Supplementary materials
[bookmark: OLE_LINK645][bookmark: OLE_LINK646]Supplementary Methods
MVX calculation
[bookmark: OLE_LINK326]Values for each metabolic biomarkers were winsorized at the 1st and 99th percentile. Multi-marker scores were normalized using min-max scaling to a range of 1 to 100 before analysis. The sex-specific equations are provided below, with reference to the CATHGEN biorepository[1].

For female:
[bookmark: OLE_LINK303][bookmark: OLE_LINK305]IVX = 9 + (GlycA * -0.000187) + (sHDL * -0.3585) + ((GlycA * sHDL) * 0.000348)
MMX = ((4 + (Leu * -0.03142) + (Leu2 * 0.0000893)) * 0.353) + 
[bookmark: OLE_LINK304]((7 + (Val * -0.03362) + (Val2 * 0.0000689)) * 0.684) + (Ile * 0.00332) + 
((1 + (Citr *-0.0072) + (Citr2 * 0.0000573)) * 0.7135)
MVX = (IVX * 2.27278) + (ln(MMX) * 12.13511) + (IVX * ln(MMX)) * -1.09312

For male:
[bookmark: OLE_LINK306]IVX = 9 + (GlycA * -0.00437) + (sHDL * -0.52307) + ((GlycA * sHDL) * 0.000817)
MMX = ((4 + (Leu * -0.01594) + (Leu2 * 0.0000291)) * 1.076) + 
((7 + (Val * -0.0239) + (Val2 * 0.00005)) * 0.414) + (Ile * 0.01265) + 
[bookmark: OLE_LINK307]((1 + (Citr * 0.00906) + (Citr2 * -0.0000126)) * 0.5881)
MVX = (IVX * 3.54601) + (ln(MMX) * 14.41428) + (IVX * ln(MMXM)) * -1.43438

Note: Citr: citrate; Ile: isoleucine; GlycA: glycoprotein acetyls; IVX: inflammation vulnerability index; Leu: leucine; MMX: metabolic malnutrition index; MVX: metabolic vulnerability index; sHDL: small HDL particle number; Val: valine.

R script:
df %>% mutate (
      IVX = if_else(sex == "F",
        9 + (GlycA * -0.000187) + (sHDL * -0.3585) + ((GlycA * sHDL) * 0.000348),
        9 + (GlycA * -0.00437) + (sHDL * -0.52307) + ((GlycA * sHDL) * 0.000817)),
      MMX = if_else(sex == "F",
          ((4 + (Leucine * -0.03142) + (Leucine^2 * 0.0000893)) * 0.353) +
           ((7 + (Valine * -0.03362) + (Valine^2 * 0.0000689)) * 0.684) +(Isoleucine * 0.00332) +
           ((1 + (Citrate * -0.0072) + (Citrate^2 * 0.0000573)) * 0.7135),
          ((4 + (Leucine * -0.01594) + (Leucine^2 * 0.0000291)) * 1.076) +
           ((7 + (Valine * -0.0239) + (Valine^2 * 0.00005)) * 0.414) +(Isoleucine * 0.01265) +
           ((1 + (Citrate * 0.00906) + (Citrate^2 * -0.0000126)) * 0.5881)),
      MVX = if_else(sex == "F",
          (IVX * 2.27278) + (log(MMX) * 12.13511) + (IVX * log(MMX)) * (-1.09312),
          (IVX * 3.54601) + (log(MMX) * 14.41428) + (IVX * log(MMX)) * (-1.43438)))

Reference
[1] Otvos JD, Shalaurova I, May HT, Muhlestein JB, Wilkins JT, McGarrah RW, 3rd, et al. Multimarkers of metabolic malnutrition and inflammation and their association with mortality risk in cardiac catheterisation patients: a prospective, longitudinal, observational, cohort study. Lancet Healthy Longev. 2023;4:e72-e82.


Table S1. ICD-10 codes for liver-related events.

