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Summary

Background: The effectiveness of intraoral appliances (IOA), maxillary expansion
(ME), and maxillomandibular advancement (MMA) in the treatment of children and
adults with obstructive sleep apnea (OSA) has not yet been adequately assessed.

Methods: An umbrella review was performed based on established guidelines for
evidence-based medicine. Data synthesis was performed only from randomized
controlled trials with Paule-Mandel random-effects meta-analyses / meta-regres-
sions using mean differences (MDs) and 95% confidence intervals (Cls) and was
followed by the qualitative evaluation of the meta-evidence.

Results: 29 systematic reviews were included, 7 of which provided quantitative data.

IOA were effective in improving apnea hypopnea index (AHI) compared to both,
placebo appliances (12 trials; 525 patients; MD = -11.70; 95% CI: [-15.38; -8.01];
p<0.001) and no treatment (1 trial; 24 patients; MD = -14.30; [-21.59; -7.01];
p<0.001). Only the former comparison was supported by robust meta-evidence.
Effectiveness of IOA as measured by the Epworth Sleepiness Scale, on the other
hand, was not supported by robust meta-evidence. No randomized or prospective
controlled trials were found on the effectiveness of ME (conventional or surgically
assisted) and MMA.

Conclusion: Intraoral appliances are effective in reducing AHI and their use is
substantiated by robust evidence. There is no evidence from high-quality research
to support treatment with ME (conventional or surgically assisted) or MMA in
patients with OSA.
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order in which the repetitive narrowing or collapse

of the upper airway leads to a partial decrease in
airflow (hypopnea) or to complete airflow cessation
(apnea) during sleep (1).

OSA is a common medical condition that affects
1% to 4% of children, with a higher prevalence in
boys than in girls (2), as well as 2% to 5% of women
and 3% to 7% of men (3).

Risk factors for OSA development include:

® Posterior position of the mandible (4, 5)

® Obesity (6, 7)

® Menopause (8, 9)

® High nasal airway resistance (10, 11)

® Smoking (12, 13).

An overview of the pathophysiology of OSA and
associated risk factors is given in Figure I (adapted
with permission from Jordan et al. [14]).

Since some well-established risk factors have a
genetic background, OSA aggregates within families
(15). However, susceptibility to OSA among family
members is not fully explained by familial aggre-
gation of other risk factors, such as obesity (16, 17).

The impact of OSA on patients is considerable.
Lack of energy seems to be the most important com-
plaint (18), although daytime sleepiness is also re-
ported by 46—47% of OSA patients (18, 19).

Additionally, OSA sufferers have an elevated risk
of motor vehicle crashes, although the actual number
of accidents is still quite low (20). Furthermore, their
cognitive performance is impaired in proportion to
OSA severity (21, 22), while their perceived quality
of life appears to resemble that of other chronic dis-
eases (23).

Available symptomatic or causative treatments
include (24, 25):

o Lifestyle interventions—especially weight loss

o Intraoral appliances (IOA)

o Continuous positive airway pressure (CPAP)

® Pharmacological agents

® Surgery.

Additionally, in orthodontics, maxillary expansion
has been thought to increase the upper airway dimen-
sions and thus alleviate OSA symptoms (26). Overall,
dental science is implicated in many OSA treatment

O bstructive sleep apnea (OSA) is a sleep-related dis-
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The clinical perspective

Intraoral appliances (I0A) for the treatment of obstructive sleep apnea (OSA) work mechanically, by holding and stabilizing the
mandible in a forward position and thus increasing the upper airway dimensions. Custom IOA based on dental impressions are
believed to be more effective than pre-fabricated ones and cooperation with a qualified dentist / orthodontist is desired. IOA are
usually used in patients with mild to moderate OSA and those with severe OSA who cannot tolerate continuous positive airway
pressure.

Rapid maxillary expansion to treat maxillary constriction can be performed in growing children by orthodontists. It opens the mid-
palatal suture and leads to a transverse expansion of the maxilla. Apart from the benefits of a balanced occlusion, this increases the
nasopharyngeal airway and reduces nasal resistance facilitating nasal breathing. It is also believed to lead to anterior repositioning

of the tongue.

Surgically assisted rapid maxillary expansion to treat maxillary constriction is performed in adults by maxillofacial surgeons
and orthodontists cooperatively. In adults, due to the ossification of the midpalatal suture, maxillary expansion needs to be surgical-
ly assisted in order to obtain maximal skeletal changes, as it will otherwise lead to dentoalveolar compensation (tipping of teeth).

Adults enjoy the same treatment benefits as children.

Maxillomandibular advancement (MMA) is performed in adults by maxillofacial surgeons in cooperation with orthodontists. It
advances the maxillomandibular complex in the sagittal plane, thereby increasing the dimensions of the upper airway and the
tone of the pharyngeal muscles. MMA is not a routine treatment in OSA and has to be anatomically indicated and carefully
planned. Cephalometric analyses provide crucial help in identifying the anatomical site(s) of obstruction and in defining the
limits of advancement to preserve facial aesthetics postoperatively.

modalities including IOA, rapid maxillary expansion
(RME) in children, surgically assisted rapid maxillary
expansion (SARME) in adults, and surgical maxil-
lomandibular advancement (MMA) (24-30).

Here, we aimed to comparatively investigate the
effectiveness of OSA treatment modalities for
children and adults that are of interest to dentists/
orthodontists by conducting an umbrella review of
systematic reviews. Furthermore, we intended to sys-
tematically assess the available scientific evidence on
these interventions and to identify potential biases
that could affect the study findings.

Methods

Protocol, registration, conduct, and reporting

The protocol for this study was made a priori and regis-
tered in PROSPERO (CRD42016045840). All post hoc
changes are appropriately mentioned. The review was
conducted according to the Cochrane Handbook (31)
and reported according to the PRISMA statement (32).
We also considered the guidelines provided by Aroma-
taris et al. (33).

