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Background: Sleep apnea (SA) was reported as possibly exacerbating symptoms of COVID-19, a disease induced by SARS-CoV-2 
virus. The same comorbidities are common with both pathologies. This study aimed to estimate the prevalence, characteristics of SA 
and variation in AHI three months after severe COVID-19 requiring intensive care unit (ICU) admission.
Methods: A prospective cohort of patients admitted to ICU for severe COVID-19 underwent an overnight home polygraphy 3 months 
after onset of symptoms, as part of a comprehensive follow-up program (pulmonary function tests, 6-minute walk tests and chest CT- 
scan). Patients with an apnea hypopnea index (AHI) ≥5 were considered as having SA. We performed a comparative descriptive 
analysis of 2 subgroups according to the existence, severity of SA and indication for effective SA treatment: patients with absent or 
mild SA (AHI <15) vs patients with moderate to severe SA (AHI ≥15).
Results: Among 68 patients included, 62 (91%) had known comorbidities (34 hypertension, 21 obesity, 20 dyslipidemia, 16 type 2 
diabetes). It has been observed a preexisting SA for 13 patients (19.1%). At 3 months, 62 patients (91%) had SA with 85.5% of 
obstructive events. Twenty-four patients had no or a mild SA (AHI <15) and 44 had moderate to severe SA (AHI ≥15). Ischemic heart 
disease exclusively affected the moderate to severe SA group. Except for thoracic CT-scan which revealed less honeycomb lesions, 
COVID-19 symptoms were more severe in the group with moderate to severe SA, requiring a longer curarization, more prone position 
sessions and more frequent tracheotomy.
Conclusion: SA involved 91% of patients in our population at 3 months of severe COVID-19 and was mainly obstructive type. 
Although SA might be a risk factor as well as consequences of ICU care in severe COVID-19 infection, our results underline the 
importance of sleep explorations after an ICU stay for this disease.
Keywords: SARS-CoV-2, pneumonia, obstructive sleep apnea syndrome, intensive care unit

Introduction
Sleep Apnea (SA) is a disorder characterized by repetitive pauses in breathing during sleep, caused by airway occlusion 
(obstructive sleep apnea) or altered control of breathing (central sleep apnea).1,2 The prevalence of SA differs in the 
literature depending on the characteristics of the population studied, the definition of SA used and the studies design.3–5 

The estimated prevalence of sleep-disordered breathing, defined as an Apnea-Hypopnea Index value (AHI) of 5 or higher 
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concerned 24% of men and 20% of women in an American study of 427 elderly people aged 65 years and over.6 The 
strongest risk factor is obesity, reflected by markers including body mass index (BMI), neck circumference, and waist-to- 
hip ratio.7 Other risk factors include older age, male gender, menopause, craniofacial and upper airway abnormalities, 
alcohol consumption, smoking, and genetic factors associated with craniofacial structure, body fat distribution and neural 
control of the upper airway muscles.8,9 The prevalence of cardiovascular comorbidities in obstructive sleep apnea 
syndrome (OSA) has been estimated at 39% for hypertension, 34% for obesity and 15% for diabetes.10 The prevalence 
of one or more of these comorbidities increases with age, male gender and severity of the SA.10–14

COVID-19 is an infectious disease caused by the most recently discovered coronavirus: SARS-CoV-2. It is not clear 
if the frequency of SA increases after an ICU stay for non-COVID-19 causes, with divergent results from small studies 
evaluating sleep quality within 10 days and 6 months after discharge.15 However, several arguments exist to suspect 
a higher rate of SA in COVID-19 ICU survivors. Studies have shown that several risk factors for severe COVID-19 
infection overlap with the risk factors for, and potential complications of SA, such as obesity, high blood pressure, 
diabetes, as well as cardiovascular and cerebrovascular diseases. Several articles have described the prevalence of known 
SA in hospitalized cases and even suggest a direct link between SA and the severity of the COVID-19.16–19

Moreover, a growing body of data indicates that SARS-CoV-2 can also invade the nervous system, causing 
neurological diseases, such as encephalitis, encephalopathy, meningitis, Guillain-Barré syndrome.20,21 Therefore, SA 
secondary to a direct viral attack of the central nervous system could explain sleep disturbances among patients with 
severe COVID-19. After Severe Acute Respiratory Syndrome (SARS), an epidemic also due to a coronaviridae between 
2002 and 2004, a study by Moldofsky et al evaluated 30 patients by an overnight polysomnography performed a mean of 
19.8 months after infection. Twenty-two post-SARS patients were compared to a group of 8 younger, healthy females. 
Polysomnographic data showed more arousal disturbances, alpha electroencephalography sleep disorders, stage 2 non 
rapid eye movement (REM) sleep and a delay in onset to REM sleep in the group of post-SARS patients, possibly related 
to the infection. The frequency of SA was not increased.22

In COVID-19, sleep disorders could also be expected from the healing process, with pulmonary fibrosis, after the 
severity of the initial lung damage.23 Indeed, several studies have demonstrated the interdependence between upper 
airway size in OSA and lung volumes24,25 or reported an increased frequency of OSA in patients with idiopathic 
pulmonary fibrosis.26–28 In a study by Lancaster et al,26 88% of 50 patients with idiopathic pulmonary fibrosis who 
underwent polygraph had SA.

