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Introduction:

Obstructive sleep apnea (OSA) is a potentially disabling chronic
condition characterized by disruptive snoring, partial or complete
recurrent upper airway obstruction during sleep, resulting in
periods of apnea, oxyhemoglobin desaturation, and frequent
night awakenings with excessive daytime sleepiness as a
consequence, reducing performance at work and in social
activities.

Obstructive Sleep Apnea (OSA) and Obstructive Sleep Apnea
Hypopnea Syndrome (OSAHS) are two subsets of Sleep-related
breathing disorders and together termed as Obstructive Sleep
Apnea Syndrome (OSAS).

OSAS is a far more common problem in today's world than
generally believed with the rise of lifestyle diseases in epidemic
proportions. In the Indian population where life style related
morbidity rates are increasing also has a very large population with
undiagnosed OSA and OSAHS. [1] According to Indian studies
obstructive sleep apnea (OSA) varies from 4.4% to 13.7% and
OSAHS from 2.4% to 2.8% in general population, where as the
global prevalence of OSA varies from 0.3 % to 5.1% only. Studies
from India have also shown male predominance over females with
the prevalence of 0SA4.4 % 10 19.7% and 2.5% t0 7.4%.[2,3].
The prevalence of OSA among obese patients has been reported to
exceed by 30 per cent and 60-90 per cent of adults with OSA are
overweight and the relative risk of sleep apnea from obesity with a
BMI>30 kg/m’ may be as great as 10 per cent. [4]

The most common symptoms of OSA include loud snoring,
breathing pauses and choking episodes during sleep, sleep
fragmentation, excessive daytime sleepiness, headache at
awakenings and progressive deterioration of attention and
memory [5]

The term 'Apnea’ is defined as a reduction in the airflow signal by
80% or greater with persistent respiratory effort lasting 10
seconds or longer and 'Hypopnea' as a reduction in the airflow
signal by 30% or greater with persistent respiratory effort lasting
at least 10 seconds associated with a desaturation of 4% or
greater. [6]As hypopnoeas lead to the same clinical consequences
as apneas, the apnoea-hypopnoea index (AHI) or respiratory
disturbance index (RDI) is widely used for the diagnosis and the
assessment of the severity of OSA. The AHI refers to the mean
number of apnoeas or hypopneas per hour of sleep [7].

OSA is defined as apnea-hypopnea index (AHI) > 5 that is more
than five episodes per hour of cessation of breathing for at least 10
seconds on an overnight polysomnographic study [6] and the
severity of sleep apnoea can be graded as mild sleep apnoea when
AHI: 5 to 15 events per hour, moderate sleep apnea when AHI: 15
to 30 events per hour and severe sleep apnea, AHI greater than 30
events per hour [8]

Sleep is a major buffer for hormonal release, glucose regulation
and cardiovascular functions [4].

Short sleep duration and poor quality of sleep, increasingly

common in our modern society, have many effects on our
endocrine and metabolic functions. During respiratory events
there is a fall in oxygen saturation, causing activation of the
baroreflex, triggering a response of the sympathetic nervous
system, dysregulation of the hypothalamus-pituitary axis,
adrenergic discharge leading to tachycardia and hypertension
peaks, long-term dysfunction of the baroreflex, systemic
inflammation, and metabolic dysregulation with insulin resistance.
This process repeats itself many times during sleep in apneic
patients[9].

Comorbid conditions associated with OSA include hypertension,
atrial fibrillation, congestive heart failure, stroke, metabolic
syndrome, type 2 diabetes mellitus, dyslipidemia, erectile
dysfunction in men, hypercoagulable states and platelet
dysfunction giving rise to pulmonary embolism, deep vein
thromboses etc. These comorbidities are associated with increased
mortality compared with the general population of the same age
group [10].

