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ABSTRACT

Background:

Sleep apnea syndrome (SAS), primarily manifestisg olstructive sleep apnea
(OSA), is a common disorder associated with recairtgper airway obstruction,
intermittent hypoxemia, and sleep fragmentationA@S8ects 9-38% of adults and is
linked to cardiovascular comorbidities, includinglrponary hypertension (PH). PH,
defined by a mean pulmonary arterial pressure (mPA® mmHg £25 mmHg in
earlier studies), occurs in 17-42% of OSA patierts. mechanisms involve
intermittent hypoxia, sympathetic overactivity, avascular remodeling. PH in OSA
worsens prognosis, but positive airway pressureP(Ptherapy may partially reverse

PH, highlighting the need for early detection arahagement.

Aim and Objective:

The primary objective of this study is to determine the prevalence of pulmonary
hypertension in patients with sleep apnea syndrome. The secondary objective is to
evaluate the severity of pulmonary hypertension correlation with the severity of
sleep apnea syndrome and to identify various risk factors associated with pulmonary

hypertension in sleep apnea syndrome.

Materials and Methods :

Following Institutional Ethics Committee approvdhis study was conducted at
KLE'S Dr. Prabhakar Kore Charitable Hospital and didéal Research Center,
Belagavi. Suspected sleep apnea syndrome (SA®npativere screened, and those

meeting inclusion criteria were enrolled after mfe@d consent. A structured protocol

XVi



including clinical history, physical examinationnda screening tools (Modified
Mallampati Score, Epworth Sleepiness Scale, STORBA was used. All
participants underwent overnight polysomnographyiligs Respironics Alice PDX)
as per AASM guidelines, with OSA diagnosed basedApnea-Hypopnea Index
(AHI >5). Severity was classified as mild (AHI 5-14), rapate (15-29), and severe
(>30). Transthoracic echocardiography (Philips EPIQ) Was performed to assess
right atrial pressure (RAP) and pulmonary artergtelc pressure (PASP) using
Doppler-derived calculations. PH severity was dfaesk as mild (30—45 mmHg),

moderate (46—65 mmHg) and severe (>65 mmHg).

Results:

A total of 70 OSA patients were included, stratfimto mild (n=12), moderate
(n=18), and severe (n=40) groups. The overall peeea of pulmonary hypertension
(PH) was 30%, with PH severity increasing signifila with OSA severity. Higher
weight and BMI were observed in severe OSA (BMI:135+ 6.09). STOP-BANG
and Modified Mallampati scores correlated with PHvesity, while neck
circumference was linked to PH but not OSA sevelitgcturnal and daytime SpO
showed significant associations with OSA and PHeagu A strong correlation was
observed between OSA and PH across BMI groups. Gonoamorbidities included
hypertension, ischemic heart disease, COPD, hypaitligm, and type 2 diabetes

mellitus, further emphasizing the need for eartgnvention.

Limitation:
This study relies on echocardiographic estimatesptdmonary hypertension (PH)

diagnosis, which may lead to overestimation or westemation compared to right
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heart catheterization. As an observational, crestienal study, it identifies
associations but cannot establish causality oiktdisease progression over time.
Potential confounding factors, including obesityoking, and metabolic conditions,
may influence results. Additionally, limited repeesation of pediatric and elderly
populations may affect generalizability. The ladklangitudinal follow-up restricts
insights into the long-term impact of sleep apnea mulmonary circulation,

highlighting the need for future prospective stsdie

Conclusion:

This study reinforces the strong association batwasstructive sleep apnea (OSA)
and pulmonary hypertension (PH), emphasizing theath of demographic,
physiological, and comorbid factors. The progressiise in PH severity with
worsening OSA highlights the need for early diaghand intervention. Weight
management, cardiovascular risk assessment, and® GR&apy play key roles in
reducing long-term complications. The significanklbetween comorbidities and PH
underscores the importance of a multidisciplingopraach. Future research should
explore long-term PH outcomes, treatment efficaayd novel biomarkers for early

detection, ultimately improving patient prognosisl @juality of life.

