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Abstract

Introduction—Higher AHA cardiovascular health score (CVHS) predicts lower incidence of 

cardiovascular disease (CVD). However, the relationship of CVHS attainment through mid- to 

late-life with CVD prevalence and cardiovascular structure and function in late life is not well 

described.

Methods and Results—The following six ideal CV health metrics were assessed in 

Atherosclerosis Risk in Communities (ARIC) study participants at five examination visits between 

1987 and 2013: nonsmoking, body mass index <25 kg/m2, untreated total cholesterol <200 

mg/dL, untreated blood pressure <120/<80 mmHg, fasting blood glucose <100 mg/dL, and ideal 

physical activity. Attainment over time was assessed as the percent of maximum possible CVHS 

metrics achieved at Visits 1 though 5, the slope of change in CVHS per decade of follow-up, and 

CVHS trajectory through follow-up. At Visit 5, participant groups were characterized with respect 

to CVD prevalence (n = 6,520) and echo measures of cardiac structure and function (n= 5,903 free 

of CV disease). CVHS was low at baseline and declined with age. Both greater CVHS attainment, 

and improvement in CVHS during follow-up, were associated with a lower prevalence of CVD 

and better LV structure, systolic and diastolic function at Visit 5.

Conclusions—Greater attainment of, and improvements in, ideal CV health through mid- to 

late-life are associated with lower CVD prevalence and better cardiovascular structure and 

function when elderly. These findings highlight the importance of consistent primordial and 

primary prevention efforts throughout mid- to late-life as a potential intervention to decrease the 

burden of CVD among the elderly.
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Introduction

Modifiable risk factors over the life course are powerful contributors to the population 

burden of cardiovascular disease. In 2010, the American Heart Association Strategic 

Planning Task Force and Statistics Committee identified seven metrics of ideal 

cardiovascular health, including four health behaviors (nonsmoking, body mass index <25 

kg/m2, physical activity, and ideal diet) and three health factors (untreated total cholesterol 

<200 mg/dL, untreated blood pressure <120/<80 mmHg, and fasting blood glucose <100 

mg/dL), to target for the primary prevention of cardiovascular disease.1 The attainment of 

these ideal CV health metrics is associated with a reduced incidence of cardiovascular 

disease.2 Attainment of ideal CV health metrics is also associated with a lower incidence of 

subsequent HF, which is common, morbid, and predominantly affects the elderly.3,4 

Epidemiologic studies suggest that these risk factors account for over three-fourths of heart 

failure cases (population attributable fraction 77-89%).5 HF risk factors also are known to 

influence cardiac structure, systolic function, diastolic function, and arterial stiffness. 

However, little data exists regarding the impact of attaining ideal CV health metrics through 

mid-life (approximately 45 to 65 years of age) and late-life (older than 65 years of age) on 

cardiovascular structure and function in the elderly. Furthermore, whether changes in the 

status of ideal CV health metrics through mid- to late-life impact cardiovascular structure 

and function in the elderly is not known but may have important implications for preventive 

care in the elderly.

Based on the American Heart Association goals, we created a cardiovascular health score 

(CVHS) at each of the five ARIC visits, and used this score to test the hypothesis that the 

greater attainment of ideal cardiovascular health metrics through mid- to late-life is 

associated with better cardiovascular health in late-life, reflected in measures of cardiac 

structure, LV systolic and diastolic function, arterial stiffness, and soluble biomarkers of 

myocardial stress and injury. Furthermore, we hypothesized that improvement in CVHS 

through mid- to late-life will be associated with better cardiovascular structure and function 

when elderly. To address these questions, we used data on cardiovascular risk factors, 

phenotype, and outcomes collected over more than 25 years in the largely biracial 

community dwelling Atherosclerosis Risk in Communities (ARIC) cohort study.

Methods

Study Population

ARIC is a prospective epidemiologic cohort study whose design and methods have been 

previous described.6 Between 1987 and 1989, 15,792 individuals aged 45-64 years were 

enrolled in 4 communities in the United States: Forsyth County, NC, Jackson, MS, suburban 

Minneapolis, MN, and Washington County, MD. Cohort participants underwent four exam 

visits between 1987 and 1998. Between 2011 and 2013, 6,538 participants (now aged 67-91 
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years) returned for a fifth study visit which included standardized anthropometrics, 

interviewer-administered questionnaires, and laboratory testing including fasting lipid panel, 

blood glucose, and cardiac biomarker assessment, comprehensive echocardiography, and 

vascular assessment by carotid-femoral pulse wave velocity and ankle-brachial index. The 

study protocol was approved by institutional review boards at each field center, and all 

participants provided written informed consent.

