Supplementary tables
	Category
	Variable

	Demographic characteristics
	Age; gender; height; weight; BMI; length of stay before ICU admission

	Comorbidities
	Diabetes; hypertension; chronic heart, lung, nerval, liver, renal diseases

	Vital signs and bedside monitoring parameters
	Body temperature; SBP; DBP; MBP; HR; RR; total urine output recorded within the first 24 hours of ICU admission

	Therapeutic Interventions 
	Initiation of invasive mechanical ventilation; administration of vasopressors; 

	Clinical scores
	GCS score; APS III; LODS; OASIS; SAPS II; SOFA; SIRS; Charlson Comorbidity Index

	Laboratory data
	a. Arterial blood gas analysis: pH, FiO2, SaO2, PaO2, PaCO2, lactate, oxygenation index, BE, bicarbonate, A-aDO2; b. Biochemical parameters: albumin, globulin , total protein , AG, BUN, Ca²⁺ / Cl⁻ / Na⁺ / K⁺ (concentrate), Cr, CK-MB, NT-proBNP; c. Coagulation profile: DD, FIB, TT, INR, PT, APTT; d. Hematological analysis: RBC, hemoglobin, WBC, PLT, neutrophils / lymphocytes / eosinophils / basophils (absolute counts & percentages), immature granulocytes / nucleated red blood cells /meta-myelocyte (counts), HCT, HDW; e. Inflammatory marker: CRP; f. Enzymatic function: ALP, ALT, AST, amylase , TBIL/DBIL/IBIL, CK, γ-glutamyl transferase , LDH

	BMI, body mass index; SBP, systolic blood pressure ; DBP, diastolic blood pressure ; MBP, mean blood pressure ; HR, heart rate ; RR, respiratory rate ; GCS, Glasgow Coma Scale; APS III, Acute Physiology Score III; LODS, Liver Organ Dysfunction Score; OASIS, Outcome Assessment in Spinal Cord Injury; SAPS II, Simplified Acute Physiology Score II; SOFA, Sequential Organ Failure Assessment; SIRS, Systemic Inflammatory Response Syndrome; FiO2, fraction of inspired oxygen; SaO2, oxygen saturation; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial pressure of carbon dioxide; BE, base excess; A-aDO2, alveolar-arterial oxygen gradient; albumin; globulin; TP, total protein; AG, anion gap; BUN, blood urea nitrogen; Ca²⁺, calcium; Cl⁻, chloride; Na⁺, sodium; K⁺, potassium; Cr, creatinine; CK-MB, creatine kinase-MB; NT-proBNP, N-terminal pro-brain natriuretic peptide; DD, D-dimer; FIB, fibrinogen; TT, thrombin time; INR, international normalized ratio; PT, prothrombin time; APTT, activated partial thromboplastin time; RBC, red blood cell count; WBC, white blood cell count; PLT, platelet count; HCT, hematocrit; HDW, hemoglobin distribution width; CRP, C-reactive protein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; CK, creatine kinase; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase.


 Table S1. Variables and their corresponding category

Table S2. Diagnostic criteria and corresponding ICD‑10 codes used for comorbidity data
	Categories
	ICD-10
	Diagnosis Description

	chronic heart disease
	I50: I5022, I5032, I5042, I50811, I50812, I5083, I5084
	Heart Failure

	
	I51: I510
	Structural Heart Complications

	
	I25: I251, I2511, I25110, I25111, I25119, I252, I254, I2541, I2542, I255, I256, I257, I2570, I25700, I25701, I25709, I2571, I25710, I25719, I2572, I25720, I25729, I2573, I25730, I25739, I2575, I25750, I25759, I2576, I25760, I25769, I2579, I25790, I25799, I258, I2581, I25810, I25812, I2583, I2584, I2589, I259
	Chronic ischemic heart disease

