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Figure S1 Directed Acyclic Graph
Green circles represent study factors, blue circles represent outcome, white circles represent adjusted variable, pink circles represent ancestor of exposure and outcome
Abbreviate: BMI, Body mass index; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UHR Serum uric acid to high-density lipoprotein cholesterol ratio, UCR Serum uric acid to creatinine ratio
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Figure S2 Association of SUA related indices with the risk of Lean MASLD
Restricted cubic spline analyses with 5 knots for nonlinear association between SUA related ratio and MASLD on a continuous scale. HRs are indicated by solid lines and 95% CIs by dotted line. The UCR and UHR distribution are indicated by shaded areas. Adjusted for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio
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Figure S3 Association of SUA related indices with the risk of Nonlean MASLD
Restricted cubic spline analyses with 5 knots for nonlinear association between SUA related ratio and MASLD on a continuous scale. HRs are indicated by solid lines and 95% CIs by dotted line. The UCR and UHR distribution are indicated by shaded areas. Adjusted for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio
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Figure S4 Effect of Combined Interaction of SUA with SCr and HDL-C on Lean MASLD
A shows the effect of the interaction of SUA with SCr on Lean MASLD; B shows the effect of the interaction of SUA with HDL-C on Lean MASLD; covariance exclusion was performed to curve fitting, adjusting for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: HDL-C, High-density lipoprotein cholesterol; SUA, Serum uric acid; SCr, Serum creatinine
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Figure S5 Effect of Combined Interaction of SUA with SCr and HDL-C on Nonlean MASLD
A shows the effect of the interaction of SUA with SCr on Nonlean MASLD; B shows the effect of the interaction of SUA with HDL-C on Nonlean MASLD; covariance exclusion was performed to curve fitting, adjusting for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: HDL-C, High-density lipoprotein cholesterol; SUA, Serum uric acid; SCr, Serum creatinine
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Figure S6 Kaplan-Meier curves for cumulative incidence of total MASLD
The number at risk at each follow-up time point is shown below the graph. Log-rank test P<0.001 indicates significant differences between groups.
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Figure S7 Kaplan-Meier curves for cumulative incidence of Lean MASLD
The number at risk at each follow-up time point is shown below the graph. Log-rank test P<0.001 indicates significant differences between groups.
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Figure S8 Kaplan-Meier curves for cumulative incidence of Nonlean MASLD
The number at risk at each follow-up time point is shown below the graph. Log-rank test P<0.001 indicates significant differences between groups.
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Figure S9 Effect of different levels of UCR and UHR on new-onset Lean MASLD in different subgroups
Each subgroup was adjusted for confounders other than grouping variables in age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio; BMI, Body mass index; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, eGFR, estimate Glomerular Filtration Rate
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Figure S10 Effect of different levels of UCR and UHR on new-onset Nonlean MASLD in different subgroups
Each subgroup was adjusted for confounders other than grouping variables in age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR.
Abbreviate: UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio; BMI, Body mass index; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, eGFR, estimate Glomerular Filtration Rate



Table S1 The VIFs (Variance Inflation Factors, as measures of the multicollinearity) in model 3
	Variables
	Collinearity Statistics

	
	VIFs
	Tolerance

	The UCR model
	
	

	eGFR (ml/min/1.73 m2)
	3.35
	0.30

	Age (year)
	3.05
	0.33

	WC (cm)
	2.9
	0.35

	ALT (U/L)
	2.76
	0.36

	AST (U/L)
	2.39
	0.42

	SBP(mmHg)
	2.37
	0.42

	BMI (kg/m2)
	2.26
	0.44

	DBP(mmHg)
	2.11
	0.48

	Gender
	1.82
	0.55

	γ-GGT (U/L)
	1.43
	0.70

	HDL-C (mg/dL)
	1.37
	0.73

	TG (mg/dL)
	1.28
	0.78

	UCR
	1.28
	0.78

	BUN(mg/dL)
	1.27
	0.79

	FPG(mg/dL)
	1.26
	0.79

	LDL-C (mg/dL)
	1.17
	0.87

	The UHR model
	
	

	Age (year)
	3.00
	0.33

	WC (cm)
	2.90
	0.35

	eGFR (ml/min/1.73 m2)
	2.88
	0.35

	ALT (U/L)
	2.76
	0.36

	AST (U/L)
	2.39
	0.42

	SBP(mmHg)
	2.37
	0.42

	BMI (kg/m2)
	2.25
	0.44

	DBP(mmHg)
	2.11
	0.48

	Gender
	1.86
	0.54

	HDL-C (mg/dL)
	1.58
	0.63

	UHR(%)
	1.49
	0.67

	γ-GGT (U/L)
	1.42
	0.70

	TG (mg/dL)
	1.28
	0.78

	BUN(mg/dL)
	1.26
	0.79

	FPG(mg/dL)
	1.26
	0.79

	LDL-C (mg/dL)
	1.16
	0.86


Abbreviate: BMI, Body mass index; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio



