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Study Objectives: The purpose of this study is to conduct a systematic review and meta-analysis evaluating the effects of respiratory muscle therapy
(ie, oropharyngeal exercises, speech therapy, breathing exercises, wind musical instruments) compared with control therapy or no treatment in improving apnea-
hypopnea index ([AHI] primary outcome), sleepiness, and other polysomnographic outcomes for patients diagnosed with obstructive sleep apnea (OSA).
Methods: Only randomized controlled trials with a placebo therapy or no treatment searched using PubMed, EMBASE, Cochrane, and Web of Science up to
November 2018 were included, and assessment of risk of bias was completed using the Cochrane Handbook.
Results: Nine studies with 394 adults and children diagnosed with mild to severe OSA were included, all assessed at high risk of bias. Eight of the 9 studies
measured AHI and showed a weighted average overall AHI improvement of 39.5% versus baselines after respiratory muscle therapy. Based on our meta-analyses
in adult studies, respiratory muscle therapy yielded an improvement in AHI of −7.6 events/h (95% confidence interval [CI] = −11.7 to −3.5; P ≤ .001), apnea index
of −4.2 events/h (95% CI = −7.7 to −0.8; P ≤ .016), Epworth Sleepiness Scale of −2.5 of 24 (95% CI= −5.1 to −0.1; P ≤ .066), Pittsburgh Sleep Quality Index
of −1.3 of 21 (95% CI= −2.4 to −0.2; P ≤ .026), snoring frequency (P = .044) in intervention groups compared with controls.
Conclusions: This systematic review highlights respiratory muscle therapy as an adjunct management for OSA but further studies are needed due to limitations
including the nature and small number of studies, heterogeneity of the interventions, and high risk of bias with low quality of evidence.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Alternative methods of management for obstructive sleep apnea have long been sought by clinicians and
researchers beyond the continuous positive airway pressure device, surgical interventions and/or mandibular advancement appliances. To this date, a
systematic review has not been published summarizing the efficacy and effects of respiratory muscle therapy for obstructive sleep apnea based on only
randomized controlled trials and encompassing both upper and lower airway muscles.
Study Impact: This review will help clinicians and researchers determine if such therapy can be included in a comprehensive program that can be
implemented into routine clinical care to improve or manage obstructive sleep apnea.

INTRODUCTION

Although the sleep disorders field encompasses a multitude
of various conditions, this review will focus on obstructive
sleep apnea (OSA) and the effects of respiratory muscle
therapy. According to the International Classification of
Sleep Disorders, third edition, “OSA is characterized by re-
petitive episodes of complete (apnea) or partial (hypopnea)
upper airway obstruction occurring during sleep.” Apneic and
hypopneic events can lead to a decrease in blood oxygen sat-
uration and usually ends by short arousals from sleep.1 During
sleep, reduced muscle tone, especially in the upper airways,
influences breathing.2 The upper airway is a complex structure,
involving the oropharyngeal muscles, dilator muscles, and

tongue muscles, which can counteract any collapse in the air-
ways caused by negative pressure during sleep.3 In fact one of
the main mechanisms involved in the pathogenesis of OSA is a
decreased ability of the upper airway dilatormuscles tomaintain
airway patency during sleep.4 In particular, the genioglossus
muscle, one of the most important pharyngeal dilator muscles,
protrudes the tongue, dilates the oropharynx, and prevents
airway obstruction during sleep.5,6 It has been shown that pa-
tients without OSA have homogeneous anterior movement
of the entire posterior tongue.7 Meanwhile patients with OSA
have a more heterogeneous anterior movement of the tongue,
resulting in part of the tongue moving posteriorly into the
upper airway, which then effects other dilator muscles and
lung volume.7
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During normal respiration, caudal movement of the dia-
phragm produces increased lung volume and creates traction on
the mediastinal structures. These lower airway muscle move-
ments result in stiffening of the pharyngeal walls and stabilizes
the patency of the upper airway. Meanwhile, during sleep there
is a reduction in lung volume and decrease in upper airway
dilator muscle tone. Thus upper and lower airway muscle
function is relatively diminished during sleep and may poten-
tiate airway obstruction.8 There are also circadian changes that
increase the resistance in the lower airway, prompting the upper
airway into obstructive apnea episodes.2 Therefore, although
OSA is defined as an upper airway obstruction, it also involves
the primary muscles of respiration (lower airway muscles)
during inspiration, including the diaphragm, the external in-
tercostals, and the expiration muscles such as abdominal
muscles and internal intercostals.9

Management options of OSA include both conservative
(continuous positive airway pressure [CPAP] device and/or
mandibular advancement devices) and surgical intervention
such as maxillomandibular advancement surgery.10 The gold
standard forOSA in theUnited States remains the use of aCPAP
machine. However, it has been reported that 59.2% of the
patients discontinue use of this device either due to finances, not
fitting the patient’s face, not believing in its efficacy, or
eventually pursuing some sort of alternative treatment.11 In a
prospective cohort study, authors reported that after 4 years
about two-thirds of the patients did not use their device.12 There
is increasing evidence that the pathogenesis of OSA involves
more than just the anatomical factors of the airway.13 These
include a neurochemical ventilatory control, imbalanced central
respiratory motor output leading to an elevated loop gain, and
the response of the chemoreceptor control system to a col-
lapsible airway,13 which may explain some of the incomplete
management of OSA treatment by conventional CPAP, man-
dibular advancement devices, or surgicalmodalities. The aim of
respiratory muscle therapy includes improvement in the co-
ordination of upper and lower airway muscles and increase
airway patency during sleep. In addition, respiratory muscle ther-
apy, if successful, would give patients a noninvasive option for man-
agement or improvement of their OSA. In this systematic review,
the term respiratory muscle therapy will be used to incor-
porate both upper and lower airway muscle therapy, ranging
from myofunctional/oropharyngeal exercises encompassing
speech therapy and tongue exercises (upper airway muscles)14

to breathing exercises and wind musical instrument playing,15

which seems to have some efficacy on expiratorymuscle training
(lower airwaymuscles).16 One limitation of this systematic review
is the fact that respiratorymuscle therapy encompasses a variety
of interventions. Although all these therapies exercise the
airway muscles, it is unclear at this point how each of these
therapies works or which one is the best option to treat OSA.

