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[bookmark: _Toc14483]Variable Collection
For each patient, we gathered comprehensive clinical data, including demographic information such as age and sex, as well as comorbidities such as hypertension, diabetes, atrial fibrillation, pulmonary embolism, and cerebrovascular accidents. The comorbidity data were obtained from a combination of ICD-10 codes, vital signs, and laboratory values using previously reported methods. We determined the etiology of liver disease using a validated algorithm and subsequently classified it as hepatitis A (HAV), hepatitis B (HBV), hepatitis C (HCV), hepatitis D (HDV), hepatitis E (HEV), alcoholic liver disease, non-alcoholic fatty liver disease (NAFLD), or other (including drug-induced hepatitis and toxic liver disease). Additionally, we collected data on liver, kidney, brain, coagulation, circulation, and respiratory organ failures, as well as information on four inciting acute decompensations (hepatic encephalopathy [HE], ascites, gastrointestinal bleeding [GIB], and bacterial infection). We obtained detailed laboratory data at the baseline and at the time of onset of ACLF, including white blood cell count(WBC), neutrophil percentage(NEUT%), neutrophil absolute value(NEUT), platelet count(PLT), hemoglobin(HGB), total protein(TP), albumin(ALB), alanine aminotransferase(ALT), aspartate aminotransferase (AST), alkaline phosphatase(ALP), glutamyl transpeptidase (GGT), total bilirubin(TBiL), direct bilirubin(DBiL), serum total bile acid (TBA), prothrombin time (PT), prothrombin activity(PTA), international normalized ratio(INR), blood ammonia, serum creatinine(SCr), urea nitrogen(BUN), glomerular filtration rate, c-reactive protein(CRP), high-density lipoprotein(HDL-C), total cholesterol(TC), whole blood lactic acid, arterial partial oxygen pressure(PaO2), arterial oxygen saturation(SpO2), arterial carbon dioxide pressure( PaCO2), PaO2/FiO2, sodium(Na), potassium(K), magnesium(Mg), calcium(Ca). The criteria for respiratory failure and circulatory failure were referenced from EASL-CLIF. Respiratory failure is defined as PaO2/FiO2 of ≤ 200 or SpO2/FiO2 of ≤ 214 or the need for mechanical ventilation. Circulatory failure is defined as the use of vasopressors (terlipressin and/or catecholamines).

[bookmark: _Toc29854]Identifying the clinical characteristics of enrolled patients
To determine the clinical characteristics of enrolled patients, statistical methods such as the Chi-square test and T-test were utilized to compare the clinical features and laboratory indicators, as well as the prevalence of organ failure among the ACLF, developed ACLF, and non-developed ACLF groups at admission. Additionally, a more detailed analysis of the clinical features and organ failure among patients in the developed ACLF group was conducted, tracking changes from admission to the onset of ACLF to identify significant alterations during the progression of the condition. Variables with missing values exceeding 20% were excluded from the analysis.

[bookmark: _Toc19203]Discovering predictors associated with the onset of ACLF
Based on the clinical data and the progression outcomes of patients to ACLF during the 28-day observation period, a univariate Cox regression analysis was conducted to identify factors that were significantly associated with the onset of ACLF ((p < 0.05, Hazard Ratio [HR] > 1.0 or < 0.9). Following the removal of redundant indicators as recommended by clinical experts, a total of 38 variables were selected for lasso regression analysis. Collinearity diagnosis was carried out by regression analysis to assess the interrelationships among various factors with the variance inflation factor cut-offs set at ≥ 3. Subsequently, a multivariate Cox regression analysis was performed to select and evaluate the best predictors associated with the onset of ACLF within 28 days, ultimately leading to the development of a predictive scoring model.

[bookmark: _Toc32500]Discrimination and Calibration
[bookmark: _Hlk180175873]Discrimination, which measures the ability of a model to differentiate between patients who develop ACLF and those who do not was assessed by the concordance index (C-index), time-dependent receiver operating characteristics (ROC), and the probability density function (PDF). An asymptotically normal C estimator based on U-statistics was computed, and two C-indexes were compared by the z-score test. Improvement in prediction error was computed as a percent reduction in the discordance rate of the new score vs. the reference (REF) score, i.e., 100 × [C-indexnew score - C-indexREF]/[1 - C-indexREF]. The overlapping coefficients of the PDF plot describe the similarity between the probability distributions of the developed ACLF and non-developed ACLF groups. Overlapping coefficients were bootstrapped 1,000 times to generate a statistic for comparison with the other scoring systems. Calibration reflecting the agreement between predicted probability and actual probability was evaluated through calibration curves and the Hosmer–Lemeshow statistic test for goodness-of-fit. The Brier score, which ranges from 0 (perfect prediction) to 1 (no predictive ability), was used to evaluate overall performance. 

[bookmark: _Toc31158]Scoring systems
The formulas of the scoring systems were as follows: Chronic Liver Failure (CLIF) Consortium ACLF development score (CLIF-C ACLF-Ds) = 0.03 × age + 0.45 × ascites + 0.26 × ln [white blood cell (WBC)] − 0.37 × albumin (g/dL) + 0.57 × ln[bilirubin(mg/dL)] + 1.72 × ln [creatinine (mg/dL)] + 3 × 10. Model for End-stage Liver Disease score (MELDs) = 3.78 × ln [Total bilirubin (TB) (mg/dL)] + 11.2 × ln (INR) + 9.57 × ln [serum creatinine (mg/dL)] + 6.43. Model for End-stage Liver Disease-sodium score (MELD-Nas) = MELDs − Na − (0.025 × MELDs × (140 − Na)) + 140, and the serum sodium concentration was between 125 and 140 mmol/L.  CLIF Consortium Acute Decompensation score (CLIF-C Ads) =10×0.03×age+ 0.66×ln [serum creatinine (mg/dL)] + 1.71× ln (INR) +0.88× ln (WBC)-0.05×Na+ 8.
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[bookmark: _Toc2944]Supplementary Table 1. The characteristics of patients with ACLF and non-ACLF at enrollment.

