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Abstrakt

Background. Obstructive sleep apnea (OSA) is a common breathing disorder associated with
excessive daytime sleepiness, impaired quality of life, and increased cardiovascular and
metabolic risk. Although continuous positive airway pressure (CPAP) remains the first-line
treatment, long-term adherence is often suboptimal, prompting interest in adjunctive therapies.
Aim. To evaluate the effects of different exercise modalities on outcomes in OSA and assess
their role as adjunctive therapies.

Material and methods. A narrative review of the literature was conducted to identify studies
evaluating aerobic exercise, resistance training, respiratory muscle training, and oropharyngeal
exercises in adults with OSA. Outcomes included AHI, ESS, BMI, and CPAP adherence.
Results. Exercise-based interventions may improve both objective and subjective outcomes in
patients with OSA. Aerobic exercise showed the most consistent reductions in AHI and
improvements in daytime sleepiness, sleep quality, and cardiometabolic health. Combined
aerobic and resistance training appeared more effective than resistance or aerobic training
alone, particularly in reducing OSA severity and improving anthropometric outcomes.
Respiratory muscle training showed promising effects on sleep-related symptoms, although its
impact on AHI remains inconsistent. Oropharyngeal exercises showed the most consistent AHI
reductions and may improve CPAP adherence by enhancing upper airway muscle function.

Several beneficial effects were observed independently of significant weight loss.
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Conclusions. Different exercise modalities appear to target distinct pathophysiological
mechanisms of OSA and provide complementary therapeutic benefits. Exercise should be
considered a valuable adjunct to standard OSA treatment, while further high-quality studies are
needed to establish optimal exercise protocols and phenotype-based therapeutic strategies.

Keywords: obstructive sleep apnea; OSA; physical activity; aerobic exercise; resistance

training; respiratory muscle training; oropharyngeal exercises; CPAP; adjunctive therapy

1. Introduction

Obstructive sleep apnea is characterized by recurrent episodes of apnea and hypopnea, as well
as deep sleep fragmentation, resulting from the partial or complete collapse of the upper airway
[1].

According to the most complex global research by Benjafield i in. 2019r. nearly one billion
adults aged 30-69 years are affected by OSA worldwide [2]. Recent reports suggest that the
incidence of OSA continues to exhibit an upward trend, despite a high rate of underdiagnosis.
The prevalence of OSA in the adult population is estimated to range from 9% to 38%,
depending on the diagnostic criteria applied. These findings are primarily attributed to the
progressive global obesity epidemic and the improved availability of home-based diagnostics,
which uncover apnea cases in populations previously considered to be at low risk [3].

Obesity remains the most critical risk factor for OSA, although significant roles are also played
by factors such as upper airway anatomy and neck circumference [4], [5]. OSA is associated
with significant cardiovascular and metabolic morbidity [6], [7], [8], [9], [10], [11]. Patients
frequently report excessive daytime sleepiness, impaired concentration, memory disturbances,
and a reduced quality of life. Research demonstrates that patients with OSA have a 1.2- to 2.4-
fold higher risk of causing a traffic accident compared to healthy individuals [12].

The pathogenesis of obstructive sleep apnea is multifactorial and remains a subject of intensive
research. The contemporary understanding of this disorder highlights the interaction between

anatomical predispositions and neuromuscular control impairment. Increasingly, greater
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attention in the literature is being focused on the PALM model (P-pressure, A-arousal threshold,
L-loop gain, M-muscle responsiveness), which distinguishes four main endotypes of the
disease: anatomical compromise, impaired upper airway muscle function, a low arousal
threshold (a predisposition to awaken during brief episodes of apnea or hypopnea), and unstable
ventilatory control, commonly referred to as high loop gain [13]. Furthermore, the pathogenesis
of OSA may also involve nocturnal fluid shifts, as well as alterations in dopaminergic and
serotonergic pathways [14], [15].

The Apnea-Hypopnea Index (AHI) remains the gold standard for diagnosing and assessing the
severity of OSA. The AHI represents the total average number of apneas and hypopneas per
hour of sleep. According to clinical guidelines, OSA is diagnosed at an AHI > 5 with severity
classified as mild (5-15), moderate (15-30), and severe (>30) [16]. In addition to objective
parameters such as AHI, several studies assessed patient-reported outcomes (PROs), including
daytime sleepiness measured by the Epworth Sleepiness Scale (ESS) and subjective sleep
quality assessed by the Pittsburgh Sleep Quality Index (PSQI).