Eligibility criteria, study identification and selection
Three search queries were created and appropriately
adjusted to each electronic database for a systematic
search from database inception to August 14™ 2016
(elable 1). Firstly, systematic reviews were checked for
eligibility according to the criteria for systematic
reviews listed in eBox 1. Secondly, all primary studies
of each included systematic review were extracted and
assessed according to the eligibility criteria for primary
studies (eBox 1). A detailed methodological description
is provided in the eMethods.
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Data extraction

Two authors (VK and SNP) independently extracted
descriptive data from each eligible systematic review.
For further data extraction of quantitative results from
primary studies, we considered only such systematic
reviews in which meta-analyses with comparison
groups were performed. If an article presented separate
meta-analyses on more than one eligible outcome,
those outcomes were assessed separately. Data extrac-
tion was based on the results provided in the included
systematic reviews; where discrepancies existed
between reviews, we directly extracted data from their
corresponding primary studies. For the predefined sub-
group analyses, additional data were directly extracted
from the primary studies. For further details, refer to
the eMethods.

Assessment of pooled effects and heterogeneity

For meta-analyses of continuous outcomes, mean
differences (MDs) of the treatment-induced incre-
ments were chosen as effect estimates, while risk ra-
tios (RRs) were chosen for categorical outcomes,
both with their 95% confidence intervals (CI). Based
on clinical and statistical reasoning (e3), we esti-
mated all pooled effects with a random-effects
model using the Paule-Mandel estimator instead of
the commonly used DerSimonian—Laird, due to the
improved performance of the former (e4). All calcu-
lations were performed in STATA SE version 12
(StataCorp, College Station, TX, USA). Further de-
tails on the assessment of pooled effects and het-
erogeneity, assessment of small-study effects, and
criteria for epidemiological associations are pro-
vided in the eMethods.
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Diagram summa-
rizing the patho-
physiology of
obstructive sleep
apnea [adapted with
permission from
Jordan et al. (14)]
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Results

Characteristics of included systematic reviews

The electronic searches yielded a total of 497 hits
(eFigure 1). After excluding inappropriate studies
(eTable 2), a total of 29 systematic reviews remained
for inclusion in our study. 7able I provides an overview
of the characteristics of the included systematic reviews
and eBox 2 gives a detailed description.

Risk of bias and methodological adequacy

Table 1 reports on the assessment of risk of bias in the
included systematic reviews and eTuble 3 provides
results for their methodological adequacy. A detailed
description is provided in eBox 3.

Pooled effect sizes

Of the included systematic reviews, 18 (62%) per-
formed meta-analyses of primary studies of any kind.
After applying the eligibility criteria to their corre-
sponding primary studies (including primary studies
with comparison groups and excluding inappropriate
study designs), data from 7 systematic reviews based
on 20 primary studies (eBox 4) were extracted. After re-
moving duplicate primary trials and pooling studies on
the same comparison identified from different system-
atic reviews, 8 meta-analyses of cumulative evidence
could be conducted for the primary outcome apnea
hypopnea index (AHI) and the secondary outcomes Ep-
worth Sleepiness Scale (ESS) and minimum oxygen
saturation (MOS). These meta-analyses pertained to
comparisons of IOA with placebo appliances, no treat-
ment, or different appliances (custom IOA based on im-
pressions, pre-fabricated IOA, or tongue suction I0A)

in the treatment of OSA in adults (7able 2). No com-
parisons were available for RME, SARME, or MMA.
As far as the comparison of IOA versus placebo
appliances is concerned (7able 2; Figure 2), a con-
siderable improvement was evident with IOA in
apnea hypopnea index scores (MD: —11.7; 95% CI:
[-15.38; —8.01]; p<0.001), small, marginally non-
significant effects were noticed on Epworth Sleepi-
ness Scale scores (MD: -1.18 [-2.38; 0.03];
p = 0.055), and moderate effects on minimum oxygen
saturation (MD: 3.33 [1.38; 5.28]; p=0.007). High
heterogeneity (I* >75%) was found in the meta-ana-
lyses of AHI and MOS. However, this posed a threat to
the results only for the latter meta-analysis. For the
former meta-analysis, the 95% prediction interval that
incorporates existing heterogeneity was consistent to
the left side of the forest plot. Additionally, compared
to no treatment, [IOA were found effective in improving
AHI (MD: —14.30 [-21.59; —7.01]; p <0.001 as con-
tinuous and RR: 0.37 [0.15; 0.90]; p = 0.029 as binary
outcome), but not in improving ESS (MD: —1.00
[-3.77; 1.77]; p = 0.479). Finally, as far as comparisons
between different appliance designs are concerned, in-
creased vertical opening (14 mm instead of 4 mm) did
not influence AHI (MD: -2.00 [-6.51; 2.51];
p = 0.385) and significantly hampered improvement in
ESS (MD: —6.00 [-8.41; -3.59]; p <0.001). However,
this was based on a single trial and additional evidence
is needed before any robust conclusions can be drawn.

Associations meeting the epidemiological criteria

From the cumulative evidence on the performance of
IOA, only the large improvement in AHI compared to
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TABLE 1

