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Supplementary Methods

Given the substantial heterogeneity in study design, dosage, endpoints, and
populations among the included clinical studies, we conducted a tailored
methodological quality assessment for each study type:

Cohort and cross-sectional studies were evaluated using the Newcastle-Ottawa Scale
(NOS), which assigns a maximum score of 9. Each criterion met was awarded one
star. Studies scoring 7-9 were classified as high quality, 4—6 as moderate quality, and
below 4 as low quality.

Case series were assessed using the NIH Quality Assessment Tool for Case Series
Studies, applying a similar star-based scoring approach to evaluate methodological
rigor.

Randomized controlled trials (RCTs) were evaluated using the Cochrane Risk of Bias
2 (RoB 2) Tool, which provides an overall judgment of bias risk across multiple
domains. This tool does not use numerical scoring but categorizes studies based on
risk levels (low, some concerns, or high).

Detailed scoring results, including domain-specific evaluations for each study, are
presented in Supplementary Tables 1-S4.

For the meta-analysis, we included two clinical studies that reported skeletal muscle
index (SMI) data at both baseline and end-of-study. To ensure comparability across
studies, we extracted data corresponding to similar timepoints and treatment
conditions. As the required data for meta-analysis were not directly available in a
standardized format, we manually compiled and aggregated the reported values. Mean
and standard deviation (SD) values were calculated from the available data to enable
quantitative synthesis. The resulting forest plot summarizing the meta-analysis is
presented in Supplementary Figure 1.



Supplementary Table 1. Study quality assessment using Newcastle-Ottawa Scale for cohort studies.

Cohort- Selection Comparability Outcome Tot
studies al
Representative  Selection of the non-  Ascertainment of Demonstration Comparability of Assessment of Follow-  Adequacy of  scor
ness exposed cohort exposure that outcome of the cohorts on the the outcome up follow-up e
of the exposed interest was not basis of the design duration
cohort present at start of  or analysis
study
Osaka, T.  No(Not clearly Drawn from same Yes (GLP-1 + Yes (baseline Yes (Age, sex, diet,  Objective Yes (9- Adequate 8
(2023)[1]  described community (basal basal insulin measurement after exercise, measurements (Body day)* (Patients with
insulin group)* therapy)* admission)* multivariate weight, FFM, fat mass, missing data
regression fat free mass)* were
analysis)** excluded)*
Ren Q, Representative*  Drawn from same Yes (Semaglutide  Yes (baseline data Yes (used Objective Yes (24 Adequate 8
(2025)[2] community (matched  therapy clearly collected)* regression analysis measurements (ASMI,  months)  (multiple time
control group)* defined)* but limited grip strength, gait * points, good
adjustment)* speed)* retention)*
Wandrag,  Representative Drawn from same Yes (hypobaric Yes (baseline Yes (age, sex, diet, Objective Yes (8- Adequate (all 8
L.( (healthy sea- community (matched  hypoxia clearly testing conducted)*  multivariate measurements (Body week)* participants
2017)[3] level natives)* base camp group)* defined)* models)* weight, FFM, fat mass, completed
fat free mass)* study)*

An asterisk (*) represents one point awarded for each item that meets the quality criteria. A maximum of 4 points can be awarded for the Selection domain, 2 points for Comparability, and 3

points for Exposure or Outcome, depending on study type. Yes: Meets the criteria and earns a point. No: Does not meet the criteria and earns no point



Supplementary Table 2. Study quality assessment using Newcastle-Ottawa Scale for cross-sectional studies.

Cross- Selection Comparability Outcome Total
sectional score
studies Represe  Sample Non- Ascertainm  confounders controlled Assessment of the outcome Statistical test
ntativen  size respondents ent of the and investigated by
ess screening/su  subgroup analysis or
of the rveillance multivariable analysis
sample tool
Huang, Represen  Not No description  Described Yes (age, sex, multivariate Objective measurements Clearly described 7
Hsien - tative™ justified( and regression analysis)** (immunofluorescence, western and appropriate)*
Hao n=145) validated* blotting, glucose levels,
(2024)[4] metabolic analysis, flow cytometry
analysis, and gPCR) and
independent record **
Tacke, M.  Represen Not Response rate  Described Yes (age, sex, multivariate Objective measurements (DXA, Clearly described 8
(2013)[5] tative*® justified s and regression analysis)** Body mass index, heart ejection and appropriate)*
satisfactory*  validated* functions, ELISA, ASMI, grip
strength, gait speed) **
Huang, H.  Represen Not Response rate  Described Yes (age, sex, multivariate Objective measurements (gastric Clearly described 8
H. tative™ justified( is and regression analysis)** hormone levels, blood sampling and appropriate *
(2022)[6] n=52) satisfactory* validated* and ELISA) and independent

