Supplementary Table S1: Calculation formulas for TyG and its obesity‑derived indices.
	Formula (Pure Text, Directly Copyable to Word)

	TyG-BMI = TyG index * Weight (kg) / [Height (m)]^2

	WHtR = TyG index * WC (cm) / Height (cm)

	TyG-WC = TyG index * WC (cm)

	TyG-WWI = TyG index * WC (cm) / sqrt(Weight (kg))

	TyG-ABSI = TyG index * WC (m) / [BMI^(2/3) (kg/m²) * Height^(1/2) (m)]

	TyG-BRI = TyG index * [364.2 - 365.5 * sqrt(1 - [WC (m) / (2π)]^2 / [0.5 * Height (m)]^2)]

	Male: TyG-CVAI =TyG index * [-267.93 + 0.68 * Age + 0.03 * BMI + 4.00 * WC + 22.00 * log10(TG) + 16.32 * HDL-C]
Female: TyG-CVAI =TyG index * [-187.32 + 1.71 * Age + 4.23 * BMI + 1.12 * WC + 39.76 * log10(TG) - 11.66 * HDL-C]


Abbreviations as in table 1.























Supplementary Table S2: Features of CLMM multimorbidity patterns.
	
	n/denominator
	Percentage (%)
	Mortality linkage available, N (%)
	All-cause deaths, N (%)
	CVD deaths, N (%)

	Total participants
	20235
	—
	20206 (99.86)
	2797 (13.82)
	873 (4.31)

	CVD
	2017 / 20223
	9.97
	2016 (99.95)
	819 (40.60)
	338 (16.76)

	T2DM
	3333 / 20235
	16.47
	3329 (99.88)
	860 (25.80)
	299 (8.97)

	MASLD
	6384 / 20228
	31.56
	6374 (99.84)
	1194 (18.70)
	386 (6.05)

	CLMM
	3056 / 20235
	15.10
	3054 (99.93)
	867 (28.37)
	314 (10.27)

	CVD + Diabetes, inclusive
	914 / 20223
	4.52
	913 (99.89)
	373 (40.81)
	151 (16.52)

	CVD + MASLD, inclusive
	1066 / 20216
	5.27
	1066 (100.00)
	421 (39.49)
	162 (15.20)

	Diabetes + MASLD, inclusive
	2244 / 20228
	11.09
	2243 (99.96)
	553 (24.64)
	183 (8.16)

	CVD + Diabetes + MASLD
	584 / 20216
	2.89
	584 (100.00)
	240 (41.10)
	91 (15.58)

	Diabetes + MASLD only/observed
	1648 / 3056
	53.93
	1647 (99.94)
	313 (18.99)
	92 (5.58)

	CVD + Diabetes + MASLD
	584 / 3056
	19.11
	584 (100.00)
	240 (41.10)
	91 (15.58)

	CVD + MASLD only/observed
	482 / 3056
	15.77
	482 (100.00)
	181 (37.55)
	71 (14.73)

	CVD + Diabetes only/observed
	323 / 3056
	10.57
	322 (99.69)
	130 (40.25)
	59 (18.27)


Abbreviations as in table 1.



Supplementary Table 3: Formula for US Fatty Liver Index (US-FLI).
	Abbreviation
	Index Name
	Formula (Pure Text, Directly Copyable to Word)

	US-FLI
	US Fatty Liver Index
	US-FLI = ey/(1+ey) × 100
where y = −0.8073 × non-Hispanic black + 0.3458 × Mexican American + 0.0093 × age + 0.6151 × loge (gamma glutamyltransferase) + 0.0249 × waist circumference + 1.1792 × loge(insulin) + 0.8242 × loge(glucose) − 14.7812


Note: 'non-Hispanic Black' and 'Mexican American' are binary variables. They are assigned a value of 1 if the participant belongs to that ethnicity, and 0 otherwis.

Supplement Table S4: Collinearity diagnostics steps.
	
	
	VIF

	
	
	Step 1
	Step 2 

	TyG index
	
	32.6
	27.7 

	TyG-BMI
	
	239.3
	238.4 

	TyG-WC
	
	772.2
	768 

	TyG-WHtR
	
	4186.8
	4172.8 

	TyG-WWI
	
	2303.3
	2296.7 

	TyG-ABSI
	
	802.1
	800.1 

	TyG-BRI
	
	193.3
	192.8 

	TyG-CVAI
	
	43.9
	42.7 

	Age
	
	6.8
	6.4 

	Sex
	
	3.1
	3.1 

	Race
	
	1.2
	1.2 

	Marital status
	
	1.2
	1.2 

	Household Income
	
	1.3
	1.3 

	Education
	
	1.4
	1.4 

	Smoking Status
	
	1.2
	1.2 

	Drinking Status
	
	1.2
	1.2 

	WBC
	
	1.2
	1.2 

	RBC
	
	2.5
	2.5 

	Hb
	
	2.9
	2.9 

	PLT
	
	1.2
	1.2 

	HDL-C
	
	9.7
	1.8 

	LDL-C
	
	39.6
	1.1 

	TC
	
	50.8
	NA 

	ALT
	
	2.2
	2.2 

	AST
	
	2.2
	2.2 


VIF: variance inflation factor; VIF = 1/(1-R2). Abbreviations as in Table ​1. 
Note: The variables with VIF>3 will be regarded as collinear variables.









Supplement Table S5: Missing data display.
	Variable
	Missing count (n)
	Missing percentage (%)

	Drinking status
	1642
	8.11

	Household income
	533
	2.63

	LDL-C
	391
	1.93

	Marital status
	193
	0.95

	PLT
	40
	0.2

	WBC
	39
	0.19

	RBC
	39
	0.19

	Hb
	39
	0.19

	AST
	35
	0.17

	Education
	31
	0.15

	Smoking status
	24
	0.12

	ALT
	25
	0.12


Abbreviations as in Table ​1. 





























Supplement Table S6: Summary of baseline characteristics of the study population grouped by tertiles of the TyG index.
	
	T1(5.65,8.33) 
	T2(8.33,8.88)
	T3(8.88,12.85)
	P-value

	No. of subjects (n)
	6746
	6744
	6745
	

	Age (years)
	44.01 (17.62)
	50.31 (18.14)
	53.27 (16.85)
	<0.001

	Sex (n, %)
	
	
	
	

	Male 
	2758 (40.9)
	3340 (49.5)
	3598 (53.3)
	<0.001

	Female
	3988 (59.1)
	3404 (50.5)
	3147 (46.7)
	

	Race (n, %)
	
	
	
	

	Mexican American
	843 (12.5)
	1241 (18.4)
	1559 (23.1)
	<0.001

	Other Hispanic
	497 (7.4)
	597 (8.9)
	633 (9.4)
	

	Non-Hispanic White
	2747 (40.7)
	3141 (46.6)
	3235 (48.0)
	

	Non-Hispanic Black
	1962 (29.1)
	1160 (17.2)
	729 (10.8)
	

	Other Race - Including Multi-Racial
	697 (10.3)
	605 (9.0)
	589 (8.7)
	

	Marital status (n, %)
	
	
	
	

	Married
	3404 (50.8)
	3004 (45.0)
	2706 (40.6)
	<0.001

	Other
	3291 (49.2)
	3678 (55.0)
	3959 (59.4)
	

	[bookmark: _Hlk232002996]Household income (dollars, n%)
	
	
	
	

	Less than 20,000
	1369 (20.9)
	1574 (24.0)
	1692 (25.7)
	<0.001

	20,000–49,999
	1910 (29.1)
	1954 (29.8)
	2108 (32.1)
	

	50,000 or more
	3283 (50.0)
	3035 (46.2)
	2777 (42.2)
	

	Education (n, %)
	
	
	
	

	Less than 9th grade
	497 (7.4)
	774 (11.5)
	1074 (16.0)
	<0.001

	9th–11th grade including 12th grade no diploma
	874 (13.0)
	973 (14.4)
	1068 (15.9)
	

	High school graduate GED or equivalent
	1419 (21.1)
	1617 (24.0)
	1591 (23.7)
	

	Some college or associate degree
	2115 (31.4)
	1858 (27.6)
	1786 (26.6)
	

	College graduate and above
	1836 (27.2)
	1515 (22.5)
	1207 (17.9)
	

	Smoking status (n, %)
	
	
	
	

	Never
	4180 (62.0)
	3636 (54.0)
	3329 (49.4)
	<0.001

	Former
	1358 (20.2)
	1699 (25.2)
	2026 (30.1)
	

	Current
	1201 (17.8)
	1402 (20.8)
	1380 (20.5)
	

	Drinking status (n, %)
	
	
	
	

	Non-heavy
	5015 (82.0)
	5034 (80.9)
	5262 (84.1)
	<0.001

	Heavy
	1098 (18.0)
	1192 (19.1)
	992 (15.9)
	

	[bookmark: OLE_LINK3]Hypertension (n, %)
	
	
	
	

	No
	4818 (71.4)
	4000 (59.3)
	3233 (47.9)
	<0.001

	Yes
	1928 (28.6)
	2743 (40.7)
	3510 (52.1)
	

	Diabetes (n, %)
	
	
	
	

	No
	6372 (94.5)
	5917 (87.7)
	4613 (68.4)
	<0.001

	Yes
	374 (5.5)
	827 (12.3)
	2132 (31.6)
	

	CVD (n, %)
	
	
	
	

	No
	6330 (93.8)
	6101 (90.5)
	5775 (85.7)
	<0.001

	Yes
	415 (6.2)
	640 (9.5)
	962 (14.3)
	

	SBP (mmHg)
	116.00 [106.00, 127.00]
	120.00 [111.00, 133.00]
	125.00 [114.00, 138.00]
	<0.001

