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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a common disorder characterized by 

recurrent upper airway collapse during sleep, leading to neurological and cardiovascular 

adverse effects. Objective: The present study aimed to explore seasonal compliance with 

Continuous Positive Airway Pressure (CPAP) therapy among OSA patients in Greece. 

Methods: Data from 954 OSA patients using CPAP devices were collected during summer 

and winter months. Factors evaluated included the Apnea-Hypopnea Index (AHI), mask 

type, mask leaks, and hours of CPAP device usage. Results: The majority of patients 

were male (78.2%) and aged 60 years or above (58.5%). Most patients had been using 

CPAP for over 2 years (82.8%), with auto CPAP devices and nasal or pillow masks be-

ing most common. Compliance was observed in 57.7% of patients, while 22.1% were 

non-compliant. A significant number of patients (8.2% and 12%) were compliant only 

in summer or winter, respectively. Compliance was influenced by duration of CPAP use, 

BMI up to 25, and the use of nasal/pillow masks. Higher compliance was associated 

with lower summer severity and both low and severe winter severity. Logistic regression 

analysis confirmed these findings. Conclusion: The findings suggest that utilizing CPAP 

device data can provide actionable insights on seasonal compliance among OSA patients. 

Summer compliance is lower, and the use of nasal/pillow masks and auto CPAP devices 

is recommended for improved compliance.

Keywords: Continuous positive airway pressure, Obstructive Sleep Apnea, Sea-

sonal compliance.

1. BACKGROUND
Obstructive Sleep Apnea (OSA) is a 

prevalent disorder that can occur with 
or without symptoms and is associated 
with significant neurocognitive and 
cardiovascular adverse effecs (1). OSA 
is characterised by recurrent partial or 
complete collapse of the upper airway 
during sleep. This leads to episodic 
reduction (hypopnea) or cessation 
(apnea) of airflow despite respiratory 
effort (2) . Obstructive sleep apnoea re-
sults in intermittent hypoxaemia, sleep 
fragmentation and wide variations 
in intrathoracic pressure initiating a 
cascade of adverse health outcomes (3).

There is evidence to suggest that 
OSA is a major contributor to poor he-
alth outcomes and that therapeutic in-
terventions promote the minimisation 
of the problems it causes and the im-

provement of sleep-related quality of 
life (4). As OSA is likely to become a 
growing global problem in the coming 
years (2, 5), effective treatment of OSA 
could provide an approach to reducing 
the associated healthcare costs and the 
negative effects of the condition, such 
as the cognitive effects of sleepiness (6).

Treatment- Continuous positive 
airway pressure (CPAP)

CPAP can improve sleep-related 
symptoms and quality of life and is con-
sidered the gold standard treatment for 
OSA (7-9). CPAP does indeed reduce 
the Apnea-Hypopnea Index (AHI), an 
index that combines the number of ap-
neic and hypopneic events per hour of 
sleep, especially in patients with severe 
symptoms of OSA (AHI ≥30 per hour) 
(10, 11). CPAP also reduces both ob-
jective and subjective sleepiness com-
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pared to non-OSA subjects (11, 12).
Difficulties in using CPAP can be due to the uncomfortable 

or claustrophobic nature of the mask, lifestyle or social issues, 
or a combination of these (8). There are evidence that there 
are seasonal changes in compliance as well as all the above 
know difficulties (13).

2. OBJECTIVE
The present quantitative observational study aims to ex-

plore the seasonal compliance, as there is very limited evi-
dence, in a large sample of OSA patients from Greece, a 
Mediterranean climate country, especially between the su-
mmer (June, July, August ) and winter (December, January, 
February) months.

3. PATIENTS AND METHODS
Participants
The study population consists of Greek patients diagnosed 

with OSA and using a CPAP device. Diagnosis was set with a 
wireless Type III portable sleep monitor for untethered sleep 
studies by their designated physician (due to the limitations 
of the COVID-19 pandemic during the patient recruitment 
phase). Weekly data for the summer and winter months were 
collected, with patient consent, in-outpatient follow-up visits 
from the CPAP device’s Secure Digital (SD) memory card 
that the patients brought with them. In addition to demogra-
phic characteristics and individual history, the main factors 
evaluated were the average number of respiratory events as 
measured by the AHI (Apnea-Hypopnea Index) per hour of 
sleep, mask type (nasal, oral), mask losses (leaks) and hours of 
use to measure therapy compliance following a CPAP compli-
ance of at least 112 hours within a month and 20 days are >= 4 
hours within that month (14).

Exclusion criteria
In order for patients to be included in the study he/she 

should have been diagnosed with OSA for at least 2 years 
being more than 18 years of age and have to give consent to 
be included. Exclusion criteria include that the patient having 
neuromuscular problems, having had surgical procedure up 
to 1 year prior to recruitment and being on systematic corti-
costeroid use.

