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the OSACOVID-19 Study Collaborators
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(A.B.); 0000-0003-0166-424X (A.B.€O.); 0000-0003-3088-7506 (E.A.); 0000-0001-9035-7035 (S._I.); 0000-0002-2365-5224 (C.A.); 0000-0002-4115-3914
(M.K.); 0000-0001-9094-6542 (D.Y.); 0000-0002-5236-766X (H.B.); 0000-0002-0745-393X (B.D.Ç.); 0000-0002-6131-157X (B.Ç.).

Abstract

Rationale: Coronavirus disease (COVID-19) is an ongoing
pandemic, in which obesity, hypertension, and diabetes have been
linked to poor outcomes. Obstructive sleep apnea (OSA) is
associated with these conditions andmay influence the prognosis of
adults with COVID-19.

Objectives: To determine the effect of OSA on clinical outcomes
in patients with COVID-19.

Methods: The current prospective observational study was
conducted in three hospitals in Istanbul, Turkey from March 10 to
June 22, 2020. The participants were categorized as high-risk or
low-risk OSA according to the Berlin questionnaire that was
administered in the out-patient clinic, in hospital, or shortly after
discharge from hospital blinded to the clinical outcomes. A
modified high-risk (mHR)–OSA score based on the snoring
patterns (intensity and/or frequency), breathing pauses, and
morning/daytime sleepiness, without taking obesity and
hypertension into account, were used in the regression models.

Results: The primary outcomewas the clinical improvement defined
as a decline of two categories from admission on a 7-category ordinal
scale that ranges from 1 (discharged with normal activity) to 7 (death)
on Days 7, 14, 21, and 28, respectively. Secondary outcomes included
clinical worsening (an increase of 1 category), need for hospitalization,

supplemental oxygen, and intensive care. In total, 320 eligible patients
(median [interquartile range] age, 53.2 [41.3–63.0] yr; 45.9% female)
were enrolled. In all, 121 (37.8%) were categorized as known (n = 3) or
high-risk OSA (n = 118). According to the modified scoring, 70
(21.9%) had mHR-OSA. Among 242 patients requiring
hospitalization, clinical improvement within 2 weeks occurred in
75.4% of the mHR-OSA group compared with 88.4% of the modified
low-risk–OSA group (P = 0.014). In multivariate regression analyses,
mHR-OSA (adjusted odds ratio [OR], 0.42; 95% confidence interval
[CI], 0.19–0.92) and male sex (OR, 0.39; 95% CI, 0.17–0.86) predicted
the delayed clinical improvement. In the entire study population (n =
320), including the nonhospitalized patients, mHR-OSA was
associatedwith clinical worsening (adjusted hazard ratio, 1.55; 95% CI,
1.00–2.39) and with the need for supplemental oxygen (OR, 1.95; 95%
CI, 1.06–3.59). Snoring patterns, especially louder snoring,
significantly predicted delayed clinical improvement, worsening, need
for hospitalization, supplemental oxygen, and intensive care.

Conclusions: Adults with mHR-OSA in our COVID-19 cohort
had poorer clinical outcomes than those with modified low-risk
OSA independent of age, sex, and comorbidities.

Clinical trial registered with www.clinicaltrials.gov
(NCT04363333).
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The ongoing outbreak of novel coronavirus
disease (COVID-19) has critically worsened
the lives ofmillions of people, causing amajor
public health crisis globally. According to the
latest estimates by theWorld Health
Organization, COVID-19 has affected more
than 102 million people across 223 countries
with more than 2.2 million deaths (as of
February 2, 2021) (1). Turkey has reported the
first case onMarch 10, 2020 (2), and the
number of cases has increased rapidly.
According to the latest estimates by the
MinistryofHealth, theRepublicofTurkey, the
number of confirmed cases has increased to
morethan2.4millionwithalmost26thousand
deaths (as of February 2, 2021) (2). The
pandemic is still the largest health crisis
globally, and many aspects of transmission,
infection, and treatment remain unclear (3).

Basedon thefirst reports fromChina and
Italy, the most frequent comorbidities were
hypertension, diabetes, and cardiovascular
disease (4, 5) in addition to obesity based on
the later reports (6, 7).Obstructive sleep apnea
(OSA) is a condition characterized by
intermittent partial or complete cessation of
breathing during sleep, resulting in
intermittent hypoxemia and arousal from
sleep, and the condition is strongly associated
withobesity, hypertension, anddiabetes (8, 9).
Recent research letters and short
communications have suggested that
individuals with OSAmay be predisposed to
COVID-19 infection and poor outcomes
(10–12). A known OSA diagnosis was
observed in retrospective analyses of the
medical records of 12.3% and 9.5% of
COVID-19 cases, respectively (6, 13). In the
latterstudy, theCOVID-19caseswithaknown
OSA diagnosis had a higher overall mortality

rate than that among the control subjects (13).
In the aforementioned study (7), addressing
the role of diabetes mellitus on COVID-19
outcomes among 1,317 patients, concomitant
OSA diagnosis was associated with an
increased risk for mortality. To date, there is
yet no information about a true prevalence of
concomitant OSA among patients with
COVID-19 given that objective sleep studies
with polysomnography are not accurate in the
face of an active contagious respiratory
infection.

In the current work (theOSACOVID-19
[Obstructive Sleep Apnea and Covid-19]
study), we aimed to address the occurrence of
known/high-probability OSA, based on the
Berlin questionnaire (BQ) (14), among
patientswithconfirmedorsuspectedCOVID-
19disease and evaluate the impact of high-risk
OSA on short-term clinical outcomes.