record**

An asterisk (¥) represents one point awarded for each item that meets the criteria (Yes). Items marked as No do not receive a point. The total number of asterisks reflects the overall

methodological quality of the study. Full score is 9.



Supplementary Table 3. Study quality assessment using NIH Quality Assessment Tool for Case Series Studies

Case Selection Comparability Outcome Total
Series score
Studies

Clear Clear population Consecu Compa Interventio  Outcome Adequate Statistical Results

research description and tive rable n clearly measures clearly follow-up methods well- well-

question/o  case definition cases subject described defined and length described described

bjective s reliable
Perna, S. Yes* Yes* No* Yes* Yes* Yes* Yes* Yes* Yes* 8
(2016)[7]

An asterisk (*) represents one point awarded for each item that meets the quality criteria. A maximum of 4 points can be awarded for the Selection domain, 2 points for Comparability, and 3

points for Exposure or Outcome, depending on study type. Yes: Meets the criteria and earns a point. Not justified or No description: Does not meet the criteria and earns no point; Full score is 9.

Supplementary Table 4. Risk of bias assessment using Cochrane RoB 2 Tool for RCTs (Fan, D. M. (2023)[8])

Domain Assessment Question Judgment Justification

1. Bias arising from the Was the allocation sequence adequately Some The study divides patients based on SMI levels, but does not

randomization process generated and concealed? concerns describe randomization procedures.

2. Bias due to deviations from Were participants and personnel blinded? High risk No mention of blinding; intervention (liraglutide) was

intended interventions Was adherence to intervention appropriate? administered in animal models and in vitro, not in human

subjects.

3. Bias due to missing outcome data Were outcome data complete and balanced  Low risk All 51 patients and 10 mice completed the study; no missing data
across groups? reported.

4. Bias in measurement of the Were outcome assessors blinded? Were Some DXA and biochemical assays were used, but blinding of

outcome measurements appropriate? concerns assessors was not mentioned.

5. Bias in selection of the reported Were all pre-specified outcomes reported? Low risk Outcomes related to muscle mass, GLP-1, MuRF1, and MAFbx

result were consistently reported across methods and results.

| Overall Risk of Bias | Some concerns |
This study Fan, D. M. (2023)[8] was assessed using the Cochrane Risk of Bias Tool (RoB 2). Although the domain “Bias due to deviations from intended interventions” was rated as high risk

due to lack of blinding, the overall risk of bias was judged as “some concerns” considering the nature of the intervention and the completeness of outcome data.



Suplimentary Figure 1. Forest plot of the meta-analysis comparing skeletal muscle index (SMI) at baseline and end-of-study in patients treated
with GLP-1RAs.

End-of-study Baseline Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
Ren et al., 2025 6.52 099 220 684 085 212 96.0% -0.35[-0.54, -0.16]
Perna et al., 2016 8.76 1.63 9 849 1.74 9 4.0% 0.15[-0.77, 1.08] -
Total (95% CI) 229 221 100.0% -0.33 [-0.51, -0.14] ¢
Heterogeneity: Chi* = 1.07, df = 1 (P = 0.30); I = 6% + 5 o ¥ A
Test for overall effect: Z = 3.43 (P = 0.0006) Favours end-of-study Favours baseline

The analysis included two clinical studies (Ren et al., 2025; Perna et al., 2016). Effect sizes are expressed as standardized mean differences (SMD) with 95% confidence intervals (CI) under a

fixed-effect model. Negative values indicate a reduction in SMI from baseline to end-of-study. Overall pooled SMD was —0.33 [95% CI: —0.51, —0.14], favoring end-of-study values.

Heterogeneity was low (Chi>=1.07, df =1, P = 0.30; I* = 6%).
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