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S1 Figure.  Missingness by observed variable before multiple imputation(n=4597)

	S1 Table. Multicollinearity diagnostics: variance inflation factor

	Variable
	Term
	R-squared
	VIF
	Assessment

	Antihypertensive treatment
	antihypertensive_treatment
	0.664
	2.98
	Acceptable

	Hypertension
	hypertension
	0.662
	2.96
	Acceptable

	Hypoglycemic treatment
	hypoglycemic_treatment
	0.649
	2.85
	Acceptable

	Diabetes
	diabetes
	0.649
	2.85
	Acceptable

	Female
	female
	0.598
	2.49
	Acceptable

	Smoking: Current
	smoking=Current
	0.498
	1.99
	Acceptable

	Dyslipidemia
	dyslipidemia
	0.486
	1.95
	Acceptable

	Lipid-lowering treatment
	lipid_lowering_treatment
	0.484
	1.94
	Acceptable

	Education: Middle school or above
	education=Middle school or above
	0.468
	1.88
	Acceptable

	Age
	age
	0.407
	1.69
	Acceptable

	Education: Primary school
	education=Primary school
	0.388
	1.63
	Acceptable

	Drinking: Current
	drinking=Current
	0.318
	1.47
	Acceptable

	eGFR
	egfr
	0.297
	1.42
	Acceptable

	Smoking: Former
	smoking=Former
	0.264
	1.36
	Acceptable

	Drinking: Former
	drinking=Former
	0.125
	1.14
	Acceptable

	Cumulative average LCI-WC
	cumulative_lci_wc
	0.089
	1.10
	Acceptable

	Current married
	current_married
	0.082
	1.09
	Acceptable

	
	
	
	
	

	Assessment rule: VIF < 5 acceptable; 5-10 moderate; >=10 severe.
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S2 Figure. Distribution of cumulative average LCI-WC after multiple imputation(n=4597)

	S2 Table. Baseline characteristics of participants classified by incident CVD status in 2018

	Characteristics
	Overall
	No CVD
	Incident CVD
	P-value

	n
	4597
	3959
	638
	

	Gender (Female)
	2473 (53.8%)
	2102 (53.1%)
	371 (58.2%)
	0.020

	Age, years
	58.4±8.5
	58.2±8.5
	59.8±8.3
	<0.001

	Education level
	
	
	
	0.096

	Illiterate
	1312 (28.5%)
	1109 (28.0%)
	203 (31.8%)
	

	Primary school
	1898 (41.3%)
	1638 (41.4%)
	260 (40.8%)
	

	Middle school or above
	1387 (30.2%)
	1212 (30.6%)
	175 (27.4%)
	

	Current married
	4138 (90.0%)
	3566 (90.1%)
	572 (89.7%)
	0.798

	SBP, mmHg
	129.2±20.7
	128.4±20.4
	134.1±21.8
	<0.001

	DBP, mmHg
	75.4±11.8
	75.1±11.8
	77.4±12.1
	<0.001

	BMI, kg/m²
	23.5±3.8
	23.4±3.7
	24.2±4.4
	<0.001

	Waist circumference, cm
	85.1±9.5
	84.7±9.4
	87.3±9.9
	<0.001

	Smoking status
	
	
	
	0.001

	Never
	2856 (62.1%)
	2451 (61.9%)
	405 (63.5%)
	

	Former
	342 (7.4%)
	276 (7.0%)
	66 (10.3%)
	

	Current
	1399 (30.4%)
	1232 (31.1%)
	167 (26.2%)
	

	Drinking status
	
	
	
	0.037

	Never
	2710 (59.0%)
	2332 (58.9%)
	378 (59.2%)
	

	Former
	336 (7.3%)
	275 (6.9%)
	61 (9.6%)
	

	Current
	1551 (33.7%)
	1352 (34.2%)
	199 (31.2%)
	

