses should be inter-
preted with caution and better to be validated in large-
scale prospective studies. Moreover, although multivari-
ate analyses were applied among the included studies, we 
could not exclude the possibility that there are still unad-
justed factors which may confound the association be-
tween sarcopenia poor functional outcomes after stroke. 
Finally, as a meta-analysis of observational studies, the 
causative relationship between sarcopenia and poor prog-
nosis of stroke could not be concluded on the basis of the 
results. 

 
Conclusions 
To sum up, results of the meta-analysis indicate that 
premorbid sarcopenia may be a potential predictor of 
poor functional outcome in patients with acute stroke. 
Studies are needed to determine the optimal methods for 
the diagnosis of sarcopenia in patients with acute stroke, 

 
 
Figure 5. Funnel plots for the publication bias of the meta-analyses 
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and to evaluate if improve sarcopenia in the acute phase 
of stroke could improve the prognosis of the patients. 
 
AUTHOR DISCLOSURES 
The authors declare no conflict of interest. 

No funding was received for this study. 
 
REFERENCES 
1. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora 

P, Avery CL et al. Heart Disease and Stroke Statistics-2023 
Update: A Report From the American Heart Association. 
Circulation. 2023;147:e93-621. doi: 10.1161/CIR.00000000 
00001123. 

2. Saini V, Guada L, Yavagal DR. Global Epidemiology of 
Stroke and Access to Acute Ischemic Stroke Interventions. 
Neurology. 2021;97:S6-16. doi: 10.1212/WNL.0000000000 
012781 

3. Wu S, Wu B, Liu M, Chen Z, Wang W, Anderson CS et al. 
Stroke in China: advances and challenges in epidemiology, 
prevention, and management. Lancet Neurol. 2019;18:394-
405. doi: 10.1016/S1474-4422(18)30500-3. 

4. NCD Countdown 2030: pathways to achieving Sustainable 
Development Goal target 3.4. Lancet. 2020;396:918-34. doi: 
10.1016/S0140-6736(20)31761-X. 

5. Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, 
Gutierrez J, Lombardi-Hill D et al. 2021 Guideline for the 
Prevention of Stroke in Patients With Stroke and Transient 
Ischemic Attack: A Guideline From the American Heart 
Association/American Stroke Association. Stroke. 
2021;52:e364-467. doi: 10.1161/STR.0000000000000375. 

6. Hankey GJ. Stroke. Lancet. 2017;389:641-54. doi: 
10.1016/S0140-6736(16)30962-X. 

7. Gladstone DJ, Lindsay MP, Douketis J, Smith EE, 
Dowlatshahi D, Wein T et al. Canadian Stroke Best Practice 
Recommendations: Secondary Prevention of Stroke Update 
2020. Can J Neurol Sci. 2022;49:315-37. doi: 10.1017/cjn.2 
021.127 

8. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. 
2019;393:2636-46. doi: 10.1016/S0140-6736(19)31138-9. 

9. Xu J, Wan CS, Ktoris K, Reijnierse EM, Maier AB. 
Sarcopenia Is Associated with Mortality in Adults: A 
Systematic Review and Meta-Analysis. Gerontology. 
2022;68:361-76. doi: 10.1159/000517099 

10. Scherbakov N, von Haehling S, Anker SD, Dirnagl U, 
Doehner W. Stroke induced Sarcopenia: muscle wasting and 
disability after stroke. Int J Cardiol. 2013;170:89-94. doi: 
10.1016/j.ijcard.2013.10.031. 

11. Su Y, Yuki M, Otsuki M. Prevalence of stroke-related 
sarcopenia: A systematic review and meta-analysis. J Stroke 
Cerebrovasc Dis. 2020;29:105092. doi: 10.1016/j.jstrokecer 
ebrovasdis.2020.105092. 

12. Nozoe M, Noguchi M, Kubo H, Kanai M, Shimada S. 
Association between the coexistence of premorbid 
sarcopenia, frailty, and disability and functional outcome in 
older patients with acute stroke. Geriatr Gerontol Int. 
2022;22:642-7. doi: 10.1111/ggi.14432. 

13. Imamura M, Nozoe M, Kubo H, Shimada S. Association 
between premorbid sarcopenia and neurological 
deterioration in patients with acute ischemic stroke. Clin 
Neurol Neurosurg. 2022;224:107527. doi: 
10.1016/j.clineuro.2022.107527. 

14. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD et al. PRISMA 2020 explanation and 
elaboration: updated guidance and exemplars for reporting 
systematic reviews. BMJ. 2021;372:n160. doi: 
10.1136/bmj.n160. 

15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann 
TC, Mulrow CD et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. doi: 10.1136/bmj.n71. 

16. Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page 
M et al. Cochrane Handbook for Systematic Reviews of 
Interventions version 6.2. The Cochrane Collaboration. 2021 
[cited 2023/3/8]; Available from: http://www.training.cochra 
ane.org/handbook.  

17. Wells GA, Shea B, O'Connell D, Peterson J, Welch V, 
Losos M et al. The Newcastle-Ottawa Scale (NOS) for 
assessing the quality of nonrandomised studies in meta-
analyses. 2010 [cited 2023/3/8]; Available from: 
http://www.ohri.ca/programs/clinical_epidemiology/oxford.
asp.  

18. Higgins JP, Thompson SG. Quantifying heterogeneity in a 
meta-analysis. Stat Med. 2002;21:1539-58. doi: 
10.1002/sim.1186. 

