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ABSTRACT

Obstructive sleep apnoea (OSA) is a leading public health problem both in the developed and developing nations. However,
awareness regarding diagnostic options, management and consequences of untreated OSA remains inadequate. In
developing nations, the resources for adequate sleep medicine facilities are scarce. Therefore, there is a need for low cost,
simple and accurate diagnostic and therapeutic modalities exists. Untreated OSA leads to excessive daytime sleepiness,
diminished performance and an overall poor quality of life. The role of OSA in promoting insulin resistance, atherosclerosis,
hypertension and a procoagulant state has now been established. Newer insights into the biochemical and genetic mediators
of OSA have raised hopes regarding the development of a “cure”. However, as of now, continuous positive airway pressure
(CPAP) therapy remains the first-line treatment. Though its use improves the quality of life as well as metabolic
derangements observed in OSA, patients’ acceptance remains low. Its high cost and long-term use are also cumbersome.
Newer modes of delivering CPAP, oral appliances and upper airway surgery are the other options available. It is hoped that
their appropriate use to increase patients’ compliance may improve the quality of life as well as provide a survival benefit.
[Indian J Chest Dis Allied Sci 2008; 50: 137-150]
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INTRODUCTION

“Sleep is a reward for some, a punishment for others”
Issador Ducasse

Sleep disordered breathing (SDB) includes a spectrum
of conditions, the most severe of which is obstructive
sleep apnoea syndrome (OSAS). It is a potentially
disabling condition characterised by disruptive snoring,
repeated episodes of complete or partial pharyngeal
obstruction during sleep resulting in nocturnal
hypoxemia, frequent arousals and excessive daytime
sleepiness.

Ever since Charles Dickens described a “Pickwickian
stereotype”, obstructive sleep apnea (OSA) has literally
walked out of books to flourish around us in various
under appreciated forms. Among adults, sleep apnea is
more common than asthma. Recognised as a separate
clinical entity nearly 35 years ago, OSA still remains a
substantial but frequently ignored public health threat.

Apnoea is defined as complete cessation of nasal
airflow for more than 10 seconds.1 Hypopnoea is
characterised by polysomnographic (PSG) variables as
any one of the three,1 namely, decrease in nasal airflow
by more than 50% for more than 10 sec, decrease in
nasal airflow by less than 50% with a more than 3% fall
in oxygen saturation or a decrease in nasal airflow by

less than 50% with electroencephalographic (EEG)
evidence of arousal. As hypopnoeas lead to the same
clinical consequences as apneas, the apnoea-hypopnoea
index (AHI) is widely used for the diagnosis and the
assessment of the severity of OSA.1 The AHI or
respiratory disturbance index (RDI) refers to the mean
number of apnoeas or hypopneas per hour of sleep. An
AHI of more than five on overnight PSG study is
required for the diagnosis of OSA.1 A respiratory event
related arousal (RERA) is defined as increasing
respiratory effort required to maintain a normal airflow
culminating in an arousal on EEG. The OSAS requires a
minimum presence of excessive daytime sleepiness.1

The present classification of sleep disorders2 is described
in table 1.

EPIDEMIOLOGY

Several global epidemiological studies3-12 have
demonstrated a variable prevalence of OSAS (0.3 to
5.1%) (Table 2). In a recent summary pooling together
three studies, it was estimated that 20% of adults with
body mass index (BMI) in the range 25-28 have sleep
apnoea based on a cut-off apnoea-hypopnoea index
(AHI)>5 and 7% based on an AHI>15.13 These estimates,
however, are based on data from predominantly white
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urban adults to be 9.4% and that of OSAS to be 2.7
percent. The prevalence of OSA and OSAS in males was
13.4% and 4%, respectively while that in females was
5.6% and 1.5 percent. It was a two-stage study which
screened 2505 subjects with a response rate of 62%
(Table 3).

RISK FACTORS

Several factors have been hypothesised to have a role in
the development and progression of OSA.18,19 Some are
not modifiable like ethnicity, age, gender while others
like excess weight, alcohol, smoking, nasal congestion
and postmenopausal status are highly prevalent.

Nonmodifiable Risk Factors

Age. The prevalence of OSA increases with age. In
midlife and in elderly (>65 years) it is found to be 2 to 3
times higher than among the middle aged (35-64 years)
men and women.18 But this increase is not continual and
there is a plateau in prevalence rate after 65 years of
age.18 It has been seen that there is little or no association
of OSA with sleepiness, hypertension, or decrement in
cognitive function in elderly, all of which are common
correlates of OSA in middle ages. Association with BMI
is weaker and prevalence of self-reported snoring is
lesser as compared to middle age. There is a higher
incidence of central sleep apnoea in elderly. Prevalence
of OSAS in childhood varies between one percent to 1.8
percent.18 In contrast to adults, there is an equal
prevalence in either sex. Obesity is a less important risk
factor for OSA in childhood. Daytime sleepiness is less
commonly identified in children with OSA, but poor
school performance is seen in 16% to 71% of them.

Table 1. Current terminology for common sleep related
breathing disorders

Primary central apnoea

Central sleep apnoea due to
Cheyne stokes breathing
High altitude periodic breathing
Drugs (barbiturates, morphine, sedative antihistaminics etc)
Medical conditions apart from Cheyne Stokes
(hypothyroidism, renal failure, stroke, pregnancy etc)

Primary sleep apnoea of infancy

Obstructive sleep apnoea (OSA)

Sleep related non-obstructive alveolar hypoventilation; idiopathic

Congenital central alveolar hypoventilation syndrome

The American Sleep Disorders Association Arbitrarily Classifies
OSA as

Mild OSA AHI 5-15
Moderate OSA AHI 15-30
Severe OSA AHI ≥ 30

Table 2. Prevalence rates of sleep disorderd breathing in various international studies

Year Author and Place Study Design Sample PSG Age Estimated Prevalence (%)
Size (n) (N) (yr) HS OSA OSAS

1988 Gislason et al (Sweden)3 Population based 4,064 61 30-60  15 3 1.4
1993* Young et al (Wisconsin, USA)4 Population based 3,513 624 30-60  36 9(F), 24(M) 2(F), 4(M)
1994 Bearpark et al (Australia)5 Population based NA 294 40-65  22 26 3.1
1994 Olson et al (Australia)6 Population based 1,188 193 35-69 24 13.5 4.2
2001* Bixler et al (Pennsylvania, USA)8 Population based 16,603 1,741 20-99  33 17 3.5
2001* Duran et al (Spain)9 Population based 2,794 400 30-70  35 26(F), 28(M) 3.2

* = Studies with similar design and defining criteria; PSG = Polysomnography;  N = No. of polysomnography studies done,
HS = Habitual snorers, OSA = Obstructive sleep apnoea, OSAS = Obstructive sleep apnoea syndrome, NA = Not available, M = Males;
F = Females.

Table 3. Prevalence rates of sleep disordered breathing in India

Year Author and Place Study Population PSG Age Estimated Prevalence† %
(Questionnaire based) (N) (yr) HS OSA OSAS

2004 Udwadia et al15 (Mumbai) Male insurance claimers (658) 254 35-65 26.0 19.5 7.5
2006 Sharma et al16 (New Delhi) Community study (2150) 150 30-60 23.0 13.7 3.8
2007 Reddy17 (New Delhi) Community study (2505) 356 30-60 18.1 9.4 2.7

† = Estimations based on number of PSG studies done with extrapolation to the screened population; PSG = Polsomnography,
N=No. of polysomnography studies, HS = Habitual snorers, OSA = Obstructive sleep apnoea, OSAS = Obstructive sleep apnoea
syndrome

populations and may not be applicable to other racial
groups. Major aetiological factors such as obesity and
craniofacial anatomical predispositions are both
genetically and environmentally influenced. Estimates
of OSAS prevalence in Asian population are similar12, 14,

15 (2-4%). It is likely that apart from obesity, other strong
risk factors such as craniofacial features and ethnicity
may be contributory to high prevalence of OSA in Asian
population. Only two community-based prevalence
studies have been done from India so far.16, 17 The first
conducted in a small sample of semi urban population
in Delhi revealed that at least 13.7% and 3.8% of middle-
aged Indian adults have OSA and OSAS, respectively.16

Unpublished results from a recently completed
community-based prevalence study covering a wide
socio-economic base, the South Delhi Sleep Study
(SDSS)17  found the prevalence of OSA in middle-aged
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Adenotonsillar hypertrophy is an important treatable
cause of sleep disorderd breathing (SDB) in children.18

Male gender. In majority of the population-based
studies, male sex is a striking risk factor for OSA and a
2-3-fold greater risk of OSA has been reported for men
compared with women.19 The gender related protective
effect decreases in postmenopausal women who are not
receiving hormone replacement therapy. In addition to
the lesser likelihood of women being evaluated and
treated for OSA, effect of sex hormones, craniofacial
morphology, pattern of fat deposition, differences in
upper airway shape and genioglossal muscle activity
during the awake state and control of ventilation,  have
been proposed to account for a higher male risk of
OSA.20  However, a reduction in the AHI on
administration of estrogen and progesterone to men (or
postmenopausal women) has not been demonstrated.20

The effect of exposure to exogenous potential risk
factors, such as occupational exposures or smoking, to
explain the gender difference has also not been studied
adequately till date.  The  observation  that  female
patients with  OSA have a  poorer  survival  indicates
that  OSA  is either probably diagnosed late in the
course of the disease or is not treated aggressively
enough in females.19

Ethnicity. Population-based studies3-11 suggest that
the prevalence of OSAS is higher in African-Americans
as compared with Caucasians.  It is hypothesised that
other strong OSA risk factors, apart from obesity, such
as craniofacial features that compromise the upper
airway, that are more prevalent in certain ethnic groups
might explain the comparable prevalence of OSA in
diverse populations.

