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Purpose: Due to the possible interplay of factors predisposing to severe COVID-19 out-
comes and negative health consequences of poorly controlled OSA, adherence to continuous 
positive airway pressure (CPAP) therapy among OSA patients might be crucial during 
COVID-19 pandemics. Lockdown-related changes in CPAP adherence were investigated in 
CPAP users willing to participate in this study. Pre-lockdown adherence, age, gender, 
comorbidities and anxiety were analyzed as predictors of COVID-19 lockdown adherence.
Patients and Methods: A cross-sectional study performed at Split Sleep Medicine Center 
included 101 severe OSA patients (78.2% male). CPAP memory cards were assessed during 
6 months of pre-lockdown and 40 days of lockdown (March/April 2020) period. A total of 81 
patients in pre-lockdown met good CPAP adherence criteria (≥4 hours/night on 70% nights).
Results: CPAP adherence improved during COVID-19 lockdown in the total sample of 
severe OSA patients. The percentage of adherent nights and CPAP usage hours per night 
increased during lockdown in good pre-lockdown CPAP adherers (p=0.011 and p=0.001, 
respectively), women (p=0.003 and p=0.001, respectively) and respondents younger than 58 
years (p=0.007 and p<0.001, respectively). Out of 20/101 poor pre-lockdown CPAP 
adherers, 9 have shifted to good lockdown adherence. When comorbidities, BMI and anxiety 
were taken into account, older and male respondents were recognized as less likely to 
improve CPAP usage hours during lockdown (R2=9.4%; p=0.032).
Conclusion: The lockdown-related CPAP adherence improved in severe OSA patients, with 
a shift in almost half of poor pre-lockdown adherers towards good lockdown CPAP adher-
ence. Women, younger and good pre-lockdown CPAP adherers were more adherent during 
lockdown. Despite being vulnerable groups for both OSA and COVID-19, no expected 
adherence improvements were observed in men and older patients.
Keywords: OSA, CPAP, CPAP adherence, COVID-19, lockdown

Plain Language Summary
Recent findings suggested an intertwined relationship of factors predisposing to severe 
COVID-19 outcomes and insufficiently treated obstructive sleep apnea (OSA). Therefore, 
adherence to continuous positive airway pressure (CPAP) therapy among OSA patients might 
be crucial when confronting the current infectious outbreak. We aimed to investigate changes 
in CPAP adherence during the COVID-19 lockdown, taking into account pre-lockdown 
adherence, age, gender, comorbidities and anxiety, as well as to investigate predictors of 
lockdown-related adherence. This study included 101 severe OSA patients, whose CPAP 
memory cards were assessed during 6 months of pre-lockdown and 40 days of lockdown 
(March/April 2020) period. The adherence assessment included the percentage of adherent 
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nights (nights when CPAP was used for ≥4 hours/night) and 
averaged hours of CPAP usage per night in the pre-lockdown 
and lockdown period. CPAP usage for ≥4 hours/night on at least 
70% of nights was used as a  criterion for patients’ classifications 
into two groups, good and poor adherers. CPAP adherence 
improved during COVID-19 lockdown in the studied sample of 
CPAP users, with a shift in almost half of poor pre-lockdown 
respondents towards good lockdown CPAP adherence. Women, 
younger and good pre-lockdown CPAP adherers were more 
adherent during lockdown. Despite being vulnerable groups for 
both OSA and COVID-19, male and older CPAP users were less 
likely to improve lockdown CPAP usage. A personalized 
approach in line with precision medicine focused on improving 
CPAP adherence, aimed at men and older respondents as vulner-
able groups, might reduce the COVID-19 health burden in severe 
OSA patients.

Introduction
Due to the challenges imposed by the novel coronavirus 
disease 2019 (COVID-19), sleep medicine services were 
substantially reduced with underwhelming obstructive 
sleep apnea (OSA) management opportunities across 
Europe.1 Considering that OSA is a global health burden 
often remaining undiagnosed, the number of OSA patients 
among COVID-19 cases might be greater than 
acknowledged.1,2 Novel findings have indeed yielded an 
increased risk for severe COVID-19 forms and outcomes 
in OSA patients.3–5 Recent studies on COVID-19 patients 
with adverse outcomes revealed male gender, advanced 
age, obesity and underlying cardiovascular, metabolic 
and chronic respiratory conditions as risk factors,2,6,7 indi-
cating an overlap between COVID-19 vulnerable and OSA 
population groups.1

Having in mind the possible intertwined relationship of 
factors predisposing to severe COVID-19 outcomes and 
negative health consequences of insufficiently treated 
OSA,6–10 effective continuous positive airway pressure 
(CPAP) therapy might be of particular interest when con-
fronting the infectious outbreak.1,2 Specifically, it has been 
shown that increased hours of CPAP usage led to a greater 
reduction of cardiovascular morbidity and mortality.9,11,12 

