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Supplementary Table 1. Harmonized strategies for key variables included in the present analyses.
	
	Harmonized values
	Measurements in three studies

	
	
	HRS
	ELSA
	CHARLS

	Educational level
	Primary
	Less than upper secondary education

	
	Secondary
	Upper secondary & vocational training

	
	Tertiary
	Tertiary education

	Total household wealth
	Quartile 1 (lowest)
	The sum of all wealth components (including residence, vehicles, saving accounts, etc.) minus other debts at the couple level (the respondent and spouse, if any) in local currencies


	
	Quartile 2
	

	
	Quartile 3
	

	
	Quartile 4 (highest)
	

	Total household income
	Quartile 1 (lowest)
	The sum of all income (including earning income, capital income, pension income, income from government transfers, and other income) at the couple level.
	The sum of all income (including earning income, capital income, pension income, income from government transfers, and other income) at the household level.

	
	Quartile 2
	
	

	
	Quartile 3
	
	

	
	Quartile 4 (highest)
	
	

	Physical condition
	Yes
	The respondent reported having hypertension, diabetes, stroke, heart problem, arthritis, chronic lung diseases and/or cancer.

	
	No
	The respondent reported having no hypertension, diabetes, stroke, heart problem, arthritis, chronic lung diseases and/or cancer.

	Psychological condition
	Yes (Assessed)
	CESD-8 score ≥3
	CESD-8 score ≥4
	CESD-10 score ≥10

	
	No (Assessed)
	CESD-8 score <3
	CESD-8 score <4
	CESD-10 score <10

	
	Yes (Self-reported)
	The respondent reported having affective, emotional, nervous, or psychiatric problems

	
	No (Self-reported)
	The respondent reported having no affective, emotional, nervous, or psychiatric problems

	Cognitive condition
	Yes (Assessed)
	Having a Z-score ≥1.5 standard deviations below age group-specific means in at least one of four cognitive domains: immediate word recall, delayed word recall, serial 7’s subtraction test, and orientation
	Having a Z-score ≥1.5 standard deviations below age group-specific means in at least one of four cognitive domains: immediate word recall, delayed word recall, animal fluency test, and orientation
	Having a Z-score ≥1.5 standard deviations below age group-specific means in at least one of four cognitive domains: immediate word recall, delayed word recall, serial 7’s subtraction test, and orientation

	
	No (Assessed)
	Otherwise
	Otherwise
	Otherwise

	
	Yes (Self-reported)
	The respondent reported having memory-related problems, dementia or Alzheimer’s disease
	The respondent reported having dementia or Alzheimer’s disease
	The respondent reported having memory-related problems

	
	No (Self-reported)
	The respondent reported having no memory-related problems, dementia or Alzheimer’s disease
	The respondent reported having no dementia or Alzheimer’s disease
	The respondent reported having no memory-related problems


Note. This table details the specific assessment criteria and standardization process for key variables such as educational attainment, total household wealth, total household income, as well as physical, psychological, and cognitive status in the HRS, ELSA, and CHARLS cohorts. Both total household wealth and total household income were standardized and grouped according to the quartiles within each cohort. HRS, Health and Retirement Study; ELSA, English Longitudinal Study of Ageing; CHARLS, China Health and Retirement Longitudinal Study.
Supplementary Table 2. Proportional hazards (PH) assumption test for the multivariable Cox model of CMD burden.
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	Stratification strategy
	Variable
	χ²
	Df
	P value
	PH assumption

	Multivariable Cox model
	No stratification
	CMD burden
	2.727
	3
	0.4357
	Yes

	
	
	Age
	2.219
	1
	0.1364
	Yes

	
	
	Gender
	5.712
	1
	0.0169
	No

	
	
	Marital
	11.407
	1
	0.0007
	No

	
	
	Drinking status
	5.657
	1
	0.0174
	No

	
	
	Smoking status
	0.521
	1
	0.4702
	Yes

	
	
	SES
	5.068
	3
	0.1669
	Yes

	
	
	BMI
	2.024
	1
	0.1549
	Yes

	
	
	Source
	35.012
	2
	2.5e-08
	No

	
	
	GLOBAL
	69.490
	14
	2.4e-09
	No

	Stratified Cox model
Stratified Cox model
Stratified Cox model
Stratified Cox model
Stratified Cox model
Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
Stratified by Source, Gender, Marital, and Drinking status
Stratified by Source, Gender, Marital, and Drinking status
Stratified by Source, Gender, Marital, and Drinking status
Stratified by Source, Gender, Marital, and Drinking status
Stratified by Source, Gender, Marital, and Drinking status
	Cardiometabolic burden
	1.209
	3
	0.7509
	Yes