Table S2 Basic characteristics of the participants according to quartile of UCR
	Variables
	Q1
	Q2
	Q3
	Q4
	P Value

	
	(n=9,394)
	(n=9,394)
	(n=9,394)
	(n=9,393)
	

	Age (year)
	44.21 (13.69)
	42.58 (13.50)
	41.86 (13.48)
	40.81 (13.44)
	<0.001

	Gender
	
	
	
	
	<0.001

	Male
	4,031 (42.9)
	4,113 (43.8)
	4,237 (45.1)
	3,886 (41.4)
	

	Female
	5,363 (57.1)
	5,281 (56.2)
	5,157 (54.9)
	5,507 (58.6)
	

	BMI (kg/m2)
	22.63 (2.66)
	22.93 (2.73)
	23.28 (2.80)
	23.68 (2.93)
	<0.001

	T2DM
	
	
	
	
	<0.001

	No
	8,917 (94.9)
	9,031 (96.1)
	9,009 (95.9)
	8,987 (95.7)
	

	Yes
	477 (5.1)
	363 (3.9)
	385 (4.1)
	406 (4.3)
	

	Hypertension
	
	
	
	
	<0.001

	No
	7,901 (84.1)
	7,916 (84.3)
	7,822 (83.3)
	7,651 (81.5)
	

	Yes
	1,493 (15.9)
	1,478 (15.7)
	1,572 (16.7)
	1,742 (18.5)
	

	WC (cm)
	78 (72, 85)
	80 (73, 86)
	81 (74, 88)
	82 (75, 88)
	<0.001

	SBP (mmHg)
	122 (112, 133)
	122 (113, 133)
	123 (113, 134)
	124 (114, 135)
	<0.001

	DBP (mmHg)
	73 (67, 80)
	74 (67, 81)
	74 (68, 81)
	75 (68, 82)
	<0.001

	FPG (mg/dL)
	98.81 (15.77)
	98.18 (13.45)
	98.66 (13.33)
	99.17 (14.61)
	<0.001

	TC (mg/dL)
	185.60 (33.91)
	185.65 (33.66)
	187.24 (34.18)
	188.95 (34.89)
	<0.001

	TG (mg/dL)
	109.18 (52.40)
	114.17 (56.59)
	120.02 (60.15)
	131.35 (71.49)
	<0.001

	HDL-C (mg/dL)
	57.26 (12.94)
	55.51 (12.48)
	54.41 (12.38)
	53.04 (12.08)
	<0.001

	LDL-C (mg/dL)
	98.34 (27.17)
	99.50 (26.83)
	101.09 (27.11)
	102.62 (27.84)
	<0.001

	ALT (U/L)
	15.43 (12.00, 20.88)
	16.00 (12.17, 21.61)
	16.70 (12.64, 23.00)
	17.80 (13.00, 24.95)
	<0.001

	AST (U/L)
	18.74 (16.00, 21.93)
	18.83 (16.11, 22.00)
	18.98 (16.12, 22.15)
	19.00 (16.31, 23.00)
	<0.001

	γ-GGT (U/L)
	13.14 (10.00, 19.00)
	14.00 (10.42, 20.52)
	15.00 (11.00, 22.00)
	16.25 (11.79, 25.00)
	<0.001

	BUN(mg/dL)
	13.67 (3.47)
	13.60 (3.28)
	13.60 (3.27)
	13.43 (3.24)
	<0.001

	SUA (mg/dL)
	4.39 (1.17)
	5.17 (1.06)
	5.73 (1.16)
	6.52 (1.37)
	<0.001

	SCr (mg/dL)
	0.79 (0.82)
	0.75 (0.15)
	0.73 (0.15)
	0.68 (0.14)
	<0.001

	eGFR (ml/min/1.73 m2)
	104.25 (93.41, 113.48)
	107.56 (97.40, 117.05)
	110.26 (100.45, 119.12)
	114.71 (104.23, 123.24)
	<0.001

	UCR
	5.76 (5.30, 6.10)
	6.87 (6.63, 7.09)
	7.82 (7.56, 8.09)
	9.29 (8.79, 10.07)
	<0.001

	UHR (%)
	7.52 (5.84, 10.03)
	9.18 (7.20, 12.13)
	10.49 (8.10, 13.79)
	12.20 (9.53, 15.93)
	<0.001

	SUA/SCr
	
	
	
