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Abstract: Sleep apnea is a prevalent sleep-related breathing disorder 

characterized by repetitive episodes of upper airway obstruction during sleep, leading 

to intermittent hypoxia and fragmented sleep. It is classified into obstructive sleep 

apnea (OSA), central sleep apnea (CSA), and complex sleep apnea syndrome, each 

with distinct underlying mechanisms. Sleep apnea is strongly associated with 

increased risks of hypertension, cardiovascular disease, metabolic syndrome, 

cognitive impairment, and reduced quality of life. Recent advances in diagnostics, 

such as home sleep testing and wearable monitoring devices, have improved 

accessibility to early detection. Treatment strategies include lifestyle modification, 

continuous positive airway pressure (CPAP), oral appliances, surgical interventions, 

and emerging approaches such as hypoglossal nerve stimulation. This article reviews 

the pathophysiology of sleep apnea, its systemic health consequences, and modern 

therapeutic options that aim to reduce morbidity and improve patient outcomes. 
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Sleep apnea represents one of the most common and underdiagnosed sleep 

disorders worldwide. It affects millions of individuals across all age groups, with 

prevalence rising due to increasing rates of obesity and aging populations. 

Characterized by repeated pauses in breathing or shallow breaths during sleep, sleep 

apnea disrupts normal sleep architecture and prevents restorative rest. Patients often 

present with excessive daytime sleepiness, loud snoring, morning headaches, and 

impaired concentration, but many remain unaware of their condition until 

complications arise. 

The disorder is primarily categorized into obstructive sleep apnea (OSA), caused 

by physical collapse of the upper airway; central sleep apnea (CSA), resulting from 

impaired respiratory drive in the brain; and complex sleep apnea, which combines 

features of both. Regardless of type, the consequences of untreated sleep apnea are 

severe, ranging from cardiovascular morbidity to impaired cognitive performance and 

increased accident risk. With the advent of advanced diagnostic tools and novel 

treatment modalities, there is growing potential to reduce the burden of sleep apnea on 

both individuals and healthcare systems. 
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Sleep apnea is a multifactorial disorder with significant implications for human 

health. Its hallmark feature is the repeated occurrence of breathing pauses, or apneas, 

and shallow breathing events, known as hypopneas, during sleep. These episodes lead 

to fluctuations in blood oxygen levels, recurrent arousals from sleep, and increased 

sympathetic nervous system activity. The severity of sleep apnea is usually quantified 

using the apnea-hypopnea index (AHI), which measures the number of events per 

hour of sleep. Mild sleep apnea is defined as an AHI of 5 to 15 events per hour, 

moderate as 15 to 30, and severe as more than 30. Despite this clinical categorization, 

the true burden of disease extends beyond numbers, as even mild cases may result in 

significant symptoms and comorbidities if untreated. 

Obstructive sleep apnea (OSA) is the most prevalent form, accounting for 

approximately 80–90% of all cases. It arises from repeated collapse of the upper 

airway due to anatomical and neuromuscular factors. Risk factors include obesity, 

craniofacial abnormalities, enlarged tonsils, and nasal obstruction. The deposition of 

fat around the neck and tongue, particularly in individuals with obesity, narrows the 

airway lumen and increases collapsibility during sleep. Alcohol and sedative use 

exacerbate OSA by relaxing upper airway muscles, further predisposing to 

obstruction. Central sleep apnea (CSA), by contrast, results from reduced or absent 

neural drive to the respiratory muscles. It is often seen in patients with heart failure, 

stroke, or opioid use, and can also occur at high altitudes where oxygen pressure is 

low. Complex sleep apnea combines features of both OSA and CSA, making it 

particularly challenging to diagnose and treat. 

The pathophysiological consequences of sleep apnea extend well beyond disturbed 

sleep. One of the most significant effects is intermittent hypoxia, a pattern of repeated 

oxygen desaturation followed by reoxygenation. This cycle induces oxidative stress, 

inflammation, and endothelial dysfunction, which play pivotal roles in cardiovascular 

disease. Moreover, repetitive arousals lead to chronic activation of the sympathetic 

nervous system, resulting in sustained elevations in blood pressure. It is no surprise, 

therefore, that untreated sleep apnea is strongly linked to hypertension, coronary 

artery disease, arrhythmias, and stroke. Studies have shown that patients with severe 

OSA have a two- to threefold higher risk of cardiovascular morbidity and mortality 

compared to the general population. 

Metabolic disturbances are another hallmark of sleep apnea. Recurrent hypoxia 

and sleep fragmentation interfere with glucose metabolism and insulin sensitivity, 

promoting the development of type 2 diabetes. Patients with OSA often exhibit 

increased visceral adiposity and dyslipidemia, both of which contribute to metabolic 

syndrome. The bidirectional relationship between obesity and OSA complicates 

disease management, as obesity increases the risk of airway obstruction while 

untreated sleep apnea promotes weight gain through hormonal and behavioral 
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pathways. Alterations in leptin and ghrelin regulation, for example, increase appetite 

and reduce satiety, making weight loss more difficult in affected individuals. 

Cognitive and neurobehavioral consequences are also prominent. Patients with 

sleep apnea frequently report daytime sleepiness, impaired concentration, memory 

lapses, and reduced productivity. These deficits stem from the repeated arousals and 

poor sleep architecture that prevent restorative sleep. Furthermore, recurrent nocturnal 

hypoxemia impairs cerebral blood flow and promotes neuroinflammation, which may 

contribute to long-term cognitive decline. There is growing evidence linking OSA 

with an increased risk of dementia, including Alzheimer’s disease, highlighting the 

profound neurological impact of untreated sleep apnea. 

