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Supplementary Table S1. Pattern of missingness across model covariates

	Covariate
	Missing (n)
	Missing (%)

	Age
	162
	0.03%

	Sex
	162
	0.03%

	Ethnicity
	2,775
	0.55%

	Education
	10,122
	2.02%

	Townsend deprivation index
	624
	0.12%

	Smoking status
	2,948
	0.59%

	Alcohol intake
	1,500
	0.30%

	Dietary score
	35,306
	7.03%

	Sleep duration
	4,211
	0.84%

	Physical activity
	117,265
	23.40%

	Hypertension
	34,025
	6.78%

	Diabetes
	9,140
	1.82%

	Low-density lipoprotein cholesterol
	33,767
	6.72%



Supplementary Table S2. Baseline characteristics of included participants versus those excluded for missing covariates

	Variable
	Excluded (n=125,278)
	Included (n=277,418)
	p value

	Age, years
	56.79 (8.08)
	56.01 (8.08)
	<0.001

	Sex
	
	
	<0.001

	  Female
	60.4%
	52.9%
	

	  Male
	39.6%
	47.1%
	

	Ethnicity
	
	
	<0.001

	  White
	90.7%
	93.3%
	

	  Non-White
	9.3%
	6.7%
	

	Education
	
	
	<0.001

	  High
	25.6%
	36.7%
	

	  Intermediate
	49.5%
	50.6%
	

	  Low
	24.9%
	12.7%
	

	Townsend deprivation index
	−1.86 [−3.51, 1.13]
	−2.30 [−3.72, 0.14]
	<0.001

	Smoking status
	
	
	<0.001

	  Never
	55.4%
	55.7%
	

	  Previous
	32.4%
	34.6%
	

	  Current
	12.1%
	9.7%
	

	Alcohol intake
	
	
	<0.001

	  <3 times/week
	52.2%
	46.8%
	

	  ≥3 times/week
	37.6%
	46.6%
	

	  Never
	10.2%
	6.6%
	

	Diet risk score
	5.51 (1.52)
	5.44 (1.52)
	<0.001

	Sleep duration
	
	
	<0.001

	  <6 h
	6.7%
	4.7%
	

	  >9 h
	2.1%
	1.5%
	

	  6–9 h
	91.2%
	93.8%
	

	Meets physical activity recommendations
	55%
	55%
	0.888

	Body mass index, kg/m²
	26.90 [24.20, 30.19]
	26.54 [24.02, 29.59]
	<0.001

	Waist circumference, cm
	89.99 (13.49)
	89.86 (13.23)
	0.003

	Triglycerides, mmol/L
	1.49 [1.05, 2.15]
	1.47 [1.03, 2.13]
	<0.001

	Fasting plasma glucose, mmol/L
	4.93 [4.60, 5.32]
	4.92 [4.60, 5.29]
	<0.001

	Low-density lipoprotein cholesterol, mmol/L
	3.62 (0.87)
	3.59 (0.85)
	<0.001

	Creatinine, µmol/L
	68.7 [60.2, 79.1]
	70.6 [61.6, 80.9]
	<0.001

	Cystatin C, mg/L
	0.89 [0.81, 0.99]
	0.88 [0.80, 0.97]
	<0.001

	Triglyceride–glucose index
	8.72 (0.56)
	8.70 (0.56)
	<0.001

	Muscle-loss index
	1.17 (0.22)
	1.12 (0.20)
	<0.001

	Triglyceride–glucose muscle-loss index 
	9.93 [8.71, 11.38]
	9.53 [8.41, 10.87]
	<0.001

	Hypertension
	60.7%
	54.2%
	<0.001

	Diabetes
	7.2%
	6.2%
	<0.001



Supplementary Table S3. Unit conversion factors used in the calculation of TyG, MLI, and TyG–MLI

