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Abstract: Obstructive sleep apnea (OSA) is a prevalent and severe sleep disorder with frequent upper
airway obstruction during sleep, respiratory pauses and hypopneas, poor sleep quality, and higher
cardiovascular, metabolic, and cognitive dysfunction. Since then, the diagnosis of OSA has also
improved, with diagnostic technologies that are now available, such as polysomnography (PSG) and
portable monitoring devices, making diagnosis more accurate and easier. But there are other issues to be
overcome, such as standardization and usage. Oral appliances have developed over the years, and
surgical procedures have been refined to make treatment more personalised with regards to general
lifestyle changes and positive airway pressure (PAP) therapy. This review summarizes the most recent
diagnostic techniques and therapeutic strategies for OSA, the pros and cons of each, and future
directions for diagnostics and treatment. The goal is to give clinicians a scientific and comprehensive
foundation, to standardize treatment, and to provide a scientific basis for enhancing the treatment effects
of patients with OSA.
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1. Preface

OSA is a frequent condition, mainly defined by frequent upper airway collapse during sleep, which
causes apnea or hypopnea. It has a constantly increasing prevalence worldwide and a high incidence rate
across various population groups. For example, one study conducted in the community found that more
people had positional OSA (POSA) than non-positional OSA. Patients with positional OSA are slightly
older, less severely obese, have higher levels of SBP, and their sleep is more severely disturbed [1]. In
addition, there is also a high prevalence of OSA among certain occupational groups. In Saudi Airlines,
for instance, among pilots and co-pilots, the prevalence of OSA, based on home sleep monitoring, was 69%
(64% mild OSA), and moderate-to-severe OSA was also noted [2].

OSA is not just associated with disruption of sleep patterns and poor quality of life in patients, but
there are close links between OSA and a range of chronic diseases. Patients with diabetes are also prone
to OSA. Relevant studies indicate that 55% of patients with type 2 diabetes have OSA and that the
severity of the OSA is positively associated with body mass index and waist circumference. Furthermore,
blood glucose and glycated hemoglobin, markers of hyperglycemia, are markedly elevated in patients
with severe OSA [3]. Moreover, OSA is strongly linked to several cardiovascular and mental diseases,
such as hypertension, coronary heart disease, stroke, depression, and anxiety. Veterans, for instance, have
a study diagnostic rate of 21% compared to 9% in non-veterans, and people with post-traumatic stress
disorder are at increased risk of OSA [4]. OSA patients are also at high risk of depression and anxiety,
with 35% and 43.8% prevalence, respectively. These mental symptoms are more common in female
patients and patients with sexual dysfunction, suggesting that psychology should be given due
consideration in the treatment of OSA [5].

In the approach and management of a patient with OSA, a diagnostic evaluation is highly significant
and must be performed in a timely and accurate manner. Multi-night monitoring has been shown to
decrease the rate of misdiagnosis by 20-50% compared with single-night monitoring [6], so the
night-time variability should be considered in diagnostic strategies. Evaluation of OSA is considered the
gold standard with polysomnography (PSG), and home sleep apnea testing (HSAT) is a common, easy,
and affordable alternative [7]. Diagnosis and treatment of OSA in special populations (children and
Newborns) has also been slowly gaining ground as an area of interest. Positional OSA is determined to be
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about 50% of children, and most cases of this will resolve following adenoidectomy [8].

Continuous positive airway pressure (CPAP) therapy is the first-line treatment for OSA and may
improve sleep quality, reduce the apnea index, reduce cardiac burden, and prevent cognitive decline [9].
Patient compliance and tolerability to CPAP is difficult, however, and patient-specific therapy is needed,
including oral appliances, positional therapy, surgical therapy (e.g., uvulopalatopharyngoplasty, lingual
nerve stimulation), and pharmacotherapy [10]. OSA patients can also suffer from other illnesses such as
metabolic syndrome and obesity. Cardiology/metabolic diseases are more common than OSA and are
exacerbated by obesity, which is associated with a beneficial effect of metabolic surgery in treating OSA
[11]. Through more-effective OSA research, we can better identify patients with distinct underlying
pathogenic mechanisms, and apply this knowledge to construct a theoretical framework for personalized
treatment and optimize treatment management. [12].