Common risk factors and consequences of SA are shared by SARS-CoV-2 infection and several physiopathological 
mechanisms such as a neurological damage, pulmonary fibrosis or post-ventilation consequences suggest that there may 
be an increased frequency of SA after severe COVID-19 infection. Therefore, the objective of this study was to estimate 
the prevalence and characteristics of SA 3 months after respiratory symptoms that required ICU admission for COVID- 
19. The secondary objectives were first to describe the evolution of AHI in patients with previously known SA 
and second for all patients to describe the relationship between the magnitude of the estimated AHI and demographic, 
resuscitation data indicating the severity of respiratory compromise, respiratory function and scanographic data at 3 
months of symptoms onset.

Methods
Study Design of COV- RECUP
This single-center, prospective, observational study was performed in a French university hospital (University hospital of 
Besançon) from April to July 2020. All patients who had been admitted to any of the ICUs in the hospital for COVID-19 
were contacted and invited to participate in the study.

The COV-RECUP study consisted of follow-up including outpatient evaluation at 3, 6 and 12 months after symptom onset. 
At 3 months (±3 weeks), patients underwent a complete overnight home respiratory polygraphy. At 3, 6 and 12 months, they 
had a physical examination, pulmonary function testing, blood gas analysis, non-contrast enhanced millimeter section chest 
CT scan, resting oximetry, a standardized six-minute walk test (6MWT) with continuous oximetry, and they completed the 
SF36 health-related quality of life questionnaire. Routine spirometry, constant-volume body plethysmography, lung diffusing 
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capacity for carbon monoxide (DLCO) and fractional concentration of exhaled NO (FeNO) were measured in accordance with 
current standards (MedGraphics Platinium Elite; Medisoft FeNO; MSE Medical, Strasbourg, France).29–31 The instruments 
were calibrated and used according to the manufacturer’s instructions and used in conjunction with a personal computer. 
Hypoxemia was defined at the threshold of 9.3 kPa.

All data regarding demographics (age, sex), anthropometry (body mass index [BMI]), social habits (smoking), and 
comorbidities (COPD, SA, OHS, hypertension, type 2 diabetes, arrhythmia, coronary artery disease or stroke, throm-
boembolic disease, chronic renal disease) were extracted at 3 months.

We also extracted critical care support data during the critical care stay, including use and duration of invasive 
mechanical ventilation (IMV), use and duration of curarization, use and duration of prone position treatment, tracheost-
omy, length of ICU stay, total hospital days, and weight loss at M3.

Our study is a substudy of the larger COV-RECUP study.15 The present analysis focuses on polygraph data collected 
at the 3-month follow-up.

Population and Eligibility Criteria
Patients were eligible if they were aged between 18 and 79 years old, had SARS-CoV-2 infection diagnosed by viral 
RNA detection by quantitative RT-PCR on nasal swabs or bronchoalveolar lavage sample. Patients had to have been 
admitted to the ICU with SpO2 of 92% or less, and evidence of air-space changes in 25% of lung parenchyma on chest 
CT scan. Patients were excluded if they were known to have chronic respiratory insufficiency, were on long-term oxygen 
therapy or followed for interstitial lung disease, if they had a significant psychiatric pathology, or if they had a life 
expectancy estimated at less than one year.

Ethical Consideration
Written consent was obtained before the first visit at 3 months and the protocol was approved by the ethics committee 
(CPP Grand-Est le 21/04/2020). The COV-RECUP study15 was performed in accordance with the Declaration of 
Helsinki and Good Clinical Practice guidelines.

Sleep Investigations
Clinical Data on Sleep
Before polygraphy, patients completed a standardized Epworth sleepiness scale questionnaire to assess the presence of 
daytime sleepiness. An Epworth sleepiness score ≥10 points was indicative of daytime sleepiness. Three additional 
clinical signs suggestive of SA were collected: nocturnal snoring, nocturia defined by more than one nocturnal 
micturition and morning headaches.

Diagnosis of SA by Polygraphy
Respiratory polygraphy was performed on an outpatient basis using the NOX T3-ResMed polygraph model and the 
NOXTURNAL software version 5.1.2.20294 (Nox Medical, Reykjavik, 2017). The devices were given to the patient on 
the day of the 3-month visit.