	DBP (mmHg)
	68.43 (11.42)
	69.95 (11.76)
	71.25 (12.46)
	<0.001

	BMI (kg/m²)
	25.52 [22.41, 29.80]
	27.70 [24.39, 31.80]
	29.73 [26.50, 33.94]
	<0.001

	Weight (kg)
	75.24 (19.46)
	80.91 (20.28)
	86.37 (20.41)
	<0.001

	Height (cm)
	167.24 (9.68)
	167.40 (10.26)
	167.24 (10.33)
	0.582

	WC (cm)
	91.93 (15.26)
	98.73 (15.06)
	104.91 (14.51)
	<0.001

	WBC (×10⁹/L)
	6.00 [4.90, 7.20]
	6.50 [5.50, 7.90]
	7.00 [5.90, 8.40]
	<0.001

	RBC (×10¹²/L)
	4.62 (0.49)
	4.72 (0.50)
	4.79 (0.52)
	<0.001

	Hb (g/L)
	13.85 (1.53)
	14.27 (1.51)
	14.49 (1.55)
	<0.001

	PLT (×10⁹/L)
	243.45 (64.46)
	251.78 (67.52)
	252.56 (67.86)
	<0.001

	HDL-C (mmol/L)
	1.53 [1.29, 1.84]
	1.34 [1.14, 1.60]
	1.11 [0.96, 1.34]
	<0.001

	LDL-C (mmol/L)
	2.72 (0.79)
	3.12 (0.90)
	3.17 (1.01)
	<0.001

	TC (mmol/L)
	4.64 (0.92)
	5.09 (1.00)
	5.45 (1.19)
	<0.001

	TG (mmol/L)
	0.71 [0.59, 0.85]
	1.22 [1.07, 1.39]
	2.13 [1.75, 2.76]
	<0.001

	ALT (U/L)
	18.00 [14.00, 24.00]
	21.00 [16.00, 28.00]
	23.00 [18.00, 32.00]
	<0.001

	AST (U/L)
	21.00 [18.00, 26.00]
	22.00 [19.00, 27.00]
	23.00 [19.00, 28.00]
	<0.001

	GGT (U/L)
	16.00 [12.00, 23.00]
	20.00 [14.00, 29.00]
	25.00 [18.00, 39.00]
	<0.001

	FPG (mmol/L)
	5.22 [4.88, 5.55]
	5.50 [5.16, 5.94]
	5.93 [5.42, 6.88]
	<0.001

	HbA1c (%)
	5.30 [5.10, 5.60]
	5.50 [5.20, 5.70]
	5.60 [5.30, 6.20]
	<0.001

	CLMM (n, %)
	
	
	
	

	No
	6484 (96.1)
	6033 (89.5)
	4662 (69.1)
	<0.001

	Yes
	262 (3.9)
	711 (10.5)
	2083 (30.9)
	

	TyG-BMI 
	213.75 (52.76)
	247.62 (55.96)
	288.41 (61.29)
	<0.001

	TyG-WC
	732.04 (129.49)
	849.19 (132.26)
	983.11 (149.27)
	<0.001

	TyG-WHtR 
	4.39 (0.78)
	5.08 (0.79)
	5.89 (0.89)
	<0.001

	TyG-WWI
	84.79 (7.81)
	94.96 (7.26)
	106.39 (9.18)
	<0.001

	TyG-ABSI 
	0.64 (0.05)
	0.70 (0.04)
	0.78 (0.06)
	<0.001

	TyG-BRI 
	32.58 [24.09, 43.93]
	43.13 [33.53, 55.44]
	54.81 [44.12, 69.27]
	<0.001

	TyG-CVAI
	728.06 (512.73)
	1149.23 (524.83)
	1590.80 (565.71)
	<0.001


Abbreviations as in Table ​1. 







[bookmark: OLE_LINK1]Supplement Table S7: Association study of TyG and its obesity‑derived indices with all-cause mortality risk.
	
	Model1 (HR, 95% CI)
	Model2 (HR, 95% CI)
	Model3 (HR, 95% CI)

	TyG index (Per SD increase)
	1.41 (1.35, 1.47)
	1.31 (1.26, 1.37)
	1.50 (1.41,1.59)

	TyG-BMI (Per SD increase)
	1.13 (1.07, 1.18)
	1.08 (1.03, 1.14)
	1.10 (1.05,1.16)

	TyG-WC (Per SD increase)
	1.39 (1.33, 1.45)
	1.30 (1.24, 1.36)
	1.34 (1.27,1.42)

	TyG-WHtR (Per SD increase)
	1.47 (1.41, 1.54)
	1.38 (1.32, 1.44)
	1.44 (1.36,1.52)

	TyG-WWI (Per SD increase)
	1.87 (1.78, 1.96)
	1.73 (1.65, 1.82)
	1.94 (1.83,2.06)

	TyG-ABSI (Per SD increase)
	1.91 (1.82, 2.01)
	1.75 (1.66, 1.84)
	[bookmark: OLE_LINK2]1.99 (1.88,2.11)

	TyG-BRI (Per SD increase)
	1.38 (1.33, 1.44)
	1.32 (1.27, 1.38)
	1.34 (1.28,1.40)

	TyG-CVAI (Per SD increase)
	1.70 (1.63,1.77)
	1.62 (1.55,1.70)
	1.67 (1.59,1.76)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.71 (1.50, 1.96)
	1.61 (1.40, 1.86)
	1.83 (1.58,2.12)

	 T3
	2.51 (2.19, 2.88)
	2.14 (1.85, 2.48)
	2.53 (2.16,2.95)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.24 (1.12, 1.38)
	1.20 (1.08, 1.33)
	1.29 (1.15,1.44)

	 T3
	1.39 (1.23, 1.56)
	1.27 (1.12, 1.43)
	1.36 (1.19,1.56)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.72 (1.53, 1.95)
	1.63 (1.43, 1.86)
	1.75 (1.52,2.02)

	 T3
	2.23 (1.97, 2.52)
	1.95 (1.72, 2.22)
	2.16 (1.86,2.50)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.95 (1.72, 2.20)
	1.88 (1.65, 2.13)
	2.06 (1.78,2.38)

	 T3
	2.74 (2.42, 3.12)
	2.39 (2.09, 2.73)
	2.66 (2.27,3.12)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.57 (2.23, 2.96)
	2.45 (2.10, 2.87)
	2.73 (2.31,3.24)

	 T3
	5.02 (4.37, 5.77)
	4.17 (3.58, 4.87)
	4.86 (4.05,5.84)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.69 (2.32, 3.11)
	2.65 (2.25, 3.12)
	2.97 (2.46,3.59)

	 T3
	5.69 (4.93, 6.56)
	4.83 (4.11, 5.67)
	5.61 (4.66,6.76)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.80 (1.59, 2.03)
	1.73 (1.52, 1.97)
	1.90 (1.64,2.21)

	 T3
	2.60 (2.30, 2.94)
	2.27 (1.99, 2.59)
	2.43 (2.07,2.85)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.17 (2.70,3.71)
	2.99 (2.52,3.55)
	3.34 (2.79,3.98)

	 T3
	5.00 (4.31,5.80)
	4.38 (3.72,5.16)
	4.93 (4.12,5.90)


Abbreviations as in table 2; Model 1: unadjusted. Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status. Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.
Supplement Table S8: Association study of TyG and its obesity‑derived indices with cardiovascular mortality risk.
	
	Model1 (HR, 95% CI)
	Model2 (HR, 95% CI)
	Model3 (HR, 95% CI)

	TyG index (Per SD increase)
	1.47 (1.37, 1.58)
	1.36 (1.26, 1.46)
	1.69 (1.51,1.88)

	TyG-BMI (Per SD increase)
	1.21 (1.12, 1.30)
	1.16 (1.07, 1.24)
	1.25 (1.13,1.37)

	TyG-WC (Per SD increase)
	1.51 (1.41, 1.61)
	1.40 (1.31, 1.49)
	1.54 (1.41,1.68)

	TyG-WHtR (Per SD increase)
	1.61 (1.51, 1.72)
	1.51 (1.41, 1.61)
	1.67 (1.53,1.83)

	TyG-WWI (Per SD increase)
	2.04 (1.90, 2.18)
	1.89 (1.76, 2.04)
	2.29 (2.08,2.52)

	TyG-ABSI (Per SD increase)
	2.05 (1.92, 2.19)
	1.87 (1.74, 2.01)
	2.25 (2.05,2.47)

	TyG-BRI (Per SD increase)
	1.49 (1.40, 1.58)
	1.42 (1.34, 1.51)
	1.51 (1.40,1.63)

	TyG-CVAI (Per SD increase)
	1.86 (1.75,1.97)
	1.73 (1.62,1.85)
	1.87 (1.73,2.03)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.99 (1.56, 2.53)
	1.92 (1.48, 2.49)
	2.39 (1.83,3.11)

	 T3
	2.83 (2.23, 3.60)
	2.43 (1.88, 3.14)
	3.32 (2.53,4.36)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.38 (1.13, 1.68)
	1.33 (1.08, 1.64)
	1.54 (1.24,1.90)

	 T3
	1.71 (1.38, 2.11)
	1.53 (1.24, 1.89)
	1.90 (1.45,2.49)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.86 (1.46, 2.36)
	1.79 (1.38, 2.32)
	2.07 (1.59,2.71)

	 T3
	2.72 (2.16, 3.41)
	2.34 (1.85, 2.97)
	3.01 (2.29,3.96)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.19 (1.77, 2.72)
	2.16 (1.73, 2.71)
	2.64 (2.07,3.36)

	 T3
	3.66 (2.93, 4.56)
	3.17 (2.53, 3.97)
	4.14 (3.11,5.50)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.41 (2.64, 4.40)
	3.46 (2.65, 4.52)
	4.25 (3.21,5.62)

	 T3
	6.97 (5.46, 8.89)
	5.95 (4.60, 7.71)
	8.13 (6.05,10.91)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.38 (2.50, 4.58)
	3.57 (2.57, 4.97)
	4.36 (3.14,6.07)

	 T3
	7.81 (5.89, 10.34)
	6.76 (5.01, 9.12)
	8.92 (6.52,12.19)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.93 (1.60, 2.34)
	1.90 (1.55, 2.34)
	2.30 (1.85,2.87)

	 T3
	3.36 (2.74, 4.13)
	2.97 (2.41, 3.65)
	3.64 (2.79,4.75)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.71 (3.30,6.70)
	4.64 (3.12,6.88)
	5.77 (3.86,8.62)

	 T3
	7.94 (5.72,11.02)
	6.82 (4.72,9.85)
	8.97 (6.05,13.29)


Abbreviations as in table 2; Model 1: unadjusted. Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status. Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.
Supplement Table S9: Modification effect of CLMM on the associations of TyG and its obesity‑derived indices with all-cause mortality.
	