The disorder also carries significant psychosocial consequences. Excessive 

daytime sleepiness increases the risk of motor vehicle accidents, workplace injuries, 

and diminished performance in academic or professional settings. Loud snoring and 

observed apneas often disrupt the sleep of bed partners, creating strain in interpersonal 

relationships. Anxiety and depression are common comorbidities, exacerbated by the 

chronic fatigue and diminished quality of life associated with the disorder. 

Diagnosis of sleep apnea traditionally relies on polysomnography (PSG), an 

overnight sleep study that records brain waves, blood oxygen levels, respiratory effort, 

airflow, and body movements. While PSG remains the gold standard, it is resource-

intensive and not always accessible. To address this, home sleep apnea testing 

(HSAT) has emerged as a practical alternative for diagnosing moderate to severe 

OSA. Wearable devices and smartphone-based technologies are also being developed 

to provide convenient and cost-effective screening tools, potentially expanding access 

to diagnosis in underserved populations. 

Treatment strategies for sleep apnea are diverse and tailored to disease severity, 

patient characteristics, and comorbidities. The cornerstone of OSA management is 

continuous positive airway pressure (CPAP) therapy, which delivers pressurized air 

through a mask to prevent airway collapse. CPAP is highly effective in reducing AHI, 

improving oxygenation, and alleviating symptoms. However, adherence remains a 

challenge, as many patients find the device uncomfortable or cumbersome. Alternative 

therapies include oral appliances that reposition the lower jaw and tongue to maintain 

airway patency, which are particularly effective in patients with mild to moderate 

OSA. Surgical interventions, such as uvulopalatopharyngoplasty (UPPP), 

maxillomandibular advancement, and nasal surgeries, may be considered in patients 

who fail or cannot tolerate non-invasive therapies. 

Lifestyle modification is an integral component of sleep apnea management. 

Weight loss through dietary changes, increased physical activity, and bariatric surgery 

can significantly reduce the severity of OSA or even achieve remission in some cases. 

Avoiding alcohol and sedatives before bedtime, maintaining regular sleep schedules, 

and sleeping in non-supine positions may also reduce symptoms. For central sleep 
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apnea, treatment often involves addressing the underlying condition, such as 

optimizing heart failure management or adjusting opioid therapy. Adaptive servo-

ventilation (ASV) devices have been used successfully in some CSA patients, 

although concerns about safety in heart failure with reduced ejection fraction have 

limited their widespread use. 

In recent years, innovative approaches have emerged in sleep apnea treatment. 

Hypoglossal nerve stimulation, a surgically implanted device that activates tongue 

muscles during sleep to prevent airway collapse, has shown promising results in 

patients intolerant to CPAP. Pharmacological research is also exploring drugs that 

target upper airway muscle tone, ventilatory control, and arousal threshold to reduce 

apneic events. Furthermore, telemedicine and remote monitoring technologies are 

improving patient adherence to CPAP by enabling real-time feedback and clinician 

support. 

The public health implications of sleep apnea are substantial. It is estimated that a 

large proportion of cases remain undiagnosed, leaving millions at risk of 

cardiovascular and metabolic complications. Raising awareness about the signs and 

symptoms of sleep apnea, such as loud snoring, witnessed apneas, and daytime 

sleepiness, is critical for early detection and intervention. Employers and 

policymakers also have roles to play by implementing workplace wellness programs 

and screening initiatives to reduce the burden of sleep apnea-related morbidity. 

Future directions in research and clinical practice will likely focus on personalized 

medicine approaches, integrating genetic, anatomical, and physiological profiles to 

optimize treatment selection. Advances in digital health technologies and artificial 

intelligence may further revolutionize the screening, diagnosis, and management of 

sleep apnea, making care more accessible and effective. Importantly, interdisciplinary 

collaboration among sleep specialists, cardiologists, endocrinologists, neurologists, 

and primary care providers is essential to address the complex and multisystemic 

nature of the disorder. 

In conclusion, sleep apnea is a serious and widespread condition with far-reaching 

health consequences. It affects not only sleep quality but also cardiovascular, 

metabolic, neurological, and psychological health. Advances in diagnostics and 

treatment are providing new opportunities to reduce disease burden, but greater efforts 

are needed to improve awareness, adherence, and access to care. Given its strong 

association with chronic diseases and mortality, sleep apnea deserves recognition as a 

major public health priority and continued investment in research and treatment 

innovation. 

Sleep apnea is a highly prevalent yet underdiagnosed disorder with profound 

implications for physical, cognitive, and psychological health. Its multifactorial 

pathophysiology, characterized by intermittent hypoxia and sleep fragmentation, 

contributes to a wide spectrum of comorbidities, including hypertension, 
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cardiovascular disease, diabetes, obesity, and cognitive decline. The disorder also 

imposes a substantial psychosocial burden, reducing quality of life and increasing 

accident risk. 

Advances in diagnostic methods, particularly home-based technologies, are 

improving early recognition and accessibility of care. Treatment strategies such as 

CPAP therapy, oral appliances, surgical interventions, lifestyle modifications, and 

novel modalities like hypoglossal nerve stimulation provide a diverse array of options 

to address patient needs. However, challenges with adherence and underdiagnosis 

persist, underscoring the importance of education, awareness, and personalized 

medicine approaches. 

Future research should continue to refine innovative therapies, integrate digital 

health solutions, and strengthen interdisciplinary care models. Recognizing sleep 

apnea as a major public health issue is essential for reducing its burden and improving 

long-term outcomes. Ultimately, early detection and comprehensive management of 

sleep apnea have the potential to significantly improve both individual well-being and 

population health. 
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