Characteristics of included systematic reviews
Systematic review Databases Internal validity Evidence | Conflict of Interest
searched quallty
Abdullatif (2016) (e11) NICE tool AHI, Min satur
2 Ahrens (2011) (e12) 4 I0A AASM criteria AHI, RDI No No External, non-profit
3 Bartolucci (2016) (e13) 6 I0A EPHPP tool AHI Yes GRADE None existing
4 Bratton (2015) (e14) 2 I0A Cochrane RoB ESS Yes No External / internal
non-profit
5 Bridgman and Dunn (2000) 4 MMA Jadad scale oD No No External, non-profit
(e15)
6 Caldas (2009) (e16) 1 I0A Jadad scale AHI, ESS, OD No No NR
7 Camacho (2015) (e17) 4 MMA NICE tool AHI, RDI, ESS, Yes No External, non-profit
Min satur
8 Caples (2010) (e18) 4 MMA NR AHI Yes GRADE External for one
author, research
support from
ResMed and Ventus
Medical
9 Carvalho (2007, 2016) (e19, 6 I0A Cochrane RoB AHI No GRADE External, non-profit
e20)
10 | Health Quality Ontario 6 I0A Custom AHI, ESS Yes GRADE None existing
(2009) (e21) (Goodman)
11 | Hoekema (2004) (e22) 4 I0A Custom (e41) AHI, ESS Yes No External, non-profit
12 | Holty and Guilleminault 1 MMA - AHI, ESS, Yes No None existing
(2010) (e23) Min satur, SE
13 | Hsieh and Liao (2013) (e24) 1 MMA Jadad scale AHI No No External, non-profit
14 | Huynh (2016) (e25) 4 IOA, ME | ARRIVE (modif. AHI, 0S Yes No None existing
for humans)
15 | Knudsen (2015) (e26) 2 MMA - AHI, Min satur Yes No None existing
16 | Li(2013) (e27) 3 I0A Cochrane RoB | AHI, ESS, Min satur Yes No None existing
17 | Lim (2004) (e28) 2 I0A Jadad scale AHI, Min satur Yes No External, non-profit
18 | Machado-Junior (2016) 1 ME - AHI Yes No None existing
(e29)
19 | Marcus (2012) (€30) 6 ME AAN criteria AHI No AAP criteria None existing
20 | Marklund (2012) (e31) 2 I0A CEBM criteria AHI, ESS, OS No CEBM criteria None existing
21 | Nazarali (2015) (€32) 6 |0A Cochrane RoB AHI, OD No No NR
22 | Okuno (2014) (e33) 3 I0A Cochrane RoB AHI, ESS Yes GRADE None existing
(modif.)
23 | Pirklbauer (2011) (e34) 1 MMA CEBM criteria AHI, ESS No No NR
24 | Ramar (2015) (e35) 2 I0A Cochrane RoB AHI, RDI, ESS, Yes GRADE External for some
(modif.) Min satur, SE authors, profit /
non-profit
25 | Serra-Torres (2016) (€36) 3 I0A CONSORT AHI, ESS, OS No No None existing
26 | Sharples (2016) (e37) 3 & existing I0A Jadad scale AHI, ESS Yes No None existing
database
27 | Sher (1996) (e38) 1 MMA - AHI, Min satur No No NR
28 | Zaghi(2016) (e39) 4 MMA NR AHI, RDI Yes No None existing
29 | Zhu (2015) (e40) 5 I0A Cochrane RoB AHI, ESS, Yes GRADE External, non-profit
Min satur, SE

AAN, American Academy of Neurology; AAP, American Academy of Pediatrics; AASM, American Academy Sleep Medicine; AHI, apnea hypopnea index; CEBM, Center for Evidence-Based
Medicine in Oxford; EPHPP, Effective Public Health Practice Project; ESS, Epworth Sleepiness Scale; Min Satur, mimimum oxygen saturation; MA, meta-analysis; ME, maxillary expansion;
MMA, maxillomandibular advancement; NR, not reported; I0A, intraoral appliances; OD, oxygen desaturation; OS, oxygen saturation; RDI, respiratory disturbance index; SE, sleep efficiency;

Tx, treatment.

*! Only among those that were included in our study protocol
*2 Data extracted only on MMA
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TABLE 2
Results of available comparisons regarding the primary and secondary outcomes in adult patients with obstructive sleep apnea
Trials Effect (95% Cl) Heterogeneity
=R T T e el e ]
Intraoral appliance versus placebo appliance
A | AHl,"! 12 525 | MD:-11.7 [-15.38; -8.01] | <0.001 1202|936 % High Yes -9.3 [-12.00; -6.60] NS
B | ESS* 1" 475 MD: -1.18 [-2.38; 0.03] | 0.055 211606 % | Moderate No -2.01[-2.70; -1.32] NS
C | Min 6 | 286 MD: 3.33[1.38; 5. 28] 0.007 * 2.2196.8% High Yes 1.90[0.51; 3.29] -
satur*®
Intraoral appliance versus no appliance
D | AHlg, 1 24 |MD:-14.30[-21.59; -7.01]| <0.001 | ** - - - - Same -
E | AHly, 1 23 RR: 0.37 [0.15; 0.90] 0.029 * - - - - Same -
F | ESS 1 23 | MD:-1.00[-3.77;1.77] | 0.479 - - - - Same -
Intraoral appliance, versus intraoral appliance,
G AHI | 1| 23 | MD:-200[-651;251 | 0385 - - - | - | Same e
Intraoral appliance, versus intraoral appliance,
HIESS | 1| 67  MD-600[-841;-359] <0001 * | - | - | - | - | Same -

AHI, apnea hypopnea index; con, continuous; bin, binary; Cl, confidence interval; ESS, Epworth Sleepiness Scale; MD, mean difference; Min Satur, mimimum oxygen saturation;
Sign., statistically significant at 5%.
intraoral appliance, intraoral appliance with 4 mm opening; intraoral appliance,, intraoral appliance with 14 mm opening
195% Predictive Intervals; Estimate: —22.55,-0.85; Consistent: Yes
"2 95% Predictive Intervals; Estimate: —4.76,2.40; Consistent: No
" 95% Predictive Intervals; Estimate: —1.62,8.28; Consistent: No

placebo appliances was supported by robust evidence,
i.e. sample sizes were adequate, heterogeneity was not
an issue, the random-effects predictive intervals were
consistent in favour of the intervention, and no signs of
reporting bias were found (Table 3).

Discussion

This umbrella review of systematic reviews summa-
rizes the existing evidence from randomized trials on
the effectiveness of IOA, RME, SARME, and MMA in
the treatment of OSA. A total of 29 systematic reviews
were included in the qualitative synthesis, while eli-
gible trials from 7 of these also contributed to the
quantitative synthesis. Comparisons were available
only for IOA, since for RME, SARME, and MMA no
high-quality evidence was identified.

Considerable evidence indicated that IOA are ef-
fective in treating OSA in adults and improving AHI
compared to both placebo appliances and no treat-
ment. The former comparison was the only one that
met all the criteria for strong epidemiological associ-
ations (e42) indicating strength of evidence. By
mechanically holding the mandible in a forward
position, IOA not only affect the anteroposterior
dimension but also provoke an increase in the lateral
diameter of the velopharynx (e43). In growing
children with malocclusion, functional appliances for
stimulating mandibular growth may alleviate OSA
symptoms (e44, e45), but evidence is scarce and thus
more research is needed. In regard to the secondary

outcomes, IOA might have a positive effect on ESS
and MOS in adults (7Table 2). However, the epidemi-
ological strength of the associations (e42, e49) was
poor, mostly due to the limited number of contrib-
uting studies.

