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4. Rationale:  
 Atrial fibrillation (AF) is the most common clinically significant cardiac arrhythmia, 
with a projected prevalence of 2.66 million Americans in 2010 [1].  In the US, as the 
population ages and rates of cardiovascular disease increase, the prevalence of AF is also 
increasing.  AF is associated with increased risks of heart failure, stroke and 
cardiovascular death [2], including a 9-fold higher risk of mortality within the first 4 
months after AF, compared to those without AF [3].  Some major predictors for AF 
include age, white race, obesity, heart failure, coronary heart disease, left ventricular 
hypertrophy, and hypertension, along with certain lifestyle factors [4-6].  These 
predictors are similar to the risk factors for cardiovascular disease in general, which often 
precede an AF event [2].   
 
 The metabolic syndrome, which is characterized by a group of metabolic risk factors 
linked to overweight and obesity, is known to be associated with a higher incidence of 
AF [7,8].  Two of the components include elevated triglycerides (≥150 mg/dL) and low 
levels of HDLc (men< 40 mg/dL and women <50mg/dL).  Specifically, it has been 
shown that low HDLc levels are associated with a 20-40% increased risk of AF, but 
elevated triglyceride levels have not yet shown an association with the risk of AF [7,9].  
Since low HDL cholesterol is associated with higher risk of coronary heart disease 
(CHD), and CHD is a risk factor for AF, this association is expected.  However, few 
other studies have assessed whether levels of total cholesterol and LDLc are associated 
with AF occurring. 
 Numerous studies have provided evidence of statins in the prevention and treatment 
of cardiovascular diseases [10].  There is interest in determining whether the incidence of 
AF is also lowered when patients are treated by statins.  Some randomized controlled 
trials have found that use of statins was significantly associated with a decreased risk of 
post-operative AF, and a decreased recurrence of AF [11].  Similarly, an observational 
study reported statin use reduced the risk of developing AF independently of the 
reduction in serum cholesterol levels [12].   However, a large clinical trial (ALLHAT) 
showed no relationship between statin use (pravastatin) and a reduction in incident AF, 
after a follow-up time of six years [9].  Similarly, no information exists on the effect of 
other lipid lowering medications on the risk of AF. 
 
 This study would be the first large cohort study to estimate the association of 
participants’ lipid profile and changes in lipids over time with the incidence of AF.  This 
study would also provide an opportunity to compare those taking statins to those taking 
other cholesterol-lowering medications, taking advantage of the large number of incident 
AF cases and ample follow-up time in the ARIC cohort. 
 
 
 
 
 



 
5. Main Hypothesis/Study Questions: 
 

i. To determine whether lipid levels (total cholesterol, HDLc, LDLc, 
triglycerides) are associated with the incidence of atrial fibrillation in ARIC 
participants 

ii. To determine whether lipid medication (statins, other lipid-lowering 
medications) is associated with the incidence of atrial fibrillation in ARIC 
participants 

We hypothesize an inverse relationship between HDLc levels and the incidence of AF, 
and a positive relationship between LDL, total cholesterol, triglycerides and the ratio of 
total/HDL cholesterol with the incidence of AF.   
Also, we hypothesize that participants taking statins have a lower incidence of AF when 
compared to those not taking statins.  
 
 
 
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). 
 
This study will assess the association between lipid levels, lipid medications and the 
incidence of AF using a longitudinal data analysis.  Data will first be obtained from the 
baseline exam on those participants who have measures of all lipid levels.  For all 
analyses, we will exclude individuals with prevalent AF at baseline, those not fasting for 
8 hours, and those with missing variables in any of the covariates.  We will also exclude 
the small number of participants who reported a race other than white or black.  For Aim 
1, we will exclude individuals using medications that affect blood lipid levels. 
 
Covariates: 
Main outcome variable is the time to AF from baseline through 2007.   
 
