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Table S1. Association of categorical physical activity and BMI with epigenetic age acceleration in the CoDuBu study.
	Predictor
	Model
	IEAA
	EEAA
	PhenoAA
	GrimAA

	
	
	β (95% CI)
	β (95% CI)
	β (95% CI)
	β (95% CI)

	Least active third 
	1
	Ref.
	Ref.
	Ref.
	Ref.

	Middle active third 
	
	−0.12 (−1.54, 1.30)
	0.08 (−1.83, 2.00)
	−0.50 (−2.37, 1.36)
	−0.83 (−1.71, 0.06)*

	Most active third
	
	−1.22 (−2.69, 0.24)
	−0.06 (-2.04, 1.91)
	−0.11 (-2.03, 1.81)
	0.28 (−0.63, 1.20)

	Normal weight a 
	2
	Ref.
	Ref.
	Ref.
	Ref.

	Underweight 
	
	−1.30 (−3.50, 0.90)
	−1.17 (−4.14, 1.81)
	−2.00 (−4.88, 0.88)
	1.75 (0.38, 3.11)**

	Overweight 
	
	0.25 (−1.30, 1.80)
	0.14 (−1.96, 2.23)
	−0.76 (−2.79, 1.27)
	−0.15 (−1.11, 0.81)

	Obese 
	
	−0.36 (−2.56, 1.84)
	0.16 (−2.81, 3.14)
	2.19 (−0.69, 5.07)
	1.26 (−0.10, 2.62)*


Β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA, extrinsic epigenetic age acceleration; IEAA, intrinsic epigenetic age acceleration; PhenoAA, PhenoAge acceleration; GrimAA, GrimAge acceleration. Beta-coefficients represent change in mean age acceleration in each risk group compared to a reference group, and were derived from multivariable linear regression models. Body mass index (kg⋅m−2) classification for bodyweight: <18.5 (underweight), 18.5 – 24.9 (Normal weight), 25 – 29.9 (overweight), ≥30 (obesity). *p-value<0.1. **p<0.05. Model 1:  adjusted for chronological age, sex, education, household wealth, urbanization, smoking status, and alcohol consumption. Model 2:  model 1 + physical activity 
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Table S2. Sociodemographic and lifestyle determinants of epigenetic age acceleration (+leukocyte proportions) in the CoDuBu study.
	Predictor
	Model
	PhenoAA
	GrimAA

	
	
	β (95% CI)
	β (95% CI)

	Female
	1
	Ref.
	Ref.

	Male
	
	0.02 (−1.41, 1.45)
	2.97 (2.26, 3.69)*** †

	Primary education or less
	2
	Ref.
	Ref.

	Higher education
	
	0.54 (−1.19, 2.65)
	−0.09 (−0.96, 0.78)

	Lower wealth tertiles
	2
	Ref.
	Ref.

	Highest wealth tertile
	
	−1.86 (−3.71, −0.00)**†
	−0.73 (−1.66, 0.21)

	Rural area
	2
	Ref.
	Ref.

	Urban area
	
	−0.73 (−2.48, 1.01)
	0.22 (−0.65, 1.10)

	Never-smokers
	3
	Ref.
	Ref.

	Ever-smokers
	
	1.54 (−0.62, 3.69)
	3.03 (1.99, 4.07)***†

	Low-risk drinking (AUDIT-C)
	3
	Ref.
	Ref.

	High-risk drinking 
	
	1.57 (0.12, 3.02)**†
	0.87 (0.17, 1.57)**†

	Physical activity (min⋅wk−1)
	3
	−0.08 (−0.67, 0.82)
	−0.05 (−0.41, 0.31)

	More active thirds
	
	Ref.
	Ref.

	Least active third
	
	−0.25 (−1.83, 1.33)
	0.27 (−0.49, 1.09)

	Body mass index ([BMI] kg⋅m−2)
	4
	0.36 (−0.38, 1.09)
	−0.11 (−0.46, 1.07)

	Normal weight 
	
	Ref.
	Ref.

	Overweight or obese 
	
	−0.03 (−1.71, 1.65)
	0.03 (−0.78, 0.85)


AUDIT-C, alcohol-use disorder identification test-consumption; β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA, extrinsic epigenetic age acceleration; IEAA: intrinsic epigenetic age acceleration. PhenoAA, PhenoAge acceleration; GrimAA, GrimAge acceleration. High-risk drinking defined as AUDIT-C score >3 (women) or >4 (men). Rural area represents Amani-Mènou and Tokohiri whereas urban area represents Taabo-Cité. Beta-coefficients represent change in mean age acceleration in each risk group compared to a reference group, or per standard deviation increase in risk factor (physical activity and BMI). *p-value<0.1. **p<0.05. ***p<0.001. † Precision of estimates stable in fully adjusted Model 4. Model 1: adjusted for chronological age. Model 2: model 1 + education, household wealth index and urbanization. Model 3: model 2 + smoking status, alcohol consumption and physical activity. Linear and categorical estimates for physical activity were derived from separate models. Model 4: model 3 + BMI. Linear and categorical estimates for BMI were derived from separate models.









Table S3. Spearman correlations of cardio-metabolic risk factors and age-adjusted DNA methylation surrogates of GrimAge plasma proteins in the CoDuBu study.
	
	Adrenomedullin
	Beta-2 microglobulin
	Cystatin-C
	Growth differentiation factor-15
	Leptin
	Smoking pack-years
	Plasminogen activator inhibitor-1
	Tissue inhibitor metalloproteinases-1
	Age
	Male
	Higher education
	Richest third
	Urban area
	Ever-smoker
	Risky drinking
	Physical activity
	Body mass index
	Metabolic syndrome
	Metabolic syndrome severity

	Adrenomedullin
	1
	1.8E−09
	2.9E−14
	0.033
	0.531
	0.021
	2.3E−04
	1.7E−14
	0.685
	3.1E−04
	0.334
	0.228
	0.505
	0.691
	0.591
	0.387
	0.409
	0.159
	0.127

	Beta-2 microglobulin
	0.30
	1
	3.9E−09
	1.2E−33
	0.015
	0.841
	0.149
	6.2E−12
	0.883
	1.2E−04
	0.059
	0.188
	0.592
	0.125
	0.436
	0.074
	0.256
	0.824
	0.525

