[bookmark: _Hlk198507375]Table S1. Baseline characteristics of the study cohort stratified by training and validation sets.
	Characteristic
	Overall
N = 7,3731
	Training set
N = 5,8991
	Validation set
N = 1,4741
	p-value2

	Prolonged hospital stays
	1,842 (25%)
	1,460 (25%)
	382 (26%)
	0.4

	Age
	
	
	
	0.7

	    < 65 years
	2,218 (30%)
	1,768 (30%)
	450 (31%)
	

	    ≥65 years
	5,155 (70%)
	4,131 (70%)
	1,024 (69%)
	

	Gender
	
	
	
	0.8

	    Female
	3,403 (46%)
	2,718 (46%)
	685 (46%)
	

	    Male
	3,970 (54%)
	3,181 (54%)
	789 (54%)
	

	Complications:
	
	
	
	

	Myocardial infarct
	
	
	
	0.6

	    No
	5,925 (80%)
	4,734 (80%)
	1,191 (81%)
	

	    Yes
	1,448 (20%)
	1,165 (20%)
	283 (19%)
	

	Congestive heart failure
	
	
	
	0.065

	    No
	4,548 (62%)
	3,608 (61%)
	940 (64%)
	

	    Yes
	2,825 (38%)
	2,291 (39%)
	534 (36%)
	

	Renal disease
	
	
	
	>0.9

	    No
	5,594 (76%)
	4,475 (76%)
	1,119 (76%)
	

	    Yes
	1,779 (24%)
	1,424 (24%)
	355 (24%)
	

	Liver disease
	
	
	
	0.7

	    No
	6,722 (91%)
	5,374 (91%)
	1,348 (91%)
	

	    Yes
	651 (8.8%)
	525 (8.9%)
	126 (8.5%)
	

	Diabetes
	
	
	
	0.2

	    No
	7,145 (97%)
	5,725 (97%)
	1,420 (96%)
	

	    Yes
	228 (3.1%)
	174 (2.9%)
	54 (3.7%)
	

	AKI
	
	
	
	0.5

	    No
	1,790 (24%)
	1,442 (24%)
	348 (24%)
	

	    Yes
	5,583 (76%)
	4,457 (76%)
	1,126 (76%)
	

	Sepsis
	
	
	
	>0.9

	    No
	3,373 (46%)
	2,700 (46%)
	673 (46%)
	

	    Yes
	4,000 (54%)
	3,199 (54%)
	801 (54%)
	

	Laboratory data:
	
	
	
	

	WBC ((max)), K/uL
	12 [9, 17]
	12 [9, 17]
	12 [9, 17]
	0.6

	Hemoglobin (min), g/dL
	10.00 [8.50, 11.70]
	10.00 [8.50, 11.70]
	10.10 [8.60, 11.60]
	0.7

	Platelets (min), K/uL
	182 [132, 245]
	182 [132, 245]
	185 [134, 244]
	0.4

	Anion gap (max), mEq/L
	15.0 [13.0, 18.0]
	15.0 [13.0, 18.0]
	15.0 [13.0, 18.0]
	0.9

	Bicarbonate (max), mEq/L
	25.0 [22.0, 28.0]
	25.0 [22.0, 28.0]
	25.0 [23.0, 28.0]
	>0.9

	Glucose (min), mg/dL
	112 [95, 136]
	112 [95, 136]
	112 [95, 138]
	0.7

	BUN (max), mg/dL
	23 [16, 36]
	23 [16, 37]
	23 [16, 35]
	0.3

	Creatinine (max), mg/dL
	1.10 [0.80, 1.60]
	1.10 [0.80, 1.70]
	1.10 [0.80, 1.60]
	0.2

	Sodium (min), mEq/L
	137.0 [134.0, 140.0]
	137.0 [134.0, 140.0]
	137.0 [134.0, 140.0]
	0.027*

