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Abstract
Copyright ©The authors 2025 Introduction In mild to moderate obstructive sleep apnoea (OSA), positive airway pressure (PAP) and
mandibular advancement devices (MADs) are recommended treatments according to guidelines. This
cross-sectional study aimed to determine the clinical and organisational predictors for treatment
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anthropometrics, Epworth Sleepiness Scale score, OSA severity, MAD accessibility and reimbursement,
Received: 17 March 2025 and a comorbidity index variable.

Accepted: 28 May 2025 Results 6618 (65.5%) patients received PAP and 3491 (34.5%) were recommended MADs. MAD
recommendations varied between centres (0% to 76%). Significant factors favouring MADs include mild
versus moderate OSA (odds ratio 6.0, 95% CI 5.3-6.8), negligible versus moderate intermittent hypoxia
(OR 2.0, 95% CI 1.7-2.4), no versus excess daytime sleepiness (OR 2.6, 95% CI 2.1-3.1), a comorbidity
index score of 0 compared to 3 or more (OR 3.8, 95% CI 3.1-4.6) and no insomnia diagnosis versus
diagnosed insomnia (OR 2.0, 95% CI 1.7-2.4). MAD accessibility and reimbursement predicted MAD
treatment recommendations (OR 2.3, 95% CI 1.8-2.9 and OR 1.5, 95% CI 1.4-1.7, respectively).
Conclusion In mild to moderate OSA, MADs are less frequently recommended than PAP, particularly
amongst patients with a higher disease burden. MADs were more frequently used when they were more
accessible and reimbursed. Thus, MADs are likely an underused treatment in mild to moderate OSA.

Introduction
a Obstructive sleep apnoea (OSA) is a disorder characterised by episodes of upper airway collapse and
5r_NC intermittent hypoxia during sleep, resulting in excessive daytime sleepiness (EDS), fatigue, cognitive
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impairment and increased risk for cardiovascular and metabolic disease [1-4]. The main treatment option
for OSA is positive airway pressure (PAP), which can eliminate apnoeas and hypopnoeas completely
[5, 6], reduce EDS [7], the risk for traffic- and work-related accidents, and mitigate hypertension [8].
However, adherence to PAP can be challenging [9, 10]. PAP adherence has been found to be lower in mild
compared to severe OSA [11].

Compared to severe OSA, where PAP is standard, management can be less straightforward in milder cases.
Since OSA is a heterogenous condition, there is a need for personalised treatment options [12—-16]. One
such alternative is a mandibular advancement device (MAD) [17]. MADs are less potent than PAP in
reducing respiratory events, but adherence is better with MADs compared to PAP in nonsevere OSA [18].
The effect of these treatments is regarded as comparable [19] in that context and MADs are considered a
valid treatment option in mild to moderate sleep apnoea [15, 20].

Some European data is available on the prevalence of each treatment option. In a French cohort of OSA
patients recruited between 2007 and 2014, 351 (12.4%) were treated with MADs and 2471 (87.6%) with
PAP. It was concluded that MADs could be prescribed more often than they were [21]. Another French
study based on reimbursement data reported an incidence of 4.2 per 1000 for PAP and 0.3 per 1000 for
MADs in 2017. The same study reported that rates for PAP and MAD prescriptions increased 1.9-fold and
7.6-fold, respectively, between 2008 and 2018 [22]. The Swedish Sleep Apnea Registry reported that that
65% of treatment-naive OSA patients were treated with PAP while 25% of patients were treated with
MAD:s [23].

Due to the difficulties with PAP adherence among OSA patients, it is essential for the sleep medicine field
to gain further insights into the current implementation and potential barriers to the utilisation of more
recent alternative treatments such as MADs. Treatment traditions, clinical infrastructure and reimbursement
policies for non-PAP treatments such as MADs vary within Europe. How these factors interplay with
MAD prescription has not been studied. Outlining the situation up until now is a necessary first step
towards shaping policies that facilitate optimal OSA management. We conducted our study to determine
the combined impact of clinical and system factors on first-line treatment recommendations for MADs
versus PAP in mild to moderate OSA. Our hypothesis was that patient characteristics as well as healthcare
system factors influence treatment recommendation for nonsevere OSA.