The objective of the current systematic review is to summarize
the current relevant published randomized controlled trials
(RCTs) on respiratory muscle therapy for the treatment of OSA.
This review could be useful for the clinicians in their patient care
and for the researchers to view the information at once and to
identify areas that still need to be addressed in the respiratory
muscle exercise regimen of OSA management.

METHODS

Study design
This systematic review adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement.17 The PICO (Patient, Intervention, Comparison,
Outcome) question was, “In patients with OSA, is respiratory
muscle therapy effective in improving OSA compared to
controls or no treatment?”

Inclusion and exclusion criteria
Studies in any age group were limited to randomized controlled
clinical trials on the efficacy of respiratory muscle therapy
compared with control therapy or no treatment. Respiratory
muscle therapy is a technique of training respiratory muscles
(inspiratory and/or expiratory, lower or upper airway) to im-
prove respiratory function. Abstracts, pilot studies, letters to the
editor, commentaries, literature reviews, systematic reviews,
case reports, case series, nonrandomized clinical trials, animal
studies, and clinical guidelines were excluded. Literature
reviews, systematic reviews, and clinical guidelines were
scanned for relevant RCTs. Articles not available in English
were omitted.

Primary and secondary outcomes under study

Polysomnographic outcomes

The primary outcome was apnea-hypopnea index (AHI) mea-
sured during a sleep study in events per hour.18 Secondary poly-
somnographic outcomes included minimum and average
oxygen saturation (SaO2 percent).

Sleepiness outcomes

Sleep efficiency is measured as the summation of sleep stage
N1, stage N2, and stage N3 and rapid eye movement sleep
divided by total bed time and is denoted in percentage.18 Epworth
sleepiness scale (ESS) measures daytime sleepiness and has a
total of 24 points. Any measurement above 10 is considered as
above normal and may warrant treatment.19 The Pittsburgh
Sleep Quality Index (PSQI) measures sleep quality on a scale of
0–21. The lower the number, the better the quality of sleep.20

Secondary outcomes

Snoring mostly occurs during inhalation, and, sometimes,
exhalation. Primary snoring occurs in absence of OSA or as-
sociated symptoms.18 Snoring parameters, intensity, and fre-
quency are measured on various scales of 0–3, 0–4, and
0–10.14,21,22 Included studies also reported body mass index
(BMI), a measure of the body fat, expressed in kilograms per
square meter, neck circumference (expressed in inches), and
abdominal circumference, also expressed in inches.

Search methods for identification of studies
Four electronic databases (Medline via PubMed, Web of Sci-
ence, EMBASE, and the Cochrane Library) were searched up to
November 21, 2018 (Table 1). A summary of our search re-
sults is shown in Figure 1 with the final list of included studies
shown in Table 2.
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Selection of studies, data extraction,
and management
Using the above mentioned search strategies, one author
downloaded the titles and abstracts onto Mendeley Reference
Manager software (R.E.) and 2 review authors (B.H. and C.E.)
assessed the resultant records for inclusion/exclusion criteria.
The references, which are based on title and abstract and met
the inclusion criteria, were searched again and full articles
were downloaded. Two review authors (B.H. and C.E.)
assessed the references full-text for inclusion/exclusion in-
dependently, and the senior author (R.E.) reviewed the dis-
agreements. Reasons for exclusion were recorded. A formwas
used to collect the characteristics of the participants, both
treatment and control groups, and treatment provided with
the outcomes reported. All literature reviews, systematic re-
views, and included studies were cross-referenced in search of
additional references.

Assessment of risk of bias
The assessment of risk of bias in the included RCTs was un-
dertaken independently by 2 authors (B.H. and C.E.) and
reviewed by a third author (R.E.) in accordance with the ap-
proach described in Cochrane Handbook.23 A risk of bias graph
was completed for this systematic review (Figure 2).

Statistical analyses
Only RCT studies on patients with OSA comparing similar
outcomes with similar interventions (respiratory exercises
versus controls/no treatment) were included in the meta-an-
alyses. Paired meta-analyses were conducted for continuous
outcomes. Trial authors were contacted to retrieve missing
data on AHI,14,16 and standard error of the mean percentage
clarification.24 Mean and standard deviation (SD) were calcu-
lated from median and 25% quartile (q1) and 75% quartile (q3)
as follows: mean = (q1 +median + q3) / 3; SD = (q3 − q1) / 1.35.
Estimates of effect were combined using a random-effects
model due to the heterogeneity of the interventions. Review
authors calculated “estimates of effect” as mean differences of
change in outcome from baseline for all outcomeswith 95%CIs
except snoring intensity and frequency. Authors of individual
studies reported snoring frequency and snoring intensity with
3 different scales.14,21,22 Therefore, the standardized difference
in means for snoring intensity and frequency was reported.
Whenever possible, subgroup analyses were conducted for
upper airway exercises,14,21,22,24–26 expiratory lower airway
exercises,16,27 and inspiratory lower airway exercises.28

For outcomes such as AHI, where a favorable outcome
is associated with a decrease in that variable, a favorable
“estimate of effect” for the intervention will be negative,

Table 1—Electronic database search strategies.