	
	I11: I110, I119
	Hypertensive heart disease

	
	I13: I130, I131, I1310, I1311, I132
	Hypertensive heart and chronic kidney disease

	chronic liver disease
	K70: K701, K702, K703, K704, K709
	Alcoholic liver disease

	
	K71: K713, K714, K715, K719
	Toxic liver disease

	
	K72: K721
	Chronic hepatic failure

	
	K73: K730, K731, K732, K739
	Chronic hepatitis

	
	K74: K740-K7469
	Fibrosis and cirrhosis

	
	K75: K754, K7581, K7589
	Chronic inflammatory liver diseases

	
	K76: K761, K762, K763, K766, K7681
	Other chronic liver diseases

	chronic nerval disease
	G21: G2111, G2119, G212, G213, G214, G218, G219
	Secondary parkinsonism

	
	G23: G230, G231, G232, G238, G239
	Degenerative basal ganglia diseases

	
	G24: G241, G242, G243, G244, G245, G248, G249
	Dystonia

	
	G25: G250, G251, G252, G253, G254, G255, G256, G257, G258, G259
	Extrapyramidal/movement disorders

	
	G30: G300, G301, G308, G309
	Alzheimer's disease

	
	G31: G310, G311, G312, G318, G319
	Neurodegenerative disorders

	
	G35
	Multiple sclerosis

	
	G37: G370, G371, G372, G373, G374, G378, G379
	Demyelinating diseases

	
	G40: G4000-G40B19
	Epilepsy

	chronic renal disease
	N18: N181, N182, N183, N184, N185, N186, N189
	Chronic kidney disease (CKD)

	
	N25: N250, N251, N258, N2581, N2589, N259
	Chronic renal tubular disorders

	
	N26: N261, N262, N269
	Chronic renal atrophy/sclerosis

	chronic lung disease
	J41: J410, J411, J418
	Chronic bronchitis

	
	J42
	Unspecified chronic bronchitis

	
	J43: J430, J431, J432, J438, J439
	Emphysema

	
	J44: J440, J441, J449
	Chronic obstructive pulmonary disease (COPD)

	
	J45: J452-J45998
	Asthma

	
	J47: J470, J471, J479
	Bronchiectasis












	Table S3. Statistical Analysis of Sepsis Group and Delirium Group

	Groups
	Sepsis 
(N=16493)
	Delirium 
(N=4172)
	　
	　
	　
	　
	　

	Statistics measures
	Confidence Interval
	Hypothesis Test
	Test Statistic
	Effect Size
	P Value
	Significance

	Baseline characteristics

	gender (Male)
	40.99%-42.50%
	42.71%-45.75%
	Chi-Square Test
	Chi-square: 8.2815
	Cramer's V: 0.0189
	0.004005
	**

	admission age
	(67.61, 68.15)
	(69.48, 70.97)
	Mann-Whitney U
	U-statistic: 32014347
	Rank-biserial r: -0.0695
	3.84E-12
	***

	weight
	(79.75, 80.20)
	(77.72, 79.40)
	Mann-Whitney U
	U-statistic: 35533133
	Rank-biserial r: 0.0328
	0.001042
	**

	los before icu
	(0.08, 0.08)
	(0.06, 0.06)
	Mann-Whitney U
	U-statistic: 37724818
	Rank-biserial r: 0.0965
	2.22E-16
	***

	Bedside Monitoring Parameters

	heart rate
	(84.13, 84.71)
	(86.02, 87.32)
	Mann-Whitney U
	U-statistic: 32314807
	Rank-biserial r: -0.0607
	1.28E-09
	***

	sbp
	(112.70, 113.23)
	(113.83, 115.15)
	Mann-Whitney U
	U-statistic: 32257330
	Rank-biserial r: -0.0624
	4.46E-10
	***

	dbp
	(60.77, 61.10)
	(60.75, 61.52)
	Mann-Whitney U
	U-statistic: 34099977
	Rank-biserial r: -0.0088
	0.3765
	ns