Methods

Study design and patients

Determinants for treatment recommendations (PAP or MAD) in treatment-naive patients with mild to
moderate OSA were analysed within the European Sleep Apnea Database (ESADA) [24]. ESADA is a
prospective registry cohort of OSA patients referred for suspected OSA within a network of European
sleep clinics. The detailed study methodology has been described elsewhere [24]. For the scoring of
hypopneas and oxygen desaturations, a 4% desaturation cut-off was applied.

In short, adults referred for primary diagnosis of suspected OSA are eligible for participation. Data on
anthropometrics, comorbidities, sleep-study findings, first-line treatment recommendations and
comedication are captured in the registry. Standardised data input is defined in a study protocol and
supervised by data management and joint scientific committees [24]. The analysis focused on data from
the first diagnostic visit for treatment-naive patients to participating sleep clinics (n=30 centres in 18
countries). These include pulmonary medicine, neurology or standalone units. The vast majority are
university affiliated and all receive referrals ranging from primary to tertiary care. Furthermore, only
patients with mild to moderate OSA and a first-line treatment recommendation including either PAP or
MAD were included (figure 1). The analysis included data from 2007 to January 2022.

ESADA collaborator questionnaire data

The following questions were posed in the questionnaire for ESADA collaborators in 2022 to give one of
the following answers best fitting to the situation at their clinic (response alternatives within quotation
marks):

1) Question: Mandibular advancement devices are available in our healthcare area.
Answers: “Yes, fully or partially available access to MAD treatment” or “No, not available at all or
very difficult to find a competent dentist”.

2) Question: How are MADs reimbursed in your health care environment?
Answers: “Yes, fully or partially reimbursed by insurance/tax system” or “No reimbursement, the
patient has to pay”.
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Patients in ESADA database

January 2022
(n=53053)
Nontreatment-naive OSA patients
and/or without data on first visit
7 (n=20353)

Treatment-naive OSA patients with
data from first visit
(n=32700)

OSA patients not diagnosed with mild
or moderate sleep apnoea
(n=18889)

OSA patients diagnosed with mild or
moderate sleep apnoea
(n=13811)

OSA patients that were not
N recommended PAP or MAD as first-line
treatment

(n=3702)

y

OSA patients with a first-line treatment
recommendation for PAP or MAD
(n=10109)

FIGURE 1 Patient inclusion flowchart. ESADA: European Sleep Apnea Database; MAD: mandibular advancement
device; OSA: obstructive sleep apnoea; PAP: positive airway pressure.

3) Question: MAD is a frequent primary treatment recommendation in patients with mild OSA (apnoea
hypopnea index (AHI) 5-15).
Answers: “Yes” or “No”.

4) Question: MAD is a frequent primary treatment recommendation in patients with moderate OSA
(AHI 15-30).
Answers: “Yes” or “No”.

5) Question: It is the patient’s preference which decides if CPAP or MAD will be prescribed in mild to
moderate OSA if outcomes for both treatment modalities are considered comparable.
Answers: “Yes” or “No”.

Answers were obtained from 26 centres.

Ethical considerations

Local ethics committees at each study site approved the foundational protocol for the registry. Informed
consent was obtained from all patients [24]. Approval from the Regional Ethical Committee was obtained
before our study was conducted (DNR 386-09).

Statistics

Primary analysis

All statistical analyses were performed using IBM SPSS Statistics, USA, version 29.0. Descriptive statistics
(meantsp for continuous data, percentages for categorical data) were used to compare clinical data in
patients recommended PAP or MADs (independent sample t-test and Chi-square test, respectively). In the
primary analysis, a generalised linear regression model (GLM) was used to assess the various factors’
impact on the likelihood of first-line treatment choice of PAP or MAD. Factors in the GLM included:

- age

© sex

< AHI at diagnosis classed as mild or moderate (defined by AHI of at least 5 events-h™* but below
15 events-h™ and AHI of at least 15 events-h™* but below 30 events-h™, respectively)

- oxygen desaturation index (ODI) (4% cutoff) at diagnosis classed as negligible (<5 events-h™"), mild
(=5 events-h™ and <15 events-h™) and moderate to severe (>15 events-h ™)

+ body mass index (BMI) classed as nonoverweight (<25 kg-m™2), overweight (25-<30 kg-m~2), class I
obesity (30—<35 kg-m™2) and class II obesity or higher (=35 kg-m™2),
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«  Epworth Sleepiness Scale (ESS) score classed as 0-6, 7-10, 11-15 and 16-24

- a comorbidity index including the following conditions: systemic hypertension, atrial fibrillation,
ischaemic heart disease, congestive heart failure, cerebrovascular disease, hyperlipidaemia, diabetes
mellitus type 1 or 2 and obstructive lung disease (classed as 0, 1, 2 or 3< diagnoses)

+ diagnosed insomnia (yes/no)

* MAD reimbursement at the study site (yes/no) and

+ MAD accessibility at the study site (yes/no).

