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Table S1 Sample distribution across participating centers
	Center
	No. of samples, n (%)

	Center A
	777（41.24）

	Center B
	302（16.03）

	Center C
	199（10.56）

	Center D
	196（10.40）

	Center E
	200（10.62）

	Center F
	[bookmark: OLE_LINK32][bookmark: OLE_LINK33]110（5.84）

	Center G
	100（5.31）

	Total
	1884(100.00)


Note: Centers were anonymized for confidentiality.


























Table S2. Comparison of variable distributions before and after multiple imputation.
	[bookmark: _Hlk225764305]Variable
	Before imputation
	After imputation
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Statistic value
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]P value

	Age (years),
	81(73,86)
	81(74,86)
	0.013
	0.990

	Male, n (%)
	982(52.2%)
	982(52.1%)
	<0.001
	0.986

	Height (cm)
	160(153,166)
	160(153,166)
	1.144
	0.252

	Weight (kg)
	60.00（50.00，67.00）
	58.5（50.00，67.00）
	0.832
	0.405

	[bookmark: _Hlk226022737]Smoking, n (%)
	664(35.3%)
	664(35.3%)
	0.001
	0.981

	Alcohol use, n (%)
	517(27.5%)
	517(27.5%)
	<0.001
	0.992

	History of drug allergy, n (%)
	31(1.7%)
	31(1.6%)
	0.001
	0.975

	Length of hospital stay (days)
	9(6,13)
	9(6,13)
	0.014
	0.989

	[bookmark: OLE_LINK119]Red blood cell count (1012/L)
	4.13(3.64,4.61)
	4.10(3.60,4.58)
	0.012
	0.990

	Hemoglobin (g/L)
	125(110,139)
	124(109,139)
	0.323
	0.747

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]White blood cell count (109/L)
	6.63(5.23,8.40)
	6.75(5.33,8.60)
	0.243
	0.808

	Absolute neutrophil count (109/L)
	4.62(3.46,6.36)
	4.80(3.56,6.59)
	0.193
	0.847

	Neutrophil percentage (%)
	71.7(64.80,79.30)
	72.6(65.5,80.7)
	0.129
	0.897

	Platelet count (109/L)
	205(148,287)
	181(137,228)
	0.169
	0.866

	C-reactive protein (mg/L)
	16.1(3.34,43.54)
	5.83(2.17,21.7)
	0.073
	0.942

	Procalcitonin(ng/mL)
	0.06(0.04,0.17)
	0.08(0.04,0.21)
	0.060
	0.952

	Prothrombin time (s)
	12.7(11.8,13.5)
	12.6(11.6,14.3)
	0.065
	0.357

	Fibrinogen (g/L)
	3.4(2.7,5.0)`
	3.15(2.57,4.01)
	0.357
	0.721

	D-dimer (mg/L)
	1.00(0.43,1.89)
	0.99(0.49,2.01)
	0.335
	0.738

	Total protein (g/L)
	65.1(61.6,69.1)
	65.15(61.00,70.20)
	0.249
	0.803

	Albumin (g/L)
	35.10(31.60,38.90)
	37.7(34.3,41.00)
	0.005
	0.996

	Total bilirubin (μmol/L)
	10.70(6.60,22.50)
	13.1(8.60,19.68)
	1.279
	0.201

	[bookmark: _Hlk225854873][bookmark: OLE_LINK127][bookmark: OLE_LINK128]Alanine aminotransferase (U/L)
	22.00(13.00,34.00)
	21.00(13.00,35.00)
	0.135
	0.893

	Aspartate aminotransferase (U/L)
	27.00(19.00,38.00)
	26.00(19.00,38.00)
	0.007
	0.994

	Gamma-glutamyl transferase 
(U/L)
	63.20(29.00,110.00)
	42.00(25.00,79.00)
	0.032
	0.974