	
	
	SES
	6.826
	3
	0.0776
	Yes

	
	
	Age
	8.940
	1
	0.0028
	No

	
	
	Smoking status
	0.045
	1
	0.8324
	Yes

	
	
	BMI
	3.784
	1
	0.0517
	Yes

	
	
	GLOBAL
	22.763
	9
	0.0068
	No

	Final stratified Cox model
	Further stratified by Age group
	Cardiometabolic burden
	2.322
	3
	0.5080
	Yes

	Final stratified Cox model
	Further stratified by Age group
	SES
	5.833
	3
	0.1200
	Yes

	Final stratified Cox model
	Further stratified by Age group
	Smoking status
	0.011
	1
	0.9160
	Yes

	Final stratified Cox model
	Further stratified by Age group
	BMI
	3.933
	1
	0.0470
	No

	Final stratified Cox model
	Further stratified by Age group
	GLOBAL
	12.332
	8
	0.1370
	Yes


Note. PH assumption was assessed using Schoenfeld residuals. P < 0.05 indicates evidence against the proportional hazards assumption. “Yes” indicates no evidence of violation; “No” indicates a violation of the PH assumption. For covariates that violated the assumption, the final model employed a multilevel stepwise stratified Cox model for adjustment. PH, proportional hazards; BMI, body mass index; SES, socioeconomic status
Supplementary Table 3. Proportional hazards assumption test of multivariable Cox models for CMD type.
	Model stage
	Stratification strategy
	Variable
	χ²
	Df
	P value
	PH assumption

	Multivariable Cox model
	No stratification
	CMD type
	4.500
	3
	0.2123
	Yes

	Multivariable Cox model
	No stratification
	SES
	4.893
	3
	0.1798
	Yes

	Multivariable Cox model
	No stratification
	Age
	2.271
	1
	0.1318
	Yes

	Multivariable Cox model
	No stratification
	Gender
	5.558
	1
	0.0184
	No

	Multivariable Cox model
	No stratification
	Marital
	11.282
	1
	0.0008
	No

	Multivariable Cox model
	No stratification
	Drinking status
	5.756
	1
	0.0164
	No

	Multivariable Cox model
	No stratification
	Smoking status
	0.528
	1
	0.4673
	Yes

	Multivariable Cox model
	No stratification
	BMI
	2.049
	1
	0.1523
	Yes

	Multivariable Cox model
	No stratification
	Source
	35.165
	2
	2.3e-08
	No

	Multivariable Cox model
	No stratification
	GLOBAL
	72.292
	14
	7.4e-10
	No

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	CMD type
	3.889
	3
	0.2737
	Yes

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	SES
	6.637
	3
	0.0844
	Yes

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	Age
	9.011
	1
	0.0027
	No

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	Smoking status
	0.039
	1
	0.8430
	Yes

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	BMI
	3.811
	1
	0.0509
	Yes

	Stratified Cox model
	Stratified by Source, Gender, Marital, and Drinking status
	GLOBAL
	25.615
	9
	0.0024
	No

	Age-stratified Cox model
	Further stratified by Age group
	CMD type
	5.972
	3
	0.1130
	Yes

	Age-stratified Cox model
	Further stratified by Age group
	SES
	5.668
	3
	0.1290
	Yes

	Age-stratified Cox model
	Further stratified by Age group
	Smoking status
	0.007
	1
	0.9360
	Yes

	Age-stratified Cox model
	Further stratified by Age group
	BMI
	3.952
	1
	0.0470
	No

	Age-stratified Cox model
	Further stratified by Age group
	GLOBAL
	15.842
	8
	0.0450
	No

	Final stratified Cox model
	Further stratified by BMI group
	CMD type
	7.187
	3
	0.0660
	Yes

	Final stratified Cox model
	Further stratified by BMI group
	SES
	5.448
	3
	0.1420
	Yes

	Final stratified Cox model
	Further stratified by BMI group
	Smoking status
	0.127
	1
	0.7210
	Yes

	Final stratified Cox model
	Further stratified by BMI group
	GLOBAL
	12.972
	7
	0.0730
	Yes