As far as modifying factors on the effectiveness of
IOA are concerned, subgroup analyses and meta-
regressions indicated that baseline AHI levels were
significantly associated with the observed AHI reduc-
tion (eTable 4). This could mean that patients with
more severe OSA symptoms are more likely to
experience greater improvements in AHI. The same
association between baseline severity and improve-
ment of symptoms was also noticed for the effect of
IOA on MOS (eTable 5), but not ESS (eTable 6).
Although there were some indications pointing to
small-study effects, these were not confirmed with the
Egger’s test. Furthermore, this association could also
be explained by “regression to the mean” and needs
further confirmation. It is also important to note, that
OSA baseline severity might directly influence treat-
ment choices (30) leading to IOA being used more
often in mild to moderate cases with non-compliance
to CPAP, since CPAP appears to be more effective in
complete resolution of OSA compared to IOA (28).
Although IOA are not as effective as the first-line op-
tion, CPAP, in reducing AHI, they might be better pre-
ferred by patients (e47, e48), since CPAP is associated
with more serious negative aspects, which influence
adherence (e48, ¢49) and thus the effectiveness of
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Outcome Comparsion Trials MD [95% CI]

AHI [OAvs Placebo 12 | ====== B ——-- -11.70 [-15.38; -8.02]
[OAvsno IOA 1 _— -14.30 [-21.59; -7.01]
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w
o -
—
N
—_
[e<]
N
S

-24 18 12 6 -3

ESS IOA Vs Placebo 11 - —tt-- ~1.18 [-2.40; ~0.04]
IOAvsno I0A 1 —— ~1.00 [-3.76; -1.76]
IOA,vs I0A, 1 — -6.00 [-8.41; 3.59]
6 12 -8 420 24 8 12 16
Mins O, IOA Vs Placebo 6 -t ——-- 3.33[1.39; 5.27]

saturation

-24 -8 12 6 -30 3 6 12 18 24

O O B [E ———— e

small moderate  large very large 95% confidence interval 95% predictive interval

Forest plot providing an overview of included meta-analyses and their results
MD, mean difference; Cl, confidence interval; AHI, apnea hypopnea index; IOA, intraoral appliance; IOA1 Vs IOAZ, intraoral appliance (4 mm
opening) versus intraoral appliance (14 mm opening); ESS, Epworth Sleepiness Scale

TABLE 3

Results on epidemiological criteria regarding the primary and secondary outcomes

p<0.001 Adequate Heterogeneity Prl consistent| Egger’s test NS | Criteria met
sample size not a problem

Intraoral appliance versus placebo appliance

A AHl Yes Yes Yes Yes Yes Yes
B ESS No No No No Yes No
C Min satur No No Yes No - No
Intraoral appliance versus no appliance

D AHl,, Yes No - - - No
E AHly;, No No - - - No
F ESS No No - - - No
Intraoral appliance1 versus intraoral appliance2

G | AHI No No - - - No
H ESS Yes No - - - No

Prl, predictive intervals; NS, not significant; AHI, apnea hypopnea index; Min Satur, minimum oxygen saturation; ESS, Epworth Sleepiness Scale; con, continuous;
bin, binary; intraoral appliance;, intraoral appliance with 4 mm opening; intraoral appliance,, intraoral appliance with 14 mm opening
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Key messages

® According to the criteria for robust epidemiological associ-
ations, intraoral appliances (IOA) are effective in reducing
apnea hypopnea index (AHI) in adult patients with obstructive
sleep apnea (OSA) and this cannot be explained by placebo
effects.

® The epidemiological evidence for the effect of IOA on
Epworth Sleepiness Scale scores and minimum oxygen
saturation in adult OSA patients was poor.

® There is no robust scientific evidence to support treatment
of OSA patients with rapid maxillary expansion (RME), surgi-
cally assisted rapid maxillary expansion (SARME), or surgical
maxillomandibular advancement (MMA).

treatment. Due to this fact, IOA could be used alter-
natively to CPAP in mild to moderate OSA and in
severe OSA, if CPAP is not tolerated (30).

Although RME, SARME, and MMA in the treat-
ment of OSA are not supported by robust evidence,
the existing literature points to their possible effec-
tiveness. In a randomized crossover trial comparing
RME with adenotonsillectomy in children, AHI was
reduced after RME in the first arm of the trial (e50).
This reduction remained stable after 36 months (e51).
In adults, SARME with mini-implants reduced AHI
postoperatively (e52). Finally, although existing lit-
erature on MMA is mainly comprised by inappropri-
ate study designs, MMA seems to be as effective as
CPAP, with AHI pre- and postoperatively comparable
to AHI pre- and post-CPAP (e53).

Strengths and limitations

® The present umbrella review was based on robust
methodology (e42, e49) that was set out a priori
and registered in PROSPERO (e54).

o Study selection and data extraction were per-
formed on the level of the primary studies included
in the identified systematic reviews. As a result,
not only was the accuracy of extracted data en-
sured, but also only data from randomized trials
were pooled (since no prospective non-ran-
domized studies were found).

® The Paule-Mandel estimator of random-effects
model was used as it outperforms the DerSimon-
ian—Laird variance estimator (e4).

e The robustness of existing cumulative meta-
evidence was judged on the basis of valid proto-
cols of epidemiological strength (e42, e49).

On the other hand, several limitations should be

considered in the interpretation of our findings:

© We might have missed some individual studies, if
these had not been identified and included in the
original systematic reviews.

® Most of the included systematic reviews had seri-
ous methodological inadequacies.

® Funnel plot asymmetry was consistently investigated

with Egger’s test for all meta-analyses, following
the practice used in previous umbrella reviews
(e42, 49, e55), although less than 10 trials were
included in every case (€9).
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eMETHODS

Eligibility criteria, study identification and selection

No limitations on publication date, language, and status were ap-
plied to our searches. Additional hand searches of the reference
lists of eligible articles were undertaken. Finally, two electronic
databases (Google Scholar and PROSPERO) were manually
searched for additional systematic reviews and / or protocols.

Eligibility of systematic reviews was assessed on the basis of
title, abstract, and full text. Authors were contacted whenever a
full text could not be found. Study identification and selection
were performed by one reviewer (VK) with a subsequent inde-
pendent duplicate check by a second reviewer (SNP). Disagree-
ments were resolved by discussion with a third party (TE).

