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Abstract: Background: Medical comorbidities increase the risk of severe COVID-19 infection. In some studies, 
obstructive sleep apnea (OSA) has been identified as a comorbid condition that is associated with an increased 
prevalence of COVID-19 infection and hospitalization, but few have investigated this association in a general 
population. 
Research Question: In a general population, is OSA associated with increased odds of COVID-19 infection and 

hospitalization and are these altered with COVID-19 vaccination? 

Study Design: Cross-sectional survey of a diverse sample of 15,057 U.S. adults  

Results: COVID-19 infection and hospitalization rates were 38.9% and 2.9% respectively. OSA or OSA symptoms 

were reported in 19.4%. In logistic regression models adjusted for demographic, socio-economic and comorbid 

medical conditions, OSA was positively associated with COVID-19 infection (aOR: 1.58, 95%CI: 1.39-1.79) and 

COVID-19 hospitalization (aOR: 1.55, 95% CI: 1.17-2.05). In fully adjusted models, boosted vaccination status was 

protective against both infection and hospitalization. Boosted vaccination status attenuated the association between 

OSA and COVID-19 related hospitalization, but not infection. Participants with untreated or symptomatic OSA were 

at greater risk for COVID-19 infection; those with untreated, but not symptomatic OSA were more likely to be 

hospitalized.   

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 September 2022                   doi:10.20944/preprints202209.0383.v1

©  2022 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202209.0383.v1
http://creativecommons.org/licenses/by/4.0/


 2 

Interpretation: In a general population sample, OSA is associated with a greater likelihood of having had a COVID-

19 infection and a COVID-19 hospitalization with the greatest impact observed among persons experiencing OSA 

symptoms or who were untreated for their OSA. Boosted vaccination status attenuated the association between OSA 

and COVID-19 related hospitalization. 
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Abbreviations: 
 
OSA    Obstructive Sleep Apnea 
CDC    Centers for Disease Control and Prevention 
COPE    The COVID-19 Outbreak Public Evaluation Initiative 
aOR    adjusted odds ratios 
95%CI    95% confidence intervals 
BMI    body mass index as kilograms per squared meter (kg/m2) 
PAP    positive airway pressure 
SD    standard deviation 
 
Introduction 

 As of September 25, 2022, the mortality estimates from COVID-19 worldwide and in the U.S. are 6,536,722 

and 1,056,409 respectively.1 Early in the COVID-19 pandemic, it became apparent that individuals who were older 

or had common medical conditions were at greater jeopardy for COVID-19 related hospitalization and death.2,3  For 

example, among approximately 10,000 COVID-19 decedents during mid-February through mid-May 2020, nearly 

three-quarters had one or more underlying medical conditions (76.4%) or were aged ≥65 years (74.8%).4 While these 

risk factors garnered considerable attention, in many,5–17 but not all studies,18–20 obstructive sleep apnea (OSA) was 

identified as a risk factor as well. The degree to which OSA represents an independent risk factor for adverse COVID-

19 outcomes is uncertain; in several investigations, the impact of OSA was observed to be partially or completely 

explained by the presence of obesity and/or other comorbidities.2,11,13,21,22 Nevertheless, a meta-analysis of 13 studies 

found that OSA was associated with an increase in mortality from COVID-19.23 Furthermore, most studies of the 

association between OSA and COVID-19 were conducted in hospitalized populations,5,8,12,15–18,21 introducing the 

possibility of collider bias;24  there are relatively few studies in general population cohorts.7,14  

 Vaccination confers protection, albeit incomplete, against infection, hospitalization, and death from COVID-

19.25 However, vaccine induced and post-infection immunity declines with time,25 and therefore vaccine “boosters” 

are now recommended by the U.S. Centers for Disease Control and Prevention (CDC) and other international health 

authorities, particularly for those who are immunocompromised.26,27 In a recent review, vaccination against COVID-

19 was noted to be effective in those with common comorbidities.28 However, whether vaccination alters risks of 

COVID-19 infection or hospitalization in persons with OSA has not been determined.  
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 This study aimed to evaluate whether persons with OSA have differential risk of COVID-19 outcomes (infection, 

hospitalization) and whether vaccinations attenuated such risk. To accomplish this, we used data from the first three 

2022 waves of The COVID-19 Outbreak Public Evaluation (COPE) Initiative (http://www.thecopeinitiative.org/), a 

program focused on accumulating data on public attitudes, behaviors and beliefs related to the COVID-19 pandemic 

from large scale, demographically representative samples.  

