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Supplementary Methods
Data harmonization
NHANES, CHARLS and HRS variables were harmonized into common constructs for stroke history, physical inactivity, hypertension, diabetes, dyslipidemia or high cholesterol, heart disease and current smoking. The six-component burden score was selected for cross-sectional analyses because all six components could be aligned across NHANES, CHARLS and HRS. Longitudinal CHARLS and HRS analyses additionally used body mass index, low-risk drinking and sleep-related variables to construct a nine-component modifiable brain-health score. The six-component and nine-component scores were therefore treated as related but non-identical measures.
Survey design and weighting
NHANES analyses used MEC sampling weights, primary sampling units and strata. CHARLS analyses used available respondent weights. HRS analyses used respondent weights and public design variables available through RAND HRS Tracker products. Survey designs differ across datasets; therefore, database-specific estimates remain central to interpretation.
Outcome ascertainment
Stroke outcomes were self-reported physician diagnoses. They were not adjudicated by imaging, hospital record review or uniform stroke-subtype classification. Longitudinal incident stroke was defined as no self-reported stroke at baseline followed by the first subsequent wave with self-reported stroke.
Longitudinal modeling
CHARLS and HRS were restructured into person-wave datasets. The primary longitudinal analysis used discrete-time survival models with a complementary log-log link and interval fixed effects. This model choice reflects the wave-based ascertainment of stroke and the absence of exact onset dates. Cox models using approximated event times were treated as sensitivity analyses.
Prediction analysis
CHARLS was used as the development cohort and HRS as the external validation cohort. CHARLS-derived coefficients were applied to HRS without refitting to test transportability rather than optimize fit. HRS calibration and decision-curve plots used intercept recalibration to account for population-level baseline-risk differences, whereas AUC calculations used the original CHARLS-derived predicted-risk ranking. AUC confidence intervals used 300-replicate nonparametric bootstrap resampling. Decision curves were generated across risk thresholds from 0.5% to 15%.
Multiple-imputation sensitivity analysis
To examine the influence of missing covariate data in CHARLS and HRS, five imputed datasets were generated within each database. Cross-sectional analyses imputed the six burden components and covariates before recomputing the burden score. Longitudinal analyses imputed baseline person-level brain-health score and covariates before refitting the discrete-time survival models. Survey weights and available HRS public design variables were retained but were not imputed. Rubin's rules were used to pool estimates across imputations. These analyses were sensitivity analyses and did not replace the prespecified complete-case primary models.
Supplementary Tables
Supplementary Table S1. Harmonized variable definitions
	Construct
	NHANES
	CHARLS
	HRS

	Outcome
	MCQ160F, ever told had a stroke
	r4stroke, self-reported doctor-diagnosed stroke
	qc053, self-reported doctor-diagnosed stroke

	Physical inactivity
	Leisure-time MVPA <600 MET-min/week from PAQ650-675
	No vigorous or moderate activity in r4vgact_c/r4mdact_c
	Never/rarely vigorous and moderate activity in qc223/qc224

	Hypertension
	BPQ020, ever told high blood pressure
	r4hibpe
	qc005

	Diabetes
	DIQ010, doctor told diabetes/borderline coded as no diabetes
	r4diabe
	qc010

	High cholesterol/dyslipidemia
	BPQ080, doctor told high cholesterol
	r4dyslipe
	qc283

	Heart disease
	Any of MCQ160B/C/D/E
	r4hearte
	qc036

	Current smoking
	SMQ020 and SMQ040 current smoker
	r4smoken
	qc117

	Unfavorable factor burden
	Sum of six unfavorable factors, 0-6; categories 0-1, 2, 3, >=4
	Same six-factor sum and categories
	Same six-factor sum and categories



Note. The table shows the harmonized public-use variables used to construct comparable modifiable health factors across databases.
Supplementary Table S2. Overall baseline characteristics by database
	Variable
	NHANES 2007-2018
	CHARLS 2018
	HRS 2018

	N
	14475
	16070
	8175

	Stroke history/prevalent stroke, %
	5.6
	8.3
	7.7

	Age, years
	63.4 (9.3)
	64.1 (9.8)
	66.4 (9.6)

	Female, %
	53.5
	50.5
	48.9

	Education: low, %
	15.8
	64.6
	5.1

	Education: middle, %
	24.1
	32.7
	40.7

	Education: high, %
	60.1
	2.8
	54.3

	Physical inactivity, %
	69.4
	42.9
	25.3

	Hypertension, %
	51.6
	41.8
	58.3

	Diabetes, %
	17.5
	14.2
	24.7

	High cholesterol/dyslipidemia, %
	52.8
	24.4
	33.0

	Heart disease, %
	13.5
	20.9
	25.4

	Current smoking, %
	14.9
	26.9
	22.8

	Unfavorable factors, mean (SD)
	2.2 (1.3)
	1.7 (1.3)
	1.9 (1.3)