Definition of Ideal CV Health Metrics

Measurements of physical activity, body mass index, smoking, total cholesterol, seated 

blood pressure after a 5 minute rest, and fasting glucose were assessed at study visits 1 

through 5 and classified as ideal, intermediate, or poor as detailed in Table 1.2 All missing 

values were imputed to be “intermediate” status, except in the event in which status was 

known at both the visits immediately before and after the visit in question. If “poor” status 

was observed at both neighboring visits, then “poor” status was imputed at the missing visit. 

Similarly, if “ideal” status was observed at both neighboring visits, then “ideal” status was 

imputed at the missing visit. Physical activity was only assessed at Visits 1, 3, and 5. Status 

of the physical activity metric at Visits 2 and 4 was assigned the lowest value from the two 

shouldering measurements. Healthy diet, which is one of the proposed ideal CV health 

metrics, was not included in the CVHS due to lack of adequate serial data on diet. Similar to 

prior reports,5 ideal CV health attainment was quantified as the percent of ideal health 

obtained, which was derived by generating a score with each metric assigned 0, 1, or 2 

points for poor, intermediate, or ideal health status respectively. This was done for health 

metrics at Visits 1 through 5 and these points were summed. The percent of ideal health 

score attained was calculated as the summed points divided by the maximum number of 

possible points. To characterize the change in CVHS over time, we also determined the 

slope of change in CVHS per decade of follow-up for each study participant.

Clinical Events

ARIC participants undergo surveillance for incident coronary heart disease (CHD) events 

(fatal CHD, definite or probable MI, or coronary revascularization) and all-cause mortality 

as previously described in detail.7 Surveillance for HF was based on hospitalization ICD 

codes prior to 20058 with additional central adjudication since 2005 as previously 

described,9 and was also assessed by self-report at Visits 3-5 and on annual follow-up phone 

calls. In this analysis, prevalent HF at Visit 5 was defined as (1) an adjudicated HF 

hospitalization since 2005 (2) hospitalization with a HF ICD code prior to 2005, and (3) 

among those without a prior hospitalization, self-report of HF or treatment for HF with at 

least one of the following: (a) subsequent confirmation of self-report by treating physician or 

the participant, or (b) an NT-proBNP at Visit 4 or 5 of at least 125 pg/ml. Atrial fibrillation 

was ascertained based on ECGs at 5 study visits, hospital discharge records, and death 

certificates as previously described.10

Echocardiography

Design and methods of echocardiography in ARIC Visit 5 have been previously described in 

detail.11 Briefly, studies were acquired in participants attending Visit 5 at all four field 

centers by certified study sonographers using uniform imaging equipment and image 
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acquisition protocol and quantitative measures were performed by blinded analysts at a 

dedicated core laboratory.

Pulse Wave Velocity

Electrocardiogram, bilateral brachial and ankle blood pressures, and carotid and femoral 

arterial pulse waves were simultaneously measured with a vascular testing device 

(VP-1000plus, Omron Healthcare).12 Carotid-femoral PWV was estimated as the distance 

between two arterial recording sites divided by transit time. Distance for carotid-femoral 

PWV was measured with a segmometer for PWV measurements (Rosscraft, Surray, 

Canada), and calculated as the distance between the suprasternal notch to carotid minus the 

carotid to femoral distance.

Cardiac Biomarker Assessment

Blood samples for cardiac biomarker measurement were taken at the time of the fifth ARIC 

visit and plasma was stored centrally at −80°C. Hs-TnT was measured using a highly 

sensitive assay (Elecsys Troponin T, Roche diagnostics, Indianapolis, IN). NT-proBNP was 

measured using electrochemiluminescent immunoassay (Roche Diagnostics) with a lower 

detection limit of ≤5 ng/mL.

