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Abstract

Background: Patients with obstructive sleep apnea (OSA) most commonly receive
positive airway pressure therapy (PAP) as primary treatment, which is highly effective
when used consistently. Little is known about the preferences for and relevance of
attributes of OSA treatments, especially of non-PAP alternatives. The aim of this study
was to evaluate treatment preferences and willingness to pay (WTP) among patients
with and without previous experience of OSA therapies.
Methods: A discrete choice experiment and a structured survey were applied to
patients presenting for overnight polysomnography at a tertiary sleep center. Medical
variables were obtained from hospital case records.
Results: Over a period of 4 months, 241 subjects were enrolled and answered the
questionnaire (61.8% with an existing diagnosis, 38.2% with a new diagnosis). The
most preferred treatment among all patients was PAP therapy (51.1%), followed by
mandibular advancement devices (18.1%), hypoglossal nerve stimulation (17.2%), and
medication (13.7%). Approval for the different treatments varied by gender as well as
by OSA therapy experience. The importance of attributes of OSA treatment varied too,
with low rates of treatment-related side effects being equally important, independent
of the preferred therapy. The most often stated monthly WTP for optimal sleep was
50, with increasing age leading to lower WTP values.
Conclusion: Preferences for OSA therapies vary among patients and patient subgroups.
PAP therapy is the most preferred treatment, though non-PAP interventions receive
high approval ratings too, particularly in treatment-naïve patients. The importance of
treatment attributes varies as well, depending on the choice of preferred treatment.
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Obstructive sleep apnea (OSA) is one of
the most common chronic conditions in
adults. The disease is characterized by
cessation of airflow to the lungs, which is
caused by collapse of upper airway soft
tissues during sleep when muscles relax
[1]. This can lead to a partial or complete

halt of gas exchange in the lungs and
subsequent phases of hypoxemia and hy-
percapnia. Affected patients often suffer
from interrupted sleep due to arousals fol-
lowing apneic or hypopneic events. The
prevalence in the general population is
estimated at between 23 and 46%, de-
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Attribute Treatment A Treatment B Treatment C
Improvement of daytime 
sleepiness Medium improvements Minor improvements Strong improvements

Reduction in the risk
of comorbidities

Strong improvements Medium improvements Minor improvements

Improved treatment of 
existing comorbidities Minor improvements Strong improvements Medium improvements

Occurrence of treatment-
related side effects 20% 50% 10%

Ease of use Effort per day 1 minute Effort per day 5 minutes Effort per day 10 
minutes

Requirement for surgery Medium surgery, pain 
for 3-5 days

No surgery required Minor surgery, pain for 
1-3 days

Monthly co-payment 2 € 5 € 10 €
Fig. 19Discretechoiceex-
periment: example choice
task

pending on severity level [2, 3]. Though
symptoms can vary, daytime sleepiness
and reduceddaytime functioningareoften
reported and usually lead to confirmation
of anOSA diagnosis [4, 5]. Due to repeated
phases of desaturation, patients with OSA
frequently suffer from chronic inflamma-
tion, which increases the risk of cardiovas-
cular and metabolic diseases [6]. Given
the high prevalence, changing clinical pre-
sentation, and inconsistent evidence on
treatment benefits, the decision regard-
ing which patients require treatment is
the subject of ongoing discussion.

Primary treatment for OSA is positive
airway pressure therapy (PAP), which is
applied via a nasal or facial mask and pre-
vents obstructions by splinting the airway.
PAP therapy is highly effective in reduc-
ingOSA severity and improving symptoms
as well as OSA-related comorbidities such
as hypertension [7, 8]. Mandibular ad-
vancement devices (MAD), which increase
the posterior airway space, have been in-
troduced as an alternative treatment that
can be equivalent to PAP therapy in pa-
tients with mild or moderate OSA and
without significant obesity [9]; however,
superior adherence compared to PAP ther-
apy is of offset by slightly lower efficacy.
Withnightlystimulationof thehypoglossal
nerve (HNS), another alternative treatment
has been introduced into clinical routine
in recent years for patients who cannot
adhere to PAP treatment. HNS has been
demonstrated to be comparable to PAP
therapy in reducing disease severity and
improving symptoms of OSA [10, 11]. In
addition, differentpharmacological agents
are being evaluated for use inOSA, though
none have yet received market approval

[12]. Beside the abovementioned treat-
ments, different surgical interventions, in-
cludingpalateor tongue-basesurgery, and
positional therapy are used in clinical prac-
tice [9, 13].