However, beneficial therapeutic responses are constrained 
by patients’ impaired adherence, whose association with 
the lack of self-efficacy and disease-related risk perception 
has been most consistent.13

Certain guidelines suggested a plausible risk for CPAP- 
induced aerosolization, supporting CPAP cessation among 
OSA patients during COVID-19 pandemic.14 Taking into 
consideration the risk uncertainty and harm-benefit 

assessment, other clinical guidelines encouraged CPAP 
therapy continuation,15 proposing CPAP as promising 
respiratory support in COVID-19 patients with respiratory 
failure.16 Given the widespread recognition of suboptimal 
adherence to CPAP,13 the ambiguous recommendations for 
CPAP management during lockdown might have further 
compromised CPAP adherence.

Recent studies revealed a common perception of 
severe personalized trauma during the pandemic, emer-
ging as increased anxiety, fear, depression and post- 
traumatic stress symptoms.17 Furthermore, although it 
has been proposed that good CPAP adherence patterns 
established at earlier stages remain stable,18 previous 
research has found a decrease in CPAP adherence across 
numerous traumatic experiences.19,20 However, there are 
inconsistent results regarding CPAP adherence changes 
during COVID-19 lockdown,21–23 since it is difficult to 
study less adherent CPAP users and to recruit them as 
respondents in relevant studies. With this in mind, the 
respondents willing to participate in this study were 
included, with an assumption they were more adherent 
than overall CPAP users. Also, it is yet to be determined 
whether male and older patients as vulnerable popula-
tion groups for both COVID-19 and OSA,1,6,7 are more 
prone to improve CPAP adherence. Thus, in order to 
provide additional information about the lockdown 
impact on CPAP adherence, this study aimed to investi-
gate lockdown-related changes in CPAP adherence 
among severe OSA patients with regard to pre-lock-
down adherence, gender, age, comorbidities and anxiety, 
as well as to investigate predictors of adherence during 
the COVID-19 lockdown. We hypothesized that CPAP 
adherence will improve in patients with higher risk for 
adverse COVID-19 outcomes, specifically in male and 
older CPAP adherers.

Patients and Methods
Design and Study Population
Following the lift of 40 days COVID-19 lockdown in 
Croatia, a cross-sectional study was conducted at the 
Split Sleep Medicine Center (SSMC) in CPAP-treated 
patients, previously diagnosed with severe OSA (Apnea– 
Hypopnea Index, AHI ≥30/hour). A pilot sample of 9 
patients was assessed before and during COVID-19 lock-
down in order to calculate the sample size. Based on 
a mean difference of 0.39 and the standard deviation 
(SD) of differences of 1.32, the minimum required sample 
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was 100 patients when the type I and II errors were set at 
0.01, with the lockdown-related change in hours of CPAP 
usage as a primary endpoint.

Upon reaching a participant on the telephone, a sleep 
medicine trainee informed the individual about the study. If 
agreed to participate, the patients were invited to SSMC for 
CPAP adherence assessment and asked to complete 
a purpose-built questionnaire, as well as the State-Trait 
Anxiety Inventory (STAI). Inclusion criteria were ≥18 
years of age and ≥6 months of CPAP therapy. Of 147 
patients contacted, some were unreachable (n=27), whereas 
others provided incomplete (n=17) or none (n=2) CPAP 
adherence data. The final sample included 101 participants 
(Figure 1). The study protocol was approved by the 
Biomedical Research Ethics Committee at the University 
of Split, School of Medicine (#2181-198-03-04-14-0027). 
A written informed consent was obtained prior to all proce-
dures carried out in accordance with the ethical standards 
established by the 1964 Helsinki declaration.

Procedure and Measures
Whole-night in-laboratory polysomnography (PSG, Alice 
6LE, Philips Respironics, Eindhoven, Netherlands) or 
whole-night unattended polygraphy (PG, SOMNOcheck2, 
Weinmann, Germany) was performed prior to CPAP therapy 
initiation. The diagnosis of OSA was defined in accordance 
with the American Academy of Sleep Medicine (AASM) 
and European Sleep Research Society (ESRS) guidelines.24

The study questionnaire comprised three sections 
assessing Demographics (general information and back-
ground), COVID-19 related history (questions about 
COVID-19 positivity, as well as symptomatology, hospi-
talization and ongoing CPAP usage, if infected with 
COVID-19) and Self-reported CPAP adherence (hours of 
CPAP usage, problems while using CPAP and CPAP 
cleaning frequency before and during lockdown). All sub-
jects reported to be COVID-19 negative. The duration of 
CPAP therapy prior to lockdown and presence of chronic 
diseases were obtained from medical records at SSMC.

