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3. Timeline: Data analysis will begin immediately. A manuscript draft will be prepared in less 
than one year. 
 
4. Rationale:  
 The incidence and prevalence of atrial fibrillation (AF) continues to rise for the aging 
population in the United States.1  The condition is associated with increased risk of mortality, 
independent of the burden attributed to the clinical cardiovascular risk factors that typically 
accompany AF.2 To better understand the basic underlying mechanisms, researchers have started 
to examine AF as a dynamic condition, and explore how distinctive types and patterns of 
arrhythmias are uniquely associated with cardiovascular outcomes.  A recent American Heart 
Association scientific statement recommends that, to better understand the public health concern 
that AF poses, we move past assessing the risk associated with the presence or absence of AF, 



and examine individuals’ arrhythmia burden.3 Arrhythmia burden is defined as the proportion of 
time an individual experiences atrial arrhythmias, such as AF, or ventricular arrhythmias, over a 
period of time, usually the monitoring period. Randomized control trials have shown that 
reducing AF burden is both feasible and effective through structured lifestyle intervention 
programs,3–5 however more research is needed on how AF burden and arrhythmia burden are 
defined, measured, and the lifestyle factors that may be targeted to decrease these conditions.3,5 
  
 Numerous lines of evidence suggest that abnormal or disrupted sleep may be linked to 
arrhythmias and AF.6–11 There are multiple hypothesized mechanisms through which abnormal 
sleep, disrupted sleep, and sleep disordered breathing, may either stimulate or contribute to 
sustained arrhythmias.8,9 In the epidemiologic literature, a longitudinal study by Gami et al. 
explored the association between obstructive sleep apnea (OSA), a highly prevalent sleep 
disorder12, and incident AF among individuals referred for an initial diagnostic polysomnogram. 
After accounting for numerous covariates including BMI, diagnosed OSA was a strong predictor 
of incident AF (HR:2.18) when compared to individuals without OSA.13Additionally, a cross-
sectional analysis completed in the Multi-Ethnic Study of Atherosclerosis (MESA) found a lower 
odds of AF for individuals with better sleep quality,  measured by sleep efficiency and slow 
wave sleep duration, than for individuals who had poorer sleep quality (slow wave sleep 
duration: OR:0.66 p:0.006).9  
 

Excessive daytime sleepiness (EDS) is one the most frequent sleep complaints of older 
adults and a symptom many individuals present when diagnosed with a sleep disorder.14,15 
Clinical recommendations suggest that providers quantify EDS in order to determine whether to 
screen for undiagnosed sleep disorders, including OSA.16,17 This recommendation is important 
considering it is estimated that up to 60% of OSA is undiagnosed in the older adult population.7 
The Epworth Sleepiness Scale18, a self-reported measure used to characterize an individual’s 
level of daytime sleepiness, is a well-established screening measure for disordered sleep and has 
shown to correlate strongly with sleep disorder diagnosis and OSA severity.7,16  
 
 Despite the growing evidence on abnormal sleep and arrhythmic conditions, there is a need 
for a more evidence on the relationship between abnormal sleep and AF and arrhythmia burden 
in the older adult population. Much of the research on abnormal sleep and AF and arrhythmia 
burden has been conducted in populations with diagnosed sleep disorders, including OSA. Less 
is known about how general symptoms of abnormal sleep, including EDS, may be associated 
with AF and arrhythmia burden in the older adult population.  Further, there is a limited number 
of studies examining the relationship between abnormal sleep and AF and arrhythmia burden 
which have comprehensive information on arrhythmia burden intensity, duration, and frequency. 
In the proposed study we will leverage 2-weeks of data from a continuous ECG recording device 
to examine the cross-sectional relationship between EDS and patterns in AF and arrhythmia 
burden in over 2,000 older adult ARIC participants. 
 
 
5. Main Hypothesis/Study Questions: 
We hypothesize that EDS, estimated by an ESS >16,18 will be associated with a higher burden of 
AF and ventricular arrhythmias, defined by longer arrhythmia burden durations, greater number 
of episodes, and proportion of time in arrhythmia.  



 
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 
 The proposed study will be a cross-sectional analysis of data from visit 6. The study will 
include ARIC participants who wore the Zio® XT Patch and have complete ESS data from visit 
6. 

• Exposure: The primary exposure for this analysis will be Excessive Daytime Sleepiness, 
measured by the Epworth Sleepiness Scale (ESS). Possible ESS scores range from 0-24 
with EDS defined as an ESS score greater than 16.18  

• Outcome: The primary outcome for this analysis will be arrhythmia burden. At visit 6 
ARIC participants wore the Zio® XT Patch for a 14-day period. From this wear, 
estimates of atrial and ventricular arrhythmias were derived including measures of AF 
burden.  

• Covariates: The covariates included in this analysis will be: age, sex, race, study center, 
smoking status, drinking status, body mass index, physical activity, diabetes status, 
systolic and diastolic blood pressure, antihypertensive medication use, antiarrhythmic 
medication use, coronary heart disease, heart failure, sleep medication use (both 
prescribed and supplemental) 

 
Data analysis 
 Basic descriptive statistics will be performed and presented including mean 
±SD/proportions of the included covariates for the study sample. Descriptives will also be 
presented stratified across categories of ESS correlated with mild, moderate, and severe OSA 
(<9, 9-16, >16).18 Between ESS group differences in covariates will be explored using chi-square 
and one-way ANOVA.  
 Linear regression will be used for analyses involving continuous outcomes. Where 
appropriate, we will log-transform continuous arrhythmia burdens. Unconditional logistic 
regression will be used to assess the association between EDS and binary measures of 
arrhythmias. Multinomial logistic regression will be used for categorical outcomes (e.g. AF 
burden). 
 Proposed model progression: 

• Model 1 = age, sex, race, study center 
• Model 2 =  Model 1 + smoking status, drinking status, physical activity 
• Model 4 = Model 3 + systolic blood pressure, antihypertensive medication use, 

antiarrhythmic medication use, diabetes status 
 
 Additional sensitivity analyses using stratification will be performed on obesity status, type 
2 diabetes status, and hypertension status to examine possible effect modification. Further, 
interactions by sex, age, and race/ethnicity will be evaluated. 
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