Though many different treatment
modalities exist, PAP therapy is by far
the most commonly used treatment and
patients in most circumstances are not
free to choose alternatives, given financial
constraints or limited availability. There-
fore, evidence on patients’ preferences
for OSA treatment methods is scarce.
The scope of this study was to investi-
gate treatment preferences using stated-
preference techniques.

Materials andmethods

Experimental design

The questionnaire was developed using
two main elements: a discrete choice ex-
periment (DCE) toestimatethe importance
of treatment attributes and a structured
choice survey to record preferences for dif-
ferent OSA therapies. Relevant attributes
of OSA treatments used for the discrete
choice experiment were identified from
astructured literature reviewandvalidated
in a quantitative pre-study with 78 par-
ticipants. The results have been reported
previously [14]. To evaluate preferences
for concrete OSA treatment, the follow-
ing threedifferent therapieswere selected,
which were theoretically available to pa-
tients in Germany when the experiment
was conducted: positive airway pressure
therapy, treatment with a mandibular ad-
vancement device, and hypoglossal nerve
stimulation. As pharmaceutical therapies

for OSA are currently under development
and may potentially be available in the fu-
ture, this treatment modality was added
as fourth option. Participants were then
asked to choose their preferred primary
treatment. In addition, a four-level Lik-
ert scale was used to estimate general
approval for treatment with the four ther-
apies.

Willingness to pay (WTP) was assessed
usingabipolar scalewithnine levels, which
represent different monetary values that
patients would be willing to spend out of
their personal budget to obtain optimal
sleep.

The DCE used seven attributes of
OSA treatment, each with three levels,
which were presented in four randomly
allocated choice tasks per patient. The
attributes were “Improvement of day-
time sleepiness,” “Reduction in the risk
of OSA-related comorbidities,” “Improved
treatment of existing comorbidities,” “Oc-
currence of treatment-related side effects,”
“Ease of use,” “Requirement for surgery,”
and “Monthly co-payment.” In each choice
task, participants were asked to choose
one out of three alternatives, which could
require a trade-off between increased
benefits in one attribute and fewer ben-
efits in another attribute (. Fig. 1). To
maximize information gain from the DCE,
a forced-choice approach was selected,
which meant that a no-treatment option
was not displayed.

For both elements of the experiment,
graphical elements were used where ap-
plicable, and the survey language was ad-
justed to patient level.
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Table 1 Sample characteristics
All patients, N= 241 Previous therapy

experience, n= 149
No previous therapy
experience, n= 92

% Mean ±SD % Mean ±SD % Mean ±SD p-value
Gender – – – – – – – – – 0.052

Female 30.7 – – 26.2 – – 38.0 – – –

Male 69.3 – – 73.8 – – 62.0 – – –

Age (years) – 57.2 13.8 – 61.3 12.4 – 51.6 14.0 <0.001

Bodymass index (kg/m2) – 31.4 6.2 – 32.1 6.5 – 30.7 6.2 0.224

Respiratory disturbance index – 15.5 18.6 – 14.1 19.0 – 22.5 16.7 <0.001

Epworth Sleepiness Scale – 8.1 5.0 – 8.1 5.1 – 9.1 5.0 0.145

Comorbidities – – – – – – – – – –

Arterial hypertension 59.9 – – 62.1 – – 56.5 – – 0.397

Diabetesmellitus type II 14.8 – – 19.3 – – 7.6 – – 0.014

Coronary artery disease 11.4 – – 15.2 – – 5.4 – – 0.022

s/p myocardial infarction 4.2 – – 4.8 – – 3.3 – – 0.560

s/p stroke 3.4 – – 4.8 – – 1.1 – – 0.121

CurrentOSA treatment – – – – – – – – – <0.001

None 50.7 – – 20.1 – – 100.0 – – –

PAP therapy 47.7 – – 77.2 – – 0.0 – – –

Other 1.6 – – 2.7 – – 0.0 – – –

N= 241
SD standard deviation, OSA obstructive sleep apnea, PAP positive airway pressure therapy, s/p status post

Enrollment

Patients presenting at the study center
for an overnight polysomnography and
suspected or confirmed diagnosis of OSA
were recruited for the study after consul-
tation with a sleep physician and provi-
sion of written informed consent. Medical
information on each participant was ob-
tained from patient records. The study
was approved by the local ethics commit-
tee (Ethics CommissionUniversity Hospital
Essen, Germany: 20-9315-BO).

