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4. Rationale:  

Physical activity is known to have an inverse relationship with adverse 

cardiovascular (CV) outcomes.
1, 2

 Leisure-time physical activity, even in small doses, has 

been demonstrated to be protective of CV events, including in the aging ARIC 

population.
2-4

 The mechanism of the risk reduction in adverse cardiovascular outcomes 

associated with physical activity is likely multifactorial.  One possible explanation is that 

physical inactivity may be associated with the presence of subclinical abnormalities in 

cardiac structure and function, particularly myocardial deformation and diastolic 

function.  

The aging heart is characterized by an increasing prevalence of heart failure with 

preserved ejection fraction (HFpEF), which accounts for substantial mortality, ranging 

from 10-30% annually.
5
 Longitudinal data from the Framingham population demonstrate 

that the cardiac remodeling associated with aging is further characterized by increasing 

LV wall thickness, decreasing LV dimensions, and increasing fractional shortening. 
6
 

Exercise training in the elderly has been associated with improvements in functional 

capacity, peak myocardial oxygen consumption, and quality of life, however a clear 

improvement in diastolic dysfunction has not been demonstrated.
7-9

 Animal studies 

further suggest that the mechanisms mediating the protective effects of chronic exercise 

in pressure-overload models are associated with a decrease in myocardial fibrosis, 

promotion of compliant extracellular matrix components, inhibition of mitochondrial 

dysfunction, and preservation of myocardial oxygen balance.
10, 11

 The effects of these 

various metabolic changes may be characterized by clinical and subclinical changes in 

cardiac structure and function. The relationships between self-reported measures of 

physical activity and cardiac structure and function, particularly myocardial deformation, 

have not been previously described in a large elderly population.  

 

5. Main Hypothesis/Study Questions: 

 

Primary hypothesis: 

1) Poor physical activity at Visit 5 will be associated with abnormal measures of 

cardiac structure and function. 

 

Secondary hypotheses:  

1) Low levels of physical activity over Visits 1, 3, and 5 will be associated with 

abnormal measures of cardiac structure and function. 

 

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 and Inclusion/Exclusion Criteria: 

This study will be a secondary analysis of a prospective cohort study.  The primary 

analysis will be a cross-sectional analysis of physical activity data and echocardiography 

parameters obtained during Visit 5. Secondary analysis will involve an evaluation of 

physical activity over Visits 1, 3, 5 as both a continuous cumulative average and a 



categorical variable and its respective association with echocardiography parameters 

from Visit 5.  

 

The study sample will include all patients who underwent echocardiography during Visit 

5 (2011-2013) with images of acceptable quality for analysis.    

 

For the initial cross-sectional analysis, those with prevalent cardiovascular disease (CHD, 

stroke, HF, severe valvular disease) and with missing physical activity data at Visit 5 will 

be excluded.  For the secondary analysis, participants will be excluded if physical activity 

data is missing at Visits 1, 3, or 5.  

 

Exposures variables: 

1. Physical activity 

a. Measurement 

i. Assessed by previously validated modified Baecke Physical 

Activity questionnaire 

ii. Composite score  

1. For each category of activity: leisure, sports, work index 

iii. Stratification   

1. Intensity of activity (as previously described)
1
 

a. Recommended 

b. Intermediate 

c. Poor  

b. Analysis 

i. Cross sectional analysis at Visit 5 

ii. Cumulative average
1
 of activity over Visits 1, 3, 5 

iii. Categorize participants into groups based on activity intensity over 

the 3 visits   

 

Outcome variables: 

The primary and secondary outcome variables of interest include the following Visit 5 

echo-derived parameters of cardiac structure and function: 

1. LV dimensions, volumes, ejection fraction 

2. LV diastolic function-related measures 

3. LA dimensions 

4. LV global, longitudinal, radial, and circumferential strain 

5. RV dimensions, volumes, ejection fraction 

 

Covariates of interest: (Visit 5) 

1. Demographics: Age, Gender, Race/ethnicity, Field site, Education, 

Socioeconomic status, Obesity (BMI > 30) 

2. Cardiovascular risk factors: Hypertension (SBP≥140 mmHg, DBP≥ 90 

mmHg), Diabetes (A1C), Smoking status (current, former, never), 

Dyslipidemia 

3. Clinical characteristics: COPD and asthma, Alcohol intake, Diet 

4. Lab values: BNP, troponin  



Analysis plan: 

Descriptive statistics of the overall population will be presented as well as stratification 

by physical activity category.  Continuous normally distributed data will be displayed as 

mean and standard deviation values.  Continuous non-normally distributed data will be 

displayed as median and interquartile range values.  Categorical data will be reported as 

percent frequencies and compared by chi-squared or Fischer exact tests.  Continuous data 

will be compared by Wilcoxon rank sum tests or t tests as appropriate.  Single variable 

and multivariable linear regression analysis will be performed to evaluate the cross-

sectional relationships between physical activity and various echocardiographic 

parameters.  For significant correlates, we will test for effect modification by age, gender, 

and race, acknowledging the potential for false positives due to multiple testing. A two-

sided p-value of < 0.05 will be considered statistically significant. 

 

Limitations: 

A limitation of the cross-sectional design will be the inability to make conclusions about 

causality.  Use of the modified Baecke questionnaire is a self-reported variable, which 

may result in recall bias; however, this questionnaire has been previously validated.  

Additionally, in evaluating Visit 5 patients, there is a survival bias as they may represent 

a healthier population.  
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