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4. Rationale:  
 

Obesity and atrial fibrillation (AF) are two major public health problems in the United 

States that are associated with significant morbidities and increasing risk of adverse 

cardiovascular events [1, 2]. The prevalence of AF in the US is expected to increase 2.5-

fold during the next 50 years [3]. Similarly, the prevalence of obesity was 36.5% (crude 

estimate) among US adults during 2011–2014 with increasing prevalence over this period 

according to the US national center for health statistics. 

Natriuretic peptides (NP), such as B-type NPs (BNP) and atrial NP are produced by 

cardiac myocytes in response to stretching of atrial or ventricular walls [4, 5]. BNPs are 

thought to play an important role in cardiovascular remodeling, volume homeostasis, and 

response to ischemia [6]. In addition, studies have shown that NPs may enhance lipolysis, 

and modulate energy expenditures accordingly [7, 8]. BNP and related molecules, such 

as the N-terminal pro B-type NP (NT-proBNP), are useful as biomarkers in the diagnosis 

of acute HF decompensation [9].  

BNP concentrations are inversely correlated with body mass index (BMI) and total body 

fat [10]. Different hypotheses have been postulated in an attempt to explain the inverse 

relationship between obesity and circulating BNP levels. However, to date there has 

been no strong evidence supporting any of these hypotheses. 

 

Obese and overweight patients with AF may have better prognosis and lower risk of 

adverse outcomes than leaner AF patients with the same degree of severity of 



cardiovascular disease/AF [11]. These observations suggest a complex interplay 

between adiposity, NP physiology, and the development of AF. 

A previous study has demonstrated an inverse relationship between BMI and plasma NT-

proBNP concentrations in AF patients without heart failure [12]. While the relationship 

between NT-proBNP and BMI has been studied previously in ARIC populations with heart 

failure [8], the interaction between BNP and BMI, and between changes in BNP and BMI, 

in their association with AF risk has not been studied before. 

In this proposal, we take advantage of the repeated measurements of NT-proBNP and 

BMI in ARIC to assess potential interactions in the association of BMI and NTproBNP 

(and their change over time) with incident AF in the ARIC cohort study.  

5. Main Study Questions: 
 

1) Aim 1: Assess the interaction of NT-proBNP and BMI with AF risk among HF free 

subjects using visit 4 (1996-98) data as baseline (with incident AF through 2015). 

 2) Aim 2: Assess the interaction between changes in BMI and changes in NT-proBNP 

between visits 2 (1990-92) and 4 (1996-98) in the association with incident AF among HF 

free subjects. 

We hypothesize that ARIC participants with high NT-proBNP and BMI will be at the 

highest risk of developing AF, and that increases in both risk factors between visits 2 and 

4 will be associated with increased AF risk. The direction of any identified interaction (i.e. 

synergistic vs antagonistic) may provide insights into the mechanisms underlying the 

inverse association between NPs and obesity. 

 



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 participants 

Eligible participants will be from the ARIC cohort with baseline examination data and 

information on NT-proBNP and BMI at visit 2 and 4. 

 

Exclusion criteria 

 Participants with AF at visit 4  

 Participants with HF at visit 4 as HF would be a major confounder in NT-proBNP 

association with AF, also HF is going to have a major impact on NTproBNP 

values, so interpretation of results in a population that includes HF patients is 

going to be more complicated. 

 Participants with race other than white or black, as well as non-whites from the 

Minnesota and Washington County field sites (because of very small numbers). 

 Participants with very high levels of BNP in any of the 2 visits (e.g. >99th 

percentile) 

 

Main exposure 

BMI at visit 4 (Aim 1) and Change in BMI at visits 2 and 4 (Aim 2). 



NT-proBNP at visit 4 (Aim 1) and Change in NT-proBNP at at visit 2 and 4 (Aim 2). Based 

on a calibration study performed in ARIC we will add 9 pg/mL to the visit 4 plasma 

measurements to make them comparable with serum measurements (used at visit 2). 

[13] 

 

Outcome definition 

Incident AF from the end of visit 4 through the end of 2015.    

Other Variables of Interest 

Sex, age, race, study center, education, height, systolic blood pressure (SBP), diastolic 

blood pressure (DBP), smoking status, alcohol using status, diabetes, use of 

antihypertensive medications, LVH by ECG, incident HF, and incident myocardial 

infarction (MI).     

Analysis plan 
For Aim 1, we will assess the interaction between BMI and concentrations of NT-proBNP 

in their association with incident AF.  Concentrations of NT-proBNP will be natural 

logarithm-transformed (ln-transformed). We will assess interaction through different 

approaches (categorizing both BMI and NT-proBNP and using them as continuous 

variables). We will study association with incident AF using Cox proportional hazards 

models, adjusting for the variables described above. Interactions will be explored both in 

the multiplicative and in the additive scales. 

For Aim 2, we will assess the interaction between change in BMI and change in NT-

proBNP between visits 2 and 4 following a similar approach to Aim 1. In addition, we will 



adjust for visit 2 covariates and for visit 2 NT-proBNP. We will explore the best modeling 

approach for the interaction using different categorizations of NT-proBNP and BMI. As 

mentioned above, based on a calibration study performed in ARIC we will add 9 pg/mL 

to the visit 4 plasma measurements to make then comparable with serum measurements 

(used at visit 2). [13] 

As a limitation, we recognize that survival bias may occur since we will be limiting the 

analysis to participant who lived through visit 4. We will consider using approaches such 

as inverse probability weighting or multiple imputation to adjust for any selection bias 

derived from this limitation.   
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