	Cystatin-C
	0.37
	0.29
	1
	6.2E−05
	0.119
	0.064
	0.052
	5.8E−53
	0.872
	0.568
	0.955
	0.682
	0.792
	0.194
	0.641
	0.828
	0.064
	0.637
	0.403

	Growth differentiation factor-15
	0.11
	0.56
	0.20
	1
	0.328
	0.001
	0.063
	7.7E−05
	0.912
	0.529
	0.342
	0.187
	0.177
	0.937
	0.069
	0.073
	0.199
	0.398
	0.544

	Leptin
	0.03
	0.12
	−0.08
	0.05
	1
	0.195
	6.1E−09
	0.029
	0.563
	1.4E−04
	0.976
	0.410
	0.546
	0.029
	0.204
	0.198
	0.021
	0.027
	0.010

	Smoking pack-years
	0.12
	−0.01
	0.09
	0.16
	−0.07
	1
	0.360
	0.337
	0.644
	2.9E−07
	0.909
	0.081
	0.019
	8.5E−15
	0.004
	0.767
	0.060
	0.118
	0.177

	 Plasminogen activator inhibitor-1
	0.18
	0.07
	0.10
	0.09
	0.29
	0.05
	1
	0.004
	0.922
	1.3E−04
	0.419
	0.821
	0.498
	0.068
	3.6E−05
	0.939
	0.003
	0.014
	0.003

	Tissue inhibitor metalloproteinases-1
	0.37
	0.34
	0.67
	0.20
	0.11
	0.05
	0.15
	1
	0.849
	0.31
	0.521
	0.902
	0.052
	0.435
	0.293
	0.440
	0.163
	0.648
	0.861

	Chronological age
	−0.02
	−0.08
	−0.01
	0.01
	−0.03
	−0.03
	−0.01
	−0.01
	1
	0.92
	7.1E−08
	0.674
	0.418
	0.648
	0.841
	0.002
	0.758
	7.7E−06
	3.8E−09

	Male
	−0.18
	−0.22
	0.03
	−0.03
	−0.19
	0.26
	0.19
	−0.05
	−0.01
	1
	9.9E−05
	0.831
	0.936
	4.4E−16
	1.1E−05
	0.588
	0.023
	4.4E−08
	5.4E−09

	Higher education
	−0.05
	−0.10
	0.00
	−0.05
	0.00
	−0.01
	0.04
	0.03
	−0.27
	0.20
	1
	1.4E−13
	2.2E−07
	0.315
	1.2E−04
	8.6E−04
	0.026
	0.003
	0.051

	Richest third
	−0.06
	−0.07
	−0.02
	−0.07
	−0.04
	−0.09
	−0.01
	0.01
	−0.02
	−0.01
	0.36
	1
	5.4E−37
	0.017
	0.093
	2.5E−06
	2.6E−10
	0.441
	0.617

	Urban area
	−0.03
	0.03
	0.01
	−0.07
	−0.03
	−0.12
	0.03
	0.10
	−0.04
	−0.00
	0.26
	0.58
	1
	1.9E−04
	0.642
	0.918
	0.013
	0.119
	0.021

	Ever-smoker
	0.02
	−0.08
	0.07
	−0.00
	−0.11
	0.38
	0.09
	0.04
	0.02
	0.39
	−0.05
	−0.12
	−0.19
	1
	0.063
	0.239
	0.064
	0.034
	0.011

	High-risk drinking (AUDIT-C)
	0.03
	0.04
	0.02
	0.09
	−0.06
	0.14
	0.21
	−0.05
	0.01
	0.22
	0.19
	0.08
	0.02
	0.09
	1
	0.431
	0.028
	0.206
	0.365

	Physical activity (min./wk.)
	0.04
	0.09
	0.01
	0.09
	0.07
	0.02
	−0.00
	0.04
	−0.15
	−0.03
	−0.17
	−0.24
	−0.01
	0.06
	0.04
	1
	6.5E−04
	0.210
	0.006

	Body mass index (kg/m2)
	−0.04
	−0.06
	−0.09
	−0.07
	0.12
	−0.09
	0.15
	−0.07
	0.02
	−0.11
	0.11
	0.31
	0.13
	−0.09
	0.11
	−0.17
	1
	1.4E−14
	4.3E−15

	Metabolic syndrome
	0.07
	0.01
	0.02
	−0.04
	0.11
	−0.08
	0.12
	0.02
	0.22
	−0.27
	−0.15
	0.04
	−0.08
	−0.11
	−0.06
	−0.06
	0.38
	1
	2.0E−71

	Metabolic syndrome severity
	0.08
	0.03
	0.04
	−0.03
	0.13
	−0.07
	0.15
	0.01
	0.29
	−0.29
	−0.10
	0.03
	−0.12
	−0.13
	−0.05
	−0.14
	0.38
	0.75
	1


AUDIT-C, Alcohol-use disorder identification test-consumption; CoDuBu, Côte d’Ivoire dual burden of disease study.  Left and lower diagonal of the table shows the Spearman correlation coefficients whereas right and upper diagonal shows the corresponding p-value of correlation. High-risk drinking defined as AUDIT-C score >3 (women) or >4 (men). Rural area represents Amani-Mènou and Tokohiri whereas urban area represents Taabo-Cité. Metabolic syndrome is a binary variable where the presence of any three of high blood pressure, impaired fasting glucose, low high-density lipoprotein cholesterol, high triglycerides and central obesity was considered positive, and otherwise, negative. Metabolic syndrome severity is an ordinal variable with a range of 0-5 capturing the number of metabolic syndrome components in each individual
Table S4. Spearman partial correlations of cardiometabolic risk factors and age-adjusted GrimAge components in the CoDuBu study.
	