Before the model was constructed, it was confirmed that age did not significantly deviate from normal
distribution in the dataset. Due to missing data on at least one of the abovementioned variables, 1469 cases
were excluded from the primary analysis. Imputation was not used due to high numbers of participants
with valid data, providing sufficient statistical power.

Secondary analyses

As sensitivity analysis, the GLM was run in the following subgroups: males, females, patients with mild
OSA and patients with moderate OSA. In the subgroup analyses for mild and moderate OSA, AHI was
used as a continuous variable to reflect OSA severity within a specific AHI range. In a second sensitivity
analysis, our GLM was run separately for patient cases registered in the database before 2017 and for those
registered in 2017 or later. That year was chosen as a cutoff as it most evenly splits the patient population
in two.

Crosstabulations and Chi-square tests were used to compare the frequencies of MAD prescriptions, based
on 1) MAD accessibility and/or reimbursement at each study site and 2) inclusion of patient preference in
the choice between PAP and MAD treatment.

Finally, the frequency of combination therapy recommendation with active weight reduction interventions
(referral for dietitian, obesity clinic, weight reduction surgery and/or medical treatment) was analysed in
obese patients (BMI 330 kg-m~2) prescribed PAP or MAD treatment.

Results

Clinical data in patients treated with PAP and MADs

Data from 10 109 patients with mild to moderate OSA recruited from 30 ESADA centres were analysed.
The proportion of patients that received an MAD as first-line treatment at each ESADA site varied, ranging
from 0 to 76% (figure 2). In total, 6618 (65.5%) patients were recommended PAP and 3491 (34.5%)
MADs as first-line treatment. Corresponding numbers for mild OSA were 1838 (41.6%) for PAP versus
2579 (58.4%) for MADs and for moderate OSA 4780 (84%) for PAP versus 912 (16%) for MADs, both
p<0.001. Patients prescribed PAP were marginally older (54.4+12.2 years versus 52.4+13.5 years), more
obese (BMI 31.145.9 kg-m™ versus 29.5 +5.6 kg'm™>) and had slightly greater neck circumferences
(40.8+3.9 cm versus 39.8+3.8 cm) compared with patients recommended MAD treatment (all p<0.001)
(table 1). There were no significant differences in sex between patients recommended PAP and those
receiving MADs (33.2% versus 34.0% females) whereas patients prescribed PAP had a higher baseline
AHI and ODI (19.16.5events-h™ versus 11.9+5.7 events-h™' and 16.9+11.5events-h™ versus
10.549.9 events-h™, respectively; all p<0.001) (table 1). Patients receiving PAP had higher comorbidity
index scores compared to those prescribed an MAD. The group with moderate OSA was older, more
overweight and had higher comorbidity index scores compared to the group with mild OSA but had
slightly lower ESS scores (table 1).

Combination therapy with active weight reduction

In obese patients, combination therapy with active weight reduction was more common in patients
prescribed an MAD versus PAP treatment (48.8% versus 33.1%, respectively; p<0.001), in patients with
mild compared to moderate OSA (42.9% versus 34.2%; p<0.001) and in females compared to males
(39.8% versus 36.1%; p=0.01), figure 3.

Accessibility and reimbursement for MAD treatment at European sites

Responses from 26 ESADA centres showed that MAD accessibility was fair to high at 22 sites (85%) and
reimbursement was full or partial at 14 sites (54%). Prior PAP treatment failure was a condition for MAD
reimbursement at two centres. Respondents reported that MADs were frequently prescribed for mild OSA
at 11 sites (42%) and for moderate OSA at seven sites (27%). Patient preferences were considered when
deciding between an MAD or PAP as first-line treatment at 13 out of 26 sites (50%).
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FIGURE 2 Proportion of patients recommended mandibular advancement devices (MADs) as first-line
treatment for mild to moderate obstructive sleep apnoea by study site. n=10109. Blue bars: MADs not
reimbursed. Orange bars: MADs reimbursed. ESADA: European Sleep Apnea Database.