Currently, the management of OSA encompasses continuous positive airway pressure (CPAP),
physical exercise, weight reduction, the use of oral appliances, and various surgical
interventions[17], [18]. CPAP remains the gold standard for the treatment of moderate-to-
severe OSA, as it most effectively reduces the AHI among the aforementioned modalities,
improves daytime sleepiness and quality of life, and exerts favorable effects on blood pressure
and metabolic parameters [19]. However, long-term adherence to the therapy remains
suboptimal, with patients frequently reporting discomfort associated with the device, mask
intolerance, and difficulties adapting to the treatment [20], [21]. In recent years, physical
activity has gained increasing recognition as a key adjunctive therapy for OSA. Beyond its well-
documented impact on cardiovascular and metabolic health, growing evidence indicates that
regular training can enhance sleep quality, reduce daytime sleepiness, and mitigate OSA
severity through mechanisms extending beyond weight loss alone [22], [23], [24].

The aim of this review is to evaluate the effects of different exercise modalities on AHI, ESS,

body mass index (BMI), and CPAP adherence in patients with obstructive sleep apnea.

2. Research materials and methods
This narrative review was conducted in accordance with established methodological principles

for narrative literature reviews in biomedical research. A literature search was performed using
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major scientific databases, including PubMed, Scopus and Google Scholar to identify studies
investigating the effects of different exercise modalities on obstructive sleep apnea and their
potential impact on adherence to continuous positive airway pressure therapy. Publications
were searched using combinations of the following keywords: “obstructive sleep apnea”,
“OSA”, “OSAS”, “sleep-disordered breathing”, ‘“aerobic training”, “resistance training”,
“exercise intervention”, “respiratory muscle training”, ‘“inspiratory muscle training”,
“oropharyngeal exercises”, “myofunctional therapy”, “CPAP”, “AHI”, “Epworth Sleepiness
Scale”, “sleep quality”, and “Pittsburgh Sleep Quality Index”. The review focused on articles
published in English since 2020, including meta-analyses, randomized controlled trials (RCTs),
and systematic reviews. Additional relevant publications were identified through manual
screening of the reference lists of selected articles.

Inclusion criteria were studies evaluated the effects of aerobic exercise, resistance training,
respiratory muscle training, or oropharyngeal exercises on selected OSA-related outcomes,
including the AHI, ESS, BMI, and adherence to CPAP therapy.

Exclusion criteria included articles unrelated to OSA outcomes, studies involving pediatric
populations, studies valuating exercise interventions exclusively in participants without OSA,
and non-peer-reviewed publications. One study analising children and adult population was
inclued, but this study focused only on adult group outcomes [25]. Articles without access to
full-text publication were excluded.

The selected studies were subjected to qualitative analysis and narrative synthesis.
Subsequently, the studies were categorized according to exercise modality to facilitate

comparison of their effects on key clinical and therapeutic outcomes in patients with OSA.

3. Research results

A total of 21 studies met the eligibility criteria and were included in the final review. The studies
were classified into four main categories according to the exercise modality investigated:
aerobic exercise training(AE), resistance training (RT), respiratory muscles training (RMT),
oral-pharyngeal muscles exercises (OE). Several studies investigated more than one
intervention and were therefore included in multiple categories [26], [27], [28], [29], [30], [31].
The AE category included articles with exercices focused on isolated aerobic training aimed at
improving cardiovascular and respiratory fitness. Seven studies were included [26], [28], [29],
[31], [32], [33], [34].



The RT category divided into two subcategories: isolated RT and combined aerobic plus
resistance training (RT + AE). The isolated RT subcategory includes three studies analyzing
the effects of isolated resintance exercices such as strength machines; progressive overload,
targeting major muscle and exercise for major muscle groups: bench press, shoulder press,
biceps curl, triceps curl, lat pulldown, sit-ups, leg press, squat and calf raise [26], [35], [36].
The RT+ AE subcategory includes seven studies analyzing the effects of combined physical
training focused on aerobic and strengh training in one training session [26], [28], [29], [31],
[37], [38], [39].

