Supplementary Tables
Supplementary Table S1. Participant selection flow
	Selection step
	Remaining, n
	Excluded from previous step, n

	Initial extracted sample
	11847
	

	Age >=45 years
	11417
	430

	Exclude baseline CMM
	10902
	515

	Available baseline AIP and WHtR
	9069
	1833

	Exclude extreme AIP or WHtR values
	8918
	151

	Available follow-up CMM outcome and follow-up time
	8747
	171

	Available follow-up/outcome and complete baseline AIP-WHtR exposure
	8747
	



Note. NA indicates not applicable.
Supplementary Table S2. Missingness of variables before complete-case analysis
	Variable
	Total, n
	Missing, n
	Missing, %

	Age
	8747
	0
	0.0

	Sex
	8747
	0
	0.0

	Education level
	8747
	0
	0.0

	Marital status
	8747
	0
	0.0

	Residence
	8747
	4
	0.05

	Smoking status
	8747
	28
	0.32

	Drinking status
	8747
	466
	5.33

	Systolic blood pressure
	8747
	81
	0.93

	Diastolic blood pressure
	8747
	82
	0.94

	eGFR
	8747
	12
	0.14

	Dyslipidemia
	8747
	174
	1.99

	Antihypertensive treatment
	8747
	53
	0.61

	Lipid-lowering treatment
	8747
	178
	2.03


Note. Missing percentages were calculated among participants before complete-case analysis.
Supplementary Table S3. Median cutoffs for exposure and risk-layer variables
	Variable
	Cutoff type
	Cutoff value

	AIP
	Median
	0.320

	WHtR
	Median
	0.535

	AIP-WHtR
	Median
	0.171

	CRP
	Median
	1.030

	RC
	Median
	19.717

	TyG
	Median
	8.592


Note. Median cutoffs were used to define high and low groups. AIP, atherogenic index of plasma; WHtR, waist-to-height ratio; CRP, C-reactive protein; RC, remnant cholesterol; TyG, triglyceride-glucose index.


Supplementary Table S4. Baseline characteristics according to incident CMM status
	Characteristics
	Level
	Overall
	No CMM
	CMM
	P value

	Number of participants
	
	8747
	7753
	994
	

	Age, years (mean (SD))
	
	59.08 (9.26)
	58.94 (9.36)
	60.20 (8.33)
	<0.001

	Sex (%)
	Male
	4083 (46.7)
	3676 (47.4)
	407 (40.9)
	<0.001

	 
	Female
	4664 (53.3)
	4077 (52.6)
	587 (59.1)
	

	Education level (%)
	Above junior high school
	847 (9.7)
	751 (9.7)
	96 (9.7)
	0.313

	 
	Illiterate
	2585 (29.6)
	2271 (29.3)
	314 (31.6)
	

	 
	Junior high school and below
	5315 (60.8)
	4731 (61.0)
	584 (58.8)
	

	Marital status (%)
	Married/partnered
	7661 (87.6)
	6797 (87.7)
	864 (86.9)
	0.534

	 
	Other
	1086 (12.4)
	956 (12.3)
	130 (13.1)
	

	Residence (%)
	Urban
	1465 (16.8)
	1274 (16.4)
	191 (19.3)
	0.028

	 
	Rural
	7278 (83.2)
	6477 (83.6)
	801 (80.7)
	

	Smoking status (%)
	No
	6068 (69.6)
	5314 (68.8)
	754 (76.0)
	<0.001

	 
	Yes
	2651 (30.4)
	2413 (31.2)
	238 (24.0)
	

	Drinking status (%)
	No
	5856 (70.7)
	5147 (70.2)
	709 (75.1)
	0.002

	 
	Yes
	2425 (29.3)
	2190 (29.8)
	235 (24.9)
	

	BMI, kg/m² (mean (SD))
	
	23.43 (3.87)
	23.23 (3.78)
	24.98 (4.20)
	<0.001

	Waist circumference, cm (mean (SD))
	
	85.09 (10.03)
	84.50 (9.85)
	89.71 (10.25)
	<0.001

	Height, cm (mean (SD))
	
	157.87 (8.60)
	157.91 (8.56)
	157.57 (8.85)
	0.237

	Weight, kg (mean (SD))
	