Figure 1 Flow chart of subject recruitment. 
Abbreviation: COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure.
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Patients’ anxiety levels were evaluated using STAI,25 

measuring state (STAI-S subscale) and trait (STAI-T sub-
scale) anxiety, self-assessed on a Likert scale from 1 to 4, 
including 20 questions for each subscale. The range of 
scores for each subscale is 20 to 80, with higher scores 
indicating greater anxiety levels.

Objective adherence data from the pre-lockdown (6 
months before lockdown) and lockdown period (40 days 
of lockdown) were assessed using CPAP memory cards. 
The adherence assessment included the percentage of 
adherent nights (nights when CPAP was used for ≥4 
hours/night) and averaged hours of CPAP usage per night 
in the pre-lockdown and lockdown period. Pooled 
averages of CPAP usage hours and percentages of adher-
ent nights were analyzed.

CPAP usage for ≥4 hours/night on at least 70% of 
nights26 was used as a criterion for patients’ classifications 
into two groups, good and poor adherers. Characteristics 
of patients who shifted from poor pre-lockdown to good 
lockdown CPAP adherers (improved CPAP adherence), as 
well as of patients who shifted from good pre-lockdown to 
poor lockdown adherers (impaired CPAP adherence) were 
described. Predictors of the lockdown-related change in 
CPAP usage hours per night were investigated to identify 
respondents less likely to improve CPAP usage during 
lockdown. The lockdown-related change in CPAP usage 
hours was calculated as the difference between CPAP 
usage hours during and before lockdown.

Statistical Analysis
Results were presented as median and interquartile range 
(IQR) for non-normally distributed data or ordinal scale 
data, and as mean±SD for normally distributed data or 
close to normally distributed data following normality 
test and visual inspection of data distribution. Parametric 
assessment of group differences was performed using t-test 
for paired samples. Linear regression was performed using 
the change in hours of CPAP usage per night during lock-
down as a dependent variable in the regression model. 
Dichotomous variables included in linear regression were 
gender (0-female, 1-male), body mass index (BMI, 0-BMI 
≤32.5 kg/m2, 1-BMI >32.5 kg/m2), arterial hypertension 
(AH) and diabetes mellitus type 2 (DM2), both coded as 
0–no, 1–yes. Significance was set at p<0.05.

Results
The study sample included predominantly men (78.2%), 
with the median age of 58 (IQR 50–69) years. 

Demographic, clinical and objective pre-lockdown CPAP 
adherence data are summarized in Table 1.

Lockdown CPAP Adherence: Subjective/ 
Objective
There were no significant changes in self-reported pre- 
lockdown and lockdown CPAP usage, regarding the 
hours of CPAP usage per night (from 6.73±1.40 hours to 
6.73±1.57 hours, p>0.999). However, there were signifi-
cant changes in the objective assessment. The percentage 
of adherent nights increased during lockdown in the total 
sample of severe OSA patients (from 84.72±18.25% to 
87.60±20.16%, p=0.004). In addition, there was an 
increase in hours of CPAP usage per night during lock-
down (from 6.12±1.83 hours to 6.45±1.96 hours, p<0.001)

Lockdown CPAP Adherence: Patients’ 
Characteristics
The median age of the total sample was used as a cut-off 
value to classify respondents into younger and older than 
58 years. The percentage of adherent nights, as well as 
hours of CPAP usage per night, increased during lockdown 

Table 1 Demographic, Clinical and Pre-Lockdown CPAP 
Adherence Data of the Respondents (n=101)

Demographic Data

Male/female ratio 3.6:1

Age (years) 58 (50–69)
BMI (kg/m2) 33.0±5.38

Current smoking 15 (15.2)

Clinical Data

AHI before CPAP usage (events/hour) 52.79±19.88
Residual AHI (events/hour) 2.85±2.87

CPAP usage before lockdown (years) 2 (1–5)

AH 51 (51.0)
DM2 18 (18.2)

Depression 10 (10.0)

STAI-T score 37 (30.5–44)

Pre-Lockdown CPAP Adherence Data

Self-reported CPAP usage per night (hours) 6.73±1.40

Nights when CPAP was used for ≥4 hours (%) 84.73±18.25

CPAP usage per night (hours) 6.12±1.83

Note: Data is presented as mean±standard deviation, n (%) or median (interquar-
tile range). 
Abbreviations: AH, arterial hypertension; AHI, apnea-hypopnea index; BMI, body 
mass index; CPAP, continuous positive airway pressure; DM2, diabetes mellitus type 
2; Lockdown, 40 days of lockdown; Pre-lockdown, 6 months before lockdown; 
STAI, state-trait anxiety inventory; STAI-T, trait anxiety subscale.
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in respondents younger than 58 years (from 86.45±15.35% 
to 90.57±15.58%, p=0.007 and from 6.11±1.56 hours to 
6.59±1.70 hours, p<0.001, respectively, Table 2). There 
were no significant changes in the percentage of adherent 
nights and hours of CPAP usage per night during lock-
down in respondents older than 58 years (Table 2).