	Group
	HR (95% CI)
	P-value
	P-interaction

	TyG index
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	1.68 (1.50-1.87)
	<0.001
	

	
	CLMM & Low
	4.57 (3.69-5.67)
	<0.001
	

	
	CLMM & High
	3.85 (3.25-4.55)
	<0.001
	

	TyG-BMI
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	1.02 (0.90-1.16)
	0.746
	

	
	CLMM & Low
	4.60 (3.66-5.78)
	<0.001
	

	
	CLMM & High
	2.77 (2.38-3.24)
	<0.001
	

	TyG-WC
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	1.42 (1.23-1.63)
	<0.001
	

	
	CLMM & Low
	5.47 (4.13-7.24)
	<0.001
	

	
	CLMM & High
	3.38 (2.86-3.98)
	<0.001
	

	TyG-WHtR
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	1.58 (1.39-1.80)
	<0.001
	

	
	CLMM & Low
	5.18 (3.97-6.78)
	<0.001
	

	
	CLMM & High
	3.56 (3.00-4.21)
	<0.001
	

	TyG-WWI
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	2.79 (2.40-3.23)
	<0.001
	

	
	CLMM & Low
	5.22 (3.98-6.83)
	<0.001
	

	
	CLMM & High
	5.11 (4.23-6.17)
	<0.001
	

	TyG-ABSI
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	3.04 (2.59-3.56)
	<0.001
	

	
	CLMM & Low
	4.66 (3.60-6.04)
	<0.001
	

	
	CLMM & High
	5.77 (4.73-7.03)
	<0.001
	

	TyG-BRI
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	1.54 (1.34-1.76)
	<0.001
	

	
	CLMM & Low
	5.01 (3.89-6.46)
	<0.001
	

	
	CLMM & High
	3.46 (2.91-4.11)
	<0.001
	

	TyG-CVAI
	Non-CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non-CLMM & High
	2.50 (2.19-2.87)
	<0.001
	

	
	CLMM & Low
	6.26 (4.38-8.95)
	<0.001
	

	
	CLMM & High
	4.82 (4.04-5.77)
	<0.001
	


Abbreviations: HR: Hazard Ratio; CI: confidence interval; other abbreviations as in table 1;
Adjusted for sex, race, marital status, household income, education, smoking status, drinking status, WBC, Hb, PLT, LDL-C, ALT.






Supplement Table S10: Modification effect of CLMM on the associations of TyG and its obesity‑derived indices with cardiovascular mortality.
	
	Group
	HR (95% CI)
	P-value
	P-interaction

	TyG index
	Non‑CLMM & Low (Ref)
	1
	-
	0.03

	
	Non‑CLMM & High
	1.66 (1.32-2.09)
	<0.001
	

	
	CLMM & Low
	5.98 (3.98-8.99)
	<0.001
	

	
	CLMM & High
	5.92 (4.50-7.80)
	<0.001
	

	TyG‑BMI
	Non‑CLMM & Low (Ref)
	1
	-
	0.001

	
	Non‑CLMM & High
	1.20 (0.95-1.51)
	0.134
	

	
	CLMM & Low
	7.50 (5.35-10.52)
	<0.001
	

	
	CLMM & High
	4.45 (3.38-5.86)
	<0.001
	

	TyG‑WC
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	1.62 (1.28-2.05)
	<0.001
	

	
	CLMM & Low
	8.97 (5.81-13.85)
	<0.001
	

	
	CLMM & High
	5.47 (4.15-7.22)
	<0.001
	

	TyG‑WHtR
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	1.93 (1.53-2.43)
	<0.001
	

	
	CLMM & Low
	8.73 (5.86-13.01)
	<0.001
	

	
	CLMM & High
	5.88 (4.49-7.70)
	<0.001
	

	TyG‑WWI
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	3.65 (2.85-4.66)
	<0.001
	

	
	CLMM & Low
	10.12 (6.40-15.99)
	<0.001
	

	
	CLMM & High
	8.93 (6.65-11.99)
	<0.001
	

	TyG‑ABSI
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	4.13 (3.13-5.45)
	<0.001
	

	
	CLMM & Low
	9.04 (5.33-15.32)
	<0.001
	

	
	CLMM & High
	10.58 (7.81-14.34)
	<0.001
	

	TyG‑BRI
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	1.91 (1.49-2.43)
	<0.001
	

	
	CLMM & Low
	8.52 (5.70-12.74)
	<0.001
	

	
	CLMM & High
	5.75 (4.36-7.57)
	<0.001
	

	TyG‑CVAI
	Non‑CLMM & Low (Ref)
	1
	-
	<0.001

	
	Non‑CLMM & High
	3.41 (2.64-4.41)
	<0.001
	

	
	CLMM & Low
	13.14 (7.06-24.46)
	<0.001
	

	
	CLMM & High
	8.80 (6.56-11.81)
	<0.001
	


Abbreviations: HR: Hazard Ratio; CI: confidence interval; other abbreviations as in table 1.
Adjusted for sex, race, marital status, household income, education, smoking status, drinking status, WBC, Hb, PLT, LDL-C, ALT.






[bookmark: _Hlk232499078]Supplementary Table S11: Stratum-specific associations of high versus low TyG and its obesity‑derived indices with all-cause and cardiovascular mortality according to CLMM status.
	Outcome
	TyG-related index
	Non-CLMM: High vs. Low HR (95% CI)
	P value
	CLMM: High vs. Low HR (95% CI)
	P value

	All-cause mortality
	TyG
	1.55 (1.39, 1.72)
	<0.001
	0.84 (0.68, 1.03)
	0.086

	All-cause mortality
	TyG-BMI
	0.99 (0.87, 1.12)
	0.861
	0.64 (0.51, 0.81)
	<0.001

	All-cause mortality
	TyG-WC
	1.27 (1.11, 1.45)
	<0.001
	0.63 (0.49, 0.82)
	<0.001

	All-cause mortality
	TyG-WHtR
	1.46 (1.29, 1.65)
	<0.001
	0.78 (0.58, 1.04)
	0.087

	All-cause mortality
	TyG-WWI
	2.50 (2.18, 2.87)
	<0.001
	0.99 (0.76, 1.28)
	0.942

	All-cause mortality
	TyG-ABSI
	2.72 (2.33, 3.17)
	<0.001
	1.17 (0.90, 1.52)
	0.254

	All-cause mortality
	TyG-BRI
	1.42 (1.26, 1.61)
	<0.001
	0.73 (0.54, 0.97)
	0.029

	All-cause mortality
	TyG-CVAI
	2.23 (1.94, 2.57)
	<0.001
	0.65 (0.45, 0.96)
	0.032

	Cardiovascular mortality
	TyG
	1.47 (1.17, 1.85)
	0.001
	0.94 (0.63, 1.39)
	0.744

	Cardiovascular mortality
	TyG-BMI
	1.09 (0.85, 1.40)
	0.497
	0.62 (0.42, 0.91)
	0.014

	Cardiovascular mortality
	TyG-WC
	1.36 (1.07, 1.74)
	0.014
	0.60 (0.38, 0.95)
	0.028

	Cardiovascular mortality
	TyG-WHtR
	1.68 (1.31, 2.15)
	<0.001
	0.73 (0.48, 1.10)
	0.130

	Cardiovascular mortality
	TyG-WWI
	3.12 (2.38, 4.10)
	<0.001
	0.86 (0.56, 1.31)
	0.474

	Cardiovascular mortality
	TyG-ABSI
	3.61 (2.70, 4.82)
	<0.001
	1.06 (0.64, 1.76)
	0.823

	Cardiovascular mortality
	TyG-BRI
	1.67 (1.29, 2.17)
	<0.001
	0.69 (0.46, 1.04)
	0.080

	Cardiovascular mortality
	TyG-CVAI
	2.87 (2.21, 3.73)
	<0.001
	0.59 (0.30, 1.16)
	0.123


Abbreviations: HR: Hazard Ratio; CI: confidence interval; other abbreviations as in table 1;
Adjusted for sex, race, marital status, household income, education, smoking status, drinking status, WBC, Hb, PLT, LDL-C, ALT.










[bookmark: _Hlk232499283]Supplementary Table S12: Development and validation of the XGBoost model for identifying prevalent CLMM
Panel A. Training and testing set split	Comment by Buke Z: 
	Dataset
	N
	CLMM = 0
	CLMM = 1
	CLMM prevalence (%)

	Training set
	14,165
	12,023
	2,142
	15.12

	Testing set
	6,070
	5,156
	914
	15.06


Panel B. Best hyperparameters selected by 5-fold cross-validation
	Model
	max_depth
	eta
	subsample
	colsample_bytree
	min_child_weight
	gamma
	Best nrounds
	Cross-validated AUC, mean ± SD

	Unadjusted 8-TyG XGBoost model
	3
	0.03
	0.9
	0.9
	1
	1
	218
	0.8785 ± 0.0105


Panel C. Model performance in the training and testing sets
	Dataset
	N
	AUC
	Brier score
	Threshold
	Sensitivity
	Specificity
	Accuracy
	PPV
	NPV
	F1 score

	Training set
	14165
	0.8997
	0.0717
	0.115
	0.8632
	0.7736
	0.7842
	0.3385
	0.9768
	0.4863

	Testing set
	6070
	0.8821
	0.0755
	0.115
	0.8345
	0.7637
	0.7719
	0.3172
	0.9723
	0.4597


Abbreviations: CLMM, cardio-liver-metabolic multimorbidity; TyG, triglyceride-glucose index; AUC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value.