	Grade 1 liver dysfunction, n (%)
	885(47.6%)
	891(47.3%)
	0.032
	0.999

	Uric acid (μmol/L)
	329.00(256.00,503.00)
	401.00(315.00,510.75)
	0.112
	0.911

	Serum creatinine (μmol/L)
	72.00（58.00,95.40）
	87.00（68.00,121.00）
	0.032
	0.975

	Creatinine clearance(mL/min)
	54.41（42.11,72.40）
	52.26（35.40,73.28）
	1.400
	0.161

	Total cholesterol (mmol/L)
	4.02（3.25,4.91）
	3.66（3.02,4.48）
	0.248
	0.804

	Triglycerides (mmol/L)
	1.37（0.96,2.27）
	1.12（0.84,1.57）
	0.180
	0.857

	[bookmark: _Hlk225854887]High-density lipoprotein 
cholesterol (mmol/L)
	0.84（0.77,1.16）
	1.05（0.86,1.29）
	0.414
	0.679

	Low-density lipoprotein
cholesterol (mmol/L)
	2.33（1.88,2.79）
	2.07（1.55,2.71）
	0.351
	0.726

	[bookmark: OLE_LINK129][bookmark: OLE_LINK130]Fasting blood glucose (mmol/L)
	7.30（6.00,10.69）
	6.00（5.11,7.80）
	0.191
	0.848

	[bookmark: OLE_LINK138]Glycated hemoglobin (%)
	6.58（6.10,8.20）
	6.10（5.70,6.70）
	1.169
	0.242

	Calcium(mmol/L)
	2.09（1.10,2.23）
	2.18（2.04,2.29）
	1.392
	0.164

	Potassium(mmol/L)
	3.57（3.30,3.98）
	4.00（3.60,4.40）
	0.071
	0.943

	Sodium(mmol/L)
	137.38（133.80,140.00）
	139.00（136.60,142.00）
	0.221
	0.825

	Chloride(mmol/L)
	103.20（97.69,106.00）
	104.00（100.92,107.00）
	0.464
	0.643

	[bookmark: _Hlk225854924]Brain natriuretic peptide (pg/mL)
	3013.90（985.00,5684.00）
	1605.00（558.00,4634.25）
	0.140
	0.888

	Left ventricular ejection fraction (%)
	49.00（41.00,62.00）
	52.00（40.00,61.00）
	0.149
	0.882

	[bookmark: OLE_LINK131]Use of levosimendan, n (%)
	100(5.3%)
	100(5.3%)
	<0.001
	0.988

	[bookmark: _Hlk225767912]Use of antiplatelet agents, n (%)
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _GoBack]307(16.3%)
	307(16.3%)
	<0.001
	[bookmark: OLE_LINK16]0.983

	Number of intravenous 
Medications,n
	7.00（4.00,10.00）
	6.00（3.00,9.00）
	0.021
	0.983

	Total number of medications,n
	21.00（16.00,26.00）
	18.00（14.00,25.00）
	0.259
	0.796


Note:Values are presented as median (P25, P75) or n (%), as appropriate.


















[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Table S3. Distribution of drug-related problems in hospitalized heart failure patients 
		Category



	Internal cohort, n (%)
	External cohort, n (%)
	[bookmark: OLE_LINK22][bookmark: OLE_LINK23]P value

	Problem type
	
	
	

	P1: Treatment effectiveness
	34 (1.80)
	14 (14.0)
	< 0.001

	P1.1: Ineffective drug therapy
	0 (0.00)
	0 (0.0)
	NA

	P1.2: Suboptimal treatment effect
	34 (1.80)
	14 (14.0)
	< 0.001

	P1.3: Untreated symptoms/indications
	0 (0.00)
	0 (0.0)
	NA

	P2: Treatment safety
	1295 (68.74)
	58 (58.0)
	0.025

	P2.1: (Potential) adverse drug events
	1295 (68.74)
	58 (58.0)
	0.025

	P3: Other
	324 (17.20)
	10 (10.0)
	0.061

	P3.1: Cost-effectiveness issue
	1 (0.05)
	0 (0.0)
	1.000

	P3.2: Unnecessary drug therapy
	323 (17.14)
	0 (0.0)
	0.001

	P3.3: Uncertain/problem requiring clarification
	1 (0.05)
	10 (10.0)
	0.001

	Cause type
	
	
	

