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Abstract
Background: Sleep apnoea is a global disease with a rising incidence along with the increasing

prevalence of obesity. Repeated episodes of apnoea result in fragmented sleep and daytime sleepiness
which can further lead to cardiovascular disorders. Since obesity shares many of its pathogenetic
mechanisms with sleep apnoea , it is an active confounder in the link between sleep apnoea and
cardiovascular diseases. Obesity significantly increases the risk of CAD and is also associated with a
number of other risk factors for atherosclerosis, including hypertension, insulin resistance and glucose
intolerance, hypertriglyceridemia, reduced HDL cholesterol, and low levels of adiponectin. OSA and
obesity share similar pathophysiologic mechanisms potentially leading to cardiovascular disorders.

Aim: The aim of this review is to study the association between Sleep Apnoea and cardiovascular
Outcomes in Patients with Obesity. Analysis of pathophysiology of sleep apnoea and CVD can help to
better understand the relationship between OSA and CVD. In this review, we discuss the growing
epidemic of obesity and OSA, highlighting the common pathogenic hypotheses linking these risk factors
to CVD. Alongside, we also try to highlight the therapeutic rationale of OSA as a way to reduce CVD
risk.

Data source: Standard texts in medicine like Harrison’s principles of internal medicine 21 edition ,
Current medical diagnosis and treatment 61 edition, Goldman Cecil Medicine 26™ edition , were taken
as references to have a basic understanding of the concept of sleep apnoea and obesity.Electronic
database search was also performed for articles to support our association using the key term obstructive
sleep apnoea and obesity .Data was also sourced from published studies and databases published by
national and international organizations.

KEYWORDS: Obesity, Sleep apnea, Metabolic syndrome, Cardiovascular disorders, Inflammation,
Intermittent hypoxia, Intrathoracic pressure changes, Arousals, Oxidative stress.

Introduction

Sleep apnoea is a common disorder that causes patients to temporarily stop or decrease their breathing
repeatedly during sleep. The resulting fragmented, non-restful sleep that can lead to symptoms such as
morning headache and daytime sleepiness. This leads to various pathogenetic pathways which set the
ground for onset of cardiovascular disorders. Epidemiologic studies and current evidence suggests a role
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for sleep apnoea in the development of cardiovascular disorders. However, obesity is an active
confounder in this relationship. Obesity has not only increased the rate of CVD but also has ushered
sleep apnoea as an additional CVD risk factor.

OSA and obesity share similar pathophysiologic mechanisms potentially leading to cardiovascular
disorders.Obesity significantly increases the risk of CAD and is also associated with a number of other
risk factors for atherosclerosis, including hypertension, insulin resistance and glucose intolerance,
hypertriglyceridemia, reduced HDL cholesterol, and low levels of adiponectin. Given its close tie with
major cardiovascular risk factors, sleep apnoea is commonly linked to the pathogenesis of a wide array
of cardiovascular diseases (CVDs) including hypertension, heart failure, arrhythmias, coronary artery
disease, stroke, cerebrovascular disease and pulmonary hypertension (PH). Thus sleep apnoea an under
diagnosed but a major contributor to cardiovascular disease in obesity.

OBESITY

Obesity is a disorder of energy imbalance, where there is a surplus of energy consumption compared to
its expenditure. Increased caloric intake with modern diet that is high in simple carbohydrates and
saturated fatty acids, combined with sedentary lifestyle are the main culprits in the obesity pandemic.
Definition of obesity™

a. Adults BMI 30 kg/m2 or higher or, alternatively, 20% higher than suggested ideal body weight.

b. Children and adolescents BMI at the 95th percentile or higher

Prevalence of obesity:

Prevalence of overweight and obesity among adults greater than 18 years age: 43% (43% men, 44%
women) i.e.approx 2.5 billion[&!

Prevalence of obesity among adults more than 18 years age : 16% approx 890 million[?I®!

Prevalence of obesity among boys : 9.3% in 2022. i.e. approximately 94 million boys(*

Prevalence of obesity among girls : 6.9% in 2022 i.e. approximately 65 million girlst*!
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Obesity prevalence worldwide : year 2022
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Fig.1 Obesity prevalence worldwide in year 2022

Percentage of indian women in age group 15-49 years with BMI > 30 or obese : 6.4%!! |
Percentage of indian men in age group 15-49 years with BMI > 30 or obese : 4 % [!
Prevalence of overweight among men 18.9%°!

Prevalence of overweight among women 17.6% [

Men (age 15-49 Years) Who Are Overweight Or Obese (BMI >25.0 Kg/m2) (%): 22.9%!
Women (age 15-49 Years) Who Are Overweight Or Obese (BMI >25.0 Kg/m2) (%) : 24%[]
Percentage of Indian children under 5 years who are overweight (weight for height) : 3.4% B
Men (age 15-49 Years) Who Have High Risk Waist-to-hip Ratio (>0.90) (%): 47.7%0!
Women (age 15-49 Years) Who Have High Risk Waist-to-hip Ratio (>0.85) (%): 56.7%°]
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Obesity prevalence in India : year 2022
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Fig.2 Obesity prevalence in India in year 2022

The preliminary finding on the status of abdominal obesity reveals that 40% of women and 12% of men
are abdominally obese in the country. It is found that the 22.1% of men tend to have BMI above the cut-
off range and 11.9% of them have a WC above the cut-off range. For women it is found that 23% of
women have BMI above the cut-off range of 25 and 39.6% of women have WC above the cut-off range
of 80 cm. Abdominal obesity is a significant health concern for women in India, as many women with a
healthy BMI still have excess abdominal fat, which increases their risk of metabolic diseases and other
health complications. The prevalence of abdominal obesity among women in India is quite high, with
about 4 in 10 women having a waist circumference higher than the prescribed cut-off mark for
abdominal obesity, which puts them at an increased risk of metabolic complications and non-
communicable diseases. Several other studies have reported the similar pattern of gender disparity in
obesity where findings reveal that women tend to be more abdominally obese than man.

Etiology of obesity:

Obesity is a multifactorial condition. The factors playing a role in eating and weight control include:
Genetic, Cultural, Socioeconomic, Behavioural, and Situational, Metabolic, Physiological and now
even Viral (adenovirus).

Mostly obesity is primary, that is, no obvious cause exists other than an imbalance in energy intake and
energy expenditure. When energy expenditure is less than energy intake, there will be weight gain. Most
patients with obesity have essential obesity (analogous to essential hypertension). There are, however,
secondary causes. Less than 1% of patients who are obese have an identifiable secondary cause of
obesity.™!

Other causes of obesity (though not common) include :
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Genetic syndromes: Lawrence-Moon-Biedl , Prader-Willi, Alstrom, Carpenter, Cohen, Beckwith
Wiedemann.

Endocrine diseases :Cushing’s syndrome, hypothyroidism, insulinoma, craniopharyngioma,Turner’s
syndrome, male hypogonadism and polycystic ovarian syndrome.

Neurological disorders.

Drugs

Psychotropic medications :

Tricyclic antidepressants

Monoamine oxidase inhibitors

Specific SSRIs

Atypical antipsychotics

Lithium

Specific anticonvulsants

S-adrenergic receptor blockers

Diabetic medications : Insulin , Sulphonylureas , Thiazolidinediones

Highly active antiretroviral therapy

Tamoxifen

Steroid Hormones : Glucocorticoids , Progestational steroids

Evaluation or Assessment of obesity:

Three commonly used objective methods of estimating obesity in clinical practice®:
1. Body Mass index (BMI),

2. Waist-to-hip ratio (WHR), and waist circumference (WC) and

3. Fat distribution.

Calculation of BMI : Weight (in kg)/ Height (in meters squared)

Limitations of BMI: Does not differentiate between fat and muscle: A high BMI may indicate high
muscle mass rather than fat.

Classification of generalised obesity is done on basis of BMI.

Table 1. Nutrition status and WHO criteria BMI cut off ["]

NUTRITIONAL STATUS BMI CUTT OFFS
Underweight <18.5 kg/m?
Normal Weight 18.5-24.9 kg/m?
Overweight (preobese) >25 -29.9 kg/m?
Obese >30 kg/m?
Class | obesity 30-34.9 kg/m?
Class Il obesity (Morbid obesity) 35-39.9 kg/m?
Class 11 obesity (extreme obesity) > 40 kg/m?
Super morbid obesity BMI >50 kg/m?
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Table 2. WHO classification of BMI for the asian population. ]

NUTRITIONAL STATUS CUTT OFF FOR ASIANS
Underweight <18.5 kg/m?
Normal Weight 18.5-22.9 kg/m?
Overweight >23 -24.9 kg/m?
Obese >25 kg/m?

Class | obesity 25-29.9 kg/m?

Class I obesity 30-34.9 kg/m?

Class Il obesity (extreme obesity / morbid > 35 kg/m?

obesity)

Super morbid obesity BMI >50 kg/m?

For children under 5 years of age:

o overweight is weight-for-height greater than 2 standard deviations above WHO Child Growth
Standards median; and

o obesity is weight-for-height greater than 3 standard deviations above the WHO Child Growth
Standards median.

Children aged between 5-19 years

Overweight and obesity are defined as follows for children aged between 5-19 years:

o overweight is BMI-for-age greater than 1 standard deviation above the WHO Growth Reference
median; and

o obesity is greater than 2 standard deviations above the WHO Growth Reference median.

Table 3. Indian cut-offs for Indicators of obesity.[]

PARAMETER INDIAN CUT-OFF MALE INDIAN CUT-OFF FEMALE
Waist Circumference (WC >90, >80

Waist-Hip Ratio (WHR) >0.9 >0.85

Wrist circumference 16.5cm 15.7 cm

Neck circumference (NC) 35.25cm 34.25cm

Body Fat Percentage >25% >30%

Body Mass Index >23 kg/m2 — Overweight, >25 kg/m2 — Obesity

Table 4 . Classification of -Waist-Hip ratio.[!

Health Risk Women Men

Low 0.80 or lower 0.95 or lower
Moderate 0.81-0.85 0.96-1.0
High 0.86 or high 1.0 or high
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WHR as a measure of abdominal obesity could be erroneous but some studies have shown it to closely

correlate to coronary heart disease.

Measurement of the waist circumference is a surrogate for visceral adipose tissue and should be

performed in the horizontal plane above the iliac crest™?,

Table 5. Ethnic specific cutpoint values for waist circumferencel:

ETHNIC GROUP

WAIST CIRCUMFERENCE

Europeans
Male >94 cm
Female >80 cm
South Asians & Chinese
Male >90 cm
Female >80 cm
Japanese
Male >85 cm
Female >90 cm

Ethnic South and Central Americans

Use South Asian recommendations until
more specific data are available.

Sub Saharan Africans

Use European data until more specific
data are available

Eastern Mediterranean & Middle eastern
(Arab) populations

Use European data until more specific
data are available

Body Fat Distribution (Fat Phenotypes)

On the basis of distribution of body fat, obesity may be classified into android obesity and gynoid

obesity.

Since men typically carry excess weight in the upper body and women in the lower body, men rather
than women, should be targeted for weight reduction. Waist circumference correlates well with

Android obesity
(Apple shaped obesity,
obesity, Central obesity)

Abdominal

Gynoid obesity /
Gluteo-femoral obesity /
Pear shaped obesity

Fat deposited in the abdomen above the
waist .

greater waist:hip ratio

central obesity (as judged by the waist
circumference) correlates with increased
visceral adiposity and has worse health
outcomes due to its association with
coronary heart disease, diabetes mellitus,
hypertension  ,dyslipidaemia,  insulin
resistance and metabolic syndrome.[*?]

Fat deposited on the hips and buttocks or
below the waist.

Waist:hip ratio of <0.8 in females or <0.9
in males(?

Better ~ prognosis  in
cardiovascular disease.[*?]
Gynoid obesity makes the person more
prone to mechanical disorders, such as
varicose veins and disorders of the joints.

terms of
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abdominal fat content. In men, there is an increased risk if the waist circumference is 85 cm or more and
substantial risk if it is 90 cm or more and for women, the figures are 80 cm or more, respectively.
Ageing leads to a decline in muscle mass, increase in body fat (“sarcopenic obesity’), and redistribution
of body fat thereby increasing truncal fat. These body composition changes may be more marked in
Asian Indians who have a high amount of truncal adiposity and low muscle mass*®l,

Recent update on obesity : the new two-tier obesity classification system.

New approach considers measurement of obesity through waist circumference or waist to hip ratio in
addittion to BMI. As per new guidelines, at least one measurement of body size in addition to BMI or
two measurements of body size regardless of BMI should be carried out before categorizing someone as
obese.

The assessment can be done through direct body fat measurement (via bone densitometry scan or DEXA)
regardless of BMI.

Excess body fat can be pragmatically assumed in those with a very high BMI (>40 kg/m?).

The term overweight has been replaced with Obesity — grades | and Il — instead.

Stage 1 Obesity: increased adiposity (BMI>23 kg/m?) without discernible effects on organ functions or
daily activities. This stage of obesity, currently not causing any pathological problems (“Innocuous
obesity”), could progress to Stage 2 obesity, which has association with mechanical and disease related
problems.

Stage 2 Obesity : a more advanced state characterized by heightened adiposity (generalized and
abdominal), impacting both physical and organ functions, resulting in functional limitations during day-
to-day activities, and contributing to co-morbid diseases. The criteria for Stage 2 Obesity include a
mandatory BMI exceeding 23 kg/m?, increased abdominal adiposity excess waist circumference or
waist-to-height ratio and any one of the following impacting physical and organ functions: Mechanical
conditions (e.g. knee arthritis due to excess weight) OR Presence of diseases associated with obesity (e.g.
type 2 diabetes).

Additionally, the presence of one or more symptoms indicative of limitations in daily activities or one or
more obesity-related comorbid conditions/diseases are needed to support the stage 2 obesity!*4!

Table 6 . Revised measurement criteria for obesity :

For men For women
Waist circumference >90 cm >80 cm
Waist to hip ratio >0.90 >0.85
Waist to height ratio >0.50 >0.50

Complications and outcomes of obesity ™:

Various outcomes of obesity are :

e Type 2 diabetes mellitus with macrovascular complications

e Hyperlipoproteinemias or Hyperlipidemia ,

e Coronary artery disease

e Myocardial infarction (obese patients are 250% more likely to develop coronary artery disease than
are non-obese patients)

e Cerebrovascular disease

e Thromboembolic disease
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e Left ventricular hypertrophy and congestive heart failure
e Sleep apnea.

e Restrictive lung disease

e Pickwickian syndrome

e Metabolic syndrome

e Cholelithiasis and cholecystitis

e Infertility
e Endometrial carcinoma, Colon cancer, Postmenopausal breast cancer.
e Gout

e Hernias and esophageal reflux

e Psychosocial disabilities

e Increased risk of obstetric and surgical morbidity

e Osteoarthritis

Metabolic syndrome is characterised by having three of any of the following five criteria:
Hyperinsulinaemia (elevated fasting plasma glucose)

Decreased HDL (as opposed to LDL levels, which are not required in making the diagnosis)
Central obesity

Hypertriglyceridaemia

Hypertension (>130/85)

Metabolic syndrome confers a threefold increase in the risk of cardioembolic events.

Treatment options in obesity

Prevention and treatment of obesity requires a multidimensional approach.

e Physical activity

e Stress management

e Lifestyle changes

e Dietary modifications

The realistic goals of weight management should be aimed at[*°!

e Preventing further weight gain

e Reducing bodyweight

Short-term goal: 5-10%, or 0.5 to 1 kg per week of weight loss.
Interim goal: Maintenance of reduced weight
Long-term goal: Additional weight loss, if desired.

e Maintenance: The achieved lower bodyweight over long term

Available Evidence/Guidelines!*3!:

1. Some observational data indicate that individuals performing at least 45-60 min of activity on most
days gain less weight than less active men.

2. At least the equivalent of 150 minutes/week of moderate-intensity aerobic physical activity for
substantial health benefits and 300 minutes/ week of moderate-intensity physical activity for more
extensive health benefits.

3. To prevent weight regain after weight loss, 60-90 min of daily moderate-intensity physical activity is
recommended.
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Recommendations for Patients with Obesity:

Gradual initiation and increase in duration of physical activity among sedentary individuals is
recommended. Aerobic exercise is of the greatest value for individuals who are obese. The ultimate
minimum goal should be to achieve 60 min of continuous moderate-intensity aerobic exercise 7 times
per week. Once an individual loses weight, a maintenance phase with the same duration, intensity, and
frequency of exercise should be continued for an indefinite period.

Table 7. - Guidelines for Physical activity for Overweight and Obesity!!®]

Intensity Duration Frequency
Moderate-intensity aerobic | 60 min Daily

exercise

Vigorous-intensity 60 min 3 or more days per week
exercise

The average weight loss expected with diet, physical activity and behavioral therapy is around 5%-
10%0°!

A structured program is essential for successful long-term weight loss. Most successful weight loss
programs are multidisciplinary, concentrating on hypocaloric diets, behavior modification to change
eating behaviors, aerobic and strengthening exercise, and social support. Also, concomitant depressive
disorders, a frequent comorbidity, require attention for successful weight loss and maintenance.

The weight loss program must contain three essential components:

(1) a nutritionally balanced diet,

(2) aerobic and strengthening exercise, and

(3) a reduction in the percentage of calories derived from fat.

Current recommendations suggest that the energy intake should be approximately 500 calories less than
energy output in a weight loss program.

Low-carbohydrate diets, although effective in rapid short term weight loss, have not been proved to be
more effective long term than a balanced calorie-restricted diet. In

addition, the long-term effects of carbohydrate-restricted diets are not known.

The importance in strength training is receiving new attention. Research has shown that larger muscle
mass burns fat and calories more efficiently. Many weight loss programs now emphasize a balance
between aerobic activity and muscle strength training. There is good evidence that other benefits (e.g.,
improved proprioception and balance in the elderly) may derive from strength training.

