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Adherence of obstructive sleep apnoea syndrome patients to positive airway
pressure therapy — 10-year follow-up

Samuel Genzor®, Jan Prasko®, Jakub Vanek®, Amjad Ghazal Asswad*, Shayan Nadjarpour, Milan Sova?

Purpose. Continuous positive airway pressure (CPAP) is the most effective therapy for obstructive sleep apnoea syn-
drome (OSAS). Long-term adherence is necessary; however, it may be widely variable based on current literature,
where the predicting factors are also not well defined. The aim of this study was to assess ten-year adherence to CPAP
and to define factors influencing it.

Methods. In total, 107 patients (91 males) were enrolled in this study, with an average age of 53.5 years (SD 10.1), with
CPAP therapy being indicated (Apnoea-Hypopnoea Index — AHI > 15). Anthropometric and social status data have been
obtained as well as the average use of CPAP through device memory.

Results. Sufficient adherence (> 4 h per night) was found in 57% of patients in the first year with no subsequent sig-
nificant change during the next 9 years. Adherence correlated significantly with the severity of OSAS — AHI (r = 0.321
over 5 years) and Epworth Sleepiness Scale (r = 0.317 over ten years) but did not correlate with the pressure used or
the age of the patient. No statistically significant differences have been found between the sexes, the different mask
groups, or the social status groups.

Conclusion. Good adherence to CPAP therapy in OSAS patients is essential. According to our results, patients with
more severe OSAS or more severe sleepiness seem to have better adherence.
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INTRODUCTION comorbidities, and psychiatric conditions amongst oth-
ers12-l4.
Obstructive sleep apnoea syndrome (OSAS) is the This study aims to analyse the adherence of OSAS

most common sleep-related breathing disorder, with  patients treated with CPAP during long-term follow-up
a prevalence of almost 10% (ref.!) The main nocturnal  and the potential factors influencing adherence.
symptoms are snoring and repetitive breathing cessations
(more than 5 times per hour of sleep), and the most criti-  Aims of study
cal daytime symptom is excessive sleepiness®. Numerous To establish whether CPAP adherence in OSAS ther-
serious comorbidities are associated with this disorder, apy will be significantly influenced by:
and it can potentially reduce life expectancy*>. Moreover,
OSAS also lowers patients’ quality of life®. (a) Objective clinical variables

Of all the possible therapeutic modalities, continuous AHI (Apnoea-Hypopnoea Index), BMI (Body Mass
positive airway pressure (CPAP) therapy still remains the  Index), t90 (percentage time of sleep spent under 90% of
gold standard in OSAS therapy’. CPAP therapy leads to  peripheral blood saturation), ODI (Oxygen Desaturation
an improvement in quality of life?, and may reduce certain  Index)
health risks if the adherence of the patient is sufficient®!°.
Sufficient adherence is defined by most studies as the use  (b) Demographics

of CPAP for over 4 h per night on average, however it is Age, sex, social status, employment status

unclear if such adherence is enough to achieve the full

extent of the possible benefits of the therapy!'.. (c¢) Subjective evaluation of patient sleepiness measured
There are various factors that could potentially impact using the Epworth Sleepiness Scale (ESS)

CPAP adherence in patients with OSAS including the pa-
tients’ age, sex, social status, employment status, disease  (d) The pressure (mbar) used during therapy and the type
severity and symptoms, the parameters of CPAP therapy, of mask used
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MATERIALS AND METHODS

This study had a prospective design. The study was
approved by the local ethics committee and fulfils the
criteria set out by the Declaration of Helsinki.

Patients were enrolled in the period 2005-2008 and
were subsequently followed-up over the course of ten years

at routine visits.

Inclusion criteria:
AHI > 15
Age 18-80
Exclusion criteria:
Initial refusal of CPAP therapy

Contraindication for CPAP therapy

Course of study:

Sleep study was performed with respiratory sleep polyg-

raphy (Stardust, Easyscreen)

CPAP titration was performed by autoCPAP machine

for 3 nights

Annual follow-up over the course of ten years

Various body features were initially assessed including
weight, height, body mass index (BMI) and the circumfer-

ence of the neck, waist, and hips. The diagnosis of OSAS
was determined using respiratory sleep polygraphy, the
recording lasted 7 h and was evaluated by sleep laboratory
technicians according to the current American Academy
of Sleep Medicine scoring manual®. The optimum thera-
peutic pressure was titrated using automatic CPAP for
at least three nights, during which the patient was hos-
pitalized at the sleep laboratory. The home PAP therapy
was initiated only after determining the optimum pres-
sure using the autoCPAP machine during the 3 nights of
hospitalization.

