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Supplementary Methods

Study Design and Data Sources
This study used a prospective cohort design based on two nationally representative longitudinal surveys: the China Health and Retirement Longitudinal Study (CHARLS)1 and the U.S. Health and Retirement Study (HRS)2.
The CHARLS baseline survey was conducted in 2011, with biennial follow-up waves thereafter. This study used three waves of CES-D assessment (2011, 2013, 2015) and two waves of CMM follow-up (2015, 2018–2020).
HRS used wave 11 (2012) as the baseline, with biennial follow-up waves thereafter. This study used three waves of CES-D assessment (2012, 2014, 2016) and three waves of CMM follow-up (2018, 2020, 2022).
Both cohorts employed multistage probability sampling and collected comparable information on demographics, health behaviors, functional status, and chronic conditions.
Study Participants
Inclusion criteria were: age ≥ 51 years; completion of CES-D assessments at all three exposure waves; presence of 0 or 1 cardiometabolic condition at baseline; and complete CMM follow-up information.
Exclusion criteria were: prevalent CMM at baseline (i.e., at least two of diabetes, heart disease, or stroke); missing CES-D data at any of the three exposure waves; and missing CMM follow-up data.
The final analytical samples included 8,952 participants from CHARLS (527 incident CMM cases during 2015–2020) and 10,812 participants from HRS (811 incident CMM cases during 2016–2022).
Depressive Symptom Assessment
CHARLS used the 10-item Center for Epidemiologic Studies Depression Scale (CES-D-10). Each item was rated on a 0–3 scale, with total scores ranging from 0 to 303. A cutoff of CES-D-10 ≥ 10 was used to define clinically relevant depressive symptoms4,5. HRS used the 8-item CES-D (CES-D-8). Each item was rated dichotomously (yes/no), with total scores ranging from 0 to 86. A cutoff of CES-D-8 ≥ 4 was used to define clinically relevant depressive symptoms7,8. Both continuous scores and binary depression variables were used in the analyses to enhance comparability and clinical interpretability4,6.
Outcome Definition
Diabetes was defined as self-reported physician diagnosis or current use of antidiabetic medication. Heart disease was defined as self-reported physician diagnosis of coronary heart disease, myocardial infarction, or other heart disease. Stroke was defined as self-reported physician diagnosis of stroke. Cardiometabolic multimorbidity (CMM) was defined as the coexistence of at least two of the three conditions (diabetes, heart disease, stroke)9,10. Participants with prevalent CMM (≥2 conditions) at baseline were excluded. Incident CMM was defined as the transition from 0 or 1 condition at baseline to ≥2 conditions during follow-up. Time to event was defined as the interval from the baseline interview to the first report of the second distinct cardiometabolic condition.
Covariates
Primary analysis covariates included: demographic factors—age (continuous), sex (male/female), education (primary or below/secondary/college or above), residence (urban/rural), and marital status (married/partnered vs. unmarried/other); health behaviors—smoking (non-smoker/smoker) and drinking (non-drinker/drinker); functional status—ADL score (continuous) and IADL score (continuous); and chronic conditions—hypertension (yes/no), cancer (yes/no), lung disease (yes/no), arthritis (yes/no), and dyslipidemia (yes/no).
Sensitivity analysis extended covariates included: social activity (yes/no), body mass index (BMI, categorical: underweight/normal/overweight/obese), systolic blood pressure (continuous), diastolic blood pressure (continuous), hypertension medication (yes/no), dyslipidemia medication (yes/no), liver disease (yes/no), kidney disease (yes/no), stomach disease (yes/no), and asthma (yes/no).
Group-Based Trajectory Modeling
Group-based trajectory modeling was implemented using the hlme() function from the R package lcmm11. Quadratic time polynomials were used to model the longitudinal changes in CES-D scores, and individual random effects were removed to obtain latent class growth analysis solutions. Model selection criteria were: comparison of BIC across 1–5 class models, with lower BIC indicating better fit; class proportion ≥ 5%; mean posterior probability > 0.75; and clinical interpretability of trajectory shapes12,13. The four-class trajectory model was selected as the primary analysis in both cohorts, with the three-class model as a sensitivity analysis.
Cox Proportional Hazards Models
Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the association between depressive measures and incident CMM. Three levels of adjustment were applied: Model 1, unadjusted; Model 2, adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, and IADL; Model 3, Model 2 plus hypertension, cancer, lung disease, arthritis, and dyslipidemia. Because single-time depressive measures and trajectory classes were highly collinear, they were modeled separately.
The proportional hazards assumption was verified using Schoenfeld residual tests14,15. All global P values were > 0.05, indicating that the proportional hazards assumption was satisfied. Multicollinearity was assessed using generalized variance inflation factor (GVIF); all GVIF^(1/(2*Df)) values were < 2, indicating no serious multicollinearity.
Competing Risk Analysis
Fine-Gray competing risk regression models were used, with incident CMM as the event of interest (failcode = 1) and death as the competing event (failcode = 2)14,15. Covariates were the same as those in Model 3.
Component Outcome Analysis
Separate Cox models were fitted for heart disease, stroke, and diabetes as outcomes. In each component-specific analysis, participants with prevalent disease of that component at baseline were excluded.
Sensitivity Analyses
Three-class trajectory model: the four-class trajectory was replaced with a three-class solution (low-stable, moderate, high-stable), and Cox models were repeated.
Extended covariate adjustment (CHARLS): Model 4 added social activity, BMI, systolic blood pressure, and diastolic blood pressure to Model 3; Model 5 further added hypertension medication, dyslipidemia medication, liver disease, kidney disease, stomach disease, and asthma.
8-item binary CES-D conversion (CHARLS): the CHARLS 10-item CES-D was converted to an 8-item binary format to approximate the HRS CES-D-8, and GBTM and Cox models were repeated.
Complete-case analysis (HRS): because BMI, social activity, systolic blood pressure, and diastolic blood pressure had >20% missingness in HRS, these variables were additionally adjusted for in a complete-case sensitivity analysis.
Competing risk models: conducted in both cohorts.
Component outcome analyses: conducted separately for heart disease, stroke, and diabetes in both cohorts.
Missing Data
For covariates with <20% missingness, multiple imputation by chained equations (MICE) was used. Imputation methods were selected according to variable type: logistic regression for binary variables, proportional odds models for ordinal categorical variables, and predictive mean matching for continuous variables. Five imputed datasets were generated with a maximum of 20 iterations. Variables with >20% missingness were not included in primary analysis models and were only adjusted for in complete-case sensitivity analyses.
Statistical Software
All statistical analyses were performed in R 4.5.1. GBTM was implemented using the lcmm package11; Cox regression using the survival package; Fine-Gray models using the cmprsk package14; and multiple imputation using the mice package16. Two-sided P < 0.05 was considered statistically significant.
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Supplementary Figure 1. Participant selection flow diagram
Figure Legend: Panel A shows the participant selection process in the China Health and Retirement Longitudinal Study (CHARLS). Panel B shows the participant selection process in the Health and Retirement Study (HRS). CES-D, Center for Epidemiologic Studies Depression Scale; CMM, cardiometabolic multimorbidity.








