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Obstructive Sleep Apnea (OSA) arises due to periodic blockage of the upper airway 
(UA) during sleep, as negative pressure generated during inspiration overcomes 
the force exerted by the UA dilator muscles to maintain patency. This imbalance 
is primarily seen in individuals with a narrowed UA, attributable to factors such as 
inherent craniofacial anatomy, neck fat accumulation, and rostral fluid shifts in the 
supine posture. Sleep-induced attenuation of UA dilating muscle responsiveness, 
respiratory instability, and high loop gain further exacerbate UA obstruction. The 
widespread comorbidity profile of OSA, encompassing cardiovascular, metabolic, 
and neuropsychiatric domains, suggests complex bidirectional relationships with 
conditions like heart failure, stroke, and metabolic syndrome. Recent advances 
have delineated distinct OSA phenotypes beyond mere obstruction frequency, 
showing links with specific symptomatic manifestations. It is vital to bridge the 
gap between measurable patient characteristics, phenotypes, and underlying 
pathophysiological traits to enhance our understanding of OSA and its interplay 
with related outcomes. This knowledge could stimulate the development 
of tailored therapies targeting specific phenotypic and pathophysiological 
endotypes. This review aims to elucidate the multifaceted pathophysiology of 
OSA, focusing on the relationships between UA anatomy, functional traits, clinical 
manifestations, and comorbidities. The ultimate objective is to pave the way for a 
more personalized treatment paradigm in OSA, offering alternatives to continuous 
positive airway pressure therapy for selected patients and thereby optimizing 
treatment efficacy and adherence. There is an urgent need for personalized 
treatment strategies in the ever-evolving field of sleep medicine, as we progress 
from a ‘one-size-fits-all’ to a ‘tailored-therapy’ approach.
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1. Introduction

Obstructive sleep apnea (OSA) represents a significant global health burden affecting an 
estimated 936 million adults globally with far-reaching consequences on individual and public 
health (1). OSA develops as a result of recurring upper airway obstruction (UA) during sleep 
leading to severely reduced or absent airflow (hypopnea or apnea). The disorder is typically 
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associated with snoring and intermittent hypoxia, and episodes are 
frequently terminated by brief mini-arousals resulting in fragmented 
sleep with reduced amounts of slow wave sleep (SWS) and rapid-eye-
movement (REM) sleep (2). These changes in sleep architecture may 
result in unrefreshing sleep and excessive daytime sleepiness 
(EDS) (3).

Beyond the direct impacts on sleep quality, OSA is associated with 
numerous comorbidities. The intermittent hypoxemia and sleep 
fragmentation associated with OSA can trigger cellular and molecular 
responses that promote sympathetic excitation, systemic 
inflammation, and other abnormal responses, which may result in the 
development of comorbidities such as cardiometabolic and 
neuropsychiatric conditions (4). OSA is also a major risk factor for 
motor vehicle accidents, which appears to be largely a consequence of 
EDS (5). There is strong evidence that untreated OSA is associated 
with systemic hypertension, especially with a loss of the normal 
nocturnal dipping pattern of blood pressure (BP), with growing 
evidence of risk for cardiovascular disease (6). Overall, these factors 
also lead to a substantial economic toll arising from direct medical 
expenditures, productivity losses, and accident-related costs (7). 
Despite its high prevalence and significant health implications, OSA 
remains underdiagnosed and undertreated, emphasizing the urgency 
for effective management strategies.

However, not all patients with OSA as measured by the level of 
sleep-disordered breathing (SDB), have a clinically significant 
disorder. Moreover, there is increasing evidence that the current 
grading of OSA severity as measured by the apnea-hypopnea index 
(AHI, number of apneas and hypopneas per hour of sleep) is 
inadequate (8). Additional measures including the hypoxic burden 
during sleep, the level of daytime symptoms such as sleepiness, and 
relevant biomarkers such as nocturnal BP dipping are required to 
adequately assess the clinical significance of the disorder in terms of 
outcomes, comorbidity risk, and treatment indications (9–12).