	Disease at or before baseline
	ICD-10 code

	Liver-related events
	

	Cirrhosis
	K70.2, K70.3, K70.4, K74.0, K74.1, K74.2, K74.6, K76.6, I85.0, I85.9

	Alcoholic liver disease (ALD)
	K70

	Viral hepatitis
	B16, B17, B18, B19

	Autoimmune liver disease [AILD (autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis)]
	
K83.0, K74.3, K75.4

	Liver and biliary tract cancer (LBC)
	C22, C23, C24

	Liver-related mortality
	K70, K71, K72, K73, K74, K75, K76, K77, I85, C22.0

	Alcohol/drug use disorder
	

	Codes associated with alcohol use disorder
	F10

	
	E24.4, G62.1, I42.6, K29.2,

	Codes associated with somatic consequences of
	G31.2, G72.1, K85.2, K86.0,

	alcohol (except ALD)
	T51.0, T51.9, Y57.3, X65, Z50.2, Z71.4, Z72.1

	Codes associated with drug use disorders except
	F11, F12, F13, F14, F16,

	nicotine/caffeine
	F18, F19

	Liver transplantation
	Z94.4





Table S2. Baseline characteristics of the participants in accordance with MVX
	Variables
	Total
 (n = 255171)
	Quartiles of MVX
	p

	
	
	Q1 (n = 63975)
	Q2 (n = 63989)
	Q3 (n = 63837)
	Q4 (n = 63370)
	

	Age, years, Mean ± SD
	56.6 ± 8.1
	55.7 ± 8.4
	56.9 ± 8.1
	56.9 ± 8.0
	56.7 ± 7.8
	< 0.001

	Gender, n (%)
	
	
	
	
	
	< 0.001

	  Female
	138102 (54.1)
	25798 (40.3)
	28457 (44.5)
	36893 (57.8)
	46954 (74.1)
	

	  Male
	117069 (45.9)
	38177 (59.7)
	35532 (55.5)
	26944 (42.2)
	16416 (25.9)
	

	Ethnicity, n (%)
	
	
	
	
	
	< 0.001

	  White
	243137 (95.3)
	60188 (95)
	60749 (95.2)
	61061 (95.4)
	61139 (95.6)
	

	  Non white
	12034 ( 4.7)
	3182 (5)
	3088 (4.8)
	2928 (4.6)
	2836 (4.4)
	

	Education, n (%)
	
	
	
	
	
	< 0.001

	  College
	81201 (31.8)
	21782 (34.4)
	20662 (32.4)
	19995 (31.2)
	18762 (29.3)
	

	  Other levels
	127254 (49.9)
	31269 (49.3)
	31415 (49.2)
	31904 (49.9)
	32666 (51.1)
	

	  Unknown
	46716 (18.3)
	10319 (16.3)
	11760 (18.4)
	12090 (18.9)
	12547 (19.6)
	

	TDI, Median (IQR)
	-2.2 (-3.7, 0.4)
	-2.2 (-3.7, 0.4)
	-2.2 (-3.7, 0.3)
	-2.3 (-3.7, 0.3)
	-2.2 (-3.6, 0.5)
	< 0.001

	BMI, kg/m2, Mean ± SD
	27.4 ± 4.8
	25.7 ± 4.4
	27.1 ± 4.6
	28.0 ± 4.7
	28.8 ± 4.7
	< 0.001

	Smoking status, n (%)
	
	
	
	
	
	< 0.001

	  Never
	139565 (54.7)
	37276 (58.8)
	36057 (56.5)
	34226 (53.5)
	32006 (50)
	

	  Previous
	88979 (34.9)
	19704 (31.1)
	21405 (33.5)
	23105 (36.1)
	24765 (38.7)
	

	  Current
	26627 (10.4)
	6390 (10.1)
	6375 (10)
	6658 (10.4)
	7204 (11.3)
	

	Drinking status, n (%)
	
	
	
	
	
	< 0.001

	  Never
	10831 ( 4.2)
	3133 (4.9)
	2865 (4.5)
	2506 (3.9)
	2327 (3.6)
	

	  Previous
	8829 ( 3.5)
	2541 (4)
	2299 (3.6)
	2091 (3.3)
	1898 (3)
	