Electronic Database Search Strategy

MEDLINE via PubMed
(searched up to 11/15/2018)
search strategy:

(orofacial myotherapyORoralmyotherapyOR tongue-muscle trainingORoropharyngeal exercise*OR swallow* exercise* OR
myofascial exercise* OR myofunctional therapy OR tongue exercise* OR tongue training OR genioglossus exercise* OR
pharyngeal exercise* ORbreathing exercise* OR inspiratorymuscle OR expiratorymuscleOR respiratory exerciseOR speech
therapy OR musical OR didgeridoo) AND (apnea OR apnea OR OSA OR snoring OR sleep-disordered breathing)

Language: limit to English

Species: limit to Humans

Article types: limit to Clinical trial, meta-analysis, Randomized controlled trial, Review, Systematic reviews

The Web of Science
(searched up to 11/20/2018)

TOPIC: (tongue-muscle training OR oropharyngeal exercise* OR swallow* exercise* OR myofascial exercise* OR
myofunctional therapy OR tongue exercise* OR tongue training OR genioglossus exercise* OR pharyngeal exercise* OR
speech therapy OR respiratory muscle training OR inspiratory muscle training OR expiratory muscle training OR musical OR
didgeridoo) AND TOPIC: (apnea OR apnea OR snoring OR sleep-disordered breathing)

Filter: Language = English

Filter: Article (166), review (22), proceedings paper (10), Book chapter (1)

The Cochrane Library
(searched up to 11/21/2018)

#1. (tongue-muscle training OR oropharyngeal exercise* OR swallow* exercise* OR myofascial exercise* OR myofunctional
therapy OR tongue exercise* OR tongue training OR genioglossus exercise* OR pharyngeal exercise* OR speech therapy OR
respiratory muscle training OR inspiratory muscle training OR expiratory muscle training OR musical OR didgeridoo)

#2. (apnea OR apnea OR snoring OR sleep-disordered breathing)

#3. #1 and #2

EMBASE (searched on up to
11/20/2018)

1. ’tongue muscle’ AND training OR (oropharyngeal AND exercise*) OR (swallow* AND exercise*) OR (myofascial AND
exercise*) OR (myofunctional AND therapy) OR (genioglossus AND exercise*) OR (pharyngeal AND exercise*) OR (speech
AND therapy) OR (respiratory AND muscle AND training) OR (inspiratory AND muscle AND training) OR (expiratory AND
muscle AND training) OR didgeridoo

2. apnea OR apnea

3. #1 and #2 combine

4. #3 AND (’article’/it OR ’article in press’/it OR ’conference paper’/it OR ’conference review’/it OR ’review’/it) AND [english]/lim

Filters: English

Publication types= ’article’/it OR ’article in press’/it OR ’conference paper’/it OR ’conference review’/it OR ’review’/it

OSA = obstructive sleep apnea
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because a negative difference in mean change of AHI from
baseline indicates a larger improvement in AHI in the inter-
vention group than the control group. For outcomes where
an improvement is associated with an increase, such as sleep
efficiency, a favorable “estimate of effect” for the intervention
will be positive. Statistical analyses were conducted with the
Comprehensive Meta-Analysis software version 2 (Biostat,
Englewood, NJ).

Review authors also calculated the average percent change
from baseline in AHI as (post – pre)/post, presented in Table 3.

Authors also calculatedwith Excel software a weighted average
and SD of the percent change in AHI with the weight of each
study being the sample size.29

Levels of evidence and summary of
the review findings
The quality of evidence assessment and summary of the review
findings were conducted with the software GRADE profiler
(GRADEpro software [Evidence Prime Inc., Ontario, Canada]),
following the Cochrane Collaboration and GRADE Working

Figure 1—Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram.17
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Group recommendations.23 In this systematic review, the
sample size of the meta-analysis was deemed as insuffi-
cient (small sample size) if fewer than 400 participants were
included in the meta-analysis,30 downgrading the quality of
the evidence.

RESULTS

Results of the search
The electronic search strategy yielded 811 references plus 20
records found by cross-referencing the bibliography sections.
Those 831 references were assessed independently by 2 review
authors (B.H. and C.E.) and, based on the abstracts and titles,
these were reduced to 54 records in need of full-text review and
777 records were excluded. All the 54 manuscripts identified
were searched for full-text and analyzed for inclusion inde-
pendently by the same 2 review authors. Ninemanuscripts were
relevant for inclusion.14,16,21,22,24–28 Main reasons for exclusion
are described in PRISMA flowchart, which shows a summary of
our results (Figure 1).

Included Studies
FivesingleblindedRCTs14,16,26–28 and 4 nonblindedRCTs21,22,24,25

were included in this systematic review (Table 2).

Population

A total of 394 patients was included in this review (Table 2).
Patients had OSA diagnosed by clinical examination and
confirmed by polysomnography (PSG), which included mild,
moderate, and severe OSA. In the adult studies, the average
AHI before intervention ranged frommild OSA (14.6 events/h)
16 to severe OSA (30.9 events/h),22,25 whereas in the pediatric
studies, the average AHI ranged from 2.2 ± 2.0 events/h24

to 4.7 ± 3.0 events/h26 (Table 3). Some of the patients in-
cluded also had snoring as 1 of their chief complaints.21,24

All studies enrolled patients at only one center, both men
and women, but there were more men than women in all
studies. The number of participants in each study ranged
from 2527 to 140 participants.22,25 All the studies had dropouts,
except 1.27 The average (± SD) age of the patients varied from
middle-aged (44.3 ± 2.9 years)16 to older adults (69.1 ± 3.4
years)28 in the adult studies and 4.82 ± 1.3626 to 7.1 ± 2.5 years24

in the pediatric studies. The inclusion criteria among the studies
as well as the average age and sex distribution are presented
in Table 2.