	
	<0.001

	[bookmark: OLE_LINK1]Normal SUA/
Normal SCr
	5,864 (62.4)
	6,254 (66.6)
	6,532 (69.5)
	4,961 (52.8)
	

	Normal SUA/
High SCr
	3,502 (37.3)
	2,682 (28.6)
	1,254 (13.3)
	12 (0.1)
	

	High SUA/
Normal SCr
	0 (0.0)
	0 (0.0)
	166 (1.8)
	2,724 (29.0)
	

	High SUA/High SCr
	28 (0.3)
	458 (4.9)
	1,442 (15.4)
	1,696 (18.1)
	


Continuous variables are expressed as mean ± SD or as median (interquartile range). Categorical variables are expressed as numbers (percentage).
Abbreviate: BMI, Body mass index; T2DM, Type II Diabetes Mellitus; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio


Table S3 Basic characteristics of the participants according to quartile of UHR
	Variables
	Q1
	Q2
	Q3
	Q4
	P Value

	
	(n=9,394)
	(n=9,394)
	(n=9,394)
	(n=9,393)
	

	Age (year)
	41.13 (12.60)
	42.13 (13.79)
	43.25 (14.04)
	42.96 (13.76)
	<0.001

	Gender
	
	
	
	
	<0.001

	Male
	645 (6.9)
	2,226 (23.7)
	5,260 (56.0)
	8,136 (86.6)
	

	Female
	8,749 (93.1)
	7,168 (76.3)
	4,134 (44.0)
	1,257 (13.4)
	

	BMI (kg/m2)
	21.67 (2.37)
	22.59 (2.64)
	23.58 (2.67)
	24.67 (2.62)
	<0.001

	T2DM
	
	
	
	
	<0.001

	No
	9,148 (97.4)
	9,035 (96.2)
	8,893 (94.7)
	8,868 (94.4)
	

	Yes
	246 (2.6)
	359 (3.8)
	501 (5.3)
	525 (5.6)
	

	Hypertension
	
	
	
	
	<0.001

	No
	8,438 (89.8)
	8,033 (85.5)
	7,563 (80.5)
	7,256 (77.2)
	

	Yes
	956 (10.2)
	1,361 (14.5)
	1,831 (19.5)
	2,137 (22.8)
	

	WC (cm)
	74 (70, 80)
	78 (72, 84)
	82 (77, 88)
	87 (82, 92)
	<0.001

	SBP (mmHg)
	119 (110, 129)
	121 (111, 132)
	125 (114, 135)
	127 (117, 137)
	<0.001

	DBP (mmHg)
	71 (65, 78)
	73 (66, 80)
	75 (68, 82)
	77 (70, 84)
	<0.001

	FPG (mg/dL)
	95.69 (11.62)
	97.82 (14.23)
	100.02 (15.63)
	101.28 (14.87)
	<0.001

	TC (mg/dL)
	191.51 (33.85)
	187.16 (34.34)
	185.57 (34.53)
	183.21 (33.50)
	<0.001

	TG (mg/dL)
	94.98 (42.45)
	107.16 (49.07)
	120.98 (54.95)
	151.60 (77.05)
	<0.001

	HDL-C (mg/dL)
	67.85 (11.22)
	57.88 (8.50)
	51.46 (7.42)
	43.03 (7.04)
	<0.001

	LDL-C (mg/dL)
	94.45 (26.65)
	99.45 (27.04)
	102.83 (27.53)
	104.83 (26.78)
	<0.001

	ALT (U/L)
	15.43 (12.00, 20.88)
	16.00 (12.17, 21.61)
	16.70 (12.64, 23.00)
	17.80 (13.00, 24.95)
	<0.001

	AST (U/L)
	18.74 (16.00, 21.93)
	18.83 (16.11, 22.00)
	18.98 (16.12, 22.15)
	19.00 (16.31, 23.00)
	<0.001

	γ-GGT (U/L)
	13.14 (10.00, 19.00)
	14.00 (10.42, 20.52)
	15.00 (11.00, 22.00)
	16.25 (11.79, 25.00)
	<0.001

	BUN(mg/dL)
	12.64 (3.11)
	13.24 (3.26)
	13.95 (3.30)
	14.48 (3.30)
	<0.001

	SUA (mg/dL)
	4.39 (1.17)
	5.17 (1.06)
	5.73 (1.16)
	6.52 (1.37)
	<0.001

	SCr (mg/dL)
	0.79 (0.82)
	0.75 (0.15)
	0.73 (0.15)
	0.68 (0.14)
	<0.001

	eGFR (ml/min/1.73 m2)
	113.22 (104.15, 121.50)
	110.90 (100.18, 120.25)
	107.14 (97.20, 117.21)
	104.19 (94.52, 113.75)
	<0.001