	Characteristic
	Non-ACLF (5221)
	ACLF(N=897)
	P value

	Age (years), (median (IQR))
	59(49-69)
	60(54-71)
	0.009

	Gender, n (%)
	
	
	0.002

	Male
	3372(64.6%)
	627(69.9%)
	

	Female
	1849(35.4%)
	270(30.1%)
	

	Underlying diseases, n (%)
	
	
	

	Cirrhosis
	1853(35.4%)
	681(75.9%)
	<0.001

	Atrial fibrillation
	241(4.6%)
	46(5.1%)
	0.503

	Pulmonary embolism
	59(1.1%)
	19(2.1%)
	0.015

	Hypertension
	1656(31.7%)
	102(11.4%)
	<0.001

	Diabetes
	1128(21.6%)
	253(28.2%)
	<0.001

	Cerebrovascular accident
	498(9.5%)
	62(6.9%)
	0.012

	NAFLD
	4(0.1%)
	0(0.0%)
	0.407

	Alcoholic hepatitis
	301(5.8%)
	168(18.7%)
	<0.001

	HAV
	4(0.1%)
	0(0.0%)
	0.678

	HBV
	3506(67.2%)
	287(32.0%)
	<0.001

	HCV
	1(0.0%)
	0(0.0%)
	0.002

	HDV
	57(1.1%)
	0(0.0%)
	0.407

	HEV
	29(0.6%)
	9(1.0%)
	0.115

	Drug-induced hepatitis
	68(1.3%)
	18(2.0%)
	0.098

	Toxic liver disease
	0(0.0%)
	0(0.0%)
	..

	Complications, n (%)
	
	
	

	Gastrointestinal Hemorrhage
	511(9.8%)
	261(29.1%)
	<0.001

	Bacterial infection
	2072(39.7%)
	727(81.0%)
	<0.001

	Ascites
	674(12.9%)
	386(43.0%)
	<0.001

	Hepatic encephalopathy
	338(6.5%)
	387(43.1%)
	<0.001

	Organ failure, n (%)
	
	
	

	Circulatory
	419(8.0%)
	174(19.4%)
	<0.001

	Cerebral
	0(0.0%)
	0(0.0%)
	..

	Kidney
	282(5.4%)
	82(9.1%)
	<0.001

	Lung
	759(14.5%)
	315(35.1%)
	<0.001

	Coagulation
	40(0.8%)
	201(22.4%)
	<0.001

	Liver
	135(2.6%)
	380(42.4%)
	<0.001

	Laboratory data
	
	
	

	Sodium, mmol/L
	140.4(138.2-142.2)
	138.0(135.0-141.0)
	<0.001

	Potassium , mmol/L
	3.9(3.6-4.1)
	3.9(3.5-4.2)
	0.255

	Magnesium, mmol/l
	0.8(0.8-0.9)
	0.8(0.7-0.9)
	<0.001

	Calcium, mmol/L
	2.2(2.1-2.3)
	2.1(2.0-2.3)
	<0.001

	White blood cell count, 109 /L
	5.9(4.2-8.1)
	5.6(3.2-9.6)
	0.204

	Platelet count, 109 /L
	156.0(83.0-216.0)
	43.0(26.0-72.0)
	<0.001

	Distribution, n (%)
	
	
	<0.001

	<100
	1565(30.0%)
	739(84.9%)
	

	≥100
	3656(70.0%)
	131(15.1%)
	

	NEUT% 
	66.9(56.0-79.1)
	75.4(63.1-87.1)
	<0.001

	Distribution, n (%)
	
	
	<0.001

	<75
	3507(67.4%)
	424(49.4%)
	

	≥75
	1694(32.6%)
	435(50.6%)
	

	Neutrophil count, 109 /L
	3.70(2.4-9.2)
	4.0(2.0-8.1)
	0.010

	Hemoglobin, g/L
	116(89.0-134.0)
	77.0(66.0-97.0)
	<0.001

	Distribution, n (%)
	
	
	<0.001

	<90
	1339(25.6%)
	585(67.2%)
	

	≥90
	3882(74.4%)
	285(32.8%)
	

	Total protein, g/L
	62.3(56.4-67.3)
	55.0(49.6-59.8)
	<0.001

	Albumin, g/L
	34.6(29.9-38.7)
	29.6(26.8-32.3)
	<0.001

	ALT
	22.0(15.0-38.0)
	30.0(19.0-85.0)
	<0.001

	AST
	29.0(21.0-58.0)
	62.0(39.0-118.8)
	<0.001

	AST/ALT
	1.2(0.9-1.7)
	1.8(1.1-2.2)
	<0.001

	Alkaline phosphatase, U/L
	85.0(68.0-113.0)
	123.5(96.0-160.0)
	<0.001

	γ-Glutamyl transferase, U/L
	28.0(17.0-58.0)
	28.0(15.0-68.0)
	0.530

	Total bilirubin, μmol/L
	14.0(9.10-27.3)
	175.4(117.3-267.9)
	<0.001

	Distribution, n (%)
	
	
	<0.001

	<85
	4845(93.2%)
	5(0.6%)
	

	≥85
	354(6.8%)
	892(99.4%)
	