Anatomical abnormalities of the
craniofacial region and upper airway. Several
craniofacial, orthodontic  skeletal or soft tissue
structural abnormalities such as  dysmorphisms related
to mandibular or maxillary size and position (e.g., a
posteriorly placed mandible, a narrow posterior airway
space), an enlarged tongue and soft palate, inferiorly
placed hyoid bone, and narrowed nasal cavities,  can
result in a  smaller or more collapsible upper airway,
and an increased predisposition for the development of
OSA.21 Adenotonsillar hypertrophy in childhood can
lead to abnormal growth patterns of the lower face and
jaw (adenoidal facies) and may predispose to OSA in
later life.18

Genetic predisposition. Apart from male sex the
strongest genetic correlate, a number of genetic linkages
have been found.22, 23 Familial aggregation of OSA has
been documented indicating a genetic basis for the
causation of OSA.24 Key contributory factors that
influence OSAS, such as obesity, craniofacial and
orthodontic abnormalities, ventilatory control, circadian

rhythm and sleep regulation, have a complex genetic
basis. However, it is difficult to disentangle
environmental risk factors, including cultural
differences in diet and lifestyle, from genetic factors.
Data are available linking circulating nuclear factor-κB
(NF-κB)-dependent genes, tumour necrosis factor-a
(TNF-α), and interleukin-8 (IL-8) to OSA23. Patients with
OSA have elevated circulating levels of TNF-α  and it
has also been demonstrated that OSA is associated with
the TNF-α (-308A) gene polymorphism, which results in
increased TNF-α production.25

Modifiable Risk Factors

Excess body weight. Results of most studies
indicate that at least 60% to 70% of patients with obstru-
ctive sleep apnoea are obese.3-17 Potential mechanisms to
be considered include: (1) alteration in the upper airway
structure, (2) alteration in the upper airway function, (3)
alteration in the balance between ventilatory drive and
the load and (4) obesity induced hypoxemia.

There is little controversy regarding the causal role of
overweight in OSA but what is debated, is the
magnitude of association, the importance of specific
distribution of excess fat (general, central and  neck
obesity)  in the body and the variability of response of
OSA to excess weight. The present consensus is that
neck fat distribution26 and visceral fat26 correlate more
with OSA. A randomised study by Smith and co-
workers27 has shown that there occurs a 3% increase in
AHI for each 1% increase in body weight. Data are also
available from studies of surgical or dietary weight loss
interventions where a consistent and substantial
decrease in OSA severity following weight loss has been
demonstrated.28,29 While more than two-thirds of the
patients with OSA are obese, population studies
indicate that OSA is a considerable problem in non-
obese individuals also.13 Thus, when a non-obese
patient presents with a clinical picture suggestive of
OSA, the diagnostic possibility of OSA should not be
simply dismissed because the patient is not obese.

Alcohol consumption. Alcohol consumption
increases nasal and pharyngeal resistance and
compromises breathing during sleep. Most studies
including the MONICA II study30 have shown a
significant association of snoring and OSA with alcohol
consumption but what is not clear is the effect of long-
term alcohol use pattern, on the occurrence of the OSA.

Smoking. Smoking causes airway inflammation
and increases airway oedema, thus contributing to
OSA.31 In the only epidemiological study to focus on the
role of smoking in OSA, Wetter and co-workers found
that, current smokers were three times more likely to
have OSA than non-smokers.32

Nasal congestion. This is a potentially modifiable
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condition which predisposes to airway collapse and
hence OSA by increasing the pressure difference
between atmospheric and intrathoracic space to
maintain nasal breathing. It has been shown that the
odds ratio for habitual snoring and chronic severe nasal
congestion at night is 3.3.33

Menopause. Postmenopausal status has been
shown to increase the risk of OSA.20 The reasons are yet
unclear but hormone replacement therapy has
definitely improved OSA in postmenopausal women.34

Co-morbid Conditions

It is important to distinguish OSA from conditions, such
as hypothyroidism and acromegaly that can be
masquerading as OSA. Treatment of the primary
condition may provide a substantial cure for OSA.35 If
the primary condition is not identified, this may result
not only in a misdiagnosis but also a therapeutic
misadventure. The OSA is associated with diabetes
mellitus, hypertension, coronary artery disease,
myocardial infarction, congestive heart failure, stroke
and chronic renal failure. It is likely that the associations
may reflect risk factors that are common to all these
conditions and OSA. However, they may also reflect the
role of OSA in the aetiology of these conditions.

PATHOPHYSIOLOGY

Peculiarly, man’s best friend the dog (the bull dog)
remains his sole companion from among the mammals
to suffer from OSA. It appears the evolutionary
blessings of airway modification for speech and upright

posture have constitutionally predisposed humans for
OSA36 (Figure 1).

State-dependent reductions in respiratory muscle
activity are a normal phenomenon of sleep. Sleep apnea
patients differ from normal subjects in the sleep
dependent changes in respiratory drive to the upper
airway and pump muscles and anatomy and
biomechanical properties of the upper airway. The site
of sleep dependent obstruction in OSA is usually in the
retropalatal or the retroglossal regions or both.37-39 The
upper airway lumen is controlled by the net balance
between the constrictors and dilators of the pharynx,
which are in turn controlled by cranial motor nuclei (V,
VII, X, XI and XII).40 Sleep dependent changes in the
firing rates of these motor nuclei are mediated through
neurotransmitters, namely, serotonin, substance p,
thyrotropin releasing hormone, noradrenaline, orexin,
acetylcholine, glutamate are excitatory while glycine, γ-
amino butyric acid GABA and enkephalin are
suppressants.41 The predominant and non-rapidly
desensitising serotonin receptor subtype involved in
excitation of hypoglossal motor neurons (5HT

2a
) has

also been implicated in vasoconstriction (systemic and
pulmonary) and thromboembolism.42, 43 Its stimulation
has corrected sleep apnoea in animal models but side
effects make it an unlikely therapeutic target. Other
“orphan” receptors are under therapeutic evaluation.
Neuronal function per se is also altered in OSA, through
hypoxia and oxidative stress mediated damage of
hippocampal motor neurons and upper respiratory
neurons.44, 45 Magnetic resonance spectroscopy (MRS)
studies demonstrate altered neurometabolites (N-
acetylaspartate, phosphorylcreatine, myoinositol) in
hippocampus, and frontal lobe correlating with

Figure 1. Pathophysiology of obstructive sleep apnoea.
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increased cell damage.46 The role of various upper
airway reflexes in normal and OSA patients is also
under evaluation. These reflexes might contribute
significantly to upper airway activity in OSA patients
who otherwise have compromised central neural
drives.

Structural correlates of upper airway compromise in
OSA include retrognathia, maxillary repositioning,
intranasal obstruction, caudal displacement of hyoid
bone, macroglossia, low-lying or enlarged soft palate,
enlarged lymphoid tissue and brachycephalic posture.47

Skeletal predispositions are multi-factorial with
significant genetic influences that increase the likelihood
of OSA in some subjects.48 Soft tissue differences in the
form of oedema and fatty infiltration also confer
significant predispositions to OSA.49 Neck size is the
strongest of the obesity predictors for OSA and it
correlates with increased dimensions of parapharyngeal
fat pads.50 A larger upper airway soft tissue volume in
men may contribute to the increased prevalence of OSA
in men. During wakefulness also OSA subjects
demonstrate marked narrowing of the lateral airway
walls and this region is distended in OSA patients
treated with CPAP.

