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Table S1. Lifestyle scoring criteria for individual lifestyle factors
	Lifestyle Factor
	Metric
	Scoring

	Alcohol consumptiona
	Total alcohol consumptiond
	Point
	Total alcohol consumption (Men)
	Total alcohol consumption (Women)

	
	※ The sum of the alcohol consumption of makgeolli, beer, Cheongju, wine, soju, and spirits
	100
	Non-drinker or former drinker or <1 g/day
	

	
	
	75
	1–<40
	1–<20

	
	
	50
	40–<60
	20–<40

	
	
	25
	60–<100
	40–<60

	
	
	0
	≥100
	≥60

	Dietb
	Reaching the daily recommended intake of 9 itemse
	Point
	Sum score
	

	
	  Fruits: ≥3 servings/day
	0
	0, 1, 2
	

	
	  Nuts: ≥1 serving/week
	25
	3
	

	
	  Vegetables: ≥3 servings/day
	80
	4
	

	
	  Fish: ≥2 servings/week
	100
	5, 6, 7 (8, 9)f
	

	
	  Dairy: ≥2.5 servings/day
	
	
	

	
	  Refined grains: ≤1.5 servings/day
	
	
	

	
	  Processed meats: ≤1 serving/week
	
	
	

	
	  Unprocessed meats: ≤1.5 servings/week
	
	
	

	
	  Sugar-sweetened beverages: ≤1 serving/week
	
	
	

	Physical activityc
	Self-reported minutes of PA per week 
	Point
	Minutes
	

	
	
	100
	≥150
	

	
	
	90
	120–149
	

	
	
	80
	90–119
	

	
	
	60
	60–89
	

	
	
	40
	30–59
	

	
	
	20
	<30
	

	
	
	0
	0
	

	Sleepc
	Self-report average hours of sleep per night
	Point
	Sleep time
	

	
	
	100
	7–<9
	

	
	
	90
	9–<10
	

	
	
	70
	6–<7
	

	
	
	40
	5–<6 or ≥10
	

	
	
	20
	4–<5
	

	
	
	0
	<4
	

	Smokingc
	Self-report on smoking habits
	Point 
	Status
	

	
	
	100
	Never smoker
	

	
	
	75
	Former smoker, quit ≥5 years
	

	
	
	50
	Former smoker, quit 1–<5 years
	

	
	
	25
	Former smoker, quit <1 year
	

	
	
	0
	Current smoker
	


a,b,c Scoring for each lifestyle factor is based on the methods of the following prior studies; a. Knox J et al. Alcohol Clin Exp Res. 2020;44(8):1625–35.; b. Khera AV et al. N Engl J Med. 2016;375(24):2349–58.; Jang HM et al. Diabetes Metab J. 2025;doi.org/10.4093/dmj.2024.0830.; c. Lloyd-Jones DM et al. Circulation. 2022;146(5).
d A total daily alcohol consumption was calculated using the average frequency, amount per occasion, and alcohol content of 1 standard drink.
e Food items within each category were adopted from Jang et al. (2025, Diabetes Metab J), with frequency cutoffs based on Khera et al. (2016, N Engl J Med).
f Based on the distribution of the diet sum score, points were assigned as shown; no participants had diet sum scores of 8 or 9.

Table S2. Time-specific association between individual lifestyle factors and EAA
	
	
	Wave 1
	
	Wave 3
	
	Wave 5
	

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

	Alcohol consumption
	PhenoAA
	-0.10 (-0.42 to 0.22)
	0.544
	-0.19 (-0.52 to 0.15)
	0.271
	-0.10 (-0.41 to 0.22)
	0.541

	
	Grim2AA
	-0.17 (-0.45 to 0.11)
	0.238
	-0.31 (-0.61 to 0.00)
	0.048
	-0.32 (-0.60 to -0.05)
	0.023

	
	DunedinPACE
	-0.27 (-0.92 to 0.37)
	0.401
	-0.18 (-0.86 to 0.50)
	0.600
	-0.14 (-0.78 to 0.50)
	0.663

