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ORIGINAL RESEARCH

Life’s Simple 7 and Incident Hypertension: 
The REGARDS Study
Timothy B. Plante , MD, MHS; Insu Koh , PhD; Suzanne E. Judd, PhD; George Howard , DrPH;  
Virginia J. Howard , PhD; Neil A. Zakai , MD, MSc; John N. Booth III , PhD; Monika M. Safford, MD;  
Paul Muntner, PhD; Mary Cushman , MD, MSc

BACKGROUND: The Life’s Simple 7 (LS7) metric incorporates health behaviors (body mass index, diet, smoking, physical activity) 
and health factors (blood pressure, cholesterol, glucose) to estimate an individual’s level of cardiovascular health. The associa-
tion between cardiovascular health and incident hypertension is unresolved. Hypertension’s threshold was recently lowered 
and it is unclear if better cardiovascular health is associated with lower risk of incident hypertension with the updated threshold 
or in a multirace cohort. We sought to assess the association between better LS7 score and risk of incident hypertension 
among Black and White adults using a 130/80 mm Hg hypertension threshold.

METHODS AND RESULTS: We determined the association between LS7 metric and incident hypertension in the REGARDS 
(Reasons for Geographic and Racial Disparities in Stroke) study, including participants free of baseline hypertension (2003–
2007) who completed a second visit between 2013 and 2016. Hypertension was defined as systolic/diastolic blood pressure 
≥130/80 mm Hg or antihypertensive medication use. Each LS7 component was assigned 0 (poor), 1 (intermediate), or 2 (ideal) 
points. We generated a 14-point score by summing points. Among 2930 normotensive participants (20% Black, 80% White), 
the median (25th–75th percentiles) LS7 total score was 9 (8–10) points. Over a median follow-up of 9 years, 42% developed 
hypertension. In the fully adjusted model, each 1-point higher LS7 score had a 6% lower risk of incident hypertension (risk 
ratio, 0.94 per 1 point; 95% CI, 0.92–0.96).

CONCLUSIONS: Better cardiovascular health was associated with lower risk of incident hypertension using a 130/80 mm Hg 
hypertension threshold among Black and White adults.

Key Words: cardiovascular health ■ cohort study ■ hypertension ■ Life’s Simple 7

Hypertension affects 46% of US adults and is 
a major risk factor for cardiovascular disease 
(CVD), kidney failure, stroke, and cognitive de-

cline.1,2 Of all diseases, hypertension accounts for 
the largest reduction in healthy life expectancy.3 
Optimization of cardiovascular health (CVH) is one 
possible approach to prevent hypertension as blood 
pressure (BP) is lowered by moderate-intensity exer-
cise, weight loss, and consumption of a heart-healthy 
diet.4–8 The American Heart Association’s (AHA) Life’s 
Simple 7 (LS7) metric is used to evaluate CVH by in-
corporating 4 health behaviors (body mass index 
[BMI], physical activity, diet, and cigarette smoking) 

and 3 health factors (BP, cholesterol, and glucose) 
into a single metric.9

The interplay between better CVH and risk of in-
cident hypertension remains unresolved. Only one 
study explored the association between higher LS7 
score and incident hypertension and was limited in 
scope, as it included only Black adults and used the 
140/90 mm Hg hypertension threshold (ie, that defined 
by the Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation and Treatment 
of High Blood Pressure [JNC7]).10 In this study, higher 
LS7 score consistent with better CVH was associated 
with a lower incidence of hypertension. It is unclear 
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if this association is present among a population of 
White and Black adults and when considering the 
2017 American College of Cardiology (ACC)/American 
Heart Association (AHA) hypertension threshold 
(130/80 mm Hg).11 The AHA’s recently released 2030 
Impact Goal aims to improve healthy life expectancy, 
emphasizing the importance of better CVH defined by 
the LS7 metric.12 Reducing the burden of hyperten-
sion would help achieve this goal, yet the relationship 
between CVH and incident hypertension is not com-
pletely understood. To better inform potential pub-
lic health interventions informed by the 2030 Impact 
Goal, we addressed these knowledge gaps in a large, 
national cohort study of Black and White adults. 
Specifically, we studied whether better CVH at base-
line, as is indicated by higher LS7 scores, is associated 
with a lower risk of hypertension at follow-up in White 

and Black participants and whether associations were 
present when using the 2017 ACC/AHA definition of 
hypertension.

METHODS
The REGARDS study database includes identifying 
participant information and cannot be made pub-
licly available because of ethical/legal restrictions. 
Deidentified data sets and statistical code specific 
to this article are available to researchers meeting 
criteria for access to confidential data. Data can 
be obtained upon request through the University of 
Alabama at Birmingham at regardsadmin@uab.edu.

Study Population and Data Collection
The REGARDS study enrolled 30  239 Black and 
White adults in the contiguous United States, de-
tails of which have been published previously.13 
Potential participants were identified from commer-
cially available lists and were recruited using mail 
and telephone outreach between 2003 and 2007, 
with oversampling of Black adults and residents of 
the Stroke Belt and Stroke Buckle.14 The Stroke Belt 
includes southeastern US states experiencing a high 
incidence of stroke mortality, namely, North Carolina, 
South Carolina, Georgia, Tennessee, Mississippi, 
Alabama, Louisiana, and Arkansas. Stroke mortality 
is highest in the Stroke Buckle, which includes the 
coastal plains of North Carolina, South Carolina, and 
Georgia. Eligibility criteria included age ≥45  years, 
non-Hispanic Black or White race, and not residing 
in a nursing home. A computer-assisted telephone 
interview was used to collect sociodemographic 
data and a history of medical conditions, includ-
ing hypertension. Laboratory assessment included 
glucose and lipids. Approximately 4  weeks later, a 
trained examiner performed an in-home visit that in-
cluded measurement of height, weight, and BP and 
collection of blood and urine samples following an 
overnight fast. Measurement of BP occurred twice 
following 5 minutes of quiet sitting by the participant, 
with the mean of the 2 measurements considered as 
the BP. Measurements were taken preferentially from 
the left arm, and a large cuff was used if there was a 
≥13-inch arm circumference. Initial cuff inflation tar-
geted 20 mm Hg higher than the pulse obliteration 
level, then was deflated at ≈2  mm  Hg per second. 
Quality of BP measurements was monitored centrally, 
and examiner retraining occurred for digit preference 
or for any other quality concerns. This examiner also 
recorded all prescription and nonprescription medi-
cations taken in the prior 2  weeks. Diet was char-
acterized using a self-administered Block 98 Food 
Frequency Questionnaire that was completed by the 

CLINICAL PERSPECTIVE

What Is New?
• More optimal cardiovascular health is associ-

ated with lower risk of incident hypertension in 
a cohort of Black and White adults across the 
United States.

• This association persists when using hyper-
tension thresholds of 130/80  mm  Hg and 
140/90 mm Hg.

What Are the Clinical Implications?
• Optimization of cardiovascular health compo-

nents, as defined by the Life’s Simple 7 met-
ric, might reduce risk of incident hypertension 
among at-risk adults.

Nonstandard Abbreviations and Acronyms

ACC American College of Cardiology
AHA American Heart Association
BMI body mass index
BP blood pressure
CVD cardiovascular disease
CVH cardiovascular health
JNC7 Seventh Report of the Joint 

National Committee on Prevention, 
Detection, Evaluation and Treatment 
of High Blood Pressure

LS7 Life’s Simple 7
REGARDS Reasons for Geographic and Racial 

Differences in Stroke
RR risk ratio



J Am Heart Assoc. 2020;9:e016482. DOI: 10.1161/JAHA.120.016482 3

Plante et al Life’s Simple 7 and Hypertension Risk in REGARDS

participant and mailed back to the study group. A 
second in-home exam between 2013 and 2016 re-
peated these measures.

