2-year landmark analysis

In the 2-year landmark sensitivity analysis, participants who experienced CVD, died, or were censored within the first 2 years of follow-up were excluded. The final landmark sample included 8,454 participants, among whom 1,431 incident CVD events occurred during follow-up.
The association between a more favorable healthy lifestyle score (HLS) and lower CVD risk remained generally consistent with the primary analysis. Among participants with no reported hypertension through baseline, compared with the poor HLS group, the adjusted hazard ratios (HRs) for incident CVD were 0.81 (95% CI, 0.66–1.00) for the intermediate HLS group and 0.80 (95% CI, 0.65–0.99) for the ideal HLS group.
Among participants with first report <55 years, the corresponding adjusted HRs were 0.63 (95% CI, 0.48–0.84) for the intermediate HLS group and 0.70 (95% CI, 0.52–0.96) for the ideal HLS group, indicating a persistently lower risk of incident CVD associated with healthier lifestyle patterns.
Among those with first report ≥55 years, the adjusted HRs were 0.88 (95% CI, 0.69–1.14) for the intermediate HLS group and 0.78 (95% CI, 0.60–1.03) for the ideal HLS group. Although these associations did not reach statistical significance, the direction of effect was consistent with that observed in the primary analysis.
No significant interaction was observed between HLS and first reported hypertension status in the 2-year landmark analysis (P for interaction = 0.316). (Supplementary Table S1)
Supplementary Table S1. Sensitivity analysis using a 2-year landmark approach

	Hypertension reporting group
	HLS category
	HR
	95% CI
	P value

	No reported hypertension
	Intermediate vs Poor
	0.81
	0.66–1.00
	0.045

	No reported hypertension
	Ideal vs Poor
	0.80
	0.65–0.99
	0.041

	First report <55 years
	Intermediate vs Poor
	0.63
	0.48–0.84
	0.002

	First report <55 years
	Ideal vs Poor
	0.70
	0.52–0.96
	0.024

	First report ≥55 years
	Intermediate vs Poor
	0.88
	0.69–1.14
	0.332

	First report ≥55 years
	Ideal vs Poor
	0.78
	0.60–1.03
	0.080


Participants who developed CVD, died, or were censored within the first 2 years of follow-up were excluded. 

Fine-Gray competing-risk analysis
In sensitivity analyses accounting for the competing risk of death before cardiovascular disease (CVD) using Fine–Gray subdistribution hazard models, the overall pattern was broadly consistent with the primary Cox regression results, although some associations were attenuated.

Among participants with no reported hypertension through baseline, compared with poor HLS, the subdistribution hazard ratios (SHRs) for incident CVD were 0.88 (95% CI, 0.74–1.05) for intermediate HLS and 0.88 (95% CI, 0.73–1.05) for ideal HLS; neither association reached statistical significance.

Among participants with hypertension first report <55 years, compared with poor HLS, both intermediate and ideal HLS were associated with significantly lower subdistribution hazards of incident CVD, with SHRs of 0.70 (95% CI, 0.55–0.89) and 0.75 (95% CI, 0.58–0.97), respectively.

Among participants with hypertension first report ≥55 years, the corresponding SHRs were 0.99 (95% CI, 0.81–1.21) for intermediate HLS and 0.94 (95% CI, 0.75–1.17) for ideal HLS, indicating no significant associations.

Overall, these competing-risk analyses suggested that the inverse association between a healthier lifestyle and incident CVD remained evident primarily among participants with hypertension first report <55 years, while the associations in the no reported hypertension and hypertension first report ≥55 years groups were attenuated after accounting for the competing risk of death. (Supplementary Table S2)

Supplementary Table S2. Sensitivity analysis using Fine–Gray competing-risk models

	Hypertension reporting group
	HLS category
	SHR
	95% CI
	P value

	No reported hypertension 
	Intermediate vs Poor
	0.88
	0.74–1.05
	0.164

	No reported hypertension 
	Ideal vs Poor
	0.88
	0.73–1.05
	0.155

	First report <55 years
	Intermediate vs Poor
	0.70
	0.55–0.89
	0.003

	First report <55 years
	Ideal vs Poor
	0.75
	0.58–0.97
	0.026

	First report ≥55 years
	Intermediate vs Poor
	0.99
	0.81–1.21
	0.919

	First report ≥55 years
	Ideal vs Poor
	0.94
	0.75–1.17
	0.569


Death before incident CVD was treated as a competing event.

