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Figure. S1 Gene Set Enrichment Analysis reveals significant enrichment of delirium-associated proteins in pathways related to immune response (adaptive and humoral), inflammation, chemotaxis (cell, leukocyte, neutrophil), and T cell‑mediated processes. NES normalized enrichment score.
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Figure. S2 Predictive performance of CatBoost, ExtraTrees, RandomForest, and XGBoost models for postoperative delirium (POD) based on blood protein signatures. A Performance comparison of four classifiers (CatBoost, XGBooster, Random Forest, and Extra Trees) based on 20 postoperative proteins across five random seeds (42, 100, 200, 300, 400). B Mean SHAP Feature Importance Plot for the 20 proteins using the RandomForest model. C Receiver operating characteristic (ROC) curves for four models including the 20 proteins. D Performance comparison of four classifiers based on six proteins with significant postoperative‑to‑preoperative ratios across five random seeds (42, 100, 200, 300, 400). E Mean SHAP Feature Importance Plot for the six proteins using the RandomForest model. F Receiver operating characteristic (ROC) curves for four models including the 6 proteins. Performance metrics including accuracy, sensitivity, and specificity are summarized in Table S17-S18. AUC area under the curve, POD postoperative delirium.
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Figure. S3 Sex- and tissue-specific expression patterns of 36 coding genes for delirium-protective proteins in human brain and peripheral organs (GTEx RNA‑seq). Average expression of those genes associated with reduced delirium risk, stratified by sex (male/female) and tissue type (brain regions vs. peripheral organs). Data are derived from the GTEx v8 bulk RNA‑seq dataset (11,584 male and 5,878 female samples).
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Figure. S4 Sex- and tissue-specific expression patterns of 35 coding genes for delirium-risk proteins in human brain and peripheral organs (GTEx RNA‑seq). 
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Figure. S5 Single‑nucleus RNA‑sequencing (snRNA‑seq) analysis of C2, SPON2, and APLP1 expression in human brain cells from non‑POD and POD patients. A t‑SNE projection of brain cell clusters annotated by major cell types including astrocytes, endothelial cells, excitatory neurons, inhibitory neurons, fibroblasts, microglia, oligodendrocytes, and oligodendrocyte precursor cells (OPCs). B Feature plots showing the expression distribution of C2, SPON2, and APLP1 across distinct brain cell types. C Comparative plots showing the transcriptional levels of C2, SPON2, and APLP1 between non‑POD and POD groups within each cell type (ns, not significant). log‑normalised expression per cell type was compared between non‑POD and POD using two‑sided Wilcoxon tests (P < 0.05). Data are presented as mean ± SEM.
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Figure. S6 In vivo validation of peripheral APLP1, C2, and SPON2 intervention and its effect on basal behavior in the POD model. A Representative immunofluorescence images showing the distribution of mCherry fluorescence in the liver, heart, kidney, lung, and spleen at 3 weeks post‑injection of rAAV2/8-mCherry-shRNA vectors targeting C2 or SPON2. Positive signals were detected exclusively in the liver, confirming the selective hepatic transduction efficiency of the shRNA constructs. Scale bar = 100 µm. n = 3 per group. B ELISA quantification of serum APLP1, C2, and SPON2 protein concentrations in three groups. n = 6 per group. C-F Open‑field test parameters, including motion trail, mean speed, and entries/percentage of distance in the central zone, assessing locomotor activity and anxiety‑like behaviour. n = 8 per group. Data are shown as the mean ±SEM. *P < 0.05, ***P < 0.001; ****P < 0.0001, ns, not significant (P > 0.05). Statistical analyses were performed using one‑way ANOVA followed by Tukey’s multiple‑comparison test or Kruskal‑Wallis test with Dunn’s post‑hoc test.
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Figure. S7 Histological evaluation of major organs following hepatic C2/SPON2 knockdown or APLP1 supplementation in the postoperative delirium (POD) mouse model. Representative H&E‑stained sections of the heart, liver, spleen, lung, and kidney are shown for all groups, with all mice subjected to the POD procedure. The Control group represents POD mice receiving control vehicle, while the intervention groups received human APLP1 (hAPLP1) supplementation, AAV‑shC2, or AAV‑shSPON2 on top of the POD model. No obvious histopathological abnormalities were observed in any of the examined organs across all groups. Scale bar = 200 µm. n = 3 mice per group.

Supplementary Table
Supplementary Tables S1-S18 are provided in the accompanying Excel file
Table S1 Identification for delirium-related proteins using Cox analysis between non-delirium and incident delirium within full follow-up time
Table S2 Identification for delirium-related proteins using Cox analysis between non-delirium and incident delirium within 5 years
Table S3 Identification for delirium-related proteins using Cox analysis between non-delirium and incident delirium within 5-10 years
Table S4 Identification for delirium-related proteins using Cox analysis between non-delirium and incident delirium from 10 years onward
Table S5 Identification of optimal predictors
Table S6 Model performance evaluation
Table S7 MR analysis results using IVW based on pQTLs
Table S8 MR-Egger intercept test for pQTLs
Table S9 MR-PRESSO global pleiotropy test for pQTLs
Table S10 Cochran Q test for pQTLs
Table S11 Leave-one-out sensitivity test (IVW) for pQTLs
Table S12 The reverse causation analysis between plasma proteins and delirium
Table S13 Differentially preoperative serum proteins between non-POD and POD patients (Limma)
Table S14 Differentially plasma proteins between control and POD mice (Limma)
Table S15 Differentially postoperative serum proteins between non-POD and POD patients (Limma)
Table S16 Comparison of postoperative-to-preoperative serum protein expression ratios between non-POD and POD patients (Wilcox)
Table S17 Model performance evaluation of four models based on the 20 postoperative proteins
Table S18 Model performance evaluation of four models containing the six proteins with significant postoperative‑to‑preoperative ratios
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