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ackground: It has long been understood that Continuous Positive Airway Presssure CPAP 
adherence is not perfect in most patients, which may impact the long-term therapeutic benefits 
of treatment. This study aimed to investigate the sleep patterns and compliance with treatment 

of adults with obstructive sleep apnoea who are using CPAP and how these may affect the disease-
modifying effects of CPAP. 

Methods: A cross-sectional analysis of CPAP compliance in patients with moderate-to-severe OSA. 
The data of patients visiting regional general practice were collected by a survey. 

Results: More than half (66%) of the participants recorded partial compliance with CPAP, removing the 
apparatus and returning to sleep without CPAP once per week or more. Most (83%) participants claimed 
that they were receiving four or more hours of CPAP therapy per night. For the sub-group with reduced 
CPAP compliance, the most significant factors which influenced use are mask discomfort (50%) and 
relief of daytime symptoms (63%). 

Conclusion: This study demonstrated that CPAP users who met the criteria for adequate adherence to 
treatment may still have periods of sleep when they were exposed to disease triggering apnoeic 
episodes. The research in future should compare the long-term benefits of CPAP on morbidity and 
mortality between groups with perfect and partial compliance with treatment. 
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Introduction  

Obstructive sleep apnoea (OSA) is prevalent within the 
community, with moderate and severe OSA affecting an 
estimated 9.1% of the Australian population [1]. Risk 
factors for OSA include obesity, snoring, increased age, 
upper airway anatomical variations, and family history 
[2]. OSA is due to repetitive mechanical obstruction of 
the pharynx during sleep, preventing ventilation and gas 
exchange, resulting in fragmented sleep, systemic 
hypoxia, hypercapnia, and respiratory acidosis [3]. 
Apnoea are episodes of complete airway obstruction, 
and hypopneas are when there is partial airway 
obstruction. When these events last for over ten seconds 
and result in a 3% reduction in blood oxygen saturation, 
they are included in the Apnoea Hypopnea Index (AHI). 
The AHI is the rate of events per hour and is used to 
calculate the severity of OSA. Mild OSA is an AHI 
between 5-15/hour, moderate is between 15-25/hour, 
and severe is an AHI over 25/hour [4]. 

The effects of OSA range from the daily fatigue-related 
consequences of disrupted sleep to the longer-term 
outcomes of morbidity and mortality due to intermittent 
overnight hypoxemia. OSA increases the risk of 
developing systemic hypertension, pulmonary 
hypertension, coronary artery disease, heart failure, 
cerebrovascular disease, metabolic syndrome, atrial 
fibrillation, dementia, progression of some cancers, and 
sexual dysfunction [2,3,5-7]. A longitudinal study 
spanning over 18-years found 5.2 times increase in the 
relative risk of cardiovascular-related mortality, for 
persons with untreated severe OSA [8]. Despite the long-
term complications of OSA, patients most commonly 
present to their primary care providers with the daytime 
symptoms of OSA: sleepiness, reduced concentration, 
fatigue, and low mood, or with reports from a partner 
who is concerned about their interrupted breathing 
patterns while asleep [9,10]. The Epworth Sleepiness 
Scale (ESS) is the industry-accepted tool for assessing 
daytime sleepiness and fatigue-related symptoms of 
OSA. A majority of OSA patients score above the normal 
range of 0-9, affecting their ability to drive, perform the 
executive function, and decision making [11]. 

The continuous positive airway pressure (CPAP) is 
used a s a primary method of treating moderate and 
severe OSA. The CPAP increases the air pressure inside 
the pharynx to maintain intraluminal dilation during 
muscle relaxation that occurs during sleep, preventing 
the collapse of the soft tissues, reducing the patient’s 
AHI [12]. It has been widely shown that by reducing the 
fragmented sleep patterns of OSA, CPAP effectively 
eliminates daytime sleepiness and fatigue [12,13]. Sleep 
physicians have previously treated patients with the 
assumption that CPAP’s role in the reversal of overnight 