	Unfavorable factors 0-1, %
	31.7
	49.1
	42.0

	Unfavorable factors 2, %
	29.6
	26.2
	26.4

	Unfavorable factors 3, %
	22.2
	14.8
	19.0

	Unfavorable factors >=4, %
	16.5
	10.0
	12.6



Note. Values are analytic complete-case counts, percentages, or mean (SD), as appropriate. This table summarizes overall database-level characteristics corresponding to the main cross-sectional models.
Supplementary Table S3. Sensitivity analysis excluding current smoking from the burden score
	dataset
	model_type
	term
	n
	events
	OR (95%CI)
	P

	NHANES 2007-2018
	Five-factor category
	2 vs 0-1
	13963
	995
	2.14 (1.51-3.02)
	<0.001

	NHANES 2007-2018
	Five-factor category
	3 vs 0-1
	13963
	995
	3.16 (2.34-4.26)
	<0.001

	NHANES 2007-2018
	Five-factor category
	>=4 vs 0-1
	13963
	995
	6.58 (4.60-9.41)
	<0.001

	NHANES 2007-2018
	Five-factor continuous
	Per additional unfavorable factor, excluding smoking
	13963
	995
	1.70 (1.55-1.87)
	<0.001

	CHARLS 2018
	Five-factor category
	2 vs 0-1
	16071
	1295
	2.95 (2.33-3.73)
	<0.001

	CHARLS 2018
	Five-factor category
	3 vs 0-1
	16071
	1295
	5.06 (4.03-6.35)
	<0.001

	CHARLS 2018
	Five-factor category
	>=4 vs 0-1
	16071
	1295
	7.32 (5.69-9.41)
	<0.001

	CHARLS 2018
	Five-factor continuous
	Per additional unfavorable factor, excluding smoking
	16071
	1295
	1.77 (1.68-1.87)
	<0.001

	HRS 2018
	Five-factor category
	2 vs 0-1
	15210
	1168
	1.96 (1.54-2.49)
	<0.001

	HRS 2018
	Five-factor category
	3 vs 0-1
	15210
	1168
	3.62 (2.83-4.63)
	<0.001

	HRS 2018
	Five-factor category
	>=4 vs 0-1
	15210
	1168
	6.29 (4.86-8.15)
	<0.001

	HRS 2018
	Five-factor continuous
	Per additional unfavorable factor, excluding smoking
	15210
	1168
	1.70 (1.60-1.82)
	<0.001



Note. The burden score excludes current smoking. Odds ratios are adjusted for age, sex and education. CI, confidence interval; OR, odds ratio.
Supplementary Table S4. Subgroup analyses by sex and age
	dataset
	stratum_type
	stratum
	n
	events
	OR (95%CI)
	P

	NHANES 2007-2018
	Overall
	Overall
	13956
	995
	1.69 (1.55-1.86)
	<0.001

	NHANES 2007-2018
	Sex
	Male
	6847
	494
	1.67 (1.47-1.91)
	<0.001

	NHANES 2007-2018
	Sex
	Female
	7109
	501
	1.72 (1.56-1.89)
	<0.001

	NHANES 2007-2018
	Age
	50-64
	7236
	322
	1.90 (1.67-2.17)
	<0.001

	NHANES 2007-2018
	Age
	>=65
	6720
	673
	1.57 (1.41-1.76)
	<0.001

	CHARLS 2018
	Overall
	Overall
	16070
	1295
	1.67 (1.58-1.77)
	<0.001

	CHARLS 2018
	Sex
	Male
	7782
	659
	1.62 (1.48-1.77)
	<0.001

	CHARLS 2018
	Sex
	Female
	8288
	636
	1.73 (1.61-1.86)
	<0.001

	CHARLS 2018
	Age
	50-64
	9102
	505
	1.85 (1.70-2.01)
	<0.001

	CHARLS 2018
	Age
	>=65
	6968
	790
	1.53 (1.42-1.66)
	<0.001

	HRS 2018
	Overall
	Overall
	8175
	730
	1.63 (1.52-1.76)
	<0.001

	HRS 2018
	Sex
	Male
	3936
	369
	1.55 (1.40-1.71)
	<0.001

	HRS 2018
	Sex
	Female
	4239
	361
	1.73 (1.58-1.90)
	<0.001

	HRS 2018
	Age
	50-64
	3665
	258
	1.82 (1.60-2.08)
	<0.001

	HRS 2018
	Age
	>=65
	4510
	472
	1.52 (1.38-1.68)
	<0.001



Note. Subgroup models estimate the association per additional unfavorable factor within sex and age strata. CI, confidence interval; OR, odds ratio.
Supplementary Table S5. Interaction P values
	dataset
	P for sex interaction
	P for age interaction