	Measurement
	SI Unit
	Unit Used in Formula
	Conversion Factor
	Notes

	Triglycerides (TG)
	mmol/L
	mg/dL
	× 88.57
	Used in TyG calculation

	Fasting plasma glucose (FPG)
	mmol/L
	mg/dL
	× 18.02
	Used in TyG calculation

	Creatinine (Cr)
	µmol/L
	mg/dL
	÷ 88.4
	Used in MLI calculation

	Cystatin C (CysC)
	mg/L
	mg/L
	–
	Same unit as formula


Abbreviations: MLI, muscle-loss index; TyG, triglyceride–glucose index; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S4. Definitions of cardiovascular outcomes in the UK Biobank

	Cardiovascular disease subtype
	ICD-10 codes

	Coronary heart disease
	I20–I25

	Stroke
	I60, I61, I63, I64, I69.0–I69.4

	Heart failure
	I50

	Atrial fibrillation 
	I48

	Peripheral artery disease 
	E11.5, I70–I72, I73.9


Abbreviations: ICD-10, International Classification of Diseases, Tenth Revision.

Supplementary Table S5. PREVENT equations for 10-year CVD risk in the UK Biobank

	Variable
	Women (log-odds coefficient)
	Men (log-odds coefficient)
	Field IDs

	Intercept
	–3.307728
	–3.031168
	NA

	Age (per 10 years from 55)
	0.7939329
	0.7688528
	21022

	Non-HDL(mmol/L)
	0.0305239
	0.0736174
	30690, 30760

	HDL(mmol/L)
	–0.1606857
	–0.0954431
	30760

	SBP (mmHg)
	–0.2394003 × (min[SBP,110] – 110)/20 
+0.360078 × (max[SBP,110] – 130)/20
	–0.4347345 × (min[SBP,110] – 110)/20 
+0.3362658 × (max[SBP,110] – 130)/20
	4080

	Diabetes
	0.8667604
	0.7692857
	2443, 30740, 30750, 20003, 6153, 6177

	Current smoking
	0.5360739
	0.4386871
	20116

	eGFR (mL/min/1.73m²)
	+0.6045917 × (min[eGFR,60] – 60)/–15 
+0.0433769 × (max[eGFR,60] – 90)/–15
	+0.5378979 × (min[eGFR,60] – 60)/–15 
+0.0164827 × (max[eGFR,60] – 90)/–15
	31, 21022, 30700

	Antihypertensive medication
	0.3151672
	0.288879
	20003, 6153, 6177

	Statin use
	–0.1477655
	–0.1337349
	20003, 6153, 6177

	Interaction: antihypertensive × SBP
	–0.0663612
	–0.0475924
	NA

	Interaction: statin × non-HDL
	0.1197879
	0.150273
	NA

	Age × non-HDL
	–0.0819715
	–0.0517874
	NA

	Age × HDL
	0.0306769
	0.0191169
	NA

	Age × SBP
	–0.0946348
	–0.1049477
	NA

	Age × diabetes
	–0.2705700
	–0.2251948
	NA

	Age × current smoking
	–0.0787150
	–0.0895067
	NA

	Age × eGFR
	–0.1637806
	–0.1543702
	NA

	Risk = exp(log-Odds) / (1 + exp(log-Odds))


The PREVENT equations were applied to adults aged 30-79 years, with participants ≥80 years conservatively assigned an age of 79 years for risk estimation. Variables outside PREVENT-defined ranges (total cholesterol: 130-320 mg/dL; HDL: 20-100 mg/dL; SBP: 90-200 mmHg; eGFR: 14-140 mL/min/1.73 m²) were truncated to boundary values.
Abbreviations: non-HDL, non–high-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; SBP, systolic blood pressure; eGFR, estimated glomerular filtration rate.