Independent predictors of primary treatment recommendations in mild to moderate OSA

The main analysis comprised 8640 patients (table 2). Mild compared to moderate OSA predicted the
choice of MAD over PAP treatment most strongly (OR 6.0, 95% CI 5.3-6.8). Other significant predictors
for MAD treatment included a low (index score 0) compared to high (index score <3) comorbidity burden
(OR 3.8, 95% CI 3.1-4.6), low ESS score (0-6) compared to a high ESS score (16-24) (OR 2.6, 95% CI
2.1-3.1), negligible intermittent hypoxia during sleep (ODI <5) compared to moderate to severe hypoxia
(ODI >15) (OR 2.0, 95% CI 1.7-2.4) and absence of diagnosed insomnia compared to diagnosed
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TABLE 1 Clinical characteristics of patients with mild or moderate obstructive sleep apnoea (OSA) receiving

positive airway pressure (PAP) or a mandibular advancement device (MAD) as primary treatment in the
European Sleep Apnea Database cohort as a whole and split by OSA severity

Entire cohort Mild OSA Moderate OSA
Characteristic PAP MAD PAP MAD PAP MAD
n=6618, n=3491 n=1838 n=2579 n=4780 n=912
65.5% 34.5% 41.6% 58.4% 84.0% 16.0%

Age (years) 54.4+12.2 52.4+13.5 52.2+12.4 51.4£13.3 55.2+£12.0 55.1+13.6
BMI (kg-m_z) 31.1+5.9 29.545.6 30.445.9 29.345.7 31.445.9 29.945.5
Females (%) 33.2 34.0 36.1 35.8 32.1 29.2
Systemic hypertension (%) 44.1 35.2 38.1 33.4 46.4 40.3
ESS total score 9.245.0 8.0+4.7 9.545.1 8.2+4.8 9.245.0 7.5+4.6
AHI (events-h‘l) 19.1+6.5 11.945.7 10.5+2.8 9.1+2.8 22.3+4.1 20.0+4.0
oDl (events~h‘1) 16.9+11.5 10.5+9.9 9.8+7.5 8.248.0 19.8+11.6 16.9+11.6
Comorbidity index score” (%)

0 29.9 45.4 25.8 47.3 314 40.1

1 32.7 32.2 36.0 31.0 31.4 35.6

2 21.9 14.8 22.5 139 21.6 17.5

<3 15.6 7.6 15.7 7.8 15.5 6.8
Insomnia (%) 3.5 2.4 43 2.6 3.2 1.8
Mean S,,o2 (%) 93.4+0.3 94.2+0.4 93.9+2.7 94.3+2.2 93.1+2.5 93.8+2.3
Lowest Spo2 (%) 81.8+0.1 85.0+0.1 83.716.6 85.5+5.7 81.1+7.2 83.3+6.4
T90 (%) 6.9+0.2 2.7+0.2 3.3£10.8 2.319.3 7.1+15.1 3.84£10.3
MAD accessibility (%) 87.3 96.9 89.9 96.8 86.3 97.1
MAD reimbursement (%) 47.8 59.2 46.8 58.4 48.2 61.5

Data are presented as meantsp or %. AHI: apnoea hypopnea index; BMI: body mass index; ESS: Epworth
Sleepiness Scale; ODI: oxygen desaturation index; Spo,: peripheral oxygen saturation; T90: percent of total sleep
time under 90% oxygen saturation. *: Index with one point for one of the following diagnoses: hypertension,
atrial fibrillation, ischemic heart disease, heart failure, coronary vascular disease, hyperlipidaemia, diabetes
(including type | and II) or obstructive lung disease (including asthma and COPD). *: Percentage of cases with
valid data.

insomnia (OR 2.0, 95% CI 1.7-2.4). Conversely, sex (OR 1.0, 95% CI 9.0-1.1), age (OR 1.0, 95% CI
1.0-1.0) and normal weight versus morbid obesity (OR 1.1, 95% CI 0.0-1.4) did not influence treatment
preference.