	
	DNAm surrogate markers of GrimAge plasma proteins

	
	
	Adrenomedullin
	B2M
	Cystatin-C
	 GDF-15
	Leptin
	Pack-years
	 PAI-1
	TIMP-1

	Risk factor
	Model
	r
	r
	r
	r
	r
	r
	r
	r

	Chronological age
	1
	−0.02
	−0.01
	−0.01
	0.01
	−0.03
	−0.02
	−0.00
	0.01

	Male 
	1
	−0.18***
	−0.22***
	−0.03
	−0.03
	−0.19***
	0.26***
	0.19***
	−0.05

	Higher education 
	2
	0.004
	−0.04
	0.001
	−0.02
	0.06
	−0.03
	0.004
	0.04

	Highest wealth tertile 
	2
	−0.05
	−0.09*
	−0.03
	−0.03
	−0.05
	−0.01
	−0.04
	−0.07

	Urban area 
	2
	0.001
	0.09*
	0.03
	−0.04
	-0.01
	−0.08*
	0.05
	0.11**

	Ever-smoker 
	3
	0.09*
	0.01
	0.06
	−0.01
	−0.04
	0.29***
	0.02
	0.09*

	High-risk drinking 
	3
	0.07
	0.10**
	0.02
	0.10**
	−0.03
	0.10**
	0.18***
	−0.05

	Physical activity 
	3
	0.01
	0.04
	−0.01
	0.07
	0.06
	−0.02
	−0.03
	0.03

	Body mass index 
	4
	−0.05
	−0.07
	−0.09*
	−0.06
	0.13**
	−0.06
	0.17***
	−0.07


B2M, Beta-2 microglobulin; CoDuBu, Côte d’Ivoire dual burden of disease study; GDF-15, Growth differentiation factor-15; p, p-value of correlation; PAI-1, Plasminogen activator inhibitor-1;  r, Spearman partial correlation coefficient; TIMP-1, Tissue inhibitor metalloproteinases-1. High-risk drinking defined as AUDIT-C score >3 (women) or >4 (men). Rural area represents Amani-Mènou and Tokohiri whereas urban area represents Taabo-Cité. *p-value<0.1. **p<0.05. ***p<0.001.
Model 1: adjusted for chronological age. Model 2: model 1 + education, household wealth index and urbanization. 
Model 3: model 2 + smoking status, alcohol consumption and physical activity. Linear and categorical estimates for physical activity were derived from separate models. Model 4: model 3 + BMI. Linear and categorical estimates for BMI were derived from separate models




















Table S5. Sociodemographic, lifestyle factors and epigenetic age acceleration in the CoDuBu study: effect modification by age.
	Risk factor
	Model
	Modifier
	IEAA
	EEAA
	PhenoAA
	GrimAA

	
	
	
	β (95% CI)
	β (95% CI)
	β (95% CI)
	β (95% CI)

	Male sex 
	1
	Age ≤41
	1.19 (−0.32, 2.69)
	2.48 (0.42, 4.54)**
	0.24 (−1.76, 2.24)
	2.69 (1.68, 3.69)**

	
	
	Age >41
	2.06 (0.48, 3.65)**
	3.49 (1.32, 5.66)**
	0.84 (−1.27, 2.95)
	2.75 (1.69, 3.80)**

	
	
	Interaction
	0.430
	0.509
	0.685
	0.934

	Higher education 
	2
	Age ≤41
	0.15 (−1.51, 1.80)
	−0.01 (−2.23, 2.25)
	0.02 (−2.17, 2.21)
	0.22 (−0.89, 1.33)

	
	
	Age >41
	2.18 (−0.20, 4.57)*
	−0.17 (−3.41, 3.06)
	1.60 (−1.57, 4.77)
	−0.82 (−2.42, 0.79)

	
	
	Interaction
	0.164
	0.926
	0.414
	0.293

	Highest wealth tertile 
	2
	Age ≤41
	−1.77 (−3.75, 0.21)
	−2.85 (−5.78, −0.16)**
	−2.23 (−4.86, 0.40)*
	−0.76 (−2.09, 0.57)

	
	
	Age >41
	0.77 (−1.44, 2.98)
	−1.10 (−4.09, 1.89)
	−1.87 (−4.80, 1.06)
	−0.16 (−1.65, 1.33)

	
	
	Interaction
	0.092
	0.394
	0.859
	0.554

	Urban area 
	2
	Age ≤41
	1.51 (−0.31, 3.33)
	−1.96 (−4.42, 0.41)
	−0.63 (−3.04, 1.79)
	0.24 (−0.99, 1.46)

	
	
	Age >41
	−0.15 (−2.13, 1.84)
	−0.74 (−3.44, 1.95)
	−1.36 (−3.99, 1.28)
	0.03 (−1.31, 1.36)

	
	
	Interaction
	0.226
	0.514
	0.689
	0.819

	Ever-smokers 
	3
	Age ≤41
	−0.47 (−2.72, 1.78)
	−0.34 (−3.37, 2.70)
	2.30 (−0.65, 5.26)
	3.80 (2.38, 5.23)***

	
	
	Age >41
	1.25 (−1.10, 2.60)
	−2.86 (−6.04, 0.31)
	0.56 (−2.53, 3.64)
	2.97 (1.48, 4.46)***

	
	
	Interaction
	0.273
	0.233
	0.396
	0.401

	High-risk drinking 
	3
	Age ≤41
	0.88 (−0.69, 2.46)
	0.29 (−1.84, 2.42)
	1.16 (−0.91, 3.23)
	1.23 (0.23, 2.23)**

	
	
	Age >41
	−0.31 (−1.39, 2.02)
	0.39 (−1.91, 2.70)
	1.90 (−0.35, 4.14)*
	0.26 (−0.83, 1.34)

	
	
	Interaction
	0.623
	0.949
	0.630
	0.187

	Least active third 
	3
	Age ≤41
	−0.47 (−2.25, 1.30)
	0.04 (−2.36, 2.43)
	−0.21 (−2.54, 2.12)
	0.27 (−0.86, 1.39)

	
	
	Age >41
	1.51 (−0.20, 3.23)*
	−0.35 (−2.67, 1.97)
	0.59 (−1.67, 2.85)
	0.11 (−0.98, 1.20)

	
	
	Interaction
	0.106
	0.817
	0.622
	0.837

	Overweight or obese 
	4
	Age ≤41
	−0.27 (−2.19, 1.65)
	0.92 (−1.66, 3.51)
	−0.04 (−2.48, 2.56)
	0.44 (−0.78, 1.65)

	
	
	Age >41
	0.44 (−1.37, 2.24)
	−0.32 (−2.76, 2.11)
	−0.01 (−2.38, 2.36)
	−0.28 (−1.42, 0.86)

