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3. Timeline: 
A draft manuscript will be ready to submit for Publications Committee Review in summer 2017. 
 
4. Rationale:  

Atrial fibrillation (AF) is a common chronic cardiac arrhythmia. It is associated with a 5-

fold increase in the risk of ischemic stroke, accounting for approximately 15% of all strokes 



nationally.1 In the United States, the prevalence of AF, which rises substantially with age, 

is likely to increase 2.5-fold during the next 50 years.2 The increasing prevalence will result 

in reduced quality of life and higher burden of medical costs. AF is commonly 

asymptomatic and paroxysmal, likely resulting in an underestimate of its prevalence and 

reduced opportunities for the prevention of AF-related complications (such as stroke). 3 

Due to this limitation, risk scores for predicting AF have been developed, with the hope 

that they can contribute to identify high-risk individuals that may benefit from AF 

screening. 4,
5 

Biomarkers can potentially contribute to the characterization of the risk of developing AF. 

N-terminal pro B-type natriuretic peptide (NT-proBNP) is an established biomarker of 

volume overload and myocardial stretch. NT-proBNP plays an important role in 

cardiovascular remodeling, volume homeostasis, and response to ischemia.6,
7  

Prior studies have described the association between circulating NT-proBNP and the risk 

of developing AF. In two Swedish cohorts, using a multimarker approach, NT-proBNP 

was a strong predictor of incident AF, and improved risk prediction when added to 

traditional risk factors.8 Investigators in the Multi-Ethic Study of Atherosclerosis (MESA) 

found that NT-proBNP was a robust predictor of incident AF, with differences in the 

prognosis and predictive value of this biomarker across age groups and ethnic groups. 9 In 

addition, we have demonstrated previously in ARIC and other cohorts that concentrations 

of circulating NT-proBNP improve our ability to predict AF beyond information provided 

by clinical factors. 10
.
11To our knowledge, however, no prior studies have specifically 

assessed whether changes in circulating NT-proBNP over time are associated with the risk 

of AF.  

Therefore, taking advantage of the repeated measurements of NT-proBNP in ARIC, we 

seek to assess the change of plasma NT-proBNP as a predictor of incident AF in the ARIC 

cohort study. 

 
5. Main Hypothesis/Study Questions: 
 
Question: Is there an independent association between changes in circulating NT-proBNP and the 

risk of developing AF? 

 



Hypothesis:  Increase in plasma NT-proBNP concentration is associated with and predicts higher 

risk of AF. 

  
 
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 study 

 Inclusion/Exclusion criteria 

o Inclusion: ARIC participants with available circulating NT-proBNP concentrations 

at visit 2 and 4 (about 11,000 individuals).  

o Exclusion: those with missing circulating NT-proBNP levels at visit 2 or 4, and 

participants who had developed AF by visit 4. We will also exclude non-whites 

from the Minneapolis and Washington County field centers, and individuals other 

than white or African American in the Forsyth County field center. 

 Exposures 

The change of circulating NT-proBNP concentration between visit 2 and visit 4. 

 Outcome 

Incident AF from the end of visit 4 through the end of 2013. 

 Covariates 

Sex, age, race, study center, height, body mass index (BMI), systolic blood pressure (SBP), 

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

antihypertensive medications, heart failure (HF), myocardial infarction (MI), ECG p wave 

terminal force in V1. We will also run separate models that adjust for the variables included 

in the CHARGE-AF model: age, race, height, BMI, SBP and DBP, smoking status, 

diabetes, use of antihypertensive medications, HF, MI and visit 4 values of NT-proBNP. 

 Analysis 

Concentrations of NT-proBNP will be natural logarithm-transformed (ln-transformed) and 

the main independent variable will be the difference between the two log-transformed 

variables, which corresponds to the logarithm of the ratio [ ln	ሺ
ே்ି௣௥௢஻ே௉ସ

ே்ି௣௥௢஻ே௉ଶ
ሻ ]. After 

exploring the distribution of this variable in the final sample and its association with AF 



incidence, we will model it as a continuous variable or in categories defined either based 

on the distribution of the data or by change crossing clinically meaningful threshold. 

We will calculate hazard ratios of AF and their 95% confidence intervals by change in NT-

proBNP using Cox proportional hazards models. We will adjust for the variable shown 

above and for visit 4 NT-proBNP (to determine the association of change in NT-proBNP 

beyond visit 4 values). We will conduct sensitivity analyses excluding participants with 

prevalent heart failure at visit 4. Based on a calibration study performed in ARIC 

(Parrinello et al.),12 we will add 9 pg/mL to the visit 4 plasma measurements to make then 

comparable with serum measurements (used at visit 2). 

 

Finally, we will explore the predictive value of change in NT-proBNP by adding it to the 

CHARGE-AF predictive model and calculating the change in the c-statistic and the net 

reclassification index (Sinner et al, Europace 2014). 10 

 

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

analysis to participant who lived through visit 4. However, this sample is still relevant to 

answer questions on the predictive value of repeated NT-proBNP measurements 

conditional on survival. 
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