	Diet
	PhenoAA
	0.01 (-0.31 to 0.33)
	0.941
	0.00 (-0.33 to 0.34)
	0.985
	0.09 (-0.22 to 0.41)
	0.554

	
	Grim2AA
	0.02 (-0.26 to 0.30)
	0.887
	0.09 (-0.22 to 0.39)
	0.574
	0.09 (-0.19 to 0.37)
	0.530

	
	DunedinPACE
	-0.51 (-1.15 to 0.13)
	0.117
	-0.23 (-0.91 to 0.45)
	0.510
	-0.54 (-1.19 to 0.10)
	0.096

	Physical activity
	PhenoAA
	-0.07 (-0.39 to 0.25)
	0.663
	-0.15 (-0.48 to 0.18)
	0.377
	-0.25 (-0.56 to 0.07)
	0.124

	
	Grim2AA
	-0.15 (-0.43 to 0.14)
	0.305
	-0.30 (-0.60 to 0.01)
	0.056
	-0.34 (-0.62 to -0.06)
	0.016

	
	DunedinPACE
	-0.48 (-1.13 to 0.16)
	0.139
	-0.59 (-1.27 to 0.09)
	0.090
	-0.51 (-1.15 to 0.13)
	0.119

	Sleep
	PhenoAA
	-0.18 (-0.49 to 0.14)
	0.278
	-0.05 (-0.39 to 0.28)
	0.763
	0.19 (-0.12 to 0.51)
	0.230

	
	Grim2AA
	0.02 (-0.26 to 0.31)
	0.878
	0.04 (-0.26 to 0.34)
	0.802
	-0.01 (-0.29 to 0.27)
	0.970

	
	DunedinPACE
	0.29 (-0.35 to 0.94)
	0.368
	-0.17 (-0.85 to 0.51)
	0.626
	-0.07 (-0.71 to 0.57)
	0.833

	Smoking
	PhenoAA
	-0.23 (-0.55 to 0.08)
	0.146
	-0.29 (-0.63 to 0.04)
	0.086
	-0.27 (-0.59 to 0.04)
	0.087

	
	Grim2AA
	-1.57 (-1.84 to -1.31)
	<0.001
	-1.71 (-1.99 to -1.43)
	<0.001
	-1.77 (-2.02 to -1.51)
	<0.001

	
	DunedinPACE
	-1.86 (-2.50 to -1.23)
	<0.001
	-1.95 (-2.61 to -1.28)
	<0.001
	-1.91 (-2.54 to -1.28)
	<0.001


For each lifestyle factor, models were adjusted for age, sex, study area, education level, body mass index, total cholesterol, fasting glucose, systolic blood pressure, diastolic blood pressure, and the remaining lifestyle factors (physical activity, alcohol consumption, smoking status, sleep duration, and diet score), excluding the lifestyle factor being evaluated. 
A Bonferroni-corrected significance threshold of P < 0.0033 was applied.
Abbreviations: AA, age acceleration; CI, confidence interval; EAA, epigenetic age acceleration.


Table S3. Association between absolute difference in lifestyle scores and EAA
	
	EAA
	
	β (95% CI)
	P

	Wave 1 – Wave 5
	PhenoAA
	Quartiles
	0.00 (-0.03 to 0.03)
	0.934

	(8-year transitions)
	
	Q1 (Ref)
	
	

	
	
	Q2
	0.44 (-0.43 to 1.32)
	0.320

	
	
	Q3
	0.53 (-0.39 to 1.45)
	0.263

	
	
	Q4
	0.54 (-0.43 to 1.52)
	0.271

	
	Grim2AA
	Quartiles
	-0.06 (-0.08 to -0.04)
	<0.001

	
	
	Q1 (Ref)
	
	

	
	
	Q2
	-0.26 (-0.87 to 0.36)
	0.410

	
	
	Q3
	-0.46 (-1.11 to 0.19)
	0.165

	
	