Methods 

Study Design and Participants 

 From March 10, 2022 to June 2, 2022, the COPE Initiative administered three successive waves of surveys 

focused on accumulating data on the prevalence and sequelae of COVID-19 infection. Dates of administration were 

Wave 1 (March 10-30, 2022), Wave 2 (April 4-May 1, 2022) and Wave 3 (May 4-June 2, 2022); each wave consisted 

of more than 5000 unique participants who were recruited to approximate population estimates for age, sex, race, and 

ethnicity based on the 2020 U.S. census. Surveys were conducted online by Qualtrics, LLC (Provo, Utah, and Seattle, 

Washington, U.S.), using their network of participant pools with varying recruitment methodologies that include 

digital advertisements and promotions, word-of-mouth and membership referrals, social networks, television and radio 

advertisements, and offline mail-based approaches. Informed consent was obtained electronically. The study was 

approved by the Monash University Human Research Ethics Committee (Study #24036). 

Survey Items 

 Participants self-reported demographic, anthropometric, and socioeconomic information including age, race, 

ethnicity, sex, self-reported height and weight, education level, employment status and household income. In addition, 

they reported information on several current and past medical conditions by answering the question: “Have you ever 

been diagnosed with any of the following conditions?” In addition to OSA, opportunity was provided to endorse high 

blood pressure, cardiovascular disease (e.g., heart attack, stroke, angina), gastrointestinal disorder (e.g., acid reflux, 

ulcers, indigestion), cancer, chronic kidney disease, liver disease, sickle cell disease, chronic obstructive pulmonary 

disease and asthma. Possible responses to each condition were “Never”, “Yes I have in the past, but don’t have it 

now”, “Yes I have, but I do not regularly take medications or receiving treatment”, and “Yes I have, and I am regularly 

taking medications or receiving treatment”. 

 Symptoms of OSA were obtained from responses to the Pittsburgh Sleep Quality Index which was embedded 

into each survey and included items related to roommate or bedpartner reported “loud snoring” and “long pauses 

between breaths while you sleep”.29 In addition, sleepiness was assessed from the following item in the questionnaire:  

During the past month, how often have you had trouble staying awake while driving, eating meals, or engaging in 

social activity”. Possible responses to all three items were “Not during the past month”, “less than once a week”, Once 

or twice a week” or “Three or more times a week”. 

 Each survey contained identical items related to COVID-19 infection status, COVID-19 related hospitalization, 

and the number of COVID-19 vaccinations participants had obtained. Ascertainment of past COVID-19 infection was 
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obtained using responses from following questions related to COVID-19 testing or the presence of loss of taste or 

smell: 

1. “Have you ever tested positive?” 

2. “Despite never testing positive, are you confident that you have had COVID-19?” 

3. “Despite never testing positive, have you received a clinical diagnosis of COVID-19?” 

4. “Have you experienced a problem with decreased sense of smell or taste at any point since January 

2020?” 

History of hospitalization for COVID-19 was assessed with an affirmative response to the following 

statement: “I have been hospitalized for symptoms related to COVID-19.” COVID-19 vaccination status was 

ascertained by asking “How many COVID-19 vaccine doses have you received? (If you have had two doses of one 

brand and one of another, please select three)”. Participants were allowed to respond from 0 to 4.  

Statistical Analyses 

 Summary data for continuous or ordinal variables are reported as their respective means and standard deviations 

(SD) and for categorical variables as their percentages. After preliminary analyses, we defined a positive history of 

COVID-19 infection as an affirmative response to having tested positive for COVID-19, a confident assumption of 

having had COVID-19 or a clinical diagnosis of COVID-19. Participants were considered to have OSA if they 

endorsed currently having the condition whether treated or not or if they had two or more symptoms of OSA. 

Vaccination status was dichotomized as Boosted (>2 vaccinations) or Not Boosted (<2 vaccinations). Comorbid 

medical conditions were defined as currently having the condition whether treated or untreated. The effect of comorbid 

medical conditions was evaluated by summing the number of conditions reported by the participant (minimum value 

0, maximum value 9). The number of comorbid medical conditions was also assigned into terciles. Body mass index 

(BMI) was calculated using self-reported height and weight as kg/m2. Socioeconomic covariates were dichotomized 

as follows: employment (retired vs. not retired), education (high school or less vs. some college) and income in U.S. 

Dollars (<$100,000 vs >$100,000).  