Supplementary Table S1. Missing data summary for covariates in CHARLS and HRS
	Variable
	CHARLS
	HRS 

	
	Missing N
	Missing %
	Missing N
	Missing %

	Social activity
	0
	0.00
	6,868
	63.52

	BMI
	1,161
	12.97
	6,439
	59.55

	Hypertension SBP
	1,166
	13.03
	6,284
	58.12

	Hypertension DBP
	1,167
	13.04
	6,283
	58.11

	Residence
	0
	0.00
	827
	7.65

	Smoking
	1
	0.01
	44
	0.41

	Dyslipidemia
	278
	3.11
	22
	0.20

	Marital status
	0
	0.00
	14
	0.13

	Drinking
	10
	0.11
	7
	0.06

	IADL
	127
	1.42
	4
	0.04

	ADL
	9
	0.10
	3
	0.03

	Education
	0
	0.00
	2
	0.02

	Age
	0
	0.00
	0
	0.00

	Sex
	0
	0.00
	0
	0.00

	Hypertension
	136
	1.52
	0
	0.00

	Cancer
	44
	0.49
	0
	0.00

	Lung disease
	42
	0.47
	0
	0.00

	Arthritis
	91
	1.02
	0
	0.00

	Dyslipidemia medication
	649
	7.25
	—
	—

	Hypertension medication
	396
	4.42
	—
	—

	Kidney disease
	78
	0.87
	—
	—

	Liver disease
	77
	0.86
	—
	—

	Stomach disease
	77
	0.86
	—
	—

	Asthma
	59
	0.66
	—
	—


Notes:
Variables with missingness >20% were excluded from the primary analysis and were only included in complete-case sensitivity analyses.
“—” indicates that the variable was not available in the respective cohort.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; IADL, instrumental activities of daily living; ADL, activities of daily living.










Supplementary Table S2. Model fit and classification quality of group-based trajectory models (1–5 classes) in CHARLS and HRS
	Panel A: CHARLS

	Model
	BIC
	Trajectory class
	N (%)
	Mean posterior probability
	% >0.7
	% >0.8
	% >0.9

	1-class
	173,455.3
	Class 1
	8,952 (100.00)
	—
	—
	—
	—

	2-class
	167,148.7
	Class 1
	6,877 (76.82)
	0.961
	95.48
	92.67
	88.06

	
	
	Class 2
	2,075 (23.18)
	0.897
	85.06
	78.12
	67.81

	3-class
	166,053.0
	Class 1
	5,868 (65.55)
	0.926
	91.34
	85.48
	77.22

	
	
	Class 2
	2,558 (28.57)
	0.831
	78.11
	65.87
	46.25

	
	