For adults, OSA was defined as having an apnea-hypopnea
index (AHI) of at least five episodes per hour of sleep or a res-
piratory disturbance index of at least five episodes per hour of
sleep (34). For children, OSA was defined as having an AHI of
at least one episode per hour of sleep (35, 36). Primary trials in-
cluded in systematic reviews had to be randomized clinical
trials or prospective non-randomized controlled trials from any
type of clinical setting. We excluded studies with retrospective
or historical-experimental control groups as they are associated
with bias (37, 38).

Data extraction

For each included systematic review, we recorded whether or not
their primary studies had been assessed for risk of bias and
whether the quality of evidence had been assessed according to
the GRADE approach (39). However, we did not perform these
procedures ourselves, as this task was beyond the scope of this
umbrella review of systematic reviews. The methodological
quality of the included systematic reviews was further appraised
using the AMSTAR tool (40).

From each eligible meta-analysis, the same two authors (VK
and SNP) independently extracted information on first author,
year of publication, outcome(s) examined, number of included
primary studies, and reported data at the individual trial level.
Eligible outcomes were extracted in either continuous or binary
format. In order to deal with study overlaps across the included
meta-analyses, the PubMed Unique Identifier (PMID) was used
to characterize each trial included in the meta-analyses. All
available trials were pooled according to PMID.

After checking for design suitability and lack or proper
handling by the trialists of carry-over effects (31, el), we de-
cided to include and combine both parallel and crossover ran-
domized trials, approximating a paired analysis for the latter.
We extracted for each outcome the absolute increment of
change through treatment as final minus baseline value. In case
this was not reported in the original trials, we calculated this
ourselves using appropriate methods for paired data (31), using
a pre—post correlation of 0.5 from existing data (e2). For cross-
over trials, we additionally calculated the effect size by sub-
tracting the increment of change from baseline of each trial arm
using a similar paired approach (el) and a correlation of 0.25,
again, from existing data (e2).

Assessment of pooled effects and heterogeneity
A random-effects synthesis makes the assumption that individual

studies are estimating different effects, which are assumed to
have a normal distribution. For our umbrella review, we per-
formed a random-effects meta-analysis to estimate the mean of
this distribution of effects across different studies and the uncer-
tainty about that mean (95% confidence interval [CI]). Cut-offs
of one half, one, and two standard deviations of the response in
the control group (taken from the largest included trials) were
used to augment all forest plots with contours of effect magni-
tude.

We assessed heterogeneity between studies by calculating
both the variance among effect sizes (tau?) and the I* metric of
inconsistency, which reflects the proportion of total variability
in the results explained by heterogeneity and not by chance
(e5). The I* metric ranges between 0% and 100%, and is the
ratio of variance between studies over the sum of variances
within and between studies. We also assessed descriptively
whether heterogeneity would influence the direction or only
magnitude of effects (i.e. if pooled studies lay on both sides or
on only one side of the forest plot, respectively) (e6). Finally,
we calculated the 95% prediction interval (Prl) for the pooled
random-effects estimates, which further accounts for hetero-
geneity between studies and indicates the uncertainty for the
effect that would be expected in a new study with a similar
design/setting examining that same association (e7).

Predefined mixed-effects subgroup analyses and random-
effects meta-regressions were performed for the following fac-
tors: baseline patient characteristics (including mean age, ratio
of male patients, mean AHI, mean BMI, and sample size), fol-
low-up time, % of maximum protrusion in the construction of
intraoral appliances (IOA), appliance category (custom IOA
based on impressions, pre-fabricated IOA, tongue suction
I0A), and appliance type (1- or 2-piece). Sensitivity analyses
were performed to assess any systematic differences according
to study design (parallel or crossover) and data calculations
done for this umbrella review.

Assessment of small-study effects

We examined whether there were indications pointing to small-
study effects—that is, if small studies tended to give higher esti-
mates than large studies. Small-study effects can indicate publi-
cation bias or other reporting biases, but they may also reflect
genuine heterogeneity, chance, or other reasons for differences
between small and large studies (e8). We used the regression
asymmetry test proposed by Egger et al. (e9) to investigate funnel
plot asymmetry in meta-analyses of at least 10 studies (e8).

Epidemiological criteria for the robustness of
associations
We further assessed which random-effects meta-analyses with
statistically significant estimates fulfilled the following epidemi-
ological criteria for robust associations:
® p<0.001, a threshold that has been suggested to reduce the
number of false-positive findings (e10)
® Associations based on adequate sample size (>500 patients)
® Associations without large heterogeneity between studies
(Iz<75%) potentially affecting the direction of estimates
® Their 95% Prl excluded the null value
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® No evidence of small-study effects (according to the Egger’s

test).

All p-values were two-sided, while statistical significance
was set at 5% for all tests, except for heterogeneity and Egger’s
tests (10%). Although multiple p-values are reported in this
umbrella review, the significance level was not adjusted, as we
aimed to summarize the results of the included papers.

eBOX 1

Eligibility criteria for selecting systematic reviews and primary studies

1. Criteria for the inclusion of systematic reviews (with or without meta-analysis)

Inclusion criteria

— Atleast one database was systematically searched and

— The study follows a systematic methodology (at least rudimentarily) using methods such as:
— Methodological quality assessment of the included studies using any tool or
— Conduct of a meta-analysis or
- Duplicate study selection or data extraction by two independent reviewers.

Exclusion criteria
- Systematic reviews of animal studies, narrative reviews, and clinical practice guidelines merely based on a literature search

2, Criteria for selecting primary studies included in the systematic reviews

Inclusion criteria

— Patients with an a priori diagnosis of OSA (AHI = 5 or RDI = 5 for adults and AHI = 1 for children) of any age or sex

— |0A, RME, SARME, or MMA to alleviate / treat OSA

— Direct comparisons between two or more interventions or between patients receiving the intervention and untreated / placebo matched
controls

- Randomized controlled trials or prospective non-randomized clinical trials of parallel or crossover design

— Any clinical setting

— Primary outcome: AHI measured with polysomnography before and after the intervention

— Secondary outcomes measured before and after the intervention: RDI, oximetry indices, sleep efficiency, REM sleep latency, and ESS

Exclusion criteria
— Studies reporting on patients suffering from conditions other than OSA
- Non-clinical studies, retrospective clinical studies, case series (less than 10 patients), and case reports

OSA, obstructive sleep apnea; AHI, apnea hypopnea index; RDI, respiratory disturbance index, |OA, intraoral appliance; RME, rapid maxillary expansion; SARME, surgically assisted rapid
maxillary expansion; MMA, maxillomandibular advancement; REM, rapid eye movement; ESS, Epworth Sleepiness Scale
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[1:]0) @] eBOX 3

Characteristics of the included systematic
reviews

© Twenty eight reviews were published in scientific jour-
nals, while one was published as a Health Technology
Assessment.

