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3. Timeline: 

  Data analysis: 2 months 

  First draft of the manuscript: 4 months 

  We expect to submit an abstract with preliminary results to the AHA Epi 

conference (submission deadline Oct 2013) 



4. Rationale:  

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, with a lifetime 

risk of 1 in 4 in the general population, with an increasing prevalence as the population 

ages.1  Major risk factors for AF include age, white race, obesity, smoking, hypertension, 

diabetes, and a history of myocardial infarction (MI) and heart failure.2-6   These risk 

factors are similar to the risk factors for cardiovascular disease (CVD) in general, which 

often precedes an AF event.7 

 

The development of AF is associated with subsequent increased risk of cardiovascular 

death,8, 9  heart failure,10 and stroke.11  Despite the extensive literature on risk factors for 

AF, little attention has been devoted to the timing of risk factor development in relation 

to AF diagnosis, with the exceptions of stroke as an outcome of AF, and heart failure as 

both a risk factor for and outcome of AF. While it is known that AF is a risk factor for 

stroke and, therefore, most often precedes it, 12 AF and heart failure show a bidirectional 

relation, and the existing severity of specific cardiovascular risk factors, along with age 

and gender, may determine whether AF or heart failure occurs first in the individual.13, 14 

However, no information exists on the timing, relative to AF diagnosis, of the 

development of other AF risk factors such as hypertension or obesity. This information 

can be useful to better understand the pathogenesis of AF and, therefore, develop 

preventive strategies. 

 

In addition, we have shown that healthcare utilization, particularly CVD-related 

utilization, is higher among patients with AF than among non-AF individuals even after 

adjusting for CVD risk factors. 15  Exploring how trajectories in CVD risk factor 

prevalence differ between individuals with and without AF could help to elucidate 

observed differences in healthcare utilization.  Thus, describing the long term trajectories 

in the prevalence of risk factors preceding AF diagnosis and the subsequent development 

of disease after diagnosis, and comparing trajectories with those in individuals without 

AF, in a long-term, population-based study is highly relevant.  The biracial ARIC study 

with a 25 year follow-up and a large number of incident AF cases offers a unique 

opportunity to describe these trajectories.    



 

5. Main Hypothesis/Study Questions:  

  

Aims: 

1. To describe longitudinal patterns of CVD risk factors before and after incident 

atrial fibrillation.   

2. To compare patterns of longitudinal trends in CVD risk factors among those 

with and without AF  

For Aim 1, we hypothesize that risk factors more distant in the potential causal pathway, 

such as obesity, hypertension and diabetes, have high prevalence many years before the 

diagnosis of AF, while more proximal risk factors such as heart failure or coronary heart 

disease, develop concurrently with, or close to the time of AF diagnosis.   

 

For Aim 2, we hypothesize the patterns in those without AF will follow the normal age 

trends of US prevalence rates, while those with AF will have rates above the normal 

parameters even many years prior to 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 population: 

 Inclusion criteria: Individuals at visit 1. 

 Exclusion criteria:  race/ethnicity other than white or black, those with prevalent 

AF at visit 1, those missing information on covariates of interest.    

 For Aim 1, we will only include individuals with incident AF during follow-up 

 For Aim 2, in addition to AF cases included in Aim 1, we will match up to 3 

individuals without AF to each AF case by sex, year of birth, race and field 

center. 

 

 



Variables and Covariates: 

 Main outcome variables:  prevalence of major AF risk factors at study visits: 

smoking, obesity/BMI, hypertension/blood pressure, diabetes, stroke, heart 

failure, MI.2 

 Main independent variable:  incident AF, time before or after incident AF 

 Covariates measured at baseline (visit 1):  gender, race, center, education, and 

height  

 Covariates measured at every visit (including visit 5): age, smoking status, BMI, 

systolic blood pressure, diastolic blood pressure, antihypertensive medication, 

HDLc, total cholesterol, diabetes 

 Other covariates /outcomes measured during follow-up: incident stroke, heart 

failure and MI 

 

 Statistical Analysis 

Aim 1:  In those with AF, we will assess the prevalence of the different 

cardiovascular (CV) risk factors as a function of time before or after diagnosis 

of AF.  To do so, we will create a long dataset with one observation per 

person-visit and fit generalized estimating equations (GEE) models with a 

logistic link with time in years before/after AF diagnosis as the main 

independent variable. Time of AF diagnosis (index date) will be defined as t=0, 

and the time at visit i (ti) will be calculated as: ti = visit i date  –  index date. 

This model will be used to calculate predicted probabilities of the different CV 

risk factors as a function of time to/since AF diagnosis. We will also estimate 

temporal changes in prevalence of CV risk factors with respect to the AF 

diagnosis.   

 Initial models will adjust for age at AF diagnosis, sex, race and center. In 

additional models we will adjust for other covariates including education, 

height and CV risk factors. 

 

 



Aim 2:  We will conduct a similar analysis to Aim 1, but include individuals without 

AF, to determine if longitudinal trends in CV risk factors differ depending on 

whether the person develops atrial fibrillation.  To do so, time*AF status terms 

will be included in the models.  For AF cases, time at each visit will be 

calculated as described in Aim 1; for non-cases, time will be calculated 

similarly using the index date of the corresponding AF case. 

 

We will test whether any of the observed trends differ with regards to race/sex. 

 

To limit the potential selection bias derived from missing data (participants failing to 

participate in any particular visit), we will use inverse probability weighting as described 

before. 16, 17  Briefly, observations will be weighted by the inverse of their probability of 

attending a particular visit given their past history of covariates. 

 

Limitations: 

Misclassification of the outcomes are possible, as is misclassification of the main 

independent variable, with AF diagnosis having a positive predictive value of  ~90%.3  

Also, the study data does not capture outpatient AF cases.    
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