MADs were prescribed in 11.6% of patients at sites with low MAD accessibility and in 37.2% of patients
at sites with high MAD accessibility. MADs were prescribed in 39.8% of patients at sites with MAD
reimbursement and in 29.5% of those at sites without MAD reimbursement (p<0.05, n=9713) (table 3). In
the GLM analysis, having accessible and reimbursed MADs predicted the choice of an MAD instead of
PAP (OR 3.2, 95% CI 2.5-4.1 and OR 1.3, 95% CI 1.2-1.5, respectively) (table 2).

Sensitivity analyses

Treatment choice prediction analyses were performed in the following subgroups: males, females, patients
with mild OSA and patients with moderate OSA (table 2). Factors favouring MAD prescription were similar
across subgroups. The AHI, even within each OSA severity group, influenced the treatment choice slightly.

MADs were more frequently prescribed at sites where patient participated in the treatment decision
process. (46.1% versus 30.2%, p <0.001, n=8434) (table 4).

Differences in the odds ratios for factors predicting MAD prescription were observed for both clinical and
system factors when comparing patient cases registered to the database prior to 2017 to those registered in
2017 or later (see e-table 1 in the supplementary material). Most notably, high MAD availability more
strongly predicted MAD use in cases registered prior to 2017 compared to cases registered during or after
2017 (OR 4.8, 95% CI 3.2-7.3 versus OR 2.5, 95% CI 1.8-3.5).

Finally, for comparison, we present descriptive data on treatment naive patients with severe OSA in the
ESADA database (n=11372) in e-table 2. The group receiving PAP had more comorbidities compared to
the MAD group.
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FIGURE 3 Proportion of obese patients with mild and moderate obstructive sleep apnoea (OSA) recommended
a combination therapy including “active weight reduction”. Obesity was defined as a BMI of 30 kg'm~2 and
upwards. p: significance as per results of the t-test of difference between groups. MAD: patient group
recommended mandibular advancement device as first-line treatment. Mild OSA: patient group diagnosed with
mild OSA. Moderate OSA: patient group diagnosed with moderate OSA. PAP: patient group recommended
positive airway pressure as first-line treatment.

Discussion

This study in a pan-European cohort provided real-world evidence on how clinical and organisational
factors determine first-line management of mild to moderate OSA. First, PAP is prescribed twice as
frequently as MADs and prescription rates for MADs vary extensively. Second, clinical factors that
predicted the use of MADs over PAP followed current guidelines. Third, organisational factors such as
accessibility and reimbursement of MADs significantly impacted the choice between MADs and PAP, as
did the inclusion of patient preferences into the treatment decision process. Finally, decisive interventions
for comorbid obesity were more frequently combined with MAD treatment, despite a lower BMI in those
patients compared to patients prescribed PAP.

Our findings regarding patient factors indicate a prescription pattern largely supported by existing
literature. Patients with more respiratory events and hypoxaemia were prescribed PAP more frequently,
since PAP more potently normalises respiratory events and hypoxaemia [15, 25]. Importantly, hypoxic
burden has been associated with increased cardiovascular mortality [26].

Previous studies in smaller samples have found that younger age and lower BMI predicts successful MAD
treatment [27]. In our analysis, age did not influence treatment choice between MADs and PAP. Similarly,
the BMI had no substantial effect on treatment choice between PAP and MADs in our model. This is
likely due to correlation with diagnoses associated with obesity that are accounted for by our comorbidity
index variable.

Patients receiving PAP have higher average BMI, OSA severity and comorbidity burden than patients
receiving MAD treatment. Patients also tend to gain weight after PAP initiation [28]. From a holistic
perspective, active weight reduction interventions would often be appropriate alongside PAP prescriptions.
Despite this, we found that MAD prescriptions were more often combined with such interventions. When
using MADs, physicians may more often anticipate residual apnoeas and add active weight reduction to
augment the treatment. However, a high BMI is associated with poorer outcomes in cardiometabolic
diseases [29], highly prevalent among OSA patients. Therefore, a higher emphasis on holistic approaches
to OSA patient care including overweight management might be desirable [30].
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TABLE 2 Analysis of independent predictive factors favouring a mandibular advancement device (MAD) over positive airway pressure (PAP) as primary treatment in mild to moderate obstructive

sleep apnoea (OSA) in the European Sleep Apnea Database cohort - main and sensitivity analyses

