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Abstract

Obesity is the most common health risk for individuals of all age groups across the globe. Obstructive sleep apnoea (OSA)
is now recognized as a major health problem in developed countries. The prevalence of 0SA is undoubtedly rising given the
epidemic of obesity. Recent data also suggest that OSA is associated with metabolic syndrome. Pathophysiological trig-
gers of intermittent hypoxia and sleep fragmentation in OSA is responsible for cardiometabolic dysfunction. The potential
mechanisms of 0SA-obesity-metabolic syndrome interaction involve sympathetic activation, oxidative stress, inflammation
and neurohumoral changes. In spite of support for an independent role of OSA in the contribution towards metabolic dys-
function, obesity plays a determinant role in initiating both these conditions.
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Introduction

he obesity epidemic and its impact on the prev-
alence of both metabolic syndrome and OSA

are well recognized. OSA is widely prevalent
in patients with obesity, diabetes, and hypertension.
Clustering of cardiovascular risk factors (metabolic
syndrome or Syndrome X) was recognized as early
as the 1920s and is currently thought to be linked to
obesity and OSA. Given the obesity epidemic at hand,
the prevalence of both metabolic syndrome and OSA
are rising. In patients with established coronary artery
disease, treatment of OSA may confer long term car-
diovascular benefits. Our understanding of the relative
importance and interactions of these cardiovascular
disease mechanisms and risk factors in patients with
OSA may have direct implications for the develop-
ment of targeted preventive and therapeutic strate-
gies.' The results of various studies have undisput-
edly shown that appropriate treatment of OSA with
Continuous Positive Airway Pressure (CPAP) therapy
significantly reduces blood pressure?’ and other car-

diovascular complications like CAD, arrhythmias and
stroke. Treatment of OSA also improves the altered
metabolic physiology in patients with syndrome X.
Further a new syndrome, syndrome-Z was recognized
to highlight the dreadful combination of syndrome-X
and OSA as a risk factor for coronary artery disease
(CAD).

Obesity

Obesity is a complex disease involving an excessive
amount of body fat. Obesity is a risk factor for diabe-
tes, hypertension, obstructive sleep apnoea and cardio-
vascular events B! and increases mortality, especially
in middle-aged adults. In adults, obesity is diagnosed
when the body mass index (BMI) is 30 Kg/M? or more.
Obesity rates are also increasing in children.! Since
obese children tend to become obese adults, the cardio-
metabolic disease associated with obesity could begin
in childhood.®

Individuals with high body mass index (BMI) are
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classified as overweight when BMI is between 25-29.9,
class-1 obesity when BMI is between 30-34.9, class-II
Obesity when BMI is between 35-40 and class-III obesi-
ty when BMI is more than 40.

Obesity is characterized by the expansion of white
adipose tissue, as a result of increased size (hypertro-
phy), and, additionally, by an increased number of ad-
ipocytes (hyperplasia). Adipose tissue is a central play-
er in metabolic regulation through the production and
release of multiple adipokines.”’ Moreover, adipocytes
and inflammatory cells, such as macrophages, show a
high degree of interaction in obesity."!

The localization of excess white adipose tissue in
the body carries relevant metabolic consequences.
Increased visceral fat mass is associated with more
severe health effects compared to peripheral obesity,
which is characterized by the predominant accumula-
tion of subcutaneous fat. The expansion of visceral fat
increases the risk of developing insulin resistance (IR),
type-1I diabetes, atherosclerosis, OSA, steatohepatitis,
and cardio- and cerebrovascular disease. Changes in
body weight are known to affect OSA severity. Most
adult patients with OSA have central obesity and in-
creased visceral fat,!® the latter being associated with
neck adiposity, increased upper airway fat and meta-
bolic abnormalities.!

The adverse consequences of obesity may be attrib-
uted in part to comorbidities, but results from sever-
al observational studies detailed by the Expert Panel
on the Identification, Evaluation, and Treatment of
Overweight Adults, show that obesity on its own is as-
sociated with increased cardiovascular morbidity and
mortality and greater all-cause mortality.'” For a per-
son with a BMI of 25-28.9 kg/m?, the relative risk for
coronary heart disease is 1.72. The risk progressively
increases with an increasing BMI; with BMIs greater
than 33 kg/m?, the relative risk is 3.44. Similar trends
have been demonstrated in the relationship between
obesity and stroke or chronic heart failure. For per-
sons with severe obesity (BMI >40), life expectancy is
reduced by as much as 20 years in men and by about 5
years in women.