	Q4
	-1.76 (-2.44 to -1.08)
	<0.001

	
	DunedinPACE
	Quartiles
	-0.08 (-0.13 to -0.03)
	0.002

	
	
	Q1 (Ref)
	
	

	
	
	Q2
	-1.16 (-2.69 to 0.38)
	0.139

	
	
	Q3
	-0.80 (-2.42 to 0.81)
	0.328

	
	
	Q4
	-2.09 (-3.80 to -0.39)
	0.016

	Wave 3 – Wave 5
	PhenoAA
	Quartiles
	0.00 (-0.04 to 0.03)
	0.844

	(4-year transitions)
	
	Q1 (Ref)
	
	

	
	
	Q2
	0.47 (-0.42 to 1.36)
	0.300

	
	
	Q3
	-0.05 (-0.95 to 0.85)
	0.909

	
	
	Q4
	-0.04 (-0.99 to 0.91)
	0.936

	
	Grim2AA
	Quartiles
	-0.07 (-0.09 to -0.05)
	<0.001

	
	
	Q1 (Ref)
	
	

	
	
	Q2
	-0.76 (-1.40 to -0.13)
	0.018

	
	
	Q3
	-1.18 (-1.82 to -0.54)
	<0.001

	
	
	Q4
	-1.75 (-2.42 to -1.07)
	<0.001

	
	DunedinPACE
	Quartiles
	-0.08 (-0.14 to -0.03)
	0.004

	
	
	Q1 (Ref)
	
	

	
	
	Q2
	-0.30 (-1.86 to 1.27)
	0.711

	
	
	Q3
	-2.19 (-3.77 to -0.62)
	0.006

	
	
	Q4
	-1.79 (-3.46 to -0.12)
	0.035


	The absolute difference was calculated as the lifestyle score in wave 5 minus the lifestyle score in wave 1 or wave 3.

	Adjusted for age, sex, study area, educational level, body mass index, total cholesterol, fasting glucose, systolic blood pressure, diastolic blood pressure, and lifestyle score for each wave (wave 1 or wave 3). Participants were categorized into quartiles (Q1–Q4) based on the absolute difference in lifestyle score. Q1 was used as the reference group (reference) in regression models. 
Abbreviations: AA, age acceleration; CI, confidence interval; EAA, epigenetic age acceleration.



[bookmark: _Hlk199510603]Table S4. Association between future CVD risk score and EAA, Lifestyle transition
	
	
	Total CVD risk estimated by
PREVENT score (n=865)
	ASCVD risk estimated by 
PREVENT score (n=865)
	ASCVD risk estimated by
PCE score (n=926)

	
	
	n
	β
	95% CI
	P
	β
	95% CI
	P
	n
	β
	95% CI
	P

	EAA and CVD risk
	
	
	
	
	
	
	
	
	
	
	
	

	PhenoAA
	
	
	0.0003
	(-0.0002 to 0.0009)
	0.239
	0.0001
	(-0.0002 to 0.0004)
	0.648
	
	-0.0001
	(-0.0011 to 0.0009)
	0.903

	Grim2AA
	
	
	0.0027
	(0.0020 to 0.0035)
	<0.001
	0.0015
	(0.0011 to 0.0019)
	<0.001
	
	0.0017
	(0.0003 to 0.0030)
	0.015

	DunedinPACE
	
	
	0.0006
	(0.0003 to 0.0009)
	<0.001
	0.0003
	(0.0002 to 0.0005)
	<0.001
	
	0.0005
	(-0.0001 to 0.0010)
	0.097

	Lifestyle changes 
	
	
	
	
	
	
	
	
	
	
	
	

	and CVD risk
	
	
	
	
	
	
	
	
	
	
	
	

	Wave 1 – Wave 5
	Stable healthy
	613
	Reference
	
	
	
	
	
	654
	Reference
	
	

