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4. Rationale:  

 

Brain Natriuretic Peptide (BNP) is a hormone with natriuretic properties that is 

secreted by ventricular myocytes in response to elevated ventricular filling pressures and 

increased wall stress
1
. The N-terminal fragment of the prohormone of BNP (NT-proBNP) 

is a marker for the severity of heart failure (HF)
2, 3

 and is also associated with subclinical 

left ventricular dysfunction among asymptomatic individuals
4
. Elevated NT-proBNP 

levels predict incident HF among apparently healthy individuals in the general 

population
5-7

. A recent analysis demonstrated that the addition of NT-proBNP to 

traditional risk factors significantly improved HF risk discrimination
8
. 

 

Individuals with obesity are also at increased risk for the development of HF
9
, but 

an inverse association has previously been noted between adiposity and NT-proBNP 

levels among individuals with stable HF
10, 11

, acute decompensated HF
12, 13

 and among 

those in the general population
14

. Physiologic studies have demonstrated a poor 

correlation between BNP levels and left ventricular filling pressures among individuals 

with obesity, in contrast to strong correlations among lean individuals
15-17

. It has been 

suggested that lower cutpoints for “high” NT-proBNP may be appropriate among obese 

HF patients to maximize sensitivity
10, 12

. However, the appropriate use of NT-proBNP for 

HF risk prediction according to obesity status among individuals in the general 

population is presently unknown. 

 

In this analysis of asymptomatic participants in the Atherosclerosis Risk in 

Communities (ARIC) study, we will evaluate the utility of NT-proBNP for HF risk 

prediction among individuals with different obesity status, in order to further inform its 

clinical use among obese and overweight individuals in the general population.   

 

 

5. Main Hypothesis/Study Questions: 

 

Aims:  

 

1) To evaluate whether the association of NT-proBNP with HF differs according to 

obesity status 

2) To evaluate the use of NT-proBNP for HF risk prediction among individuals 

within different obesity categories in the general 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: We will evaluate whether the prospective association of NT-proBNP 

levels with incident HF varies according to obesity status. The utility of NT-proBNP for 

risk prediction across within different obesity categories will also be evaluated. To 



maximize the number of HF cases, ARIC Visit 2 (1990-1992), at which NT-proBNP 

levels have recently been measured on all participants, will be used as the baseline for 

this analysis.  

 

Exposures: The exposure of interest will be NT-proBNP levels measured at ARIC Visit 

2. NT-proBNP will be evaluated continuously and also categorized (initially using 

cutpoints of 100 pg/mL, 200 pg/mL, 300 pg/mL and 400 pg/mL, with other cutpoint 

schemes likely to be defined by percentiles).   

 

Potential effect modifier: Body-mass index (BMI) (height in kilograms divided by 

meters squared) measured at ARIC Visit 2 will be used as a measure of adiposity and will 

be the potential effect modifier in this study. BMI will also be assessed continuously and 

categorically as normal (BMI 18.5-24.9 kg/m
2
), overweight (25-29.9 kg/m

2
), obese (30-

34.9 kg/m
2
) and severely obese (>35 kg/m

2
). 

 

Outcomes: The primary outcome will be incident HF, defined as a HF-related 

hospitalization or death occurring after Visit 2 through January 1, 2010 (or most current 

follow-up available). Secondary outcomes will be cardiovascular and all-cause mortality. 

 

Exclusions: We will also exclude the small number of participants at Visit 2 who are not 

black or white, and those participants missing covariates of interest at baseline. 

 

Covariates: Variables within the ARIC HF risk factor score: age, sex, race, smoking 

status, heart rate, systolic blood pressure, use of anti-hypertensive medications, diabetes 

and prevalent CVD. Additional variables of interest include LDL-cholesterol, HDL-

cholesterol, triglycerides, alcohol intake and estimated GFR. 

 

Main Analyses: We will evaluate the prospective association of NT-proBNP with the 

risk of incident HF among participants within each BMI category and formally test their 

interaction. 

 

1) We will compare baseline characteristics across BMI and NT-proBNP categories. 

2) We will use Poisson-regression models with linear spline terms to estimate the 

association of higher NT-proBNP with HF incident rates within each BMI 

category. 

3) We will construct Cox proportional hazards models to estimate the hazard ratios 

for incident HF and related 95% confidence intervals associated with higher NT-

proBNP within each BMI category. NT-proBNP will be modeled categorically 

using the cutpoints described above and will also be modeled continuously using 

restricted cubic spline models. The interaction between NT-proBNP and BMI 

(both as categorical and continuous variables) will be tested with likelihood ratio 

tests. 

4) We evaluate changes in the net reclassification index (NRI) associated with the 

addition of NT-proBNP to traditional HF risk factors (using variables included in 

the ARIC HF risk score) within each BMI category, using methods accounting for 

censoring. We will use cutpoints for 10-year risk of incident HF of <5%, 5 to 



<10%, 10 to <20%, and ≥20%. NT-proBNP will be modeled both categorically 

(assessing different cutpoints for “high” BNP) and continuously. We will also 

evaluate changes in the continuous NRI with the addition of NT-proBNP. 

5) We will also assess changes in integrated discrimination improvement (IDI) 

associated with the addition of NT-proBNP to traditional risk factors within each 

BMI category, using methods accounting for censoring. NT-proBNP will be 

modeled both categorically and continuously. 

6) We will evaluate changes in the c-statistic associated with the addition of NT-

proBNP to traditional HF risk factors among individuals with different baseline 

BMIs, modeling BMI and NT-proBNP both categorically and continuously. We 

will again utilize methods that account for censoring. 

7) We will perform analyses stratified by race, gender and age (≥ or < than 60 years) 

and test for their three-way interactions with NT-proBNP and BMI. 

8) We will perform additional analyses substituting waist circumference (assessed 

categorically, by dividing into quartiles) for BMI as the metric for adiposity. 

 

Subgroup Analysis: We will repeat the above analyses within the subgroup of 

individuals without known CVD prior to Visit 2 (defined as self reported CVD at Visit 1, 

or incident HF or adjudicated CHD events at or prior to Visit 2). 

 

Sensitiviy Analysis: We will perform a sensitivity analysis using NT-proBNP at ARIC 

Visit 4 (1996-1998) as a secondary baseline, which will allow us to account for some 

unique confounders only evaluated at visit 4 (e.g., albuminuria). 

 

 

Limitations: 

 There is the likelihood for some residual confounding in our efforts to assess 

differences in the relationship between NT-proBNP and incident HF within 

different BMI categories 

 The use of hospitalization and discharge codes for the diagnosis of incident HF 

may have resulted in some misclassification 
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