Supplement Table S13: Adjusted Poisson regression analysis of the association between TyG and its obesity-derived indices and CLMM.
	Variable
	Model1
(PR, 95% CI)
	Model2
(PR, 95% CI)
	Model3
(PR, 95% CI)

	TyG index (Per SD increase)
	2.01 (1.94, 2.08)
	1.92 (1.85, 1.99)
	2.40 (2.28, 2.52)

	TyG-BMI (Per SD increase)
	1.88 (1.82, 1.94)
	1.85 (1.80, 1.91)
	1.89 (1.83, 1.94)

	TyG-WC (Per SD increase)
	2.32 (2.25, 2.40)
	2.24 (2.17, 2.31)
	2.29 (2.22, 2.37)

	TyG-WHtR (Per SD increase)
	2.35 (2.23, 2.49)
	2.30 (2.19, 2.42)
	2.35 (2.22, 2.49)

	TyG-WWI (Per SD increase)
	2.61 (2.50, 2.73)
	2.54 (2.44, 2.65)
	2.84 (2.67, 3.02)

	TyG-ABSI (Per SD increase)
	2.44 (2.34, 2.54)
	2.30 (2.21, 2.38)
	2.57 (2.44, 2.71)

	TyG-BRI (Per SD increase)
	1.88 (1.74, 2.03)
	1.88 (1.75, 2.02)
	1.88 (1.76, 2.02)

	TyG-CVAI (Per SD increase)
	2.40 (2.32, 2.48)
	2.44 (2.35, 2.53)
	2.45 (2.36, 2.54)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.90 (2.41, 3.49)
	2.63 (2.18, 3.17)
	3.25 (2.70, 3.91)

	 T3
	9.87 (8.35, 11.66)
	8.15 (6.83, 9.71)
	9.91 (8.37, 11.72)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.28 (3.48, 5.27)
	4.13 (3.34, 5.10)
	4.80 (3.89, 5.92)

	 T3
	12.80 (10.66, 15.37)
	11.70 (9.68, 14.13)
	13.04 (10.81, 15.72)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	5.41 (4.12, 7.10)
	5.17 (3.91, 6.83)
	5.91 (4.47, 7.83)

	 T3
	23.46 (18.33, 30.03)
	20.80 (16.11, 26.85)
	22.99 (17.93, 29.47)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.07 (6.78, 12.13)
	8.79 (6.47, 11.93)
	9.87 (7.30, 13.34)

	 T3
	35.72 (27.25, 46.82)
	31.94 (23.99, 42.53)
	34.31 (25.94, 45.36)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.83 (5.94, 10.32)
	7.08 (5.33, 9.41)
	7.90 (5.93, 10.52)

	 T3
	34.56 (26.62, 44.86)
	27.79 (21.13, 36.54)
	30.05 (22.86, 39.50)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.82 (3.85, 6.03)
	4.39 (3.46, 5.59)
	4.94 (3.91, 6.26)

	 T3
	18.64 (15.29, 22.72)
	14.78 (11.87, 18.39)
	16.19 (13.03, 20.11)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	6.70 (5.22, 8.61)
	6.33 (4.83, 8.30)
	6.90 (5.26, 9.07)

	 T3
	23.65 (19.06, 29.34)
	21.38 (16.88, 27.09)
	22.10 (17.44, 28.00)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.68 (6.95, 13.49)
	9.30 (6.44, 13.44)
	10.67 (7.33, 15.53)

	 T3
	42.95 (31.17, 59.20)
	40.27 (28.20, 57.50)
	44.07 (30.74, 63.18)


Abbreviations: CI: confidence interval; PR: prevalence ratios; CLMM: cardiovascular‑liver‑metabolic multimorbidity; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.







































Supplement Table S14: Associations of TyG and its obesity-derived indices with CLMM in the imputed complete dataset.
	Variable
	Model1
(OR,95% CI)
	Model2
(OR,95% CI)
	Model3
(OR,95% CI)

	TyG index (Per SD increase)
	2.99 (2.79, 3.19)
	3.00 (2.79, 3.23)
	3.31 (3.06, 3.57)

	TyG-BMI (Per SD increase)
	2.53 (2.41, 2.66)
	2.62 (2.47, 2.77)
	2.72 (2.55, 2.90)

	TyG-WC (Per SD increase)
	3.56 (3.35, 3.77)
	3.62 (3.39, 3.87)
	3.83 (3.55, 4.12)

	TyG-WHtR (Per SD increase)
	3.87 (3.65, 4.10)
	4.00 (3.74, 4.28)
	4.24 (3.93, 4.57)

	TyG-WWI (Per SD increase)
	5.15 (4.74, 5.59)
	5.39 (4.93, 5.88)
	5.73 (5.22, 6.30)

	TyG-ABSI (Per SD increase)
	4.02 (3.72, 4.34)
	4.01 (3.71, 4.34)
	4.20 (3.87, 4.57)

	TyG-BRI (Per SD increase)
	2.91 (2.77, 3.07)
	3.05 (2.87, 3.24)
	3.11 (2.91, 3.33)

	TyG-CVAI (Per SD increase)
	3.84 (3.60, 4.09)
	4.28 (3.97, 4.61)
	4.35 (4.01, 4.72)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.06 (2.52, 3.71)
	3.03 (2.50, 3.67)
	3.85 (3.15, 4.70)

	 T3
	13.03 (10.92, 15.56)
	12.28 (10.22, 14.75)
	16.58 (13.74, 20.01)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.59 (3.70, 5.69)
	4.31 (3.50, 5.31)
	5.11 (4.13, 6.32)

	 T3
	16.88 (13.94, 20.43)
	16.54 (13.72, 19.93)
	20.00 (16.60, 24.10)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	5.72 (4.33, 7.55)
	5.42 (4.12, 7.13)
	6.47 (4.91, 8.54)

	 T3
	32.41 (25.17, 41.73)
	30.65 (23.91, 39.30)
	37.99 (29.94, 48.20)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.74 (7.24, 13.09)
	9.05 (6.76, 12.11)
	10.66 (7.96, 14.29)

	 T3
	50.58 (38.37, 66.66)
	47.17 (35.77, 62.21)
	57.46 (43.71, 75.54)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	8.35 (6.30, 11.07)
	8.04 (6.06, 10.66)
	9.43 (7.05, 12.63)

	 T3
	50.09 (38.42, 65.32)
	47.37 (36.14, 62.08)
	57.32 (43.19, 76.09)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	5.13 (4.07, 6.46)
	5.09 (4.01, 6.45)
	5.94 (4.65, 7.59)

	 T3
	25.92 (21.11, 31.82)
	24.51 (19.70, 30.50)
	29.22 (23.07, 37.00)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.21 (5.58, 9.32)
	6.67 (5.16, 8.61)
	7.55 (5.79, 9.84)

	 T3
	32.83 (26.34, 40.92)
	31.54 (25.19, 39.49)
	35.28 (27.96, 44.51)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	10.31 (7.37, 14.42)
	9.73 (6.96, 13.62)
	11.62 (8.22, 16.43)

	 T3
	60.75 (43.78, 84.31)
	60.47 (43.83, 83.43)
	73.98 (53.08, 103.11)


Abbreviations: OR: odds ratio; CI: confidence interval; CLMM: cardiovascular‑liver‑metabolic multimorbidity; TyG: triglyceride-glucose; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.







































Supplement Table S15: Associations of TyG and its obesity-derived indices with CLMM after excluding heavy drinkers.
	Variable
	Model 1
(OR,95% CI)
	Model 2
(OR,95% CI)
	Model 3
(OR,95% CI)

	TyG index (Per SD increase)
	3.06 (2.83, 3.30)
	2.94 (2.72, 3.18)
	3.99 (3.62, 4.40)

	TyG-BMI (Per SD increase)
	2.54 (2.40, 2.70)
	2.61 (2.46, 2.78)
	2.76 (2.58, 2.94)

	TyG-WC (Per SD increase)
	3.63 (3.38, 3.89)
	3.62 (3.37, 3.89)
	3.98 (3.67, 4.31)

	TyG-WHtR (Per SD increase)
	3.86 (3.61, 4.12)
	4.02 (3.73, 4.32)
	4.41 (4.06, 4.78)

	TyG-WWI (Per SD increase)
	5.03 (4.61, 5.50)
	5.23 (4.74, 5.78)
	6.29 (5.64, 7.02)

	TyG-ABSI (Per SD increase)
	4.01 (3.69, 4.36)
	3.86 (3.53, 4.21)
	4.48 (4.07, 4.92)

	TyG-BRI (Per SD increase)
	2.94 (2.77, 3.11)
	3.09 (2.90, 3.30)
	3.20 (2.98, 3.43)

	TyG-CVAI (Per SD increase)
	3.90 (3.61, 4.21)

	4.24 (3.90, 4.60)

	4.43 (4.06, 4.84)

	[bookmark: _Hlk227591608]TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.03 (2.46, 3.73)
	2.81 (2.28, 3.46)
	3.72 (2.99, 4.62)

	 T3
	12.87 (10.61, 15.62)
	11.53 (9.49, 14.01)
	16.07 (13.04, 19.79)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.91 (3.90, 6.19)
	4.54 (3.61, 5.72)
	5.54 (4.37, 7.03)