	(8-year changes)
	Improved
	94
	0.0068
	(-0.0024 to 0.0160)
	0.149
	0.0050
	(-0.0002 to 0.0101)
	0.059
	102
	0.0136
	(-0.0031 to 0.0302)
	0.111

	
	Worsened
	44
	0.0066
	(-0.0061 to 0.0193)
	0.306
	0.0030
	(-0.0041 to 0.0101)
	0.402
	45
	-0.0069
	(-0.0304 to 0.0166)
	0.563

	
	Stable poor
	114
	0.0215
	(0.0125 to 0.0304)
	<0.001
	0.0107
	(0.0057 to 0.0157)
	<0.001
	125
	0.0175
	(0.0013 to 0.0336)
	0.034

	
	Non-stable healthya
	252
	0.0129
	(0.0062 to 0.0195)
	<0.001
	0.0070
	(0.0032 to 0.0107)
	<0.001
	272
	0.0115
	(-0.0006 to 0.0237)
	0.063

	Wave 3 – Wave 5
	Stable healthy
	649
	Reference
	
	
	
	
	
	692
	Reference
	
	

	(4-year changes)
	Improved
	58
	0.0151
	(0.0039 to 0.0263)
	0.009
	0.0103
	(0.0041 to 0.0166)
	0.001
	64
	0.0440
	(0.0239 to 0.0641)
	<0.001

	
	Worsened
	58
	0.0095
	(-0.0017 to 0.0206)
	0.097
	0.0043
	(-0.0020 to 0.0105)
	0.179
	61
	0.0033
	(-0.0170 to 0.0237)
	0.749

	
	Stable poor
	100
	0.0231
	(0.0137 to 0.0325)
	<0.001
	0.0117
	(0.0064 to 0.0170)
	<0.001
	109
	0.0208
	(0.0038 to 0.0378)
	0.016

	
	Non-stable healthya
	216
	0.0168
	(0.0099 to 0.0238)
	<0.001
	0.0091
	(0.0052 to 0.0130)
	<0.001
	234
	0.0223
	(0.0098 to 0.0349)
	<0.001


Adjusted for age, sex, study area, educational level, body mass index, total cholesterol, fasting glucose, systolic blood pressure, and diastolic blood pressure at wave 5. 
a The “Non-stable healthy” group comprised the “Improved”, “Worsened”, and “Stable poor” groups.
PCE calculation: Variables measured at the sixth wave included sex, age, total cholesterol, high-density lipoprotein (HDL) cholesterol, systolic blood pressure (SBP), antihypertensive treatment, current smoking, and diabetes. Current smoking was coded as 1 for current smokers and 0 otherwise. Diabetes was defined as fasting glucose ≥126 mg/dL, 2-hour glucose ≥200 mg/dL, HbA1c ≥6.5%, or a diagnosis or treatment of diabetes through the sixth wave. SBP_T was defined as the observed SBP for treated participants and 1 otherwise; SBP_U was defined as the observed SBP for untreated participants and 1 otherwise; Men: LP = 4.950×ln(age) + 0.943×ln(total cholesterol) − 0.693×ln(HDL cholesterol) + 1.101×ln(SBP_T) + 1.002×ln(SBP_U) + 5.485×current smoking − 1.287×ln(age)×current smoking + 0.558×diabetes; Women: LP = 36.699×ln(age) + 0.625×ln(total cholesterol) − 0.449×ln(HDL cholesterol) + 29.947×ln(SBP_T) − 7.010×ln(age)×ln(SBP_T) + 29.255×ln(SBP_U) − 6.847×ln(age)×ln(SBP_U) + 0.497×current smoking + 0.962×diabetes.
Recalibrated 10-year ASCVD risk: men, 1 − 0.9323^exp(LP − 26.89); women, 1 − 0.9443^exp(LP − 157.15).
Abbreviations: AA, age acceleration; ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CVD, cardiovascular disease; EAA, epigenetic age acceleration; PCE, pooled cohort equation; PREVENT, Predicting Risk of CVD EVENTs equation.
Table S5. Mediating role of EAA in association between transitions in lifestyle and future CVD risk
	CVD risk
	Lifestyle transitions
	EAA
	Indirect
effect (95% CI)
	Direct
effect (95% CI)
	Total
effect (95% CI)
	Prop.Mediated 
(95% CI)