XViii
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INTRODUCTION

Sleep apnea syndrome (SAS), most commonly manifgsis obstructive
sleep apnea (OSA), is a common respiratory disooti@racterized by recurring
cycles of partial or complete upper airway obsiarcturing sleep, causing frequent
reductions in airflow and periodic nocturnal hypowa! The resulting frequent sleep
arousal that normally follows these events leaddisoupted sleep architecture and
related daytime sleepiness, cognitive impairmemig @educed quality of Ilifé.
Worldwide, obstructive sleep apnea (OSA) has besimated to affect 9-38% of
adults, while even greater prevalence has beemnteghn patients with obesity or
other comorbidities.Of note, sleep apnea is also closely associatédairoad array
of cardiovascular and metabolic comorbidittegcluding systemic hypertension,
coronary artery disease, cerebrovascular diseaseinaulin resistance Among its
less well-documented but potentially severe comagibnis is the development and

worsening of pulmonary hypertension (PH).

Pulmonary hypertension is a disorder of pathophggio significance defined
by an increased mean pulmonary arterial pressuAf) >20 mm Hg at rest,
according to recent guidelinésalthough a threshold of25 mm Hg has been
employed in most classic studfeBulmonary hypertension can be caused by a wide
variety of etiologies and can be divided into fimajor categories based on the World
Health Organization (WHO) classification and pulmpnhypertension secondary to

OSA comes under Group Il (PH secondary to hypogeanid lung healtt?).

Regardless of etiology, PH significantly increaties workload on the right
ventricle, most commonly causing right ventricutaypertrophy, remodeling, and,

eventually, right-sided heart failure if untreatedVhile the pathophysiologic
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mechanisms differ based on the cause, the presgnd&onic hypoxemia can be a
powerful stimulus for elevated pulmonary artery gsiees? Therefore, chronic
respiratory disease and sleep-disordered brea{t8tbd), including OSA, are key

players in PH pathogenesis.

Over the last two decades, the intricate interpletyveen OSA and pulmonary
vascular remodeling has received growing attenffararious hypotheses were raised
to justify the interplay. First, the intermittenggoxemia characteristic of OSA evokes
sympathetic overactivity, ultimately leading to @asnstriction and remodeling of the
pulmonary vasculaturé.Second, recurrent intrathoracic pressure variatidaring
apneic events result in transient cardiac afterloatease and right ventricular
strain® Third, OSA often coexists with other cardiometabalsk factors such as
obesity, systemic hypertension, and dyslipidemlh,of which can independently
worsen vascular functiolf. As a result, patients with OSA may develop notyonl
systemic hypertension but also elevated pulmonasryapressures, culminating in

pulmonary hypertensiof?.

The exact prevalence of PH among patients with Q8wains variably
reported in the literature, largely due to diffares in diagnostic criteria, patient
selection, and the severity of sleep aptdaarlier studies suggested that 17-42% of
patients with OSA exhibit pulmonary hypertensiotth@ugh not all are clinically
significant or symptomatit®'’ Variations in study populations (e.g., inclusioh o
individuals with coexisting chronic obstructive pudnary disease, heart failure, or
interstitial lung disease) also complicate thenestion of true prevalendé.Also the
modality used to diagnose PH may affect the calimmaof prevalence. Nevertheless,

the convergence of recent data underscores thah B¥$A is neither uncommon nor
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benign. Clinically, even mild elevations in pulmoyaartery pressure can be
associated with decreased exercise tolerance, mingsehypoxemia, and poorer
overall prognose®. The combination of OSA and PH, therefore, demantisgeted

approach to screening, evaluation, and managenAdsu. there are studies which
show that use of PAP devices for treatment of OSlAreverse PH to an extent ,thus
further emphasizing not only the diagnosis of O$W H, but also the appropriate

treatment for the same.
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Objectives

OBJECTIVES

Primary Objective:
» To determine the prevalence of pulmonary hypertension in patients with sleep
apnea syndrome.

Secondary objective:
* To evauate the severity of pulmonary hypertension correlation with the
severity of sleep apnea syndrome.

» To identify various risk factors associated with pulmonary hypertension in

sleep apnea syndrome.
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Review Of Literature

REVIEW OF LITERATURE

SLEEP

Sleep is the intermediate state between wakefulardsdeath; wakefulness
being regarded as the active state of all the dnand intellectual functions, and
death as that of their total suspensioAccording to a simple behavioural definition,
sleep is a reversible behavioural state of pereg¢ptlisengagement from an

unresponsiveness to the environmént.