	  Current
	235511 (92.3)
	57696 (91)
	58673 (91.9)
	59392 (92.8)
	59750 (93.4)
	

	DM, n (%)
	
	
	
	
	
	< 0.001

	No
	241944 (94.8)
	61227 (96.6)
	60920 (95.4)
	60328 (94.3)
	59469 (93)
	

	Yes
	13227 ( 5.2)
	2143 (3.4)
	2917 (4.6)
	3661 (5.7)
	4506 (7)
	

	HTN, n (%)
	
	
	
	
	
	< 0.001

	No
	186290 (73.0)
	50234 (79.3)
	47278 (74.1)
	45508 (71.1)
	43270 (67.6)
	

	Yes
	68881 (27.0)
	13136 (20.7)
	16559 (25.9)
	18481 (28.9)
	20705 (32.4)
	

	CVD, n (%)
	
	
	
	
	
	< 0.001

	No
	179334 (70.3)
	48520 (76.6)
	45382 (71.1)
	43698 (68.3)
	41734 (65.2)
	

	Yes
	75837 (29.7)
	14850 (23.4)
	18455 (28.9)
	20291 (31.7)
	22241 (34.8)
	

	ALT, U/L, Mean ± SD
	23.5 ± 14.0
	19.9 ± 12.5
	22.3 ± 13.2
	24.7 ± 13.9
	27.2 ± 15.3
	< 0.001

	AST, U/L, Mean ± SD
	26.2 ± 10.0
	25.1 ± 10.4
	25.7 ± 9.3
	26.4 ± 9.8
	27.4 ± 10.3
	< 0.001

	Cholesterol, mmol/L, Mean ± SD
	5.7 ± 1.1
	5.5 ± 1.1
	5.6 ± 1.1
	5.7 ± 1.1
	6.0 ± 1.1
	< 0.001

	Triglycerides, mmol/L, Mean ± SD
	1.7 ± 1.0
	1.2 ± 0.6
	1.6 ± 0.8
	1.9 ± 1.0
	2.3 ± 1.2
	< 0.001


MVX, metabolic vulnerability index; Q, quartile; SD, standard deviation; IQR, interquartile range;TDI, Townsend deprivation index; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular diseases; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

[bookmark: _GoBack]Table S3. Association of MVX with incident liver-related events, after excluding patients with liver transplantation

	[bookmark: _Hlk131633391]
	Model 1
	Model 2
	Model 3

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

	Liver cirrhosis
	
	
	
	
	
	

	[bookmark: _Hlk131625928]MVXperSD
	0.98 (0.93~1.03)
	0.371
	1.07 (1.01~1.12)
	0.016
	1.18 (1.12~1.25)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.84 (0.73~0.96)
	0.011
	0.85 (0.74~0.97)
	0.019
	0.95 (0.83~1.10)
	0.513

	Q3
	0.91 (0.79~1.04)
	0.155
	1.00 (0.88~1.15)
	0.970
	1.15 (1.00~1.33)
	0.054

	Q4
	0.93 (0.82~1.07)
	0.309
	1.21 (1.05~1.39)
	0.008
	1.55 (1.33~1.80)
	<0.001

	Trend.test
	0.99 (0.94~1.03)
	0.513
	1.07 (1.02~1.12)
	0.003
	1.16 (1.01~1.22)
	<0.001

	ALD
	
	
	
	
	
	

	MVXperSD
	0.81 (0.76~0.87)
	<0.001
	0.91 (0.84~0.98)
	0.016
	1.04 (0.95~1.13)
	0.400

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.62 (0.51~0.75)
	<0.001
	0.64 (0.53~0.78)
	<0.001
	0.81 (0.66~0.99)
	0.037

	Q3
	0.56 (0.46~0.69)
	<0.001
	0.68 (0.55~0.83)
	<0.001
	0.84 (0.67~1.04)
	0.111

	Q4
	0.63 (0.52~0.77)
	<0.001
	0.96 (0.78~1.18)
	0.691
	1.33 (1.06~1.67)
	0.013

	Trend.test
	0.85 (0.79~0.90)
	<0.001
	0.96 (0.90~1.03)
	0.294
	1.07 (0.99~1.16)
	0.077

