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Dataset descriptions 
English Longitudinal Study of Ageing (ELSA) 
ELSA is  an ongoing, nationally representative cohort study of community-dwelling adults aged 50 and over in England1. The study was initiated in 2002 (wave 1), with the sample consisting of individuals who participated in the Health Survey for England (HSE) in 1998, 1999 and 2001. The HSE employs a nationally representative sample using a multi-staged stratified random probability design. Participants have been followed biennially through 2018 (wave 9) via computer-assisted personal interviews and self-completion questionnaires, with nurse visits in alternate waves to collect biomedical measurements. Refreshment cohorts were recruited from subsequent years of the Health Survey for England at waves 3, 4, 6, 7, and 9. The present analysis included data from waves 1–9 (2002 to 2018).
Health and Retirement Study (HRS) 
HRS is also a nationally representative, longitudinal survey of community-dwelling U.S. adults aged 50 and older and their spouses, employing a multi-stage area probability sampling design2. Initiated in 1992, the study collects comprehensive data on economic status, health, family structure, and lifestyle through detailed biennial interviews, conducted either face-to-face or by telephone. By 1998, the HRS and Asset and Health Dynamics Among the Oldest Old cohorts were combined along with 2 new birth cohorts to fill the age gaps, making the HRS a nationally representative sample of non-institutionalised adults aged over 50 years in the United States; subsequently, refreshment cohorts have been recruited at six-year intervals. The present analysis included data from waves 4–14 (1998–2018).
Statistical Analysis 
FI trajectories were modelled using a backward timescale approach to align participants based on their proximity to the event. In this framework, year 0 was defined as the date of diagnosis for participants with incident CVD and the date of the end of follow-up for those remaining CVD-free. Consequently, negative timepoints represent the duration (in years) preceding the respective endpoints.
[bookmark: _Hlk220264190]We fitted Bayesian generalized linear mixed-effects models, specifying a Gamma distribution with a log link function to accommodate the right-skewed nature of the FI. Analyses were implemented using the brms package (version 2.23) interfacing with Stan3. To capture potential non-linearities in FI trajectories, time was modeled using natural cubic splines with six degrees of freedom, selected a priori;this level of complexity is widely considered sufficient, as higher-dimensional splines are generally superfluous even for large cohorts4. The primary fixed effects included time (spline), CVD status (incident CVD vs. CVD-free), and their interaction, allowing the trajectory of FI to vary by group. The models were further adjusted for covariates, including age, sex (except in sex- subgroup analyses), marital status, education level, smoking status, alcohol consumption, and physical activity. The random effect included random intercept and slopes at the individual level with an unstructured covariance matrix. For each year of the retrospective period, we estimated the mean difference in FI between the incident CVD and CVD-free groups. The onset of divergence was defined as the earliest time point where this difference reached statistical significance. Subsequently, the start of accelerated frailty was determined as the year when the disparity in FI achieved statistical significance and exhibited a sustained increase.
We employed weakly informative priors to minimize subjective influence on the posterior distribution. Sampling was conducted using four Markov Chain Monte Carlo chains with 2,000 iterations per chain (including 1,000-iteration warm-up), yielding a total of 4,000 posterior samples. Trace plots and Gelman-Rubin diagnostic were used to confirm model convergence. 

[bookmark: _Toc227091273]Table S1. The items used to construct the frailty index
	No.
	ELSA
	HRS