Note. The proportional hazards assumption was tested using Schoenfeld residuals. For covariates that violated the assumption (such as cohort source, gender, marital status, drinking status, age, and BMI), the study adjusted for these in the final model using a multilevel stepwise stratified Cox model (Stratified Cox model). CMD, cardiometabolic disease; PH, proportional hazards; BMI, body mass index; SES, socioeconomic status 
Supplementary Table 4. Distribution of missing values for analytical variables in each included cohort.
	Study
	Variable
	Count

	CHARLS (N=5431）
	Cancer
	4

	CHARLS (N=5431）
	Lung disease
	5

	CHARLS (N=5431）
	Psychological impairment w2
	21

	CHARLS (N=5431）
	Cognitive impairment w2
	222

	CHARLS (N=5431）
	Psychological cognitive comorbidity w2
	222

	CHARLS (N=5431）
	Psychological impairment w3
	10

	CHARLS (N=5431）
	Cognitive impairment w3
	93

	CHARLS (N=5431）
	Psychological cognitive comorbidity w3
	93

	CHARLS (N=5431）
	BMI
	583

	ELSA (N=2786)
	Drinking status
	176

	ELSA (N=2786)
	Smoking status
	1

	ELSA (N=2786)
	BMI
	409

	HRS (N=5876)
	Marital
	604

	HRS (N=5876)
	Smoking status
	34

	HRS (N=5876)
	Cognitive impairment w8
	26

	HRS (N=5876)
	Psychological cognitive comorbidity w8
	26

	HRS (N=5876)
	Cognitive impairment w9
	21

	HRS (N=5876)
	Psychological cognitive comorbidity w9
	21

	HRS (N=5876)
	BMI
	95


Note. This table reports the number of missing samples for each baseline covariate and outcome variable in the three major cohorts: CHARLS, ELSA, and HRS. HRS, Health and Retirement Study; ELSA, English Longitudinal Study on Ageing; CHARLS, China Health and Retirement Longitudinal Study; BMI, body mass index.
[bookmark: OLE_LINK3]Supplementary Table 5. Association of CMD burden and SES with the risk of PCC and assessment of the overall interaction effect (HRS).
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	Category
	HR (95% CI)
	P value

	CMD burden
	0
	Reference
	-

	
	1
	1.34 (1.10–1.64)
	0.004

	
	2
	1.97 (1.53–2.54)
	<0.001

	
	≥3
	3.01 (1.98–4.58)
	<0.001

	SES
	High
	Reference
	-

	
	Upper-middle
	1.16 (0.82–1.65)
	0.393

	
	Lower-middle
	2.08 (1.47–2.94)
	<0.001

	
	Low
	2.48 (1.62–3.79)
	<0.001

	Overall interaction
	CMD burden × SES
	-
	0.652


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HRS, Health and Retirement Study; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status. The overall interaction between CMD burden and SES was tested using likelihood ratio test (χ² value not shown)
[bookmark: OLE_LINK2]Supplementary Table 6. Multivariable Cox regression model including the interaction term between CMD burden and SES on the risk of PCC (HRS).
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	Category
	HR (95% CI)
	P value

	CMD burden
	0
	1.00 (Ref.)
	–

	
	1
	1.89 (0.98–3.66)
	0.057

	
	2
	2.33 (0.78–6.97)
	0.129

	
	≥3
	NE
	-

	SES
	High
	1.00 (Ref.)
	–

	
	Upper-middle
	1.25 (0.74–2.10)
	0.399

	
	Lower-middle
	2.62 (1.57–4.35)
	<0.001

	
	Low
	2.55 (1.27–5.12)
	0.009

	Interaction terms
	CMD burden 1 × Upper-middle SES
	0.80 (0.38–1.67)
	0.553

	
	CMD burden 2 × Upper-middle SES
	1.00 (0.31–3.24)
	0.997

	
	CMD burden ≥3 × Upper-middle SES
	NE
	-

	
	CMD burden 1 × Lower-middle SES
	0.59 (0.29–1.21)
	0.153

	
	CMD burden 2 × Lower-middle SES
	0.72 (0.23–2.25)
	0.571

	
	CMD burden ≥3 × Lower-middle SES
	NE
	-

	
	CMD burden 1 × Low SES
	0.81 (0.32–2.05)
	0.658

	
	CMD burden 2 × Low SES
	0.99 (0.27–3.66)
	0.987

	
	CMD burden ≥3 × Low SES
	NE
	-


Note. Disease burden is defined as the number of CMD (using 0 as the reference group). Interaction terms represent the product of each burden level (using 0 as the reference) and each SES level (with high level as the reference). For disease burden ≥3 and its interaction terms, the model yields extreme HR values accompanied by missing confidence intervals and P values close to 0.99, which may be due to a very small sample size or zero events in the subgroup, resulting in model non-convergence or unstable estimates (denoted as NE). All estimates are derived from multivariable-adjusted Cox proportional hazards models, including main effects and interaction terms. HR, hazard ratio; CI, confidence interval; CMD, cardiometabolic disease; SES, socioeconomic status; NE, not estimated/extreme values.
Supplementary Table 7. Association analysis of CMD type and SES with the risk of developing PCC and assessment of the overall interaction effect (HRS).
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	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	-

