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Supplementary Tables
Table S1. Sensitivity analyses for the association between baseline TyHGB and incident CMM.
S1 Fine–Gray competing-risk model (death as competing event) | HR=1.134 (1.114–1.154) | competing risk of death
S2 Winsorizing TyHGB components at P1/P99 | HR=1.201 (1.170–1.233) | leverage of extreme metabolic values
S3 Excluding participants with <2 years of follow-up (n=7,738, events=789) | HR=1.134 (1.114–1.154) | reverse causality / interval censoring
S4 [omitted by design] | conceptually overlapped with the baseline-diabetes exclusion below and was not retained as an independent bias analysis
S5 Primary analysis (MICE + Rubin's rules, reference row) | HR=1.135 (1.115–1.155)
S6 Excluding participants with CRP>10 mg/L (n=7,518, events=769) | HR=1.141 (1.120–1.161) | systemic inflammation outliers
Restricted outcome: events with diabetes-containing combinations censored (heart disease–stroke pairs only; events=202) | HR=0.979 (0.914–1.048) | exposure–outcome measurement overlap (fasting glucose in both the index and the outcome)
Restricted outcome: diabetes defined by self-reported diagnosis or medication only (events=757) | HR=1.140 (1.119–1.160) | laboratory-based diabetes ascertainment
Excluding participants with baseline diabetes (n=6,814, events=579) | HR=1.195 (1.149–1.243) | outcome-component composition
Confounding control: Model 3 additionally adjusted for baseline heart disease and stroke | HR=1.147 (1.127–1.166) | exclusion of diabetes from the adjustment set
Notes: All estimates are per 1-unit increase in TyHGB from models pooled across 20 imputed datasets using Rubin's rules. The adjustment set of each analysis mirrors Model 3 of the main text unless otherwise stated. Analysis codes S1–S6 refer to the prespecified sensitivity analysis plan and are distinct from Supplementary Table numbering; S4 was omitted by design. The competing-risk analysis included 794 competing deaths (one death with a missing death date was excluded).
Table S2. Missing data for variables included in the imputation model.
Residence | 7,830 | 4 | 0.05
Smoking | 7,830 | 1 | 0.01
Drinking | 7,830 | 4 | 0.05
LDL-C | 7,830 | 10 | 0.13
Serum creatinine | 7,830 | 1 | 0.01
Waist circumference | 7,830 | 136 | 1.74
HbA1c | 7,830 | 58 | 0.74
Notes: Columns are Variable | Total N | Missing N | Missing (%). Only variables with any missing values entering the multiple imputation model are listed; all other covariates were complete. The TyHGB index and observed BP strata were fixed and not imputed; participants with partially missing BP components were retained whenever the stratum was uniquely classifiable (see Methods).
Table S3. Multiple imputation versus complete-case estimates for the primary association.
	Exposure form
	Model
	MICE HR (95% CI)
	Complete-case HR (95% CI)

	Per 1-unit
	M1
	1.121 (1.105–1.138)
	1.121 (1.105–1.138)

	Per 1-unit
	M2
	1.115 (1.097–1.133)
	1.114 (1.096–1.133)

	Per 1-unit
	M3
	1.135 (1.115–1.155)
	1.136 (1.116–1.156)

	Per SD
	M1
	1.298 (1.256–1.341)
	1.298 (1.256–1.341)

	Per SD
	M2
	1.280 (1.234–1.328)
	1.279 (1.233–1.327)

	Per SD
	M3
	1.334 (1.282–1.388)
	1.336 (1.282–1.392)

	Q2 vs Q1
	M1
	2.007 (1.501–2.682)
	2.007 (1.502–2.681)

	Q3 vs Q1
	M1
	3.489 (2.663–4.572)
	3.489 (2.664–4.570)

	Q4 vs Q1
	M1
	5.611 (4.328–7.274)
	5.611 (4.330–7.271)

	Q2 vs Q1
	M2
	1.859 (1.390–2.487)
	1.860 (1.391–2.488)

	Q3 vs Q1
	M2
	2.861 (2.175–3.762)
	2.848 (2.167–3.745)

	Q4 vs Q1
	M2
	4.384 (3.363–5.716)
	4.359 (3.344–5.682)