hypoxemia, hypercapnia, and acidosis would also reduce 
the long-term complications and mortality associated 
with OSA. However, evidence to date has yielded 
inconsistent results, with larger reviews showing no 
changes in mortality for some patient groups [12,14-16]. 
Yu et al. [16] conducted a review of ten randomized 
control trials (RCTs) to assess changes in cardiovascular 
and mortality outcomes between populations with OSA 
treated with CPAP and control groups. The results 
showed no improvement in the CPAP groups for all-
cause mortality (relative risk, 1.13 [95% CI, 0.99 to 1.29]; 
P= 0.08), with significant improvements only in 
sleepiness and other measures for quality of life. Four of 
the ten studies achieved average adherence levels of 
four hours per night, with the rest having average times 
of CPAP therapy below the accepted industry standards 
of adherence. Sub-group analysis of the studies with 
four or more hours of therapy per night still failed to 
show overall benefits to all-cause mortality. Guo et al. 
[17] also found no significant changes in mortality with 
the use of CPAP (odds ratio 0.85; 95% CI, 0.35-2.06; 
p=0.72), but did find improvements in blood pressure ( 
mean difference (MD) -2.03 mmHg; 95% CI -3.64 to -
0.42; p=0.01) and symptoms (mean difference (MD), -
1.78, 95% CI, -2.31 to -1.24; p<0.0001). They 
acknowledged that the use of CPAP for a longer duration 
may have improved outcomes. 

Danish research by Jennum et al., [15] illustrates that 
CPAP may have a role in the reduction of mortality in 
specific population groups. A 17 yearlong observational 
study of 22,135 OSA patients compared the morbidity 
and mortality figures between patients treated with 
CPAP compared to no treatment. This study aimed to 
evaluate differences between men and women of 
different ages. No overall benefit to CPAP users was 
shown, however, it was found that CPAP did have a 
significant reduction in all-cause mortality for men over 
sixty years of age, once co-morbidity confounding 
factors were removed. These results indicate possible 
changes in the benefits of CPAP depending on 
demographics but are limited by no way of identifying 
what specifics about age and gender influence the 
results. 

It is assumed that patients would use CPAP 
throughout their sleep time. . However, adherence to 
CPAP therapy has been reported as widely variable and 
compliance is an ongoing dilemma for clinicians and 
sleep researchers when assessing its long-term benefits 
[18]. The effectiveness of CPAP in relieving daytime 
symptoms could be achieved by two hours of therapy per 
night, leading to a reduced incentive for patients who 
become asymptomatic to remain compliant with CPAP 
for the entire night’s sleep. Other factors that have 
reduced compliance with CPAP include discomfort from 
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the mask, feelings of claustrophobia, dry mouth, 
epistaxis, poor coping personality traits, and relief of 
daytime symptoms [12]. Most CPAP users have partial 
compliance. The adopted adherence standards in line 
with the patient’s recorded average daily CPAP use was 
4.7 hours a night, with the accepted values for adherence 
reported now at 4 hours per night, on at least 70% of 
nights [18,19]. While this has allowed for consistency 
and accuracy when comparing research, authors have 
acknowledged that this level of CPAP adherence and 
compliance might be a factor reducing CPAP’s 
modifying effect on mortality and disease within the 
available data [16,20]. 

There is an increasing amount of research suggesting 
increased compliance with CPAP results in increased 
therapeutic benefit and a reduction of long-term 
complications. Outcomes for metabolic syndrome as 
well as cardiovascular disease are dose-dependent with 
improvements when participants had more than four 
hours of CPAP use per night and spent less time with low 
oxygen saturation [14,21]. A multi-centered RCT across 
14 hospitals, including 723 participants, compared the 
incidence of blood pressure and cardiovascular events in 
patients with moderate to severe OSA following CPAP 
and those receiving no active therapy. A sub-group 
analysis of patients who used CPAP for more than four 
hours per night and spent less than 6% of time asleep 
with blood oxygen saturation below 90%, showed 
significant improvements in blood pressure and 
cardiovascular events. This study illustrates possible 
improvements with increased use, but also that residual 
hypoxia may have a role in limiting the therapeutic 
benefits of CPAP [14]. 