The standard therapy of OSA over the past 3 to 4 decades has 
centered around continuous positive airway pressure (CPAP), which 
acts by overcoming the negative intrapharyngeal pressure during 
inspiration that is the most important causative factor in OSA. While 
highly effective, the device is cumbersome, and compliance is limited. 
Thus, other treatment options are highly desirable, which can 
be  facilitated by a detailed understanding of the complex 
pathophysiology of OSA. Since aspects of pathophysiology vary 
between patients, in addition to phenotypes, such an understanding 
should facilitate a personalized approach to management, especially 
in the area of pharmacotherapy. This consideration represents the 
principal objective of this review.

This review provides an overview of the pathophysiological and 
phenotypic factors of OSA in the context of therapeutic interventions, 
discusses their effectiveness in targeting different pathophysiological 
traits, and underscores the need for a shift toward personalized 
treatment modalities for optimal patient outcomes. Moreover, with 
the rise of new computational paradigms and machine learning 
approaches to categorizing and clustering patient symptom profiles, 
the review provides an overview of the topic and stresses the 
significance of connecting these novel techniques with understandable 
and quantifiable physiological factors to facilitate personalized 
treatments. To this end, we conducted a non-systematic literature 
search on PubMed and included studies and articles published up 
until July 2023. Our selection of articles was primarily guided by their 

relevance to the themes of pathophysiology, personalized treatment, 
and digital medicine techniques for OSA assessment and management. 
We sought to integrate the insights from these diverse sources into a 
narrative discussion, enriching the understanding of the current state 
of translating physiological factors and phenotypes into personalized 
treatment in its various aspects. This review does not aim to 
be  exhaustive but aims to illuminate key concepts and stimulate 
further investigation in the realm of OSA pathophysiology, 
phenotypes, and personalized treatment.

2. Pathophysiology

The pathophysiology of OSA is complex and multifactorial and 
stems from the interplay between anatomical and non-anatomical 
factors. The fundamental abnormality reflects an inability of the upper 
airway (UA) dilating muscles to overcome the negative forces that 
develop within the oropharynx during inspiration (Figure 1). The UA 
dilating muscles, contracting in a phasic manner that precede each 
inspiration, work to counteract the negative pressure generated in the 
UA during inspiration. This delicate balance can be compromised by 
any factor that escalates this negative pressure or diminishes the 
effectiveness of UA dilating muscle contractions, thereby leading to an 
increased risk of UA obstruction (2). A similar risk arises from a 
narrowed UA, as this amplifies the negative pressure in the oropharynx 
during inhalation, predisposing to closure. Anatomical factors that 
may contribute to such narrowing include craniofacial bony 
morphology, soft tissue accumulation in the neck from obesity or 
adenotonsillar hypertrophy, and variable factors such as fluid 
gravitating to the neck in the recumbent position. Moreover, 
non-anatomical factors such as diminished muscle responsiveness, 
heightened sensitivity to arousals, and a high ventilatory control 
system gain (termed loop gain), contribute significantly to the 
disorder’s development and progression, which are also influenced by 
genetic, environmental, and lifestyle factors.

2.1. Upper airway narrowing

The majority of patients with OSA have a narrowed oropharyngeal 
airway, a finding that can be clinically assessed by the Mallampati score 
(13). Genetic factors play a major role in this narrowing (14). Defects in 

FIGURE 1

Balance of forces affecting the patency of the upper airway and 
potential for personalized treatment.
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the bony and maxillofacial structures in the lower face and neck as well 
as malocclusions, i.e., misalignments of the teeth when the jaws are 
closed, significantly contribute to UA narrowing (15). Maxillofacial 
defects can include conditions such as micrognathia, where the lower 
jaw is undersized, or retrognathia, characterized by a receding jawline. 
Both these conditions can result in posterior positioning of the tongue, 
consequently predisposing to obstruction of the UA (16). These defects 
may be evident in children with the Robin sequence or Treacher-Collins 
syndrome who are especially prone to OSA because of bony changes to 
the lower face and/or mandible (17). Similarly, a high-arched palate or 
a long soft palate can further reduce the size of the UA, thus contributing 
to OSA. Moreover, malocclusions often present with a retruded 
mandible, which may cause posterior positioning of the tongue. 
Alternatively, malocclusions may lead to difficulties in breathing 
through the nose causing increased mouth breathing and increasing the 
likelihood of OSA (18, 19).