To summarise, OSA is common, very widespread, and is linked to chronic diseases. Prognosis is very
important, and rests on the timely and correct diagnosis, plus the correct treatment. Over the years, the
diagnostic and therapeutic procedures have been enhanced and focused on individualisation and
diversification of management. More research is needed to better understand the pathological
mechanisms and the optimal treatment for patients with different subtypes of the disease, and to improve
clinical outcomes.

2. Diagnostic methods for obstructive sleep apnea
2.1 Clinical assessment and screening tools

Symptoms of OSA include snoring at night, respiratory pauses, awakening from sleep due to
breathlessness, excessive daytime sleepiness, impaired concentration, and daytime cognitive decline [13].
This is often accompanied by snoring. Sleep quality during the night deteriorates significantly when
associated with respiratory pauses, which cause daytime fatigue, attention deficits, and, consequently, an
adverse effect on the quality of life and productivity of patients. Moreover, OSA patients tend to have
metabolic syndromes and also cardiovascular diseases [14]. Thus, early diagnosis is clinically important.

The Epworth Sleepiness Scale (ESS) and STOP-Bang questionnaire are the most widely used
screening instruments in the clinical setting. Daytime sleepiness is the main measure used in the ESS; it
has good sensitivity, but poor specificity [15]. The STOP-Bang questionnaire accounts for multiple risk
factors, achieving a sensitivity of up to 98% and a relatively low specificity [15]. Compared to this, the
Berlin questionnaire is about 88% sensitive, and the ESS is the least sensitive (about 63%). They,
however, do not serve a diagnostic function and cannot be used as an alternative to polysomnography
(PSG).

Clinical assessment plays a crucial role in the initial OSA evaluation, assessing patients for OSA risk
and the need for further monitoring tests. But the clinical evaluation is limited, especially by the
subjectivity of symptoms and the lack of obvious symptoms in some patients, which increases the risk of
misdiagnosis. Moreover, while screening tools in questionnaires are simple to use and inexpensive, they
are yet limited in their ability to accurately diagnose the problem due to limitations in questionnaire
design and the authenticity of patient responses [15]. Therefore, clinical evaluation and screening tools
are frequently used as screening tools rather than as definitive diagnostic criteria and should be used in
conjunction with sleep monitoring results for combined evaluation.

2.2 Polysomnography (PSG)

Polysomnography (PSG), considered the gold standard, is the most commonly used test for
diagnosing Obstructive Sleep Apnea (OSA). It is based on simultanecous measurement of multiple
physiological parameters during sleep such as Electroencephalogram (EEG) for sleep stages,
Electrooculogram (EOG) for rapid eye movement sleep, Electromyogram (EMG) for muscle tension,
nasal airflow and oral airflow for respiratory status, chest and abdominal movements for respiratory
effort, Oxygen Saturation (SpO2) for blood oxygen level and heart rate and Electrocardiogram (ECG) for
cardiovascular status [16]. These parameters can be analyzed to accurately detect apneas and hypopneas
and their effects on sleep architecture.

PSG has high technical requirements, which require specialised equipment and a high level of
technical personnel. It is complicated and time-consuming, and is typically performed in a sleep clinic,
where the patient must remain overnight for monitoring [16]. However, PSG is still considered the
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standard assessment for OSA because it comprehensively assesses OSA. PSG technology continues to be
developed through increasing research into more comfortable ways to detect and improve the efficacy
and comfort of sensors, including intelligent auxiliary analysis and sensor design optimization [17].

