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Supplementary Table S1. Baseline Characteristics and Laboratory Variables of the Full Study Cohort (N = 380), Compared Between Death and Survival Groups in the Discovery and Validation Cohorts

	Variable
	Discovery Death (n=103)
	Discovery Survival (n=162)
	Validation Death (n=45)
	Validation Survival (n=70)
	Discovery p-value
	Validation p-value
	Trend

	CATEGORICAL VARIABLES
	
	
	
	
	
	
	

	Sex, n (%)
	
	
	
	
	0.89
	0.07
	—

	└ Female
	12 (11.7)
	18 (11.1)
	3 (6.7)
	13 (18.6)
	
	
	

	└ Male
	91 (88.3)
	144 (88.9)
	42 (93.3)
	57 (81.4)
	
	
	

	HBeAg status, n (%)†
	
	
	
	
	0.07
	0.12
	—

	└ Negative
	66 (64.1)
	84 (51.9)
	28 (63.6)
	34 (48.6)
	
	
	

	└ Positive
	37 (35.9)
	78 (48.1)
	16 (36.4)
	36 (51.4)
	
	
	

	CONTINUOUS VARIABLES
	
	
	
	
	
	
	

	Demographic Characteristics
	
	
	
	
	
	
	

	Age, years
	50 [42-57]
	42 [36-50]
	49 [39-59]
	44 [35-53]
	<0.001*
	0.02*
	↑

	Virological Markers
	
	
	
	
	
	
	

	log₁₀HBV DNA, IU/mL
	5.68[4.35-7.33]
	5.67[4.32-6.84]
	6.32[4.90-7.10]
	5.49[4.24-7.54]
	0.57
	0.37
	—

	Liver Function and Injury Markers
	
	
	
	
	
	
	

	Albumin, g/L
	30.9[29.1-32.8]
	31.3[28.5-33.1]
	30.1[28.4-33.9]
	31.4[29.0-33.3]
	0.73
	0.45
	—

	ALT, U/L
	221[125-381]
	155[82-379]
	276[124-438]
	230[97-357]
	0.06
	0.26
	—

	AST, U/L
	152[100-238]
	112[73-195]
	177[120-297]
	142[84-232]
	0.01*
	0.05*
	↑

	ALP, U/L
	136[113-166]
	134[109-162]
	156[112-192]
	136[119-157]
	0.34
	0.27
	—

	ACHe, U/L
	3763[2887-4738]
	3479[2612-4302]
	3493[2554-4920]
	3982[3319-4750]
	0.04*
	0.51
	—

	GGT, U/L
	79[45-108]
	72[51-92]
	61[52-120]
	75[59-105]
	0.55
	0.41
	—

	ADA, U/L
	30.2[25.0-35.7]
	27.0[22.0-32.3]
	31.0[25.4-35.0]
	29.0[24.0-32.9]
	0.02*
	0.18
	—

	Bile Acid and Bilirubin Markers
	
	
	
	
	
	
	

	TBA, μmol/L
	277[175-363]
	282[178-353]
	310[159-410]
	309[210-438]
	0.68
	0.18
	—

	Total bilirubin, μmol/L
	391[339-471]
	344[259-413]
	434[341-499]
	337[233-414]
	<0.001*
	<0.001*
	↑

	Direct bilirubin, μmol/L
	295[221-371]
	250[196-317]
	342[232-391]
	245[175-346]
	<0.001*
	<0.001*
	↑

	Indirect bilirubin, μmol/L
	88[69-125]
	70[52-104]
	92[62-137]
	59[41-92]
	<0.001*
	<0.001*
	↑

	Renal Function Markers
	
	
	
	
	
	
	

	eGFR, mL/min/1.73m²
	109[94-118]
	111[102-120]
	107[84-113]
	114[101-124]
	0.04*
	0.01*
	↓

	BUN, mmol/L
	4.35[3.17-6.29]
	3.94[2.93-5.16]
	5.19[4.20-8.10]
	3.40[2.70-4.38]
	<0.001*
	<0.001*
	↑

	Creatinine, μmol/L
	62.5[53.0-79.5]
	62.5[57.0-73.8]
	67.0[60.0-89.5]
	62.0[54.0-71.8]
	0.8
	0.08
	—

	Electrolytes
	
	
	
	
	
	
	

	Potassium, mmol/L
	4.02[3.69-4.44]
	4.04[3.69-4.39]
	4.11[3.76-4.47]
	4.05[3.64-4.36]
	0.7
	0.83
	—