Furthermore, the accumulation of soft tissue in the neck due to 
obesity or within the UA due to adenotonsillar hypertrophy can 
precipitate OSA in susceptible individuals by reducing the size of the 
oropharyngeal lumen (2). Conditions such as heart failure and 
end-stage renal failure associated with fluid retention can also 
contribute to the development of UA obstruction and OSA. This is due 
to nocturnal redistribution of fluid to the neck region while in a 
recumbent position, subsequently increasing UA collapsibility by 
narrowing of the lumen and diminishing the efficiency of dilator 
muscle contractions (20, 21).

While nasal obstruction is a relatively minor factor in predisposing 
to UA obstruction, variable nasal obstruction such as with rhinitis, 
contributes to the pathophysiology of OSA (22, 23). Furthermore, 
intranasal corticosteroid therapy has been reported to benefit patients 
with rhinitis and mild to moderate OSA (24). The supine body 
position may also compromise UA patency (25), largely due to 
gravitational forces, which is evident in the clinical setting where the 
AHI is often highest in the supine position.

2.2. Upper airway dilator muscle function

Patency of the UA is dependent on contraction of the pharyngeal 
dilator muscles, especially the genioglossus, which stiffen the 
collapsible segment of the UA during inspiration (2). The phasic 
contraction of these muscles is co-ordinated with inspiration and 
precede contraction of the diaphragm by milliseconds (26). 
Contraction of these UA muscles is influenced by chemical stimuli, 
vagal input, changes in UA pressure, and baroreceptor activity (27).

The narrowed UA seen in OSA results in greater inspiratory 
negative pressure, which requires more forceful contraction of the UA 
dilating muscles to maintain oropharyngeal patency. There is evidence 
that dilating muscle contraction in OSA is greater than in normal 
subjects during wakefulness, but diminishes to a greater extent during 
sleep, which predisposes to occlusion (28), especially in REM sleep 
(29). Hence, the primary issue in OSA is inadequate muscle 
compensation to combat the heightened inspiratory negative pressure, 
and not necessarily a fundamental deficiency in muscle function. The 
effects of this insufficient response by UA dilating muscles are 
aggravated by the fact that these are skeletal muscles, whose 
performance sees a more pronounced drop during sleep compared to 
the diaphragm.

2.3. Respiratory control

Respiratory control is an integral aspect of OSA pathophysiology 
and its dysfunction contributes to decreased UA muscle activity in 
certain circumstances. OSA often presents with a pattern of 
frequently reoccurring apneas, highlighting the instability of 
respiratory control which shares similarities to periodic breathing. 
At the heart of this control is the coordinated activity of the key 
muscles, diaphragm and genioglossus as UA obstruction is most 
likely to develop when EMG activity of these muscles is at the lowest 
point of the respiratory cycle, thus acting as a critical physiological 
determinant of apnea onset (2). As the apnea progresses, EMG 
activity of the UA dilating muscles progressively increases reaching 
a peak at apnea termination. This is typically followed by several 
large breaths after which both EMGs decrease potentially 
predisposing to further obstruction (30).

The transition from wakefulness to non-REM sleep usually results 
in a minor reduction in ventilation even in healthy subjects. This is 
attributed to a reduced response to the carbon dioxide (CO2) stimulus 
that drives respiration. However, in OSA patients, this decrease may 
tip the balance toward an apneic threshold that is critically dependent 
on CO2 levels (31). This is exacerbated by post-apnea hyperventilation, 
resulting in CO2 reduction and predisposing to further apneas (30).

A vital component of unstable respiratory control is loop gain, 
which is a measure of the sensitivity of the feedback loop that modifies 
ventilation in response to respiratory disturbances. As such, loop gain 
may also affect the predisposition to apnea. A high loop gain, where 
the magnitude of the increase in ventilation following apnea is high, 
contributes to ventilatory instability, thereby predisposing to recurring 
apnea (30).

