Expanded Methods
1.1 Covariates 
Demographic and Behavioral Factors
We included age, gender, race (Mexican American, Non‑Hispanic White, Non‑Hispanic Black, Other Hispanic, Other), education level (less than high school, high school or equivalent, college or above), poverty‑income ratio (PIR: <1.3, 1.3–3.5, >3.5), and marital status (currently married, unmarried, other). Behavioral variables consisted of smoking status (never smoker [<100 cigarettes], former smoker [≥100 cigarettes, quit], current smoker [≥100 cigarettes, smoking])  and alcohol consumption (never drinker [<12 drinks], former drinker [≥12 drinks, stopped], current drinker [≥12 drinks in past year]) [1].
Health Conditions
Diabetes was diagnosed based on HbA1c ≥6.5%, fasting plasma glucose ≥126 mg/dL, self‑reported physician‑diagnosed diabetes, or current use of glucose‑lowering medication/insulin [1]. CVD was defined as self‑reported physician diagnosis of congestive heart failure, coronary heart disease, angina, myocardial infarction, or stroke [1]. Hypertension was defined by self‑reported diagnosis, average SBP ≥130 mmHg or DBP ≥80 mmHg, or current use of antihypertensive medication [1].
Estimated glomerular filtration rate (eGFR)
Renal function was estimated by eGFR using the formula: eGFR (mL/min/1.73 m²) = 175 × serum creatinine (Scr)⁻¹·¹⁵⁴ × age⁻⁰·²⁰³ × (0.742 for females) × (1.212 for African Americans).
1.2 Cell culture and drug intervention
VSMCs were cultured in DMEM-F12 medium supplemented with 5% fetal bovine serum (FBS) and 1% penicillin/streptomycin (P/S). VSMCs were treated with different concentrations (0, 2, 4, 6, 8, and 15 mM) of barium chloride (B431293, aladdin, Shanghai, China) for 24/48 hours. The final intervention concentration was 2 mM.
MAECs were cultured in medium supplemented with endothelial cell growth factor, 5% FBS, and 1% P/S. ECs were treated with different concentrations (0, 0.25, 0.5, 1, 1.5, 2, and 2.5 mM) of barium chloride for 24/48 hours. The final intervention concentration was 1 mM.
C2C12 myoblasts were cultured in DMEM-HG + 10% FBS and 1% P/S until 70% confluence, then differentiated in DMEM-HG + 2% horse serum and 1% P/S for 5 days to generate mature myotubes. Fully differentiated myotubes were treated with different concentrations (0, 5, 10, 15, 20, and 30 mM) of barium chloride for 24/48 hours.
To observe the effect of injured myotube cells on VSMCs and ECs, myotube cells treated with 12% barium chloride were washed five times with PBS [2]. Subsequently, serum-free VSMC/EC cell basal medium was added, and the cells were cultured for an additional 24 hours. The supernatant was collected by centrifugation, supplemented with serum, and then used to culture VSMC/EC cells for 24 hours.
Cells were maintained in a humidified environment consisting of 5% CO₂ and 95% air at 37°C.
1.3 Statistical analysis
Multivariate logistic regression analysis was used to assess the associations between urinary heavy metal concentrations and AIP, CMI, and sarcopenia. Model 1 was unadjusted; Model 2 adjusted for demographic variables; and Model 3 further adjusted for lifestyle factors and comorbidities.
The grouped weighted quantile sum (GWQS) regression was employed to evaluate the overall mixture effect of heavy metals and the relative contribution of each metal within the mixture [3]. Bayesian kernel machine regression (BKMR) was applied to further analyze the joint effect of mixed metal exposure. This approach utilized Markov chain Monte Carlo (MCMC) algorithms with 10,000 iterations to estimate the posterior inclusion probability (PIP) for each metal, thereby identifying key harmful components in the mixture [4,5].



	



Table S1 Multivariate regression models of the association between heavy metals and Sarcopenia risk.

	Metals
	Q1
	Q2
	Q3
	Q4
	P_Trend

	
	
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	

	Ba
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.25 (0.70-2.26)
	1.30 (0.73-2.33)
	2.40 (1.44-4.13)
	<0.001

	Model 2
	1.00 (reference)
	1.28 (0.70-2.37)
	1.31 (0.72-2.42)
	2.46 (1.42-4.37)
	0.001

	Model 3
	1.00 (reference)
	1.37 (0.72-2.62)
	1.39 (0.73-2.67)
	2.10 (1.16-3.90)
	0.016

	Cd
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.00 (0.56-1.78)
	1.35 (0.79-2.34)
	1.81 (1.09-3.06)
	0.010

	Model 2
	1.00 (reference)
	0.80 (0.43-1.47)
	0.86 (0.47-1.61)
	0.91 (0.47-1.80)
	0.932

	Model 3
	1.00 (reference)
	0.71 (0.36-1.37)
	1.04 (0.52-2.07)
	1.29 (0.60-2.85)
	0.301