Statistical Methods

The prevalence of CHD, MI, stroke, HF, and atrial fibrillation at Visit 5 was determined in 

each category of ideal CV health attainment. Among participants without prevalent 

cardiovascular events at Visit 5, echocardiographic, arterial stiffness, and biomarker data are 

described based on the category of ideal CV health attainment. Adjusted mean values with 

95% confidence intervals and trend tests were performed using multivariable modeling 

(linear or logistic regression as appropriate) to test for trend across categories after adjusting 

for age, gender, race, and study field center. Analysis was performed in the study population 

overall and stratified by gender and race. Analyses of the slope of change in CVHS per 

decade of follow-up also used multivariable logistic and linear regression models with 

disease status and measures of cardiac structure and function as outcome variables, slope of 

change in CVHS category as the primary predictor variable and adjusted for age, gender, 

race, study field center and CVHS at Visit 1, as the baseline CVHS (at Visit 1) differed 

between change groups. To characterize the trajectories of ideal CV health attainment, we 

employed trajectory analysis13,14 using the STATA macro TRAJ with no adjustment for 

covariates. We used the Bayesian information criterion to decide the number of trajectories 

(two to five trajectories assessed). Continuous variables are presented as medians and 25th 

and 75th percentiles unless otherwise specified. Two-sided P-values of less than 0.05 were 

considered significant.

To adjust for potential bias due to selective attrition due to Visit 5 non-attendance, we 

performed a sensitivity analysis using inverse probability of attrition weighting.15,16 Visit 5 

non-attendance was modeled among participants alive at the initiation of Visit 5 using the 

following covariates from Visit 1: age, gender, race, study center, systolic and diastolic 

blood pressure, heart rate, body mass index, smoking and drinking status, diabetes, 

hypertension, and chronic kidney disease. The resulting calculated weights were 
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incorporated into multivariable models for CVD prevalence estimates and for each measure 

of cardiovascular structure and function with either the percent cumulative attained CVHS or 

the slope of change in CVHS per decade as the primary predictor variable.

Results

Of the 15,792 participants enrolled in the ARIC cohort at study inception, 10,742 (68%) 

were alive at the initiation of Visit 5. 6,538 participants (62% of those alive) attended the 

fifth visit and underwent echocardiographic, vascular, and biomarker assessments necessary 

to determine cardiovascular health. After excluding participants of non-white, non-black 

race (n=18), 6,520 participants were included in this analysis (Figure 1). Clinical 

characteristics at Visits 1 and 5 are presented in Table 2. Prevalent CVD was present at Visit 

5 in 2,222 (34%) and of the remaining 4,298 participants without prevalent CVD, 

echocardiographic data was available in 4,107 (96%), hs-TnT in 4,246 (99%), NT-pro-BNP 

in 4,128 (96%), and vascular stiffness measures in 3,541 (82%).

Ideal CV Health Attainment through Mid- and Late-Life

Overall, the number of ideal health metrics (range 0 to 6) attained declined at each visit 

(Figure 2). No significant heterogeneity was noted by gender (Figure 2A), with similar 

health metric attainment and rates of decline in both men and women. Blacks demonstrated 

significantly lower ideal health metric attainment at every visit compared to whites, with a 

similar rate of decline over the study visits (Figure 2B). We also examined the pattern of 

change for individual health factors and behaviors. From Visit 1 to Visit 5, the prevalence of 

ideal health indicators decreased for each of the three health factors assessed, cholesterol, 

blood pressure, and glucose (Supplemental Figure 1). For each health factor, the most 

prominent decline in prevalence was noted between Visit 4 and Visit 5, which had the 

longest interval between visits. In contrast, no significant decline was noted over the study 

visits in the prevalence of ideal for two of the three health behaviors assessed, physical 

activity and smoking. Ideal BMI did demonstrate a stepwise decline between Visits 1 

through 4, but was essentially stable between Visits 4 and 5.

Ideal CV Health Attainment through Adulthood and Cardiovascular Function in Late-Life

Over the course of the 5 study visits, the mean percent CVHS attained was 63±14% (Figure 

2). No significant difference was noted by gender (Figure 2C). Significant differences were 

observed by race, with black participants demonstrating appreciably lower cumulative 

CVHS attainment then white participants (p<0.001; Figure 2D).