© All reviews were published in English between 1996
and 2016 and each searched between one and nine
literature databases.

© Ten (34%) reviews included only RCTs, 7 (24%)
included both RCTs and non-RCTs, and the remaining
12 (41%) only included non-RCTs.

© The majority of them (16 reviews; 55%) assessed intra-
oral appliances, 9 (31%) assessed surgical maxilloman-
dibular advancement, 3 (10%) assessed maxillary ex-
pansion, and one assessed more than one intervention.

© Almost all of the reviews (27 reviews; 93%) reported on
the primary outcome AHI, 14 (48%) reported on ESS,
and 15 (52%) reported on oxygen saturation indices.

© From the included systematic reviews, 12 (41%) had no
conflicts of interest, 9 (31%) declared non-profit sup-
port, 2 (7%) involved company support, and 6 (21%) did
not declare any status.

© At the time this umbrella review was conducted, 4
included reviews had not been cited, while the rest
gathered in total 2980 citations in Google Scholar
(median=21; range=1-1016)

AHI, Apnoe-Hypopnoe-Index; ESS, Epworth Sleepiness Scale

Risk of bias and methodological adequacy
of the included systematic reviews

® QOut of the 29 included systematic reviews, 23 (79%) as-
sessed the risk of bias in the included primary studies;
7 (24%) of these used the Cochrane Collaboration’s risk
of bias tool.

© The quality of evidence (strength of recommendations)
from the performed meta-analyses was assessed with
the GRADE approach in a mere 7 out of 29 reviews
(24%) and with other approaches in another 2 reviews
(7%). The strength of recommendations of the included
reviews ranged from very low to high.

© The AMSTAR scores for the included reviews ranged
from 1 to 9 out of 11 possible points, with a mean score
of 5 (excluding non-applicable ratings) and a standard
deviation of 2, with no review scoring full points.

© The main shortcomings were a lack of a priori design
(in 22 [76%)] of the reviews), incomplete reporting of
included / excluded studies (in 24 [83%)] of the reviews),
absence of grey literature searches (in 21 [72%)] of the
reviews), and missing statements for possible conflicts
of interest (in all of the reviews).
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eBOX 4

List of included primary studies
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3 Blanco J, Zamarron C, Abeleira Pazos MT, Lamela C, Suarez Quintanilla D. Prospective evaluation of an oral appliance in the treatment of
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PubMed CDSR VHL Scopus Web of Science UMI Proquest Andere Quellen
on 13-08-2016 on 13-08-2016 on 13-08-2016 on 14-08-2016 on 13-08-2016 on 13-08-2016
245 Citation(s) 80 Citation(s) 57 Citation(s) 124 Citation(s) 548 Citation(s) 0 Citation(s) 0 Citation(s)

497 Non-Duplicate
Citations Screened

{

Inclusion/Exclusion L 424*' Articles Excluded
Criteria Applied After Title/Abstract Screen
‘ 69*2 Articles Retrieved ‘
Inclusion/Exclusion L 40 Articles Excluded 0 Articles Excluded
Criteria Applied After Full Text Screen During Data Extraction

'

22 Articles Included in the Qualitative & 7 in the Quantitative Syntheses

Flow diagram for the selection of included studies
CDSR, Cochrane Database of Systematic Reviews; VHL, Virtual Health Library.
*! Three abstracts could not be found; ** One full text could not be found
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eTABLE 1