Intervention

In 6 studies, patients in the intervention group received oro-
pharyngeal exercises (Table 4).14,21,22,24–26 Oropharyngeal ex-
ercises were performed to improve themuscle position, tension,
and functions of the muscles of the oropharynx and the soft
tissues surrounding it. In 2 of the studies, patients were ran-
domized into groups of speech/myofunctional therapy, CPAP
therapy, combination therapy, and sham speech therapy.22,25

Speech pathologists, myofunctional therapists, and didgeridoo
instructors trained the participants in the therapy group and the
number of visits varied in the 9 studies (Table 2). Respiratory
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muscle strength training was prescribed in 2 studies.16,28 Re-
spiratory pressure was set at 75% of the participants’ maximal
inspiratory pressure28 and 75% of the expiratory pressure.16

Playing didgeridoo to improve the oropharyngeal muscles
was prescribed in one of the studies.27 These different mo-
dalities of respiratory muscle therapy are listed in Table 4
and were classified into upper airway exercises,14,21,22,24–26

expiratory lower airway exercises,16,27 and inspiratory lower
airway exercises.28

Comparison group

Patients in the comparison groups were labeled as controls and
received sham exercises, such as deep breathing with nasal
lavages or dilator strips,21,24,26 or respiratory muscle training at

Figure 2—Summary of risk of bias of eligible randomized controlled trials.

Table 3—Baseline and posttreatment AHI.

Study

OSA at Baseline Intervention Groups Control Groups

MildOSA(AHI,5–15 events/h);
moderate OSA (AHI, 15–30
events/h); severe OSA
(AHI > 30 events/h)

Baseline AHI,
events/h

After TX,
events/h

% Change
in AHI

Baseline AHI,
events/h

After TX,
events/h

% Change
in AHI

Diaferia et al, 201325

and 201722

26% mild

28.0 ± 22.7 13.9 ± 18.5 −50.4 27.8 ± 20.3 30.6 ± 21.8 10.132% moderate

42% severe

Guimaraes et al, 200914 Moderate OSA 22.4 ± 4.8 13.7 ± 8.5 −38.8 22.4 ± 5.4 25.9 ± 8.5 15.6

Ieto et al, 201521 Mild to moderate OSA 22.4 ± 4.89 19.2 ± 6.44 −24.4% 25.7 ± 5.7 22.8 ± 7.33 −11.3

Kuo et al, 201716
Mild to moderate OSA

16.5 ± 7.93 9.9 ± 3.56 −50.0 14.6 ± 5.2 15.18 ± 3.15 4.0n = 14 mild

n = 11 moderate

Puhan et al, 200627 Moderate OSA 22.3 ± 5.0 11.6 ± 8.1 −48.0 19.9 ± 4.7 15.4 ± 9.8 −22.6

Villa et al, 201526 Pediatric participants: AHI > 5
events/h for moderate-severe
OSA

4.87 ± 2.96 1.84 ± 1.36 −62.2 4.56 ± 3.22 4.11 ± 2.73 −9.9

Vranish & Bailey et al,
201628

Mild to severe 21.9 ± 4.4 26.4 ± 6.4 20.5 29.9 ± 8.9 25.0 ± 8.3 −16.4

AHI at baseline and posttreatment reported by the included studies plus percent change in AHI (calculated by the authors). Data are shown asmeans± standard
deviation. AHI = apnea-hypopnea index, OSA = obstructive sleep apnea, TX = treatment.
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0% of the maximal expiratory pressure16 or 15% of the par-
ticipant’smaximal inspiratory pressure.28 The controls in one of
the studies did not have any treatment, but they were placed in
the waiting list to receive training for playing the musical
instrument.27 Deep breathing was prescribed to the controls
in one of the studies.14 Sham speech therapy, just relaxing
the cervical muscles without any therapeutic function, were
prescribed to the controls in 2 studies.22,25

Outcomes

Primary outcomes measurements reported were
AHI,14,16,21,22,25–28 apnea index (AI),14,22,25 minimum SaO2

percent,21,22,24,25,28 average SaO2 percent,22,24 ESS,14,16,21,22,25,27

sleep efficiency,14,21,22,28 PSQI,16,21,27,28 snoring frequency,14,21,22

snoring intensity,14,21,22 BMI,14,16,21,22,25–28 neck circumfer-
ence,14,21,22,25,28 and abdominal circumference.14,21

Risk of bias in included studies
A summary of risk of bias graph (Figure 2) is presented in
this review.

Random sequence generation

Random sequence generation bias was identified as low
risk in one study27 because authors used a statistical software
to generate the randomization list. The remaining 8 included
studies14,16,21,22,24–26,28 identified as having unclear risk of
bias because the authors reported the patients were ran-
domized but did not provide any details on the method
of randomization.

Allocation concealment

Allocation concealment was reported by one study27 and was at
low risk of bias because they used a central telephone service
for concealment. The allocation concealment strategy was
not stated in 8 studies14,16,21,22,24–26,28 and they were scored as
high risk.

Blinding

Risk of bias assessment for blinding was high in all the studies
because they were not double blinded.14,16,21,22,24–28

Incomplete outcome data

Five trials included had no missing outcome data and were
assessed as being at low risk of bias for this domain.14,16,21,27,28

Four studies were considered at high risk of bias due to large
number of drop-outs or imbalanced reasons due to drop out related
to the interventions or lack of intent-to-treat analysis.22,24–26

Selective reporting

All of the prespecified outcomes were reported in 8
studies.14,16,21,22,25–28 Only one study had high risk of bias in
selective reporting due to reporting data on 18 of 36 of the
patients in the therapy group.24

Other potential sources of bias

Six studies14,16,21,22,25,27 were considered at unclear risk of
bias because cointerventions, such as exercise and supple-
ments, were not mentioned and would be difficult to track.