Within the existing literature, there are not many 
studies comparing perfect CPAP compliance with the 
industry-accepted four hours per night. Presumably, 
people using CPAP for only part of their sleep time, then 
return to sleep without the apparatus and experience 
the same level of OSA that they had before they were 
diagnosed and commenced treatment. This means that 
for the remainder of the night they are vulnerable to 
experiencing hypoxia, hypercapnia, and respiratory 
acidosis as well as a fragmented sleep cycle. While this 
may not be resulting in daytime symptoms for some 
patients, it remains unclear if this partial adherence is 
the reason OSA-related disease complication rates and 
mortality figures remain unchanged in populations 
receiving CPAP. 

This study aimed to investigate the sleep patterns and 
CPAP compliance of adults with moderate and severe 
obstructive sleep apnoea. The time spent asleep with 
and without CPAP and what factors influenced reduced 
compliance will be measured. The research question was 
“what proportion of people using CPAP have periods of 

sleep without apparatus and what are the factors that 
influence this”. The expected outcomes are to validate 
the usefulness of the survey design and items in 
answering the research question; and show that people 
who use CPAP also spend a proportion of time asleep 
without apparatus/treatment and thus are still 
vulnerable to the effects of OSA. 

Methods 

Study design 
This study is designed to trial the usefulness and validity 
of the survey (appendix 1) in the assessment of CPAP 
adherence, which is the first of its kind to assess whether 
people using CPAP are also asleep for significant times 
without therapy. This pilot study was also used to 
identify trends and correlations between individuals and 
the characteristics of their CPAP use that can be 
expanded as part of a larger trial. Ethics approval for 
conducting the study was granted by the Human 
Research Ethics Committee and the University of 
Wollongong. To address the research question, a cross-
sectional study was designed to include participants 
from a regional general medical practice who currently 
use CPAP for the treatment of OSA. Inclusion criteria: 
using CPAP for treatment of moderate and severe OSA 
Exclusion criteria were using CPAP for less than one 
year; adherence less than one night a week of CPAP use; 
intellectual disability preventing phone survey being 
completed, and under age 18. Thirty-six participants 
were identified for inclusion from the practice medical 
records and were contacted by the practice nurse for 
recruitment into the study. Those who gave permission 
to be included in the study were contacted to answer the 
survey over the phone. All surveys were de-identified 
after completion to protect participant confidentiality 
and their anonymous status within the study. 

The survey assessed the participant demographics of 
age and gender, allowing for characterization of CPAP 
use between men and women and changes in use with 
increasing age. Survey questions included: years using 
CPAP, type of CPAP mask used, whether the machine 
was fitted with an air humidifier, use of a chin strap, 
fixed or variable air pressure setting, the time they fall 
asleep and time they wake in the morning, whether they 
ever remove the CPAP mask throughout the night and 
return to sleep, what time do they usually remove the 
mask, how often per week do they remove the CPAP 
mask and return to sleep, and whether they sleep during 
the day without CPAP. To identify factors influencing 
reduced adherence, validated factors from a study by 
Sawyer et al., [18] were listed as options within the 
survey, including mask discomfort, claustrophobia, dry 
mouth, and relief of daytime symptoms. 
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Statistical methods 
The data were entered, and analyses were conducted in 
the IBM SPSS version 25 statistics software. 
Characteristics of continuous variables were assessed 
using descriptive statistics, with survey results 
presented as mean ± standard deviation for normally 
distributed variables and as median ± minimum and 
maximum for non-normally distributed variables. 
Correlation analysis between demographics and CPAP 
adherence was assessed using the Spearman test. An r 
correlation coefficient of 0.7 or greater indicated a 
strong relationship and was used to assess links between 
the data groups. Results were considered statistically 
significant if p<0.05. 

Figure 1: Participant recruitment. 

Participants 
Sixteen participants were granted permission to be 
included in the study, of which 4 met the exclusion 
criteria, leaving twelve to complete the survey and be 
included in the analysis. 