	Total CVD risk estimated by
PREVENT score (n=865)
	Wave 1 – Wave 5
	PhenoAA
	0.0002 (-0.0002 to 0.0007)
	0.0127 (0.0048 to 0.0199)**
	0.0129 (0.0051 to 0.0200)**
	1.3% (-1.5 to 8.0)

	
	(8-year transitions)
	Grim2AA
	0.0066 (0.0041 to 0.0094)***
	0.0062 (-0.0020 to 0.0142)
	0.0129 (0.0048 to 0.0205)**
	51.5% (26.8 to 135.9)**

	
	
	DunedinPACE
	0.0020 (0.0008 to 0.0034)**
	0.0109 (0.0030 to 0.0193)**
	0.0129 (0.0051 to 0.0215)***
	15.2% (5.2 to 44.5)**

	
	
	
	
	
	
	

	
	Wave 3 – Wave 5
	PhenoAA
	0.0001 (-0.0002 to 0.0005)
	0.0167 (0.0085 to 0.0257)***
	0.0168 (0.0088 to 0.0257)***
	0.4% (-1.5 to 3.1)

	
	(4-year transitions)
	Grim2AA
	0.0069 (0.0045 to 0.0098)***
	0.0099 (0.0013 to 0.0186)*
	0.0168 (0.0085 to 0.0251)***
	40.9% (22.3 to 87.4)***

	
	
	DunedinPACE
	0.0022 (0.0008 to 0.0039)**
	0.0146 (0.0064 to 0.0226)***
	0.0168 (0.0086 to 0.0243)***
	13.1% (4.7 to 31.0)**

	ASCVD risk estimated by PREVENT score (n=865)
	Wave 1 – Wave 5
	PhenoAA
	0.0000 (-0.0002 to 0.0003)
	0.0069 (0.0026 to 0.0113)**
	0.0070 (0.0027 to 0.0113)**
	0.4% (-3.4 to 5.6)

	
	(8-year transitions)
	Grim2AA
	0.0037 (0.0025 to 0.0052)***
	0.0033 (-0.0013 to 0.0079)
	0.0070 (0.0026 to 0.0114)**
	52.9% (28.6 to 141.2)**

	
	
	DunedinPACE
	0.0011 (0.0004 to 0.0019)***
	0.0059 (0.0016 to 0.0101)**
	0.0070 (0.0027 to 0.0111)**
	15.7% (5.7 to 44.8)**

	
	
	
	
	
	
	

	
	Wave 3 – Wave 5
	PhenoAA
	0.0000 (-0.0001 to 0.0002)
	0.0091 (0.0043 to 0.0135)***
	0.0091 (0.0043 to 0.0135)***
	0.1% (-1.6 to 2.9)

	
	(4-year transitions)
	Grim2AA
	0.0038 (0.0024 to 0.0054)***
	0.0053 (0.0006 to 0.0099)*
	0.0091 (0.0045 to 0.0137)***
	42.0% (22.8 to 87.2)***

	
	
	DunedinPACE
	0.0012 (0.0004 to 0.0021)***
	0.0079 (0.0036 to 0.0124)***
	0.0091 (0.0048 to 0.0135)***
	13.6% (4.0 to 30.1)***

	ASCVD risk estimated by
PCE score (n=926)
	Wave 1 – Wave 5
	PhenoAA
	-0.0001 (-0.0010 to 0.0008)
	0.0116 (-0.0017 to 0.0258)
	0.0115 (-0.0016 to 0.0257)
	-0.8% (-18.8 to 19.8)

	
	(8-year transitions)
	Grim2AA
	0.0040 (0.0003 to 0.0081)*
	0.0075 (-0.0061 to 0.0201)
	0.0115 (-0.0012 to 0.0238)
	34.8% (-186.8 to 295.6)