Many clinical and biochemical factors associated
with increased cardiovascular risk (i.e., dyslipidaemia,
arterial hypertension, hyperglycaemia, hyperuricae-
mia and microalbuminuria) are often present in vis-
ceral (or central) obesity. The term “adiposopathy” has
been proposed to indicate the strong link between vis-
ceral fat and obesity-associated metabolic abnormali-
ties.[!

Treatment of obesity starts with comprehensive

lifestyle management which includes diet, physical ac-
tivity and behavior modification. In addition, several
surgical options are also available for morbid obesity.

Obstructive Sleep Apnoea

The spectrum of breathing disorder ranges from in-
termittent, partial obstruction of the airway without
sleep disturbance (snoring) to frequent arousals as-
sociated with hypoxemia leading to sleep fragmenta-
tion and daytime sleepiness. There will be recurrent
episodes of cessation of respiration (apneas), decre-
ments in airflow (hypopneas), or respiratory event re-
lated arousals (RERAS). This spectrum ranges from
snoring, upper airway resistance syndrome (UARS),
sleep hypopnea syndrome, to obstructive sleep apnea
syndrome (OSAS) of which OSAS is the most severe
form having a considerable impact on the individual’s
health (Figure 1).

Obstructive Obesity
sleep apnea T hypoventilation

syndrome

Snoring H UARS H Hypopneas }_.

Figure 1: Spectrum of sleep-disordered breathing

Obstructive sleep apnea affects approximately 10%
of middle-aged men and 5% of women and is, there-
fore, a common condition. The prevalence of clinical-
ly significant obstructive sleep apnea (OSA) in middle-
aged adults is estimated to be 2-5% in males and 2%
in females. However, 82% of men and 93% of wom-
en suffering from moderate to severe sleep apnea have
not been clinically detected or treated. There are ma-
ny serious consequences for undiagnosed and untreat-
ed OSA. The quality of life of these patients is seriously
impaired mainly due to their excessive daytime sleep-
iness. These patients also suffer from psychological
impairment such as cognitive dysfunction, decreased
vigilance, disturbed concentration and memory, in-
creased mental stress, fatigue, general mood disor-
ders, and male sexual dysfunction.!" There is an esti-
mated three- to seven-fold greater prevalence of motor
vehicle accidents involving drivers with OSA.!"*! Most
of these accidents are attributed to poor vigilance and
falling asleep while driving.

The cardiovascular consequences of untreated OSA
are coronary artery disease, congestive heart failure,
myocardial infarction, stroke, systemic hypertension,
and pulmonary hypertension."! The association be-
tween hypertension and OSA is well established. It
is shown that hypertension associated with untreat-
ed OSA is often refractory and that a high prevalence
of OSA has been observed in men with therapy-resis-
tant hypertension.!™ Patients with OSA have many
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features in common with those with syndrome X, in-
cluding systemic hypertension which is commonly re-
ported. Obstructive sleep apnea (OSA) has been linked
to increased cardiovascular morbidity and mortality
I and can be considered an independent risk factor
for CAD. Pathophysiologic mechanisms that are pres-
ent in patients with OSA, including sympathetic acti-
vation, endothelial dysfunction, oxidative stress, sys-
temic inflammation, hypercoagulability, hyperlepti-
nemia, and insulin resistance, may influence the devel-
opment and progression of cardiac and vascular pa-
thology. These mechanisms are found to be common
for both metabolic syndrome and OSA.

Metabolic Syndrome (Syndrome-X)

Metabolic Syndrome” or “Syndrome X” constitutes
one of the most important risk factors for CAD. The di-
agnosis of metabolic syndrome is made when an in-
dividual has three of the following five characteris-
tics: increased waist circumference, high blood pres-
sure, elevated fasting glucose, elevated triglycerides,
and decreased high-density lipoprotein (HDL) cho-
lesterol. The criteria proposed by the Third Report of
the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment
Panel III) are the most current and widely used.
According to the ATP III criteria, the metabolic syn-
drome is identified by the presence of three or more of
these components:

¢ Central obesity as measured by waist circumfer-
ence: In men greater than 40 inches and in women
greater than 35 inches

¢ Fasting blood triglycerides greater than or equal to
150 mg/dL

¢ Blood HDL cholesterol: In men less than 40 mg/dL
and in women less than 50 mg/dL

* Blood pressure greater than or equal to 130/85
mmHg

¢ Fasting blood glucose greater than or equal to 110

mg/dL

Other important features of the metabolic syn-
drome include microalbuminuria, hypercoagulabili-
ty, increased inflammation, endothelial dysfunction,
poor cardiorespiratory function and sympathetic ac-
tivation. Cardiovascular metabolic syndrome X is be-
coming very common in India.