	Sodium, mmol/L
	139[136-141]
	138[136-140]
	138[136-140]
	138[136-140]
	0.1
	0.9
	—

	Calcium, mmol/L
	2.09±0.12
	2.08±0.13
	2.09±0.11
	2.10±0.13
	0.46
	0.74
	—

	Lipid Metabolism Markers
	
	
	
	
	
	
	

	Triglycerides, mmol/L
	1.17[0.96-1.42]
	1.26[0.97-1.57]
	1.12[0.89-1.31]
	1.32[1.00-1.76]
	0.05*
	<0.001*
	↓

	Total cholesterol, mmol/L
	1.92[1.57-2.62]
	2.01[1.65-2.45]
	2.02[1.44-2.53]
	2.26[1.77-2.69]
	0.35
	0.07
	—

	HDL, mmol/L
	0.22[0.15-0.29]
	0.20[0.15-0.25]
	0.21[0.16-0.27]
	0.18[0.13-0.25]
	0.08
	0.22
	—

	LDL, mmol/L
	0.93[0.38-1.29]
	0.56[0.35-1.00]
	0.70[0.41-1.28]
	0.74[0.31-1.17]
	0.01*
	0.42
	—

	VLDL, mmol/L
	0.86[0.46-1.28]
	1.13[0.67-1.46]
	0.90[0.57-1.18]
	1.18[0.80-1.53]
	<0.001*
	<0.001*
	↓

	Metabolic Markers
	
	
	
	
	
	
	

	Glucose, mmol/L
	4.34[3.40-5.69]
	4.04[3.42-4.81]
	4.21[3.14-5.44]
	4.03[3.28-4.74]
	0.15
	0.06
	—

	Coagulation Function
	
	
	
	
	
	
	

	INR
	2.41[1.89-3.18]
	1.93[1.67-2.19]
	2.70[2.24-3.06]
	1.79[1.64-2.05]
	<0.001*
	<0.001*
	↑

	PT, seconds
	27.0[21.4-35.2]
	21.6[18.9-24.5]
	29.7[25.1-34.7]
	20.1[18.3-23.2]
	<0.001*
	<0.001*
	↑

	D-dimer, μg/L
	2674[1696-4619]
	1915[789-3039]
	3148[1963-4867]
	1508[648-2979]
	<0.001*
	<0.001*
	↑

	Hematological Markers
	
	
	
	
	
	
	

	WBC, ×10⁹/L
	7.60[5.52-10.50]
	6.81[4.99-8.60]
	7.40[5.47-12.55]
	6.95[5.30-8.69]
	0.03*
	0.02*
	↑

	Neutrophil count, ×10⁹/L
	5.40[3.70-8.20]
	4.38[3.03-6.02]
	5.50[3.90-9.90]
	4.35[3.22-5.80]
	<0.001*
	<0.001*
	↑

	RBC, ×10¹²/L
	3.87±0.62
	3.83±0.68
	3.95±0.67
	4.02±0.70
	0.55
	0.33
	—

	Hemoglobin, g/L
	121±18
	119±18
	123±19
	125±19
	0.49
	0.41
	—

	Platelet count, ×10⁹/L
	93[66-126]
	100[64-133]
	79[56-119]
	116[81-140]
	0.34
	<0.001*
	↓‡

	Tumor and Inflammatory Markers
	
	
	
	
	
	
	

	AFP, ng/mL
	93[24-216]
	122[41-314]
	58[23-225]
	113[37-279]
	0.55
	0.02*
	↓§

	CA199, U/mL
	27.7[14.9-65.0]
	20.5[7.8-44.9]
	31.2[12.3-57.1]
	25.0[12.1-48.4]
	0.11
	0.51
	—

	[bookmark: OLE_LINK1]Ferritin, μg/L
	3432[1747-5823]
	2577[1363-3599]
	4113[2578-6456]
	2560[1751-4225]
	0.03*
	<0.001*
	↑