	mbp
	(75.71, 76.00)
	(75.53, 76.22)
	Mann-Whitney U
	U-statistic: 34397711
	Rank-biserial r: -0.0002
	0.9845
	ns

	resp rate
	(18.97, 19.12)
	(19.30, 19.58)
	Mann-Whitney U
	U-statistic: 32365188
	Rank-biserial r: -0.0593
	3.15E-09
	***

	temperature
	(36.85, 36.86)
	(36.91, 36.94)
	Mann-Whitney U
	U-statistic: 31481264
	Rank-biserial r: -0.0850
	2.22E-16
	***

	spo2
	(97.00, 97.10)
	(97.23, 97.41)
	Mann-Whitney U
	U-statistic: 32203601
	Rank-biserial r: -0.0640
	1.62E-10
	***

	urineoutput 24h
	(1480.00, 1515.00)
	(1354.94, 1437.01)
	Mann-Whitney U
	U-statistic: 36303043
	Rank-biserial r: 0.0552
	3.48E-08
	***

	Drugs & treatment (Yes)

	invasive ventilation 24h
	43.75%-45.27%
	54.37%-57.41%
	Chi-Square Test
	Chi-square: 172.9370
	Cramer's V: 0.0913
	2.22E-16
	***

	vessoactive agent 24h
	40.25%-41.75%
	42.47%-45.51%
	Chi-Square Test
	Chi-square: 12.0853
	Cramer's V: 0.0233
	0.000508
	***

	Laboratory indicators

	glucose
	(130.56, 131.67)
	(133.50, 136.00)
	Mann-Whitney U
	U-statistic: 32816454
	Rank-biserial r: -0.0462
	3.97E-06
	***

	anion gap
	(13.67, 14.00)
	(14.33, 14.50)
	Mann-Whitney U
	U-statistic: 29860038
	Rank-biserial r: -0.1321
	2.22E-16
	***

	bun
	(20.00, 20.67)
	(22.50, 24.00)
	Mann-Whitney U
	U-statistic: 31374332
	Rank-biserial r: -0.0881
	2.22E-16
	***

	calcium
	(8.20, 8.20)
	(8.20, 8.25)
	Mann-Whitney U
	U-statistic: 34071471
	Rank-biserial r: -0.0097
	0.3334
	ns

	chloride
	(104.50, 104.67)
	(105.00, 105.37)
	Mann-Whitney U
	U-statistic: 32001374
	Rank-biserial r: -0.0698
	2.9E-12
	***

	creatinine
	(1.00, 1.05)
	(1.07, 1.10)
	Mann-Whitney U
	U-statistic: 32865971
	Rank-biserial r: -0.0447
	7.8E-06
	***

	sodium
	(138.00, 138.33)
	(139.00, 139.00)
	Mann-Whitney U
	U-statistic: 30947083
	Rank-biserial r: -0.1005
	2.22E-16
	***

	potassium
	(4.15, 4.18)
	(4.05, 4.10)
	Mann-Whitney U
	U-statistic: 37163678
	Rank-biserial r: 0.0802
	1.08E-15
	***

	inr
	(1.30, 1.30)
	(1.30, 1.30)
	Mann-Whitney U
	U-statistic: 34603797
	Rank-biserial r: 0.0058
	0.5614
	ns

	pt
	(14.20, 14.30)
	(14.00, 14.25)
	Mann-Whitney U
	U-statistic: 34817840
	Rank-biserial r: 0.0120
	0.2297
	ns

	ptt
	(31.36, 31.65)
	(32.20, 32.95)
	Mann-Whitney U
	U-statistic: 32530483
	Rank-biserial r: -0.0545
	5.22E-08
	***

	wbc
	(11.80, 12.00)
	(11.70, 12.10)
	Mann-Whitney U
	U-statistic: 34081822
	Rank-biserial r: -0.0094
	0.3487
	ns