The RMT category included six articles investigated IMT and/or EMT and/or diaphragm-
focused excrcises [26], [27], [29], [30], [40], [41].

The OE category included articles with exercices aimed at improving the function of upper
airway dilator muscles, including the tongue muscles, soft palate muscles, and pharyngeal
muscles. Nine studies were included [25], [26], [27], [29], [30], [42], [43], [44], [45].

The distribution of studies according to exercise modality and study design is presented in
Table 1.

A summary of the effects of the different exercise modalities on AHI, ESS, BMI, and CPAP

adherence is presented in Table 2.

Table 1. The numbers of articles found for each exercise modality as well as a categorization

by study type.
Exercise modality Study Type Numbers of
articles

Aerobic exercise training  Metaanalises and systematic review 5
Dose- responce metaanalisis 1
RCTs 1
Total: 7
Resistance training Metaanalises and systematic review 5
(isolated RT and RT+AE) Metaanalises 1
RCTs 3
Total: 9
Metaanalises and systematic review 4

Abbreviations: RCTs, Randomized control trials; RT, resistance training; RT+AE, combined resistance
training and aerobic training




Respiratory muscle Umbrella review and meta-meta- 1
training analysis of systematic reviews
Metaanalises 1
Total: 6
Oropharangeal training Metaanalises and systematic review 5
Umbrella review and meta-meta- 1
analysis of systematic reviews
RCTs 2
Metaanalises 1
Total: 9




Table 2. Summary of the effects of different exercise modalities on OSA outcomes

Aeraobic exercise

Study AHI ESS BMI CPAP adherence
Lin C. [28] + + + NR

Lin X. [29] + + + NR
Martinez-Revuelta L. - - NR NR

[31]

Pawar M. [33] + - - NR
Iftikhar 1. [32] + + NR NR
Borges Y. [34] NR - NR NR
Siatkowski S.[26] + - NR NR

Resistance training

Study AHI ESS BMI CPAP adherence
Isolated RT
Siatkowski[26] - - + NR
de Almeida J. [35] + NR NR NR
da Silva R. [36] - NR + NR
RT +AE
Siatkowski S. [26] + + NR NR
Araljo C. [39] + NR - NR
Ueno -Pardi L.[38] + + + NR
Lin C.[28] + + + NR
Lin X.[29] + + + NR
Peng J. [37] - + NR NR

Respiratory muscle training

Study AHI ESS BMI CPAP adherence
Zuo C. [41] - + + NR
Justrib6-Manion C. [27] + NR NR NR
Castellanos M. [30] - + NR NR

+ NR NR

Torres-Castro R. [40]




S. Siatkowski[26] + - + NR
Lin X.[29] + + NR NR

Oropharyngeal exercises

Study AHI ESS BMI CPAP adherence
Xu'Y.[43] + + _ n

Selin [45] + - NR +
Justrib6-Manion C. [27] + + NR NR
Ruenda[25] + - - NR
Poncin W. [42] + NR NR NR
Siatkowski S. [26] + - NR NR

Lin X.[29] + + NR NR

Arslan E. [44] + + - +
Castellanos M. [30] - + NR NR

Abbreviations: AHI, Apnea-Hypopnea Index; BMI, body mass index; CPAP, continuous

positive airway pressure; ESS, Epworth Sleepiness Scale.

Symbol keys:. SYMBOL MEANING

+ Significant improvement

- No statistically significant improvement

NR Not reported

4. Discussion

The aim of this narrative review was to evaluate the impact and effectiveness of various forms
of physical activity, as well as their influence on adherence to CPAP therapy, as part of an
adjunctive, multimodal treatment approach for patients with OSA.

The available evidence suggests that exercise interventions can improve both objective and
subjective outcomes in OSA, including reducing the AHI, improving sleep architecture, and
decreasing daytime sleepiness. However, the magnitude and consistency of these effects vary
depending on the type of intervention.