Association of continuous healthy lifestyle score with incident cardiovascular disease according to timing of first reported hypertension
In sensitivity analyses treating healthy lifestyle score (HLS) as a continuous variable, each 1-point increase in HLS was associated with a lower risk of incident CVD across all first reported hypertension groups. The adjusted hazard ratios were 0.94 (95% CI, 0.90–0.98) among participants with no reported hypertension through baseline, 0.92 (95% CI, 0.87–0.98) among those with hypertension first report <55 years, and 0.95 (95% CI, 0.90–0.99) among those with hypertension first report ≥55 years. No significant interaction was observed between continuous HLS and first reported hypertension status (P for interaction = 0.787). (Supplementary Table S3)
Supplementary Table S3. Sensitivity analysis modeling healthy lifestyle score as a continuous variable

	Hypertension reporting group
	continuous variable
	HR
	95% CI
	P

	No reported hypertension 
	HLS score, per 1-point increase
	0.94
	0.90–0.98
	0.003

	First report <55 years
	HLS score, per 1-point increase
	0.92
	0.87–0.98
	0.010

	First report ≥55 years
	HLS score, per 1-point increase
	0.95
	0.90–0.99
	0.030


HLS was modeled as a continuous variable; hazard ratios represent the hazard ratio per 1-point increase in HLS. 

Sensitivity analysis excluding alcohol from the healthy lifestyle score
In a sensitivity analysis excluding alcohol from the healthy lifestyle score, the modified HLS ranged from 0 to 6 and was reclassified as poor (0–2), intermediate (3–4), and ideal (5–6). The analysis included 9,394 participants with 1,921 incident CVD events. Overall, the results were broadly consistent with the primary analysis.
Among participants with no reported hypertension through baseline, compared with the poor HLS group, the adjusted HRs for incident CVD were 0.76 (95% CI, 0.62–0.92) for the intermediate group and 0.67 (95% CI, 0.55–0.81) for the ideal group. Among those with hypertension first report <55 years, the corresponding HRs were 0.79 (95% CI, 0.61–1.02) for the intermediate group and 0.58 (95% CI, 0.44–0.77) for the ideal group. Among those with hypertension first report ≥55 years, the adjusted HRs were 0.81 (95% CI, 0.64–1.03) for the intermediate group and 0.78 (95% CI, 0.61–0.99) for the ideal group.
No significant interaction was observed between the modified HLS and first reported hypertension status (P for interaction = 0.206), suggesting that the inverse association between healthy lifestyle and incident CVD remained generally consistent across first reported hypertension groups after excluding alcohol from the lifestyle score. (Supplementary Table S4)

Supplementary Table S4. Sensitivity analysis excluding the alcohol component from the healthy lifestyle score
	Hypertension reporting group
	HLS excluding drinking
	HR
	95% CI
	P

	No reported hypertension
	Intermediate vs Poor
	0.76
	0.62–0.92
	0.006

	No reported hypertension
	Ideal vs Poor
	0.67
	0.55–0.81
	<0.001

	First report <55 years
	Intermediate vs Poor
	0.79
	0.61–1.02
	0.075

	First report <55 years
	Ideal vs Poor
	0.58
	0.44–0.77
	<0.001

	First report ≥55 years
	Intermediate vs Poor
	0.81
	0.64–1.03
	0.080

	First report ≥55 years
	Ideal vs Poor
	0.78
	0.61–0.99
	0.041


The alcohol component was excluded from HLS. The modified HLS ranged from 0 to 6 and was categorized as poor 0–2, intermediate 3–4, and ideal 5–6.