At the fifth ARIC visit, the prevalence of CAD was 17% with a prior history of MI in 8%; 

stroke was prevalent in 4%, HF in 14%, and atrial fibrillation in 10%. The prevalence of 

each cardiovascular outcome declined in a step-wise fashion with increasing category of 

percent cumulative CVHS attained (Figure 3A). Although men had a higher prevalence of 

each CV outcome than women, no consistent differences were noted in the relationship 

between disease prevalence and ideal health attainment by gender or race (Supplemental 

Tables 1 and 2).
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Among participants without prevalent CVD at the fifth ARIC visit, greater percent CVHS 

attainment was significantly associated with better measures of LV structure and diastolic 

function (Table 3). In addition, although no differences were noted in LVEF, LV longitudinal 

strain – a more sensitive measure systolic deformation – was better among categories of 

greater attained CVHS, as were measures of arterial function, including lumped arterial load 

(arterial elastance) and arterial stiffness (carotid-femoral pulse wave velocity). Finally, 

soluble biomarkers of myocardial stress (NT-proBNP) and injury (hsTn-T) were lower 

among participants with the greatest percent CVHS achieved.

Although greater percent CVHS attained was associated with better cardiac structure and 

function among both men and women, the association with measures of cardiac structure 

(LV size, wall thickness, and mass) was stronger among women compared to men 

(Supplemental Table 3). No significant effect modification of race on the relationship 

between percent CVHS attained and measures of cardiac structure and function was 

observed (Supplemental Table 4).

Change in Ideal CV Health Attainment through Mid- to Late-Life and Cardiovascular 
Function in Late-Life

Over the 26 years of follow-up, average CVHS decreased by 0.4 (95% CI 0 to 0.76) per 

decade, although values ranged from a decrease of 2.8 per decade to an increase of 1.9 per 

decade. After adjusting for the Visit 1 CVHS, women demonstrated a steeper decline than 

men (−0.42 [−0.44, −0.40] versus −0.34 [−0.37, −0.32] per decade respectively, p<0.001) 

while no significant difference in rate of decline was noted between blacks and whites 

(−0.42 [−0.45,−0.39] versus −0.38 [−0.40, −0.37] per decade respectively, p=0.08). The 

prevalence of all cardiovascular events was lower among participants with greater average 

improvement in CVHS during follow-up (Figure 3B). No consistent differences in 

relationship between change in CVHS and CVD prevalence were noted by gender or race 

(Supplemental Tables 5 and 6), although the magnitude of reduction in CAD prevalence per 

unit change in CVHS appeared greater in women compared to men.

Among participants without prevalent CVD at Visit 5, adjusting for CVHS at Visit 1, 

participants with a more positive slope of change in CVHS (i.e. improvement in CVHS over 

time) demonstrated lower LV wall thickness and mass, better diastolic indices, and better LV 

longitudinal systolic function, in addition to smaller aortic root size (Table 4). These 

associations of improvement in CVHS with better cardiac structure and function did not 

differ significantly by gender (Supplemental Table 7) or race (Supplemental Table 8).

Trajectories of Ideal CV Health Attainment in the Community from Mid- to Late-Life

We identified five trajectories of ideal CV health attainment (CVHS) during the follow-up 

period (Figure 4A). Trajectories 1 through 4 represented decreasing CVHS at baseline with 

similar rates of decline in CVHS during follow-up. In contrast, trajectory 5, the smallest 

group of only 7% of the study population, began Visit 1 at a low CVHS but demonstrated 

improvement in CVHS during follow-up. This improvement in CVHS during follow-up was 

related to progressive improvements in both health behaviors (smoking, physical activity, 

and BMI) in addition to health factors (cholesterol and glucose; data not shown). Worse 
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CVHS trajectory was associated with younger age, male gender, black race, and a higher 

prevalence of cardiovascular co-morbidities at both Visits 1 and 5 (Supplemental Table 9). 

Participants in trajectory 5 most closely resembled those in trajectory 3 in demographics and 

clinical characteristics at Visits 1 and 5. Similarly, the prevalence of CVD at Visit 5 was 

lowest in trajectory 1 and highest in trajectory 4 (Figure 4B). However, in contrast to the 

clinical characteristics, participants in trajectory 5 demonstrated a lower prevalence of CVD 

than trajectory 3 participants and more closely resembled trajectory 2 participants. Among 

participants without prevalent CVD at Visit 5, the expected gradient was noted between 

trajectories 1 and 4 in measures of LV structure, systolic function, and diastolic function. 

Among participants in trajectory 5, measures of LV structure and systolic function were 

similar to trajectory 2 participants, while diastolic measures more closely approximated 

trajectory 3 participants (Figure 5; Supplemental Table 10).