Medications

Pharmacologic therapy should be reserved for adults with a BMI >30 kg/m? or a BMI >27 and at least
one weight related comorbidity, such as hypertension, dyslipidemia,

cardiovascular disease, obstructive sleep apnoea, or type 2 diabetes, who have not achieved >5% weight
loss with lifestyle modification. All weight-loss drugs have been

associated with weight regain when the drug is stopped. 71617,

FDA approved drugs for obesity : Orlistat, Liraglutide, Lorcaserin , Phentermine-Topiramate |,
Bupropion - Naltrexone , Semaglutide , Setmelanotide , Tirzepatide
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Bariatric surgical intervention can effectively treat obesity. Three procedures are available and include
laparoscopic sleeve gastrectomy, Roux-en-Y gastric bypass, and laparoscopic adjustable banding.
Surgery is limited to those with a BMI of 40 or greater or a BMI of 35 if significant comorbidities exist.
Weight loss is estimated at 60% to 70% of excess body weight after 1 year and 50% after 10 years. The
procedures are associated with 60% to 80% remission of T2DM and beneficial health effects in many
other chronic illnesses. Family physicians do need to follow these patients over time for maintenance of
continued nutritional balance. Overall these procedures have a mortality risk of less than 0.5% (mostly
from pulmonary emboli, respiratory failure, and anastomotic failures). Short-term complications include
stomal stenosis, infection, and constipation. Long-term complications can include dumping syndrome,
cholelithiasis, and nutritional deficienciest!,

Sleep apnea:

Sleep related breathing disorders (SBDs) are associated with impaired ventilation during sleep and
disruption of sleep.

Sleep related breathing disorders is a general term which includes both obstructive sleep apnoea (OSA)
and central sleep apnoea (CSA).

Obstructive sleep apnoea is characterised by periodic episodes of complete or incomplete upper airway
obstruction8l,

CSA usually results from reduction in overall respiratory drivel*®l.

Classification of Sleep-related breathing disorders™*®2% :

Obstructive sleep apnea/hypopnea syndrome (OSAHS): more common

Central sleep apnea (CSA). : including Cheyne-stokes breathing.

Sleep related hypoventilation disorders

Obesity-hypoventilation,

Congenital and Idiopathic central alveolar hypoventilation,

Hypoventilation due to medical disorders and respiratory suppressants.

These categories and clinical disorders can overlap, but each has distinctive features.

Apnoea means cessation of airflow for at least 10 seconds.

Apnoea can be obstructive (respiratory effort without airflow), central (absence of both airflow and
respiratory effort) or mixed.

Hypopnoea is a reduction in airflow of 30% from a baseline for longer than 10 seconds and is associated
with an oxygen desaturation > 4%. The apnoea-hypopnoea index (AH]I), is the total number of apnoeas
and hypopnoeas per hour of sleep. An apnoea-hyponoea index of more than 5 is indicative of OSAI],
Patients with brainstem dysfunction may have central apnoeas, whereas patients with obesity , chest
wall , neuromuscular , and central nervous system disorders with hypoventilation will often manifest
sleep-related hypoventilation and hypoxemia in association with central or obstructive apnoeas?*.OSA
is a form of sleep disordered breathing characterized by recurrent episodes of partial or complete upper
airway closure during sleep, resulting in frequent arousals and sleep fragmentation, apnoeas (complete
obstruction) and hypopnoeas (partial obstruction), intermittent hypoxaemia and autonomic
fluctuation.These periodical episodes of respiratory disruption cause both acute and chronic
pathophysiological stress, en route to onset of cardiovascular disease (CVD) including systemic
hypertension, congestive heart failure (HF), arrhythmias, atherosclerosis, stroke and pulmonary
hypertension (PH)22231241(25][26]

wNEFEOD>
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Central Sleep Apnoea Central sleep apnoea is prevalent in patients who use opiates (Chapter 31),
during which cluster breathing with central apnoeas is characteristic, and in patients with congenital and
acquired central nervous system and/or cervical spine disorders, in which Biot-type breathing is
characteristic .

Cheyne-Stokes breathing, the most common form of central sleep apnoea, is manifested as a crescendo-
decrescendo breathing pattern with central apnoea or hypopnoea as the nadir of the breathing effort
cycle ; central sleep apnoea with Cheyne-Stokes breathing is prevalent in patients with heart failure, in
which it is an independent predictor of increased mortality. Patients with heart failure and Cheyne-
Stokes breathing tend to have lower awake arterial carbon dioxide tensions (PaCo.) than other patients
who have heart failure. The increased mortality in this setting has been correlated with the severity of the
associated nocturnal hypoxemic burdenf?,

CSA is less common and may occur in combination with obstructive sleep apnoea, as a primary
condition, or secondary to a medical condition (such as heart failure) or medication. Patients with CSA
often report frequent awakenings and daytime fatigue and are at increased risk for heart failure and atrial
fibrillation[!

Sleep-Related Hypoventilation

Patients with sleep-related hypoventilation may note daytime sleepiness, fatigue,

morning headache, or unrefreshing sleep. Sleep-related hypoventilation is common in individuals with
central obesity (often in association with obesity hypoventilation syndrome), neuromuscular and chest
wall disease, central hypoventilation disorders (with disordered respiratory control), COPD, and narcotic
usel?Ll,

Epidemiology of OSA

The exact prevalence of OSA is unknown.

Western data estimates the prevalence of OSA between 0.3% to 4 %, affecting 2% to 4 % of males and
1% to 2% of females, with a large number of individuals still undiagnosed!*8l271,

Much higher prevalence has been estimated in certain subgroups (i.e., 20% to 90% of persons referred
for sleep studies)28129],

Community based epidemiological studies from India have shown that the prevalence of OSAS is 2.4%
to 5 % in males and 1 to 2% in females. There is no considerable variation in the prevalence of OSAS
compared to rest of the world where it is 4% in males and 2% in females[271128]

Approximately 34% and 17% of middle aged men and women, respectively, meet the diagnostic criteria
for OSAROL,

The prevalence of OSA is two to three fold higher among men than among women. Factors that
predispose men to OSA include android pattern of obesity (resulting in upper-airway and abdominal fat
deposition) and relatively greater pharyngeal length, which increases collapsibility. Premenopausal
women are relatively protected from OSA by the influence of sex hormones on ventilatory drive. The
decline in sex difference in older age reflects an increased OSA prevalence in women after menopausel3]
Higher level of progesterone leads to lower prevalence of OSA in premenopausal women compared with
older women, as progesterone stimulates ventilation in upper tract muscles?!

OSA is particularly uncommon in nonobese, premenopausal women; however, the rates of OSA in
postmenopausal women not taking hormone therapy approach the rates of OSA in men of a similar age
and body mass index[3IE4Es],
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Race:

Individuals of East Asian ancestry appear to be at increased risk of OSA at relatively low levels of body
mass index, reflecting the greater influence of craniofacial risk factors. In the United States, African
Americans, especially children and young adults, are at higher risk for OSA than their white
counterpartst®l,

Age:

An aging population contributes to increasing risk of OSA.The prevalence of OSA increases with age,
especially in persons older than 60 years. OSA occurs most often in overweight, middle-aged men.OSA
prevalence varies with age, from 5 to 15% among middle-aged adults to >20% among elderly
individuals, although in a majority of affected adults, the disorder is undiagnosed. There is a peak due to
lymphoid hypertrophy among children between the ages of 3 and 8 years; with airway growth and
lymphoid tissue regression during later childhood, prevalence declines. Then, as obesity prevalence
increases in adolescence and adulthood, OSA prevalence again increases2*Ie1571381(20][40]

Obesity :

OSA occurs most often in overweight, middle-aged men. Obesity is increasing in developed countries
and so the incidence of OSA is also predicted to rise.

Factors that predispose men to OSA include android pattern of obesity (resulting in upper-airway and
abdominal fat deposition)

Then, as obesity prevalence increases in adolescence and adulthood, OSA prevalence again increases.
OSA is also more prevalent among persons who are obese. Both an aging population and a growing rate
of obesity contribute to the increasing rate of OSA. [BEICIE7II3e139][40]

Medical conditions:

The prevalence of OSA is especially high among patients with certain medical conditions, including
diabetes mellitus, hypertension, and atrial fibrillation!3!,

OSA prevalence is as high as 40% to 80% in patients with hypertension, heart failure, coronary artery
disease, pulmonary hypertension, atrial fibrillation, and stroke. Despite its high prevalence in patients
with heart disease and the vulnerability of cardiac patients to OSA-related stressors and adverse
cardiovascular outcomes, OSA is often underrecognized and undertreated in cardiovascular practice*%,
Prevalence of OSA increases with

e Aging
e Menopause
e Obesity

e Endocrine conditions : Acromegaly, Hypothyroidism,diabetes mellitus
e Hypertension

o Atrial fibrillation

e Children with Enlarged tonsils obstructive sleep apnoea

e Children with Trisomy 21
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Etiology and risk factors of Sleep apnoea
Table 8. Factors that predispose to Sleep apnoea.
Major risk factorst® | Additional risk factors!*ell271ELIB6I41142]1[43][44](45] -

Obesity or BMI > | Anatomical abnormalities or Craniofacial factors:

25 kg/m? Mandibular retrognathia

Male sex Micrognathia

Age > 35 years Maxillary retropositioning
Inferiorly positioned hyoid bone or Caudal displacement of
hyoid bone,

Intra-nasal obstruction
Macroglossia

Enlarged or low placed soft palate

Enlarged lymphoid tissue around the upper airways.

A positive family history of OSA

Sedentary lifestyle

Genetic syndromes that reduce upper airway patency (e.g.,
Pierre-Robinson syndrome (mid face hypoplasia), Down
syndrome, Treacher-Collins syndrome),Pfeiffer syndromes
(craniofacial synostosis), Crouzon syndromes and Apert
syndromes

Adenotonsillar hypertrophy (especially in children)

Nasal obstruction — Deviated nasal septum, rhinitis, polyps,
adenoids. Menopause (in women)

Endocrine syndromes (e.g., acromegaly, hypothyroidism)
PCOD

Alcohol and sedatives

Higher Epworth sleepiness scale (ESS); mean apnoea duration;
oxygen desaturation index (ODI); and nocturnal oxygen
desaturation (NOD).

Benzodiazepines

Testosterone therapy

Muscle relaxants

Pathophysiology of OSA

The pathophysiological mechanisms underlying OSAS are complex and multifactorial, and furthermore,
the underlying causes of OSAS vary substantially between afflicted individuals“®l. OSA results from the
interplay between unfavorable upper airway anatomy and sleep-related alterations in airway
function’]. There are anatomical factors and functional (non-anatomical) factors involved in the
mechanism of upper airway collapse. For a better explanation of mechanisms, a model of ‘PALM’
pathogenesis was proposed“®l, which can be summarized as pharyngeal critical closing pressure (Pcrit,
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P), decreased respiratory arousal threshold (arousal threshold, A), increased loop gain (loop gain, L),
and upper airway dilator muscle activity (muscle responsiveness, M).

Normal sleep-related physiological phenomena influence respiratory mechanics. These include, but are
not limited to, reduced pharyngeal diameter , decreased muscle activity, heightened upper airway
resistance, impaired respiratory load compensation, and a slight (5 mmHg) increase in arterial carbon
dioxide. Other physiologic endophenotypic factors include variations in arousal threshold, loop gain (a
measure of ventilatory instability), and critical closing pressure of the airway.

Anatomical and Morphological abnormalities are the most common factors contributing to upper airway
obstruction.

(
Promotion of 18 Promotion of
airway collapse : airway patency

-,

) L / ‘{]/; 7——— Pharyngeal dilator

‘ muscle contraction
(genioglossus)

Negative pressure — [
oninspiration

Extraluminal —
positive pressure;
fat deposition;
small mandible

__—Lungvolume
(longitudinal
traction)

FI1G.3 Airway anatomy affects both dilation and collapse of the airway. The sum of these factors
affects the critical pressure.

Upper airway collapse

Upper airway anatomical abnormalities are a key factor in the pathogenesis of OSAS. Almost all
patients have upper airway anatomical abnormalities to varying degrees, that is, upper airway stenosis
and collapse caused by abnormal bone structure and soft-tissue hyperplasia.

Upper airway anatomical abnormalities include®!

1.relative stenosis due to fat deposition in the upper airway caused by obesity and

2.absolute stenosis due to morphological abnormalities in the maxillofacial structure.

Nocturnal rostral fluid shift: Patients with leg edema due to cardiac and renal failure or venous
insufficiency may experience a shift in leg fluid volume from the leg to the neck during the night
(nocturnal rostral fluid shift), which may lead to upper airway collapsel*].

The degree of airway collapse can be measured by calculating the Pcrit.

Passive airway collapsibility. Individual airway collapsibility is also a key factor in upper airway
obstructionf0I51I52],

The importance of abnormal pharyngeal susceptibility to collapse in the pathogenesis of obstructive
apnoea was demonstrated by studying the Pcrit in patients with OSAS and in control subjects®™3l,
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A highly collapsed upper airway is the leading cause of OSAS pathogenesis, and the passive Pcrit
technique is considered the gold standard for measuring the degree of pharyngeal airway collapse[®4l.
The Pcrit is the critical pressure at which the airway fails to remain open and collapses®H]

In normal individuals, Pcrit is negative,implying that the upper respiratory airway tends to remain open.
In patients with OSAS, the critical pressure is less negative, which means that the upper respiratory
airway is more likely to collapse and become occluded during sleep8157],

Pcrit is higher in patients with greater upper airway collapsibility. The critical closing pressure of the
airway was higher in patients with OSAS than in those without the disorder[8151,

Pcrit is a vital part of categorizing subjects with OSAS into various endotype groups, which could
provide help for the treatment and response prediction of OSAS patients.

Decreased respiratory arousal threshold

At least one-third of OSAS patients have a decreased respiratory arousal threshold?,

Arousal plays a dual role in the mechanism of OSAS. On the one hand, arousal from sleep at the end of
a respiratory event is an important protective mechanism for restoring pharyngeal patency®!, and
patients will resume normal breathing and relieve airway obstruction through neuromuscular and
respiratory compensation mechanisms during arousal®?,

Thus, respiratory arousal is considered a potentially lifesaving event that could avert asphyxia during
sleep. On the other hand, a decreased respiratory arousal threshold is the cause of recurrent microarousal
in OSAS patients which might lead to the interruption of sleep continuity, prevent deeper and more
stable sleep, reduce the ability to recruit upper airway dilator muscles, and may contribute to further
obstructive respiratory events[61162[631[64]

Individuals with a more intense arousal tendency to airway stenosis elicit a greater ventilatory response
and are, therefore, more likely to experience instability in ventilatory control®!,

Theoretically, hyperventilation during arousal would also reduce pharyngeal muscle activity[©162],

and in many cases, arousal might promote the cyclical breathing pattern of OSAS®. The respiratory
arousal threshold is measured by the lowest pressure in the esophagus produced during a respiratory
event or perturbation of a breath taken before awakening. Evidence suggests that the magnitude of the
intrapleural pressure generated by breathing is a major stimulus for the initiation of arousal from
sleepl661L671(68],

Although arousal thresholds vary widely between individuals, patients with OSAS tend to have
diminished arousal responses to airway obstruction compared with controls, which may exacerbate
upper airway dilator hypotonia, leading to an inability to recruit dilator muscles to open the airway
before arousal occurs®9],

Increased loop gain

Loop gain refers to the overall sensitivity of the respiratory control system.

Loop gain is a key pathophysiological feature that contributes to OSAS. In ventilatory control, loop gain
is a measure of respiratory instability, which refers to unstable ventilatory chemoreflex controlt70I7272],
High loop gain indicates exaggerated response to airway obstruction ; it is often associated with
increased chemoreflex sensitivity, leading to unstable breathing patterns during sleep. Eckert’s study has
shown that approximately 36% of OSAS patients have high loop gaint6l.

Components of loop gain: The loop gain consists of the control gain, plant gain, and cycle time[73].
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Control gain refers to the response degree of the brain’s respiratory centre to changes in PaCO2, Plant
gain refers to hoe the respiratory system responds to the reduction in CO2 by ventilation, and together
they determine the overall loop gain. Cycle time refers to the feedback time from the change in PaCO2
and PaO2 in blood being received by the sensor to the ventilatory response of the body!"l.

High control gain represents a strong chemoreceptor response to a small change in PaCO2, and high
plant gain indicates that a mild ventilatory response can cause a significant change in PaCO20™!,

For example, upper airway muscles are innervated by neuronal fibers from the respiratory center, high
ventilation caused by high loop gain can expel more CO2, and low serum CO2 levels reduce the central
ventilatory drive in the dilator muscles of the upper airway, thereby reducing pharyngeal muscle
activity!®l,

Thus, the higher the loop gain is, the less stable the ventilatory chemoreflex control. Unstable ventilatory
chemoreflex control could promote airway collapse in OSAS due to hypocapnic (produced by
hyperventilation after obstructive apnoea) hypotonia of the upper airways. Obstructive apnoea is
followed by hyperventilation, producing hypocapnia and respiratory depression, which contribute to the
instability of ventilatory chemoreflex control and high loop gain®®IIl77I78lang increased CO2 from
hypoventilation leads to the development of rapid and large negative inspiratory pressure, also leading to
a collapse of the upper airway.

Decreased upper_airway dilator_ muscle activity during sleep and impaired sympathetic neural
activity

When the person is awake, patency of pharynx and upper airway is maintained by the neuronal
activation of dilator muscles of the upper airway (the genioglossus major upper airway dilator and
palatoglossus)which contract actively during inspiration to preserve airway patency and prevent airway
narrowing and collapse. Sleep onset is accompanied by a decline in neuromuscular output and thus
during sleep, the upper airway dilator muscles become hypotonic impairing the ability of these muscles
to maintain pharyngeal patency. During normal sleep, activity of the pharyngeal and respiratory muscles
is reduced, especially during rapid eye movement (REM) sleep when the diaphragm is virtually the only
active muscle BIH0I43I77]

During inspiration, intraluminal pharyngeal pressure becomes increasingly negative, creating a
“suctioning” force. Apnoeas occur when the airway at the back of the throat is sucked closed when
breathing in during sleep “1,

Partial narrowing or incomplete obstruction of airway results turbulent airflow which causes snoring.(44%
of men and 28% of women aged 3060 snore)l.

Critical narrowing of airway or near collapse of airway causes hypopnoeas & complete occlusion of
airway causes apnoeal®®l,

The airway may collapse at different sites, such as the soft palate (most common site of occlusion of
pharynx during sleep in sleep apnoea), tongue base, lateral pharyngeal walls, and/or epiglottis*®l.