It is difficult to predict OSA severity reliably, solely
on the basis of imaging or muscle activity alone. The
biomechanics of the upper airway, altering compliance
and collapsibility determines snoring and apnoea. The
collapsible passage is formed by retropalatal and
retroglossal regions. Airflow through this passage is
influenced by variations in intra-luminal pressures,
resistance and collapsibility, according to Starling’s law.
The airway (nasal) pressure at which flow ceases in this
passage is termed as critical pressure (Pcrit). Normal
sleep decreases P

crit 
(-40cm H

2
O to -15cm H

2
O). Snorers

have a Pcrit  closer to -6cm, persons with hypopnoea near
-2cm and predominantly apneas occur when P

crit  
equals

atmospheric pressure.50 Nasal resistance contributes to
severity of OSA by limiting maximal flow upstream to
the collapsible passage and decreasing Pcrit. On the
contrary, positive airway pressure increases driving
pressure, airflow and hence Pcrit. The Pcrit is also affected
by length of the airway which is influenced by lung
volume which is normally decreased in sleep and more
so in OSA. Effect of supine positioning in aggravating
apnoea is independent of its effect on lung volumes.
Hysterical (shear stress dependent) properties of
mucosa and folds also influence collapsibility. Muscle
injury due to occasional high pressures and intermittent
hypoxia may contribute to disease progression. The
repeated systemic oxy-hemoglobin desaturations
caused due to apnoea place a substantial oxidative
burden on many physiologic systems contributing to
the systemic disease associations of OSA.51, 52

CONSEQUENCES OF OSA

Apart from direct consequences of repetitive airway

obstruction, the vicious cycle of hypoxia, sympathetic
stimulation and arousal produces a significant oxidative
load on all physiologic systems of the body. The damage
is reflected initially in impaired endothelial function,53

manifested through increased  expressions of cell
activators NF-κB,52 adhesion molecules vascular
endothelial growth factor (VEGF),54 inflammatory
mediators like cytokines and other markers high
sensitivity-C reactive protein (hs-CRP), intercellular
adhesion molecule-1 (ICAM-1), interleukins 6 and 18,56

activated monocytes,51  markers of apoptosis  and
remodeling. Patients with predisposing genetic
polymorphisms are more prone to the deleterious
effects of OSA, demonstrating accelerated progression
of atherosclerosis.25

Hypertension

Population-based studies show that the prevalence of
hypertension is greater in patients with OSA.57 Studies
in hypertensive subjects show a higher incidence of
OSA.58, 59 Data from the Wisconsin Sleep Cohort Study,58

showed a dose response association between SDB at
baseline and development of new onset hypertension
four years later independent of other known risk factors
[odds ratio (OR) for AHI <5, 5-15, >15 were 1.42, 2.03
and 2.89 respectively].58  Further, in some studies CPAP
therapy has been reported to reduce elevated blood
pressure in hypertensive OSA subjects.60 In OSA acute
nocturnal surges in blood pressure occur due to
chemoreflex mediated hypoxia induced sympathetic
stimulation. These are potentiated in hypertensive
subjects, increasing peripheral resistance. When the
apnoea ends, changes in intrathoracic pressure increase
the cardiac output, on a constricted vascular bed
causing surges in blood pressure. “Carry over” of the
elevated sympathetic tone leads to increased daytime
blood pressures. Normotensive OSA patients without
overt cardiovascular risk factors, have been shown to
have decreased heart rate variability and increased
blood pressure variability, which predispose to
hypertension and endorgan damage. Chemoreceptor
“resetting”, tonic chemoreceptor activation occur even
in normotensive patients with OSA. Endothelial
dysfunction and remodeling may lead to increase wall
lumen ratio and contribute to progression of
hypertension (Table 4).

Heart Failure

Patients with systolic heart failure have a high
prevalence of sleep apnoea predominantly central sleep
apnoea (CSA).61 Patients with diastolic dysfunction may
have a higher prevalence of OSA.61 Studies suggest that
during the night the proportion of CSA goes on
increasing, from the first to the last quarter.61 Heart
failure predisposes to OSA by increased soft tissue
oedema, increased airway collapsibility and prolonged
circulation times. Cardiac function is deranged in OSA
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due to hypoxia, increased peripheral resistance (due to
respiratory efforts), oxidative stress, increased
atherosclerosis, and risk of arrhytmias. Treatment with
CPAP therapy has been shown to increase stroke
volume and improve functional status in patients with
heart failure.62 Thus, OSA in the backdrop of heart
failure requires aggressive treatment.63

Cerebrovascular Disease

Breathing disorders consequent on a cerebrovascular
attack, are more likely to cause primarily central sleep
apnoea.64 They are most likely to manifest in the initial
hours after stroke,65,66 but may aggravate pre-existing
OSA.  Prevalence of OSA is equally high in subjects with
transient ischemic attacks,66-68 suggesting against a
causal association. The severity of obstructive events is
independent of the type of stroke and localisation in the
brain.67 It is hypothesised that intermittent hypoxia
along with its consequent sympathetic stimulation,
hypertension and oxidative stress leads to disturbed
autoregulation of cerebral blood flow, platelet activation
and endothelial dysfunction which may precipitate a
stroke in patients with OSA. The use of CPAP in the
treatment of post-stroke OSA has been effective69 in
improving quality of life and abolishing apnoeas.

Pulmonary Artery Hypertension

Several studies show no difference between pulmonary
hypertensive and normotensive subjects with OSA with
respect to nocturnal oxygen saturation and AHI.70, 71

This suggests that individual variation in pulmonary
vascular sensitivity or factors other than OSA per se,
may be responsible for pulmonary artery hypertension.
Intriguingly, CPAP therapy has been shown to decrease
pulmonary artery pressure in patients with OSA with
either increased or with normal pulmonary artery
pressures,72, 73 which suggests that even “normal” may
be elevated when compared with baseline.74

Arrhythmias

The most commonly associated arrhythmia with OSA is

sinus bradycardia with AV blocks (sinus arrest and
complete heart block).75 It is caused by increased vagal
tone linked with apnoea severity. However in subjects
with underlying cardiac disease, it can even precipitate
tachyarrhythmias.75 Recurrent sympathetic stimulation
at the termination of an apnoea adds to the risk of fatal
arrhythmias. Untreated OSA is an important under
recognised cause of sudden cardiac death.76 Treatment
with CPAP therapy has been shown to abolish these
triggered arrhythmias and is the first line treatment in
patients with a compromised heart.

Insulin Resistance and Metabolic Syndrome

Animal studies have demonstrated the significant
“stress” of intermittent hypoxia in disturbing the
glucose-insulin axis.77 Sleep fragmentation has also been
demonstrated to disturb glucose tolerance in adults.78

Sleep apnoea patients also have in addition, “visceral
obesity” which contributes to their predisposition for
insulin resistance.  There have been conflicting reports
from studies trying to assess the independent
contribution of sleep apnoea to insulin resistance.
Though similar methods of measurement, homeostatic
model assessment for insulin resistance (HOMA-IR)79-83

have been used in the studies, the confounding effects
of obesity on insulin resistance can’t be eliminated.80, 84

Insulin resistance is a known risk factor for
atherosclerosis. The OSA represents a stress that
promotes insulin resistance and hence development of
metabolic syndrome and finally atherogenesis as
reflected in a number of studies which suggest
association with OSA severity. Each additional apnoea
or hypopnoea increases the fasting insulin level and
HOMA-IR by about 0.5 percent.82 Metabolic syndrome,
the clustering of metabolic and morphological risk
factors including insulin resistance is a well established
risk factor for cardiovascular disease.85, 86 Interaction of
OSA with various vascular risk factors (called
Syndrome Z) has long been recognised.87 Though
previous studies have shown an independent
association between OSA and individual components of
metabolic syndrome, the overall association of
metabolic syndrome independent of obesity has been
shown only recently.84 However, the issue remains
controversial and obesity may be a more significant
factor in impairing metabolism.80, 84 Comparative
assessments of metabolic abnormalities and hs-CRP
levels in carefully matched obese controls, non- obese
controls and OSA patients have failed to reveal
significant differences.81, 88 Results from small cohort
studies suggest that CPAP therapy which abolishes
apnoeas and hypopnoeas also improves insulin
resistance.83

Neurocognitive Sequelae of Obstructive Sleep
Apnoea

Excessive sleepiness and impaired functioning can
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Table 4. Consequences of untreated obstructive sleep apnea

Odds Ratio Reference

Cardiovascular
Prevalent HTN 1.4 Nieto et al57

Incident HTN 2.9 Peppard et al58

CAD 1.3 Shahar et al59

Stroke 4.5 Pozza et al64

CCF 2.4 Shahar et al59

Sudden death # Gami et al76

Neurocognitive
Vehicle accidents 7 Teran-Sentos et al89

Metabolic effects
Insulin resistance # IP et al82

#=Odds ratios were not provided, HTN=Hypertension,
CAD=Coronary artery disease, CCF=Congestive cardiac failure
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seriously disturb the lives of patients with OSA. These
patients have a seven times higher risk of automobile
accidents.89 Moreover, self-awareness about this possible
hazard even among diagnosed patients is low.90

Cognitive areas most frequently and reliably reported as
being affected by OSA are general intelligence,
attention, memory and executive and motor
functioning.91 Patients with OSAS suffer from excessive
daytime sleepiness (EDS) due to: fragmented sleep and
nocturnal hypoxemia. Recent work indicates that these
two factors are differentially related to the
neurocognitive deficits observed in OSAS. The EDS
specifically relates to reduced attention and memory
while hypoxemia specifically relates to reduced
executive functioning reflected in impaired decision
making.