Sensitivity analysis excluding the CESD component from the healthy lifestyle score
To evaluate whether the observed associations were driven by the depression-related component of the healthy lifestyle score (HLS), we performed a sensitivity analysis by excluding CESD from the HLS and reconstructing the score accordingly. This analysis included 9,394 participants, among whom 1,921 incident CVD events occurred during follow-up.
After exclusion of the CESD, intermediate scores were associated with a lower CVD hazard than poor scores in all three hypertension-reporting groups. The adjusted HRs were 0.78 (95% CI, 0.67–0.92) among participants with no reported hypertension through baseline, 0.74 (95% CI, 0.58–0.93) among those who first reported <55 years, and 0.79 (95% CI, 0.65–0.96) among those who first reported ≥55 years. For ideal versus poor scores, the corresponding HRs were 0.85 (95% CI, 0.69–1.03), 0.82 (95% CI, 0.61–1.10), and 0.82 (95% CI, 0.65–1.03), respectively; all confidence intervals included 1. Point estimates were non-monotonic, with lower HRs for intermediate than for ideal scores in each group. These findings did not establish a monotonic dose–response association. There was no statistical evidence of multiplicative interaction between score category and timing of first reported hypertension (P for interaction = 0.913). (Supplementary Table S5)

Supplementary Table S5. Sensitivity analysis excluding the depressive-symptom (CESD) component from the healthy lifestyle score
	Hypertension reporting group
	HLS excluding CESD
	HR
	95% CI
	P

	No reported hypertension
	Intermediate vs Poor
	0.78
	0.67–0.92
	0.003

	No reported hypertension
	Ideal vs Poor
	0.85
	0.69–1.03
	0.096

	First report <55 years
	Intermediate vs Poor
	0.74
	0.58–0.93
	0.012

	First report <55 years
	Ideal vs Poor
	0.82
	0.61–1.10
	0.190

	First report ≥55 years
	Intermediate vs Poor
	0.79
	0.65–0.96
	0.018

	First report ≥55 years
	Ideal vs Poor
	0.82
	0.65–1.03
	0.091



The CESD-based psychological health component was excluded from the Healthy Lifestyle Score. The recalculated HLS ranged from 0 to 6 and was categorized as poor, 0–2; intermediate, 3–4; and ideal, 5–6.

Sensitivity analysis additionally adjusting for baseline antihypertensive medication use
In a sensitivity analysis with additional adjustment for baseline antihypertensive medication use, the associations between healthy lifestyle score (HLS) and incident CVD were similar to those in the primary analysis. Among participants with no reported hypertension through baseline, compared with poor HLS, the adjusted HRs were 0.78 (95% CI, 0.66–0.93) for intermediate HLS and 0.74 (95% CI, 0.61–0.89) for ideal HLS. Among those with hypertension first report <55 years, the corresponding HRs were 0.65 (95% CI, 0.51–0.83) and 0.68 (95% CI, 0.52–0.88), respectively. Among those with hypertension first report ≥55 years, intermediate HLS was not significantly associated with incident CVD (HR, 0.85; (95% CI, 0.69–1.05)), whereas ideal HLS remained significantly associated with lower risk (HR, 0.79; (95% CI, 0.63–0.99)). There was no significant interaction between HLS and first reported hypertension status after additional adjustment for baseline antihypertensive medication use (P for interaction = 0.488). (Supplementary Table S6)

Supplementary Table S6. Sensitivity analysis with additional adjustment for baseline antihypertensive medication use

	Hypertension reporting group
	HLS category
	HR
	95% CI
	P value

	No reported hypertension
	Intermediate vs Poor 
	0.78
	0.66–0.93
	0.006

	No reported hypertension
	Ideal vs Poor 
	0.74
	0.61–0.89
	0.001

	First report <55 years
	Intermediate vs Poor 
	0.65
	0.51–0.83
	<0.001

	First report <55 years
	Ideal vs Poor 
	0.68
	0.52–0.88
	0.004

	First report ≥55 years
	Intermediate vs Poor
	0.85
	 0.69–1.05
	0.132

	First report ≥55 years
	Ideal vs Poor 
	0.79
	0.63–0.99
	0.038


Models were additionally adjusted for baseline antihypertensive medication use.