Over the past couple of years, Home Sleep Monitoring Devices (Home Sleep Apnea Testing, HSAT)
have become increasingly popular. Usually, they facilitate easier monitoring of the parameters and enable
home sleep testing, thereby reducing the burden on medical resources [18]. HSAT has not achieved the
level of diagnostic accuracy of conventional PSG in sleep staging and in the diagnosis of mild OSA, and
has also suffered from several points. The diagnostic accuracy of HSAT for sleep staging and mild OSA
remains lower than that of conventional PSG and has also been compromised by reduced channel count
and data integrity [18]. Therefore, PSG is the recommended technique for patients with complicated
medical conditions and other medical illnesses, and HSAT may be employed for screening and follow-up
in high-risk patients.

2.3 Portable sleep monitoring technology

There are different types of portable sleep monitoring devices that measure respiratory airflow, blood
oxygen, body movements, and heart rate variability. These have advantages such as portability, low space
requirements, and ease of operation, which make them suitable for resource-poor environments or poor
laboratory infrastructure [19]. Portable devices reduce the sensor count and ease monitoring, lightening
the burden on patients and increasing patient acceptance.

Portable polysomnography (PSG) devices are slightly less accurate than standard PSG. Portable
devices demonstrated good sensitivity and specificity in the diagnosis of moderate-to-severe OSA
(around 87% and 80%, respectively), but poor performance in moderate-to-severe OSA, mild OSA, and
sleep structure analysis [19]. Additionally, sleep staging and sleep arousal detection using portable
devices are less accurate than PSG. It can be affected by the environment, use of devices, and can lead to
misjudgment and misinformation [20].

The future of development is to make portable monitoring devices more powerful with Al algorithms.
For sleep studies, deep learning and machine learning can be used to process complex physiological
signals and automatically determine their sleep stage, which can enhance the efficiency and accuracy of
data analysis [21] and can also be used to detect abnormal events, achieving high-accuracy detection [22].
Portable sleep monitoring is also comfortable and easy to use thanks to non-contact monitoring
technologies, such as millimeter-wave radar, flexible sensors, and ear-EEG [22]. These innovations
should enable non-invasive, in-home sleep monitoring over an extended period, allowing early detection
of OSA or other sleep disorders and dynamic management.

Finally, the portability of sleep monitoring systems has numerous advantages in terms of ease of use
and availability, so it is appropriate to use them for mass screening and follow-up. However, it is still
reliant on PSG for the diagnosis of more complex cases and sleep structure analysis. The era of using
multimodal, portable devices with artificial intelligence and highly advanced sensor technology will
mark the dawn of intelligence, personalization, and care at home for sleep apnea syndrome.

3. Treatment strategies for obstructive sleep apnea
3.1 Lifestyle intervention

Several life factors are closely associated with the occurrence of Obstructive Sleep Apnea (OSA). Of
these, weight loss, quitting smoking, and avoiding alcohol and sedatives will be important for reducing
symptoms of OSA. Obesity is one of the main modifiable risk factors for OSA. Weight gain may cause
fat to accumulate in the upper airway, increasing airway resistance and worsening apnea severity. The
Apnea-Hypopnea Index (AHI) is reduced, oxygenation improves, and symptoms are relieved when the
patient loses weight [23]. The cessation of smoking decreases upper airway inflammation and mucosal
edema, thereby reducing the risk of airway obstruction [24]. The use of alcohol and sedatives should be
avoided as they also lead to airway collapse due to relaxing the muscles around the throat [25]. One of the
most effective elements of lifestyle intervention is exercise therapy, which has been shown to benefit the
symptoms and sleep quality in patients with OSA. Moderate aerobic exercise benefits the respiratory
muscles, enhances airway tone, helps control weight, and decreases the number of apneas. Research has
demonstrated that moderate exercise for 150 minutes per week is an effective treatment for OSA
symptoms [26]. The prescription of the exercise program should be progressive and tailored to the
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individual's physical status to create a program that can be maintained over time. Lifestyle intervention,
as an adjunctive therapy, doesn't replace other treatment options, but has good effects in patients with
mild to moderate OSA, and no significant side effects, making it easier for patients to accept. These
interventions can be problematic because patients do not always tolerate them and are not very effective
in patients with severe OSA, so they must be used in conjunction with other OSA treatments [27].

