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ABSTRACT

Objective: To assess the frequency of coronavirus disease-2019 (COVID-19) and the effect of obstructive sleep
apnea (OSA) management on COVID-19 among patients with confirmed OSA.
Design: Cross-sectional telephone interview survey.
Setting: Academic sleep labs.
Participants: Iranian adults > 18 years old with confirmed OSA.
Results: Among 275 participants with OSA, 20% (n = 55) were suspected to have history of COVID-19 but had
no positive test, and 18% (n = 51) were in the definite COVID-19 group according to their reported symptoms
or confirmed positive test. Having severe OSA (apnea hypopnea index > 30) was associated with an increased
risk of definite COVID-19, with an odds ratio (OR) with 95% confidence interval (95% CI) of 2.31 (0.87-5.55)
compared to having mild OSA in definite COVID-19 group. Those not undergoing treatment for OSA had an
OR (95% CI) of 2.43 (1.26-4.67) for definite COVID-19 compared to those accepting treatment in definite
COVID-19 group. Total sleep times (TSTs) were 354, 340, and 320 minutes in healthy, suspected, and COVID-
19 groups, respectively; TST was associated with COVID-19 (P-value = .04). Similarly, sleep efficiency (SE)
scores were 75.7, 74.2, and 67.9% for the healthy, suspected, and COVID-19 groups, respectively (P-
value =.005); Beck Depression scores were 13.8, 13.0, and 17.7, respectively (P-value = .056).
Conclusions: OSA as a proinflammatory condition with multiple comorbidities may be a contributing factor to
developing COVID-19. Greater OSA severity, no treatment for OSA, and lower TST and SE were associated
with increased COVID-19 prevalence among patients with OSA.

© 2020 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

are common in individuals with OSA, are also important risk factors
for severe COVID-19.'":12

Since December 2019, the coronavirus disease-2019 (COVID-19)
outbreak has been a global pandemic affecting more than 180 coun-
tries. Due to the increased prevalence of the disease in those with
attenuated immune responses,'” immune system function is the
most important reported factor in COVID-19 prognosis.

Obstructive sleep apnea (OSA) could reduce sleep quality with
intermittent hypoxemia and sleep fragmentation through the night,
which is an important factor influencing the immune system.*” Obe-
sity and male sex are risk factors for developing both COVID-19%°
and OSA.'° Comorbidities like cardiovascular disease, heart failure,
hypertension, cerebrovascular diseases, and diabetes mellitus, which
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Therefore, we hypothesize that the prevalence of COVID-19 may
be different in patients suffering from OSA than in the general popu-
lation. Furthermore, patients with more severe OSA may be at even
greater risk for infection with COVID-19; when the right treatment
for OSA is prescribed and followed, the prevalence of COVID-19 could
be reduced in this population.

To the best of our knowledge, this is one of the first articles evalu-
ating the importance of OSA management in the coronavirus infec-
tion. We designed this study to investigate the association between
OSA severity and the development of COVID-19 and to explore
whether the prevalence of COVID-19 differs among OSA patients.

Participants and methods

This was a cross-sectional study conducted at Baharloo and Imam
Hospital sleep labs. The study was approved by the ethics committee
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of Tehran University of Medical Sciences (IRTUMS.VCR.
REC.1399.225). Verbal consent was obtained from all study partici-
pants. Participants were patients at one of two clinics, diagnosed
with OSA according to the International Classification of Sleep Disor-
ders Third Edition (ICSD3) criteria after undergoing overnight poly-
somnography (PSG). Analysis and interpretation of PSGs have been
done by sleep medicine specialists. The scoring criteria to define
hypopneas were a minimum of 3% O, desaturation from pre-event
baseline or arousal after a drop of at least 30% in flow sensor for 10
seconds or more.

Approximately 400 patients over age 18 underwent diagnostic in-
laboratory PSG at Baharloo sleep clinic and Imam sleep clinic
between September 2019 and January 2020 and were found to have
OSA as defined by an apnea hypopnea index (AHI) > 5 events/h and
clinical symptoms. Telephone interviews were attempted by sleep
technicians for 396 patients. Of this group, 98 patients could not be
contacted and 23 refused to participate in the study. As a result, 275
participants (approximately 70% of eligible patients) were success-
fully contacted to obtain COVID-19 history from April 21, 2020 to
May 5, 2020. No deaths were reported by the contacted patients or
their family members; however, we are not certain that the nonres-
pondents were alive.