CLINICAL PRESENTATION

Snoring and excessive daytime somnolence are the
cardinal features of sleep apnoea syndrome. Prevalence
of OSA has been reported to be 35% to 64% in habitual
snorers.13,16 The various symptoms of OSA patients are
summarised in table 5. Hypoxemia, hypercapnia, and
cor-pulmonale may complicate the late stages of the
obstructive sleep apnoea syndrome, especially when
obesity and chronic lung disease are present. Death can
result from severe episodes of apnoea. Reference has
already been made above to conditions, like hypo-
thyroidism, acromegaly which may masquerade as
OSA.92

disorder characterised by unpleasant sensations in the
legs and an uncontrollable urge to move when at rest in
an effort to relieve these feelings. The most distinctive or
unusual aspect of the condition is that lying down and
trying to relax activates the symptoms. More than 80%
of the people with RLS also experience a more common
condition known as periodic limb movement disorder.
It is characterised by involuntary leg twitching or
jerking movements during sleep that typically occur
every 10 to 60 seconds, sometimes throughout the night.
The symptoms cause repeated awakening and severely
disrupted sleep. Patients are often unable to
concentrate, have impaired memory, or fail to
accomplish daily tasks. The diagnosis is based heavily
on history and symptoms, hence should be kept in
mind. Overnight polysomnography study may suggest
a diagnosis of periodic limb movement disorder.

Assessment of Sleepiness

Subjective assessment. This involves the use of
focused sleep questionnaires, validated in various
studies and demonstrated to have a reasonably high
sensitivity 74 percent to 86 percent.93 In the Epworth
Sleepiness Scale (ESS), the patient rates his or her
propensity to fall asleep during eight situations ranging
from lying down to rest, to sitting, to conversing. The
likelihood of falling asleep is rated on a scale from 0 to
3, with 3 representing the highest likelihood of falling
asleep. The total score ranges from 0 to 24, with a score
of less than 7 considered within normal limits and a
score of greater than 9 suggestive of sleep-disordered
breathing. The Stanford Sleepiness Scale (SSS) rates
subjective sleepiness on a scale from 1 to 7 with alert
and wide awake as 1, a little foggy as 4 and almost
asleep as 7. It is worthwhile to remember that sleep
deprivation due to any cause can elevate the ESS or SSS
scores.

Objective assessment

Multiple sleep latency test (MSLT). The MSLT is
an objective test in which a patient is given four or five
20-minute opportunities to fall asleep at set intervals
during the day (usually every two hours).93 The
tendency of a patient to fall asleep in a comfortable
setting is measured. It is considered a reliable, validated
measure of sleepiness, but does not correlate strongly
with severity of OSA. The mean latency to sleep onset is
helpful in differentiating patients with normal alertness,
who have a mean sleep latency of more than five
minutes, from those with excessive daytime sleepiness,
whose mean latency is less than five minutes. The types
of sleep that occur are also diagnostically useful. It is
quite common in narcolepsy to observe two or more
sleep-onset REM (SOREMs) periods in the five naps in
a patient who otherwise had a normal night of sleep
preceding the test. The MSLT is purported to be helpful

Table 5. Clinical presentations in patients with obstructive sleep
apnoea

Daytime Symptoms Sleep Symptoms

Excess daytime sleepiness Snoring
Cognitive and memory impairment Choking
Executive dysfunction Nocturnal polyuria
Erectile dysfunction Restless sleep
Gastroesophageal reflux Dryness of mouth
Morning headache

DIAGNOSIS

An outline of the diagnostic approach to OSA is
provided in figure 2. A high index of clinical suspicion
is essential in detecting OSA, since patients’ awareness
regarding the problem is low (especially in mild and
moderate cases). Often the patient seeks help for
associated problems like hypertension, headaches, dry
mouth, fatigue, erectile dysfunction etc. The differential
diagnosis of OSA includes other sleep disorders, like
narcolepsy, restless legs syndrome, nocturnal seizures
and idiopathic hypersomnia. Narcolepsy characterised
by “sleep attacks”, cataplexy, and excessive daytime
sleepiness can be readily differentiated by sleep latency
testing. Restless legs syndrome (RLS) is a neurological
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in making a diagnosis of several other types of sleep
disorders as well as in assessing the results of the
treatment.

The MSLT has limitations, for example, it does not
control for the mental state of the person tested and
assumes the ability to fall asleep is directly associated
with sleepiness, which may not always be the case. This
test is optimally performed just after an overnight PSG,
because disturbances in the quality or quantity of sleep
the night before will influence the results obtained on
the MSLT and may lead to a false-positive result.

Maintenance of wake test. It is similar in concept to the
MSLT with the tendency to sleep being assessed on
exposure to multiple stimuli.93

Polysomnography

Overnight PSG is required to make a diagnosis of OSA.
The PSG consists of a modified electroencephalogram
(EEG) to monitor brain activity, bilateral electro-
oculogram (EOG) to monitor eye movement, submental
and anterior tibialis electromyogram (EMG) to monitor
limb activity, oral and nasal thermistors to monitor
airflow, chest-wall and abdominal piezoelectric bands
and intercostal EMG to monitor respiratory effort, ear or
finger pulse oximetry to monitor arterial oxygen
saturation (SaO2), and V1 telemetry to monitor cardiac
activity. Electrocardiography (ECG) may also be

included. Respiratory effort may be monitored by
respiratory inductance plethysmography or esophageal
manometry.  Overnight PSG study provides data on the
RDI, AHI, AI, and the lowest oxygen saturation (LSAT).
Continuous esophageal and pharyngeal pressure
measurements may be added to indicate respiratory
effort and to help determine the site of obstruction.
Night-to-night variability in PSG findings due to inter-
observer differences in scoring, variability in sleeping
position, alcohol ingestion, or nasal congestion may
explain seemingly inconsistent results within individual
patients and the lack of correlation between
symptomatic improvement and sleep test results.93

In patients with OSA who are advised CPAP
treatment, there is a need for a repeat PSG study for
titration of appriopriate CPAP pressure for abolition of
apnoeas and hypopnoeas. Often this separate PSG
study is clubbed with the diagnostic PSG as a “split-
night” study. The advent of auto-adjusting pressure
titrating CPAP (A-CPAP) has enabled us to avoid the
repeat overnight PSG and directly use the A-CPAP.94

They have been used successfully for initial diagnosis
also.94

Alternatives to overnight PSG. If, the estimated
prevalence of sleep apnoea at 2 to 4 percent of middle-
aged adults is accurate, then the material and
manpower costs of full PSGs to diagnose all suspected
cases would be prohibitive. Diagnostic approaches

• Sleep history
• Anthropometry: BMI, PPNC,

waist/hip ratio

Assessment of sleepiness:
• Subjective: ESS, SSS
• Objective: MSLT*, MWT*

Alternatives:
• Partial channel PSGs
• Home monitoring devices:Actigraphy
• Radiology: CT, MRI, Cephalometry
• Functional Imaging: Endoscopy, Acoustic reflecions
• Automatic pressure titrating CPAP

CLINICAL SUSPICION

Figure 2. Algorithm for diagnosis of obstructive sleep apnea.
*=Ideally MSLT, MWT should be performed after a full night sleep, mostly after the PSG; BMI = Body mass index; PPNC = Percent
predicted neck circumference; ESS = Epworth sleepiness scale; SSS = Stanford sleepiness scale; MSLT = Multiple sleep latency test;
MWT = Maintanence of wake test; PSG = Polysomnography; CT = Contrast tomography; MRI = Magnetic resonance imaging;
CPAP = Continuous positive airway pressure.

PSG
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which might be viewed either as alternatives to PSGs or
as screening tests to better select patients for PSG
include:93

1. Partial channel PSGs;
2. Partial night or daytime PSGs;
3. Portable sleep monitoring devices for use at home:

actigraphy;95

4. Automatic pressure titrating CPAP based direct
pressure titration study in suspected sleep apnoea
patients for diagnosis and management;95

5. Radiology: imaging of the head and neck for
anatomic abnormalities predictive of sleep apnoea:
cephalometry, magnetic resonance imaging (MRI),
acoustic reflections and computed tomography
(CT) scans; and

6. Anthropomorphic measurements: such as neck
circumference nasopharyngeal and laryngeal
endoscopic measurements of both structure and
function.

