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4. Rationale: Chronic kidney disease (CKD) is common in the United States and is associated with 

increased risk of mortality, cardiovascular disease, and progression to end-stage renal disease (ESRD).
1-4

 

The number of well-established biomarkers for CKD in clinical practice is limited (e.g. serum 

creatinine, cystatin C and urinary albumin to creatinine ratio [UACR]) and may not adequately capture 

early stages of disease. Risk of mortality, cardiovascular disease, and end-stage renal disease (ESRD) 

outcomes associated with creatinine-based estimated glomerular filtration rate (eGFRcrea) begins to rise 

as eGFRcrea declines below 75-60 mL/min/1.73m
2
,
3, 4

 levels at which substantial declines in kidney 

function have already occurred. Increased mortality, cardiovascular disease, ESRD risk is observed even 

at low levels of albuminuria,
3, 4

 but may only reflect early stages of kidney disease due to glomerular 

damage.  

 



 Several urinary markers of tubular injury associated with acute kidney injury, such as 

specifically liver fatty acid binding protein (L-FABP), kidney injury molecule 1 (KIM-1), N-acetyl-β-D-

glucosaminidase (NAG), and neutrophil gelatinase-associated lipocalin (NGAL),
5
 are also currently 

under investigation as early markers of CKD and CKD progression.
6-9

 Earlier work in ARIC suggests 

that urinary NGAL, but not KIM-1, is associated with incident stage 3 CKD, defined as developing an 

eGFRcrea < 60 mL/min/1.73m
2 with at least a 25% decrease in eGFRcrea.

7
 As part of analyses within 

the CKD Biomarkers Consortium (CKD Biocon), we are interested in determining whether L-FABP, 

KIM-1, NAG, and NGAL are associated with incident ESRD, independent of known clinical risk factors 

for CKD progression (e.g., baseline glomerular filtration rate, albuminuria, blood pressure, race, 

diabetes) in adults in ARIC. 

5. Main Hypothesis/Study Questions: Are levels of the urinary biomarkers NGAL, L-FABP, KIM-1 

and NAG associated with incident ESRD, independent of known clinical risk factors for CKD 

progression in adults from ARIC? 

 

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: Nested case-control study of 185 incident ESRD cases and 260 frequency matched 

controls.   

 

Eligibility Criteria: Cases and controls for this study were selected from Visit 4 (1996-98).  

Participants were eligible for this case-control study if: 

(1) Non-missing creatinine-based eGFR (defined using the CKD-EPI equation) at Visit 4 

(2) Non-missing diabetes status at Visit 4 

(3) Non-missing values for UACR 

(4) Free of ESRD at Visit 4 and non-missing follow-up for ESRD events from Visit 4 through 

December 31, 2008 

(5) African Americans at centers in Minneapolis, MN and Washington County, MD and Whites in 

Jackson, MS were excluded from the analysis. 

 

ESRD Case definition: Cases included incident ESRD events after Visit 4 (1996-98) identified through 

hospitalization surveillance through December 31, 2008.   Incident ESRD cases included: 

1. AKI codes (584-584.9, 586, N17.0-N17.0) as an underlying cause of death and with a prior history 

of CKD as indicated by creatinine rise, eGFR MDRD or surveillance ICD code; OR 

2. Hospitalizations with ICD codes specified for kidney transplant, dialysis or procedural code 

indicating dialysis, except: 

a. ICD code of traumatic anuria (958.5) with the same event date 

b. ICD code of AKI (586.x and 788.9x) with same event date and without any prior CKD events as 

indicated by creatinine rise, eGFR MDRD, or surveillance ICD code 

 

Control Selection: Controls were frequency matched to cases (2:1, when possible) based on the 

following criteria 

(1) CKD-EPI estimated glomerular filtration rate (eGFR) category (<45, 45-59, 60-74, 75-89, 90-

105, ≥105 mL/min/1.73 m
2
) 

(2) UACR category (<30, 30-299, ≥300 mg/g)  

(3) Diabetes status (fasting glucose >126 mg/dL, self-reported diabetes medication use in the past 

two weeks, or self-reported diagnosed diabetes) 



(4) Sex 

(5) Race (African American, White) 

 

Exposures: Urinary biomarker assays were/will be performed for CKD Biocon analyses in this case-

control study using pH-adjusted urine samples collected during Visit 4. L-FABP was measured at the 

University of Pennsylvania; NAG and KIM-1 were measured at Brigham and Women’s Hospital; 

NAGL measurements are planned.  Markers will be standardized to urinary creatinine at Visit 4 if 

needed.  If necessary for normality, we will apply an appropriate transformation to urinary markers (e.g. 

log10[X], ln[X], log10[X+1] ) 

 

Other variables of interest: Other variables of interest were assessed at Visit 4 and include the 

matching factors listed above (eGFRcrea, UACR, diabetes, sex, race), urinary creatinine (used as an 

index for the urinary exposure of interest), and potential covariates in our multivariable adjusted models 

(e.g. age, systolic blood pressure, diastolic blood pressure, hypertension medication use, body mass 

index, smoking status). 

 

Statistical Analyses: We will evaluate the differences in continuous and categorical characteristics of 

cases and controls with t-tests and chi-squared tests, respectively.  Correlations of the continuous 

markers (with transformations for normality, if needed) will be assessed using Pearson correlations. 

Conditional logistic regression (accounting for strata based on matching factors) will be used to estimate 

the incidence odds ratio (OR) of ESRD separately for each urinary marker.  Models will be adjusted for 

baseline age; additional adjustment for matching factors (such as continuous eGFRcrea or UACR) to 

account for potential residual confounding.  Exposures of interest will be evaluated continuously and 

categorically based on quantiles. 

 

Anticipated methodologic limitations or challenges if present: 

This is a small case-control study, so markers are only available in ~400 ARIC participants who 

attended Visit 4 with follow-up for ESRD. Urine samples were collected at Visit 4 (1996-98) with long-

term storage prior to laboratory assays (assays performed in 2012-2013).  Thus samples may have 

degraded with long-term storage; however, this would likely be non-differential based on case status. 
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