 Comparisons of continuous or ordinal variables stratified by COVID-19 infection status or history of COVID-

19 hospitalization were performed using Student’s unpaired t-test. Bivariate comparisons of categorical variables 

stratified by COVID-19 infection or history of COVID-19 hospitalization were completed using χ2.  

 Multivariable modelling using logistic regression was utilized to determine whether OSA was associated with 

COVID-19 infection and hospitalization and whether boosted vaccination status attenuated any association. For both 

COVID-19 infection and COVID-19 related hospitalization, a baseline model was constructed using only OSA, 

Boosted vaccination status and their interaction. We then developed increasingly complex models by sequentially 

including demographic factors, comorbidities, and socioeconomic factors. We also assessed whether the association 

with COVID-19 infection or hospitalization was different for participants who were treated for OSA by further 

stratifying these individuals as treated or untreated in fully adjusted logistic regression models. A similar analysis was 
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performed after classifying OSA as asymptomatic or symptomatic. Results of the logistic regression models are 

presented as adjusted odds ratios (aOR) and their 95% confidence intervals (95% CI).  

To determine whether our definition of COVID-19 infection status influenced our results, we performed 

sensitivity analyses with stricter (i.e., using COVID-19 infection as a positive test only) and broader (i.e., our original 

definition plus loss of taste or smell as an indicator of a past COVID-19 infection).30 Additional sensitivity analyses 

were conducted with an OSA definition that omitted symptoms without self-report of OSA.  

 All analyses were conducted using IBM SPSS version 28 (Armonk, NY). A p<0.05 was considered statistically 

significant. 

Results 

Table 1 shows the bivariate associations between COVID-19 infection status, OSA and co-morbid medical, 

demographic, and social characteristics of the cohort. Of the 15057 respondents, 5857 (38.9%) had at least one 

COVID-19 infection and 2926 (19.4%) had OSA. The prevalence of OSA among COVID-19 respondents was 

substantially higher than those negative for COVID-19 (29.6 vs. 13.0%, p<0.001). COVID-19 positive in comparison 

to COVID-19 negative participants were younger (39.3 ± 15.3 vs. 50.3 ± 18.1 y, p<0.001), slightly higher body mass 

index (BMI: 28.6 vs. 28.3 kg/m2, p<0.05) had more comorbidities (1.7 ± 2.4 vs. 0.7 ± 1.2, p<0.001) and were less 

likely to have received a COVID-19 booster vaccination (26.2 vs. 46.8%, p<0.001). COVID-19 positive participants 

also were more likely to be non-White, not retired and have an income less than $100,000 per year (all p<0.05 or 0.01). 

Table 2 displays the bivariate associations between COVID-19 related hospitalizations, OSA and medical, 

demographic, and social characteristics of the cohort. There were 432 participants with at least one COVID-19 related 

hospitalization The prevalence of OSA in individuals who had been hospitalized was higher than in those not 

hospitalized (38.2 vs. 18.9%, p<0.001).  Those who had been hospitalized were younger (40.3 vs. 46.2 y, p<0.001), 

had a greater number of comorbidities (2.5 vs. 1.1, p<0.001), were more likely to be male (56.1 vs. 48.7%, p<0.001), 

and less likely to have received a COVID-19 booster vaccination (26.2 vs. 39.1%, p<0.001). Hospitalized patients 

also were more likely to be non-White, not retired, have an income greater than $100,000 per year and be more 

educated.  

In Table 3 are logistic regression models displaying adjusted odds ratios for having had a COVID-19 

infection in association with OSA and having received a COVID-19 booster vaccination. In a baseline model adjusting 

for age, sex and combined race and ethnicity, OSA was associated with nearly three times higher odds of reporting 

one or more COVID-19 infections (aOR: 2.95, 95%CI: 2.65-3.28). This association was attenuated but remained 

statistically significant in subsequent additive models adjusting for demographic factors, medical comorbidities and 

socioeconomic variables. In the final model, there was a 58% higher probability of COVID-19 infection among 

persons with OSA (aOR: 1.58, 95%CI: 1.39-1.79). Boosted vaccination status was protective against COVID-19 

infection in the baseline model adjusting for age, sex and combined race and ethnicity (aOR: 0.42, 95% CI: 0.39-0.46) 

and this association was maintained in the fully adjusted model (aOR: 0.58, 95% CI: 0.53-0.64). There was a 
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significant interaction between OSA and boosted vaccination status in the demographic model (aOR: 0.81, 95% CI: 

0.68-0.98). However, this finding was not significant in the fully adjusted model.  