Participants completed a brief questionnaire regarding symptoms of
COVID-19 and described their history of infection confirmed by polimer-
ase chain reaction (PCR) and/or computerized tomography (CT) scan,
leading to at-home quarantine or hospital admission. The questionnaire
asked about sudden onset of cough, shortness of breath, fever, chills,
sweating, headache, fatigue, myalgia, conjunctivitis, sore throat, rhinitis,
anorexia, nausea, diarrhea, sleepiness, and altered taste and smell in the
timeframe from January 2020 to the time of telephone interview. Our
sleep technicians described the PCR and CT tests so that participants
could report for which test they received a positive result. Participants
with dyspnea and/or self-reported COVID-19-positive PCR or CT tests
were defined as COVID-19-positive patients.

Participants with only fever, cough, myalgia, and sweating were
classified as suspected of COVID-19. Participants who did not report
any of the aforementioned symptoms were classified as healthy.
Then, the three groups—COVID-19-positive, suspected COVID-19,
and healthy—were compared in further data analysis.

OSA treatment was assessed as part of the COVID-19 telephone
interviews. OSA treatment was defined as adherence to recom-
mended therapy, including positive airway therapy, upper airway
surgery, and oral appliance, with or without alternative therapies
(weight loss or position therapy). Self-reported adherence to positive
airway pressure (PAP) was defined as a minimum use of 4 hours per
night for at least 5 nights per week in the previous month.

Other patient characteristics, including baseline Insomnia Severity
Index (ISI) score, Epworth Sleepiness Scale (ESS) score, Beck Depression
Inventory II (BDI-II), and self-reported underlying diseases (hypertension,
stroke, diabetes, thyroid disease, lung disease, depression, heart disease),
were recorded from available medical records of patients at sleep labs.
Validated questionnaires in the Persian language, including the ESS,"
ISL,'* and BDI-II'® were administered. The total scores of these question-
naires were used for further data analysis.

Statistical analysis

In the present study, the mean + standard deviation or frequency
and percent were used for continuous and categorical variables,
respectively. Student’s independent t test and one-way ANOVA anal-
yses were used to compare two and more-than-two continuous vari-
ables, respectively. The differences in categorical variables were
examined using a chi-square test. We assessed differences in COVID-
19 prevalence in terms of apnea severity category and treatment
using a multinomial logistic regression model adjusted for age, sex,

body mass index (BMI), and pulmonary diseases; the healthy group
was used as the reference group. We compared patients with and
without treatment for OSA using a trend graph.

Results

The mean age of the 275 patients who completed the study was
49.0 + 12.7 years, and the mean BMI was 30.4 + 5.6 kg/m?. A total of
178 (65%) patients were male. Other patient characteristics including
comorbidities are also summarized in Table 1. Fifty-five participants
(20%) were categorized in the suspected group, and 51 (18%) were in
the COVID-19-positive group. Of those in the COVID-19-positive
group, 4 (7%) participants reported admission to the hospital but not
the intensive care unit, and the others reported outpatient treatment.
In total sleep times (TST), SE, and pulmonary disease, P-values were
less than 0.05. TSTs in healthy, suspected, and COVID-19 positive
groups were about 354, 340, and 320 minutes, respectively. The trend
was similar in the SEs. The percentages of those with pulmonary dis-
eases in healthy, suspected, and COVID-19 positive groups were 8.9%,
9.1%, and 21.6%, respectively. There was also an increasing pattern in
ISI score in these three groups.

Frequencies of fever, chills, and sweating reported in the study
population were 47 (17.1%), 42 (15.3%), and 27 (9.8%), respectively.
Fifty-one patients (18.5%) had a cough, and 27 patients (9.8%) had
shortness of breath. Other symptoms included headache (10.2%),
fatigue (13.8%), myalgia (15.3%), conjunctivitis (34.9%), sore throat
(12.4%), rhinitis (13.8%), anorexia (5.8%), nausea (4%), diarrhea (3.3%),
sleepiness (6.9%), and altered taste and smell (6.5%).

