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3. Timeline: 
Manuscript to be completed in <1 year after approval 
 
4. Rationale:  
Application of metabolomics to the study of atrial fibrillation (AF), a common arrhythmia, has 
been limited. Metabolomic approaches could potentially identify novel biomarkers of AF and 
provide new clues regarding the etiopathogenesis of this arrhythmia. Only three prior 
publications have studied the metabolomics of AF. Two of them used metabolomics to assess the 
effects of AF in cardiac tissues.1, 2 The third one used ARIC data to systematically examine the 



prospective association of molecules identified through metabolomic profiling with the incidence 
of AF.3 In this ARIC analysis, which included 1919 African-American participants and 183 
cases of AF, we found that two conjugated bile acids (glycolithocholate sulfate and 
glycocholenate sulfate) were significantly associated with AF risk after multivariable adjustment 
and correction for multiple comparisons. We propose to extend our previous work taking 
advantage of the new ARIC metabolomics data obtained in ~2000 additional study participants 
and the inclusion of European-Americans. 
 
5. Main Hypothesis/Study Questions: 
The primary aim of this analysis is to study the association of molecules measured through 
untargeted metabolomic profiling with incident AF. We hypothesize that (1) concentrations of 
glycolithocholate sulfate and glycocholenate sulfate, previously associated with AF in 1919 
African-American ARIC participants, will remain associated with AF in a larger sample; and that 
(2) the analysis will identify novel biomarkers of AF risk. 
 
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 will conduct a prospective study of participants with metabolomic data and without AF at 
visit 1. Eligible participants will be followed up through the end of 2013. 
 
Assessment of metabolites 
Metabolite profiling in baseline serum samples was done in 1,977 ARIC participants from the 
Jackson field center in 2010 and in an additional ~2,000 ARIC participants in 2014 using an 
untargeted, gas chromatography-mass spectrometry and liquid chromatography-mass 
spectrometry-based metabolomics quantification protocol. The second sample set includes 
primarily European-Americans.  
 
Based on both practical and theoretical considerations, we will limit the analysis to those 
metabolites with acceptable reliability (r>0.6), no obvious batch effect, low missing rate (< 25% 
in both batches) and shared between African Americans and European Americans.  It is 
estimated that there are to be 245 named metabolites that satisfy these criteria.   
 
Metabolites with missing/below detection limit in <25% of the samples will be analyzed as 
continuous variables, assigning the lowest detected value for that metabolite to those with 
missing/below detection limit. 
 
Main outcome variable 
Incident atrial fibrillation will be identified as previously described.4, 5 Specifically, we will 
identify new cases of AF from study ECGs, hospital discharge codes, and death certificates. 
Follow-up through the end of 2013 will be considered. We expect to include 300-400 incident 
AF events in this analysis. 
 
Statistical analysis 
We will conduct two separate analyses. The first one will aim to replicate the results from our 
previous publication. Specifically, we will assess the association of glycolithocholate sulfate and 



glycocholenate sulfate with AF incidence in the ~2000 participants, mainly of European 
ancestry, with new metabolomic data. The second analysis will include all participants with 
metabolomic data in a single population and explore associations of the 245 selected metabolites 
with AF incidence. 
 
We will assess the association of each metabolite with incident AF using Cox regression. Hazard 
ratios will be calculated per 1-standard deviation difference in the concentrations of each 
metabolite. An initial model will adjust for age, race-center-batch, and sex. A second model will 
additionally adjust for traditional risk factors of AF (smoking, body mass index, systolic blood 
pressure, antihypertensive medication, prevalent diabetes, prevalent CHD, and prevalent HF). A 
final model will additionally adjust for eGFR. The manuscript will present models with and 
without adjustment for eGFR, and our interpretation of the findings will carefully evaluate 
results from the different models. We will apply a modified stepwise Bonferroni procedure to 
correct for multiple comparisons, as previously described.6 In exploratory analyses, we will 
explore differences by race. 
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