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4. Rationale:
Obstructive Sleep Apnea (OSA) is a common and chronic sleep disorder characterized by
collapse of the upper airway soft tissue during sleep causing recurrent and intermittent hypoxia
with hypercapnia resulting in frequent nocturnal awakening and sleep interruption (1, 2). Sleep
interruption occurs because the affected patient alternates between apnea and hyperpnoea as well
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as between sleep and arousal resulting in complications of hypoxia and hypercapnia and chronic 
sleep deprivation (2). Intermittent and chronic hypoxia associated with OSA causes increased 
oxidative stress, and inflammation (3). Symptoms of OSA include but are not limited to loud 
snoring, daytime sleepiness, fatigue, nocturnal awakening, and morning headache and morning 
sore throat (8). According to USPTF, the prevalence of OSA is estimated to be 10% for mild 
OSA and 3.8% to 6.5% for moderate to severe OSA (3, 4, and 5). OSA is associated with 
multiple commodities including diabetes (3), hypertension (4, 7), and heart disease like 
congestive heart failure, cardiac arrhythmia, pulmonary hypertension and coronary artery disease 
(7, 8).  OSA is also associated with stroke and TIA (7, 8, and 9). Studies suggest the 
pathophysiology of cardiovascular complications in OSA patients include endothelial 
dysfunction, coagulopathy, impaired sympathetic drive, oxidative stress and inflammatory stress 
(7, 8). Furthermore, OSA is associated with increase the risk of inflammation and cancer (10). 

Sleep and the circadian system play an important role in the immune system regulation (11).  
Chronic sleep disruption is believed to cause chronic stress and in doing so negatively impacts 
immune function. It is thought to result in increased susceptibly to infectious agents via 
alteration of the immune response and persistent low grade systemic inflammation (11, 12, and 
13). Most of these studies, however, were cross-sectional or evaluated acute impacts of sleep on 
inflammatory response. They did not study the long-term implications of OSA on infectious 
outcomes. Furthermore, pneumonia is the most common infectious cause of hospitalization and 
death among adults in the United States (21), and recent work showed that patients with OSA 
who are admitted for pneumonia have higher risk of mechanical ventilation, clinical deterioration 
and higher resource use but lower risk of inpatient mortality (22). This also suggests that patients 
with OSA may be more susceptible to severe inflammatory outcomes.    

Relatively little is presently known about association of OSA with risk of inflammatory 
outcomes, such as hospitalization for pneumonia or other infectious conditions. Therefore, we 
propose to investigate these associations using data from ~2,000 participants of the ARIC cohort 
who had polysomnography in 1996-1998 and have been followed through 2018 for 
hospitalizations. The primary outcomes will be risk of incident hospitalized infection 
(composite) or pneumonia. Secondary outcomes will be other infectious conditions.  

 
 
 
5. Main Hypothesis/Study Questions: 
 
Obstructive sleep apnea will be associated with greater risk of incident hospitalized infection 
(composite), respiratory infection, pneumonia, and other specific hospitalized infections.    
 
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). 
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Study Design 
The study will be a prospective cohort in which we will review data for patients who had 
polysomnography in 1996-1998 and have been followed through 2018.  
 
Inclusion: Polysomnography data via the ARIC Sleep Heart Health Study (SHHS) which took 
place shortly after ARIC visit 4. 
Exclusion: Central sleep apnea, participants who are not black or white, blacks from the MN and 
MD centers.   
 
Variables 
Exposures: Obstructive sleep apnea (OSA). OSA is defined by AHI as follows: 
Normal: Less than 5 events per hour  
Mild OSA: 5 – 14 events per hour 
Moderate OSA: 15-29 events per hour  
Severe OSA: More than 30 events per hour  
 
Outcome: ICD – 9 and ICD – 10 codes will be used to identify hospitalized infection 
(composite), as well as hospitalized respiratory infection, pneumonia, and other specific 
infections. We are using the same ICD-9 definitions as in ARIC MS # 2391”Hospitilized 
infection as a trigger for acute ischemic stroke”. We have cross-walked ICD-10 codes to ICD-9 
codes to allow for expanded follow up.  
 