Methods

Study Design, Setting, and Participants
The current multicenter, prospective,
observational clinical trial was conducted in
three hospitals (Koç University Hospital
[KUH], Koç Healthcare American Hospital
[KHAH], andMarmara University
Hospital [MUH]) in Istanbul, Turkey. All
participants were referred to the hospitals
betweenMarch 10 and June 22, 2020 (KUH
and KHAH) and between April 17 and June
21, 2020 (MUH) (Figure 1). Inclusion into the
study started on April 16, 2020. Inclusion
criteriawereas follows:1)beinganadultwitha
diagnosis of COVID-19, 2) having the ability
to read and speak, and 3) signed informed
consent. Demographic data, comorbidities,

clinical symptoms, laboratoryandradiological
findings, treatment, and outcomes were
prospectively collected from the electronic
health records per June 26, 2020. The
participants answered to the BQ (see below),
which was administered in the outpatient
clinic, in hospital, or shortly after the hospital
discharge between April 21 and July 7, 2020,
blinded to the clinical outcomes. The clinical,
laboratory, and radiological investigations are
planned to be repeated, and
polysomnographic, echocardiographic, and
lung function evaluations will be performed
within 12 months after the initial COVID-19
onset.

The Koç University Committee on
HumanResearch approved the studyprotocol
(approval nr 2020.140.IRB1.030; 04.15.2020),
and written informed consent was provided
from all participants. The trial was registered
with ClinicalTrials.gov.

Data Collection and Definitions
All COVID-19 cases were confirmed by
positive polymerase chain reaction (PCR)
testing of nasopharyngeal specimens and/or
clinical symptoms and radiologic findings
suggestive of COVID-19 pneumonia (15).
These were mainly the presence of ground-
glass opacities, typically with a peripheral and
subpleural distribution, and focal
consolidation (15). The participants were
defined as known OSA when there was a
previous sleep study and/or the initiation of
treatment documented by a physician. Others
were classified as being at high risk or low risk
forOSAbasedontheBQ,including10itemsin
three categories: snoring severity, morning/
daytime tiredness/sleepiness, and presence of
hypertension and/or obesity (see METHODS in
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the online supplement) (14). The questions
were referred to the time preceding the
patient’s COVID-19 onset. When available,
thepatient’s familyorbedpartnerwasasked to
confirm the accuracy of responses to the
questions about snoring, especially in cases
with a “do not know” response. Patients were
classified as high-risk OSA when they scored
positive on two or more categories, whereas
thosewhodidnotwerecategorizedas low-risk
OSA (14). The BQ has been widely used and
validated in general populations (16) and
clinical cohorts (17) as a screening tool for
OSA (8). For the purpose of the current work
for evaluationof theeffectofhigh-riskOSAon
theprimary and secondaryoutcomes,wehave
developed a modified high-risk (mHR)–OSA

score by ignoring obesity and hypertension
and using three subcategories from the
questionnaire: Subcategory 1, snoring
patterns,suchassnoringintensity(louderthan
talking or very loud [can be heard in adjacent
rooms]) and snoring frequency (3–4 times a
week or nearly every day), provided a positive
score when the snoring intensity and/or
frequency were positive. Subcategory 2,
breathing pauses, provided a positive score
when the response was “3–4 times a week” or
“nearly every day”; and similarly, Subcategory
3, tiredness/sleepiness in the morning and/or
daytime, provided a positive score when the
response was “3–4 times a week” or “nearly
every day.” Patients were classified as mHR-
OSAwhentheyscoredpositiveontwoormore

subcategories, and the patients who did not
score positive in any or only one subcategory
were categorized as modified low-risk
(mLR)–OSA. Demographics, comorbidities,
and drugs at baseline and during the follow
up were documented. Obesity was
defined as a bodymass index (BMI) of at least
30 kg/m2 (18).

Measurements
A 7-category ordinal scale was used for
evaluation of short-term outcomes as
previously described (19) as follows: Category
7, death; Category 6, intensive care unit (ICU)
hospitalization and requiring invasive
mechanical ventilation; Category 5, ICU
hospitalization and not requiring invasive

580 Consecutive referred patients with COVID-19
between March 10 and June 22, 2020 were eligible 

341 Agreed to participate and answered the Berlin questionnaire

320 Included in the study

239 Were not included:
     10 Died shortly after hospitalization
     14 Could not be reached after discharge
      from hospital
215 Were not interested in the study

21 Were excluded
     Had incomplete clinical follow-up data

139 Discharged home initially 181 Hospitalized initially

61 Were hospitalized
during follow-up

78 Were
stable at home

242 Hospitalized during the study period
(19 Required ICU ward)

Figure 1. Flow of patients through the study. COVID-19 = coronavirus disease; ICU = intensive care unit.
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mechanical ventilation; Category 4, non-ICU
hospitalization and requiring supplemental
oxygen; Category 3, non-ICU hospitalization
and not requiring supplemental oxygen;
Category 2, not hospitalized but unable to
resume normal activities; and Category 1, not
hospitalized with the resumption of normal
activities (19). The primary outcome was the
clinical improvement defined as a decline of
two categories from admission on the
7-category ordinal scale onDays 7, 14, 21, and
28, respectively.Secondaryoutcomes included
worsening (an increase of one category), need
for hospitalization, supplemental oxygen, and
intensive care, respectively.