In addition, lung volumes influence the caudal traction on the pharynx and consequently the stiffness of
the pharyngeal wall. Accordingly, low lung volume in the recumbent position, which is particularly
pronounced in the obese, contributes to collapse (less caudal traction on the pharynx and thus less
stiffness of pharyngeal wall)*°l,

OSA may be most severe during rapid eye movement (REM) sleep, when neuromuscular output to the
skeletal muscles is particularly low and diaphragm is virtually the only active muscle, and in the supine
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position due to gravitational forces.

Recurrent episodes of complete or partial upper airway obstruction, result in hypoxe-mia and
hypercapnia, which in turn stimulate the peripheral chemoreceptors, triggering acute autonomic and
cardiorespiratory responses. The stimulation of the CB chemoreceptorsincreases respiratory muscle
activity, producing inspiratory efforts, negative intrathoracic pressure, micro-arousals, and restoration of
airflow!"1[8%],
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Fig. 4. Polysomnographic tracing of a patient with obstructive sleep apnoea during 2 minutes of non-

rapid eye movement sleep. Displayed are airflow in the upper airway (“nasal flow”), recorded with a

nasal pressure transducer; respiratory effort (“abdomen”), recorded by inductance plethysmography;
and oxygen saturation of hemoglobin (SpO2), recorded with pulse oximetry[?1l,

Central sleep apnoea in patients with heart failure is characteristically of the Cheyne-Stokes breathing
type, mediated by interacting physiologic variables, including lung volume changes, circulatory timing,
and a higher than normal gradient between inspired and arterial carbon dioxide tensions (PCo.). The
ventilatory response to a change in blood gases is augmented. The net effect is oscillation of ventilation
between central apnoea and hyperpnea, as sleep and awake states oscillate.

Central apneas in other circumstances may be linked to dysfunctional neural chemosensitivity responses
resulting in subsequent apnoea, as is seen in the idiopathic, medication-related, and central alveolar
hypoventilation syndromes.

Sleep-related hypoventilation without central or obstructive apnoea is pathogenetically linked to neural
inhibition of postural respiratory muscles and perturbed respiratory mechanics(?4.

Clinical presentation of OSA

A history of daytime hypersomnolence, loud snoring, restless sleep, or morning headaches is suggestive
of obstructive sleep apnoeal®!l.

The cardinal manifestations of obstructive sleep apnoea include loud, chronic
snoring; excessive daytime somnolence; and witnessed sleep-related choking
or gasping!?l.

Symptoms (%) of obstructive sleep apnoeal*®! :

Loud snoring 95 %

Daytime sleepiness 90 %

Unrefreshed sleep 40 %

Restless sleep 40 %
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Morning headache 30%

Nocturnal choking 30 %

Reduced libido 20 %

Morning ‘drunkenness’ 5%

Ankle swelling 5%

Insomnia, which is common in the general population, may coexist with OSA.

Although difficulty falling sleep is rarely caused by OSA, awakening at apnoea termination may cause
difficulty maintaining sleep, a symptom more likely to be reported by women than by men, and often
responds to treatment of OSAR,

Screening & Evaluation of sleep apnoea:
OSA is widely underdiagnosed; 86% to 95% of individuals found in population surveys with clinically
significant OSA report no prior OSA diagnosis.
History
This helps to identify the signs and symptoms of SDB as well as to ascertain the differential diagnosis
and to request for appropriate tests for diagnosis. When possible, a sleep history should be obtained with
assistance from a bed partner or household member. The patient‘s routine sleep-wake schedule can also
be ascertained.
Sleep schedule
The patient‘s sleep patterns, onset of sleep, awakening including weekdays and weekends is elicited.
This data is compared with that of polysomnography.
Sleep problems
There are number of sleep disorders with overlapping symptoms. A thorough sleep history is essential
and questions detailing the signs and symptoms of sleep disorders must be asked.
Family and medical history
Risk factors for SRBD include male gender, obesity, middle age or older individuals, crowded airways
and anatomic abnormalities like retrognathia or micrognathia, large tongue and low set palate.
Medications
Details of medications being used by the patient, especially stimulants, wake promoting substances,
sedatives-hypnotics and other sleep promoting substances must be elicited.
Questionnaires [181(]

Sleep questionnaire :Sleep Disorder‘s Questionnaire and the Pittsburgh Sleep Questionnaire.

Sleepiness questionnaire : Epworth Sleepiness Scale (widely used), the Karolinsky Questionnaire,
Stanford Sleepiness Scale, the Profile of Mood States, the Pictorial Sleepiness Questionnaire, the Berlin
Questionnaire, and a number of other visual analogue scales.
Depression questionnaire : Zung Depression Inventory and the Beck Depression Inventory.
Commonly used screening questionnaires include the Berlin Questionnaire, the STOP-BANG
(Snoring, Tiredness, Observed Apnea, Blood Pressure, Body Mass Index, Age, Neck Circumference,
and Gender), and the STOP, which include symptoms of snoring, sleepiness, and other features
associated with increased OSA risk such as obesity, increased neck girth, and hypertension. These
questionnaires have reported sensitivity between 77% and 89% but lower specificity (32%—34%)l,
The Epworth Sleepiness Scale, which focuses on the single problem of propensity for dozing, has higher
specificity (67%) but low sensitivity (42%)E71 and is therefore a poor screening tool. Screening
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instruments may underperform in certain groups, including women, who more commonly report fatigue
and insomnia symptoms than sleepiness, and in patients with underlying CVD, HF, or AF and those
after stroke.

EPWORTH SLEEPINESS SCALE[“31[40]

How likely are you to dose off or fall asleep in the following situations, in contrast to just feeling tired?
This refers to your usual way of life in recent times. Even if you have not done some of these things
recently, try to work out how they would have affected you. Use the following scale to choose the most
appropriate number for each situation.

0= would never doze

1. slight chance of dosing

2. moderate chance of dozing

3. high chance of dosing

Situation

e Sitting and reading

e Watching TV

e Sitting and inactive in a public place (theatre or meeting)

e Asa passenger in a car for an hour without a break

e Lying down to rest in the afternoon when circumstances permit

e Sitting and talking to someone

e Sitting quietly after lunch (without alcohol)

e In acar, while stopped for a few minutes in the traffic.

Normal <9

Excessive daytime somnolence >9 - causes include obstructive sleep apnea.Other conditions causing
excessive daytime somnolence include narcolepsy, restless leg syndrome and periodic limb movement
disorder.

The STOP BANG tool™I1% s also a useful screening tool and should flag appropriate patients to refer
for further investigation. It may help discriminate OSA from simple snoring.

Questions

Snoring: Do you snore?

Tiredness: Do you often feel tired, fatigues or sleepy?

Observed apneas

Pressure : Do you have high BP or are you on treatment for it?

BMI>35

Age >50 years

Neck circumference male > 43 cm , Female >41 cm

Gender : Male

Low risk for OSA if answer is ‘yes’ to (-2 questions

Intermediate risk for OSA if answer is ‘yes’ to 3-4 questions

High risk for OSA if answer is ‘yes’ to 5-8 questions

Screening is not indicated in asymptomatic patients, but a high degree of clinical suspicion in
symptomatic patients should prompt the physician to obtain polysomnography 24,
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Examination findings:

Obesity

Increased neck circumference

Craniofacial abnormalities

Mallampati score > 3

Laboratory Assessment :

Since symptoms and signs do not accurately predict the severity of sleep-related breathing disturbances,
specific diagnosis and categorization of OSA severity requires objective measurement of breathing
during sleep. The current gold standard technique of diagnosing SRBD is overnight polysomnography
(PSG).

Sleep is characterised by three states: wakefulness, non-rapid eye movement (NREM) sleep and rapid
eye movement (REM) sleep.

Non-rapid eye movement sleep consists of 1, 2, 3, and 4 while REM sleep consists of a single stage that
is divided into phasic REM and tonic REM sleep. These sleep stages are defined by recordings taken by
electroencephalographic (EEG) activity recorded from central and occipital derivations,
electrooculographic (EOG) activity from left and right eye and from submental electromyographic
(EMG) recordings. Using measurement of electroencephalography (EEG), electrocardiographic (ECG),
and electromyographic (EMG) activities, nasal airflow and thoracoabdominal movement, PSG would
allow identification of SDB subtype and severity. Sleep stages are recorded in 30 second epochs. The
total length of recording is called the total recording time (TRT). The addition of all the epochs scored in
one of the five sleep stages, after sleep onset, is called the total sleep timel*®l,

In addition, apnea-hypopnea index (AHI; the number of apneic and hypopneic events per hour of sleep)
is the most widely employed parameter for OSA quantification or severity.

Apnoea-hypopnea index (AHI)[01821;

e AHI <5: normal

e AHI5-15: mild OSA

e AHI 15-30: moderate OSA

e AHI >30: severe OSA.

Nevertheless, AHI is only a modest predictor for the consequences of OSA, highlighting the requirement
for more sensitive indicators of disease severity and metrics of OSA complications .

A negative in-laboratory PSG usually rules out OSA. However, false-negative studies can result from
night-to-night variation in OSA severity, particularly if there was insufficient REM sleep or less supine
sleep during testing than is typical for the patient[™®.

HSAT uses a portable detecting device and is becoming available as an alternative OSA testing strategy.
Compared with PSG, HSAT is cost-effective and less resource-intensive despite limited sensitivity and
possible outcomes of false-negative resultsl®¥.If there is a high prior probability of OSA, a negative
home study should be followed by PSG!,

INDICATIONS FOR POLYSOMNOGRAPHY1]

POLYSOMNOGRAPHY IS ROUTINELY INDICATED FOR:

e Diagnosis of sleep-related breathing disorders (SRBDs), including suspected obstructive sleep
apnoea (OSA) in patients with heart, brain, neuromuscular, or lung disease
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e Patients with sleep-related symptoms and heart, brain (stroke), neuromuscular, lung, or other major
organ disease

e Positive airway pressure (PAP) titration in patients with sleep-related breathing disorders

e A preoperative clinical evaluation to evaluate for the presence of OSA before upper airway surgery
or oral appliance therapy for OSA

e Patients suspected of nocturnal movement disorders

e Patients suspected of narcolepsy or unexplained excessive daytime sleepiness may require
polysomnography and multiple sleep latency test on the ensuing day

Follow-up Polysomnography:

e After titration of oral appliance treatment or final fitting in patients with OSA

e Following surgical treatment of patients with moderate to severe OSA

e After surgical or dental treatment of patients with SRBDs whose symptoms return

e Substantial weight gain or loss in patients on PAP for SRBD

e Insufficient clinical response to PAP therapy

e Evaluation of patients with sleep behaviors that are potentially injurious or suggestive of unusual or
atypical parasomnias or in which specific motor patterns are in question

POLYSOMNOGRAPHY IS NOT ROUTINELY INDICATED FOR:

e Patients whose symptoms resolve with continuous positive airway pressure (CPAP) treatment

e Diagnosis of chronic lung disease

e Diagnosis of typical, uncomplicated, and noninjurious parasomnias when the diagnosis is clearly
delineated

e Patients with a seizure disorder who have no specific complaints consistent with a sleep disorder

e Diagnosis or treatment of restless legs syndrome, except where diagnostic uncertainty exists

e Establishing the diagnosis of depression

e Diagnosis of circadian rhythm sleep disorders

Advancements in PSG recordings have made it possible to collect data other than EEG, EOG, EMG,

electrocardiogram (ECG), oxygen saturation and snoring intensity like Oesophageal pH,accessory EMG

and nasal pressure. These data are useful in diagnosing conditions like nocturnal acid reflux . After a

diagnosis of sleep apnoea is established, a continuous positive airway presure (CPAP) titration is done

and the ‘split-sleep * study does away with the conventional two-night sleep study. Infant and pediatric

sleep studies are possible with the help of specialised personnel using paediatric specific equipment!*8l.

Consequences of OSA and associated conditions?712HI39] .

Adult OSA

e More frequent and longer hospitalizations.

e Motor vehicle accidents & Work related injuries.

e Increased morbidity and mortality rates.

e Decreased quality of life scores.

e Psychiatric disorders like depression, bipolar disorder, delirium, anxiety
e Impaired neurocognitive function e.g. potentiation of Alzheimer’s disease
e Impaired quality of life

e Erectile dysfunction
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e Cardiovascular: Congestive heart failure , Systemic and pulmonary hypertension , Coronary artery
disease , Hypertension , Arrhythmias including atrial fibrillation.

e Insulin resistance and diabetes mellitus

e Cerebrovascular : Stroke, Transient ischemic attack.

e Metabolic syndrome

e Pulmonary: COPD , Asthma, Interstitial lung disease.

Pediatric OSA : poor school performance, enuresis, failure to thrive, learning disability,obesity,Attention

deficit hyperactivity disorder.

Treatment of sleep apnoea

LIFESTYLE CHANGES AND WEIGHT REDUCTION

MEDICAL WEIGHT LOSS

POSITIVE AIRWAY PRESSURE : Positive pressure is delivered by a mask or similar device.

FI1G.5 Positive airway pressure. (a) Demonstrates the anatomy of airway collapse. Note negative
pressure in airway and extrinsic forces on airway causing collapse. (b) Effect of positive airway
pressure opening the airway and restoring patency

Positive pressure may provide a mechanical stent to the upper airway in OSA patients and prevent
apnoea in all sleep stages, preferably in supine and

lateral positions. As higher pressure can be uncomfortable for sleep, the minimal pressure that
reasonably eliminates most respiratory disturbances like snoring and arousal together with elimination of
oxygen desaturation is recommended. The American Academy of Sleep Medicine guidelines for CPAP
recommend its use in patients who have apnoea-hypopnoea index (AHI) greater than 20 and for
symptomatic patients who have an AHI or respiratory arousal index greater than 10[88],
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CPAP: provides a constant inspiratory and expiratory pressure to stent the airway. autotitrating PAP
machine. This automatically adjusts pressure within a range of pressures set by the physician, as needed
throughout the night.

Bilevel positive airway pressure (BiPAP): BiPAP delivers increased inspiratory pressure and a decreased
expiratory pressure. The goal of decreased expiratory pressure is to preserve the stenting effect while
making expiration easier, and allowing therapy to be better tolerated, especially at high inspiratory
pressures. This mode may also provide better ventilation for patients with neuromuscular conditions that
cause difficulty

with expiration against a continuous pressure.

Adaptive servo-ventilation (ASV): a non-invasive treatment for SDB that involves monitring breathing
patterns and adjusts the air pressure to help stabilise breathing. It is used to treat CSA and co-existing
OSA.

ORAL APPLIANCE THERAPY®I : mandibular advancement to enlarge the airway space and
decrease upper airway collapsibility.

UPPER AIRWAY STIMULATIONP: hypoglossal nerve stimulation of protrusor muscles of the
tongue, which leads to increased airflow and decreased pharyngeal collapse.

POSITIONAL THERAPY : sleep apnoea is frequently worse in the supine position. There are
positional devices to help with side sleeping.

SURGERY : upper airway surgery, upper airway neurostimulation, and bariatric

surgery.

Interactions between Sleep apnoea and obesity

There is a bidirectional correlation between obesity and OSA.

In severe obesity, the prevalence of sleep apnoea was estimated to vary between 40% and 90%[°1. By the
way, it should be noted that the prevalence of OSAS varies significantly based on the population being
studied and how OSAS is defined (eg, apnoea -hypopnea index threshold, scoring criteria used and
testing methodology).

Over 70% of patients with OSA are overweight or obesel®?.Obesity, is found in about 70% cases of
OSA because parapharyngeal fat deposits tend to narrow the pharynx[®31941,

According to several reports, OSAS and obesity are important risk factors for metabolic disorder and
also can act synergistically®®Il®® Both obesity and OSAS are associated with similar adverse
cardiovascular, metabolic and neurocognitive outcomes. Current evidence suggests that the association
of OSAS and obesity promotes weight gain, obesity and, type 2 diabetes in a variety of ways creating
multiple complex vicious cycles®’ 8] Many reports have concluded that sleep deprivation, OSAS and
obesity may be interrelated, and both conditions increase the severity and effects of the other.

Various conditions closely related to obesity, such as oxidative stress, systemic inflammation, visceral
fat accumulation, dyslipidemia and insulin resistance (IR) may also occur as OSAS-associated
manifestations.

Obstructive sleep apnoea (OSA) has been studied closely as one of the major associated illness in obese
patients.Obesity is one of the most important independent risk factor in the pathogenesis of
OSA.Obstructive sleep apnoea is a common sleep disorder, effecting 17% of the total population and 40-
70% of the obese population[®°1it0%],
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There are many potential mechanistic factors, including increased sympathetic nerve activity, vascular
endothelial dysfunction, intermittent hypoxia, inflammation, oxidative stress and metabolic
dysregulation in linking obesity with OSAS as well as the upper airway dysfunction and respiratory
control instability. Interaction between pharyngeal structural properties and neuromuscular regulation
determines pharyngeal airway collapsibility. Obesity impacts on this balance by reducing lung volume
and narrowing the pharyngeal airway, with neural compensation for these abnormalities being lost
during sleep™®.Obesity increases fat deposit in tongue, upper airway lumen and muscles which
decreases luminal diameter of upper respiratory tract and makes it more prone to collapse during sleep ,
thus leading to susceptibility to OSASE,

Pcrit
(cmH,0)
PHARYNGEAL
STRUCTURAL Centiail___o{ Mechanical loads
CONTROL adeOSIty(d') Apnea
!
. Hypoapnea
Obesity # z —
= Snoring
{
NEURO- Peripheral Compensatory Normal
MUSCULAR adiposity (?) neural responses
CONTROL

Fig. 6. lllustration relating obesity, body fat distribution, upper airway collapsibility critical
pressure (Pcrit), and sleep apnoea pathogenesis. Mechanical loads and neuromuscular responses
sum (X) to increase (+) and decrease (—) Pcrit, respectively. Mechanical and humoral effects of
regional adipose depots can affect these components, which can mediate differences in sleep
apnoea susceptibility between men and women[104],

OSA can occur in obesity because the chest wall movement is restricted, which results in

1. mechanical and reflex upper airway narrowing,

2. Increased upper airway resistance,

3. ventilatory instability,

4. animpaired ability to compensate for increased upper airway resistance.