As shown in Table 2, the percentages of COVID-19-positive patients in
mild (AHI 5-15 events/h), moderate (AHI 15-30 events/h), and severe
OSA (AHI > 30 events/h) groups were 14%, 16.7%, and 20.3%, respec-
tively. In patients who did not receive any treatment, 20.2% were COVID-
19 positive vs. 14.8% in those with treatment. The odds of definite
COVID-19 were higher greater in participants with severe OSA after
adjustment for age, sex, BMI, and pulmonary diseases compared to those
with mild OSA, although the association was not statistically significant.
Patients who had no treatment for OSA had higher odds (2.43) of being
in the definite COVID-19 group than those receiving treatment. Most
patients on treatment were using PAP therapy (80%).

Fig. 1 presents the prevalence of COVID-19 in patients with mild,
moderate, and severe OSA in terms of apnea management. The preva-
lence of COVID-19 was lower in patients in the management group
than in patients in the no management group for all categories of
OSA severity.

Discussion

Most of the patients in our study were middle-aged and had high
BMIIs. The prevalence of COVID-19 was about 18%. We observed that
in patients with OSA, COVID-19 was associated with lower TST and
SE values. Furthermore, the group reporting the highest BDI-II scores
was the COVID-19-positive group. Patients with histories of pulmo-
nary disease were more prone to COVID-19; however, the other
underlying diseases did not have statistical associations with the
prevalence of COVID-19.

In the present study, men with OSA had a lower chance of report-
ing COVID-19. The prevalence of COVID-19 was higher in the group
with severe OSA at baseline, and the patients who reported treat-
ment for OSA had lower COVID-19 than those not receiving treat-
ment. Although OSA severity was associated with higher prevalence
of COVID-19, participants using OSA treatment had a lower preva-
lence of COVID-19 than those in the no-treatment group.

Because being obese or overweight with underlying diseases is
common among our OSA patients, we expected high prevalence of
COVID-19 in this population. Based on a meta-analysis, hypertension
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Table 1

Descriptive characteristics and risk factors for COVID-19 among participants

Total Healthy Suspected COVID-19  COVID-19 + P-value

(n=275) (n=169) (n=55) (n=51)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (year) 49.0 (12.7) 49.4(12.6) 48.6 (12.4) 48.2(13.7) 796
BMI (kg/m?) 30.4(5.6) 30.0(5.3) 31.2(6.1) 31.0(5.9) .265
AHI (per hour) 48.7 (35.0) 47.8 (34.9) 46.9 (35.5) 53.4(25.2) 561
MinSpO2 (%) 76.7 (10.8) 77.5(9.9) 76.4(11.0) 74.3(12.8) 187
Mean SpO2 (%) 90.3(5.1) 90.7 (4.0) 88.9 (8.4) 90.8 (3.4) .061
Sp02 < 90 (Time%) 27.4(304) 26.5(30.0) 29.9(31.8) 29.0(30.5) 817
TST (min) 3454 (82.2) 354.1(76.9) 340.2 (91.1) 320.4(85.8) .042
SE 74.0(15.1) 75.7 (13.9) 742 (13.8) 67.9(18.5) .005
BDI-II 14.3(11.2) 13.8(10.8) 13.0(10.3) 17.7(13.1) .056
ISI 13.0(5.8) 12.5(5.9) 13.1(5.2) 14.6 (5.9) .085
ESS 9.8 (5.7) 9.8 (5.8) 10.5(5.5) 9.0(5.3) 409