These adverse consequences result in significant burden on public
health care by generating a high financial and social impact.
However, awareness regarding diagnostic options, management
and consequences of untreated comorbities with OSA remains
inadequate

OSA and Metabolic Syndrome:

Metabolic syndrome is characterized by five variables -
hypertension, insulin resistance or glucose intolerance, low serum
high-density lipoprotein cholesterol, elevated serum triglyceride
and abdominal obesity. Subjects meeting three of these five
criteria are classified as having metabolic syndrome .OSA is
independently associated with metabolic syndrome.
Dysregulation of the hypothalamus-pituitary axis due to chronic
intermittent hypoxia and sleep deprivation with sleep loss may play
a role in triggering inflammation leading to metabolic syndrome.
Obesity, particularly central adiposity, is a potent risk factor for
sleep apnea. [11] Subjects with OSA have a proinflammatory
state, a prothrombotic state, hyperleptinemia,
hypoadiponectinemia, hyperuricemia, endothelial dysfunction
and microalbuminuria, all of which promote development of
metabolic syndrome. [12]

OSA and Cardiovascular Dysfunction:

The mechanisms by which OSA increases the risk of cardiovascular
diseases include intermittent hypoxia, sleep fragmentation, sleep
deprivation, which causes sympathetic activation, increase of
reactive oxygen species, activation of inflammatory pathways, and
prothrombotic factors.[10,13]

OSA is a systemic disease that causes an increase in inflammatory
cytokines, like C-reactive protein (CRP), tumor necrosis factor A
(TNF-A) and interleukin-6 (IL-6)[ 14-16]. Increased sympathetic
activity, oxidative stress, systemic inflammation, endothelial
dysfunction, metabolic dysregulation and intrathoracic pressure
changes during OSA are contributory factors for cardiovascular
consequences in OSA [17]. Many risk factors of OSA (age, male
gender and obesity) are also risk factors for cardiovascular disease.
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Association with conditions like diabetes mellitus and
hypertension are known to increase the risk for cardiovascular
disease. The prevalence of cardiac arrhythmias and coronary heart
disease (CHD) are higher in patients with severe OSA (RDI >30) [ 18]
Bradyarrhythmias are also reported in OSA and can occur with a
structurally normal heart. Effective CPAP therapy has been shown
to attenuate bradyarrhythmias and reduces risk of sudden death.
[19,20,21]

There is a close link between OSA and heart failure by their close
association with aging and obesity. The Framingham study has
shown thatincreasing BMl is directly correlated with incident heart
failure and may be mediated in part by OSA [22]. Incident atrial
fibrillation, an important risk factor for heart failure, is also
associated with the degree of oxyhemoglobin desaturation in OSA
[22-24]. Repetitive upper airway closure in OSA can have
deleterious effects on cardiac function. With the addition of CPAP
for 1 month, it has been shown that treatment of coexisting OSA
by CPAP reduces systolic BP and improves left ventricular systolic
function in medically treated patients with heart failure [25]. In
patients with congestive heart failure and OSA receiving 3 months
of CPAP, it has been shown that there is significant improvements
in left ventricular ejection fraction and reductions in urinary
catecholamines.

OSA and Systemic Hypertension:

OSA increases the relative risk of hypertension; independent of
other confounding factors [26].A link also has been established
between sleep-disordered breathing to chronically elevated BP
[27]. Disordered breathing during sleep has been found to be
associated with acute peripheral vasoconstriction and rise in BP
during sleep[28].Several studies showed that reduction in
nocturnal O, saturation increased the likelihood of developing
hypertension[29] .There is probably a risk factor for hypertension
and consequent cardiovascular morbidity in the general
population[27].CPAP has been shown to acutely attenuate
sympathetic drive and nocturnal BP in OSA[30].Studies from
uncontrolled and highly selected populations have suggested
improvement in BP control with CPAP[31].

OSA &stroke

It has been observed that modest-to-severe levels of sleep apnea
are associated with an approximately threefold increased risk of
ischemic stroke in men [32]. The risk of mortality from stroke
increases proportionately with OSA severity [33]. It is also feasible
that stroke may itself predispose to sleep-disordered breathing.
Apneic events of OSA have been found to be associated with
reduced cerebral blood flow and this predisposes to thrombosis
[34]. The higher rates of atrial fibrillation observed in subjects with
OSA have reported an increase in the risk of embolic events in such
patients. It has been observed that sleep apnea occurs frequently
after stroke and CPAP treatment has been found to improve
neurological recovery after stroke [35, 36]. It is further reported
that CPAP treatment reduces excess risk of mortality in patients
with moderate-to-severe OSA and acute ischemic stroke [37].