	Dyslipidemia
	345 (7.5%)
	260 (6.6%)
	85 (13.3%)
	<0.001

	Hypertension
	937 (20.4%)
	739 (18.7%)
	198 (31.0%)
	<0.001

	Diabetes
	202 (4.4%)
	150 (3.8%)
	52 (8.2%)
	<0.001

	Liver disease
	154 (3.4%)
	132 (3.3%)
	22 (3.4%)
	0.976

	Kidney disease
	252 (5.5%)
	207 (5.2%)
	45 (7.1%)
	0.074

	Lipid-lowering treatment
	173 (3.8%)
	125 (3.2%)
	48 (7.5%)
	<0.001

	Antihypertensive treatment
	694 (15.1%)
	539 (13.6%)
	155 (24.3%)
	<0.001

	Hypoglycemic treatment
	134 (2.9%)
	94 (2.4%)
	40 (6.3%)
	<0.001

	FBG, mmol/L
	6.0±1.8
	6.0±1.8
	6.2±2.0
	0.023

	TC, mmol/L
	4.9±0.9
	4.9±0.9
	5.0±1.0
	0.006

	TG, mmol/L
	1.2 (0.8, 1.7)
	1.1 (0.8, 1.7)
	1.2 (0.9, 1.7)
	0.030

	HDL-C, mmol/L
	1.3±0.4
	1.3±0.4
	1.3±0.4
	0.218

	LDL-C, mmol/L
	3.0±0.9
	3.0±0.9
	3.1±0.9
	0.007

	eGFR, mL/min/1.73 m²
	93.4±13.6
	93.5±13.7
	92.4±12.9
	0.046

	LCI
	13.5 (8.0, 23.3)
	13.3 (7.9, 22.8)
	14.9 (8.9, 25.5)
	<0.001

	Cumulative average LCI-WC
	216.6 (165.5, 274.1)
	214.0 (162.9, 272.6)
	233.0 (182.3, 281.9)
	<0.001



	S3 Table. Association between cumulative average LCI-WC and incident cardiovascular disease in 2018 (after excluding participants with imputed data)

	Cumulative average LCI-WC
	Quartiles
	
P for trend
	Continuous Per 1-SD increase

	
	Quartile 1
	Quartile 2
	Quartile 3
	Quartile 4
	
	

	Median
	133.7
	191.2
	243.8
	312.7
	-
	-

	Number of cases，n（%）
	115 (10.5%)
	144 (13.1%)
	177 (16.1%)
	179 (16.3%)
	-
	-

	Crude OR（95% CI）
	Reference
	1.290 (0.994 - 1.675)
	1.645 (1.279 - 2.115)
	1.665 (1.295 - 2.140)
	<0.001
	1.234 (1.133 - 1.344)

	Model 1，OR（95% CI）
	Reference
	1.284 (0.987 - 1.669)
	1.620 (1.257 - 2.089)
	1.648 (1.277 - 2.126)
	<0.001
	1.229 (1.127 - 1.340)

	Model 2，OR（95% CI）
	Reference
	1.295 (0.995 - 1.684)
	1.613 (1.250 - 2.081)
	1.619 (1.254 - 2.091)
	<0.001
	1.220 (1.118 - 1.331)

	Model 3，OR（95% CI）
	Reference
	1.260 (0.966 - 1.642)
	1.530 (1.182 - 1.980)
	1.370 (1.051 - 1.786)
	0.014
	1.148 (1.049 - 1.257)

	Model 1: adjusted for age and sex. Model 2: additionally adjusted for education level, marital status, smoking, and alcohol consumption. Model 3: additionally adjusted for hypertension, diabetes, dyslipidemia, antihypertensive treatment, antidiabetic treatment, lipid-lowering treatment, and eGFR.



	S4 Table. Baseline characteristics after 1:1 propensity-score matching

	Characteristics
	Overall
	Q1-Q2
	Q3-Q4
	P-value

	n
	3736
	1868
	1868
	

	Gender (Female)
	2093 (56.0%)
	1050 (56.2%)
	1043 (55.8%)
	0.843

	Age, years
	58.1±8.6
	58.1±8.7
	58.2±8.4
	0.742

	Education level
	
	
	
	0.894

	Illiterate
	1080 (28.9%)
	534 (28.6%)
	546 (29.2%)
	

	Primary school
	1520 (40.7%)
	761 (40.7%)
	759 (40.6%)
	

	Middle school or above
	1136 (30.4%)
	573 (30.7%)
	563 (30.1%)
	

	Current married
	3365 (90.1%)
	1682 (90.0%)
	1683 (90.1%)
	1.000

	SBP, mmHg
	128.7±20.4
	125.9±20.2
	131.5±20.2
	<0.001

	DBP, mmHg
	75.2±11.7
	73.4±11.4
	77.0±11.7
	<0.001

	BMI, kg/m²
	23.4±3.7
	22.1±3.4
	24.8±3.6
	<0.001

	Waist circumference, cm
	85.0±9.4
	80.7±8.2
	89.3±8.5
	<0.001

	Smoking status
	
	
	