	Class 3
	526 (5.88)
	0.868
	81.37
	70.72
	60.46

	4-class
	165,206.8
	Class 1
	1,114 (12.44)
	0.762
	62.48
	47.04
	29.71

	
	
	Class 2
	5,776 (64.52)
	0.931
	91.03
	86.58
	79.52

	
	
	Class 3
	1,504 (16.80)
	0.773
	64.43
	49.93
	32.38

	
	
	Class 4
	558 (6.23)
	0.877
	81.72
	73.48
	63.08

	5-class
	164,717.6
	Class 1
	523 (5.84)
	0.711
	53.15
	35.76
	20.84

	
	
	Class 2
	5,556 (62.06)
	0.934
	91.65
	87.15
	81.03

	
	
	Class 3
	1,054 (11.77)
	0.757
	61.20
	48.20
	31.69

	
	
	Class 4
	1,179 (13.17)
	0.770
	64.29
	50.55
	31.55

	
	
	Class 5
	640 (7.15)
	0.871
	79.69
	73.75
	63.12

	Panel B: HRS

	Model
	BIC
	Trajectory class
	N (%)
	Mean posterior probability
	% >0.7
	% >0.8
	% >0.9

	1-class
	134,059.8
	Class 1
	10,812 (100.00)
	—
	—
	—
	—

	2-class
	120,512.9
	Class 1
	9,214 (85.22)
	0.991
	99.44
	98.69
	96.35

	
	
	Class 2
	1,598 (14.78)
	0.935
	87.86
	86.42
	82.79

	3-class
	117,892.7
	Class 1
	1,706 (15.78)
	0.889
	91.32
	70.81
	66.76

	
	
	Class 2
	8,455 (78.20)
	0.973
	94.95
	94.65
	92.53

	
	
	Class 3
	651 (6.02)
	0.933
	90.32
	86.94
	79.26

	4-class
	115,163.8
	Class 1
	719 (6.65)
	0.885
	85.26
	78.03
	63.70

	
	
	Class 2
	1,201 (11.11)
	0.873
	83.18
	74.52
	61.95

	
	
	Class 3
	8,311 (76.87)
	0.981
	97.99
	96.72
	94.09

	
	
	Class 4
	581 (5.37)
	0.945
	92.77
	87.26
	83.82

	5-class
	117,985.6
	Class 1
	0 (0.00)
	NaN
	NaN
	NaN
	NaN

	
	
	Class 2
	1,878 (17.37)
	0.842
	82.96
	64.32
	60.65

	
	
	Class 3
	0 (0.00)
	NaN
	NaN
	NaN
	NaN

	
	
	Class 4
	8,283 (76.61)
	0.535
	0.00
	0.00
	0.00

	
	
	Class 5
	651 (6.02)
	0.933
	90.32
	86.94
	79.26


Notes:
BIC, Bayesian information criterion; CHARLS, China Health and Retirement Longitudinal Study; HRS, Health and Retirement Study; NaN, not applicable (empty class).
The 1-class model was not included in the posterior probability assessment because it does not involve classification.
The 4-class model was selected as the primary solution in both cohorts based on BIC reduction, class proportions, classification quality, and clinical interpretability. The 3-class model was retained for sensitivity analyses. In HRS, the 5-class model produced two empty classes and poor classification quality for one class, and was therefore not considered further.








Supplementary Table S3. Model fit and classification quality of group-based trajectory models using the 8-item binary CES-D in CHARLS 
	Model
	BIC
	Trajectory class
	N (%)
	Mean posterior probability
	% >0.7
	% >0.8
	% >0.9

	1-class
	95,196.97
	Class 1
	7,570 (100.00)
	—
	—
	—
	—

	2-class
	89,864.30
	Class 1
	5,843 (77.19)
	0.967
	97.40
	92.93
	90.47

	
	
	Class 2
	1,727 (22.81)
	0.895
	85.18
	79.79
	69.14

	3-class
	89,166.40
	Class 1
	5,161 (68.18)
	0.936
	92.79
	88.24
	80.12

	
	
	Class 2
	1,864 (24.62)
	0.805
	75.38
	59.12
	33.58

	
	
	Class 3
	545 (7.20)
	0.857
	80.00
	70.83
	54.50

	4-class
	88,021.93
	Class 1
	1,191 (15.73)
	0.801
	70.86
	57.18
	39.88

	
	
	Class 2
	4,886 (64.54)
	0.941
	93.72
	88.25
	80.74

	
	
	Class 3
	888 (11.73)
	0.799
	68.13
	57.21
	37.39

	
	
	Class 4
	605 (7.99)
	0.887
	84.96
	75.21
	64.30

	5-class
	89,255.72
	Class 1
	0 (0.00)
	NaN
	NaN
	NaN
	NaN

	
	
	Class 2
	0 (0.00)
	NaN
	NaN
	NaN
	NaN

	
	
	Class 3
	4,873 (64.37)
	0.472
	0.00
	0.00
	0.00

	
	