The straps and sensors were put in place by a hospital nurse and the rest of the elements by the patient before bedtime 
after clear explanations on how to proceed. The following signals were continuously recorded: airflow (nasal cannula), 
heart rate and SpO2 (pulse oximeter sensor), respiratory effort (thoracic and abdominal band with respiratory effort 
sensor), breath sounds (microphone), patient position (sensors). Bedtime and wake-up time were left at the discretion of 
the patient, marked the beginning and end of the interpretable recording. Tracings were read by a physician specialized in 
sleep pathology and the apnea and hypopnea episodes were scored manually.

The scoring was based on American Academy of Sleep Medicine recommendations.32 An apnea event was defined as 
cessation of breathing lasting 10 seconds or more. Hypopneas were scored when there was a 30% or more decrease in 
airflow with 3% or more oxygen desaturation. Apnea or hypopnea was central when it was associated with absence of 
respiratory effort. Otherwise, it was obstructive.32 SA was defined as an Apnea-Hypopnea Index (AHI) ≥5.33 It was 
defined moderate if AHI was equal or greater than 15/h and severe if AHI was equal or greater than 30/h. SA was 
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obstructive type (OSA) when the proportion of obstructive events was greater than or equal to 50% of all events scored. 
For all patients with a history of SA, the results of a previous comparative polygraphy were sought.

Statistical Analysis
We compared patient characteristics and 3-month results between two groups defined according to the AHI: patients with 
absent or mild SA (defined as an AHI <15) and patients with moderate to severe SA (defined as AHI ≥15). AHI threshold 
of 15 events/h to distinguish our 2 groups was chosen because it is considered sufficient diagnostic criteria regardless of 
the presence of symptoms and a threshold for therapeutic implication according to the recommendations of the American 
Academy of Sleep Medicine (AASM) and the International Classification of Sleep Disorders-Third Edition.34

SA type was not considered in group formation or statistical analyses.
Categorical variables are described as number and percentage, and quantitative variables as mean ± standard 

deviation or median and interquartiles. The Chi-square or Fisher’s exact test was used for categorical variables and 
the Wilcoxon test for medians for comparisons between groups. All analyses were performed using SAS version 9.4 
(SAS Institute, Cary, NC).

Results
Among 149 patients with an initial diagnosis of SARS-CoV-2 pneumonia who were admitted to any ICU, 85 were 
included in the study (Figure 1). Seventeen patients did not participate in the present sleep ancillary study (7 refused the 
polygraphy, 4 could not be recorded due to technical issues, 5 had a recording problem, and 1 was under 4L/min night 
oxygen therapy). The mean time between COVID-19 symptom onset and polygraphy was 3 months (range 2.6–3.4 
months). The demographic characteristics of study population (n = 68) are detailed in Table 1.

Prevalence and Characteristics of Sleep Apnea Syndrome
The results of the respiratory polygraphy at 3 months revealed SA in 62 patients (91.3%). Among them, SA was 
mild (5 ≥AHI ≤15) in 18 patients (26.5%), moderate (15 ≥AHI≤ 30) in 22 patients (32.4%), and severe (AHI ≥ 30) 
in 22 patients (32.4%) (Table 2). SA was predominantly obstructive as central events were in the minority with 
a median value of 5.15% [0.6–17.9%] for all patients with sleep apnea. The median value of Epworth Score was 5 
points [3–8] for patients with mild SA, 5 points [4–10] for patients with moderate SA and 5 points [0–12] for 
patients with severe SA with a value of 10/18 or more found in 5 (27.8%), 1 (4.5%) and 2 patients (9.1%) of each 
group respectively. For the entire population, 43 patients snored (64.2%) among whom 39 had OSA. Nocturia 
concerned 15 patients (22.7%) among whom 14 had OSA, and morning headaches concerned 5 patients (7.4%) and 
all of them had OSA (Table 3).

Prevalence of Previously Diagnosed Sleep Apnea Syndrome and Evolution of AHI
Thirteen patients had a known SA (19.1%): 5 patients in the no or mild SA group (20.8%) vs 8 patients in the moderate 
to severe SA group (18.2%), treated by continuous positive airway pressure therapy (CPAP) for 7 of them.

Among the 13 patients with history of SA, the results of a polygraphy dating from the previous years were found for 
11. The median time between the 2 sleep assessments was 7 years [4–10.5] and the median change in AHI was −11 
points [(−23)-0.75].

Among the 11 patients, a decrease in the AHI value was observed at the polygraph performed 3 months after COVID- 
19 for 7 patients, each with a weight loss of 3 kg or more between the two sleep explorations. The value was stable for 3 
patients (Figure 2). Only one patient had an increase in AHI from 33.1 to 74 events/h associated with a 6 kg weight gain.