All these abnormalities may contribute to the obstruction of the upper airway during sleep, as well as
NREM sleep-wake cycling and respiratory periodicity.

During REM sleep, erratic neural drive and descending neural inhibition of accessory ventilatory and
upper airway muscles may lead to severe alveolar hypoventilation and/or obstructive apnoeal?*,

Many cross sectional and longitudinal studies suggest that obesity may impact upper airway neural
control. There is an overall decrease in compensatory neuromuscular control mechanisms in obesity
(particularly visceral obesity). Defects in upper airway neuromuscular control can increase sleep apnoea
susceptibility and severity . These effects may be related to increased circulating levels of inflammatory
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cytokines . These cytokines include TNF-o, TNF-a receptor I, IL-6, and IL-1B, which have somnogenic
central nervous system activity!*%?

Experimental studies using animal models of a low leptin state such as leptin deficiency have shown that
leptin regulates sleep architecture, upper airway patency, ventilatory function, and hypercapnic
ventilatory response. However, findings from human studies do not consistently support the data from
the animal models!1%!

OBESITY
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v
Central Td'Poslty tUA fat Hormonal mechanisms Indirectly weight dependent mechanism:

tmechanical load on chest wall

v v v
tinflammatory cytokines iresting lung volume LUA luminal diameter
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restricted chest wall movements Hyperglycemia

lcaudal traction on upper
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|diaphragmatic excursion neural control airway structures
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twork of breathing neural control) + Upper airway coll lity tLeptin | Adiponectin

lintrathoracic volume
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inspiratory efforts
negative intrathoracic pressure

Daytime sleepmess» Arousal ——————> 5N activation

v

restoration of airflow
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Fig. 7. Pathogenetic pathway of genesis of sleep apnoea from obesity.

Factors that decrease circulating levels of inflammatory cytokines, including continuous positive airway
pressure and etanercept , may help improve sleep apnoea by decreasing upper airway collapsibility
during sleep . It is therefore possible that humoral effects of obesity and visceral adiposity play a role in
the pathogenesis and progression of sleep apnoea by blunting compensatory upper airway
neuromuscular responses®,

A 10% increase in body weight is linked to a 32% rise in apnoea hypopnea index (AHI), while modest
weight control is effective in reducing the incidence of SDB*41,

As a rule of thumb : For every 7-pound drop in weight, expect a 7% drop in AHI],
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CORRELATION BETWEEN THE AHI AND THE BMI

80

p =004 r=0.38

AHI

20 25 30 35 40 45
Body Mass Index (kg/m?)

Definition of abbreviations: AHI, apnea-hypopnea index; BMI, body
mass index.

Fig.8. Correlation between AHI and BMI [1%],

CORRELATION BETWEEN THE AHI AND THE NECK
CIRCUMFERENCE

p < 0,01 r=0.54

AHI

35 40 45 50 55 60

Neck circumference (cm)

Definition of abbreviation: AHI|, apnea-hypopnea index.
Fig.9. Correlation between AHI and neck circumferencel1%!
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CORRELATION BETWEEN THE AHI AND THE
ABDOMINAL CIRCUMFERENCE

p < 0,01 r=0.75

40

AHI

20 |

0 I I I I 1
90 100 110 120 130 140

Abdominal circumference (cm)

Definition of abbreviation: AHI, apnea-hypopnea index.

Fig. 10. Correlation between AHI and abdominal circumferencel0%

Multiple studies have identified OSA as a critical risk factor for the development of obesity, diabetes,
and cardiovascular diseases!*%11191 Opesity, is found in about 70% cases of OSA®3],

Pathogenetic mechanism of obesity from sleep apnoea:

Although not all individuals with OSAS are overweight, the vast majority of patients with OSAS are
obesel®"l%8 Although obesity is the main risk factor for the development of OSAS, some authors have
suggested that OSAS can cause weight gain and therefore, obesity. There are different causal factors
including reduced physical activity, IR and increased ghrelin levels in this process[*%.

Sleep is regulated by neuronal and humoral mechanisms that are interdependent.

IL-1 and TNF-a meadiate a large number of neurohumoral factors and appear to be central to sleep
activation pathway and pathogenesis of sleep apnoea. Other cytokines that induce sleep include IL-10,
IL-6, Interferon, IL-2, IL -4, GM-CSF, FGF. TNF -a is elevated in OSA and may play a role in daytime
sleepiness in OSA . TNF - o gene polymorphisms may play a role in polymorphisms may play a role in
genesis of hypertension as well as obesity!*?,

Both the appetite diminishing hormone Leptin and appetite enhancing hormone Ghrelin are elevated in
normal sleep. Recurrent chronic sleep disruption may be associated with decreased plasma levels of
Leptin and increased plasma levels of Ghrelin.Thus chronic sleep apnoea represents a risk factor for
weight gain or obesity!*1],
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Fig. 11. Pathogenesis of obesity from Sleep apnoea

Carotid bodies (CBs), located bilaterally at the bifurcation of each common carotid artery, are peripheral
chemoreceptors that classically sense changes in arterial blood 02, CO2, and pH levels. In response to
hypoxia (O2 deprivation), hypercapnia (CO2 retention), and acidosis (pH drop), type I cells, the CB
chemosensory unit, release neurotransmitters that act on the nerve terminals of the CB sensitive nerve,
the carotid sinus nerve (CSN), to generate action potentials or to inhibit its activity™*!?, CSN activity is
integrated in the brainstem to induce a set of respiratory reflexes aimed, primarily, at normalizing the
altered blood gases via hyperventilation™?l and regulating blood pressure and cardiac performance via
sympathetic nervous system activation*'®l. Besides its role as an oxygen sensor, in the last few years, the
CB has also been proposed to be a metabolic sensor implicated in the control of carbohydrate and lipid
metabolism[4I151116] ang in the regulation of peripheral insulin sensitivity and glucose homeostasis.

Acidosis , Hypoxia, Hypercarbia , Hypercaloric diet

Oxidative stress
(HIF 1alpha, 2 alpha)

Proinflammatory cytokines

Impaired Metabolic sensing : { Carotid body

Impaired carbohydrate & lipid type 1 cells (chemosensory unit)
metabolism, Impaired insulin sensitivity.

Neurotransmitter release
Carotid sinus nerve

N
\[/7 Brainstem l,
SNS Respiratory reflexes
Hypertension ~ Obesity Endothelial dysfunction Hyperventilation

Normalisation of arterial blood
gases

Fig.12. Schematic representation of the carotid body (CB) involvement in the development of obesity,
insulin resistance, and glucose intolerance through an increase in sympathetic nervous system
activity. Hypercaloric diets and intermittent hypoxia promote an increase in CB activity that
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contributes to the augmentation of sympathetic nervous system activity, leading to metabolic
dysfunctiont7],

Contribution of the carotid body to the pathological effects mediated by sympathetic hyperactivation in
human diseases. Diagram show-ing the pivotal role played by the carotid body in the pathological effects
mediated by sympathetic hyperactivation in heart failure, obstructive sleepapnea, hypertension, and
cardiometabolic diseases. Oxidative stress and inflammation are associated with carotid body
chemosensory potentiation,leading to an increase in sympathetic nervous system activity, which
promotes autonomic dysfunction, ventilatory instability, baroreflex alterations, hypertension, fibrosis,
and insulin resistance. ET-1, endothelin 1; NO, nitric oxide; NTS, nucleus of the solitary tract; PVN,
paraventricular nucleus; RVLM,rostral ventrolateral medulla (€],

Interactions between Obesity and Cardiovascular diseases

Elevated body mass index (BMI) is an independent risk factor for the development of type 2 diabetes
mellitus, dyslipidemia,chronic kidney disease, ischemic heart disease, stroke, dementia, several
malignancies, nonalcoholic fatty liver disease, and obstructive sleep apnoeal**®}

Modifiable risk factors, such as being overweight and obese account for more than 70% of the risk for
CVD and mortality caused by CVDI?%,

Approximately 70-80% of people with CAD have overweight/obesity!*?l,

Obesity is characterized by a chronic low-grade inflammatory state, and assessing the inflammatory
burden becomes pivotal in understanding cardiovascular risk. Elevated levels of inflammatory markers,
such as C-reactive protein, may serve as indicators of heightened cardiovascular risk in obese patients
[122]

Cardiovascular diseases, such as heart failure and coronary heart diseases, are often among obese
people.A standard correlation can be seen between obesity and reasons for CVD. When compared to
normal BMI individuals, overweight and obese candidates can experience heart disease earlier by
approximately 10 years. The results of study™?! mentioned that the risk of cardiac arrest can be
increased by 5% for men and 7% for women, with a BMI increase of 1 kg/m2 . Similarly, 32-49% of
obese people and 31-40% of overweight individuals have a high number of heart failures. The span of
morbid obesity is firmly connected to the advancement of a cardiovascular breakdown following 20
years of obesity; 70% are at the risk for CVD after 20 years and 90% are at risk for CVD after 30
years(*?4],

The importance of obesity is shown by the Framingham Heart Study that highlighted the pathogenic role
of obesity and heart failure onset in 11% of men and 14% of women[?3l,

It is proven that obese people have a double risk for heart failure when compared with people of a
normal BMI1125],

Patients with progressive obesity can suffer from heart failure without having a proper diagnosis for left
ventricular brokenness, and are analyzed as having weight-related cardiomyopathy.

IJFMR250241281 Volume 7, Issue 3, May-June 2025 30



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
20
18 17.4
16
14
Adjusted* 12 ‘
Incidence Rate Normal Weight
(per 1000 PYs) 12 23 8.4 m Overweight
6 6.2 5.4 M Obesity
4.4 4.4 .
4 - 55 3.6 W Severe Obesity
2 }
0 T T T
Heart Failure Coronary Heart Stroke
Disease

*At mean levels of age, sex, race, smoking status, alcohol use,
education level, occupation and physical activity

Fig.13. Association of BMI categories with adjusted incidence rates for different CVD subtypes.
Incidence rates were calculated at mean levels of age, sex, race, smoking status, alcohol use,
education level, occupation, and physical activity within the study population. BMI indicates body
mass index; CVD, cardiovascular disease; PY, person-year. Over <23 years of follow-up, there
were 2235 HF events, 1653 CHD events, and 986 strokes. For each subtype of CVD, higher BMI
was associated with a greater adjusted incidence of events at mean levels of demographic variables,
smoking, alcohol use, and physical activity!125],
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Fig.14 Relationship of continuous BMI with incident cardiovascular disease subtypes in linear
spline models after multivariable adjustment. Linear spline with knots at the BMI values of 25, 30,
35, 40, and 45 and reference at BMI of 22. Adjusted for age, race, sex, alcohol use, smoking status,
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occupation, education level, physical activity, diabetes mellitus, systolic blood pressure,
antihypertensive medication use, HDL-C and LDL-C, and estimated glomerular filtration rate.
BMI indicates body mass index; CHD, coronary heart disease; HDL-C, high-density lipoprotein
cholesterol; HF, heart failure; LDL-C, low-density lipoprotein cholesterol™?l,

A statistically significant association has been observed between higher BMI and incident HF (HR for
severe obesity 2.27, 95% CIl 1.94-2.64), but no significant associations were seen for incident CHD and
stroke. Similarly, in the fully adjusted model, every 5-U increase in BMI was associated with a 29%

higher risk of incident HF, whereas no significant associations were seen for CHD and stroke[?6],

Table 9. WHO recommended BMI and WC thresholds as indicators of CVD risk27],

Classification Body mass | Disease risk (relative to normal weight and waist
index (kg/m2) circumference)
Caucasian populations Men <102 cm Men >102 cm
Women <88 cm Women >88 cm
Underweight <18.5 Very high —
Healthy weight 18.5-24.9 — High
Overweight 25.0-29.9 Increased High
Obesity class | 30.0-34.9 High Very high
Obesity  class Il | 35.0-39.9 Very high Very high
(morbid obesity)
Obesity class 1l | >40.0 Extremely high Extremely high
(severe obesity)
South  Asian, Chinese and Japanese | Men <90 cm Men >90 cm
populations
Women <80 cm Women >80 cm
Underweight <18.5 Low (increased risk of | Average
other clinical problems)
Healthy weight 18.5-22.9 Average Increased
Overweight (at risk) 23.0-24.9 Increased Moderate
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Classification Body mass | Disease risk (relative to normal weight and waist
index (kg/m2) circumference)
Obesity class | 25.0-29.9 Moderate Severe
Obesity class 11 >30.0 Severe Very Severe

Adapted from: World Health Organization. Waist circumference and waist-hip ratio: report of a WHO
expert consultation, Geneva, 8-11 December 2008 and World Health Organization. Regional Office for
the Western Pacific. The Asia-Pacific perspective: redefining obesity and its treatment. 2000.

Cardiovascular complications of obesity

Increased mortality from heart disease occurs with increasing obesity in both men and women specially
with BMIs greater than or equal to 27-29 and varies among ethnic groups. For instance, the risk of heart
disease associated with a high BMI is greater for whites than for blacks™*?8l.

Cardiovascular abnormalities/changes associated with obesity*2°1130I131l:
Electrocardiographic

e Increased heart rate

e Increased PR interval

e Increased QRS interval

e Decreased QRS voltage* (although sometimes increased)

e Increased QTc interval

e Abnormal signal-averaged electrocardiogram late potentials

e ST-T-wave abnormalities

e Left-axis deviation*

e Flattening of the T waves (inferolateral leads)*

e Left atrial abnormalities

e False positive criteria for inferior myocardial infarction*

Haemodynamic

e Increased heart rate (in physically inactive individuals)

e Increased blood volume

e Changes in stroke volume (will increase in early stages, and decrease in later stages)

e Increased cardiac output

e Increased systemic vascular resistance (in those with hypertension and insulin resistance)
e Increased arterial pressure, including systolic and diastolic Increased left ventricular wall stress
e Increased left ventricular stiffness

e Increased end diastolic left ventricular filling pressure

e Increased pulmonary artery pressure

e Altered atrial and ventricular pressure (in those with sleep apnoea)

Structural

e Myocardial steatosis, apoptosis, fibrosis

e Left ventricular remodelling and hypertrophy
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o Left atrial enlargement

Functional

e Right ventricular hypertrophy

e Increased pericardial and perivascular adipose tissue

e Hypoxia due to sleep apnoea, atherosclerosis, thrombosis

e Left ventricular diastolic and systolic dysfunction

e Coronary obstruction

e Myocardial ischemia

e Tachyarrhythmias, including atrial fibrillation, atrial flutter, ventricular tachycardia, inappropriate
sinus tachycardia

¢ Right ventricular failure

e Deep vein thrombosis

e Pulmonary embolism

Pulmonary
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Dyslipidemia
Increased
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Fig.15: Cardiovascular complications of obesity

Pathogenesis of CVD in obesity:

Pathogenetic pathways linking obesity to Cardiovascular disorders:
1. Macrophage infilteration of adipose tissue

2. Baroreflex dysfunction

3. Mechanical pressure on kidney
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Fig.16. Pathogenesis of cardiovascular disorders in obesity.

The inflammatory profile associated with abdominal obesity could be the link with the development of
metabolic and cardiovascular disease.

In obesity, the macrophage infilteration of adipose tissue results in an overexpression of
proinflammatory markers by the adipose tissue.

The dysregulation of adipocytokine production and secretion in the context of abdominal obesity could
be the link with the development of metabolic and cardiovascular disease.

More and more studies suggest that inflammatory markers such as tumour necrosis factor (TNF)-o and
interleukin (IL)-6 may play a role in the development of metabolic complications associated with obesity
such as insulin resistance.

TNF-a acts locally at the site of adipose tissue through autocrine/paracrine mechanisms having effects
on insulin resistance and inducing IL-6, whereas IL-6 rather appears to be released systemically by the
adipose tissue acting more as an endocrine signal that induces the hepatic acute-phase response or
insulin resistance in the liver . Both TNF-a and IL-6 expression have been demonstrated to interfere with
insulin signalling in adipose tissue and in the liver . Moreover, TNF-a as well as IL-6 are also known to
promote lipolysis and secretion of free fatty acids (FFA) from adipose tissue into the circulation, a
phenomenon which contributes to insulin resistance in the skeletal muscle and to an increase in hepatic
glucose production.

These adipocytokines, in particular IL-6, are part of the inflammatory cascade which leads to the
induction of the acute-phase protein C-reactive protein (CRP) by the liver. CRP has been shown to
independently predict cardiovascular events in both men and women.

ICAM (Intercellular Adhesion Molecule-1) and VCAM (Vascular Cell Adhesion Molecule-1) are key
adhesion molecules that become overexpressed on the surface of endothelial cells, facilitating the
adhesion of white blood cells to the vessel wall, while PAI (Plasminogen Activator Inhibitor) is an
enzyme that can contribute to endothelial dysfunction by inhibiting fibrinolysis and promoting platelet
aggregation, all of which are considered markers for an unhealthy vascular system, often associated with
conditions like atherosclerosis!32l,

IJFMR250241281 Volume 7, Issue 3, May-June 2025 35



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Central obesity lowers adiponectin plasma levels via increasing proinflammatory adipokines, such as
TNFalpha, leptin, and IL-181%%1. Obese people have a higher level of serum tumor necrosis factor alpha
(TNF-a), interleukin-1 beta (IL-1pB), interleukin -6 (IL-6); these all are produced by macrophages
derived from adipose tissue.