	
	
	Interaction
	0.585
	0.474
	0.976
	0.382


β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA: extrinsic epigenetic age acceleration; GrimAA, GrimAge acceleration; IEAA, intrinsic epigenetic age acceleration; PhenoAA, PhenoAge acceleration. High-risk drinking defined as AUDIT-C score >3 (women) or >4 (men). Rural area represents Amani-Mènou and Tokohiri whereas urban area represents Taabo-Cité. Beta-coefficients represent change in mean age acceleration in each risk group compared to the reference group, and were derived from multivariable linear regression models. *p-value<0.1. **p<0.05. Model 1: adjusted for sex. Model 2: model 1 + higher education, household wealth, and urbanization. Model 3: model 2 + smoking status, alcohol intake and physical activity. Model 4: model 3 + overweight/obesity status




Table S6. Sociodemographic, lifestyle factors and epigenetic age acceleration in the CoDuBu study: effect modification by sex.
	Risk factor
	Model
	Modifier
	IEAA
	EEAA
	PhenoAA
	GrimAA

	
	
	
	β (95% CI)
	β (95% CI)
	β (95% CI)
	β (95% CI)

	Higher education 
	1
	Females
	−0.58 (−2.75, 1.58)
	−0.20 (−3.13, 2.73)
	−0.28 (−3.13, 2.58)
	0.39 (−1.06, 1.84)

	
	
	Males
	1.41 (−0.33, 3.15)
	−0.59 (−2.94, 1.77)
	0.64 (−1.66, 2.94)
	−0.26 (−1.43, 0.90)

	
	
	Interaction
	0.150
	0.837
	0.617
	0.482

	Highest wealth tertile 
	1
	Females
	0.32 (−1.84, 2.48)
	−1.29 (−4.21, 1.64)
	−1.15 (−4.01, 1.70)
	−0.50 (−1.95, 0.95)

	
	
	Males
	−1.22 (−3.25, 0.82)
	−2.51 (−5.26, 0.25)*
	−2.65 (−5.34, 0.04)*
	−0.61 (−1.97, 0.76)

	
	
	Interaction
	0.307
	0.551
	0.454
	0.915

	Urban area 
	1
	Females
	−0.12 (−2.10, 1.86)
	−1.93 (−4.61, 0.75)
	−1.62 (−4.23, 0.99)
	0.27 (−1.06, 1.60)

	
	
	Males
	1.53 (−0.31, 3.37)
	−0.91 (−3.40, 1.58)
	−0.43 (−2.87, 2.00)
	0.04 (−1.19, 1.27)

	
	
	Interaction
	0.230
	0.582
	0.514
	0.804

	Ever-smokers 
	2
	Females
	5.34 (−5.64, 16.3)
	−5.50 (−20.33, 9.34)
	1.70 (−12.70, 16.09)
	−3.54 (−10.47, 3.39)

	
	
	Males
	0.17 (−1.57, 1.91)
	−1.49 (−3.84, 0.85)
	1.28 (−0.99, 3.56)
	3.58 (2.49, 4.68)***

	
	
	Interaction
	0.360
	0.600
	0.956
	0.046

	High-risk drinking 
	2
	Females
	0.57 (−1.21, 2.36)
	0.41 (−1.99, 2.41)
	1.02 (−1.31, 3.35)
	0.44 (−0.68, 1.57)

	
	
	Males
	0.46 (−1.08, 2.00)
	0.52 (−1.56, 2.60)
	1.94 (−0.08, 3.96)*
	1.14 (0.17, 2.12)**

	
	
	Interaction
	0.924
	0.945
	0.556
	0.350

	Lowest PA tertile 
	2
	Females
	1.12 (−0.65, 2.89)
	0.19 (−2.21, 2.58)
	1.23 (−1.10, 3.55)
	0.45 (−0.67, 1.57)

	
	
	Males
	0.18 (−1.51, 1.81)
	−0.13 (−2.42, 2.16)
	−0.58 (−2.80, 1.64)
	0.09 (−0.98, 1.16)

	
	
	Interaction
	0.436
	0.846
	0.252
	0.636

	Overweight or obesity 
	3
	Females
	0.24 (−1.49, 1.97)
	1.46 (−0.86, 3.78)
	1.11 (−1.15, 3.37)
	0.45 (−0.64,1.54)

	
	
	Males
	0.17 (−1.85, 2.19)
	−1.22 (−3.93, 1.50)
	−1.25 (−3.89, 1.39)
	−0.56 (−1.84, 0.71)

	
	
	Interaction
	0.959
	0.130
	0.170
	0.222


β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA: extrinsic epigenetic age acceleration; GrimAA, GrimAge acceleration; IEAA, intrinsic epigenetic age acceleration; PhenoAA, PhenoAge acceleration. Beta-coefficients represent change in mean age acceleration in each risk group compared to the reference group, and were derived from multivariable linear regression models. *p-value<0.1. **p<0.05. Model 1: adjusted for chronological age, higher education, household wealth, and urbanization. Model 2: model 1 + smoking status, alcohol consumption and physical activity Model 3: model 2 + overweight/obesity status.
Table S7. Sociodemographic, lifestyle factors and epigenetic age acceleration in the CoDuBu study: effect modification by urbanization.
	Risk factor
	Model
	Modifier
	IEAA
	EEAA
	PhenoAA
	GrimAA

	
	
	
	β (95% CI)
	β (95% CI)
	β (95% CI)
	β (95% CI)

	Male sex
	1
	Rural
	1.00 (−0.47, 2.48)
	2.79 (0.79, 4.79)**
	0.21 (−1.74, 2.15)
	2.90 (1.92, 3.89)***

	
	
	Urban
	2.32 (0.70, 3.94)**
	3.11 (0.91, 5.30)**
	0.88 (−1.27, 3.02)
	2.49 (1.41, 3.57)***

	
	
	Interaction
	0.237
	0.833
	0.649
	0.580

	Higher education 
	2
	Rural
	1.69 (−0.39, 3.62)
	−0.23 (−2.91, 2.44)
	0.26 (−2.39, 2.90)
	0.16 (−1.18, 1.50)

	
	
	Urban
	−0.08 (−1.88, 1.72)
	−0.53 (−2.93, 1.87)
	0.33 (−2.04, 2.71)
	−0.16 (−1.36, 1.04)