	Class 4
	2,152 (28.43)
	0.751
	65.29
	51.21
	29.09

	
	
	Class 5
	545 (7.20)
	0.857
	80.00
	70.83
	54.50


Notes:
BIC, Bayesian information criterion; CES-D, Center for Epidemiologic Studies Depression Scale; NaN, not applicable (empty class).
The CHARLS 10-item CES-D was converted to an 8-item binary format to approximate the HRS CES-D-8. The 4-class model was selected as the primary solution based on BIC, class proportions, and classification quality. The 3-class model was retained for sensitivity analyses. The 5-class model produced two empty classes and poor classification quality for one class, and was therefore not considered further.
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Supplementary Figure 1  Sensitivity analysis: 4‑group trajectories using 8‑item CES‑D, CHARLS (2011‑2015)
Legend: Sensitivity LCMM trajectories based on 8‑item CES‑D. Four subgroups: low‑stable, increasing, decreasing, high‑stable. Shaded bands: 95% CIs. Dashed line: CES‑D cutoff ≥10.Note: CHARLS and HRS adopted different CES‑D item sets, resulting in distinct cutoff thresholds. LCMM = latent class mixed model; CI = confidence interval.


Supplementary Table S4. Sensitivity analysis using 3-class trajectory model: Mean CES-D scores across waves in CHARLS and HRS
	Trajectory class
	N
	Wave 1 Mean (SD)
	Wave 2 Mean (SD)
	Wave 3 Mean (SD)

	CHARLS
	
	2011
	2013
	2015

	Low-stable
	5,868
	5.25 (3.82)
	5.25 (3.63)
	4.88 (3.69)

	Moderate
	2,558
	13.02 (5.24)
	11.40 (4.86)
	12.66 (5.10)

	High-stable
	526
	19.45 (5.22)
	19.45 (4.92)
	21.14 (4.80)

	HRS
	
	2012
	2014
	2016

	Low-stable
	8,455
	0.61 (0.93)
	0.58 (0.90)
	0.61 (0.94)

	Moderate
	1,706
	3.18 (2.01)
	3.14 (1.95)
	3.08 (1.98)

	High-stable
	651
	5.94 (1.84)
	6.11 (1.53)
	5.53 (1.95)


Notes: CHARLS used the 10-item CES-D (range 0–30); HRS used the 8-item CES-D (range 0–8).
Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; HRS, Health and Retirement Study; CES-D, Center for Epidemiologic Studies Depression Scale; SD, standard deviation.
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Supplementary Figure 2 Three‑group depressive‑symptom trajectories in CHARLS (2011‑2015)
Legend: Trajectories fitted by LCMM. Three subgroups: low‑stable, moderate, high‑stable. Shaded bands: 95% CIs. Dashed line: CES‑D cutoff ≥10.
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Supplementary Figure 3 Three‑group depressive‑symptom trajectories in HRS (2012‑2016)
Legend: Trajectories fitted by LCMM. Three subgroups: low‑stable, moderate, high‑stable. Shaded bands: 95% CIs. Dashed line: CES‑D cutoff ≥4.


Supplementary Table S5. Sensitivity analysis: Associations of 3-class depressive symptom trajectories with incident CMM in CHARLS and HRS
	Panel A: CHARLS  (n = 8,952;  events = 527)

	
	Model1
	
	Model2
	
	Model3

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

	3-class trajectory
	
	
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Moderate
	1.80 (1.49 ~ 2.16)
	<0.001
	
	1.63 (1.34 ~ 1.98)
	<0.001
	
	1.50 (1.23 ~ 1.82)
	<0.001

	High-stable
	2.74 (2.08 ~ 3.60)
	<0.001
	
	2.13 (1.57 ~ 2.89)
	<0.001
	
	1.86 (1.36 ~ 2.53)
	<0.001

	Panel B: HRS  (n = 10,812;  events = 811)

	
	Model1
	
	Model2
	
	Model3

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

	3-class trajectory
	
	
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Moderate
	1.49 (1.25 ~ 1.77)
	<0.001
	
	1.41 (1.18 ~ 1.70)
	<0.001
	
	1.29 (1.07 ~ 1.55)
	0.007

	High-stable
	2.09 (1.66 ~ 2.62)
	<0.001
	
	1.85 (1.44 ~ 2.39)
	<0.001
	
	1.64 (1.26 ~ 2.12)
	<0.001


Notes: Models 1–3 are adjusted as described in Table 2. CMM, cardiometabolic multimorbidity; HR, hazard ratio; CI, confidence interval.
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Supplementary Figure 2 Three‑group depressive‑symptom trajectories in CHARLS (2011‑2015)
Legend: Trajectories fitted by LCMM. Three subgroups: low‑stable, moderate, high‑stable. Shaded bands: 95% CIs. Dashed line: CES‑D cutoff ≥10.
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Supplementary Figure 3 Three‑group depressive‑symptom trajectories in HRS (2012‑2016)
Legend: Trajectories fitted by LCMM. Three subgroups: low‑stable, moderate, high‑stable. Shaded bands: 95% CIs. Dashed line: CES‑D cutoff ≥4.