Procedure and ethical considerations
The present quantitative observational study, was condu-

cted in the sleep laboratories of two public hospitals in The-
ssaloniki Greece, after having obtained permission from Uni-
versity of Western Macedonia and the hospitals Research 
Ethics Committees. Patient written consent was obtained 
from all patients and all details were anonymised and treated 
according to GDPR guidelines (2016/679, „GDPR“).

Statistical analysis
The initial sample size was 954, but the final number for 

analysis was 951, due to SD card loss of data for some patients. 
Data collection was done using in house Python scripts and 
was implemented using the Python (v3.10.16) programming 
language and the following main libraries: ipython v8.0.0, ju-
pyterlab v3.2.8, numpy v1.22.4 and pandas v1.5.2.

Continuous data were expressed as means and standard de-
viations (SDs), and categorical data were reported as percent-
ages. The study data were compared among two seasons (Su-
mmer of 2022 and Winter of 2022-2023). Categorical data 

were analyzed using the chi-squared test. As the date did not 
follow the normal distribution differences between means 
were assessed with the Mann-Whitney U, Kruscal-Wallis 
and Wilcoxon signed pairwise rank tests where appropriate, 
between the compliant and non-compliant patients. Multi-
variate binary regression models were used to determine in-
dependent factors of influence on CPAP compliance. For all 
tests, p values < 0.05 was considered to be significant. Stati-
stical analysis of the results was carried out using SPSS v26 
software for statistical analysis.

4. RESULTS
Demographic and clinical characteristics
Patient demographics are presented in Table 1, the majority 

of patient were male (78.2%), aged 60 years or more (58.5%). 
Most patients have used CPAP device for more than 2 years 
(82.8%), with a 17.2% being on their first year with the device. 
Regarding the type of device, most patients had an auto CPAP 
type (64.8%) and the majority used it with a nasal or nasal 
with pillow masks. A large majority (57.7%) were compliant in 
their use for the CPAP device following the weekly and daily 
usage hours, while 22.1% did not comply. A lower but still sig-
nificant number of patients were compliant only during one 
season, 8.2% in the summer only and 12% in the winter. No 
major differences were observed initially for the mean su-
mmer and winter weekly usage but a statistical difference can 
be seen in the daily usage with winter use being an extra hour, 

Categorical parameters Ν %
χ2 test
(p-value)

Sex
Male 744 78.2% <0.001

Female 207 21.8%

Age 
groups

<40 years old 29 3.0%

40-59 years old 366 38.5% <0.001

60 years old & above 556 58.5%

Years of 
use group

0-1 years 164 17.2%

2-4 years 386 40.6% <0.001

> 4 years 401 42.2%

Device 
type

CPAP 267 28.1%

Auto CPAP 616 64.8% <0.001

Bilevel device 68 7.2%

Mask type
Full Face 327 34.4%

Nasal/Pillows 624 65.6% <0.001

Seasonal 
compli-
ance*

No 210 22.1%

Summer 78 8.2%

Yes Both Seasons 549 57.7% <0.001

Winter 114 12.0%

Continuous parameters Mean
Standard
Deviation

Age 62.24 11.81 -

BMI 29.73 3.55 -

Mean Summer Weekly hour 185.53 110.53
0.758

Mean Winter Weekly hours 186.73 103.89

Mean Summer daily hours 5.68 3.39
<0.001

Mean Winter daily hours 6.15 3.43

Mean AHI Summer 2.24 4.28
0.115

Mean AHI Winter 2.26 4.38

Mean Leaking Summer (l/mins) 0.36 0.32
<0.001

Mean Leaking Winter (l/mins) 0.33 0.30

Table 1. Descriptive statistics and pairwise CPAP measurement 
comparisons for all patients. l/mins= Litres per minutes* Compliance rule: 
≥112 hours within a month and 20 days are > 4 hours within that month
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6.15 (±3.43) hours/day in winter from 5.58(±3.339) hours/
day in the previous summer. Mean leaking was statistically 
different between summer and winter by 0.06 l/mins in su-
mmer (p<0.001).

Stratifying patients by their compliance allowed for the dif-
ferences in device mask type and usage to be more prominent. 
Table 2 has the stratified data and the statistically significant 
differences. Seasonal compliance seems to be different ac-
cording to years of use, with patients that use the CPAP de-
vice for more than 4 years being less compliant more promi-
nently having only summer compliance or none at all 61.5% 
and 53.8%, respectively (p<0.001). Also Auto CPAP might be 
a better promoter of compliance with 70.9% of patient com-
pliant for both seasons using it (p<0.001). But the deciding 
factor seem to be the type of mask, as the Cramer’s V metric 
a very strong 0.746 (p<0.001) for compliance for patient with 
nasal/pillow type of mask.

