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4. Rationale:  

In an effort to improve the cardiovascular health of the nation, the American Heart Association 

(AHA) developed in 2010 recommendations for cardiovascular disease prevention and 
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cardiovascular health promotion.
1
 The committee intentionally focused on promotion of 

cardiovascular health, identifying criteria for ideal cardiovascular health (Table 1).  Those 

criteria consist of seven health behaviors and health factors which, in the absence of clinical 

CVD, are prognostic of disease-free longevity, good quality of life and low healthcare costs, 

even after accounting for clinically manifest cardiovascular disease
2
.  Participants are assigned a 

score for each health metric (0=poor, 1=intermediate, 2=ideal), therefore yielding a total possible 

score ranging from 0-14.  

 

The prevalence of 6-7 ideal 

cardiovascular health metrics 

in the population is low, 

ranging from 0.5% to 12%.
3
  

However, the construct is 

well suited as a score in the 

assessment of the incidence 

of cardiovascular outcomes. 

Prior studies have used the 

AHA’s Life’s Simple 7 

criteria and observed that 

higher cardiovascular health 

scores are associated with a 

lower incidence of cognitive 

impairment,
4
 stroke,

5
 chronic 

kidney disease,
6
 and heart 

failure.
7
  

Of interest in this study is the association of Life’s Simple 7 (LS7) with prevalent frailty. Frailty 

is a “multidimensional clinical syndrome that encompasses physical and mental vulnerability”
8
, 

including weight loss, weakness, exhaustion, decreased level of physical activity, and slowness.
8-

10
   The prevalence of frailty increases with age, with estimates (derived from population-based 

studies) ranging from 4% to 59%.
11

  In a recent manuscript (Kucharska-Newton and Palta et al., 

accepted, JGMS) we used the Fried frailty criteria
8
 to describe the prevalence of frailty among 

ARIC cohort members participating in the Visit 5 examination.   

 

The etiology of frailty remains poorly understood. Studies suggest frailty overlaps with, but is 

not completely explained by disease or disability. Therefore, we now propose to leverage the 25 

plus years of follow-up for ARIC cohort participants to examine the association of LS7, assessed 

at mid-life, with the prevalence of frailty in late life. Preliminary data within the ARIC cohort 

has shown that participants who reside in neighborhoods of low socioeconomic status (SES) 

exhibit lower functional status scores and lower walking speeds (Palta et al., unpublished data). 

Given these preliminary data and the longstanding history of socioeconomic disparities in CVD 

risk
12

, we also seek to examine how individual- and neighborhood-level SES factors may modify 

the association of the ideal cardiovascular health metric and risk of frailty.   

 

5. Main Hypothesis/Study Questions: 

Aim 1a: Examine the association between cardiovascular health in mid-life and the prevalence of 

frailty in older adulthood.  

Table 1. Life’s Simple 7 criteria 

Health metric Definition 

Modifiable Health Behaviors  

Smoking  Never or quit>12 mo. ago 

Body mass index <25 kg/m
2 

Physical activity ≥150 min/wk moderate 

intensity or ≥75 min/wk 

vigorous intensity or 

combination 

Healthy diet score Meeting > 4 dietary 

recommendations  

Modifiable Biological Factors 

Untreated Total Cholesterol <5.18 mmol/L (<200 

mg/dL), 

Untreated blood pressure <120/<80 mmHg  

Untreated fasting plasma glucose <100 mg/dL 



 Hypothesis:  Sustained poor cardiovascular health in mid-life will be associated with a 

higher prevalence of frailty in late life. 

Aim 1b: Quantify the modifying role of individual- and neighborhood-level socioeconomic 

status on the association between cardiovascular health and prevalence of frailty.  

 Hypothesis: The associations between cardiovascular health and prevalence of frailty will 

differ across level of education.  

Hypothesis: The associations between cardiovascular health and prevalence of frailty will 

differ across tertiles of low, middle and high neighborhood SES. 

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 

interest with specific reference to the time of their collection, summary of data analysis, 

and any anticipated methodologic limitations or challenges if present). 

Study design:  Longitudinal cross-temporal associations of baseline cardiovascular health with 

the prevalence of frailty at the Visit 5 examination 

Exposure: LS7 cardiovascular health score, calculated on the basis of Visit 1 measures as a 

summary of LS7 health behaviors and health factors (listed in Table 1) Attainment of each LS7 

criterion will be categorized  as “ideal”, ”intermediate” and “poor” and parametrized using “2”, 

“1”, and “0” numerical indicators, respectively,  to create the cardiovascular health score (range 

0-14)
13

. We will also consider as exposure change in LS7 occurring during the six year period 

from Visit 1 to Visit 3  

Outcome: Prevalent frailty assessed at Visit 5, with participants categorized as “frail”, “pre-frail” 

and “non-frail” according to previously established criteria. 

Covariates: age, race, study center, education, median household income, prevalent 

cardiovascular disease, cancer, and comorbidities assessed at baseline.    

Individual- and Neighborhood-level SES: Individual-level SES will be identified on the basis of 

attained educational status (< high school, high school, or > high school).  We will also examine 

effect measure modification of estimates by measures of neighborhood SES.  These measures are 

available in ARIC from geocoded study participants’ addresses linked at the zip-code level with 

Census-based indicators of economic wealth. A neighborhood indicator of SES will be derived 

as an aggregate z score estimate from the following neighborhood-level data: (1) median 

household income; (2) Median value of owner-occupied units; (3) % of adults with a high school 

degree; (4) % adults with a college degree; (5) % households receiving interest, dividend or 

rental income; and (6) % adults employed as executive, managerial or professionals. Tertiles of 

low, middle and high neighborhood SES will be generated from this score.  

Analytical considerations:  Analyses will be performed using generalized linear models.  In a 

sensitivity analysis we will employ the Heckman selection model
14

 to account for potential bias 

in effect estimates resulting from cohort attrition from Visit 1 to Visit 5.  
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