Supplementary
Supplementary Table S1. Sensitivity analysis using alternative vitamin D insufficiency cutoff (<30 ng/mL)
	Vitamin D status
	Sarcopenia 
(n=38)
	Non‑sarcopenia 
(n=117)
	Adjusted OR 
(95% CI)*
	P value

	Sufficient (≥30 ng/mL)
	5 (13.2%)
	12 (10.3%)
	1 (Ref)
	–

	Insufficient (<30 ng/mL)
	33 (86.8%)
	105 (89.7%)
	1.21 (0.45–3.25)
	0.652


*Adjusted for age, sex, BMI, NRS, CRP, albumin, and comorbidities.
Supplementary Table S2. Covariate screening for multivariable logistic regression models
	Variable
	Crude OR (95% CI)
	Full model coefficient (log‑odds)
	Change (%)*
	GVIF1/(2×Df)†
	Collinearity

	Gender (female vs male)
	0.14 (0.06–0.34)
	-0.03
	-244%
	2.369
	No

	Age (per year)
	1.09 (1.04–1.15)
	0.06
	+198%
	2.179
	No

	BMI (per kg/m²)
	0.74 (0.65–0.85)
	0.02
	+20%
	3.224
	No

	CRP (per mg/L)
	1.16 (1.02–1.32)
	0.02
	-3%
	2.595
	No

	Albumin (per g/L)
	0.92 (0.86–0.99)
	-0.01
	-168%
	2.271
	No

	NRS (≥3 vs <3)
	2.21 (1.03–4.74)
	-0.01
	-160%
	1.718‡
	No

	COPD (yes vs no)
	6.98 (2.79–17.48)
	0.01
	-22%
	2.371
	No

	DM (yes vs no)
	0.92 (0.42–2.02)
	-0.01
	-166%
	2.385
	No

	CVD (yes vs no)
	1.58 (0.72–3.48)
	-0.03
	-232%
	1.980
	No

	CSVD (yes vs no)
	1.71 (0.82–3.58)
	0.02
	+11%
	2.342
	No

	Triglycerides (per mmol/L)
	0.44 (0.21–0.92)
	0.02
	-13%
	2.052
	No

	Creatinine (per mg/dL)
	1.02 (1.00–1.03)
	0.05
	+158%
	2.496
	No

	PTH (per pg/mL)
	1.00 (0.99–1.01)
	0.01
	-64%
	1.437
	No

	Serum calcium (per mmol/L)
	0.29 (0.04–1.94)
	0.03
	+43%
	2.710
	No

	Hemoglobin (per g/L)
	0.99 (0.98–1.01)
	0.01
	-43%
	1.790
	No

	Total bilirubin (per µmol/L)
	1.06 (1.01–1.12)
	0.02
	0%
	>1000
	Yes§

	Urea (per mmol/L)
	1.01 (0.99–1.03)
	0.02
	-10%
	1.544
	No


Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; CRP, C‑reactive protein; NRS, Nutrition Risk Screening 2002; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; CVD, cardiovascular disease; CSVD,cerebral small vessel disease; PTH, parathyroid hormone.
Notes:
*Change percentage = (coefffull - coeffcrude) / |coeffcrude| × 100%, where crude coefficients are derived from univariate logistic regression (log‑odds scale). A change >10% indicates potential confounding.
†GVIF1/(2×Df) is the adjusted variance inflation factor for categorical variables with >2 levels. Values <2 indicate no significant collinearity.
‡NRS had 7 levels (DF=7); the adjusted VIF was 1.718, indicating acceptable collinearity.
[bookmark: _GoBack]§Total bilirubin showed extremely high VIF due to near‑perfect linear correlation with direct bilirubin and free bilirubin; therefore, bilirubin‑related variables were excluded from final models.
Supplementary Table S3. Standardized mean differences (SMD) before and after propensity score matching and weighting
	Covariate
	Unmatched
	Matched (1:1 PSM)
	IPTW
	SMRW
	PA
	OW

	Gender (female)
	0.553
	<0.001
	0.017
	0.022
	0.009
	<0.001

	Age
	0.049
	0.032
	0.029
	0.010
	0.020
	<0.001

	BMI
	0.138
	0.020
	0.022
	0.064
	0.001
	<0.001

	SMI
	0.033
	0.044
	0.006
	0.052
	0.005
	<0.001

	Handgrip strength
	0.126
	0.057
	0.020
	0.024
	0.011
	<0.001

	CRP
	0.186
	0.036
	0.158
	0.060
	0.039
	<0.001

	Albumin
	0.114
	0.103
	0.069
	0.142
	0.004
	<0.001

	COPD
	0.140
	0.062
	0.049
	0.037
	0.009
	<0.001

	NRS (categorical)
	0.504
	0.199
	0.153
	0.065
	0.085
	<0.001

	CSVD
	0.222
	0.045
	0.102
	0.094
	0.016
	<0.001


Abbreviations: SMD, standardized mean difference; PSM, propensity score matching; IPTW, inverse probability of treatment weighting; SMRW, standardized mortality ratio weighting; PA, propensity score adjustment; OW, overlap weighting; BMI, body mass index; SMI, skeletal muscle mass index; CRP, C‑reactive protein; COPD, chronic obstructive pulmonary disease; NRS, Nutrition Risk Screening 2002; CSVD,cerebral small vessel disease.
Note: SMD values <0.1 are generally considered to indicate adequate balance (bolded in the table). After matching and most weighting methods, all covariates achieved SMD <0.1, except for a few values (e.g., CRP and albumin after IPTW) which remained close to 0.1 but did not materially affect the overall balance.
Supplementary Table S4. Propensity score model specification and matching parameters
	Parameter
	Specification

	Outcome
	Sarcopenia (SARC.trans)

	Treatment (exposure)
	Vitamin D insufficiency (VD2: 1 = insufficient, 2 = sufficient)

	Propensity score model
	Logistic regression

	Covariates in PS model
	VD2 + gender + age + BMI + SMI + handgrip strength (HS) + CRP + albumin (ALB) + COPD + NRS + CCI

	Matching algorithm
	1:1 nearest‑neighbor matching without replacement

	Caliper width
	0.2 standard deviations of the logit of the propensity score

	Matched pairs obtained
	46 pairs (n = 92)

	Software
	R version 4.2.2, MatchIt package

	Balance assessment
	Standardized mean differences (SMD) calculated for all covariates before and after matching (see Supplementary Table S4)


Note: The PS model and matching parameters are derived from the analysis log file. The caliper width of 0.2 SD is recommended by Austin (2011) to balance bias reduction and matching precision.