	hematocrit
	(31.20, 31.40)
	(31.50, 32.00)
	Mann-Whitney U
	U-statistic: 32702588
	Rank-biserial r: -0.0495
	7.67E-07
	***

	hemoglobin
	(10.25, 10.30)
	(10.35, 10.50)
	Mann-Whitney U
	U-statistic: 32556541
	Rank-biserial r: -0.0537
	7.96E-08
	***

	mch
	(30.17, 30.25)
	(30.30, 30.45)
	Mann-Whitney U
	U-statistic: 32847478
	Rank-biserial r: -0.0453
	6.1E-06
	***

	mchc
	(32.85, 32.90)
	(32.80, 32.95)
	Mann-Whitney U
	U-statistic: 34330994
	Rank-biserial r: -0.0021
	0.8311
	ns

	mcv
	(91.33, 91.50)
	(92.00, 92.00)
	Mann-Whitney U
	U-statistic: 32668705
	Rank-biserial r: -0.0504
	4.58E-07
	***

	platelet
	(167.50, 170.67)
	(172.67, 179.00)
	Mann-Whitney U
	U-statistic: 33515826
	Rank-biserial r: -0.0258
	0.009844
	**

	rbc
	(3.43, 3.45)
	(3.44, 3.50)
	Mann-Whitney U
	U-statistic: 33282947
	Rank-biserial r: -0.0326
	0.001123
	**

	rdw
	(14.50, 14.60)
	(14.70, 14.80)
	Mann-Whitney U
	U-statistic: 32224245
	Rank-biserial r: -0.0634
	2.4E-10
	***

	Clinical scoring systems

	rass min
	(-2.00, -2.00)
	(-3.00, -3.00)
	Mann-Whitney U
	U-statistic: 39011961
	Rank-biserial r: 0.1339
	2.22E-16
	***

	gcs min
	(14.00, 14.00)
	(13.00, 13.00)
	Mann-Whitney U
	U-statistic: 43737696
	Rank-biserial r: 0.2713
	2.22E-16
	***

	sofa
	(5.00, 5.00)
	(6.00, 6.00)
	Mann-Whitney U
	U-statistic: 29611815
	Rank-biserial r: -0.1393
	2.22E-16
	***

	apsiii
	(44.00, 44.00)
	(51.00, 52.00)
	Mann-Whitney U
	U-statistic: 27779094
	Rank-biserial r: -0.1926
	2.22E-16
	***

	charlson comorbidity index
	(5.00, 5.00)
	(5.00, 5.00)
	Mann-Whitney U
	U-statistic: 31700881
	Rank-biserial r: -0.0786
	2.94E-15
	***

	lods
	(5.00, 5.00)
	(6.00, 6.00)
	Mann-Whitney U
	U-statistic: 28034322
	Rank-biserial r: -0.1852
	2.22E-16
	***

	oasis
	(32.00, 33.00)
	(35.00, 36.00)
	Mann-Whitney U
	U-statistic: 26075988
	Rank-biserial r: -0.2421
	2.22E-16
	***

	sapsii
	(37.00, 38.00)
	(41.00, 42.00)
	Mann-Whitney U
	U-statistic: 28221544
	Rank-biserial r: -0.1797
	2.22E-16
	***

	sofa score
	(3.00, 3.00)
	(3.00, 3.00)
	Mann-Whitney U
	U-statistic: 33533932
	Rank-biserial r: -0.0253
	0.008728
	**

	sirs
	(3.00, 3.00)
	(3.00, 3.00)
	Mann-Whitney U
	U-statistic: 32027815
	Rank-biserial r: -0.0691
	2.25E-13
	***