	Q2 vs Q1
	M3
	1.808 (1.351–2.419)
	1.809 (1.353–2.420)

	Q3 vs Q1
	M3
	2.727 (2.072–3.591)
	2.720 (2.067–3.580)

	Q4 vs Q1
	M3
	4.268 (3.271–5.570)
	4.240 (3.250–5.532)



Notes: Estimates from MICE (m=20, Rubin's rules) and complete-case Cox models are presented side by side. Continuous (per 1-unit and per-SD) and quartile forms of TyHGB are shown under Models 1–3 (M1 unadjusted; M2 age–sex adjusted; M3 fully adjusted). All P values were <0.001.
Table S4. Additive interaction between elevated TyHGB and hypertension under four adjustment levels, with composition-robustness analyses.
Unadjusted (n=7,830, events=803): RERI=1.646 (0.701–2.592), P<0.001; AP=0.252; SI=1.424
Age–sex adjusted (n=7,830, events=803): RERI=1.481 (0.588–2.374), P=0.001; AP=0.241; SI=1.405
Core adjusted (n=7,830, events=803): RERI=1.327 (0.450–2.205), P=0.003; AP=0.224; SI=1.369
Fully adjusted, pooled (n=7,830, events=803): RERI=1.175 (0.318–2.032), P=0.007; AP=0.206; SI=1.334
Excluding baseline diabetes (n=6,814, events=579): RERI=0.826 (−0.078 to 1.731), P=0.073
Excluding all three baseline diseases (n=5,988, events=342): RERI=−0.060 (−1.333 to 1.212), P=0.926
Baseline CMD-stratified: CMD=0 | RERI=−0.060 (−1.333 to 1.212), P=0.926; CMD=1 | RERI=0.421 (−0.167 to 1.009), P=0.160
Notes: Elevated TyHGB was defined as above the sample median (7.2818). RERI, relative excess risk due to interaction; AP, attributable proportion; SI, synergy index; all estimated by the delta method under MICE (m=20) with Rubin's rules. The four adjustment levels are unadjusted, age–sex adjusted, core adjusted, and fully adjusted (Model 3 set). The CMD=0 stratum and the all-three-diseases exclusion refer to the same subset and yield identical estimates by construction.
Table S5. Association between TyHGB and incident CMM stratified by baseline cardiometabolic disease (CMD) status (multiplicative scale).
CMD=0 (baseline disease-free; n=5,988, events=342): HR=1.230 (1.172–1.291), P=5.27×10⁻¹⁷
CMD=1 (one baseline disease; n=1,842, events=461): HR=1.042 (1.017–1.069), P=0.001
CMD×TyHGB interaction: P=2.80×10⁻⁷
Notes: Estimates are per 1-unit increase in TyHGB under the Model 3 adjustment set, pooled across 20 imputed datasets.
Table S6. Exploratory bidirectional mediation analyses between TyHGB and hypertension (Wave 3 landmark subsample).
Methods note: A landmark subsample at Wave 3 (n=4,155, events=359) was used. Mediation was quantified using the difference-method framework, comparing models with and without the mediator, under MICE (m=20) with Rubin's rules. Two directions were examined: (1) baseline TyHGB → follow-up hypertension → CMM; (2) baseline hypertension → follow-up TyHGB → CMM.
Direction 1 (TyHGB→hypertension→CMM): ACME HR=1.005 (0.999–1.011); ADE HR=1.093 (1.054–1.133); total HR=1.099 (1.058–1.141); mediated proportion 5.6%
Direction 2 (hypertension→TyHGB→CMM): ACME HR=1.029 (0.997–1.062); ADE HR=1.894 (1.517–2.365); total HR=1.949 (1.558–2.438); mediated proportion 4.3%
Notes: ACME, average causal mediation effect; ADE, average direct effect. The 95% CIs of the ACME crossed 1 in both directions; mediated proportions are reported without CIs. These analyses are exploratory and hypothesis-generating; no causal pathway claim is made.
Table S7. Multicollinearity diagnostics (GVIF) for the covariates in Model 3.
	Variable
	df
	GVIF^(1/(2df)), median [min–max]

	Gender
	1
	1.602 [1.601–1.602]

	TyHGB
	1
	1.249 [1.248–1.249]