Among the analyzed modalities, aerobic exercise demonstrated the most consistent impact on
sleep quality and cardiometabolic outcomes, with patients deriving even greater benefits when
combined with resistance training. Oropharyngeal muscle exercises showed particular potential
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for alleviating symptoms and enhancing adherence to CPAP therapy. Conversely, resistance
training and respiratory muscle training yielded less consistent results, particularly regarding
reductions in the AHI.

These findings suggest that exercise interventions may target OSA through distinct
pathophysiological pathways. Such a broad spectrum of complementary effects from different
forms of physical activity provides a strong rationale for a detailed analysis of individual

interventions in the subsequent sections of this review.

4.1 The Impact of AE on OSA

AE training can exert a significant, multi-level impact on the clinical status of patients with
OSA.

The AHI

The majority of the analyzed reports (6 out of 7 studies) confirm a statistically significant effect
of isolated aerobic training on reducing the AHI [26], [28], [29], [32], [33], [37]. This
phenomenon is attributed, among other factors, to the stabilization of ventilatory control
through a reduction in loop gain, as well as the limitation of nocturnal rostral fluid shifts.
Regular AE improves cardiorespiratory fitness, which leads to a decrease in loop gain,
characterized by the hyper-reactivity of the respiratory system to changes in oxygen and carbon
dioxide partial pressures [46]. Lowering loop gain stabilizes respiratory drive during sleep,
thereby preventing alternating episodes of hyperventilation and apnea [13], [46]. Additionally,
the enhanced skeletal muscle pump activity and more efficient venous return during AE reduce
the volume of fluid accumulating in the lower extremities during the day, thereby mitigating its
nocturnal rostral shift when lying in the recumbent position [46]. This limits edema of the upper
airway soft tissues, reducing external pressure on pharyngeal structures and lowering the critical
pharyngeal collapse pressure [15]. This physiological change exhibits a stronger correlation
with AHI reduction than a decrease in overall body weight alone [47], which may play a crucial
role in patients with an anatomical phenotype (characterized by increased airway collapsibility
and an enlarged neck circumference).

Interestingly, not all meta-analyses have demonstrated a significant reduction in the AHI
following isolated aerobic training. In a study by Martinez-Revuelta et al., it was found that AE
alone did not significantly improve the AHI (p=0.15), despite the statistically significant

efficacy observed for RT + AE [31]. This discrepancy in results may stem from the
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heterogeneity of exercise protocols across the analyzed studies, differences in the disease
phenotypes of the study populations, and the multifactorial pathophysiology of OSA.
Although AE exerts beneficial physiological effects, including improving cardiovascular
fitness, reducing systemic inflammation, and altering fluid redistribution [48], it may not be
sufficient to compensate for inherent structural constraints (e.g., mandibular or oropharyngeal
morphology) in patients with a dominant anatomical phenotype. Furthermore, the AHI itself
exhibits considerable night-to-night variability, rendering it potentially less sensitive to
functional improvements compared to patient-reported enhancements in quality of life, as
reflected by the ESS and PSQI indices [49], [50].

The ESS

A growing body of evidence confirms that AE significantly improves sleep quality and
improves ESS scores in patients with OSA [28], [29], [32], [37]. Some meta-analyses
demonstrate a greater, statistically significant decrease in the ESS among groups undergoing
aerobic training compared to patients using CPAP [28]. This effect is attributed to the reduction
in sleep fragmentation induced by AE [22]. The improvement in respiratory muscle function
reduces the number of apnea-induced microarousals, which secondary translates into enhanced
cognitive function and daytime concentration [51], [52].

Conflicting results (a lack of statistical significance for the ESS (p>0.05) were reported in 3 out
of the 7 studies [31], [33], [34]. Pawar et al. suggest that this lack of significance could stem
from limited statistical power due to a small sample size, as further indicated by a very large
effect size for the ESS (large effect size = 0.97). This finding suggests a potentially clinically
meaningful benefit that may have gone undetected due to methodological limitations [33].
Conversely, Borges et al. and Martinez-Revuelta et al. indicate that the absence of improvement
in ESS scores might be attributed to short-term exercise interventions [31], [34]. The remaining
analyzed studies involved longer periods of supervised aerobic exercise (>12 weeks) and
observed improvements in daytime sleepiness, quality of life, and mood in individuals with
mild-to-moderate OSA [28], [29], [32], [37].