	 T3
	18.03 (14.60, 22.27)
	17.29 (14.02, 21.32)
	21.17 (17.02, 26.32)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	6.21 (4.64, 8.31)
	5.71 (4.27, 7.65)
	6.99 (5.20, 9.40)

	 T3
	35.75 (27.07, 47.22)
	32.99 (25.07, 43.41)
	41.72 (31.84, 54.65)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	10.79 (7.66, 15.19)
	9.85 (7.01, 13.83)
	11.77 (8.36, 16.57)

	 T3
	54.50 (39.54, 75.12)
	51.80 (37.52, 71.53)
	63.86 (46.24, 88.20)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.96 (5.93, 10.68)
	7.46 (5.55, 10.05)
	8.82 (6.51, 11.96)

	 T3
	45.69 (34.30, 60.86)
	42.73 (31.92, 57.20)
	53.02 (39.26, 71.61)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.84 (3.79, 6.18)
	4.48 (3.49, 5.75)
	5.22 (4.05, 6.73)

	 T3
	23.56 (18.72, 29.65)
	20.69 (16.30, 26.26)
	24.68 (19.19, 31.74)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.89 (5.88, 10.58)
	7.29 (5.40, 9.82)
	8.25 (6.05, 11.25)

	 T3
	34.62 (26.80, 44.70)
	34.48 (26.38, 45.07)
	38.68 (29.32, 51.02)

	TyG-CVAI tertile groups
	
	

	 T1
	[bookmark: OLE_LINK12]1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	10.53 (7.14, 15.51)
	10.08 (6.79, 14.96)
	12.27 (8.12, 18.54)

	 T3
	64.33 (43.82, 94.45)
	64.77 (43.84, 95.68)
	79.67 (52.69, 120.47)


Abbreviations: OR: odds ratio; CI: confidence interval; CLMM: cardiovascular‑liver‑metabolic multimorbidity; TyG: triglyceride-glucose; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.






































[bookmark: _Hlk232499561]Supplement Table S16: Competing risk effects of TyG and its obesity-derived indices on cardiovascular mortality.
	Exposure
	Model1 (SHR, 95% CI)
	Model2 (SHR, 95% CI)
	Model3 (SHR, 95% CI)

	TyG index (Per SD increase)
	1.45 (1.35,1.56)
	1.32 (1.22,1.43)
	1.59 (1.42,1.78)

	TyG-BMI (Per SD increase)
	1.20 (1.12,1.29)
	1.13 (1.05,1.22)
	1.22 (1.11,1.34)

	TyG-WC (Per SD increase)
	1.48 (1.39,1.58)
	1.32 (1.23,1.41)
	1.44 (1.32,1.57)

	TyG-WHtR (Per SD increase)
	1.57 (1.47,1.68)
	1.42 (1.33,1.52)
	1.56 (1.43,1.71)

	TyG-WWI (Per SD increase)
	1.95 (1.82,2.08)
	1.76 (1.62,1.90)
	2.06 (1.86,2.27)

	TyG-ABSI (Per SD increase)
	1.96 (1.84,2.09)
	1.74 (1.61,1.88)
	2.02 (1.83,2.23)

	TyG-BRI (Per SD increase)
	1.46 (1.38,1.55)
	1.35 (1.27,1.43)
	1.43 (1.33,1.54)

	TyG-CVAI (Per SD increase)
	1.80 (1.70,1.91)
	1.60 (1.50,1.71)
	1.73 (1.59,1.88)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.96 (1.54,2.50)
	1.82 (1.42,2.35)
	2.16 (1.67,2.80)

	 T3
	2.73 (2.14,3.47)
	2.21 (1.71,2.85)
	2.87 (2.19,3.74)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.35 (1.11,1.65)
	1.28 (1.03,1.59)
	1.47 (1.18,1.83)

	 T3
	1.68 (1.36,2.07)
	1.44 (1.16,1.78)
	1.80 (1.38,2.35)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.81 (1.43,2.30)
	1.65 (1.27,2.16)
	1.86 (1.42,2.45)

	 T3
	2.61 (2.08,3.28)
	2.02 (1.58,2.60)
	2.52 (1.91,3.33)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.13 (1.71,2.64)
	2.03 (1.61,2.56)
	2.36 (1.85,3.01)

	 T3
	3.47 (2.79,4.33)
	2.78 (2.20,3.50)
	3.46 (2.61,4.58)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.29 (2.55,4.26)
	3.24 (2.47,4.24)
	3.76 (2.83,4.98)

	 T3
	6.39 (5.00,8.18)
	5.08 (3.90,6.62)
	6.36 (4.73,8.56)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.27 (2.41,4.43)
	3.32 (2.39,4.60)
	3.77 (2.71,5.24)

	 T3
	7.15 (5.38,9.50)
	5.72 (4.19,7.81)
	6.94 (5.02,9.60)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	1.88 (1.55,2.27)
	1.78 (1.45,2.19)
	2.04 (1.65,2.53)

	 T3
	3.19 (2.60,3.92)
	2.58 (2.08,3.21)
	3.06 (2.35,3.99)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.51 (3.16,6.42)
	4.19 (2.82,6.22)
	5.00 (3.34,7.47)

	 T3
	7.35 (5.30,10.19)
	5.51 (3.79,8.01)
	6.94 (4.67,10.31)


Abbreviations: SHR: Subdistribution Hazard Ratio; CI: confidence interval; TyG: triglyceride-glucose; CLMM: cardiovascular‑liver‑metabolic multimorbidity; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.









































Supplement Table S17: Associations of TyG and its obesity-derived indices with CVD+MASLD multimorbidity after excluding the diabetes component.
	Exposure
	Model1 (OR, 95% CI)
	Model2 (OR, 95% CI)
	Model3 (OR, 95% CI)

	TyG index (Per SD increase)
	2.01 (1.87, 2.16)
	1.82 (1.66, 2.00)
	2.31 (2.07, 2.57)

	TyG-BMI (Per SD increase)
	1.92 (1.81, 2.04)
	1.91 (1.78, 2.06)
	2.04 (1.90, 2.20)

	TyG-WC (Per SD increase)
	2.53 (2.37, 2.70)
	2.32 (2.15, 2.51)
	2.56 (2.36, 2.77)

	TyG-WHtR (Per SD increase)
	2.56 (2.39, 2.74)
	2.46 (2.28, 2.67)
	2.72 (2.50, 2.96)

	TyG-WWI (Per SD increase)
	2.95 (2.71, 3.20)
	2.74 (2.48, 3.03)
	3.27 (2.92, 3.66)

	TyG-ABSI (Per SD increase)
	2.72 (2.50, 2.96)
	2.36 (2.13, 2.61)
	2.75 (2.47, 3.07)

	TyG-BRI (Per SD increase)
	2.12 (2.00, 2.26)
	2.12 (1.98, 2.27)
	2.22 (2.06, 2.40)

	TyG-CVAI (Per SD increase)
	2.93 (2.73, 3.15)
	2.75 (2.54, 2.99)
	2.95 (2.71, 3.21)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	2.97 (2.23, 3.94)
	2.54 (1.88, 3.43)
	3.30 (2.45, 4.45)

	 T3
	8.58 (6.49, 11.33)
	6.20 (4.52, 8.49)
	8.38 (6.18, 11.36)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.59 (3.21, 6.58)
	4.12 (2.85, 5.95)
	5.01 (3.42, 7.34)

	 T3
	13.62 (9.62, 19.27)
	12.24 (8.50, 17.63)
	15.38 (10.62, 22.27)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.58 (2.81, 7.45)
	3.89 (2.33, 6.51)
	4.71 (2.79, 7.97)

	 T3
	22.36 (14.09, 35.46)
	16.77 (10.31, 27.27)
	21.24 (13.16, 34.28)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.27 (5.16, 16.68)
	7.58 (4.14, 13.86)
	9.02 (4.90, 16.59)

	 T3
	36.51 (21.42, 62.23)
	27.63 (15.93, 47.94)
	34.01 (19.73, 58.64)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.57 (4.74, 12.09)
	6.28 (3.85, 10.24)
	7.32 (4.49, 11.94)

	 T3
	29.22 (18.07, 47.25)
	20.05 (12.02, 33.46)
	24.03 (14.51, 39.80)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.42 (3.01, 6.51)
	3.60 (2.35, 5.53)
	4.15 (2.73, 6.32)

	 T3
	18.50 (12.60, 27.17)
	11.34 (7.35, 17.50)
	13.40 (8.75, 20.53)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.72 (4.77, 12.51)
	6.41 (3.86, 10.64)
	7.05 (4.24, 11.72)

	 T3
	27.26 (17.69, 42.02)
	21.81 (13.80, 34.47)
	24.84 (15.80, 39.07)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.13 (4.36, 19.12)
	6.72 (3.07, 14.70)
	8.00 (3.63, 17.66)

	 T3
	61.27 (29.84, 125.82)
	41.31 (19.52, 87.42)
	49.96 (23.50, 106.20)


Abbreviations: SHR: Subdistribution Hazard Ratio; CI: confidence interval; TyG: triglyceride-glucose; CLMM: cardiovascular‑liver‑metabolic multimorbidity; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT.








































Supplement Table S18: Associations of TyG and its obesity-derived indices with CLMM after additional adjustment for HbA1c and fasting plasma glucose.
	Exposure
	Model1 (OR, 95% CI)
	Model2 (OR, 95% CI)
	Model3 (OR, 95% CI)

	TyG index (Per SD increase)
	2.99 (2.79, 3.19)
	2.93 (2.71, 3.17)
	2.00 (1.77, 2.26)

	TyG-BMI (Per SD increase)
	2.53 (2.41, 2.66)
	2.62 (2.46, 2.78)
	2.10 (1.94, 2.27)

	TyG-WC (Per SD increase)
	3.56 (3.35, 3.77)
	3.59 (3.35, 3.85)
	2.74 (2.49, 3.01)