Frequency (percent)  Frequency (percent)  Frequency (percent)  Frequency (percent)  P-value
Sex (men) 178 (65.0) 115(68.5) 35(63.6) 28 (54.9) .201
Age > 50 127 (46.2) 77(45.6) 25(45.5) 25(49.0) 910
BMI > 35 46 (16.7) 27(16.0) 9(16.4) 10(19.6) .828
Smoking (yes) 74(27.2) 47 (28.0) 10(18.5) 17 (34.0) 195
Hypertension (yes) 79 (28.7) 47 (27.8) 19(34.5) 13(25.5) .538
Cardiovascular diseases (yes)  49(17.9) 28(16.8) 7(12.7) 14(27.5) 116
Stroke (yes) 16(5.8) 12(7.1) 1(1.8) 3(5.9) .348
Pulmonary diseases (yes) 31(11.3) 15(8.9) 5(9.1) 11(21.6) .036
Diabetes (yes) 48(17.5) 31(18.3) 7(12.7) 10(19.6) 574
Thyroid diseases 34(12.5) 22(13.2) 8(14.5) 4(8.0) 547
Depression 72(26.2) 40(23.7) 13(23.6) 19(37.3) 137

AHI, apnea hypopnea index; BDI, Beck Depression Inventory; BMI, body mass index; ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity

Index; SD, standard deviation; SE, sleep efficiency; TST, total sleep times.

(21.1%), followed by diabetes (9.7%), cardiovascular disease (8.4%),
and respiratory disease (1.5%), were comorbid conditions of COVID-
19.1° In the present study, the prevalence of chronic comorbidities
with OSA was high; however, perhaps because they were undergoing
treatment, the reported prevalence was not as high as we expected.
The comorbidities we studied are considered proinflammatory condi-
tions that attenuate patients’ immunity (e.g., against COVID-19)."”
However, one of the most important diseases involving multiple
organs in this meta-analysis and other investigations is OSA as a sep-
arate risk factor for COVID-19 susceptibility. Risk factors for OSA are
approximately shared with COVID-19, providing a vulnerable inflam-
matory state in patients for developing COVID-19. In the sleep heart
health cohort, hypertension was the most frequent comorbidity of
COVID-19, at approximately 59%, 62%, and 67% in mild, moderate,
and severe OSA, respectively. Patients with OSA also are at increased
risk of other comorbidities such as stroke,'® daytime hypertension,
obesity, impaired glucose metabolism, and diabetes.*-*°

Table 2
Associations of COVID-19 with OSA severity and treatment

Furthermore, current research showed that obesity and female
sex put people with OSA at higher risk of COVID-19, although the
association was not statistically significant. Almost all of our partic-
ipants were obese or overweight. Consistent with other studies, we
observed that obese patients have a higher risk of developing
COVID-19. On the other hand, we know that obesity is a known
risk factor for OSA.'° Years of research on OSA indicates middle age
and obesity as risk factors of OSA. We hypothesized a higher preva-
lence of COVID-19 in this population because of shared known risk
factors. We expected male sex to be a risk factor for COVID-19, but
men in our study reported a lower prevalence of COVID-19. This
may be due to fewer reported symptoms by men during the inter-
view or the possible influence of OSA on sex susceptibility to
COVID-19. These findings warrant the assessment of OSA or consid-
eration of OSA treatment to prevent developing COVID-19 or its
mortality. However, more investigation is required among different
populations.

Suspected COVID-19
Frequency (percent)

COVID-19+
Frequency (percent)

Suspected COVID-19
Adjusted OR (95% CI)*

COVID-19+
Adjusted OR (95% CI)*

AHI (5-15) 43 7(16.3) 6(14)
AHI (15-30) 60 18 (30) 10(16.7)
AHI >30 172 30(17.4) 35(20.3)
Treatment for apnea

Yes 81 26(32.1) 12(14.8)
No 188 28(14.9) 38(202)

1% 1+
1.81(0.67-4.93) 1.04 (0.40-2.69)
157 (0.61-4.95) 2.31(0.87-5.55)

- .
0.83 (0.39-1.75) 243 (1.26-4.67)

OR, odds ratio; AHI, apnea hypopnea index.

* Adjusted odds ratio for age, sex, BMI, and pulmonary diseases.

**In the multinominal logistic regression, healthy group (without COVID-19) and patients with AHI 5-15 were considered as refer-

ence groups.

***In the multinominal logistic regression healthy group (without COVID-19) and patients with treatment are considered as refer-

ence groups.
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Fig. 1. Comparison of COVID-19 prevalence among OSA patients according to apnea management.