Main analysis and sensitivity analyses Entire cohort Female sex Male sex Mild OSA Moderate OSA
n=8640 n=2878 n=5762 n=3830 n=4810

Factors predicting prescription of MAD over PAP OR (95% CI) p-value OR (95% CI) p-value OR(95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

AHI classes

Mild (AHI 5-<15) compared to moderate (AHI 15-<30) OSA 6.0 (5.3-6.8)  <0.001 6.6 (5.3-8.3) <0.001 5.8 (5.0-6.8) <0.001 0.8 (0.8-0.9)" <0.001 0.9 (0.8-0.9)* <.001
ODI classes

Negligible hypoxia (ODI <5) 2.0 (1.7-2.4) <0.001 2.2 (1.6-3.0) <0.001 2.0 (1.6-2.5) <0.001 1.3 (1.0-1.8) 0.068 1.3 (1.0-1.8) 0.055

Mild hypoxia (ODI 5-<15) 1.4 (1.2-1.6) <0.001 1.4 (1.1-1.8) 0.008 1.4 (1.2-1.7) <0.001 1.1 (0.8-1.4) 0.503 0.9 (0.8-1.1) 0.586

Moderate/severe hypoxia (ODI >15) 1 - 1 - 1 - 1 - 1 -
EDS (ESS score)

No EDS (ESS 0-6) 2.6 (2.1-3.1) <0.001 2.4 (1.7-3.4) <0.001 2.7 (2.1-34) <0.001 2.5 (1.9-3.2) <0.001 3.1 (2.2-4.4) <.001

Mild EDS (ESS 7-10) 19 (1.6-2.4) <0.001 2.1(1.5-2.9) <0.001 1.9 (1.5-2.9) <0.001 2.0 (1.6-2.6) <0.001 2.0 (1.4-2.9) <.001

Moderate EDS (ESS 11-15) 13(1.0-16) 0016 13(0.9-19) 0.105 1.3(1.0-1.6) 0068  12(0.9-15) 0271 16 (1.1-2.3)  0.017

Severe EDS (ESS 16-24) 1 - 1 — 1 - 1 - 1 -
Weight classes (BMI, kg-m2)

Normal weight (<25) 1.1(0.0-1.4) 0260  1.0(0.7-1.3) 0.809  1.3(1.0-1.7)  0.063  09(0.7-1.2) 0369 1.6 (L.1-2.1)  0.005

Overweight (25-<30) 1.2 (1.0-1.4) 0.046 0.9 (0.7-1.2) 0.442 1.4 (1.1-1.7) 0.003 1.0 (0.8-1.3) 0.943 1.5 (1.2-1.9) 0.002

Obesity (30<35) 1.1 (0.9-1.3) 0.275 1.1 (0.9-1.4) 0.415 1.2 (0.9-1.5) 0.179 1.0 (0.8-1.2) 0.820 1.3 (1.0-1.7) 0.055

Morbid obesity (>35) 1 - 1 - 1 - 1 = 1 =
Comorbidity index score”

0 3.8 (3.1-4.6) <0.001 3.8 (2.7-5.3) <0.001 3.9 (3.0-5.0) <.001 4.8 (3.7-6.3) <0.001 3.5 (2.5-4.8) <.001

1 2.0 (1.7-2.4)  <0.001  1.9(1.4-26) <0.001 21 (1.6-2.7) <.001 1.8 (1.4-2.3) <0.001 2.6 (1.9-3.6) <.001

2 1.4 (1.1-1.7) 0.002 1.4 (1.0-2.0) 0.036 1.4 (1.1-1.8) 0.013 1.3 (1.0-1.6) 0.091 1.7 (1.2-2.4) 0.002

<3 1 - 1 - 1 - 1 - 1 -
Insomnia

No insomnia compared to diagnosed insomnia 2.0 (1.7-2.4) <0.001 2.1 (1.4-3.3) <0.001 2.0 (1.3-3.2) 0.003 1.8 (1.2-2.7) 0.002 2.6 (1.4-5.0) 0.004
Accessibility of MAD

High compared to limited 3.2 (2.5-4.1) <0.001 2.9 (1.9-4.4) <0.001 3.4 (2.5-4.6) <0.001 2.6 (1.9-3.6) <0.001 5.0 (3.2-7.7) <0.001
Reimbursement for MAD