	UHR (%)
	6.21 (5.42, 6.83)
	8.54 (7.96, 9.12)
	11.21 (10.46, 12.07)
	15.75 (14.21, 18.10)
	<0.001

	UCR
	6.42 (5.62, 7.26)
	7.24 (6.40, 8.19)
	7.57 (6.61, 8.66)
	8.14 (7.23, 9.23)
	<0.001

	SUA/HDL-C
	
	
	
	
	<0.001

	Normal SUA/
Normal HDL-C
	9,050 (96.3)
	7,605 (81.0)
	5,663 (60.3)
	2,940 (31.3)
	

	Normal SUA/
Low HDL-C
	314 (3.3)
	1,418 (15.1)
	2,320 (24.7)
	1,751 (18.6)
	

	High SUA/
Normal HDL-C
	30 (0.3)
	371 (3.9)
	1,338 (14.2)
	3,371 (35.9)
	

	High SUA/
Low HDL-C
	0 (0.0)
	0 (0.0)
	73 (0.8)
	1,331 (14.2)
	


Continuous variables are expressed as mean ± SD or as median (interquartile range). Categorical variables are expressed as numbers (percentage).
Abbreviate: BMI, Body mass index; T2DM, Type II Diabetes Mellitus; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UHR Serum uric acid to high-density lipoprotein cholesterol ratio, UCR Serum uric acid to creatinine ratio


Table S4 Basic characteristics of the participants
	Variables
	Overall
	Non MASLD
	Lean MASLD
	Nonlean MASLD
	P Value

	
	(n=37,575)
	(n=29,641)
	(n=891)
	(n=7,043)
	

	SUA/SCr
	
	
	
	
	<0.001

	Normal SUA/Normal SCr
	23,611 (62.8)
	19,709 (66.5)
	544 (61.1)
	3,358 (47.7)
	

	Normal SUA/High SCr
	7,450 (19.8)
	5,657 (19.1)
	155 (17.4)
	1,638 (23.3)
	

	High SUA/Normal SCr
	2,890 (7.7)
	1,980 (6.7)
	94 (10.5)
	816 (11.6)
	

	High SUA/High SCr
	3,624 (9.6)
	2,295 (7.7)
	98 (11.0)
	1,231 (17.5)
	

	SUA/HDL-C
	
	
	
	
	<0.001

	Normal SUA/Normal HDL-C
	25,258 (67.2)
	21,133 (71.3)
	509 (57.1)
	3,616 (51.3)
	

	Normal SUA/Low HDL-C
	5,803 (15.4)
	4,233 (14.3)
	190 (21.3)
	1,380 (19.6)
	

	High SUA/Normal HDL-C
	5,110 (13.6)
	3,478 (11.7)
	152 (17.1)
	1,480 (21.0)
	

	High SUA/Low HDL-C
	1,404 (3.7)
	797 (2.7)
	40 (4.5)
	567 (8.1)
	


Categorical variables are expressed as numbers (percentage).
Abbreviate: SUA, Serum uric acid; SCr, HDL-C, High-density lipoprotein cholesterol


Table S5 Basic characteristics of the participants according to the distribution of SUA/SCr
	Variables
	Normal SUA/Normal SCr
	Normal SUA/High SCr
	High SUA/Normal SCr
	High SUA/High SCr
	P Value

	
	(n=23,611)
	(n=7,450)
	(n=2,890)
	(n=3,624)
	

	Age (year)
	41.43 (12.92)
	45.48 (14.60)
	41.75 (14.29)
	42.55 (14.06)
	<0.001

	Gender
	
	
	
	
	<0.001

	Male
	4,666 (19.8)
	7,051 (94.6)
	1,100 (38.1)
	3,450 (95.2)
	

	Female
	18,945 (80.2)
	399 (5.4)
	1,790 (61.9)
	174 (4.8)
	

	BMI (kg/m2)
	22.55 (2.68)
	23.85 (2.67)
	24.06 (3.02)
	24.66 (2.59)
	<0.001

	T2DM
	
	
	
	
	<0.001

	No
	22,691 (96.1)
	7,030 (94.4)
	2,761 (95.5)
	3,462 (95.5)
	

	Yes
	920 (3.9)
	420 (5.6)
	129 (4.5)
	162 (4.5)
	