Statistical analysis

Data management and descriptive anal-
ysis was performed with SPSS software
(IBMCorp., Armonk, NY, USA, version 26.0).
Multivariate analysis was performed us-
ing R with RStudio (https://www.r-project.
org, version3.6.3 andhttps://www.rstudio.
com, version 1.1.463). P-values of <0.05
were considered statistically significant
and recent guidelines for the analyses of
choice-based experiments were applied
[15, 16]. Depending on data distribution
and the scale of variables, Mann–Whit-
ney U, Kruskal–Wallis, and Chi2-tests were
used.

Since previous or recent experience
with certain treatments—positive or neg-
ative—will naturally impact decision-
making, subgroup analyses were per-
formed using this criterion.

Results

Sample characteristics

Over a period of 4 months, 241 pa-
tients provided informed consent and
participated in the study. The majority
were of male gender (69.3 vs. 30.7%)
and the mean age of the cohort was
57.2± 13.8 years (. Table 1). More than
half of all participants had previous expe-
rience with OSA therapies (61.8%), while
the rest were treatment naïve (38.2%).
The mean Respiratory Disturbance Index
(RDI) was 15.5± 18.6 events/h (range:
0–101.1 events/h) and patients were
mostly asymptomatic with a mean Ep-
worth Sleepiness Scale (ESS) score of
8.5± 5.0 (range: 0–23 points). Partic-
ipants had 2.0± 1.5 comorbidities on
average, the most common being ar-
terial hypertension (58.9%) followed by
diabetes mellitus type II (14.5%) and coro-
nary artery disease (11.2%). Almost one

fifth of the cohort (19.5%) had coexisting
sleep-related disorders, such as restless
legs syndrome, periodic limb movements,
or insomnia.

Upon study participation, the major-
ity of patients had not been treated for
OSA (50.7%). The most used therapy was
PAP ventilation (96.6%), followed by MAD
(2.5%) and positional therapy (0.8%).

Treatment preferences

If asked which therapy one would choose
if all displayed options were freely avail-
able, most patients in the study cohort
opted for PAP therapy (51.1%), followed
byMAD (18.1%), HNS therapy (17.2%), and
medication (13.7%). Though not statisti-
cally significant (p= 0.059), gender differ-
ences were observed, with a higher pref-
erence for MAD among female patients
and a higher preference for PAP ther-
apy in male patients (. Fig. 2). Statisti-
cally significant differences in preferences
were found between patients with previ-
ous therapyexperiencevs. thosewhowere
treatment naïve (p=0.001,. Fig. 3). In the
subgroup of participants without previous
therapy exposure, MAD and PAP therapy
were equally preferred (32.1% and 32.1%),

4 Somnologie 1 · 2022

https://www.r-project.org
https://www.r-project.org
https://www.rstudio.com
https://www.rstudio.com


54.4% 13.8% 16.9% 15.0%43.3% 28.4% 17.9% 10.4%
0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

PAP MAD HNS Medication

male female

Fig. 29 PreferredOSA
treatment by gender
(%). OSA obstructive
sleep apnea,PAP positive
airway pressure ther-
apy,MADmandibular
advancement device,
HNS hypoglossal nerve
stimulation
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Fig. 39 PreferredOSA
treatment by therapy ex-
perience (%).OSA obstruc-
tive sleep apnea,PAP pos-
itive airway pressure ther-
apy,MADmandibular ad-
vancement device,HNShy-
poglossal nerve stimula-
tion

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

PAP therapy

MAD

HNS

Medication

No previous therapy experience Previous therapy experience

Fig. 49 Preferences for
use of OSA treatments
by therapy experience
on a four-level Likert
scale: 1= I cannot imag-
ine using this treatment;
4= I can verywell imag-
ine using this treatment;
mean± standard error.
OSA obstructive sleep
apnea,PAP positive
airway pressure ther-
apy,MADmandibular
advancement device,
HNS hypoglossal nerve
stimulation

followed by HNS (19.3%). Among treat-
ment-experienced patients, PAP therapy
was the treatment of choice by far (62.2%),
followed by HNS (16.1%) and medication
(11.9%). In this subgroup, MAD was the
least preferred treatment method, with
9.8% (. Fig. 4).