Discussion

Our analysis of over 6,000 ARIC participants with CV health metrics evaluated serially over 

25 years has three major novel findings. First, using data from serial assessments in the same 

individuals we confirm prior cross-sectional observations that the attainment of ideal health 

tends to decline through adulthood, with the most prominent decreases in health attainment 

noted for the three health factors (blood pressure, glucose, and cholesterol). Black 

participants demonstrated significantly worse health attainment at all time points, with a 

similar rate of decline over time as whites. Second, greater health attainment through mid-

life and late-life was not only associated with less prevalent CVD when elderly but, among 

those without prevalent CVD, was also associated with better measures of cardiovascular 

structure and function when elderly. Finally, improvement in health indicator attainment 

from mid-life to late-life was also associated with lower CVD prevalence and significantly 

better cardiovascular structure and function in the elderly, compared to no improvement or 

deterioration in CV health metrics. Since the articulation of the ideal cardiovascular health 

construct by the American Heart Association in 2010, several studies have documented the 

low prevalence of ideal health indicator status in the population overall,2,17,18 and among 

black Americans in particular.2,19 Similarly, several cross-sectional studies have noted 

declining health indicator attainment from early to middle to late adulthood.17,20 However, 

our analysis is one of the first – to our knowledge – to assess CV health indicator attainment 

serially through mid- to late-life. Importantly, declining CVHS with age was driven 

primarily by age-related decreases in optimal attainment for the three health factors (blood 

pressure, glucose, cholesterol) and BMI, highlighting the importance of primordial 

prevention throughout adulthood to prevent the occurrence of hypertension, diabetes, and 

hyperlipidemia.

Our findings regarding the relationship between CVHS attainment through mid- to late-life 

and the prevalence of CVD is late life is consistent with previous studies demonstrating an 

association between CVHS and incident coronary disease, MI, stroke, and CV death among 

ethnically diverse populations including whites, blacks,2,17,18 Hispanics,21 and Chinese.22 

Importantly, higher CVHS attainment has also been associated with a lower incidence of 

HF,5 a growing public health problem that disproportionately affects the elderly. Indeed, the 

prevalence of HF in our elderly cohort at Visit 5 was 5-fold lower among participants whose 
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percent CVHS attainment was ≥80% compared to those in whom it was <50% (27% vs 5% 

HF prevalence respectively). To date, there has been limited data regarding the factors 

linking greater CVHS to lower HF risk. CVHS has been associated with risk of 

retinopathy,23 possibly suggesting microvascular disease as an etiology – a mechanism that 

would be concordant with our findings of an association between CVHS and hsTn-T level.

While low CVHS has been associated with subclinical markers of atherosclerosis such as 

greater carotid intimal medial thickness, little data exists regarding associated cardiac 

abnormalities. Our study provides extensive novel data regarding subclinical impairments in 

cardiac structure and function associated with low CVHS that may underlie the association 

with clinical HF. Consistent with one prior study,24 lower percent CVHS attained was 

associated with higher LV mass, with a four-fold lower prevalence of LVH among 

participants with a percent CVHS attained of ≥80 versus <50% (3 versus 14% LVH 

prevalence respectively). These differences in LV mass were related to both lower LV wall 

thickness and chamber size among those with greater CVHS, and these individuals also 

demonstrated less concentric remodeling reflected in the relative wall thickness. Although 

CVHS was not associated with LVEF in this population with predominantly preserved 

LVEF, higher attained CVHS was associated with better LV longitudinal strain, a more 

sensitive measure of LV systolic performance than LVEF. We also noted better LV diastolic 

performance – both myocardial relaxation (e’) and LV filling pressure (E/e’) – among those 

with higher attained CVHS. Importantly, these echo measures – LVH, diastolic function, and 

strain – are prognostic of incident HF.25,26,27 Additionally, greater percent CVHS attainment 

was associated with a lower prevalence of atrial fibrillation, a frequent risk factor for HF in 

the elderly,28 and with lower left atrial size, an important risk factor for HF and incident 

atrial fibrillation.29

The factors and behaviors captured in the CVHS account for a considerable proportion of 

the population attributable risk for CV mortality, ischemic heart disease mortality,18 and 

incident HF.5 Therefore, improving CVHS in mid-life may provide an opportunity to 

significantly impact health in late-life, although few studies have quantified the implications 

of change in CVHS during mid- to late-life. In the CARDIA study, improvement in CV 

health attainment from young adulthood to middle-age was associated with less subclinical 

atherosclerosis reflected in the carotid intimal medial thickness and coronary artery 

calcification.30 We demonstrate that improvement in CVHS through mid- to late-life is 

associated with a lower prevalence of CVD in late life. These findings are concordant with 

results of randomized clinical trials of antihypertensive and lipid lowering therapies for 

primary prevention of cardiovascular disease.31,32,33,34 Improvement in CVHS was also 

associated with better cardiac structure and function among those without prevalent CVD. 