The percentage of adherent nights and hours of CPAP 
usage per night improved during lockdown among female 
respondents (from 84.36±15.89% to 91.20±13.62%, 
p=0.003 and from 6.10±1.61 hours to 6.80±1.53 hours, 
p=0.001, respectively), whilst only improved hours of 
CPAP usage per night were observed in male respondents 
(from 6.14±1.89 hours to 6.36±2.06 hours, p=0.024, 
Table 2). There were no significant differences regarding 
demographic, clinical and objective pre-lockdown CPAP 
adherence data between male and female respondents.

Based on the median BMI of the total sample, respon-
dents were additionally classified into two groups: BMI 
≤32.5 kg/m2 and BMI >32.5 kg/m2. The percentage of 
adherent nights and hours of CPAP usage per night 
increased during lockdown in respondents with BMI 
≤32.5 kg/m2 (from 82.70±18.25% to 87.01±19.74%, 
p=0.006 and from 5.93±1.97 hours to 6.35±2.04 hours, 
p=0.001, respectively, Table 2). There were no significant 

changes in CPAP usage before and during lockdown in 
those with BMI >32.5 kg/m2 (Table 2).

An increase in hours of CPAP usage per night was 
evident during lockdown in non-hypertensive respondents 
(from 6.33±1.72 hours to 6.75±1.92 hours, p<0.001, 
Table 2), whereas an increase in the percentage of adherent 
nights was found among hypertensive respondents (from 
82.73±20.32% to 86.16±22.52%, p=0.040, Table 2). In addi-
tion, both the percentage of adherent nights and hours of 
CPAP usage per night during lockdown (from 85.66 
±17.23% to 88.43±19.54%, p=0.019 and from 6.21±1.73 
hours to 6.49±1.94 hours, p=0.004, respectively, Table 2) 
were increased in respondents without DM2. However, only 
an increase in CPAP usage hours during lockdown was 
found in respondents with DM2 (from 6.06±2.17 hours to 
6.57±1.99 hours, p=0.043, Table 2).

The median score on the STAI-T subscale (STAI-T 
score) in our sample was 37, which according to 
Croatian percentile norms indicates that males express 
anxiety in the 63rd to 68th percentile, whereas females in 
the 61st to 76th percentile.25 The median STAI-T score 
was used as a cut-off value for distinguishing respondents 
with the STAI-T score ≤37 (less anxious) and >37 (more 
anxious). An increase in percentage of adherent nights, as 

Table 2 Pre-Lockdown and Lockdown CPAP Usage Data with Regard to Age, Gender, BMI, Comorbidities and STAI-T Score

Nights When CPAP Was Used for ≥4 Hours/ 
Night (%)

CPAP Usage per Night (Hours)

Pre-Lockdown Lockdown p-valuea Pre-Lockdown Lockdown p-valuea

Total sample 84.72±18.25 87.60±20.16 0.004 6.12±1.83 6.45±1.96 <0.001

Age (years)b Younger ≤58 years (n=51) 86.45±15.35 90.57±15.58 0.007 6.11±1.56 6.59±1.70 <0.001
Older >58 years (n=50) 82.87±20.65 84.82±23.66 0.195 6.16±2.08 6.32±2.19 0.220

Gender Male (n=79) 84.77±18.84 86.76±21.53 0.095 6.14±1.89 6.36±2.06 0.024
Female (n=22) 84.36±15.89 91.20±13.62 0.003 6.10±1.61 6.80±1.53 0.001

BMI (kg/m2)c BMI ≤32.5 kg/m2 (n=52) 82.70±18.25 87.01±19.74 0.006 5.93±1.97 6.35±2.04 0.001
BMI >32.5 kg/m2 (n=48) 86.51±18.10 88.22±20.80 0.233 6.28±1.61 6.52±1.86 0.062

AH (yes/no) Yes (n=51) 82.73±20.32 86.16±22.52 0.040 6.00±1.89 6.24±1.93 0.078
No (n=49) 87.52±14.56 90.07±16.71 0.060 6.33±1.72 6.75±1.92 <0.001