Apnea termination is often associated with cortical arousal, which 
is an important protective mechanism, but may predispose to further 
apnea by contributing to post-apneic hyperventilation (32–34). These 
respiratory-related cortical arousals may vary in intensity and 
represent a distinct pathophysiologic feature (35), which may 
be  quantified by the arousal threshold, that can be  assessed 
noninvasively by PSG (36). A low arousal threshold may be  a 
contributing factor to recurring apneas and represents a potential 
therapeutic target in selected patients (37). The interactions of these 
multiple elements underline the central role of respiratory control in 
the pathophysiology of OSA.

2.4. Genetic contribution

Emerging research highlights the significant role of genetics in the 
pathophysiology of OSA. Studies have demonstrated a substantial 
genetic component to OSA and related traits, such as BMI, craniofacial 
structure, and sleep-related parameters. There is a strong heritability 
in the size of the oropharyngeal space, which is a major factor in the 
UA narrowing that is typical of patients with OSA (14). Recent 
advances in genomics have further enabled the identification of 
specific genetic variants associated with OSA (38, 39). Polymorphisms 
in several genes, including those involved in serotonin metabolism, 
inflammation, and obesity, have been linked to OSA susceptibility 
(38). Furthermore, gene–environment interactions, particularly with 
obesity, also play a crucial role in OSA risk. These findings underscore 
the complex, multifactorial nature of OSA, with genetic factors 
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interplaying with environmental and lifestyle factors in shaping 
disease onset and progression. While these advancements provide 
insights into the pathogenesis of OSA, there is still much to uncover, 
and ongoing research in this area is vital for refining disease risk 
prediction and uncovering potential targets for personalized 
treatment strategies.

2.5. Integrated pathophysiology and 
implications for treatment

Recently, there has been a surge in interest concerning the 
influence of non-anatomical factors on the development and 
progression of OSA (40). A study of subjects with and without OSA 
revealed that about one-third of the subjects in each group 
demonstrated the endotypes of either diminished genioglossus muscle 
responsiveness during sleep, low arousal threshold, or high loop gain, 
while 28% of subjects demonstrated a combination of multiple 
traits (41).

While the principal factor of increased UA collapsibility in OSA 
can be effectively reversed by CPAP therapy, a more comprehensive 
insight into the underlying pathophysiology provides the potential for 
additional management options in selected patients (Figure 1) (42). 
Inadequate UA dilating muscle compensation against increased 
collapsing forces may be improved by drug therapy that stimulates 
these muscles (43). The reduction in respiratory motor neurone 
output that is a physiological feature of sleep may be  reversed by 
electrical stimulation of the hypoglossal nerve (44). A high loop gain 
may be diminished by acetazolamide (45) and a low arousal threshold 
may be increased by zolpidem therapy (46). These medications may 
have a role in selected patients where such factors are found to 
be  contributing factors in the integrated pathophysiology of 
the disorder.

3. Clinical and pathophysiological 
phenotypes

3.1. Clinical phenotypes

The categorization of distinct clinical phenotypes is viable in 
populations suspected of having OSA (47). Furthermore, some 
pathophysiological traits that are frequently observed in OSA patients, 
such as loss of nocturnal dipping of BP, may influence the likelihood 
of associated comorbidity (48). As such, the findings of a diagnostic 
sleep study should be interpreted alongside these additional elements 
when assessing the clinical relevance of OSA for each patient. It’s 
essential to tailor management strategies to individual phenotypes, 
considering not only the symptom profile but additional factors 
beyond the AHI such as acute systemic effects and associated relevant 
comorbidities in the decision-making process (40). However, 
understanding the underlying pathophysiological mechanisms and 
connecting them to observable characteristics is crucial when moving 
toward individualized treatment pathways.

Endotypes and phenotypes of OSA have been extensively studied 
(49). Phenotype refers to a combination of disease characteristics that 
can be used to distinguish certain categories of patients from others 
(50) and several cluster analyses have been reported that distinguish 

clinical subtypes (51). Early reports identified 3 symptomatic 
phenotypes of OSA, namely disturbed sleep, minimal symptoms, and 
EDS (52). More recent reports added the additional phenotype where 
upper airway symptoms were dominant (53). An important feature of 
such reports is that similar average AHI levels were evident across 
clusters, which indicates that clusters of clinical phenotypes cannot 
be differentiated by the AHI. Furthermore, specific pathophysiological 
endotypes identified by PSG predicted the risk of adverse 
cardiovascular outcomes (54).