	
	
	Interaction
	0.202
	0.868
	0.966
	0.718

	Highest wealth tertile 
	2
	Rural
	−0.47 (−3.19, 2.25)
	2.87 (−0.75, 6.50)
	−0.38 (−3.97, 3.20)
	0.61 (−1.20, 2.43)

	
	
	Urban
	0.44 (−2.21, 1.34)
	−3.86 (−6.23, −1.49)**
	−2.64 (−4.94, −0.27)**
	−0.98 (−2.17, 0.20)

	
	
	Interaction
	0.987
	0.002
	0.307
	0.147

	Ever-smokers 
	3
	Rural
	0.74 (−1.25, 2.72)
	−0.76 (−3.43, 1.90)
	1.68 (−0.92, 4.28)
	3.18 (1.92, 4.43)***

	
	
	Urban
	−0.42 (−3.52, 2.67)
	−2.60 (−6.75, 1.56)
	1.58 (−2.47, 5.63)
	4.55 (2.60, 6.51)***

	
	
	Interaction
	0.521
	0.451
	0.968
	0.229

	High-risk drinking 
	3
	Rural
	0.30 (−1.27, 1.86)
	−0.21 (−2.32, 1.89)
	1.17 (−0.88, 3.22)
	0.74 (−0.25, 1.73)

	
	
	Urban
	0.79 (−0.91, 2.41)
	1.18 (−1.11, 3.46)
	1.97 (−0.25, 4.20)*
	0.90 (−0.17, 1.98)

	
	
	Interaction
	0.670
	0.370
	0.594
	0.820

	Least active third 
	3
	Rural
	0.78 (−0.91, 2.47)
	1.24 (−1.02, 3.50)
	1.24 (0.96, 3.45)**
	0.80 (−0.26, 1.87)

	
	
	Urban
	0.44 (−1.35, 2.23)
	−1.34 (−3.74, 1.06)
	−0.82 (−3.16, 1.52)
	−0.34 (−1.47, 0.79)

	
	
	Interaction
	0.780
	0.112
	0.193
	0.135

	Overweight or obesity 
	4
	Rural
	0.56 (−1.37, 2.49)
	1.19 (−1.41, 3.79)
	1.96 (−0.56, 4.47)
	1.01 (−0.21, 2.23)

	
	
	Urban
	−0.20 (−1.99, 1.60)
	−0.34 (−2.76, 2.08)
	−1.49 (−3.84, 0.85)
	−0.81 (−1.95, 0.32)

	
	
	Interaction
	0.558
	0.381
	0.042
	0.026


β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA: extrinsic epigenetic age acceleration; GrimAA, GrimAge acceleration; IEAA, intrinsic epigenetic age acceleration; PhenoAA, PhenoAge acceleration. Beta-coefficients represent change in mean age acceleration in each risk group compared to the reference group, and were derived from multivariable linear regression models. *p-value<0.1. **p<0.05. Model 1: adjusted for sex. Model 2: model 1 + higher education and household wealth. 
Model 3: model 2 + smoking status, alcohol intake and physical activity. Model 4: model 3 + overweight/obesity status
Table S8: Association between age-adjusted GrimAge components and metabolic syndrome in the CoDuBu study.
	Plasma protein (DNAm surrogate)
	Model
	High blood pressure 
	Impaired fasting 
glucose 
	Low high-density 
lipoproteins
	High triglycerides 
	Central obesity
	Metabolic 
syndrome
	Metabolic syndrome severity 

	
	
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)

	Adrenomedullin
	1
	1.04 (0.82, 1.32)
	1.20 (0.97, 1.49)
	1.07 (0.86, 1.32)
	1.38 (0.94, 2.03)*
	0.84 (0.63, 1.13)
	1.08 (0.82, 1.40)
	1.11 (0.92, 1.34)

	
	2
	1.03 (0.81, 1.32
	1.20 (0.97, 1.49)
	1.07 (0.86, 1.33)
	1.37 (0.90, 2.08)
	0.75 (0.49, 1.13)
	1.07 (0.79, 1.44)
	1.16 (0.96, 1.41)

	Beta-2 microglobulin
	1
	0.99 (0.78, 1.26)
	0.88 (0.71, 1.08)
	0.97 (0.79, 1.20)
	1.02 (0.70, 1.48)
	0.82 (0.62, 1.09)
	0.87 (0.66, 1.16)
	0.90 (0.74, 1.09)

	
	2
	1.01 (0.78,1.30)
	0.88 (0.71, 1.08)
	0.98 (0.79,1.22)
	1.02 (0.68, 1.52)
	0.59 (0.35, 0.99)**
	0.86 (0.61, 1.20)
	0.93 (0.77, 1.12)

	Cystatin-C
	1
	1.04 (0.83, 1.31)
	1.18 (0.96, 1.46)
	1.12 (0.91, 1.39)
	1.01 (0.70, 1.47)
	0.97 (0.74, 1.27)
	1.12 (0.86, 1.46)
	1.12 (0.93, 1.35)

	
	2
	1.06 (0.83, 1.35)
	1.18 (0.96, 1.46)
	1.13 (0.91, 1.40)
	0.99 (0.67, 1.47)
	1.09 (0.73, 1.63)
	1.18 (0.88, 1.60)
	1.19 (0.98, 1.44)

	GDF-15
	1
	1.00 (0.79, 1.27)
	0.85 (0.69, 1.05)
	1.02 (0.83, 1.26)
	0.87 (0.59, 1.28)
	0.89 (0.68, 1.17)
	0.83 (0.63, 1.08)
	0.91 (0.75, 1.09)

	
	2
	1.02 (0.80, 1.31)
	0.85 (0.69, 1.05)
	1.03 (0.84, 1.28)
	0.85 (0.56, 1.28)
	0.75 (0.47, 1.18)
	0.85 (0.58, 1.10)
	0.95 (0.78, 1.14)

	Leptin
	1
	1.31 (1.03, 1.66)**
	0.89 (0.72, 1.10)
	1.11 (0.89, 1.38)
	1.44 (1.00, 2.08)**
	1.40 (1.06, 1.85)**
	1.27 (0.97, 1.66)*
	1.21 (1.00, 1.46)**