Association of healthy lifestyle score with incident CVD according to the timing of first reported hypertension status defined using 60 years as the cutoff
In the sensitivity analysis using 60 years as the cutoff for first reported hypertension timing, intermediate and ideal HLS remained significantly associated with lower CVD risk among participants with no reported hypertension through baseline (HR 0.78, (95% CI 0.66–0.93); and HR 0.74, (95% CI 0.61–0.89), respectively) and among those with hypertension first report <60 years (HR 0.71, (95% CI 0.58–0.88); and HR 0.71, (95% CI 0.57–0.89), respectively), compared with poor HLS. Among those with hypertension first report ≥60 years, the associations remained inverse but were not statistically significant (HR 0.83, (95% CI 0.65–1.06) for intermediate HLS; HR 0.79, (95% CI 0.61–1.02) for ideal HLS). No significant interaction was observed between HLS and first reported hypertension group (P for interaction = 0.833). (Supplementary Table S7)

Supplementary Table S7. Association of HLS with incident CVD according to first reported hypertension status defined using 60 years as the cutoff

	Hypertension reporting group 
	HLS category
	HR
	95% CI
	P value

	No reported hypertension
	Intermediate vs Poor
	0.78
	0.66–0.93
	0.006

	No reported hypertension
	Ideal vs Poor
	0.74
	0.61–0.89
	0.001

	First report <60 years
	Intermediate vs Poor
	0.71
	0.58–0.88
	0.001

	First report <60 years
	Ideal vs Poor
	0.71
	0.57–0.89
	0.003

	First report ≥60 years
	Intermediate vs Poor
	0.83
	 0.65–1.06
	0.129

	First report ≥60 years
	Ideal vs Poor
	0.79
	0.61–1.02
	0.074


Adjusted for age, sex, education, race/ethnicity, BMI, and diabetes.

Sensitivity analysis: intervals between hypertension assessments and exclusion of participants near the 55-year cutoff

Hypertension was assessed at approximately biennial interviews. Age at first observed positive report was known, but the timing of diagnosis or biological onset could not be established. Intervals between consecutive valid assessments through baseline were approximated using recorded interview ages at integer-year precision.

Among 9,330 participants with at least two valid assessments through baseline (64 had only one), the median interval between consecutive assessments was 2 years (IQR 2–2; range 1–17); 1.97% of intervals exceeded 3 years. In the first report <55 years group, 1,294 participants (77.5%) already reported hypertension at their earliest valid assessment. A total of 236 participants (9.9% of the ≥55 years group) had a last negative report before age 55 and a first positive report at or after age 55, and were therefore the least certain in their group assignment (Supplementary Table S8).

After excluding these 236 participants (N = 9,158; 1,854 incident CVD events), the associations were similar to the primary analysis. Compared with poor HLS, the adjusted HRs were 0.78 (95% CI, 0.66–0.93) and 0.74 (95% CI, 0.61–0.89) for intermediate and ideal HLS among participants with no reported hypertension, 0.65 (95% CI, 0.51–0.82) and 0.69 (95% CI, 0.53–0.90) among those with first report <55 years, and 0.88 (95% CI, 0.71–1.10) and 0.81 (95% CI, 0.63–1.02) among those with first report ≥55 years. No statistical evidence of multiplicative interaction was observed (P for interaction = 0.350) (Supplementary Table S9). This analysis addresses interval uncertainty around the 55-year cutoff but does not remove misclassification of self-reported hypertension or identify the true age at onset.


Supplementary Table S8. Intervals between consecutive valid hypertension assessments through baseline



	Characteristic
	Value

	Participants with ≥2 / 1 valid assessment(s), n
	9,330 / 64

	Consecutive intervals, n
	52,211

	Interval, years: median (IQR); range
	2 (2–2); 1–17

	Intervals >3 years / >5 years, %
	1.97 / 0.58

	Per-person maximum interval, years: median (mean; maximum)
	2 (2.65; 17)

	First report <55 years: positive at earliest valid assessment, n (%)
	1,294 (77.5)

	Last-negative to first-positive interval, years: median (IQR; maximum)
	

	— First report <55 years (n = 376)
	2 (2–2; 11)

	— First report ≥55 years (n = 2,375)
	2 (2–2; 16)

	Cross-threshold participants (last negative <55, first positive ≥55), n (% of ≥55 years group)
	236 (9.9)

	— Age at last negative / first positive report, years: median
	53 / 56



Valid assessment: yes/no response to the hypertension question with a recorded interview age. Intervals were approximated from recorded interview ages at integer-year precision.