	Hypertension
	
	
	
	
	<0.001

	No
	20,484 (86.8)
	5,770 (77.4)
	2,266 (78.4)
	2,770 (76.4)
	

	Yes
	3,127 (13.2)
	1,680 (22.6)
	624 (21.6)
	854 (23.6)
	

	WC (cm)
	77 (72, 84)
	85 (79, 90)
	83 (76, 89)
	87 (82, 92)
	<0.001

	SBP (mmHg)
	121(111, 131)
	126 (117, 136)
	125 (115, 136)
	128 (118, 137)
	<0.001

	DBP (mmHg)
	72 (66, 80)
	76 (70, 84)
	75 (69, 83)
	77 (70, 85)
	<0.001

	FPG (mg/dL)
	97.54 (13.98)
	100.93 (15.14)
	99.57 (14.64)
	101.00 (13.74)
	<0.001

	TC (mg/dL)
	185.60 (34.15)
	186.48 (33.28)
	192.18 (35.87)
	191.62 (34.11)
	<0.001

	TG (mg/dL)
	109.92 (54.59)
	124.60 (60.49)
	139.35 (72.66)
	147.12 (76.69)
	<0.001

	HDL-C (mg/dL)
	57.54 (12.41)
	51.24 (11.63)
	52.71 (12.31)
	48.60 (10.93)
	<0.001

	LDL-C (mg/dL)
	97.36 (26.70)
	103.95 (26.79)
	105.14 (28.61)
	109.01 (27.75)
	<0.001

	ALT (U/L)
	14.97 (11.56, 20.00)
	19.00 (15.00, 25.14)
	18.00 (13.43, 25.00)
	21.18 (16.00, 28.89)
	<0.001

	AST (U/L)
	18.00 (15.74, 21.15)
	20.00 (17.34, 23.30)
	19.44 (16.63, 23.06)
	20.77 (17.74, 24.42)
	<0.001

	γ-GGT (U/L)
	12.51 (9.76, 17.78)
	18.07 (13.86, 25.47)
	17.28 (12.43, 26.80)
	21.34 (15.90, 30.89)
	<0.001

	BUN(mg/dL)
	12.86 (3.12)
	14.99 (3.20)
	13.80 (3.23)
	15.15 (3.36)
	<0.001

	SUA (mg/dL)
	4.72 (0.91)
	5.89 (0.78)
	7.14 (0.84)
	7.95 (1.22)
	<0.001

	SCr (mg/dL)
	0.65 (0.09)
	0.93 (0.13)
	0.70 (0.09)
	0.97 (1.28)
	<0.001

	eGFR (ml/min/1.73 m2)
	113.21 (104.19, 121.30)
	98.27 (89.30, 107.69)
	111.26 (101.50, 120.38)
	98.04 (88.09, 107.59)
	<0.001

	UCR
	7.28 (6.38, 8.23)
	6.45 (5.82, 7.09)
	10.03 (9.24, 11.00)
	8.33 (7.71, 8.99)
	<0.001

	UHR (%)
	8.19 (6.59, 10.24)
	11.90 (9.85, 14.15)
	13.65 (11.34, 16.77)
	16.68 (14.25, 19.52)
	<0.001


Continuous variables are expressed as mean ± SD or as median (interquartile range). Categorical variables are expressed as numbers (percentage).
Abbreviate: BMI, Body mass index; T2DM, Type II Diabetes Mellitus; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UCR Serum uric acid to creatinine ratio, UHR Serum uric acid to high-density lipoprotein cholesterol ratio


Table S6 Basic characteristics of the participants according to the distribution of SUA/HDL-C
	Variables
	Normal SUA/Normal HDL-C
	Normal SUA/Low HDL-C
	High SUA/Normal HDL-C
	High SUA/Low HDL-C
	P Value

	
	(n=25,258)
	(n=5,803)
	(n=5,110)
	(n=1,404)
	

	Age (year)
	42.67 (13.61)
	41.24 (12.70)
	42.42 (14.24)
	41.37 (13.87)
	<0.001

	Gender
	
	
	
	
	<0.001

	Male
	10,385 (41.1)
	1,332 (23.0)
	3,814 (74.6)
	736 (52.4)
	

	Female
	14,873 (58.9)
	4,471 (77.0)
	1,296 (25.4)
	668 (47.6)
	

	BMI (kg/m2)
	22.70 (2.71)
	23.55 (2.74)
	24.20 (2.77)
	25.10 (2.82)
	<0.001

	T2DM
	
	
	
	
	<0.001

	No
	24,195 (95.8)
	5,526 (95.2)
	4,889 (95.7)
	1,334 (95.0)
	