	Total bile acid, μmol/L
	7.4(3.5-24.2)
	331.25(148.1-477.5)
	<0.001

	Direct bilirubin, μmol/L
	4.2(2.4-11.8)
	103.8(65.7-163.6)
	<0.001

	Blood ammonia, umol/L
	57.0(37.0-83.8)
	50.0(36.0-75.5)
	0.203

	Creatinine, mmol/L
	70(56-88)
	79.0(62.0-115.0)
	<0.001

	C-reactive protein, mg/L
	12.4(2.8-43.0)
	18.9(6.0-50.6)
	<0.001

	Total cholesterol, mmol/L
	3.9(3.1-4.7)
	1.6(1.1-2.4)
	<0.001

	HDL-C, mmol/L
	1.0(0.8-1.2)
	0.3(0.2-0.5)
	<0.001

	Prothrombin time, S
	12.4(11.4-14.5)
	22.1(19.2-26.6)
	<0.001

	Prothrombin activity
	1.4(0.9-2.0)
	0.4(0.3-0.5)
	<0.001

	INR
	1.1(1.0-1.3)
	2.0(1.7-2.4)
	<0.001

	Glomerular filtration rate
	98.0(80.0-118.0)
	101.0(77.0-125.8)
	0.049

	Urea nitrogen, mmol/L
	5.3(4.0-7.2)
	7.2(5.0-12.4)
	<0.001

	Mortality, n
	44(26-187)
	32(18-80)
	<0.001

	28 days
	132(2.5%)
	169(18.8%)
	<0.001

	90 days
	295(5.7%)
	322(35.8%)
	<0.001

	365 days
	385(7.4%)
	412(45.9%)
	<0.001


Categoric variables are expressed as % (n); continuous variables are expressed as median [interquartile range]. P values are comparisons between non-developed ACLF and developed ACLF (Student t-test, Mann–Whitney U test, chi-squared test, or Fisher exact test).
n., number; NAFLD, Non-alcoholic fatty liver disease; HAV, Hepatitis A virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HDV, Hepatitis D virus; HEV, Hepatitis E virus; NEUT%, neutrophilic granulocyte percentage; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HDL-C, high density lipoprotein cholesterol; INR, International normalized ratio.

[bookmark: _Toc1523]Supplementary Table 2. Clinical characteristics of developed ACLF patients at enrollment and at onset (n=477).

	Characteristic
	developed ACLF at enrollment
	developed ACLF at onset
	P value

	Complications, n (%)
	
	
	

	Gastrointestinal Hemorrhage
	130(27.3%)
	135(28.3%)
	0.718

	Bacterial infection
	409(85.7%)
	417(87.4%)
	0.447

	Ascites
	120(25.2%)
	131(27.5%)
	0.419

	Hepatic encephalopathy
	96(20.1%)
	107(22.4%)
	0.384

	Organ failure, n (%)
	
	
	

	Circulatory
	196(41.1%)
	196(41.1%)
	1.0 

	Cerebral
	..
	..
	..

	Kidney
	51(10.7%)
	68(14.3%)
	0.096

	Lung
	254(53.2%)
	259(54.3%)
	0.745

	Coagulation
	9(1.9%)
	43(9.0%)
	<0.001

	Liver
	77(16.1%)
	142(29.8%)
	<0.001

	Laboratory data
	
	
	

	Sodium, mmol/L
	140.0(135.9-146.0)
	138.5(135.0-146.3)
	0.773

	Potassium , mmol/L
	3.8(3.5-4.2)
	3.8(3.5-4.0)
	0.027

	Magnesium, mmol/l
	0.8(0.7-0.9)
	0.8(07-1.0)
	0.604

	Calcium, mmol/L
	2.1(2.0-2.2)
	2.2(2.1-2.3)
	0.001

	White blood cell count, 109 /L
	6.4(4.0-9.6)
	7.7(4.0-12.4)
	<0.001

	Platelet count, 109 /L
	61.0(34.0-103.0)
	59.0(29.0-85.0)
	0.003

	Distribution, n (%)
	
	
	0.025

	<30
	97(20.3%)
	122(26.5%)
	

	≥30
	380(79.7%)
	338(73.5%)
	

	NEUT% 
	82.1(69.3-88.9)
	84.4(74.5-89.4)
	0.029

	Distribution, n (%)
	
	
	0.118

	<75
	155(32.6%)
	127(27.9%)
	

	≥75
	320(67.4%)
	328(72.1%)
	

	Neutrophil count, 109 /L
	5.0(2.8-8.5)
	6.5(3.4-11.4)
	<0.001

	Hemoglobin, g/L
	78.0(67.0-93.0)
	77.0(68.0-89.0)
	0.083

	Distribution, n (%)
	
	
	0.087

	<90
	335(70.2%)
	346/460(75.2%)
	

	≥90
	142(29.8%)
	114/460(24.8%)
	

	Total protein, g/L
	54.6(48.5-60.6)
	56.0(51.1-60.0)
	0.085

	Albumin, g/L
	29.5(26.3-32.0)
	29.8(27.9-32.8)
	<0.001

	ALT, U/L
	34.0(19.0-71.0)
	42.0(19.0-135.5)
	0.165

	AST, U/L
	53.0(31.0-130.0)
	82.0(37.0-167.0)
	<0.001

	AST/ALT
	1.6(1.0-2.1)
	1.6(1.0-2.0)
	0.135

	Alkaline phosphatase, U/L
	106.0(84.0-144.0)
	124.0(93.0-189.3)
	0.010

	γ-Glutamyl transferase, U/L
	43.0(15.0-78.0)
	47.0(17.0-124.0)
	0.300 

	Total bilirubin, μmol/L
	67.4(32.1-126.4)
	113.5(97.0-223.1)
	<0.001

	Distribution, n (%)
	
	
	<0.001

	<85
	307(65.0%)
	9(1.9%)
	