3.2 Positive pressure ventilation therapy (CPAP and BiPAP)

Continuous Positive Airway Pressure (CPAP) is the best treatment for OSA. It promotes adequate
airflow during sleep, thereby reducing apnea and hypopnea episodes. CPAP can be effective for patients
with moderate to severe OSA, and clinical trials have shown that CPAP improves oxygenation, sleep
structure and quality, and reduces the risk of cardiovascular complications [28]. Bi-level Positive Airway
Pressure (BiPAP) has been demonstrated to be beneficial for some patients, especially those who are
hypercapnic, have respiratory muscle fatigue, or are intolerant to CPAP. BiPAP applies different levels of
pressure during breathing in and out, which reduces the work required by the lungs and makes breathing
more efficient [29]. CPAP and BiPAP devices have compliance issues due to discomfort with the mask,
pressure discomfort and side effects of the device. Optimizing mask design, adjusting pressure per
patient, and the use of humidifiers can help to improve compliance [30].

Also, remote monitoring technology has the potential to deliver real-time feedback on treatment,
allowing physicians to adjust treatments as soon as they realize they may need to make a change, and
improving adherence and effectiveness [30]. Positive airway pressure therapy is a sensorimotor therapy
that is approximately midway between the other therapies for OSA. It is efficient and safe — but there are
compliance issues to be resolved and strategies to be put in place.

3.3 Orthodontic appliances and surgical treatment

Oral appliances can provide the main mechanisms of action of mechanical advancement of the
mandible, increased airway size, and increased airway resistance. Patients with mild to moderate
Obstructive Sleep Apnea (OSA) or who can tolerate CPAP can use them. In the design of oral appliances,
two types of devices have been evaluated: mandibular advancement devices and tongue retainers, with
effectiveness measured in terms of reductions in the Apnea-Hypopnea Index (AHI) and improvements in
symptoms [31]. OAT is easy to use and portable, but some individuals are more compliant and more
effective with OAT than others, requiring individual selection and adjustment. Surgical treatment is
mainly indicated in patients with severe structural airway obstruction and/or when other treatments have
been ineffective. Common surgical procedures include Uvulopalatopharyngoplasty (UPPP), tongue root
suspension, and mandibular advancement. UPPP enlarges the airway by eliminating redundant
pharyngeal tissue. While effective to a certain degree, it also poses the risk of postoperative pain or
dysphagia [32]. Tongue root suspension and mandibular advancement mechanically open up the airway
and increase airway collapse, and are mainly indicated for patients with tongue root retraction and
mandibular retrusion [33]. The risks associated with surgery include bleeding, infection, and structural
damage, and functional recovery with prevention and control of complications is the key to managing the
postoperative period [34]. Rather, in recent years, there has been significant improvement in the safety
and efficacy of surgical procedures, such as the use of computer-aided design for surgical guides and
precise positioning [35]. These are combined with oral appliances and surgery to achieve good results,
especially for patients with some anatomic abnormalities. However, there is a need for treatment-specific
management and assessment of the risks and benefits.

4. Individualized Treatment and Future Directions for Obstructive Sleep Apnea
4.1 The necessity of individualized treatment strategies

The clinical presentation and pathophysiology of obstructive sleep apnea (OSA) are very variable.
The upper airway anatomy, neuromuscular function, respiratory control stability, and comorbidities
differ greatly between patients with OSA [36]. This variety makes it difficult to develop a "one size fits
all" treatment model that caters to the needs of all patients. Physiopathologic features of OSA patients are
upper airway stenosis, multiple upper airway obstruction sites, diminished upper airway dilator muscle
function, and diminished respiratory control loop gain. These factors can be significant and, when
combined, can differ from person to person, and help to select treatment options for them and the results
of treatment [36].
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Other factors such as genetic susceptibility, craniofacial morphology and lifestyle also contribute to
the expression and response to OSA. Obesity is an example of structural (craniofacial developmental)
obstruction of the upper airway. Lifestyle factors which may have a link to apnea events include smoking,
alcohol consumption, and posture habits during the same time periods [37]. Therefore, it is particularly
important to define individual treatment plans according to pathophysiological features and
environmental factors of the individual patient.