Larsson A. et al. (2015) reported that IL-6 and TNF-alpha play a critical role in obesity-induced
inflammation and their levels increase parallel to the rise of BMI[341,

NF-kB target genes present in endothelial cells are adhesion molecules, including intercellular adhesion
molecule-1 (ICAM-1), VCAM-1, and E-selectin, which intervene with inflammatory cytokines of the
vascular wall to promote extravasations and subsequent endothelial dysfunction[3136],

The term inflammation is associated with edema, transmigration, infiltration of leukocytes, and blood
vessel and connective tissue proliferations. Inflammation has been considered as the initial stage of
vascular dysfunction, progressing to vascular disease related to obesity[*3"],

An obese or overweight population may show strikingly different profiles of CVD risk factors based on
their body fat distributions. Excess abdominal fat tissue, independent of BMI, has been related to
atherogenic and diabetogenic factors, for example, increased triglycerides, insulin resistance, and
apolipoprotein B levels, an increased portion of LDL and VLDL[%I,

Obesity and dyslipidemias:

This increased risk of death from cardiovascular disease can be attributed to a number of factors. The
first is the decreased levels of high-density lipoprotein (HDL) cholesterol associated with insulin
resistance and obesity. Second is the increased concentration of plasminogen activator inhibitor-1, a
factor that prevents clotting within blood vessels. Increased blood pressure associated with obesity also
plays a role in the increased risk. Weight-loss studies show that all of these factors revert toward normal
ranges with weight loss!*3%112401,

Obesity and Hypertension:

A rise in blood pressure has been documented as a function of the body mass index. Several events may
account for this. The first is the increase in insulin concentration that works to increase sodium
reabsorption by the renal tubule. In addition, changes in vascular resistance and cardiac function
required to compensate for the higher blood flow in obese individuals contributes to the associated
increase in blood pressure°1it40],

Obesity and Coronary artery disease :

Obesity is associated with elevated risk of incident coronary artery disease , involving not only
epicardial vessels but also the coronary microvasculature!4H142]

Cardiovascular outcome in individual post-percutaneous coronary intervention is characterized by a
lower mortality rates in overweight individuals at 6 months but, at 5- and 10-year intervals, severe
obesity and high-risk coronary anatomy were associated with higher mortality™4311441,

This paradox might be due in part to earlier cardiovascular disease diagnosis and treatment in
overweight or obese individuals, and it may be more relevant to focus on low body fat percentage and
low BMI as predictors of adverse cardiovascular disease outcomes(*4%],
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Obesity can lead to increased platelet activation, potentially reducing the effectiveness of antiplatelet
drugs (aspirin, clopidogrel, and prasugrel), linked to factors like endothelial dysfunction, chronic
inflammation, and bioactive substances produced by adipose tissuel*4612471,

Obesity and Heart failure :

Obesity predisposes to heart failure due to the development of subclinical cardiac damage over time.
This consists of atrioventricular re-modelling, increased filling and pulmonary pressures, and left
ventricular systolic and diastolic dysfunctiont*52l,

Pathophysiological processes affecting the myocardium and vascular system are associated with the
development of HFpEFIS3I54],
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Fig.17. Pathophysiology of heart failure in obesity [*5%1. CVD indicates cardiovascular disease; and
VLDL, very-low-density lipoprotein.

32-49% of obese people and 31-40% of overweight individuals have a high number of heart failures.
The span of morbid obesity is firmly connected to the advancement of a cardiovascular breakdown
following 20 years of obesity; 70% are at the risk for CVD after 20 years and 90% are at risk for CVD
after 30 years[*%l,

Obese patients with HFpEF are characterized by greater right ventricular dilatation and dysfunction, left
ventricular remodeling, epicardial fat thickness and volume, and lower exercise capacity.

Weight loss is a key intervention in these patients due to its multiple beneficial effects!*?],
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Obesity and Atrial fibrillation
For every 5-unit increase in BMI , risk of AF is 29 % greater*5],
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Fig. 18. Relationships between obesity and cardiac arrhythmias. AF indicates atrial fibrillation[41],

Pathogenetic mechanisms linking Sleep apnea with Cardiovascular disease risk.[1811191[21][23][43][180]
The pathogenesis of cardiovascular disease in OSAS is not completely understood, but is thought to be
multifactorial in origin.

Proposed mechanisms by which OSAS predisposes to cardiovascular disease include sympa

thetic excitation, vascular endothelial dysfunction and metabolic dysregulation, as well as oxidative
stress and inflammation induced by cyclical intermittent hypoxia .

Taken together, the main hallmarks of OSA, including IH, recurrent arousals, intrathoracic pressure
swing, sympathetic hyperactivity, oxidative stress and coagulation abnormalities may participate in
CVD pathogenesis.

There are three immediate sequelae of obstructive events in OSA

1. progressive asphyxia & intermittent arterial blood gas abnormalities,

2. autonomic and behavioral arousal

3. increasingly negative intrathoracic pressure

Apnoea leads to hypoxia and increasingly strenuous respiratory efforts until the patient overcomes the
resistance. The combination of central hypoxic stimulation (triggers increased inspiratory effort and
activation of ventilatory reflexes) and the effort to overcome obstruction wakes the patient transiently
from sleep allowing the dilating muscles to re-open the airway. These awakenings are so brief that
patients have no recollection of them and remain unaware of them . After a series of loud deep breaths
that may wake their bed partner, the patient rapidly returns to sleep, snores and becomes apnoeic once
more. This cycle of apnoea and awakening may repeat itself many hundreds of times per night. This
leads to severe sleep fragmentation , sleep deprivation with consequent daytime sleepiness and impaired
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intellectual performance , secondary variations in blood pressure, which may predispose over time to
cardiovascular disease.

These events may turn on various signaling mechanisms including activation of neurohormones,
elevated sympathetic tone, endothelial dysfunction, hypercoagulopathy, oxidative stress, metabolic
defect (e.g., insulin resistance, leptin resistance and altered hepatic metabolism) , release of
inflammatory mediators which lead on to structural alterations of the cardiac chambers .

With each obstructive event, the combination of progressive asphyxia, increasingly negative
intrathoracic pressure, autonomic and behavioural arousals leads to acute cardiac and cerebrovascular
perturbations, including :

1) increased afterload of both the left and right ventricles,

2) decreased left ventricular compliance,

3) increased pulmonary artery pressure,

4) decreased coronary artery blood flow, and

5) increased myocardial oxygen demand.

The episodes of upper airway collapse are typically terminated when ventilatory reflexes are activated
and cause arousal, thus stimulating an increase in neuromuscular activity and opening of the airway.

The abrupt arousal at the termination of obstructive events is associated with

1. peripheral vasoconstriction

2. increase in the heart rate and in systemic blood pressure, even as cardiac output continues to fall.

Intermittent hypoxial2°0l251]

Intermittent hypoxia (IH) is a distinguished character of OSA featured by repeated short desaturation
cycles following quick reoxygenation. Notably, IH is considered as a “double-edged sword” in
cardiometabolic processes.Episodes of intermittent hypoxia in OSA can range anywhere from 5 to more
than 100 events per hour.

OSA causes intermittent periods of hypoxia followed by reoxygenation. Recurrent episodes of hypoxia
stimulate the carotid chemoreceptors and results in secondary rise in blood pressure from sympathetic
activation .

Although acute hypoxia is capable of activating responses that can lead to acute nocturnal cardiac event ,
the chronicity in recurrent sympathetic activation and its consequent vasoconstriction over many year,
can cause unique profile of biological consequences in OSA patients*%’],

There is increasing evidence indicating that mild OSA patients exposed to short period of mild IH may
trigger an adaptive response through a cardioprotective preconditioning process. However, patients with
moderate to severe OSA who frequently experience short cycles of IH with extended desaturations
suffer from multiple deleterious reactions .

For this reason, intermittent hypoxia is thought to be a major culprit in patients with OSA that can lead
to CVD.

Intermittent hypoxia has shown to increase the levels of angiopoietin-like 4 (Angptl4), a potent inhibitor
of lipoprotein lipase. This change decreases the body’s clearance of lipoprotein and increases fasting
serum levels of triglycerides and very low density lipoprotein cholesterol.[7]

In addition, hypoxia-inducible factor-1 (HIF-1), a transcription factor that modulates the body’s response
to ischemic injuries has been shown to be up regulated in hypoxia, further demonstrating the evidence of
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molecular genetic association between hypoxia and ischemic CVD, secondary to impaired lipoprotein
turnovert?521,

Hypoxia-sensitive transcription factors hypoxia-inducible factor-1 and nuclear factor-kB appear to play
a key role in mediating the inflammatory and cardiovascular consequences of OSAS. IH participates in
the progression of CVD in OSA by activating inflammatory signaling pathways which involve the
hypoxia-sensitive transcription factors hypoxia-inducible factor-1 (HIF-1) and NF-«B231,

Obstructive sleep apnoea syndrome

v
Intermittent hypoxia

?Adipocytes ?Carotid
?Endothelium body
ks

??Leukocytes
??NO metabolism

P> Inflammation Sympathetic
Obesity WS _ activation
\ |
Endothelial dysfunction
/  J
Oxidative Atherosclerosis Sleep
stress fragmentation

Fig.19. Activation and interaction of inflammatory pathways in response to intermittent hypoxia in
obstructive sleep apnoea syndrome (OSAS). Proposed mechanisms by which OSAS predisposes to the
development of endothelial dysfunction and cardiovascular disease include sympathetic excitation,
vascular endothelial dysfunction, oxidative stress and inflammation. Intermittent hypoxia, the
characteristic feature of OSAS, activates inflammatory mechanisms directly through the hypoxia-
sensitive transcription factors nuclear factor (NF)-kB and hypoxia inducible factor (HIF)-1. The co-
existence of obesity in OSAS augments the pro-inflammatory state through increased production of
interleukin (IL)-6 and C-reactive protein (CRP) by adipose tissue. There are differences in the response
to intermittent hypoxia between body tissues, with NF-kB having its largest apparent influence in
endothelial cells, and adipocytes and HIF-1 playing a key role in the carotid body response. Activation
of leukocytes and nitric oxide (NO) involvement in the inflammatory response to intermittent hypoxia in
OSAS may be regulated by cross-talk between the NF-kB and HIF-1 pathways.
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HYPOXIA-RESPONSIVE TRANSCRIPTION FACTORS IN OSAS

Nuclear factor-kB

The eukaryotic transcription factor nuclear factor (NF)-kB is a key mediator of the inflammatory
responsel?%4,

NF-kB exists in most cells in an inactive form bound to the inhibitor, IkB, which

retains it in the cytoplasm. IkB is targeted for ubiquitin mediated degradation upon sensation of an
appropriate endogenous or exogenous inflammatory stimulus?1 .

NF-kB is released from IkB and translocates to the nucleus, where it can upregulate transcription of
specific pro-inflammatory genes responsible for encoding of inflammatory cytokines, chemokines and
surface adhesion molecules. NF-kB plays a central role in the inflammatory response and orchestrates
expression of a range of factors, including cytokines (TNF-a, IL-6 and IL-8), adhesion molecules
(intercellular adhesion molecule-1) and enzymes (cyclo-oxygenase-2)

Hypoxia-inducible factor-1

Hypoxia-inducible factor (HIF)-1 is a heterodimeric transcription factor consisting of a constitutively
expressed p-subunit and an a-subunit that contains an oxygen-dependent degradation (ODD)
domain(?°8l,

Under normoxic cellular conditions, the ODD domain is hydroxylated in an oxygen-dependent manner,
rendering the a-subunit vulnerable to proteasomal degradation.

Therefore, HIF-1 is suppressed in normoxia. However, in hypoxia, HIF-1 is stable and active, capable
of binding to the regulatory regions of its target genes and inducing their expression.

HIF-1 is the major regulator of oxygen homeostasis within the cell, affecting and regulating dozens of
genes as cellular oxygen concentrations change. In general, such factors allow an adaptation to hypoxia
that is directed towards increasing tissue perfusion and oxygenation and, hence, overcoming the initial
hypoxic insult. In normoxia, most cells produce ATP via oxidative phosphorylation and HIF-1 regulates
the shift to increased glycolysis and anaerobic metabolism at low oxygen tensions 25,

By binding to the hypoxia response element in the EPO gene, HIF-1 activates its transcription,
increasing red blood cell production and enhancing blood oxygen-carrying capacity 2691,

Through VEGF transcription, HIF-1 regulates migration of mature endothelial cells towards hypoxic
areas of tissue, thereby promoting angiogenesis.

Elevated serum levels of HIF-1 gene products, such as EPO and VEGF, have been demonstrated in
OSAS patients, particularly patients with severe nocturnal hypoxaemia.

However, not all HIF-1-mediated effects are protective. HIF-1 promotes enhanced survival of myeloid
inflammatory cells, such as granulocytes, monocytes and macrophages, resulting in their functional
longevity and potentiation of inflammation[26],

Therefore, HIF-1 may also be viewed as a pro-inflammatory contributor to the hypoxic response by
promoting inflammatory cell survival. Delayed neutrophil apoptosis has recently been demonstrated in
OSAS patients; however, the mechanisms that underlie this response remain unexplained 12621,
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Interaction between the NF-kB and HIF-1 pathways

Inflammation
Anti-apoptosis l \
Common gene products

Hypoxic adaptation
v
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Fig. 20. Interaction between hypoxia-inducible factor (HIF)-1a and nuclear factor (NF)-kB in hypoxia.
Tissue hypoxia leads to the activation of the transcription factors HIF-1a and NF-kB. Activation of HIF-
l1a facilitates an adaptive response to hypoxia, whereas upregulation of NF-kB leads to inflammatory
and anti-apoptotic gene expression. HIF-1a and NF-kB also share some gene products, e.g. inducible
nitric oxide synthase. NF-kB regulates basal levels of HIF-1 gene expression and upregulation of HIF-1
transcription occurs through a NF-kB-dependent mechanism (1 and 2). Conversely, hypoxic induction of
NF-kB transcription is dependent on the presence of HIF-1a (3) and HIF-1a is directly involved in
regulating apoptosis through the modulation of NF-kB signalling (4).

There is an active NF-kB binding site contained in the proximal promoter site of the HIF-1 gene and
NF-kB regulates basal levels of HIF-1 gene expressiont?63,

Hypoxia up-regulates HIF-1 transcription through a NF-kB-dependent mechanism .

Hypoxia upregulates HIF-1a transcription by involving phosphatidylinositol 3-kinase and nuclear
factor kB in pulmonary artery smooth muscle cells.

Conversely, HIF-1 can also influence the NF-kB pathway. WALMSLEY et al. showed that the hypoxic
induction of NFKB transcription is dependent on the presence of HIF-1 and that HIF-1 is directly
involved in regulating neutrophil survival in hypoxia through the modulation of NF-kB signalling.
Overexpression of HIF-1 results in increased NF-kB activity and an enhanced inflammatory response.
HIF-1 and NF-kB also share some common gene products. For example, both HIF-1 and NF-kB can
enhance the bioavailability of nitric oxide (a potent vasodilator) through increased expression of iNOS.
In summary, it is likely that cross-talk between NF-kB and HIF-1 plays a central but complex role in
modulating the inflammatory response to intermittent hypoxia in OSAS[?¢41,
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Moreover, IH likely contributes to vascular dysfunction ranging from initial changes in atherosclerosis
to full plaque formation, and this atherosclerotic process could be further amplified in conjunction with
other risk factors (such as diet rich in cholesterol)

In line with clinical data, ample evidence revealed that changes in vascular function evoked by IH (e.g.,
impaired endothelium-dependent vasodilation and increased vasoconstrictive reaction) occur prior to
onset of atherogenic process.

In addition, IH is related to an increased susceptibility of HF in OSA patients including ventricular
hypertrophy, cardiac dilatation, myocardial interstitial fibrosis and dropped stroke volume[?6°]

Other than these unfavorable clinical sequelae, IH may also instigate higher incidences of hypertension
and myocardial infarction (MI) in OSA patients!?%6,

Sympathetic overactivity

It is known that sympathetic activations are caused by nocturnal intermittent hypoxia in OSA patients.
The sympathetic activations in OSA patients persist during daytime wakefulness in normoxic conditions
[197] This persistent sympathetic drive promotes systemic hypertension and increased cardiac sympathetic
tone .In addition, sympathetic influence on renin angiotensin system is another critical factor in the
pathogenesis of systemic hypertension in OSA patients. This change in autonomic regulation of blood
pressure due to impaired baroreflex and renin-angiotensin system in these patients puts them at a higher
risk of developing systemic HTN, persistent tachycardia and ultimately CVD.

The episodes of IH during sleep are characteristic of OSA and may trigger surges in blood pressure (BP)
and sympathetic nervous system overactivity via carotid chemoreceptorst?¢71,

Notably, with the exception of nighttime BP fluctuation, OSA patients often demonstrate a constant BP
augmentation during the awakening period because of elevated sympathetic drive manifested as
increased catecholamine levels in urine and plasmal?%el,

Even normotensive OSA patients in the absence of obesity experience increased sympathetic tone in
peripheral vessels during the awakening hours. Furthermore, it has been reported that the sensitivity of
peripheral chemoreflex shows a selective potentiation in OSA patients versus normotensive controls?6%],
while the autonomous baroreflex sensitivity of the heart reduces in OSA patients during diurnal and
nocturnal periods.

Moreover, experimental studies have offered compelling support for a role of sympathetic hyperactivity
in the pathogenesis of CVD in OSA patients. In animal models of OSA such as rats and dogs, BP
elevation was declined once the airway obstruction was relieved, favoring the effect of sympathetic
hyperactivity on hypertension progression in OSARE5I2701

Proinflammatory state / inflammation in OSAS

There is increasing evidence that intermittent hypoxia plays a role in the pathobiology of cardiovascular
complications in OSAS through activation of pro-inflammatory pathways. Chronic hypoxic stress can
activate systemic inflammatory pathways, as OSA patients have increased level of plasma cytokines,
serum amyloid-A and C-reactive protein (CRP)!97],

Obesity has also been shown to increase the level of pro-inflammatory cytokines and may cause
hypercoagulable state in the bloodstream along with OSA. Adipocyte hypertrophy results in altered
expression of adipokines. Adipokines play crucial role in vascular function by influencing glucose and
lipid metabolism. In fact, dysregulation of adipocytes leads to altered levels in pro- and anti-
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inflammatory adipokine expression. While altered adipokine expression has been demonstrated to be a
predicative marker and associate with CVD in experimental in vitro and in vivo models, this impact of is
less clear in humans?72],

Along with the buildup and the rupture of atherosclerotic plaques, these phenomena of pro-inflammatory
and hypercoagulable state can be fatal in the development of CVDs, such as acute myocardial infarction
(M1).