	C1: Drug selection
	1375 (72.98)
	66 (66.0)
	0.127

	C1.1: Inappropriate drug selection (not guideline-based)
	16 (0.85)
	0 (0.0)
	1.000

	C1.2: Inappropriate drug selection (guideline-recommended but contraindicated for patient)
	218 (11.57)
	10 (10.0)
	0.631

	C1.3: No standard therapy available
	35 (1.86)
	0 (0.0)
	0.257

	C1.4: Inappropriate combination (drug-drug, drug-herb, or drug-supplement)
	1243 (65.98)
	62 (62.0)
	0.414

	C1.5: Drug duplication (same pharmacologic action or active ingredient)
	260 (13.80)
	0 (0.0)
	0.001

	C1.6: Indicated drug not given / incomplete treatment
	0 (0.00)
	0 (0.0)
	NA

	C1.7: Excessive drugs for same disease
	72 (3.82)
	0 (0.0)
	[bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26]0.048

	C2: Dosage form
	1 (0.05)
	0 (0.0)
	1.000

	C2.1: Inappropriate formulation for patient
	1 (0.05)
	0 (0.0)
	1.000

	C3: Dose selection
	118 (6.26)
	1 (1.0)
	0.031

	C3.1: Dose too low
	4 (0.21)
	0 (0.0)
	1.000

	C3.2: Dose too high
	79 (4.19)
	0 (0.0)
	0.031

	C3.3: Insufficient administration frequency
	2 (0.11)
	1 (1.0)
	0.144

	C3.4: Excessive administration frequency
	44 (2.34)
	0 (0.0)
	0.167

	C3.5: Incorrect or unclear timing
	0 (0.00)
	0 (0.0)
	NA

	C4: Treatment duration
	11 (0.58)
	2 (2.0)
	0.137

	C4.1: Duration too short
	0 (0.00)
	0 (0.0)
	NA

	C4.2: Duration too long
	11 (0.58)
	2 (2.0)
	0.137

	C5: Dispensing
	0 (0.00)
	0 (0.00)
	NA

	C6: Drug administration process
	0 (0.00)
	0 (0.00)
	NA

	C7: Patient-related
	0 (0.00)
	0 (0.00)
	NA

	C8: Care transition-related
	0 (0.00)
	0 (0.00)
	NA

	C9: Other
	99 (5.25)
	10 (10.0)
	0.042

	C9.2: Other causes (inappropriate solvent, infusion concentration, or administration method)
	99 (5.25)
	10 (10.0)
	0.042


 







[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK50]Table S4. LASSO regression analysis results
	Variables
	Regression Coefficient (β)
	t / z Statistic
	P-value

	Food allergy history
	0.157
	7.594
	<0.001

	Neutrophil percentage (%)
	0.001
	2.080
	0.037

	Fibrinogen (g/L)
	0.005
	3.120
	0.002

	Albumin (g/L)
	-0.003
	-1.956
	0.049

	Aspartate aminotransferase (U/L)
	0.0002
	4.747
	<0.001

	Hepatic impairment
	0.003
	2.663
	0.008

	Creatinine clearance (mL/min)
	-0.005
	-13.616
	<0.001

	Fasting blood glucose (mmol/L)
	0.003
	2.803
	0.006

	Number of drug-related problems
	0.05
	19.874
	<0.001

	[bookmark: _Hlk226098204]Use of cardiotonic agents
	0.009
	3.583
	<0.001

	Use of antibacterial agents
	0.043
	3.097
	0.001


