The exclusion criterion was the presence of a contra-
indication for CPAP therapy (CPAP intolerance, cerebro-
spinal fluid leak, chronic sinusitis, etc.). Good adherence
to the therapy was defined as more than four hours of
CPAP use per night.

The ESS was used to assess the sleepiness of patients
with OSAS (ref.").

Patients were further divided into sub-groups accord-
ing to their social status - unemployed, retired, manual
workers, clerks, patients with a university degree, and
professional drivers.

IBM SPSS Statistics software version 25.0 was used
for data analysis. The Pearson correlation index evaluated

Table 1. Study group characteristics.

Average Median Minimum Maximum
Age (years) 53.5+10.1 55.0 21.0 73.0
BMI (kg/m?) 36.7+6.4 35.8 26.0 60.7
ESS (points) 10.6£5 10.0 3.0 24.0
AHI (per hour) 54.6£23 53.4 15.1 119.1
190 (%) 36.3+23.7 29.2 1.04 99
PAP (mbars) 8.3+2 8.5 4 15.5
PAP therapy use (hours) 4.97£2.3 5.33 0 12.97

Age, age of patients at the beginning of follow-up; BMI, Body Mass Index; ESS, Epworth Sleepiness Scale;
AHI, Apnoea-Hypopnoea Index; t90, % of total sleep time spent under 90% blood saturation; PAP, pressure
used during positive airway pressure therapy (mbar); PAP therapy use, average number of hours of PAP

therapy per night.

Table 2. CPAP adherence in different social groups - employed, retired, and retired due
to disability.

Social group/Employment status

nilzr‘:rz%i/;l:ilf) flcl) ?leogvirlp Employed Retired  Retired due to disability P
’ n=72 n=25 n=10

1 Year Median 4.42 4.99 4.86

Minimum 0.11 0.58 0.07 0.634
Maximum 9.39 11.14 857
3 Years Median 5.01 5.68 6.19

Minimum 0.19 0.39 1.10 0.566
Maximum 12.97 8.01 98
5 Years  Median 5.56 5.70 6.73

Minimum 0.75 1.83 1.39 0.742
Maximum 10.74 8.06 106
10 Years Median 5.29 5.55 4.77

Minimum 0.36 1.55 1.47 0.798

Maximum 9.73 8.06 10.80
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Table 3. CPAP adherence in different social groups - differences between groups in the average
length of CPAP use per night.

Average CPAP use per night,

Social group/Employment status

at year of follow-up 1 2 3 4 3 P

n=35 n=59 n=15 n=19 n=9

1 Year Median 3.23 4.90 4.33 5.29 2.59
Minimum 3.23 0.07 0.74 0.63 0.11 0.509

______ Maximum 3.23 11.14 9.39 7.82 6.45

3 Years Median 5.70 5.43 5.54 3.19
Minimum No data  0.39 1.00 0.19 0.86 0.564

______ Maximum 12.97 8.92 7.04 7.23

5 Years Median 5.87 4.92 5.76 3.70
Minimum Nodata 0.75 1.91 2.10 1.94 0.781

______ Maximum 10.74 8.93 8.29 9.34

10 Years Median 5.37 4.89 5.52 4.15
Minimum No data  1.55 1.71 0.36 2.24 0.734

Maximum 10.80 9.73 8.28 7.71

1, unemployed; 2, manual worker; 3, clerk; 4, patients with a university degree; 5, professional driver.

the correlation of quantitative parameters with adherence.
Kruskal-Wallis test or Mann-Whitney U-test evaluated the
differences in adherence across various groups. To evalu-
ate the statistical significance of the change in adherence,
the McNemar test was used. Statistical significance was
evaluated at the level 0.05 in all methods. Binary logistic
regression was used to predict adherence after ten years
of CPAP treatment.

RESULTS

The total number of subjects involved in this study was
107 of which 91 were males (85%), and 16 females (15%).
Study group characteristics are summarized in Table 1.

