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4. Rationale:  
 
Metabolomics offers an opportunity to discover potential biomarkers of human health. In 
nephrology, metabolomics has been used to identify novel biomarkers of incident chronic kidney 
disease (CKD).i,ii,iii Bing et. al has explored individual metabolites’ association with incident 
CKD and identified two strongly protective metabolites in ARIC.i No ARIC studies have 
investigated the association between the serum metabolome and hard outcomes such as kidney 
failure and ESKD. As these renal outcomes are projected to increase in the United States through 
the next decade, it would be advantageous to better understand their biological underpinnings.iv 
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Further, exploring these endpoints could help identify people at high risk for adverse renal 
outcomes and possibly aid in targeting therapeutics to prevent these outcomes. 
 
We propose examining the longitudinal associations between individual metabolites and adverse 
renal outcomes using Cox proportional hazard models. The few previous metabolomic studies of 
ESKD have examined this association with relatively short follow-up, a low number of events, 
and in populations that were exclusively or primarily diabetic.v,vi,vii Studying these associations 
in ARIC can overcome these limitations. Additionally, we propose using Netboost, a dimension 
reduction technique, to create eigenclusters of correlated metabolites to identify cumulative 
effects of correlated features.viii These techniques may identify metabolic pathways that could be 
potentially targeted to avoid progression of chronic kidney disease to ESKD or kidney failure.  
  
 
5. Main Hypothesis/Study Questions: 

 
Aim 1: To identify metabolites associated with adverse kidney outcomes (ESKD and kidney 
failure). 
Aim 2: To identify clusters of metabolites, and to relate them to adverse kidney 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: This will be a prospective analysis of the ARIC cohort using study visit 1 with 
follow-up through December 31, 2018 (or the most recent surveillance year). 
 
Study Population: The study population will include all members of the ARIC cohort with 
available metabolomics data. All analyses will exclude those with prevalent CKD at the study 
visit. 
 
Exposure: The exposure for aim 1 will be individual metabolites that were measured using 
baseline fasting serum samples from ARIC visit 1 that have been stored at -80 °C since 
collection. Metabolon, Inc. has detected and quantified 602 metabolites using untargeted gas-
chromatography-mass spectrometry and liquid chromatography-mass spectrometry-based 
metabolomic quantification protocols. Metabolites will be excluded if more than 80% of the 
samples have values below the detection limit as has been done in previous metabolomic studies, 
and we will use similar data cleaning procedures to these studies.i,ix Metabolites will be log-
transformed.  
 
The exposure for aim 2 will be eigenclusters of correlated metabolites. Similar to aim 1, we will 
focus on metabolites missing <80% of the time. For metabolites with missing data, we plan to 
impute the value using the lowest value detected for the metabolite from all samples.i For the 
purposes of analysis, we will use the residuals of the regression of log-transformed metabolite on 
age, sex, race-center, and eGFR. 
 
Outcomes:  
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 The primary outcome will be incident ESKD. Incident ESKD will be defined as the 
initiation of renal replacement therapy (either dialysis or transplant) or death from kidney 
disease, identified through linkage with the USRDS registry last updated in July 2017. 
Secondary outcomes will be the slope of eGFR decline and kidney failure. GFR will be 
estimated with the Chronic Kidney Disease Epidemiology equation based on serum creatinine 
and cystatin C.x Kidney failure will be defined as eGFR < 15 mL/min/1.73 m2, United States 
Renal Data System (USRDS) registry identification, or through one of the ICD-9-CM/ICD-10-
CM codes validated by Rebholz et. al.xi  
 
Statistical Analysis: 
 We will use linear regression for the cross-sectional association of metabolites and eGFR 
and mixed models to evaluate individual metabolites association with eGFR decline. We will use 
Cox proportional hazards models for kidney failure and incident ESKD. We will test associations 
in unadjusted models, demographic- and study-center adjusted models, an extended adjusted 
model (including systolic blood pressure, antihypertension medications, diabetes status, history 
of CHD, smoking status, eGFR, HDL), and a final model adjusting for metabolite principal 
components. We will perform these models in two batches with the first using data only from the 
Jackson, MS community where all participants were African American and then conduct a 
second analysis with data all four communities.  We plan to then meta-analyze the beta 
coefficients. 
 We will also use Netboost to analyze the residuals of metabolite clusters with the same 
statistical models described above. For residuals of eigenclusters that are significantly associated 
with kidney failure or ESKD, we will evaluate genetic associations for potential Mendelian 
randomization studies and seek replication using other cohorts as available. 
 
Limitations:  
 GFR will not be directly measured and instead estimated from the CKD-EPI equation.  
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