The detail process of variables selection for prediction model construction
(1) both LASSO regression (α = 1) and Elastic Net regression (α = 0.8) were performed. Variable sets under both the λ.min and λ.1se criteria were considered to balance parsimony and information retention. Stability selection was further applied using 100 bootstrap resamples with a selection threshold of ≥0.5 to enhance robustness. 
We took the union of the predictor variables obtained from the three methods: vars_lasso_min, vars_en, and vars_stable. At last, we got six variables in this step, see as in table1.
Table 1 Variables selection of method of vars_lasso_min, vars_en, and vars_stable
	Rank
	Variable
	LASSO_min
	LASSO_1se
	ElasticNet
	Stability
	Total_Methods_Selected

	1
	icu_los
	1
	1
	1
	1
	4

	2
	has_cvc
	1
	0
	1
	1
	3

	3
	gender
	0
	0
	0
	1
	1

	4
	hypertension
	0
	0
	0
	1
	1

	5
	num_procedure_types
	0
	0
	0
	1
	1

	6
	total_antibiotic_hours
	0
	0
	0
	1
	1



(2) tree-based algorithms quantified feature importance, with XGB, GBM and and Random Forest selecting the top 15 variables. We took the union of the variables obtained from the three methods, and ultimately derived a set of 21 independent variables at this step: icu_los, total_antibiotic_hours, hr_max, rr_first, glucose_fasting, age_at_icu, pt_new, lactate, map_new_vital, wbc, hemoglobin, ptt, spo2_first, potassium, sbp_min, apsiii_total, sbp_max, platelet, num_procedure_types, has_cvc, creatinine, as detailed in Table 2.

(3) We take the union of the variables derived from the first two steps, then apply a Random Forest algorithm to rank the importance of all variables. Finally, we select the top 15 most important variables to construct the final predictive model. The details of the variables finally selected for constructing the prediction model are provided in Table 3. 
Table 2 Variables selection of three tree models
	Model
	Variable
	Importance
	Model2
	Variable
	XGBoost_Gain
	Model3
	Variable
	Importance

	GBM
	icu_los
	322.87 
	XGB
	icu_los
	0.177 
	RandomForest
	total_antibiotic_hours
	0.0075

	GBM
	total_antibiotic_hours
	69.34 
	XGB
	total_antibiotic_hours
	0.069 
	RandomForest
	icu_los
	0.0063

	GBM
	hr_max
	26.83 
	XGB
	age_at_icu
	0.052 
	RandomForest
	lactate
	0.0055

	GBM
	rr_first
	25.45 
	XGB
	pt_new
	0.046 
	RandomForest
	apsiii_total
	0.0051

	GBM
	glucose_fasting
	24.12 
	XGB
	wbc
	0.046 
	RandomForest
	glucose_fasting
	0.0030

	GBM
	age_at_icu
	19.45 
	XGB
	apsiii_total
	0.044 
	RandomForest
	num_procedure_types
	0.0022

	GBM
	pt_new
	18.80 
	XGB
	sbp_max
	0.043 
	RandomForest
	sbp_min
	0.0018

	GBM
	lactate
	18.63 
	XGB
	hr_max
	0.041 
	RandomForest
	sbp_max
	0.0017

	GBM
	map_new_vital
	18.62 
	XGB
	glucose_fasting
	0.041 
	RandomForest
	has_cvc
	0.0016

	GBM
	wbc
	18.02 
	XGB
	map_new_vital
	0.040 
	RandomForest
	creatinine
	0.0016

	GBM
	hemoglobin
	16.14 
	XGB
	hemoglobin
	0.040 
	RandomForest
	map_new_vital
	0.0014

	GBM
	ptt
	14.45 
	XGB
	ptt
	0.038 
	RandomForest
	hemoglobin
	0.0013

	GBM
	spo2_first
	13.66 
	XGB
	sbp_min
	0.037 
	RandomForest
	age_at_icu
	0.0012

	GBM
	potassium
	13.48 
	XGB
	platelet
	0.036 
	RandomForest
	rr_first
	0.0012

	GBM
	sbp_min
	13.09 
	XGB
	lactate
	0.033 
	RandomForest
	ptt
	0.0010





Table 3 Final variables selection of Random Forest
	Variable
	head.imp..15.

	total_antibiotic_hours
	30.065

	icu_los
	28.854

	lactate
	28.740

	apsiii_total
	26.364

	sbp_max
	18.455

	sbp_min
	18.207

	creatinine
	17.209

	glucose_fasting
	16.578

	has_cvc
	16.344

	num_procedure_types
	16.0986

	rr_first
	15.4957

	hemoglobin
	14.683

	age_at_icu
	13.353

	hr_max
	13.037

	map_new_vital
	11.926