	58.56 (11.46)
	58.09 (11.27)
	62.19 (12.24)
	<0.001

	WHtR (mean (SD))
	
	0.54 (0.07)
	0.54 (0.07)
	0.57 (0.07)
	<0.001

	SBP, mmHg (mean (SD))
	
	129.33 (21.31)
	128.52 (21.12)
	135.60 (21.76)
	<0.001

	DBP, mmHg (mean (SD))
	
	75.28 (12.18)
	74.93 (12.13)
	78.05 (12.19)
	<0.001

	TG, mg/dL (median [IQR])
	
	105.32 [74.34, 152.22]
	102.66 [73.46, 148.68]
	125.67 [87.61, 184.96]
	<0.001

	HDL-C, mg/dL (mean (SD))
	
	51.41 (15.36)
	51.91 (15.39)
	47.57 (14.60)
	<0.001

	LDL-C, mg/dL (mean (SD))
	
	116.79 (35.01)
	116.12 (34.55)
	121.97 (38.09)
	<0.001

	TC, mg/dL (mean (SD))
	
	193.84 (38.70)
	192.94 (38.40)
	200.83 (40.25)
	<0.001

	FPG, mg/dL (mean (SD))
	
	109.11 (35.52)
	106.94 (31.59)
	125.96 (54.79)
	<0.001

	HbA1c, % (mean (SD))
	
	5.25 (0.78)
	5.21 (0.71)
	5.58 (1.15)
	<0.001

	TyG index (median [IQR])
	
	8.59 [8.22, 9.02]
	8.56 [8.20, 8.98]
	8.85 [8.45, 9.37]
	<0.001

	CRP, mg/L (median [IQR])
	
	1.03 [0.55, 2.15]
	0.98 [0.54, 2.08]
	1.35 [0.67, 2.74]
	<0.001

	RC, mg/dL (median [IQR])
	
	19.72 [11.60, 32.09]
	19.33 [11.21, 31.02]
	24.74 [14.69, 39.05]
	<0.001

	eGFR, mL/min/1.73 m² (mean (SD))
	
	92.00 (14.68)
	92.25 (14.63)
	90.07 (14.95)
	<0.001

	Hypertension (%)
	
	3541 (40.7)
	2919 (37.8)
	622 (62.6)
	<0.001

	Diabetes (%)
	
	1290 (14.9)
	939 (12.2)
	351 (35.5)
	<0.001

	Heart disease (%)
	
	794 (9.1)
	586 (7.6)
	208 (21.1)
	<0.001

	Stroke (%)
	
	138 (1.6)
	101 (1.3)
	37 (3.7)
	<0.001

	CKD (%)
	
	277 (3.2)
	233 (3.0)
	44 (4.4)
	0.021

	Dyslipidemia (%)
	
	845 (9.9)
	623 (8.2)
	222 (22.6)
	<0.001

	Antihypertensive treatment (%)
	
	1616 (18.6)
	1250 (16.2)
	366 (36.9)
	<0.001

	Antidiabetic treatment (%)
	
	253 (2.9)
	160 (2.1)
	93 (9.4)
	<0.001

	Lipid-lowering treatment (%)
	
	395 (4.6)
	284 (3.7)
	111 (11.3)
	<0.001

	AIP (median [IQR])
	
	0.32 [0.12, 0.55]
	0.31 [0.11, 0.53]
	0.44 [0.23, 0.66]
	<0.001

	AIP-WHtR (median [IQR])
	
	0.17 [0.06, 0.30]
	0.16 [0.05, 0.29]
	0.25 [0.12, 0.39]
	<0.001



Note. Continuous variables are presented as mean (SD) or median [IQR], and categorical variables as n (%).