The described discrepancies become crucial from the perspective of the dose-response
relationship, suggesting the existence of minimum volume thresholds for aerobic exercise
necessary to achieve improvements in outcomes. The literature recommends a minimum of 70—
100 minutes of regular AE training per week (spread over 3-5 days) to elicit a therapeutic

response [32]. Interestingly, this relationship is specific to individual sleep components. It has
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been shown that a moderate volume reduces wake after sleep onset (WASO), whereas the
elongation of slow-wave sleep (SWS), which is critical for regeneration, requires a higher
frequency of training stimuli, amounting to a minimum of 4 sessions per week [22].

The BMI

In the studies by Lin C. et al. and Martinez-Revuelta et al., it was observed that physical activity
based on aerobic exercise significantly reduced BMI by 0,72 kg/m2 (p = 0,005) [28], [31].
Subgroup analyses revealed no significant differences between isolated AE and combined
AE+RT (intergroup p=0,22) [28]. These findings were confirmed in a recent meta-analysis by
Lin X. et al., which encompassed 991 patients [29]. The contrasting results in the study by
Pawar et al. were attributed by the authors to the short duration of the intervention (mostly <12
weeks) [33]. Crucially, in a subset of patients from the experimental groups, improvements in
OSA-related outcomes occurred despite the lack of a statistically significant reduction in BMI.
This finding aligns with hypotheses regarding the mitigating effect of physical activity on OSA
progression through mechanisms independent of weight loss, including enhancements in
cardiovascular fitness, reductions in fluid redistribution, and the strengthening of
neuromuscular control in the upper airway.

An additional benefit of systematic AE is its protective effect against metabolic disorders and
cardiovascular complications. AE exerts potent antioxidant and anti-inflammatory actions,
which directly counteract vascular endothelial dysfunction and the degeneration of peripheral
nerves ,including those supplying the upper airway muscles, induced by nocturnal episodes of
intermittent hypoxia [24]. Given that OSA constitutes an independent risk factor for metabolic
and cardiovascular diseases, this effect carries substantial clinical significance [53].

In conclusion, the available literature suggests that regular AE can serve as a valuable
adjunctive intervention in the management of patients with OSA, demonstrating potential for
reducing the AHI (compared to no therapeutic intervention) and improving ESS scores.
However, achieving these benefits appears to be strictly dose-dependent, with more pronounced
improvements observed when an adequate training volume and frequency are maintained (a
minimum of 3—4 sessions per week for a duration exceeding 12 weeks). Furthermore, numerous
authors highlight the potential cardio- and metabolically protective effects of aerobic activity,
which, through its anti-inflammatory properties, may mitigate the systemic complications of
nocturnal hypoxia. Nevertheless, these findings warrant further substantiation in long-term

prospective studies.
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4.2 The Impact of RT on OSA

Analyzing the impact of RT on the course of OSA yields inconsistent conclusions. Among the
three studies evaluating the effects of isolated RT on the disease course in patients with OSA,
two randomized controlled trials confirmed a reduction in the AHI [35], [36]. In contrast, a
meta-analysis by S. Siatkowski et. al. demonstrated no statistically significant improvement in
this parameter. The authors attribute this discrepancy to the small number of included articles
and high study heterogeneity [26]. Isolated RT also shows limited efficacy regarding
anthropometric parameters and daytime sleepiness; in light of the available data, it partially
contributes to a reduction in BMI but fails to reduce ESS scores [26], [36].

Due to the paucity of reports on the effects of isolated RT and the high heterogeneity of the
available studies, the efficacy of isolated RT in reducing the AHI, ESS scores, and BMI cannot
be unequivocally assessed [26], [35], [36].

Nevertheless, RT combined with AE may exert a beneficial effect in the integrated management
of OSA [26], [28], [29], [31], [37], [38], [39]. A meta-analysis by J. Peng et al. [37], alongside
subsequent meta-analyses by Lin X. [29] etal. and Lin C. et al. . [28], demonstrated that patients
undergoing combined RT + AE training achieved a more significant reduction in the AHI
compared to both the control group and the subgroup performing AE alone. Notably, this
reduction in OSA severity occurs independently of changes in BMI [28], [37]. Combined
training also yields favorable outcomes in improving ESS scores, occasionally surpassing the
effects of isolated aerobic training [26], [28], [29], [38]. Furthermore, researchers emphasize
the positive impact of physical activity (AE + RT) on cognitive functions and concentration,
which may directly influence the scores obtained in the ESS questionnaire [38], [54], [55].
Nevertheless, in the context of anthropometric parameters alone, combined training also proves
to be a more effective form of intervention, demonstrating a beneficial effect on BMI [28], [29],
[31], [38].