Main independent variable (Aim 1): lipid levels, which include HDLc, LDLc, total 
cholesterol, triglycerides and the ratio of total/HDL cholesterol over time (visit 1-visit 4). 
 
Main independent variables (Aim 2):  Lipid medications:  statins, vitamin B-3 (niacin), 
antihyperlipidemics, bile sequestrants, and fibrates over time (visit 1-visit 4) 
 
Covariates measured at baseline (visit 1):   gender, race, center, education, height, and 
income  
 
Covariates measured at all visits: age, smoking status, cigarette years, alcohol intake, 
waist circumference, body mass index, systolic blood pressure, diastolic blood pressure, 
antihypertensive medication, diabetes mellitus, prevalent stroke,  prevalent heart failure, 



prevalent coronary heart disease (including silent myocardial infarction (MI) detected by 
ECG), electrocardiograph based left-ventricular hypertrophy. 
 
 
Statistical Analysis 
For all participants, we will examine the means and standard deviations for the 
continuous variables and percentages for the categorical variables.  We will stratify by 
lipid levels, which will be categorized by quartiles to examine demographic 
characteristics.  
Aim 1:   
We will assess the association between baseline lipid levels and AF incidence with Cox 
proportional hazards models.  First, we will explore the shape of the association of lipid 
fractions with AF incidence using restricted cubic splines.  Based on this analysis, we 
will decide whether to model lipids as continuous or categorical variables (e.g. quartiles 
or clinically significant categories). 
We will take into account changes in lipid levels over time by using a Cox proportional 
hazards model with time-varying covariates and a marginal structural Cox model.  The 
following 3 models will be used to assess the association between lipid levels and 
incident AF cases: 
Models:   
 1: adjust for age, gender and race 

2: adjust for age, gender, race, height, center, education, income, smoking 
status, cigarette years, waist circumference, alcohol intake, BMI, systolic 
blood pressure, diastolic blood pressure, antihypertensive medication, 
diabetes mellitus. 

3: model 2, and additionally adjust for stroke, heart failure, and CHD 
(including silent MI), both baseline and incident. 

 
Aim 2: 
We will assess the association between lipid medication use and incidence of AF with 
Cox proportional hazards models time-varying covariates and/or a marginal structural 
Cox model to take into account changes in medication use over time, along with time-
varying confounders.  Lipid medications will be divided into 2 categories: Statins and 
Other Lipid Medications.  Included in the “other” category will be vitamin B-3, 
antihyperlipidemics, bile sequestrants, and fibrates.  Analyses will compare risk of AF in 
those taking statins versus those taking other lipid lowering medications, and those taking 
lipid lowering medications (statins or other, as separate levels of exposure) versus those 
not taking these drugs.  The same three models as used in Aim 1 will be used to assess 
the association between lipid medication use and incidence of AF.  In addition to the 
multivariable analyses, a secondary analysis will be performed using a propensity score 
approach to adjust for measured confounders, to ensure we adjust for confounding as 
properly as possible.  Specifically, we will create a propensity score as the inverse of the 
probability of receiving treatment given baseline covariates (previously mentioned).  
Secondly, we will do two different analyses: (1) we will match treated and untreated on 
their propensity score, and (2) we will conduct a standard Cox model adjusting for 
propensity score.  Follow-up for this analysis will start in visit 2 in order to adjust for 



lipid levels and other covariates measured in the previous visit.  We will also test for 
interactions between lipid levels and medication use.  
 
 
Limitations: 
Misclassification of the outcome is possible, with AF diagnosis having a positive 
predictive value of  ~90% [4].  Misclassifications of the exposures, both lipids and 
medication, are possible due to unmeasured changes over time between visits.  The ARIC 
study does not contain information on thyroid profiles, which would potentially be a 
strong confounder in this study.  An additional limitation is the lack of information on the 
dose of statins or other lipid medications.  Higher doses have more impact on cholesterol 
levels and other processes (such as inflammation in the case of statins), and therefore 
different doses may affect the incidence of AF.  
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