A logistic regression with stratified bootstrapping, was 
performed to ascertain the effects of age, sex, BMI and mask 
type, seasonal severity as represented by the AHI index, on 
the likelihood that participants are fully compliant for both 
seasons. Table 3 presents all the details. The logistic regre-

ssion model was statistically significant, χ2 (12) = 197.844, (p 
<0.0001) with a good fit model as indicated by the lack of sta-
tistical significance of the Hosmer and Lemeshow test with 
p=0.519. The model explained 25.2% (Nagelkerke R2) of the 
variance in CPAP compliance and correctly classified 71.2% 
of cases. Patients with 2-4 years on CPAP use were 1.70 times 
more likely to comply for both seasons (p=0.003). Also very 
importantly BMI was an independent factor of compliance 
with patients of BMI up to 25 were 4.87 times more likely to 
comply fully for both seasons (p <0.001). On the same note, 
patients with nasal/pillow masks were 5.25 times more likely 
to comply fully for both seasons (p <0.0001). Also OSA seve-
rity plays a role for the compliance with summer low severity 
patient are only 0.52 times likely to comply fully for both sea-
sons (p <0.027) and low and severe winter severity patients 
are 1.93 (p <0.036) and 2.02 times respectively more likely to 
comply fully for both seasons (p <0.015). Figure 1 has all the 
relevant plots of the independent factors.

5. DISCUSSION
Obstructive sleep apnea (OSA) is a common disorder cha-

racterized by recurrent collapse of the upper airway during 

Seasonal compliance

No Summer Yes Both Seasons Winter Cramer’s V

N % N % N % N % (p –value)

Sex
Male 80.50 76.90 77.80 77.20

0.030
(0.840)

Female
19.50 23.10 22.20 22.80

Age groups

<40 years old 2.90 0.00 3.50 3.50
0.049
(0.593)

40-59 years old 37.60 39.70 37.50 43.90

60 years old & 
above

59.50 60.30 59.00 52.60

Years of use group

0-1 years 11.40 7.70 16.80 36.80

2-4 years 34.80 30.80 45.90 32.50
0.182
(<0.001)

> 4 years 53.80 61.50 37.30 30.70

Device type
CPAP 35.70 57.70 21.50 25.40

Auto CPAP 60.50 38.50 70.90 61.40
0.178
(<0.001)

Bilevel device 3.80 3.80 7.70 13.20

Mask type
Full Face 100.00 16.70 18.90 0.00

0.746
(<0.001)

Nasal/Pillow 
mask

0.00 83.30 81.10 100.00

Mean SD Mean SD Mean SD Mean SD
Kruscal –Wallis
p –value

CPAP 
measure-
ments

Mean Summer week (hours)
63.63 54.93 233.82 77.19 253.10 67.39 51.69 39.46 <0.001

Mean Winter week (hours)
71.71 73.04 37.88 37.76 246.63 62.58 212.02 54.27 <0.001

Mean AHI Summer
2.46 4.59 3.68 9.63 2.13 3.02 1.36 2.34 <0.001

Mean AHI Winter
3.00 6.21 1.75 7.92 2.03 2.86 2.34 2.48 <0.001

Mean Leaking Summer (l/
mins) 0.29 0.30 0.40 0.35 0.41 0.31 0.21 0.29 <0.001

Mean Leaking Winter (l/mins) 0.30 0.32 0.16 0.24 0.37 0.30 0.36 0.27 <0.001

Table 2 Demographics and CPAP measurements by seasonal compliance for all patients. l/mins= Litres per minutes, SD= Standard Deviation
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sleep. It can lead to significant neurological and cardiovas-
cular adverse effects (1). However, OSA often goes undia-
gnosed and untreated, particularly in developing countries 
where awareness and resources are limited (15). The preva-
lence of OSA increases with age and is higher in men than in 
women, although the association with obesity and male sex 
decreases with age (16). Continuous positive airway pressure 
(CPAP) is considered the gold standard treatment for OSA 
(7-9). However, difficulties in using CPAP can arise due to 
mask discomfort, lifestyle factors, and seasonal variations in 
compliance (8, 13).

This study analyzed patient demographics and compliance 
with continuous positive airway pressure (CPAP) devices for 
sleep apnea treatment. The majority of patients were male and 
aged 60 years or more, in agreement with the international 
prevalence (17). Most patients had used the CPAP device for 
more than 2 years. Auto CPAP devices (64.8%) and nasal/
nasal with pillow masks were commonly used. Compliance 
rates were as follows: 57.7% fully compliant, 22.1% non-com-
pliant, 8.2% compliant in summer only, and 12% compliant in 
winter only. Daily CPAP usage differed statistically, with an 
extra hour used in winter.