It would be possible for some of the placebo interventions
for breathing to have a similar effect as some of the oro-
pharyngeal exercises. In 3 studies there was high risk because
groups at baseline were imbalanced24,26 or the placebo was a
cointervention that actually produced a better AHI than the
treatment group.28

Changes in AHI reported by the included studies
Average AHI (± SD) before and after treatment reported by the
included studies is presented in Table 3 for intervention and
control groups. Based on this data, review authors calculated the
weighted average and SD of AHI percent improvement. The
weighted average percent improvement on all 7 studies
reporting AHI14,16,21,25–28 was −39.5% ± (SD) 25.4% in the
intervention groups compared with −1.6% ± 13.9% in the
control groups; for the adults, the average improvement in AHI
in the intervention groups was −36.0% ± 25.6% compared with
a −0.3% ± 15.3% in the control groups.14,16,21,25,27,28 Only
1 study28 showed a worsening of AHI. The weighted average
percent improvement in 6 studies14,16,21,25,27 without that study28

was −44.6% ± 9.4% in the intervention groups compared with a
2.4% ± 14.9% in the control groups.

Results of the meta-analyses in pediatric population
Although 2 studies were included in this systematic review
with pediatric populations, one study did not report AHI
nor AI after the intervention.24 In the study where AHI was
measured both before and after, there was a significant de-
crease in AHI from baseline in the intervention group
by −2.6 events/h (95% CI −4.7 to −0.5; P = .016) compared
with controls in one study in children.26 In a different study by
the same author, it was found that there was a significant dif-
ference in the change in minimum SaO2% from baseline fa-
vorable to control group of −2.4% (95 CI = −4.6 to −0.2; P =
.032) and no significant difference in the change in average
SaO2% (P = .063).24 These results should be taken with cau-
tion as only one study reported AHI or minimum/average
SaO2%. However, these studies could serve as motivation to
conduct further research in the management of OSA in the
pediatric population.

Results of the meta-analyses in adults
Forest plots for primary and secondary outcomes are presented
in Figure 3, Figure 4, and Figure 5.

Adverse effects
To our knowledge, there are no known adverse complica-
tions of respiratory exercises in the management of OSA
and they seem to be safe.27 One study mentioned that there
were very few side effects; however, the authors did not pro-
vide any details on these “side effects”.26 Eight of the 9 RCTs
in our systematic review had not mentioned any adverse
side effects.

Summary of the evidence and quality of
the findings (GRADE)
According to the GRADE table, the quality of the evidence was
low for all outcomes due to high risk of bias of the included
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studies and small total sample size less than 400 participants
with small number of studies (Table 5); low evidence grading
indicates that further research is very likely to have an important
impact on our confidence in the estimate of effect and it is likely
to change the estimate.

DISCUSSION

Pediatric studies
Since just one pediatric study was available for each outcome,
no meta-analysis could be conducted for the 2 studies on pe-
diatric patients.24,26 One study recorded PSGs for both the
pretreatment and posttreatment groups,26 and the other study
used a PSG for only the pretreatment and pulse oximetry for the
posttreatment groups.24 In the pediatric studymeasuring AHI,26

therewas an improvement in the averageAHI in the intervention
group from 4.9 events/h to 1.4 events/h. Whereas the other
study24 showed an improvement in average oxygendesaturation
index (ODI) from5.9 events/h to 3.6 events/h after respiratory
muscle therapy. Although ODI is not the same as AHI, due to
ODI not measuring respiratory efforts and apnea events,
research has shown that there is direct correlation between the
2 readings.31 Based on a clinical study done on 475 surgical
adult patients, the sensitivity of ODI to detect AHI was between
96.3% and 100.0%, with the percentage increasing as the
ODI and AHI increased into the criteria of severe OSA
(> 30 events/h).31 Meanwhile, the specificity of ODI as a
surrogate for AHI was 81.6–98%, with the percentage de-
creasing as the ODI and AHI increased toward > 30 events/h.31

Therefore, although ameta-analysis could not be performed, the
decrease in ODI in the intervention group may correlate to a
proportional decrease in AHI, which agrees with the other
pediatric study26 measuring AHI and seems to be promising
for respiratory muscle therapy to be a viable treatment for
pediatric OSA.

Adult studies
For the adult RCTs (6 reported AHI outcomes at baseline and
posttreatment14,16,21,25,27,28), there was a significant improve-
ment in the average overall AHI of −7.6 events/h (95% CI =
−11.7 to −3.5; P ≤ .001; Figure 3) for patients with mild to
severe OSA (the lowest pretreatment average AHI ± SD was
14.6 ± 1.5 events/h, with the highest average pretreatment
AHI being 30.9 ± 20.6 events/h). Overall, the weighted average
AHI for adults improved by 36% compared with baseline after
respiratory muscle therapy. Duration of the treatment was
5 weeks to 4 months of respiratory muscle therapy. Our meta-
analyses showed that the patients receiving upper airway
muscle therapy14,21,25 had the largest improvement in AHI, with
an average of −9.6 events/h (95% CI −2.4 to −17.4; P = .010)
versus controls, followed by the 2 studies that used expira-
tory lower airway16,27,28 muscle exercises with -6.74 events/h
(95% CI −1.7 to −10.4; P = .006). In contrast, inspiratory lower
airway muscle therapy31 showed an average increase in AHI
compared with controls of +9.4 events/h in 1 study.28

Closer examination of the inspiratory lower airway muscle
therapy study28 showed that the controls used 15% of the
maximal inspiratory pressure (MIP), whereas the intervention
groups used 75% of MIP. Results in this study28 showed

Figure 3—Overall AHI improved significantly in OSA adults receiving respiratory muscle therapy compared with controls
(P < .001).