Bias
Toavoidbiaswith thepatient selectionandthe
outcomes, the questionnaires were
administrated by researchers (Y.C., S.A., and
D.Y.) blinded to the clinical data and
outcomes, whichwere completed by the other
researchersblinded to the responses to theBQ.

Sample Size
To our best knowledge, there were no
prospective reports published about the
recovery rate of COVID-19 cases with
concomitant OSA at the time of the planning
of our study, and we hypothesized that the
clinical improvement rate would be lower
among the patients with OSA given the
potential pathophysiological mechanisms
involved in sleep-related breathing disorders
(9). We assumed that the recovery rate of the
patients with COVID-19 with known/high-
riskOSAwouldbe around80%within28days
of the hospitalization and around 90% among
the cases with low-risk OSA. Based on this
assumption, and an 80% power (1-b) with the
type I error (a = 0.05), the sample size for the
hospitalized participantswas calculated as 196
for the primary outcome. For the secondary
outcomes, after accounting for a 40% dropout
rate in follow-up protocol, including the
objective overnight sleep studies, we targeted
at least 275 cases to be enrolled into the study.
The sample size calculationwas done by using
MedCalc Statistical Software version 12.7.7
(Medcalc Software bvba; 2013).

Statistics
Statistical analysis was performed using IBM
SPSS Statistics forWindows, version 26.0
(IBMCorp., 2020). The normality of
continuous variables was investigated by
Shapiro-Wilk’s test. Descriptive statistics were
presented usingmean and standard deviation
for normally distributed variables andmedian

(and interquartile range [IQR]) for the
nonnormally distributed variables.
Nonparametric statistical methods were used
for values with skewed distribution. For
comparison of two nonnormally distributed
groups, the Mann-WhitneyU test was used.
For comparison of two normally distributed
groups, Student’s t test was used. The x2 test
(Fisher’s exact test where available) was used
for categorical variables and expressed as
observation counts (and percentages).
Evaluation of the change in percentages
through time regarding the 7-category levels
was performed with theMcNemar test.
Univariate factors associated with the clinical
improvement on the 7-category scale at 7, 14,
21, and 28 days as well as the need for
hospitalization, supplemental oxygen, and
ICUward were inspected by using logistic
regression analysis. In addition, a time-
dependent Cox model with a test for
proportional hazards was used to estimate the
impactofmHR-OSAonclinicalworsening. In
the multivariate analyses, the mHR-OSA as
well as the snoring patterns were included in
the models with age, sex, and BMI as
covariates, with additional adjustments for
hypertension, diabetes, and study site,
depending on the results in the univariate
analyses. Statistical significance was accepted
when two-sided P, 0.05.

Results

Participants
As illustrated in Figure 1, 580 consecutive
patients were referred to the study hospitals
with a COVID-19 diagnosis confirmed by
PCR testing of nasopharyngeal specimens
and/or being exposed to patients with
COVID-19, with clinical symptoms and
radiologic findings suggestive for COVID-19
pneumonia, between April 16 and June 21,
2020. Ten patients died shortly after
hospitalization, and 14 could not be reached
afterhospitaldischarge.Among556caseswho
werereachedduringorshortlyafteroutpatient
clinic visit or discharge from the hospital, 215
were not interested in the study. The patients
whodidnotparticipate in the studywereolder
than the included cases (median [IQR], 63.1
[48.5–75.2] yr versus 53.2 [41.3–63.0] yr)
without any significant difference in sex
distribution(45.4%vs.45.9%weremales).The
reasons for unwillingness to participate were
mainly being too tired, not willing to come to
the hospital again for risk for reinfection, and/
or personal concerns such as the risk for

additional costs related to the follow-up
procedures. Among 341 cases who agreed to
participate, 21 were excluded because of
incomplete clinical follow-up data. The
majority of the participants (both hospitalized
and not hospitalized) were recruited from
KUH(n=154)andKHAH(n=100).Thedata
from theMUH participants were collected
during the hospitalization period (n = 66, of
whom 47% were initially not hospitalized).

Descriptive Data
Themedian (IQR) age of the participants was
53.2 (41.3–63.0) years, and 173 (54.1%) were
men. The median BMI was 27.4 (24.9–31.5)
kg/m2, and 32 (10.0%) were current smokers
(Table 1). The most frequent symptoms were
fever, cough, fatigue, and dyspnea, and the
most common comorbidities were
hypertension (35.3%), obesity (33.8%), and
diabetes (18.1%).Only threeparticipantshada
known OSA diagnosis (0.9%). In all, 302
patients (94.4%) presented radiologicfindings
supportive for COVID-19–pneumonia, and
194 (60.6%) were PCR positive. The
hospitalized participants at referral were older
than the patients who did not require
hospitalization (median age, 55.5 [47.9–65.7]
vs. 46.6 [37.5–58.1] yr; P, 0.001).
Hypertension and diabetes were significantly
more common among the hospitalized
patients at referral (45.9% vs. 21.6% [P,
0.001]; 22.1 vs. 12.9 [P = 0.035], respectively).
Other demographic characteristics and
comorbidities did not differ significantly
between the groups.

