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Abstract 

Context  Respiratory support is an essential part in treating COVID-19 patients at risk for developing respiratory fail-
ure, and this become certain if associated with other comorbidities specifically obstructive sleep apnea (OSA).

Aim  To evaluate the role of early use of continuous positive airway pressure (CPAP) in management of moderate 
to severe COVID-19 patients at risk of OSA.

Settings and design  This was experimental clinical trial.

Patients and methods  Eighty (80) patients with moderate to severe COVID-19 at risk of OSA were enrolled. They 
were simply randomized into two equal groups: non-CPAP group and CPAP group. Non-CPAP group will receive medi-
cal treatment plus oxygen therapy according to recommendation of protocol of the Egyptian Ministry of Health 2020 
and CPAP group as in non-CPAP group plus using CPAP.

Results  Our findings showed that there were higher percentages in hospital deaths and longer duration of hospi-
tal stay as well as increased need for invasive mechanical ventilation in non-CPAP group compared to CPAP group 
patients: (P-value = 0.03), (P-value = 0.04), and (P-value = 0.01), respectively. Also, there was a significant difference 
on PH, CO2, HCO3, and D-dimer values on both groups on admission and during follow-up with notable decrease 
in their values in CPAP group compared to non-CPAP group: (P-value = 0.04), (P-value = 0.003), (P-value = 0.001), 
and (P-value = 0.001), respectively.

Conclusion  Early CPAP therapy for moderate and severe COVID-19 hospitalized patients with risk of OSA could 
improve patient’s survival, shorten hospital stay, and decrease need for invasive mechanical ventilation.

Trial registration  Clinicaltrials.gov/NCT05​934916. Registered 6 July 2023 — retrospectively registered.
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Introduction
In many researches, it was reported that COVID-19 
patients with OSA were more severely affected than 
patients without OSA, and this provides a further 

proof that concurrent OSA may increase the sever-
ity of COVID-19 infection, along with increased risk 
of mortality [1]. OSA results in ongoing low-grade 
inflammation, which is important because it may make 
individuals more susceptible to the cytokine storm, 
and it may perhaps help to aggravate the cytokine 
storm that occurs with COVID-19 pneumonia. OSA 
may predispose individuals to pneumonia because 
of frequent upper airway micro aspiration, which 
has been thought that is major mechanism leading 
to viral pneumonia. OSA may lead to deterioration 
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of the symptoms of severe COVID-19, especially at 
night, when reduced oxygen saturation levels occur 
in OSA [2]. OSA lead to disturbance in renin–angio-
tensin–aldosterone axis, with overexpression of angi-
otensin-converting enzyme 2 (ACE2), a well-known 
entry receptor for SARS-CoV-2; taken together, there 
is a strong biological convincing linking OSA with 
higher likelihood of developing severe COVID-19 
[3]. Also, insufficient sleeping enhances the inflam-
matory mediators, e.g., interleukin-6, interleukin-17, 
and tumor necrosis factor-α that promote inflam-
matory activity in neutrophils; these mediators have 
been strongly associated with severe COVID-19 and 
disturbed sleep and also enhance neutrophils and 
monocytes to invade the area of inflammation [4]. For 
patients with moderate to severe OSA, the mainstay 
of treatment is continuous positive airway pressure 
(CPAP). CPAP achieve variable cardiovascular and 
metabolic-protective effects which decrease blood vis-
cosity, hematocrit, platelet activation, and hypercoagu-
lability and decrease incidence of acute vascular events 
[5]. Acute hypoxemic respiratory failure (AHRF) is 
the most frequent organ failure among patients with 
COVID-19 leading to admission to the intensive care 
unit (ICU). Evidence for HFNO, CPAP, and NIV as 
effective treatments for AHRF is drawn from AHRF 
patients without COVID-19. COVID-19 is a novel 
disease, and extrapolating data from other causes of 
AHRF is not justifiable, and there is an urgent need to 
evaluate the effectiveness of NIV strategies in patients 
with COVID-19. At present, clinical practice is mainly 
based on personal preference, prior experience, and 
the local availability of resources [6].