We restricted the present analyses to REGARDS 
study participants who did not have baseline hyper-
tension and completed the second study visit. We ex-
cluded participants with data anomalies, those missing 
data for hypertension status at either visit, or those 
missing LS7 data at baseline.

Hypertension Definition
In accordance with the 2017 ACC/AHA guideline, hy-
pertension was defined by systolic BP ≥130 mm Hg, 
diastolic BP ≥80 mm Hg,11 or antihypertensive medi-
cation use. The study outcome was the development 
of hypertension at the second in-home study visit. 
Secondary analyses assessed the JNC7 definition of 
systolic BP ≥140 mm Hg, diastolic BP ≥90 mm Hg, or 
antihypertensive medication use.

LS7 Components, LS7 Total Score, and 
LS7 Health Categories
We assigned scores for each of the individual LS7 
components using a previously described defini-
tion.9,15 Each individual component was scored as 
0 points (poor), 1 point (intermediate), or 2 points 
(ideal). The definitions for each component appear 
in Table S1. A total score was calculated as the sum 
of the points from all LS7 components, with a high-
est possible LS7 total score of 14 (Figure  S1), and 
a higher score consistent with more ideal CVH. The 
primary analysis incorporated the LS7 total score. 
Consistent with prior REGARDS study analyses,15 we 
also categorized participants into 1 of 3 LS7 health 
categories; scores ≤4 points indicated inadequate 
health, 5 to 9 indicated average health, and 10 to 14 
indicated optimal health.

Statistical Analysis
Sociodemographics, BP, and frequency of ideal LS7 
components at baseline were calculated by race and 
inadequate, average, or optimal LS7 health categories. 
The primary analytical population included all partici-
pants. As prior REGARDS study analyses reported 
that clinical and social factors explaining the excess 
burden of incident hypertension among Black adults 
differed by sex, the analyses were also performed in 
sex-race strata (ie, for Black women, Black men, White 
women, and White men, separately).16

Distributions of individual LS7 components and 
LS7 health categories were calculated. We calculated 
the proportion of participants who developed hyper-
tension by LS7 health categories overall and within 
race-sex strata. The primary analysis used modified 

Poisson regression to estimate risk ratios (RRs) for in-
cident hypertension for each 1 point higher LS7 total 
score in 3 models.17 Model 1 included adjustment for 
race, age, sex, and region of residence (Stroke Belt, 
Stroke Buckle, or non–Stroke Belt). Model 2 also in-
cluded adjustment for education and income level, 
and Model 3 included the variables in Model 2 and 
baseline systolic BP. We tested for interactions be-
tween race or sex and LS7 total score on RR for inci-
dent hypertension in models incorporating race-LS7 
and sex-LS7 interaction terms. Visualization of the 
relationship between LS7 total score and RR for in-
cident hypertension was performed with restricted 
cubic splines relative to the median.18 RR for incident 
hypertension for intermediate and ideal levels of each 
individual LS7 component was estimated with “poor” 
as the reference group. As participants with “poor” 
BP component at baseline had hypertension and 
were excluded from the current analyses, those in 
the “intermediate” LS7 category were the reference 
group for BP. The 3 models with progressive adjust-
ment, as described above, were used in analysis 
using levels of individual components for all individual 
LS7 components except BP. Model 3’s addition of 
baseline systolic BP introduced collinearity with the 
BP component, so Model 3 was not used for this 
specific LS7 component.

We performed 2 secondary analyses to account 
for missing data. Both analyses used chained equa-
tions to obtain 10 multiple imputed data sets to ac-
count for all missing components of the LS7 metric, 
except for diet. Contrary to the other components 
of the LS7 diet’s missingness is likely not at ran-
dom, as it required completion of a questionnaire, 
which might have been affected by socioeconomic 
factors like level of education. Multiple imputation is 
indicated only for data missing at random.19 First, we 
included participants without diet data at baseline 
and assigned these individuals a diet component 
score of “poor” (0 points) since this category had 
by far the highest prevalence. Second, we assigned 
participants with a missing diet component a score 
of “intermediate” (1 point). Because there was a low 
frequency of “ideal” dietary patterns, we did not as-
sign missing diet components a score of “ideal” (2 
points). We also repeated all analyses defining hy-
pertension at baseline and during follow-up using 
the JNC7 definition, systolic BP ≥140  mm  Hg, dia-
stolic BP ≥90 mm Hg, or antihypertensive medication 
use. This JNC7 threshold was also used in assess-
ing individual LS7 components and RR for incident 
hypertension.

For multiplicative interaction terms, we used 
P=0.10 as the threshold for statistical significance. 
All analyses were performed using the full REGARDS 
data set by 2 of the authors (TBP and IK) using R 
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version 3.5.3 (The R Project for Statistical Computing) 
and Stata MP 15.1 (StataCorp, College Station, TX). 
Institutional review boards at each participating 
site approved the REGARDS protocol, and all par-
ticipants provided written informed consent. The 
REGARDS study provides access to the data set for 
investigators who complete the requisite documen-
tation, which can found at https://www.regar dsstu 
dy.org.

RESULTS
Study Population
Among the 30  239 study participants, 22  325 (74%) 
had baseline hypertension by the 2017 ACC/AHA 
threshold and were excluded (Figure S2). Hypertension 

at baseline was more common among Black than 
White participants (10  502/12  514; 84% versus 
11 823/17 669; 67%; P<0.001). Among the 7419 par-
ticipants without hypertension at baseline, 1081 (15%) 
died and 1833 (25%) withdrew from the study, were 
lost to follow-up, or did not participate in the second 
examination. Of the 4505 remaining participants who 
completed the second examination (22% Black, 78% 
White), 1331 (30%) were excluded for missing baseline 
data required to calculate the LS7 metric. The most 
frequent missing component was the diet score, which 
was missing in 830 (35% of Black participants and 
14% of White participants).

Median (25th–75th percentiles) duration of time be-
tween the baseline and follow-up exam was 9.4 (8.5–
9.9) years. Baseline characteristics by race and overall 
LS7 score are shown in Table 1. The mean (SD) age 

Table 1. Characteristics at Baseline of REGARDS Study Participants Without Prevalent Hypertension (n=2930) by Race 
and LS7 Health Categories

Black Participants (n=491) White Participants (n=2439)

Inadequate Average Optimal Inadequate Average Optimal

Race subgroup, n (%) 13 (3) 336 (68) 142 (29) 23 (1) 1316 (54) 1100 (45)

Age, y 56 (7) 60 (7) 60 (9) 59 (8) 62 (8) 61 (9)

Women, % 85 68 70 61 55% 60

Black race, % 100 100 100 0 0 0

Region, %

Stroke Buckle 23 21 17 22 25 23

Stroke Belt, non-Buckle 31 37 36 43 33 33

Non-Belt 46 42 47 35 43 45

Level of education, %

Less than high school 0 5 4 13 4 2

High school graduate 23 26 17 17 21 15

Some college 38 28 32 35 26 24

College graduate and above 38 41 47 35 49 60

Annual household income, %

<$20K 31 18 10 35 8 4

$20k–$34k 15 23 20 17 18 14

$35k–$74k 23 38 38 26 36 34

$75k and above 8 14 21 9 26 36

Refused 23 7 11 13 11 12

Systolic BP, mm Hg 118 (6) 116 (9) 111 (10) 120 (6) 115 (9) 110 (9)