Prediction equations. Combinations of patient
symptomalogy, anthropometry and demographic
patterns have been modeled variously to arrive at
prediction equations.96-98 One such model developed
and validated in subjects in New Delhi had a sensitivity,
specificity, positive predictive value and negative
predictive value of 91.3%, 68.5%, 70.5% and 92.3%,
respectively.98 The application of these models may help
more efficient use of the already scarce sleep medicine

facilities. Future incorporation of multiple airway
parameters with mathematical modeling may increase
accuracy.

TREATMENT

Lifestyle Modification

Weight reduction is undisputedly helpful in improving
the severity of OSA. As referred previously there occurs
a 3% increase in AHI for each 1% increase in body
weight.27 Weight reduction by as little as 3-5 kg has been
shown to significantly decrease snoring, CPAP
pressures and AHI.28 However, this does not abolish
OSA. Weight reduction is expected to ameliorate some
of the risk for co-morbid conditions like CAD,
hypertension, metabolic syndrome. Both sedative
medications and alcohol have a depressant effect on the
pharyngeal dilator muscles and increase respiratory
resistance, aggravating OSA. In subjects with evidence
of chronic or nocturnal nasal congestion, treatment with
topical steroids, antihistamines and surgery may help in
reducing severity of OSA. Decrease in nasal congestion
also helps to improve CPAP compliance (Figure 3).

Pharmacological Treatment

A number of agents have been tried without success to

PSG (Rule out hypothyroidism)
and other reversible causes of OSA

AHI 5-15/hr
(Mild) AHI 15-30/hr

(Moderate)

AHI >30/hr
(Severe)

Asymptomatic: Lifestyle modification

Symptomatic:
• Lifestyle modification
• Modafinil for EDS*
• Use of CPAP

Symptomatic:
•  Lifestyle modification
•  Rhinolaryngologist review
•  Use of CPAP
•  Modafinil for EDS*

CPAP intolerant:
• OA
• Consider BIPAP ±
• Surgery

Asymptomatic: Lifestyle modification

CHF†, CAD†, arrhythmias†:
CPAP therapy

• Lifestyle modification
• Rhinolaryngologist

review
• Use of CPAP
• Modafinil for EDS*

CHF†, CAD†,
arrhythmias†:
 CPAP therapy

Figure 3. Algorithm for the management of obstructive sleep apnea.
PSG = Polysomnography; AHI = Apnea-hypoapnea index; CPAP = Continuous positive airway pressure; EDS = Excessive daytime
sleepiness; CHF = Congestive heart failure; CAD = Coronary artery disease; OA = Oral appliances; * = Avoid in subjects with CHF,
CAD and exercise caution in patients with LVH; † = Maximal benefit with CPAP; ± = high CPAP pressures,underlying lung disease;
CHF = Congestive heart failure, CAD = Coronary artery disease.
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ameliorate the excessive somnolence in OSA patients.
The US FDA has approved the use of the wake
promoting drug modafinil in improving alertness and
subjective and objective sleepiness in patients with
OSA.99 The exact mode of action is unknown. It
decreases the uptake of norepinephrine and dopamine,
stimulates glutaminergic pathways and blocks
“hypocretin” mediated pathways in the hypothalamus.
It is contraindicated in patients with significant cardiac
dysfunction. It has also shown a weight reducing effect
across various studies, which may further benefit OSA
patients.100, 101 The starting dose is 200mg in the morning
after waking and can be titrated upwards. Headache
(11%) and nausea (12%) have been the commonest
reported adverse effects.99 More selective (R-
enantiomer) molecules are also available.

Positive Pressure

Therapy with CPAP is the first-line treatment for OSA.102

It delivers air at high flow (20-30 litres/min) through an
interface to the upper airway, providing a constant
mechanical splint (air at pressure) to prevent airway
collapse during sleep, thus abrogating apnoeas and
hypopnoeas.103 This reduces intermittent hypoxia,104, 105

respiratory effort, sympathetic stimulation,105 arousals105

and sleep fragmentation. Recent meta-analyses indicate
that the treatment of OSA with CPAP therapy leads to
significant improvement in daytime sleepiness and
quality of life measures as well as reduced diastolic and
systolic blood pressure.102, 106 Currently, CPAP is
recommended for any patient with symptoms, though
maximum benefit has been observed in patients with
AHI greater than 20 per hour.107 It is the treatment of
choice for severe OSA and in subjects with
cardiovascular dysfunction.106 Results  of a recent study
with CPAP therapy  show  a significant improvement in
markers  of early atherosclerosis in  patients  of  mild to
moderate  OSA  with no symptoms.108 Though the
overall magnitude of risk reduction is unknown, the
indications for CPAP therapy may widen in the future.
Retrospective cohort studies comparing compliance
with CPAP use in patients with severe OSA suggest a
reduction in mortality (85.5% vs 96.4%).109, 110 Bullous
lung disease and recurrent nasal/ear infections are

relative contraindications. The theoretical risks of
positive pressure; pneumoencephalus, increased
intraocular pressure are rare. Despite its efficacy patient
compliance is unsatisfactory ranging from 36% to 60%
across studies.102 Compliance failure due to discomfort
can occur due to many reasons, like ill fitting face
masks, claustruphobia and eustachian tube
dysfunction.102, 106 Interface designs for CPAP have been
developed over the years in an effort to minimise the
occurrence of such adverse effects and to improve
compliance. The results of a meta-analysis suggest that
nasal pillows or the Oracle oral mask may be useful
alternatives when a patient is unable to tolerate
conventional nasal masks.111 The face mask can not be
recommended as a first-line interface, but may be
considered if nasal obstruction or dryness and
uncontrolled air leakage from mouth limits the use of a
nasal mask.111 Appropriate pressure titration, proper
masks, nasal decongestants and counselling should
help. Humidified air at appropriate temperature
(warmed or cooled) may help with nasal dryness.
Newer respiration timed pressure delivery modes like
A-CPAP and pressure relief CPAP are more
comfortable. In contrast to the conventional fixed
pressure (F-CPAP) in which the pressures remain
constant throughout sleep, in A-CPAP the pressure
delivered to the airway fluctuates with sleep. Apart
from better patient comfort, the A-CPAP is significantly
more effective in correcting the deranged metabolic
parameters in OSA patients.112 However, the A-CPAP is
up to three times costlier than the conventional F-CPAP
and patients should be given a trial of cheaper options,
appropriate interface devices and counselling before
prescribing an A-CPAP.   The A-CPAP has been tried for
primary diagnosis and management of suspected OSA
patients, with acceptable results and may be beneficial
in resource limited settings.94, 113 Patients intolerant to
CPAP may try uvulopalatopharyngoplasty or oral
appliances.

Bilevel airway pressure therapy (BiPAP). The
CPAP provides similar inspiratory and expiratory
pressures, however, in BiPAP the inspiratory positive
pressure (IPAP) is set to prevent upper airway closure
and hypopnoea due to partial closure. The expiratory
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Table 6. Surgical procedures for obstructive sleep apnoea

Surgery Indication Result

Septoplasty Deformed septum Improved CPAP tolerance

Nasal polypectomy Airway obstruction Improved CPAP tolerance

Adenoidectomy Enlarged tonsils Treats OSA (esp. children)

Uvulopalatopharyngoplasty Debulking soft palate Treats snoring, decreases AHI, long-term success rate 52.3%

Pillar procedure Stabilises soft palate Decreases snoring and  AHI

Hyoid suspension Enlarges hypopharyngeal airway Helps moderate OSA, can cause dysphagia

MMA Stepwise jaw reposition In selected patients efficacy equals CPAP

CPAP = continous positive airway pressure; OSA = obstructive sleep apnoea; AHI = apnoea-hypopnoea index;
MMA=Mandibular advancement genioglossus recession maxillary advancement
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positive airway pressure (EPAP) serves to stabilise the
collapsible airway at end expiration such that the
patient can comfortably trigger the delivery of an IPAP.
It provides ventilatory assistance with improved patient
compliance. It can be particularly helpful in patients
with high CPAP pressures and underlying lung diseases
compromising oxygen transfer or increasing the work of
breathing.107

Oral Appliances

The US FDA approves 16 devices for use in sleep
apnoea. Oral appliances (OA) are now widely used as
an alternative to CPAP therapy. They are designed to
keep the upper airway open by either advancing the
lower jaw forward or by keeping the mouth open
during sleep. A recent meta-analysis found that OA
should not be considered as the first choice therapy for
OSA,114 where symptoms and sleep disruption are
severe.  Although CPAP was clearly more effective at
reducing the disruption to sleep, some people with
OSAH may prefer using OA if they are found to be
tolerable and more convenient than CPAP. When an
active OA was compared with an inactive OA, there
were improvements in daytime sleepiness and apnoea/
hypopnoea severity. Also, OA may be more effective
than corrective upper airway surgery.