Results 

Characteristics 
The participants had a median age of 59 years, with a 
peak of participants aged between 40 and 50 and a 
second peak between 60 and 70 (Figure 2). Participants 
were equally distributed between genders (Table 1). 
Survey results of the characteristics of CPAP (Table 2) 
found participants use a range of mask types, most 
participants (83%) use a machine with an air humidifier 
attached, and none of the participants used a chin strap. 
There was a range of time periods using CPAP between 
1 year and greater than 4 years, most users (66%) use 
CPAP for four hours per night, and most users (66%) 
reported removing the mask during the night and 
returning to sleep. Most participants (83%) scored 
within the normal range for the Epworth Sleepiness 
Scale (ESS). 

 
Figure 2: Distribution of participants based on age. 

Of the subgroup of participants who reported removing 
their CPAP mask and returning to sleep (Table 3), fifty 
percent do so more than three nights per week, most 
(75%) use CPAP apparatus for four or more hours a 
night, and half report sleeping another four hours 
without CPAP therapy. The mask removal subgroup also 
reported factors that influenced removing the mask, 
with half (50%) claiming mask discomfort was a reason 
for removal, and more than half (63%) reporting that 
they had relief of their daytime OSA symptoms with the 
current usage. 

Inferential statistical tests like Spearman correlation 
and Chi-square were used to analyze characteristics of 
individual’s CPAP use and the likelihood of removing 
the mask throughout the night (Table 3) found no 
significant correlation between the participant’s gender, 
age, or the need for daytime sleep, and the removal of 
apparatus during the night. There was a strong negative 
relationship between the number of years using CPAP 
and the likelihood of removing the mask (r=0.7, p=0.01), 
a positive relationship between using the nasal pillows 
mask and removing it through the night (r=0.6, p=0.02), 
a negative relationship between using the full-face mask 
and removing the mask (r=-0.6, p=0.01), and a strong 
positive relationship between relief of daytime 
symptoms and removing the mask (r=-0.7, p=0.01). 
There was a moderate correlation between users who 
removed the mask and those with a lower ESS (r=-0.62, 
p=0.03) as well as a moderate negative correlation 
between hours of therapy and the recorded ESS (r=-0.69, 
p=0.01) (Table 5). 

Gender N=12 (%) 
Male 6 (50) 
Female 6 (50) 
Table 1: Distribution of participants based on gender. 

Discussion 

CPAP adherence and consequences 
Most (66%) participants in this study use CPAP for four 
or more hours most nights, including most (75%) of the 
participants in the sub-group of participants who sleep 
for some of the night without using the CPAP apparatus. 

16 CPAP users 

12 included 4 excluded 

2 used CPAP 1 under 18 1 intellectually 

disabled 
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This is consistent with long-term data showing that 
adherence averages at 4.7 hours per night and is in line 
with the adopted industry requirements for CPAP use at 
four hours on 70% of nights [18,22]. These adherence 
requirements allow consistency between studies but are 
based on knowledge of how most people use CPAP, not 
necessarily what is required to achieve the desired 
therapeutic outcomes. 

A meta-analysis that measures the effects of CPAP 
from studies that meet these standards of four hours of 
CPAP per night, consistently show improvements to the 
short-term daytime sleepiness and fatigue-related 
consequences of OSA but fail to show significant 
improvements in overall morbidity and mortality 
[16,17]. Therefore, the current dilemma is that clinicians 
don’t have an evidence-based way of reducing the risks 
of morbidity and mortality in their patients with OSA. It 
is well established that the intermittent episodes of 
hypoxemia related to OSA are a cause of elevated rates 
of cardiovascular disease, arrhythmias, and 
hypertension. Reduction in blood oxygen levels, along 
with other biochemical changes to blood-gas partial 
pressures, is the hypothesized link between OSA and 
elevated risks of metabolic syndrome, stroke, dementia, 
and progression of some cancers [3,23,24]. The survey 
used in this study cannot show that participants who 
remove CPAP apparatus and return to sleep have 
hazardous apnoeic and hypoxic episodes for the rest of 
the sleep period, but it is likely that once the positive 
pressure is removed, patients with OSA are likely to 
return to having the same level of disease that occurred 
prior to diagnosis and the commencement of treatment. 
This then implies that a significant number of people 
using CPAP, 66% in this paper, are still vulnerable to 
episodes of hypoxemia and the associated pathological 
consequences. This may be the cause of unchanged 
figures on disease and mortality in recent reviews and 
analyses of people who use CPAP [16,17]. 