Supplementary Table S9. Sensitivity analysis excluding participants with a last negative report before and a first positive report at or after age 55 years

	Hypertension reporting group
	HLS category
	HR
	95% CI
	P value

	No reported hypertension 
	Intermediate vs Poor
	0.78
	0.66–0.93
	0.006

	No reported hypertension
	Ideal vs Poor
	0.74
	0.61–0.89
	0.001

	First report <55 years 
	Intermediate vs Poor
	0.65
	0.51–0.82
	<0.001

	First report <55 years
	Ideal vs Poor
	0.69
	0.53–0.90
	0.006

	First report ≥55 years 
	Intermediate vs Poor
	0.88
	0.71–1.10
	0.268

	First report ≥55 years
	Ideal vs Poor
	0.81
	0.63–1.02
	0.077


N = 9,158; 1,854 incident CVD events. Excluded: 236 participants (67 events) whose last negative hypertension report was before age 55 years and first positive report at or after age 55 years. Group sizes: 5,349 / 1,670 / 2,139. Cause-specific Cox models adjusted for the same covariates as the primary analysis. P for interaction (hypertension reporting group × HLS) = 0.350 from the pooled model.

Outcome-specific analyses: heart disease and stroke as separate outcomes

To characterize associations with the individual components of the composite CVD outcome, heart disease and stroke were analysed separately. For each outcome, time to first affirmative report, the last available outcome assessment, death, and administrative censoring were considered separately in reconstructing follow-up. A report of the other cardiovascular component did not terminate follow-up. Cause-specific Cox models were adjusted for baseline age, sex, education, race/ethnicity, BMI, and diabetes; HLS was not included as an adjustment variable.
The outcome-specific datasets each included 9,394 participants. There were 1,557 heart disease events and 585 stroke events. Compared with participants with no reported hypertension through baseline, first report <55 years was associated with a higher hazard of heart disease (HR, 1.59; 95% CI, 1.38–1.84) and stroke (HR, 1.83; 95% CI, 1.43–2.33). The corresponding HRs for first report ≥55 years were 1.42 (95% CI, 1.26–1.60) and 1.46 (95% CI, 1.21–1.76), respectively (all P<0.001).
These associations were directionally consistent with those for composite CVD. Differences between the outcome-specific estimates were not formally tested, and the numerically larger HRs for stroke should not be interpreted as evidence of a stronger association. Component-specific analyses were restricted to hypertension-reporting-group associations to limit additional secondary comparisons and in view of the smaller number of stroke events, particularly among participants with first report <55 years.
Schoenfeld residual tests did not detect evidence of non-proportional hazards for the hypertension-reporting-group term in either outcome-specific model (Supplementary Table S10).
Supplementary Table S10. Association of timing of first reported hypertension with heart disease and stroke analysed as separate outcomes
 
	Outcome
	Hypertension reporting group
	N
	Events
	HR
	95% CI
	P value

	Heart disease
	No reported hypertension 
	5,349
	717
	1.00 
	reference
	

	Heart disease
	First report <55 years
	1,670
	315
	1.59
	1.38–1.84
	<0.001

	Heart disease
	First report ≥55 years
	2,375
	525
	1.42
	1.26–1.60
	<0.001

	Stroke
	No reported hypertension 
	5,349
	257
	1.00 
	reference
	

	Stroke
	First report <55 years
	1,670
	116
	1.83
	1.43–2.33
	<0.001

	Stroke
	First report ≥55 years
	2,375
	212
	1.46
	1.21–1.76
	<0.001


Abbreviations: CI, confidence interval; HR, hazard ratio. Outcome-specific datasets each included 9,394 participants. Heart disease and stroke were based on self-reported physician diagnoses using RAND HRS variables r10hearte–r14hearte and r10stroke–r14stroke. Follow-up was reconstructed separately for each outcome, and occurrence of the other cardiovascular component did not terminate follow-up. Cause-specific Cox models were adjusted for baseline age, sex, education, race/ethnicity, body mass index, and diabetes. Death was treated as a censoring event when it occurred before the outcome and before other applicable censoring times. Heart disease and stroke event counts are not mutually exclusive because participants could report both conditions during follow-up; the composite CVD outcome counted only the first reported component event.