DM2 (yes/no) Yes (n=18) 83.58±20.50 86.25±22.38 0.267 6.06±2.17 6.57±1.99 0.043
No (n=81) 85.66±17.23 88.43±19.54 0.019 6.21±1.73 6.49±1.94 0.004

STAI-T scored STAI-T score ≤37 (n=56) 81.90±19.96 85.26±23.93 0.024 5.88±1.95 6.18±2.19 0.021
STAI-T score >37 (n=44) 88.51±15.12 90.68±13.72 0.143 6.49±1.61 6.83±1.59 0.007

Notes: Data is presented as mean±standard deviation, unless otherwise stated; at-test for paired samples; bMedian age of the total sample was 58 (IQR 50–69) and used as 
a cut-off value; cMedian BMI of the total sample was 32.5 (IQR 29.7–36) and used as a cut-off value; dMedian STAI-T score was 37 (IQR 30.5–44) and used as a cut-off value. 
Abbreviations: AH, arterial hypertension; BMI, body mass index; CPAP, continuous positive airway pressure; DM2, diabetes mellitus type 2; IQR, interquartile range; 
Lockdown, 40 days of lockdown; Pre-lockdown, 6 months before lockdown; STAI, state-trait anxiety inventory; STAI-T, trait anxiety subscale.
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well as in hours of CPAP usage per night during lockdown 
(from 81.90±19.96% to 85.26±23.93%, p=0.024 and from 
5.88±1.95 hours to 6.18±2.19 hours, p=0.021, respectively, 
Table 2) was evident in less anxious respondents, whereas 
only hours of CPAP usage per night during lockdown 
(from 6.49±1.61 hours to 6.83±1.59 hours, p=0.007, 
Table 2) were improved in more anxious respondents.

CPAP Adherence: Lockdown vs 
Pre-Lockdown
The percentage of adherent nights and hours of CPAP usage 
per night increased during lockdown in good pre-lockdown 
CPAP adherers (from 92.20±8.06% to 94.35±8.55%, 
p=0.011, Figure 2A and from 6.79±1.28 hours to 7.09 
±1.28 hours, p=0.001, Figure 2B, respectively), whereas no 
significant improvements in CPAP usage were observed in 
poor pre-lockdown adherers during lockdown (from 54.23 
±15.67% to 60.91±29.57%, p=0.114, and from 3.47±1.13 
hours to 3.90±2.16 hours, p=0.137, respectively).

In the pre-lockdown period, there were 81 good and 20 
poor adherers, whereas in the lockdown period there were 
88 good and 13 poor adherers (Figure 1). During the pre- 
lockdown, 12 out of 20 poor pre-lockdown adherers have 
not met any of CPAP adherence criteria, whereas 8 

respondents used CPAP for ≥4 hours, however, on less 
than 70% of nights (Table 3). Furthermore, 9 out of 20 
poor pre-lockdown CPAP adherers have shifted to good 
lockdown CPAP adherers (Table 3). The detailed profile of 
respondents who shifted from poor towards good adher-
ence during lockdown and vice versa is presented in 
Table 4.

Predictors of Lockdown CPAP 
Adherence
When a linear regression analysis was performed, in which 
comorbidities, BMI and level of anxiety were taken into 
account, male and older severe OSA patients (ß=−0.250; 
p=0.018 and ß=−0.281; p=0.008, respectively) were recog-
nized as less likely to improve CPAP usage hours per night 
during lockdown (R2=9.4%; p=0.032, Table 5).

Discussion
CPAP adherence improved during COVID-19 lockdown in 
participants included in our study. Adherence improve-
ments during lockdown were pronounced in good pre- 
lockdown adherers, women, respondents younger than 58 
years, with a BMI ≤32.5 kg/m2, without DM2 and less 
anxious respondents. Furthermore, adherence 
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Figure 2 The average pre-lockdown (6 months before lockdown) and lockdown (40 days of lockdown) (A) percentage of adherent nights (nights when CPAP was used for 
≥4 hours/night) and (B) hours of CPAP usage per night in good pre-lockdown CPAP adherers (n=81). 
Notes: at-test for paired samples; bGood CPAP adherence was defined as CPAP usage for ≥4h/night on 70% nights in the pre-lockdown period. 
Abbreviation: CPAP, continuous positive airway pressure.
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improvements were evident in both respondents, with and 
without arterial hypertension. Out of 20 poor pre-lock-
down CPAP adherers, 9 have shifted to good lockdown 
CPAP adherers. In contrast to our hypothesis, when 
comorbidities, BMI and anxiety were taken into account, 
older and male respondents were less likely to further 
improve hours of CPAP usage per night during lockdown. 
The latter finding identified men and older respondents as 
vulnerable groups of CPAP adherers during the COVID-19 
lockdown.

