Supplementary Methods
Two-Sample MR Analysis 
Two-sample MR was performed to investigate the potential causal effect of BMI on susceptibility to CKM-related conditions. Summary statistics for BMI were obtained from a UK Biobank–based GWAS, whereas outcome summary statistics for AF/AFL, CKD, DM, IHD, PAD, and IS were obtained from FinnGen (Table S1). The MR analyses relied on 3 core assumptions: 1) the genetic variants were robustly associated with BMI; 2) the variants were independent of confounders of the BMI–outcome associations; and 3) the variants affected the outcomes exclusively through BMI rather than through alternative pathways.
[bookmark: _GoBack]Genome-wide significant BMI-associated variants (P < 5×10-8) were selected and clumped using an LD threshold of r2 < 0.001 within a 10,000-kb window. Instrument strength was evaluated using F statistics, and weak IVs with F values <10 were excluded [11]. Exposure and outcome data were harmonized according to the effect alleles, with variants showing incompatible allele information and palindromic variants excluded. The inverse-variance weighted (IVW) method was used as the primary analysis, supplemented by weighted median, MR-Egger, and MR-PRESSO analyses. Heterogeneity was evaluated using Cochran’s Q statistic, whereas horizontal pleiotropy was assessed using the MR-Egger intercept and MR-PRESSO global test. Where applicable, MR-PRESSO outlier-corrected estimates and distortion test results were reported. Leave-one-out analyses were additionally performed, and scatter and funnel plots were generated.

GWAS and Functional Enrichment Analysis of CKM Phenotypes
Exploratory GWAS were conducted among 458,768 UK Biobank participants who passed genetic quality control. Two CKM phenotypes were examined: binary CKM status, defined as CKM stages 2–4 versus stages 0–1, and CKM stage, modeled as an ordinal numeric phenotype ranging from 0 to 4. Binary CKM status was analyzed using fastGWA-GLMM, whereas ordinal CKM stage was analyzed using fastGWA-MLM, both implemented in Genome-wide Complex Trait Analysis (GCTA) [13]. A sparse genetic relationship matrix was incorporated to account for relatedness, and the models were adjusted for age, sex, a relatedness indicator, and the first 20 genetic principal components. Imputed genetic variants passing genetic quality control were included, and genome-wide significance was defined as P < 5×10-8. Genome-wide significant variants were functionally mapped and annotated using FUMA [14], including the identification of independent significant variants, lead variants, and genomic risk loci. MAGMA gene-set enrichment analyses were subsequently conducted to evaluate gene sets from Gene Ontology, Reactome, and WikiPathways [15]. Bonferroni-adjusted P values <0.05 were considered statistically significant.
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