	Diabetes
	1
	1.189 [1.188–1.189]

	Smoking status
	2
	1.172 [1.172–1.173]

	Serum creatinine
	1
	1.138 [1.137–1.138]

	Age
	1
	1.124 [1.124–1.124]

	Drinking status
	2
	1.115 [1.114–1.115]

	Education level
	2
	1.089 [1.089–1.089]

	LDL-C
	1
	1.068 [1.067–1.068]

	Residence
	1
	1.068 [1.067–1.068]

	Marital status
	1
	1.043 [1.043–1.043]

	BP strata
	2
	1.022 [1.022–1.022]

	CRP
	1
	1.008 [1.008–1.008]



Notes: GVIF, generalized variance inflation factor; values are summarized as median (minimum–maximum) across the 20 imputed datasets. Total cholesterol was excluded from Model 3 because of structural collinearity with LDL-C (GVIF^(1/(2df))=2.07, above the prespecified threshold). Diabetes was assessed at the collinearity screening stage but was subsequently removed from the Model 3 adjustment set because it is a component of the CMM outcome.
Table S8. Test of the proportional hazards assumption based on Schoenfeld residuals across 20 imputed datasets.
	Variable
	χ², median [range]
	df
	P, median [range]

	Age
	0.24 [0.24–0.25]
	1
	0.622 [0.620–0.623]

	BP strata
	2.20 [2.20–2.21]
	2
	0.332 [0.331–0.333]

	CRP
	2.04 [2.04–2.04]
	1
	0.153 [0.153–0.154]

	Drinking status
	0.46 [0.38–0.57]
	2
	0.796 [0.751–0.826]

	Education level
	3.17 [3.16–3.18]
	2
	0.205 [0.204–0.205]

	Gender
	0.18 [0.18–0.19]
	1
	0.668 [0.666–0.669]

	LDL-C
	1.50 [1.48–1.52]
	1
	0.220 [0.218–0.223]

	Marital status
	0.02 [0.02–0.02]
	1
	0.890 [0.889–0.891]

	Residence
	0.54 [0.32–0.56]
	1
	0.462 [0.456–0.570]

	Serum creatinine
	0.22 [0.22–0.24]
	1
	0.639 [0.626–0.640]

	Smoking status
	0.22 [0.22–0.22]
	2
	0.897 [0.895–0.898]

	TyHGB
	0.004 [0.004–0.005]
	1
	0.947 [0.943–0.951]

	GLOBAL
	13.21 [13.08–13.36]
	16
	0.657 [0.646–0.667]



Notes: Per-imputation global and covariate-specific Schoenfeld tests are summarized as median (range) across the 20 imputed datasets; no imputed dataset showed a violation. χ² and P values were recomputed from the 20 per-imputation cox.zph runs under the identical Model 3 specification.
Table S9. Comparison of baseline characteristics between included and excluded participants.
	Variable
	Total (n=17708)
	Included (n=7830)
	Excluded (n=9878)
	P value

	Age, years
	58.87±10.17
	59.33±9.26
	58.51±10.84
	<0.001

	BMI, kg/m²
	23.41±3.72
	23.42±3.65
	23.41±3.81
	0.9943

	WC, cm
	84.78±11.46
	85.12±10.03
	84.34±13.07
	0.0001

	SBP, mmHg
	129.60±21.53
	128.97±21.10
	130.43±22.06
	<0.001

	DBP, mmHg
	75.48±12.26
	75.15±12.06
	75.92±12.50
	0.0003

	FBG, mg/dL
	109.51±32.59
	107.88±30.01
	114.42±38.95
	<0.001

	HbA1c, %
	5.26±0.82
	5.26±0.76
	5.27±0.94
	0.2730

	TG, mg/dL
	132.20±93.02
	126.84±87.44
	143.27±102.71
	<0.001

	TC, mg/dL
	192.97±38.89
	194.34±37.85
	190.16±40.81
	<0.001

	HDL-C, mg/dL
	50.83±15.26
	51.67±15.16
	49.11±15.33
	<0.001

	LDL-C, mg/dL
	116.07±34.80
	118.01±34.50
	112.09±35.09
	<0.001

	CRP, mg/L
	2.80±7.63
	2.61±7.13
	3.20±8.55
	0.0002

	Scr, mg/dL
	0.78±0.21
	0.78±0.19
	0.79±0.26
	0.0140

	Gender
	
	
	