	Viral hepatitis
	
	
	
	
	
	

	MVXperSD
	1.07 (0.96~1.19)
	0.208
	1.14 (1.02~1.27)
	0.021
	1.05 (0.93~1.18)
	0.470

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.94 (0.70~1.28)
	0.703
	0.96 (0.71~1.30)
	0.807
	0.92 (0.67~1.25)
	0.594

	Q3
	1.04 (0.77~1.40)
	0.804
	1.14 (0.84~1.53)
	0.397
	1.01 (0.73~1.37)
	0.975

	Q4
	1.23 (0.93~1.64)
	0.147
	1.48 (1.10~1.99)
	0.009
	1.19 (0.86~1.64)
	0.300

	Trend.test
	1.08 (0.98~1.18)
	0.108
	1.15 (1.04~1.26)
	0.005
	1.07 (0.96~1.18)
	0.240

	AILD
	
	
	
	
	
	

	MVXperSD
	1.00 (0.94~1.06)
	0.996
	1.03 (0.97~1.09)
	0.355
	1.12 (1.05~1.20)
	0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.98 (0.83~1.16)
	0.843
	0.97 (0.82~1.15)
	0.718
	1.05 (0.89~1.25)
	0.540

	Q3
	1.04 (0.89~1.23)
	0.612
	1.04 (0.88~1.23)
	0.618
	1.21 (1.02~1.43)
	0.033

	Q4
	0.98 (0.83~1.16)
	0.807
	1.07 (0.90~1.26)
	0.467
	1.33 (1.10~1.60)
	0.003

	Trend.test
	1.00 (0.95~1.05)
	0.997
	1.03 (0.97~1.08)
	0.347
	1.10 (1.04~1.17)
	0.001

	LBC
	
	
	
	
	
	

	MVXperSD
	0.94 (0.87~1.01)
	0.079
	0.99 (0.92~1.06)
	0.748
	1.09 (1.00~1.18)
	0.049

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.01 (0.83~1.23)
	0.946
	0.99 (0.81~1.21)
	0.930
	1.09 (0.89~1.33)
	0.398

	Q3
	0.91 (0.74~1.11)
	0.348
	0.93 (0.76~1.14)
	0.496
	1.09 (0.88~1.35)
	0.426

	Q4
	0.85 (0.69~1.04)
	0.119
	1.00 (0.81~1.24)
	0.990
	1.27 (1.01~1.59)
	0.042

	Trend.test
	0.94 (0.88~1.01)
	0.074
	0.99 (0.93~1.06)
	0.832
	1.07 (1.00~1.15)
	0.061

	Liver-related mortality
	
	
	
	
	
	

	MVXperSD
	0.99 (0.90~1.09)
	0.839
	1.14 (1.03~1.26)
	0.010
	1.31 (1.17~1.47)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.82 (0.63~1.07)
	0.143
	0.84 (0.65~1.09)
	0.198
	0.98 (0.74~1.28)
	0.855

	Q3
	0.92 (0.71~1.19)
	0.531
	1.09 (0.84~1.41)
	0.525
	1.26 (0.96~1.67)
	0.095

	Q4
	1.00 (0.78~1.29)
	0.985
	1.52 (1.17~1.97)
	0.002
	2.12 (1.60~2.82)
	<0.001

	Trend.test
	1.01 (0.93~1.10)
	0.787
	1.16 (1.06~1.26)
	0.001
	1.29 (1.17~1.41)
	<0.001



Model 1: unadjusted. Model 2: adjusted for age and gender. Model 3: Adjusted for age, gender, ethnicity, education, TDI, BMI, smoking status,drinking status, DM, HTN, CVD, ALT, AST, Cholesterol and Triglycerides. MVX, metabolic vulnerability index; HR, hazard ratio; CI, confidence interval; Q, MVX quartile; TDI, Townsend deprivation index; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular diseases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALD, alcoholic liver disease; AILD, autoimmune liver disease; LBC, liver and biliary tract cancer.