	
	2
	1.23 (0.96, 1.56)
	0.89 (0.72, 1.10)
	1.09 (0.87,1.35)
	1.37 (0.92, 2.04)
	1.11 (0.75, 1.63)
	1.13 (0.84, 1.52)
	1.12 (0.93, 1.35)

	Smoking pack-years
	1
	0.82 (0.62, 1.08)
	0.97 (0.76, 1.24)
	1.19 (0.93, 1.52)
	1.03 (0.64, 1.66)
	0.82 (0.57, 1.18)
	0.88 (0.63, 1.22)
	0.97 (0.79, 1.20)

	
	2
	0.83 (0.62, 1.10)
	0.97 (0.76, 1.24)
	1.21 (0.94, 1.55)
	1.09 (0.64, 1.84)
	0.76 (0.46, 1.26)
	0.89 (0.62, 1.29)
	1.02 (0.82, 1.27)

	PAI-1
	1
	1.73 (1.34, 2.24)***
	1.24 (1.00, 1.54)**
	0.98 (0.79, 1.22)
	2.01 (1.32, 3.06)**
	1.69 (1.25, 2.27)**
	1.78 (1.33, 2.39)***
	1.58 (1.30, 1.91)***

	
	2
	1.56 (1.20, 2.04)**
	1.26 (1.01, 1.58)**
	0.94 (0.75, 1.17)
	1.70 (1.08, 2.68)**
	1.19 (0.80, 1.76)
	1.44 (1.04, 1.98)**
	1.40 (1.15, 1.71)**

	TIMP-1
	1
	0.97 (0.77, 1.22)
	1.06 (0.86, 1.31)
	1.11 (0.89, 1.38)
	0.81 (0.60, 1.12)
	1.17 (0.86, 1.59)
	1.14 (0.85, 1.54)
	1.04 (0.86, 1,26)

	
	2
	0.97 (0.76, 1.24)
	1.06 (0.86, 1.31)
	1.11 (0.90,1.38)
	0.77 (0.55, 1.09)
	1.36 (0.82, 2.25)
	1.18 (0.82, 1.69)
	1.09 (0.89, 1.32)


CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; GDF-15, Growth differentiation factor-15; OR, odds ratio; PAI-1, Plasminogen activator inhibitor-1; TIMP-1, Tissue inhibitor metalloproteinases-1. Estimates represent Odds of each phenotype in relation to one standard deviation increase in each surrogate measure of GrimAge acceleration component. All estimates were from multivariable binomial and ordinal logistic regression models. *p-value<0.1. **p<0.05. ***p<0.001. Model 1: Adjusted for chronological age, sex, education, household wealth index, urbanization, smoking status, alcohol consumption and physical activity. Model 2: Model 1 + body mass index.
Table S9. Epigenetic age acceleration and metabolic syndrome in the CoDuBu study: effect modification by age, sex and urbanization.
	Dependent variable
	Measure of association
	Subgroup
	IEAA
	EEAA
	PhenoAA
	GrimAA

	Metabolic syndrome
	OR (95% CI)
	Age ≤41
	0.80 (0.51, 1.26)
	1.01 (0.64, 1.58)
	1.26 (0.82, 1.93)
	1.14 (0.74, 1.78)

	
	
	Age >41
	0.82 (0.59, 1.16)
	1.27 (0.91, 1.78)
	1.17 (0.83, 1.65)
	1.01 (0.70, 1.46)

	
	
	P (interaction)
	0.927
	0.409
	0.807
	0.653

	
	
	Females
	0.81 (0.58, 1.14)
	1.14 (0.79, 1.63)
	1.28 (0.91, 1.80)
	1.09 (0.74, 1.61)

	
	
	Males
	0.87 (0.56, 1.37)
	1.31 (0.86, 1.99)
	1.21 (0.78, 1.88)
	1.01 (0.64, 1.60)

	
	
	P (interaction)
	0.803
	0.617
	0.855
	0.793

	
	
	Rural
	0.74 (0.50, 1.11)
	1.11 (0.77, 1.60)
	1.36 (0.93, 1.99)
	1.15 (0.79, 1.67)

	
	
	Urban
	0.93 (0.64, 1.34)
	1.34 (0.88, 2.03)
	1.14 (0.78, 1.68)
	0.94 (0.61, 1.45)

	
	
	P (interaction)
	0.432
	0.506
	0.520
	0.481

	Metabolic syndrome severity
	OR (95% CI)
	Age ≤41
	0.99 (0.76, 1.31)
	1.20 (0.92, 1.58)
	1.28 (0.98, 1.67)*
	1.15 (0.87, 1.52)

	
	
	Age >41
	1.02 (0.80, 1.30)
	1.17 (0.91, 1.50)
	1.20 (0.92, 1.56)
	1.03 (0.77, 1.37)

	
	
	P (interaction)
	0.889
	0.884
	0.720
	0.565

	
	
	Females
	0.91 (0.69, 1.20)
	1.12 (0.84, 1.49)
	1.35 (1.01, 1.80)**
	1.09 (0.79, 1.50)

	
	
	Males
	1.12 (0.88, 1.43)
	1.28 (1.01, 1.63)**
	1.20 (0.94, 1.54)
	1.08 (0.82, 1.43)

	
	
	P (interaction)
	0.255
	0.458
	0.551
	0.969

	
	
	Rural
	1.00 (0.77, 1.31)
	1.12 (0.87, 1.44)
	1.28 (0.98, 1.66)*
	1.07 (0.82, 1.41)

	
	
	Urban
	1.04 (0.82, 1.33)
	1.33 (1.01, 1.76)**
	1.25 (0.96, 1.64)
	1.09 (0.82, 1.47)

	
	
	P (interaction)
	0.839
	0.365
	0.916
	0.924


CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA, extrinsic epigenetic age acceleration; GrimAA, GrimAge acceleration; IEAA, intrinsic epigenetic age acceleration; OR, Odds ratio; PhenoAA, Pheno age acceleration. Estimates represent Odds of metabolic syndrome or severity per 1-standard deviation increase in epigenetic age acceleration. All estimates were from multivariable binomial and ordinal logistic regression models for metabolic syndrome and metabolic syndrome severity, respectively. All models were adjusted for Adjusted for chronological age, sex, education, household wealth index, urbanization, smoking status, alcohol intake, and physical activity. *p-value<0.1. **p<0.05.