This study found no significant correlation between 
age or gender and the patterns of adherence with CPAP, 
and equal numbers of men and women removing 
apparatus throughout the night. This is consistent with 
the findings of a review by Sawyer et al. [18], reporting 
that gender and age were not consistent factors for 
influencing adherence. Observational data finding that 
older males experience reductions in their mortality 
figures were thought to be potentially related to greater 
compliance with treatment, but this is in contrast to our 
findings which demonstrate no difference in compliance 
[15]. Sawyer et al. [18] did identify certain higher-risk 
groups within the population for reduced adherence 
including school-age children, patients with 
claustrophobia, patients who have an initial poor CPAP 
experience, and persons with upper limb weakness. 

Characteristics of CPAP use Number of participants (%)  
Mask type  
Nasal pillows  4 (33)  
Nasal cushion  3 (25)  
Full face  5 (42)  
Humidifier  
Yes  10 (83)  
No  2 (17)  
Chin strap  
Yes  0 (0)  
No  12 (100)  
Years using CPAP  
<2  2 (17)  
1- <3  3 (25)  
2- <4  5 (42)  
3- >4  2 (17)  
CPAP setting  
Fixed pressure  2 (17)  
Automatic pressure  10 (83)  
Hours of CPAP therapy per night  
>4 hours  8 (66%)  
<4 hours  4 (33%)  
Removes mask during night  
Yes  8 (66)  
No  4 (33)  
Epworth Sleepiness Scale (ESS)  
0-9 (normal)  10 (83%)  
10-12 (borderline)  1 (9%)  
12-24 (abnormal)  1 (9%)  

Table 2: Characteristics of CPAP use 

This study did not evaluate patients with these 
characteristics but did record those two (25%) 
participants in the subgroup with reduced adherence 
experienced claustrophobia from the apparatus. 

The presence of daytime symptoms and mask 
discomfort have previously been identified as common 
factors for reduced CPAP compliance [18]. This is 
consistent with the results of this study, which shows 
that 50% of participants have reduced CPAP use due to 
mask discomfort, and 63% report relief of daytime 
symptoms as a factor. The ESS is a validated tool for 
comparing daytime symptoms of fatigue and sleepiness 
before and after receiving CPAP therapy [11,12]. This 
study found that 83% of the CPAP users scored within 
the normal range on the ESS and statistical analysis 
showed that increased time using CPAP each night 
correlates with a lower score on the ESS. This study was 
however unable to demonstrate a causative link due to 
the cross-sectional nature of the study, but results add 
to the overwhelming pool of evidence that people with 
OSA who are receiving CPAP treatment have low levels 
of daytime symptoms [12,13]. The analysis of data in this 
study did demonstrate a significant link between those 
with a low ESS and the tendency to remove the CPAP 
mask throughout the night as seen in table 4. All 
participants of this study used CPAP for at least two 
hours per night, and it is known from previous studies 
that this level can be effective in reducing patients’ ESS. 
It is also known that a primary motivation for receiving 
CPAP treatment for OSA is the desire to relieve their 
debilitating daytime symptoms [9,12]. It is therefore not 
surprising that patients who identify that they can have 
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improvements in their quality of life without having to 
use CPAP all night adopt a pattern of use that matches 
their requirements. Non-sleepy OSA patients are 
therefore an important target group within the 
population who should be encouraged to have full 
compliance with CPAP therapy to achieve all the 
potential therapeutic benefits. 

Characteristics  N=8 (%)  
Mask removal frequency  
<once weekly  2 (25%)  
1-3 times per week  2 (25%)  
>3 times per week  4 (50%)  
Every night  0  
Hours of CPAP therapy per night  
4 - >4 hours  6 (75%)  
<4 hours  2 (25%)  
Hours asleep without therapy per night  
2 hours  2 (25%)  
3 hours  2 (25%)  
4 hours  4 (50%)  
Factors influencing mask removal  
Mask discomfort  4 (50%)  
Claustrophobia  2 (25%)  
Dry mouth  1 (13%)  
Relief of daytime symptoms  5 (63%)  

Table 3: Subgroup characteristics of participants who remove 
their CPAP mask throughout the night. 