	≥85
	165(35.0%)
	468(98.1%)
	

	Total bile acid, μmol/L
	138.3(60.0-375.0)
	190.5(128.0-357.6)
	0.067

	Direct bilirubin, μmol/L
	38.6(16.2-82.7)
	74.6(47.6-119.8)
	<0.001

	Blood ammonia, g/L
	60.0(40.0-81.0)
	48.0(45.0-72.0)
	0.196

	Creatinine, mmol/L
	78.0(61.0-123.0)
	80.0(59.0-138.0)
	0.461

	C-reactive protein, mg/L
	45.0(15.1-115.9)
	45.6(24.6-129.0)
	0.080 

	Total cholesterol, mmol/L
	2.3(1.4-2.9)
	1.9(1.6-2.5)
	0.271

	HDL-C, mmol/L
	0.4(0.2-0.6)
	0.3(0.1-0.4)
	0.068

	Prothrombin time, S
	15.8(13.9-18.2)
	19.2(17.3-22.1)
	<0.001

	Prothrombin activity
	0.8(0.6-1.0)
	0.5(0.4-0.6)
	<0.001

	INR
	1.4(1.2-1.7)
	1.7(1.6-2.0)
	<0.001

	Glomerular filtration rate
	96.5(71.0-133.0)
	87.5(57.0-115.0)
	0.069

	Urea nitrogen, mmol/L
	9.8(5.7-16.9)
	11.2(7.2-22.0)
	0.007



NEUT%, neutrophilic granulocyte percentage; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; INR, International normalized ratio.

[bookmark: _Toc6039]Supplementary Table 3. Risk factors associated with the onset of ACLF within 28 days according to the univariate Cox PH model.

	Characteristic
	HR[95%CI]
	p

	Age>60, yr
	1.619[1.335-1.963]
	0.000

	Gender
	1.483[1.215-1.810] 
	0.000

	Cirrhosis
	2.371[1.972-2.853] 
	0.001

	Atrial fibrillation
	1.610[1.194-2.172] 
	0.002

	Pulmonary embolism
	1.502[0.846-2.666] 
	0.165

	Hypertension
	0.891[0.736-1.079] 
	0.239

	Diabetes
	1.028[0.837-1.264] 
	0.790

	Cerebrovascular accident
	1.203[0.945-1.533] 
	0.134

	NAFLD
	0.050[0.000-3365141.226 ] 
	0.744

	Alcoholic hepatitis
	2.566[1.978-3.329] 
	0.000

	HAV
	0.050[0.000-4451249204.000] 
	0.816

	HBV
	0.213[0.172-0.264] 
	0.000

	HCV
	0.049[0.001-3.374] 
	0.162

	HDV
	0.050[0.000-3365141.226] 
	0.744

	HEV
	0.050[0.000-4451249204.000] 
	0.816

	Drug-induced hepatitis
	1.021[0.545-1.911] 
	0.949

	Toxic liver disease
	..
	..

	Gastrointestinal Hemorrhage
	2.370[1.933-2.906] 
	0.000

	Bacterial infection
	6.005[4.636-7.778] 
	0.000

	Ascites
	2.156[1.753-2.653] 
	0.000

	Hepatic encephalopathy
	3.255[2.601-4.072] 
	0.000

	Circulatory
	4.081[3.378-4.930] 
	0.000

	Cerebral
	..
	..