	
	Single CM RF
	1.38 (1.13–1.70)
	0.002

	
	Dual CM RFs
	1.78 (1.29–2.46)
	<0.001

	
	CVD
	1.94 (1.52–2.49)
	<0.001

	SES
	High
	Reference
	-

	
	Upper-middle
	1.14 (0.80–1.61)
	0.473

	
	Lower-middle
	2.04 (1.44–2.89)
	<0.001

	
	Low
	2.49 (1.63–3.82)
	<0.001

	Overall interaction
	CMD type × SES
	-
	0.514


Note. HRS, Health and Retirement Study; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease. The overall interaction between cardiometabolic disease burden and SES was tested using likelihood ratio test (χ² value not shown).
Supplementary Table 8. Multivariable Cox regression model including the interaction term between CMD type and SES on the risk of PCC (HRS).
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	–

	
	Single CM RF
	1.96 (0.99–3.87)
	0.052

	
	Dual CM RFs
	3.64 (1.05–12.58)
	0.041

	
	CVD
	1.24 (0.36–4.28)
	0.730

	SES
	High
	Reference
	–

	
	Upper-middle
	1.23 (0.73–2.07)
	0.433

	
	Lower-middle
	2.53 (1.52–4.21)
	<0.001

	
	Low
	2.33 (1.15–4.72)
	0.019

	Interaction terms
	Single CM RF × Upper-middle SES
	0.81 (0.38–1.73)
	0.586

	
	Dual CM RFs × Upper-middle SES
	0.61 (0.15–2.40)
	0.479

	
	CVD × Upper-middle SES
	1.38 (0.37–5.17)
	0.632

	
	Single CM RF × Lower-middle SES
	0.58 (0.28–1.22)
	0.152

	
	Dual CM RFs × Lower-middle SES
	0.39 (0.11–1.46)
	0.164

	
	CVD × Lower-middle SES
	1.53 (0.43–5.47)
	0.516

	
	Single CM RF × Low SES
	0.86 (0.33–2.24)
	0.764

	
	Dual CM RFs × Low SES
	0.61 (0.14–2.70)
	0.511

	
	CVD × Low SES
	2.36 (0.56–10.01)
	0.244


Note. The interaction terms represent the product of each CMD category (using "No CMD" as the reference) and each SES level (with "High" as the reference), reflecting additional multiplicative interactions beyond the main effects. All estimates were derived from multivariable-adjusted Cox proportional hazards models, including all main effects and interaction terms listed in the table. HRS, Health and Retirement Study; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease; NE, not estimated/extreme values.
Supplementary Table 9. Association analysis of CMD burden and SES with the risk of developing PCC and assessment of overall interaction effect (CHARLS).
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	Category
	HR (95% CI)
	P value

	CMD burden
	0
	Reference
	-

	
	1
	1.14 (1.02–1.28)
	0.023

	
	2
	1.29 (1.07–1.56)
	0.008

	
	≥3
	0.99 (0.64–1.55)
	0.974

	SES
	High
	Reference
	-

	
	Upper‑middle
	2.34 (1.29–4.27)
	0.005

	
	Lower‑middle
	4.12 (2.27–7.48)
	<0.001

	
	Low
	5.41 (2.96–9.89)
	<0.001

	Overall interaction
	CMD burden × SES
	
	0.535


Note. CHARLS, China Health and Retirement Longitudinal Study; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; The overall interaction between the cardiometabolic disease burden and SES was tested using the likelihood ratio test (χ² value not shown).
Supplementary Table 10. Multivariable Cox regression model including the interaction term between CMD burden and SES on the risk of PCC (CHARLS).
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	1.00 (Ref.)
	–