	TyG-WHtR (Per SD increase)
	3.87 (3.65, 4.10)
	3.97 (3.70, 4.25)
	2.98 (2.71, 3.29)

	TyG-WWI (Per SD increase)
	5.15 (4.74, 5.59)
	5.26 (4.78, 5.80)
	3.54 (3.13, 4.00)

	TyG-ABSI (Per SD increase)
	4.02 (3.72, 4.34)
	3.89 (3.56, 4.25)
	2.45 (2.19, 2.76)

	TyG-BRI (Per SD increase)
	2.91 (2.77, 3.07)
	3.05 (2.86, 3.24)
	2.41 (2.21, 2.61)

	TyG-CVAI (Per SD increase)
	3.84 (3.60, 4.09)
	4.25 (3.93, 4.59)
	3.22 (2.89, 3.59)

	TyG index tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	3.06 (2.52, 3.71)
	2.81 (2.30, 3.42)
	2.06 (1.66, 2.56)

	 T3
	13.03 (10.92, 15.56)
	11.37 (9.35, 13.81)
	4.46 (3.52, 5.65)

	TyG-BMI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	4.59 (3.70, 5.69)
	4.41 (3.54, 5.50)
	3.99 (2.90, 5.49)

	 T3
	16.88 (13.94, 20.43)
	16.41 (13.45, 20.02)
	10.55 (8.08, 13.76)

	TyG-WC tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	5.72 (4.33, 7.55)
	5.39 (4.06, 7.17)
	3.91 (2.75, 5.56)

	 T3
	32.41 (25.17, 41.73)
	30.21 (23.35, 39.09)
	14.99 (11.10, 20.23)

	TyG-WHtR tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	9.74 (7.24, 13.09)
	9.32 (6.83, 12.73)
	7.29 (4.89, 10.87)

	 T3
	50.58 (38.37, 66.66)
	47.37 (35.35, 63.48)
	24.80 (17.25, 35.65)

	TyG-WWI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	8.35 (6.30, 11.07)
	7.69 (5.74, 10.29)
	5.58 (3.92, 7.96)

	 T3
	50.09 (38.42, 65.32)
	43.42 (32.65, 57.75)
	16.79 (11.52, 24.46)

	TyG-ABSI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	5.13 (4.07, 6.46)
	4.91 (3.82, 6.32)
	3.04 (2.32, 3.98)

	 T3
	25.92 (21.11, 31.82)
	22.36 (17.64, 28.34)
	7.26 (5.47, 9.63)

	TyG-BRI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	7.21 (5.58, 9.32)
	6.72 (5.08, 8.89)
	5.99 (4.00, 8.98)

	 T3
	32.83 (26.34, 40.92)
	31.54 (24.70, 40.28)
	20.02 (14.12, 28.39)

	TyG-CVAI tertile groups
	
	
	

	 T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	 T2
	10.31 (7.37, 14.42)
	9.92 (6.86, 14.35)
	9.59 (5.28, 17.41)

	 T3
	60.75 (43.78, 84.31)
	62.50 (43.85, 89.09)
	43.03 (24.42, 75.83)


Abbreviations: SHR: Subdistribution Hazard Ratio; CI: confidence interval; TyG: triglyceride-glucose; CLMM: cardiovascular‑liver‑metabolic multimorbidity; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, ALT, FPG, HbA1c.








































[bookmark: OLE_LINK14]Supplementary Table S19: Associations of TyG and its obesity-derived indices with CVD+Diabetes multimorbidity after excluding the MASLD component.
	Exposure
	Model 1 (OR, 95% CI)
	Model 2 (OR, 95% CI)
	Model 3 (OR, 95% CI)

	TyG index (Per SD increase)
	2.15 (1.99, 2.32)
	2.04 (1.88, 2.22)
	2.82 (2.50, 3.18)

	TyG-BMI (Per SD increase)
	1.83 (1.72, 1.95)
	1.79 (1.65, 1.93)
	1.96 (1.80, 2.12)

	TyG-WC (Per SD increase)
	2.37 (2.19, 2.56)
	2.23 (2.04, 2.44)
	2.49 (2.26, 2.75)

	TyG-WHtR (Per SD increase)
	2.50 (2.33, 2.69)
	2.43 (2.22, 2.65)
	2.71 (2.46, 2.98)

	TyG-WWI (Per SD increase)
	3.15 (2.89, 3.44)
	3.11 (2.80, 3.47)
	3.88 (3.40, 4.42)

	TyG-ABSI (Per SD increase)
	2.92 (2.67, 3.19)
	2.74 (2.48, 3.03)
	3.36 (2.98, 3.79)

	TyG-BRI (Per SD increase)
	2.05 (1.92, 2.18)
	2.02 (1.87, 2.18)
	2.12 (1.96, 2.30)

	TyG-CVAI (Per SD increase)
	2.70 (2.50, 2.92)
	2.67 (2.43, 2.92)
	2.89 (2.63, 3.18)

	TyG index tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	2.34 (1.76, 3.11)
	2.18 (1.62, 2.93)
	3.11 (2.27, 4.25)

	T3
	7.11 (5.41, 9.34)
	5.81 (4.32, 7.81)
	9.01 (6.63, 12.23)

	TyG-BMI tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	2.94 (2.21, 3.91)
	2.72 (2.02, 3.66)
	3.60 (2.60, 4.98)

	T3
	7.38 (5.59, 9.75)
	6.43 (4.74, 8.73)
	9.16 (6.60, 12.71)

	TyG-WC tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	3.24 (2.31, 4.55)
	2.94 (2.07, 4.19)
	3.81 (2.62, 5.53)

	T3
	11.81 (8.73, 15.97)
	9.31 (6.81, 12.73)
	12.99 (9.27, 18.18)

	TyG-WHtR tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	5.25 (3.60, 7.66)
	5.38 (3.63, 7.99)
	6.85 (4.58, 10.25)

	T3
	19.86 (13.63, 28.93)
	17.94 (11.94, 26.97)
	24.67 (16.09, 37.81)

	TyG-WWI tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	6.55 (4.43, 9.69)
	6.03 (3.97, 9.16)
	7.68 (4.96, 11.90)

	T3
	29.79 (20.12, 44.11)
	24.53 (15.94, 37.73)
	32.98 (21.04, 51.69)

	TyG-ABSI tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	4.17 (2.82, 6.17)
	3.86 (2.56, 5.80)
	4.74 (3.12, 7.22)

	T3
	19.20 (13.37, 27.59)
	15.29 (10.28, 22.72)
	19.86 (13.19, 29.90)

	TyG-BRI tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	4.41 (3.09, 6.28)
	4.34 (3.00, 6.28)
	5.19 (3.56, 7.55)

	T3
	14.84 (10.70, 20.58)
	13.10 (9.09, 18.89)
	16.14 (10.95, 23.80)

	TyG-CVAI tertile groups
	
	
	

	T1
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	T2
	6.17 (3.61, 10.53)
	5.96 (3.43, 10.36)
	7.56 (4.25, 13.43)

	T3
	27.46 (16.59, 45.44)
	23.99 (14.49, 39.73)
	32.02 (18.86, 54.36)


Abbreviations: OR, odds ratio; CI, confidence interval; other abbreviations as in table 1.
Model 1: unadjusted.
Model 2: adjusted for sex, race, marital status, household income, education, smoking status, and drinking status.
Model 3: model 2 + WBC, Hb, PLT, LDL-C, and ALT.
































[bookmark: _Hlk232498980]Supplementary Table S20: Sensitivity analyses for the associations of joint CLMM and TyG-related index groups with all-cause and cardiovascular mortality using fixed follow-up windows and NHANES cycle-stratified Cox models.
	TyG Related Index
	Group
	3-year ACM
	3-year CVM
	5-year ACM
	5-year CVM
	Cycle-stratified ACM
	Cycle-stratified CVM

	TyG index
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.84 (1.40-2.43)
	2.21 (1.23-3.97)
	1.44 (1.17-1.77)
	1.92 (1.23-3.00)
	1.59 (1.42, 1.77)
	1.56 (1.24, 1.97)

	
	CLMM & Low
	4.71 (3.07-7.24)
	6.55 (2.94-14.58)
	3.64 (2.48-5.34)
	7.21 (3.97-13.13)
	4.06 (3.20, 5.15)
	5.64 (3.59, 8.86)

	
	CLMM & High
	2.92 (2.17-3.93)
	4.89 (2.73-8.77)
	2.72 (2.11-3.51)
	4.80 (3.10-7.44)
	3.44 (2.91, 4.06)
	5.28 (3.95, 7.07)

	TyG‑BMI
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.11 (0.80-1.54)
	1.84 (1.07-3.17)
	1.06 (0.82-1.38)
	1.30 (0.83-2.02)
	1.01 (0.90, 1.14)
	1.19 (0.93, 1.51)

	
	CLMM & Low
	4.00 (2.60-6.16)
	6.22 (3.07-12.61)
	4.17 (2.98-5.85)
	7.48 (4.53-12.37)
	4.24 (3.37, 5.33)
	7.09 (4.95, 10.15)

	
	CLMM & High
	2.22 (1.60-3.07)
	4.13 (2.20-7.76)
	2.13 (1.65-2.76)
	3.50 (2.28-5.37)
	2.52 (2.16, 2.94)
	4.07 (3.03, 5.49)

	TyG‑WC
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.37 (1.04-1.81)
	2.30 (1.41-3.75)
	1.28 (1.04-1.59)
	1.68 (1.15-2.44)
	1.32 (1.15, 1.52)
	1.52 (1.20, 1.93)

	
	CLMM & Low
	5.14 (3.18-8.30)
	10.53 (4.74-23.42)
	4.69 (3.21-6.85)
	9.86 (5.39-18.03)
	5.26 (3.97, 6.98)
	8.87 (5.61, 14.02)