Notes: This table summarizes baseline characteristics in the full enrolled cohort (N = 380). ANIT and MELD scores were calculable in all 380 patients. COSSH-ACLF II required baseline serum urea and was therefore calculable in 372 patients, with 8 patients lacking this variable. To ensure a fair head-to-head comparison across all three models, all model-performance analyses, including ROC analysis, calibration, decision curve analysis, and bootstrap internal validation, were performed in the common complete-case cohort (N = 372).
 Values are presented as n (%), mean ± SD, or median [IQR], as appropriate. Statistical significance was assessed by two-tailed comparison between death and survival groups within the same cohort. Continuous variables were compared using the independent-samples t test for normally distributed data and the Mann-Whitney U test for non-normally distributed data. Categorical variables were compared using the chi-square test or Fisher’s exact test, as appropriate. Normality was assessed using the Shapiro-Wilk test.
P < 0.05. Exact P values may round to 0.05 while remaining < 0.05 in the underlying analysis.
† One HBeAg value was missing in the validation death group (44/45 available).
Complete data were available for all variables except ferritin (285/380, 75.0%), lipid profile (312/380, 82.1%), and HBeAg status (379/380, 99.7%).
Trend indicators were defined as follows: ↑, significantly higher in the death group in both cohorts; ↓, significantly lower in the death group in both cohorts; —, no significant difference or inconsistent trends between cohorts.
‡ Platelet count was significantly different only in the validation cohort.
§ AFP was lower in the death group in the validation cohort and should be interpreted cautiously.
Abbreviations: ACHe, acetylcholinesterase; ADA, adenosine deaminase; AFP, alpha-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CA199, carbohydrate antigen 19-9; eGFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; INR, international normalized ratio; LDL, low-density lipoprotein; PT, prothrombin time; RBC, red blood cell count; TBA, total bile acids; VLDL, very-low-density lipoprotein; WBC, white blood cell count.


















	Variable
	Age
	AST
	TB
	DB
	IB
	eGFR
	BUN
	TG
	VLDL
	INR
	PT
	WBC
	Neutrophil
	Ferritin
	D-dimer

	Age
	1
	-0.106
	0.055
	0.109
	-0.09
	-0.630*
	0.460*
	-0.034
	-0.029
	-0.029
	-0.029
	-0.156*
	-0.081
	0.02
	0.09

	AST
	-0.106
	1
	-0.024
	-0.002
	-0.029
	0.084
	-0.218**
	0.111
	0.168**
	0.148*
	0.140*
	0.063
	0.019
	0.213**
	-0.101

	TB
	0.055
	-0.024
	1
	0.898*
	0.581*
	-0.035
	0.159*
	0.158*
	0.071
	0.098
	0.105
	0.194**
	0.246**
	0.122
	0.029

	DB
	0.109
	-0.002
	0.898*
	1
	0.228**
	-0.004
	0.142*
	0.280**
	0.227**
	-0.092
	-0.085
	0.114
	0.179**
	0.074
	-0.039

	IB
	-0.09
	-0.029
	0.581*
	0.228**
	1
	-0.081
	0.118
	-0.201**
	-0.325**
	0.491**
	0.497**
	0.270**
	0.260**
	0.174**
	0.171**

	eGFR
	-0.630*
	0.084
	-0.035
	-0.004
	-0.081
	1
	-0.565*
	0.146*
	0.123*
	-0.121*
	-0.114
	0
	0.005
	-0.027
	-0.127*

	BUN
	0.460*
	-0.218**
	0.159*
	0.142*
	0.118
	-0.565*
	1
	-0.121
	-0.112
	0.022
	0.018
	0.131*
	0.178**
	0.053
	0.123

	TG
	-0.034
	0.111
	0.158*
	0.280**
	-0.201**
	0.146*
	-0.121
	1
	0.877*
	-0.414**
	-0.407**
	-0.056
	-0.04
	0.058
	-0.244**

	VLDL
	-0.029
	0.168**
	0.071
	0.227**
	-0.325**
	0.123*
	-0.112
	0.877*
	1
	-0.515*
	-0.518*
	-0.148*
	-0.142*
	0.069
	-0.312**

	INR
	-0.029
	0.148*
	0.098
	-0.092
	0.491**
	-0.121*
	0.022
	-0.414**
	-0.515*
	1
	0.994*
	0.265**
	0.250**
	0.202**
	0.193**

	PT
	-0.029
	0.140*
	0.105
	-0.085
	0.497**
	-0.114
	0.018
	-0.407**
	-0.518*
	0.994*
	1
	0.264**
	0.253**
	0.212**
	0.191**

	WBC
	-0.156*
	0.063
	0.194**
	0.114
	0.270**
	0
	0.131*
	-0.056
	-0.148*
	0.265**
	0.264**
	1
	0.958*
	0.09
	0.117

	Neutrophil
	-0.081
	0.019
	0.246**
	0.179**
	0.260**
	0.005
	0.178**
	-0.04
	-0.142*
	0.250**
	0.253**
	0.958*
	1
	0.081
	0.124*

	Ferritin
	0.02
	0.213**
	0.122
	0.074
	0.174**
	-0.027
	0.053
	0.058
	0.069
	0.202**
	0.212**
	0.09
	0.081
	1
	0.022