Outcome Data
In all, 121 (37.8%) were categorized as known
OSA (n = 3) or high-riskOSA (n = 118) based
on the BQ scores. The OSA cases were
significantly older and had higher BMI than
those with low-risk OSA, and obesity,
hypertension,diabetes, andasthmaweremore
common among the OSA group (Table 1).
Other demographic characteristics and
comorbidities did not differ significantly
between the groups. At referral, 63.6% of the
known/high-risk OSA cases versus 52.3% of
low-risk OSA required hospitalization (P =
0.047), whereas the number of hospitalized
cases during the whole study period were
85.1% versus 69.8%, respectively (P = 0.002).
In the study population, 11.6% of the known/
high-risk OSA cases versus 2.5% of the
participants with low-risk OSA required ICU
ward (P = 0.001) (Table 1).

The proportion of cases with a positive
COVID-19 PCR test as well as radiological
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findings supportive for COVID-
19–pneumonia did not differ significantly
between the groups. C-reactive protein, white
blood cell, and neutrophile counts were
significantly higher in the known/high-risk
OSA group compared with the low-risk OSA,

whereas the lymphocyte and platelet counts
were similar (Table 1).

During the study period, the most
commonly used drug was chloroquine alone
or in combinationwithazithromycin, both for
nonhospitalized and hospitalized patients,

basedontherecommendationsoftheMinistry
of Health at the beginning of the pandemic
period (20). In all, 33.9% of the participants
with known/high-risk OSA versus 23.6% of
the cases with low-risk OSA received
favipiravir (P=0.046),whereas anticoagulants

Table 1. Characteristics of adults with COVID-19 and low-risk vs. known/high-risk OSA

Low-Risk OSA
(n = 199)

Known/High-Risk OSA
(n = 121)

Demographic characteristics
Age*, y 51.6 (37.7–60.3) 55.5 (47.7–66.1)
Age >65 yr† 32 (16.1) 33 (27.3)
Male sex 109 (54.8) 64 (52.9)
BMI*, kg/m2 25.8 (23.4–28.7) 31.4 (27.4–34.1)

Comorbidities
Hypertension* 44 (22.1) 69 (57.0)
Obesity* 37 (18.6) 71 (58.7)
Diabetes mellitus‡ 25 (12.6) 33 (27.3)
Coronary artery disease 13 (6.5) 15 (12.4)
COPD 4 (2.0) 4 (3.3)
Asthma† 4 (2.0) 9 (7.4)
Malignancy 12 (6.0) 5 (4.1)
Current smoking 24 (12.1) 8 (6.6)

Radiology and laboratory
Pneumonia 188 (94.5) 114 (94.2)
PCR positive 114 (57.3) 81 (66.9)
CRP†, mg/L 21.3 (5.9–54.0) 37.1 (9.6–65.4)
WBC count†, 3103/L 5.2 (4.3–7.0) 6.2 (4.7–8.3)
Neutrophile count†, 3103/L 2.5 (0.4–3.6) 2.8 (0.7–4.8)
Lymphocyte count, 3103/L 0.8 (0.1–1.4) 0.9 (0.2–1.4)
Platelet count, 3103/L 198 (159–258) 207 (158–258)

Hospitalization
At referral† 104 (52.3) 77 (63.6)
During the study period‡ 139 (69.8) 103 (85.1)
ICU during the study period‡ 5 (2.5) 14 (11.6)

Treatment
Chloroquine 171 (85.9) 110 (90.9)
Azithromycin 94 (47.2) 58 (47.9)
Favipiravir 47 (23.6) 41 (33.9)
Oseltamivir 49 (24.6) 25 (20.7)
Lopinavir 3 (1.5) 8 (6.6)
Tocilizumab 24 (12.1) 16 (13.2)
Systemic steroids 2 (1.0) 5 (4.1)
Anticoagulant† 101 (50.8) 76 (62.2)
Supplemental oxygen‡ 51 (25.6) 53 (43.8)

Berlin questionnaire symptoms
Louder snoring* 5 (2.5) 59 (48.8)
Frequent snoring (>3–4 times/wk)* 10 (5.0) 78 (64.5)

Subcategory 1*, louder and/or frequent snoring 11 (5.5) 99 (81.8)
Subcategory 2†, breathing pauses (>3–4 times/wk) 7 (3.5) 12 (9.9)
Subcategory 3*, morning and/or daytime sleepiness 52 (26.1) 72 (59.5)
Modified high-risk OSA*, at least 2 subcategories positive 9 (4.5) 61 (50.4)
Study sites‡

KUH (n = 154) 98 (49.2) 56 (46.3)
KHAH (n = 100) 70 (35.2) 30 (24.8)
MUH (n = 66) 31 (15.6) 35 (28.9)

Definition of abbreviations: BMI = body mass index; COPD = chronic obstructive pulmonary disease; COVID-19 = coronavirus disease; CRP =
C-reactive protein; ICU = intensive care unit; KHAH = Koc Healthcare American Hospital; KUH = Koc University Hospital; MUH = Marmara
University Hospital; OSA = obstructive sleep apnea; PCR = polymerase chain reaction; WBC = white blood cell.
Continuous variables are expressed as median (boundaries of interquartile ranges), and categorical variables are given in counts (percentages).
*P , 0.001.
†P , 0.05.
‡P , 0.01.
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were used among 62.2% of the OSA cases
versus 50.0% of the ones with low-risk OSA
(P = 0.035). remdesivir was not available and
not included in the therapy guidelines

during the study period. Supplemental
oxygen was required among 43.8% of the
patients with known/high-risk OSA
versus 25.6% of the participants with low-risk

OSA (P = 0.001) (Table 1). All study sites
followed the same therapy guidelines of the
Ministry of Health (20) during the study
period.
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Figure 2. Distribution of proportion falling into each category of the 7-category scale from admission to Day 28 among 242 hospitalized patients with
modified high-risk OSA and modified low-risk OSA. hosp. = hospitalization; ICU = intensive care unit; OSA = obstructive sleep apnea.