	
	CLMM & High
	2.55 (1.85-3.52)
	4.76 (2.58-8.79)
	2.52 (1.93-3.29)
	4.38 (2.90-6.60)
	2.99 (2.51, 3.55)
	4.90 (3.62, 6.63)

	TyG‑WHtR
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.78 (1.32-2.38)
	2.90 (1.70-4.95)
	1.49 (1.19-1.88)
	2.47 (1.62-3.76)
	1.52 (1.34, 1.72)
	1.86 (1.47, 2.37)

	
	CLMM & Low
	4.76 (2.84-7.98)
	9.24 (4.07-20.98)
	4.90 (3.37-7.13)
	12.52 (6.91-22.68)
	4.72 (3.50, 6.36)
	8.13 (5.32, 12.44)

	
	CLMM & High
	2.92 (2.12-4.02)
	5.28 (3.00-9.29)
	2.65 (2.03-3.46)
	4.89 (3.20-7.47)
	3.22 (2.71, 3.82)
	5.40 (4.04, 7.23)

	TyG‑WWI
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	3.04 (2.24-4.12)
	5.55 (2.97-10.38)
	2.57 (2.05-3.22)
	4.92 (3.06-7.90)
	2.60 (2.24, 3.02)
	3.38 (2.59, 4.41)

	
	CLMM & Low
	5.06 (2.67-9.56)
	12.29 (4.42-34.18)
	4.74 (2.88-7.81)
	16.05 (7.76-33.18)
	4.69 (3.52, 6.25)
	9.39 (5.79, 15.25)

	
	CLMM & High
	4.27 (3.07-5.95)
	8.94 (4.57-17.49)
	3.88 (2.93-5.13)
	8.50 (5.16-14.00)
	4.63 (3.82, 5.61)
	8.17 (5.94, 11.25)

	TyG‑ABSI
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	4.12 (2.99-5.67)
	8.96 (4.30-18.66)
	2.89 (2.27-3.68)
	6.01 (3.52-10.29)
	2.79 (2.38, 3.27)
	3.78 (2.83, 5.04)

	
	CLMM & Low
	5.64 (2.76-11.50)
	17.62 (5.15-60.28)
	4.12 (2.34-7.26)
	14.72 (6.20-34.95)
	4.29 (3.24, 5.67)
	8.59 (4.89, 15.10)

	
	CLMM & High
	5.81 (4.10-8.24)
	15.12 (7.13-32.07)
	4.61 (3.38-6.29)
	11.72 (6.88-19.96)
	5.17 (4.24, 6.31)
	9.58 (6.96, 13.19)

	TyG‑BRI
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.75 (1.31-2.33)
	2.73 (1.59-4.67)
	1.55 (1.24-1.94)
	2.36 (1.53-3.66)
	1.48 (1.29, 1.69)
	1.84 (1.43, 2.37)

	
	CLMM & Low
	4.14 (2.49-6.89)
	8.69 (3.96-19.05)
	4.49 (3.10-6.48)
	11.07 (6.17-19.85)
	4.77 (3.66, 6.22)
	8.20 (5.42, 12.42)

	
	CLMM & High
	2.99 (2.18-4.10)
	5.12 (2.88-9.08)
	2.74 (2.10-3.56)
	4.82 (3.13-7.43)
	3.10 (2.60, 3.71)
	5.25 (3.89, 7.08)

	TyG‑CVAI
	Non‑CLMM & Low (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)
	1.00 (Ref)

	
	Non‑CLMM & High
	1.87 (1.38-2.53)
	3.56 (2.11-6.01)
	1.80 (1.42-2.28)
	3.27 (2.19-4.88)
	2.30 (2.00, 2.64)
	3.14 (2.41, 4.09)

	
	CLMM & Low
	5.21 (2.40-11.31)
	12.32 (3.49-43.42)
	5.99 (3.55-10.11)
	16.90 (7.28-39.25)
	7.21 (5.05, 10.30)
	14.80 (7.77, 28.20)

	
	CLMM & High
	3.31 (2.34-4.68)
	7.13 (3.96-12.85)
	3.19 (2.38-4.29)
	7.09 (4.59-10.97)
	4.26 (3.53, 5.14)
	7.94 (5.79, 10.90)


NOTE: ACM, all-cause mortality; CVM, cardiovascular mortality; other abbreviations as in table 1. The 3-year and 5-year models used fixed follow-up windows. The cycle-stratified models used full follow-up time and were stratified by NHANES survey cycle. All estimates are HRs with 95% CIs.







[bookmark: _Hlk232499028]Supplementary Table S21: Relationship between US-FLI-defined MASLD and FIB-4-based liver fibrosis risk categories
	Variable
	Non-MASLD by US-FLI
	MASLD by US-FLI
	P value

	FIB-4, mean ± SD
	1.07 ± 0.80
	1.26 ± 0.88
	—

	FIB-4, median (IQR)
	0.87 (0.58, 1.33)
	1.09 (0.73, 1.56)
	<0.001

	FIB-4 low risk (<1.30), n (%)
	10,165 (73.64)
	3,994 (62.86)
	<0.001

	FIB-4 intermediate risk (1.30–2.67), n (%)
	3,239 (23.47)
	2,083 (32.78)
	—

	FIB-4 high risk (≥2.67), n (%)
	399 (2.89)
	277 (4.36)
	—

	FIB-4 ≥1.30, n (%)
	3,638 (26.36)
	2,360 (37.14)
	<0.001

	FIB-4 ≥2.67, n (%)
	399 (2.89)
	277 (4.36)
	<0.001


Note: FIB-4 was calculated as age (years) × AST (U/L) / [platelet count (10⁹/L) × √ALT (U/L)].
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Supplementary Figure S1: Flowchart of the participant selection process.
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Supplementary Figure S2: Spearman's correlations among the baseline clinical data.
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[bookmark: _Hlk201042891]Supplementary Figure S3: Missing data cross-information diagram.
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Supplementary Figure S4: Correlation matrix of missing data patterns.
Note: The correlation matrix shows relationships between missing patterns of variables. Missing values are encoded as 1, non-missing as 0, and pairwise correlations are calculated using the pairwise.complete.obs method. High values indicate strong dependencies in missingness.
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Supplementary Figure S5: Scaled Schoenfeld residual plots to test the proportional hazards assumption of 16 Cox regression models, including eight TyG-derived obesity indices for all-cause and cardiovascular mortality. The horizontal dashed line at y=0 represents the null reference. Smoothed blue lines with grey 95% confidence bands show temporal trends of scaled Schoenfeld residuals. All models for all-cause mortality satisfied the proportional hazards assumption, as residual curves remained nearly flat along the zero line. Models for cardiovascular mortality exhibited only mild transient upward deviation in the early follow-up period, without meaningful long-term violation of proportional hazards.
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Supplementary Figure S6: Decision curve analysis (DCA) curves for predicting CLMM risk based on different TyG-derived indices and the XGBoost model.
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Supplementary Figure S7: Subgroup analysis of the associations of TyG and Its obesity-derived indices with CLMM.
image1.tiff
Initial NHANES Participants (1999-2018)
(N =101,316)

Excluded (n = 42,112):
Age < 18 years

1

Adult Participants
(N =59,204)

Excluded (n = 34,915):
Missing variables for calculating TyG
and obesity-derived indices

1

Participants with Complete Data for
TyG and Obesity-derived Indices
(N = 24,289)

Excluded (n = 784):
Potential confounders for MASLD diagnosis
- Heavy drinking (n = 600)
- Pregnancy (n = 159)
- Viral hepatitis (n = 25)

I

Participants without MASLD Confounders
(N = 23,505)

Excluded (n = 1,928):
Unclear CLMM diagnostic status

i

Participants with Defined CLMM Status
(N =21,577)

Excluded (n = 1,342):
Statistical weight of zero

1

Final Analytical Sample
(N = 20,235)





image2.tiff
0.32

0.00

—0.04

0.31

—0.06

0.07

—0.04

0.01

—0.03

0.06

0.13

0.00

—0.03

—0.03

—0.05

0.10

—0.04

0.06

0.13

—0.03





image3.tiff




image4.tiff




image5.tiff
Scaled Schoenfeld residuals

Scaled Schoenfeld residuals for TyG-related exposures

Sixteen Cox models: 8 exposures x 2 mortality outcomes

All-cause mortality - T All-cause mortality - TyG-BMI All-cause mortality - TyG-WC All-cause mortality - TyG-WIItR
0154 84
10
0.10
0.0254 44
5 ¥
. 005 !
ot — L 0,000 1 e e e ot PEORERNETT —
no o gdet s 0.00 1 5 oo = o
2 0,051 B v
-0.0254 1
All-cause mortality - TyG-WWI All-cause mortality - TyG-ABSI All-cause mortality - TyG-BRI All-cause mortality - TyG-CVAL
0.75
044 i
0.50 801 0.010
) 40 0.005 SR
025 024 !
0.001 AT A B =-| o 0.000+ —=—--- -
; : 0.0 -
025 N 401 o - 0,005 Fant et .
CVD mortality - TyG CVD mortality - TyG-BMI CVD mortality - TyG-WC CVD mortality - TyG-WHR
0.159 0.044 754
10
0.104 509
0.024
s i
0,05 Y
0001
oT [ i i i e
000+
kK ; 254
5 ‘ 0024
0054
5.0
CVD mortality - TyG-WWI CVD mortality - TyG-ABSI CVD mortality - TyG-BRI CVD mortality - TyG-CVAI
100
0.50 044
0.010
025 501
3 024 00057 -
0,001
0000 UEeEeAEREEITY oo
00+
0259 e
50+ 5 -0.005
: . . : : . . A2 : . . . : : .
0.0 0.1 02 03 0.0 01 02 03 0.0 0.1 02 03 00 0.1 02 03