Data Analysis: Descriptive statistics (means and proportions) will be provided. Cox proportional 
hazards regression will be used to evaluate the association between OSA categories and risk of 
incident pneumonia and hospitalized infection. Person-time will accrue from the date of the 
SHHS exam until hospitalization with an incident outcome of interest, loss-to-follow-up, death, 
or administrative censoring.  

- The proportional hazards assumption will be tested by evaluating the interaction between 
OSA categories and the natural log of person- time, and by visual inspection of graphs of 
the survival function vs survival time stratified by OSA categories. 

- Model 1 will adjust for age, sex, race, and center (5-level variable).  Model 2 will adjust for 
education level, physical activity, alcohol use, and smoking.  Model 3 will additionally 
adjust for, and BMI. Model 4 adjusted for COPD, asthma. Model 5 will adjust for kidney 
function, diabetes and prevalent CVD. Lastly, we will explore whether adjustment for 
systemic inflammation via CRP attenuates the association. 

- Multiplicative interactions by age (median split), sex, and BMI will be tested by including 
cross-product terms in the models. Stratified results will be reported regardless, given 
inherent interest 

 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? ____ Yes    ___X_ No 
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 b. If Yes, is the author aware that the current derived consent file ICTDER05 must be 
used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”  
and/or “Not for Profit” ? ____ Yes    ____ No 
(The file ICTDER has been distributed to ARIC PIs, and contains  
the responses to consent updates related to stored sample use for research.) 

 
8.a. Will the DNA data be used in this manuscript? ____ Yes    __X__ No 
 
8.b. If yes, is the author aware that either DNA data distributed by the Coordinating 

Center must be used, or the current derived consent file ICTDER05 must be used to 
exclude those with value RES_DNA = “No use/storage DNA”? ____ Yes    ____ No 

 
9. The lead author of this manuscript proposal has reviewed the list of existing ARIC 

Study manuscript proposals and has found no overlap between this proposal and 
previously approved manuscript proposals either published or still in active status.  
ARIC Investigators have access to the publications lists under the Study Members Area of 
the web site at:  http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html  

 
__X____ Yes     _______ No 

 
10. What are the most related manuscript proposals in ARIC (authors are encouraged to 
contact lead authors of these proposals for comments on the new proposal or 
collaboration)? 
 
#1867: Sleep apnea and biomarkers of myocardial stress and inflammation 
#3347: Sleep apnea and incidence of CKD 
#2871: Cardiac markers and risk of hospitalization with infection 
#2894: Infection as a trigger for CVD in the ARIC cohort  
#2391: Hospitalized infection as a trigger for acute ischemic stroke in the ARIC study  
 
 
 
 
11.a. Is this manuscript proposal associated with any ARIC ancillary studies or use any 
ancillary study data? _X___ Yes    ____ No 
 
11.b. If yes, is the proposal  

_X__  A. primarily the result of an ancillary study (list number*(1995.12) 
___  B. primarily based on ARIC data with ancillary data playing a minor role 
(usually control variables; list number(s)* __________  __________ __________) 

 
*ancillary studies are listed by number https://sites.cscc.unc.edu/aric/approved-ancillary-studies 
 
12a. Manuscript preparation is expected to be completed in one to three years.  If a 
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the 
approval, the manuscript proposal will expire. 

http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html
http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html
https://sites.cscc.unc.edu/aric/approved-ancillary-studies
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12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public 
has access to the published results of NIH funded research.  It is your responsibility to upload 
manuscripts to PubMed Central whenever the journal does not and be in compliance with this 
policy.  Four files about the public access policy from http://publicaccess.nih.gov/ are posted in 
http://www.cscc.unc.edu/aric/index.php, under Publications, Policies & Forms. 
http://publicaccess.nih.gov/submit_process_journals.htm shows you which journals 
automatically upload articles to PubMed central. 
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