Supplementary Table S5. Proportional hazards assumption tests
	Model
	P value

	AIP 
	0.3731 

	WHtR 
	0.4866 

	AIP and WHtR joint groups
	0.3248 

	AIP-WHtR 
	0.4678



Note. Schoenfeld residual-based tests were used.
Supplementary Table S6. Generalized variance inflation factor results
	Term
	GVIF
	Df
	Adjusted GVIF

	AIP-WHtR
	1.097
	1
	1.048

	Age
	1.885
	1
	1.373

	Sex
	1.821
	1
	1.349

	Education level
	1.444
	2
	1.096

	Marital status
	1.147
	1
	1.071

	Residence
	1.177
	1
	1.085

	Smoking status
	1.437
	1
	1.199

	Drinking status
	1.340
	1
	1.157

	Systolic blood pressure
	2.545
	1
	1.595

	Diastolic blood pressure
	2.348
	1
	1.532

	eGFR
	1.422
	1
	1.192

	Dyslipidemia
	1.853
	1
	1.361

	Antihypertensive treatment
	1.282
	1
	1.132

	Lipid-lowering treatment
	1.800
	1
	1.342



Note. Adjusted GVIF was calculated as GVIF^(1/(2*Df)).
Supplementary Table S7. CRP risk-layer stratified associations for AIP and WHtR joint groups
	Exposure
	Model III

	AIP and WHtR joint groups stratified by CRP
	

	Low AIP + Low WHtR + Low CRP
	Ref.

	High AIP + Low WHtR + Low CRP
	1.64 (1.19, 2.26); 0.003

	Low AIP + High WHtR + Low CRP
	1.50 (1.08, 2.08); 0.014

	High AIP + High WHtR + Low CRP
	2.38 (1.79, 3.16); <0.001

	Low AIP + Low WHtR + High CRP
	1.40 (1.01, 1.95); 0.043

	High AIP + Low WHtR + High CRP
	1.74 (1.25, 2.41); 0.001

	Low AIP + High WHtR + High CRP
	2.40 (1.79, 3.22); <0.001

	High AIP + High WHtR + High CRP
	2.84 (2.19, 3.67); <0.001


Note. Values are Model III HRs (95% CIs) with P values shown after semicolons. The Low AIP + Low WHtR + low CRP group was the reference. Model III adjusted for age, sex, education level, marital status, residence, smoking status, drinking status, systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, dyslipidemia, antihypertensive treatment, and lipid-lowering treatment. CRP was used as a risk-layer stratification variable, not as evidence of a causal mechanism.

Supplementary Table S8. RC risk-layer stratified associations for AIP and WHtR joint groups
	Exposure
	Model III

	AIP and WHtR joint groups stratified by RC
	

	Low AIP + Low WHtR + Low RC
	Ref.

	High AIP + Low WHtR + Low RC
	1.09 (0.69, 1.72); 0.711

	Low AIP + High WHtR + Low RC
	1.63 (1.26, 2.11); <0.001

	High AIP + High WHtR + Low RC
	2.36 (1.76, 3.16); <0.001

	Low AIP + Low WHtR + High RC
	1.02 (0.65, 1.58); 0.939

	High AIP + Low WHtR + High RC
	1.62 (1.25, 2.10); <0.001

	Low AIP + High WHtR + High RC
	2.23 (1.59, 3.14); <0.001

	High AIP + High WHtR + High RC
	2.40 (1.93, 2.99); <0.001


Note. Values are Model III HRs (95% CIs) with P values shown after semicolons. The Low AIP + Low WHtR + low RC group was the reference. Model III adjusted for age, sex, education level, marital status, residence, smoking status, drinking status, systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, dyslipidemia, antihypertensive treatment, and lipid-lowering treatment. RC was used as a risk-layer stratification variable, not as evidence of a causal mechanism.


Supplementary Table S9. TyG risk-layer stratified associations for AIP and WHtR joint groups
	Exposure
	Model III

	AIP and WHtR joint groups stratified by TyG
	

	Low AIP + Low WHtR + Low TyG
	Ref.

	High AIP + Low WHtR + Low TyG
	1.18 (0.70, 2.00); 0.528

	Low AIP + High WHtR + Low TyG
	1.83 (1.42, 2.34); <0.001

	High AIP + High WHtR + Low TyG
	1.71 (1.16, 2.51); 0.006

	Low AIP + Low WHtR + High TyG
	1.82 (1.19, 2.78); 0.006

	High AIP + Low WHtR + High TyG
	1.67 (1.29, 2.15); <0.001

	Low AIP + High WHtR + High TyG
	1.95 (1.34, 2.85); <0.001

	High AIP + High WHtR + High TyG
	2.65 (2.14, 3.29); <0.001


Note. Values are Model III HRs (95% CIs) with P values shown after semicolons. The Low AIP + Low WHtR + low TyG group was the reference. Model III adjusted for age, sex, education level, marital status, residence, smoking status, drinking status, systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, dyslipidemia, antihypertensive treatment, and lipid-lowering treatment. TyG was used as a risk-layer stratification variable, not as evidence of a causal mechanism.