Treatment is tailored to each case and is a multidisciplinary approach that includes the fields of
Respiratory Medicine, Otolaryngology, Dentistry, Sleep Medicine, Nutrition, and Psychology.
Multidisciplinary teams may design treatment strategies that are more scientifically and logically
informed, which increase treatment efficacy and compliance, based on a patient's clinical manifestations,
sleep monitoring information, anatomical imaging, genetic information, and lifestyle [38]. A
multidisciplinary assessment, for instance, may help determine other treatment options, such as dental
oral appliances, neuromodulation therapy, or surgery, for patients who are not tolerating CPAP, to provide
personalized and diverse treatment [39].

To conclude, OSA is probably a pathophysiological heterogencous disorder, and must be treated
individually. Understanding the physiopathologic status, factors, and interactions between different
parties is crucial for an effective and sustained treatment and outcome.

4.2 Emerging therapeutic technologies and research advancements

Recent advances in the understanding of the pathophysiological mechanisms of Obstructive Sleep
Apnea (OSA) and the development of new treatment technologies has opened the door to individualised
treatment. Innovative technologies such as Neuromodulation (NM) have been shown to activate the
upper airway muscles during sleep, preventing upper airway collapse, and, as such, have been proven to
improve breathing through electrical stimulation of the hypoglossal nerve (HNS). Several clinical trials
and real-world studies have shown that HNS can effectively lower the Apnea-Hypopnea Index (AHI),
enhance the quality of life for individuals with moderate to severe OSA, and have fewer side effects and
are safe [40]. The effectiveness of HNS, however, is tightly linked to patient indications, and there are
differences in adverse reactions and treatment adherence, which should lead to individual assessment and
monitoring of treatment [41].

With respect to pharmacotherapy, mechanical therapy has been the primary treatment for OSA to date.
Still, the introduction of drugs acting on pathophysiological processes has slowly gained ground over the
past few years. Examples of these mechanisms include neuromuscular dysfunction and a defect in
respiratory drive, and drugs are being investigated in preclinical and clinical trials as adjunctive or
alternative therapies. A few progressions have been made in the pharmacotherapy of OSA in children —
certain medications have been found to reduce AHI (e.g., mometasone and montelukast) [42].

Smart, remote management of OSA has been made possible by digital health technology. Wearable
technology, smartphone applications, and remote monitoring can facilitate real-time patient status
monitoring and treatment adherence, which can improve patient engagement and outcomes by
optimizing treatment plans as required [43]. In addition, multimodal sleep signal analysis technologies
coupled with Al have enhanced OSA diagnosis by enabling more precise and efficient diagnosis, and
personalized treatment plans [44].

With the ongoing development of bioinformatics and machine learning, more patient-specific
treatment decision-support systems based on patient characteristics and big data analysis will become
available, further promoting the use of precision medicine in Obstructive Sleep Apnea (OSA).
Meanwhile, the patient's experience and treatment efficacy will be further enhanced by the use of
intelligent neural regulation devices, in addition to an individualized oral appliance design and
comprehensive pharmacologic treatment [45].

4.3 Construction of integrated management model

OSA is a chronic condition, and management includes not only diagnosis and treatment, but also
long-term follow-up and an all-encompassing OSA management system. A comprehensive management
model (diagnosis, treatment,, and follow-up of the disease) will enable individualized monitoring and
management, thereby optimizing treatment effectiveness and adherence. This model focuses on
screening, risk assessment, treatment planning, treatment implementation, and ongoing follow-up; the
collaboration between PACHz, specialist care, rehabilitation therapy, and patient self-management; and
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the overall management of the process.