The aim of this study was to evaluate the role of early 
use of continuous positive airway pressure (CPAP) in 

management of moderate to severe COVID-19 patients 
at risk of OSA.

Patients and methods
This experimental clinical trial (randomized clinical trial, 
parallel group trial design) was conducted on eighty (80) 
patients diagnosed with moderate to severe COVID-19 
who were at risk for OSA. Primarily, one-hundred (100) 
COVID-19 patients were screened for risk factors of OSA, 
and six of them were excluded as they refused the research 
from the start, five patients were hypercapnic, seven 
patients were negative in PCR swab for SARS-CoV-2, and 
two patients were critically ill and hemodynamically unsta-
ble on admission (see Fig. 1 for flow chart of patients). The 
enrolled eighty patients were simply randomized into two 
equal groups: non-CPAP group and CPAP group using a 
computer-generated table of random numbers. The group 
allocation was concealed in sequentially numbered, sealed, 
and opaque envelopes. Patients were selected from isola-
tion center in Mansoura University Hospital during the 
period from August 2021 to April 2022.

Inclusion criteria
Patients age above 18  years, diagnosed with moderate 
to severe COVID-19, and at risk of OSA as well as con-
firmed nasopharyngeal swab positive for SARS-CoV-2 
by PCR.

Exclusion criteria
Patients were excluded from the study if their age 
is < 18  years, hypercapnic, unstable cardiorespiratory 
(shock) status or respiratory arrest, and if there are any 
contraindications for CPAP mask use.

Fig. 1  Flow chart of patients included and excluded in the study
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Methods
Clinical assessment
Full history taking was taken from the enrolled COVID-
19 patients (including age, occupation, medical history, 
and special habits), COVID-19 symptoms (e.g., fever, 
dyspnea, fatigue, loss of smell or taste, GIT symptoms), 
and all OSA symptoms (e.g., snoring, insomnia, excessive 
daytime sleepiness, witnessed apnea. Physical examina-
tion was done with emphasis on blood pressure, pulse, 
respiratory rate, weight, height, body mass index (BMI), 
neck circumference, tonsil grades, and Mallampati score, 
and full cardiac and chest examination were done.

Scales and questionnaires
Epworth Sleepiness Scale (ESS)
It is designed to assess the degree of daytime sleepiness. 
The ESS has a maximum score of 24, and scores more 
than 10 are regarded as indicating excessive daytime 
drowsiness [7].

Berlin questionnaire
These questionnaires consist of three categories (snoring,  
daytime somnolence, and BMI and hypertension).  
Results from the first and second categories are positive 
if the responses demonstrate repetitive symptoms (> 3–4 
times/week), whereas the third category’s score is positive 
if there is a history of hypertension or a BMI > 30 kg/m2.  
Patients who scored positively in ≥ 2 of the 3 categories 
are classified as being at high risk of OSA, whereas those 
who do not are classified as being at low risk [8, 9].

STOP‑Bang questionnaire
This scoring system composed of 8 items that are graded 
from 0 to 8 according to yes/no responses (score: 1/0). It 
includes snoring, tiredness, observed apnea, high blood 
pressure, BMI, age, neck circumference, and male gender. 
Patients who score 3 or greater are considered to have a 
high risk of OSA, whereas those who score just under 3 
are considered to have a low risk [10].

Radiological investigations
Plan chest X-ray: CXR scoring methodology total score, 
which varies from 0 to 18, is the sum of all the zone 
scores [11].

CT scan of the chest: Semiquantitative scoring system 
(CT- SS) total CT score, which varied from 0 (no partici-
pation) to 25 (maximum involvement), was calculated for 
every patient [12].

Laboratory investigations
These are blood gases, complete blood picture, C-reac-
tive protein (CRP), lactate dehydrogenase enzyme (LDH), 
D-dimer, prothrombin time, INR, APTT, kidney function 

tests (serum creatinine) and liver function tests (serum 
glutamate oxaloacetate transaminase (SGOT), and serum 
glutamate pyruvate transaminase (SGPT), serum albu-
min). Follow-up of D-dimer and blood gases was done on 
first, 7th, and 14th days.