	0.930

	Never
	2411 (64.5%)
	1208 (64.7%)
	1203 (64.4%)
	

	Former
	282 (7.5%)
	143 (7.7%)
	139 (7.4%)
	

	Current
	1043 (27.9%)
	517 (27.7%)
	526 (28.2%)
	

	Drinking status
	
	
	
	0.765

	Never
	2272 (60.8%)
	1146 (61.3%)
	1126 (60.3%)
	

	Former
	268 (7.2%)
	130 (7.0%)
	138 (7.4%)
	

	Current
	1196 (32.0%)
	592 (31.7%)
	604 (32.3%)
	

	Dyslipidemia
	183 (4.9%)
	96 (5.1%)
	87 (4.7%)
	0.544

	Hypertension
	645 (17.3%)
	324 (17.3%)
	321 (17.2%)
	0.931

	Diabetes
	126 (3.4%)
	65 (3.5%)
	61 (3.3%)
	0.786

	Liver disease
	120 (3.2%)
	78 (4.2%)
	42 (2.2%)
	0.001

	Kidney disease
	194 (5.2%)
	107 (5.7%)
	87 (4.7%)
	0.161

	Lipid-lowering treatment
	77 (2.1%)
	44 (2.4%)
	33 (1.8%)
	0.250

	Antihypertensive treatment
	441 (11.8%)
	224 (12.0%)
	217 (11.6%)
	0.761

	Hypoglycemic treatment
	87 (2.3%)
	44 (2.4%)
	43 (2.3%)
	1.000

	FBG, mmol/L
	6.0±1.8
	5.8±1.4
	6.3±2.1
	<0.001

	TC, mmol/L
	5.0±0.9
	4.6±0.8
	5.3±0.9
	<0.001

	TG, mmol/L
	1.2 (0.8, 1.7)
	0.9 (0.7, 1.1)
	1.6 (1.2, 2.2)
	<0.001

	HDL-C, mmol/L
	1.3±0.4
	1.5±0.4
	1.2±0.3
	<0.001

	LDL-C, mmol/L
	3.0±0.9
	2.7±0.7
	3.3±0.9
	<0.001

	eGFR, mL/min/1.73 m²
	93.5±13.4
	93.5±13.7
	93.5±13.1
	0.967

	LCI
	13.6 (8.2, 22.8)
	8.2 (5.8, 10.8)
	22.7 (16.9, 32.7)
	<0.001

	Cumulative average LCI-WC
	216.6 (169.0, 271.2)
	169.0 (136.6, 192.5)
	271.2 (242.6, 308.2)
	<0.001



	S5 Table. Association between cumulative average LCI-WC and incident CVD in the PSM cohort

	Exposure
	OR (95% CI)
	P-value
	Matched pairs
	Outcome-discordant pairs
	Method

	Q3-Q4 vs Q1-Q2
	1.310 (1.081-1.587)
	0.007
	1868
	425
	Matched-pair discordant OR

	cumulative_lci_wc per 1 SD increase
	1.155 (1.038-1.286)
	0.008
	1868
	425
	Matched-pair conditional logistic regression



	S6 Table. Association between untransformed cumulative average LCI-WC (LCI × WC) and incident cardiovascular disease in 2018.

	Cumulative average LCI-WC
	Quartiles
	P for trend
	Continuous Per 1-SD increase

	
	Quartile 1
	Quartile 2
	Quartile 3
	Quartile 4
	
	

	Median
	453.4
	878.2
	1530.4
	2952.7
	-
	-

	Number of cases，n（%）
	130 (11.3%)
	148 (12.9%)
	176 (15.3%)
	184 (16.0%)
	-
	-

	Crude OR（95% CI）
	Reference
	1.160 (0.902 - 1.491)
	1.419 (1.113 - 1.810)
	1.496 (1.175 - 1.904)
	<0.001
	1.151 (1.064 - 1.244)

	Model 1，OR（95% CI）
	Reference
	1.152 (0.895 - 1.483)
	1.385 (1.083 - 1.770)
	1.480 (1.159 - 1.889)
	0.001
	1.148 (1.061 - 1.243)

