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Introduction
Sleep apnea is a prevalent sleep disorder characterized by 
repeated interruptions in breathing during sleep. These 
interruptions can last from a few seconds to several minutes 
and occur multiple times throughout the night. There are two 
primary types of sleep apnea: obstructive sleep apnea (OSA) 
and central sleep apnea. A third, less common type, complex 
sleep apnea, is a combination of both OSA and central sleep 
apnea. Understanding the pathophysiology of sleep apnea is 
crucial for effective diagnosis, treatment, and management 
[1].

Obstructive sleep apnea (OSA) is the most common form 
and occurs when the muscles in the throat relax excessively, 
blocking the upper airway. This obstruction leads to a 
reduction or cessation of airflow, despite continued effort to 
breathe. The airway blockage can occur in different parts of 
the upper respiratory system, including the nose, pharynx, 
or larynx. The relaxation of these muscles prevents air from 
reaching the lungs, causing oxygen levels in the blood to drop 
[2].

During episodes of airway obstruction, the body reacts by 
stimulating the sympathetic nervous system, which triggers 
the release of stress hormones like adrenaline and cortisol. 
These hormones cause an increase in heart rate and blood 
pressure, as well as vasoconstriction. This response can put 
a significant strain on the cardiovascular system, contributing 
to the long-term cardiovascular comorbidities often associated 
with sleep apnea, such as hypertension, arrhythmias, heart 
failure, and stroke [3].

In response to the lack of oxygen, the brain briefly arouses 
the individual from sleep to restore normal breathing. These 
micro-arousals are usually so brief that the person is unaware 
of them, but they disrupt the natural sleep cycle. This repeated 
cycle of arousal and airway obstruction prevents the individual 
from entering deeper stages of restorative sleep, leading to 
excessive daytime sleepiness and fatigue [4].

The pathophysiology of central sleep apnea differs from OSA 
in that the airway is not physically blocked, but rather, the 
brain fails to send the appropriate signals to the muscles that 
control breathing. Central sleep apnea is often associated 
with underlying conditions such as heart failure, stroke, or 
brainstem injury, which disrupt the brain's normal respiratory 
control mechanisms. As a result, the patient experiences 
pauses in breathing, which can lead to drops in blood oxygen 

levels and similar cardiovascular consequences as those seen 
in OSA [5].

In some cases, central sleep apnea can coexist with obstructive 
sleep apnea, leading to a more complex condition known as 
complex sleep apnea or treatment-emergent central sleep 
apnea. The interplay between these two forms of sleep apnea 
can complicate diagnosis and treatment, making it essential 
for healthcare providers to thoroughly evaluate the patient’s 
sleep patterns and breathing abnormalities [5].

The repeated episodes of hypoxia (low oxygen levels) and 
hypercapnia (elevated carbon dioxide levels) in sleep apnea 
patients have a profound impact on various organ systems. 
The cardiovascular system is particularly vulnerable, as the 
repeated cycles of oxygen deprivation and reoxygenation 
contribute to inflammation, oxidative stress, and endothelial 
dysfunction. This cascade of events increases the risk for 
cardiovascular diseases, including ischemic heart disease and 
systemic hypertension [6].

Additionally, the autonomic nervous system is significantly 
impacted by sleep apnea. The frequent arousals and 
changes in oxygen levels stimulate the sympathetic nervous 
system, leading to an imbalance in autonomic regulation. 
This autonomic dysregulation is thought to contribute to 
the increased risk of arrhythmias and other heart-related 
complications observed in individuals with sleep apnea [7].

Metabolic disturbances are also a common consequence of 
sleep apnea. Insulin resistance, impaired glucose metabolism, 
and an increased risk of obesity are frequently observed in 
patients with untreated sleep apnea. These metabolic changes 
may be linked to the chronic stress response and the disruption 
of normal sleep patterns, which further exacerbate the overall 
health burden [8].

Long-term sleep deprivation resulting from untreated 
sleep apnea can lead to significant cognitive dysfunction. 
The impaired sleep quality affects attention, memory, 
and executive function. Additionally, the chronic fatigue 
associated with sleep apnea can contribute to mood disorders, 
such as depression and anxiety, which can further affect an 
individual’s quality of life [9].

Treatment for sleep apnea often includes lifestyle modifications, 
the use of continuous positive airway pressure (CPAP) 
therapy for OSA, and adaptive servo-ventilation (ASV) for 
central sleep apnea. In some cases, surgical intervention may 
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be necessary to address physical obstructions in the airway. 
Managing the underlying causes of central sleep apnea, such 
as heart failure or neurological disorders, is essential for 
improving outcomes [10].

Conclusion
The pathophysiology of sleep apnea is complex and 
multifaceted, involving airway obstruction, impaired 
respiratory control, and a cascade of physiological responses 
that affect multiple organ systems. The chronic consequences 
of sleep apnea, particularly its impact on the cardiovascular 
system, metabolism, and cognitive function, underscore the 
importance of early diagnosis and appropriate treatment. 
With advancements in diagnostic techniques and therapeutic 
interventions, individuals with sleep apnea can achieve better 
health outcomes and an improved quality of life.
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