Supplementary Table S6. CHARLS sensitivity analysis: Extended covariate adjustment beyond Model 3 (n = 8,952; events = 527)
	
	Model1
	
	Model4
	
	Model5

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

	CES-D score
	1.05 (1.04 ~ 1.06)
	<0.001
	
	1.04 (1.02 ~ 1.05)
	<0.001
	
	1.04 (1.02 ~ 1.05)
	<0.001

	Binary depression
	
	
	
	
	
	
	
	

	Non-depressed
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Depressed
	1.81 (1.52 ~ 2.15)
	<0.001
	
	1.50 (1.24 ~ 1.81)
	<0.001
	
	1.46 (1.21 ~ 1.77)
	<0.001

	3-class trajectory
	
	
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Moderate
	1.80 (1.49 ~ 2.16)
	<0.001
	
	1.56 (1.28 ~ 1.90)
	<0.001
	
	1.53 (1.25 ~ 1.86)
	<0.001

	High-stable
	2.74 (2.08 ~ 3.60)
	<0.001
	
	2.04 (1.49 ~ 2.79)
	<0.001
	
	1.98 (1.44 ~ 2.70)
	<0.001

	4-class trajectory
	
	
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Decreasing
	1.65 (1.32 ~ 2.07)
	<0.001
	
	1.50 (1.18 ~ 1.89)
	<0.001
	
	1.48 (1.17 ~ 1.88)
	0.001

	Increasing
	2.00 (1.58 ~ 2.53)
	<0.001
	
	1.71 (1.34 ~ 2.19)
	<0.001
	
	1.68 (1.31 ~ 2.15)
	<0.001

	High-stable
	2.72 (2.07 ~ 3.56)
	<0.001
	
	2.12 (1.56 ~ 2.88)
	<0.001
	
	2.05 (1.50 ~ 2.79)
	<0.001


Notes: Model 1: unadjusted. Model 4: Model 3 plus social activity, BMI, systolic blood pressure, and diastolic blood pressure. Model 5: Model 4 plus hypertension medication, dyslipidemia medication, liver disease, kidney disease, stomach disease, and asthma. Single-time measures and trajectory classes were modeled separately to avoid collinearity.
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.


Supplementary Table S7. CHARLS sensitivity analysis: Depressive symptoms measured by 8-item binary CES-D format (n = 7,570; events = 449)
	
	Model1
	
	Model2
	
	Model3

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

	CES-D score
	1.16 (1.11 ~ 1.21)
	<0.001
	
	1.11 (1.06 ~ 1.17)
	<0.001
	
	1.10 (1.05 ~ 1.15)
	<0.001

	Binary depression
	
	
	
	
	
	
	
	

	Non-depressed
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Depressed
	1.77 (1.46 ~ 2.15)
	<0.001
	
	1.44 (1.17 ~ 1.78)
	<0.001
	
	1.39 (1.13 ~ 1.72)
	0.002

	4-class trajectory
	
	
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Decreasing
	1.46 (1.13 ~ 1.88)
	0.004
	
	1.33 (1.02 ~ 1.72)
	0.035
	
	1.25 (0.96 ~ 1.62)
	0.104

	Increasing
	1.72 (1.32 ~ 2.25)
	<0.001
	
	1.51 (1.14 ~ 1.99)
	0.004
	
	1.38 (1.05 ~ 1.83)
	0.023

	High-stable
	2.65 (2.03 ~ 3.44)
	<0.001
	
	2.03 (1.51 ~ 2.73)
	<0.001
	
	1.86 (1.38 ~ 2.51)
	<0.001


Notes: Model 1: unadjusted. Model 2: adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, and IADL. Model 3: Model 2 plus hypertension, cancer, lung disease, arthritis, and dyslipidemia. The CHARLS 10-item CES-D (range 0–30) was converted to an 8-item binary format to approximate the HRS CES-D-8.
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.





Supplementary Table S8. HRS sensitivity analysis: Extended covariate adjustment including variables with >20% missingness — complete-case analysis (n = 3,569; events = 254)
	
	Model1
	
	Model4

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

	CES-D score
	1.11 (1.08 ~ 1.15)
	<0.001
	
	1.07 (1.01 ~ 1.15)
	0.043

	Binary depression
	
	
	
	
	

	Non-depressed
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Depressed
	1.57 (1.31 ~ 1.88)
	<0.001
	
	1.51 (1.05 ~ 2.16)
	0.026

	3-class trajectory
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Moderate
	1.49 (1.25 ~ 1.77)
	<0.001
	
	1.41 (1.01 ~ 1.96)
	0.041

	High-stable
	2.09 (1.66 ~ 2.62)
	<0.001
	
	1.79 (1.08 ~ 2.97)
	0.024

	4-class trajectory
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Decreasing
	1.33 (1.08 ~ 1.63)
	0.008
	
	1.20 (0.80 ~ 1.79)
	0.378

	Increasing
	1.39 (1.07 ~ 1.79)
	0.013
	
	1.56 (0.99 ~ 2.48)
	0.056

	High-stable
	2.09 (1.65 ~ 2.66)
	<0.001
	
	1.72 (1.01 ~ 2.93)
	0.048


Notes: Model 1： unadjusted. Model 4： adjusted for Model 3 covariates (age, sex, education, residence, marital status, smoking, drinking, ADL, IADL, hypertension, cancer, lung disease, arthritis, and dyslipidemia) plus BMI, social activity, systolic blood pressure, and diastolic blood pressure. Complete-case analysis was used because these additional covariates had >20% missingness and were not imputed in the primary analysis.