	D-dimer
	0.09
	-0.101
	0.029
	-0.039
	0.171**
	-0.127*
	0.123
	-0.244**
	-0.312**
	0.193**
	0.191**
	0.117
	0.124*
	0.022
	1



Supplementary Table S2. Pearson Correlation Matrix of 15 Candidate Variables in the Discovery Cohort (n=265)
Note: Pearson correlation coefficients were calculated among the 15 univariately significant candidate variables in the discovery cohort (n = 265). Correlations with |r| > 0.85 were predefined as evidence of redundancy. Four high-correlation pairs met this threshold: INR vs prothrombin time (r = 0.994), white blood cell count vs neutrophil count (r = 0.958), total bilirubin vs direct bilirubin (r = 0.898), and triglycerides vs very-low-density lipoprotein (r = 0.877). In each pair, the clinically more interpretable or internationally standardized variable was retained: INR, neutrophil count, total bilirubin, and triglycerides, respectively. In addition, to avoid over-representation of closely related physiological domains in subsequent multivariable modeling, total bilirubin was selected as the representative bilirubin marker and estimated glomerular filtration rate as the representative renal function marker; accordingly, indirect bilirubin and blood urea nitrogen were not entered into the nine-variable multivariable candidate set. Estimated glomerular filtration rate was subsequently excluded because it was not independently associated with 28-day mortality in multivariable logistic regression (P = 0.472; Supplementary Table S3C).
*P < 0.05; *P < 0.01 (two-tailed).
Abbreviations: AST, aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin; IB, indirect bilirubin; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; TG, triglycerides; VLDL, very-low-density lipoprotein; INR, international normalized ratio; PT, prothrombin time; WBC, white blood cell count.


Supplementary Table S3. Multicollinearity diagnostics and multivariable logistic regression results for nine candidate variables in the discovery cohort (n = 265)
	Part A: Variance Inflation Factor (VIF) Analysis

	Variable
	VIF
	Tolerance
	Interpretation

	Age (years)
	1.660
	0.602
	No collinearity concern

	INR
	1.454
	0.688
	No collinearity concern

	TG (mmol/L)
	1.397
	0.716
	No collinearity concern

	TB (μmol/L)
	1.134
	0.882
	No collinearity concern

	Neutrophil (×10⁹/L)
	1.131
	0.884
	No collinearity concern

	AST (U/L)
	1.110
	0.901
	No collinearity concern

	D-dimer (μg/L)
	1.109
	0.901
	No collinearity concern

	Ferritin (μg/L)
	1.109
	0.902
	No collinearity concern

	eGFR(mL/min/1.73m²)
	1.051
	0.952
	No collinearity concern


Note: VIF, variance inflation factor. Tolerance = 1/VIF. All VIF values were below 2.0, indicating minimal multicollinearity among the nine candidate variables. VIF < 5 is generally considered acceptable; VIF ≥ 10 indicates severe collinearity.

Part B: Condition Index Analysis
	Dimension
	Eigenvalue
	Condition Index
	Primary Variance Proportions

	1
	7.083
	1.000
	—

	2
	0.674
	3.241
	D-dimer (0.66)

	3
	0.449
	3.971
	Ferritin (0.42)

	4
	0.379
	4.326
	AST (0.60), Ferritin (0.51)

	5
	0.183
	6.216
	Neutrophil (0.67)

	6
	0.119
	7.712
	—

	7
	0.061
	10.742
	TB (0.86)

	8
	0.040
	13.291
	TG (0.47), INR (0.52)

	9
	0.011
	25.631
	Constant (0.98), eGFR (0.59)


Note: Condition index values were interpreted as follows: < 10, low collinearity; 10–30, moderate collinearity; ≥ 30, severe collinearity. The maximum condition index of 25.6 in Dimension 9 indicates moderate collinearity, primarily involving the estimated glomerular filtration rate and the model intercept, consistent with the known age-related decline in renal function. This finding, together with the non-significant independent association of estimated glomerular filtration rate in multivariable logistic regression (P = 0.472; Part C), supported its exclusion from the final model.