IMPORTANCE OF SLEEP

Sleep is crucial for the health and well-being wdividuals across all age
groups. Healthy sleep promotes cognitive functignimood regulation, mental
health, and cardiovascular, cerebrovascular, anthbokc health. Adequate sleep
also reduces the risk of accidents and injuries tdugleepiness, such as workplace
incidents and motor vehicle crashes. Sleep demivatircadian misalignment, and
untreated sleep disorders have a significant negjatipact on physical health, mental
well-being, and public safefy.

Chronic sleep deprivation is linked to increasettgiof mortality and medical
conditions like cardiovascular disease, diabetbssity, and cancer. The American
Academy of Sleep Medicine (AASM) and Sleep Rese&uatiety (SRS) recommend
that adults sleep at least 7 hours per night, Withh 9 hours being optimal. Extending
sleep duration for those who consistently sleepffitsently may lead to health
improvements. Healthy sleep requires adequate sleegiion, regularity, appropriate

timing, the absence of sleep disorders, and gaspsjuality’*
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STAGESOF SLEEP
According to the American Academy of Sleep MediciAASM), sleep is
divided into two major type&
1. Non-Rapid Eye Movement (NREM) Sleep
2. Rapid Eye Movement (REM) Sleep
NREM sleep is further divided into three stagesakimg a total of four sleep

stages overall.

Stage| Name Key Characteristics

N1 NREM Stage 1 Lightest stage of sleep; transifiom wakefulness;
slow eye movements; reduced muscle tone. EEG shows

low voltage, mixed frequency.

N2 NREM Stage 2 Light sleep; presence of sleepdépsnand K-
complexes on EEG,; further slowing of brain activity

and body functions.

N3 NREM Stage 3 | Deep sleep; also known as slow-wave sleep or delta
(Slow-Wave Sleep) sleep; important for physical restoration. EEG show

high amplitude delta waves.

REM Rapid Eye Active brain in a paralyzed body; dreaming occurs;
Movement Sleep | EEG resembles wakefulness; muscle atonia present.
Critical for memory consolidation and emotional

processing.

The adult sleep cycle lasts about 90—-110 minutdsrasiudes non-REM (N1,
N2, N3) and REM sleep stages. Adults typically lgmugh 4—6 cycles per night, with

more deep sleep (N3) earlier in the night and niiEd sleep toward morning. The
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paediatric sleep cycle, especially in infants andng children, is shorter (about 50—
60 minutes in infants). Newborns alternate mainiyween active (REM-like) and
quiet sleep, gradually developing distinct sleggges with age. Children also spend

more time in deep sleep compared to adilts.

To approach a patient with sleep disorders by Wallg nomenclature

according to AASM?

Term Definition

Apnea A complete reduction in airflow by 90% or mdor at

least 10 seconds.

Obstructive Apnea| A type of apnea where breathiffigrtecontinues, bu

airflow is blocked.

Central Apnea A pause in breathing with no respiyaeffort during
the event.

Mixed Apnea A breathing pause that starts withdibre and ends

with effort against an obstruction.

Hypopnea A partial reduction in airflow lasting Heéconds or
more, along with either a drop in oxygen levet8%)

or an arousal from sleep.

Respiratory Effort- | A breathing pattern showing increased effort tleaids
Related Arousal | to sleep disruption but doesn’'t meet criteria fpnea or
(RERA) hypopnea.

Apnea-Hypopnea | The number of apneas and hypopneas that occur per
Index (AHI) hour of sleep.

Respiratory The hourly rate of apneas, hypopneas, and RERAs
Disturbance Index | combined during sleep.
(RDI)

Oxygen How many times per hour the blood oxygen level driop

Desaturation Index| by at least 3% or 4%.
(ODI)

Hypoventilation A condition where carbon dioxide tine blood rises
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above normal levels for a sustained period duriegps

Cheyne-Stokes
Breathing

A breathing pattern
increasing and decreasing effort followed by cén

apneas or hypopneas.

characterized by gradually

tra

Sleep-Disordered
Breathing (SDB)

A group of conditions involving abnormal breathi

patterns or airflow limitations during sleep.

Arousal

or longer.