More than 4 h of average CPAP use per night was
achieved in 57% of patients after 1 year, 57.5% after 3
years, 58.6% after 5 years, and 57.3% after ten years of
CPAP therapy. No significant changes in CPAP adher-
ence were found using the McNemar test when comparing
first-year follow-up adherence with adherence at subse-
quent check-ups.

During the follow-up period, 13 patients died with an
average age of 64.2 (49-74) and an average CPAP therapy
length of 5.15 years (1-9 years). A further 21 patients
were withdrawn completely from therapy or had no adher-
ence (mostly in the first year of follow-up).

Neither the patients’ age nor BMI was found to cor-
relate with CPAP adherence. ESS had a weak, but statisti-
cally significant correlation with CPAP adherence both
after 1 year, and ten years and was close to statistical
significance at other intervals. The AHI correlated sig-
nificantly with the rate of adherence to CPAP at 1, 3, and
5 years of follow-up, but significance was not proven at
ten years of follow-up. The correlation coefficient showed
weak to moderate correlation. Similarly, ODI correlated
with CPAP adherence at 3 and 5 years of follow-up, but
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not after 1 year and ten years. T90 had a significant,
though weak correlation with CPAP adherence only at
ten years of follow-up. The pressure used during therapy
did not correlate with adherence at any interval.

No significant differences in the average amount of
time of CPAP use per night were found when compar-
ing the groups with different mask types (nasal versus
oronasal mask: p-values using the Mann-Whitney t-test
for CPAP therapy adherence at set study intervals are as
follows; 1 year - 0.92; 3 years - 0.74; 5 years - 0.152; ten
years - 0.293).

There were no statistically significant differences in
adherence between employed patients (66) and retired
patients (pensioner - 25 patients, disability pension -
9 patients) (Table 2).

There was no significant difference found in the av-
erage length of CPAP use per night in different social
groups (unemployed - 2 patients, manual workers - 59,
clerks - 15, patients with a university degree - 19, profes-
sional driver - 9) (Table 3).

Regression analyses
Average daily hours on CPAP treatment

To detect the most significant variables associated
with ten years of adherence measured by average daily
hours on CPAP treatment, a multiple regression analysis
(backward stepwise regression) was carried out. The daily
average number of hours on CPAP treatment was taken as
the dependant variable. The independent variables were
the patient’s age, ESS, AHI, ODI, t90, average night oxy-
gen saturation, BMI, and pressure of CPAP used. During
nine steps of the backward stepwise regression four fac-
tors endured, namely, ESS, AHI, ODI, and t90, which
statistically had a significant correlation to the average
daily hours on PAP treatment.
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Adherence versus non-adherence after ten years of CPAP
treatment

A binary logistic regression (method: Backward
Stepwise - Wald) was used to predict adherence after
ten years of CPAP treatment. The variables entered at
step 1 were age, ESS, AHI, ODI, t90, average night oxygen
saturation and the presence of a psychiatric comorbidity.
Nagelkerke’s R-square was calculated as 0.194.

The next stage of the logistic regression showed that
after nine steps only ESS, AHI and ODI had a statistically
significant impact on ten-year adherence. No other evalu-
ated regressors were detected after nine steps (table 4).

DISCUSSION

Our investigation aimed to examine the adherence of
patients with OSAS treated with CPAP during ten years
of follow-up and to determine the clinical factors influenc-
ing adherence.

Tan et al. carried out a prospective study of 2160 pa-
tients which revealed that patients with mild to moderate
OSAS tend to opt for surgery or adjunctive treatments,
with 38.4% rejecting all forms of treatment'. From those
who chose CPAP therapy (34.8% of all patients, i.e., 751
patients) only 50.7% (381) kept a good adherence to the
therapy after 1 month. In the follow-up of this group,
78.5% (299) were adherent after 1 year - this is only
13.8% of all OSAS patients included in the study. Age,
BMLI, and normal ESS were predictors of poor adherence;
in our study, there was no significant correlation found
between age and adherence to the treatment. Compared
to the study performed by Tan et al. this study found a
better adherence rate in the population followed (43%
in the Tan et al. study compared to 57.3% found by this
study after 1 year). This study, in contrast to the study
by Tan et al. did not find higher age to be a predictor of
poor adherence and neither study found any differences
in adherence between the sexes.