	1
	Walking 100 yards
	Walking 1 block

	2
	Sitting for 2 hours
	Sitting for 2 hours

	3
	Getting up from chair
	Getting up from chair

	4
	Climb several flights of stairs
	Climb several flights of stairs

	5
	Climb one flight of stairs
	Stooping, kneeling, or crouching

	6
	Stooping, kneeling, or crouching
	Reaching or extending arms above shoulder level

	7
	Reaching or extending arms above shoulder level
	Pulling or pushing large objects

	8
	Pulling or pushing large objects
	Lifting or carrying weights over 10 pounds

	9
	Lifting or carrying weights over 10 pounds
	Picking up a dime from a table

	10
	Picking up a 5p coin from a table
	Dressing

	11
	Dressing
	walking across a room

	12
	Walking across a room
	Bathing or showering

	13
	Bathing or showering
	Eating

	14
	Eating
	Getting in or out of bed

	15
	Getting in or out of bed
	Using the toilet

	16
	Using the toilet
	Preparing hot meals

	17
	Using a map
	Shopping for groceries

	18
	Preparing hot meals
	Making telephone calls

	19
	Shopping for groceries
	Taking medications

	20
	Making telephone calls
	Managing money

	21
	Taking medications
	Self-reported general health

	22
	Managing money
	Depressed

	23
	Doing work around the house or garden
	Felt everything was effort

	24
	Self-reported general health
	Restless sleep

	25
	Depressed
	Happy (reverse-coded)

	26
	Felt everything was effort
	Lonely

	27
	Restless sleep
	Enjoyed life (reverse-coded)

	28
	Happy (reverse-coded)
	Sad

	29
	Lonely
	Could not get going

	30
	Enjoyed life (reverse-coded)
	High blood pressure/ hypertension

	31
	Sad
	Diabetes/ high blood sugar

	32
	Could not get going
	Lung diseases

	33
	High blood pressure
	Arthritis

	34
	Diabetes/ high blood sugar
	Cancer

	35
	Lung diseases
	Psychiatric conditions

	36
	Asthma
	Memory-related disease

	37
	Arthritis
	Incontinence

	38
	Osteoporosis
	Visual impairment (close)

	39
	Cancer
	Visual impairment (distant)

	40
	Parkinson's disease
	Hearing impairment

	41
	Psychiatric conditions
	BMI deficit

	42
	Alzheimer's disease
	Fallen down

	43
	Dementia
	Fractured hip

	44
	Self-reported eyesight
	Pain

	45
	Self-reported hearing
	Year

	46
	Fallen down
	Month

	47
	Fractured hip
	Day

	48
	Had joint replacement
	Day of week

	49
	Had pain whilst walking
	Immediate recall

	50
	Year
	Delayed recall

	51
	Month
	NA

	52
	Day
	NA

	53
	Day of week
	NA

	54
	Immediate recall
	NA

	55
	Delayed recall
	NA




























[bookmark: _Toc227091274]Table S2. Fixed effects estimates for frailty index trajectories before CVD incidence.
	Term
	ELSA
	HRS

	Age 
	0.018 (0.016, 0.020)
	0.009 (0.007, 0.011)

	Female 
	0.111 (0.086, 0.136)
	0.115 (0.102, 0.126)

	Other marital status 
	0.129 (0.100, 0.157)
	0.103 (0.091, 0.118)

	Low education 
	-0.217 (-0.242, -0.194)
	-0.261 (-0.282, -0.234)

	Former smoker 
	0.109 (0.083, 0.136)
	0.083 (0.069, 0.099)

	Current smoker 
	0.213 (0.179, 0.247)
	0.160 (0.142, 0.175)

	Drinker
	-0.180 (-0.205, -0.152)
	-0.127 (-0.142, -0.115)

	High activity
	-0.289 (-0.315, -0.265)
	-0.212 (-0.230, -0.188)

	Incident CVD 
	0.047 (-0.050, 0.145)
	-0.007 (-0.133, 0.067)

	Spline1
	0.090 (0.059, 0.121)
	0.286 (0.255, 0.348)

	Spline2
	0.161 (0.120, 0.202)
	0.375 (0.338, 0.441)

	Spline3
	0.201 (0.156, 0.245)
	0.474 (0.417, 0.603)

	Spline4
	0.258 (0.199, 0.315)
	0.475 (0.429, 0.568)

	Spline5
	0.340 (0.283, 0.400)
	0.700 (0.632, 0.840)

	Spline6
	0.286 (0.264, 0.308)
	0.455 (0.408, 0.574)

	CVD* Spline1
	0.075 (-0.021, 0.168)
	0.061 (-0.004, 0.162)

	CVD* Spline2
	0.060 (-0.058, 0.180)
	0.051 (-0.027, 0.177)

	CVD* Spline3
	0.128 (0.013, 0.242)
	0.040 (-0.031, 0.119)

	CVD* Spline4
	0.112 (-0.012, 0.242)
	0.096 (0.020, 0.218)

	CVD* Spline5
	0.227 (0.034, 0.435)
	0.155 (0.019, 0.357)

	CVD* Spline6
	0.145 (0.088, 0.201)
	0.129 (0.091, 0.163)


Note: Estimates were derived from Bayesian generalized linear mixed-effects models on a backward timescale. Models incorporated fixed effects for time (natural cubic splines), CVD status, their interaction, and covariates (age, sex, marital status, education, smoking, alcohol consumption, and physical activity), alongside random intercepts and slopes. Values represent estimates (95% credible interval). ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study; CVD, cardiovascular disease.