A sudden shift in brain wave activity lastiat least 3

seconds, typically following stable sleep for 1@m®ls

Classification of sleep disorder according to |CSD-3:2%

Category

Disorder Types

1. Insomnia Disorders

- Chronic Insomnia Disorder
- Short-Term Insomnia

- Other Insomnia

2. Sleep-Related Breathing Disorders

- Obstruclemp Apnea (OSA)
- Central Sleep Apnea (CSA)
- Sleep-Related Hypoventilation Disorders
- Sleep-Related Hypoxemia Disorder

- Isolated Snoring

3. Central Disorders of Hypersomnolence

- Narcolépge 1
- Narcolepsy Type 2
- Idiopathic Hypersomnia
- Kleine-Levin Syndrome

- Insufficient Sleep Syndrome

4. Circadian Rhythm Sleep-Wake Disorder

S

- Delagyle@p-Wake Phase Disorder
- Advanced Sleep-Wake Phase Disorder
- Irregular Sleep-Wake Rhythm Disorder
- Non-24-Hour Sleep-Wake Rhythm Disorg
- Shift Work Disorder
- Jet Lag Disorder

5. Parasomnias

- NREM Parasomnias (Sleepwalking,
Confusional Arousals, Sleep Terrors)
- REM Sleep Behavior Disorder

Page 8
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- Nightmare Disorder
- Sleep Enuresis
- Sleep-Related Eating Disorder

6. Sleep-Related Movement Disorders

- Restless Bggdrome (RLS)
- Periodic Limb Movement Disorder (PLMLO
- Sleep-Related Leg Cramps
- Sleep-Related Bruxism

- Propriospinal Myoclonus at Sleep Onset

7. Other Sleep Disorders

- Isolated Symptoms anmdnidbVariants
(e.g., Long Sleeper, Short Sleeper)
- Unclassified Sleep Disorders

Among all the above mentioned sleep disordersgepttiwith sleep related

breathing disorders are involved in this studys Ithis group of disorders which has

shown multiple adverse cardiovascular outcomesgatath sleep disturbances.
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Classification of Sleep-Related Breathing Disorders
(Accordingto ICSD 3):

Sleep-Related Breathing Disorders (SRBDs) refea tgroup of conditions
characterized by abnormal respiration during sl&&ese disorders are classified into
the following categories based on the Internati@iaksification of Sleep Disorders —
Third Edition (ICSD-35°
1. Obstructive Sleep Apnea Syndromes (Sleep Apryear8me) Characterized by
repetitive episodes of complete or partial uppeway obstruction during sleep,
leading to reduced or absent airflow despite orgyoaspiratory effort. It is the most
common type of SRBB? Note: According to ICSD-3Dbstructive Sleep Apnea
Syndromesis alternatively termed Sleep Apnea Syndrome.?

2. Central Sleep Apnea (CSA) Syndromes Definedebumrent episodes of apnea and
hypopnea during sleep resulting from diminishedosent respiratory drive, without
upper airway obstruction. Common subtypes includey@e—Stokes breathing, high-
altitude periodic breathing, and idiopathic CZA.

3. Sleep-Related Hypoventilation Disorders Theseolire decreased ventilation
during sleep that leads to elevated arterial carbdmxide levels (PaC£). This
includes obesity hypoventilation syndrome (OHS)gmnital central hypoventilation
syndrome, and hypoventilation due to neuromusarahest wall disorders.

4. Sleep-Related Hypoxemia Disorder Characterizgdoxygen desaturation that
occurs only during sleep and is not attributableapmeas or hypoventilation. It
typically occurs in the context of underlying canglilmonary diseasg.

5. Isolated Symptoms and Normal Variants (e.g.mBry Snoring) Refers to

conditions such as habitual snoring in the absafocebstructive or central events.
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While not associated with significant oxygen dessttan, primary snoring may
contribute to sleep fragmentation and daytime spmgt®

Among all the sleep related breathing disordersh @3he most common
disorder and is associated with cardiovascular cbidities and as per the literature
9%-38% of patients have OSA.

OBSTRUCTIVE SLEEP APNEA:

Obstructive sleep apnea (OSA) is a sleep-relatedathing disorder
characterized by repeated episodes of partial orptete obstruction of the upper
airway during sleef? These episodes, known as apneas or hypopneasaltygast
at least 10 seconds and can lead to reduced blygko saturation and disrupted
sleep.

The classic signs and symptoms of OSA includes ssitee daytime
sleepiness, loud snoring, snorting and gasping igiht n(associated with apnea
termination).Physical signs associated with OSAluites obesity, large neck
circumference and crowding of the oropharynx.