Table S4. Association of MVX with incident liver-related events, after excluding patients with liver transplantation and increased or excessive alcohol and drug intake. 

	
	Model 1
	Model 2
	Model 3

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

	Liver cirrhosis
	
	
	
	
	
	

	MVXperSD
	1.03 (0.97~1.09)
	0.334
	1.24 (1.16~1.33)
	<0.001
	1.24 (1.16~1.33)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.95 (0.80~1.13)
	0.596
	1.05 (0.88~1.26)
	0.560
	1.05 (0.88~1.26)
	0.560

	Q3
	1.05 (0.89~1.24)
	0.582
	1.30 (1.09~1.55)
	0.004
	1.30 (1.09~1.55)
	0.004

	Q4
	1.03 (0.87~1.22)
	0.758
	1.64 (1.36~1.98)
	<0.001
	1.64 (1.36~1.98)
	<0.001

	Trend.test
	1.02 (0.96~1.07)
	0.524
	1.19 (1.12~1.26)
	<0.001
	1.19 (1.12~1.26)
	<0.001

	ALD
	
	
	
	
	
	

	MVXperSD
	0.79 (0.68~0.91)
	0.001
	1.01 (0.84~1.20)
	0.947
	1.01 (0.84~1.20)
	0.947

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.62 (0.42~0.93)
	0.020
	0.75 (0.50~1.13)
	0.165
	0.75 (0.50~1.13)
	0.165

	Q3
	0.57 (0.38~0.86)
	0.007
	0.77 (0.49~1.21)
	0.261
	0.77 (0.49~1.21)
	0.261

	Q4
	0.56 (0.37~0.84)
	0.006
	1.18 (0.74~1.88)
	0.483
	1.18 (0.74~1.88)
	0.483

	Trend.test
	0.82 (0.71~0.94)
	0.004
	1.03 (0.88~1.20)
	0.749
	1.03 (0.88~1.20)
	0.749

	Viral hepatitis
	
	
	
	
	
	

	MVXperSD
	1.08 (0.96~1.21)
	0.181
	1.06 (0.93~1.20)
	0.417
	1.06 (0.93~1.20)
	0.417

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.02 (0.73~1.41)
	0.924
	0.97 (0.70~1.36)
	0.876
	0.97 (0.70~1.36)
	0.876

	Q3
	1.04 (0.75~1.44)
	0.830
	0.98 (0.69~1.38)
	0.894
	0.98 (0.69~1.38)
	0.894

	Q4
	1.25 (0.92~1.71)
	0.159
	1.19 (0.83~1.69)
	0.343
	1.19 (0.83~1.69)
	0.343

	Trend.test
	1.08 (0.97~1.19)
	0.159
	1.06 (0.94~1.18)
	0.348
	1.06 (0.94~1.18)
	0.348

	AILD
	
	
	
	
	
	

	MVXperSD
	1.02 (0.96~1.09)
	0.532
	1.16 (1.08~1.25)
	<0.001
	1.16 (1.08~1.25)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.01 (0.84~1.21)
	0.919
	1.09 (0.91~1.31)
	0.353
	1.09 (0.91~1.31)
	0.353

	Q3
	1.12 (0.94~1.34)
	0.204
	1.31 (1.09~1.58)
	0.004
	1.31 (1.09~1.58)
	0.004

	Q4
	1.04 (0.87~1.24)
	0.698
	1.44 (1.18~1.76)
	<0.001
	1.44 (1.18~1.76)
	<0.001

	Trend.test
	1.02 (0.97~1.08)
	0.462
	1.14 (1.07~1.21)
	<0.001
	1.14 (1.07~1.21)
	<0.001

	LBC
	
	
	
	
	
	

	MVXperSD
	0.95 (0.88~1.02)
	0.169
	1.10 (1.00~1.20)
	0.041
	1.10 (1.00~1.20)
	0.041