AHI = apnea-hypopnea index, CI = confidence interval, OSA = obstructive sleep apnea.
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an improvement in the control group of overall AHI of
approximately −4.9 events/h (after 15% MIP), whereas the
intervention group showed a worsening of the overall AHI of
approximately +4.3 events/h from baseline (after 75% MIP).
There was not a lot of information as to why the authors had
chosen a 15%MIP as the control therapy—other than this was
the pressure set to mimic slow breathing.28 Clearly more re-
search is warranted to determine the optimal inspiratory pres-
sure needed to improve OSA based on overall AHI. In fact, in 1
of the studies16 it was mentioned that where patients under-
went both inspiratory and expiratory respiratory muscle
training, many of the patients complained about difficulty and
discomfort associated with the inspiratory portion.16 A sensi-
tivity analysis on adult patients excluding the inspiratory lower
airway muscle therapy study28 demonstrated an overall im-
provement in weighted average AHI of 44.6% versus 36.0%,
including the inspiratory lower airway study with a pressure
of 75% MIP.

On the basis of the Bernoulli principle, a mathematical
approach may explain why increasing inspiratory drive could

result in an airway obstruction. The pharyngeal region is a
collapsible soft-walled tube that is bordered by 2 rigid seg-
ments (Starling resistor theory).32 In this segment of the up-
per airway, the elasticity of a small area compresses with
increased air flow velocity, where collapsing of this elastic
segment results in an apneic event.9,33–35 Increasing a patient’s
inspiratory drive through the diaphragm expands the lungs and
causes this increase in airflow9,33–35; therefore, in accordance
with the Bernoulli effect, the harder the patient inspires,
the greater the velocity of airflow in the elastic compressible
airway segment and the greater the decrease in the static
pressure in the smallest segment of the airway, causing a re-
duction of cross-sectional area and hence the more severe
the obstruction.

It is truly not understood as to whether the inspiratory or
expiratory phase of the lower airwaymuscles plays a greater role
in OSA. Lower respiratory muscles such as the diaphragm,
intercoastal, and accessory muscles allow for increased venti-
latory effort.36 In addition, lower airway muscles or lung
function play a key role in the abnormal partial pressure of

Figure 4—Sleepiness outcomes in adult studies.

(A) Overall ESS index improved but not statistically significantly (P = .062) in OSA adults receiving respiratory muscle therapy (improvement in sleepiness
is demonstrated by a lower ESS). (B) Overall PSQI index improved significantly in OSA adults receiving respiratory muscle therapy (P =.026). Improvement
in sleep quality was demonstrated by lower PSQI scores. CI = confidence interval, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea,
PSQI = Pittsburgh Sleep Quality Index.
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oxygen related to OSA.37 On the basis of a study to determine
respiratory muscle function in patients with OSA, in 4 of 6
apneic patients, the diaphragm seemed to be the principal in-
spiratory muscle during apnea and, in 2 of 6, it appeared that the
expiratory muscles such as intercostal/accessory muscles
played a large role.36 In the same study, during the expiratory
phases of OSA, 4 of 6 patients showed an increase in stomach
pressure and inward abdominal drive during the expiratory stages
of an apnea, consistent with abdominal muscle utilization
triggered by an augmented ventilatory effort.36

Two studies recorded AI at baseline and posttreatment.14,25

Significant improvement in AI from baseline of −4.2 events/h
was found in intervention group compared with controls
(95% CI −7.7 to −0.8; P = .016). In addition, 3 studies21,25,28

recorded minimum saturation at baseline and posttreatment in
their outcomes. However, there was no significant change
in minimum SaO2% in intervention groups compared with
controls (results not shown). The changes in minimum SaO2%
were not statistically significant. In addition, because there
was a significant decrease in the AI and snoring frequency

(P = .044; Figure 5A), there may have been a decrease in the
duration of minimum SaO2 in the intervention groups.14,21,22,25

Although there were no overall significant changes in sleep
efficiency, 3 of 4 studies showed improvement.14,21,25,28 BMI,
neck, and abdominal circumference resulted in no significant
changes; however, again, longer follow-up would be necessary
to confirm such changes (all interventions were evaluated
for 5 weeks to 4 months).

A total of 5 studies documented ESS at baseline and
posttreatment.14,16,21,25,27 There was no statistically significant
improvement in ESS from baseline (P = .062); however,
an average improvement of −2.5 was observed in the inter-
vention groups compared with the controls (95%CI −5.1 to 0.1;
P = .062; Figure 4). The minimal clinically important im-
provement in ESS lies between −2 and −3,38 therefore the av-
erage change observed in this systematic review might be
clinically significant. Subgroup analyses of upper/lower airway
showed that both upper and lower subgroups showed no sta-
tistically significant improvements in ESS (results not shown).
Although the average improvement of −2.5 in ESS was not

Figure 5—Snoring frequency and intensity outcomes in adult studies.

Overall snoring frequency (A) improved significantly compared with controls (P = .044), but not snoring intensity (B) (P = .068).
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statistically significant, one must remember that at least
one study (lower inspiratory muscle therapy28) compared the
intervention (75% MIP) to a control group (15% MIP) that
was not truly a placebo but could have been a cointervention.
In addition, an improvement of −2.5 on ESS could be clinically

significant, although not statistically significant, especially
for those people with an ESS score of 10–12. Because an ESS
score of 9 or lower is considered normal, a score of 10 or higher
would indicate a possible need for medical attention. Anal-
ysis of all 5 studies that documented ESS at baseline and

Table 5—Summary of the evidence and quality of the findings (GRADE).

Respiratory Muscle Therapy Compared with Control Therapy for OSA

Outcomes No of Participants (studies)
Follow up Quality of the evidence (GRADE)

Anticipated absolute effects

Risk difference with Respiratory
Muscle Therapy (95% CI)

Change in AHI from baseline events/h 201 (6 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in AHI from
baseline in the intervention groups
was 7.6 events/h lower (11.7 to
3.5 lower)

Change in ESS from baseline 171 (5 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in ESS from
baseline in the intervention groups
was 2.5 lower (5.1 lower to 0.1 higher)

Change in PSQI from baseline Scale
from: 0 to 5.