	Yes
	1,063 (4.2)
	277 (4.8)
	221 (4.3)
	70 (5.0)
	

	Hypertension
	
	
	
	
	<0.001

	No
	21,316 (84.4)
	4,938 (85.1)
	3,941 (77.1)
	1,095 (78.0)
	

	Yes
	3,942 (15.6)
	865 (14.9)
	1,169 (22.9)
	309 (22.0)
	

	WC (cm)
	79 (73, 86)
	80 (74, 86)
	85 (80, 91)
	86 (80, 92)
	<0.001

	SBP (mmHg)
	122 (113, 133)
	121 (112, 132)
	127 (117, 137)
	125 (114, 136)
	<0.001

	DBP (mmHg)
	73 (67, 81)
	73 (66, 80)
	77 (70, 84)
	76 (69, 84)
	<0.001

	FPG (mg/dL)
	98.29 (14.29)
	98.64 (14.53)
	100.31 (13.84)
	100.58 (15.26)
	<0.001

	TC (mg/dL)
	188.79 (33.32)
	172.83 (33.61)
	194.79 (34.55)
	181.24 (34.08)
	<0.001

	TG (mg/dL)
	108.45 (50.99)
	135.17 (71.67)
	135.02 (65.67)
	175.17 (95.70)
	<0.001

	HDL-C (mg/dL)
	59.17 (11.48)
	42.36 (5.97)
	53.67 (10.74)
	38.62 (6.46)
	<0.001

	LDL-C (mg/dL)
	99.56 (26.99)
	96.27 (26.18)
	108.45 (28.24)
	103.10 (27.68)
	<0.001

	ALT (U/L)
	16.00 (12.06, 21.46)
	15.35 (11.96, 21.16)
	19.95 (14.99, 27.00)
	19.89 (14.61, 28.00)
	<0.001

	AST (U/L)
	18.90 (16.10, 22.00)
	17.92 (15.30, 21.00)
	20.25 (17.33, 24.04)
	19.48 (16.76, 23.04)
	<0.001

	γ-GGT (U/L)
	13.86 (10.23, 20.00)
	13.34 (10.09, 19.00)
	19.88 (14.27, 29.46)
	19.00 (13.77, 28.90)
	<0.001

	BUN(mg/dL)
	13.51 (3.27)
	12.79 (3.22)
	14.72 (3.33)
	13.91 (3.46)
	<0.001

	SUA (mg/dL)
	5.02 (1.03)
	4.93 (0.95)
	7.64 (1.19)
	7.40 (0.94)
	<0.001

	SCr (mg/dL)
	0.72 (0.15)
	0.68 (0.18)
	0.87 (1.09)
	0.80 (0.16)
	<0.001

	eGFR (ml/min/1.73 m2)
	109.43 (99.31, 118.85)
	112.32 (102.78, 120.74)
	103.09 (92.71, 113.71)
	106.04 (94.97, 116.60)
	<0.001

	UHR (%)
	8.39 (6.68, 10.81)
	11.19 (9.38, 13.96)
	14.81 (12.11, 17.40)
	19.86 (15.29, 23.05)
	<0.001

	UCR
	6.97 (6.14, 7.85)
	7.31 (6.45, 8.29)
	8.93 (8.11, 9.94)
	9.33 (8.35, 10.44)
	<0.001


Continuous variables are expressed as mean ± SD or as median (interquartile range). Categorical variables are expressed as numbers (percentage).
Abbreviate: BMI, Body mass index; T2DM, Type II Diabetes Mellitus; WC, Waist circumference; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; FPG, Fasting plasma glucose; TC, Total cholesterol; TG, Triglyceride; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; ALT, Alanine aminotransferase; AST, Aspartate transaminase; γ-GGT, γ-Glutamyl transferase; BUN Blood urea nitrogen, SUA, Serum uric acid; SCr, Serum creatinine; eGFR, estimate Glomerular Filtration Rate, UHR Serum uric acid to high-density lipoprotein cholesterol ratio, UCR Serum uric acid to creatinine ratio


Table S7 Risk of SUA related ratio on the development of MASLD
	Variables 
	Total MASLD
	Lean MASLD
	Nonlean MASLD

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Model 1
	
	
	
	
	
	

	UCR#
	1.25(1.22,1.28)
	<0.001
	1.47(1.39,1.55)
	<0.001
	1.39(1.36,1.42)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.41(1.31,1.52)
	<0.001
	1.51(1.20,1.89)
	<0.001
	1.41(1.31,1.53)
	<0.001

