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3. Timeline: This project will be pursued through involvement of the AFGen consortium.  We 
anticipate the study being completed and submitted for publication within 1 year of its initiation. 
 
 
4. Rationale:  
 

Atrial fibrillation (AF), the most common sustained cardiac arrhythmia, is a growing health 
epidemic associated with increased risks of heart failure, stroke, and death.1–3  The direct costs 



for treating the arrhythmia in the United States alone have been estimated to be $26 billion 
dollars annually.4 The clinical and economic burdens of AF are anticipated to grow dramatically 
in the coming years secondary to its expanding prevalence.5  The devastating impact of the 
arrhythmia is further exacerbated by a lack of highly effective treatment strategies, which likely 
stems from our limited understanding of its underlying pathophysiology.6  
 Advancing age is the most critical risk factor for the development of AF, reflected by its 
prevalence ranging from less than 0.1% among individuals younger than 55 years of age to 
upwards of 10% among octogenarians.7,8  Despite the dramatic impact of age on the risk of AF, 
the mechanisms responsible for this relationship remain unclear.  Utilizing the CHS cohort, we 
previously conducted a study that revealed no association between leukocyte telomere length and 
the risk of incident AF.9 
 Robust familial and large-scale population-based epidemiologic studies have firmly 
established a heritable contribution to the risk of developing of AF.10,11  Although the importance 
of genetic factors on AF susceptibility has been clearly established, a majority of AF heritability 
remains unexplained.12  DNA methylation is an epigenetic mechanism that is heritable and 
correlates strongly with aging.  Addition of methyl groups, most often at cytosine-guanine 
dinucleotides, alters DNA conformation and accessibility of promoter sites to transcription 
factors, leading to changes in gene expression.  The pattern of DNA methylation at specific 
cytosine-guanine dinucleotide sites has been incorporated into algorithms capable of 
approximating chronological age.13,14  Notably, in some individuals, epigenetic age exceeds 
chronological age, a process referred to as epigenetic age acceleration. 
 A recent methylome-wide association study involving the Framingham Heart Study 
identified multiple methylation sites that associated with increased risks of prevalent and incident 
AF.15  The current study proposal seeks to evaluate for associations between epigenetic age 
acceleration and the risk of incident AF. 
 
 
5. Main Hypothesis/Study Questions: 
 

Aim: To determine if epigenetic age acceleration, as determined using the methods of 
Horvath and Hannum, is associated with an increased risk of developing incident AF. 

 
Hypothesis: Epigenetic age acceleration will be associated with an increased risk of 
developing incident 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). 
 
We are proposing to perform the specified analysis using cohorts from the CHARGE epigenetics 
consortium that have ascertained incident AF, including ARIC, Framingham, Rotterdam, and the 
Women’s Health Initiative.  
 

Data to be used in this study includes the following: 
• Baseline demographic and medical data: Age, sex, race, body mass index (BMI), prevalent 

AF status, smoking status, systolic blood pressure, diastolic blood pressure, diabetes, history 



of myocardial infarction, history of heart failure, and moderate to severe valvular heart 
disease.  

• Epigenetic Data: Horvath and Hannum estimates of epigenetic age; cell type distributions 
and technical covariates 

• Incident Events: Incident atrial fibrillation 
 

Each cohort will perform survival analyses using multivariate Cox proportional hazards 
models for both Horvath and Hannum estimates of epigenetic age.  The primary predictor in each 
model will be the epigenetic estimate of age.  Chronological age will be included as a covariate 
and the hazard ratio identified for epigenetic age will correspond to epigenetic age acceleration. 
Potential confounders, including cell type proportions, sex, race, visit, BMI, hypertension, 
diabetes, history of myocardial infarction, history of heart failure, and moderate to severe 
valvular heart disease will be included in the models.  Results from each cohort will 
subsequently be meta-analyzed using a random effects model. 
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