Table S10. Comparison of the characteristics of CoDuBu participants by inclusion status in the present study. 
	Variable
	Excluded
	Included
	χ2 or t-test

	
	n = 626
	n = 393
	

	Chronological age (years)
	42 (13)
	41 (13)
	0.425

	Chronological age ≥45 years
	249 (40)
	151 (38)
	0.667

	Males
	309 (49)
	204 (52)
	0.429

	Secondary or tertiary education
	203 (32)
	113 (29)
	0.217

	Highest tertile of wealth index
	223 (36)
	113 (29)
	0.023

	Urban area
	335 (54)
	178 (45)
	0.011

	Never-smokers 
	515 (82)
	333 (85)
	0.306

	Alcohol consumption (AUDIT-C) score
	1.2 (2)
	1.2 (2)
	0.940

	Risky drinking (>3 for women, and >4 for men)
	96 (15)
	65 (17)
	0.608

	Moderate-to-vigorous physical activity (MVPA; min⋅wk−1)
	2437 (1017)
	2447 (1000)
	0.885

	Lowest tertile of MVPA
	207 (33)
	133 (33)
	0.798

	Body mass index (kg⋅m−2)
	23.5 (4)
	23.3 (4)
	0.456

	Overweight or obese (≥25 kg⋅m2)
	182 (29)
	101 (26)
	0.242

	Central obesity a
	200 (32)
	101 (26)
	0.003

	High blood pressure b
	199 (32)
	123 (31)
	0.843

	Impaired fasting glucose c
	289 (46)
	220 (56)
	0.002

	Low HDL-cholesterol d
	265 (42)
	196 (50)
	0.012

	High triglycerides e
	49 (8)
	32 (8)
	0.856

	Metabolic syndrome severity, 	0 component
	95 (15)
	51 (13)
	0.602

					1 component
	221 (35)
	132 (34)
	

					2 components
	177 (28)
	123 (31)
	

					3 components
	108 (17)
	59 (15)
	

					≥4 components
	25 (4)
	28 (7)
	

	Metabolic syndrome     		≥3 components
	133 (21)
	87 (22)
	0.736


AUDIT-C, Alcohol-use disorder identification test-consumption; HDL, high-density lipoprotein; MVPA: moderate-to-vigorous physical activity.
a  Central obesity defined as having a waist circumference ≥94 cm (men) and ≥80 cm (women). 
b High blood pressure defined as systolic blood pressure ≥135 mmHg or diastolic blood pressure ≥90 mmHg or use of BP-lowering medication or having clinician-diagnosed hypertension. 
c Impaired fasting glucose defined as having fasting glucose ≥5.6 or presence of clinician-diagnosed diabetes or use of glucose-lowering medication. 
d Low HDL was defined as <1.0 mmol⋅L−1 and <1.3 mmol⋅L−1 in men and women, respectively.
e High triglycerides was defined as ≥1.7 mmol⋅L−1 
e Degree of severity defined by accumulation of number of metabolic syndrome components described above. 











Table S11. Pearson’s correlation among epigenetic clocks in included participants, and in participants without malaria parasitemia.  
	All, n= 393
	Chronological age
	HorvathAge
	HannumAge
	PhenoAge
	GrimAge
	IEAA
	EEAA
	PhenoAA
	GrimAA

	Chronological age
	1
	
	
	
	
	
	
	
	

	HorvathAge
	0.83
	1
	
	
	
	
	
	
	

	HannumAge
	0.86
	0.89
	1
	
	
	
	
	
	

	PhenoAge
	0.85
	0.89
	0.91
	1
	
	
	
	
	

	GrimAge
	0.93
	0.82
	0.86
	0.88
	1
	
	
	
	

	IEAA
	0.00
	0.49
	0.21
	0.30
	0.09
	1
	
	
	

	EEAA
	0.00
	0.33
	0.49
	0.35
	0.13
	0.36
	1
	
	

	PhenoAA
	0.00
	0.34
	0.33
	0.53
	0.16
	0.56
	0.66
	1
	

	GrimAA
	0.00
	0.13
	0.16
	0.23
	0.36
	0.24
	0.36
	0.44
	1

	No malaria, n=297
	
	
	
	
	
	
	
	
	

	Chronological age
	1
	
	
	
	
	
	
	
	

	HorvathAge
	0.84
	1
	
	
	
	
	
	
	

	HannumAge
	0.86
	0.90
	1
	
	
	
	
	
	

	PhenoAge
	0.85
	0.88
	0.91
	1
	
	
	
	
	

	GrimAge
	0.93
	0.83
	0.87
	0.88
	1
	
	
	
	

	IEAA
	0.04
	0.51
	0.26
	0.33
	0.13
	1
	
	
	

	EEAA
	0.02
	0.36
	0.51
	0.38
	0.15
	0.38
	1
	
	

	PhenoAA
	0.02
	0.35
	0.36
	0.55
	0.19
	0.55
	0.68
	1
	

	GrimAA
	0.03
	0.15
	0.20
	0.27
	0.38
	0.25
	0.38
	0.47
	1


CoDuBu: Côte d’Ivoire dual burden of disease study. EEAA: extrinsic epigenetic age acceleration. GrimAA: GrimAge acceleration. IEAA: intrinsic epigenetic age acceleration. PhenoAA: PhenoAge acceleration. Chronological age was measured at health examination, and epigenetic age measures were estimated from blood sample taken at health examination. Malaria parasitemia was defined as having positive malaria microscopy or rapid diagnostic test.










Table S12. Sociodemographic and lifestyle determinants of epigenetic age acceleration excluding asymptomatic malaria, in the CoDuBu study.
	