[bookmark: _Toc227091275]Table S3. Mean difference in frailty index between incident CVD and CVD-free participants (the reference group).
	
	ELSA
	HRS

	Years before CVD
	Difference in mean
	95% CrI
	Difference in mean
	95% CrI

	-21
	
	
	-0.001
	-0.014, 0.008

	-20
	
	
	-0.000
	-0.012, 0.007

	-19
	
	
	0.000
	-0.011, 0.006

	-18
	
	
	0.000
	-0.009, 0.006

	-17
	0.004
	-0.004, 0.013
	0.001
	-0.007, 0.006

	-16
	0.005
	-0.001, 0.012
	0.001
	-0.006, 0.006

	-15
	0.006
	0.001, 0.012
	0.002
	-0.005, 0.006

	-14
	0.007
	0.003, 0.012
	0.002
	-0.003, 0.006

	-13
	0.008
	0.004, 0.013
	0.003
	-0.002, 0.007

	-12
	0.009
	0.005, 0.014
	0.004
	-0.001, 0.008

	-11
	0.010
	0.006, 0.014
	0.005
	0.001, 0.009

	-10
	0.011
	0.007, 0.015
	0.006
	0.002, 0.010

	-9
	0.011
	0.007, 0.015
	0.007
	0.003, 0.010

	-8
	0.011
	0.007, 0.016
	0.008
	0.003, 0.011

	-7
	0.011
	0.008, 0.015
	0.008
	0.004, 0.011

	-6
	0.012
	0.008, 0.016
	0.008
	0.004, 0.011

	-5
	0.013
	0.009, 0.017
	0.007
	0.003, 0.011

	-4
	0.015
	0.011, 0.019
	0.007
	0.001, 0.011

	-3
	0.017
	0.012, 0.021
	0.008
	0.001, 0.013

	-2
	0.019
	0.014, 0.023
	0.011
	0.005, 0.015

	-1
	0.021
	0.014, 0.028
	0.017
	0.012, 0.021

	0
	0.030
	0.025, 0.035
	0.029
	0.023, 0.034


Note: Estimates were derived from Bayesian generalized linear mixed-effects models on a backward timescale. Models incorporated fixed effects for time (natural cubic splines), CVD status, their interaction, and covariates (age, sex, marital status, education, smoking, alcohol consumption, and physical activity), alongside random intercepts and slopes. CrI, credible interval. ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study; CVD, cardiovascular disease.













[bookmark: _Toc227091276]Table S4. Mean difference in frailty index between incident CVD and CVD-free participants (the reference group) by sex in the ELSA and HRS.
	Years before CVD
	ELSA
	HRS

	
	Among male
	Among female
	Among male
	Among female

	-21
	
	
	0.001 (-0.012, 0.013)
	-0.001 (-0.009, 0.007)

	-20
	
	
	0.001 (-0.011, 0.011)
	-0.001 (-0.008, 0.007)

	-19
	
	
	0.001 (-0.009, 0.010)
	-0.000 (-0.006, 0.006)

	-18
	
	
	0.001 (-0.008, 0.009)
	0.001 (-0.005, 0.006)

	-17
	0.005 (-0.006, 0.015)
	0.004 (-0.006, 0.015)
	0.001 (-0.007, 0.008)
	0.001 (-0.003, 0.006)

	-16
	0.005 (-0.004, 0.013)
	0.005 (-0.002, 0.014)
	0.001 (-0.006, 0.007)
	0.002 (-0.002, 0.007)

	-15
	0.005 (-0.002, 0.012)
	0.007 (0.001, 0.014)
	0.001 (-0.006, 0.006)
	0.003 (-0.001, 0.008)