Characteristics of the Study Population at ICU Admission
Comparing patients with absent or mild SA (AHI < 15) versus patients with moderate to severe SA (AHI ≥ 15), there was 
no statistical difference in terms of age and sex (Table 1). The median age was 64 years [54.3–69.7] for the group with no 
or mild SA and 68.9 years [61.1–79] for the second group. The prevalence for each sex was equivalent in the 2 groups 
with 19 males (79.2%) vs 35 (79.5%). Sixty-two of the 68 patients (91.2%) had at least one cardiovascular comorbidity. 
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Arterial hypertension 9 (37.5%) vs 25 (56.8%), ischemic heart disease 0 (0%) vs 7 (15,9%), atrial fibrillation 1 (4.2%) vs 
4 (9.1%), stroke 1 (4,2%) vs 1 (2.3%), chronic heart failure 1 (4.2%) vs 0 (0%), obesity 6 (25%) vs 15 (34.1%), 
dyslipidemia 10 (41.7%) vs 10 (22.7%), type 2 diabetes 5 (20.8%) vs 11 (25%). There was no statistical difference except 
for ischemic heart disease which concerned exclusively the group with moderate to severe SA (p = 0.046).

Characteristics of the Study Population Concerning ICU Stay
Intubation and curarization concerned 57 of our patients (83.8%): 18 patients in the group with AHI inferior to 15 
(75%) vs 39 patients in the group with a AHI greater than or equal to 15 (99.6%) (p = 0.177). All intubated 
patients were curarized. Data on the ICU stay showed that the median duration of curarization was longer for 
patients with moderate to severe SA (median duration: 8 days [3.5–14]) than for the rest of the patients (median 
duration: 4 days [0–9]) (p = 0.026). Prone positioning was applied for 14 patients (58.3%) with no or mild SA vs 
35 (79.5%) patients with moderate to severe SA (p = 0.090), with a median number of sessions of 1 [0–4] vs 3 

Figure 1 Flowchart of the COV-RECUP sleep study population.
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Table 1 Baseline Characteristics, Medical History and AHI Estimation at 3 Months in Intensive Care Unit Survivors After SARS-CoV-2 
Pneumonia

Overall Population N = 68 AHI < 15 N = 24 AHI ≥ 15 N = 44 p-value

Gender male 54 (79.4%) 19 (79.2%) 35 (79.5%) 1

Age 67.5 [59.8–72.7] 64 [54.3–69.7] 68.9 [61.1–73] 0.0748

Smoking status
Nonsmoker 28 (41.2%)

Smoker 1 (1.5%)

Former smoker 39 (57.4%)
Comorbidities before SARS-CoV-2 infection

Hypertension 34 (50.0%) 9 (37.5%) 25 (56.8%) 0.2041
Diabetes type 2 16 (23.5% 5 (20.8%) 11 (25.0%) 0.7727

Dyslipidemia 20 (29.4%) 10 (41.7%) 10 (22.7%) 0.1627

Obesity 21 (30.9%) 6 (25.0%) 15 (34.1%) 0.5846
Moderate 12 (17.6%) 3 (12.5%) 9 (20.5%)

Severe 7 (10.3%) 2 (8.3%) 5 (11.4%)

Morbid 2 (2.9%) 1 (4.2%) 1 (2.3%)
Coronary heart disease 7 (10.3%) 0 (0%) 7 (15.9%) 0.0460

Chronic heart failure 1 (1.5%) 1 (4.2%) 0 (0%) 0.3529

Atrial fibrillation 5 (7.4%) 1 (4.2%) 4 (9.1%) 0.6493
Stroke 2 (2.9%) 1 (4.2%) 1 (2.3%) 1

Asthma 6 (8.8%) 3 (12.5%) 3 (6.8%) 0.6577

SA 13 (19.11%) 5 (20.8%) 8 (18.2%) 0.7344
COPD 5 (7.4%) 1 (4.2%) 4 (9.1%) 0.6493

OHS 0 (0%) 0 (0%) 0 (0%)

Chronic kidney disease 0 (0%) 0 (0%) 0 (0%)
Thromboembolic disease 4 (5.9%)

CPAP 7 (10.3%)

Intensive Care Unit
Intubation 57 (83.8%) 18 (75.0%) 39 (88.6%) 0.1771

Curarization 57 (83.8%) 18 (75%) 39 (88.6%) 0.1771

Duration of curarization (d) 7 [2–11] 4 [0–9] 8 [3.5–14] 0.0261
Prone positioning treatment 49 (72.1%) 14 (58.3%) 35 (79.5%) 0.0900

Duration of prone positioning (d) 2.5 [0–7] 1 [0–4] 3 [1–9] 0.0453

Tracheostomy 8 (11.8%) 0 (0%) 8 (18.2%) 0.0434
Length of stay in the ICU (d) 16.5 [11–24] 12.5 [7.5–20.5] 17.5 [12–30] 0.0567

Length of stay in hospital (d) 44 [20–61] 41 [17–58.5] 45 [22–62] 0.4092

Weight loss at M3 (kg) −3 [−6−1] −1.3 [−5.5–4.5] −3[−6—1] 0.1540

Notes: Values are presented as median [IQR=interquartile range] or number of patients (percentage). 
Abbreviation: SA, sleep apnea; COPD, chronic obstructive pulmonary disease; OHS, obesity hypoventilation syndrome; CPAP, continuous positive airway pressure; CPR, 
C reactive protein.