Surgery

Continuous positive airway pressure provides at best a
control for OSA. It is surgery alone which can provide a
“cure”. However, the role of surgery requires proper
patient assessment and selection and is not for
everyone.114 Uvulopalatopharyngoplasty (UPPP) is the
most common surgery performed for snoring. It has
been shown to decrease OSA severity, more so in
patients with retropalatal obstruction. This surgical
procedure has an approximately 52.3% rate of long-term
reduction of respiratory disturbance index (RDI) or AHI
of  greater than 50% of patients with mild or moderate
sleep apnoea.114, 115 Site-specific surgery, including
maxillomandibular advancement, has been shown to be
effective in selected patients with certain anatomical
abnormalities. Tracheostomy is reserved for patients
with severe OSA and cardiorespiratory compromise in
whom positive airway pressure is neither tolerated nor
effective. Table 6 provides a list of surgical procedures
available for the treatment of symptomatic anatomical
obstructions of the upper airway that contribute to or
result in clinical OSA.115

Radiofrequency ablation of the soft palate and
tongue base employs the administration of microwave
radiofrequencies to the treated tissue of the soft palate
and/or the tongue base with a needle-implanted probe.
This modality has been predominantly used for the
treatment of snoring by treating the soft palate.
Mandibular advancement, genioglossus recession and

maxillary advancement (MMA) is successful for
patients with base of tongue obstruction, severe OSAS,
morbid obesity, and failure of other treatments.116 With
careful evaluation, results with MMA surgery equal
those of nasal CPAP.117 The Stanford Group116 has
outlined a specific surgical protocol that is phased and
tailored to the specific anatomical abnormalities in each
patient.

REFERENCES

1. American Academy of Sleep Medicine. Sleep-related
breathing disorders in adults: recommendations for
syndrome definition and measurement techniques in
chlinical research. The report of an American Academy of
Sleep Medicine task force. Sleep 1999; 22: 667-89.

2. Sateia M, Hari P. The International Classification of Sleep
Disorders; 2nd edn. Westbrook IL: The American Academy of
Sleep Medicine; 2005.

3. Gislason T, Almqvist M, Eriksson G, Taube A, Boman G.
Prevalence of sleep apnea syndrome among Swedish men:
an epidemiological study. J Clin Epidemiol 1988; 41: 571-6.

4. Young T, Palta M, Dempsey J, Skaturd J, Weber S, Badr S.
The occurrence of sleep-disordered breathing among
middle-aged adults. N Engl J Med 1993; 328: 1230-5.

5. Bearpark H, Elliott L, Grunstein R, Cullen S, Schneider H,
Althaus W, et al. Snoring and sleep apnea: a population
study in Australian men. Am J Respir Crit Care Med 1995; 151:
1459-65.

6. Olson LG, King MT, Hensley MJ, Saunders NA. A
community study of snoring and sleep-disordered breathing:
prevalence. Am J Respir Crit Care Med 1995; 152: 711-6.

7. Stradling JR, Crosby JH. Predictors and prevalence of
obstructive sleep apnea and snoring in 1001 middle-aged
men. Thorax 1997; 46: 85-90.

8. Bixler EO, Vgontzas AN, Lin HM, Ten Have T, Rein J, Vela-
Bueno A, et al. Prevalence of sleep disordered breathing in
women: effects of gender. Am J Respir Crit Care Med 2001;
163: 608-13.

9. Duran J, Esnaola S, Rubio R, Iztueta A. Obstructive sleep
apnea and related clinical features in a population-based
sample of subjects aged 30-70 years. Am J Respir Crit Care
Med 2001; 163: 685-9.

10. Ancoli-Israel S, Kripke D, Klaube MR, Mason WJ, Fell R,
Kaplan O. Sleep disordered breathing in community-
dwelling elderly. Sleep 1991; 14: 486-95.

11. Lindberg E, Taube A, Janson C, Gislason T, Svardsudd K,
Boman G. A 10-year follow-up of snoring in men. Chest 1998;
114: 1048-55.

12. Ip M, Lam B, Lauder IJ, Tang LC, Ip TY, Lam WK. A
community study of sleep disordered breathing in middle-
aged Chinese men in Hong Kong. Chest 2001; 119: 62-9.

13. Young T, Peppard PE, Gottlieb DJ. Epidemiology of
obstructive sleep apnea: a population health perspective. Am
J Respir Crit Care Med 2002; 165: 1217-39.

14. Kim J, In K, You S, Kang K, Shim J, Lee S. Prevalence of
sleep-disordered breathing in middle-aged Korean men and
women. Am J Respir Crit Care Med 2004; 170: 1108-13.

15. Udwadia ZF, Doshi AV, Lonkar SG , Singh CI. Prevalence of
sleep-disordered breathing and sleep apnea in middle-aged
urban Indian men. Am J Respir Crit Care Med 2004; 169: 168-
73.

16. Sharma SK, Kumpawat S, Banga A, Goel A. Prevalence and
risk factors of obstructive sleep apnea syndrome in a
population of Delhi, India. Chest 2006; 130: 149-56.



148

17. Reddy VE. Prevalence of sleep disordered breathing in
middle aged Indian adults: a population based study. MD
Thesis. New Delhi: All India Institute of Medical Sciences;
2007.

18. Young T, Shahar E, Nieto FJ, Redline S, Newman AB,
Gottlieb DJ, et al. Predictors of sleep-disordered breathing in
community dwelling adults: the sleep heart health study.
Arch Intern Med 2002; 162: 893-900.

19. Young T, Skatrud J, Peppard PE. Risk factors for obstructive
sleep apnea in adults. JAMA 2004; 291: 2013-6.

20. Schwab RJ. Sex differences and sleep apnoea. Thorax 1999;
54: 284-5.

21. Riha RL, Brander P, Vennelle M, McArdle N, Kerr SM,
Anderson NH,  et al. The relationship between obesity and
craniofacial structure in obstructive sleep apnea. Chest 1995;
108: 375-81.

22. Palmer LJ, Bussoum M. Whole genome scan for obstructive
sleep apnea. Am J Hum Gen 2003; 72: 340-70.

23. Palmer LJ, Bussoum M. Whole genome scan for obstructive
sleep apnea in African-American subjects. Am J Hum Gen
2004; 93: 261-9.

24. Desi AV, Cherkas S. Genetic influences in self reported
symptoms of OSA and narcolepsy. Twin Res 2004; 119: 218-
21.

25. Riha RL, Brander P, Vennelle M. Tumour necrosis factor-
alpha (-308) gene polymorphism in obstructive sleep
apnoea-hypopnoea syndrome. Eur Respir J 2005; 26: 673-8.

26. Shinohara E, Kihara S, Yamashita S, Yamane M, Nishida M,
Arai T, et al. Visceral fat accumulation as an important risk
factor for obstructive sleep apnea syndrome in obese
subjects. J Intern Med 1997; 241: 11-8.

27. Smith PL, Gold AR, Meyers DA, Haponik EF, Bleecher ER.
Weight loss in mildly to moderately obese patients with
obstructive sleep apnea. Ann Intern Med 1985; 103: 850-5.

28. Avnell A. Long term benefits of weight reducing diet. Hum
Nutr Diet 2004; 1714: 317-50.

29. Peppard PE, Young T, Palta M, Dempsey J, Skatrud J.
Longitudinal study of weight change and sleep disordered
breathing. JAMA 2000; 284: 3015-21.

30. Scanlan MF, Roebuck T, Little PJ, Redman JR, Naughton MT.
Effect of moderate alcohol consumption upon obstructive
sleep apnea. Eur Respir J 2000; 16: 909-13.

31. Sharma SK, Reddy TS, Mohan A, Handa KK,
Mukhopadhyay S, Pande JN. Sleep disordered breathing in
chronic obstructive pulmonary disease. Indian J Chest Dis
Allied Sci 2002; 44: 99-105.

32. Wetter DW, Young TB, Bidwell TR, Badr MS, Palta M.
Smoking as a risk factor for sleep disordered breathing. Arch
Intern Med 1994; 154: 2219-24.

33. Young T, Finn L, Palta M. Chronic nasal congestion at night
is a risk factor for snoring in a population-based cohort
study. Arch Intern Med 2001; 161: 1514-9.

34. Shahar E, Redline S, Young T, Boland LL, Baldwin CM,
Nieto FJ, et al. Hormone replacement therapy and sleep-
disordered breathing. Am J Respir Crit Care Med 2003; 167:
1186-92.

35. Jha A, Sharma SK, Tandon N, Lakshmy R, Kadhiravan T,
Handa KK, et al. Thyroxine replacement therapy reverses
sleep-disordered breathing in patients with primary
hypothyroidism. Sleep Med 2006; 7: 55-61.

36. Davidson TM. The great leap forward the anatomical basis
for acquisition of speech and OSA. Sleep Med 2003; 4: 185-94.