	-14
	0.005 (-0.001, 0.011)
	0.008 (0.003, 0.014)
	0.001 (-0.005, 0.006)
	0.004 (-0.000, 0.009)

	-13
	0.005 (-0.000, 0.011)
	0.009 (0.004, 0.015)
	0.001 (-0.004, 0.006)
	0.005 (0.001, 0.010)

	-12
	0.006 (0.001, 0.012)
	0.010 (0.005, 0.016)
	0.002 (-0.004, 0.006)
	0.007 (0.003, 0.011)

	-11
	0.007 (0.002, 0.013)
	0.011 (0.005, 0.016)
	0.002 (-0.003, 0.006)
	0.008 (0.004, 0.012)

	-10
	0.008 (0.003, 0.013)
	0.011 (0.006, 0.015)
	0.002 (-0.003, 0.006)
	0.010 (0.005, 0.014)

	-9
	0.010 (0.005, 0.015)
	0.010 (0.006, 0.015)
	0.002 (-0.003, 0.007)
	0.011 (0.007, 0.015)

	-8
	0.011 (0.005, 0.016)
	0.010 (0.005, 0.015)
	0.002 (-0.003, 0.006)
	0.012 (0.008, 0.016)

	-7
	0.010 (0.006, 0.015)
	0.010 (0.006, 0.015)
	0.002 (-0.002, 0.006)
	0.012 (0.008, 0.016)

	-6
	0.010 (0.005, 0.015)
	0.011 (0.006, 0.016)
	0.001 (-0.003, 0.005)
	0.012 (0.008, 0.016)

	-5
	0.010 (0.005, 0.015)
	0.013 (0.008, 0.018)
	0.000 (-0.004, 0.005)
	0.013 (0.009, 0.017)

	-4
	0.010 (0.005, 0.015)
	0.016 (0.011, 0.021)
	-0.001 (-0.006, 0.005)
	0.014 (0.010, 0.019)

	-3
	0.011 (0.006, 0.016)
	0.019 (0.013, 0.025)
	-0.001 (-0.007, 0.006)
	0.016 (0.012, 0.020)

	-2
	0.012 (0.007, 0.017)
	0.021 (0.016, 0.027)
	0.002 (-0.003, 0.007)
	0.018 (0.014, 0.023)

	-1
	0.013 (0.004, 0.022)
	0.024 (0.016, 0.031)
	0.008 (0.003, 0.014)
	0.024 (0.019, 0.029)

	0
	0.025 (0.019, 0.032)
	0.028 (0.022, 0.035)
	0.017 (0.013, 0.022)
	0.036 (0.031, 0.042)


Note: Estimates were derived from Bayesian generalized linear mixed-effects models on a backward timescale. Models incorporated fixed effects for time (natural cubic splines), CVD status, their interaction, and covariates (age, marital status, education, smoking, alcohol consumption, and physical activity), alongside random intercepts and slopes. Data represent mean differences (95% credible intervals) in frailty index scores between the two groups. ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study; CVD, cardiovascular disease.

[bookmark: _Toc227091277]Table S5. Mean difference in frailty index between incident CVD and CVD-free participants (the reference group) by race in HRS.
	Years before CVD
	Among White participants 
	Among Black participants

	-21
	0.000 (-0.012, 0.009)
	0.011 (-0.011, 0.036)

	-20
	-0.000 (-0.011, 0.007)
	0.014 (-0.007, 0.035)

	-19
	-0.000 (-0.010, 0.006)
	0.016 (-0.002, 0.035)

	-18
	-0.000 (-0.009, 0.005)
	0.018 (0.003, 0.035)

	-17
	-0.000 (-0.008, 0.005)
	0.021 (0.007, 0.036)

	-16
	-0.000 (-0.007, 0.004)
	0.023 (0.010, 0.037)

	-15
	0.000 (-0.006, 0.004)
	0.024 (0.012, 0.038)

	-14
	0.001 (-0.005, 0.005)
	0.026 (0.014, 0.038)

	-13
	0.001 (-0.004, 0.005)
	0.026 (0.015, 0.038)

	-12
	0.002 (-0.002, 0.006)
	0.026 (0.015, 0.037)

	-11
	0.004 (-0.001, 0.007)
	0.024 (0.015, 0.035)