It is crucial to educate patients and help them manage their OSA to ensure long-term adherence to
OSA therapy. Systematic health education increases patients' awareness and interest in OSA and its
treatment, thereby increasing patients' motivation to seek treatment and compliance. Patients can be
trained to operate their machines and motivated to supplement the machines with other therapies to
minimize interruptions and side effects. Meanwhile, there are regular review and monitoring tools
available to help facilitate the ongoing care and guidance of patients, improving their self-management.

OSA will become more personalized and automated in the future, with the help of intelligent and
precise technologies. Thanks to smart devices, artificial intelligence algorithms, and big data analysis,
the monitoring and intelligent adjustment of sleep states, treatment responses, and patient lifestyles will
be possible. This will contribute to the transition towards "precision medicine + telemedicine," better use
of medical resources, and greater equity in medical services. Additionally, an approach to treatment that
focuses on the patient and teamwork will be essential for the effective treatment of OSA. They are going
to continually enhance patients' quality of life and fine-tune treatment plans.

Finally, but most importantly, a thorough system and integration for diagnosis, treatment, and
long-term management are the cornerstones of improving the quality of OSA care. With the advent of
intelligence and precision in the future, the management model of OSAs will be established quickly, and
it will be comprehensive, efficient, and personalised treatment.

5. Conclusion

Several factors can affect obstructive sleep apnea (OSA), a complex condition, and will make a big
difference in the prognosis and quality of life of an OSA patient if he or she is diagnosed and treated. The
literature was analyzed from multiple angles, and polysomnography (PSG) is the most useful diagnostic
technique for OSA. However, it is a very expensive instrument and is complex in use. Portable
monitoring technology provides a more mobile and cost-effective screening tool for clinical use,
particularly in low-resource, low-patient-adherence environments. The hope is that this new technology
will help increase early detection of OSA, decrease false-negative diagnoses, and enable early
intervention.

Generally, it is patient-centered, respects patients' differences, and accommodates and adapts. These
are important inclusions, such as intention to live a healthy lifestyle, continual patient involvement, and
encouragement of a healthy lifestyle. The first treatment is Continuous Positive Airway Pressure (CPAP),
which has compliance problems but is effective. Otherwise, if there is some other pathological process or
intolerance, oral appliances or surgery can be utilized as an adjunctive treatment. Based on the latest
research, the individualized treatment approach has become the norm. In this way, the treatment is
individualized according to the patient's characteristics, lifestyle habits, comorbidities, etc., to obtain the
best results and satisfaction.

This is the research process for OSA, showing how integration can be seen across the various
disciplines, according to the experts. The latest advances in disease and new therapeutic techniques have
been the result of multi-disciplinary studies and treatments by a team that includes respiratory medicine,
sleep medicine, otolaryngology, dentistry, and psychology. Concurrently, the field of OSA management
has undergone a transformation, thanks to the advent of smart diagnostic and management devices,
including Artificial Intelligence (AI) diagnostics, Al-powered remote monitoring, and Al-driven big data.
These technologies all contribute to higher accuracy and efficiency in the diagnosis and greater dynamics
and personalization in the treatment of patients, resulting in better prognosis and rational utilization of
medical resources.

The diagnostic criteria, the effectiveness of the therapy and its evaluation, as well as the maintenance
treatment plan, however, differ between the various studies, due to the diversity of OSAS and the
different research design. A field of interest is the balance between scientific evidence and clinical
practice, which will need further research and application to the field to prevent overtreatment, missed
diagnoses, and unnecessary treatment. Multi-center long-term clinical trials should be improved to
ensure consensus on the diagnostic and therapeutic plan and the best pathway.

Lastly, Otsuka Bikes is continually evolving in diagnosis and treatment. Synchronous application of
polysomnography and portable devices has improved the diagnostic process, and the synergistic
application of lifestyle changes and diversified medical interventions has personalized treatment. The
collaboration of MDT and the incorporation of intelligent technologies will greatly enhance overall
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management of OSA, and, in the future, the prognosis for patients will be much better. In the medical
system, further improvement is needed by harmonisation of procedures and the application of technology
to guarantee all OSA patients are scientifically, accurately, and humanely treated.
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