Table 2 Prevalence and Characteristics of SA Based on 
Polygraph Results at 3 Months in Intensive Care Unit 
Survivors After SARS-CoV-2 Pneumonia

AHI value  
(Events/h)

SA (n=62) Prevalence of Central  
Event Share (%)

SA 62 (91.2%)

<15 18 (26.5%) Median, 5.15% [0.6–17.9%]
15–30 22 (32.4%)

>30 22 (32.4%)

Notes: Values are presented as median [IQR=interquartile range] or 
number of patients or percentage. 
Abbreviations: AHI, Apnea-hypopnea Index; SA, sleep apnea.
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[1–9], respectively (p = 0.045). There was a statistical difference in the use of tracheostomy for difficult weaning 
of from the mechanical ventilation, which concerned exclusively the moderate to severe SA group with 8 patients 
(18.2%; p = 0.043). The median length of stay in the ICU was 16.5 days [1–49] in the whole population (12.5 
days [7.5–20.5] for patients with no or mild SA vs 17.5 days [12–30] in the moderate to severe SA group) (p = 
0.056).

Characteristics and comparison of the 2 groups on the scannographic and respiratory 
functional data at 3-month follow-up
At the 3-month follow-up, 63 of the 68 patients had undergone a chest CT-Scan at 3-month. The most frequent scan 
abnormalities were persistent reticulations in 53 patients (88.3%), traction bronchiectasis in 48 patients (66.7%), ground 
glass opacities in 43 patients (71.7%) and honeycomb lesions in 5 patients (8.3%). Sixty patients had at least one CT scan 
abnormality (95.2%). The abnormalities did not differ statistically between the 2 groups, except for honeycomb lesions 
which were observed in 4 patients (20%) in the group with no or mild SA vs 1 patient (2.5%) in the moderate to severe 
SA group (p = 0.038) (Table 4).

Median percentage of corrected DLCO predicted value was 80.2% [67.45–93.1] vs 80.4% [62.85–87.85] for each 
group, respectively (p = 0.618). As well, there was no statistical change in median percentage of vital capacity predicted 
value between groups, which remained within the range of normal values (93.85% [84.25–103.3] vs 93% [76.5–105], 
respectively (p = 0.95)) (Table 4).

Table 3 Epworth Sleepiness Score and Clinical Signs of SA at 3 Months in Intensive Care Unit Survivors After SARS-CoV-2 
Pneumonia

Overall SA N = 62 Mild SA N=18 Moderate SA N=22 Severe SA N=22 p-value

Epworth Sleepiness Score (ESS) 5 [3–8] 5 [4–10] 4.5 [2–8] 5 [3–7] 0.4758

ESS ≥10 8 (12.9%) 5 (27.8%) 1 (4.5%) 2 (9.1%) 0.1278

Snoring 39 (63.9%) 12 (70.6%) 12 (54.5%) 15 (68.2%) 0.5118
Frequent nighttime urination 14 (23.3%) 3 (16.7%) 5 (22.7%) 6 (30.0%) 0.6407

Morning headache 5 (8.1%) 2 (11.1%) 1 (4.5%) 2 (9.1%) 0.8516

Central event share (%) 7.1 [1–19.1] 4.5 [0–12.6] 3.3 [1.2–13.1] 13.55 [4.3–45.9] 0.0326

Notes: Values are presented as median [IQR=interquartile range] or number of patients (percentage). An Epworth sleepiness score of ≥ 10 is consistent with 
excessive daytime sleepiness and is a risk factor for sleep-disordered breathing. 
Abbreviations: SA, sleep apnea; ESS, Epworth Sleepiness Score.
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Figure 2 Comparison of AHI for the 11 intensive care unit survivors with known SA and available polygraphic data before and 3 months after COVID-19.
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Discussion
We prospectively assessed the prevalence of SA three months after a severe COVID-19 infection. Among 68 post-ICU 
patients, 62 (91%) had known comorbidities (34 hypertension, 21 obesity, 20 dyslipidemia, 16 type 2 diabetes). At 3 
months, 62 patients (91%) had SA, all of which were OSA. This pathology was known before COVID-19 in only 13 
patients (19.1%). Twenty-four patients had no or mild SA (AHI <15) and 44 had moderate to severe SA (AHI ≥15). 
Ischemic heart disease exclusively affected the moderate to severe SA group.