Table 2. Unadjusted ORs (95% CIs) for variables associated with the clinical improvement within 2 weeks after hospitalization
(n = 206 out of 242)

Variables OR 95% CI P Value

High-risk OSA 0.41 0.20–0.85 0.017
Modified high-risk OSA 0.40 0.19–0.84 0.016
Louder and/or frequent snoring 0.40 0.20–0.82 0.013
Louder snoring 0.30 0.14–0.63 0.002
Frequent snoring 0.96 0.44–2.06 0.909
Breathing pauses 0.80 0.22–2.95 0.740
Morning and/or daytime sleepiness 0.60 0.29–1.22 0.155
Age, y 0.99 0.96–1.01 0.274
Age >65 yr 0.81 0.37–1.80 0.607
Male sex 0.42 0.19–0.91 0.027
BMI, kg/m2 1.00 0.94–1.07 0.937
Obesity 0.91 0.44–1.91 0.804
Hypertension 0.45 0.22–0.93 0.031
Diabetes 1.04 0.44–2.42 0.938
Coronary artery disease 1.32 0.37–4.65 0.670
Asthma/COPD 3.35 0.43–25.92 0.247
Study sites: MUH vs. KHAH 0.90 0.35–2.32 0.828
Study sites: MUH vs. KUH 0.67 0.29–1.54 0.344

Definition of abbreviations: BMI = body mass index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; KHAH = Koc
Healthcare American Hospital; KUH = Koc University Hospital; MUH = Marmara University Hospital; OR = odds ratio; OSA = obstructive sleep
apnea.
Snoring parameters are from the Berlin Questionnaire. The bold typeface indicates significantly different (P , 0.05).
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Based on themodified version of the BQ,
themajorityof thehigh-riskpatientswithOSA
reported louder and/or frequent snoring
(Subcategory 1) and morning/daytime
sleepiness (Subcategory 3), whereas breathing
pauses (Subcategory 2) were much less
frequent (Table 1). Thus, based on the new
scoring, not taking obesity and hypertension
into account, 70 of the entire study population
(21.9%) fulfilled the criteria for themHR-OSA
(Table 1).

Main Results
Primary outcome. The distribution of 242

hospitalized patients falling into each category
of the 7-category scale from admission to Day
28 is shown in Figure 2. The category changes
were significant already on Day 7 (P = 0.001)
and continued to be significantly different on
Day 14 (P = 0.005). Clinical improvement (a
decline of at least two categories) onDay 7was
observed among 47.5% of the mLR-OSA
group compared with 34.4% of the cases with

mHR-OSA (not significant). Corresponding
rates onDay14were 88.4% amongmLR-OSA
compared with 75.4% of the cases withmHR-
OSA (P = 0.014). On Day 21, 94.5% versus
91.8% of the cases were improved,
respectively. Corresponding rates were 97.8%
versus96.7%onDay28. Inaunivariate logistic
regression model, male sex, hypertension,
high-risk OSA, mHR-OSA, and the snoring
patterns (loudness/frequency)were associated
with delayed clinical improvement within 2
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Figure 3. (A) Odds ratios with 95% CIs for the clinical improvement within 2 weeks for 242 hospitalized patients with coronavirus disease (COVID-
19) in a multivariate logistic regression analysis (modified high-risk OSA adjusted for age, sex, BMI, and hypertension). (B) Odds ratios with 95% CIs
for the clinical improvement within 2 weeks for 242 hospitalized patients with COVID-19 in a multivariate logistic regression analysis (louder snoring
adjusted for age, sex, BMI, and hypertension). *Louder than talking/very loud (can be heard in adjacent rooms). BMI = body mass index; CI =
confidence interval; OSA = obstructive sleep apnea.
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Table 3. Unadjusted ORs (95% CIs) for variables associated with the secondary outcomes

Variables OR 95% CI P Value

Need for hospitalization in the entire study population (n = 242 out of 320)
High-risk OSA 2.43 1.35–4.36 0.003
Modified high-risk OSA 2.58 1.22–5.49 0.013
Louder and/or frequent snoring 2.71 1.46–5.04 0.002
Louder snoring 2.63 1.20–5.81 0.016
Frequent snoring 1.64 0.89–3.04 0.114
Breathing pauses 2.87 0.65–12.7 0.165
Morning and/or daytime sleepiness 1.09 0.65–1.85 0.743
Age, yr 1.04 1.03–1.06 <0.001
Age >65 yr 3.87 1.60–9.36 0.003
Male sex 1.16 0.70–1.93 0.571
BMI, kg/m2 1.03 0.98–1.08 0.291
Obesity 1.11 0.64–1.91 0.715
Hypertension 3.94 2.02–7.67 <0.001
Diabetes 7.35 2.23–24.23 0.001
Coronary artery disease 0.35 0.10–1.18 0.091
Asthma/COPD 0.31 0.07–1.36 0.120
Study sites: MUH vs. KHAH 6.93 3.35–14.3 <0.001
Study sites: MUH vs. KUH 50.1 6.78–370 <0.001