The well-known dose–response relationship between 
hours of CPAP usage and positive health outcomes13 

might be particularly compromised by the underestimated 

importance of CPAP usage during lockdown. In this 
regard, poorly controlled OSA could be observed as 
a superimposing factor to the extensively addressed high 
risk for adverse COVID-19 outcomes in men and older 
population.6,7 Strikingly, even the global recognition of 
COVID-19 as a threat to the respiratory system has not 
encouraged the identified groups of OSA patients to rein-
force CPAP adherence, in order to protect their already 
compromised respiratory function.21,27

Regardless of so far inconclusive evidence on gender- 
related differences in adhering to CPAP treatment,28,29 our 
results indicated a more pronounced adherence improve-
ment during lockdown among females. These differences 

Table 3 Poor CPAP Adherers During the Pre-Lockdown Period and Their Change in Adherence During the COVID-19 Lockdowna

Respondents 
(n=20)

Poor Pre-Lockdown Adherenceb 

(n=20)
Adherence Shifted from Poor Pre-Lockdown 

Towards Good Lockdown 
(n=9/20)

Nights When CPAP Was 
Used for ≥4 Hours/Night (%) 

(Criterion Met)

CPAP Usage 
per Night 
(Hours) 

(Criterion Met)

Nights when CPAP Was 
Used for ≥4 Hours/Night (%) 

(Criterion Met)

CPAP Usage 
per Night 
(Hours) 

(Criterion Met)

1 8.3 (-) 1.40 (-) 0.0 (-) 0.39 (-)

2 32.2 (-) 2.41 (-) 6.7 (-) 0.33 (-)

3 33.9 (-) 2.19 (-) 22.5 (-) 1.33 (-)
4 41.5 (-) 3.58 (-) 25.0 (-) 2.69 (-)

5 44.9 (-) 3.17 (-) 52.5 (-) 3.03 (-)

6 45.9 (-) 3.48 (-) 75.0 (+) 5.73 (+)
7 53.0 (-) 1.67 (-) 53.0 (-) 2.53 (-)

8 54.1 (-) 4.25 (+) 45.0 (-) 3.82 (-)

9 58.5 (-) 4.04 (+) 82.5 (+) 5.38 (+)
10 59.0 (-) 3.89 (-) 62.5 (-) 4.63 (+)

11 61.2 (-) 2.43 (-) 42.9 (-) 2.00 (-)

12 61.2 (-) 3.77 (-) 85.0 (+) 4.97 (+)
13 64.0 (-) 2.28 (-) 64.0 (-) 2.58 (-)

14 64.5 (-) 4.03 (+) 92.5 (+) 5.72 (+)

15 65.0 (-) 4.45 (+) 82.5 (+) 5.78 (+)
16 66.0 (-) 2.82 (-) 66.0 (-) 1.88 (-)

17 66.3 (-) 5.35 (+) 100.0 (+) 7.75 (+)

18 67.2 (-) 5.10 (+) 97.5 (+) 7.30 (+)
19 68.9 (-) 4.82 (+) 78.0 (+) 5.38 (+)

20 68.9 (-) 4.20 (+) 85.0 (+) 4.82 (+)

Total number of respondents 

with the met criterion (+)

0 (+) 8 (+) 9 (+) 10 (+)

Total number of respondents 

with both criteria met (+, +)

0 (+, +) 9 (+, +)

Notes: aPre-lockdown/lockdown adherence (CPAP usage during 6 months before lockdown/40 days of lockdown) was defined as CPAP usage ≥4h/night on 70% nights 
before/during lockdown, which was the criterion for classification into poor and good pre-lockdown/lockdown adherers. bDuring pre-lockdown 12 respondents have not 
met any of CPAP adherence criteria, whereas 8 respondents used CPAP for ≥4 hours, however, on less than 70% of nights. 
Abbreviations: COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure; Pre-lockdown, 6 months before lockdown; Lockdown, 40 days of 
lockdown.
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in CPAP adherence might have arisen from the previously 
reported higher health-care utilization among women with 
OSA, based on a greater health awareness when compared 
to men.30 Moreover, a specific vulnerability to more severe 
psychological distress during quarantine has been found in 
females31 and the drive to adhere might be attributable to 
the fear of hospitalization.21 Recent findings on higher 
restriction compliance during lockdown in women added 

to the impression that women are more willing to follow 
not only a prescribed treatment but overall health- and 
self-care recommendations.32