	Potassium (min), mEq/L
	4.00 [3.60, 4.40]
	4.00 [3.70, 4.40]
	4.00 [3.60, 4.40]
	0.5

	Calcium (min), mg/dL
	8.30 [7.80, 8.70]
	8.30 [7.70, 8.70]
	8.30 [7.80, 8.80]
	0.2

	Chloride (min), mEq/L
	102 [97, 105]
	102 [98, 105]
	101 [97, 105]
	0.037*

	PT (max), Sec
	14 [12, 17]
	14 [13, 17]
	14 [12, 17]
	0.049*

	PTT (max), Sec
	32 [28, 43]
	32 [28, 42]
	32 [28, 44]
	0.9

	Urine output, mL
	1,375 [850, 2,130]
	1,380 [850, 2,145]
	1,350 [865, 2,105]
	0.6

	Temperature (max), °C
	37.11 [36.89, 37.50]
	37.11 [36.89, 37.50]
	37.11 [36.89, 37.50]
	0.7

	Heart rate (max), bpm
	100 [88, 115]
	100 [88, 115]
	100 [88, 114]
	0.6

	Resp rate (max), insp/min
	27 [24, 32]
	27 [24, 32]
	27 [24, 32]
	0.6

	DBP (min), mmHg
	45 [38, 52]
	45 [38, 52]
	44 [38, 52]
	0.2

	SpO2 (min), %
	91.0 [89.0, 94.0]
	91.0 [89.0, 94.0]
	92.0 [89.0, 93.0]
	0.4

	Treatment:
	
	
	
	

	Antibiotic
	
	
	
	0.4

	    No
	2,305 (31%)
	1,858 (31%)
	447 (30%)
	

	    Yes
	5,068 (69%)
	4,041 (69%)
	1,027 (70%)
	

	Invasive ventilation
	
	
	
	0.14

	    No
	4,851 (66%)
	3,905 (66%)
	946 (64%)
	

	    Yes
	2,522 (34%)
	1,994 (34%)
	528 (36%)
	

	Vasopressin
	
	
	
	0.4

	    No
	6,871 (93%)
	5,490 (93%)
	1,381 (94%)
	

	    Yes
	502 (6.8%)
	409 (6.9%)
	93 (6.3%)
	

	ACEI
	
	
	
	0.8

	    No
	4,743 (64%)
	3,791 (64%)
	952 (65%)
	

	    Yes
	2,630 (36%)
	2,108 (36%)
	522 (35%)
	

	Scores:
	
	
	
	

	APSIII
	41 [31, 53]
	41 [31, 54]
	41 [31, 53]
	0.7

	SOFA
	4.0 [2.0, 6.0]
	4.0 [2.0, 7.0]
	4.0 [2.0, 6.0]
	0.3

	GCS (min)
	15.00 [14.00, 15.00]
	15.00 [14.00, 15.00]
	15.00 [14.00, 15.00]
	0.6

	OASIS
	31 [26, 38]
	31 [26, 38]
	32 [26, 38]
	0.6

	SAPSII
	37 [29, 45]
	37 [29, 45]
	36 [29, 44]
	0.5

	SIRS
	
	
	
	0.2

	    0
	106 (1.4%)
	81 (1.4%)
	25 (1.7%)
	

	    1
	969 (13%)
	802 (14%)
	167 (11%)
	

	    2
	2,561 (35%)
	2,033 (34%)
	528 (36%)
	

	    3
	2,797 (38%)
	2,228 (38%)
	569 (39%)
	

	    4
	940 (13%)
	755 (13%)
	185 (13%)
	

