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[bookmark: _GoBack]Supplementary Figure 1. CAUSE Analysis Results for Sterol Ester (27:1/20:4) Levels
Trends in the estimated effect sizes (β₁ and β₂) under the sharing model and the causal model across different significance thresholds (−log10(P)).
    Model comparison using the null model as the reference. The differences in expected log pointwise predictive density (Δelpd), standard errors, z values, and p values for Models 1, 2, and 3 indicate that all causal models performed significantly better than the null model (p < 0.05).
    Posterior distributions (solid lines) and prior distributions (dashed lines) of the causal model parameters: gamma (causal effect), eta (heterogeneity parameter), and q (proportion of confounding). The posterior mean of gamma in the causal model was −0.13 (95% CI: −0.23 to −0.03), indicating a significant negative causal effect of Sterol ester (27:1/20:4) levels on the outcome. The posterior distributions of eta and q were both concentrated near zero, suggesting no substantial heterogeneity or unobserved confounding.
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Figure 6. CAUSE Analysis Results for Phosphatidylcholine (20:4_0:0) Levels
Model comparison using the null model as the reference. Both the sharing model (Δelpd = −0.019, p = 2.5 × 10⁻³) and the causal model (Δelpd = −1.000, p = 3.2 × 10⁻⁸) showed significantly better performance. Further comparison between the sharing and causal models demonstrated that the causal model was significantly superior to the sharing model (Δelpd = −0.980, p = 2.0 × 10⁻⁸), indicating that the causal model provided the best fit.
   Posterior distribution of the causal effect parameter gamma (labeled “Gamma (post)” in the figure), showing the direction and uncertainty of the estimated effect.
   Trends in the estimated values of multiple beta_hat parameters (β₁–β₁₂) across different significance thresholds (−log₁₀(P)), together with the distribution of the causal membership probability P(Z = 1), further supporting the predominance of the causal model.
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