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4. Rationale:  

Kidney function trajectories have long been used in the estimation of time to end-stage 

renal disease (ESRD) (1). Recently, kidney function change over time has been related 

not only to ESRD but also to all-cause mortality and cardiovascular disease risk (2-4). 

Evidence presented at a Food and Drug Administration conference in 2012 suggests that 

a decline in estimated glomerular filtration rate (eGFR) of 30%-40% may be a suitable 

surrogate endpoint in clinical trials (5). Rapid chronic kidney disease (CKD) progression, 



defined as a sustained decline in eGFR by more than 5 ml/min/1.73 m2 per year 

according to the 2012 Kidney Disease: Improving Global Outcomes (KDIGO) guidelines 

(6), has been associated with increased risk of death, heart failure, myocardial infarction, 

peripheral artery disease, and death from stroke (4, 7-10). Understanding risk factors for 

different patterns of kidney function trajectories is important so that individuals at risk for 

rapid progression may be targeted for interventions to slow kidney disease progression 

and to decrease risk for associated adverse outcomes. 

 

Obesity is associated with increased risk of incident CKD (11), ESRD (12), and mortality 

(13), according to some studies. Recent evidence suggested that higher body mass index 

(BMI) categories are associated with greater decline in kidney function trajectories 

among young and healthy adults (14). However, the relationship between obesity and 

eGFR decline in an older population, among whom the prevalence of kidney disease is 

highest and increasing most rapidly, is not known. There may be difference given 

previous findings that the association between BMI and rapid loss of kidney function 

attenuated among older subjects (15). 

 

Using 29 years of kidney function data in the Atherosclerosis Risk in Communities 

(ARIC) cohort (1987–1989 (baseline) to 2016–2017), we propose to examine the 

association between obesity and patterns of eGFR change over time in a community-

based population. Obesity status will be assessed by BMI at baseline, BMI at age 25, 

cumulative weight history using trapezoidal rule, waist-hip-ratio, waist circumference, as 

well as genetic risk score of obesity. GFR will be estimated using serum creatinine, 

cystatin C, combination of serum creatinine and serum cystatin C (16), and Beta 2 

microglobulin (17). We will evaluate the relationships between obesity and incidence of 

CKD and ESRD as secondary analyses. 

 

5. Main Hypothesis/Study Questions: 

Aim 1: Update trajectories of kidney function across 29 years of follow-up. 

Hypothesis: Trajectories of kidney function will be steeper at older age using 

cystatin C compared to serum creatinine eGFR.  

 

Aim 2: Evaluate associations of obesity with kidney function trajectories. 

Hypothesis 1: Overweight and obese participants will have steeper rates of eGFR 

decline. Overweight and obesity measured by BMI at baseline, BMI at age 25, and 

cumulative weight history will be associated with steeper eGFR decline. Participants 

with higher waist-hip-ratio and waist circumference will also have steeper rates of 

eGFR decline. Genetic risk score of obesity will be associated with eGFR decline, 

providing evidence for a causal relationship. 

 

Hypothesis 2: The associations between obesity with kidney function trajectories 

will be stronger using cystatin compared to creatinine.  

 

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 analysis beginning at ARIC visit 1 

 

Inclusion/Exclusion Criteria: The study population will consist of all diabetes-free ARIC 

participants with eGFR>60 ml/min/1.73 m2 at visit 1 and measured baseline BMI. 

 

Outcome variables: eGFR trajectories will be modeled using estimates based on 

creatinine (visits 1, 2, 4, 5, and 6), cystatin C (visits 2, 4, 5, 6), combination of serum 

creatinine and serum cystatin C, and Beta 2 microglobulin (visits 2,4,5,6) separately.   

For persons with additional available creatinine values, such as those hospitalized for 

coronary heart disease or heart failure since 2005, or those who were known via linkage 

to the United States Renal Data System to progress to end-stage renal disease, we will 

separately estimate eGFR trajectories using both study visit and clinically captured data. 

 

Exposure variables: Obesity will be measured by BMI at baseline, BMI at age 25, 

cumulative weight history using trapezoidal rule, waist-hip-ratio, waist circumference, as 

well as a composite genetic risk score of obesity. All these variables will be categorized 

after we examine their distributions.  

 

Summary of data analysis:  

eGFR trajectories modeled using estimates based on creatinine, cystatin C, combination 

of serum creatinine and serum cystatin C, and Beta 2 microglobulin will be separately 

estimated using mixed models with random intercepts and random slopes. We will 

evaluate slopes as linear and with knots (at 3 years, 9 years, and 23-24 years when using 

time of follow-up as time metric; at age 55 when using age as time metric). Because 

persons with ESRD are much more likely to miss subsequent follow-up visits, we will 

impute eGFR as 15 ml/min per 1.73 m2 at the time of ESRD onset in the primary 

analysis. Unbiased prediction estimates of eGFR slope over time will be obtained for 

each group of each obesity measurement in unadjusted and adjusted analyses. Risk 

factors will be used in adjustment are age, sex, race-center, hypertension (systolic BP and 

medication), HDL cholesterol, prevalent cardiovascular diseases, smoking status, uric 

acid, incorporating interaction terms of each risk factor with time. All continuous risk 

factors will be centered. We will further adjust for APOL1 risk status in sensitivity 

analysis. We will also try evaluating some of the risk factors in a time-varying manner or 

excluding participants who develop diabetes during follow-up in sensitivity analyses.  

 

We will also analyze CKD (defined as eGFR<60 or hospitalization) and ESRD incidence 

(using USRDS linkage) as secondary outcomes and compare their associations with 

obesity to those of eGFR trajectories.  We hypothesize that obesity may be more strongly 

associated with eGFR decline and CKD incidence than ESRD due to secondary weight 

loss, particularly at visits more proximal to the onset of ESRD (e.g. reverse causation). 

 

Potential limitations: Anticipated methodologic limitations include the effect of 

informative drop-out. Those who miss follow-up study visits are more likely to have 

baseline CKD, and they may be more likely to have rapid declines in eGFR. We will 



address this issue by modeling several different ways – imputing GFR for those who 

develop ESRD, using additional eGFR from creatinine abstracted from hospitalization 

data, and evaluating eGFR trajectories using Washington County Hospital data. Our 

measures of BMI are only at age 25 (by self-report which has limitations) and study visits 

(with a long gap between visit 4 and visit 5). 
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