OSA is an independent major risk factor for a numifeassociated medical
conditions?

* All-cause mortality

» Systemic hypertension
» Stroke

* Myocardial infarction

* Sudden death at night

* Pulmonary hypertension
* Motor vehicle accidents

» Depression
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» Congestive heart failure

» Obstructive lung diseases (asthma/chronic obstreigtiilmonary disease)

» Cardiac dysrhythmias (especially atrial fibrillatjo

» Type 2 diabetes mellitus/insulin resistance

The severity of OSA is commonly assessed usingh\pireea-Hypopnea Index

(AHI),%? which measures the average number of apneas grapigas per hour of
sleep:

* Mild OSA: AHI of 5 to 15 events per hour

» Moderate OSA: AHI of 15 to 30 events per hour

» Severe OSA: AHI greater than 30 events per hour

Mormal breathing Obstructive Sleep Apnoea

Figure.1- Normal Breathing vs. Obstructive Sleep Apnea
Epidemiology of Obstructive Sleep Apnea (OSA):
Obstructive Sleep Apnea (OSA) is a highly prevalesi¢ep disorder
worldwide, characterized by repeated upper airwhgtraction during sleep. Its
prevalence varies across different populations wuéactors such as age, gender,

obesity, and geography.
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Global Prevalence

A global study estimated that approximately 936lionl adults aged 30-69
years have OSA, with 425 million suffering from neoate to severe fornté.These
estimates highlight OSA as a significant public Itteaissue with potential
cardiovascular and metabolic consequences.

Prevalencein Asia

Studies in Asia have shown varying prevalence rdggending on population
characteristics. Earlier studies reported that ¢ggmptic OSA affects 4.1-7.5% of
middle-aged men and 2.1-3.2% of middle-aged wothdfowever, more recent
research suggests that the prevalence in some Aastaniries, such as China, is much
higher, reaching 23.6% in adults aged 30-69 y&ars.

Prevalencein India

In India, the estimated prevalence of OSA variedalyi, ranging from 3.7% to
21% in the general populatiéh.A meta-analysis reported that approximately 104
million Indians suffer from OSA, with nearly 47 nidn experiencing moderate-to-
severe form$? The rising burden of OSA in India can be attrilbute increasing
obesity rates, lifestyle changes, and improvedrhatic awareness.

OSA is more prevalent in males compared to femaléh, a male-to-female
ratio of approximately 2:1 to 33. However, postmenopausal women have an
increased risk due to hormonal changes, bringimiy threvalence closer to that of
men. Age is an important factor influencing OSAvalence. In pediatric populations,
OSA affects approximately 1-5% of child?énin elderly individuals, the prevalence
is significantly higher, with estimates ranging nfro40-60%? These variations
highlight the need for age-specific diagnostic andnagement strategies. Studies

indicate that OSA is more prevalent in urban pofperns compared to rural areas,
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likely due to higher rates of obesity, sedentafgstiyles, and environmental factors

such as pollution. Further research is needed tenstand these differences in the

Indian context. Obesity is one of the strongedt fastors for OSA. As obesity rates

continue to rise globally, the burden of OSA isoaéxpected to increase. Data from

the Global Burden of Disease (GBD) study suggest tibesity-related OSA is an

emerging public health crisis, especially in depéig countries?

Risk Factors*

Obesity (BMI >30 kg/m2)

Neck size (collar size >17 inches in males, >16déscn females)

Gender (male/female 2-3:1)

Genetic factors/family history

Upper airway and craniofacial anatomy

Macroglossia

Lateral peritonsillar narrowing Elongation/enlargarhof the soft palate
Tonsillar hypertrophy

Nasal septal deviation

Retrognathia, micrognathia

Narrowing of the hard palate

Class Ill/IV modified Mallampati airway

Specific genetic disorders, e.g., Treacher Collibswn syndrome, Apert
syndrome

Endocrine disorders, e.g., hypothyroidism, polyicysbvarian syndrome,
acromegaly

Alcohol, sedative, or hypnotic use

PATHOGENESIS OF OBSTRUCTIVE SLEEP APNEA
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OSA is driven by a multifaceted and complex setnwéchanisms, with
significant inter-individual variability and manyspects still not fully understodd.
The development of obstructive sleep apnea (OSA)fisenced by both structural
and neurological factors. The upper airway, extegdiom the posterior nasal septum
to the larynx, lacks substantial bony support adamposed of four segments: the
nasopharynx, retropalatal oropharynx, retroglossapharynx, and hypopharynx. The
airway's boundaries are formed by soft tissues siscthe soft palate and tongue, as
well as pharyngeal constrictor muscles, lymphoidcttres, parapharyngeal fat pads,
and the mandibular rami.