Need for supplemental oxygen in the entire study population (n = 104 out of 320)
High-risk OSA 2.26 1.40–3.66 0.001
Modified high-risk OSA 2.62 1.52–4.52 0.001
Louder and/or frequent snoring 2.56 1.57–4.17 <0.001
Louder snoring 2.56 1.46–4.48 0.001
Frequent snoring 1.79 1.07–2.97 0.026
Breathing pauses 1.55 0.61–3.99 0.360
Morning and/or daytime sleepiness 1.25 0.77–2.01 0.365
Age, yr 1.04 1.02–1.06 <0.001
Age >65 yr 1.78 1.02–3.12 0.043
Male sex 1.48 0.92–2.38 0.105
BMI, kg/m2 1.09 1.04–1.14 <0.001
Obesity 1.45 0.89–2.36 0.137
Hypertension 2.39 1.47–3.88 <0.001
Diabetes 2.09 1.17–3.74 0.013
Coronary artery disease 1.39 0.62–3.07 0.424
Asthma/COPD 1.98 0.81–4.83 0.120
Study sites: MUH vs. KHAH 1.68 0.96–2.94 0.072
Study sites: MUH vs. KUH 4.08 2.21–7.54 <0.001

Need for ICU ward in the entire study population (n = 19 out of 320)
High-risk OSA 5.08 1.78–14.5 0.002
Modified high-risk OSA 2.20 0.83–5.83 0.111
Louder and/or frequent snoring 4.56 1.68–12.4 0.003
Louder snoring 4.03 1.56–10.4 0.004
Frequent snoring 2.01 0.78–5.17 0.148
Morning and/or daytime sleepiness 1.45 0.57–3.69 0.429
Age, yr 1.05 1.02–1.08 0.004
Age >65 yr 2.44 0.92–6.48 0.072
Male sex 2.50 0.88–7.12 0.086
BMI, kg/m2 1.07 0.99–1.15 0.107
Obesity 2.31 0.91–5.85 0.080
Hypertension 5.71 2.00–16.3 0.001
Diabetes 2.21 0.80–6.08 0.125
Coronary artery disease 1.77 0.23–13.8 0.584
Asthma/COPD 1.28 0.16–10.1 0.814
Study sites: MUH vs. KHAH 1.83 0.64–5.20 0.260
Study sites: MUH vs. KUH 1.36 0.38–4.80 0.638

Definition of abbreviations: BMI = body mass index; CI = confidence interval; COPD = chronic obstructive pulmonary disease; ICU = intensive care
unit; KHAH = Koc Healthcare American Hospital; KUH = Koc University Hospital; MUH = Marmara University Hospital; OR = odds ratio; OSA =
obstructive sleep apnea.
Snoring parameters are from the Berlin Questionnaire. The bold typeface indicates significantly different (P , 0.05).
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weeks,yetbreathingpauses,morning/daytime
sleepiness, age, BMI, obesity, diabetes,
coronary artery disease, chronic obstructive
pulmonary disease/asthma, and study sites
were not (Table 2). In the adjusted logistic
regressionmodels,mHR-OSA (OR, 0.42; 95%

CI, 0.19–0.92; P = 0.030) andmale sex (OR,
0.39; 95% CI, 0.17–0.86; P = 0.020) remained
significantly associated with the delayed
clinical improvementwithin2weeks, adjusted
for age, BMI, and hypertension (Figure 3A).
Louder snoring (OR, 0.33; 95% CI, 0.15–0.75;

P = 0.008) was also significant in the
multivariate analysis, adjusted for age, BMI,
sex, and hypertension (Figure 3B).
Secondary outcomes. As shown in Table 3,

high-risk OSA (OR, 2.43), mHR-OSA (OR,
2.58), louder and/or frequent snoring (OR,

Table 4. Adjusted ORs (95% CIs) for modified high-risk OSA and self-reported snoring parameters and secondary outcomes

Variables OR 95% CI P Value

Modified high-risk OSA
Need for hospitalization* 2.06 0.45–5.03 0.112
Supplemental oxygen* 1.95 1.06–3.59 0.032
ICU ward† 1.53 0.54–4.31 0.419

Louder and/or frequent snoring
Need for hospitalization* 2.14 1.01–4.54 0.048
Supplemental oxygen* 2.71 1.46–5.04 0.002
ICU ward† 3.05 1.06–8.78 0.039

Louder snoring
Need for hospitalization* 1.74 0.68–4.47 0.248
Supplemental oxygen* 1.50 0.79–2.85 0.219
ICU ward† 2.54 0.91–7.10 0.074

Frequent snoring
Need for hospitalization* 1.29 0.60–2.78 0.511
Supplemental oxygen* 1.23 0.69–2.19 0.486
ICU ward† 1.42 0.53–3.84 0.487