Diastolic BP, mm Hg 72 (4) 71 (6) 69 (6) 71 (6) 70 (6) 69 (7)

Ideal BMI, % 0 15 54 4 22 66

Ideal physical activity, % 8 20 45 0 18 57

Ideal diet, % 0 0 0 0 0 <1

Ideal smoking status, % 23 79 94 17 81 98

Ideal blood pressure, % 38 55 83 22 61 85

Ideal cholesterol, % 0 32 64 4 26 56

Ideal blood glucose, % 31 66 95 17 71 94

Continuous variables present standardized distribution in parentheses unless otherwise specified. BMI indicates body mass index; BP, blood pressure; and 
LS7, Life’s Simple 7.

https://www.regardsstudy.org
https://www.regardsstudy.org


J Am Heart Assoc. 2020;9:e016482. DOI: 10.1161/JAHA.120.016482 5

Plante et al Life’s Simple 7 and Hypertension Risk in REGARDS

was 61 (8) years, 59% were women, 23% were Black, 
and 56% lived in the Stroke Belt. Also, the mean (25th–
75th percentiles) LS7 total score was 9 (8–10) points 
in the overall population and 8 (7–10) among Black 
women, 8 (8–10) among Black men, 9 (8–11) among 
White women, and 9 (8–10) among White men.

Individual LS7 Components and LS7 Total 
Score Overall and by Race-Sex Strata
The distribution of the components of the LS7 met-
ric in these participants without prevalent hyperten-
sion appears in Figure 1. More than half of participants 
had ideal scores for smoking, glucose, and BP com-
ponents. Components with the greatest percentage 
of poor scores were diet, physical activity, and BMI. 
Only 1 participant had an ideal diet. As is shown in 
Figure S3, Black women had the lowest proportion of 
ideal BMI; Black men had the greatest proportion of 
ideal glucose, BMI, and BP; White women had the low-
est proportion of ideal glucose and BP; and White men 
had the greatest proportion of physical activity.

Hypertension Incidence
Overall, 1214 of the 2930 (41%) participants had hyper-
tension at the follow-up visit. The incidence was 52% 
and 50% in Black women and men, respectively, and 
37% and 42% in White women and men, respectively. 
As shown in Table S2, the incidence of hypertension 
was lower with better CVH, being 75% with inadequate 
LS7, 47% with intermediate LS7, and 33% with optimal 
LS7. In race-sex strata, an optimal LS7 category was 
associated with lower incidence of hypertension, being 
36% and 47% among Black women and men, respec-
tively, and 29% and 38% among White women and 
men, respectively.

When considering the continuous LS7 total score, 
there was a graded association between higher score 
and lower incidence of hypertension, as was depicted 
in the restricted cubic spline plot (Figure  2). Among 
race-sex strata, there was not a consistent graded as-
sociation except for White women (Figure S4).

Risk of Incident Hypertension by 
Increasing LS7 Total Score
As shown in Table 2, each 1-point increase in LS7 total 
score was associated with a 10% lower risk of incident 
hypertension in Models 1 and 2 (RR, 0.90; 95% CI, 
0.88–0.92 for both) and a 6% lower risk in the fully ad-
justed Model 3 (RR, 0.94; 95% CI, 0.92–0.96), which 
controlled for all covariates in Model 2 plus baseline 
systolic BP. There were no statistical differences in the 
association by race (P=0.18) or sex (P=0.14) in the fully 
adjusted model. In analysis by race-sex strata, there 
was a 5% to 7% lower risk in the fully adjusted model 
for Black and White women and White men. There was 
no clear association between higher LS7 total score 
and incident hypertension for Black men, though num-
bers were small, as only 5% of the analytical sample 
were Black men.

Risk of Incident Hypertension by Level of 
Individual LS7 Components
Except for physical activity, more optimal levels of each 
individual LS7 component were associated with lower 
risk of incident hypertension in the fully adjusted Model 
3 (Table 3). Relative to poor physical activity, the RR for 
intermediate (0.96; 95% CI, 0.87–1.07) and ideal (1.02; 
95% CI, 0.92–1.04) physical activity levels included the 
null in the fully adjusted model. Relative to intermedi-
ate, ideal BP was associated with a 34% risk reduction 

Figure 1. Distribution of the components of the LS7 metric among the analytical population.
BMI indicates body mass index; BP, blood pressure; LS7, Life’s Simple 7; and PA, physical activity.
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with incident hypertension in Model 2, which did not 
incorporate baseline systolic BP as a covariate (RR, 
0.66; 95% CI, 0.60–0.71). There was only 1 participant 
with an ideal dietary pattern so meaningful compari-
sons could not be drawn in the comparison between 

ideal and poor (reference) diet, but intermediate diet 
was associated with an 11% risk reduction in hyper-
tension in the fully adjusted model (RR, 0.89; 95% CI, 
0.80–1.00).

Secondary Analyses
Assigning missing dietary scores as “poor” or “inter-
mediate” and using multiple imputation to account for 
other missing LS7 components led to the inclusion of 
an additional 1180 participants in the analytical sam-
ple (n=4110), including 251 Black women (n=591), 177 
Black men (n=328), 401 White women (n=1793), and 
351 White men (n=1398). As is shown in Table S3, the 
associations did not differ in Model 3 regardless of the 
assigned dietary score. The risk for incident hyperten-
sion per 1-point increase in LS7 continual score was 
associated with 5% lower risk of incident hypertension 
overall (RR, 0.95; 95% CI, 0.93–0.97) in Model 3. There 
was no clear association of LS7 and hypertension 
among Black men (RR, 0.99; 95% CI, 0.92–1.06 when 
assigning “poor”; and RR, 0.98; 95% CI, 0.92–1.05 

Figure 2. Restricted cubic spline plots and histograms comparing RR for incident hypertension 
relative to the median LS7 total score.
This figure compares RR for incident hypertension at the second visit, according to LS7 total score 
at baseline using restricted spline models, adjusting for components in “Model 3” (race, age, sex, 
geographic location, education level, income level, and systolic blood pressure at baseline). The shaded 
areas represent 95% CIs. Models are relative to median LS7 total score, with knots specified with Harrell’s 
Method.18 The knots were not prespecified and are located at LS7 total scores of 6, 8, 10, and 12. The 
plot was truncated at 0.5th and 99.5th percentiles for baseline LS7 score. The histograms represent 
distribution of baseline LS7 total score among those who did (upright bars) and did not (inverted bars) 
develop hypertension at the second visit. Histograms were not truncated. LS7 indicates Life’s Simple 7; 
and RR, risk ratio.

Table 2. RRs and 95% CIs for Incident Hypertension per 
1-Point Increase in LS7 Total Score Overall and by Race-
Sex Strata*

Group Model 1 Model 2

All (N=2930) 0.90 (0.88–0.92) 0.90 (0.88–0.92)

Black participants

Women (n=340) 0.92 (0.87–0.96) 0.92 (0.88–0.97)

Men (n=151) 0.95 (0.87–1.04) 0.96 (0.87–1.06)

White participants

Women (n=1392) 0.87 (0.85–0.90) 0.89 (0.86–0.92)

Men (n=1047) 0.92 (0.88–0.95) 0.92 (0.89–0.96)

*LS7 indicates Life’s Simple 7; and RR, risk ratio. Model 1 adjusted for 
race, age, sex, and geographic location (Stroke Belt, Stroke Buckle, or non–
Stroke Belt). Model 2 also adjusted for education and income level. Model 3 
also adjusted for baseline systolic blood pressure.
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when assigning “intermediate”). For other race-sex 
groups, each 1-point increase was associated with a 
4% to 6% lower risk of hypertension in each analysis.