Similar to prior reports,2,17 black participants demonstrated lower CVHS than white 

participants at all time points, although no prominent differences were noted in the slope of 

change in CVHS by race or in the relationship between attained CVHS and prevalence of 

CVD. Importantly, the favorable association of cardiac structure and function with 

improvement in CVHS during follow-up was similar between blacks and whites – 

highlighting the large opportunity for health improvement with interventions to optimize 

health factors and behaviors in mid- to late-life, particularly among African Americans.
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Our exploratory analysis of CVHS trajectories was concordant with our other analyses and 

provides further support for efforts to improve CHVS among those in mid- to late-life. Of 

the five CVHS trajectories identified, the majority of participants followed trajectories of 

low to moderate CVHS with a steady decline during follow-up (Figure 5, trajectories 2-4). 

The lowest prevalence of CVD and best cardiac structure and function was observed in those 

participants with the greatest consistent CVHS (trajectories 1 and 2). Importantly, however, 

the small proportion of participants with low CVHS as baseline who improved during 

follow-up (trajectory 5) had a prevalence of CVD at Visit 5 similar to those who started at a 

higher CVHS (trajectory 2). Echocardiographic findings in this group were more modest, 

although both LV structure and systolic function more closely approximated values in 

trajectory 2 and were clearly better than those who started at a similarly low CVHS but 

declined further during follow-up (trajectory 3).

Several limitations of this analysis warrant consideration. While the CVHS is based on seven 

metrics of ideal cardiovascular health, data for serial assessment of ideal diet was not 

available in our study. Survival bias and selection bias due visit non-attendance may 

influence our prevalence estimates. This was particularly an issue at Visit 5, when 32% of 

the original study cohort had died and 38% of those alive chose not to attend. However, 

sensitivity analyses using inverse probability attrition weighting (Supplemental Figures 2 

and 3; Supplemental Tables 11 and 12) demonstrated consistent findings with the primary 

analysis, suggesting that the influence of such bias on our findings was minimal. In addition, 

with respect to prevalent CVD at visit 5, our findings are consistent with previous studies of 

the association of CVHS with incident CVD.2,5 This was an observational study and not an 

interventional trial, and therefore we can not draw conclusions regarding causality. Our 

finding that improvement in CVHS is associated with less CVD could be subject to 

confounding. In addition, we cannot exclude the possibility that some of the improvement in 

CVHS observed in Trajectory 5 participants during follow-up was related to regression to 

the mean. However, our observations are consistent with the results of multiple randomized 

controlled trials aimed at optimizing components of the CVHS for primary prevention. The 

magnitude of average between group differences in some measures of cardiac structure and 

function was relatively modest. Despite this, our data suggest a robust association between 

CVHS attainment and cardiac and vascular health, evidenced by the consistent and highly 

significant association of multiple CVHS measures across multiple parameters of 

cardiovascular structure and function. Finally, measurement error exists in our assessment of 

risk factors, however, examination across multiple visits helps reduce the impact of 

measurement error on our findings.

Conclusions

Attainment of ideal CV health typically declines with age. The percent of ideal CV health 

attained in mid- to late-life is associated with a lower prevalence of CVD and better 

cardiovascular structure and function in late-life. Improvement in the attainment of ideal CV 

health through mid- to late-life is similarly associated with a lower prevalence of CVD and 

better cardiac structure and function in late life. These findings highlight importance of 

consistent primordial and primary prevention efforts throughout mid- to late-life as a 
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potential intervention to decrease the burden of CVD, and HF in particular, among the 

elderly.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Consort diagram of study population.
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Figure 2. 
Panels A and B illustrate the mean (±S.D.) number of ideal cardiovascular health indicators 

attained at each of 5 ARIC visits between 1987 and 2013, in the study cohort overall and 

stratified by gender (Panel A) and race (Panel B). Panels C and D show the distribution of 

percent ideal cardiovascular health score (CVHS) attained by gender (Panel C) and by race 