Table 4 displays logistic regression models evaluating the relationships between COVID-19 related 

hospitalization, OSA and boosted vaccination status. In the baseline model which adjusted for age, sex and combined 

race and ethnicity, OSA was positively associated with COVID-19 hospitalization (aOR: 2.22, 95% CI: 2.34-3.65). 

This relationship was attenuated but remained significant in the final model which adjusted for demographic factors, 

comorbidities and socioeconomic variables (aOR: 1.55, 95% CI: 1.17-2.05). Boosted vaccination status was protective 

against COVID-19 related hospitalization both in the baseline (aOR: 0.48, 95% CI: 0.36-0.63) and the final fully 

adjusted model (aOR: 0.53: 95%CI: 0.39-0.72). The interaction between OSA and boosted vaccination status was 

significant in the baseline model (aOR: 0.59, 95% CI: 0.36-0.63) and in the final fully adjusted model (aOR: 0.53, 95% 

CI: 0.33-0.85). 

In Table 5 are fully adjusted logistic regression models illustrating the associations between COVID-19 

infection or hospitalization and participants who were treated or untreated for their OSA and participants who were 

OSA asymptomatic or OSA symptomatic. Both treated and untreated OSA were positively associated with COVID-

19 infection, but those who were untreated were at slightly greater risk (aOR: 1.67 vs. 1.33, p<0.001 for comparison 

of untreated vs. treated). With respect to COVID-related hospitalization, there was a positive association only in those 

who were untreated (aOR: 1.54, 95% CI: 1.15-2.07). Both symptomatic and asymptomatic OSA were positively 

associated with COVID-19 infection, but this relationship was stronger in those who were symptomatic (aOR: 1.91 

vs. 1.46, p<0.05 for comparison of symptomatic vs. asymptomatic). When OSA was stratified by the presence of 

symptoms, neither symptomatic OSA nor asymptomatic OSA were associated with COVID-19 hospitalization.   

 Sensitivity analyses using alternative definitions of COVID-19 infection also confirmed an association with 

OSA and the effectiveness of having received a vaccine booster. However, the interaction between OSA and boosted 

vaccination status was not significant. There were similar findings when the definition of OSA did not include OSA 

symptoms without a self-reported diagnosis.  

Discussion 

 Our analyses observed that the prevalence of OSA was substantially higher in persons who had been infected 

with COVID-19 or who had been hospitalized for COVID-19. These associations persisted even after adjustment for 

demographic and socioeconomic covariates and medical comorbidities. Although boosted vaccination status was 

found to have a protective association with COVID-19 infection, it did not attenuate the relationship between OSA 

and COVID-19 infection. However, it did appear to be associated with a decrease in OSA-related COVID-19 

hospitalizations. Additional analyses suggest that these associations between OSA and COVID-19 infection or 

hospitalization were stronger in those who are untreated for OSA or who have OSA symptoms. 

 The principal finding in our study was that OSA is associated with COVID-19 infection and hospitalization 

after adjustment for multiple medical comorbidities including BMI. Our results are consistent with many other studies 

demonstrating that OSA appears to be a risk factor for COVID-19 infection or hospitalization 5–8,10,12,14–17,31,32 as well 
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as for influenza.33 However, these prior studies utilized hospital records or other databases to identify COVID-19 

cases with or without OSA and in some cases were susceptible to collider bias. In contrast, our data are derived from 

a large general population survey. Our findings are very similar to a report from another large cross-sectional survey 

that utilized the STOP-BANG questionnaire to classify participants as high or low risk for OSA.7 The latter study 

found a 25.5% prevalence of high risk for OSA in COVID-19 positive versus 9.0% in COVID-19 negative participants. 

In contrast, we identified COVID-19 infection based on self-report of a positive test, clinical diagnosis or symptoms 

and noted a 29.6% prevalence of OSA in COVID-19 positive versus 13.0% in COVID-19 negative participants. 

Prevalence rates for COVID-19 hospitalization also were comparable. Therefore, our findings provide strong 

additional support for the concept that OSA increases the risk for COVID-19 infection and hospitalization. 