Performing this analysis using the JNC7 definition 
for hypertension (140/90 mm Hg) included an addi-
tional 1485 participants (total 4415) who had baseline 
systolic BP ≥130 but <140 mm Hg and diastolic BP 
≥80 but <90, including 229 Black women (n=563), 
157 Black men (n=308), 506 White women (n=1891), 

and 610 White men (n=1653). Results are shown in 
Tables  S4 through S7 and Figures  S5 through S8. 
Restricted cubic spline plots of continuous LS7 score 
show a graded association between higher score 
and lower risk of hypertension overall and among 
White women and White men. For each 1-point in-
crease in LS7 total score, there was an 8% reduc-
tion in risk of incident hypertension (RR, 0.92; 95% 
CI, 0.90–0.94) in Model 3. Comparisons by race-sex 

Table 3. RR for Incident Hypertension by Individual LS7 Components

Number With Incident Hypertension/
Number in Group (%) Model 1 Model 2 Model 3

BMI

Poor 306/588 (52.0) Ref Ref Ref

Intermediate 516/1194 (43.2) 0.84 (0.76–0.93) 0.85 (0.76–0.94) 0.88 (0.80–0.98)

Ideal 392/1148 (34.1) 0.68 (0.60–0.76) 0.69 (0.62–0.78) 0.78 (0.70–0.88)

P trend <0.001 <0.001 <0.001

Physical activity

Poor 313/724 (43.2) Ref Ref Ref

Intermediate 480/1209 (39.7) 0.93 (0.83–1.03) 0.96 (0.86–1.07) 0.96 (0.87–1.07)

Ideal 421/997 (42.2) 0.98 (0.88–1.10) 1.00 (0.90–1.12) 1.02 (0.92–1.14)

P trend 0.89 0.93 0.64

Diet

Poor 961/2219 (43.3) Ref Ref Ref

Intermediate 253/710 (35.6) 0.83 (0.75–0.93) 0.87 (0.78–0.97) 0.89 (0.80–1.00)

Ideal 0/1 (0.0) 0.00 (0.00–0.00) 0.00 (0.00–0.00) 0.00 (0.00–0.00)

P trend 0.01 0.01 0.04

Smoking

Poor 168/336 (50.0) Ref Ref Ref

Intermediate 20/44 (45.5) 0.89 (0.63–1.26) 0.90 (0.62–1.29) 0.86 (0.60–1.24)

Ideal 1026/2550 (40.2) 0.80 (0.71–0.90) 0.85 (0.75–0.96) 0.85 (0.76–0.96)

P trend <0.001 <0.01 <0.01

BP*

Poor 0/0 (0) N/A N/A N/A

Intermediate 493/876 (56.3) Ref Ref N/A

Ideal 721/2054 (35.1) 0.64 (0.59–0.70) 0.66 (0.60–0.71) N/A

P trend <0.001 <0.001 N/A

Cholesterol

Poor 158/343 (46.1) Ref Ref Ref

Intermediate 611/1433 (42.6) 0.91 (0.80–1.03) 0.94 (0.83–1.07) 0.94 (0.83–1.07)

Ideal 445/1154 (38.6) 0.82 (0.72–0.95) 0.86 (0.75–0.98) 0.86 (0.76–0.99)

P trend <0.01 0.01 0.02

Glucose

Poor 62/100 (62.0) Ref Ref Ref

Intermediate 245/497 (49.3) 0.81 (0.68–0.97) 0.83 (0.69–0.99) 0.84 (0.70–1.00)

Ideal 907/2333 (38.9) 0.66 (0.56–0.78) 0.67 (0.57–0.79) 0.71 (0.61–0.84)

P trend <0.001 <0.001 <0.001

Model 1 adjusted for race, age, sex, and geographic location (Stroke Belt, Stroke Buckle, or non–Stroke Belt). Model 2 also adjusted for education and 
income level. Model 3 also adjusted for baseline systolic BP. There were no additional adjustments for other LS7 metrics. BMI indicates body mass index; BP, 
blood pressure; LS7, Life’s Simple 7; and RR, risk ratio.

*There were no participants with poor BP components given the exclusion criteria. For this, intermediate is set as the reference. Model 3 results not shown 
given collinearity between the LS7 BP component and baseline systolic BP.
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groups were generally similar to the main analysis 
findings. Assigning missing dietary scores as “poor” 
or “intermediate” and using multiple imputation led to 
inclusion of an additional 1840 participants (N=6255), 
including 412 Black women (n=975), 318 Black men 
(n=626), 537 White women (n=2428), and 573 White 
men (n=2226). As shown in Table S8, every 1-point 
increase in LS7 total score was associated with a 7% 
lower risk for incident hypertension overall (RR, 0.93; 
0.91–0.95 assigning “poor”; and RR, 0.93; 95% CI, 
0.92–0.95 assigning “intermediate”). Comparisons 
by race-sex strata were similar to the analysis not 
accounting for missing data, using the JNC7 hyper-
tension threshold.

Comparisons by level of individual LS7 compo-
nents using the JNC7 hypertension threshold were 
also similar to the main analysis. Relative to poor in 
Model 3, there was still no difference in risk of hy-
pertension with ideal physical activity (RR, 0.92; 95% 
CI, 0.83–1.01), but there was a 10% reduction com-
paring intermediate to poor (RR, 0.90; 0.82, 0.99). 
Relative to poor, intermediate (RR, 1.02; 95% CI, 
0.90–1.15) and ideal cholesterol (RR, 0.93; 95% CI, 
0.82–1.06) did not associate with lower risk for hy-
pertension in Model 3. In Model 2, ideal relative to in-
termediate BP was associated with a 54% reduction 
in hypertension.

DISCUSSION
In a national cohort of Black and White US adults 
aged ≥45 years old without prevalent hypertension, 
having better CVH, quantified by higher levels of the 
continuous LS7 total score, was associated with 
lower risk of incident hypertension over 9 years of fol-
low-up. We did not identify any differences in this as-
sociation by race, although relatively few Black men 
were free from hypertension at baseline and there 
was no clear association between LS7 and incident 
hypertension in this group. Associations were similar 
to the main analysis when hypertension was defined 
using the JNC7 definition and in analyses accounting 
for missing data.