Neurocognitive & PsychiatricAbnormalities:

Low oxygen saturation levels during apneic events, severe sleep
fragmentation, and excessive daytime sleepiness lead to increased
risk of development of mental disoreders like anxiety, depression,
psychosis etcin subjects with OSA.

Neurocognitive consequences include decrease in alertness,
memory deficit, reduced vigilance, impaired executive function,
psychomotor speed deficits, increased risk for automobile and
occupational accidents and decreased quality of life [38]. This
impairment in cognitive functions in OSA patients has been found
due to consequent reductions in gray matter volume of left
hippocampus and right frontal gyrus. Significant improvement in
gray matter of these areas has been seen following treatment with
CPAP for 3 months[39, 40].

Psychomotor speed deficit has also been observed in moderate-to-
severe OSA [41]. Studies have demonstrated a decline in learning
abilities [42]. Executive functions that are found to be impaired in
OSAS are mental flexibility, planning, analysis, synthesis and

organizational skills [43, 44] and semantic language deficits
[45,46]. CPAP treatment is found to be effective in improving
some cognitive functions (memory and psychomotor speed) [47].
Although higher executive functions and verbal fluency may not
improve following treatment with CPAP [48]

OSA and Other Complications

It has been reported that there is a high prevalence of erectile
dysfunction in OSA patients. The mean nocturnal oxygen
saturation was independently associated with erectile dysfunction
suggesting that intermittent nocturnal hypoxia observed in OSA
contributes to the development of erectile dysfunction
[49].Treatment with nasal CPAP has been found to resolve erectile
dysfunction resulting in improvement in quality of life [50]. It was
observed that abdominal aortic aneurysm is highly prevalent in
OSA and there was further expansion of abdominal aortic
aneurysm in patients with severe OSA [51]. Several studies have
also shown that sleep-disordered breathing was associated with
deep vein thrombosis and pulmonary embolism in patients with
OSA, and this association was independent of established risk
factors for thrombosis [52]. The prevalence of GastroEsophaegeal
Reflux Disease (GERD) in OSA patients is significantly higher than
the general population. Recent studies have shown that treatment
with a continuous positive airway pressure (CPAP) device
significantly reduces the symptoms of GERD and the exposure of
acid pH in the esophagus as well as improves the number of
awakenings and apnea indexes [53].
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Conclusion:

Obstructive sleep apnea (OSA)-induced biological changes include
intermittent hypoxia, intermittent hypercapnia, intrathoracic
pressure changes, sympathetic activation and sleep
fragmentation. These biological changes lead to oxidative stress,
systemic inflammation, metabolic dysregulation, and
hypercoagulation and neurohumoral changes.

There is a close relationship of OSA, obesity and metabolic
syndrome leading to increased cardiovascular morbidity and
mortality.

OSA has been reported to increase the risk for systemic
hypertension, pulmonary vascular disease, ischemic heart disease,
cerebral vascular disease, congestive heart failure and arrhythmias.
However, a causal relationship is difficult to establish as many risk
factors of OSA are also known risk factors of cardiovascular
diseases.

OSA, if untreated, is associated with increased cardiovascular
mortality in both men and women. There is significant reduction in
mortality in both when OSA is treated with continuous positive
airway pressure.

Patients with risk factors for sleep apnea should be properly
investigated, since the failure to identify the sleep disorder may
contribute to therapeutic failure in the treatment of comorbidities.
Recent years have noticed an increased awareness of OSA with an
explosion of research publications in this field but the diagnosis of
OSA is based on expensive polysomographic studies are lacking in
many institutes in India. A cost-effective diagnostic test is required
to diagnose this condition in a large number of patients. There is
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also a need to identify other modalities of treatment. Close
interaction of basic, clinical and public health scientists are
essential to unravel many of the unknown features of OSA to
provide quality care to patients.

Randomized interventional studies with adequate follow-up and
longitudinal studies, in future, shall answer many of the
controversial issuesin OSA.
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