	Kidney
	1.480[1.105-1.982] 
	0.008

	Lung
	3.658[3.044-4.396] 
	0.000

	Coagulation
	2.259[1.166-4.376] 
	0.016

	Liver
	5.450[4.262-6.969] 
	0.000

	Na
	1.026[1.010-1.042]
	0.001

	K
	0.996[0.743-1.335]
	0.979

	Mg
	0.638[0.015-27.526]
	0.815

	Ca
	0.053[0.017-0.161]
	0.000

	Ln(WBC)
	1.106[0.947-1.292]
	0.204

	Ln(PLT)
	0.452[0.416-0.491]
	0.000

	NEUT% 
	1.032[1.025-1.039]
	0.000

	Ln(Neutrophil)
	1.299[1.142-1.477]
	0.000

	Ln(HGB)
	0.067[0.049-0.093]
	0.000

	Ln(PTA)
	0.240[0.205-0.282]
	0.000

	TP
	0.944[0.935-0.952]
	0.000

	Alb
	0.910[0.897-0.924]
	0.000

	GFR
	0.998[0.993-1.003]
	0.497

	Ln (HDL-C)
	0.312[0.270-0.360]
	0.000

	Ln (PT)
	14.588[10.805-19.697]
	0.000

	Ln (ALT)
	1.332[1.161-1.529]
	0.000

	Ln (AST)
	1.680[1.569-1.800]
	0.000

	Ln (ALP)
	2.237[1.593-3.142]
	0.000

	Ln (GGT)
	1.021[0.847-1.231]
	0.823

	Ln (TBiL)
	2.489[2.309-2.684]
	0.000

	Ln (TBA)
	2.354[2.061-2.688]
	0.000

	Ln (DBiL)
	2.190[2.054-2.334]
	0.000

	Ln (INR)
	12.908[9.678-17.216]
	0.000

	Blood ammonia
	1.005[0.997-1.012]
	0.202

	Ln (Cr)
	1.510[1.312-1.739]
	0.000

	Ln (BUN)
	2.346[2.079-2.648]
	0.000

	Ln (CRP)
	1.373[1.282-1.471]
	0.000

	Ln (TC)
	0.070[0.046-0.105]
	0.000

	AST/ALT
	1.334[1.123-1.584]
	0.001

	WBC ≥10, 109 /L
	1.337[1.080-1.656] 
	0.008

	PLT<100, 109 /L
	4.943[4.033-6.058] 
	0.000

	NEUT% ≥75
	2.584[2.127-3.139] 
	0.000

	Neutrophil ≥7, 109 /L
	1.687[1.395-2.041] 
	0.000

	HGB<90, g/L
	4.176[3.419-5.100] 
	0.000

	PTA <0.75
	4.837[3.934-5.946] 
	0.000

	TP <60, g/L
	2.976[2.419-3.661] 
	0.000

	Alb<35, g/L
	4.787[3.552-6.452] 
	0.000

	ALT>40, U/L
	2.803[1.951-4.027] 
	0.000

	AST>40, U/L
	2.526[2.102-3.035] 
	0.000

	AST/ALT>1.6
	1.996[1.426-2.793] 
	0.000

	TBiL≥35, μmol/L
	9.318[7.590-11.439] 
	0.000

	DBiL>12, μmol/L
	9.920[7.862-12.516] 
	0.000

	INR≥1.3
	6.320[5.047-7.915] 
	0.000

	Cr>133, mmol/L
	1.808[1.444-2.264] 
	0.000

	BUN>7, mmol/L
	3.760[3.080-4.589] 
	0.000

	CRP>10, mg/L
	2.318[1.798-2.988] 
	0.000

	PT>13, S
	6.553[4.925-8.719] 
	0.000

	TBA≥30, μmol/L
	28.342[14.300-56.171] 
	0.000

	HDL-C<0.5, mmol/L
	15.904[10.219-24.750] 
	0.000

	Na <125, mmol/L
	0.049[0.000-23.485] 
	0.339

	Ca<2.25, mmol/L
	2.341[1.458-3.759] 
	0.000

	ALP>135, U/L
	1.512[1.007-2.271] 
	0.046

	TC>5.18, mmol/L
	0.158[0.039-0.644] 
	0.010



HR: hazard ratio; NEUT% , neutrophilic granulocyte percentage; NAFLD, Non-alcoholic fatty liver disease; HAV, Hepatitis A virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HDV, Hepatitis D virus; HEV, Hepatitis E virus; Na, sodium; K, potassium; Mg, Magnesium; Ca, Calcium; WBC: white blood cell count; PLT: platelet count; HGB: hemoglobin; PTA, Prothrombin activity; TP, Total protein; Alb, Albumin; GFR, Glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-Glutamyl transferase; TBiL, total bilirubin; TBA, Total bile acid; DBiL, Direct bilirubin; INR: international normalized ratio; Cr, creatinine; BUN, Urea nitrogen; CRP, C-reactive protein; TC, total cholesterol.

[bookmark: _Toc15077]Supplementary Table 4-1. The result of 11 factors using the least absolute shrinkage and selection operator (LASSO).

	Variables 
	Value

	lambda
	0.008 

	C-index
	0.943 

	HDL-C<0.5, mmol/L
	0.977 

	TBiL≥35, μmol/L
	0.893 

	Liver failure
	0.771 

	Neutrophil ≥7, 109 /L
	0.741 

	Bacterial infection
	0.580 

	Respiratory failure
	0.577 

	BUN>7, mmol/L
	0.383 

	PLT<100, 109 /L
	0.374 

	Ln(INR)
	0.366 

	AST>40, U/L
	0.336 

	Ln(HGB)
	-1.111 


HDL-C, high-density lipoprotein cholesterol; TBiL, total bilirubin; BUN, Urea nitrogen; PLT: platelet count; INR: international normalized ratio; AST, aspartate aminotransferase; HGB: hemoglobin.

[bookmark: _Toc30400]Supplementary Table 4-2. Collinearity Diagnosis of the 11 Predictive Factors

	Variables
	Tolerance
	Variance inflation

	HDL-C<0.5, mmol/L
	0.609
	1.642

	Neutrophil ≥7, 109 /L
	0.959
	1.043

	Liver failure
	0.762
	1.313

	TBiL≥35, μmol/L
	0.541
	1.848

	Respiratory failure
	0.936
	1.069

	Bacterial infection
	0.858
	1.165

	PLT<100, 109 /L
	0.622
	1.607

	BUN>7, mmol/L
	0.935
	1.069

	AST>40, U/L
	0.813
	1.230

	Ln(HGB)
	0.695
	1.440

	Ln(INR)
	0.496
	2.015


A tolerance <0.2 or a variance inflation of >3 indicated multicollinearity.
HDL-C, high-density lipoprotein cholesterol; TBiL, total bilirubin; BUN, Urea nitrogen; PLT: platelet count; INR: international normalized ratio; AST, aspartate aminotransferase; HGB: hemoglobin.

Supplementary Table 5. The multivariate regression for the development of ACLF in patients in the derivation cohort.
	Characteristics
	HR (95% CI)
	P value

	Neutrophil count ≥7, 109 /L 
	1.51(1.27-1.79)
	<0.005

	Platelet count <100, 109 /L
	1.49(1.27-1.76)
	<0.005

	Total bilirubin ≥35, μmol/L
	2.46(2.06-2.93)
	<0.005

	HDL-C<0.5 , mmol/L
	2.69(2.16-3.35)
	<0.005

	Ln(HGB)
	0.5(0.38-0.66)
	<0.005

	Urea nitrogen >7, mmol/L
	1.54(1.31-1.81)
	<0.005

	Ln(INR)
	2.46(1.79-3.40)
	<0.005

	Bacterial infection
	1.59(1.36-1.87)
	<0.005

	Respiratory failure
	1.70(1.42-2.03)
	<0.005

	Liver failure
	1.56(1.17-2.09)
	<0.005



HDL-C, high density lipoprotein cholesterol; HGB, hemoglobin; INR, International normalized ratio;HR, hazard ratio.