	
	1
	0.69 (0.14–3.43)
	0.653

	
	2
	1.57 (0.31–7.81)
	0.585

	
	≥3
	1.43 (0.17–11.92)
	0.743

	SES
	High
	1.00 (Ref.)
	–

	
	Upper-middle
	2.17 (0.97–4.89)
	0.060

	
	Lower-middle
	3.84 (1.72–8.60)
	0.001

	
	Low
	5.41 (2.40–12.18)
	<0.001

	Interaction terms
	CMD burden 1 × Upper-middle SES
	1.79 (0.36–9.03)
	0.479

	
	CMD burden 2 × Upper-middle SES
	0.72 (0.14–3.76)
	0.699

	
	CMD burden ≥3 × Upper-middle SES
	1.12 (0.12–10.53)
	0.918

	
	CMD burden 1 × Lower-middle SES
	1.72 (0.34–8.60)
	0.509

	
	CMD burden 2 × Lower-middle SES
	0.90 (0.18–4.58)
	0.899

	
	CMD burden ≥3 × Lower-middle SES
	0.48 (0.05–4.52)
	0.518

	
	CMD burden 1 × Low SES
	1.35 (0.27–6.81)
	0.719

	
	CMD burden 2 × Low SES
	0.77 (0.14–4.05)
	0.754

	
	CMD burden ≥3 × Low SES
	0.67 (0.06–6.96)
	0.735


Note. Interaction terms represent the product of each burden category and SES level, reflecting additional multiplicative interactions beyond the main effects. Many estimates have wide confidence intervals, indicating limited statistical power, which may be due to smaller subgroup sample sizes. The full model includes all main effects and interaction terms. CHARLS, China Health and Retirement Longitudinal Study; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status.
Supplementary Table 11. Association analysis of CMD type and SES with the risk of developing PCC and assessment of overall interaction effect (CHARLS).
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	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	-

	
	Single CM RF
	1.13 (0.99–1.28)
	0.069

	
	Dual CM RFs
	1.47 (1.03–2.10)
	0.033

	
	CVD
	1.32 (1.14–1.53)
	<0.001

	SES
	High
	Reference
	-

	
	Upper‑middle
	2.43 (1.33–4.43)
	0.004

	
	Lower‑middle
	4.23 (2.33–7.68)
	<0.001

	
	Low
	5.46 (2.99–9.99)
	<0.001

	Overall interaction
	CMD type × SES
	
	0.743


Note. CHARLS, China Health and Retirement Longitudinal Study; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors. The overall interaction between the cardiometabolic disease burden and SES was tested using the likelihood ratio test (χ² value not shown).
Supplementary Table 12. Multivariable Cox regression model including the interaction term between CMD type and SES on the risk of PCC (CHARLS).
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	–

	
	Single CM RF
	0.82 (0.16–4.06)
	0.806

	
	Dual CM RFs
	NE
	-

	
	CVD
	1.18 (0.29–4.78)
	0.813

	Socioeconomic status
	High
	Reference
	–

	
	Upper-middle
	2.13 (0.95–4.78)
	0.068

	
	Lower-middle
	3.74 (1.67–8.38)
	0.001

	
	Low
	5.20 (2.31–11.73)
	<0.001

	Interaction terms
	Single CM RF × Upper-middle
	1.52 (0.30–7.66)
	0.615

	
	Dual CM RFs × Upper-middle
	NE
	-

	
	CVD × Upper-middle
	1.20 (0.29–4.96)
	0.806

	
	Single CM RF × Lower-middle
	1.45 (0.29–7.27)
	0.652

	
	Dual CM RFs × Lower-middle
	NE
	-

	
	CVD × Lower-middle
	1.14 (0.28–4.68)
	0.854

	
	Single CM RF × Low
	1.07 (0.21–5.45)
	0.936

	
	Dual CM RFs × Low
	NE
	-

	
	CVD × Low
	0.97 (0.23–4.07)
	0.971


Note. For the main effects and interaction terms of the dual risk factors, the model shows extreme HR values with missing confidence intervals, which may be due to model non-convergence or unstable estimates (NE) resulting from extremely small subgroup sample sizes or zero events. The interaction term reflects an additional multiplicative interaction. CHARLS, China Health and Retirement Longitudinal Study; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; NE, not estimated/extreme values.
Supplementary Table 13. Association analysis of CMD burden and SES with the risk of developing PCC and assessment of overall interaction effect (ELSA).
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	Reference
	-