Coughlin and colleagues " performed a cross-sec-
tional study of 61 otherwise healthy subjects with OSA
and 29 subjects without OSA. To mitigate confound-

ing due to obesity, they also matched 34 of the OSA
patients by body-mass index (BMI) to the 29 controls.
Their results suggest that the prevalence of the meta-
bolic syndrome is about 40% greater in patients with
OSA. Also, proper management of syndrome X reduc-
es the apnea hypopnea index in patients with co-exis-
tent OSA thus underlying the importance of simulta-
neous management of both the conditions.

Syndrome-Z

It has even been suggested that the metabol-
ic syndrome (Syndrome X) may co-exist with OSA
(Syndrome Z).'¥ Syndrome Z was introduced in med-
ical practice by Ian Wilcox in 1996.[18] Wilcox attached
the respiratory partner for CAD risk, OSA, to syn-
drome X (Table 1). The importance lies in the fact that
the medical fraternity is now challenging CAD by risk
factor modification, but one of the major culprits, OSA,
remains largely unnoticed and undertreated.

Table 1: Components of syndrome Z

1 Hypertension
2 Glucose intolerance
3 Low serum high-density lipoprotein (HDL)-
cholesterol
4 Elevated serum triglyceride
5 Abdominal obesity
6 OSA
Interaction

It is conceivable that OSA and obesity may interact
and potentiate their detrimental consequences. OSA-
associated metabolic abnormalities have been repro-
duced in animal models exposed to a pattern of inter-
mittent hypoxia similar to that found in humans with
sleep-disordered breathing."” However, hypoxia of
adipocytes could play an important role in the meta-
bolic disturbances associated with obesity.?! In ad-
dition, OSA and obesity share common mechanisms.
Nocturnal ischemia in these patients is probably a re-
sult of simultaneous oxygen desaturation, increased
sympathetic activity, tachycardia and increased sys-
temic vascular resistance, a prothrombotic state, and
any underlying subclinical coronary artery disease.
Experimental studies support the theory that there
might be a cause-and-effect relationship between OSA
and atherosclerosis. OSA and metabolic syndrome
share the common pathophysiologic mechanism in-
creasing CAD risk.

Human obesity is usually associated with high plas-
ma leptin and attenuated leptin signalling (leptin resis-
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tance).”! Leptin might be involved in the pathogene-
sis of hypoventilation disorders and its transcription
is activated by exposure to continuous severe hypoxia
in vitro.”?! In recent years, the role of leptin in immune
function and inflammation has been increasingly stud-
ied, and some data indicate that leptin could contrib-
ute to the pathogenesis of atherosclerotic lesions by
promoting inflammation.! Adiponectin exerts an in-
sulin-sensitizing action, and its levels are decreased in
obesity.™ Adiponectin has anti-atherogenic and anti-
inflammatory properties, and its circulating levels are
lower than normal in patients with type-II diabetes,
metabolic syndrome (MetS), hypertension and coro-
nary artery disease./*! The protective role of adiponec-
tin and its modulation by hypoxia suggest that it may
be a useful marker of metabolic dysfunction in obesi-
ty and OSA.

Although inflammation contributes to the develop-
ment of IR and MetS,®! the sequence of events lead-
ing to the inflammatory response in the adipose tissue
is incompletely defined. An increased adipocyte size
may be an important signal, through dysregulation of
insulin signaling at the level of insulin receptor sub-
strates (IRS). Phosphorylation of IRS-1, an early event
in insulin signaling, is decreased in large adipocytes.®*’!

Independent association between OSA and meta-
bolic syndrome were assessed in two case-controlled
studies on Caucasian men and reported a 6-9-fold car-
diovascular risk in these subjects.”! In a community-
based study among Chinese subjects,/*’! a positive cor-
relation was demonstrated between AHI and the num-
ber of metabolic components. There are other studies
also demonstrating association between sleep-disor-
dered breathing and metabolic factors within the met-
abolic syndrome, independent of obesity.

