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3. Timeline:  
Data collection for the present study has been already completed. Data analysis 
and manuscript preparation will be done in the next 6 months.  



4. Rationale:  
Chronic kidney disease (CKD) is associated with a higher risk of cardiovascular diseases 

such as coronary heart disease, heart failure, atrial fibrillation, and peripheral artery disease.1,2 
Current literature indicates a bidirectional relationship between CKD and cardiovascular disease 
and the spectrum of cardiorenal syndrome provides a clear example of how acute or chronic 
dysfunction in one organ might lead to acute or chronic dysfunction in the other.3 Although the 
mechanisms underpinning the effects of subclinical cardiovascular disease on worsening kidney 
function are not completely understood, growing evidence suggests a complex multifactorial 
process that includes neurohormonal changes in the renin angiotensin system, endothelial 
dysfunction, and inflammatory processes.4,5  

 
 Additionally, previous epidemiological studies have reported that greater left ventricular 
mass, higher pulmonary artery pressure, and lower right ventricular systolic function, as 
measured by transthoracic echocardiography (2D echo), are associated with greater decline in 
kidney function.6-9 However, data on the association of left atrial (LA) size and function with 
change in kidney function or incident CKD are limited.9,10 One study of patients with residual 
kidney function on peritoneal dialysis found that a greater LA size was associated with 
worsening kidney function.8  A more recent study of patients free of diabetes, heart failure and 
chronic kidney disease showed that a poor LA expansion index (a marker of LA function) was 
associated with worsening kidney function.11  
 
Emerging data suggest that lower (worse) LA function, as measured by 2D echo, is associated 
with a higher risk of adverse health outcomes including atrial fibrillation, ischemic 
cerebrovascular events, and death, independent of LA size.12-15 To date, the association between 
LA function and risk of adverse kidney outcomes has not been reported. Therefore, the ARIC 
study is well suited to assess the relationship between LA function and risk of adverse kidney 
outcomes such as incident chronic kidney disease (CKD), incident end-stage kidney disease 
(ESKD), and CKD progression. At visit 5 (2011-2013), participants underwent 2D-
echocardiograms with speckle tracking, which enabled the measurement of LA function by strain 
analysis. Therefore, we will evaluate the prospective association between LA function measures 
and adverse kidney outcomes in the ARIC study. 

5. Main Hypothesis/Study Questions:  
 
Aim: Evaluate the association of 2D echo measures of LA function at Visit 5 with 
CKD outcomes. 
 

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:  



Prospective cohort from visit 5 to visit 6 and 7.  
 
Inclusion/Exclusion: 
 
Inclusion: 

Our analytic sample will include all ARIC participants who attended visit 5 and 
who have LA strain measures.  

 
Exclusion: 

-Participants who reported race other than Black or White or non-White 
participants at the Minneapolis and Forsyth County field centers due to low 
numbers 
-eGFR <60/ml/min/1.73m2 for the primary outcome of incident CKD 
-eGFR <15 ml/min/1.73m2 for the secondary outcome of incident ESKD 
-Those missing covariates  

 
Variables: 
Exposures: The following LA function measures (obtained at visit 5) will be assessed 
continuously (per 1-SD) and also as quintiles (highest quintile as referent) 

1. LA reservoir strain  
2. LA contractile strain 
3. LA conduit strain 

 
Exploratory exposures: 

1. LA minimum volume index (LAVi min) 
2. LA emptying fraction (LAEF) 
3. LA maximum volume index (LAVi max) 

 
Primary outcome:   
 

1. The primary outcome of interest is incident CKD which is defined as a 
composite of developing eGFR <60 ml/min/1.73m2.  accompanied by at least 
25% decline from baseline visit 5, end-stage kidney disease identified through 
the USRDS or hospitalizations or deaths with the ICD 9-1016 

 
 
Secondary outcomes:   

 
1. Incident ESKD using data from USRDS (with or without death due to CKD) 
2. eGFR decline between visit 5 and visit 6 and 7  

 
 
Exploratory outcomes: 
 

1. Incident albumin creatine ratio (ACR) ≥30 mg at visit 6 or 7  
 



 
 
Other confounders/covariates (obtained from visit 5): age, sex, race/center, education (from visit 
1), body mass index (BMI), smoking status, CKD measures (eGFR, urinary albumin to 
creatinine ratio [ACR]), systolic blood pressure (SBP), diastolic blood pressure (DBP), HbA1C, 
use of antidiabetic medications, stroke, coronary heart disease, heart failure, atrial fibrillation, 
peripheral artery disease, LAVi min, LAVi Max, LAEF,, left ventricular (LV) ejection fraction, 
E/e’, LV mass index, and antihypertensive medications..  
 
Additional variables of interest: 

• All-cause mortality 
• Incident CVD: defined as a composite variable consisting of incident stroke, coronary 

heart disease (CHD), or heart failure (HF) at visits 6 or 7  
• Incident diabetes at visit 6 or visit 7 

 
 
Statistical analysis: 
Baseline characteristics will be described using mean ± SD for continuous variables and 
proportions for categorical variables. 
-Poisson regression models will be used to estimate incidence rate and 95% confidence intervals 
for our primary and secondary binary outcomes 
-Cox proportional hazard models will be used to estimate hazard ratios and 95% confidence 
intervals for our primary and secondary binary outcomes 
- Multiple linear regression models will be used to estimate the rate of decline of eGFR between 
visit 5, 6, and 7  
 
-For all analyses, the following models will be used: 

 Model 1 will be adjusted for baseline egfr, age, sex, race/center, education 
 Model 2 will be adjusted for model 1 plus BMI, smoking status, SBP, DBP, stroke, 

CHD, HF, atrial fibrillation, peripheral artery disease, HbA1C, use of antidiabetic 
medications, and use of antihypertensive medications 

 Model 3 will be adjusted for model 2 plus LV ejection fraction, E/e’, LV mass index 
 Model 4 will be model 3 plus LA volume  

 
-Sensitivity analysis: separately, adjusting for incident diabetes and incident CVD as a 
time-varying covariate.   
-We will test effect modification by sex, age (dichotomized using the median as the cut-
off), race/center, prevalent CVD, and ACR (<30 vs ≥30 mg/g).   
- For our secondary outcome of incident ESKD, we will conduct a competing risk analysis 
with all-cause mortality 
- Models will be fit to explore the effects of LAVi min, LAVi Max, and LAEF. We will 
compare the associations of these LA measures to those from the measures of LA strain 
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