	Q3
	1.86(1.74,2.00)
	<0.001
	2.03(1.63,2.52)
	<0.001
	1.88(1.74,2.02)
	<0.001

	Q4
	2.66(2.48,2.84)
	<0.001
	3.21(2.61,3.94)
	<0.001
	2.69(2.51,2.89)
	<0.001

	Normal SUA/Normal SCr
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/High SCr
	1.73(1.63,1.83)
	<0.001
	1.17(0.97,1.39)
	0.084
	1.83(1.72,1.94)
	<0.001

	High SUA/Normal SCr
	2.46(2.29,2.64)
	<0.001
	2.10(1.69,2.62)
	<0.001
	2.58(2.39,2.79)
	<0.001

	High SUA/High SCr
	3.23(3.04,3.44)
	<0.001
	2.18(1.75,2.70)
	<0.001
	3.48(3.26,3.71)
	<0.001

	UHR#
	1.81(1.78,1.84)
	<0.001
	1.56(1.48,1.65)
	<0.001
	1.86(1.83,1.90)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.80(1.41,2.29)
	<0.001
	1.80(1.41,2.29)
	<0.001
	2.01(1.83,2.22)
	<0.001

	Q3
	2.81(2.24,3.53)
	<0.001
	2.81(2.24,3.53)
	<0.001
	3.81(3.48,4.18)
	<0.001

	Q4
	4.35(3.50,5.41)
	<0.001
	4.35(3.5,5.41)
	<0.001
	7.65(7.02,8.33)
	<0.001

	Normal SUA/Normal HDL-C
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/Low HDL-C
	1.63(1.53,1.72)
	<0.001
	1.72(1.46,2.04)
	<0.001
	1.65(1.55,1.75)
	<0.001

	High SUA/Normal HDL-C
	2.56(2.41,2.71)
	<0.001
	2.29(1.91,2.75)
	<0.001
	2.66(2.50,2.83)
	<0.001

	High SUA/Low HDL-C
	3.57(3.27,3.88)
	<0.001
	2.51(1.82,3.46)
	<0.001
	3.83(3.50,4.19)
	<0.001

	Model 2
	
	
	
	
	
	

	UCR#
	1.25(1.22,1.28)
	<0.001
	1.43(1.36,1.51)
	<0.001
	1.23(1.20,1.26)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.30(1.20,1.40)
	<0.001
	1.52(1.20,1.91)
	<0.001
	1.28(1.18,1.38)
	<0.001

	Q3
	1.50(1.40,1.61)
	<0.001
	2.03(1.63,2.53)
	<0.001
	1.47(1.36,1.58)
	<0.001

	Q4
	1.94(1.81,2.08)
	<0.001
	3.11(2.52,3.84)
	<0.001
	1.85(1.72,1.99)
	<0.001

	Normal SUA/Normal SCr
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/High SCr
	0.93(0.87,0.99)
	0.039
	0.83(0.67,1.02)
	0.089
	0.93(0.87,1.00)
	0.071

	High SUA/Normal SCr
	1.40(1.30,1.51)
	<0.001
	1.66(1.32,2.09)
	<0.001
	1.36(1.25,1.47)
	<0.001

	High SUA/High SCr
	1.32(1.22,1.42)
	<0.001
	1.53(1.20,1.96)
	<0.001
	1.30(1.20,1.41)
	<0.001

	UHR#
	1.30(1.26,1.35)
	<0.001
	1.52(1.37,1.68)
	<0.001
	1.28(1.24,1.33)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.52(1.39,1.68)
	<0.001
	1.81(1.40,2.34)
	<0.001
	1.46(1.32,1.62)
	<0.001

	Q3
	2.09(1.89,2.31)
	<0.001
	2.85(2.17,3.75)
	<0.001
	2.02(1.81,2.25)
	<0.001

	Q4
	2.92(2.59,3.29)
	<0.001
	4.32(3.11,6.00)
	<0.001
	2.74(2.41,3.12)
	<0.001

	Normal SUA/Normal HDL-C
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/Low HDL-C
	1.07(0.99,1.15)
	0.075
	1.17(0.94,1.47)
	0.147
	1.04(0.96,1.13)
	0.243

	High SUA/Normal HDL-C
	1.47(1.38,1.56)
	<0.001
	1.90(1.57,2.29)
	<0.001
	1.43(1.34,1.52)
	<0.001

	High SUA/Low HDL-C
	1.31(1.18,1.45)
	<0.001
	1.44(1.01,2.07)
	0.044
	1.28(1.15,1.42)
	<0.001


Model 1 was unjusted;
Model 2: adjusted for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C;
# Per SD increase
Abbreviation: CI, confidence interval; HR, hazard ratio; Ref, reference; HDL-C, High-density lipoprotein cholesterol; SUA, Serum uric acid; SCr, Serum creatinine.