Gagnadoux et al. followed-up a total of 1104 patients
for an average period of 504 days, finding adherence to
CPAP therapy to be at 59% (ref.”®). They identified four
factors that influenced CPAP adherence - AHI, BMI, em-
ployment status, and marital status. However, age, gender,
ESS score, depressive syndrome, associated cardiovascu-
lar comorbidities, educational attainment, and occupation
category were not found to influence CPAP adherence.
In the study by Gagnadoux et al. neither age nor gender
were deemed as predictors of CPAP adherence which
agrees with the findings of our study. Similarly, the rates
of adherence with CPAP were comparable in both studies.

In the study by Gagnadoux et al. the educational
attainment and occupation category did not influence
CPAP adherence. This is in contrast to the findings of
Campbell et al. whose study showed the major impact
of social status on CPAP adherence in OSAS patients in
New Zealand (214 patients in total) (ref.'?). That study
found that patients with poor socioeconomic status and
those not of European origin had significantly lower treat-
ment adherence (average follow-up: 504+251 days).

Table 4. Logistic regression - prediction of the adherence
after ten years of CPAP treatment (variables not in the

Equation).
Step 0
Variable Score Degrees of P
freedom
Age (years) 1.676 1 0.195
ESS (points) 6.234 1 0.013
AHI (per hour) 4.423 1 0.035
ODI 6.603 1 0.010
t90 (%) 2.609 1 0.106
Average oxygen saturation (%) 2.271 1 0.132
BMI (kg/m?) 0.771 1 0.380
CPAP (pressure in mbar) 1.026 1 0.311
8

Overall Statistics

Adherence to CPAP treatment can be influenced by
many factors, particularly by the psychological charac-
teristics of the patient, such as hope, anxiety, mood, or
personality traits. These factors have already been studied
in connection with OSAS (ref.'®) but not regarding CPAP
adherence. Other studies that would assess the effect of
these factors on treatment adherence could help in the
search for strategies to increase adherence to the treat-
ment.

Inoue et al. found in a study of 711 Japanese patients
with an AHI over 20 that 543 (76.3%) of them started
CPAP treatment!. 484 patients continued to use CPAP
after 2 months (89.1% of those who started CPAP treat-
ment) and 219 remained compliant (more than 4 hours
of CPAP use per night on average) at 1 year (30.8%).
Patients with good adherence after 1 year had a higher
AHI and BMI, though no differences were found regard-
ing the sex or age of the patients.

According to our results, no significant differences
between different social status groups were found in our
correlation analyses. This could possibly be because the
patients in the study groups were not so dissimilar regard-
ing their social status.

The parameters of OSAS severity (AHI, t90 and ODI)
were shown to have weak, but statistically significant cor-
relations with CPAP adherence in our study.

When looking for the most critical variables linked to
ten years of adherence measured by average daily hours of
CPAP treatment using multiple regression analyses, two
factors appeared to be significant, namely ESS and t90.

When dividing patients into two groups, according
to adherence (more than and less than 4 hours use per
night on average), the statistically significant predictors
of ten-year adherence were ESS and ODI. This agrees
with the Tan et al. study where normal ESS was a predic-
tor of poor adherence'. In our study, a higher BMI was
not associated with better adherence, Gagnadoux et al.
identified both AHI and BMI as positive factors in CPAP
adherence®.

Similarly, Inoue et al. found no impact of sex and age
on CPAP adherence?, which is consistent with the results
of our study. Both the AHI and BMI correlated signifi-
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cantly with CPAP adherence at 1 year of follow-up. Good
adherence (more than 4 hours use per night) was found
in 45.2% of patients, which is lower than in our study.

It was proposed that daily experiences of subjective
negative feelings of fatigue, sleepiness and lack of con-
centration as measured by the ESS would motivate the
patient to use CPAP regularly. This hypothesis was con-
firmed at 1 year and ten years of follow-up. Similarly, Tan
et al. had a similar finding where normal ESS was a pre-
dictor of poor CPAP adherence'. In contrast, Gagnadoux
et al.”® and Campbell et al.”? found no correlation between
ESS and CPAP adherence.

The pressure of CPAP and the type of mask used do
not influence adherence to the therapy, which was con-
firmed at all points of follow-up. This was consistent with
the findings of Schirlaw et al.'® and Sova et al.’®. On the
other hand, Rowland et al. revealed a significantly higher
quality of sleep in the nasal mask group, though no sig-
nificant differences in CPAP adherence between the nasal
and oronasal mask groups were found®.