High compared to limited or none 1.3 (1.2-1.5) <0.001 1.3 (1.1-1.6) 0.011 1.4 (1.2-1.6) <0.001 1.4 (1.2-1.6) <0.001 1.2 (1.0-1.4) 0.086
Sex

Female compared to male 1.0 (0.9-1.1) 0.972 - - - - 1.0 (0.9-1.2) 0.772 0.9 (0.8-1.1) 0.356
Age 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) 0.008 1.0 (1.0-1.0)  <0.001 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) 0.006

AHI: apnoea hypopnoea index; BMI: body mass index; ODI: oxygen desaturation index, EDS: excessive daytime sleepiness; ESS: Epworth Sleepiness Scale; OR: odds ratio. p-value: significance of
between-group differences based on the Wald Chi-square test. *: AHI included as a continuous variable within each group of OSA severity. : Index with one point for one of the following
diagnoses: hypertension, atrial fibrillation, ischemic heart disease, heart failure, coronary vascular disease, hyperlipidaemia, diabetes (including type | and Il) or obstructive lung disease
(including asthma and COPD).
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TABLE 3 Primary recommended treatment by mandibular advancement device (MAD) accessibility and

reimbursement policy at the corresponding site for each case

Primary recommended treatment

MAD % (n) PAP % (n) Total n
High MAD accessibility 37.2 (3276) 62.8 (5526) 8802
Low MAD accessibility 11.6 (106) 88.4 (805) 991
Total (n) 3382 6331 9713%

p-value for group differences based on accessibility: <0.001*

MAD generally reimbursed 39.8 (2001) 60.2 (3029) 5030
MAD generally not reimbursed 29.5 (1381) 70.5 (3392) 4683
Total (n) 3382 6631 9713%

p-value for group differences based on reimbursement: <0.001"

Analysis limited to patients that received either positive airway pressure (PAP) or an MAD. *: 396 cases excluded
due to missing data. *: Significance for between-group differences based on the Pearson Chi-square test.

Previous studies comparing the effects of PAP and MADs on EDS have either found a similar or a greater
beneficial effect with PAP treatment [31-33]. In this study, lower ESS scores favoured the choice of MAD
treatment. Importantly, PAP has been found to reduce respiratory parameters more potently than MADs
[34, 35] and EDS has in turn been linked to nighttime hypoxia [36]. This might explain why physicians
prescribe PAP to patients with a higher AHI, hypoxic burden and ESS scores.

There are few studies comparing the effects of PAP and MADs on comorbid insomnia and OSA
(COMISA). Some trials have shown similar effects from PAP and MADs on reducing insomnia symptoms
[37]. COMISA is associated with worse health consequences and cardiovascular mortality compared to
insomnia-free OSA, as well as worse PAP acceptance and adherence [38]. Combination strategies using
PAP and cognitive behavioural therapy have shown better outcome compared to monotherapies [39]. There
is less data available on MAD use in COMISA patients.

Our findings highlight the heterogenous accessibility and reimbursement for MADs in Europe, and the
influence of MAD prescription. Additionally, socioeconomic factors may affect MAD prescriptions. A
French study, where initial reimbursement for PAP and MADs is comparable, demonstrated that OSA
patients with lower education were prescribed MAD less frequently than patients with higher education
[21]. The authors attributed this discrepancy to the costs of subsequent MAD-related dental care and to
this group’s impaired dental health, which can constitute a contraindication for MADs. In our study,
patients preferred MADs more frequently at centres with MAD reimbursement, confirming that financial
concerns influence MAD prescriptions. Treatment cost is also a concern for physicians; in a German
survey, sleep physicians identified “reimbursement issues” as the main barrier to MAD prescription [40].