CVD is the leading cause of death among US 
adults, and the development of hypertension is a 
major risk factor for CVD.2 Although antihypertensive 
medication can lower BP to nonhypertensive levels, 
there is residual risk of CVD when compared with 
individuals with similar BP levels who never devel-
oped hypertension.20 Therefore, the primary preven-
tion of hypertension is important for the prevention of 
CVD. Several modifiable CVH factors and behaviors 
included in the LS7 metric, including elevated BMI, 
physical inactivity, cigarette smoking, elevated fasting 
glucose, and dietary patterns, have been associated 

with an increased risk for hypertension.21–23 Prior re-
search identified a more optimal LS7 score among 
Black adults to associate with a lower risk of inci-
dent hypertension using the JNC7-BP thresholds 
of 140/90 mm Hg. That analysis included 1878 JHS 
(Jackson Heart Study) participants (mean [SD] age, 
49 [12]; 39% men; 100% Black race) and identified 
a 50% incidence of hypertension at a median fol-
low-up of 8 years. The analysis did not incorporate 
the complete range of LS7 levels, as it considered 
only number of ideal levels of LS7 components; there 
was no distinction between poor and intermediate 
levels when considering the overall CVH of partic-
ipants. In this population, number of LS7 compo-
nents in the ideal range was inversely associated 
with risk of hypertension at follow-up in a graded 
manner.10 This analysis also found an inverse associ-
ation between more optimal levels of most individual 
LS7 components and risk of hypertension. Relative 
to poor, cholesterol scores in the LS7 intermediate 
and ideal range did not associate with lower risk of 
hypertension.

In the present analysis, we confirmed the graded 
association between more optimal CVH and lower in-
cidence of hypertension at 9 years in a population of 
Black and White adults. This association was present 
when defining hypertension according to either the 
JNC7 or 2017 ACC/AHA guidelines. We did not iden-
tify any meaningful interactions of these associations 
by race or sex, though there were disproportionately 
fewer Black participants, especially Black men, free 
from prevalent hypertension in this analysis. REGARDS 
participants were ≈12 years older than the JHS popu-
lation at baseline. Onset of hypertension occurs at a 
younger age among Black adults,24,25 which might ac-
count for the small number free from hypertension at 
baseline.

The present findings in REGARDS differ from the 
JHS analysis in 2 ways. First, the prior JHS analysis 
found that ideal levels of each individual component 
of the LS7 metric to be associated with reduced risk 
of hypertension, apart from cholesterol. In the present 
analysis, an ideal cholesterol score had lower risk of 
incident hypertension with the lower 2017 ACC/AHA 
hypertension threshold but not the JNC7 threshold. 
Observational studies have suggested an associ-
ation between dyslipidemia and residual risk for in-
cident hypertension among at-risk adults, and one 
trial showed modest BP-lowering effects with short-
term administration of statins among adults without 
hypertension.26–28 The association between choles-
terol levels and risk of hypertension remains unclear. 
Second, the prior JHS analysis found a graded as-
sociation between ideal physical activity and lower 
risk for incident hypertension. The REGARDS find-
ings confirm the inverse association of ideal physical 
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activity and risk of hypertension using the JNC7 but 
not the 2017 ACC/AHA hypertension definition. High-
quality evidence, including meta-analyses of random-
ized controlled trials, supports the protective effects 
of exercise in the development of hypertension.4–6,8 
Lack of an association in the current analysis may 
be attributable to the method classifying physical 
activity in REGARDS, which used self-reported fre-
quency of intense physical activity sufficient to “work 
up a sweat.” While this question has been validated 
in population studies,29,30 it may not sufficiently dis-
tinguish between relative levels of physical activity 
important for hypertension risk.

The present analysis extends scientific knowledge 
in several meaningful ways. First, prior studies only 
considered the role of ideal LS7 components when 
assessing risk of incident hypertension. In the pres-
ent analysis, there was a graded association between 
higher LS7 score and lower risk of hypertension that 
persisted when considering all 3 possible levels of in-
dividual LS7 components to classify overall CVH. This 
is an important public health finding as the poor and 
intermediate thresholds were identified from patterns 
of clinically meaningful health behaviors.9,15 Integrating 
information from the poor and intermediate levels of all 
LS7 components appears to further delineate risk for 
incident hypertension. Second, we confirm the associ-
ation between more optimal LS7-defined CVH persists 
among an older population of Black and White adults 
than previously studied, supporting the importance of 
CVH across the age spectrum. Third, hypertension-re-
lated diseases occur across the spectrum of elevated 
BP levels and the 2017 ACC/AHA definition lowered the 
threshold of hypertension to 130/80 mm Hg to iden-
tify those likely to benefit from intensive BP control.2,11 
We are unaware of prior analyses of LS7-defined CVH 
and risk of incident hypertension using this updated 
threshold. Finally, the AHA’s 2030 Impact Goal aims to 
increase healthy life expectancy through promotion of 
CVH.12 The present findings extend the understanding 
of better CVH and its relationship with incident hyper-
tension in a biracial cohort. Hypertension contributes 
to the greatest loss of disability-adjusted life years of 
all diseases.2,3 Population health interventions to im-
prove CVH among those free from hypertension might 
lower the burden of this common disease and aid the 
achievement of the 2030 Impact Goal.

The LS7 metric quantifies the level of overall CVH 
and may help identify those at greatest risk for devel-
opment of hypertension. In comparison with White US 
adults, Black men and women experience a greater 
burden of nonoptimal CVH patterns as well as greater 
burden of hypertension and CVD events.16,31,32 A pre-
vious REGARDS study identified distinct clinical and 
social factors contributing to the greater risk of hy-
pertension in Black participants, many of which are 

included in the LS7 metric.16 Addressing the differ-
ences in these risk factors and optimizing CVH might 
help address the disparity in hypertension and CVD 
experienced by Black men and women. The LS7 is an 
aggregate metric for CVH and individuals can optimize 
its overall value by choosing to focus on ≥1 of its com-
ponents. For high-risk individuals with a suboptimal 
LS7 total score, a personalized approach may focus 
on behavioral interventions, medical therapies, or a 
combination of these. Future research should focus 
on patient-centered optimization of the LS7 metric to 
prevent the development of hypertension among at-
risk adults, with a specific emphasis on Black men and 
women. Such analyses might consider advances in 
race-specific understanding of the onset of hyperten-
sion, including differences in salt sensitivity and lower 
availability of nitrous oxide among Black adults.33–35 
Finally, although the LS7 metric gives equal weighting 
to each of its individual components, each individual 
LS7 component might contribute different of levels of 
risk for incident hypertension. Understanding the inter-
play between components of CVH and potential mech-
anisms for hypertension would provide further insights 
in targeted interventions for those at the highest risk. 
For example, components of LS7 related to metabolic 
syndrome have been implicated in increased arterial 
stiffness, which is itself a potent risk factor for hyper-
tension.36–38 Future research might consider whether 
a “weighted” LS7 score or a completely different risk 
metric provides more granularity in distinguishing rel-
ative levels of risk for incident hypertension in general 
and in the development of other potent hypertension 
risk factors like high arterial stiffness.

The current study has limitations. There was a 
high missingness of the dietary component of LS7. 
However, results were robust in sensitivity analyses 
that assigned poor or intermediate diet levels to those 
missing diet information. Not all participants completed 
the second study visit. However, prior analyses sug-
gest that this does not bias estimates of hypertension 
risk factors.39 There was greater attrition of Black than 
White adults, though a prior REGARDS analysis found 
no difference in social and clinical factors contributing 
to the racial difference incident hypertension using in-
verse probability weighting as a sensitivity analysis.16 
The analytical plan could not account for survival bias 
since those who died before the second visit were ex-
cluded. As a less optimal LS7 score is associated with 
higher risk of death, this bias is likely toward the null.40 
Since Black adults develop hypertension at younger 
ages, more Black participants, and especially Black 
men, were excluded at baseline. This limits the ability 
to look for specific associations between LS7 and in-
cident hypertension among Black participants in strat-
ified analyses. Self-reported exercise at baseline may 
be insufficient to distinguish between levels of physical 
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activity in this population. The onset of hypertension 
occurred at an unclear duration of time between the 
visits, and we were unable to conduct time-to-event 
analyses. Our study has several strengths. There were 
many incident hypertension events. The population 
was geographically and racially diverse. The retention 
was 97% per year.