[bookmark: _Toc1677]Supplementary Table 6. Collinearity Diagnosis of the 7 optimum predictive factors.

	Variables
	Tolerance
	Variance inflation

	HDL-C<0.5, mmol/L
	0.695
	1.439

	Neutrophil ≥7, 109 /L
	0.973
	1.028

	TBiL≥35, μmol/L
	0.584
	1.712

	PLT<100, 109 /L
	0.628
	1.593

	BUN>7, mmol/L
	0.947
	1.056

	Ln (HGB)
	0.713
	1.403

	Ln (INR)
	0.516
	1.938


A tolerance <0.2 or a variance inflation of >3 indicated multicollinearity.
HDL-C, high-density lipoprotein cholesterol; TBiL, total bilirubin; BUN, Urea nitrogen; PLT: platelet count; INR: international normalized ratio; HGB: hemoglobin.


[bookmark: _Toc12022]Supplementary Table 7. The predictive performance of five scores for the onset of ACLF in patients at 7/14/28 Days in the derivation cohort and validation cohorts. 
	
	VE-ACLF-Dev
C-index(95%CI)
	CLIF-C-ACLF-Ds
C-index(95%CI)
	MELDs
C-index(95%CI)
	MELD-Nas
C-index(95%CI)
	CLIF-C-ADs
C-index(95%CI)

	Training group
	
	
	
	
	

	7 days progression
	0.958(0.949-0.965)
	0.870(0.851-0.891)
	0.884(0.866-0.902)
	0.858(0.831-0.887)
	0.627(0.581-0.670)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	14 days progression
	0.944(0.934-0.954)
	0.855(0.836-0.872)
	0.866(0.846-0.886)
	0.835(0.808-0.853)
	0.623(0.588-0.660)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	28 days progression
	0.938(0.931-0.946)
	0.850(0.833-0.868)
	0.859(0.842-0.878)
	0.827(0.802-0.845)
	0.622(0.582-0.656)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	Validation group
	
	
	
	
	

	7 days progression
	0.948(0.926-0.966)
	0.833(0.774-0.876)
	0.863(0.806-0.902)
	0.820(0.765-0.897)
	0.552(0.483-0.644)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	14 days progression
	0.922(0.895-0.940)
	0.818(0.771-0.862)
	0.843(0.799-0.882)
	0.801(0.739-0.854)
	0.563(0.491-0.649)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	28 days progression
	0.908(0.873-0.932)
	0.807(0.769-0.844)
	0.830(0.795-0.881)
	0.785(0.726-0.841)
	0.562(0.491-0.630)

	P-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001


P value of comparisons between VE-ACLF-Dev and the other scores (z-score test). ACLF, acute-on-chronic liver failure; CI, confidence interval; VE-ACLF-Dev, Various Etiologies ACLF Development Prediction; MELDs, Model for End-Stage Liver Disease score; CLIF-C ACLF-Ds, Chronic Liver Failure Consortium acute-on-chronic liver failure Development score; MELD-Nas, Model for End-Stage Liver Disease-sodium score; CLIF-C-ADs, CLIF Consortium Acute Decompensation score.

[bookmark: _Toc2169]Supplementary Table 8. ROC correlation analysis and comparison of VE-ACLF-Dev and other scores at the 7 days, 14 days, and 28 days after admission in the derivation and validation groups.

	Timepoint (cases, n)
	Variables
	AUC (95%CI)
	Sensitivity
	Specificity
	z-statistic
(p-value)

	Training group
	
	
	
	
	

	7 days progression
(n=2931)
	VE-ACLF-Dev
	0.968(0.961-0.974)
	0.929 
	0.911 
	24.361(<0.001)

	
	CLIF-C_ACLF-Ds
	0.888(0.872-0.904)
	0.863 
	0.799 
	76.466(<0.001)

	
	MELDs
	0.896(0.878-0.913)
	0.853 
	0.807 
	70.631(<0.001)

	
	MELD-Nas
	0.870(0.848-0.901)
	0.858 
	0.784 
	76.220(<0.001)

	
	CLIF-C-ADs
	0.649(0.603-0.692)
	0.655 
	0.580 
	97.043(<0.001)

	14 days progression
(n=800)
	VE-ACLF-Dev
	0.949(0.939-0.960)
	0.857 
	0.894 
	24.550(<0.001)

	
	CLIF-C_ACLF-Ds
	0.868(0.851-0.883)
	0.860 
	0.761 
	76.892(<0.001)

	
	MELDs
	0.862(0.841-0.882)
	0.794 
	0.773 
	71.555(<0.001)

	
	MELD-Nas
	0.817(0.790-0.838)
	0.746 
	0.789 
	76.220(<0.001)

	
	CLIF-C-ADs
	0.655(0.625-0.689)
	0.647 
	0.608 
	97.133(<0.001)

	28 days progression
(n=445)
	VE-ACLF-Dev
	0.934(0.926-0.945)
	0.905 
	0.831 
	24.784(<0.001)

	
	CLIF-C_ACLF-Ds
	0.867(0.852-0.879)
	0.835 
	0.775 
	76.892(<0.001)

	
	MELDs
	0.842(0.827-0.857
	0.819 
	0.731 
	72.476(<0.001)

	
	MELD-Nas
	0.788(0.755-0.815)
	0.719 
	0.741 
	75.734(<0.001)

	
	CLIF-C-ADs
	0.685(0.651-0.714)
	0.681 
	0.611 
	97.128(<0.001)

	Validation group
	
	
	
	
	

	7 days progression
(n=724)
	VE-ACLF-Dev
	0.961(0.944-0.975)
	0.960 
	0.878 
	13.558(<0.001)