COVID-19 symptoms were more severe in the moderate to severe SA group, requiring a longer curarization, more 
prone position sessions and more frequent tracheostomy. Thoracic CT-scan revealed fewer honeycomb lesions in this 
group, which is not consistent with the hypothesis of SA induced by a reduction of lung volumes due to fibrosis and 
rather suggests pre-existing SA.

Several studies retrospectively evaluated the frequency of diagnosed SA before the COVID-19 infection. Arentz 
et al35 described 21 ICU patients with COVID-19. The prevalence of known OSA was 28.6%. Their mean age and the 
prevalence of comorbidities were comparable to those found in our study. Severity of COVID-19 infection was 
comparable to that of our population since 95% of their patients progressed to ARDS and 75% required mechanical 
ventilation. In a case-control study of 445 patients with a SARS-COV-2 infection, Strausz et al36 found that known OSA 
was a risk factor for hospitalization with an OR of 2.37 ([95% CI 1.14 to 4.95] p = 0.021), after adjustment for age, sex, 
BMI and comorbidities. No information was given about the overall proportion of ICU patients within the cohort. Among 
9405 patients with COVID-19 infection including 3185 (33.9%) who were hospitalized, Maas et al37 also identified 
a higher prevalence of known OSA in patients requiring hospitalization (OR 1.65; 95% CI (1.36, 2.02), adjusted for 
diabetes, hypertension, and BMI) and in those who progressed to respiratory failure (OR 1.98; 95% CI (1.65, 2.37)), 
adjusted for BMI. Respiratory failure occurred in 1779 patients (18.9%). These results suggest that SA is a risk factor for 
severe COVID-19.

Several studies have attempted to identify a relationship between severe COVID-19 and a high risk of SA, using post- 
infection screening questionnaires to evaluate the risk of SA. Iannella et al38 studied 96 hospitalized patients with severe 

Table 4 Scannographic, Respiratory Functional and 6MWT Results at 3 Months in Intensive Care Unit Survivors After SARS-CoV-2 
Pneumonia

Overall Population  
N = 68

AHI < 15  
N=24

AHI > 30  
N=44

p-value (Fisher)

Chest CT-scan

Presence of abnormalities 60 (95.2%) 20 (90.9%) 40 (97.6%) 0.2773
Reticulations 53 (88.3%) 19 (95.0%) 34 (85.0%) 0.4065

Traction bronchiectasis 40 (66.7%) 13 (65.0%) 27 (67.5%) 1

Ground glass opacities 43 (71.7%) 17 (85.0%) 26 (65%) 0.1357
Alveolar condensations 2 (3.3%) 1 (5%) 1 (2.5%) 1

Honeycomb lesions 5 (8.3%) 4 (20%) 1 (2.5%) 0.0383
Respiratory function test

Current FVC (L) 3.49 [2.67–4.09] 3.73 [2.62–4.17] 3.4 [2.72–3.98] 0.4709

% Pred FVC (L) 93.5 [79.15–104] 93.85 [84.25–103.3] 93 [76.5–105] 0.9490
DLCOcor (mL/min/mmHg) 17.96 [15.05–21.67] 18.87 [15.65–22.94] 17.75 [14.39–21.27] 0.4180

% Pred DLCOcor 80.2 [63.95–91.15] 80.2 [67.45–93.1] 80.4 [62.85–87.85] 0.6183

Altered DLCO (z score DLCO < −1.64) 31 (45.6%) 11 (45.8%) 20 (45.5%) 1
6MWT

Distance walked (m) 499.5 [408–570] 481 [438–570] 510 [390–570] 0.4381

Comparison between walked and theorical distance
Walked distance < theorical distance 38 (59.4%) 16 (69.6%) 22 (53.7%) 0.2138

Walked distance ≥ theorical distance 26 (40.6%) 7 (30.4%) 19 (46.3%)

Notes: Values are presented as median [IQR=interquartile range] or number of patients (percentage). 
Abbreviations: %Pred FVC, Predicted Forced Vital Capacity; %Pred DLCO, Predicted Lung Diffusing Capacity for CO adjusted for hemoglobin; DLCOcorr, Lung Diffusing 
Capacity for CO adjusted for hemoglobin; 6MWT, Six-Minute Walk Test.
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COVID-19 using the STOP-BANG questionnaire. Among them, 41.6% of those requiring enhanced respiratory assis-
tance (high flow nasal cannula, non-invasive ventilation or invasive mechanical ventilation) had a high risk of having SA 
vs 20.8% of patients requiring conventional oxygen therapy (p = 0.05). In a prospective observational study, Kar et al 
included 213 COVID-19 hospitalized patients,39 of whom 71 had no oxygen requirement and 43 were under conven-
tional oxygen therapy, 62 received invasive mechanical ventilation and 37 received non-invasive ventilation or high-flow 
cannula. Overall, 57 died from COVID-19-related ARDS. Sixteen percent of survivors had a high risk of OSA as 
estimated by the STOP-BANG score, compared to 45% of the deceased group. In addition, the STOP-BANG score was 
found to be significantly associated with an increased risk of death after adjustment for diabetes, hypertension, coronary 
artery disease, and neck circumference (OR 2.48 (1.09–5.69, p = 0.031)). In a cross-sectional population-based web 
survey of 20,598 adults, Chung et al40 also used the STOP-BANG questionnaire. The prevalence of high risk of OSA was 
9.5%, and high risk of OSA was associated with an increased risk of hospitalization or ICU treatment (OR 2.11, 95% CI: 
1.10–4.01, adjusted for BMI, age, gender, and comorbidities).