	Model 2，OR（95% CI）
	Reference
	1.160 (0.900 - 1.494)
	1.379 (1.078 - 1.764)
	1.458 (1.141 - 1.862)
	0.003
	1.142 (1.055 - 1.237)

	Model 3，OR（95% CI）
	Reference
	1.120 (0.868 - 1.446)
	1.306 (1.018 - 1.676)
	1.254 (0.973 - 1.615)
	0.099
	1.085 (0.999 - 1.180)


Model 1: adjusted for age and sex. Model 2: additionally adjusted for education level, marital status, smoking, and alcohol consumption. Model 3: additionally adjusted for hypertension, diabetes, dyslipidemia, antihypertensive treatment, antidiabetic treatment, lipid-lowering treatment, and eGFR.

S7 Table. sensitivity_hypertension_interaction_lci_wc_CVD
	Term
	Beta
	SE
	OR
	Lower 95% CI
	Upper 95% CI
	OR (95% CI)
	Wald P
	P for interaction (LRT)

	LCI-WC per 1 SD, hypertension=No
	0.212
	0.053
	1.236
	1.114
	1.371
	1.24 (1.11-1.37)
	<0.001
	0.003

	Interaction: LCI-WC per 1 SD x hypertension
	-0.290
	0.097
	0.748
	0.619
	0.904
	0.75 (0.62-0.90)
	0.003
	

	LCI-WC per 1 SD, hypertension=Yes
	-0.079
	0.082
	0.924
	0.787
	1.086
	0.92 (0.79-1.09)
	0.339
	



S1 Checklist. STROBE checklist for cohort studies.
	
	Item No
	Recommendation
	Page No. / Location

	Title and abstract

	1

	(a) Indicate the study’s design with a commonly used term in the title or the abstract
	p. 1: Title identifies the study as a prospective CHARLS cohort study; the abstract Methods also describes CHARLS cohort data.

	
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
	pp. 1-2: Structured abstract summarizes background, methods, sample size, incident CVD events, main ORs with 95% CIs, RCS findings, and cautious conclusion.

	Introduction
	

	Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
	pp. 2-4: Introduction explains CVD burden, dyslipidemia, central obesity, prior metabolic indices, LCI rationale, and the rationale for cumulative average LCI-WC.

	Objectives
	3
	State specific objectives, including any prespecified hypotheses
	pp. 3-4: Introduction states the objective to construct cumulative average LCI-WC and evaluate its association with incident CVD in CHARLS.

	Methods
	

	Study design
	4
	Present key elements of study design early in the paper
	p. 4: Study Population presents the prospective longitudinal CHARLS cohort design early in Methods.

	Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
	pp. 4-5: Study Population and Variable Definitions describe the CHARLS setting and waves; exposure was based on 2011 and 2015 measurements, and incident CVD was assessed at Wave 4 in 2018.

	Participants

	6

	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
	p. 4: Inclusion/Exclusion Criteria describe eligibility, source population, exclusions, follow-up/outcome availability, and the final analytic sample; Figure 1 shows participant selection.

	
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
	Not applicable to the primary cohort analysis. Matching was used only in a propensity score matching sensitivity analysis, described on p. 8 and reported on p. 13.

	Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
	pp. 5-6: Variable Definitions define cumulative average LCI-WC, incident CVD, covariates, hypertension, diabetes, and treatment variables.

	Data sources/measurement
	8
	For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
	pp. 4-6: CHARLS interviews, biomarker/laboratory measures, anthropometric measures, self-reported physician diagnosis, and treatment variables are described.

	Bias
	9
	Describe any efforts to address potential sources of bias
	pp. 6-8 and 17: Missing Data Handling, multivariable adjustment, sensitivity analyses, and limitations address potential information loss, confounding, and bias.

	Study size
	10
	Explain how the study size was arrived at
	p. 4 and p. 9: Inclusion/Exclusion Criteria explain that the study size was determined by eligible CHARLS participants with required exposure and outcome data, with no a priori sample size calculation; Results report n = 4,597.

	Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
	pp. 5, 7, 9, and 11: Quantitative exposure construction is defined; cumulative average LCI-WC was analyzed by quartiles and per 1-SD increment. Cut-points were 165.5, 216.6, and 274.1.