	0.0005

	Female
	9227 (52.11)
	4195 (53.58)
	5032 (50.94)
	

	Male
	8479 (47.88)
	3635 (46.42)
	4844 (49.04)
	

	Marital status
	
	
	
	<0.001

	Married
	14170 (80.02)
	6552 (83.68)
	7618 (77.12)
	

	Other
	3505 (19.79)
	1278 (16.32)
	2227 (22.55)
	

	Education level
	
	
	
	<0.001

	Iliteracy
	8385 (47.35)
	3949 (50.43)
	4436 (44.91)
	

	Middle school and above
	5639 (31.84)
	2197 (28.06)
	3442 (34.85)
	

	Middle school below
	3669 (20.72)
	1684 (21.51)
	1985 (20.10)
	

	Residence
	
	
	
	<0.001

	Rural
	13694 (77.33)
	6530 (83.40)
	7164 (72.52)
	

	Urban
	3969 (22.41)
	1296 (16.55)
	2673 (27.06)
	

	Smoking status
	
	
	
	<0.001

	Current
	4871 (27.51)
	2355 (30.08)
	2516 (25.47)
	

	Former
	2069 (11.68)
	685 (8.75)
	1384 (14.01)
	

	Never
	10619 (59.97)
	4789 (61.16)
	5830 (59.02)
	

	Drinking status
	
	
	
	0.3895

	Current
	5767 (32.57)
	2615 (33.40)
	3152 (31.91)
	

	Former
	1443 (8.15)
	638 (8.15)
	805 (8.15)
	

	Never
	10334 (58.36)
	4573 (58.40)
	5761 (58.32)
	

	Hypertension (self-report)
	
	
	
	0.0479

	no
	12935 (73.05)
	5849 (74.70)
	7086 (71.74)
	

	yes
	4535 (25.61)
	1973 (25.20)
	2562 (25.94)
	

	Diabetes (baseline)
	
	
	
	0.0204

	no
	15404 (86.99)
	6814 (87.02)
	8590 (86.96)
	

	yes
	2166 (12.23)
	1016 (12.98)
	1150 (11.64)
	

	Heart disease (baseline, self-report)
	
	
	
	<0.001

	no
	15337 (86.61)
	7117 (90.89)
	8220 (83.22)
	

	yes
	2130 (12.03)
	713 (9.11)
	1417 (14.35)
	

	Stroke (baseline, self-report)
	
	
	
	<0.001

	no
	17040 (96.23)
	7717 (98.56)
	9323 (94.38)
	

	yes
	486 (2.74)
	113 (1.44)
	373 (3.78)
	



Notes: Continuous variables are presented as mean±SD and compared by Welch's t-test; categorical variables as n (%) and compared by Pearson's chi-square test. Baseline heart disease and stroke history were self-reported at Wave 1. The excluded group comprises participants removed at any screening step (age <45 years, baseline CMM or missing CMM status, uncomputable TyHGB, loss to follow-up, or unclassifiable BP stratum).
Supplementary Figures
Figure S1. Forest plot of sensitivity analyses for the association between TyHGB and incident CMM.
[image: ]
Figure S2. Incremental receiver operating characteristic (ROC) curves for the basic model versus the basic model plus TyHGB within each BP stratum (panels A–C), with an overall four-model reference panel (panel D).
[image: ]
Notes: 9-year inclusive IPCW time-dependent AUC; curves share the exact risk vectors with Table 5; apparent in-sample performance.
Figure S3. Decision curve analysis (DCA) of the incremental predictive models within each BP stratum.
[image: ]
Notes: apparent in-sample net benefit; not external validation, causal effect, or mechanistic evidence.
Figure S4. Missing-data pattern of covariates included in the multiple imputation model.
[image: ]
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Time-dependent ROC curves for 9-year incident CMM
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Curves are pointwise means across 20 imputations; AUCs and 95% ClIs are Rubin-pooled apparent/in-sample estimates.
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Net benefit curves are descriptive pointwise means across 20 imputations; all models are apparent/in-sample.
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