Supplementary Table S6. Incidence of cardiovascular outcomes according to quartiles of TyG–MLI
	Outcome
	Quartile
	Events
	Person-years
	Incidence rate per 1 000 person-years

	CVD
	Q1
	7 811
	989 283
	7.90

	
	Q2
	9 359
	974 677
	9.60

	
	Q3
	10 380
	961 631
	10.80

	
	Q4
	12 848
	934 850
	13.70

	CHD
	Q1
	4 725
	1 010 947
	4.67

	
	Q2
	5 671
	999 408
	5.67

	
	Q3
	6 231
	988 296
	6.30

	
	Q4
	7 415
	967 829
	7.66

	Stroke
	Q1
	1 277
	1 036 667
	1.23

	
	Q2
	1 550
	1 029 854
	1.51

	
	Q3
	1 748
	1 022 178
	1.71

	
	Q4
	2 301
	1 006 023
	2.29

	HF
	Q1
	1 229
	1 038 194
	1.18

	
	Q2
	1 570
	1 031 361
	1.52

	
	Q3
	2 008
	1 022 388
	1.96

	
	Q4
	3 015
	1 004 849
	3.00

	AF
	Q1
	2 167
	1 026 783
	2.11

	
	Q2
	2 571
	1 018 410
	2.52

	
	Q3
	2 899
	1 009 476
	2.87

	
	Q4
	3 303
	994 245
	3.32

	PAD
	Q1
	900
	1 038 718
	0.87

	
	Q2
	1 181
	1 031 536
	1.14

	
	Q3
	1 435
	1 023 138
	1.40

	
	Q4
	2 015
	1 006 807
	2.00


Abbreviations: AF, atrial fibrillation; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; PAD, peripheral artery disease; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S7. Joint associations of TyG index and MLI with incident CVD

	TyG–MLI category
	Adjusted HR (95% CI)
	p value

	Low TyG index + Low MLI
	1.00 (Reference)
	—

	High TyG index + Low MLI
	1.12 (1.09 – 1.15)
	<0.001

	Low TyG index + High MLI
	1.23 (1.19 – 1.27)
	<0.001

	High TyG index + High MLI
	1.33 (1.29 – 1.37)
	<0.001


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, and low-density lipoprotein cholesterol.
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; MLI, muscle-loss index; TyG, triglyceride–glucose.

Supplementary Table S8. Discriminative ability of TyG index and TyG–MLI for incident CVD in the overall cohort and across BMI categories

	Group
	AUC (95% CI)

	
	TyG 
	TyG–MLI 
	PREVENT+TyG 
	PREVENT+TyG–MLI 

	Overall
	0.583 (0.580–0.586)
	0.565 (0.561–0.568)*
	0.728 (0.725–0.730)
	0.721 (0.719–0.724)**

	Underweight
	0.560 (0.514–0.606)
	0.637 (0.593–0.682)*
	0.740 (0.699–0.780)
	0.758 (0.720–0.796)**

	Normal
	0.575 (0.567–0.582)
	0.575 (0.567–0.582)
	0.739 (0.733–0.745)
	0.745 (0.739–0.751)**

	Overweight
	0.563 (0.560–0.567)
	0.554 (0.551–0.558)*
	0.711 (0.708–0.714)
	0.714 (0.711–0.717)**


AUC with 95% CIs was estimated for TyG index, TyG–MLI, the PREVENT model plus TyG index, and the PREVENT model plus TyG–MLI, overall and stratified by BMI categories (underweight, normal, and overweigh). Comparisons of AUCs were performed using DeLong’s test. *indicates significant difference compared with TyG index; **indicates significant difference compared with PREVENT+TyG index. TyG–MLI was incorporated into the PREVENT model as a grouped categorical variable (quartiles), consistent with the nonlinear association observed in spline analyses.
Abbreviations: AUC, area under the curve; BMI, body mass index; CI, confidence interval; TyG, triglyceride–glucose; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S9. Association of TyG–MLI with incident CVD in competing risk analysis 
	
	Model 1
	Model 2
	Model 3

	
	sHR (95%CI)
	p-value
	sHR (95%CI)
	p-value
	sHR (95%CI)
	p-value

	TyG–MLI per 1 SD
	1.22 (1.21–1.23)
	<0.001
	1.20 (1.20–1.22)
	<0.001
	1.17 (1.17–1.19)
	<0.001