General approval ratings for treatment
with the four therapeutic concepts con-
firmed the findings, with highest approval
for PAP therapy, followed by MAD, HNS,
and drug therapy. Approval varied by gen-
der, though this was not statistically sig-
nificant for any of the four therapies. Sig-

nificant differences were, however, found
between treatment-experienced patients
and those who were treatment naïve, and
were in line with the differences reported
above. Intention to use PAP therapy was
greater in participantswho had used treat-
ments before (p< 0.001) and approval for
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MAD was higher in patients without treat-
ment experience (p= 0.021). For HNS and
medication, no significant differences in
approval ratingswere found (p= 0.052and
p= 0.848, respectively).

Relative importance of OSA
treatment attributes

A random effects logit model was used
to estimate the importance of treatment
attributes. For analysis of the DCE, data
were dummy coded by encoding the most
positive level of the attribute with “1” and
the remaining levels with “0.” First, coef-
ficients of all attribute levels in the DCE
were computed. All coefficients lead in
the expected direction, which confirmed
the model assumptions set a priori. There-
after, level differences for the attributes
were defined by calculating the difference
between the positive and the negative

poles. Finally, the resulting level differ-
ences were weighted and adjusted on
a scale from 0 (least relevant) to 10 (most
relevant) and grouped by preferred treat-
ment. While the most important attribute
of OSA treatment was “Improvement
of daytime sleepiness” in patients who
preferred MAD, “Reduction in the risk
of OSA-related comorbidities” was most
relevant in patients who chose HNS or
drug therapy (. Fig. 5). Among patients
who preferred PAP therapy, “Requirement
for surgery” was most important, with
a strong disutility for invasive surgical
procedures (coefficient –2.536, . Table 2).
The least importance treatment attributes
were “Ease of use” and “Monthly co-pay-
ment” across all subgroups (. Table 3).
“Occurrence of treatment-related side ef-
fects”was equally important, independent
of the preferred therapy, with significant

contributions to choice decisions and high
coefficients among all participants.

Willingness to pay

The majority of participants stated
a monthly WTP of 50 to achieve the
full benefits of optimal sleep. WTP var-
ied highly though, with more than half
of the cohort willing to spend 50 or
more and 16.2% willing to spend more
than 100 per month (. Fig. 6). Female
patients reported a slightly higher WTP
compared to male patients, though the
differenceswerenotstatistically significant
(p= 0.123). Differences between partici-
pants with previous treatment experience
compared to thosewithout previous expe-
rience were not found (p= 0.662), though
slightly more patients were willing to
spend 50 or beyond per month in the
latter group (treatment-naïve patients:
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Table 2 Coefficients for attribute levels according to subgroups bypreferredOSAtherapy
Attribute and levels Preferred