	
	CLIF-C_ACLF-Ds
	0.863(0.822-0.898)
	0.820 
	0.773 
	37.553(<0.001)

	
	MELDs
	0.889(0.828-0.926)
	0.880 
	0.778 
	36.385(<0.001)

	
	MELD-Nas
	0.848(0.786-0.898)
	0.800 
	0.807 
	36.719(<0.001)

	
	CLIF-C-ADs
	0.572(0.496-0.666)
	0.640 
	0.509 
	47.577(<0.001)

	14 days progression
(n=195)
	VE-ACLF-Dev
	0.939(0.906-0.949)
	0.880 
	0.843 
	13.435(<0.001)

	
	CLIF-C_ACLF-Ds
	0.861(0.829-0.894)
	0.867 
	0.758 
	38.245(<0.001)

	
	MELDs
	0.869(0.833-0.899)
	0.827 
	0.779 
	36.631(<0.001)

	
	MELD-Nas
	0.824(0.769-0.876)
	0.813 
	0.759 
	37.877(<0.001)

	
	CLIF-C-ADs
	0.628(0.574-0.703)
	0.600 
	0.589 
	48.547(<0.001)

	28 days progression
(n=126)
	VE-ACLF-Dev
	0.912(0.887-0.935)
	0.850 
	0.825 
	13.410(<0.001)

	
	CLIF-C_ACLF-Ds
	0.841(0.807-0.870)
	0.813 
	0.764 
	38.394(<0.001)

	
	MELDs
	0.844(0.808-0.884)
	0.813 
	0.753 
	37.517(<0.001)

	
	MELD-Nas
	0.796(0.743-0.838)
	0.729 
	0.769 
	37.877(<0.001)

	
	CLIF-C-ADs
	0.660(0.616-0.702)
	0.645 
	0.600 
	48.547(<0.001)


VE-ACLF-Dev, Various Etiologies ACLF Development Prediction; MELDs, Model for End-Stage Liver Disease score; CLIF-C ACLF-Ds, Chronic Liver Failure Consortium acute-on-chronic liver failure Development score; MELD-Nas, Model for End-Stage Liver Disease-sodium score; CLIF-C-ADs, CLIF Consortium Acute Decompensation score.


[bookmark: _Toc13608]Supplementary Table 9. Characteristics and outcomes of patients included in the derivation and validation groups.
	Characteristics
	Derivation
(N=4176)
	Validation
(N=1045)
	P value

	Age (years), (median (IQR))
	59(49-69)
	59(50-70)
	0.193

	Gender, n (%)
	
	
	0.669

	Male
	2703(64.7%)
	669(64.0%)
	

	Female
	1473(35.3%)
	376(36.0%)
	

	Underlying diseases, n (%)
	
	
	

	Cirrhosis
	1488(35.6%)
	365(34.9)
	0.671

	Atrial fibrillation
	185(4.4%)
	56(5.4%)
	0.201

	Pulmonary embolism
	45(1.1%)
	14(1.3%)
	0.473

	Hypertension
	1314(31.5%)
	342(32.7%)
	0.433

	Diabetes
	908(21.7%)
	220(21.1%)
	0.628

	Cerebrovascular accident
	403(9.7%)
	95(9.1%)
	0.582

	NAFLD
	4(0.1%)
	0(0.0%)
	0.317

	Alcoholic hepatitis
	238(5.7%)
	63(6.0%)
	0.683

	HAV
	1(0.0%)
	0(0.0%)
	0.617

	HBV
	2816(53.9%)
	690(66.0%)
	0.387

	HCV
	47(1.1%)
	10(1.0%)
	0.639

	HDV
	4(0.1%)
	0(0.0%)
	0.317

	HEV
	23(0.6%)
	6(0.6%)
	0.927

	Drug-induced hepatitis
	53(1.3%)
	15(1.4%)
	0.672

	Toxic liver disease
	0(0.0%)
	0(0.0%)
	..

	Complications, n (%)
	
	
	

	Gastrointestinal Hemorrhage
	403(9.7%)
	108(10.3%)
	0.505

	Bacterial infection
	1645(39.4%)
	427(40.9%)
	0.385

	Ascites
	547(13.1%)
	127(12.2%)
	0.415

	Hepatic encephalopathy
	257(6.2%)
	81(7.8%)
	0.061

	Organ failure, n (%)
	
	
	

	Circulatory
	322(7.7%)
	97(9.3%)
	0.094

	Cerebral
	0(0.0%)
	0(0.0%)
	..

	Kidney
	224(5.4%)
	58(5.6%)
	0.812

	Lung
	597(14.3%)
	162(15.5%)
	0.322

	Coagulation
	33(0.8%)
	7(0.7%)
	0.690

	Liver
	115(2.8%)
	20(1.9%)
	0.126

	Laboratory data
	
	
	