Endothelial dysfunction

OSA patients suffer from endothelial dysfunction due to decreased availability of nitric oxide (NO) and
cell apoptosis, secondary to increased oxidative stress and systemic inflammation(*%7],

It is also thought that chronic hypoxic stress causes release of endothelin-1, a potent vasoconstrictor, in
human endothelium.Impaired NO production compounded with increase in endothelin-1 release in the
vasculature can predispose OSA patients into systemic HTN and consequent CVD. Accumulation of
reactive oxygen species also likely contributes to the pathogenesis of endothelial dysfunction in OSA
patients by directly forming vascular lesions and CAD%],

Loss of balance between reactive oxygen species (ROS) and cellular antioxidant capacity leads to
oxidative stress, and serves as a possible trigger for chronic intermittent hypoxemia-re-oxygenation
(CIH) associated with recurring apnoea in OSA. Specifically, CIH can selectively activate the
proinflammatory transcriptional regulator NF-xB, a necessary messenger connecting OSA and
cardiovascular pathology, and its function may be normalized by adequate CPAP treatment. Not
surprisingly, NF-kB is known to upregulate adhesion molecules including VCAM-1, E-selectin and
ICAM-1 to participate in the recruitment and migration of leucocytes to inflammatory site, leading to
worsened endothelial defect!20111269],

ROS accumulation is a common manifestation of OSA which can result in oxidative stress and
subsequently cell injury. On one hand, ROS promotes proinflammatory factors (e.g., TNF-a, IL-6, CRP,
etc.) and adhesion molecules by initiating inflammatory reaction cascades, producing abundant
proinflammatory cytokines and inflammatory responsesf?”3l.
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Fig.21. Schematic demonstrating the central role played by oxidative stress and inflammation in OSAS.
OSAS/IH induces ROS production by inducing mitochondrial dysfunction, activating NOX and XOX,
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and inducing NOS uncoupling, which results in oxidative stress. The interaction between ROS and NO
further promotes oxidative stress and diminishes the bioavailability of NO, thus promoting endothelial
dysfunction and inflammation, which is closely related to hypertension, atherosclerosis, and
hypercoagulability. Increased ROS-dependent sympathetic activation enhances renin levels, which leads
to an increase in angiotensin Il, endothelin 1, and hypertension. As a second messenger, ROS can
activate multiple signaling pathways (MAPK, JNK), which in turn activate NF-xB and then induce the
activation of nuclear transcription factors in a variety of cells. As the main switch of the inflammatory
response, NF-«B plays an important role in the pathological process of OSAS, activating and entering
the nucleus, regulating the transcription of many kinds of cells (immune cells), causing an increase in
cytokines and participating in the inflammatory process of cells. In addition, elevated ROS can damage
intracellular macromolecular substances (DNA) and cause cell death. Various pathological processes
coordinate with each other and induce low-grade inflammation in the body, which is closely related to
the occurrence and progression of a variety of diseases. ROS reactive oxygen species, NOX NADPH
oxidase, NOS uncoupling nitric oxide synthase uncoupling, XOX xanthine oxidase, NOS nitric oxide
synthase, JNK c-Jun N-terminal kinase, MAPK mitogen-activated protein kinase, NF-«B nuclear factor
kappa B,

On the other hand, pronounced endothelial dysfunction develops in response to ROS-evoked risk factors
such as activation of transcription factors, inflammatory cell growth and migration and endothelial cell
damagel?”®l. Moreover, ROS overproduction triggers membrane peroxidation, protein degeneration and
DNA mutation, leading to abnormal cell function and ultimately irreversible cell damage or
death[?7®1 Furthermore, impaired endothelial cells stimulate the release of inflammatory factors and
induce the aggregation of inflammatory cell to the vascular endothelium, triggering atherogenesis and
higher incidence of acute coronary syndrome.

It is noteworthy that sleep deprivation evoked by sleep apnoea and disturbed circadian rhythm is
associated with increased CVD morbidity and mortality, with a significant contribution from endothelial
dysfunction. Fluctuation in sleep duration causes endothelial cell damage partially by vascular
inflammation, oxidative stress within vasculature and loss of the bioavailability for nitric oxide.
Upregulation of systemic inflammation and alteration in oxidative environment leads to microcirculation
dysfunction and vascular remodeling including angiogenesis, vessel stiffening and atherogenesis!?"31(2761,
Moreover, sleep deprivation may also provoke endothelial dysfunction through autonomic disorder,
manifested as sympathetic nervous system (SNS) hyperactivity. Once hyperactivated, SNS can enhance
vascular smooth muscle tension and promote vascular contraction pathways, predisposing to endothelial
dysfunction 2771,

Intrathoracic pressure changes

In OSA, the upper respiratory tract is completely or partially obstructed during sleep, causing repetitive
episodes of apnoea and hypopnea. The intrathoracic negative pressure rapidly elevates to resist airway
occlusion, resulting in further intensified respiration effort. On one hand, pressure changes lead to the
increased pressure difference between inside and outside of cardiac lumen to stimulate sympathetic
nerve. Indeed, elevated transmural pressure of left ventricle and aorta compromise hemodynamics,
ventricular function and stability of autonomic nervel?’®1.On the other hand, rapid elevation of
intrathoracic negative pressure may decrease left atrial volume, increase left ventricular afterload and
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end-systolic volume of left ventricle, resulting in decreased left ventricular ejection fraction and cardiac
output. As a result, reduced coronary blood flow ensues, leading to myocardial ischemia.Repetitive
inspiratory effort against closed upper airway generates intrathoracic pressure change that subsequently
causes an increase in transmural gradients across the atria, ventricles and aortal*®’l,

In addition, repeated changes of thoracic pressure and fluctuation in the returned blood volume may
irritate baroreceptors on aortic body and carotid sinus, as well as stimulate sympathetic excitability.
Long-term repetitive sympathetic excitation and myocardial ischemia can cause HF, whereas pulmonary
vasoconstriction evoked by hypoxia contributes to PH, resulting in aggravated right ventricular afterload
and the development of HF[?7l,

Circardian rhythm

Disruption in circadian rhythm and sleep homeostat has also shown its association with CVD. In OSA
patients, insufficient duration, quality and timing of sleep, in addition to intermittent hypoxia can
promote the development of CVDI[28

It is also interesting to note that people of African descent, who have a higher prevalence of CVD than
others also have more disrupted sleep pattern(?€°l,

Recurrent arousals

Furthermore, Launois and colleagues noted that only respiratory arousals resulted in blood pressure
surges compared with non-respiratory cases in a porcine model, offering a rational explanation to the
inconsistency among various research groups?®. Therefore, recurrent arousals should play an additional
role in the onset and development of CVD in OSA, although further translational studies are needed to
elucidate its specific function.

Blood coagulation abnormalities.

Increased cardiovascular risk in OSA patients may be associated with blood coagulation abnormalities
and platelet activation[?®2,

Blood viscosity and plasma fibrinogen elevation as well as decreased fibrinolysis are noted in patients
with OSA. Meanwhile, OSA is also associated with elevated levels of thrombin-antithrombin complex,
clotting factors XlIla and V11al?%]

Additionally, platelet activation and aggregability, platelet coagulation and other potential thrombosis
markers are all increased in OSA patients.

Notably, although the precise mechanism of action remains elusive for platelet activation in OSA,
sympathetic hyperactivity seems to play a role. It is known that IH episodes during sleep can provoke
sympathetic nervous system, resulting in high levels of epinephrine and norepinephrine, while these
catecholamines evoke platelet activation in a dose-dependent mannert252 |

Insulin resistance.

Insulin resistance (IR), as characterized by an impaired biological response to insulin and thus a reduced
insulin-mediated glucose processing, has been implicated in the pathogenesis of coronary artery disease
(CAD) in OSA .Despite controlling obesity and other important cofounding factors of insulin level, OSA
severity markers (minimum oxygen saturation and apnoea hyponea index) are predominant contributing
factors of IR[285],
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Several studies concerning the linkage between IR and hypertension demonstrated IR as an independent
determinant of hypertension. OSA can worsen glucose metabolism[?851[28611287]
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Fig.22. Pathogenetic mechanisms whereby sleep apnea leads to cardiovascular sequelae

Clinical association between Cardiovascular diseases and Sleep apnoea: Cardiovascular
complications of sleep apnoea

Obstructive sleep apnoea (OSA) is a serious, potentially life-threatening condition.

Clinical and epidemiological studies have reported an independent association between OSA and
cardiovascular events, suggesting that OSA may lead to cardiometabolic dysregulation!®®I70lL71]
Several comorbidities identified in patients with severe OSA : heart disease, stroke, kidney disease,
asthma, COPD, acute heart failure, chronic heart failure, hyperlipidemia, thyroid disease, cerebral infarct
or embolism, myocardial infarction, and psychological comorbidities including stress and depressiontl.
OSAHS is an underdiagnosed but a major contributor to cardiovascular disease in adults. Prevalence of
OSA in CVD: OSA prevalence is as high as 40% to 80% in patients with hypertension, heart failure
(HF), coronary artery disease, pulmonary hypertension (PH), atrial fibrillation (AF), and stroke. Despite
its high prevalence in patients with heart disease and the vulnerability of cardiac patients to OSA-related
stressors and adverse cardiovascular outcomes, OSA is often underrecognized and undertreated in
cardiovascular practicel31721i173],

Epidemiologic studies show that OSA is associated with a number of cardiovascular complications
including(to12410l:

Cardiovascular mortality.

Non-ischemic cardiovascular alterations

Systemic hypertension,

Pulmonary hypertension

Metabolic syndrome

Heart failure with and without reduced ejection fraction

Atrial and ventricular arrhythmias (Sinus node dysfunction, AF)

Diabetes mellitus
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Fig. 23. Cardiovascular complications of sleep apnoea

Acute factors of OSA affecting onset of CVD

e Changes in intrathoracic pressure

e Blood gas changes

e Sympathovagal imbalance

Long term effects of OSA on atrial structural modelling

e Systemic inflammation

e Neurohumoral activation

e Persistent atrial dilation

e Obesity

e HTN

Evidence of positive linear relationship between the severity of OSA and the incidence of CVD was also
shown in the Sleep Heart Health Study (SHHS), a large multi-center cross-sectional study!*"l,

Prevalence of obstructive sleep apnoea in comorbidities:
e Drug resistant hypertension : 70-80%
e Stroke :50-70%M7%
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e CHEF: 50-70 %l17611177]

e Metabolic syndrome: > 60% [78]

e Diabetes :50-60%!1"]

e Atrial fibrillation :40-50%[1

e Coronary artery disease : 30-60%!*81]
e Hypertension: 30-50%!'82]

Cardiovascular mortality in OSA

OSA has constantly been related to decreased survival rate in epidemiology. Elevated mortality of all-
cause and CVD were linked to severe OSA, rather, no connection between mild or moderate OSA
(AH1<30) was found!*83,
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Fig. 24. OSA severity and cardiovascular mortality: Prospective cohort analysis from the Sleep Heart
Health Study showing that increased severity of OSA, based on AHI criteria, is associated with
increased mortality from cardiovascular disease. (ref. Punjabi NM, Caffo BS, Goodwin JL, et al.
Sleepdisordered breathing and mortality: a prospective cohort study. PLoS Med 2009;6(8):€1000132.)

OSA ,Metabolic dysregulation and diabetes.

Epidemiologic studies have linked short sleep duration and disruptions of circadian rhythm with
increased risk of metabolic syndrome and type 2 diabetes[®!. Experimentally induced sleep restriction
combined with circadian disruption in humans led to decreased RMR and increased postprandial
plasma glucose levels due to inadequate insulin secretion(®l,
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The development of insulin resistance and pancreatic beta cell dysfunction has been linked to chronic
intermittent hypoxemia observed in OSA. Even mild recurrent oxyhemoglobin desaturations (>2%)
were independently associated with metabolic dysfunction!*el,

An independent association between OSA, insulin resistance, and type 2 diabetes has been consistently
demonstrated by a number of cross-sectional studies, observational studies, and large population-based
StUdiES[187][188][189].

Central adiposity is linked to the development of both OSA and the metabolic syndrome, with both
sharing similar pathophysiological features (eg, systemic inflammation, endothelial dysfunction).In
addition, intermittent hypoxia of adipose tissue, sympathetic activation, induction of adipocytokines, and
oxidative stress may promote the development of metabolic risk factors.

OSA and dyslipidemia

OSA patients had significantly higher triacylglycerols, total cholesterol and LDL-cholesterol compared
to healthy controls. HDL cholesterol was not significantly different. Of the LDL and HDL subfractions,
OSA patients had significantly lower levels of atheroprotective LDL1 and large HDL subfractions and
significantly higher levels of atherogenic small dense LDL3-7 and HDL8-10 subfractions.
Lipoperoxide levels in patients with OSA were significantly elevated compared to healthy
individuals*®l,

OSA and hypertension

OSA is highly prevalent in hypertensive patients. It is estimated that 30-50% hypertensive patients
possess comorbid OSA, and particularly, up to 80% may have OSA in patients with treatment
resistant hypertension. On the other hand, around 50% OSA patients are hypertensive [2411191]

Sleep apnoea is associated with an increased risk of hypertension, and if sleep apnoea is severe, it can
lead to right-sided heart failure and sudden death(®1,

The most common causes of secondary hypertension are largely thought to be primary
hyperaldosteronism (increased salt/water retention), obstructive sleep apnoea and obesity (the last two
causing sympathetic overdrive), though the precise proportions ascribed to these and other causes vary
in different studies due to advances in evaluation and diagnostics™®2.

As a result of marked sympathetic activation during apnoea, sleep-disordered breathing is associated
over time with sustained hypertension and an increased risk of coronary events and strokel*l.

The most compelling piece of epidemiological evidence for the causality between hypertension and
OSA is supplied by the Wisconsin Sleep Cohort Study with a four-year follow-up.

The odds ratio of developing hypertension during follow-up period elevated linearly with increasing
apnoea hyponea index (AHI) independent of other comorbidities*®3l. From the Wisconsin cohort study,
there was a dose-dependent relationship between the OSA status of an individual and the risk of
developing HTN, as AHI of 15 events/hour or more showed 3-fold increase in the incidence of HTNI®4,
One particularly important variant to consider is resistant HTN, defined as BP>140/90 mmHg despite
being on combination of 3 or more anti-hypertensive medications titrated to their maximal doses OSA
was found more frequently in the resistant HTN population, compared to controlled HTN (71% vs.
38%)[195][196].

This relationship was further strengthened by the evidence of decrease in daytime BP with the treatment
of OSA in patients with resistant HTNI7],
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Obese persons often have obstructive sleep apnoea, which may contribute to nocturnal hypertension by
causing frequent arousal from sleep and resulting sympathetic activation.

Increased blood pressure in patients with OSA is multifactorial in origin and may depend on
sympathetic overactivity, systemic inflammation, oxidative stress, endogenous vasoactive factors,
and endothelial dysfunction!%€l1%9], Elevations in blood pressure are due to augmented sympathetic
nervous system activation as well as alterations in the renin-angiotensin—aldosterone system and fluid
balance.

A potentiated CB chemoreceptor reflex and associated increase in sympathetic nerve activity play major
roles in the pathogenesis of sleep apnea-induced hypertension.

Early aberration resulting in persistent hypertension in OSA might be the sympathetic-mediated
hypertensive response exposing to nighttime desaturation!?® | which was demonstrated by IH
experiments in individuals without OSA or CAD. In addition, the close relationship between
noradrenaline level and AHI may advocate the potential effect of increased sympathetic tone on the
onset and pathogenesis of hypertension in OSA patients. The causal connection between hypertension
and OSA is also indicated by hyperactivation of sympathetic system persisting to wakefulness!20l,
Moreover, circulating pro-inflammatory markers are found to be elevated in hypertensive patients
with OSA, with the exception of a significant rise in sympathetic activity. These proinflammatory
markers include IL- 6, TNF-a, high-sensitivity C-reactive protein (hs-CRP) and asymmetric
dimethylargininel?®, Among them, TNF-a serves as an independent inflammatory factor closely tied
with hypertension or OSA[?%,

OSA and AF
Prevalence of SDB in patients with AF is 40% to 50%2%],
25 7 Body mass index
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Fig.25. Incidence of atrial fibrillation based on the severity of OSA and obesity. Cumulative frequency of
incident atrial fibrillation (AF) during an average 4.7 years of follow-up, based on interactions between
the body mass index (BMI) and the apnea-hypopnea index (AHI). An AHI <5 represents no obstructive
sleep apnoea (OSA), an AHI 5 to 40 represents mild to moderate OSA, and an AHI >40 represents
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severe OSA. A BMI <25 represents normal weight, a BMI 25 to 30 kg/m2represents overweight, and a
BMI >30 kg/m2represents obesity[2971,

Pathogenesis of AF in OSA:

AF is the most common sustained arrhythmia associated with OSA.

There are several possible mechanisms for AF in patients with OSA. Acute apneic episodes lead to
hypoxia and hypercapnia, alterations in intrathoracic pressure, increased sympathetic tone, and
autonomic dysregulation. Repetitive episodes of apnoea and hypopnea during sleep result in abrupt
intrathoracic negative pressure alterations and chronic recurrence.Chronic recurrence and abrupt
negative changes in intrathoracic pressure may lead to structural and functional atrial remodeling and
cause atrial fibrosis with downregulation of connexin and electrophysiological alterations[2%I,

In addition, sympathetic hyperactivity induced by apnoea during OSA can evoke myocardial
excitability, causing the beginning of AF .

Indeed, the reduction in nighttime oxygen saturation has been regarded as a predictor of incident AF,

and the decreasing level as well as the duration may be used to predict AF severity in patients with OSA
[209]

Acute factors of OSA effecting onset of atrial fibrillation

Acute factors directly associated with obstructive respiratory events can contribute significantly to the
incidence of AF in OSA, such as changes in intrathoracic pressure, changes in blood gases, and
sympathovagal imbalance

Changes in intrathoracic pressure: Obstructed inspirations cause significant intrathoracic pressure
variations, resulting in changes in the transmural pressure of the heart, resulting in atrial stretch.
Arrhythmogenic atrial electrophysiological alterations can result from acute atrial dilation caused by
thoracic pressure fluctuationst?1l,

Orban and colleagues used the Mueller maneuver to replicate OSA in 24 healthy young

Adults P, The Mueller maneuver entails forcing air into the lungs through a closed mouth and nose to
create a significant negative pressure in the chest.They discovered that the left atrial volume decreased
significantly during the procedure, and the LV end-systolic dimension increased, indicating that the LV
ejection fraction decreased.Following the maneuver, blood flow, stroke volume, ejection fraction, and
cardiac production increased above usual.