choice PAP
therapy

Preferred
choiceMAD
therapy

Preferred
choice HNS
therapy

Preferred
choice
medication

1. Improvement of daytime sleepiness
Strong improvement 1.142 4.787 1.775 2.122

Medium improvement 0.433 3.177 0.588 1.760

Small improvement –1.574 –7.964 –2.362 –3.882

2. Reduction in the risk of comorbidities
Strong reduction 0.998 3.312 3.783 3.082

Medium reduction 0.642 1.452 2.489 2.861

Small reduction –1.640 –4.764 –6.272 –5.943

3. Improved treatment of existing comorbidities
Strong improvement 0.804 1.775 2.425 1.786

Medium improvement 0.083 0.599 1.942 1.446

Small improvement –0.886 –2.374 –4.367 –3.232

4. Occurrence of treatment-related side effects
10% of patients 1.247 2.743 3.183 1.766

20% of patients 0.717 1.635 2.502 1.167

50% of patients –1.956 –4.377 –5.685 –2.933

5. Ease of use
Effort per day 1min 0.059 0.059 0.205 –0.030

Effort per day 5min –0.366 –0.366 –0.028 –0.090

Effort per day 10min –0.425 –0.425 –0.233 –0.119

6. Requirement for surgery
No surgery required 1.885 3.015 0.666 0.873

Minor surgery, pain for
1–3 days

0.651 0.964 0.769 –0.040

Medium surgery, pain for
3–5 days

–2.536 –3.978 –1.435 –0.873

7. Co-payment
2 per month 0.014 1.180 1.072 0.347

5 per month 0.035 0.668 0.147 –1.233

10 per month –0.049 0.512 0.925 –1.580

Positive values represent utility, negative values represent disutility
OSA obstructive sleep apnea, PAP positive airway pressure therapy,MADmandibular advancement
device, HNS hypoglossal nerve stimulation

51.3%; patients with previous treatment
experience: 47.8%).

Spearman’s rho correlation coefficient
was used to assess interactions between
WTP and medical and demographic vari-
ables (ESS, Respiratory Disturbance Index,
number of comorbidities present, body
mass index, and age). No significant cor-
relation was found for any of the vari-
ables, though a trend was identified for
age, which negatively correlatedwithWTP
(rs= –0.132, p= 0.056).

Discussion

Though patient engagement and patient-
centered care are becoming more rele-
vant in respiratory sleep medicine, little is
known about the treatment preferences of
affectedpatients so far. This studyadds ev-
idence that diverse preferences exist with
regards to the relevance of attributes of
OSA treatment, but also for specific ther-
apies. In this cohort, PAP was the most
preferred treatment, with more than half
of the sample reporting this as their pri-
mary choice. However, close to one fifth
of participants would like to be treated
with either MAD (18.1%) or HNS therapy

(17.2%), and slightly fewer would prefer
medication for OSA treatment. Subgroup
analyses revealed relevant differences in
treatment preferences not only by gender,
but also by disease history. For example,
femalepatients preferredMAD, whilemale
patients more often opted for PAP ventila-
tion. AmongpatientswithanewOSA diag-
nosis and without PAP experience, prefer-
ences were more diverse, with MAD being
themost commonly chosen treatment. On
the other hand, patients with treatment
experience,whohadmostlyusedPAP ther-
apy recently, preferred this treatment. An
explanation could be that patients realize
that PAP can be tolerated well once they
try it. However, the cohort with treatment
experience was 9 years older on average
(61.2± 12.4 vs. 52.3± 14.2), which could
also lead to different preferences.

Treatment preferences reported from
this cohort diverge slightly from previous
data, as reported by Campbell et al. and
Almeida et al. [17, 18]. In both studies,
preferences for PAP therapy were signifi-
cantly lower. This could be explained by
either diverse preferences due to a dif-
ferent cultural background or by a rather
high number of patients with an estab-
lished diagnosis and PAP experience in
the current sample. In addition, partici-
pants in the present cohort did not receive
adetailedexplanationof the therapiespre-
sented. This might have influenced their
decision to opt for a treatment with which
they are more familiar. As 16.2% (MAD),
16.6% (medications), and 19.5% (HNS) of
patients did not provide a response when
asked if they could imagine using a cer-
tain treatment, insufficient knowledge on
these therapies could have influenced the
decisions as well.

The majority of patients in the sample
stated a WTP for optimal sleep of 50 per
month, which represented 0.82% of the
monthly disposable income in Germany
at the time the study was conducted [19].
However, more than half of the partici-
pants were willing to spend 50 or more
per month and more than a quarter could
afford 100 or more. Given the high rel-
evance of improving daytime sleepiness
that participants stated in the DCE, higher
values were expected a priori. It is impor-
tant to have in mind, however, that the
results were not corrected for disposable

8 Somnologie 1 · 2022



Table 3 Subgroup analyses of relative importance, separated bypreferredOSAtreatment
Attribute PAP therapy MAD therapy HNS therapy Medication