Supplementary Table S9. Subgroup analyses of the association between continuous CES-D score and incident cardiometabolic multimorbidity in CHARLS and HRS
	Subgroup
	CHARLS
	
	HRS

	
	n (%)
	HR (95%CI)
	P
	P for interaction
	
	n (%)
	HR (95%CI)
	P
	P for interaction

	All participants
	8,952 (100.00)
	1.03 (1.02–1.05)
	<0.001
	—
	
	10,812 (100.00)
	1.06 (1.03–1.10)
	<0.001
	—

	Sex
	
	
	
	0.594
	
	
	
	
	0.043

	Male
	4,247 (47.44)
	1.03 (1.01–1.05)
	0.014
	
	
	4,184 (38.70)
	1.04 (0.97–1.11)
	0.268
	

	Female
	4,705 (52.56)
	1.04 (1.02–1.05)
	<0.001
	
	
	6,628 (61.30)
	1.07 (1.03–1.12)
	0.002
	

	Age, years
	
	
	
	0.083
	
	
	
	
	0.802

	<65
	5,526 (61.73)
	1.04 (1.02–1.06)
	<0.001
	
	
	4,566 (42.23)
	1.03 (0.97–1.10)
	0.273
	

	≥65
	3,426 (38.27)
	1.02 (1.00–1.04)
	0.031
	
	
	6,246 (57.77)
	1.08 (1.03–1.13)
	<0.001
	

	Education
	
	
	
	0.059
	
	
	
	
	0.367

	Primary or below
	8,031 (89.71)
	1.03 (1.02–1.05)
	<0.001
	
	
	1,653 (15.29)
	1.09 (1.01–1.18)
	0.021
	

	Secondary
	821 (9.17)
	1.06 (1.01–1.12)
	0.019
	
	
	6,352 (58.75)
	1.04 (0.99–1.09)
	0.156
	

	College or above
	100 (1.12)
	0.60 (0.35–1.03)
	0.065
	
	
	2,807 (25.96)
	1.11 (1.01–1.21)
	0.022
	

	Residence
	
	
	
	0.070
	
	
	
	
	0.540

	Urban
	3,063 (34.22)
	1.02 (0.99–1.04)
	0.176
	
	
	8,212 (75.95)
	1.05 (1.01–1.10)
	0.016
	

	Rural
	5,889 (65.78)
	1.04 (1.03–1.06)
	<0.001
	
	
	2,600 (24.05)
	1.10 (1.02–1.19)
	0.019
	

	Marital status
	
	
	
	0.843
	
	
	
	
	0.576

	Unmarried/other
	1,274 (14.23)
	1.04 (1.00–1.07)
	0.031
	
	
	4,030 (37.27)
	1.05 (1.00–1.11)
	0.054
	

	Married/partnered
	7,678 (85.77)
	1.03 (1.02–1.05)
	<0.001
	
	
	6,782 (62.73)
	1.07 (1.02–1.13)
	0.006
	

	Smoking
	
	
	
	0.191
	
	
	
	
	0.076

	Non-smoker
	4,961 (55.42)
	1.04 (1.02–1.06)
	<0.001
	
	
	5,002 (46.26)
	1.10 (1.04–1.16)
	0.001
	

	Smoker
	3,991 (44.58)
	1.02 (1.00–1.05)
	0.034
	
	
	5,810 (53.74)
	1.04 (0.99–1.10)
	0.083
	

	Drinking
	
	
	
	0.241
	
	
	
	
	0.442

	Non-drinker
	4,888 (54.60)
	1.04 (1.02–1.06)
	<0.001
	
	
	4,525 (41.85)
	1.08 (1.03–1.13)
	0.003
	

	Drinker
	4,064 (45.40)
	1.02 (1.00–1.05)
	0.047
	
	
	6,287 (58.15)
	1.05 (0.99–1.11)
	0.088
	

	Hypertension
	
	
	
	0.950
	
	
	
	
	0.739

	No
	5,934 (66.29)
	1.02 (1.00–1.05)
	0.043
	
	
	4,361 (40.33)
	1.07 (0.99–1.16)
	0.093
	

	Yes
	3,018 (33.71)
	1.04 (1.02–1.06)
	<0.001
	
	
	6,451 (59.67)
	1.06 (1.02–1.11)
	0.005
	

	Dyslipidemia
	
	
	