	TyG–MLI Q1
	ref
	ref
	ref
	ref
	ref
	ref

	TyG–MLI Q2
	1.22 (1.19–1.25)
	<0.001
	1.12 (1.08–1.14)
	<0.001
	1.10 (1.07–1.13)
	<0.001

	TyG–MLI Q3
	1.37 (1.34–1.42)
	<0.001
	1.25 (1.22–1.28)
	<0.001
	1.18 (1.14–1.22)
	<0.001

	TyG–MLI Q4
	1.74 (1.68–1.79)
	<0.001
	1.63 (1.60–1.66)
	<0.001
	1.48 (1.43–1.54)
	<0.001


sHRs and 95% CIs were estimated using Fine–Gray competing risk regression models, treating non-cardiovascular death as a competing event. Model 1 was unadjusted. Model 2 was adjusted for sociodemographic and lifestyle factors, including age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, and physical activity. Model 3 was further adjusted for clinical risk factors, including hypertension, diabetes, and low-density lipoprotein cholesterol.
Abbreviations: CI, confidence interval; sHR, subdistribution hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S10. Association of TyG–MLI with incident CVD in 2-year landmark analysis
	
	Model 1
	Model 2
	Model 3

	
	HR (95%CI)
	p-value
	HR (95%CI)
	p-value
	HR (95%CI)
	p-value

	TyG–MLI per 1 SD
	1.22 (1.21–1.23)
	<0.001
	1.20 (1.19–1.21)
	<0.001
	1.17 (1.15–1.18)
	<0.001

	TyG–MLI Q1
	ref
	ref
	ref
	ref
	ref
	ref

	TyG–MLI Q2
	1.22 (1.19–1.26)
	<0.001
	1.13 (1.10–1.17)
	<0.001
	1.11 (1.07–1.14)
	<0.001

	TyG–MLI Q3
	1.37 (1.33–1.42)
	<0.001
	1.25 (1.21–1.29)
	<0.001
	1.19 (1.15–1.23)
	<0.001

	TyG–MLI Q4
	1.74 (1.69–1.80)
	<0.001
	1.63 (1.58–1.69)
	<0.001
	1.48 (1.43–1.53)
	<0.001


HRs and 95% CIs were estimated using Cox proportional hazards models after excluding participants with cardiovascular disease events or death within the first 2 years of follow-up. Model 1 was unadjusted. Model 2 was adjusted for sociodemographic and lifestyle factors, including age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, and physical activity. Model 3 was further adjusted for clinical risk factors, including hypertension, diabetes, and low-density lipoprotein cholesterol.
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S11. Association of TyG–MLI with incident cardiovascular disease: sensitivity analysis with multiple imputation
	
	Model 1
	Model 2
	Model 3

	
	HR (95%CI)
	p-value
	HR (95%CI)
	p-value
	HR (95%CI)
	p-value

	TyG–MLI per 1 SD
	1.22 (1.21–1.23)
	<0.001
	1.21 (1.20–1.22)
	<0.001
	1.18 (1.17–1.19)
	<0.001

	TyG–MLI Q1
	ref
	ref
	ref
	ref
	ref
	ref

	TyG–MLI Q2
	1.24 (1.21–1.27)
	<0.001
	1.14 (1.11–1.17)
	<0.001
	1.11 (1.08–1.15)
	<0.001

	TyG–MLI Q3
	1.39 (1.36–1.43)
	<0.001
	1.26 (1.23–1.30)
	<0.001
	1.20 (1.17–1.24)
	<0.001

	TyG–MLI Q4
	1.86 (1.81–1.90)
	<0.001
	1.69 (1.64–1.74)
	<0.001
	1.54 (1.50–1.59)
	<0.001


HRs and 95% CIs were estimated using Cox proportional hazards models in complete case analysis. Model 1 was unadjusted. Model 2 was adjusted for sociodemographic and lifestyle factors, including age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, and physical activity. Model 3 was further adjusted for clinical risk factors, including hypertension, diabetes, and low-density lipoprotein cholesterol. Results were derived from Cox proportional hazards models using multiply imputed datasets.
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S12. Association of TyG–MLI with Incident CVD (additionally adjusted for eGFR)