Level diff Rank Level diff Rank Level diff Rank Level diff Rank

1. Improvement of daytime sleepiness 2.57 4 11.27 1 6.14 4 6.96 2

2. Reduction in the risk of comorbidities 2.63 3 8.07 2 10.05 1 9.02 1

3. Improved treatment of existing comorbidities 1.68 5 4.14 5 6.79 3 4.67 4

4. Occurrence of treatment-related side effects 3.21 2 7.11 3 8.86 2 4.69 3

5. Ease of use 0.79 6 0.48 7 0.43 7 0.14 7

6. Requirement for surgery 4.42 1 6.99 4 2.10 5 1.70 6

7. Co-payment 0.06 7 1.69 6 1.99 6 1.92 5

OSA obstructive sleep apnea, PAP positive airway pressure therapy,MADmandibular advancement device, HNS hypoglossal nerve stimulation

household incomes. It may be that 50
or more additional spending is simply not
affordable for some patients, even though
they would be willing to pay more. On
the other hand, an increase in monthly co-
payment did not contribute significantly
to any decision-making in the DCE part of
the study. This may be due to the com-
parably well-funded German health care
system, which provides many healthcare
services for free or asks only for small co-
payments, which, in addition, are limited
to a certain amount per year. It is also
important to mention that the study did
not elicit the WTP for specific OSA ther-
apies. Due to reimbursement limitations
for some treatments, patients might be
more willing to pay for therapies that are
not covered by health insurance.

In this study, age was the only fac-
tor that was correlated with WTP, with
increasing age resulting in slightly lower
WTP values. All other variables, such as as
RDI, ESS, or the number of comorbidities,
did not influence the stated WTP.

The results from this study underline
the need for differentiated treatment of
OSA and highlight the demand for non-
PAP therapies such as MAD or HNS from
a patient perspective. Given that even
more OSA interventions or devices, such
as positional therapy or other surgical in-
terventions, are available in many health-
care systems, it is likely that preferences
are even more diverse than reported in
this study. From the perspectives of indi-
vidual providers, but also at a decision-
maker level, this is important informa-
tion, as many healthcare systems limit
their portfolio of reimbursed OSA thera-
pies to few, mostly PAP-based treatments.
Increasingnumbersofpatients receiveadi-
agnosis of OSA at a younger age, result-

ing in longer disease journeys due to the
chronic nature of the disease. However, it
is likely that preferences for treatmentswill
changewhen side effects or complications
of a treatment are experienced, as occurs
regularlywithPAP therapy[20–22]. Having
a broader portfolio of interventions, medi-
cal devices, and pharmaceuticals available
will aid continuous treatment of patients
along their disease journey.

In addition to the emerging evidence
on phenotyping using pathophysiological
traits of OSA, information on patient pref-
erences can help to identify an optimal
treatment for each patient, which not only
provides ideal treatment of the underly-
ing pathomechanism, but also satisfies the
patient’s individual treatment goals [23].

Limitations

This study recruited participants from one
tertiary sleep center that serves a ded-
icated geography in western Germany,
which may limit the generalizability of
the results. By recruiting a larger cohort
of OSA patients who are likely to be
representative of many sleep centers, it
was sought to overcome this limitation.
Another potential limitation is the timing
of the study, which was conducted during
the SARS-CoV-2 pandemic, which could
have influenced the composition of the
study sample and thus the responses
obtained.

Secondly, patients did not receive a pri-
ori explanation of the different treatment
concepts. It is likely that not all partici-
pants had the same knowledge of each of
the therapies presented, which naturally
influences their choice decision.

A general limitation of stated-prefer-
ence methods is that participants might

act differently to that which they stated in
an experiment. Though logistically diffi-
cult to conduct, a combination of stated-
and revealed-preference analyses would
improvetheunderstandingofpatientpref-
erences. Nevertheless, stated-preference
methods such as DCE have demonstrated
high external validity in the healthcare
context [24].

Conclusion

Preferences for treatments differ signifi-
cantly among patients with OSA. Gender
as well as disease history and previous
treatment experiences lead to different
response profiles. The attributes of OSA
treatment are of varying relevance, de-
pending on treatment preference. PAP
therapy was the preferred intervention in
this sample, especially in patients with an
existing diagnosis and previous treatment
experience. The study shows that non-PAP
therapies, such as MAD or HNS, are also
well accepted from a patient perspective,
which is important information given the
high rates of non-adherence to PAP ven-
tilation. The findings from this study can
help to tailor optimal therapies in individ-
ual patients and support the development
of patient-centered OSA care.
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