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4. Rationale:  
 
 Atrial myopathy—characterized by abnormalities in left atrial (LA) structure and  
function—are linked to increased risk of AF, ischemic stroke, heart failure (both HFpEF and 
HFrEF), dementia, and CV death. 1-6 Importantly, the associations with increased risk of adverse 
CV and neurocognitive outcomes are often independent of AF. 7 Moreover, recent studies have 
shown that even before LA enlargement is manifest, lower LA function is associated with higher 
risk of adverse outcomes. 8 Despite the significant prognostic role of impaired LA function, our 
etiological understanding remains incomplete, particularly in relation to modifiable risk factors 
such as obesity.  
 
 Obesity is an independent risk factor for AF and HFpEF. 9-10 The proposed mechanisms 
include alterations in cardiovascular hemodynamics, which predispose to changes in both LA 
and left ventricular (LV) structure and function. Specifically, metabolically active adipose tissue 
stimulates increased cardiac output, which in combination with elevated peripheral resistance 
leads to LA dilation, eccentric LV hypertrophy, and modest effects on LV diastolic function with 
no significant impact on LV systolic function. 11-13 Obesity is traditionally defined by elevated 
body mass index (BMI); however, measures of central adiposity such as waist circumference 
(WC) and waist:hip ratio (WHR) are alternative measures of obesity, which have been suggested 
to be superior to BMI in predicting cardiovascular risk. 14-15     
 
 While there is extensive literature on obesity as a risk factor for echocardiographic 
changes in LA structure, 16-18 there is a paucity of data on the relationship of adiposity measures 
to LA function. Limited studies have found impaired LA function in obese individuals, as 
measured by BMI and WC. 19-20 Increased pericardial adipose tissue has also been shown to be 
associated with impaired LA reservoir and conduit functions. 21 However, prior studies have not 
evaluated the association of longitudinal change in measures of adiposity over time with LA 
function. Additionally, it is unknown if the effects of adiposity on LA function are independent 
of LA size and LV size and function.  
 
 Therefore, we aim to assess the association of longitudinal change in adiposity measures 
with LA function, controlling for LV size and function.  
 
5. Main Hypothesis/Study Questions: 
 
Aim:  
Evaluate the association of changes in measures of adiposity between Visits 4 and 5 with LA 
function on echocardiogram at Visit 5.  
 
Hypothesis 1:  
Compared with maintained optimal BMI between Visits 4 and 5, (1) maintained suboptimal 
BMI, (2) increasing BMI, will be associated with lower LA contractile, conduit and reservoir 
functions at Visit 5. 
 
Hypothesis 2:  
Compared with maintained optimal WC between Visits 4 and 5, (1) maintained suboptimal WC, 
(2) increasing WC, will be associated with lower LA contractile, conduit and reservoir functions 
at Visit 5. 



 
 
Hypothesis 3:  
Compared with maintained optimal WHR between Visits 4 and 5, (1) maintained suboptimal 
WHR, (2) increasing WHR, will be associated with lower LA contractile, conduit and reservoir 
functions at Visit 5.  
 
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 population: 
Inclusion: ARIC participants with LA function data at Visit 5.   
Exclusion: Participants with missing BMI, waist circumference or hip circumference 
measurements at visits 4 or 5, those with prevalent AF or heart failure at Visit 5, those with 
underweight BMI (BMI <18.5) at visit 4 or 5, and those with missing covariate data at visit 5.  
 
Exposure measurement:  
Body mass index (BMI): BMI is calculated as weight in kilograms divided by height in meters 
squared and is measured at visits 4 and 5. Maintained optimal BMI will be defined as BMI <30 
kg/m2 between visits 4 and 5 and maintained suboptimal BMI will be defined as BMI ≥30 
between visits 4 and 5. Additional categories will include increasing BMI and decreasing BMI.  
 
Waist circumference (WC): WC is measured at visits 4 and 5. Maintained optimal WC will be 
defined as WC <102 cm (40 in) in men and <88 cm (35 in) in women between visits 4 and 5 and 
maintained suboptimal WC will be defined as WC ≥102 cm in men and ≥88 cm in women 
between visits 4 and 5. Additional categories will include increasing WC and decreasing WC.  
 
Waist:hip ratio (WHR): Waist and hip circumferences are measured at Visits 4 and 5. 
Maintained optimal WHR will be defined as WHR <0.8 and 0.9 in women and men respectively 
between visits 4 and 5.  Maintained suboptimal WHR will be defined as WHR ≥0.8 and 0.9 in 
women and men respectively between visits 4 and 5. Additional categories will include 
increasing WHR and decreasing WHR. 
 
Outcome measurement: 
2D echocardiographic LA function variables measured at Visit 5 including LA reservoir, conduit 
and contractile function (all variables will be assessed continuously).  
 
Covariates of interest (measured at Visit 5):  

-  Demographic variables: age, sex and race-field center  
-  Cardiovascular risk factors: systolic blood pressure (SBP), hypertension medications, 

diabetes (DM), smoking status (current, former, never), alcohol intake, triglycerides 
(TG), high density lipoprotein (HDL) cholesterol and physical activity.  

-  Clinical conditions: coronary heart disease (CHD), stroke and cancer  
-  Echocardiographic variables: left atrial volume index (LAVi), LV end diastolic volume 

(LVEDV), LV mass, LV relative wall thickness (RWT), LV longitudinal strain (LVLS), 
E/e’  

 



Statistical analysis: 
-     Participant characteristics will be described using mean ± standard deviation for 

continuous variables, median (interquartile range) for highly skewed variables, and 
proportions for categorical variables, stratified by BMI categories obese (BMI ≥30) and 
non-obese (BMI <30).  
 

-  Multivariable linear regression will be used to evaluate the relationship between adiposity 
measures and LA function.  
 

-  Adiposity measures will be presented as the following groups:  
1. Maintained optimal adiposity measure 
2. Maintained suboptimal adiposity measure 
3. Increasing adiposity measure 
4. Decreasing adiposity measure 
 

-  LA function variables will be presented as adjusted means ± standard error.  
-  We will fit the following multivariable regression models: 

o Model 1: Adjusted for age, sex, race/field center, education  
o Model 2: Model 1 + SBP, DBP, hypertension medications, DM, CHD, stroke, 

smoking, alcohol intake, TG and HDL 
o Model 3: Model 2 + physical activity trajectory  
o Model 4: Model 2 + LAVi, LVEDV, LV mass, RWT, LVLS, E/e’ 

 
 
Additionally, we will perform a sensitivity analysis excluding participants with cancer. 

 
Limitations: 
Visits 4 and 5 are separated by approximately 15 years and as such there is the potential for 
selection bias resulting from loss to follow‐up over this prolonged time period. Additionally, 
despite adjusting for multiple confounders, residual confounding may be present. 
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