Definition of abbreviations: CI = confidence interval; ICU = intensive care unit; OR = odds ratio; OSA = obstructive sleep apnea.
Snoring parameters are from the Berlin Questionnaire. The bold typeface indicates significantly different (P , 0.05).
*Adjusted for age, sex, BMI, hypertension, diabetes, and study center.
†Adjusted for age, sex, BMI, and hypertension.
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Figure 4. Cumulative incidence of clinical worsening in the entire study population of 320 cases with coronavirus disease (COVID-19) in a Cox
proportional hazard model, adjusted for covariates. CI = confidence interval; HR = hazard ratio; mHR = modified high-risk; mLR = modified low-risk;
OSA = obstructive sleep apnea.
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2.71), and louder snoring alone (OR, 2.63)
were significantly associated with the need for
hospitalization. Other significant variables
were age (OR, 1.04), hypertension (OR, 3.94),
and diabetes (OR, 7.35). The differences in
ORs for the study sites were related to the
patient recruitment fromMUH, which was
solely fromthehospitalizedpatients.Theneed
for supplemental oxygen was predicted by
high-risk OSA, mHR-OSA, the snoring
patterns, age, age>65 yr, BMI, hypertension,
anddiabetes, respectively (Table 3).Becauseof
the skewed distribution of hospitalized
patients between the study sites, the patients
requiring hospitalization at MUH had
consequently higher ORs for the need for
supplemental oxygen. The need for ICUward
was predicted by high-risk OSA (OR, 5.08),
louder and/or frequent snoring (OR, 4.56),
louder snoring alone (OR, 4.03), age (OR,
1.05), and hypertension (OR, 5.71). Other
variables, including the study sites, were not
associated with the need for an ICUward
(Table 3).

As shown in Table 4, mHR-OSA
predicted the need for supplemental oxygen
(OR, 1.95; 95% CI, 1.06–3.59) in the
multivariate logistic regression analysis.
Moreover, the snoringpatterns (louderand/or
frequent snoring) were significant predictors
ofneed forhospitalization(adjustedOR,2.14),
supplemental oxygen (adjustedOR, 2.71), and
ICUward (adjusted OR, 3.05).

As illustrated in Figure 4, the cumulated
incidence of clinical worsening over time was
higher among the mHR-OSA cases in the
entire studypopulation (adjustedhazard ratio,
1.55; 95% CI, 1.00–2.39; P = 0.048). Similarly,
there was an increased risk for clinical
worsening among the cases with louder
snoring versus silent snoring/no snoring
(adjustedhazardratio,1.62;95%CI,1.04–2.52;
P = 0.035).

Sensitivity analyses including only those
withpositivePCRtestdidnotchange themain
findings of the study for the primary outcome
as well as for the need for supplemental
oxygen, whereas other differences in
secondaryoutcomesdidnotreachsignificance
inmultivariate analyses,mainly because of the
reduced sample size (see Tables E1–E3).

Discussion

The current study showed that 38% of adults
withCOVID-19hadahigh-riskOSAbasedon
the BQ, and 22% were categorized as having
mHR-OSA when obesity and hypertension

were not considered. The patients withmHR-
OSA had an increased risk for delayed clinical
improvement,clinicalworsening,andneedfor
supplemental oxygen compared with those
with mLR-OSA, independent of age and the
recognized risk factors of COVID-19 onset
and prognosis. Moreover, snoring patterns
(louder snoringand/or frequent snoring)were
associated with delayed clinical improvement
and clinical worsening aswell aswith the need
for hospitalization, supplemental oxygen, and
ICUward.

To our best knowledge, the current
multicenter study is the first prospective
investigation addressing the impact of high-
risk OSA on clinical outcomes. In one
retrospective report, a known OSA diagnosis
was observed among 12.3% of 463 cases (6)
and among 9.5% of 4,668 patients in another
retrospective study (13). In addition, medical
records of 9,405 COVID-19 cases in the
Chicago metropolitan area identified OSA
among15.3%of 3,185patients comparedwith
3.4% of the nonhospitalized cases (12). After
adjustment for diabetes, hypertension, and
BMI, OSA was associated with an increased
risk for hospitalization (OR, 1.65; 95% CI,
1.36–2.02) and respiratory failure (OR, 1.98;
95% CI, 1.65–2.37) (12). In a report by Cade
and colleagues (13), patients with COVID-19
with a known OSA diagnosis had a higher
overall mortality rate (11.7%) than the rate
among the control subjects (6.9%)with anOR
of 1.79 (95% CI, 1.31–2.45). In another study
(7), addressing the influence of diabetes on the
COVID-19 prognosis, concomitant OSA was
associated with an increased risk (OR, 2.80;
95% CI, 1.46–5.38) formortality among 1,317
cases.

To date, there is yet no information
about a true prevalence of OSA among
patients with COVID-19 infection given
that objective sleep studies with
polysomnography are not feasible at the
time of COVID-19 onset. A known OSA
diagnosis was prevalent only in three cases
in our cohort, which highlights the fact that
OSA is markedly underrecognized in the
general population and clinical cohorts
within the studyhospitals’ recruitment area
in Istanbul. One explanation might be the
limited access to sleep laboratories in
Turkey with long waiting lists owing to the
payor reliance on polysomnography
criteria for treatment coverage. As also
emphasized in a recent editorial by Patel
and Donovan (21) as well as in a systemic
review by Miller and Cappuccio (22), the
COVID-19 pandemic is now globally

urging the need for newapproaches beyond
the polysomnography requirement for the
management of OSA cases.

