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3. Timeline: Analysis will begin following proposal approval and completion of visit 5 

data collection (anticipated in 2013). A manuscript will be completed within 6 months 
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4. Rationale:  

Chronic kidney disease (CKD), kidney damage or reduced kidney function, is a major 

global public health problem.
1, 2

 CKD affects one to two out of ten adults in the world
3-6

 

and is an independent predictor of adverse outcomes including cardiac disease.
7, 8

 Of note, 

individuals with CKD are more likely to die due to cardiac disease before they reach end-

stage renal disease (ESRD).
9
 Therefore, prevention and management strategy for heart 



disease in CKD patients is clinically important, and better understanding of 

pathophysiological link between the kidney and the heart would create basis for 

establishing that strategy. 

 To elucidate cardiac manifestation due to kidney disease, several clinical and 

epidemiological studies have assessed the association between kidney disease measures 

and cardiac structure and function.
10-19

 However, most of these studies have focused on 

structure (particularly left ventricular hypertrophy), did not evaluate function (diastolic 

function is particularly understudied), investigated selected population with hypertension, 

diabetes, and/or ESRD, and include a small number of participants (often n<1000). Thus, 

a comprehensive examination for two key kidney measures, glomerular filtration rate 

(GFR) and albuminuria, and both cardiac structure and function (systolic and diastolic) in 

a large sample from the general population with broad range of kidney function is needed. 

 Echocardiography in the fifth visit of the Atherosclerosis Risk in Communities 

(ARIC) Study, therefore, provides an excellent opportunity to assess the associations of 

estimated GFR and albuminuria with cardiac structure and function including state-of-art 

indices in a bi-ethnic community-based population with ~9000 individuals. This proposal 

will focus on structure and function of the left-sided heart, and a separate proposal led by 

Dr. Hicham will focus on the right-sided heart and measures of pulmonary circulation in 

the context of kidney dysfunction/damage.    

 

5. Main Hypothesis/Study Questions: 

1. Kidney disease measures are associated with abnormalities of cardiac structure 

(e.g., left ventricular hypertrophy and left ventricular/atrial dilation) 

2. Kidney disease measures are associated with abnormalities of cardiac function 

(e.g., systolic and diastolic 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). 

 

Inclusions: 

- All black and white ARIC subjects with data of kidney disease measures (serum 

creatinine and cystatin C and urinary albumin) and echocardiography at visit 5  

 

Exclusions: 
-Ethnicity other than black or white 

-Missing data on kidney disease measures and echocardiography 

 

Exposure (independent variables):  

-estimated GFR (eGFR) 

eGFR will be calculated using the recently proposed CKD-EPI equation
20

 

incorporating data of serum creatinine concentration, age, gender, and race at visit 5 

and measured in ml/min/1.73 m
2
. We will also evaluate the consistency of our 

results by using eGFR incorporating age, gender, race, serum creatinine and 

cystatin C
21

.   



 -albuminuria 

As recommended in clinical guidelines,
2
 urinary albumin-to-creatinine ratio (ACR) 

will be used as a measure of albuminuria. 

 

Outcome (dependent variables):  

-Echocardiographic variables 

 Left-sided cardiac structure: left ventricular mass, relative wall thickness, left 

ventricular diameter/volume, left atrial diameter/volume (we will use values of 

these parameters indexed to body size) 

 Left-sided systolic function: ejection fraction, fraction shortening, tissue Doppler 

mitral annular peak systolic velocity (TDI S’) 

 Left-sided diastolic function: E wave, A wave, E/A, E wave deceleration time, 

tissue Doppler imaging (TDI) E’, E/E’, left atrial volume 

 

Other variables of interest and covariates: 

-Sociodemographics: age, race, gender, education level 

-Physical information: body mass index, waist circumference, blood pressure 

-Lifestyle: smoking status, alcohol habit, and physical activity 

-Comorbidities: obesity, dyslipidemia, diabetes, hypertension, and history of coronary 

heart disease, stroke, and heart failure  

 

Statistical Analysis Plan:  

The primary analysis will use linear regression models to quantify the association 

between kidney disease measures and echocardiographic measures. eGFR and ACR will 

be treated as continuous variables with splines and categorical variables based on clinical 

categories (eGFR: <15, 15-29, 30-44, 45-59, 60-89, and 90+ ml/min/1.73m
2
 and ACR: 

<30, 30-299, and 300+ mg/g) in the models. We will adjust for the covariates listed 

above. We will test interaction of these kidney measures on the associations with echo 

parameters. We will repeat the analysis after stratifying the study sample by age, gender, 

race, and presence/absence of comorbidities such as obesity and diabetes. For 

echocardiographic variables with clinical cutoff points (ejection fraction), we will also 

run logistic regression models with dichotomized dependent variables. 

 We will conduct a few sensitivity analyses. Firstly, to evaluate the impact of extreme 

values, we will exclude individuals with CKD stage 5 (eGFR <15) or ESRD at visit 5. 

Secondly, we will exclude individuals with history of coronary heart disease and heart 

failure. Thirdly, we will exclude individuals with moderate or greater mitral or aortic 

valve disease. Finally, we will exclude participants who are taking medications that can 

affect kidney measures and cardiac load/function, such as renin angiotensin system 

inhibitors and diuretics.  

 

Limitations:  

 A cross-sectional design will not allow us to evaluate causality of the associations. 

As with any observational study, we will not be able to rule out the possibility of residual 

confounding. A single measurement of kidney measures is an additional limitation.  
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