Repetitive swings in afterload burden and chamber volumes, they hypothesized, may also have
outcomes for AF and coronary heart failure development within the future.

Blood gas changes: OSA causes frequent episodes of hypoxia and hypercapnia, which activate the
chemoreflex and increase sympathetic nerve activity, causing tachycardia and high blood pressure,
particularly at the end of apneic attacks[?1[2%2]

Myocardial oxygen demand rises due to tachycardia and hypertension, while myocardial oxygen supply
falls due to hypoxia causing recurrent myocardial ischemia while sleeping, which induces atrial and
ventricular fibrosis, arrhythmias in the atrium and ventricles, as well as sudden cardiac death[?111212] [213]
Sympatho-vagal imbalance: The imbalance between the sympathetic action from apneic episodes and
natural predominance of parasympathetic system during sleep, results in sympatho-vagal imbalance, a
mechanism widely thought to be responsible for initiation and maintenance of AF in humans!2°¢],
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Direct muscle sympathetic nerve activity recordings showed increased sympathetic activation in OSA
patients during apnoea episodes. Linz et al. found that in a pig model of OSA, the negative intratracheal
pressure produced by forced inspiration triggered the parasympathetic nervous system that is known to
stimulate afferent vagal fibers in the thorax'41,

OSA Obesity

Acute effects Chronic effects
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Fig.26. Pathogenetic link between Sleep apnea and Atrial fibrillation

Long-term effects of OSA on atrial structural remodeling

Long term OSA is associated with extensive atrial remodeling that disturbs local conduction pathway
and causes longer sinus node recovery period2%,

Major atrial remodeling marked by ‘atrial enlargement, local conduction disruptions and longer sinus
node recovery," atrial electromechanical delay, and left atrial dysfunction, is correlated with long-term
OSA in patients[?*],

Several mechanisms, including systemic inflammation, neurohumoral activation, and

persistent atrial dilation by repeated changes in intrathoracic pressure and multiple comorbidities such as
obesity and hypertension, have been considered to cause OSA-related myocardial damage.
Neurohumoral activation and inflammation: OSA is related to elevations of circulating inflammation
markers, and in patients who may undergo atrial structural and electrical remodeling, neurohumoral
activation, namely the circulating RAAS combined with increased oxidative stress, has been
demonstrated [219],

OSA is an independent risk factor for AF in patients without other cardiac comorbidities. There is a 4-
fold increase in the prevalence of AF in patients with severe OSA (AHI > 30) compared with those
without OSA?*],

Sleep apnoea and heart failure

Obstructive sleep apnoea and Cheyne-Stokes breathing are common in patients with heart failure.
Prevalence of sleep apnoea in heart failure is 50-70%. More than nearly half of HF patients (with either
retained or decreased ejection fraction) have SDB[?%1,
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OSA is highly prevalent and associated with adverse outcomes in patients with HF. The impairment
degree may be dependent upon the severity of OSAP?4],

Patients with HF are also at increased risk for central sleep apnoea (CSA). The overall prevalence of
sleep-disordered breathing among patients with symptomatic HF is 40% to 60%, with OSA
making up approximately one-third of the cases. Most studies involving patients with HF reported
roughly equal proportions of OSA and CSA. However, in a meta-analysis of 2570 patients with HF
with reduced ejection fraction and moderate to severe sleep apnoea, CSA represented the dominant
phenotype in >70% of cases. It was reported that the overall prevalence of OSA among HF patients
fluctuates from 15% to 50%, and is more common in men compared with women with HF191,

In patients with HF, SDB is increasingly recognized as a predictor of poor prognosis and a disease
process that may speed up the decline of heart function.

Pathogenetic pathway linking sleep apnea to heart failure:

The pathophysiological effects of OSA relevant to HF are mediated by several mechanisms, including
neurohormonal activation, increased oxidative stress and inflammation, acute increases in preload and
afterload related to large intrathoracic pressure swings, and exacerbation of systemic hypertension.

Some patients such as those with obesity and HF with reduced ejection fraction may have a mixed
picture of CSA and OSA.

Intrathoracic pressure change: During inspiration, in cases of OSA, the negative intrathoracic pressure
created by the respiratory muscles attempting to inspire against a closed airway increases venous return
to the right heart, increases preload, and causes the septum to move to the left, which may compromise
the role of the left ventricle (LV). During episodes of negative intrathoracic pressure, which raises the
afterload, enhanced preload further compromises the capacity of the failing LV to cope by increasing
transmural pressure!??,

Intermittent hypoxia: Sleep apnoea associated hypoxia is an independent predictor of damaged
ventricular diastole and myocardial contractility. It can also contribute to oxidative stress and myocardial
impairment, en route to myocardial dysfunction manifested as lower left ventricular ejection fraction
(LVEF) and systolic/diastolic dysfunction[??®],

Sympathetic activation : Apnea and hypopnea stimulate the sympathetic nervous system[??l. OSA is
related to a rise in sympathetic activity, and this further contributes to extra peripheral vasoconstriction,
tachycardia, and salt and water retention stimulation of the renin-angiotensinaldosterone system
(RAAS)225],

The damping of this response is considered essential for improving the long term prognosis in the
neurohormonal model of HF.

In those with OSA and HF, serum catecholamines and muscle sympathetic nerve activity are higher than
matched controls with HF only.Rostral nocturnal fluid shift: In men without HF, the amount of fluid
displaced overnight from the legs correlated strongly with a rise in the circumference of the neck
overnight and the frequency of hypopnea and obstructive apnoea per hour of sleep (i.e., AHI)??"], Hence
fluid displaced from the legs into the neck increased the tendency for pharyngeal obstruction .Therefore,
it is conceivable that overnight rostral fluid displacement into the neck in patients with HF, a disorder
characterized by dependent fluid retention in the legs, might also lead to OSA pathogenesis.
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Fig.27. Pathogenetic link between Sleep apnoea and Heart failure.

In the absence of indications, such as prolonged daytime sleepiness, screening for SDB is not usually
done in HF patients. Therefore, in patients with HF, sleep apnoea remains a widely underdiagnosed
disorder (2281,

It perhaps comes as no surprise, given the pathophysiological effects of SDB, that SDB is associated
with poor outcomes in people with HF and the general populationt??°,

Sleep apnoea is independently associated with an increased risk of adverse outcomes, including HF
related symptom progression, hospitalization, and mortality.

Meanwhile, the morbidity rate is high in patients with co-existing systolic and diastolic HF. Moreover,
the result of SHHS cohort displayed that patients without HF but diagnosed with OSA are at higher risk
of subsequent HF. Indeed, male patients with severe OSA are prone to HF at a higher risk of 58%
compared with those without OSA[?2%,

Sleep apnoea and coronary artery disease

OSA independently increases the risk of coronary events.In particular, the prevalence of SDB in CAD
patients is doubled compared with the general population and more than 70% patients for acute coronary
heart disease are afflicted with undiagnosed OSA. Moreover, coronary artery calcification, a subclinical
coronary disease indicator, is identified in 67% patients with OSA versus in 31% patients without OSA.
Plaque instability and vulnerability are deemed much severer in patients with OSA than in patients
without OSA[?3H,
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Pathogenetic mechanisms :
Chronic intermittent hypoxia: Chronic intermittent hypoxia induced atherosclerosis with endothelial
dysfunction are the thought to be the main causes of CAD in OSA patients. Many clinical studies have
shown significant evidence to support the association between the two diseases. Severe OSA patients
with AHI > 30 showed significantly higher risk of cardiovascular events, including acute coronary
syndrome (ACS), myocardial infarction (MI) and stroke!?®?l, AHI was also found to have strong
correlation with atherosclerotic volume when measured by imaging through intravascular ultrasound.
The repetitive hypoxemia and reoxygenation elicited by OSA may result in oxidative stress and
systemic inflammation, which contribute to coronary atherosclerosis and acute myocardial infarction

(MI) events.
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OSA has also been implicated in coronary artery calcification, plaque instability, and plaque
vulnerability and has been associated with a 2-fold increase in risk of cardiovascular events or
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death.The severity of hypoxemia is a major determinant of ST depression occurring during sleep,
and in patients with OSA, the onset of M1 is more likely to occur during the nighttime.

Furthermore, OSA has been associated with a higher risk of nocturnal ischemic events and appears to
trigger the incidence of sudden death at nighttime. It was reported that 32% OSA patients would suffer
from Ml attack between 12 AM and 6 PM compared with 7% in non-OSA patients!23,

This is likely explained by the fact that nocturnal hypoxia caused by OSA is predisposing this group of
patients to nocturnal MI.

Moreover, myocardial ischemia is commonly mediated by inflammation with a key contribution from
endothelin and HIF-1a. It was also reported that the incongruity between increased oxygen demand and
decreased oxygen supply at night can aggregate myocardial ischemia in OSA patients?34l,

High negative intrathoracic pressure: Airway obstruction during OSA can lead to recurrent high negative
intrathoracic pressure that increases transmural gradients across the ventricles and thus myocardial
afterload, leading to a rise in myocardial oxygen demand during the apneas, a fact that combined with
the diminished oxygen supply can cause myocardial ischemia in some patients, such as patients with
preexisting CADZ*31 .

Sympathetic overactivity: OSA leads to an increased sympathetic activity due to hypoxia and
hypercapnia, resulting in an increase in blood pressure and resting heart rate that may induce myocardial
ischemial?®¢] The final pathogenic mechanism of an ACS is coronary artery thrombosis as a result of the
loss of integrity of the covering of an atherosclerotic plaque, due to rupture or erosion, and subsequent
platelet adhesion, activation, aggregation and thrombus formation . Several studies have reported
increased platelet activity in OSA patients , associated with oxygen desaturation and reduced fibrinogen
concentrations and fibrinolytic activity in OSA patients , among other abnormalities in the coagulation
system . These alterations have also been found to be reduced after CPAP treatment[?371 ,

Patients with ST-segment—elevation M1 who also have OSA have lower 18-month event-free survival.

Sleep apnea and Cerebrovascular Disease

OAS triggers the development of stroke and associated unfavorable clinical outcomes in patients with
established stroke.

Ischemic strokes or cerebrovascular accidents were found to be higher in patients with OSA from
multiple cross-sectional and prospective cohort studies .

The prevalence of OSA is higher among patients with stroke ranging from 50% to 80% compared with
normal controls. Recurrent stroke patients suffer from a higher OSA morbidity compared with those
with first-time stroke (74% to 57%)2*% An association is also deciphered between deteriorative OSA
severity and higher risk of stroke and death. For example, every 10-unit rise in AHI is associated with a
36% increase in the odds ratio in cerebrovascular event!24],

Poststroke, 60—-80% of patients have OSA with a respiratory disturbance index (RDI) > 10. Risk of
stroke in patients with OSA increases with increasing AHI, rising from 1.75 relative risk if AHI is < 12
to 3.30 if the AHI is > 36. About 54% of strokes occur at night in OSA patients, whereas stroke
incidence is greatest in the first few hours after awakening in the general population*?l.1t is important to
note that this higher risk of CVA in OSA patients are independent of other CVD risk factors whose
incidence may have also been influenced by the presence of OSA, such as HTN, HF, Atrial
Fibrillation(AF) and DM2.

IJFMR250241281 Volume 7, Issue 3, May-June 2025 57



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Proposed mechanisms of pathogenesis include altered cerebral autoregulation, altered cerebral perfusion ,
endothelial dysfunction , pro-thrombotic/inflammatory state, hypertension, oxidative stress,
hypercoagulability, atrial rhythm with thrombogenesis, resulting in embolism and mechanical stress on
carotid atherosclerosis during periodic apnoea snoring . All these factors place OSA patients at a higher
risk of reduced cerebral blood flow, leading to ischemic strokel*,
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Fig.29. Pathogenetic mechanism for sleep apnea as a cause of stroke. Ref. Mohamed, B., Yarlagadda, K.,
Self, Z. et al. Obstructive Sleep Apnea and Stroke: Determining the Mechanisms Behind their
Association and Treatment Options. Transl. Stroke Res. 15, 239-332 (2024).
https://doi.org/10.1007/s12975-023-01123-x

Pulmonary Hypertension

Sleep apnoea, often is overlooked as a cause of pulmonary hypertension.

OSA is closely associated with PH, with a 70%-80% prevalence of OSA in patients diagnosed with PH
using right heart catheterization 241,

Patients with obesity hypoventilation syndrome are at greater risk of having PH due to the additional
effect of hypercapnia, with a prevalence 59% greater than that among those with OSA alone.Based on
several studies, the average prevalence of PH among those with OSA is approximately 20%. This is in
contrast to the prevalence of systemic hypertension, which can be as much as 60%[%l,

PH associated with OSA is usually mild in the absence of other cardiopulmonary diseases, with an
average pulmonary artery pressure between 25 and 30 mmHg. Nonetheless, OSA aggravates
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PH disease development and increases mortality in severe PH ascribed to other underlying
cardiopulmonary causes(?*l,

Several risk factors for pulmonary HTN can be commonly found in OSA patients, such as high BMI,
obesity-hypoventilation syndrome and nocturnal as well as daytime hypoxemia.

Pathogenesis of PH in the OSA : Main culprit is thought to be nocturnal episodic hypoxia, which
reflexively triggers pulmonary arteriolar constriction resulting in sudden, reversible increase in
pulmonary artery pressures, involving changes in endothelin, nitric oxide, angiopoietin-1, serotonin and
NADPH-oxidase signaling cascades[?*l. Angiopoietin-1 (Ang-1) originating from vascular smooth
muscle cells is an endothelial selective receptor tyrosine kinase (Tie2) agonist that stabilizes the
development of newly formed blood vessels and promotes quiescence and structural integrity of mature
vessels. Hypoxia disrupts the constitutive Ang-1-Tie2 signaling by preventing Ang-1 from binding to
the receptor. Consequently, loss of Tie2 signaling destabilizes the endothelium and induces an
angiogenic response in the presence of vascular endothelial growth factor(?47],

The cumulative effect of intermittent hypoxia can lead to polycythemia and PH[?47],

In addition, chronic hypoxia provokes proinflammatory pathways leading to pulmonary vascular
remodeling and irreversible increases in pulmonary vascular resistance .

As a result of the high frequency of diurnal hypertension and intermittent surges in arterial blood
pressure due to respiratory events during sleep, patients with OSA have high prevalence of left
ventricular hypertrophy and dysfunction. Left ventricular dysfunction accounts for a large proportion of
PH in patients with OSA. However, PH and right heart failure can develop in patients with OSA with
preserved left ventricular ejection fraction[247],

More in-depth examination revealed the involvement of ROS generation, increased pulmonary vascular
reactivity to hypoxia and right-sided preload from negative transthoracic pressure following airway
obstruction in PH pathogenesis associated with OSA.
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Fig.30. Link between sleep apnoea and pulmonary hypertension.
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A sleep study in case of pulmonary hypertension is generally necessary only when indicated by the
patient’s history. Nocturnal desaturation is a common finding in PH, even in the absence of sleep-
disordered breathing. Thus, all patients should undergo nocturnal oximetry screening, regardless of
whether classic symptoms of obstructive sleep apnoea or obesity hypoventilation syndrome are observed.
Moreover, OSA indirectly deteriorates PH through postcapillary PH in patients with refractory
hypertension.

Notably, OSA is a condition with potential for negative feedback in which it worsens conditions that
may in turn worsen the OSA (eg, OSA—hypertension—worsened OSA).
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Fig. 31. The interaction between obesity and OSA, and its cardiovascular consequences.
Combination of OSA and obesity probably increases the risk for cardiovascular disorders.

Sleep apnea screening in cardiovascular diseases

The high prevalence and comorbidity of OSA in patients with CVD, coupled with evidence of improved
patient-centered outcomes, mood, and work productivity with OSA treatment in patients with
CVD,provide a rationale for OSA screening.

Screening for sleep apneal?71(288]

Recommended for patients with :

1. Resistant/ poorly controlled hypertension
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Evaluation for sleep apnoea in obesity and cardiovascular disorders :

Patients undergoing routine health check-up with snoring, daytime sleepiness, obesity, hypertension,
motor vehicular accidents (Evidence Quality A, Strong Recommendation) and high risk cases such as
congestive heart failure, diabetes mellitus, coronary artery disease, stroke, metabolic syndrome,
nocturnal dysrhythmias (Evidence Quality B, Recommended) should undergo a comprehensive sleep
evaluation. Additionally, patients with pulmonary hypertension and preoperative cases should also have
a comprehensive sleep evaluation. Those suspected to have OSA on comprehensive sleep evaluation
should be referred for a sleep study. High risk cases, even if asymptomatic, can be referred for a sleep
study. Further, medical examiners evaluating drivers, air pilots, railway drivers and heavy machinery
workers should be educated about OSA and should comprehensively evaluate applicants for OSA, if
snoring, daytime sleepiness or obesity irrespective of the presence or absence of co morbidities are noted
(Evidence Quality B, Strong Recommendation)?],

Therapeutic potential : Treatment of sleep apnoea as a therapeutic guide to cardiovascular
disorders in obesity.

Application of lifestyle modifications can reduce the incidence and consequences of obesity and sleep
apnoea as well as decrease the incidence of cardiovascular disease.

The major preventable risk factors to decrease obesity are eating behaviors, smoking, alcoholism, etc.)
and understanding the importance of exercise.

Adopting lifestyle changes with weight loss has shown promise in addressing metabolic syndrome and
related issues such as inflammation and endothelial dysfunctionf4%],

The risk of OSA and associated morbidities can be reduced by controlling overweight/obesity,
alcoholism, smoking, hypertension, diabetes mellitus, and hyperlipidemial*l.

In addition, treatment of sleep apnoea reduces sympathetic drive and blood pressure and also improve
the associated metabolic disorderst*?,

Surgery for obesity should be considered in patients with a BMI > 40 kg/m? and in those with a BMI >
35 kg/m? who have failed other attempts at weight reduction and who have health complications such as
sleep apnoea, cardiac failure, uncontrolled diabetes mellitus, or severe venous stasis[?®.