	Comorbidities (Yes)

	hypertension
	40.68%-42.19%
	19.19%-21.66%
	Chi-Square Test
	Chi-square: 629.6753
	Cramer's V: 0.1745
	2.22E-16
	***

	chronic lung disease
	13.88%-14.96%
	6.12%-7.67%
	Chi-Square Test
	Chi-square: 168.7147
	Cramer's V: 0.0903
	2.22E-16
	***

	chronic nerval system disease
	15.21%-16.33%
	8.08%-9.83%
	Chi-Square Test
	Chi-square: 126.2434
	Cramer's V: 0.0780
	2.22E-16
	***

	chronic liver disease
	12.97%-14.02%
	6.12%-7.67%
	Chi-Square Test
	Chi-square: 136.5126
	Cramer's V: 0.0812
	2.22E-16
	***

	chronic renal disease
	13.71%-14.79%
	6.46%-8.05%
	Chi-Square Test
	Chi-square: 146.4740
	Cramer's V: 0.0841
	2.22E-16
	***

	diabetes
	16.73%-17.89%
	18.23%-20.66%
	Chi-Square Test
	Chi-square: 10.0870
	Cramer's V: 0.0211
	0.001493
	**

	chronic heart disease
	45.07%-46.60%
	31.30%-34.17%
	Chi-Square Test
	Chi-square: 232.8376
	Cramer's V: 0.1060
	2.22E-16
	***

	Outcome

	death within 3days
	2.38%-2.87%
	2.03%-3.00%
	Chi-Square Test
	Chi-square: 0.2214
	Cramer's V: 0.0000
	0.638
	ns

	death within 7days
	5.17%-5.87%
	6.25%-7.83%
	Chi-Square Test
	Chi-square: 13.1908
	Cramer's V: 0.0246
	0.000281
	***

	death within 30days
	12.08%-13.10%
	16.25%-18.57%
	Chi-Square Test
	Chi-square: 64.9940
	Cramer's V: 0.0558
	7.51E-16
	***

	death within 90days
	13.26%-14.31%
	17.53%-19.92%
	Chi-Square Test
	Chi-square: 63.6546
	Cramer's V: 0.0552
	1.48E-15
	***

	death within 180days
	13.33%-14.39%
	17.60%-19.99%
	Chi-Square Test
	Chi-square: 63.2017
	Cramer's V: 0.0550
	1.87E-15
	***