Greater adherence improvements have also been 
revealed among CPAP-treated patients without DM2 in 
the current study, whereas both respondents with and with-
out AH exhibited adherence improvements. Previous find-
ings indicated that OSA might increase the blood pressure 
through renin-angiotensin-aldosterone system (RAAS) 
stimulation.33 Following the identification of angiotensin 
converting enzyme 2 as the coronavirus host protein and 
its consequent dysfunction in degrading angiotensin II, the 
main RAAS effector,34 clinical concerns regarding the 
synergistic effect of OSA- and COVID-19-related path-
ways for hypertension have been raised.35 Moreover, 
a recent study of COVID-19 patients with DM2 including 
OSA-treated patients demonstrated an independent asso-
ciation of OSA with the risk of death.5 Despite the reports 
on obesity as an independent risk factor for invasive 
mechanical ventilation among COVID-19 patients,36 

there were no changes in the CPAP usage during lockdown 
in obese patients in the present study. It has been outlined 
that the co-presence of OSA, obesity and COVID-19 
might trigger the cytokine storm in patients with pneumo-
nia and worsen respiratory disturbances through an 
increased inflammatory state.2,37

The lockdown-related adherence improvement 
among good pre-lockdown CPAP adherers in our study 
suggested stability of a good CPAP user even in the lock-
down setting. Although the latter finding is in line with the 
proposed association of an early stage establishment of 
adherence with the long-term adherence,18 it should be 
highlighted that a lockdown-related shift from poor 
towards good CPAP adherence was observed in almost 
half of poor pre-lockdown CPAP adherers. Possible cor-
nerstones of the improved CPAP use need to be identified, 
as well as strategies avoiding the reversal of improved 
adherence in the short- and long-term lockdown aftermath.

Even though our study results indicated a greater 
improvement in lockdown CPAP usage among less 
anxious respondents, which is in accordance with previous 
findings on the negative impact of anxiety, depression and 
posttraumatic stress disorder on CPAP adherence,19,38 

a certain increase in lockdown CPAP usage was also 
evident in more anxious respondents. When linear regres-
sion was performed, age and gender effects on CPAP 
adherence were independent of anxiety levels in our 

Table 4 The Profile of Respondents Who Shifted from Poor Pre- 
Lockdown to Good Lockdown CPAP Adherers (n=9) and from 
Good Pre-Lockdown to Poor Lockdown CPAP Adherers (n=2)a

Improved CPAP 
Adherence 

(Adherence Shifted 
from Poor Pre- 

Lockdown Towards 
Good Lockdown) 

(n=9)

Impaired CPAP 
Adherence 

(Adherence Shifted 
from Good Pre- 

Lockdown Towards 
Poor Lockdown) 

(n=2)

Demographic data

Male 7 (77.8) 2 (100)

Age (years) 52 (44–62) 48 (46–50)
BMI (kg/m2) 32.5 (28.7–33.7) 27.9 (27.8–27.9)

Current smoking 2 (22.2) 1 (50.0)

Clinical data

AHI before CPAP 
usage (events/ 

hour)

55 (41–61) 52 (50–54)

AH 6 (66.7) 0 (0)
DM2 1 (11.1) 0 (0)

Depression 1 (11.1) 1 (50.0)

STAI-T score 34 (31–34) 38 (34–37)

Pre-lockdown CPAP adherence data

Self-reported 

CPAP usage per 

night (hours)

6.0 (6.0–7.0) 7.5 (7.3–7.8)

Nights when 

CPAP was used 

for ≥4 hours/ 
night (%)

65.0 (61.0–67.2) 80.1 (75.3–84.8)

CPAP usage per 

night (hours)

4.2 (4.0–4.8) 6.0 (5.5–6.4)

Notes: Data is presented as n (%) or median (interquartile range), unless otherwise 
stated; aPre-lockdown/lockdown adherence (CPAP usage during 6 months before 
lockdown/40 days of lockdown) was defined as CPAP usage ≥4h/night on 70% 
nights before/during lockdown, which was the criterion for classification into 
poor and good pre-lockdown/lockdown adherers. 
Abbreviations: AH, arterial hypertension; AHI, apnea-hypopnea index; BMI, body 
mass index; CPAP, continuous positive airway pressure; DM2, diabetes mellitus type 
2; Lockdown, 40 days of lockdown; Pre-lockdown, 6 months before lockdown; 
STAI, state-trait anxiety inventory; STAI-T, trait anxiety subscale.
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study. Previous research has been focused mostly on the 
association of established psychological disorders with 
impaired CPAP adherence outside the lockdown 
setting,19,20,38 therefore, the relative impact of anxiety 
during pandemic outbreaks might be further investigated.