37. Remmers JE, deGroot WJ. Pathogenesis of upper airway
occlusion during sleep. J Appl Physiol 1978; 44: 931-8.

38. Tilikian AG, Guilleminault C. Hemodynamics in sleep-
induced apnea studies during wakefulness and sleep. Ann
Intern Med 1976; 85: 714-9.

39. Somers VK, Mark AL, Abboud FM. Sympathetic activation

by hypoxia and hypercapnia: implications for sleep apnea.
Clin Exp Hypertens 1988; 10: 413-22.

40. Kuna ST. Effects of pharyngeal muscle activation on airway
size and configuration. Am J Respir Crit Care Med 2001;
164:1236-41.

41. Lai YY, Kodama T, Seigel JM. Changes in monoamine release
in the ventral horn and hypoglossal nucleus linked to
pontine inhibition of muscle tone: an in vivo microdialysis
study. J Neurosci 2001; 21: 7384-91.

42. Kroeze WK, Kristiansen K, Roth BL. Molecular biology of
serotonin receptors structure and function at molecular level.
Cur Topics Med Chem 2002; 2: 507-28.

43. Fenik P, Veasy SC. Pharmacological characterisation of
serotonergic receptor activity in the hypoglossal nucleus. Am
J Respir Crit Care Med 2003; 167: 563-9.

44. Gu XQ, Haddad GG. Decreased neuronal excitability in
hippocampal neurons of mice exposed to cyclic hypoxia. J
Appl Physiol 2001; 91: 1245-50.

45. Gozal E, Row BW, Schurr A. Developmental differences in
cortical and hippocampal vulnerability to intermittent
hypoxia in the rat. Neurosci Lett 2001; 305: 197-201.

46. Sharma SK, Sinha S, Jagannathan NR, Danishad KA, Mishra
H, Sharma H. Proton magnetic resonance spectroscopy of
brain and cerebral metabolism in obstructive sleep apnea
patients: a study in north Indian Asian subjects. Am J Respir
Crit Care Med 2007; 175: A995.

47. Schellenberg JB, Maislin G, Schwab RJ. Physical findings and
the risk for obstructive sleep apnea: the importance of
oropharyngeal structures. Am J Respir Crit Care Med 2000;
162: 740-8.

48. Rowley JA, Sanders CS, Zahn BR, Badr MS. Gender
differences in upper airway compliance during NREM sleep:
role of neck circumference. J Appl Physiol 2002; 92: 2535-41.

49. Schotland HM, Insko EK, Schwab RJ. Quantitative magnetic
resonance imaging demonstrates alterations of lingual
musculature in obstructive sleep apnea. Sleep 1999; 22: 605-
13.

50. Mezzanotte WS, Tangel DJ, White DP. Influence of sleep
onset on upper-airway muscle activity in apnea patients
versus controls. Am J Respir Crit Care Med 1996; 153: 880-7.

51. Dyugovskaya L, Lavie P, Lavie L. Lymphocyte activation as
a possible measure of atherosclerotic risk in patients with
sleep apnea. Ann NY Acad Sci 2005; 1051: 340-50.

52. Htoo AK, Greenberg H, Tongia S, Chen G, Henderson T.
Activation of nuclear factor kappa B in obstructive sleep
apnea: a pathway leading to systemic inflammation. Sleep
Breath 2006; 10: 43-50.

53. Kato M, Roberts-Thomson P, Phillips BG, Haynes WG,
Winnicki M, Accurso V, et al. Impairment of endothelium
dependent vasodilation of resistance vessels in patients with
OSA. Circulation 2002; 105: 2607-10.

54. Schulz R, Hummel C, Heinemann S, Seeger W, Grimminger F.
Serum Levels of VEGF are elevated in patients of OSA and is
reduced by CPAP therapy. Chest 2003; 124: 1386-92.

55. Shamsuzzman AS, Winnicki M, Lanfranchi P, Wolk R, Kara
T, Accurso V, et al. Elevated C-RP in patients with obstructive
sleep apnea. Circulation 2002; 105: 2462-4.

56. Ohga E, Tomito T, Wada H, Yamamoto H, Nagase T, Ouchi Y.
Effects of OSA on circulating ICAM-1, IL-8, and MIP-1. J Appl
Physiol 2003; 194: 179-84.

57. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S,
et al. Sleep disordered breathing and hypertension: sleep
heart health study. JAMA 2000; 286: 1819-26.

58. Peppard PE, Young T, Palta M, Skatrud J. Prospective study
of disordered breathing and hypertension. N Engl J Med
2000; 342: 1378-84.

59. Shahar E, Whitney CW, Redline S, Lee ET, Newman AB,
Javier Neito F, et al. Sleep-disordered breathing and

Overview and Implications of Obstructive Sleep Apnea H. Sharma and S.K. Sharma



2008; Vol. 50 The Indian Journal of Chest Diseases & Allied Sciences 149

cardiovascular disease: cross-sectional results of the Sleep
Heart Health Study. Am J Respir Crit Care Med 2001; 163: 19-
25.

60. Dimsdale JE, Loredo JS, Profant J. Effect of continuous
positive airway pressure on blood pressure: a placebo trial in
hypertension. Hyperten 2000; 123: 144-7.

61. Olson LJ, Somes VK. Sleep apnea: implications for heart
failure. Curr Heart Fail Rep 2007; 4: 63-9.

62. Chareonthaitawee P, Somers VK. Continuous positive
airway pressure and increased ejection fraction in heart
failure and obstructive sleep apnea: is there a metabolic cost
or benefit? J Am Coll Cardiol 2007; 49: 459-60.

63. Le Jemtel, Jelic J. Seek and treat obstructive sleep apnea in
heart failure. Am Coll Cardiol 2007; 49: 1632-3.

64. Poza JJ, Martinez A, Emparanza JI, Lopez de Munain A,
Marti Masso JF. Sleep apnea syndrome and cerebral
infection. Neurologia 2000; 15: 3-7.

65. Parra O, Arboix A, Bechich S, Garcia-Eroles L, Montserrat
JM, Antoni Lopez J, et al. Time course of sleep disordered
breathing in first ever stroke. Am J Respir Crit Care Med 2000;
161: 375-81.

66. Wesendorf TE, Teschler H, Wang YM, Konietzko N,
Thilmann AF. Sleep disordered breathing among patients
with first ever stroke. J Neurol 2000; 247: 41-7.

67. Yaggi H, Mohsenin V. Obstructive sleep apnea and stroke.
Lancet Neurol 2004; 3: 33-42.

68. Herann DM, Basseti CL. Sleep disordered breathing and
stroke. Curr Opin Neurol 2003; 16: 82-90.

69. Parra O. Sleep disordered breathing and stroke: is there a
rationale for treatment? Eur Respir J 2001; 18: 56-72.

70. Sajkov D, Wang T, Saunders NA, Bune AJ, Neill AM,
Douglas Mcevoy R. Daytime pulmonary hypertension in
patients with OSA without lung disease. Am J Respir Crit
Care Med 1999; 159: 1518-26.

71. Bady E, Achkar A, Pascal S, Orvoen-Frija E, Laaban JP.
Pulmonary arterial hypertension in patients with sleep
apnoea syndrome. Thorax 2000; 55: 934-9.

72. Alchanatis M, Tourkohoriti G, Kakouros S, Kosmas E,
Podaras S, Jordanoglou JB. Daytime pulmonary
hypertension in patients with obstructive sleep apnea: the
effect of continuous positive airway pressure on pulmonary
hemodynamics. Respiration 2001; 68: 566-72.

73. Sajkov D, Wang T, Saunders NA, Bune AJ, Mcevoy RD.
Continuous positive airway pressure treatment improves
pulmonary hemodynamics in patients with obstructive sleep
apnea. Am J Respir Crit Care Med 2002; 165: 152-8.

74. Atwood CW, McCrory D. Pulmonary artery hypertension
and sleep-disordered breathing: ACCP evidence-based
clinical practice guidelines. Chest 2004; 126: S72-S77.

75. Alonso-Fernandez A, Garcia-Rio F, Racionero MA, Pino JM,
Ortuno F, Martinez I, et al. Cardiac rhythm disturbances and
ST-segment depression episodes in patients with obstructive
sleep apnea-hypopnea syndrome and its mechanisms. Chest
2005; 127: 15-22.

76. Gami AS, Howard DE, Olson EJ, Somers VK. Day-night
pattern of sudden death in obstructive sleep apnea. N Engl J
Med 2005; 352: 1206-14.

77. Raff H, Bruder ED, Jankowski BM. The effect of hypoxia on
plasma leptin and insulin in newborn and juvenile rats.
Endocrine 1999; 11: 37-9.

78. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on
metabolic and endocrine function. Lancet 1999; 354: 1435-39.

79. Punjabi NM, Sorkin J, Katzel LI, Goldberg AP, Schwartz AR,
Smith PL. Sleep-disordered breathing and insulin resistance
in middle-aged and overweight men. Am J Respir Crit Care
Med 2002; 165: 677-82.

