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	Supplementary Table S1 | Comparison of basic information between individuals with and without early-stage hepatocellular carcinoma (before and after PSM).

	Characteristics
	Before PSM
	After PSM 

	
	Control
	Case
	P-value
	Control
	Case
	P-value

	
	(N=225)
	(N=260)
	
	(N=160)
	(N=160)
	

	Age (year), Mean ± SD
	53.16 ± 13.06
	56.11 ± 10.89
	0.007
	54.02 ± 12.92
	55.52 ± 11.00
	0.264

	Gender, N (%)
	　
	　
	<0.001
	　
	　
	0.468

	Female 
	81 (36.0)
	41 (15.8)
	　
	32 (20.0)
	26 (16.2)
	　

	Male
	144 (64.0)
	219 (84.2)
	　
	128 (80.0)
	134 (83.8)
	　

	BMI (kg/m2), Mean ± SD
	23.44 ± 3.13
	23.08 ± 3.16
	0.205
	23.62 ± 3.18
	23.09 ± 3.12
	0.128

	Diet, N (%)
	　
	　
	0.851
	　
	　
	0.679

	Meat Diet            
	23 (10.2)
	30 (11.5)
	　
	16 (10.0)
	21 (13.1)
	　

	Vegetarian Diet  
	20 (8.9)
	25 (9.6)
	
	15 (9.4)
	15 (9.4)
	

	Balanced Diet     
	182 (80.9)
	205 (78.8)
	
	129 (80.6)
	124 (77.5)
	

	Smoking, N (%)
	　
	　
	0.102
	　
	　
	0.818

	Never Smoke      
	157 (69.8)
	162 (62.3)
	　
	97 (60.6)
	100 (62.5)
	　

	Current Smoking
	68 (30.2)
	98 (37.7)
	
	63 (39.4)
	60 (37.5)
	

	Alcohol, N (%)
	　
	　
	<0.001
	　
	　
	0.001

	Never Drink        
	160 (71.1)
	125 (48.1)
	　
	101 (63.1)
	70 (43.8)
	　

	Current Drinking
	65 (28.9)
	135 (51.9)
	
	59 (36.9)
	90 (56.2)
	

	Hepatitis B, N (%)
	　
	　
	<0.001
	　
	　
	0.115

	N
	105 (46.7)
	67 (25.8)
	　
	56 (35.0)
	42 (26.2)
	　

	Y
	120 (53.3)
	193 (74.2)
	　
	104 (65.0)
	118 (73.8)
	　

	Cirrhosis, N (%)
	　
	　
	0.015
	　
	　
	1.000 

	N
	177 (78.7)
	178 (68.5)
	　
	114 (71.2)
	113 (70.6)
	　

	Y
	48 (21.3)
	82 (31.5)
	　
	46 (28.7)
	47 (29.4)
	　

	Type 2 diabetes, N (%)
	　
	　
	0.574
	　
	　
	0.310 

	N
	187 (83.1)
	222 (85.4)
	　
	127 (79.4)
	135 (84.4)
	　

	Y
	38 (16.9)
	38 (14.6)
	　
	33 (20.6)
	25 (15.6)
	　

	Hypertension, N (%)
	　
	　
	0.600 
	　
	　
	0.393

	N
	156 (69.3)
	187 (71.9)
	　
	108 (67.5)
	116 (72.5)
	　

	Y
	69 (30.7)
	73 (28.1)
	　
	52 (32.5)
	44 (27.5)
	　


Abbreviation: BMI: Body Mass Index; PSM: propensity score matching.

	Supplementary Table S2 | Clinicopathological features of individuals with and without early-stage hepatocellular carcinoma.

	Clinical Characteristics
	Control
	Case
	Univariate logistic analysis
	Multivariate logistic analysis

	
	(N=160)
	(N=160)
	OR (95% CI)
	P-value
	OR (95% CI)
	P-value

	Age (year), X ± SD
	54.02 ± 12.92
	55.52 ± 11.00
	1.011 (0.992-1.029)
	0.264
	_________
	_________

	Gender, N (%)
	　
	　
	1.288 (0.728-2.282)
	0.468
	_________
	_________

	Female
	32 (20.00)
	26 (16.20)
	　
	　
	　
	　

	Male
	128 (80.00)
	134 (83.80)
	　
	　
	　
	　

	BMI (kg/m2), X ± SD
	23.62 ± 3.18
	23.09 ± 3.12
	0.947 (0.882-1.016)
	0.128
	_________
	_________

	Hepatitis B, N (%)
	　
	　
	1.513 (0.937-2.443)
	0.115
	_________
	_________

	No
	56 (35.00)  
	42 (26.20)
	　
	　
	　
	　

	Yes
	104 (65.00)
	118 (73.80)
	　
	　
	　
	　

	Cirrhosis, N (%)
	
	
	1.031 (0.636-1.67)
	1.000 
	_________
	_________

	No
	114 (71.20)
	113 (70.60)
	
	
	
	

	Yes
	46 (28.70)
	47 (29.40)
	
	
	
	

	AFP (ng/mL),  N (%)
	　
	　
	1.757 (1.531-1.807)
	<0.001
	1.743 (1.421-1.864)
	<0.001

	≤200
	159 (99.40)
	107 (66.90)
	　
	　
	　
	　

	>200
	1 (0.60)
	53 (33.10)
	　
	　
	　
	　

	CEA (ng/mL), N (%)
	
	
	1.846 (1.378-2.358)
	0.683 
	_________
	_________

	≤5
	146 (91.20)
	148 (92.50)
	
	
	
	

	>5
	14 (8.80)
	12 (7.50)
	
	
	
	