	-10
	0.005 (0.000, 0.008)
	0.023 (0.014, 0.033)

	-9
	0.006 (0.002, 0.009)
	0.021 (0.012, 0.031)

	-8
	0.006 (0.003, 0.010)
	0.020 (0.011, 0.030)

	-7
	0.006 (0.003, 0.010)
	0.020 (0.011, 0.029)

	-6
	0.006 (0.002, 0.010)
	0.021 (0.013, 0.030)

	-5
	0.006 (0.001, 0.010)
	0.023 (0.014, 0.033)

	-4
	0.006 (-0.000, 0.010)
	0.025 (0.016, 0.035)

	-3
	0.006 (-0.001, 0.011)
	0.026 (0.016, 0.037)

	-2
	0.007 (0.001, 0.012)
	0.030 (0.020, 0.041)

	-1
	0.012 (0.006, 0.017)
	0.040 (0.027, 0.056)

	0
	0.022 (0.016, 0.027)
	0.062 (0.050, 0.075)


Note: Estimates were derived from Bayesian generalized linear mixed-effects models on a backward timescale. Models incorporated fixed effects for time (natural cubic splines), CVD status, their interaction, and covariates (age, sex, marital status, education, smoking, alcohol consumption, and physical activity), alongside random intercepts and slopes. Data represent mean differences (95% credible intervals) in frailty index scores between the two groups. HRS, Health and Retirement Study; CVD, cardiovascular disease.













[bookmark: _Toc227091278]Table S6. Associations of frailty index and incident CVD by sex and race subgroups.
	Characteristic
	Events /Total
	HR (95% CI)

	ELSA male
	
	

	All participants
	1079/4582
	1.30 (1.23-1.38)

	Within acceleration period
	420/1222
	1.12 (1.03-1.23)

	Before acceleration period
	659/3360
	1.32 (1.22-1.43)

	ELSA female
	
	

	All participants
	1110/5655
	1.29 (1.22-1.36)

	Within acceleration period
	628/2262
	1.20 (1.12-1.29)

	Before acceleration period
	482/3393
	1.28 (1.18-1.39)

	HRS male
	
	

	All participants
	2852/10574
	1.21 (1.17-1.25)

	Within acceleration period
	272/923
	1.20 (1.10-1.31)

	Before acceleration period
	2580/9651
	1.19 (1.15-1.23)

	HRS female
	
	

	All participants
	3649/ 13960
	1.26 (1.23-1.29)

	Within acceleration period
	1787/5193
	1.13 (1.09-1.16)

	Before acceleration period
	1862/8767
	1.24 (1.19-1.28)

	HRS white
	
	

	All participants
	5198/17782
	1.24 (1.21-1.27)

	Within acceleration period
	1044 /3355
	1.08 (1.03-1.13)

	Before acceleration period
	4154/ 14427
	1.23 (1.19-1.26)

	HRS black
	
	

	All participants
	992/4682
	1.24 (1.19-1.30)

	Within acceleration period
	608/2419
	1.13 (1.08-1.19)

	Before acceleration period
	384/2263
	1.24 (1.14-1.34)


Note: Cox proportional hazards models were adjusted for age, marital status, education, smoking, alcohol consumption, physical activity, and additionally sex where appropriate. HR, hazard ratio; CI, confidence interval; ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study; CVD, cardiovascular disease.
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[bookmark: _Toc227091279]Figure S1. Frailty index trajectories before index date: restricting to ≥10 years of follow-up.
Note: Estimates were derived from Bayesian generalized linear mixed-effects models on a backward timescale. Models incorporated fixed effects for time (natural cubic splines), CVD status, their interaction, and covariates (age, sex, marital status, education, smoking, alcohol consumption, and physical activity), alongside random intercepts and slopes. Panels A (ELSA) and B (HRS) display the expected frailty index trajectories. Solid lines represent the mean estimates, and shaded regions indicate 95% credible intervals (CrIs). Panels C (ELSA) and D (HRS) illustrate the year-by-year mean differences in the frailty index between the incident CVD group and the CVD-free reference group. Points indicate the estimated mean differences, with error bars representing 95% CrIs. Solid and dashed vertical lines delineate the onset of divergence and accelerated frailty, respectively. ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study; CVD, cardiovascular disease.
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