113 (4 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in PSQI from
baseline in the intervention groups
was 1.282 lower (2.4 lower to
0.2 higher)

Change in apnea index from baseline
events/h

82 (2 studies) 2-3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in apnea index
from baseline in the intervention
groups was 4.2 events/h lower
(7.7 lower to 0.8 higher)

Change in minimum SaO2% from
baseline

82 (3 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in minimum
SaO2% from baseline in the
intervention groups was 0.02 lower
(3.1 lower to 3.0 higher)

Change in sleep efficiency (%) from
baseline

145 (4 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in sleep efficiency
(%) from baseline in the intervention
groups was 1.8 lower (5.2 lower to
1.7 higher)

Change in snoring frequency 121 (3 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in snoring
frequency in the intervention groups
was 0.5 standard deviations lower
than in the control group (1.0 to
0.0 lower)

Change in snoring intensity 121 (3 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in snoring intensity
in the intervention groups was 0.9
standard deviations lower than in the
control group (1.9 to 0.1 lower)

Change in BMI (kg/m2) 145 (4 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in BMI in the
intervention groups was 0.5 higher
(0.8 lower to 1.7 higher)

Change in neck circumference (in) 145 (4 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in neck
circumference in the intervention
groups was 0.2 lower (1.2 lower to
0.8 higher)

Change in abdominal
circumference (in)

70 (2 studies) 2–3 months ÅÅ22
LOWa,b due to risk of bias, imprecision

The mean change in abdominal
circumference in the intervention
groups was 0.5 inches lower
(4.6 lower to 3.6 higher)

GRADEWorking Group grades of evidence: High quality: Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality:
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality: Further research is
very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality: We are very uncertain
about the estimate. aAll included studies assessed at high risk of bias. bSmall sample size (< 400 total participants), small number of studies. AHI = apnea-
hypopnea index, BMI = body mass index, CI = confidence interval, ESS = Epworth Sleepiness Scale, OSA = obstructive sleep apnea, PSQI = Pittsburgh Sleep
Quality Index, SaO2 = oxygen saturation.
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posttreatment14,16,21,25,27 showed that all groups resulted in
a posttreatment ESS score below 9.Only 1 group21 did not show
any improvement. In that study, those patients started with a
mean ESS score of 7 at baseline (normal) and resulted with a
mean score of 7 after intervention (normal).

PSQI was documented in 4 studies at baseline and
posttreatment.16,21,27,28 Overall there was a statistically signif-
icant improvement in PSQI of −1.3 units in intervention group
compared with controls (95% CI −2.4 to −0.2; P = .026;
Figure 4B). The minimal clinically important improvement in
PSQI is −3,39 therefore this difference might not be clinically
significant. Posttreatment PSQI improved themost for the lower
airway inspiratorymuscle therapy intervention group compared
with the 2 expiratory lower airway studies and one of the upper
airway studies.16,21,27

Overall, when looking at the individual study results in
the intervention groups, all the studies that documented ESS
and PSQI in this systematic review reported an improved
sleepiness measurements for all methods of respiratory muscle
therapy (except the previously mentioned study,21 which
showed improvement in PSQI but no change from a normal
baseline ESS).

There were 4 studies that recorded sleep efficiency (in per-
centage) at baseline and posttreatment.14,21,25,28 No significant
change in sleep efficiency from baseline was found (results not
shown). Meanwhile 3 studies recorded snoring frequency and
snoring intensity with 3 different scales.14,21,22 There were
significant changes in snoring frequency (standardized differ-
ence in means = −0.5; 95% CI −1.0 to −0.01; P = .044;
Figure 5A) but not snoring intensity (standardized difference
in means = −0.9; 95% CI −1.9 to 0.1; P = .068; Figure 5B) in
the intervention groups compared with controls.

Four studies recorded BMI and neck circumference and
2 studies recorded abdominal circumference in their
outcomes.14,21 There were no significant changes in BMI, neck
circumference, or abdominal circumference in intervention
group compared with controls (results not shown).

Agreements and disagreements with other
studies or reviews
The systematic review completed by Camacho et al4 showed
an average 50% improvement in AHI (24.5 ± 14.3 to
12.3 ± 11.8 events/h), nonsubstantial improvements in the
average lowest SaO2 (83.9 ± 6.0 to 86.6 ± 7.3%), significant
improvements in reported snoring and significant improve-
ment in ESS (average improvement from 14.8 ± 3.5 to
8.2 ± 4.1). However, they based their systematic review
on 3 RCTs14,25,26 with upper airway muscle therapy (all of
which were included in our review) and they also included 6
nonrandomized trials.

The oldest review published in 20103 included 3 RCTs14,27,40

and concluded without a meta-analysis, based on the original 3
RCTs, that respiratory muscle therapy could be used as an alter-
native supporting or complementary treatment of OSA based
on improvement in AHI, ESS, and PQSI scores. Two of the RCTs
were included in our systematic review, one on upper airway,14 one
on lower airway,27 and the third RCT40 was omitted because the
intervention was based on using electrical neurostimulation

that did not fit our inclusion criteria for respiratory muscle
therapy. In 2013, a review15 that investigated multiple differ-
ent alternatives to OSA treatment and listed 2 RCTs for re-
spiratory muscle therapy, one for upper and one for lower
airway,14,27 concluded that these options are viable alternatives
to CPAP.

The most recent systematic review41 included a variety of
minimally invasive alternative therapies for OSA and included
upper airway respiratory therapy RCTs, however, it did not
perform a meta-analysis of the findings. The authors gener-
alized that myofunctional and speech therapy are more ef-
fective for reducing ESS versus AHI. Some of the strengths
of this systematic review are that we were able to include a
large number of RCTs in our meta-analyses and compare
various outcomes.

