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Supplementary Figure 1. Sensitivity analyses for the overall causal effect of BMI on depression. (a) Scatter plot of SNP effects on BMI vs. depression, with fitted lines from IVW, MR-Egger, weighted median, and weighted mode methods. (b) Forest plot of single-SNP Wald ratio estimates; bottom row (red) shows the pooled IVW estimate. (c) Leave-one-out sensitivity analysis; bottom row (red) shows the estimate using all SNPs. (d) Funnel plot of instrument strength (1/SE) vs. single-SNP causal estimate (θ_IV), assessing pleiotropy asymmetry; vertical lines denote IVW (grey) and MR-Egger (blue) estimates.
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Supplementary Figure 2. Sensitivity analyses for the causal effect of C1 on depression. (a) Scatter plot of SNP effects on C1 vs. depression, with fitted lines from IVW, MR-Egger, weighted median, and weighted mode methods. (b) Forest plot of single-SNP Wald ratio estimates; bottom row (red) shows the pooled IVW estimate. (c) Leave-one-out sensitivity analysis; bottom row (red) shows the estimate using all SNPs. (d) Funnel plot of instrument strength (1/SE) vs. single-SNP causal estimate (θ_IV), assessing pleiotropy asymmetry; vertical lines denote IVW (grey) and MR-Egger (blue) estimates.
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Supplementary Figure 3. Sensitivity analyses for the causal effect of C2 on depression. (a) Scatter plot of SNP effects on C2 vs. depression, with fitted lines from IVW, MR-Egger, weighted median, and weighted mode methods. (b) Forest plot of single-SNP Wald ratio estimates; bottom row (red) shows the pooled IVW estimate. (c) Leave-one-out sensitivity analysis; bottom row (red) shows the estimate using all SNPs. (d) Funnel plot of instrument strength (1/SE) vs. single-SNP causal estimate (θ_IV), assessing pleiotropy asymmetry; vertical lines denote IVW (grey) and MR-Egger (blue) estimates.
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Supplementary Figure 44. Sensitivity analyses for the causal effect of C3 on depression. (a) Scatter plot of SNP effects on C3 vs. depression, with fitted lines from IVW, MR-Egger, weighted median, and weighted mode methods. (b) Forest plot of single-SNP Wald ratio estimates; bottom row (red) shows the pooled IVW estimate. (c) Leave-one-out sensitivity analysis; bottom row (red) shows the estimate using all SNPs. (d) Funnel plot of instrument strength (1/SE) vs. single-SNP causal estimate (θ_IV), assessing pleiotropy asymmetry; vertical lines denote IVW (grey) and MR-Egger (blue) estimates.
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Supplementary Figure 5. CAUSE analysis of the causal effect of C3 on depression. Top left: Model comparison table showing expected log pointwise predictive density (ELPD) differences between the null, sharing, and causal models. Negative delta_ELPD with z < −2 and P < 0.05 indicates the more complex model (model2) fits significantly better than the simpler model (model1); the causal model outperforms both the null and sharing models. Top right: Posterior estimates (median, 95% credible interval) for the sharing and causal models. gamma, causal effect of C3 on depression; eta, effect of the shared latent factor; q, proportion of variants exhibiting the shared factor effect. Bottom: Posterior (solid) and prior (dashed) density distributions for eta and q under the sharing model (top row), and for gamma, eta, and q under the causal model (bottom row).
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Supplementary Figure 6. Differentially expressed genes associated with the four clusters. SNPs for each cluste were annotated to genes using the SNP2GENE function in FUMA. Functional enrichment analyses were then performed using the GENE2FUNC function, including assessment of differential gene expression across 54 tissues based on GTex v8. Enrichment analysis was conducted using the hypergeometric test as implemented in g:Profiler. Padj - the experiment-wide adjusted Red bars indicate significant enrichment at Bonferroni corrected two-sided P-value of ≤ 0.05.
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Supplementary Figure 7. Cluster-specific pathway enrichment of BMI-associated genetic clusters. Dot plots of Gene Ontology (GO; biological process [BP], cellular component [CC], molecular function [MF]) and KEGG pathway enrichment for genes mapped to each cluster: (a) C1 (high-risk), (b) C2 (moderate-risk), (c) C3 (protective), and (d) C4 (null). The x-axis shows the GeneRatio (proportion of cluster-mapped genes within each term); dot size indicates the number of overlapping genes, and dot color indicates the Benjamini–Hochberg adjusted P value. Terms are grouped by ontology category and ordered by GeneRatio. Genes were assigned to clusters by MR-Clust and mapped via FUMA SNP2GENE; enrichment was tested against a protein-coding background using clusterProfiler with an adjusted P < 0.05 significance threshold.
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Supplementary Figure 8. Flowchart of participant selection in the UK Biobank. Of 502,142 UK Biobank participants, 472,374 individuals of European ancestry were identified. After excluding 14,445 individuals for missing genotyping data, sample QC failure, sex mismatch, X-chromosome aneuploidy, or third-degree kinship, 457,929 participants with complete proxy variant genotyping remained for analysis, comprising 79,358 individuals with depression and 378,571 without.
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