There is some evidence that the sleepy OSA phenotype may 
be associated with a higher risk of comorbidity (40), although this 
relationship is not clear-cut. A report based on the Sleep Heart Health 
Study indicated that the excessively sleepy phenotype was strongly 
associated with prevalent heart failure and incident cardiovascular 
disease (55). However, the insomnia subtype, which was a distinct 
cluster in a report from the European Sleep Apnoea Database cohort 
study (ESADA), was more frequently linked with cardiovascular 
comorbidity than the sleepy phenotype (56). The phenotype of 
non-dipping nocturnal BP has a high diagnostic prediction for OSA 
as measured by the AHI (57).

Future research requires the identification of specific markers of 
OSA that predict clinical significance and risk of adverse outcomes, 
and which may more reliably predict response to targeted treatment 
(49, 58). Identifying the pathophysiological and endotypic connections 
would further the understanding of the underlying phenomenon to 
deepen the insight into the mechanisms through which the markers 
connect to outcomes.

3.2. Modern data analytical methods for 
phenotyping and the translation to 
treatment

Traditionally, the identified phenotypes are dependent on 
categorized or simplistic variables and metrics only considering a few 
aspects of the disorders. For example, by quantifying sleep disruption 
by the number of awakenings or the overall sleep architecture while 
connecting that to categories of questionnaire-quantified sleepiness 
(51, 59). However, there exists inherent variation in the quantified 
parameters and differences in their reporting. For example, there is 
always at least minor inter-scorer variability both in respiratory event 
scoring and sleep staging and major differences in scoring arousals 
from sleep (60). This variability is inherently propagated to all 
consequent analyses and assessments and may affect the identified 
phenotypes. Similarly, quantifying sleepiness based on questionnaires 
such as ESS is variable, especially noticeable between genders (61), 
and there can also be intra-individual differences depending on the 
timing of the questionnaire (62).

There are different ways to go beyond the current clinical practices 
in identifying disease characteristics. For example, in the sleep 
architecture, various methods to quantify sleep fragmentation and 
sleep microstructure have been presented (63–66). Meanwhile, there 
are possibilities to characterize respiratory events as well as nocturnal 
hypoxemia in more detail (10, 11, 67). Similarly, aside from only 
assessing sleepiness based on questionnaires, there are various 
objective measures as well as different tests to assess neurocognitive 
function and impairment which may provide more reliable outcome 
metrics. The major hindrance in adaptation is the massive workload 
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required to obtain a sufficient dataset for identifying phenotypes based 
on microstructures.

The rise of machine learning and artificial intelligence alongside 
increased computational capacities has given rise to different ways to 
utilize the entirety of the collected data without limiting it to a few 
simplified metrics (67). As an example, these developments form a 
major objective of Sleep Revolution project, funded by the European 
Union Horizon 2020 Research and Innovation Programme (Grant no. 
965417), which seeks to transform current diagnostic methods for 
sleep-disordered breathing by using machine learning tools to 
facilitate automatic scoring outside traditional boundaries (68). By 
using these tools together with phenotyping, the project seeks to 
identify novel variables and analysis techniques that may more 
accurately identify patients with a clinically significant OSA syndrome, 
thus facilitating more personalized patient management (69). 
Similarly, as with biomarkers, there have been advances utilizing the 
patient characteristics and sleep recording data to develop markers, 
which can be  termed data-markers, connected to disease 
characteristics, severity and risk of comorbidities (70). As an example, 
there have been promising approaches in identifying subgroups or 
clusters of patients based on observable characteristics. One way of 
summarizing the findings is a division into common themes as 
formulated by Zinchuk and Yaggi (51): (1) Subtype A, consisting of 
younger, obese males with severe OSA and classic symptoms, 
responding well to CPAP treatment; (2) Subtype B, which includes 
older, obese males with severe OSA, frequent comorbidities, and 
minimal symptoms, responding less effectively to CPAP; (3) Subtype 
C, featuring middle-aged, mildly obese females suffering from 
insomnia and moderate to severe OSA, with mixed responses to 
CPAP; and (4) Subtype D, which encompasses younger, nonobese 
males with severe OSA and primary upper airway symptoms, 
displaying the lowest hypoxemia and comorbidity rates and limited 
CPAP success. Overall, these approaches provide new pathways to 
targeted treatments.