	
	1
	1.15 (0.91–1.45)
	0.236

	
	2
	1.40 (0.97–2.03)
	0.075

	
	≥3
	1.75 (0.64–4.82)
	0.276

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.44 (0.92–2.25)
	0.110

	
	Lower‑middle
	2.34 (1.50–3.67)
	<0.001

	
	Low
	3.01 (1.79–5.05)
	<0.001

	Overall interaction
	Cardiometabolic burden × SES
	
	0.021


[bookmark: _Toc230518967]Note. ELSA, English Longitudinal Study on Ageing; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status.
Supplementary Table 14. Multivariable Cox regression model including the interaction term between CMD burden and SES on the risk of PCC (ELSA).
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	1.00 (Ref.)
	–

	
	1
	0.31 (0.09–1.05)
	0.059

	
	2
	1.30 (0.30–5.74)
	0.727

	
	≥3
	56.80 (6.92–466.28)
	<0.001

	SES
	High
	1.00 (Ref.)
	–

	
	Upper-middle
	1.18 (0.70–2.00)
	0.530

	
	Lower-middle
	1.59 (0.93–2.72)
	0.093

	
	Low
	1.94 (1.00–3.76)
	0.050

	Interaction terms
	CMD burden 1 × Upper-middle SES
	2.75 (0.76–10.04)
	0.125

	
	CMD burden 2 × Upper-middle SES
	1.23 (0.24–6.28)
	0.808

	
	CMD burden ≥3 × Upper-middle SES
	NE
	-

	
	CMD burden 1 × Lower-middle SES
	4.96 (1.39–17.74)
	0.014

	
	CMD burden 2 × Lower-middle SES
	1.01 (0.21–4.86)
	0.989

	
	CMD burden ≥3 × Lower-middle SES
	0.03 (0.00–0.33)
	0.005

	
	CMD burden 1 × Low SES
	4.98 (1.25–19.79)
	0.023

	
	CMD burden 2 × Low SES
	1.39 (0.25–7.74)
	0.705

	
	CMD burden ≥3 × Low SES
	0.04 (0.00–0.83)
	0.037


Note. ELSA, English Longitudinal Study on Ageing; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; NE, not estimated/extreme values.
Supplementary Table 15. Association analysis of CMD type and SES with the risk of developing PCC and assessment of the overall interaction effect (ELSA).
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	-

	
	Single CM RF
	1.14 (0.89–1.46)
	0.300

	
	Dual CM RFs
	1.60 (0.90–2.86)
	0.110

	
	CVD
	1.32 (0.96–1.82)
	0.084

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.47 (0.93–2.30)
	0.096

	
	Lower‑middle
	2.42 (1.55–3.80)
	<0.001

	
	Low
	3.25 (1.93–5.47)
	<0.001

	Overall interaction
	CMD type × SES
	
	0.145


Note. ELSA, English Longitudinal Study on Ageing; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease.
Supplementary Table 16. Multivariable Cox regression model including the interaction term between CMD type and SES on the risk of PCC (ELSA).
	[bookmark: OLE_LINK1]Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	–

	
	Single CM RF
	0.41 (0.12–1.39)
	0.151

	
	Dual CM RFs
	2.44 (0.32–18.55)
	0.389

	
	CVD 
	0.61 (0.13–2.79)
	0.525

	SES
	High
	Reference
	–

	
	Upper-middle
	1.21 (0.71–2.04)
	0.484

	
	Lower-middle
	1.64 (0.95–2.82)
	0.073

	
	Low
	2.13 (1.10–4.14)
	0.025

	Interaction terms
	Single CM RF × Upper-middle SES
	2.08 (0.56–7.69)
	0.272

	
	Dual CM RFs × Upper-middle SES
	0.76 (0.07–7.90)
	0.821

	
	CVD × Upper-middle SES
	1.80 (0.35–9.30)
	0.481

	
	Single CM RF × Lower-middle SES
	3.65 (1.01–13.15)
	0.048

	
	Dual CM RFs × Lower-middle SES
	0.78 (0.09–6.69)
	0.821

	
	CVD × Lower-middle SES
	2.37 (0.48–11.60)
	0.287

	
	Single CM RF × Low SES
	3.69 (0.91–14.88)
	0.067

	
	Dual CM RFs × Low SES
	NE
	-

	
	CVD × Low SES
	3.35 (0.62–18.18)
	0.161


Note. ELSA, English Longitudinal Study on Ageing; CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease; NE, not estimated/extreme values.
Supplementary Table 17. Association analysis of CMD burden and SES with the risk of developing PCC and assessment of the overall interaction effect after excluding participants who experienced events within two years of follow-up.
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	Reference
	-