In the adjusted regression model of risk factors for COVID-19 (age,
sex, obesity, pulmonary diseases, OSA severity, and treatment for
0SA), severe and moderate OSA were associated with higher clinical
odds for developing COVID-19, although the association was not sta-
tistically significant, possibly due to low statistical power and small
sample size. Intriguingly, the group of OSA patients with no treat-
ment had a significantly higher chance of contracting COVID-19, an
important issue that warrants further investigation among the popu-
lation of OSA patients.

OSA is associated with intermittent nocturnal hypoxemia, sleep
fragmentation with possible lower mean oxygen saturation levels at
night. OSA is a low-grade chronic inflammatory disease, associated
with higher circulating levels of inflammatory markers including
such as C-reactive protein, interleukin-6, interleukin-8, tumor necro-
sis factor alpha, intercellular adhesion molecule-1, and vascular cell
adhesion molecule-1, independent of obesity.?!*>> This is a condition
that may increase the susceptibility of patients with OSA to COVID-
19. Good compliance to CPAP therapy has been associated with the
reduction of immune response factors in OSA patients.?!

We saw a lower prevalence of COVID-19 in OSA patients who
underwent OSA treatment, highlighting the role of OSA management
in tackling COVID-19 and the need to attend to sleep disorders in
management and prevention strategies and investigations of the
novel coronavirus. Besides attenuated immune function, higher odds
of developing COVID-19 in the no-treatment group may be related to
socioeconomic factors and cultural issues. This portion of participants
may have experienced more socioeconomic and financial problems
in the lockdown period, limiting their access to health care services
for the management of OSA or other comorbid conditions (e.g., PAP
device or oral appliance). Thus, lower socioeconomic status can lead
to poorer health outcomes in the no-treatment group and conflate
the treatment for OSA and risk of COVID-19. Thus, adjustment for the
socioeconomic status of OSA patients is recommended in future stud-
ies of COVID-19 in this population.

The other factor that may make OSA patients more susceptible to
COVID-19 is sleep fragmentation due to repeated respiratory pauses
or cortical arousals. We observed that among PSG-recorded parame-
ters, lower baseline TST and SE values have significant associations
with COVID-19. Furthermore, those with higher insomnia scores on
the ISI scale were more likely to report COVID-19. This issue can be
discussed regarding two points of view. First, we know that disrupted

sleep may be associated with disrupted immune response.* There-
fore, reported insomnia and sleep fragmentation in OSA, especially in
the case of no treatment, can pose more risks to patients with COVID-
19, as ample evidence supports the role of healthy sleep in boosting
the immune system.*?*” Second, another hypothesis involves the
main pathogenic mechanism of OSA and its subsequent hypoxemia.
Patients who had more severe OSA and those who did not report
treatment for their apnea had higher prevalences of COVID-19. Fur-
thermore, those with comorbid pulmonary disease also had a greater
prevalence of coronavirus infection, supporting a potential role of
hypoxia as a pathway contributing to COVID-19 risk. Putting these
together and reviewing the published facts about the COVID-19, we
think that OSA can increase risk of COVID-19, a finding that needs
additional verification and further investigation. Interesting and use-
ful research in this field would explore the role of management of
OSA in decreasing COVID-19 or its severity.

Sample size and limited access to more information about COVID-
19-positive patients are limitations of the current study. In addition,
we may have unintentionally excluded patients who died. More
details of residual AHI in the patients’ PAP reports should be investi-
gated in future studies. Although current findings are clinically
important, larger sample sizes in different subgroups may lead to sta-
tistically significant findings. Therefore, more research on concomi-
tant OSA and COVID-19 or treatment of OSA in COVID-19 patients
could be informative and lifesaving.

Conclusions

Proinflammatory characteristics of OSA may increase the risk of
COVID-19. Higher BMI, female sex, more severe OSA, insomnia, and
depression, lower TST and SE, and lack of OSA management were
associated with higher COVID-19 prevalences among patients with
OSA. This is important for treating OSA in these patients as a protec-
tive measure against COVID-19. Researchers and practitioners should
attend to both diagnosed and undiagnosed OSA because it is preva-
lent in the population and may increase risk of COVID-19. More
investigations with larger sample sizes are recommended.
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