Identification of studies: databases, dates, search strategies, and hits
Database and date Search query Hits per query|  Hits per
searched database
appllance OR device OR splint*)) AND (mandib* OR “lower jaw”)) AND (“obstructive sleep
apnoea " OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR
respir* OR hypopnea OR sleep®)) Filters: Review
PubMed
) . ((((maxilla* OR palat*)) AND expansion) AND (“obstructive sleep apnoea” OR “obstructive sleep
wlz\é\ﬁlﬁz(é?gglln;hrgzag%vé apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR hypopnea OR sleep*)) 43 245
‘1)3 08.2016 ’ Filters: Review
((((*maxillomandibular advancement” OR osteotomy OR BSSO OR “bilateral sagittal split osteotomy”
OR “mandibular advancement” OR “Le Fort” OR “maxillary advancement”))) AND ((“obstructive sleep 70
apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR
respir® OR hypopnea OR sleep*))) Filters: Meta-Analysis; Systematic Reviews
(appliance OR device or splint*) and (mandib* OR “lower jaw”) and (“obstructive sleep apnoea” OR
“obstructive sleep apnea” OR OSA or apnea OR apnoea OR snor* OR breath* OR respir* OR 46
Cochrane Database of | yhohnea OR sleep*) in Cochrane Reviews (Search all text)
Systematic Reviews
htto://onlinelibra (“maxillary expansion” OR “palatal expansion”) and (“obstructive sleep apnoea” OR “obstructive 80
W"Z' com/co chr‘?; ol sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR hypopnea OR 6
brar))l/./search am sleep”) in Cochrane Reviews (Search all text)
13.08.2016 (‘maxillomandibular advancement’ OR osteotomy OR BSSO or “bilateral sagittal split osteotomy”
OR “mandibular advancement” OR “Le Fort” or “maxillary advancement”) and (“obstructive sleep 28
apnoea” OR “obstructive sleep apnea” OR OSA or apnea or apnoea or snor* OR breath* OR respir*
OR hypopnea OR sleep*) in Cochrane Reviews (Search all text)
(tw:(appliance OR device OR splint*)) AND (tw:(mandib* OR “lower jaw")) AND (tw:(“obstructive
sleep apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* 16
OR respir* O_R hypopnea OR sleep*)) AND (tw:(“systematic review” OR “meta-analysis”)) in Title,
Virtual Health Library | abstract, subject
http://pesquisa.bvsalud. | (tw:(“maxillary expansion” OR “palatal expansion”)) AND (tw:(“obstructive sleep apnoea” OR 57
org/portal/advanced/ “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR 9
?lang=en, am hypopnea OR sleep*)) AND (tw:(“systematic review” OR “meta-analysis”)) in Title, abstract, subject
13.08.2016
(tw:(*maxillomandibular advancement” OR osteotomy OR BSSO OR “bilateral sagittal split
osteotomy” OR “mandibular advancement” OR “Le Fort” OR “maxillary advancement’)) AND
(tw:(“obstructive sleep apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR 32
snor* OR breath* OR respir* OR hypopnea OR sleep*)) AND (tw:(“systematic review” OR
“meta-analysis”)) in Title, abstract, subject
(TITLE-ABS-KEY ( “maxillomandibular advancement” OR osteotomy OR bsso OR “bilateral sagittal
split osteotomy” OR “mandibular advancement” OR “Le Fort” OR “maxillary advancement”) AND
TITLE-ABS-KEY (“obstructive sleep apnoea” OR “obstructive sleep apnea” OR osa OR apnea OR 61
apnoea OR snor* OR breath* OR respir* OR hypopnea OR sleep*) AND TITLE-ABS-KEY (“system-
Scopus atic review” OR “meta-analysis”) )
www.scopus.com/ (TITLE-ABS-KEY ( ( ( ( ( appliance OR device OR splint*) ) AND ( mandib* OR “lower jaw” ) ) AND 124
search/, am 14.08.2016 | (“obstructive sleep apnoea” OR “obstructive sleep apnea” OR osa OR apnea OR apnoea OR snor* 53
OR breath* OR respir* OR hypopnea OR sleep* ) ) ) AND TITLE-ABS-KEY ( “systematic review” OR
“meta-analysis” ) )
(TITLE-ABS-KEY ( ( ( ( ( maxilla* OR palat*) ) AND expansion ) AND ( “obstructive sleep apnoea”
OR “obstructive sleep apnea” OR osa OR apnea OR apnoea OR snor* OR breath* OR respir* OR 10
hypopnea OR sleep* ) ) ) AND TITLE-ABS-KEY ( “systematic review” OR “meta-analysis” ) )
TOPIC: (appliance OR device OR splint*) AND TOPIC: (mandib* OR “lower jaw”) AND TOPIC:
(“obstructive sleep apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* 208
OR breath* OR respir* OR hypopnea OR sleep*) Refined by: DOCUMENT TYPES: ( REVIEW ) Al
. Databases
Web of Science
. TOPIC: (“maxillary expansion” OR “palatal expansion”) AND TOPIC: (“obstructive sleep apnoea” OR
ggpé/ggﬁqs/.v;?ofknowl “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR 64 548
y 3908' 201 6 hypopnea OR sleep*) Refined by: DOCUMENT TYPES: ( REVIEW ) All Databases
TOPIC: (“maxillomandibular advancement” OR osteotomy OR BSSO OR *“bilateral sagittal split
osteotomy” OR “mandibular advancement” OR “Le Fort” OR “maxillary advancement”) AND TOPIC:
(“obstructive sleep apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* 276
OR breath* OR respir* OR hypopnea OR sleep*) Refined by: DOCUMENT TYPES: ( REVIEW ) All
Databases
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Database and date Search query Hits per query|  Hits per
searched database

(appliance OR device OR splint*) AND (mandib* OR “lower jaw”) AND (“obstructive sleep apnoea
OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR

UMI Proquest hypopnea OR sleep*) in Dissertations & Theses / Anywhere 0
http://search.proquest.

com/advanced/ (“maxillary expansion” OR “palatal expansion”) AND (“obstructive sleep apnoea” OR “obstructive 0
reset?accoun- sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR respir* OR hypopnea OR 0

2'%3?%*13'6% sleep®) in Dissertations & Theses / Anywhere

(“maxillomandibular advancement” OR osteotomy OR BSSO OR “bilateral sagittal split osteotomy”
OR “mandibular advancement” OR “Le Fort” OR “maxillary advancement’) AND (“obstructive sleep 0
apnoea” OR “obstructive sleep apnea” OR OSA OR apnea OR apnoea OR snor* OR breath* OR
respir* OR hypopnea OR sleep*) in Dissertations & Theses / Anywhere

Sum 1054
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eTABLE 4

Overall results for the comparison of intraoral appliances vs placebo on the AHI

L S e L

Meta-analysis

-11.69

[-15.38; -8.01]

<0.001

-22.55;-0.85

20.15

93.6

Factor Trials 95% Cl

Follow-up (months) Coefficient 1" 0.25 [-0.24; 0.75] 0.273 21.23 94.7
Constant -14.40 [-21.20; -7.61] 0.001

% of maximum Coefficient 8 0.03 [-0.42; 0.48] 0.870 34.21 96.3

protrusion
Constant -14.18 [-48.70; 20.34] 0.354

Appliance type Coefficient 13 6.25 [-3.73; 16.24] 0.196 17.12 89.4

(thermoplastic vs

impression-based)
Constant -12.17 [-15.68; 8.66] <0.001

Appliance type (1- or 2-piece) | Coefficient 9 -0.09 [-11.25; 11.08] 0.986 15.79 87.9
Constant -14.24 [-24.81; -4.30] 0.012

Baseline-BMI (kg/m?) Coefficient 12 1.94 [-0.84;4.72] 0.152 17.42 88.7
Constant -68.59 | [-150.39; 13.21] 0.091

Baseline AHI Coefficient 1 -0.53 [-0.72; -0.34] <0.001 2.84 46.3

(events/hour)
Constant 1.17 [-3.64; 5.99] 0.595

Baseline age (years) Coefficient 12 0.44 [-1.05; 1.93] 0.524 21.46 91.3
Constant -3359 | [-107.42;40.25] 0.335

Ratio of male patients Coefficient 12 —-28.65 [-78.34; 21.05] 0.228 18.8 93.7
Constant 10.39 [-28.05; 48.82] 0.561

Total sample Coefficient 12 0.14 [0.04; 0.24] 0.010 9.78 73.7
Constant -1913 | [-25.29;-12.98] |  <0.001

Study design Coefficient 12 -0.52 [-8.85; 7.81] 0.892 225 94.2

(crossover or parallel)
Constant -11.38 [-18.25; 4.51] 0.004

Data type 1 Coefficient 12 -1.20 [-10.98; 8.58] 0.790 22.39 94.2
Constant -11.49 [-15.81;-7.17] <0.001