	NHANES 2007-2018
	0.898
	0.007

	CHARLS 2018
	0.334
	<0.001

	HRS 2018
	0.04
	0.065



Note. Interaction P values were calculated by adding product terms to database-specific models.
Supplementary Table S6. Random-effects pooled estimates and heterogeneity
	stratum_type
	stratum
	k
	Pooled OR (95%CI)
	P
	P heterogeneity
	I2, %

	Age
	>=65
	3
	1.54 (1.46-1.62)
	<0.001
	0.884
	0.0

	Age
	50-64
	3
	1.86 (1.75-1.97)
	<0.001
	0.899
	0.0

	Overall
	Overall
	3
	1.66 (1.60-1.73)
	<0.001
	0.812
	0.0

	Sex
	Female
	3
	1.73 (1.65-1.82)
	<0.001
	0.986
	0.0

	Sex
	Male
	3
	1.60 (1.51-1.70)
	<0.001
	0.62
	0.0



Note. Random-effects meta-analysis was used to summarize database-specific estimates. I2 quantifies between-database heterogeneity. CI, confidence interval; OR, odds ratio.
Supplementary Table S7. Longitudinal discrete-time sample counts
	dataset
	baseline_persons_with_followup
	person_wave_rows
	events
	complete_main_persons
	complete_main_events

	CHARLS 2011-2018
	15215
	39830
	1028
	13986
	953

	HRS 2014-2022
	14325
	44378
	777
	12540
	683



Note. Person-wave rows represent repeated follow-up intervals after excluding baseline stroke history for the longitudinal analyses.
Supplementary Table S8. Selected discrete-time survival model results
	dataset
	model
	n_person
	events
	label
	ratio_label
	ratio_ci
	p_text

	CHARLS
	Discrete-time cloglog: continuous score
	13986
	953
	Brain-health score, per 1 point
	Hazard ratio
	0.740 (0.712-0.769)
	<0.001

	CHARLS
	Discrete-time cloglog: continuous score
	13986
	953
	Age, per 10 years
	Hazard ratio
	1.354 (1.269-1.445)
	<0.001

	CHARLS
	Discrete-time cloglog: continuous score
	13986
	953
	Female vs male
	Hazard ratio
	0.875 (0.773-0.990)
	0.035

	CHARLS
	Discrete-time cloglog: continuous score
	13986
	953
	Middle education vs low
	Hazard ratio
	0.880 (0.763-1.015)
	0.080

	CHARLS
	Discrete-time cloglog: continuous score
	13986
	953
	High education vs low
	Hazard ratio
	0.652 (0.416-1.022)
	0.062

	HRS
	Discrete-time cloglog: continuous score
	12540
	683
	Brain-health score, per 1 point
	Hazard ratio
	0.830 (0.789-0.874)
	<0.001

	HRS
	Discrete-time cloglog: continuous score
	12540
	683
	Age, per 10 years
	Hazard ratio
	1.753 (1.598-1.923)
	<0.001

	HRS
	Discrete-time cloglog: continuous score
	12540
	683
	Female vs male
	Hazard ratio
	0.991 (0.807-1.217)
	0.933

	HRS
	Discrete-time cloglog: continuous score
	12540
	683
	Middle education vs low
	Hazard ratio
	0.754 (0.503-1.131)
	0.179

	HRS
	Discrete-time cloglog: continuous score
	12540
	683
	High education vs low
	Hazard ratio
	0.653 (0.447-0.954)
	0.032

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	Middle vs low score tertile
	Hazard ratio
	0.592 (0.515-0.681)
	<0.001

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	High vs low score tertile
	Hazard ratio
	0.395 (0.336-0.465)
	<0.001

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	Age, per 10 years
	Hazard ratio
	1.372 (1.286-1.463)
	<0.001

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	Female vs male
	Hazard ratio
	0.872 (0.770-0.988)
	0.032

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	Middle education vs low
	Hazard ratio
	0.917 (0.795-1.058)
	0.235

	CHARLS
	Discrete-time cloglog: score tertiles
	13986
	953
	High education vs low
	Hazard ratio
	0.693 (0.442-1.087)
	0.110

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	Middle vs low score tertile
	Hazard ratio
	0.770 (0.636-0.932)
	0.010

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	High vs low score tertile
	Hazard ratio
	0.445 (0.352-0.563)
	<0.001

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	Age, per 10 years
	Hazard ratio
	1.737 (1.585-1.904)
	<0.001

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	Female vs male
	Hazard ratio
	0.995 (0.809-1.223)
	0.962

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	Middle education vs low
	Hazard ratio
	0.747 (0.497-1.123)
	0.168