	0.029
	
	
	
	
	0.800

	No
	7,368 (82.31)
	1.04 (1.03–1.06)
	<0.001
	
	
	4,916 (45.47)
	1.05 (0.99–1.12)
	0.117
	

	Yes
	1,584 (17.69)
	1.02 (1.00–1.04)
	0.047
	
	
	5,896 (54.53)
	1.07 (1.02–1.12)
	0.003
	

	Cancer
	
	
	
	0.441
	
	
	
	
	0.019

	No
	8,830 (98.64)
	1.03 (1.02–1.05)
	<0.001
	
	
	9,223 (85.30)
	1.08 (1.04–1.12)
	<0.001
	

	Yes
	122 (1.36)
	1.17 (0.99–1.39)
	0.065
	
	
	1,589 (14.70)
	0.98 (0.88–1.09)
	0.734
	

	Lung disease
	
	
	
	0.407
	
	
	
	
	0.540

	No
	7,679 (85.78)
	1.04 (1.02–1.05)
	<0.001
	
	
	9,861 (91.20)
	1.05 (1.01–1.10)
	0.013
	

	Yes
	1,273 (14.22)
	1.02 (0.99–1.05)
	0.127
	
	
	951 (8.80)
	1.13 (1.04–1.23)
	0.005
	

	Arthritis
	
	
	
	0.322
	
	
	
	
	0.267

	No
	4,802 (53.64)
	1.04 (1.02–1.06)
	<0.001
	
	
	4,372 (40.44)
	1.12 (1.04–1.20)
	0.004
	

	Yes
	4,150 (46.36)
	1.03 (1.01–1.05)
	<0.001
	
	
	6,440 (59.56)
	1.05 (1.00–1.09)
	0.033
	


Notes:
HRs are from Cox proportional hazards models with continuous CES-D score as the exposure and incident CMM as the outcome. Models were adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, IADL, hypertension, cancer, lung disease, arthritis, and dyslipidemia. The stratifying variable was not adjusted for within its own subgroup. Age was dichotomized as <65 years and ≥65 years.
Bold P for interaction values indicate statistical significance (P < 0.05).
CMM, cardiometabolic multimorbidity; CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.

Supplementary Table S10. Competing risk regression analyses for the association between depressive symptoms and incident cardiometabolic multimorbidity in CHARLS (Fine-Gray model)
	Depressive measure
	HR (95% CI)
	P

	Continuous CES-D score
	1.04 (1.02–1.05)
	<0.001

	Binary depression
	
	

	Non-depressed
	1.00 (Reference)
	—

	Depressed
	1.47 (1.22–1.77)
	<0.001

	4-class trajectory
	
	

	Low-stable
	1.00 (Reference)
	—

	Decreasing
	1.45 (1.15–1.82)
	0.002

	Increasing
	1.67 (1.31–2.13)
	<0.001

	High-stable
	1.87 (1.37–2.55)
	<0.001

	3-class trajectory
	
	

	Low-stable
	1.00 (Reference)
	—

	Moderate
	1.51 (1.24–1.83)
	<0.001

	High-stable
	1.85 (1.35–2.53)
	<0.001


Notes:
Fine-Gray competing risk regression models were used with incident CMM as the event of interest (failcode = 1) and death as the competing event (failcode = 2). All models were adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, IADL, hypertension, dyslipidemia, cancer, arthritis, and lung disease. Single-time measures and trajectory classes were modeled separately to avoid collinearity.
Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; CMM, cardiometabolic multimorbidity; CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.





Supplementary Table S11. Competing risk regression analyses for the association between depressive symptoms and incident cardiometabolic multimorbidity in HRS (Fine-Gray model)
	Depressive measure
	HR (95% CI)
	P

	Continuous CES-D score
	1.07 (1.03–1.11)
	<0.001

	Binary depression
	
	

	Non-depressed
	1.00 (Reference)
	—

	Depressed
	1.26 (1.02–1.54)
	0.033

	4-class trajectory
	
	

	Low-stable
	1.00 (Reference)
	—

	Decreasing
	1.10 (0.87–1.39)
	0.420

	Increasing
	1.16 (0.87–1.54)
	0.310

	High-stable
	1.71 (1.30–2.25)
	<0.001

	3-class trajectory
	
	

	Low-stable
	1.00 (Reference)
	—

	Moderate
	1.26 (1.04–1.54)
	0.021

	High-stable
	1.78 (1.37–2.31)
	<0.001


Notes:
Fine-Gray competing risk regression models were used with incident CMM as the event of interest (failcode = 1) and death as the competing event (failcode = 2). All models were adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, IADL, hypertension, dyslipidemia, cancer, arthritis, and lung disease. Single-time measures and trajectory classes were modeled separately to avoid collinearity.
Abbreviations: HRS, Health and Retirement Study; CMM, cardiometabolic multimorbidity; CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.