	Statistical methods




	12




	(a) Describe all statistical methods, including those used to control for confounding
	pp. 7-8: Statistical Analysis describes descriptive tests, logistic regression, Models 1-3, covariate adjustment, VIF, RCS, and software.

	
	
	(b) Describe any methods used to examine subgroups and interactions
	pp. 8, 12-13, and 16-17: Subgroup and interaction analyses are described and interpreted as exploratory, including hypertension effect modification.

	
	
	(c) Explain how missing data were addressed
	pp. 6-7: Missing Data Handling reports missingness counts/rates, imputation variables, IterativeImputer, five imputed datasets, maximum iterations, posterior sampling, and Rubin pooling for regression estimates.

	
	
	(d) If applicable, explain how loss to follow-up was addressed
	p. 4: Participants without available 2018 CVD status were excluded during sample selection; Figure 1 presents participant flow/attrition. Outcome was modeled as binary Wave 4 status rather than time-to-event follow-up.

	
	
	(e) Describe any sensitivity analyses
	pp. 8 and 13-14: Sensitivity analyses included complete-case analysis, propensity score matching, untransformed WC x LCI analysis, and hypertension interaction testing.

	Results
	

	Participants


	13


	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
	pp. 4 and 9: Study Population and Results report the initial CHARLS sample and final analytic sample of 4,597 participants; Figure 1 shows selection stages.

	
	
	(b) Give reasons for non-participation at each stage
	p. 4: Inclusion/Exclusion Criteria and Figure 1 provide reasons for exclusion/non-participation at each stage.

	
	
	(c) Consider use of a flow diagram
	p. 4: Figure 1 is used as the participant selection flow diagram.

	Descriptive data


	14


	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
	pp. 9-10: Table 1 reports participant characteristics, exposure distribution by quartile, and covariates.

	
	
	(b) Indicate number of participants with missing data for each variable of interest
	pp. 6-7: Missing Data Handling reports the number and proportion of missing covariate data; Supplementary Figure 1 shows variable-level missingness.

	
	
	(c) Summarise follow-up time (eg, average and total amount)
	pp. 4-5 and 11: Exposure assessment covered 2011 and 2015, and incident CVD was assessed at Wave 4 in 2018. Person-time was not summarized because the outcome was modeled as wave-assessed binary incident status, not time-to-event data.

	Outcome data
	15
	Report numbers of outcome events or summary measures over time
	pp. 1-2 and 11: Abstract and Results report 638 incident CVD cases by 2018; p. 11 and Figure 3 report event counts/proportions by LCI-WC quartile.

	Main results


	16


	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
	pp. 7-8 and 11: Statistical Analysis defines adjusted models; Table 2 reports crude and adjusted ORs with 95% CIs for quartiles and per 1-SD increase.

	
	
	(b) Report category boundaries when continuous variables were categorized
	pp. 9 and 11: Quartile medians are shown in Table 2 and category boundaries were 165.5, 216.6, and 274.1 for cumulative average LCI-WC.

	
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	p. 11: Absolute event counts and proportions are reported by quartile: 119 (10.3%), 154 (13.4%), 181 (15.8%), and 184 (16.0%); relative effects are reported as ORs with 95% CIs.

	Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
	pp. 12-14: RCS, CVD subtype analyses, subgroup/interactions, complete-case analysis, PSM, untransformed index analysis, and hypertension interaction sensitivity analysis are reported.

	Discussion
	

	Key results
	18
	Summarise key results with reference to study objectives
	p. 14: First Discussion paragraph summarizes the key findings in relation to the study objective.

	Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
	pp. 17-18: Limitations discuss biomarker wave availability, self-reported outcomes, lack of external validation, residual/confounding bias, and exploratory subgroup analyses without multiple-comparison adjustment.

	Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
	pp. 14-18: Discussion interprets findings cautiously in relation to objectives, prior evidence, limitations, multiplicity of subgroup analyses, and the need for external validation.

	Generalisability
	21
	Discuss the generalisability (external validity) of the study results
	p. 17: Discussion states that findings are most applicable to community-dwelling Chinese adults aged 45 years and older, with caution for younger, non-Chinese, or clinical populations.

	Other information
	

	Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
	p. 21: Funding statement lists Changzhou Science and Technology Program grants CJ20242037 and CJ20253116 and states that funders had no role in study design, data analysis, decision to publish, or manuscript preparation.
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