The predicted need for subsequent care, such as the optimisation and troubleshooting of MAD therapy by

a qualified dentist, should be considered when prescribing MADs. Mandibular protrusion titration and risk
assessment for complications [41] require expertise which may not be available at some sites. Indeed, a

TABLE 4 Primary recommended treatment according to the impact of patient preference on selection of a

mandibular advancement device (MAD) or positive airway pressure (PAP) as first-line treatment at the
corresponding site for each case

Primary recommended

treatment
MAD % (n) PAP % (n) Total n
Patient preference decides choice of MAD versus PAP 46.1 (1790) 53.9 (2095) 3885
Patient preference does not decide choice of MAD versus PAP 30.2 (1376) 69.8 (3173) 4549
Total (n) 3166 5268 8434"

p-value for group difference: <0.001*

Analysis limited to patients that received either PAP or MAD. *: 1675 cases excluded due to missing data.
“: Significance for between-group differences based on the Pearson Chi-Square test.
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recent review found that superior professional guidance during MAD treatment regarding side-effects and
titration yielded higher adherence [42]. Furthermore, not all regions have an established frame of
collaboration, transparency and continuity of care between sleep centres diagnosing OSA and dental care
providers initiating MAD treatment [43]. Accordingly, a prudent physician might avoid recommending an
MAD for a clinically fitting patient, depending on local circumstances. The authors estimate that this
causes MADs to be underused at several European sleep clinics.

In general, the trends regarding which factors predicted MAD prescription were the same for cases recruited
to the database in both the earlier and later years, reflecting a relative continuity of prescription patterns.
However, some differences in the odd ratios were observed for both clinical and system factors. Most
notably, high MAD availability had a considerably greater impact in earlier years. Presumably, MAD
treatment was less established at that time, where MADs may not have been available at all in some regions.

Strengths and limitations

The ESADA encompasses unselected OSA patients from sleep clinics across many European countries.
The patient populations, healthcare system frameworks, established routines and treatment options vary
considerably. Thus, our findings are expected to have a high generalisability to European and other
comparable healthcare systems. The large patient population provides a considerable statistical power.
Additionally, the multitude of registered variables allows for a comprehensive analysis of the relevant
relationships. By including the comorbidity index variable, the effects of relevant comorbidities on
treatment choice were accounted for to a greater extent than in most other analyses.

This study has limitations. Severe OSA patients were not included in the analysis. Other treatment options
that were perhaps used alongside an MAD or PAP were not accounted for, such as surgery, positional
devices or medications. However, first-line use of these is rare in reported ESADA data. The alternative of
offering both PAP and MAD treatment for OSA patients was not considered [44]. Information about the
accessibility and reimbursement of MADs is limited to 26 out of 30 sites and only these were included in
the prediction analysis. Furthermore, the information on MAD accessibility and reimbursement was
obtained in 2022 and the analysis did not account for changes in MAD accessibility and reimbursement
policies that may have occurred at participating sites over the entire study period.

Additionally, anatomical traits or polysomnographic variables such as loop gain, arousal threshold and
positionality of OSA, that might affect the physician’s propensity to use an MAD, were not included in
our analysis due to lack of data. However, position dependency is likely present in most patients with mild
to moderate OSA and hardly explains the observed variability of MAD prescription. Lastly, our study is
limited to treatment-naive patients and does not address factors affecting choices for second-line therapies.

Future directions

Our results highlight regional disparities in access to MADs, a key treatment for OSA. MAD prescription
would likely be more frequent across Europe if treatment choices were solely based on clinical factors and
patient preferences. Considering our results, the relevant literature and the current clinical landscape, the
authors surmise that to address this issue the following efforts are required from the sleep medicine field:

1) Expand clinical infrastructure and competence for MAD treatment across Europe.

2) Implement holistic reimbursement policies for MADs to ensure adequate OSA treatment attainable for
disadvantaged groups.

3) Synergise OSA work-up and follow-up between sleep clinics and dental care.

4) Further investigate long-term outcomes and associated healthcare costs in patients receiving MAD
treatment.

5) Evaluate novel implementations of MAD treatment, including telemonitoring and combination
treatment strategies [45].

Conclusion

In a large pan-European cohort of patients with mild to moderate OSA, PAP was prescribed twice as often
as MADs and the clinical factors predicting the sleep physician’s choice for first-line prescription were
congruent with current evidence. However, accessibility, reimbursement policy for MADs and patient
participation significantly impacted MAD prescription rates. High variations of MAD prescription rates
were found between European sites, suggesting that MADs were underutilised in some regions of Europe.
This is suboptimal from a clinical perspective since many patients with mild or moderate OSA struggle
with low PAP adherence, resulting in insufficient treatment and prolonged symptom burden. These
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findings underscore the need for sleep clinics, dental care providers and policy makers to collaborate
towards making MADs a feasible treatment option across the continent.
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