	
	IEAA
	EEAA
	PhenoAA
	GrimAA

	Model
	Risk factor
	β (95% CI)
	β (95% CI)
	β (95% CI)
	β (95% CI)

	1
	Female
	Ref.
	Ref.
	Ref.
	Ref.

	
	Male
	2.25 (1.03, 3.47)***
	3.33 (1.57, 5.09)***
	0.74 (−0.97, 2.46)
	2.79 (1.93, 3.64)*** 

	2
	Primary education or less
	Ref.
	Ref.
	Ref.
	Ref.

	
	Higher education
	0.94 (−0.60, 2.48)
	−1.64 (−3.81, 0.54)
	0.26 (−1.88, 2.40)
	−0.19 (−1.27, 0.90)

	2
	Lower wealth tertiles 
	Ref.
	Ref.
	Ref.
	Ref.

	
	Highest wealth tertile
	−0.51 (−2.12, 1.10)
	−1.72 (−3.99, 0.55)
	−2.36 (−4.59, −0.13)** 
	−0.68 (−1.81, 0.45)

	2
	Rural area 
	Ref.
	Ref.
	Ref.
	Ref.

	
	Urban area
	1.03 (−0.44, 2.51)
	−1.66 (−3.74, 0.41)
	−1.25 (−3.29, 0.79)
	0.25 (−0.79, 1.28)

	3
	Never-smokers 
	Ref.
	Ref.
	Ref.
	Ref.

	
	Ever-smokers
	−0.10 (−2.11, 1.91)
	−2.16 (−4.98, 0.67)
	1.46 (−1.31, 4.23)
	3.59 (2.24, 4.94)*** 

	3
	Low-risk alcohol consumption (AUDIT-C)
	Ref.
	Ref.
	Ref.
	Ref.

	
	High-risk alcohol consumption 
	0.85 (−0.46, 2.16)
	0.79 (−1.05, 2.62)
	1.82 (0.02, 3.62)** 
	0.49 (−0.39, 1.37)

	3
	More active thirds
	Ref.
	Ref.
	Ref.
	Ref.

	
	Least active third
	−0.10 (−1.49, 1.29)
	−0.38 (−2.34, 1.58)
	−0.51 (−2.42, 1.41)
	0.23 (−0.71, 1.16)

	3a
	MVPA (min⋅wk−1) 
	−0.12 (−0.77, 0.53)
	0.21 (−0.70, 1.13)
	0.38 (−0.52, 1.27)
	−0.06 (−0.44, 0.31)

	3b
	Squared-term MVPA
	−0.25 (−0.83, 0.34)
	0.12 (−0.71, 0.94)
	0.79 (−0.01, 1.60)*
	0.59 (0.20, 0.97)**

	4
	BMI <25  
	Ref.
	Ref.
	Ref.
	Ref.

	
	BMI ≥25  
	0.24 (−1.22, 1.70)
	0.09 (−1.96, 2.14)
	−0.07 (−2.08, 1.94)
	0.08 (−0.90, 1.06)

	4a
	BMI (kg⋅m−2) d
	0.14 (−0.52, 0.81)
	0.01 (−0.92, 0.94)
	0.36 (−0.55, 1.27)
	−0.09 (−0.54, 0.35)

	4b
	Squared-term BMI
	−0.38 (−0.83, 0.07)
	−0.15 (−0.78, 0.48)
	0.09 (−0.53, 0.71)
	0.41 (0.11, 0.71)**


AUDIT-C, Alcohol-use disorder identification test-consumption; β, beta-coefficient; CI, confidence interval; CoDuBu, Côte d’Ivoire dual burden of disease study; EEAA, extrinsic epigenetic age acceleration; GrimAA, GrimAge acceleration; IEAA, intrinsic epigenetic age acceleration; MVPA, moderate-to-vigorous physical activity; PhenoAA, PhenoAge acceleration. High-risk alcohol consumption was defined as AUDIT-C score >3 (females) or >4 (males), whereas low-risk consumption is defined as scoring less than the aforementioned scores. Rural area represents Amani-Mènou and Tokohiri whereas urban area represents Taabo-Cité Beta-coefficients represent change in mean age acceleration in each risk group compared to a reference group, or per standard deviation increase in risk factor (physical activity and BMI). *p-value<0.1. **p<0.05. ***p<0.001. Model 1: Adjusted for chronological age. Model 2: Model 1 + education, household wealth and urbanization. Model 3: Model 2 + smoking status, alcohol consumption and physical activity. Linear and categorical estimates for physical activity were derived from separate models. Model 4: Model 3 + BMI. Linear and categorical estimates for BMI were derived from separate models.

Table S13. Epigenetic age acceleration and metabolic syndrome excluding asymptomatic malaria, in the CoDuBu study.
	
	Metabolic syndrome
	Metabolic syndrome severity

	
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)
	OR (95% CI)

	
	Model 1
	Model 2
	Model 1
	Model 2

	IEAA
	0.82 (0.59, 1.13)
	0.70 (0.48, 1.03)*
	0.99 (0.80, 1.23)
	0.97 (0.78, 1.21)

	EEAA
	1.06 (0.77, 1.46)
	1.05 (0.73, 1.50)
	1.12 (0.90, 1.38)
	1.14 (0.92, 1.41)

	PhenoAA
	1.18 (0.86, 1.61)
	1.17 (0.83, 1.66)
	1.20 (0.98, 1.49)*
	1.24 (1.00, 1.53)**

	GrimAA
	0.96 (0.69, 1.33)
	0.87 (0.59, 1.27)
	0.96 (0.76, 1.22)
	0.95 (0.75, 1.21)

	PAI-I a
	1.71 (1.23, 2.37)**
	1.64 (1.13, 2.37)**
	1.50 (1.21, 1.85)**
	1.41 (1.13, 1.75)**

	Leptin a
	1.32 (0.97, 1.75)*
	1.28 (0.91, 1.80)
	1.20 (0.97, 1.49)*
	1.15 (0.92, 1.43)


CoDuBu: Côte d’Ivoire dual burden of disease study. OR: Odds ratio. CI: confidence interval. IEAA: intrinsic epigenetic age acceleration. EEAA: extrinsic epigenetic age acceleration. PhenoAA: Pheno age acceleration. GrimAA: Grim age acceleration. PAI-I: Plasminogen activator inhibitor-1. Estimates represent Odds of each phenotype in relation to one standard deviation increase in each epigenetic acceleration measure. All estimates were from multivariable binomial and ordinal logistic regression models. a DNA methylation surrogate marker for plasma proteins. *p-value<0.1. **p<0.05. Model 1: Adjusted for chronological age, sex, education, household wealth index, urbanization, smoking status, alcohol intake and physical activity. Model 2: Model 1 + body mass index