In conclusion, in a large, biracial, national cohort 
of adults aged ≥45  years, relatively few Black par-
ticipants were free from prevalent hypertension. In 
this analysis of mostly White participants, more fa-
vorable levels of LS7-defined CVH was associated 
with lower risk of incident hypertension at follow-up 
9  years later. This association was present using 
the hypertension threshold of 130/80 mm Hg from 
the 2017 ACC/AHA BP guideline. Hypertension is a 
major risk factor for CVD, and optimizing CVH may 
prevent its development and thereby reduce the bur-
den of CVD.
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Table S1. Definitions of the individual components of the LS7 metric in REGARDS* 

Component Poor (0 points) Intermediate (1 point) Ideal (2 points) 

Health behaviors 
BMI ≥30 kg/m2 25 to <30 kg/m2 <25 kg/m2 
Diet 0-1 components 2-3 components 4-5 components 

Smoking Current smoker Prior smoking with cessation ≤1 year prior 
Never smoked or prior smoking with 

cessation >1 year prior 

Physical activity 
No regular intense physical 

activity 
Intense physical activity 1-3 times per week 

Intense physical activity ≥4 times per 
week 

Health factors 

BP 
Systolic ≥140 mm Hg or diastolic 

≥90 mm Hg  

Systolic 120-139 and diastolic 80-89 mm Hg 
without antihypertensive medications or systolic 

<120 and diastolic <80 mm Hg with 
antihypertensive medications 

<120/<80 mm Hg (both) without any 
antihypertensive medications 

Cholesterol Total cholesterol ≥240 mg/dL 
Total cholesterol 200-239 mg/dL or on lipid 

lowering agent and <200 mg/dL 
Total cholesterol <200 mg/dL without 

lipid lowering agent  

Glucose ≥126 mg/dL 
100-125 mg/dL or <100 mg/dL with glucose-

lowering medication 
<100 mg/dL without glucose-lowering 

medication 

*These definitions are taken from a prior REGARDS analysis.14 BMI is body mass index and is calculated by weight in kilograms divided by height in meters 
squared. Diet components included 1) ≥4.5 cups of fruits and vegetables per day, 2) 3.5 oz of fish ≥2 times per week, 3) <1500 mg of sodium per day, 4) ≤450 
calories of sweets and sugar-sweetened beverages per week, and 5) 1 oz. servings of whole grains ≥3 times per day.  Intense physical activity was self-reported 
as the number of times per week a participant participates in “intense physical activity, enough to work up a sweat.” 
 

 

 

 

 

 



 
 

Table S2. Cumulative incidence of hypertension at 9 years by LS7 health categories in the analytical population 
(ACC/AHA 2017 hypertension threshold; 130/80 mm Hg)  

 All Inadequate Average Optimal 

Overall 1214/2930 (41%) 27/36 (75%) 776/1652 (47%) 411/1242 (33%) 

  Black participants 253/491 (52%) 8/13 (62%) 189/336 (56%) 56/142 (39%) 

    Women 178/340 (52%) 7/11 (64%) 135/230 (59%) 36/99 (36%) 

    Men 75/151 (50%) 1/2 (50%) 54/106 (51%) 20/43 (47%) 

  White participants 961/2439 (39%) 19/23 (83%) 587/1316 (45%) 355/1100 (32%) 

    Women 520/1392 (37%) 11/14 (79%) 321/723 (44%) 188/655 (29%) 

    Men 441/1047 (42%) 8/9 (89%) 266/593 (45%) 167/445 (38%) 

 
 

  



 
 

Table S3. Sensitivity analysis assigning “poor” or “intermediate” scores to missing diet metrics and using multiple 

imputation for other missing LS7 metric components.  

Group Model 1  Model 2 Model 3 

ACC/AHA 2017 hypertension threshold (130/80 mm Hg) 

Assigning all missing dietary components “poor” scores (0 points) 

All (N=4,110) 0.91 (0.89 to 0.92)  0.91 (0.90 to 0.93) 0.95 (0.93 to 0.97) 
Black participants     
  Women (n=591) 0.93 (0.89 to 0.96)  0.93 (0.90 to 0.97) 0.96 (0.92 to 1.00) 
  Men (n=328) 0.95 (0.89 to 1.01)  0.96 (0.90 to 1.02) 0.99 (0.92 to 1.06) 
White participants     
  Women (n=1,793) 0.88 (0.86 to 0.91)  0.90 (0.87 to 0.93) 0.94 (0.91 to 0.97) 
  Men (n=1,398) 0.93 (0.89 to 0.96)  0.93 (0.90 to 0.96) 0.95 (0.92 to 0.99) 

Assigning all missing dietary components “intermediate” scores (1 point) 

All (N=4,110) 0.91 (0.89 to 0.92)  0.92 (0.90 to 0.93) 0.95 (0.93 to 0.97) 
Black participants     
  Women (n=591) 0.93 (0.89 to 0.97)  0.94 (0.90 to 0.97) 0.96 (0.92 to 1.00) 
  Men (n=328) 0.94 (0.89 to 1.00)  0.95 (0.90 to 1.02) 0.99 (0.92 to 1.05) 
White participants     
  Women (n=1,793) 0.88 (0.86 to 0.91)  0.90 (0.87 to 0.93) 0.94 (0.92 to 0.97) 
  Men (n=1,398) 0.93 (0.90 to 0.96)  0.93 (0.90 to 0.96) 0.95 (0.92 to 0.99) 

 

Relative risk and 95% confidence intervals for incident hypertension per 1-point increase in LS7 total score overall and by 

race-sex strata in the analytical population (ACC/AHA 2017 hypertension threshold; 130/80 mm Hg)* 

*There were 611 participants missing diet and no other components of the LS7 metric, including 135 (28%) of black 

women, 115 (43%) of black men, 177 (11%) of white women, and 184 (15%) of white men. There were 126 participants 

who were missing diet and ≥1 other LS7 metric component, including 44 (7%) of black women, 24 (7%) of black men, 32 

(2%) of white women, and 26 (2%) of white men. There were 443 participants not missing diet but missing ≥1 other LS7 

metric component, including 72 (12%) black women, 38 (12%) black men, 192 (11%) white women, and 141 (10%) white 

men. Model 1 adjusted for race, age, sex, and geographic location (Stroke Belt, Stroke Buckle, or non-Stroke Belt). Model 

2 also adjusted for education and income level. Model 3 also adjusted for baseline systolic BP. 

  



 
 

Table S4. Characteristics at baseline of REGARDS study participants without prevalent hypertension (n=4,415) by race 
and LS7 health categories, using the JNC7 hypertension threshold (140/90 mm Hg). 