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.09 (0.88~1.35)
	0.445
	1.18 (0.95~1.47)
	0.135
	1.18 (0.95~1.47)
	0.135

	Q3
	0.99 (0.80~1.23)
	0.950
	1.19 (0.95~1.50)
	0.132
	1.19 (0.95~1.50)
	0.132

	Q4
	0.88 (0.70~1.10)
	0.246
	1.30 (1.01~1.66)
	0.040
	1.30 (1.01~1.66)
	0.040

	Trend.test
	0.95 (0.89~1.02)
	0.178
	1.08 (1.00~1.17)
	0.048
	1.08 (1.00~1.17)
	0.048

	Liver-related mortality
	
	
	
	
	
	

	MVXperSD
	1.07 (0.94~1.21)
	0.306
	1.49 (1.28~1.73)
	<0.001
	1.49 (1.28~1.73)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.09 (0.76~1.56)
	0.628
	1.26 (0.88~1.82)
	0.211
	1.26 (0.88~1.82)
	0.211

	Q3
	1.20 (0.85~1.71)
	0.297
	1.74 (1.20~2.51)
	0.003
	1.74 (1.20~2.51)
	0.003

	Q4
	1.16 (0.81~1.65)
	0.419
	2.61 (1.77~3.84)
	<0.001
	2.61 (1.77~3.84)
	<0.001

	Trend.test
	1.05 (0.94~1.18)
	0.351
	1.38 (1.22~1.56)
	<0.001
	1.38 (1.22~1.56)
	<0.001


Model 1: unadjusted. Model 2: adjusted for age and gender. Model 3: Adjusted for age, gender, ethnicity, education, TDI, BMI, smoking status,drinking status, DM, HTN, CVD, ALT, AST, Cholesterol and Triglycerides. MVX, metabolic vulnerability index; HR, hazard ratio; CI, confidence interval; Q, MVX quartile; TDI, Townsend deprivation index; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular diseases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALD, alcoholic liver disease; AILD, autoimmune liver disease; LBC, liver and biliary tract cancer.


Table S5. Association of MVX with incident liver-related events, after adjusting for various covariates.
	
	Model 1
	Model 2
	Model 3

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

	Liver cirrhosis
	
	
	
	
	
	

	MVXperSD
	1.19 (1.13~1.27)
	<0.001
	1.19 (1.13~1.27)
	<0.001
	1.19 (1.12~1.26)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.97 (0.84~1.12)
	0.661
	0.97 (0.84~1.11)
	0.646
	0.97 (0.83~1.12)
	0.675

	Q3
	1.13 (0.98~1.31)
	0.103
	1.13 (0.97~1.31)
	0.108
	1.10 (0.94~1.28)
	0.240

	Q4
	1.59 (1.37~1.86)
	<0.001
	1.59 (1.36~1.85)
	<0.001
	1.57 (1.34~1.84)
	<0.001

	Trend.test
	
	<0.001
	
	<0.001
	
	<0.001

	ALD
	
	
	
	
	
	

	MVXperSD
	1.05 (0.96~1.15)
	0.298
	1.05 (0.96~1.14)
	0.307
	1.01 (0.93~1.11)
	0.749

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.81 (0.66~1.00)
	0.052
	0.81 (0.66~1.00)
	0.049
	0.87 (0.70~1.07)
	0.188

	Q3
	0.82 (0.65~1.03)
	0.086
	0.82 (0.65~1.03)
	0.083
	0.83 (0.65~1.06)
	0.132

	Q4
	1.37 (1.08~1.73)
	0.008
	1.36 (1.08~1.72)
	0.009
	1.17 (0.91~1.50)
	0.211

	Trend.test
	1.08 (0.99~1.16)
	0.067
	1.08 (0.99~1.16)
	0.070
	1.03 (0.95~1.12)
	0.505

	Viral hepatitis
	
	
	
	
	
	

	MVXperSD
	1.05 (0.93~1.19)
	0.418
	1.05 (0.93~1.19)
	0.421
	1.05 (0.92~1.19)
	0.481