Part C: Multivariable Logistic Regression Results (Nine-Variable Model)
	Variable
	β
	SE
	Wald χ²
	P-value
	OR (95% CI)
	Decision

	Variable
	β
	SE
	Wald χ²
	P-value
	OR (95% CI)
	Decision

	Age (years)
	0.066
	0.019
	11.746
	0.001
	1.069 (1.030–1.109)
	Retained

	TB (μmol/L)
	0.007
	0.002
	15.032
	< 0.001
	1.007 (1.004–1.011)
	Retained

	INR
	1.659
	0.366
	20.604
	< 0.001
	5.257 (2.569–10.760)
	Retained

	Neutrophil (×10⁹/L)
	0.124
	0.062
	3.990
	0.046
	1.132 (1.002–1.279)
	Retained

	D-dimer (μg/L)
	0.0002
	0.0001
	2.491
	0.115
	1.000 (1.000–1.000)
	Removed (P > 0.10)

	Ferritin (μg/L)
	0.0001
	0.0001
	2.505
	0.113
	1.000 (1.000–1.000)
	Removed (P > 0.10)

	eGFR (mL/min/1.73 m²)
	0.008
	0.011
	0.517
	0.472
	1.008 (0.986–1.030)
	Removed (P > 0.05)

	AST (U/L)
	0.0002
	0.0010
	0.158
	0.691
	1.000 (0.999–1.002)
	Removed (P > 0.05)


Note: β, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval; TB, total bilirubin; INR, international normalized ratio; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; TG, triglycerides. Variables with very small per-unit effects (D-dimer, ferritin, and AST) are reported with sufficient decimal precision to reflect non-zero coefficients. The units used here are consistent with those in Supplementary Table S1 and the main text: D-dimer in μg/L, ferritin in μg/L, and AST in U/L. Four variables were retained for final model development on the basis of independent prognostic significance: age, total bilirubin, INR, and neutrophil count.


Supplementary Table S4. Bootstrap Internal Validation of ANIT, MELD, and COSSH-ACLF II in the Common Complete-Case Cohort (N = 372; 1,000 Resamples) 
	Metric
	ANIT
	MELD
	COSSH-ACLF II

	Cohort characteristics
	
	
	

	Total patients, n
	372
	372
	372

	Deaths, n
	146
	146
	146

	Survivors, n
	226
	226
	226

	Successful bootstrap resamples
	1,000
	1,000
	1,000

	Discrimination
	
	
	

	Apparent C-index
	0.8733
	0.773
	0.7983

	Optimism
	0.0043
	−0.0009
	−0.0014

	Optimism-corrected C-index
	0.869
	0.7739
	0.7997

	95% CI
	0.8354–0.9037
	0.7284–0.8247
	0.7549–0.8438

	Probabilistic accuracy
	
	

	Apparent Brier score
	0.1409
	0.182
	0.1752

	Optimism
	−0.0043
	−0.0015
	−0.0012

	Optimism-corrected Brier score
	0.1452
	0.1835
	0.1765

	95% CI
	0.1258–0.1677
	0.1648–0.2041
	0.1580–0.1977

	Calibration
	
	
	

	Apparent intercept
	0
	0
	0

	Optimism-corrected intercept
	−0.0184
	0.0003
	0.0044

	95% CI
	−0.2978 to 0.2870
	−0.2298 to 0.2896
	−0.2435 to 0.2855

	Apparent slope
	1
	1
	1

	Optimism-corrected slope
	0.967
	1.0096
	1.0088

	95% CI
	0.7785–1.1577
	0.7920–1.2848
	0.7947–1.2462


Note: Bootstrap internal validation was performed with 1,000 resamples in the common complete-case cohort (N = 372), comprising 380 enrolled patients minus 8 with missing baseline serum urea required for COSSH-ACLF II calculation (6 in the discovery cohort, 2 in the validation cohort). All three models were evaluated in the same analytic sample to ensure a fair comparison. For ANIT, bootstrap validation was performed using a model refitted on the N = 372 common complete-case cohort; discrimination and calibration results were consistent with those obtained using the fixed original equation derived from the discovery cohort (optimism-corrected C-index: 0.8690 vs 0.8690; optimism-corrected Brier score: 0.1452 vs 0.1433). Optimism was estimated as the mean difference between apparent performance in bootstrap samples and performance of the bootstrap-derived model applied back to the original sample across 1,000 resamples; optimism-corrected values were obtained by subtracting optimism from apparent performance. For Brier score, lower values indicate better probabilistic accuracy. For calibration, intercept values near 0 indicate absence of systematic over- or under-prediction; slope values near 1.0 indicate absence of miscalibration across the risk spectrum. Apparent calibration intercepts are approximately 0 by construction in logistic regression models evaluated on the fitting sample. Abbreviations: CI, confidence interval; ANIT, Age–Neutrophil–INR–Total bilirubin model; MELD, Model for End-stage Liver Disease; COSSH-ACLF II, Chinese Group on the Study of Severe Hepatitis B–Acute-on-Chronic Liver Failure II score.

