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Timeline:  

Analysis will start as soon as approval is obtained.  We plan to complete one 
manuscript within 12 months from approval of this manuscript proposal. 

Rationale:  

Obstructive sleep apnea (OSA) involves repetitive upper airway collapse that occurs 
during sleep, producing an interruption of ventilation that results in subsequent hypoxia, 
shifts in intrathoracic pressure, and heightened sympathetic activity1. This common 
disorder affects between 9% to 38% of the general U.S. population with higher 
prevalence associated with obesity and advanced age2. Prevalence in the overweight 
and obese is 9% in women and 24% in men. Higher use of healthcare resources and 
increased risk of cardiovascular morbidity and mortality is reported in patients with OSA 
compared to patients without OSA3-5. Cardiovascular diseases that are associated with 
OSA include stroke6, heart failure7, coronary heart disease, and cardiac arrhythmias8 
including premature ventricular contractions (PVC), premature atrial contractions (PAC), 
and atrial fibrillation (AF) and atrial flutter9.  

Cardiac arrhythmias affect approximately 14 million U.S. adults and AF, the most 
common sustained cardiac arrhythmia affects an estimated 2 million U.S adults. 
Although the prevalence of OSA in AF compared with non-AF cardiology patients has 
been investigated, studies of OSA with cardiac arrhythmias especially PVCs and PACs 
are limited. While further study is needed to establish a clear mechanistic link between 
OSA and cardiac arrhythmias10, the mechanism likely involves increased intrathoracic 
pressure, autonomic imbalance, systemic and pulmonary hypertension11,12, intermittent 
hypoxia, atrial remodeling, and inflammation5. These conditions affect structural and 
electrical remodeling – the substrate for arrhythmias. Studies of OSA and cardiac 
arrhythmias are limited in the identification of cardiac arrhythmias, as none to our 
knowledge have used 48-hour continuous Holter monitoring, but rather relied on a 
single bipolar lead8, 12-lead ECG, and/or hospital medical records. Furthermore, 
several of these studies were conducted during a sleep study. One such study noted 
the potential for selection bias as the control group patients were identified based on 
having symptoms suggestive of OSA8,9. These methods for diagnosing cardiac 
arrhythmias would miss paroxysmal, asymptomatic, and/or intermittent arrhythmias; 
therefore, our study will contribute information on the association between OSA and 
cardiac arrhythmias in a community-based population using standardized 48-hour 
Holter monitoring to detect cardiac arrhythmias.  

 

 

 

Main Hypothesis/Study questions:  
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1. OSA will be associated with presence and burden of PVC and PAC measured by 48-
hour Holter monitoring in the ARIC 48-hour ambulatory electrocardiography ancillary 
study.  

2. OSA will be associated with presence and burden of AF measured by 48-hour Holter 
monitoring in the ARIC 48-hour ambulatory electrocardiography ancillary study. 

Study design:  

The study population will include African American and White participants from two 
ARIC sites (Jackson, MS and Forsyth county, NC) who participated in the 48-hour 
ambulatory electrocardiography ancillary study. Technicians at EPICARE (Wake Forest 
School of Medicine, Winston Salem, NC) centrally processed the recordings using the 
GE MARS 8.0.2 (GE, Milwaukee, WI) with a standardized protocol.  

Exclusion: Participants with poor quality measures – defined as Holter recordings with 
>10% noise or <20 hours of Holter recording time. We will also exclude three 
participants with Holter transmission issues resulting in no Holter recording, and one 
participant that came to the visit, but chose not to wear a monitor. We will also exclude 
participants with a paced rhythm on the 48-hour Holter monitor. 

Measurements 
Outcomes: Burden of PVC, PAC and AF on 48-hour Holter recording.  
We will define PAC and PVC separately as:  
1. Log of the (total number of PAC/hours of recording time) 
2. Log of the (total number of PVC/hours of recording time) 
3. Percentage of counts: total number of ectopic beats divided by the total number of 
beats recorded during the length of Holter monitoring x 100  

a. % PACs = (number of PACs / number of QRS complexes) x 100  
b. % PVCs = (number of PVCs / number of QRS complexes) x 100  

4. Quartiles and distribution-based cut-point based on the upper 20th percentile of the 
total counts 
 

We will define AF burden as the percent of time in AF over the 48 hour period. 
Presence of AF and other cardiac arrhythmias will be evaluated as categorical 
variables.  

Covariates: age, smoking, BMI, race, diabetes, education, study site, use of 
antiarrhythmic or vasoactive medications, and total cholesterol.  

Exposure: We will consider two definitions when defining OSA: 
1. Self-reported physician diagnosis of OSA using the AF ancillary study 

questionnaire conducted at the Holter study visit. Yes to any of these specific 
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questions will be used to assess self-reported physician diagnosis of OSA.  
Question 16: Have you ever used a CPAP or BIPAP machine for sleep 

 apnea, which are breathing machines you wear when sleeping?  
Question 17: Have you ever used a mouth piece for sleep apea that you 
wear when sleeping? 
Question 18: Have you ever had surgery for sleep apnea, called UPPP 
which is to remove tissue in your throat so the airway is wider? 

 
2. Hospital discharge records with ICD-9-CM code 327.23 (in any position).  

 
Statistical Analysis 
We will calculate the means and standard deviations (SD) for the participant 
characteristics at baseline and stratified by OSA. We will examine the association 
between prevalence of OSA and presence of PVC, PAC, or AF using logistic regression 
and we will use multivariable linear regression to examine the association between OSA 
and burden of PVC, PAC, or AF using inverse variance weighting with weights that 
account for the study’s complex sampling design and non-response. Models will be 
adjusted for confounders - age, smoking, BMI, race, education, study site, diabetes, use 
of antiarrhythmic or vasoactive medications, and total cholesterol. 
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the Study Members Area of the web site at:  
http://www.cscc.unc.edu/ARIC/search.php                    _X__ Yes  __ No 
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Aurora 
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a manuscript is not submitted for ARIC review at the end of the 3-years from the 
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public has access to the published results of NIH funded research.  It is your 
responsibility to upload manuscripts to PUBMED Central whenever the journal 
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