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4. Rationale:  

 Renal dysfunction is an independent predictor of mortality in patients with ACS (Al Suwaidi 

et al. 2002, Aviles et al. 2002), and can cause of elevated serum NT-proBNP and cTn levels 

without overt congestive heart failure (CHF) or acute coronary syndrome (ACS) (Wu et al. 2007).  

In asymptomatic patients with advanced renal failure, elevated cTn and NT-proBNP predict 

mortality, but the significance of these elevations in mild or moderate renal dysfunction is not 

known (Apple et al. 2002, Apple et al. 2004).  While elevated levels of cTnT and NT-proBNP 

identify patients with known cardiovascular disease who are high risk of adverse outcomes (de 

Lemos et al. 2001, Omland et al. 2002, Peacock et al. 2008), it is not known if there should be 

different threshold cutoffs for patients with abnormal renal function. 

 In addition to creatinine, several other markers of renal function have prognostic 

significance.  Cystatin C has a linear association with cardiovascular risk, compared to creatinine, 

which exhibits a threshold effect below an estimated creatinine clearance of 60mL/min/1.73m2 

(Shlipak et al. 2005, Shlipak et al. 2006).  Cystatin C depends on GFR, but is less dependant on 

age, race, and gender than creatinine (Stevens et al. 2009), and correlates better experimentally 

with GFR than does creatinine (Fliser and Ritz 2001).  Urinary albumin excretion also predicts 

cardiovascular outcomes in patients with mild-moderate impairment of creatinine clearance 

(Brantsma et al. 2008, Kistorp et al. 2005).  In addition to cystatin C and urinary albumin 

excretion, β2- microglobulin predicts early onset atherosclerosis and mortality in hemodialysis 

patients (Zumrutdal et al. 2005, Okuno et al. 2009).  Β-trace protein is another novel renal analyte 

that has been correlated with GFR (Priem et al. 1999), and has been shown to be predictive of the 

extent of coronary atherosclerosis by angiogram in patients undergoing elective cardiac 

catheterization (Inoue et al. 2008).  Despite the association between these markers of renal 

function and adverse cardiovascular outcome, the correlation between troponin, NT-proBNP and 

these various markers of renal function is not clear.  In a recent study using multiple biomarkers, 

the combination of cardiac troponin, NT-proBNP, and cystatin C identified high risk patients, but 

the correlation between these markers was not assessed (Keller et al. 2009, Zethelius et al. 2008). 



 A novel high sensitivity cardiac troponin-T assay, which can detect circulating levels of 

troponin-T at 10 fold lower concentrations than 4th generation assays, is being measured from 

stored plasma samples from  the ARIC study visit 4 along with NT-proBNP, cystatin C, and other 

markers of renal function.  The recent study by Reichlin et al. highlighted the improved 

performance of this hs-cTnT assay in diagnosis of an MI, and that this accuracy persisted in 

patients with a moderate degree of renal insufficiency (Reichlin et al. 2009).  We propose 

analysis of the correlation between hs-cTnT and NT-proBNP with various measures of renal 

function, and also examination of the effect of various markers of renal dysfunction on the ability 

of hs-cTnT and NT-pro BNP to predict cardviovascular outcomes.  

 
5. Main Hypothesis/Study Aims: 

a. We aim to quantify the correlation between hs-cTnT and NT-proBNP with 

various markers of renal function (creatinine, cystatin C, urinary 

microalbuminuria) 

b. The addition of measurements of renal function will attenuate the predictive 

value of hs-cTnT 

c. The optimal threshold levels of hs-cTnT and NT-proBNP to predict mortality and 

cardiovascular outcomes will be higher in individuals with renal dysfunction than 

those with normal renal 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). 

1. After standard ARIC exclusions, subjects from ARIC visit 4 will be eligible.  We will 

exclude those individuals without measures of serum creatinine, or without measures of 

urinary albumin and urinary creatinine. 

a. We will examine individuals with and without prevalent CVD separately 

2. We will first examine the correlation between variables using Spearman Rank Correlation for 

the following combinations 

a. hs-cTnT with cystatin C, creatinine, urinary microalbumin 

b. NT-proBNP with cystatin C, creatinine, urinary microalbumin 

3. We will then assess the effect modification of varying levels of renal function on the 

predictive power of hs-cTnT and NT-proBNP  

a. We will perform separate analysis for individuals with and without prevalent CVD, 

and stratify individuals on the basis of renal function parameters as follows: 



b. Highly sensitive cardiac Troponin-T will be modeled as both a continuous variable 

and as a categorical variable reported as quartiles in the detectable range (≥ 3pg/mL 

to ≤10,000 pg/mL) 

c. NT-proBNP levels will be modeled as both continuous variable and categorical 

variable (by quartiles) 

i. We will assess the effect of varying levels of renal function on the 

association between hs-cTnT and NT-proBNP and cardiovascular events 

(both as individual and composite measures).   

1. CV death, Hospitalization for CHF, Hospitalized MI or fatal CHD or 

coronary revascularization procedure, Hospitalized CVA or fatal 

stroke, Hospitalized unstable angina (ICD-9 411.1) 

d. Renal function parameters will be modeled both continuously and categorically 

i. Creatinine Clearance by MDRD Study equation, and CKD-Epi equation - 

separated into CKD stages I-V by eGFR according to K/DOQI guidelines 

ii. Cystatin C levels and eGFR by cystatin also separated into CKD stages I-V 

iii. Urinary Albumin/Creatinine ratio (above or below 30 mg/ 24 hours) 

iv. The effect of renal function on the association between hs-cTnT and NT-

proBNP will be tested using interaction terms in Cox-proportional hazards 

models adjusted for: Age, gender, study site, BMI, abdominal circumference, 

smoking, diabetes mellitus, hypertension (presence or absence), systolic 

blood pressure, ECG evidence of LVH, Family history of premature CAD, 

and plasma lipid parameters.  Separate models will be created for each 

measure of renal function (urinary microalbumin, eGFR by MDRD, cystatin 

C) 

4. We will assess if the optimal threshold levels for hs-cTnT and NT-proBNP differ across 

stages of renal function  using ROC curves and reporting operating characteristics at various 

thresholds across renal function stages. 

5. If β2-microglobulin and β-trace protein are found to be predictive of cardiovascular outcomes 

in ARIC, we will perform exploratory analysis of correlation between these renal analytes 

and hs-cTnT and NT-proBNP similar to the manner described above for cystatin C. 
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