	
	1
	1.10 (0.99–1.23)
	0.081

	
	2
	1.42 (1.21–1.66)
	<0.001

	
	≥3
	1.38 (0.96–1.97)
	0.080

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.28 (0.99–1.66)
	0.063

	
	Lower‑middle
	2.28 (1.77–2.96)
	<0.001

	
	Low
	2.94 (2.22–3.89)
	<0.001

	Overall interaction
	CMD burden × SES
	
	0.835


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status.
[bookmark: OLE_LINK66]Supplementary Table 18. Multivariable Cox regression model including the interaction term between CMD burden and SES after excluding participants who experienced events within 2 years of follow-up.
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	1.00 (Ref.)
	–

	
	1
	0.96 (0.56–1.66)
	0.894

	
	2
	1.72 (0.80–3.72)
	0.167

	
	≥3
	NE
	-

	SES
	High
	1.00 (Ref.)
	–

	
	Upper-middle
	1.18 (0.84–1.67)
	0.331

	
	Lower-middle
	2.21 (1.58–3.10)
	<0.001

	
	Low
	2.85 (1.98–4.09)
	<0.001

	Interaction terms
	CMD burden 1 × Upper-middle SES
	1.24 (0.70–2.20)
	0.468

	
	CMD burden 2 × Upper-middle SES
	0.88 (0.38–2.00)
	0.753

	
	CMD burden ≥3 × Upper-middle SES
	NE
	-

	
	CMD burden 1 × Lower-middle SES
	1.12 (0.63–1.96)
	0.702

	
	CMD burden 2 × Lower-middle SES
	0.79 (0.35–1.75)
	0.557

	
	CMD burden ≥3 × Lower-middle SES
	NE
	-

	
	CMD burden 1 × Low SES
	1.10 (0.60–2.01)
	0.758

	
	CMD burden 2 × Low SES
	0.81 (0.34–1.93)
	0.633

	
	CMD burden ≥3 × Low SES
	NE
	-


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; NE, not estimated/extreme values.
Supplementary Table 19. Association analysis of CMD type and SES with the risk of developing PCC and assessment of the overall interaction effect after excluding participants who experienced events within two years of follow-up.
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	-

	
	Single CM RF
	1.15 (1.02–1.30)
	0.020

	
	Dual CM RFs
	1.63 (1.28–2.07)
	<0.001

	
	CVD
	1.24 (1.07–1.44)
	0.005

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.28 (0.99–1.67)
	0.063

	
	Lower‑middle
	2.27 (1.75–2.94)
	<0.001

	
	Low
	2.87 (2.17–3.81)
	<0.001

	Overall interaction
	CMD type × SES
	
	0.826


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease.
Supplementary Table 20. Multivariable Cox regression model including the interaction term between CMD type and SES, after excluding participants who experienced events within 2 years of follow-up.
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	–

	
	Single CM RF
	1.04 (0.59–1.84)
	0.881

	
	Dual CM RFs
	2.96 (1.04–8.42)
	0.041

	
	CVD
	0.69 (0.29–1.66)
	0.409

	SES
	High
	Reference
	–

	
	Upper-middle
	1.16 (0.82–1.64)
	0.397

	
	Lower-middle
	2.14 (1.52–3.00)
	<0.001

	
	Low
	2.72 (1.89–3.92)
	<0.001

	Interaction terms
	Single CM RF × Upper-middle SES
	1.22 (0.67–2.23)
	0.515

	
	Dual CM RFs × Upper-middle SES
	0.58 (0.19–1.83)
	0.354

	
	CVD × Upper-middle SES
	1.88 (0.75–4.71)
	0.181

	
	Single CM RF × Lower-middle SES
	1.07 (0.60–1.93)
	0.813

	
	Dual CM RFs × Lower-middle SES
	0.51 (0.17–1.52)
	0.229

	
	CVD × Lower-middle SES
	1.78 (0.72–4.40)
	0.209

	
	Single CM RF × Low SES
	1.01 (0.54–1.91)
	0.966

	
	Dual CM RFs × Low SES
	0.54 (0.16–1.84)
	0.327

	
	CVD × Low SES
	1.87 (0.73–4.80)
	0.193


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease.
Supplementary Table 21. Association between CMD burden and SES with the risk of developing PCC and assessment of the overall interaction effect, with SES constructed based on total household income and educational level.
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	Reference
	-