A separate issue involves the implementation of physical activity in patients successfully
treated with CPAP. In this population, the addition of exercise (both RT and RT + AE) does
not generate further benefits in terms of additional reductions in AHI or ESS scores, as CPAP
therapy already effectively optimizes respiratory parameters and mitigates OSA symptoms.
However, despite the ongoing use of CPAP, the incorporation of RT + AE induces a significant
increase in peak oxygen uptake (VO2peak) [26], [28]. Lin C. et al. observed an increase in

VO2peak by o 3,46 ml/kg/min in the RT + AE group (following a protocol lasting over 12
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weeks, among patients adherent to CPAP therapy), whereas no such effect was reported in the
isolated AE group. The VO2peak parameter reflects cardiorespiratory fitness and oxygen
utilization capacity, serving as a well-established predictor of cardiovascular events and all-
cause mortality in the general population [56]. Nonetheless, the cardioprotective effect resulting
from increased VO2peak in patients with OSA warrants further confirmation [28].

Despite the lack of unequivocal evidence regarding the efficacy of isolated RT, the findings
suggest a synergistic effect when combining these modalities of exercise intervention to reduce
the AHI, ESS scores, and BMI, which may help optimize the therapeutic response in patients

with sleep apnea.

4.3 The Impact of RMT on OSA

In the context of non-pharmacological modalities for OSA management, RMT is garnering
increasing interest as a promising adjunctive therapy. Although RMT improves respiratory
strength, sleep quality, and cardiovascular function [27], [29], [30], [41], its impact on key
clinical indicators, namely the AHI and ESS scores, remains a subject of ongoing debate.

The AHI and the ESS

The meta-analyses by Zuo C. et al., Torres-Castro R., and Castellanos M. did not observe an
unequivocal improvement in the AHI, despite improvements in patient-reported symptoms and
metabolic parameters. The authors suggest that this discrepancy may stem from the therapeutic
effect of IMT being driven by non-anatomical mechanisms rather than the direct prevention of
airway collapse [30], [40], [41].

Contrasting results were presented in the most recent meta-analyses from 2026 [26], [29]. In a
meta-analysis by Siatkowski S. et al., a modest yet statistically significant reduction in AHI was
demonstrated following 612 weeks of regular training utilizing devices that generate graduated
respiratory resistance. Conversely, no significant improvement was observed regarding daytime
sleepiness assessed by the ESS [26]. On the other hand, Lin X. et al., based on an analysis of
four RCTs, demonstrated a concurrent reduction in both AHI and ESS [29]. Given the short
intervention duration and small sample sizes, these findings should be interpreted with caution
and certainly warrant further research to evaluate the therapeutic efficacy.

Interesting findings are provided by a meta-analysis by Castellanos M. et al., who compared
the efficacy of isolated interventions—including IMT, OT, CPAP, and mandibular

advancement devices—with combination therapies that paired these individual interventions
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with CPAP. They observed that the combined CPAP + IMT therapy yielded the greatest
reduction in AHI, surpassing even CPAP alone [30]. However, due to the limited number of
IMT studies included in the meta-analysis (2 RCTSs), these results must be interpreted with
caution.

The primary mechanism underlying the efficacy of RMT (particularly IMT) is believed to be
an increase in the respiratory arousal threshold. By strengthening the inspiratory muscles, IMT
reduces the perceived effort required to breathe against an obstructed airway. This allows
patients to tolerate longer periods of airway obstruction without triggering cortical arousal,
which leads to reduced sleep fragmentation and, consequently, decreased daytime sleepiness
(improved ESS scores). Concurrently, better ventilatory control may alleviate sympathetic
hyperactivity, which further explains the decline in the ESS index despite the absence of
changes in the AHI. Accordingly, it appears that patients in whom a low arousal threshold plays
a major role in the pathophysiology of the disease may derive the greatest benefit from RMT.
However, this hypothesis warrants further investigation [41], [57].