Supplementary Table S10. Risk-layer interaction tests for CRP, RC, and TyG
	Analysis
	Contrast
	Model
	HR (95% CI)
	P value

	High AIP + High WHtR x high CRP
	High AIP + High WHtR x high CRP
	Model III
	0.84 (0.64, 1.10)
	0.194

	High AIP + High WHtR x high RC
	High AIP + High WHtR x high RC
	Model III
	0.79 (0.58, 1.06)
	0.120

	High AIP + High WHtR x high TyG
	High AIP + High WHtR x high TyG
	Model III
	1.17 (0.79, 1.75)
	0.428


Note. Product terms tested whether high CRP, RC, or TyG modified the association of the High AIP + High WHtR phenotype with incident CMM. Model III adjusted for age, sex, education level, marital status, residence, smoking status, drinking status, systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, dyslipidemia, antihypertensive treatment, and lipid-lowering treatment. HR, hazard ratio; CI, confidence interval; CRP, C-reactive protein; RC, remnant cholesterol; TyG, triglyceride-glucose index.






Supplementary Table S11. WQS component contribution weights
	Component
	WQS weight

	Waist circumference
	0.613

	ln triglycerides
	0.272

	Inverse HDL-C
	0.087

	Inverse height
	0.029


Note. WQS weights sum to 1; a larger WQS weight indicates a greater relative contribution within the WQS component contribution analysis. Components were waist circumference, ln triglycerides, inverse HDL-C, and inverse height. WQS, weighted quantile sum; HDL-C, high-density lipoprotein cholesterol.


Supplementary Table S12. Exploratory cross-lagged model paths between AIP and WHtR

	Outcome
	Predictor
	Path
	Estimate
	SE
	z
	P value
	Lower 95% CI
	Upper 95% CI

	AIP in 2015
	AIP in 2011
	AIP autoregressive path
	0.560
	0.014
	40.527
	<0.001
	0.533
	0.587

	AIP in 2015
	WHtR in 2011
	WHtR 2011 -> AIP 2015
	0.136
	0.012
	11.682
	<0.001
	0.113
	0.159

	WHtR in 2015
	WHtR in 2011
	WHtR autoregressive path
	0.544
	0.015
	36.360
	<0.001
	0.514
	0.573

	WHtR in 2015
	AIP in 2011
	AIP 2011 -> WHtR 2015
	0.054
	0.013
	4.220
	<0.001
	0.029
	0.080

	Cross-lagged path difference
	WHtR 2011 -> AIP 2015 minus AIP 2011 -> WHtR 2015
	Difference between cross-lagged paths
	0.082
	0.019
	4.392
	<0.001
	0.045
	0.118



Note. Cross-lagged analyses were exploratory and should not be interpreted as causal evidence. AIP, atherogenic index of plasma; WHtR, waist-to-height ratio; CI, confidence interval.

Supplementary Table S13. Subgroup analyses for AIP and WHtR joint groups
	Subgroup
	Counts
	Low AIP + Low WHtR
	High AIP + Low WHtR
	Low AIP + High WHtR
	High AIP + High WHtR
	P for interaction

	Age
	
	
	
	
	
	0.355

	<60
	481 (9.8%)
	Ref.
	1.72 (1.24, 2.39); 0.001
	1.78 (1.27, 2.50); <0.001
	2.56 (1.91, 3.42); <0.001
	

	>=60
	513 (13.3%)
	Ref.
	1.20 (0.85, 1.70); 0.293
	1.57 (1.16, 2.13); 0.003
	2.08 (1.58, 2.74); <0.001
	

	Sex
	
	
	
	
	