TableS8 Sensitivity analysis 
	Variables 
	Total MASLD
	Lean MASLD
	Nonlean MASLD

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	UCR#
	1.21(1.19,1.24)
	<0.001
	1.30(1.38,1.46)
	<0.001
	1.19(1.16,1.22)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.27(1.18,1.37)
	<0.001
	1.51(1.20,1.91)
	<0.001
	1.26(1.16,1.37)
	<0.001

	Q3
	1.50(1.39,1.61)
	<0.001
	1.99(1.58,2.49)
	<0.001
	1.53(1.41,1.65)
	<0.001

	Q4
	1.81(1.69,1.95)
	<0.001
	2.92(2.33,3.66)
	<0.001
	1.85(1.71,2.01)
	<0.001

	Normal SUA/Normal SCr
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/High SCr
	1.30(1.20,1.41)
	<0.001
	1.55(1.22,1.98)
	<0.001
	1.27(1.17,1.38)
	<0.001

	High SUA/Normal SCr
	0.93(0.86,1.06)
	0.064
	1.04(0.81,1.35)
	0.728
	0.97(0.89,1.06)
	0.566

	High SUA/High SCr
	1.27(1.17,1.37)
	<0.001
	1.73(1.28,2.35)
	<0.001
	1.32(1.19,1.46)
	<0.001

	UHR#
	1.26(1.21,1.30)
	<0.001
	1.10(1.07,1.13)
	<0.001
	1.24(1.19,1.29)
	<0.001

	Q1
	Ref
	
	Ref
	
	Ref
	

	Q2
	1.48(1.34,1.63)
	<0.001
	1.84(1.42,2.39)
	<0.001
	1.46(1.32,1.63)
	<0.001

	Q3
	2.02(1.82,2.24)
	<0.001
	2.99(2.26,3.95)
	<0.001
	1.98(1.77,2.22)
	<0.001

	Q4
	2.69(2.38,3.04)
	<0.001
	4.45(3.16,6.28)
	<0.001
	2.64(2.31,3.02)
	<0.001

	Normal SUA/Normal HDL-C
	Ref
	
	Ref
	
	Ref
	

	Normal SUA/Low HDL-C
	1.39(1.30,1.48)
	<0.001
	1.83(1.49,2.25)
	<0.001
	1.37(1.28,1.47)
	<0.001

	High SUA/Normal HDL-C
	1.07(0.99,1.16)
	0.071
	1.22(0.97,1.54)
	0.075
	1.05(0.96,1.14)
	0.222

	High SUA/Low HDL-C
	1.25(1.12,1.39)
	<0.001
	1.34(0.92,1.94)
	0.122
	1.23(1.10,1.38)
	<0.001


Adjusted for age, gender, WC, BMI, SBP, DBP, FPG, TC, HDL-C, ALT, AST, γ-GGT, BUN, eGFR. 
# Per SD increase
Abbreviation: CI, confidence interval; HR, hazard ratio; Ref, reference; HDL-C, High-density lipoprotein cholesterol; SUA, Serum uric acid; SCr, Serum creatinine


Supplemental Methods
The dummy R code:
We carried out a series of analyses using the “nlme”, “mgcv”, “foreign”, “ggplot2” packages etal in R, the specific code is as follows: 
library(nlme)
library(mgcv)
library(foreign)
library(ggplot2)
model0 <- gam(status ~ s(SUA), family = binomial, data = vd1)
summary(model0)
plot(model0, xlab = "SUA" )
model1 <- gam(status ~ s(SCR), family = binomial, data = vd1)
summary(model1)
plot(model1, xlab = "SCR")
model2 <- gam(status ~ s(SUA) + s(SCR) + s(age) + s(BMI) + s(WC) + s(SBP)+s(DBP)+s(FPG) +s(TC) +s(HDL-C)+s(LDL-C) +s(BUN) + s(eGFR) + s(ALT) + s(AST) + s(GGT) + sex, family = binomial, data = vd1)
summary(model2)
concurvity(model2, full = TRUE)
plot(model2, pages = 1)
mgam <- gam(status ~ ti(SCR) + ti(SUA) + ti(SCR,SUA), family = binomial, data = vd1)
summary(mgam)
vis.gam(mgam, c("SUA","SCR"), theta = 145, phi=30, ticktype = "detailed", xlab = "SUA(mg/dL)", ylab ="SCr(mg/dL)")
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