The BMI

Furthermore, the meta-analyses by Zuo C. et. al. and Siatkowski S. et. al demonstrated a
significantly lower BMI in the IMT group compared to the control group, as well as a
substantial reduction in systolic blood pressure, particularly in patients with mild-to-moderate
obstructive sleep apnea. These findings support the hypothesis that IMT improves
diaphragmatic efficiency and respiratory muscle endurance, potentially increasing daily energy
expenditure, promoting weight loss, and yielding tangible cardiovascular benefits.[26], [41].
Given that long-term outcomes regarding major adverse cardiovascular events were not
included in the reviewed literature, this should constitute a key area for future research.

In conclusion, both RMT and IMT can serve as valuable adjunctive therapies for patients with
OSA, particularly in terms of improving clinical symptoms and reducing cardiovascular risk.
Due to the limited number of available studies on IMT and their inconclusive findings, there
remains a clear need for further analyses in larger study populations. Future research should
incorporate exercise interventions with standardized training protocols in combination with
CPAP therapy. In the authors' opinion, addressing all these aspects when designing new studies
will allow future research to unequivocally determine the impact of RMT as a combination
therapy with CPAP in patients with OSA.
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4.4. The Impact of OE on OSA

OE encompasses diverse approaches aimed at improving upper airway muscle function,
including the muscles of the tongue, soft palate, pharynx, and facial muscles.

The AHI and ESS

Among the analyzed exercise modalities, OE provides the most consistent results regarding
AHI reduction. The majority of the analyzed studies (8 out of 9) demonstrated a significant
decrease in AHI scores following OE intervention compared to non-exercising control groups
[25], [26], [27], [29], [42], [43], [44], [45]. Conversely, the addition of OE to standard CPAP
therapy did not consistently translate into an incremental reduction in AHI compared to CPAP
alone [25], [30], [43]. On the other hand, Selin et al. observed a significant reduction in AHI in
the exercise group compared to baseline, whereas the control group treated exclusively with
CPAP failed to maintain the beneficial effect after treatment cessation [45]. These findings
suggest that OE may serve as a potential therapeutic alternative for selected patients who are
intolerant to CPAP. Additionally, some authors indicate that combining OE with aerobic

training may lead to a greater reduction in AHI than the utilization of isolated OE [44].

The impact of OE on ESS scores remains inconclusive. Although the majority of studies (6 out
of 9) demonstrate a significant beneficial effect of OE on the ESS [29], [42], [43], [44], some
trials have even observed a greater efficacy of OE compared to CPAP in reducing ESS scores
[271, [30].

Interesting findings were presented by Xu Y. et al., who demonstrated an incremental
improvement in ESS scores when OE was added to CPAP therapy compared to CPAP alone.
Similar observations were made by elin Cakmakct S. et al., who, despite not finding a
statistically significant improvement in the ESS, demonstrated an enhanced sleep quality
assessed via the PSQI. Conversely, Justrib6-Manion et al. did not confirm the superiority of
combination therapy over CPAP alone, despite demonstrating a more favorable effect of OE in
reducing ESS scores compared to CPAP [27], [43], [45].

Two meta-analyses failed to observe a statistically significant beneficial effect of OE on the
ESS, despite its favorable impact on the clinical symptoms of OSA [25], [26]. The authors
attribute this lack of significance to high study heterogeneity and small sample sizes.
Methodological limitations primarily include small sample sizes across the studied cohorts,

heterogeneity in the utilized exercise protocols, and relatively short follow-up periods.
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The underlying mechanism of action of OE has not yet been definitively elucidated. It is
hypothesized that the clinical benefits of OE therapy stem from the remodeling of upper airway
soft tissues, alongside improvements in neuromuscular activation and the coordination of the
pharyngeal and tongue muscles. This leads to reduced pharyngeal collapsibility during sleep
and enhanced upper airway patency. Consequently, this therapeutic strategy appears
particularly poised to benefit patients exhibiting a hypotonic phenotype. However, due to the
lack of studies evaluating the efficacy of OE therapy in patients with specific phenotypes,
drawing further conclusions remains difficult. Furthermore, it must be emphasized that the
observed associations are correlational in nature and do not confirm a causal relationship [13],
[42].