	0.912

	Female
	587 (12.6%)
	Ref.
	1.37 (0.96, 1.95); 0.082
	1.61 (1.19, 2.18); 0.002
	2.17 (1.64, 2.88); <0.001
	

	Male
	407 (10.0%)
	Ref.
	1.52 (1.11, 2.08); 0.010
	1.71 (1.20, 2.43); 0.003
	2.40 (1.80, 3.21); <0.001
	

	BMI
	
	
	
	
	
	0.853

	<24
	432 (8.3%)
	Ref.
	1.46 (1.13, 1.88); 0.004
	1.41 (1.02, 1.96); 0.037
	2.11 (1.58, 2.81); <0.001
	

	>=24
	562 (16.1%)
	Ref.
	1.33 (0.68, 2.58); 0.406
	1.51 (0.87, 2.64); 0.145
	1.96 (1.14, 3.35); 0.015
	

	Diabetes
	
	
	
	
	
	0.727

	No
	639 (8.6%)
	Ref.
	1.41 (1.07, 1.85); 0.015
	1.66 (1.28, 2.15); <0.001
	1.95 (1.54, 2.48); <0.001
	

	Yes
	351 (27.2%)
	Ref.
	1.04 (0.65, 1.65); 0.877
	1.41 (0.90, 2.21); 0.135
	1.74 (1.18, 2.57); 0.005
	

	Hypertension
	
	
	
	
	
	0.104

	No
	371 (7.2%)
	Ref.
	1.76 (1.27, 2.46); <0.001
	2.00 (1.43, 2.80); <0.001
	2.62 (1.94, 3.53); <0.001
	

	Yes
	622 (17.6%)
	Ref.
	1.10 (0.79, 1.54); 0.567
	1.29 (0.95, 1.75); 0.100
	1.80 (1.38, 2.35); <0.001
	


Note. Values are Model III HRs (95% CIs) with P values, comparing each joint group with Low AIP + Low WHtR within each subgroup stratum. Models excluded the stratifying variable where applicable.


Supplementary Table S14. Sensitivity analyses for AIP and WHtR joint groups
	Sensitivity analysis
	Joint group
	Incidence rate
	Model I HR (95% CI)
	Model I P value
	Model II HR (95% CI)
	Model II P value
	Model III HR (95% CI)
	Model III P value

	S1: Exclude CMM within first 2 years
	Low AIP + Low WHtR
	6.21
	Reference
	-
	Reference
	-
	Reference
	-

	S1: Exclude CMM within first 2 years
	High AIP + Low WHtR
	10.68
	1.76 (1.40, 2.22)
	<0.001
	1.70 (1.34, 2.15)
	<0.001
	1.54 (1.21, 1.96)
	<0.001

	S1: Exclude CMM within first 2 years
	Low AIP + High WHtR
	12.85
	2.03 (1.62, 2.54)
	<0.001
	1.95 (1.55, 2.46)
	<0.001
	1.66 (1.31, 2.10)
	<0.001

	S1: Exclude CMM within first 2 years
	High AIP + High WHtR
	20.54
	3.35 (2.76, 4.05)
	<0.001
	3.13 (2.56, 3.81)
	<0.001
	2.33 (1.89, 2.86)
	<0.001

	S2: Exclude baseline single cardiometabolic disease
	Low AIP + Low WHtR
	3.75
	Reference
	-
	Reference
	-
	Reference
	-

	S2: Exclude baseline single cardiometabolic disease
	High AIP + Low WHtR
	6.59
	1.80 (1.30, 2.51)
	<0.001
	1.73 (1.23, 2.44)
	0.002
	1.66 (1.17, 2.34)
	0.004

	S2: Exclude baseline single cardiometabolic disease
	Low AIP + High WHtR
	8.92
	2.36 (1.73, 3.23)
	<0.001
	2.33 (1.69, 3.21)
	<0.001
	1.99 (1.44, 2.77)
	<0.001

	S2: Exclude baseline single cardiometabolic disease
	High AIP + High WHtR
	10.77
	2.92 (2.20, 3.87)
	<0.001
	2.77 (2.06, 3.72)
	<0.001
	2.12 (1.55, 2.89)
	<0.001

	S3: Exclude BMI > 28 kg/m2
	Low AIP + Low WHtR
	6.81
	Reference
	-
	Reference
	-
	Reference
	-