	CA199 (ng/mL), N (%)
	　
	　
	1.645 (0.929-2.912)
	0.087 
	1.63 (0.739-3.681)
	0.230 

	≤35
	136 (85.00)
	124 (77.50)
	　
	　
	　
	　

	>35
	24 (15.00)
	36 (22.50)
	　
	　
	　
	　

	TBIL (μmol/L), X ± SD
	23.86 ± 33.17
	20.96 ± 42.24
	0.998 (0.992-1.004)
	0.497 
	_________
	_________

	DBIL (μmol/L), X ± SD
	12.83 ± 26.22
	10.31 ± 28.18
	0.996 (0.988-1.005)
	0.415 
	_________
	_________

	Albumin (g/L), X ± SD
	38.68 ± 6.11
	38.71 ± 4.59
	1.001 (0.961-1.043)
	0.959 
	_________
	_________

	Albumin / Globulin
	1.25 ± 0.30
	1.25 ± 0.26
	0.96 (0.437-2.111)
	0.920 
	_________
	_________

	ALT (μmol/L), X ± SD
	58.29 ± 81.87
	42.00 ± 48.23
	1.996 (1.391-2.701)
	0.046 
	1.998 (1.493-2.736)
	0.031 

	AST (μmol/L), X ± SD
	52.14 ± 58.74
	52.07 ± 58.29
	1.000 (0.996-1.004)
	0.991 
	_________
	_________

	Total Cholesterol (mmol/L), X ± SD
	4.58 ± 1.25
	4.61 ± 2.01
	1.008 (0.883-1.149)
	0.910 
	_________
	_________

	Triglyceride (mmol/L), X ± SD
	1.76 ± 1.44
	1.31 ± 0.82
	1.647 (1.491-1.852)
	0.002 
	1.809 (1.576-2.062)
	0.001 

	Child-Pugh, N (%)
	
	
	1.348 (1.167-1.726)
	0.005 
	1.291 (1.127-1.669)
	<0.001

	A
	132 (82.50)
	149 (93.10)
	
	
	
	

	B
	28 (17.50)
	11 (6.90)
	
	
	
	

	PT (s), X ± SD
	13.63 ± 1.38
	13.94 ± 0.99
	1.245 (1.029-1.507)
	0.024 
	1.262 (0.967-1.657)
	0.022 

	Fibrinogen (g/L), X ± SD
	3.08 ± 1.23
	3.20 ± 1.26
	1.084 (0.907-1.296)
	0.373 
	_________
	_________

	White Blood Cell (109/L), X ± SD
	6.00 ± 2.39
	6.03 ± 2.38
	1.004 (0.916-1.101)
	0.926 
	_________
	_________

	Neutrophilic granulocyte (109/L), X ± SD
	3.72 ± 2.00
	3.95 ± 1.99
	1.062 (0.951-1.187)
	0.286 
	_________
	_________

	Monocytes (109/L), X ± SD
	0.45 ± 0.21
	0.50 ± 0.26
	2.565 (0.986-6.675)
	0.054 
	4.915 (1.407-18.562)
	0.051 

	Lymphocyte (109/L), X ± SD
	1.63 ± 0.72
	1.42 ± 0.56
	1.606 (1.425-1.864)
	0.006 
	1.438 (1.259-1.714)
	0.001 

	Hemoglobin (g/L), X ± SD
	133.41 ± 22.18
	136.33 ± 20.02
	1.007 (0.996-1.017)
	0.216 
	_________
	_________

	Platelet (109/L), X ± SD
	174.48 ± 76.95
	174.52 ± 90.14
	1.000 (0.997-1.003)
	0.997 
	_________
	_________


Abbreviation: PSM: Propensity score matching; BMI: Body Mass Index; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic Antigen; CA199: Carbohydrate Antigen199; TBIL: Total Bilirubin; DBIL: Direct Bilirubin; ALT: Alanine aminotransferase; AST: Aspartate Transaminase; PT: Prothrombin Time; IQR: Interquartile range.
	


Supplementary Table S3 | Relevant evaluation indicators of machine learning models.

	Machine learning method
	Alcohol drinking-gut microbiota-liver axis model
	Clinical and alcohol drinking-gut microbiota-liver axis model

	
	Accuracy
	Precision
	Recall
	F1 Score
	Brier Score
	Accuracy
	Precision
	Recall
	F1 Score
	Brier Score

	Classification and Regression Tree
	0.823 
	1.000 
	0.667 
	0.800 
	0.146 
	0.885 
	0.955 
	0.824 
	0.885 
	0.117 

	Gradient Boosting Machine
	0.844 
	0.846 
	0.863 
	0.854 
	0.161 
	0.792 
	0.804 
	0.804 
	0.804 
	0.141 

	K-Nearest Neighbor
	0.885 
	0.976 
	0.804 
	0.882 
	0.127 
	0.948 
	0.961 
	0.961 
	0.961 
	0.122 

	Logistic Regression
	0.750 
	0.846 
	0.647 
	0.733 
	0.168 
	0.769 
	0.727 
	0.784 
	0.754 
	0.177 

	Neural Network
	0.875 
	0.953 
	0.804 
	0.872 
	0.133 
	0.813 
	0.811 
	0.843 
	0.827 
	0.139 

	Random Forest
	0.833 
	0.872 
	0.804 
	0.837 
	0.151 
	0.781 
	0.800 
	0.784 
	0.792 
	0.161 

	Support Vector Machine
	0.823 
	0.840 
	0.824 
	0.832 
	0.144 
	0.879 
	0.830 
	0.863 
	0.846 
	0.128 

	eXtreme Gradient Boosting
	0.865 
	0.952 
	0.784 
	0.860 
	0.115 
	0.896 
	0.918 
	0.882 
	0.900 
	0.104 