Data type 2 Coefficient 12 8.07 [-1.72; 17.86] 0.096 15.9 89.2
Constant -12.77 [-16.47; -9.07] <0.001

Data type 1 Coefficient 12 0.22 [-9.36; 9.79] 0.274 18.15 90.2

Data type 2 Coefficient 8.12 [-2.63; 18.88]
Constant -12.82 [-17.25; -8.39 <0.001
Data Trials Effect 95% ClI p

Reporting bias Coefficient 12 -1.24 [-5.35; 2.87] 0.516

(Egger’s test)

Cl, confidence interval; Prl, predictive interval; MD, mean difference; BMI, body mass index; Data type 1, origin of data used in the analysis 1 (increment calculated from parallel or cross-over
trials); Data type 2, origin of data used in the analysis 2 (increment calculated from final values of cross-over trials)
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eTABLE 5

Overall results for the comparison of intraoral appliances vs placebo on minimum oxygen saturation

— S L

Meta-analysis 333 [1.38;5.28] 0.007 -1.62;8.28 2.19 96.8

Factor Trials 95% Cl

Follow-up (months) Coefficient 5 -0.37 [-0.61;-0.14] 0.015 0.26 456
Constant 7.20 [4.69; 9.70] 0.003

% of maximum protrusion Coefficient NA
Constant

Appliance type (1- or 2-piece) Coefficient 5 219 [-13.13; 17.51] 0.680 3.22 92.0
Constant 1.50 [-38.15; 57.79] 0.770

Baseline BMI (kg/m?) Coefficient 6 -0.22 [-1.88; 1.43] 0.725 2.70 92.0
Constant 9.82 [-38.15; 57.79] 0.600

Baseline AHI NA

(events/hour)

Baseline age (years) Coefficient 6 -0.27 [-1.14; 0.60] 0.129 1.35 94.9
Constant 16.42 [-25.56; 58.39] 0.200

Ratio of male patients Coefficient 6 22.38 [-10.19; 54.96] 0.129 1.35 94.9
Constant -14.03 [-39.43; 11.37] 0.200

Total sample Coefficient 6 -0.05 [-0.11; 0.00] 0.060 0.90 515
Constant 6.48 [2.91; 10.05] 0.007

Study design Coefficient 6 1.82 [-3.34;6.97] 0.383 2.21 97.4

(crossover or parallel)
Constant 1.90 [-2.67; 6.47] 0.313

Data type 1 Coefficient NA
Constant

Data type 2 Coefficient 6 -1.87 [-14.97; 11.22] 0.712 2.69 974
Constant 3.37 [1.04; 5.70] 0.016

Data type 1 Coefficient NA

Data type 2 Coefficient
Constant

Data Trials Effect 95% ClI p
Reporting bias Coefficient NA

(Egger’s test)

Cl, confidence interval; Prl, predictive interval; MD, mean difference; NA, not applicable; BMI, body mass index; AHI, apnea hypopnea index; Data type 1, origin of data used in the analysis 1
(increment calculated from parallel or cross-over trials); Data type 2, origin of data used in the analysis 2 (increment calculated from final values of cross-over trials).
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eTABLE 6

Overall results for the comparison of intraoral appliances vs placebo on the Epworth Sleepiness Scale
—— i e
Meta-analysis -1.18 [-2.38; 0.03] 0.055 -4.76; 2.40 212 60.6
Factor Trials 95% Cl
Follow-up (months) Coefficient 10 0.04 [-0.21; 0.29] 0.716 340 67.2
Constant -1.56 [-3.95; 0.83] 0.170
% of maximum protrusion Coefficient 7 -0.00 [-0.13;0.12] 0.950 3.36 66.4
Constant -1.48 [-10.38; 7.42] 0.686
Appliance type Coefficient 10 -0.83 [-4.38;2.72] 0.430 2.23 524
(thermoplastic or tongue suc- (thermoplast)
tion versus impression-based)
Coefficient 222 [-2.34;6.78]
(tongue suction)
Constant -1.62 [-3.31; 0.08] 0.059
Appliance type (1- or 2-piece) Coefficient 8 1.57 [-2.94; 6.07] 0.428
Constant -1.87 [-4.39; 0.65] 0.120
Baseline BMI (kg/m?) Coefficient 11 -0.21 [-1.30; 0.88] 0.671 2.60 56.5
Constant 5.04 [-27.15; 37.23] 0.731
Baseline AHI Coefficient 9 -0.03 [-0.16; 0.10] 0.590 2.60 56.5
(events/hour)
Constant -0.50 [-3.89; 2.88] 0.735
Baseline age (years) Coefficient " -0.28 [-0.65; 0.09] 0.119 1.29 40.9
Constant 12.44 [-5.41; 30.29] 0.149
Ratio of male patients Coefficient 1 -15.22 [-33.47; 3.02] 0.092 1.1 60.1
Constant 10.78 [-3.50; 25.05] 0.122
Total sample Coefficient 1 0.01 [-0.05; 0.06] 0.839 2.70 58.3
Constant -1.47 [-4.57; 1.63] 0.312
Study design Coefficient 1 1.87 [-0.76; 4.50] 0.141
(crossover or parallel)
Constant -2.63 [-4.97;-0.28] 0.032
Data type 1 Coefficient 1" -1.87 [-4.50; 0.76] 0.141 1.42 60.3
Constant -0.75 [-1.93; 0.43] 0.185
Data type 2 Coefficient 1 -0.93 [-4.88; 3.03] 0.609 2.55 48.2
Constant -1.08 [-2.49; 0.32] 0.115
Data type 1 Coefficient 1 -2.12 [-4.80; 0.55] 0.197 1.27 416
Data type 2 Coefficient -1.52 [-4.53; 1.49]
Constant -0.49 [-1.76;0.79] 0.405
Data Trials Effect 95% ClI p
Reporting bias Coefficient 1 -0.26 [-2.08; 1.56] 0.752
(Egger’s test)

Cl, confidence interval; Prl, predictive interval; BMI, body mass index; AHI, apnea hypopnea index; Data type 1, origin of data used in the analysis 1 (increment calculated from parallel or cross-
over trials); Data type 2, origin of data used in the analysis 2 (increment calculated from final values of cross-over trials).
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