CPAP application
Auto-CPAP is with continuous nocturnal administration 
or at least 4–6 h/night and during day naps, for more than 
70% of nights from the first night of admission to isola-
tion center [13]. Regular patient’s follow-up to guarantee 
effectiveness, toleration, and adherence of the treatment 
was an essential concern. We applied a suitable size of 
oronasal mask for each patient to ensure its fitting for 
every patient and allowing limited level of leak and ensur-
ing that there was no unintentional leak. Mointoring of 
CPAP efficacy was done through detection hours of CPAP 
use and ensure that residual events (apnea/hypopnea) 
are within the normal range (AHI/AI < 5 event/h) [14]. 
Patients were in closely monitored environment under the 
supervision of medical professionals who are skilled and 
can perform endotracheal intubation if necessary.

Statistical analysis
Data was analyzed using SPSS (Statistical Package for 
Social Sciences) version 22. Qualitative data will be pre-
sented as number and percent; quantitative data will 
be tested for normality by Shapiro–Wilk test and then 
described as mean and standard deviation for normally 
distributed data and median and range for non-normally 
distributed. The appropriate statistical test will be applied 
according to data type with the following suggested tests: 
chi-square for categorical variable, Student t-test, and 
Mann–Whitney test.

Ethics approval and consent to participate
The study protocol has been approved by the Institu-
tional Research Board, Faculty of Medicine, Mansoura 
University, with the proposal code: MS.21.07.1578. Pre-
cautions were used to protect participants’ privacy as 
patients were given the option to participate or not; also, 
the study findings were exclusively used for scientific 
purpose. Personal data were hidden from any public use.

Results
Our study included 80 moderate to severe COVID-19 
patients with risk of OSA, who were simply randomized 
into two equal groups: non-CPAP group and CPAP 
group. Table  1 illustrates that both study groups were 
homogenous without significant difference regarding 
demographic data of the studied patients, and there was 
no significant difference regarding common associated 
comorbidities. Baseline oxygen saturations in non-CPAP 
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group were 80 ± 6.1 and in CPAP group was 82 ± 4.1 with 
no significant difference and P-value of 0.06.

Figure  2 illustrates the percentage of presenting 
COVID-19 symptoms in the studied patients in both 
groups: dyspnea, bone ache, loss of sensation, and sore 
throat were the commonest presenting symptoms, while 
expectoration and GIT disorders were the least present-
ing symptoms in both groups.

Figure  3 illustrates the percentage of presenting OSA 
symptoms: snoring, excessive daytime sleepiness, and 
personality and mood changes were the commonest pre-
senting symptoms, while nocturia and morning confu-
sion were the least presenting symptoms in both studied 
groups.

Table 2 demonstrates radiological and laboratory find-
ings in both studied groups; there were a statistically 
significant difference between both groups as regard 
CO2, HCO3, INR, and D-dimer. The values of D-dimer 
and INR were lower in the non-CPAP group than in the 
CPAP group, and CO2 and HCO3 were lower in the 
non-CPAP group than in the CPAP group. However, 
there is no significant difference between them in case 
of radiologic findings and other reported laboratory 
parameters.

Table 3 demonstrates blood gases and D-dimer follow-
up on first, 7th, and 14th days in both studied groups. At 

admission, there was no significant difference between 
them as regard PH, while CO2, HCO3, and D-dimer 
showed significant difference with higher values in CPAP 
group than values in non-CPAP group. On the 7th day, 
there were significant differences between them as regard 
HCO3 and D-dimer values with increase in CO2, HCO3, 
and D-dimer values on non-CPAP group in comparison 
with the first day values while decrease on HCO3 and 
D-dimer values on CPAP group. At the end of 14  days, 
there were significant differences in PH, CO2, HCO3, and 
D-dimer values on both groups with significant increase 
in CO2, HCO3, and D-dimer values in non-CPAP group 
in comparison with the first- and 7th-day values while 
decrease on CO2, HCO3, and D-dimer values on CPAP 
group.

Figures 4 and 5 illustrate the comparison between two 
studied groups regarding blood gases and D-dimer analy-
sis on the first, 7th, and 14th day during the hospital stay.