 The explanation for why OSA is a potential risk factor for COVID-19 infection or hospitalization is unclear.34,35 

There is substantial evidence that OSA is an inflammatory condition.36 Intermittent hypoxemia promotes the release 

of inflammatory cytokines such as interleukin-6, c-reactive protein, and tumor necrosis factor-α.37 It is possible that 

introduction of the SARS-CoV-2 virus into a pre-existing inflammatory milieu could increase the likelihood of more 

severe COVID-19 outcomes. Such a scenario has been suggested as one possible explanation of why there is an 

increased risk of severe COVID-19 in diabetics in whom chronic inflammation is frequently present.38 There also is 

some evidence OSA is associated with cellular immune dysfunction.39 Additionally, sleep deprivation can occur with 

OSA and the former may lead to a chronic low-grade inflammatory state.40 All or some of the above could lead to 

enhanced susceptibility to COVID-19 infection. Alternatively, the elevated risk conferred by OSA may be related to 

its co-occurrence with obesity or heart disease. In contradistinction to the aforementioned potential mechanisms, other 

studies suggest that hypoxemia explains the association of OSA with COVID-19.22,41  

 Our finding that boosted vaccination status was protective against COVID-19 infection and hospitalization is 

consistent with previous surveillance reports of vaccine effectiveness.42 We also observed that boosted vaccination 

status attenuated the increased risk conferred by OSA associated with hospitalization, but not for infection. This 

supports current doctrine that COVID-19 vaccination boosters are critically important for preventing severe infection, 

hospitalization, and death. 

 Participants with OSA symptoms were more likely than those without symptoms to have had a COVID-19 

infection although this finding was not observed for COVID-19 hospitalization. There is some evidence to support the 

concept that OSA with excessive daytime sleepiness represents a distinct phenotype of OSA with greater susceptibility 

to adverse consequences such as cardiovascular disease.43 Our results suggest that this phenotype may be important 

in risk for developing COVID-19 infection as well.  

 In our study, persons with OSA who were reported receiving treatment had lower risk for both COVID-19 

infection and hospitalization. Although we did not collect data on the type of OSA treatment participants were 

receiving, positive airway pressure (PAP) is the most prescribed form of therapy and there is no reason to believe this 

study sample differed. Recent studies also indicate that treatment of OSA with PAP reduces or is not associated with 

COVID-19 infection, respiratory failure, or death.44,45 Thus, our results provide additional evidence to support the 

hypothesis that treatment of OSA may reduce the risk of COVID-19 infection or hospitalization. PAP therapy appears 
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to at least partially correct altered inflammatory responses in OSA,46 and has also been used to treat hypoxemia in 

COVID-19, which may explain the improved outcomes on PAP. 

 Several demographic and socioeconomic factors in this study were related to a higher prevalence of COVID-

19. Although older age is a risk for developing more severe COVID-19 outcomes, 2,3 we observed that infection 

occurred more frequently in younger persons and those who were working. This is consistent with data from a large 

community-based study who also found higher infection rates at lower ages later in the pandemic.47 Most likely this 

reflects greater interpersonal interaction and hence greater exposure to the SARS-CoV-2 virus resulting from 

employment and less adherence to viral transmission mitigation strategies among young individuals. Our results 

indicating that COVID-19 was more common among non-Whites and those with lower income are consistent with 

previous reports and highlight the racial and socioeconomic disparities of the pandemic.48,49  

 The most important limitation to this study is that both identification of COVID-19 infection and OSA were by 

self-report which may have resulted in misclassification of the exposure and/or outcome. However, we do not have 

reason to believe that the direction of any misclassification would have systematically differed and altered our 

conclusions. Sensitivity analyses indicate that changes in definitions of both OSA and COVID-19 infection resulted 

in similar findings. By including in our classification of OSA those with symptoms of OSA, we reduced the impact 

of undiagnosed OSA in our analyses. Additionally, we also recognize that the number of participants reporting a 

COVID-19 hospitalization was relatively small. Finally, our analyses were cross-sectional. Although we believe that 

most participants had OSA prior to their COVID-19 infection, OSA has been reported to develop after COVID-19.50 

Nevertheless, we believe that these limitations are counterbalanced by the strength of this study in which >15,000 

participants were surveyed in a general population. 

 In conclusion, OSA is associated with an increased prevalence of both COVID-19 infection and hospitalization. 

Boosted vaccination status did not attenuate the increase in risk of COVID-19 infection associated with OSA but did 

reduce the association with hospitalization. In addition, these findings are most apparent in those who are symptomatic 

and untreated.  Further research is necessary to understand the mechanisms underlying the increased in COVID-19 

infection and hospitalization conferred by OSA. 
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