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4. Rationale:  
ECG-defined PR interval and P wave indices have been identified as potential 
intermediate phenotypes (endophenotypes) of atrial fibrillation (AF). In fact, these 
electrocardiographic parameters have been associated with atrial fibrosis and alterations 



in cardiac electrical conduction that might reflect the development of a substrate for AF.1 
Few studies, though, have evaluated whether PR interval and P wave indices are 
associated with the incidence of AF.2, 3 These studies had a number of limitations, 
including a limited sample size, a cross-sectional approach or inclusion of only whites. 
 
In a previous ARIC publication including only AF cases identified by ECGs performed in 
visits 2 to 4 (117 cases), PR interval and P wave indices (P wave duration, P wave area 
and P wave terminal force in V1) were associated with the incidence of AF.4 We propose 
to reexamine this association including additional AF cases identified from 
hospitalizations during follow-up through 2005. Furthermore, we will specifically explore 
whether non-linear associations exist between these ECG parameters and the risk of 
AF. Even though previous analyses have considered that the association of PR interval 
and other potential AF endophenotypes with AF risk is linear, existing evidence suggest 
that these associations could be more complex, with both short and long PR interval 
associated with the risk of AF.5 Finally, we will explore whether identified associations 
are different in whites and African-Americans, given the reported lower risk of AF in 
African-Americans in spite of their higher exposure to risk factors for AF.6 
 
5. Main Hypothesis/Study Questions: 
In the present proposal we aim to: 

1. Evaluate whether PR interval and P wave indices are associated with the 
incidence of AF, and characterize the dose-response relationship for such 
putative association.  

 
2. Explore whether associations are different in whites and African-Americans 

 
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 conduct a time-to-event analysis, with ECG-derived PR interval and P wave 
indices at baseline as the main exposure, and incidence of AF during follow-up as the 
main outcome variable. 
 
Inclusion and exclusion criteria 
From the 15,792 ARIC participants, we will exclude those who did not have a 12 lead 
ECG done at baseline, those with poor quality ECG recordings (QC grade 5), those with 
ECG-defined prevalent AF at baseline, and those with missing information for the main 
covariates, those with reported race other than black or white. We will apply the typical 
inclusion criteria based on race and center (only whites in the Minnesota and 
Washington County field centers; whites and African American in Forsyth County, 
African-Americans in Jackson). Finally, we will exclude those with pacemakers, those 
with Wolf-Parkinson-White syndrome, PR interval >320 ms, right bundle branch block 
(RBBB) or left bundle branch block (LBBB) (the interpretation of PR interval and P wave 
indices in these individuals could be problematic). 
 
Exposure assessment 



At baseline, 12-lead, 10-second ECGs recordings were taken in all ARIC participants. 
PR interval and P wave indices (P wave duration, P wave amplitude, P wave area and P 
wave terminal force V1) were measured automatically from electronic ECGs.4 The main 
exposures to be considered in this analysis will be: PR interval, P wave duration 
(maximum, average, and at lead II), P wave amplitude (maximum, average and at lead 
II), P wave area (maximum, average and in lead II) and P wave terminal force in V1 
(defined as the duration in seconds of the negative part of the P wave in lead V1 
multiplied by its depth in microvolts). If available, we will also use P wave dispersion 
(defined as the difference between the maximum and minimum P wave durations).  
 
Outcome 
Ascertainment of incident AF in ARIC has been previously described.6 Briefly, AF was 
determined from three sources: ECGs done at baseline and follow-up visits, discharge 
codes from hospitalizations and death certificates. Most AF cases in ARIC are identified 
from discharge hospitalizations. A validation study in ARIC has determined that the 
sensitivity of discharge codes for AF is at least 84% and the positive predictive value at 
least 89%.6 
 
Statistical analysis 
The association of PR interval and P wave indices with the incidence of AF will be 
assessed using Cox proportional hazard models. Initial analyses will explore the shape 
of the association using restricted cubic splines, polynomial models and by several PR 
interval/P wave index categories based on shape of restricted cubic splines. Models will 
be adjusted for the following covariates: age, gender, study center, race, education, 
income, body mass index, height, heart rate, systolic blood pressure, use of 
antihypertensive medication, diabetes, smoking, alcohol intake, heart murmur, ECG-
defined left ventricular hypertrophy, and use of the following medications: beta-blockers, 
class I or III antiarrhythmics, cardiac glycosides, and calcium channel blockers. In 
additional analyses, we will adjust for history of myocardial infarction or heart failure at 
baseline. We will also conduct stratified analysis by age, gender, and race, and test 
multiplicative interactions with a likelihood ratio test. We will also conduct sensitivity 
analyses excluding users of medications that might affect the PR interval (beta-blockers, 
antiarrhythmics, calcium channel blockers, cardiac glycosides). Finally, we will determine 
if associations differ according to the method of AF ascertainment (ECG, hospital 
discharge codes). 
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