The primary and secondary outcomes of our study are 
presented in Table 4 in the form of the death, duration of 
hospital stay, and the need of invasive mechanical venti-
lation. The results showed that the percentage of patient’s 
death are increased in non-CPAP group. The number 
of days of hospital stay increased also in the non-CPAP 
groups, and the need for mechanical ventilation also 
increased in the non-CPAP group.

Discussion
Since the start of the COVID-19 pandemic, concerns 
have been expressed about the possibility that OSA 
patients who develop COVID-19 may be more prone to 
increased risk of morbidity and mortality than people 
without OSA. Therefore, this risk could have a major 
influence on healthcare systems and illness outcomes due 
to the high prevalence of OSA and many undiagnosed 
cases. Since long time, CPAP is well known as the main-
stay of treatment for OSA.

Our study included 80 moderate to severe COVID-
19 patients with risk of OSA, who are simply rand-
omized into two equal groups: non-CPAP group and 
CPAP group. Non-CPAP group was including 17 male 
and 23 female patients, while CPAP group was includ-
ing12 male and 28 female patients. The mean age was 
60.8 ± 11  year and 56 ± 13  years, and the mean value of 
BMI was 41.7 ± 3.7 and 42.7 ± 4.3 in non-CPAP group 
and CPAP group, respectively. With 16 patients are cur-
rently or stopped smoking, 6 ex-smokers, and 18 non-
smokers in non-CPAP group, while 17 patients currently 
or stopped smoking, 3 ex-smokers, and 20 nonsmokers 
in CPAP group. This finding was supported by [15] as 
their research indicates Covid-19 and OSA prevalence 
increases in older age groups.

Table 1  Demographic data and associated comorbidities in the 
studied patients

Data are presented as mean ± standard deviation, number (percentage)

Abbreviations: BMI body mass index, n number, DM Diabetes mellitus, COPD 
Chronic obstructive pulmonary disease, CKD Chronic kidney disease, CVD 
Cardiovascular diseases

Non-CPAP group
(n = 40)

CPAP group
(n = 40)

p-value

Age (mean ± SD) 60.8 ± 11.1 56.3 ± 13.09 0.1

BMI (mean ± SD) 41.7 ± 3.78 42.7 ± 4.3 0.2

Gender: male/female 17/23(42.5/57.5) 12/28 (30/70) 0.2

Smoking n (%)

  Current/stopped 16 (40) 17 (42.5) 0.6

  Ex-smoker 6 (15) 3 (7.5)

  Nonsmokers 18 (45) 20 (50)

Marital status n (%)

  Single 2 (5) 5 (12.5) 0.2

  Married 38 (95) 35 (87.5)

  Hypertension n (%) 30 (75) 34 (85) 0.3

  DM 26 (65) 23 (57.5) 0.5

  COPD 11 (27.5) 6 (15) 0.2

  Asthma 4 (10) 8 (20) 0.2

  CKD 6 (15) 5 (12.5) 0.7

  CVD 2 (5) 4 (10) 0.4

  Malignancy 8 (20) 10 (25) 0.6
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Our results showed that CPAP has significant impact 
on blood gases and D-dimer level on follow-up of 
patients on 7th and 14th day in CPAP group in com-
parison with the first day. On the 7th day, there was 
a decrease on HCO3 and D-dimer level on CPAP 
group from 26.29 ± 2 to 25.60 ± 1  mEq/L and 1.27 ± 1 
to 0.95 ± 0.5  mg/L, respectively, while increase on 
CO2, HCO3, and D-dimer values on non-CPAP 
group (40.80 ± 6.7  mm Hg, 24.54 ± 3.6  mEq/L, and 
1.44 ± 0.7  mg/L, respectively). By the 14th day, there 
were significant differences on PH, CO2, HCO3, and 
D-dimer values on both groups with significant increase 
on CO2, HCO3, and D-dimer values (42.17 ± 9 mm Hg, 
27.25 ± 5  mEq/L, and 1.87 ± 0.7  mg/L, respectively) on 
non-CPAP group in comparison with the first- and 7th-
day values while decrease on CO2, HCO3, and D-dimer 

values on CPAP group (37 ± 1 mm Hg, 24.06 ± 1 mEq/L, 
and 0.419 ± 0.26  mg/L, respectively). These agreed with 
the literature as CPAP reduce hypercoagulability factors 
in OSA patients reducing risk of thrombosis and sup-
ported with previous studies [16–18].