We acknowledge that we were only able to speculate 
about the influential factors in CPAP adherence changes 
during lockdown, due to the cross-sectional design of our 
study. Furthermore, although in agreement with previous 
adherence assessment,39 the high pre-lockdown adherence 
rate (79%) in our sample introduced another limitation to 
this study. The possible overestimation of good CPAP 
adherers might be consequent to the unavailability of 
some patients during the research protocol, who are prob-
ably those not engaged in CPAP therapy. If our results 
needed to be extrapolated to non-adherent/less adherent 
CPAP users, their lockdown-related improvement in 
CPAP adherence might have been equal to our findings 
or even greater, due to more space for improvement. In 
addition, investigating less adherent CPAP users is always 
difficult due to the fact that their decreased motivation for 
therapy observed via decreased CPAP adherence is also an 
indicator for a lack of willingness to participate in studies 
like this. On the other hand, the COVID-19 pandemics 
may represent another factor for increased motivation in 
non-adherent CPAP users, which is beyond the scope of 
this study, but would be of special interest in future studies 
on vulnerable subpopulations such as male and older 
subjects.

Well-recognized overlapping features for OSA and 
COVID-19 included both male and older than 60 years of 

age, in addition to obesity, hypertension, diabetes mellitus 
and chronic obstructive pulmonary disease (COPD),40 and 
are associated with adverse COVID-19 outcomes. Also, 
OSA promotes various negative effects on the cardiovascu-
lar, cerebrovascular, metabolic and immune system,35 and as 
such, OSA may independently increase a patient’s risk for 
COVID-19 morbidity and mortality.5,41 However, compared 
to other less changeable COVID-19-related factors, OSA can 
be effectively managed with a well-performed CPAP 
therapy.40 Positive effects of CPAP in OSA patients are 
noticeable since the therapy onset, and the linear dose– 
response relationship between CPAP and beneficial health 
outcomes has been widely reported.9,11–13,42 In this regard, 
an improved CPAP usage during the current pandemic may 
not only control OSA itself but also OSA-related risk for 
developing severe COVID-19 forms and outcomes. Taken 
together, adherence to CPAP as an effective OSA treatment, 
is of special importance during the COVID-19 pandemic. 
However, despite the relevance of patient’s adherence to 
therapy in the management of OSA patients diagnosed with 
COVID-19, so far, only limited concern has been dedicated 
to this issue.

Conclusion
The average lockdown-related CPAP adherence has 
improved in the studied sample of CPAP users. There 
was also a shift in almost half of poor pre-lockdown 
respondents towards good lockdown CPAP adherence. 
However, despite the wide recognition of male gender 
and advanced age as risk factors for adverse COVID-19 
outcomes, CPAP adherence improvements were more 

Table 5 Predictors of the Lockdown-Related Change in Hours of CPAP Usage per Night

Adjusted 
R2

B p-value β CI (95% for B)

9.4%

Age −0.020 0.008 −0.281 −0.03-(−0.01)
Gender (male) −0.529 0.018 −0.250 −0.97–0.91

BMI −0.274 0.140 −0.157 −0.64–0.09

AH −0.071 0.702 −0.041 −0.44–0.30
DM2 0.302 0.198 0.135 −0.16–0.76

Pre-lockdown hours of CPAP usage per night −0.025 0.613 −0.051 −0.12–0.07
STAI-S −0.003 0.824 −0.035 −0.03–0.03

STAI-T 0.009 0.569 0.093 −0.02–0.04

Abbreviations: AH, arterial hypertension; BMI, body mass index; CI, confidence interval; CPAP, continuous positive airway pressure; DM2, diabetes mellitus type 2; 
Lockdown, 40 days of lockdown; Pre-lockdown, 6 months before lockdown; STAI, state-trait anxiety inventory; STAI-S, state anxiety subscale; STAI-T, trait anxiety subscale.
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pronounced in women and younger respondents. 
Therefore, we believe that a personalized approach in 
line with precision medicine focused on improving CPAP 
adherence, aimed at men and older respondents as vulner-
able groups, might reduce the COVID-19 health burden in 
severe OSA patients.

Abbreviations
AH, arterial hypertension; AHI, apnea-hypopnea index; BMI, 
body mass index; CI, confidence interval; COPD, chronic 
obstructive pulmonary disease; COVID-19, coronavirus dis-
ease 2019; CPAP, continuous positive airway pressure; DM2, 
diabetes mellitus type 2; IQR, interquartile range; Lockdown, 
40 days of lockdown; OSA, obstructive sleep apnea; Pre-lock-
down, 6 months before lockdown; RAAS, renin-angiotensin- 
aldosterone system; SD, standard deviation; SSMC, Split 
Sleep Medicine Center; STAI, State-Trait Anxiety Inventory; 
STAI-S, state anxiety subscale; STAI-T, trait anxiety subscale.
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