	Between-group comparisons were made using the ​​independent samples t-test​​ for normally distributed continuous data, the ​​Mann-Whitney U test​​ for non-normally distributed continuous data, and the ​​Chi-square test​​ (or ​​Fisher’s exact test​​) for categorical data. Effect sizes for continuous data are presented as ​​Hedges’ g (95% confidence interval)​​ and for categorical data as ​​odds ratio (95% confidence interval)​​. In the "Significance" column, p-values are annotated with asterisks to denote their level of statistical significance: values below 0.001 are marked as "***", those below 0.01 as "**", and those below 0.05 as "*", whereas p-values equal to or exceeding 0.05 are indicated as "ns" (denoting not significant).
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Figure S1			
Missing data pattern across all original study variables, visualized as a binary matrix using the missingno Python module. Each row represents a variable (ordered by clinical domain, left to right), and each column represents a patient; a gray bar indicates observed data for that variable–patient pair, while white space denotes missingness. Variables with >25% missingness (e.g., laboratory assays such as fibrinogen, ck_mb, ntprobnp) are shown on the right and were excluded from subsequent modeling.
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Figure S2
Distributional comparison of original observed values (blue) and multiply imputed values (red) for all continuous variables retained in the final modeling pipeline. Panel A shows kernel density estimates (KDEs) for each variable; Panel B shows scatter plots of imputed vs. original values (x-axis: original; y-axis: imputed), with points colored by imputation status. High overlap in density curves and tight clustering around the diagonal in scatter plots indicate successful preservation of marginal distributions and relationships under multiple imputation by chained equations (MICE) with predictive mean matching.
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Figure S3														
Kaplan–Meier estimates of all-cause survival probability over 30 days (extended to 180 days in analysis) among critically ill patients, stratified by development of delirium within 7 days of ICU admission. The red line represents patients without delirium (n = X), and the blue line represents those with delirium within 7 days (n = Y). The log-rank test shows a statistically significant difference in survival between groups (p < 0.0001), indicating markedly higher mortality risk in the delirium group throughout follow-up.
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Figure S4
SHAP (Shapley Additive Explanations) dependence plots for the 14 top-ranked predictive features in the final XGBoost model for sepsis-associated delirium. Each panel shows the relationship between the raw feature value (x-axis) and its associated SHAP value (y-axis), which quantifies the feature’s contribution to the model’s prediction (positive SHAP values indicate increased predicted probability of delirium). Blue points represent individual patient observations. 
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Figure S5
SHAP force plots illustrating model predictions for three representative individual patients. Each plot displays the model’s base value (i.e., mean predicted log-odds of delirium across the training set) and the cumulative contribution of each feature to the final prediction. Red arrows indicate features that increase the predicted probability of delirium (higher SHAP values), while blue arrows indicate features that decrease it (lower SHAP values). The length of each arrow corresponds to the magnitude of the feature’s contribution, and the labeled values denote the patient-specific feature values. These plots enable transparent, case-level interpretation of the model’s decision process, bridging algorithmic output with clinical reasoning.
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Figure S6
Screenshot of the publicly accessible web-based clinical decision support tool for predicting delirium within 7 days in ICU patients with sepsis. The interface is bilingual (English/Chinese) and organizes the 14 input features—selected via SHAP-based feature importance and validated in eICU-CRD—into four clinically intuitive categories: Basic Information, Bedside Signs, Laboratory Tests, and Clinical Scores. Users enter patient-specific values (e.g., GCS min, SBP, OASIS, Charlson Index), and the system returns a real-time predicted probability using the externally validated CatBoost (SHAP Simplified) model. Model metadata, development notes, and downloadable configuration files are provided in the left sidebar. The tool is hosted at: https://delirium-prediction-for-icu-sepsis.streamlit.app/.



Supplement: Optimal Hyperparameters for Machine Learning Algorithms
The optimal hyperparameters for all machine learning algorithms evaluated in this study, as determined by grid search with 5-fold cross-validation, are detailed below. These configurations were used to generate the final models for performance comparison and analysis.
​​XGBoost​​: learning_rate = 0.005, max_depth = 12, n_estimators = 4000, gamma = 0.1, reg_lambda = 0.1, reg_alpha = 0.1, subsample = 0.7, colsample_bytree = 0.8, scale_pos_weight = 0.8
​​LightGBM​​: learning_rate = 0.005, num_leaves = 128, min_data_in_leaf = 15, max_depth = -1, n_estimators = 2000, lambda_l1 = 0, lambda_l2 = 0.1, feature_fraction = 0.8, scale_pos_weight = 0.8
​​Support Vector Machine (SVM)​​: C = 10, kernel = 'rbf', gamma = 'scale', class_weight = 'balanced'
​​Random Forest​​: n_estimators = 1500, max_depth = None, min_samples_split = 5, min_samples_leaf = 2, max_features = 'sqrt', class_weight = 'balanced'
​​Logistic Regression​​: C = [0.01, 0.1, 1], penalty = ['l1', 'l2'], solver = 'saga', class_weight = ['balanced', {0:1, 1:0.8}]
​​Decision Tree​​: criterion = 'gini', max_depth = None, min_samples_split = [2, 5], min_samples_leaf = [1, 2], ccp_alpha = 0
​​Ridge Regression​​: alpha = 10
​​k-Nearest Neighbors (KNN)​​: n_neighbors = 11, weights = 'distance', p = 1, metric = 'cosine'
​​CatBoost​​: learning_rate = 0.005, depth = 11, iterations = 2500, l2_leaf_reg = 3, min_data_in_leaf = 5, grow_policy = 'Lossguide', scale_pos_weight = 0.8
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