OSA and Obesity

Obesity is considered an important risk factor for
the development of OSA.B It also plays an important
role in the pathogenesis of the metabolic syndrome.
Bl Positive correlations between the severity of OSA
and the degree of obesity in various ethnic populations
have been established through epidemiologic studies.
(321 Waist-to-hip ratio, waist circumference, and neck
circumference are found to be better predictors of OSA
severity than BMLP! How adiposity and its distribu-
tion predispose to the development of OSA is not clear-
ly described. Greater mechanical load imposed by cen-
tral obesity on the upper and lower respiratory tracts
and obesity-related inflammation may predispose to
pharyngeal collapse.?” On the other hand, OSA itself
may modulate the secretion of hormones and other bi-

ological mediators which in turn lead to obesity.

Itis proved through a longitudinal cohort study that
a 10% weight loss was associated with a 26% decrease
in AHL B 1t is also proved that weight loss could result
in complete resolution of OSA in the mild-to-moder-
ate AHI range.! Weight reduction is best achieved by
reducing energy intake through dietary modifications
and enhancing energy expenditure through physical
activity. Bariatric surgery has been used and shown to
improve the metabolic profile as well as sleep-disor-
dered breathing in morbidly obese individuals.

OSA and Insulin Resistance

Insulin resistance and glucose intolerance are two
essential components of metabolic syndrome. There
are pieces of evidence of a positive and independent
association between OSA and insulin resistance or glu-
cose intolerance." Subjects with OSA may have multi-
ple factors leading to insulin resistance and glucose in-
tolerance. Central obesity itself leads to insulin resis-
tance through increased lipolysis and fatty acid avail-
ability."! Insulin resistance was observed not only in
obese but also in non-obese patients suffering from
OSA P

In the Wisconsin Sleep Cohort study conducted on
1300 subjects, an independent relationship between
OSA and diabetes was not established even after a
4-year follow-up, despite a higher prevalence of dia-
betes in OSA subjects.*! Intravenous glucose tolerance
test did not show impaired insulin sensitivity or im-
paired insulin secretion in diabetic with OSA.

OSA and Dyslipidemia

Obesity is associated with increased plasma lipids,
and adipose tissue distribution.!*”! The American Sleep
Heart Health Study reported that HDL-cholesterol lev-
els were inversely related to AHI levels, independent
of obesity. Similarly, triglycerides levels were positive-
ly correlated with AHI in younger men and women,
but not in the elderly.*! Many patients attending the
sleep clinic show a higher prevalence of dyslipidemia
compared with those without OSA, after adjustment
for BMI. A significant association between high AHI
and the presence of CAD and dyslipidemia was shown
by case-controlled studies. Even though few obser-
vational studies reported that treatment with nasal
CPAP improved lipid parameters; it was not validated
through randomized, controlled studies. It is proved
that low-density lipoprotein is more injurious to endo-
thelial cells and underlying smooth muscle cells, and is
thus more atherogenic.
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Pathogenesis of Cardio-Metabolic Dysfunction in
OSA

Intermittent hypoxemia with re-oxygenation and
sleep fragmentation may lead to multiple events al-
tering cellular metabolism. Obstructive sleep apnea is
considered to be a chronic stress state with activation
of neuro-humoral pathways that participate in meta-
bolic regulation. Obese subjects have increased sym-
pathetic activity, and in subjects with OSA, there is the
further elevation of sympathetic activity more than
what is attributed to obesity.*?! Surges of sympathet-
ic overactivity causes transient increases in systemic
blood pressure. Sympatho-adrenal activation persists
in the day, as evidenced by sympathetic nerve activity
and catecholamine output.®! This sympathetic activa-
tion may modulate many other mechanisms or medi-
ators, including the angiotensin-renin system, insulin
and adiponectin, which may all contribute to cardio-
metabolic dysfunction in OSA.* Sympathetic overac-
tivity in OSA is an important factor in the pathogenesis
of hypertension.[*!! At the same time, its role in glucose
and lipid metabolism is less clear. Changes in the dura-
tion or quality of sleep may affect neuroendocrine and
metabolic function.”! OSA subjects have been report-
ed to have an altered pattern of cortisol secretion. !
Obstructive sleep apnea may also modulate hormones
that regulate energy metabolism. These patients have
lower leptin levels, in proportion to weight gain. *”)