These studies suggest an increased risk of SA in patients hospitalized for COVID 19 infection, and particularly in 
patients requiring ventilation support and ICU admission. However, they also may underestimate the frequency of SA, 
because prior SA was undiagnosed or due to a lack of sensitivity of the questionnaires used. Our study shows that 
detection of SA using the Epworth Sleepiness Questionnaire, only based on excessive daytime sleepiness, lacks 
sensitivity with only 8 patients (12%) having an Epworth Sleepiness Score equal or greater than 10. A systematic 
polygraphy allowed us to avoid an induced bias. However, in the context of screening, the STOP-BANG questionnaire is 
more sensitive than the Epworth sleepiness score41–43 (mean sensitivity of 0.54 and specificity of 0.65 for the Epworth 
versus 0.88 and 0.42, respectively, for the STOP-BANG questionnaire according to a meta-analysis reported by Chiu 
et al42) and should be preferred although the diagnosis of SA is only reliable when obtained by polygraphy or 
polysomnography.

Our study can be compared to 2 others based on the same diagnosis criteria of SA using poly(somno)graphy.44,45 The first 
study conducted by Labarca et al44 evaluated a cohort of COVID-19 patients 3 and 6 months after diagnosis. Thirty-four 
patients with COVID-19 ARDS were compared with a control group of 28 patients with mild to moderate COVID-19 
symptoms. SA was found in 27 (79%) ARDS patients versus 10 (38%) in the control group. Undiagnosed sleep-disordered 
breathing was independently associated with ARDS (OR 6.72 (CI, 1.56–28.93), p < 0.01) after adjustment for age, sex, 
hypertension, BMI, smoking status, while untreated sleep-disordered breathing was associated with a significant increase in 
the risk of persistent CT alterations between 12 and 24 weeks after acute COVID-19 (hazard ratio (HR) 17.2 (CI, 1.68–177.4, 
p = 0.01)). The prevalence of OSA (79%) was lower than in our study, perhaps because COVID-19 infection was less severe in 
their patients, as reflected by a higher mean DLCO (85.5% (±22.6) vs 77.65% (±21.14) of predicted), fewer persistent CT 
abnormalities (67.6% vs 95.2%), a higher mean distance on 6MWT (509 meters (±121.9) vs 480.56 (±120.46)), less frequent 
intubation (70.5%), curarization (52.9%), prone positioning (41.1%), and shorter duration of ICU stay (10.8±8.9 days) and 
overall hospitalization (23.8±21). The second study by Goyal et al45 was an Indian hospital-based longitudinal study 
conducted among COVID-19 ICU survivors followed over a period of two months. All consecutive COVID-19 patients 
with moderate to severe ARDS were evaluated 4–6 weeks after ICU discharge. As in our study, they found a high prevalence 
of SA, namely 65 out of 67 patients (97%), with moderate to severe SA in 49 patients (73%).41

All these studies are in line with a recently published quantitative meta-analysis based on data from 13 articles with 
31,933 COVID-19 patients that demonstrated a statistically significant relationship between OSA and an elevated risk for 
fatal COVID-19 based on adjusted effect estimates (pooled effect estimate = 1.56, 95% CI: 1.20–2.02). When the 
participants were restricted only to the hospitalized COVID-19 patients, this significant relationship still existed (pooled 
effect estimate = 1.71, 95% CI: 1.38–2.12).46