	
	
	DunedinPACE
	0.0015 (-0.0006 to 0.0038)
	0.0100 (-0.0031 to 0.0234)
	0.0115 (-0.0010 to 0.0244)
	13.1% (-98.9 to 107.5)

	
	
	
	
	
	
	

	
	Wave 3 – Wave 5
	PhenoAA
	0.0000 (-0.0005 to 0.0004)
	0.0223 (0.0078 to 0.0360)**
	0.0223 (0.0081 to 0.0361)**
	0.0% (-2.7 to 2.4)

	
	(4-year transitions)
	Grim2AA
	0.0030 (-0.0012 to 0.0069)
	0.0193 (0.0050 to 0.0343)**
	0.0223 (0.0091 to 0.0366)***
	13.5% (-6.6 to 46.7)

	
	
	DunedinPACE
	0.0013 (-0.0012 to 0.0040)
	0.0210 (0.0085 to 0.0362)**
	0.0223 (0.0095 to 0.0368)***
	5.8% (-5.6 to 24.7)


Adjusted for age, sex, study area, educational level, body mass index, total cholesterol, fasting glucose, systolic blood pressure, and diastolic blood pressure at wave 5. 
The Korean population–recalibrated PCE was calculated as described in the footnote to Table S4.
Effect and 95% confidence intervals were obtained using nonparametric bootstrap mediation analysis with 1,000 simulations. *P < 0.05; **P < 0.01; ***P < 0.001.
Abbreviations: AA, age acceleration; ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; CVD risk, cardiovascular disease risk; EAA, epigenetic age acceleration; PCE, pooled cohort equation; PREVENT, Predicting Risk of CVD EVENTs equation.
Table S6. Lifestyle-score trajectory groups and their associations with EAA

	EAA
	GBTM trajectory group
	n (%)
	β (95% CI)
	P
	Global P

	PhenoAA
	Stable/slight decline
	503 (49.3)
	Reference
	
	0.378

	
	Moderate improvement
	353 (34.6)
	0.29 (-0.42 to 0.99)
	0.424
	

	
	Large improvement
	58 (5.7)
	-0.95 (-2.39 to 0.48)
	0.192
	

	
	Worsening
	106 (10.4)
	0.02 (-1.06 to 1.10)
	0.971
	

	Grim2AA
	Stable/slight decline
	503 (49.3)
	Reference
	
	<0.001

	
	Moderate improvement
	353 (34.6)
	-0.89 (-1.38 to -0.39)
	<0.001
	

	
	Large improvement
	58 (5.7)
	-2.31 (-3.32 to -1.30)
	<0.001
	

	
	Worsening
	106 (10.4)
	0.80 (0.05 to 1.56)
	0.038
	

	DunedinPACE
	Stable/slight decline
	503 (49.3)
	Reference
	
	0.011

	
	Moderate improvement
	353 (34.6)
	-1.03 (-2.27 to 0.20)
	0.102
	

	
	Large improvement
	58 (5.7)
	-3.04 (-5.55 to -0.52)
	0.018
	

	
	Worsening
	106 (10.4)
	1.58 (-0.31 to 3.46)
	0.101
	


Values are β coefficients (95% confidence intervals) from multivariable linear regression models. Lifestyle trajectory groups were identified using a four-class linear change-focused group-based trajectory model (GBTM) based on lifestyle scores at the first, third, and fifth waves. n represents the number of participants assigned to each GBTM group. The “Stable/slight decline” group was used as the reference. Models were adjusted for baseline lifestyle score, age, sex, study area, educational level, body mass index, total cholesterol, fasting glucose, systolic blood pressure, and diastolic blood pressure. Global P values represent the overall association between GBTM trajectory group and each EAA.
Abbreviations: CI, confidence interval; EAA, epigenetic age acceleration; GBTM, group-based trajectory modeling.