Additional adjustment for socioeconomic characteristics, health insurance coverage, and healthcare utilization
These analyses used a common complete-case sample of 9,308 participants with 1,900 incident CVD events. Compared with the primary sample, 86 participants with 21 events were excluded because of missing additional covariates. Missing values were observed for Medicare (n = 21), Medicaid (n = 45), private insurance (n = 42), doctor visits (n = 12), and hospitalization (n = 15); these counts were not mutually exclusive. Income and assets had no missing values.
Within the common sample, sequential adjustment generally attenuated the HLS associations, although all intermediate and ideal versus poor point estimates remained below 1. In M3, confidence intervals included 1 for ideal HLS in the first report <55 years group and for both HLS comparisons in the first report ≥55 years group. Importantly, the ideal-versus-poor confidence interval in the ≥55 years group already included 1 in common-sample M0, before additional adjustment. No statistical evidence of multiplicative interaction was observed across M0–M3 (Supplementary Table S11)
Supplementary Table S11. Associations of HLS with incident CVD after sequential adjustment for socioeconomic characteristics, health insurance coverage, and healthcare utilization

	Hypertension reporting group
	HLS category
	M0, HR (95% CI)
	M1, HR (95% CI)
	M2, HR (95% CI)
	M3, HR (95% CI)

	No reported hypertension
	Intermediate vs Poor
	0.78 (0.66–0.93)
	0.80 (0.67–0.96)
	0.80 (0.67–0.96)
	0.81 (0.68–0.97)

	No reported hypertension
	Ideal vs Poor
	0.75 (0.62–0.90)
	0.77 (0.64–0.94)
	0.77 (0.64–0.93)
	0.79 (0.65–0.95)

	First report <55 years
	Intermediate vs Poor
	0.65 (0.51–0.83)
	0.68 (0.53–0.87)
	0.71 (0.55–0.91)
	0.73 (0.57–0.94)

	First report <55 years
	Ideal vs Poor
	0.68 (0.52–0.89)
	0.72 (0.55–0.95)
	0.76 (0.57–1.00)
	0.78 (0.59–1.02)

	First report ≥55 years
	Intermediate vs Poor
	0.88 (0.72–1.09)
	0.89 (0.72–1.10)
	0.90 (0.73–1.11)
	0.91 (0.74–1.13)

	First report ≥55 years
	Ideal vs Poor
	0.83 (0.66–1.04)
	0.84 (0.67–1.05)
	0.84 (0.67–1.06)
	0.86 (0.68–1.08)

	P for interaction
	
	0.364
	0.424
	0.523
	0.548


Table footnote
Abbreviations: CI, confidence interval; CVD, cardiovascular disease; HLS, healthy lifestyle score; HR, hazard ratio. All models used the same 9,308 participants with 1,900 events. Group-specific participant/event counts were 5,301/872, 1,659/379, and 2,348/649 for no reported hypertension through baseline, first report <55 years, and first report ≥55 years, respectively. Poor HLS was the reference category.
M0: adjusted for age, sex, education, race/ethnicity, BMI, and diabetes. M1: M0 plus income (h9itot) and assets (h9atotb) quartiles. M2: M1 plus Medicare (r9govmr), Medicaid (r9govmd), and private insurance (r9prpcnt; >0 versus 0). M3: M2 plus doctor visits (r9doctor) and hospitalization (r9hosp), both coded as yes/no. Income quartile cutpoints were 22,800, 45,941, and 85,000; asset quartile cutpoints were 60,000, 232,500, and 595,000. Quartiles were defined in the overall common sample. Interaction P values were obtained from likelihood ratio tests comparing pooled models with and without HLS-by-hypertension-reporting-group interaction terms (4 degrees of freedom). M0 estimates differ from the primary analysis because of the complete-case restriction.