Supplementary Table S12. Associations of depressive symptoms and depressive symptom trajectories with incident heart disease, stroke, and diabetes in CHARLS
	Depressive measure
	Heart disease (n = 7,543; events = 1,005)
	Stroke (n = 8,740; events = 702)
	Diabetes (n = 8,262; events = 846)

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

	Continuous CES-D score
	1.02 (1.01–1.03)
	<0.001
	1.03 (1.02–1.04)
	<0.001
	1.02 (1.01–1.03)
	0.001

	Binary depression
	
	
	
	
	
	

	Non-depressed
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Depressed
	1.21 (1.05–1.39)
	0.008
	1.46 (1.24–1.72)
	<0.001
	1.20 (1.03–1.40)
	0.022

	4-class trajectory
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Decreasing
	1.24 (1.04–1.47)
	0.015
	1.25 (1.01–1.54)
	0.038
	1.24 (1.03–1.49)
	0.023

	Increasing
	1.29 (1.07–1.56)
	0.007
	1.73 (1.41–2.13)
	<0.001
	1.21 (0.98–1.49)
	0.082

	High-stable
	1.48 (1.15–1.90)
	0.002
	1.76 (1.34–2.31)
	<0.001
	1.54 (1.18–2.01)
	0.001

	3-class trajectory
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Moderate
	1.21 (1.05–1.40)
	0.010
	1.46 (1.23–1.73)
	<0.001
	1.21 (1.03–1.42)
	0.018

	High-stable
	1.45 (1.13–1.87)
	0.004
	1.79 (1.36–2.35)
	<0.001
	1.51 (1.15–1.98)
	0.003


Notes:
Cox proportional hazards models were adjusted for age, sex, education, residence, marital status, smoking, drinking, ADL, IADL, hypertension, dyslipidemia, cancer, arthritis, and lung disease. Single-time measures and trajectory classes were modeled separately to avoid collinearity.
Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; CES-D, Center for Epidemiologic Studies Depression Scale; HR, hazard ratio; CI, confidence interval.

Supplementary Table S13. Associations of depressive symptoms and depressive symptom trajectories with incident heart disease, stroke, and diabetes in HRS
	Depressive measure
	Heart disease (n = 9,184; events = 1,057)
	Stroke (n = 10,467; events = 390)
	Diabetes (n = 8,674; events = 788)

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

	Continuous CES-D score
	1.09 (1.06–1.13)
	<0.001
	1.01 (0.96–1.07)
	0.679
	1.03 (0.99–1.07)
	0.127

	Binary depression
	
	
	
	
	
	

	Non-depressed
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Depressed
	1.35 (1.13–1.62)
	0.001
	1.06 (0.78–1.44)
	0.709
	1.12 (0.91–1.39)
	0.278

	4-class trajectory
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Decreasing
	1.12 (0.91–1.37)
	0.286
	1.13 (0.82–1.55)
	0.468
	1.35 (1.10–1.67)
	0.005

	Increasing
	1.29 (1.02–1.64)
	0.031
	1.37 (0.95–1.98)
	0.096
	1.11 (0.84–1.46)
	0.477

	High-stable
	1.73 (1.34–2.23)
	<0.001
	1.25 (0.80–1.96)
	0.320
	1.12 (0.82–1.52)
	0.478

	3-class trajectory
	
	
	
	
	
	

	Low-stable
	1.00 (Reference)
	—
	1.00 (Reference)
	—
	1.00 (Reference)
	—

	Moderate
	1.21 (1.02–1.44)
	0.025
	1.17 (0.89–1.53)
	0.260
	1.27 (1.05–1.53)
	0.013

	High-stable
	1.70 (1.33–2.18)
	<0.001
	1.19 (0.78–1.83)
	0.422
	1.21 (0.91–1.61)
	0.191












Supplementary Table S14. Proportional hazards assumption tests and multicollinearity diagnostics for Cox models in CHARLS and HRS
	Cohort
	Model
	Schoenfeld GLOBAL P
	Max GVIF^(1/(2*Df))

	CHARLS
	4-class trajectory
	0.162
	1.611

	CHARLS
	3-class trajectory
	0.184
	1.611

	CHARLS
	Continuous CES-D
	0.220
	1.610

	CHARLS
	Binary depression
	0.224
	1.608

	HRS
	4-class trajectory
	0.171
	1.231

	HRS
	3-class trajectory
	0.138
	1.230

	HRS
	Continuous CES-D
	0.103
	1.231

	HRS
	Binary depression
	0.103
	1.226


Notes:
Proportional hazards assumption was tested using Schoenfeld residuals. Multicollinearity was assessed using generalized variance inflation factor (GVIF). All models satisfied the proportional hazards assumption (global P > 0.05). No evidence of serious multicollinearity was detected (all GVIF^(1/(2*Df)) < 2).
Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; GVIF, generalized variance inflation factor; CHARLS, China Health and Retirement Longitudinal Study; HRS, Health and Retirement Study.
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