Transformed follow-up time





image6.tiff
Net Benefit

Decision Curve Analysis - NHANES

0.15 A

0.10 A

0.05 A

0.00 4

T
0.0 0.2 0.4 0.6
Threshold Probability
TyG index TyG-BMI TyG-WC TyG-WHIR
TyG-WWI TyG-ABSI TyG-BRI TyG-CVAI

XGBoost model Treat all Treat none





image7.tiff
TyG | | TyG-BMT | | TyG-WC | | TyG-WHtR

1 1 1 1
OR (95% CL Pint 95% C| 95% C 95% C| -
Age (vears) : ( ) it : OR (95% CI) Poing : OR (95% CI) Pnt : OR (95% CI) Point
<60 , - 4.58(3.99,5.27) . - 297 (2.70,3.26) , - 424379, 4.74) . - 4.57 (4.08,5.13)
=60 . - 3.45 (3.04, 3.91) . - 3.03 (270, 3.40) , 4.03 (3.57,4.54) . - 4.16 (3.68, 4.69)
Gender A <0.001 B 0.950 ) 0.002 . 0.228
Male H - 342 (3.03,3.86) h - 2.83 (2.56,3.12) H 3.67 (3.31,4.06) . - 429 (3.87,4.76)
Female X - 474 (4.14, 5.42) . - 2.66 (245, 2.89) . - 4.22 (3.82, 4.65) , - 435 (3.92,4.82)
0.143 0.404 0.004 0.056

Mexican American ! —— 5.03 (4.06,6.23) ! - 275 (232.3.25) ! —-— 4.17 (3.41,5.10) ! —— 421 (340, 5.22)

_ Other Hispanic ! — 3.99 (2.95,5.41) ! —— 3.26(2.63,4.05) ! — 5.92(4.33,8.10) ! —— 5.86 (4.37, 7.86)
Non-Hispanic While ! - 4.04 (3.5, 4.60) ! - 275 (2.53.2.99) ! - 3.87 (3.51,4.28) ! - 429 (3.88,4.75)
Non-Hispanic Black ! - 3.96 (3.37, 4.66) ! - 2.74 (2,43, 3.10) ! - 4.45(3.83,5.16) ! - 4.73 (4.07, 5.49)

Other Race : —_— 2.86 (2.06, 3.96) : — 243 (1.86,3.17) : —— 3.09 (2.36, 4.06) ! — 3.79 (2.83, 5.08)
Marital status 0.042 0.542 0.818 ! 0.681
Other ! - ! - 2,68 (2.46,2.92) ! - 3.84 (3.46,4.26) ! - 415 (3.71,4.64)
Married ! - ! - 2.68 (241, 2.98) ! - 3.87 (3.41,4.38) ! - 434 (3.84, 4.90)
Household Income I 0.645 ! 0.781 ! 0.752 ! 0.500
< $20,000 1 - 3.63 (3.12,4.24) ! - 2.58 (228, 2.90) ! - 3.76 (3.28,4.31) ! - 3.99 (3.46,4.61)
520,000 $49 999 1 - 3.79 (3.32,4.33) ! - 2.67 (239, 2.98) ! = 3.81 (3.34,4.34) 1 - 425 (3.72, 4.86)
> $50,000 1 - 4.18 (3.52, 4.96) ! - 279 (249, 3.12) ! - 4.00 (3.52, 4.55) ! - 4.46 (3.92, 5.06)
Education [ 0.086 ! 0.001 1 0.004 ] 0.025
Tess than 9th grade 1 — 3.21(2.61,3.93) 1 —- 348 (2.87,4.22) 1 —o— 530 (4.23,6.65 1 —— 4.93 (3.92, 6.20)
[§ )
. 9th-11th grade 1 — 3.78 (3.09, 4.62) 1 - 2.38(2.06,2.76) 1 —— 1 ——
High school graduate 1 —-— 4.78 (4.01,5.70) 1 - 2.95(2.58,3.37) 1 - 4. 1 - 4 os)
Some college 1 - 3.51(2.99,4.11) 1 - 237 (2.15,2.63) 1 - 335 (294, 3.82) 1 - 374(304.432)
College graduate 1 —_ 4.09(3.14,5.33) ] - 3.16(2.68.3.71) 1 —— 437(3.66,5.22) 1 - 4.97 (4.15,5.95)
Smoking Status 1 0.127 1 0.763 1 0.892 1 0.915
Never 1 - 425 (3.75,4.81) | - 266 (2.43,2.91) 1 - 3.97 (3.56, 4.42) 1 - 435 (3.89, 4.85)
Former 1 - 3.66 (3.09, 4.33) f - 2.82 (248,3.19) | - 3.99 (3.47, 4.60) i - 4.41(3.84,5.07)
Current | — 3.72 (295, 4.71) | - 273 (242, 3.08) ! o= 3.71 (3.15,4.37) ) - 4.13 (3.48, 4.90)
Drinking Status | 0427 | 0.249 1 0.064 1 0.177
on-heavy | - 3.99 (3.61, 4.41) | - 276 (257, 2.95) | - 3.99 (3.67,4.33) i - 437 (4.03,4.74)
Heavy \ —_— 3.99 (2.51,6.32) | — 2.41 (183,3.16) | — 2.93 (2.16, 3.98) | — 3.64 (268, 4.96)
TyG-WWI | | TyG-ABSI | | | | TyG-CVAT
1 1 1 1
Age (years) ) OR (95% C1) Pint, 1 OR (95% C1) vint, ! OR (95% C1) Ping i OR (95% C1) Loing
) | E <
<60 ! - 7.31(6.17, 8.65) . - 4,98 (4.28, 5.79) X - 31408 . 437 (3.89, 4.
, - 4.71 (4.10, 5.41) . - 332(292.3.79) . - 3.08 (2,78, 3. . 4.11 (3.59, 4.
0.183 0.002 0.823 <0.001
1 1 1 1
- 7.01 (6.08, 5.09) - 535 (4.68.6.12) - 323 2.93. -
! - 5.92(5.19,6.74) ! - 3.98(3.52,4.51) ! - 3.03 (2.78. ! - 631 o 54.7.18)
! 0.324 ! 0.841 ! 0.214 ! 0.010

Mexican American : —. 6.43 (4.94,8.37) : — 512 (3.95. 6.64) : —_ 278(232,3 : — 4.43 (3.63,5.40)

_ Other Hispanic —— 7.04 (4.95, 10.01) —— 4.94 (3.60, 6.79) —— 4.08(3.17, 5.25) —— (4.77,9.00)
Non-Hispanic White ! - 6.47 (5.60, 7.49) ! - 4.63 (4.05. 529) ! - 3.16 (2.91,3.44) ! - 4.36 (3.93,4.85)
Non-Hispanic Black ! —- 6.69 (5.52, 8.11) ! - 435 (3.65.5.17) ! - 3.06 (270, 3.47) ! - 522 (444,6.13)

Other Race : — 5.87 (4.15,8.31) : —n 4.1 (3.02,5.61) : — 2.87 (2.17, 3.80) ! —— 3.61 (276, 4.74)
Marital status 0.488 0.631 0.943 ! 0.380

Other ! - ! - 463 (4.04, 5.32) ! - 2.96 (2.68,3.26) ! - 4.60 (4.07, 5.20)

Married ! = ! = 4.51 (4.00, 5.09) ! E=3 3.17 (2.86,3.5 ! - 4.19(3.68,4.77)
Household Income I 0.268 i 0.231 ! 0.909 ! 0.208

< $20,000 1 - 527 (443,627 ! - 373 (322,431) ! - 2.95 (2.5 ! - 4.50 (3.87,5.22)

520,000-$49,999 1 — 6.33(5.29,7.57) ! - 450 (3.86, 5.24) ! - 311277, 3.49) ! - 4.46 (3.89, 5.13)

> $50,0 [ —_ 7.04 (5.92, 8.37) ! - 5.11(4.33,6.03) ! - 3.15(2.83, 1 - 433 (3.78,4.97)
Education [ 0.031 ! 0.094 1 0.022 ] 0.089

Less than 9th grade 1 — 449 (3.5, 5.67) 1 — 345 (281,4.24) 1 —— 3.58 (2.92, 4.40) 1 —— 5.96 (4.77,7.45)

. 9tb-11th grade 1 — 5.68 (4.43,7.27) ! — ! —- 2.74(235,3.21) ! - 4.00(3.19. ‘02)

High school graduate 1 —-— 7.81(6.45,9.45) 1 - 1 - 3.35(2.94,3.80) 1 - 4.85 (411,

Some college 1 —— 5.78 (4.74,7.05) 1 —— 1 - 2.77(2.45, 3.13) 1 - 3.89(3.39, 447)

College graduate 1 —m— 7.52(5.89,9.60) 1 —— 1 - 3.60 (3.08,4.21) 1 —— 4.82 (3.94, 5.90)
Smoking Status 1 0.900 1 0.729 1 0.848 1 0.658

Never | - 6.47 (5.62,7.45) 1 - 4.64 (4.10, 1 - 3.06 (2.79,3.35) i - 4 68 (4.15,5.28)

Former | - 6.42(547,7.53) | - 449 3.81 1 - 3.18(2.77,3.66) ! - 10 (3.56,4.71)

Current | —— 6.34 (4.0, 8.20) ' —.— 4.61 (3.65. 1 - 3.16 (274, 3.64) ) —-— 4 39 (3.67,5.25)
Drinking Status | 0.902 | 0.935 | 0.061 i 0.099

Non-h \ - 6425 74 7.18) - 459 (4.16,5.07 - 317 (2.96,3.40) - 450 (4.12,4.91
1 5 ) 1 ¢ 1 5 )
Heavy . —— ! — 524(339.8.11) ! —-— 2.61 (2.08, 3.29) ! —— 3.73 (2.84,4.90)
1 2 4 8 1 2 4 8 16 1 2 4 8 16 1 2 4 8 16

Odds Ratio (95% CI)