19. Patsopoulos NA, Evangelou E, Ioannidis JP. Sensitivity of 
between-study heterogeneity in meta-analysis: proposed 
metrics and empirical evaluation. Int J Epidemiol. 
2008;37:1148-57. doi: 10.1093/ije/dyn065 

20. Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ. 
1997;315:629-34.  

21. Nozoe M, Kanai M, Kubo H, Yamamoto M, Shimada S, 
Mase K. Prestroke sarcopenia and functional outcomes in 
elderly patients who have had an acute stroke: A prospective 
cohort study. Nutrition. 2019;66:44-7. doi: 10.1016/j.nut.20 
19.04.011. 

22. Abe T, Iwata K, Yoshimura Y, Shinoda T, Inagaki Y, Ohya 
S et al. Low Muscle Mass is Associated with Walking 
Function in Patients with Acute Ischemic Stroke. J Stroke 
Cerebrovasc Dis. 2020;29:105259. doi: 10.1016/j.jstrokecer 
ebrovasdis.2020.105259. 

23. Jang Y, Im S, Han Y, Koo H, Sohn D, Park GY. Can initial 
sarcopenia affect poststroke rehabilitation outcome? J Clin 
Neurosci. 2020;71:113-8. doi: 10.1016/j.jocn.2019.08.109. 

24. Ohyama K, Watanabe M, Nosaki Y, Hara T, Iwai K, 
Mokuno K. Correlation Between Skeletal Muscle Mass 
Deficit and Poor Functional Outcome in Patients with Acute 
Ischemic Stroke. J Stroke Cerebrovasc Dis. 
2020;29:104623. doi: 10.1016/j.jstrokecerebrovasdis.2019. 
104623. 

25. Nozoe M, Kubo H, Kanai M, Yamamoto M. Relationships 
between Pre-Stroke SARC-F Scores, Disability, and Risk of 
Malnutrition and Functional Outcomes after Stroke-A 
Prospective Cohort Study. Nutrients. 2021;13. doi: 
10.3390/nu13103586 

26. Lee H, Lee IH, Heo J, Baik M, Park H, Lee HS et al. Impact 
of Sarcopenia on Functional Outcomes Among Patients 
With Mild Acute Ischemic Stroke and Transient Ischemic 
Attack: A Retrospective Study. Front Neurol. 
2022;13:841945. doi: 10.3389/fneur.2022.841945 

27. Li YX, Hou J, Liu WY. Long-term prognostic significance 
of sarcopenia in acute ischemic stroke. Medicine 
(Baltimore). 2022;101:e30031. doi: 10.1097/MD.000000000 
0030031 

28. Nozoe M, Kanai M, Kubo H, Yamamoto M, Shimada S, 
Mase K. Prestroke Sarcopenia and Stroke Severity in 
Elderly Patients with Acute Stroke. J Stroke Cerebrovasc 
Dis. 2019;28:2228-31. doi:  10.1016/j.jstrokecerebrovasdis. 
2019.05.001. 

29. Sato Y, Yoshimura Y, Abe T, Nagano F, Matsumoto A. 
Impact of trunk and appendicular skeletal muscle mass on 
improving swallowing function in acute stroke patients. J 

http://www.training.cochra
http://www.ohri.ca/programs/clinical_epidemiology/oxford.


338                                                                      Y Li, M Hong and H Shi 

 

Stroke Cerebrovasc Dis. 2022;31:106636. doi: 
10.1016/j.jstrokecerebrovasdis.2022.106636. 

30. Sato R, Vatic M, da Fonseca GWP, von Haehling S. 
Sarcopenia and Frailty in Heart Failure: Is There a 
Biomarker Signature? Curr Heart Fail Rep. 2022;19:400-11. 
doi: 10.1007/s11897-022-00575-w 

31. Kobeissi H, Ghozy S, Bilgin C, Kadirvel R, Kallmes DF. 
Early neurological improvement as a predictor of outcomes 
after endovascular thrombectomy for stroke: a systematic 
review and meta-analysis. J Neurointerv Surg. 2022. doi: 
10.1136/neurintsurg-2022-019008. 

32. Kirkham FA, Rankin P, Bunting E, Ali K, Chakravarthi R. 
Using measures of sarcopenia to predict recurrent 
cerebrovascular events in stroke and TIA patients. J Stroke 
Cerebrovasc Dis. 2023;32:106979. doi: 10.1016/j.jstrokecer 
ebrovasdis.2023.106979. 

33. Pan L, Xie W, Fu X, Lu W, Jin H, Lai J et al. Inflammation 
and sarcopenia: A focus on circulating inflammatory 
cytokines. Exp Gerontol. 2021;154:111544. doi: 
10.1016/j.exger.2021.111544. 

34. Can B, Kara O, Kizilarslanoglu MC, Arik G, Aycicek GS, 
Sumer F et al. Serum markers of inflammation and oxidative 
stress in sarcopenia. Aging Clin Exp Res. 2017;29:745-52. 
doi: 10.1007/s40520-016-0626-2 

35. Shi K, Tian DC, Li ZG, Ducruet AF, Lawton MT, Shi FD. 
Global brain inflammation in stroke. Lancet Neurol. 
2019;18:1058-66. doi: 10.1016/S1474-4422(19)30078-X. 

36. Chen H, He Y, Chen S, Qi S, Shen J. Therapeutic targets of 
oxidative/nitrosative stress and neuroinflammation in 
ischemic stroke: Applications for natural product efficacy 
with omics and systemic biology. Pharmacol Res. 
2020;158:104877. doi: 10.1016/j.phrs.2020.104877.

 