However, while there have been promising approaches, these 
warrant further research and require major amounts of data, likely 
possible to obtain only through multi-institutional collaborative 
efforts. The major limiting factor in the adaptation of novel data-
markers and data-analytical metrics to the clinics is the lack of 
reliability, generalizability, and especially the transparency of the 
results. If the obtained data-marker or phenotype cannot be rigorously 
connected to pathophysiological and endotypic aspects, it is unlikely 
to gain widespread use and reliability in clinical practice. While the 
modern data-analytical approaches may provide clearer connections 
between symptomology and measurable characteristics and even 
provide novel therapeutical targets, connecting these to the underlying 
factors and physiological effects giving rise to the observable 
characteristics would further promote the adaptation to clinics 
and therapeutics.

4. Personalized treatment

4.1. Continuous positive airway pressure

The fundamental goal of treatment in OSA is to maintain UA 
patency and thereby stabilize breathing pattern and ensure adequate 
ventilation. Continuous positive airway pressure (CPAP) is the gold 

standard in OSA treatment, consistently demonstrating high efficacy 
in mitigating the disorder’s principal signs and symptoms when used 
appropriately. Its mode of action is delivering a positive air pressure 
via a mask to the UA, which effectively prevents airway collapse 
during sleep.

In the context of personalized treatment, CPAP’s efficacy can 
occasionally extend beyond its primary anatomical target of airway 
obstruction. The therapy proves effective in treating non-anatomical 
or non-traditional traits involved in OSA pathophysiology, such as 
individuals with a high arousal threshold or high loop gain. Modern 
CPAP devices employ intricate algorithms to adjust pressure according 
to the user’s individual requirements, thus facilitating more 
personalized treatment strategies.

4.2. Dental appliances

Although CPAP is highly effective in maintaining UA patency, 
the device is cumbersome and is often not well tolerated. Thus, 
alternative effective therapies are desirable, especially in patients 
with poor CPAP compliance. For example, mandibular 
advancement devices (MAD) are designed to push the lower jaw 
forward during sleep and these custom-fitted dental appliances 
enhance the UA size and reduce its propensity to collapse. MADs 
are especially suited to treat primary snoring and mild OSA (71), 
but are also reasonable alternatives in patients with more severe 
OSA who fail to tolerate CPAP.

In personalized OSA therapy, MADs primarily target anatomical 
contributors but can indirectly influence some non-anatomical traits 
as well. Their ability to adjust the level of mandibular advancement 
allows for patient comfort and therapeutic efficacy (72), enhancing 
treatment adherence and outcomes. MADs are also effective for 
treating bruxism alongside OSA (73, 74). They offer a promising step 
toward individualizing OSA treatment, with ongoing research set to 
further enhance their utility in this area. While reports comparing 
CPAP and MAD therapy found CPAP to be generally more effective 
in reducing AHI and EDS, the effects were similar in patients with 
milder OSA (75).

4.3. Pharmacotherapy

Several pharmacological agents have been evaluated that target 
different pathophysiological endotypes of OSA. While many such 
agents have been reported to benefit OSA in the form of reduced AHI, 
none are yet licensed to treat the disorder (76). Drug therapies that 
target pathophysiological traits such as UA collapsibility by increasing 
dilator muscle contraction, respiratory control abnormalities such as 
high loop gain, and low arousal threshold have each been identified to 
benefit OSA in selected patient populations.

Desipramine, a central nervous system norepinephrine reuptake 
inhibitor and a member of the tricyclic antidepressant (TCA) family, 
lessens the sleep-induced reduction of genioglossus activity and 
enhances pharyngeal stability in healthy individuals (77). It has been 
observed to lower the AHI in patients with OSA who exhibit 
insufficient genioglossus muscle adaptation (78). Another drug, 
atomoxetine, which also inhibits norepinephrine reuptake, in 
combination with an antimuscarinic agent, oxybutynin, has been 
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found to considerably decrease the AHI in patients suffering from 
OSA (43).