The recurrent intermittent hypoxia with reoxygen-
ation, may result in the generation of oxidative stress,
which itself lead to cardiometabolic dysfunction.!**!
Obesity and metabolic syndrome have been associated
with this enhanced oxidative stress.[*! It is proved in
animal models that intermittent hypoxia induces var-
ious metabolic alterations, such as insulin resistance
and dyslipidemia.*”! These patients have increased lev-
els of various oxidative stress markers, such as nitric
oxide, 8-isoprostane, reactive oxygen species, and lip-
id peroxidation.

It is believed that inflammation plays a pivotal role
in the pathogenesis of endothelial dysfunction, insu-
lin resistance and lipid peroxidation. Inflammation is
a key component in OSA. Inflammation in OSA, inde-
pendent of obesity, is evidenced by activation of neu-
trophils, lymphocytes, monocytes, and platelets; ac-
tivation of NF-kB and increased circulating levels of
pro-inflammatory cytokines.”” Expression of adipocy-
tokines in the obesity state is associated with inflam-
mation. In obesity, inflammation occurs in adipose tis-
sue and has an impact on glucose, lipid and energy

metabolism. It is possible that OSA-induced intermit-
tent hypoxia may interact with adiposity to promote
metabolic dysfunction.

Intervention

Nowadays, the focus is on the primary preven-
tion of coronary artery disease (CAD), which means
risk factor modification. Early recognition of risk fac-
tors and primary prevention have significantly de-
creased the morbidity and mortality associated with
CAD. The risk assessment and preventive therapy is a
combined decision taken by the patient and their phy-
sician. Modifiable risk factors for coronary artery dis-
ease include:

¢ Type 2 diabetes mellitus
e Hypertension

¢ Smoking

¢ Dyslipidemia

* Obesity

* Metabolic syndrome

Lifestyle modification with diet, exercise, and
smoking cessation is crucial to reduce cardiovascular
risk factors. Further control of hypertension, diabetes,
and hyperlipidemia is essential to reduce the risk of
CAD. Replacing saturated fats with dietary mono-sat-
urated and polyunsaturated fats are found to be ben-
eficial to reduce cardiovascular risks. Besides, dietary
sodium reduction is found to have reduced blood pres-
sure and decreased risk for cardiovascular events.

Physical activity is also equally beneficial for CAD
risk reduction. Moderate activities like brisk walking,
cycling, active yoga, and swimming or vigorous activ-
ities like jogging/running, biking playing tennis, etc.
may help in reducing the risks. Weight loss has consis-
tently shown to improve the cardiovascular risk pro-
file. Strong recommendations include high levels of
physical activities, a low-calorie diet, and if possible,
weight-loss maintenance programs.

Control of hypertension by pharmacological man-
agement along with non-pharmacological measures
is recommended to reduce cardiovascular morbidi-
ty. Weight loss also has a positive impact on lowering
blood pressure.

Diabetes mellitus is another important cardiovascu-
lar disease risk. Dietary modifications using a heart-
healthy diet and physical activities are encouraged.
Additionally, weight loss is recommended if the indi-
vidual is overweight or obese. Metformin can also be
considered as first-line therapy for type 2 DM to im-

The Indian Practitioner I Vol.74 No.6 June 2021 39



Review Article

prove the glycemic index and reduce cardiovascular
risk.

Most of the above measures have a positive impact
on obesity and OSA. These measures also help to con-
trol the two important health risk of metabolic syn-
drome such as diabetes and hypertension. OSA symp-
toms are well controlled on weight reduction and ma-
ny of the pathophysiological changes associated with
OSA can be controlled with weight reduction and
CPAP therapy.

Conclusion
Obesity is a primary determinant of OSA and met-
abolic syndrome. OSA can modify the components of
metabolic syndrome and vice versa. Early diagnosis
and treatment of OSA is the cornerstone in the man-
agement of metabolic syndrome and hence CAD. The
important measures include weight reduction, regular
exercises, control of hypertension and diabetes, along
with treatment of OSA. Thus clinicians should keep
a high index of suspicion for obesity, OSA and MetS
while dealing with patients with cardiovascular mor-
bidity.
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