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Supplementary Figure1. Integrated multi-omics analysis of esophageal transcriptome and serum/hypothalamic metabolome in M, P, and MP groups
(A–B) Esophageal transcriptomic profiling. (A) Volcano plot showing differentially expressed genes (DEGs) in esophageal tissues in the MP versus M comparison. In total, 512 upregulated genes (red), 386 downregulated genes (blue), and 20,019 non-significant genes (gray) were identified with the screening thresholds of |log₂FC| ≥ 1 and adjusted P < 0.05. (B) Volcano plot of esophageal DEGs in the P versus M comparison. Under identical statistical criteria, 352 upregulated, 475 downregulated, and 19,630 non-significant genes were detected. (C–F) Serum metabolomic profiling. (C) Partial least squares discriminant analysis (PLS-DA) score plot of serum metabolites. A clear metabolic separation was observed between the MP and M groups (R² = 0.3246, P = 0.002), indicating robust systemic metabolic dysregulation induced by combined stress intervention. (D) Volcano plot illustrating differentially abundant serum metabolites in the MP vs M group comparison. (E) Volcano plot of altered serum metabolites in the P vs M group comparison. (F) KEGG pathway enrichment analysis of differential serum metabolites. Significantly enriched pathways included protein digestion and absorption, PPAR signaling pathway, steroid hormone biosynthesis, and etc. (G–K) Hypothalamic metabolomic profiling. (G) PLS-DA score plot of hypothalamic metabolites showing distinct metabolic separation between the MP and M groups. (H) PLS-DA score plot demonstrating significant hypothalamic metabolic profiling differences between the P and M groups.(I) Volcano plot of differentially expressed hypothalamic metabolites in the MP vs M comparison.(J) Volcano plot of altered hypothalamic metabolites in the P vs M comparison.(K) KEGG pathway enrichment analysis of differential hypothalamic metabolites. The core enriched pathways encompassed Choline metabolism in cancer, Glycerophospholipid metabolism, and etc.
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