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4. Rationale:  



 

NT-pro BNP is a hormone released by the heart in response to increased wall stress (i.e. 

hypertension, heart failure). It has well established cardiovascular effects including 

natriuresis and vasodilatation.   

More recently, it has been postulated that the effects of natriuretic peptides extend 

beyond the cardiovascular system and that they may play a role in metabolic regulation, 

lipolysis, and the development of insulin resistance(1-3). The mechanisms for these 

metabolic effects are not well understood but likely involve an increase in the 

mitochondrial biogenesis, adipose tissue lipolysis, and the “browning” of white 

adipocytes (inducing energy expenditure)(2, 4, 5). Receptors for natriuretic peptides have 

been found in cells of tissues other than the classical cardiovascular and renal systems, 

including adipose tissue(6). Cross-sectional studies have shown low levels of BNP 

among persons who are overweight or obese (7-10) and, in some studies, lower BNP 

among adults with diabetes or the metabolic syndrome(8, 9). A prospective analysis using 

ARIC data showed an inverse association between levels of NT-proBNP and incidence of 

diabetes, among persons without evidence of coronary heart disease or heart failure 

(MSP# 1966, submitted for publication). 

Very few prospective studies are available to examine if levels of BNP predate changes 

in obesity and insulin resistance, or if levels of obesity and insulin resistance predate 

changes in NT-proBNP.  

 

The availability of two measurements of NT-proBNP along with metabolic features six 

years apart in ARIC provides a unique opportunity to more fully characterize the 

association.  

 

 

5. Main Hypothesis/Study Questions: 

 

Aims :  

Aim 1: To identify metabolic risk factors that correlate with change in NT-proBNP in a 

community-based population.  

 

Aim 2: To characterize the association of six-year change in NT-proBNP with change in 

BMI, waist to hip ratio, A1C, fasting glucose, fasting insulin and lipids in a community-

based population.  

 

 

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 of the changes in NT-proBNP from visit 2 

(1990-1992) to visit 4 (1996-1998), and baseline levels as well as changes in metabolic 

risk factors.  

 

NT-proBNP: NT-proBNP was measured at two time points  

 

Visit 2: NT-proBNP levels were measured from stored (visit 2) serum samples using 

a sandwich immunoassay method (Roche Diagnostics) implemented on a Roche 

Elecys 2010 Analyzer in 2012-2013 at the University of Minnesota as part of Dr. 

Selvin’s ancillary study.  

  

Visit 4: NT-proBNP levels were measured from stored (visit 4) plasma samples 

using an electrochemiluminescent immunoassay on an automated Cobas e411 

analyzer (Roche Diagnostics) at the Baylor College of Medicine as part of Dr. 

Ballantyne’s ancillary study. 

 

Calibration of visit 2 and 4 measurements: A calibration study is currently underway 

to test the comparability of different laboratory assays between different ARIC visits 

(V1-V5), including the Roche NT-proBNP assay at visit 2 (serum, Roche 

Elecsys2010 at UMN) and visit 4 (plasma, Cobas e411 at Baylor). Anticipated 

completion date of the calibration study is ~May 2013. If systematic differences are 

observed between NT-proBNP values obtained using the method at UMN in serum 

compared to the method used at Baylor in plasma, we will use a statistical 

calibration to align the measurements and correct for the bias (“drift”).   

 

Exposure/Outcomes: 

  

Change of NT-proBNP:  

We will model NT-proBNP change in different ways: 1) Absolute change, 2) Percent 

Change, 3) Categorically: we will split the sample into 2 groups (below median, above 

median) and will define groups based on  changes across groups  from visit 2 to visit 4 

(2X2 grid).   

 

Metabolic factors: 

 

BMI, waist to hip ratio, A1c, fasting glucose, fasting insulin and lipids. Changes in these 

factors will be also modeled as absolute and percent change.  

 

 

Exclusions: Persons who did not attend visits 2 and 4, were missing information on 

exposures or covariates of interest, persons whose race was reported to be other than 

white or black, and blacks in the Minneapolis and Washington County cohorts.  

 

Statistical analyses:  

All analyses will be stratified by history of CVD status. 

 



Aim 1: To identify metabolic risk factors that correlate with change in NT-proBNP in a 

community-based population 

 

For analyses of percent or absolute change of NT-proBNP we will use multivariable 

linear regression models. We will consider the following models: 

 

 Model 1: age, sex, race-center. 

Model 2: Model 1 + baseline systolic blood pressure, diastolic blood pressure, 

hypertension medication use. 

Model 3: Model 1+ baseline BMI  

Model 4: Model 1+ baseline waist circumference 

Model 5: Model 1+ baseline waist to hip ratio 

Model 6: Model 1+ baseline HDL, LDL, tryglycerides. 

Model 7: Model 1+ baseline A1c (or diabetes) 

Model 8: Model 1+ all anthropometrics measures, systolic blood pressure, diastolic 

blood pressure, hypertension medication use, BMI, HDL, LDL, triglycerides, 

diabetes.  

 

For the analyses based on changes across categories : HighHigh, HighLow, 

LowHigh, we will compare the metabolic characteristics across groups using ANOVA 

test.   

 

 

Aim 2: To characterize the association of six-year change in NT-proBNP with change in 

BMI, waist to hip ratio, A1C, fasting glucose, fasting insulin and lipids in a community-

based population.  

 

We will use linear regression model to examine correlates of change of NT-proBNP, and 

6-year change of obesity status, progression of dysglycemia, and lipids. 

 

 

 

 

Limitations: 

 Different assays and sample type (serum vs. plasma) were used to measure NT-

proBNP at visits 2 and 4. Results of the calibration study will inform of any drift, and 

if needed we will use statistical methods to account for the drift and align the 

measures. 

 As with all observational studies, we will not be able to eliminate the possibility of 

residual confounding despite rigorous adjustment for known risk factors. 
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