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.94 (0.68~1.28)
	0.679
	0.94 (0.68~1.28)
	0.681
	0.94 (0.68~1.32)
	0.737

	Q3
	1.03 (0.75~1.41)
	0.852
	1.03 (0.75~1.41)
	0.851
	0.99 (0.70~1.39)
	0.950

	Q4
	1.22 (0.88~1.70)
	0.224
	1.22 (0.88~1.70)
	0.226
	1.27 (0.90~1.80)
	0.174

	Trend.test
	1.08 (0.97~1.20)
	0.174
	1.08 (0.97~1.20)
	0.176
	1.09 (0.97~1.22)
	0.150

	AILD
	
	
	
	
	
	

	MVXperSD
	1.12 (1.04~1.20)
	0.002
	1.12 (1.04~1.20)
	0.002
	1.09 (1.02~1.17)
	0.016

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.07 (0.90~1.27)
	0.463
	1.07 (0.90~1.27)
	0.466
	1.07 (0.90~1.28)
	0.437

	Q3
	1.18 (0.99~1.41)
	0.064
	1.18 (0.99~1.41)
	0.065
	1.09 (0.91~1.32)
	0.357

	Q4
	1.34 (1.11~1.62)
	0.002
	1.34 (1.11~1.61)
	0.003
	1.31 (1.07~1.59)
	0.008

	Trend.test
	1.10 (1.04~1.17)
	0.002
	1.10 (1.04~1.17)
	0.002
	1.08 (1.02~1.16)
	0.012

	LBC
	
	
	
	
	
	

	MVXperSD
	1.11 (1.02~1.20)
	0.020
	1.11 (1.02~1.20)
	0.020
	1.10 (1.00~1.20)
	0.043

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	1.09 (0.89~1.34)
	0.391
	1.09 (0.89~1.34)
	0.396
	1.11 (0.09~1.37)
	0.338

	Q3
	1.13 (0.91~1.40)
	0.270
	1.13 (0.91~1.40)
	0.275
	1.17 (0.93~1.46)
	0.176

	Q4
	1.35 (1.07~1.69)
	0.011
	1.34 (1.07~1.69)
	0.012
	1.27 (0.99~1.62)
	0.055

	Trend.test
	1.1 0(1.02~1.18)
	0.015
	1.09 (1.02~1.18)
	0.016
	1.08 (1.00~1.17)
	0.052

	Liver-related mortality
	
	
	
	
	
	

	MVXperSD
	1.31 (1.17~1.47)
	<0.001
	1.31 (1.16~1.47)
	<0.001
	1.27 (1.13~1.43)
	<0.001

	Q1
	1.00(Ref)
	 
	1.00(Ref)
	 
	1.00(Ref)
	 

	Q2
	0.99 (0.75~1.30)
	0.956
	0.99 (0.75~1.30)
	0.951
	1.02 (0.76~1.35)
	0.917

	Q3
	1.25 (0.95~1.66)
	0.115
	1.25 (0.95~1.66)
	0.116
	1.30 (0.96~1.74)
	0.086

	Q4
	2.15 (1.61~2.87)
	<0.001
	2.14 (1.60~2.86)
	<0.001
	2.01 (1.48~2.73)
	<0.001

	Trend.test
	1.29 (1.17~1.42)
	<0.001
	1.29 (1.17~1.42)
	<0.001
	1.26 (1.14~1.40)
	<0.001


Model 1: Adjusted for age, gender, ethnicity, education, TDI, BMI, smoking status,drinking status, physical activity ststus, diet score, sleep score, DM, HTN, CVD, ALT, AST, Cholesterol and Triglycerides. Model 2: further adjusted for stroke and cancer. Model 3: further adjusted for albumin, total bilirubin, LDL, HDL. MVX, metabolic vulnerability index; HR, hazard ratio; CI, confidence interval; Q, MVX quartile; TDI, Townsend deprivation index; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; CVD, cardiovascular diseases; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; ALD, alcoholic liver disease; AILD, autoimmune liver disease; LBC, liver and biliary tract cancer.