Quality of the evidence
The overall quality of evidence in this systematic review was
low (Table 5) due to the high risk of bias, with all the RCTs not
double blinded and a majority lacking allocation concealment.

Heterogeneity of the review
Some degree of clinical heterogeneity was found in the studies.
In terms of study design, the studies were all RCTs; however,
some were single blinded and some not blinded (Table 2).
The studies varied in treatment duration, which ranged from
5 weeks16 to 4 months27 for each intervention. Different types
of myofunctional/oropharyngeal exercises were used in the
included studies with varied characteristics and procedures
(Table 4). Subgroup analyses were conducted for lower
(inspiratory versus expiratory) and upper airway exercises.
There were also differences among the interventions in each of
these subcategories which at this point could not be analyzed
due to the small sample size. The controls did not have any
treatment in one of the studies.27 Two of the studies recruited
only children.24,26 The small number of included studies pre-
cluded subgroup analyses by intervention and control therapy,
number of participants, treatment duration, and severity of
OSA, to name a few. Patients with major systemic disorders
were not included in any of the studies.

Overall completeness and applicability of evidence
Four databases were searched: PubMed, Cochrane Library,
Web of Science, and EMBASE up to November 2018.
We hand searched the included studies and literature reviews
to find any additional eligible studies. Meta-analyses could
not be conducted on the 2 pediatric studies with average
ages of 4.826 and 7.1 years.24 The results of this systematic
review are applicable to adult patients of both sexes with mild
to severe OSA. The reported average age of the participants
ranged from 44.3 years16 to 69.1 years28 in the adult studies.
Since the reported treatment duration ranged from 5 weeks16

to 4 months,27 this review cannot comment on the long-term
efficacy of respiratory exercises. The 9 included studies
were conducted in 5 countries, including 4 in Brazil; one
in the United States, Switzerland, and Taiwan; and 2 in
Italy (Table 2).
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Implications for research and clinical practice
Since no published RCTs describing a combination of both
upper and lower airway muscles could be found, it would be
difficult to assess if exercising both muscles, cumulatively,
would result in a more substantial improvement. However, in a
nonrandomized controlled study, where the controls were pa-
tients who refused to follow the treatment, both upper and lower
airway muscle therapy were used for the intervention, resulting
in a significant reduction; after 6 months of therapy the baseline
average AHI ± SD of 22.8 events/h improved to 15.4 ±
16.8 events/h after 1 year to 13.8 ± 17.5 events/h.42

When respiratory muscle therapy is combined with CPAP,
it appears patients become more tolerable to CPAP, resulting
in longer duration of CPAP use.25 Because all the RCTs re-
ported outcomes after 5 weeks to 4 months, longer follow-up
after initiation of respiratory muscle therapy is needed to es-
tablish the lasting effects of such therapy. It has been shown that
after 1 year of management of OSA, there was a significant
decrease in inflammation markers such as CD4+ T-cells, IL-6
and IL-8 in the upper airway, which resulted in a reduction
in the collapsibility of the airway43; hence advocating for
longer follow-up times in future studies to assess the true
benefits of respiratory muscle therapy in patients with OSA.
In addition one nonrandomized controlled study demon-
strated that improvements in overall AHI were sustained for
a 1-year period.42

This systematic review with meta-analyses reveals that a
statistically significant reduction in overall AHI can be achieved
with upper airway respiratory muscle therapy and expiratory
lower airway therapy; however, the clinical significance of this
result is unclear. The reduction in overall AHIwas not sufficient
to decrease AHI to the desired adult therapeutic overall average
AHI level of 5 events/h or below (Table 3), which agrees with
previous review articles.3,4,15,41 At this point, the potential
mechanism behind the OSA improvement with respiratory
airway exercises is not clear. There are no published studies that
investigate the additive effects of respiratory muscle therapy
with mandibular advancement devices. However, it has been
well documented that oral appliances are very effective in
treatingmildOSA.44 Further studies are necessary, establishing
a reduced risk of bias by blinding all parties, longer duration,
or follow-up by exceeding 5 months and possibly merging
exercises of the lower and upper airway and demonstrating
the value of respiratory exercises combined with CPAP or man-
dibular advancement devices. In addition, although we labeled all
these exercises under one category as respiratory muscle therapy,
there are some dissimilarities among studies. One limitation of
this systematic review is the fact that due to the small number of
studies, one can only conclude that further research is needed to
determine which specific exercises have the greatest indi-
vidual effect on the management of OSA.

CONCLUSIONS

Overall, based on the results, this systematic review with meta-
analyses demonstrates that lower and upper respiratory muscle
therapy improve AHI significantly in mild to severe patients

with OSA. As no adverse effects were reported in the included
studies, respiratory muscle therapy may be considered for
treatment in mild cases of OSA or as additional therapy in more
moderate to severe cases and may help avoid other more in-
vasive procedures. However, the included studies were het-
erogeneous, few in number with low quality of evidence, high
risk of bias, and small sample size and not long term follow up.
Hence, further research is needed in terms of which respira-
torymuscle therapies provide the best outcomes, ideal duration,
and the benefit as a complimentary treatment to CPAP or
oral appliances.

ABBREVIATIONS

AHI, apnea hypopnea index
BMI, body mass index
CI, confidence interval
CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale
MIP, maximal inspiratory pressure
ODI, oxygen desaturation index
OSA, obstructive sleep apnea
PSG, polysomnography
PSQI, Pittsburgh Sleep Quality Index
q1, 25% quartile
q3, 75% quartile
RCT, randomized controlled trials
SaO2, oxygen saturation
SD, Standard Deviation
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