Hypnotics have long been recommended to avoid in patients with 
respiratory disease because of potential adverse effects on respiration 
during sleep. However, recent reports in the setting of OSA indicate a 
potential role for certain hypnotics such as zolpidem in selected 
patients where a low arousal threshold represents a significant 
pathophysiological trait (37, 79). However, as there are no published 
randomized clinical trials, no recommendations can be given on the 
clinical use of hypnotics in patients with OSA (80). Another more 
recent report indicated that zolpidem increases sleep efficiency and 
the respiratory arousal threshold without changing sleep apnoea 
severity and pharyngeal muscle activity (46).

4.4. Surgical approaches

Accumulation of soft tissue in the oropharyngeal region 
contributing to airway constriction can be medically or surgically 
addressed. Pediatric patients showing signs of adenotonsillar 
hypertrophy and OSA can improve with surgical intervention (81), 
while adults with central obesity and OSA can benefit from weight loss 
through methods such as bariatric surgery (82) or intensive dietary 
control coupled with medication (83). Liraglutide, a long-acting 
agonist of the glucagon-like peptide one receptor, has shown 
promising results in inducing weight loss and significantly decreasing 
AHI in OSA patients (84).

4.5. Other approaches and digital medicine

The diminished output of respiratory motor neurons triggered by 
sleep could potentially be countered by electrical stimulation of the 
hypoglossal nerve, offering an alternative treatment to CPAP, 
particularly for patients who struggle with compliance (44, 85). For 
those with high loop gain, acetazolamide may provide relief for OSA 
symptoms and carry the added advantage of decreasing blood pressure 
(45, 86). For individuals suffering from OSA who also have fluid 
overload, diuretic therapy might be  beneficial by curbing the 
nocturnal upward shift of fluid (87).

The role of oxygen therapy in the management of OSA is uncertain 
and not advised in most cases, although a recent report suggests that 
oxygen supplementation may benefit OSA acutely, possibly by 
reducing the arousal response (88). Finally, positional treatments in 
cases where most of the respiratory events occur in supine position 
have long been recognized as a viable alternative (89).

Advances in digital medicine have begun to revolutionize the 
prevention and treatment of OSA. Telemedicine and remote patient 
monitoring, for instance, are making it easier for healthcare providers 
to diagnose and manage OSA. Patients can undertake sleep studies in 
the comfort of their homes using portable polysomnography devices, 
while apps and wearable technologies are providing insights into sleep 
pattern and other critical factors related to OSA (68). Moreover, 
cognitive behavioral therapy for insomnia (CBT-I) is showing promise 
in managing comorbid conditions often present in OSA patients, and 
has potential for digitalization and simple utilization alongside other 
treatment modalities (90, 91). Additionally, machine learning and 

artificial intelligence algorithms have the potential in the future to 
be utilized to understand factors behind limited adherence for CPAP 
and MAD devices as well as to optimize their settings, thus enabling 
a more personalized approach to OSA treatment. These digital health 
tools not only enhance the accessibility and convenience of OSA 
treatment but also offer the potential for more effective, tailored 
therapeutic interventions.

Overall, several potential treatment pathways have been identified 
(Table  1). However, targeting these to patients and choosing the 
optimal treatment pathway may require extensive knowledge and 
assessment of the pathophysiological characteristics and the 
individualized phenotype to match the established efficacy of CPAP 
(Figure 2).

5. Take-away messages and practical 
care points

Overall, successful management of OSA requires a comprehensive, 
personalized, and interdisciplinary approach. Below, we provide a few 
practical care points derived from our review, designed to assist in the 
decision-making process and enhance the management of OSA 
patients in a practical and applied manner:

 1. Comprehensive Evaluation: OSA is multifactorial. A thorough 
evaluation of factors such as craniofacial anatomy, body mass 
index, neck circumference, and sleeping positions can provide 
valuable insights into a patient’s risk of OSA.

 2. Recognition of Comorbidities: Given the significant 
association between OSA and various cardiovascular, 
metabolic, and neuropsychiatric conditions, screening for these 
comorbidities should be  an integral part of the patient’s 
clinical evaluation.