	
	Adjusted HR (95% CI)
	p-value

	TyG–MLI (per 1 SD)
	1.11 (1.11–1.12)
	<0.001

	TyG–MLI Quartiles
	
	

	Q1 
	ref
	ref

	Q2
	1.19 (1.15–1.23)
	<0.001

	Q3
	1.34 (1.30–1.39)
	<0.001

	Q4
	1.78 (1.72–1.85)
	<0.001


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, low-density lipoprotein cholesterol, and eGFR.
Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S13. Association of TyG–MLI with Incident CVD (additionally adjusted for statin use)

	
	Adjusted HR (95% CI)
	p-value

	TyG–MLI (per 1 SD)
	1.16 (1.15–1.17)
	<0.001

	TyG–MLI Quartiles
	
	

	Q1 
	ref
	ref

	Q2
	1.09 (1.06–1.13)
	<0.001

	Q3
	1.18 (1.14–1.21)
	<0.001

	Q4
	1.47 (1.42–1.51)
	<0.001


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, low-density lipoprotein cholesterol, and statin use.
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.

Supplementary Table S14. Associations of Height-Adjusted TyG–MLI with Incident CVD

	Exposure
	Adjusted HR (95% CI)
	p-value

	TyG–MLI (per 1-SD increase)
	1.18 (1.16–1.19)
	<0.001

	TyG–MLI Quartiles
	
	

	Q1 
	ref
	ref

	Q2 
	1.07 (1.04–1.10)
	<0.001

	Q3 
	1.18 (1.14–1.22)
	<0.001

	Q4 
	1.45 (1.40–1.51)
	<0.001


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, and low-density lipoprotein cholesterol. Height-adjusted TyG–MLI = TyG × (MLI / height²).
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.


Supplementary Table S15. Associations of TyG index and TyG–MLI with CVD stratified by BMI

	BMI category
	Exposure
	TyG index HR (95% CI)
	TyG–MLI HR (95% CI)

	Underweight
	per 1 SD
	1.00 (0.84–1.19)
	1.11 (1.02–1.22)

	
	Q4 vs Q1
	0.85 (0.53–1.37)
	2.22 (1.29–3.79)

	Normal
	per 1 SD
	1.02 (1.00–1.04)
	1.16 (1.13–1.19)

	
	Q4 vs Q1
	1.00 (0.91–1.08)
	1.38 (1.27–1.48)

	Overweight
	per 1 SD
	1.07 (1.05–1.09)
	1.18 (1.16–1.21)

	
	Q4 vs Q1
	1.17 (1.13–1.20)
	1.46 (1.41–1.52)


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, and low-density lipoprotein cholesterol. This table presents a sensitivity analysis using a BMI cut-off of 25 kg/m².
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG, triglyceride–glucose; TyG–MLI, triglyceride–glucose muscle-loss index.


Supplementary Table S16. Region-stratified associations of TyG–MLI with incident CVD

	Region
	TyG–MLI (per 1-SD increase)
Adjusted HR (95% CI)
	p-value
	TyG–MLI Q4 vs Q1
Adjusted HR (95% CI)
	p-value

	England
	1.17 (1.16–1.18)
	<0.001
	1.48 (1.44–1.54)
	<0.001

	Scotland
	1.13 (1.09–1.17)
	<0.001
	1.50 (1.29–1.75)
	<0.001

	Wales
	1.17 (1.11–1.23)
	<0.001
	1.44 (1.23–1.69)
	<0.001


Model adjusted for age, sex, ethnicity, education, Townsend deprivation index, smoking status, alcohol intake, dietary score, sleep duration, physical activity, hypertension, diabetes, and low-density lipoprotein cholesterol.
Abbreviations: CI, confidence interval; HR, hazard ratio; SD, standard deviation; TyG–MLI, triglyceride–glucose muscle-loss index.


Supplementary Figure S1. Scaled Schoenfeld residuals for TyG–MLI. 
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