	1 n (%); Median [Q1, Q3]
2 *p<0.05; **p<0.01; ***p<0.001
Abbreviations: BUN, blood urea nitrogen; PT, prothrombin time; PTT, partial thromboplastin time; DBP, diastolic blood pressure; ACEI, angiotensin-converting enzyme inhibitors; APSIII, Acute Physiology and Chronic Health Evaluation III; SOFA, Sequential Organ Failure Assessment; GCS, Glasgow Coma Scale; OASIS, Oxford Acute Severity of Illness Score; SAPSII, Simplified Acute Physiology Score II; SIRS, systemic inflammatory response syndrome; AKI, acute kidney injury; SpO₂, peripheral oxygen saturation; WBC, white blood cell count; bpm, beats per minute; insp/min, inspirations per minute.
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	Variable
	Coefficient

	Age
	-1.240E-02

	Myocardial infarct
	0

	Congestive heart failure
	0

	Renal disease
	0

	Liver disease
	0

	Diabetes
	0

	Gender
	0

	WBC
	0

	Hemoglobin
	-1.358E-02

	Platelets
	2.781E-05

	Anion gap
	-2.614E-03

	Bicarbonate
	0

	Glucose
	0

	BUN
	7.910E-05

	Creatinine
	0

	Sodium
	0

	Potassium
	-7.391E-04

	Calcium
	0

	Chloride
	-1.862E-03

	PT
	0

	PTT
	0

	Antibiotic
	8.458E-03

	Invasive ventilation
	1.760E-02

	Vasopressin
	6.400E-02

	APSIII
	5.132E-04

	SOFA
	4.544E-04

	Urine output
	0

	Temperature
	3.323E-02

	Heart rate
	1.454E-04

	Resp rate
	2.132E-04

	DBP
	0

	spo2
	0

	GCS
	0

	OASIS
	0

	SAPSII
	0

	SIRS
	0

	ACEI
	0

	AKI
	1.155E-01

	Sepsis
	9.145E-02


This table presents the coefficients of candidate variables derived from least absolute shrinkage and selection operator (LASSO) regression. Variables with non-zero coefficients were retained and subsequently used as input for the Boruta algorithm in the next step of feature selection. Variables with a coefficient of zero were excluded from further analysis.
Abbreviations: LASSO, least absolute shrinkage and selection operator; BUN, blood urea nitrogen; SOFA, Sequential Organ Failure Assessment; APSIII, Acute Physiology Score III; AKI, acute kidney injury; PT, prothrombin time; PTT, partial thromboplastin time; SpO₂, peripheral capillary oxygen saturation; GCS, Glasgow Coma Scale; SIRS, systemic inflammatory response syndrome; OASIS, Oxford Acute Severity of Illness Score; SAPSII, Simplified Acute Physiology Score II; DBP, diastolic blood pressure.

	[bookmark: _Hlk198507409]Table S3. Multivariable logistic regression analysis for prolonged hospital stay.

	Characteristic
	OR
	95% CI
	p-value

	Hemoglobin (min)
	0.904
	0.877, 0.931
	<0.001

	Platelets (min)
	1.001
	1.000, 1.002
	<0.001

	Anion gap (max)
	0.947
	0.931, 0.962
	<0.001

	BUN (max)
	1.006
	1.003, 1.010
	<0.001

	Potassium (min)
	0.841
	0.754, 0.936
	0.002

	Chloride (min)
	0.974
	0.964, 0.984
	<0.001

	Antibiotic 
	
	
	

	    No
	—
	—
	

	    Yes
	1.184
	0.981, 1.429
	0.079

	Invasive ventilation
	
	
	

	    No
	—
	—
	

	    Yes
	1.163
	1.007, 1.343
	0.04

	Vasopressin
	
	
	

	    No
	—
	—
	

	    Yes
	1.440
	1.138, 1.821
	0.002

	SOFA
	1.027
	1.002, 1.053
	0.031

	Temperature (max)
	1.282
	1.162, 1.416
	<0.001

	Heart rate (max)
	1.004
	1.001, 1.007
	0.01

	AKI
	
	
	

	    No
	—
	—
	

	    Yes
	2.772
	2.291, 3.375
	<0.001

	Sepsis
	
	
	

	    No
	—
	—
	

	    Yes
	1.688
	1.423, 2.006
	<0.001

	This table presents the odds ratios (ORs), 95% confidence intervals (CIs), and p-values for predictors of prolonged hospital stay identified by multivariable logistic regression. Categorical variables were encoded with “No” as the reference group.
Abbreviations: OR, odds ratio; CI, confidence interval; SOFA, Sequential Organ Failure Assessment; BUN, blood urea nitrogen; AKI, acute kidney injury.