Bariatric surgery has consistently reduced major cardiovascular events, particularly coronary artery
disease, compared to non-surgical weight management, likely due to substantial weight loss and its
impact on long-term obesity!*°],

Cardiovascular mortality: Treatment of sleep apnoea improves cardiovascular risk, and the failure to
recognize and to treat sleep apnoea may cause failure of weight loss intervention strategies in obesity.
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Treatment of OSA has been shown to reduce several markers of cardiovascular risk, improve insulin
resistance, decrease the recurrence rate of atrial fibrillation, and improve various outcomes in patients
with active cardiovascular disease.[*,

Using adequate nasal continuous positive airway pressure (CPAP) confers a significant reduction in
cardiovascular morbidity2°1,

In observational work examining several PAP patterns, an obvious reduction in mortality was identified
with PAP, and HF patients were observed to have a greater risk reduction. Nevertheless, large
randomized controlled trials (RCTs) have not shown the impact of PAP on overall survival.
Explanations on this incongruity may include low mortality with comparatively short followup duration
in clinical trials, preclusion of severe hypoxemia patients during nighttime, and possible confounding
bias in given observational studiest*84l,

In an analysis from the Sleep Heart Healthy Study (SHHS), a 42% reduction in mortality was noted by
PAP procedure in severe OSA patients following a 67 year followup period!*8,

It is important to highlight here the distinct pattern of the potential effect of CPAP treatment on
cardiovascular morbidity and mortality. In patients without previous cardiovascular events, treatment
with CPAP led to a reduction in the risk of fatal and non-fatal cardiovascular events in men, the elderly,
and women with OSAR,
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Fig.32. Cumulative incidence of fatal CVS events and Impact of obstructive sleep apnoea (OSA)
treatment on primary prevention of fatal cardiovascular events in men. (ref.Marin JM, Carrizo SJ,
Vincente E, et al. Long-term cardiovascular outcomes in men with obstructive sleep apnea-hypopnea
with or without treatment with continuous positive airway pressure: an observational
study. Lancet 2005;365:1046-1053)
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Fig.33. Cumulative incidence of non-fatal CVS events and Impact of obstructive sleep apnoea (OSA)
treatment on primary prevention of non-fatal cardiovascular events in men. (ref.Marin JM, Carrizo SJ,
Vincente E, et al. Long-term cardiovascular outcomes in men with obstructive sleep apnea-hypopnea
with or without treatment with continuous positive airway pressure: an observational
study. Lancet 2005;365:1046-1053)

CPAP is the treatment of choice in OSA patients that has been shown to be efficacious in the reduction
of CVD. CPAP helps prevent episodes of airway collapse that block breathing to control levels after 6
weeks of CPAP therapy!?°6,

Serum TNF-a levels were higher in OSAS patients compared with controls and reverted

OSAS patients were also found to have markedly elevated monocyte NF-kB activity that decreased
significantly with CPAP therapy!?°¢]

Increased NF-kB activity has been demonstated in circulating neutrophils and raised plasma levels of the
NF-kB-controlled gene products, soluble E-selectin and soluble vascular cell adhesion molecule-1 in
OSAS patients, with a reduction in NF-kB activity to control levels following CPAP therapy 257,

Heart failure: A recent systematic review and meta-analysis™*>®! documented that weight loss improves
long-term rehospitalization (>3 months), quality of life, cardiac function, and exercise capacity, and
bariatric surgery reduces mortality in overweight and obese heart failure patients. The optimal way of
weight loss should be selected based on the patient's condition to acquire the best prognosis.
Furthermore, a healthy diet and physical activity are also suggested as a corrective action for the heart
failure or as a preventive strategy to avoid its development[*®3.Exercise interventions in patients with
heart failure lead to a reduction in adipose tissue, increased blood flow to the respiratory and skeletal
muscles, and improved pulmonary function, functional capacity, left ventricular ejection fraction and
mitochondrial function. Exercise training, especially aerobic and concurrent interventions, in overweight
middle-aged and elderly patients is effective to promote anti-inflammatory responses!*¢,

Indeed, in obese patients with HFpEF, caloric restriction and aerobic exercise training significantly
improve exercise capacity by increasing peak VO2 (peak oxygen consumption)*7],

Regarding pharmacological treatment, beta-blockers can lead to tiredness and reduced exercise tolerance
and are associated with weight gain in individuals with overweight or obesity[*?!],
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Sodium glucose cotransporter-2 inhibitors (SGLT2i) are recommended to reduce the risk of heart failure
hospitalization and cardiovascular death, and also reduce body weight and blood pressure and improve
physical function and quality of life53],

In addition to the effects of neurohormonal modulators such as beta-blockers, angiotensin converting
enzyme (ACE) inhibitors, and aldosterone antagonists, SDB could be a potential therapeutic target for
HF[ZZS].

Although the appropriate treatment of CSA in patients with HF remains somewhat elusive, novel
therapeutic approaches such as diaphragmatic stimulation and oxygen therapy are promising and rapidly
evolving.

As per ADVENT-HF (Effect of Adaptive Servo Ventilation [ASV] on Survival and Hospital
Admissions in Heart Failure) trial, ASV had no effect on the primary composite outcome or mortality
but eliminated sleep-disordered breathing safely in patients with heart failure and reduced ejection
fraction and sleep-disordered breathing.[2%°]

In the context of HF, the safety and efficacy of positive airway pressure (PAP) therapies differ between
patients with predominant CSA and those with OSA. CPAP appears to be only partially effective in 50%
of patients with HF attributable to residual central apneas. Although several small-scale studies have
reported benefits associated with CPAP, including improved left ventricular function, reduced
sympathetic tone and myocardial oxygen consumption, and lower rates of HF hospitalization and
mortality, a meta-analysis of patients with OSA reported that CPAP did not have significant effects on
either left ventricular ejection fraction or hospitalization rates.The 2017 American Heart
Association/American College of Cardiology HF guideline identified CPAP as a possibly reasonable
treatment strategy to improve sleep quality and daytime sleepiness in patients with CVD and OSA.
Treatment with CPAP increases left ventricular ejection fraction by 25-33%.22

Atrial fibrillation: Lifestyle changes are protective for atrial fibrillation and reduce its
recurrencel1621[163]

Intensive weight loss and comprehensive management of cardiometabolic risk factors lead to more
significant reduction in atrial fibrillation duration, symptom severity, and intensity*® Weight loss >10 %
and long-term sustained weight loss are associated with reduced atrial fibrillation burden and
maintenance of arrhythmia-free survivall6l,

Physical activity has a central role in addition to weight loss. Indeed, improved cardiorespiratory fitness
(=2 metabolic equivalents) reduces atrial fibrillation recurrence and enhances the beneficial effect of
weight loss641,

Bariatric surgery reduces the risk of new-onset atrial fibrillation™® and is associated with a significant
reversal of the typel6®l |

In terms of thromboembolism risk management, obese patients may require higher doses of vitamin K
oral anticoagulants (VKASs) and extended treatment initiation periods to achieve therapeutic INR
levelst*67,

Instead, regarding non-vitamin K oral anticoagulants (NOACSs), measurement of serum levels may be
necessary in certain situations such as severely obese patients with a BMI exceeding 35 or a weight
exceeding 120 kg1, However, this approach is discouraged for the majority of patients due to
insufficient outcome datal*®!,
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Not surprisingly, risks of coagulability and thrombosis are reported to be decreased following CPAP
intervention, although further studies are needed to offer a more definitive evaluation of CPAP treatment
on the hypercoagulable state in OSA[?84,

In addition, this increased sympathetic trafficking is assumed to play a vital role in OSA patients
afflicted with arrhythmia. Based on these opinions, CPAP treatment may provide beneficial effects on
attenuating sympathetic overactivation 271,

Multiple small and mostly retrospective observational studies have assessed the ability of CPAP to
reduce AF burden after ablation or cardioversion. Although limited by methodological issues and small
sample size, these studies largely support the view that CPAP therapy improves AF burden. This is
independent of the modality for rhythm control, including antiarrhythmic drug therapy, direct current
cardioversion, or catheter ablation.

Numerous observational studies have indicated that CPAP intervention is linked to a low AF recurrence
rate following ablation or electrical cardioversion, in particularly, a lower risk for the development of
more permanent AF and occurrence of paroxysmal AF2201221]

Notably, young, male gender and obese patients may benefit most from CPAP therapy. Based on this
finding, AF-connected OSA presents a higher AF recurrence rate following cardioversion and a higher
risk of catheter ablation failure???],

A recent meta-analysis has also shown that patients treated with CPAP had 42% decreased risk of AF
compared to ones who were not treated!?:6l,

Recurrence of AF after radiofrequency ablation was also 25% higher amongst patients with
OSAR CPAP therapy was associated with lower rate of recurrent AF compared to untreated patients
[218]

Overall, the data supports a reflects strong relationship between OSA and AF in their pathophysiology
and a potential benefit of CPAP therapy in improving cardiovascular outcomes in patients with AF.
Insulin resistance: Several studies revealed that such glucose metabolism change is reversible with
CPAP, whereas others noted the opposite outcome!2%6l,

Indeed, CPAP treatment is more profitable to glycemic normal in non-obese individuals, while CPAP is
less likely to evoke improvement on IR symptom in obese patients without weight loss?®]. CPAP
treatment has shown to improve glucose control in type 2 diabetics with blood sugars not controlled with
medications. This effect is achieved by increasing insulin secretion and reduced counter-regulatory
hormone production®,

Hypertension: OSAS is a common and treatable risk factor for the development of hypertension, heart
failure and stroke, especially in men[?%,

Among the cardiovascular comorbidities of sleep apnoea, systemic HTN has shown the strongest
evidence for benefit ' It is recommended that OSA patients with HTN, especially for those with
moderate to severe symptoms, and those with resistant HTN be treated with CPAPI®® Sleeping with a
nasal continuous positive airway pressure (CPAP) device is the treatment of choice because as the sleep
apnoea improves, BP tends to improve as well.

Compared with the conventional therapy, CPAP treatment is associated with a 2 to 2.5 mmHg fall in
systolic blood pressure (SBP) and a 1.5 to 2 mmHg drop in diastolic blood pressure (DBP) with a 24-
hour blood pressure monitor, with a more pronounced response in resistant hypertensive patients2041,
Although the reduction range is relatively moderate, it was demonstrated that even a subtle reduction in
blood pressure may be associated with overtly drop in cardiovascular risk. Moreover, CPAP may lower
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blood pressure more significantly in patients with more severe OSA, good CPAP adherence and no
hypertension drug therapeutic history[?%,

CPAP adherence is associated with greater reductions in nocturnal BP. Even in patients with OSA with
resistant hypertension, a 3-month treatment with CPAP (versus no CPAP) reduced 24-hour systolic,
mean, and diastolic BPs by ~3 mmHg, with a significant correlation between hours of CPAP use and BP
reduction. Although the overall impact of CPAP on blood pressure levels is relatively modest (averaging
2—4 mmHg), larger improvements are observed among patients who have a high AHI, report daytime
sleepiness, or who have resistant hypertension!*®l,

Non-CPAP therapies also may have a role in hypertensive patients with OSA. In a metaanalysis of oral
appliance treatments (eg, soft-palate lifters, tongue-retaining devices, mandibular advancement
appliances), BP reduction was similar to that noted in the meta-analysis of CPAP trials (2-3 mmHg).
Uvulopalatopharyngoplasty may be beneficial in selected patients, with significant decreases of 4-9
mmHg reported at 6-24 months after surgery in a small randomized controlled trial.

Pulmonary hypertension:

Multiple observational studies indicated that management of OSA with CPAP offers potential benefit to
PH. Following CPAP treatment, PH patients exhibit moderate decreases in pulmonary artery pressure,
pulmonary vascular resistance as well as pulmonary vascular reactivity to hypoxial?*l.

The available literature is limited by size and study design but suggests potential benefit associated with
treatment of PH with CPAP. Observational studies have found consistent yet modest reductions in
pulmonary artery pressure (=<5 mmHg) and pulmonary vascular resistance among PH patients receiving
CPAP therapy.

CPAP treatment can effectively lower the pulmonary artery pressure and vascular reactivity to hypoxia,
leading to treatment benefit of OSA in patients with Pulmonary HTN[24],

Atherosclerosis and CAD: In patients with obesity and coronary artery disease, a comprehensive risk
assessment and multidisciplinary management are required to treat this major comorbidity. Behavior
modifications, healthy diet, and increased physical activity are strongly recommended. Weight
management and intentional loss are critical to significantly reduce the risk of future adverse clinical
events in these type of patientst4e,

Medical weight loss interventions are suggested to supplement lifestyle modifications and maintenance
of weight loss over time, however clinical trials have not consistently showed the reduction of coronary
artery disease rates*>"l,

OSA may be implicated in an increased risk of major adverse cardiovascular events after percutaneous
coronary intervention. Whether CPAP therapy decreases the risk of MI remains controversial.
Reminiscent of its beneficial roles in hypertension, HF and arrhythmia, CPAP treatment might be a
benchmark for favorable prognosis in CAD. It can reduce the occurrence of new cardiovascular events
and cardiovascular mortality in OSA patients with CAD comorbidity compared to CPAP-intolerant
ones!238],

Treating severe OSA patient has also shown significant reduction in the risk of CAD as patients who
received successful CPAP therapy had lower incidence of fatal and nonfatal cardiovascular events(?%2,

A 4-month CPAP treatment may relive early atherosclerotic signs including thicknesses of artery and
carotid intima-media as well as levels of catecholamine and hs-CRPZ*],
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Metabolic syndrome : In a nonrandomized study, Dorkova et al. showed that CPAP therapy reduced
several components of the metabolic syndrome in patients who used CPAP for 4 h/night for 8 weeks,
including blood pressure, triglyceride levels, and glucose levels, compared with patients with low
adherence to CPAP (<4 h/night). More recently, Sharma et al. performed a crossover, double-blind,
randomized study exploring the impact of treatment with CPAP for 3 months on components of the
metabolic syndrome. In this study, treatment with CPAP (vs. sham CPAP [i.e., a placebo]) was
associated with significant mean decreases in systolic blood pressure, diastolic blood pressure, serum
total cholesterol levels, low-density lipoprotein cholesterol levels, triglyceride levels, and glycated
hemoglobin. The prevalence of the metabolic syndrome was significantly reduced after CPAP therapy
(reversal found in 11 of 86 patients [13%] undergoing CPAP therapy vs. 1 of 86 [1%] undergoing sham
CPAP) . Surprisingly, treatment with CPAP also reduced BMI and visceral adiposity, which may
partially explain the metabolic improvement. The reduction in BMI and visceral adiposity after the use
of CPAP for the treatment of patients with OSA is in contrast to other reports.

However, none of the studies discussed in the preceding text fully controlled for physical activity and
diet pre-intervention and post-intervention. Further studies are necessary to clarify these important
iSSUGS.[286][292][293][294]

Stroke : Potential therapeutic benefit from the treatment of OSA is unclear at the moment as limitations
in maintaining chronic CPAP treatment with CVA patients have been identified.

Nevertheless, it may be beneficial to offer CPAP treatment initially to CVA patients as it would reduce
the influence and recurrence of other cardiovascular risk factors .Observational studies have provided
compelling evidence to support a favorable outcome of CPAP on cerebrovascular events and stroke
recovery in patients with OSA[?*3],

However, the adherence and tolerability of CPAP treatment are unsatisfactory in patients recovering
from stroke compared with those without stroke. Better compliance for therapy and early intervention
following stroke onset are considered crucial components for clinical outcome 2441,

Conclusion

Obstructive sleep apnoea syndrome is a common medical disorder that is growing in prevalence
worldwide. It is characterised by recurrent cycles of intermittent hypoxia and

there is increasing evidence that intermittent hypoxia plays a role in the development of cardiovascular
risk in obstructive sleep apnoea syndrome patients through the activation of inflammatory pathways.
Scope exists for further studies demonstrating a direct linkage between inflammation and markers of
atherosclerosis and cardiovascular disease in

obstructive sleep apnoea syndrome, as currently only one study exists in the field.

The hypoxia-sensitive transcription factors hypoxia-inducible factor-1 and nuclear factor-kB appear to
play a key role in mediating the inflammatory and cardiovascular consequences of the disease.
Expanding our understanding of these pathways, the interaction between them and the potentiation of
inflammation by intermittent hypoxia

will yield novel therapeutic targets with the scope to reduce cardiovascular risk in obstructive sleep
apnoea syndrome.Obesity and OSAS adversely affect cardiovascular system and the Sleep apnoea-
obesity relationship should not be ignored when considering prevention and treatment of cardiovascular
disorders.Comprehensive clinical trials addressing the efficacy and efficiency of current or potential
treatments on therapeutic applications in the OSAS-obesity relationship are needed.
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Obesity in both the developed nations and developing nations like India, has reached its epidemic state
and the prevalence of its related diseases, such as OSA and CVD are also rising. With the trend expected
to rise in the future, it is important to understand the association between these two obesity-related
diseases, in efforts to reduce the burden on the rising healthcare expenditure that is increasing.

Current available research work and literature suggests intermittent hypoxia, sympathetic overactivity
and intrathoracic changes as chief pathophysiological mechanisms underscoring OSA-evoked CVD .

As one of the major cause of death worldwide, it is essential to recognize the pathophysiology of CVD
and factors potentially contributing to its onset in obesity and sleep apnoea.

Though numerous complications have been identified concerning OSA, there are still major gaps in
scientific and clinical knowledge, including exact mechanisms through which OSA causes unfavorable
cardiovascular events and proper therapeutic medication for OSA. A better understanding of the
mechanisms underlying OSA-related CVDs should assist better recognition and intervention of OSA
anomalies. There is an urgent demand for translational studies along with large RCTs to decrease
cardiovascular risks attributed to OSA.

Despite the proven tight relationship between OSA and cardiovascular complications, OSA is always
underrecognized and undertreated in particular in relevance to cardiovascular field. Given the
significance of early OSA identification, it is recommended that CVD patients should be screened for
OSA, while all patients with OSA should be subject to immediate and intense treatment.

To-date, CPAP therapy has been proven to improve cardiovascular anomalies of OSA. Nonetheless, the
exact mechanisms of this amelioration require further investigations. Follow-up sleep tests should be
implemented to evaluate the effectiveness of CPAP

treatment due to its limited adherence. Moreover, innovative and valid options for therapy (e.g.,
mandibular devices and neural stimulation methods) as well as evidence of risk reduction are critical
following steps in relieving medical and financial burdens of OSA.
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