Stratifying patients by compliance revealed significant 
associations with device mask type and usage. In our study 
it was found that mask leaking was higher in summer in fully 
compliant patients by 0.4 litres/min more than winter without 
affecting compliance though. Allergic symptoms such as as-
thma, upper respiratory infections, nasal congestion, irrita-
tion and sneezing, may exacerbate OSA (18). While, upper 

respiratory problems linked to the use of a CPAP device 
such as like dry nose, mouth, throat, or nasal congestion and 
mask leaking could also affect compliance (19). Oronasal full 
masks capture more moisture leading to higher condensation 
especially with a temperature differential while also negati-
vely affecting the effective pressure for CPAP through the 
breathing tube apparatus (20).

Patients using CPAP for over 4 years showed less compli-
ance, predominantly having summer-only compliance or 
none at all. Auto CPAP devices were associated with higher 
compliance rates as previously stated (21). Also notably, mask 
type (nasal/pillow mask) strongly influenced better compli-
ance as opposed to full/oronasal masks. Our results come to 
verify the results of Borel et al., that nasal masks offer better 
compliance in different seasons (19).

Logistic regression analysis indicated that patients with 
2-4 years of CPAP use, BMI up to 25, and nasal/pillow masks 
were more likely to comply fully for both seasons. Age and 
sex were not found to be independent factors for compliance. 
Thus, our results are in partial agreement with previous evi-
dence from the first Greek OSA study with 98 subjects (22) 
and an early Turkish study of 71 patients (23) suggesting an 
association between OSA severity and CPAP adherence that 
suggest an association with age, sex, BMI, insomnia severity 
and self-efficacy. 

The much larger sample size of the current study, outweighs 
the different methodologies, thus we believe our results to 
be more statistically significant in explaining seasonal com-
pliance. We also found that the association with obesity and 

Omnibus Tests of Model Coefficients

Chi-square Degrees of freedom p-value

Model 197.844 12 0.000

Model Summary

-2 Log likelihood Cox & Snell R Square Nagelkerke R2

1097.708a 0.188 0.252

Hosmer and Lemeshow Test of Good fit

Chi-square
Degrees of freedom
8

p-value

7.168 0.519

Independent factors influencing full compliance for both seasons

p-value* ODDs Ratio
95% C.I.for ODDs Ratio

↓ ↓

BMI groups(1)
(BMI up to 25)

0.001 4.780 0.681 1.271

Yeas of use group(2)
(2-4 years of use)

0.002 1.699 1.231 2.343

Mask type(1)
(Nasal/Pillows)

0.001 5.254 3.861 7.150

Summer severity(1)
(No AHI†)

0.018 0.518 0.296 0.909

Summer severity(2)
(AHI† 1-3)

0.497 0.832 0.489 1.417

Winter severity(1)
(AHI† 1-3)

0.036 1.934 1.078 3.470

Winter severity(2)
(AHI† above 4)

0.015 2.016 1.159 3.508

Constant 0.001 0.265

* = Bootstrap corrected p-value, †= respiratory events per hour of sleep

Table 3. Binomial logistic regression model summary and significant factors with ODDs ratios
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male sex decreases with age possibly as 
social background and lifestyle factors 
change with getting older (16, 17, 24).

In our results OSA severity also im-
pacted compliance, with summer low 
OSA severity patients less likely to comply 
fully for both seasons, while low and se-
vere OSA winter severity patients were 
much more likely to comply fully for both 
seasons. Seasonal variations in OSA seve-
rity and upper airway symptoms can im-
pact compliance to CPAP treatment as 
evident by the recent study from Japan 
(13). Fujino et al (13) suggested that the 
Japanese patients had higher AHI in su-
mmer and so it seems from our own data 
as well with mean AHI being higher in su-
mmer and both season compliant patients.

On the contrary we do not have similar 
outcome with the study of Cassol et al 
(25) which found that although the AHI 
differed significantly among seasons while 
being highest in winter, their study was of 
posysomnography and not based on the 
use of CPAP, in addition it was condu-
cted in Brazil which has a tropical climate 
rather than the Mediterranean/ Mild cli-
mate of Greece, and also semi-opposing 
seasons. Thus climate and geographical 
location should be considered before making direct country 
comparisons.

Limitations of the study
This study has several limitations. It is restrictive as it takes 

place in north of Greece and might not be directly relatable to 
different geographical locations especially with different sea-
sonal conditions. Secondly as the study data were collected 
via SD memory card there was limited information from the 
patients for their reasons for seasonal compliance. Future stu-
dies should include more patients and the yearly CPAP com-
pliance.

6. CONCLUSION
The present study shows that with only data from the CPAP 

device we can come to actionable conclusion about seasonal 
compliance of SOA patients about their use of the CPAP de-
vice. Summer is a tougher season for CPAP compliance and 
the use of nasal/pillow mask and an auto CPAP device is pre-
ferable and advisable for better compliance.
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