(Panel D). P value for men versus women was 0.11. P value for whites versus black 

participants was <0.001.
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Figure 3. 
Prevalence of cardiovascular diseases by categories of percent cardiovascular health score 

(CVHS) attained through mid-life and late-life (Panel A) and by categories of change in 

CVHS per decade follow-up (Panel B). Prevalence estimates and P values are adjusted for 

age, gender, race, and Field Center.
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Figure 4. 
(A) Trajectories of CVHS over the 25 year period of the ARIC study. Percentages in the 

figure legend refer to population prevalence. (B) Prevalence of cardiovascular diseases by 

trajectory of CVHS. Prevalence estimates and P values are adjusted for age, gender, race, 

and Field Center.
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Figure 5. 
Mean and SEM of echocardiographic measures at Visit 5 of (A) LV structure [mass], (B) LV 

systolic function [longitudinal strain], and (C) LV diastolic function [TDI e’] by CVHS 

trajectory. Values and P values are adjusted for age, gender, race, and Field Center. * - 

trajectory 5 vs 3 p <0.05 and 5 vs 2 p NS. # - trajectory 5 vs 1 p <0.5.
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Table 1

Definition of Ideal CV Health Metrics.

Metric Status Definition

Smoking Ideal Never or quit >12 months

Intermediate Former ≤12 months

Poor Current

Body mass index Ideal <25 kg/m2

Intermediate 25-29.9 kg/m2

Poor ≥30 kg/m2

Physical Activity Ideal ≥150 min/week moderate, or ≥75 min/week vigorous, or ≥150 min/week moderate+vigorous

Intermediate 1-149 min/week moderate, or 1-74 min/week vigorous, or 1-149 min/week moderate+vigorous

Poor None

Total Cholesterol Ideal <200 mg/dl without medications

Intermediate 200-239 or treated to <200 mg/dl

Poor ≥240 mg/dl

Blood pressure Ideal <120/<80 mmHg without medications

Intermediate SBP 120-139 or DBP 80-89 or treated to <120/<80 mmHg

Poor SBP ≥140 or DBP ≥90 mmHg

Fasting serum glucose Ideal <100 mg/dl without medication

Intermediate 100-125 mg/dl or treated to <100 mg/dl

Poor ≥126 mg/dl

Adapted from Folsom et al2
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Table 2

Characteristics (mean ± SD or N (%) of the Visit 5 study population (N=6,520) at study inception (Visit 1) and 

end of follow-up (Visit 5), ARIC.

Visit 1 Visit 5

Age (years) 52.1 ± 5.2 76.3 ± 5.3

Age range (years) 44 - 66 67 - 91

Male 41%

Black 24%

Field Center

    Forsyth County 1428 (22%)

    Jackson 1416 (22%)

    Minneapolis 1910 (29%)

    Washington County 1766 (27%)

Co-morbidities

Hypertension 25% 84%

Smoking (ever) 51% 61%

Smoking (current) 18% 6%

Diabetes 6% 38%

Coronary disease 2% 17%

Prior MI 2% 8%

Stroke 0.7% 4%

Heart Failure 3% 14%

Atrial fibrillation 0.1% 10%

Medication Use

Aspirin 26% 58%

Cholesterol Lowering 2% 56%

    Statin 0.4% 52%

Anti-hypertensive 23% 76%

    ACE inhibitor or ARB 2% 34%

    Beta-blocker 7% 34%

Diabetes medication 2% 22%

    Insulin 0.7% 6%

Physical Exam Findings

BMI (kg/m2) 27.2 ± 5.0 28.8 ± 5.8

SBP (mmHg) 117 ± 16 131 ± 19

DBP (mmHg) 73 ± 10 67 ± 11

Heart rate (bpm) 66 ± 10 63 ± 10

Laboratory Values

Glucose (mg/dl) 102 ± 25 113 ± 28

Creatinine (mg/dl) 0.71 ± 0.18 1.00 ± 0.45

LDL (mg/dl) 134.3 ± 38.1 104.2 ± 34.8

HDL (mg/dl) 53.2 ± 17.0 52.1 ± 14.0
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