 Black participants (n=871)  White participants (n=3,544) 

 Inadequate Average Optimal  Inadequate Average Optimal 

n of race subgroup (%) 27 (3) 651 (75) 193 (22)  64 (2) 2,179 (61) 1,301 (37) 
Age, y 59 (8) 61 (8) 60 (9)  59 (7) 62 (8) 62 (9) 
Women 78% 64% 64%  58% 51% 57% 
Black race 100% 100% 100%  0% 0% 0% 
Region        

   Stroke Buckle 22% 22% 19%  23% 23% 22% 
   Stroke Belt, non-Buckle 37% 30% 32%  33% 33% 34% 
   Non-belt 41% 48% 49%  44% 44% 44% 
Level of education        

   Less than high school 11% 6% 4%  11% 4% 2% 
   High school graduate 30% 27% 18%  28% 21% 16% 
   Some college 33% 28% 32%  33% 26% 24% 
   College graduate and above 26% 39% 46%  28% 49% 59% 
Annual household income        

   <$20K 41% 16% 10%  22% 7% 5% 
   $20k-$34k 11% 21% 20%  28% 19% 14% 
   $35k-$74k 26% 39% 39%  33% 36% 34% 
   $75k and above 4% 14% 19%  8% 26% 36% 
   Refused 19% 9% 11%  9% 11% 12% 
Systolic blood pressure, mm Hg 125 (9) 122 (10) 115 (11)  128 (8) 120 (10) 113 (11) 
Diastolic blood pressure, mm Hg 77 (7) 76 (7) 73 (8)  77 (8) 74 (7) 70 (7) 
Ideal BMI 0%  13%  55%   2%  20%  66%  
Ideal physical activity 4%  22%  55%   0%  21%  60%  
Ideal diet 0%  0%  0%   0%  0%  <1%  
Ideal smoking status 22%  82%  95%   27%  84%  98%  
Ideal blood pressure 19%  28%  60%   8%  37%  72%  
Ideal cholesterol 4%  35%  67%   3%  27%  57%  
Ideal blood glucose 22%  65%  94%   20%  71%  95%  

 

  



 
 

Table S5. Cumulative incidence of hypertension at 9 years by LS7 health categories using the JNC7 hypertension 
threshold (140/90 mm Hg). 
 

 All Inadequate Average Optimal 

Overall 1507/4415 (34%) 62/91 (68%) 1114/2830 (39%) 331/1494 (22%) 
  Black participants 388/871 (45%) 18/27 (67%) 306/651 (47%) 64/193 (33%) 
    Women 257/563 (46%) 14/21 (67%) 208/419 (50%) 35/123 (28%) 
    Men 131/308 (43%) 4/6 (67%) 98/232 (42%) 29/70 (41%) 
  White participants 1119/3544 (32%) 44/64 (69%) 808/2179 (37%) 267/1301 (21%) 
    Women 576/1891 (30%) 25/37 (68%) 412/1111 (37%) 139/743 (19%) 
    Men 543/1653 (33%) 19/27 (70%) 396/1068 (37%) 128/558 (23%) 

 

  



 
 

Table S6. Sensitivity analysis using JNC7 hypertension threshold (140/90 mm Hg). Relative risk and 95% confidence 
intervals for incident hypertension per 1-point increase in LS7 total score overall and by race-sex strata* 

Group Model 1  Model 2  Model 3 

All (N=4,415) 0.86 (0.84 to 0.87)  0.87 (0.85 to 0.88)  0.92 (0.90 to 0.94) 
Black participants      
  Women (n=563) 0.89 (0.85 to 0.93)  0.89 (0.85 to 0.94)  0.95 (0.91 to 1.00) 
  Men (n=308) 0.95 (0.88 to 1.02)  0.95 (0.89 to 1.02)  0.98 (0.91 to 1.06) 
White participants      
  Women (n=1,891) 0.83 (0.80 to 0.85)  0.84 (0.82 to 0.87)  0.90 (0.87 to 0.94) 
  Men (n=1,653) 0.86 (0.84 to 0.89)  0.87 (0.84 to 0.90)  0.92 (0.88 to 0.95) 

*Model 1 adjusted for race, age, sex, and geographic location (Stroke Belt, Stroke Buckle, or non-Stroke Belt). Model 2 

also adjusted for education and income level. Model 3 also adjusted for baseline systolic BP. 

 

  



 
 

Table S7. RR for incident hypertension by individual LS7 components, using JNC7 hypertension threshold (140/90 mm 
Hg)* 

 
# with Incident 

hypertension / # in 
group (%) 

Model 1 Model 2 Model 3 

BMI     
Poor 498/1115 (44.7%) Ref Ref Ref 
Intermediate 638/1811 (35.2%) 0.80 (0.73 to 0.87) 0.81 (0.74 to 0.89) 0.89 (0.81 to 0.97) 
Ideal 371/1489 (24.9%) 0.58 (0.52 to 0.64) 0.59 (0.53 to 0.66) 0.74 (0.66 to 0.82) 

P trend  P<0.001 P<0.001 P<0.001 
Physical activity     

Poor 427/1111 (38.4%) Ref Ref Ref 
Intermediate 590/1811 (32.6%) 0.86 (0.78 to 0.95) 0.88 (0.80 to 0.98) 0.90 (0.82 to 0.99) 
Ideal 490/1493 (32.8%) 0.87 (0.78 to 0.96) 0.88 (0.79 to 0.98) 0.92 (0.83 to 1.01) 

P trend  P=0.01 P=0.02 P=0.10 
Diet     

Poor 1230/3412 (36.0%) Ref Ref Ref 
Intermediate 277/1002 (27.6%) 0.77 (0.69 to 0.86) 0.81 (0.72 to 0.90) 0.84 (0.75 to 0.93) 
Ideal 0/1 (0.0%) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 0.00 (0.00 to 0.00) 

P trend  P<0.001 P<0.001 P=0.001 
Smoking     

Poor 217/502 (43.2%) Ref Ref Ref 
Intermediate 19/66 (28.8%) 0.64 (0.43 to 0.94) 0.65 (0.44 to 0.96) 0.66 (0.45 to 0.97) 
Ideal 1271/3847 (33.0%) 0.76 (0.68 to 0.85) 0.82 (0.73 to 0.91) 0.83 (0.74 to 0.92) 

P trend  P<0.001 P=0.001 P=0.001 
BP**     

Poor 0/0 (0.0%) N/A N/A N/A 
Intermediate 1091/2373 (46.0%) Ref Ref N/A 
Ideal 416/2042 (20.4%) 0.46 (0.41 to 0.50) 0.46 (0.42 to 0.51) N/A 

P trend  P<0.001 P<0.001 N/A 
Cholesterol     

Poor 202/549 (36.8%) Ref Ref Ref 
Intermediate 764/2167 (35.3%) 0.96 (0.85 to 1.09) 0.99 (0.87 to 1.12) 1.02 (0.90 to 1.15) 
Ideal 541/1699 (31.8%) 0.87 (0.76 to 0.99) 0.89 (0.78 to 1.02) 0.93 (0.82 to 1.06) 

P trend  P<0.01 P=0.03 P=0.10 
Glucose     

Poor 104/190 (54.7%) Ref Ref Ref 
Intermediate 327/818 (40.0%) 0.75 (0.65 to 0.88) 0.77 (0.66 to 0.90) 0.84 (0.72 to 0.98) 
Ideal 1076/3407 (31.6%) 0.61 (0.53 to 0.71) 0.63 (0.55 to 0.73) 0.75 (0.65 to 0.86) 

P trend  P<0.001 P<0.001 P<0.001 

*Model 1 adjusted for race, age, sex, and geographic location (Stroke Belt, Stroke Buckle, or non-Stroke Belt). Model 2 

also adjusted for education and income level. Model 3 also adjusted for baseline systolic BP. There were no additional 

adjustments for other LS7 metrics 

**There were no participants with poor BP components given the exclusion criteria. For this, intermediate is set as the 

reference. Model 3 results not shown given collinearity between the LS7 BP component and baseline systolic BP. 