In contrast, Borrel et al. found a higher adherence in
the nasal mask group in the 2311 patients studied and thus
recommends the use of this mask type as a first choice?'.
In our study, we found no significant differences in adher-
ence with CPAP therapy between the nasal and oronasal
mask types, however this could be due to the small size
of the subgroup using the oronasal mask (18 patients).

The pressure used in the CPAP therapy did not influ-
ence CPAP adherence according to Weaver et al. (ref.??),
which is consistent with the findings of our study.

The retrospective observational study of Dzierzewski
et al. revealed that the most important factor for CPAP
adherence is self-efficacy beliefs of the patients in the
therapy?. Patients with a profound trust in CPAP therapy
(assessed with a questionnaire) showed better adherence
when using higher positive pressures in therapy, where-
as in the rest of the patients, no correlations between
the pressures of CPAP used and adherence were found.
Weaver et al. similarly revealed no influence of the pres-
sure used in CPAP therapy on adherence?’. The authors
concluded that a possible way to improve adherence to
the therapy is the use of behavioural interventions like
cognitive behavioural therapy.

In post-hoc analysis of the SAVE (Sleep Apnoea
Cardiovascular Endpoints) study, Van Ryswyk et al.>
found in a group of 1121 participants over 24 months of
follow-up, that the most important predictors of adher-
ence to CPAP therapy were the adherence rate in the first
month of follow-up, the ESS at the beginning of therapy,
and the objective parameters of OSAS severity (AHI,
ODI, t90). This is in concordance with our results, as
ESS, ODI, AHI, and t90 all correlated with CPAP adher-
ence. Similarly, adherence to therapy in our study did not
change during our follow-up which is consistent with the
results of Van Ryswyk et al.>*.

Comparing long-term CPAP adherence in OSA pa-
tients to the adherence to the treatment in other diseases
is an interesting issue to discuss. Sanduzzi et al. studied
long-term adherence to the pharmacotherapy in chron-
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ic obstructive pulmonary disease (COPD) - the major
conclusions of the meta-analysis were that the lack of
perceived benefit led to 30% of patients with COPD to
discontinue their therapy®’. Other important factors in
COPD adherence were the frequency and simplicity of
the therapy administration. This was in concordance with
Bozek et al. who found in a population of elderly asthmat-
ic patients that only 21% had a good adherence?®. Proper
monitoring of asthma by the use of a diary, together with
estimation of depression symptoms and cognition status
could increase the adherence and control of asthma in
this group of patients. Similarly, Ni et al. studied in their
systematic review long-term adherence to cardioprotective
pharmacotherapy in secondary prevention of coronary
heart disease?’. The drug adherence was considerably low
in numerous involved studies, e.g. in the case of betablock-
ers only 49% of patients consistently used them following
discharge and 22% of them did not commence the use
of them at all. The most important tool to improve the
adherence of patients is their education.

This study has several limitations. All patients were
examined by respiratory polygraphy, without performing
complete polysomnography with EEG. There might be a
possible bias in the overestimation or underestimation of
OSA severity in some patients. On the other hand, this
method is widely used and is considered a suitable diag-
nostic method for OSA. Another possible limitation may
be the use of automatic CPAP titration instead of manual
CPAP titration with polysomnography. According to the
meta-analysis of Gao et al. automatic titration was as ef-
fective as standard manual titration in improving AHI and
somnolence of the patients?®. Therefore, we expect that
the automatic CPAP titration does not have an impact on
CPAP adherence in OSA patients.

This study also only has a relatively small number of
patients, especially when considering the different patient
groups. All the remaining patients will be followed-up fur-
ther and the study will continue at our department as a
prospective observational study.

CONCLUSION

According to our results, it seems that patients with
more severe OSAS or more serious symptoms have bet-
ter adherence. Other possible factors seem to have no
significant influence on adherence to the therapy. Factors
that might influence adherence to the therapy need to be
further studied and evaluated. Specific management of
different groups of patients might improve their CPAP
adherence.

ABBREVIATIONS

AHI, Apnoea-Hypopnoea Index; BMI, Body Mass
Index; COPD, Chronic Obstructive Pulmonary Disease;
CPAP, Continuous Positive Airway Pressure; ESS,
Epworth Sleepiness Scale; ODI, Oxygen Desaturation
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Index; OSAS, Obstructive Sleep Apnoea Syndrome;
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