This study also found a correlation between an increased 
number of years since commencing CPAP and a lower 
rate of partial compliance with therapy. This contrasts 
with another study looking at predictors for reduced 
adherence which found time since starting therapy to be 
a negative predictor [19]. This study suggests that over 
four or more years of use, patients become less likely to 
remove the CPAP mask through the night, increasing 
the potential health and symptom benefits of greater 
adherence to treatment. Other predictors of increased 
adherence in previous data included auto-titration 
settings (APAP), female gender, and history of 
hypertension [19]. There was no statistical significance 
found in this study when correlating APAP to adherence 
or gender (as outlined above), and hypertension status 
was not evaluated. 

Validation of the survey and limitations of the study 
This pilot study will direct further expanded trials of a 
similar nature to assess CPAP treatment adherence and 
sleep patterns for patients with moderate and severe 
OSA. Possible errors associated with the survey include 
a potential sampling error by only collecting data of 
patients from one general practice. The small sample 
size in this study is another limitation and a possible 
source for sampling error in survey collected data [25]. 
While the study characterizes the behavior of CPAP 
patients within one practice, there is a limited capacity 
to extrapolate the significance of the results across the 
broader population. Future studies should incorporate 

patients from multiple practices and a variety of 
geographical locations. 

Characteristic  Result (R-value)  p-value  
Gender  0  0.50  
Age  0.2  0.5  
Years using CPAP  0.7  0.01  
Mask type  
Nasal pillows  0.6  0.02  
Nasal cushions  -0.1  0.35  
Full face  -0.6  0.01  
Daytime sleep  -0.5  0.07  
Mask discomfort  0.4  0.18  
Claustrophobia  -0.3  0.31  
Dry mouth  -0.2  0.5  
Relief of daytime 
symptoms  

-0.7  0.01  

Table 4: Correlation between characteristics and CPAP mask 
removal. 

Result                                 R-value p-value  
Hours of CPAP therapy per night  -0.69  0.01  
Mask removal  -0.62  0.03  

Table 5: Correlations of sleep characteristics with the Epworth 
Sleepiness Scale (ESS) 

The error of measurement is a factor for survey data, 
which can be reduced by using validated and reliable 
questionnaires that accurately reflect the nature of the 
topic [25]. The strengths of the qualitative components 
of this survey involving CPAP compliance, as well as 
specifics about individual’s machine settings and masks, 
are that they were drawn from validated questionnaires 
from previous research into CPAP adherence [18,19]. 
Another strength of this survey is using the ESS, which 
is an industry-standard tool for measuring sleepiness 
and daytime symptoms of OSA and has been validated 
by previously published literature [11]. 

Quantitative data can be less reliable when using self-
reported questionnaires, due to participant recall error, 
truthfulness, and estimation error [25]. Self-reported 
times for CPAP use have previously been shown to be 
overestimated by approximately 1/hour [26]. CPAP 
devices have software to record information about use 
and adherence and would form more accurate data for 
future studies. This study was limited by not having 
access to software capable of analyzing data from 
different brands of CPAP machines. Funding for future 
studies would allow the purchase of the appropriate 
software. This study sought to demonstrate that there is 
a large proportion of CPAP users who have inadequate 
compliance with their therapy for optimal treatment. 
Within this sample population with moderate and 
severe OSA, compliance was reduced, and most 
participants have times of sleep when they are 
vulnerable to experiencing hypoxia and biochemical 
disturbances. These changes are known to be associated 
with the many complications of OSA. It has long been 
understood that CPAP adherence is not perfect in most 
patients, which may impact the long-term therapeutic 
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benefits of treatment. The findings of this study 
highlight a potential flaw in the research to date that 
evaluates CPAP’s effectiveness in reducing morbidity 
and mortality because most participants are still likely 
to experience daily episodes of apnoea and hypoxia. 
Future research needs to compare patients with perfect 
compliance to CPAP with those whom have partial 
compliance and how this may affect long-term 
outcomes. 
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