  



 
 

Table S8. Sensitivity analysis assigning “poor” or “intermediate” scores to missing diet metrics and using multiple 

imputation for other missing LS7 metric components.  

Group Model 1  Model 2  Model 3 

Assigning all missing dietary components “poor” scores (0 points) 

All (N=6,255) 0.87 (0.86 to 0.88)  0.88 (0.86 to 0.89)  0.93 (0.91 to 0.95) 
Black participants      
  Women (n=975) 0.91 (0.88 to 0.94)  0.92 (0.89 to 0.95)  0.96 (0.93 to 1.00) 
  Men (n=626) 0.92 (0.88 to 0.97)  0.94 (0.89 to 0.98)  0.97 (0.92 to 1.02) 
White participants      
  Women (n=2,428) 0.83 (0.81 to 0.86)  0.85 (0.82 to 0.87)  0.91 (0.88 to 0.94) 
  Men (n=2,226) 0.87 (0.85 to 0.90)  0.88 (0.85 to 0.91)  0.93 (0.90 to 0.96) 

Assigning all missing dietary components “intermediate” scores (1 point) 

All (N=6,255) 0.87 (0.86 to 0.89)  0.88 (0.87 to 0.90)  0.93 (0.92 to 0.95) 
Black participants      
  Women (n=975) 0.92 (0.89 to 0.95)  0.93 (0.89 to 0.96)  0.97 (0.94 to 1.00) 
  Men (n=626) 0.92 (0.88 to 0.97)  0.93 (0.89 to 0.98)  0.97 (0.92 to 1.02) 
White participants      
  Women (n=2,428) 0.84 (0.81 to 0.86)  0.85 (0.83 to 0.88)  0.91 (0.89 to 0.94) 
  Men (n=2,226) 0.88 (0.85 to 0.90)  0.88 (0.86 to 0.91)  0.93 (0.90 to 0.96) 

 

 

Relative risk and 95% confidence intervals for incident hypertension per 1-point increase in LS7 total score overall and by 

race-sex strata, using JNC7 hypertension threshold (140/90 mm Hg)* 

 

*There were 958 participants missing diet alone, including 237 (30%) of black women, 203 (40%) of black men, 234 

(11%) of white women, and 284 (15%) of white men. There were 204 participants who were missing diet and ≥1 other 

LS7 metric component, including 69 (7%) black women, 40 (6%) black men, 49 (2%) white women, and 46 (2%) white 

men. There were 678 participants not missing diet but missing ≥1 other LS7 metric component, including 106 (11%) 

black women, 75 (12%) black men, 254 (10%) white women, and 243 (11%) white men. Model 1 adjusted for race, age, 

sex, and geographic location (Stroke Belt, Stroke Buckle, or non-Stroke Belt). Model 2 also adjusted for education and 

income level. Model 3 also adjusted for baseline systolic BP. 

 

  



 
 

Figure S1. Definitions for LS7 total score and LS7 health categories* 
 

LS7 Total Score* 
LS7 Health 
Categories 

 

0 

Inadequate 

↑ 
Less 

consistent 
with ideal 

CVH 

1 

2 

3 
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5 

Average 

6 

7 

8 

More 
consistent 
with ideal 

CVH 
↓ 

9 

10 

Optimal 

11 

12 

13 

14 

 
*LS7 total score is calculated by adding the points from individual LS7 components, which are scored as 0 (poor), 1 
(intermediate), or 2 (ideal). CVH is cardiovascular health. 
  



 
 

Figure S2. Inclusion and exclusion flow diagram for the analytical population (ACC/AHA 2017 hypertension threshold; 

130/80 mm Hg) 

 
 

 
  



 
 

Figure S3. Distribution of individual components of the LS7 metric for the analytical population by race-sex strata in 
the analytical population (ACC/AHA 2017 hypertension threshold; 130/80 mm Hg)* 

 
 
*PA is physical activity. BMI is body mass index. BP is blood pressure.  
  



 
 

Figure S4. Restricted cubic spline plots and histograms comparing risk ratios for incident hypertension relative to the 
median LS7 total score, by race-sex strata in the analytical population (ACC/AHA 2017 hypertension threshold; 130/80 
mm Hg)* 

 

* Risk ratios for incident hypertension at the second visit, according to LS7 total score at baseline using restricted spline 
models, adjusting for components in ‘Model 3’ (race, age, sex, geographic location, education level, income level, and 
systolic BP at baseline). The shaded areas represent 95% confidence intervals. Models are relative to median LS7 total 
score, with knots specified with Harrell’s Method. The knots were not prespecified and are located at LS7 total scores of 
5, 8, 9, and 11 for black women, 5, 8, 9, and 11 for black men, 6, 9, 10, and 12 for white women, and 6, 8, 10, and 12 for 
white men. The plot was truncated at 0.5th and 99.5th percentiles for baseline LS7 score. The histograms represent 
distribution of baseline LS7 total score among those who did (upright bars) and did not (inverted bars) develop 
hypertension at the second visit. Histograms were not truncated. 
  



 
 

Figure S5. Distribution of components of the LS7 metric among the analytical population using the JNC7 hypertension 

threshold (140/90 mm Hg)*  

 

*PA is physical activity. BMI is body mass index. BP is blood pressure.  

  



 
 

Figure S6. Distribution of individual components of the LS7 metric for the analytical population by race-sex strata 
using the JNC7 hypertension threshold (140/90 mm Hg)*  

 
 
*PA is physical activity. BMI is body mass index. BP is blood pressure.  
  



 
 

Figure S7. Restricted cubic spline plots and histograms comparing risk ratios for incident hypertension relative to the 

median LS7 total score, using the JNC7 hypertension threshold (140/90 mm Hg)* 

 

*Risk ratios for incident hypertension at the second visit, according to LS7 total score at baseline using restricted spline 
models, adjusting for components in ‘Model 3’ (race, age, sex, geographic location, education level, income level, and 
systolic BP at baseline). The shaded areas represent 95% confidence intervals. Models are relative to median LS7 total 
score, with knots specified with Harrell’s Method. The knots were not prespecified and are located at LS7 total scores of 
5, 8, 9, and 12. The plot was truncated at 0.5th and 99.5th percentiles for baseline LS7 score. The histograms represent 
distribution of baseline LS7 total score among those who did (upright bars) and did not (inverted bars) develop 
hypertension at the second visit. Histograms were not truncated.  
  



 
 

Figure S8. Restricted cubic spline plots and histograms comparing risk ratios for incident hypertension relative to the 
median LS7 total score, by race-sex strata, using the JNC7 hypertension threshold (140/90 mm Hg)* 

 

* Risk ratios for incident hypertension at the second visit, according to LS7 total score at baseline using restricted spline 
models, adjusting for components in ‘Model 3’ (race, age, sex, geographic location, education level, income level, and 
systolic BP at baseline). The shaded areas represent 95% confidence intervals. Models are relative to median LS7 total 
score, with knots specified with Harrell’s Method. The knots were not prespecified and are located at LS7 total scores of 
5, 7, 9, and 11 for black women, 5, 7, 9, and 11 for black men, 5, 8, 10, and 12 for white women, and 6, 8, 9, and 11 for 
white men. The plot was truncated at 0.5th and 99.5th percentiles for baseline LS7 score. The histograms represent 
distribution of baseline LS7 total score among those who did (upright bars) and did not (inverted bars) develop 
hypertension at the second visit. Histograms were not truncated. 

 