80. Sharma SK, Kumpawat S, Goel A, Banga A, Ramkrishnan L,
Chaturvedi P. Obesity and not obstructive sleep apnea is

responsible for metabolic abnormalities in a cohort with
sleep disordered breathing. Sleep Med 2007; 8: 12-7.

81. Ryan S, Nolan GM, Hannigan E, Cunningham S, Taylor C,
McNicholas WT. Cardiovascular risk markers in obstructive
sleep apnoea syndrome and correlation with obesity. Thorax
2007; 62: 509-14.

82. Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam KS.
Obstructive sleep apnea is independently associated with
insulin resistance. Am J Respir Crit Care Med 2002; 165: 670-4.

83. Harsch IA, Schahin SP, Radespiel-Troger M. Continuous
positive airway pressure treatment rapidly improves insulin
sensitivity in patients with obstructive sleep apnea
syndrome. Am J Respir Crit Care Med 2004; 169: 156-62.

84. Basta M, Vgontzas A. Metabolic abnormalities in obesity and
sleep apnea are in a continuum. Sleep Med 2007; 8: 5-7.

85. Thomas GN, Ho SY, Janus ED. The US National cholesterol
education programme adult treatment panel III (NCEP
ATPIII) prevalence of the metabolic syndrome in a Chinese
population. Diabetes Res Clin Pract 2005; 67: 251-7.

86. International Diabetes Federation (2005). New IDF
worldwide definition of the metabolic syndrome. 1st

International Congress on ‘‘Pre-diabetes’’ and the Metabolic
Syndrome, Berlin, Germany, April 14, 2005.

87. Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan
CE. ‘‘Syndrome Z’’: the interaction of sleep apnoea, vascular
risk factors and heart disease. Thorax 1998; 53(Suppl.): S25-
S28.

88. Sharma SK, Misra H, Sharma H, Goel A, Sreenivas V, Gulati
V, Mohammed T. Obesity and not OSA is responsible for
raised levels of serum hs-CRP. Sleep Med 2007; epub.

89. Terán-Santos J, Jiménez-Gómez A, Cordero-Guevara J,
Cooperative Group Burgos–Santander. The association
between sleep apnea and the risk of traffic accidents. N Engl
J Med 1999; 340: 84.

90. Pack AI, Maislin G, Staley B, Pack FM, Rogers WC, George
CF, et al. Impaired performance in commercial drivers: role
of sleep apnea and short sleep duration. Am J Respir Crit Care
Med 2006; 174: 446-54.

91. Beebe DW, Groesz L, Wells C, Nichols A, McGee K. Meta-
analysis impact of untreated OSA on cognition and mood of
norm-referenced and case controlled data. Sleep 2003;
26(suppl.): 0630J.

92. Sharma SK, Hira HS. Sleep apnoea syndrome. In: Sharma
SK, Behera D, Mohan A, editors Recent Advances in
Respiratory Medicine. New Delhi: Jaypee Brothers Medical
Publishers; 1998: pp 52-72.

93. Institute for Clinical Systems Improvement (ICSI). Diagnosis
and treatment of obstructive sleep apnea in adults.
Bloomington (MN): Institute for Clinical Systems
Improvement (ICSI); 2007: p.100.

94. Mulgrew AT, Fox N, Ayas NT, Ryan CF. Diagnosis and initial
management of obstructive sleep apnea without
polysomnography: a randomized validation study. Ann
Intern Med 2007; 146: 157-66.

95. Garcia-Diaz E, Quintana-Gallego E, Ruiz A, Carmona-Bernal
C, Sanchez-Armengol A, Botebol-Benhamou G, et al.
Respiratory polygraphy with actigraphy in the diagnosis of
sleep apnea-hypopnea syndrome. Chest 2007; 138: 148-56.

96. Sharma SK, Kurian S, Malik V, Mohan A, Banga A, Pandey
RM, et al. A stepped approach for prediction of obstructive
sleep apnea in overtly asymptomatic obese subjects: a
hospital based study. Sleep Med 2004; 5: 351-7.

97. Sharma SK, Vasudev C, Sinha S, Banga A, Pandey RM,
Handa KK. Validation of the modified Berlin questionnaire
to identify patients at risk for the obstructive sleep apnoea
syndrome. Indian J Med Res 2006; 124: 281-90.

98. Sharma SK, Malik V, Vasudev C, Banga A, Mohan A, Handa
KK, Mukhopadhyay S. Prediction of obstructive sleep apnea



150

in patients presenting to a tertiary care center: Sleep Breath
2006; 10: 147-54.

99.  Modafinil (CEP-1538) Tablets Supplemental NDA 20-717/S-
019 ADHD Indication Briefing Document for
Psychopharmacologic Drugs Advisory Committee Meeting
FDA (2006-03-23), retrieved on 2007-07-21.

100. Vaishnavi S, Gadde K, Alamy S, Zhang W, Connor K,
Davidson JR. Modafinil for atypical depression: effects of
open-label and double-blind discontinuation treatment. J
Clin Psychopharmacol 2006; 26: 373-8.

101. Thase ME, Fava M, DeBattista C, Arora S, Hughes RJ.
Modafinil augmentation of SSRIs for depression sleepiness
and fatigue: a 12 week trial. CNS Spectrums 2006; 11: 93-101.

102. Giles TL, Lasserson TJ, Smith BH, White J, Wright J, Cates CJ.
Continuous positive airways pressure for obstructive sleep
apnoea in adults. Cochrane Database Syst Rev 2006; 3:
CD001106.

103. Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of
obstructive sleep apnoea by continuous positive airway
pressure applied through the nares. Otolaryngol 1981; 1: 862-
5.

104. Strohl KP, Redline S. Nasal CPAP therapy, upper airway
muscle activation, and obstructive sleep apnea. Am Rev
Respir Dis 1986; 134: 555-8.

105. Sanders MH, Kern N. Obstructive sleep apnea treated by
independently adjusted inspiratory and expiratory positive
airway pressures via nasal mask: physiologic and clinical
implications. Chest 1990; 98: 317-24.

106. Patel SR, White DP, Malhotra A, Stanchina ML, Ayas NT.
Continuous positive airway pressure therapy for treating
sleepiness in a diverse population with obstructive sleep
apnea: results of a metaanalysis. Arch Intern Med 2003; 163:
565-71.

107. Lance Kushida CA, Littner MR, Hirshkowitz M. Practice
parameters for the use of continuous and bilevel positive

airway pressure devices to treat adult patients with sleep-
related breathing disorders. Sleep 2006; 29: 375-80.

108. Drager LF, Bortolotto LA, Figueiredo AC, Kreiger EM. Effect
of CPAP on early signs of atherosclerosis in obstructive sleep
apnea. Am J Respir Crit Care Med 2007; 176: 706-12.

109. Campos-Rodriguez F, Pena-Grinan N, Reyes-Nunez N.
Mortality in obstructive sleep apnea-hypopnea patients
treated with positive airway pressure. Chest 2005; 128:624-33.

110. Garti S, Sampol G, Munoz X. Mortality in severe sleep
apnoea/hypopnoea syndrome patients: impact of treatment.
Eur Respir J 2002; 20: 1511-8.

111. Chai CL, Pathinathan A, Smith B. Continuous positive
airway pressure delivery interfaces for obstructive sleep
apnoea. Cochrane Database of Syst Rev 2006; 4. CD005308.
DOI: 10.1002 /14651858.CD005308.

112. Patruno V, Aiolfi S, Costantino G, Murgia R, Selmi C,
Malliani A, et al. Fixed and autoadjusting continuous
positive airway pressure treatments are not similar in
reducing cardiovascular risk factors in patients with
obstructive sleep apnea. Chest 2007; 131: 1393-9.

113. Skomro RP, Cotton DJ, Gjevre JA. An empirical continuous
positive airway pressure trial for suspected obstructive sleep
apnea. Canadian Respir J 2007; 14: 159-63.

114. Lim J, Lasserson TJ, Fleetham J, Wright J. Oral appliances for
obstructive sleep apnoea. Cochrane Database Syst Rev 2006; 1.
Art. No.CD004435. DOI: 10.1002/14651858.CD004435.

115. Li KK. Hypopharyngeal airway surgery. Otolaryngol Clin
North Am 2007; 40: 845-53.

116. Powell N. Upper airway surgery does have a major role in
the treatment of obstructive sleep apnea “the tail end of the
dog”. Pro J Clin Sleep Med 2005; 1: 236-40.

117. Elshaug AG, Moss JR, Southcott AM. Redefining success in
airway surgery for obstructive sleep apnea: a meta analysis
and synthesis of the evidence. Sleep 2007; 30: 461-7.

Overview and Implications of Obstructive Sleep Apnea H. Sharma and S.K. Sharma