The main limitation of the study is the
questionnaire-based evaluation of the high-
risk OSA diagnosis, as objective tests are not
accurate because of the aforementioned
reasons during the pandemic. A recent review
(8) has demonstrated that the average
sensitivity value of the BQ is 77% (95% CI,
73–81%), whereas the specificity is 44% (95%
CI, 38–51%). Hence, our results should be
interpreted cautiously given that the BQ has
not been validated in a cohort with an acute
respiratory infection. Previously, a BQ-based
Turkish population study estimated the OSA
prevalence around 14% among 5,021 adults
(16).Our results estimate theOSAoccurrence
to be much higher (38% of 320) among the
clinical cases with COVID-19. The other
limitation of the BQ is the items of Category 3
(obesity and hypertension), which complicate
the statistical adjustments in multivariate
analyses addressing the prognosis of patients
with COVID-19. Therefore, a modified
scoring based on the snoring patterns (louder
and/or frequent snoring), breathing pauses,
andmorning and/or daytime tiredness/
sleepiness was used in the current study. The
prevalence of mHR-OSA was estimated to be
around 22% when obesity and hypertension
werenot considered, and the increased risk for
mHR-OSA remained significant in the
multivariatemodels.Thesignificantpredictive
effects of the snoring patterns, especially
louder snoring, are indeed interesting. As also
discussed in a recent paper from the SAVE
(Sleep Apnea cardioVascular Endpoints)
cohort (23), the self-reported snoring patterns
predict stroke incidence in high-risk patients
with OSA. The authors also highlighted the
controversy over whether snoring is a
symptom or a surrogate marker of OSA.
Furthermore, it was debated whether the
adverse cardiovascular effects are driven by
obstructive events andhypoxemia or from the
trauma of vibrations owing to snoring per se
(23). In line with these approaches, our
findings provide further insights into the
relationship between OSA and COVID-19
infection. The individuals with louder snoring
mightbemorepronetobeinfectedinCOVID-
19 and develop pneumonia with a poorer
prognosis because of the trauma around the
upper airway muscles caused by vibrations. It
may also be argued that the COVID-19
infection per semay increase the collapsibility
of the upper airway muscles, which may
trigger or worsen OSA. Thus, the association
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between OSA and COVID-19 onset as well as
prognosis might be bidirectional.

In our study sample, 60.6% were PCR
positive, whereas 94.4% had radiological
findings suggestive for COVID-
19–pneumonia. As stated in a recent focused
review (24), the sensitivity of the PCR testing
ranges from 38% to 88%, with a specificity of
almost 100% for detection of COVID-19
(25–28). It has been suggested that a single
negative result must be interpreted with
caution, and a repeat test may be needed to
increase thediagnostic accuracy (29).Even two
negativePCRresultswerereportedbythesame
researchers among 21% of the patients that
were diagnosed with active COVID-19
infection (29). Computed tomography has
beenwidely used as an important complement
to PCR for diagnosing pneumonia in the
pandemic context (15, 30). Hence, the PCR
positivity rate in our study sample is
comparable with the studies reported in the
recentreview(24)andinlinewiththesuggested
diagnostic guidelines for COVID-19 infection
(15). As shown in the online supplement,
sensitivity analyses including only those with
positive PCR test did not change the main
findings of the study for the primary outcome
aswell as for theneed for supplementaloxygen,
whereas other differences in secondary
outcomes did not reach significance in
multivariate analyses, mainly because of the
reduced sample size.

We should also acknowledge that our
results are attributable to mild to moderate
COVID-19 cases and not generalizable to
patients with severe COVID-19 given that the
study included both nonhospitalized and
hospitalizedcasesandtheonesvolunteeringto
answer the BQ. The caseswho did notwant to

participate were mainly older and sicker than
the ones who volunteered. This may partly
explain the higher prevalence estimates of
OSAinourcohort,andaself-selectionbiascan
therefore not be excluded. Nevertheless, the
significant impact of themHR-OSA on short-
term outcomes is not volunteer driven, and
the comorbidity and outcome data were
collectedbyresearchersblinded to theanswers
of the BQ.

Our results are in line with the previous
reports demonstrating age, male sex,
hypertension, and diabetes as risk factors for
prevalent COVID-19 and worse outcomes.
The mean age of our study population was
relatively lower than the published studies
from other countries, which may reflect
the general lockdown for adults older than
65 years and other preventive travel
restrictions during the first months of the
pandemic (20). The same reasons might also
explain the relatively low number of patients
with concomitant chronic cardiac and
pulmonary diseases at baseline in the current
population.

Several potential mechanisms linking
OSA to increased risk for predisposition to
COVID-19 infection andpoor outcomes have
been discussed recently (10, 11, 22). OSA,
particularly with concomitant obesity, could
potentially worsen hypoxemia and the
cytokine storm that occurs in patients with
COVID-19 (10).Other supposedmechanisms
include myocardial injury involving the
angiotensin-converting enzyme-2 signaling
pathways, systemic inflammation, and
hypercoagulability (11).OSAcouldbeatrigger
of COVID-19 infection, and once the disease
occurred, it could contribute to worsening of
prognosis, especially among the cases with

hypertension and diabetes. Moreover, many
patients with COVID-19 suffer pulmonary
fibrosis, which itself is associated with future
development of OSA (22).

Conclusions
Our results indicate that patients with
COVID-19 with mHR-OSA are at increased
risk for delayed clinical improvement, clinical
worsening, andneed for supplemental oxygen
compared with those with mLR-OSA. As
previouslymentioned (21, 22), theCOVID-19
pandemic is now globally urging the need for
new approaches beyond the
polysomnography requirement for the
management ofOSAcases. The further follow
up of the current sample with clinical,
laboratory, and radiological investigations in
addition to objective sleep recordings would
provide further insights into the clinical
usefulness of the modified BQ as a screening
tool during the COVID-19 onset and into the
association between OSA and long-term
COVID-19 outcomes.
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