	HRS
	Discrete-time cloglog: score tertiles
	12540
	683
	High education vs low
	Hazard ratio
	0.642 (0.437-0.942)
	0.028



Note. The selected rows include the brain-health score and key covariates from the discrete-time survival models. CI, confidence interval; HR, hazard ratio; OR, odds ratio.
Supplementary Table S9. Prediction model performance
	dataset
	model
	n
	events
	event_rate_pct
	auc
	auc_ci_low
	auc_ci_high
	brier
	calibration_intercept
	calibration_slope

	CHARLS 2011-2018
	Basic model
	11985
	834
	7.242
	0.598
	0.575
	0.623
	0.067
	-0.000
	1.000

	HRS 2014-2022
	Basic model
	12762
	691
	4.700
	0.627
	0.598
	0.652
	0.046
	-0.622
	1.483

	CHARLS 2011-2018
	Brain-health score model
	11093
	777
	7.270
	0.645
	0.621
	0.670
	0.066
	-0.000
	1.000

	HRS 2014-2022
	Brain-health score model
	12540
	683
	4.721
	0.648
	0.622
	0.676
	0.048
	-0.807
	0.888

	CHARLS 2011-2018
	Full modifiable-factor model
	3792
	252
	6.866
	0.662
	0.622
	0.703
	0.062
	-0.000
	1.000

	HRS 2014-2022
	Full modifiable-factor model
	2750
	147
	4.765
	0.622
	0.562
	0.688
	0.052
	-0.935
	0.566

	CHARLS 2011-2018
	MVPA model
	4799
	334
	7.145
	0.602
	0.568
	0.640
	0.066
	-0.000
	1.000

	HRS 2014-2022
	MVPA model
	12727
	688
	4.690
	0.558
	0.531
	0.584
	0.054
	-1.184
	0.531



Note. CHARLS was used for model development and HRS for external validation without refitting model coefficients. AUC confidence intervals were estimated using 300-replicate nonparametric bootstrap resampling. HRS calibration plots and decision curves used intercept-recalibrated risks to account for population-level baseline-risk differences. AUC, area under the receiver operating characteristic curve.
Supplementary Table S10. External recalibration for prediction analyses
	dataset
	model
	calibration_display
	recalibration_intercept_shift
	mean_original_risk_pct
	mean_recalibrated_risk_pct

	CHARLS 2011-2018
	Basic model
	Apparent development calibration
	0.000
	7.242
	7.242

	CHARLS 2011-2018
	Brain-health score model
	Apparent development calibration
	0.000
	7.270
	7.270

	CHARLS 2011-2018
	Full modifiable-factor model
	Apparent development calibration
	0.000
	6.866
	6.866

	CHARLS 2011-2018
	MVPA model
	Apparent development calibration
	0.000
	7.145
	7.145

	HRS 2014-2022
	Basic model
	Intercept-recalibrated external validation
	-0.622
	8.383
	4.700

	HRS 2014-2022
	Brain-health score model
	Intercept-recalibrated external validation
	-0.807
	9.830
	4.721

	HRS 2014-2022
	Full modifiable-factor model
	Intercept-recalibrated external validation
	-0.935
	10.939
	4.765

	HRS 2014-2022
	MVPA model
	Intercept-recalibrated external validation
	-1.184
	13.667
	4.690



Note. This table shows the intercept recalibration applied for HRS calibration and decision-curve displays. Available-case counts for each prediction model are shown in Supplementary Table S9. Discrimination statistics use the original CHARLS-derived ranking of predicted risk.
Supplementary Table S11. Multiple-imputation sensitivity analyses
	analysis_type
	dataset
	analysis
	measure
	imputations
	ratio_ci
	p_text
	n_or_person_wave_mean
	events_mean

	Cross-sectional
	CHARLS 2018
	Six-factor burden, per additional factor
	OR
	5
	1.673 (1.603-1.746)
	<0.001
	16114
	1295

	Cross-sectional
	HRS 2018
	Six-factor burden, per additional factor
	OR
	5
	1.688 (1.591-1.790)
	<0.001
	16101
	1254

	Longitudinal
	CHARLS 2011-2018
	Nine-component brain-health score, per 1 point
	HR
	5
	0.764 (0.727-0.803)
	<0.001
	39830
	1028

	Longitudinal
	HRS 2014-2022
	Nine-component brain-health score, per 1 point
	HR
	5
	0.831 (0.790-0.875)
	<0.001
	39856
	691



Note. Multiple-imputation sensitivity analyses used five imputed datasets within CHARLS and HRS. Cross-sectional analyses imputed the six burden components and covariates before recomputing the burden score. Longitudinal analyses imputed baseline person-level brain-health score and covariates before refitting the discrete-time models. Estimates were pooled using Rubin's rules.
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