	S3: Exclude BMI > 28 kg/m2
	High AIP + Low WHtR
	11.03
	1.66 (1.32, 2.08)
	<0.001
	1.60 (1.27, 2.01)
	<0.001
	1.45 (1.14, 1.84)
	0.002

	S3: Exclude BMI > 28 kg/m2
	Low AIP + High WHtR
	12.78
	1.80 (1.43, 2.27)
	<0.001
	1.74 (1.37, 2.20)
	<0.001
	1.52 (1.19, 1.93)
	<0.001

	S3: Exclude BMI > 28 kg/m2
	High AIP + High WHtR
	20.01
	2.90 (2.38, 3.52)
	<0.001
	2.67 (2.18, 3.27)
	<0.001
	2.12 (1.72, 2.62)
	<0.001

	S4: MICE multiple imputation
	Low AIP + Low WHtR
	6.81
	Reference
	-
	Reference
	-
	Reference
	-

	S4: MICE multiple imputation
	High AIP + Low WHtR
	11.05
	1.66 (1.33, 2.07)
	<0.001
	1.65 (1.32, 2.06)
	<0.001
	1.51 (1.21, 1.89)
	<0.001

	S4: MICE multiple imputation
	Low AIP + High WHtR
	14.17
	2.05 (1.65, 2.54)
	<0.001
	2.01 (1.62, 2.49)
	<0.001
	1.70 (1.36, 2.11)
	<0.001

	S4: MICE multiple imputation
	High AIP + High WHtR
	22.54
	3.35 (2.79, 4.02)
	<0.001
	3.26 (2.71, 3.92)
	<0.001
	2.39 (1.97, 2.89)
	<0.001



Note. Sensitivity analyses are presented in the same format as the main Cox models. Model I adjusted for age and sex. Model II further adjusted for education, marital status, residence, smoking status, and drinking status. Model III further adjusted for systolic blood pressure, diastolic blood pressure, estimated glomerular filtration rate, dyslipidemia, antihypertensive treatment, and lipid-lowering treatment.
Supplementary Table S15. Exploratory mediation analyses between AIP and WHtR
	Direction
	Exposure
	Mediator
	ACME (95% CI)
	ACME P value
	ADE (95% CI)
	ADE P value
	Total effect (95% CI)
	Total effect P value
	Proportion mediated (95% CI)
	Proportion mediated P value

	High WHtR -> AIP -> incident CMM
	High WHtR
	AIP per SD
	-1.438 (-2.083, -0.821)
	<0.001
	-8.630 (-11.744, -5.570)
	<0.001
	-10.068 (-13.218, -6.795)
	<0.001
	0.142 (0.082, 0.230)
	<0.001

	High AIP -> WHtR -> incident CMM
	High AIP
	WHtR per SD
	-2.113 (-2.826, -1.487)
	<0.001
	-5.748 (-8.516, -2.897)
	<0.001
	-7.861 (-10.728, -4.915)
	<0.001
	0.267 (0.182, 0.428)
	<0.001



Note. Mediation analyses were exploratory and should not be interpreted as causal mediation. ACME, average causal mediation effect; ADE, average direct effect; CI, confidence interval; AIP, atherogenic index of plasma; WHtR, waist-to-height ratio.
Supplementary Table S16. Time-dependent ROC AUC at 2, 4, 6, and 8 years
	Model
	AUC at 2 years
	AUC at 4 years
	AUC at 6 years
	AUC at 8 years

	Base
	0.677
	0.695
	0.689
	0.711

	Base + AIP
	0.688
	0.712
	0.707
	0.728

	Base + WHtR
	0.722
	0.717
	0.712
	0.730

	Base + AIP + WHtR
	0.723
	0.724
	0.720
	0.738

	Base + AIP-WHtR
	0.693
	0.715
	0.711
	0.731



Note. Time-dependent ROC AUCs were estimated for prediction models based on the Model III covariate set. The AUC at 8 years corresponds to the 8-year time-dependent ROC AUC reported in Table 4 and the main text. AIP, atherogenic index of plasma; WHtR, waist-to-height ratio; CMM, cardiometabolic multimorbidity.