This study demonstrated that using CPAP early dur-
ing the night and during sleep in patients with moder-
ate to severe COVID-19 and with a high risk for OSA 
in comparison to the non-CPAP technique increased 
the incidence of survival (32 survivors in CPAP group in 
comparison to 23 in non-CPAP) and decreased the need 
for mechanical ventilation and shorten duration of hos-
pital stay (24 patients, 15  days in CPAP group, and 34 
patients and 19.5 days in non-CPAP) respectively. These 
all supported the literature as there are many risk factors 
and morbidities shared by both severe COVID-19 and 

Fig. 2  Percentage of presenting COVID-19 symptoms
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Fig. 3  Percentage of presenting OSA symptoms

Table 2  Comparison between the studied groups regarding radiological and laboratory findings

Data are presented as mean ± SD, median (range)

Abbreviations: CXR Chest X-ray, SS Scoring system, CT Computed tomography, N/L Neutrophils/lymphocyte, CRP C-reactive protein, LDH Lactate dehydrogenase, INR 
International normalized ratio, ALT Alanine aminotransferase, AST Aspartate aminotransferase

Non-CPAP group
(n = 40)

CPAP group
(n = 40)

p-value

Radiology CXR SS 14 (7–16) 12 (9–16) 0.1

CT SS 18 (12–20) 17.5 (12–20) 0.3

Blood gases PH 7.44 ± 0.13 7.42 ± 0.03 0.5

CO2 level 35.75 ± 6.17 38.75 ± 4.75 0.017

HCO3 level 23.99 ± 3.58 26.29 ± 2.09  < 0.001

Hematological parameters Hemoglobin level 12.53 ± 2.14 12.88 ± 1.63 0.4

Red blood cells 10.43 ± 4.57 9.5 ± 3.04 0.3

Neutrophils 81.55 ± 8.07 82.85 ± 5.12 0.4

Lymphocyte 10.5 (3.4–31) 10.25 (4.5–15) 0.9

N/L ratio 8 (2–31) 7.5 (5–18) 0.9

Platelet 232.25 ± 103.4 250.70 ± 77.48 0.4

CRP 101.9 ± 45.39 111.3 ± 60.45 0.4

LDH 514.05 ± 204.66 481.85 ± 139.94 0.4

D-dimer 0.65 (0–1.6) 0.8 (0–4.2) 0.02

INR 1.17 ± 0.24 1 ± 0.13  < 0.001

Serum creatinine 1.15 (0.6–13.6) 0.9 (0.5–1.8) 0.1

ALT 56.5 (23–130) 53.5 (22–323) 0.5

AST 45 (21–88) 32.5 (4–127) 0.07

Serum albumin 3 ± 0.42 3.13 ± 0.4 0.2
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OSA, and also, OSA could be an independent risk fac-
tor for poor outcomes in COVID-19 patients that can-
not be explained by associated other comorbidities with 
two-fold increased risk of poor COVID-19 outcome [15]. 
Conversely, in the CPAP group, this agrees with [4] as 
CPAP could reduce risks for infectious complications, 
chronic inflammation, thrombophilia, and cardiovascular 
complications in OSA patients who caught COVID-19 
infection. However, the results were against other studies 
[15, 19]. This could be explained by propelling viral par-
ticles located in the upper respiratory tract further down 
the respiratory tract and thus increasing the risk of viral 
pneumonia as in [20, 21]. In our study, the predictors of 
mechanical ventilation in patients with obstructive sleep 
apnea on CPAP were age, CO2 level, CT SS, HTN, and 
DM patients and the percentage of witnessed apnea. 