For our patients with a history of SA, the overall decrease in AHI after SARS-COV-2 infection (Figure 2), associated 
with weight loss, is in favor of the preexistence of SA before COVID-19 infection. However, with an average BMI of 
27.5 (±6.2) in the study by Goyal et al, and a prevalence of obesity of 30.9% in our population, the frequency of SA 
remains higher than expected, with excess weight considered as responsible for OSA in 58% of more severe OSA (AHI ≥ 
15 events/h).12
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Among the conflicting results of studies addressing the frequency of SA after an ICU stay for ARDS, Alexopoulou 
et al47 evaluated 36 ICU patients (including 75% of ARDS) (median age 54.5 [39.3–65.5], median BMI 27.5 (24.8–31)) 
by polysomnography at 10 days and 6 months after hospital discharge. Twenty-nine patients had SA (including 28 OSA) 
at 10 days and 22 patients at 6 months. Seven of the 9 patients with mild SA normalized their AHI without a parallel 
decrease in BMI. At 6 months, SA was less severe, with a decrease in AHI [21.5 (6.5–29.4) vs 12.8 (4.7–20.4)]. 
Neuropathy and/or myopathy induced by mechanical ventilation, sedatives and curare affecting the upper airways and the 
respiratory muscles were suspected, considering a significant increase in median MIP and MEP between the two 
evaluations, which was also observed in our population (data not shown). On the contrary, in the study by Dhooria 
et al,48 only 3 patients among 20 younger ARDS survivors (median age of 24 [22–28] years, median BMI 20 (18–23.8) 
had SA one month after an ICU stay for ARDS. Srikanth et al49 also evaluated 30 ARDS patients by polysomnography 
(mean age 33.50 years, mean BMI 23.50 ± 3.02)) within 7 days of admission and 6 weeks after discharge. Four patients 
had AHI > 5 at early evaluation and none at the later evaluation. However, subjects with SA had a longer duration 
sedation in the ICU, with higher cumulative doses of midazolam administered in Dhooria’s study and AHI in the early 
period positively correlated with the duration of ICU and duration of IMV in Srikanth’s study. Population differences 
may account for the discrepancy in SA prevalence, as intrinsic risk factors come into play for both pre-existing SA and 
resuscitation-facilitated SA.

The high prevalence of SA does not seem to be fully explained by the fibrotic lesions that appeared secondary to the 
infectious disease. Indeed, only 45.6% of our patients had abnormal DLCO values, probably related to CT scan 
abnormalities on the lung parenchyma. However, respiratory function measurements were within normal limits and 
honeycomb lesions were more frequently present in the group without SA or with mild SA. A propensity towards 
neuroinvasion has been demonstrated as a common feature of coronaviruses and the presence of SARS-CoV particles in 
the brain has previously been reported.50 The fact that all SA were OSA goes against the physio pathological hypothesis 
of central neurological SARS-CoV-2 involvement.

In addition to generating and potentiating comorbidities now recognized as independent risk factors for severe 
COVID-19, OSA is known to promote and maintain a chronic inflammatory state, associated with an increase in pro- 
inflammatory markers (IL6, TNF alpha, CRP).51 Apneic events also cause intermittent hypoxia. The pathophysiological 
hypothesis of a potentiation of hypoxemia and inflammation caused by COVID-19 through these 2 effects of SA, 
especially during the cytokine storm phase, could explain a greater risk of severity directly attributable to SA.

Our study has some weaknesses. Recruitment of a larger population from several centers, as well as centralized, 
double-blind interpretation of the polygraphy findings would have given more power to our results. All patients who 
were diagnosed with SA were offered individualized management and therapy if the indication was retained. There was 
no long-term follow-up data for the sleep disturbances identified in the present analysis. It would have been of interest to 
assess the clinical and polygraphic progression of patients with SA in the study. Finally, although our diagnosis was 
based on a systematic polygraphy, it would have been interesting to introduce in the methodology and to compare with 
the polygraphic results the STOP-BANG questionnaire known to be more sensitive in routine in addition or instead of the 
Epworth Sleepiness Questionnaire.

Conclusion
Our study highlights the high prevalence of SA three months after an ICU stay for COVID-19, which deserves systemic 
screening. SA shares common risk factors with severe COVID-19 infection, but is underdiagnosed, and therefore might have 
only been diagnosed after hospitalization for COVID-19. Part of the high frequency of SA in this context might be partially 
explained by the consequences of ICU care, including mechanical ventilation and Neuromuscular Blocking Agents.

Abbreviations
6MWT, Six-Minute Walk Test; ARDS, Acute Respiratory Distress Syndrome; AHI, Apnea Hypopnea Index; BMI, Body 
Mass Index; COVID-19, Coronavirus disease 2019; CT, computed tomography; DLCO, Lung Diffusing Capacity for 
CO; FeNO, fractional concentration of exhaled NO; FVC, Forced Vital Capacity; ICU, Intensive Care Unit; IMV, 
Invasive Mechanical Ventilation; OSA, Obstructive Sleep Apnea; OR, Odds Ratio; REM, Rapid eye movement; RT-PCR, 
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Reverse-Transcriptase Polymerase Chain Reaction; SARS, Severe Acute Respiratory Syndrome by SARS-CoV-1; 
SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; SA, Sleep Apnea; SF-36, Medical Outcomes 
Survey 36-item Short Form Health Survey.
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