 3. Phenotypic Consideration: Understanding that OSA presents 
with different phenotypes can aid in the identification of 
patients who might not respond to conventional therapies. 
Awareness of these phenotypes can also help clinicians provide 
personalized treatment strategies.

 4. Alternative Treatments: In patients who are non-compliant or 
non-responsive to CPAP therapy, consider other treatments 
such as dental devices, positional therapy, upper airway 
surgery, hypoglossal nerve stimulation, or pharmacotherapy.

 5. Proactive Follow-up and Management of OSA: Regular 
follow-ups are necessary to assess the efficacy of the chosen 
treatment strategy and make adjustments if necessary. Also, 
patient education regarding the potential implications of 
untreated OSA and the benefits of treatment compliance can 
aid in improving therapeutic outcomes.

 6. Interdisciplinary Approach: Clinicians should be encouraged 
to collaborate with experts from various disciplines, such as 
dietitians for weight management, psychologists for behavior 
therapy, or surgeons for potential surgical interventions, for a 
holistic approach to patient care.

 7. Research and Continuous Learning: As the understanding of 
OSA pathophysiology and treatment options evolves, clinicians 
should make efforts to stay updated on the latest research 
findings and integrate them into their practice where relevant.
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6. Conclusion and future directions

Despite extensive knowledge of the pathophysiological 
mechanisms and the adverse systemic effects of OSA, only limited 
benefit, if any, has been demonstrated from CPAP therapy in 
randomized trials designed to evaluate cardiometabolic benefit in 
patients with OSA. Many reasons can be  considered for these 
negative outcomes including inappropriate patient selection such 
as inclusion of mainly non-sleepy patients, reliance on the AHI as 
the sole measure of disease categorization, inclusion of patients 
with pre-existing comorbidity, and inadequate CPAP compliance. 
Patient selection for such outcome studies should consider 
inclusion variables beyond the AHI that include symptomatic 
patients, and CPAP compliance should be  factored into the 
outcome assessment (92).

Furthermore, it should be considered that some symptoms 
consistent with OSA such as sleepiness and fatigue could be a 
result of other factors such as lifestyle and disturbed sleep. New 

approaches to syndrome definition are required that consider 
different clinical OSA phenotypes in combination with 
endotypes and pathophysiological factors. New diagnostic 
approaches are needed that incorporate novel technologies to 
provide surrogates for sleep structure, to gauge exposure to 
systemic effects of OSA, and to identify specific biomarkers and 
data-markers for disease classification. While potentially useful 
markers could conceivably be derived from the PSG (93–96), 
the conventional sleep diagnostic test will likely require 
adaptation to facilitate ambulatory and multi-night 
diagnostic studies.

The ultimate goal is the development of diagnostic approaches 
that lead to the diagnosis of a clinically relevant OSA disorder 
that will include measures that give a more comprehensive insight 
into pathophysiological mechanisms in the individual patient. 
This approach should facilitate a more personalized treatment 
plan that goes beyond the simple question of CPAP or not (58, 
97, 98).

FIGURE 2

Factors to consider when translating pathophysiology and phenotypes to personalized treatment.

TABLE 1 Summary of the key findings and implications for personalized treatment of obstructive sleep apnea (OSA).

Key findings Implications for personalized treatment

OSA is characterized by recurrent upper airway obstruction during sleep due to 

an imbalance between negative inspiratory pressure and the ability of the upper 

airway dilating muscles to maintain patency

Continuous Positive Airway Pressure (CPAP) and Mandibular Advancement Devices 

(MADs) can be tailored to individual needs, but suffer from low compliance

Identifying individual pathophysiological traits can inform personalized 

treatment approaches

Personalized treatment strategies have the potential to provide alternatives to CPAP 

therapy in selected patients

OSA is often associated with comorbidities such as cardiovascular disease, 

metabolic disorders, and neuropsychological conditions

Novel treatment strategies such as hypoglossal nerve stimulation, certain medications, and 

lifestyle modifications like weight loss can be employed based on the patient’s unique 

pathophysiology

There are various phenotypes independent of the number of obstructions, 

which relate to symptoms and outcomes; however, linking these to underlying 

pathophysiology is vital to advancing our understanding of OSA

Ongoing research and advances in digital medicine techniques can further enhance the 

personalization of OSA treatment
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