	[bookmark: _Hlk198507423]Table S4. Hyperparameter space and optimal values for machine learning models.

	Model
	Hyperparameter space
	Optimal hyperparameter

	Random Forest
	ntree = [50, 1000]
mtry = [1, 14]
maxnodes = [10, 100]
nodesize [1, 10]
	ntree=185
mtry=6
maxnodes=79
nodesize=4

	Neural network
	size = [2, 30]
decay = [0, 1]
maxit = [50, 1000]
	size=5
decay=0.001
maxit=353

	SVM
	cost = [1, 100]
gamma = [0.001, 1]
degree = [1, 5]
	cost=47
gamma=0.00849
degree=1

	GBM
	n.trees = [50, 100, 150,200,250]
interaction.depth = [1, 3, 5,7,9]
shrinkage = [0.01, 0.1, 0.3]
	n.trees=100
interaction.depth=3
shrinkage=0.1

	Naive Bayes
	laplace = [0, 10]
	laplace=6.22

	KNN
	k = [3, 10]
	k=8


This table summarizes the hyperparameter search space and the optimal values selected for each machine learning model. Hyperparameter tuning was performed using random search or grid search with five-fold cross-validation on the training set.
Abbreviations: RF, Random Forest; NN, Neural Network; SVM, Support Vector Machine; GBM, Gradient Boosting Machine; KNN, k-Nearest Neighbors; NB, Naive Bayes; ntree, number of trees; mtry, number of variables randomly sampled at each split; maxnodes, maximum number of terminal nodes; nodesize, minimum size of terminal nodes; size, number of units in the hidden layer; decay, weight decay; maxit, maximum number of iterations; cost, penalty parameter in SVM; gamma, kernel coefficient in SVM; degree, polynomial degree in SVM; n.trees, number of boosting iterations; interaction.depth, maximum tree depth in GBM; shrinkage, learning rate in GBM; k, number of nearest neighbors in KNN.
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	Table S5. Performance evaluation metrics for machine learning models.

	
	Model
	Sensitivity
	Specificity
	Precision
	Recall
	F1

	LR
	Training set
	0.616
	0.709
	0.865
	0.616
	0.719

	
	Validation set
	0.668
	0.657
	0.848
	0.668
	0.748

	RF
	Training set
	0.692
	0.784
	0.907
	0.692
	0.785

	
	Validation set
	0.6
	0.738
	0.868
	0.6
	0.709

	NN
	Training set
	0.617
	0.679
	0.854
	0.617
	0.717

	
	Validation set
	0.608
	0.675
	0.843
	0.608
	0.706

	GBM
	Training set
	0.598
	0.721
	0.867
	0.598
	0.708

	
	Validation set
	0.694
	0.652
	0.851
	0.694
	0.764

	KNN
	Training set
	0.561
	0.751
	0.873
	0.561
	0.683

	
	Validation set
	0.485
	0.783
	0.865
	0.485
	0.622

	NB
	Training set
	0.831
	0.359
	0.798
	0.831
	0.814

	
	Validation set
	0.849
	0.366
	0.793
	0.849
	0.82


This table summarizes the performance of six machine learning models on both the training and validation sets in predicting prolonged hospital stay. Evaluation metrics include sensitivity, specificity, precision, recall, and F1-score.
Abbreviations: LR, logistic regression; RF, random forest; NN, neural network; GBM, gradient boosting machine; KNN, k-nearest neighbors; NB, naive Bayes; F1, F1-score (harmonic mean of precision and recall).