Asignificant clinical issue is the potential impact of OE on CPAP treatment tolerance. Although
direct evidence remains limited, the analyzed studies indicated increased CPAP adherence in
groups regularly performing OE training [43], [44], [45]. These findings are also consistent
with the observations of P. Huang et al. in their highly cited prospective study, where patients
performing pharyngeal and tongue muscle exercises used CPAP therapy for an average of 1.1
1.2 hours longer per night compared to the control group after 6 months [58]. The mechanism
underlying this phenomenon may stem from improved upper airway muscle tone, which
decreases collapsibility and potentially reduces the required CPAP pressures. Additionally,
enhanced sleep quality and the reduction of daytime symptoms may promote better adherence.
However, it should be noted that these results involved a relatively small study cohort of 70
patients; hence, further cross-sectional studies with greater statistical power are warranted.

In contrast to the beneficial effects on respiratory parameters and selected quality of life indices,
none of the analyzed studies demonstrated a significant impact of OE on BMI. This is consistent
with previous research suggesting that the observed therapeutic benefits stem primarily from

the local impact on upper airway function rather than from anthropometric changes.

4.5 Comparison of Exercise Modalities

Among the analyzed interventions, AE exerts the most comprehensive and systemic impact on
the course of OSA by improving sleep architecture, reducing daytime sleepiness, and
optimizing the cardiometabolic profile. Conversely, OE are characterized by the highest

consistency of evidence in directly reducing the AHI, alongside a unique ability to improve
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adherence to CPAP therapy. RT appears to yield the greatest benefits when combined with AE,
whereas RMT/IMT may serve as a valuable adjunctive treatment for selected patients
presenting with a low arousal threshold. These findings suggest that the greatest therapeutic
potential lies in customizing physical activity programs based on the dominant OSA phenotype

and the patient's individual therapeutic goals.

4.6 Limitations and Future Research Directions

Limitations

The findings of this review should be interpreted in light of several significant limitations. First,
the included studies exhibit substantial heterogeneity regarding intervention protocols,
duration, and patient populations. Second, many trials involve small sample sizes and short
follow-up periods, which limits the generalizability of the results and the assessment of the
long-term efficacy of individual exercise interventions. Third, there remains a lack of direct
comparisons between different modalities of exercise and their combined impact with CPAP
therapy. Such comparisons would allow for a definitive determination of the benefits derived
from training in combination therapy, as well as the development of tailored training protocols
targeted at patients' greatest needs and achievable clinical benefits.

Additionally, most studies focused primarily on changes in polysomnographic parameters and
clinical symptoms, whereas data concerning hard endpoints—such as cardiovascular events,
hospitalizations, or mortality rates—remain limited.

Another substantial issue is the limited representation of patients with multimorbidity.
Numerous trials excluded patients with heart failure, severe obesity, or other chronic conditions
frequently co-occurring with OSA. Consequently, the generalizability of these findings to the
patient population encountered in daily clinical practice remains constrained.

Future Directions

Future research should focus on addressing current gaps in the evidence. In particular, large-
scale randomized controlled trials utilizing standardized training protocols are needed to enable
a more precise evaluation of the efficacy of distinct physical activity modalities in OSA therapy.
Furthermore, future studies should emphasize an approach based on patient phenotyping. A
deeper understanding of the dominant pathophysiological mechanisms, such as increased upper
airway collapsibility, high loop gain, a low arousal threshold, or impaired pharyngeal muscle

activation, may facilitate more tailored selections of therapeutic interventions.
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It is also worthwhile to investigate more thoroughly the interplay between various forms of
physical activity and CPAP therapy, including their combined impact on treatment adherence
and long-term clinical outcomes.

Future studies should also include enough participants with different levels of severity of OSA
(mild, moderate and severe) to permit adequate assessment of the impact of traning therapy in
OSA.

5. Conclusion
The results of this review suggest that future adjunctive OSA therapies should focus on
personalizing exercise protocols according to the patient's dominant pathophysiological

mechanisms and specific phenotype.
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