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3. Timeline: measurement of metabolites in urine in fall/winter of 2010, data cleaning 
and analysis to start upon receipt of the data. 
 
 
4. Rationale: The kidney is a key excretory organ of the human body. It generates 
approximately 180 liters of ultrafiltrate each day to clear external substances and 
metabolic products from the blood. As kidney function deteriorates, the excretory as well 
as other functions of the kidney can be impaired.  
 The most commonly used marker of kidney function, serum creatinine, typically 
increases in serum only after about 50% of the kidney's filtration function has been lost. 



In light of the high prevalence of reduced kidney function and chronic kidney disease 
(CKD),(1) it is of interest to identify biomarkers that are associated with earlier renal 
function decline, incident CKD and end-stage renal disease (ESRD).  
 Urine contains numerous metabolites excreted by the kidney, and therefore provides 
an excellent resource to perform an unbiased search for kidney-disease associated 
markers. Early studies using metabolomics to identify small disease-associated molecules 
in urine have been conducted among diverse groups of patients, including patients with 
cancers of the kidney(2) and patients with rare genetic diseases of the kidney.(3) 
Recently, a study conducted metabolite profiling in serum to identify biomarkers of 
ESRD and highlighted the role of uremic dyslipidemia and the biochemical effects of 
hemodialysis in this patient population.(4) To the best of our knowledge, no studies have 
been conducted that study urine from incident ESRD cases and controls from a general 
population-based sample in order to identify small metabolites that are associated with 
incident CKD and ESRD. 
 
 
5. Main Hypothesis/Study Questions: 

1. Are there differences in the baseline urinary metabolite profile between cases with 
incident ESRD and age- and sex-matched controls? 

2. Are any such markers associated with continuous measures of kidney function, 
estimated glomerular filtration rate and the urinary albumin-to-creatinine ratio, 
among the controls? 

3. Do any such markers belong to a certain metabolic pathway, thus highlighting the 
role of this pathway in ESRD? 

 
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). 
 
 Urine samples were collected at ARIC visit 4 (1996-98), which will represent the 
baseline for our analyses. Therefore, individuals who did not attend visit 4 or are missing 
urine samples will be excluded. Further, individuals missing serum creatinine or of self-
reported race other than white or black will be excluded. 
 Cases will be defined as those with incident ESRD after Visit 4 identified from ICD 
codes on hospitalization discharge records (ICD-9) and death certificates (ICD-9 and -10) 
through January 1, 2007. Controls will be matched to cases using frequency matching for 
age, sex, race, diabetes and eGFR (10 ml/min/1.73m2 windows). If sufficient funds are 
available, the case-control design will be expanded to include cases of incident CKD 
(defined as GFR <60 ml/min/1.73m2 at the ARIC carMRI visit among those with eGFR 
>60 ml/min/1.73m2) at Visit 4). 
 Urine metabolites will be measured from stored frozen urine samples at Imperial 
College (London, UK) by the group of Elaine Holmes. Urine samples are shipped for 
measurement as part of a funded ARIC ancillary study aiming to identify urine 
metabolites associated with incident diabetes (PI H. Young, #2009.02) 



 Covariates of interest will include fasting glucose, blood pressure measurements, 
BMI, plasma lipids, smoking, and intake of medications. 
 All analyses will account for the matching and selection of controls.  Statistical 
analyses will include comparison of metabolite concentrations and/or their ratios in cases 
and controls. To account for differences in urine concentration, metabolite concentrations 
will be indexed to urinary creatinine. Conditional logistic regression will be used to 
identify metabolic predictors of ESRD status.  
 Since there is little experience with data analysis from urine metabolomics projects, 
challenges relate to the identification of an appropriate way to account for differences in 
urine concentration between individuals as well as to account for the correlation of 
metabolites from the same biochemical pathway. 
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