	Sodium, mmol/L
	140.4(138.1-142.2)
	140.4(138.5-142.2)
	0.389

	Potassium , mmol/L
	3.9(3.6-4.1)
	3.9(3.6-4.2)
	0.645

	Magnesium, mmol/l
	0.8(0.8-0.9)
	0.8(0.8-0.9)
	0.773

	Calcium, mmol/L
	2.2(2.1-2.3)
	2.2(2.1-2.38)
	0.031

	White blood cell count, 109 /L
	5.9(4.2-8.0)
	5.9(4.2-8.4)
	0.280

	Platelet count, 109 /L
	156.0(84.0-216.0)
	154.0(77.0-217.0)
	0.748

	NEUT% 
	66.7(55.9-78.9)
	67.65(56.4-79.7)
	0.256

	Neutrophil count, 109 /L
	3.7(2.4-5.9)
	3.8(2.4-6.2)
	0.191

	Hemoglobin, g/L
	116.0(89.0-134.0)
	115.0(86.5-134.0)
	0.172

	Total protein, g/L
	62.3(56.4-67.5)
	62.2(56.3-66.6)
	0.301

	Albumin, g/L
	34.7(30.05-38.7)
	34.3(29.5-38.5)
	0.100

	ALT, U/L
	22.0(15.0-38.0)
	22.0(15.0-40.0)
	0.933

	AST, U/L
	29.0(21.0-48.0)
	29.0(21.0-48.0)
	0.817

	AST/ALT
	1.2(0.9-1.7)
	1.2(0.9-1.8)
	0.724

	Alkaline phosphatase, U/L
	85.0(68.0-112.0)
	85.0(67.0-116.0)
	0.782

	γ-Glutamyl transferase, U/L
	28(17.0-59.0)
	28(17.0-56.5)
	0.946

	Total bilirubin, μmol/L
	14.0(9.2-27.2)
	14.0(9.1-28.0)
	0.877

	Total bile acid, μmol/L
	7.4(3.5-24.3)
	7.4(3.4-23.8)
	0.528

	Direct bilirubin, μmol/L
	4.30(2.4-11.6)
	4.2(2.4-12.7)
	0.945

	Blood ammonia, g/L
	54.0(37.8-84.3)
	64.0(34.8-83.5)
	0.545

	Creatinine, mmol/L
	70.0(57.0-88.0)
	70.0(56.0-89.0)
	0.908

	C-reactive protein, mg/L
	11.9(2.7-42.0)
	14.3(3.4-46.4)
	0.072

	Total cholesterol, mmol/L
	3.9(3.1-4.7)
	3.9(3.0-4.7)
	0.830

	HDL-C, mmol/L
	1.0(0.8-1.2)
	1.0(0.8-1.2)
	0.940

	Prothrombin time, S
	12.4(11.4-14.5)
	12.5(11.4-14.5)
	0.425

	Prothrombin activity
	1.4(0.9-2.0)
	1.4(0.9-2.0)
	0.790

	INR
	1.1(1.0-1.3)
	1.2(1.0-1.3)
	0.298

	Glomerular filtration rate
	98(80-118)
	100(81-1117)
	0.350

	Urea nitrogen, mmol/L
	5.2(4.0-7.2)
	5.3(3.9-7.5)
	0.604

	Mortality, n,(median (IQR))
	44(26-187)
	44(28-237)
	0.914

	28 days
	107(2.6%)
	25(2.4%)
	0.754

	90 days
	225(5.4%)
	70(6.7%)
	0.101

	365 days
	197(4.7%)
	85(8.1%)
	0.001



Categoric variables are expressed as % (n); continuous variables are expressed as median [interquartile range]. P values are comparisons between non-developed ACLF and developed ACLF (Student t test, Mann–Whitney U test, chi-squared test, or Fisher exact test).
n., number; NAFLD, Non-alcoholic fatty liver disease; HAV, Hepatitis A virus; HBV, Hepatitis B virus; HCV, Hepatitis C virus; HDV, Hepatitis D virus; HEV, Hepatitis E virus; NEUT%, neutrophilic granulocyte percentage; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; HDL-C, high density lipoprotein cholesterol; INR, International normalized ratio.


[bookmark: _Toc12069]Supplementary figures
[bookmark: _Toc32255]Supplementary Figure 1. LASSO regression analysis for tuning parameter selection.

[image: 3-4]
(A) lasso coefficient path diagram.(B) lasso regression analysis cross-validation curves.

[bookmark: _Toc25649][bookmark: _Hlk179916927]Supplementary Figure 2. Multivariate Cox regression analysis confirmed that HDL-C, TBiL, INR, BUN, NUET, PLT, and HGB were associated with the development of ACLF
[image: log(HR) (95% CI)]
HR: hazard ratio; HDL-C, high-density lipoprotein cholesterol; HGB, hemoglobin; INR, International normalized ratio; NEUT, Neutrophil; BUN, Urea nitrogen; PLT, platelet count; HGB, hemoglobin.
[bookmark: _Toc24016]
Supplementary Figure 3. The probability density function of VE-ACLF-Dev for predicting 7-/14-/28-day ACLF onset in the validation group. 
[image: 密度概率曲线600-VA]
*P < 0.05 (Student t-test) for comparisons of the overlapping coefficient between the VE-ACLF-Dev and the other scores. #P < 0 .001 (Mann–Whitney U test) for comparisons of scores between developed ACLF and non-developed ACLF patients. ACLF, acute-on-chronic liver failure; VE-ACLF-Dev, Various Etiologies ACLF Development Prediction; CLIF-C ACLF-Ds, Chronic Liver Failure Consortium acute-on-chronic liver failure development score; MELDs, Model for End-Stage Liver Disease score; MELD-Nas, Model for End-Stage Liver Disease-sodium score; CLIF-C-ADs, CLIF Consortium Acute Decompensation score.
[bookmark: _Toc16131]

Supplementary Figure 4. Improvement in the prediction error rates of the VE-ACLF-Dev compared with those of four other scores.

[image: 不同模型的预测准确率对比1200修]

(A) derivation group;(B) validation group; CLIF-C ACLF-Ds, Chronic Liver Failure Consortium acute-on-chronic liver failure development score; MELDs, Model for End-Stage Liver Disease score; MELD-Nas, Model for End-Stage Liver Disease-sodium score; CLIF-C-ADs, CLIF Consortium Acute Decompensation score.


Supplementary Figure 5. Receiver operating characteristic (ROC) curves for predicting the development of ACLF at 7-day,14-day, and 28-day in cirrhosis and non-cirrhotic patients.

[image: ]

(A) non-cirrhotic group; (B) cirrhosis group
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