	
	1
	1.19 (1.08–1.31)
	<0.001

	
	2
	1.46 (1.27–1.68)
	<0.001

	
	≥3
	2.02 (1.53–2.65)
	<0.001

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.76 (1.40–2.23)
	<0.001

	
	Lower‑middle
	2.66 (2.11–3.36)
	<0.001

	
	Low
	3.57 (2.79–4.57)
	<0.001

	Overall interaction
	CMD burden × SES
	
	0.355


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status.
Supplementary Table 22. Multivariable Cox regression model including the interaction term between CMD burden and SES, with SES constructed based on total household income and educational level.
	Variable
	Category
	HR (95% CI)
	P value

	CMD burden
	0
	1.00 (Ref.)
	–

	
	1
	1.36 (0.84–2.20)
	0.211

	
	2
	2.18 (1.14–4.16)
	0.018

	
	≥3
	1.12 (0.15–8.18)
	0.913

	SES
	High
	1.00 (Ref.)
	–

	
	Upper-middle
	1.91 (1.38–2.65)
	<0.001

	
	Lower-middle
	2.82 (2.04–3.91)
	<0.001

	
	Low
	4.21 (3.00–5.91)
	<0.001

	Interaction terms
	CMD burden 1 × Upper-middle SES
	0.88 (0.53–1.47)
	0.628

	
	CMD burden 2 × Upper-middle SES
	0.67 (0.34–1.34)
	0.256

	
	CMD burden ≥3 × Upper-middle SES
	1.86 (0.24–14.48)
	0.551

	
	CMD burden 1 × Lower-middle SES
	0.91 (0.55–1.50)
	0.698

	
	CMD burden 2 × Lower-middle SES
	0.73 (0.37–1.43)
	0.356

	
	CMD burden ≥3 × Lower-middle SES
	2.22 (0.29–16.83)
	0.440

	
	CMD burden 1 × Low SES
	0.76 (0.45–1.29)
	0.312

	
	CMD burden 2 × Low SES
	0.49 (0.24–1.02)
	0.057

	
	CMD burden ≥3 × Low SES
	1.05 (0.13–8.72)
	0.961


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status.
Supplementary Table 23. Association analysis of CMD type and SES with the risk of developing PCC and assessment of the overall interaction effect, with SES constructed based on total household income and educational level.
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	-

	
	Single CM RF
	1.19 (1.08–1.32)
	<0.001

	
	Dual CM RFs
	1.57 (1.26–1.96)
	<0.001

	
	CVD 
	1.40 (1.24–1.57)
	<0.001

	SES
	High
	Reference
	-

	
	Upper‑middle
	1.73 (1.37–2.18)
	<0.001

	
	Lower‑middle
	2.59 (2.05–3.28)
	<0.001

	
	Low
	3.49 (2.72–4.48)
	<0.001

	Overall interaction
	CMD type × SES
	
	0.179


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease.
Supplementary Table 24. Multivariable Cox regression model including the interaction term between CMD type and SES, with SES constructed based on total household income and educational level.
	Variable
	Category
	HR (95% CI)
	P value

	CMD type
	No CMD
	Reference
	–

	
	Single CM RF
	1.47 (0.89–2.42)
	0.135

	
	Dual CM RFs
	3.41 (1.43–8.13)
	0.006

	
	CVD
	1.15 (0.57–2.30)
	0.704

	SES
	High
	Reference
	–

	
	Upper-middle
	1.85 (1.34–2.57)
	<0.001

	
	Lower-middle
	2.71 (1.95–3.76)
	<0.001

	
	Low
	4.03 (2.87–5.67)
	<0.001

	Interaction terms
	Single CM RF × Upper-middle SES
	0.86 (0.51–1.47)
	0.588

	
	Dual CM RFs × Upper-middle SES
	0.42 (0.16–1.08)
	0.071

	
	CVD × Upper-middle SES
	1.13 (0.54–2.35)
	0.743

	
	Single CM RF × Lower-middle SES
	0.82 (0.48–1.38)
	0.447

	
	Dual CM RFs × Lower-middle SES
	0.47 (0.19–1.18)
	0.108

	
	CVD × Lower-middle SES
	1.42 (0.70–2.92)
	0.334

	
	Single CM RF × Low SES
	0.70 (0.40–1.21)
	0.198

	
	Dual CM RFs × Low SES
	0.43 (0.15–1.21)
	0.109

	
	CVD × Low SES
	0.95 (0.45–2.02)
	0.899


Note. CMD, cardiometabolic disease; PCC, psychological-cognitive comorbidity; HR, hazard ratio; CI, confidence interval; SES, socioeconomic status; CM RF, cardiometabolic risk factor; CM RFs, cardiometabolic risk factors; CVD, cardiovascular disease.