These results were in accordance with other studies that 
reported that older age and excessive infiltration on CT, 
HTN, and DM all have proved to be risky factors for poor 
outcomes and death in COVID-19 patients with sleep 
apnea [19, 22].

Also, in our study that there was no significant dif-
ference in the length of hospital stay in patients in two 
groups until the 28th day, after that, there were nota-
ble findings in the percentage of patients in each group 
with 20% and 5% of patients in the non-CPAP group and 
CPAP group respectively. This was in accordance with 
other study which reported that the presence of OSA 
leads to significant value in prolongation of length of hos-
pital stay in COVID-19 patients more than 14 days [22].

Limitations
There were some limitations in our study, as it was small 
sample size from single isolation center and results can-
not be generalized and lack of PSG to confirm the diag-
nosis and categorize patients according to OSA severity 
due to infection control measures. Also, there were strict 
inclusion and exclusion criteria that made selection of 
patients relatively difficult as patients enrolled must be 
with positive swab for COVID-19 PCR, so we exclude 
patient with typical findings but with negative PCR swab. 
Another limitation was about deficient studying of oxy-
gen tension before and after CPAP therapy; this limita-
tion is attributed to difficulty to have repeated arterial 
sampling from patients as most of patients were on anti-
coagulation therapy and risky for hematoma formation 
and bleeding, so we used venous samples with evaluating 
and tracing PH, CO2, and HCO3 as parameters for tis-
sue oxygenation and patient improvement. Also, follow-
up of patients after discharge was not involved in our 
work. Finally, this study cannot provide us with informa-
tion about the actual incidence of OSA in patients with 
COVID-19 infection.

Table 3  Comparison between two studied groups regarding 
blood gases and D-dimer

Data are presented as mean ± SD

Non-CPAP
(n = 40)

CPAP
(n = 40)

p-value

First day Blood gases PH 7.44 ± 0.13 7.42 ± 0.03 0.5

CO2 35.75 ± 6.17 38.75 ± 4.75 0.017

HCO3 23.99 ± 3.58 26.29 ± 2.09 0.001

D-dimer 0.77 ± 0.48 1.27 ± 1.03 0.001

7th day Blood gases PH 7.39 ± 0.07 7.40 ± 0.03 0.29

CO2 40.80 ± 6.68 39.15 ± 2.61 0.15

HCO3 24.54 ± 3.59 25.60 ± 1.79 0.09

D-dimer 1.44 ± 0.65 0.950 ± 0.52 0.001

Non-CPAP
(n = 28)

CPAP
(n = 22)

p-value

14th day Blood gases PH 7.42 ± 0.06 7.39 ± 0.01 0.04

CO2 42.17 ± 9.15 37 ± 1.48 0.003

HCO3 27.25 ± 5.04 24.06 ± 1.27 0.001

D-dimer 1.87 ± 0.71 0.419 ± 0.26 0.001

Fig. 4  Comparison between two studied groups regarding blood gases analysis on admission and follow-up
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Conclusion
Early CPAP therapy for moderate and severe COVID-
19 hospitalized patients with risk of OSA could improve 
patient’s survival, shorten hospital stay, and decrease 
need for invasive mechanical ventilation. CPAP may 
improve patient’s outcome through decreasing hyper-
coagulation and oxygen requirement.
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Table 4  Primary and secondary end point in the two studied 
groups

Data are presented as numbers (percentage), Mediana (range)

Non-CPAP group
(n = 40)

CPAP group
(n = 40)

p-value

Primary end point
  Survival n (%)
Inhospital mortality n (%)

23 (57.5)
17 (42.5)

32 (80)
8 (20)

0.03

Secondary end point
  a. Duration of hospital stay
    Total duration 19.5a (10–41) 15a (7–38) 0.04

       < 14 days 12 (30%) 18 (45%) 0.09

       > 14–28 20 (50%) 20 (50%)

       > 28 8 (20%) 2 (5%)

  b. Need for invasive 
ventilation n (%)

34 (85) 24 (60) 0.01
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patients were given the option to participate or not; also, the study findings 
were exclusively used for scientific purpose. Personal data were hidden from 
any public use.

Consent for publication
Not applicable.
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