	Co
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.31 (0.73-2.38)
	1.79 (1.03-3.16)
	2.12 (1.25-3.71)
	0.003

	Model 2
	1.00 (reference)
	1.01 (0.55-1.87)
	1.44 (0.80-2.65)
	1.72 (0.93-3.24)
	0.039

	Model 3
	1.00 (reference)
	1.17 (0.61-2.25)
	1.51 (0.80-2.90)
	1.95 (1.00-3.88)
	0.037

	Cs
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.83 (1.00-3.44)
	1.96 (1.09-3.67)
	3.00 (1.72-5.46)
	<0.001

	Model 2
	1.00 (reference)
	1.55 (0.83-2.97)
	1.33 (0.70-2.59)
	1.94 (1.04-3.76)
	0.070

	Model 3
	1.00 (reference)
	1.53 (0.79-3.05)
	1.15 (0.58-2.36)
	2.01 (1.01-4.16)
	0.097

	Mo
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.31 (0.76-2.26)
	1.13 (0.65-1.99)
	1.71 (1.03-2.91)
	0.068

	Model 2
	1.00 (reference)
	1.07 (0.61-1.88)
	0.82 (0.46-1.48)
	1.21 (0.71-2.10)
	0.645

	Model 3
	1.00 (reference)
	0.94 (0.52-1.73)
	0.94 (0.51-1.74)
	1.20 (0.67-2.19)
	0.503

	Pb
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.72 (0.98-3.10)
	1.89 (1.08-3.37)
	1.94 (1.12-3.47)
	0.025

	Model 2
	1.00 (reference)
	1.27 (0.70-2.34)
	1.14 (0.63-2.12)
	0.91 (0.49-1.73)
	0.545

	Model 3
	1.00 (reference)
	1.23 (0.65-2.37)
	1.41 (0.74-2.78)
	1.44 (0.72-2.92)
	0.295

	Sb
	
	
	
	
	

	Model 1
	1.00 (reference)
	0.90 (0.53-1.52)
	0.67 (0.38-1.17)
	1.39 (0.86-2.26)
	0.278

	Model 2
	1.00 (reference)
	0.81 (0.47-1.40)
	0.64 (0.35-1.13)
	1.24 (0.75-2.06)
	0.480

	Model 3
	1.00 (reference)
	0.88 (0.49-1.56)
	0.72 (0.39-1.33)
	1.38 (0.81-2.38)
	0.271

	Tl
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.40 (0.82-2.41)
	1.44 (0.85-2.48)
	1.31 (0.76-2.26)
	0.357

	Model 2
	1.00 (reference)
	1.35 (0.78-2.37)
	1.41 (0.80-2.52)
	1.19 (0.67-2.15)
	0.596

	Model 3
	1.00 (reference)
	1.20 (0.66-2.20)
	1.24 (0.67-2.32)
	1.07 (0.57-2.03)
	0.883

	Tu
	
	
	
	
	

	Model 1
	1.00 (reference)
	1.42 (0.84-2.42)
	1.34 (0.79-2.30)
	1.17 (0.68-2.03)
	0.667

	Model 2
	1.00 (reference)
	1.48 (0.87-2.57)
	1.32 (0.76-2.32)
	1.21 (0.69-2.15)
	0.636

	Model 3
	1.00 (reference)
	1.54 (0.87-2.75)
	1.37 (0.77-2.48)
	1.14 (0.63-2.10)
	0.799

	Hg
	
	
	
	
	

	Model 1
	1.00 (reference)
	0.85 (0.48-1.49)
	0.73 (0.40-1.31)
	1.00 (0.58-1.74)
	0.895

	Model 2
	1.00 (reference)
	0.81 (0.44-1.47)
	0.67 (0.36-1.23)
	0.81 (0.45-1.48)
	0.423

	Model 3
	1.00 (reference)
	0.78 (0.41-1.48)
	0.69 (0.35-1.35)
	1.04 (0.54-2.00)
	0.973



*OR (95% CI) for p values <0.05 are in bold.
Ba: barium; Cd: cadmium; Co: cobalt; Cs: cesium; Mo: molybdenum; Pb: lead; Sb: antimony; Tl: thallium; Tu: tungsten; Hg: hydrargyrum. 
Model 1 adjust for: None;		
Model 2 adjust for: age, gender, ethnicity, education level, marital and ratio of family income to poverty.
Model 3 adjust for: age, gender, ethnicity, education level, marital and ratio of family income to poverty; BMI, eGFR, smoking status, alcohol status, diabetes, hypertension, CVD.
[image: ]Figure. S1. Cytotoxicity of barium on cardiovascular and skeletal muscle cell lines. The viability of (a) VSMCs, (b) ECs, and (c) differentiated C2C12 myotubes following a 48-hour exposure to various concentrations of BaCl2, as assessed by CCK-8 assay (n=4). Group differences were analyzed using Brown-Forsythe (Welch) ANOVA.
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