Upper airway structural anomalies represent a gahcontributor to OSA.
Nearly all patients with the condition demonstrateying degrees of upper airway
narrowing or collapse due to soft tissue overgromthbony deformitie$® These
structural issues may involve relative narrowingised by fat accumulation (often
related to obesity) or absolute stenosis due taoiaf@cial skeletal abnormalities—
both of which are significant causes of airway ajpde.

During sleep, airway collapse leads to a reductiorthe airway diameter,
increasing resistance and resulting in apneic apopneic episodes typical of OSA.
Structural characteristics of the retropalatal egtdoglossal regions—patrticularly the
surrounding soft tissues and craniofacial featuresrtribute to airway morphology
and its susceptibility to collapse. Anatomical tast thus play a critical role in
determining the likelihood of airway collapse. Awloally, upper airway
neuromuscular control has gained recognition as i@l vfactor in OSA
pathophysiology.

As research has progressed, it is increasingly aeladged that both

anatomical and functional factors contribute to tiedlapse of the upper airway.
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Based on this understanding, the PALM model has Ipeeposed to describe OSA
pathogenesis. This model incorporates four elemeptiaryngeal critical closing
pressure (Pcrit, P), a reduced arousal threshold €kevated loop gain (L), and
impaired upper airway dilator muscle responsiverfsgs(Fig. 2a). These interacting
mechanisms collectively influence OSA developmehig.( 2b). The following
sections will explore these key pathophysiologmahtributors and how they shape

the current understanding of OSA pathogen€sis.

a Airway size 1

Resistance and Collapsibility
of Upper Ainway

Morphologecal abeormliles Lo reapirtany Al sleep onset in RE M

arowsal threshold

Compromised
cramicfacial

- it
siruchmes Chemosensitivity |

sCantral respiratory neurons . |
“\antilatory drive |
Adipose =oft tissuea
deposition s
_ Upper airway dilator g sansory |
muscie activity | reflexes
Fluld eccumulation Magal inpat |
around upper alrway
Anatomical pradisposition to
arlway closure [Passive Feril) |
Linstable respiratorycontral
{High loop gain}

Mocturmal rostral fhuid Adnsay MucHss
shift (Recumbent) cedama

- “Intermittent hyposia

e onset = oy —
7 Hypovantiation - ¢ Wentilstony drive | \
Muscle tona{ "

— — = —
“Upper airway n-anu'-w—l ¢ Respiratory effort |
s e o PCO:|, PO:]

2 ; = Poxil | —
A o =
i e Arousal Threshold |
- Hpper-ainegy: dltaton | Upper airway dilator | -
muscle-aciivity S ClE fespansiveness ||
\Uppear airway resistance | . . 1»'
( Reium o sleep | Arousal
— s [ Loop gain | | ————
— | Ventilatory response to arousal t e i
Hyparventilation i ) { Ventitatory drive | 7
Muscle tong - |
e y — = e
o

Alrway Opaning  |g4-

Figure.2- Mechanisms of the pathogenesis of OSAS®
Morphological abnormalities are among the most @ieut factors leading to

OSA. In adults, features such as shortened maratibarigth, a low-lying hyoid bone,
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posteriorly positioned maxilla, and pharyngeal gpaonstriction contribute to oral
cavity crowding®® Craniofacial syndromes like Pfeiffer, Pierre Rob@rouzon, and
Apert—which involve midface hypoplasia or cranioggtosis—are also associated
with increased OSA ris#® Enlargement of soft tissues surrounding the ainigay
another common cause of pharyngeal narroffingxamples include an elongated
soft palate, retrognathia, macroglossia, hypertieaphonsils, excessive neck tissue,
and redundant pharyngeal mucosa. While the soéit@pa@nd tongue compromise the
airway’s anterior-posterior dimensions, thickenddnyngeal walls reduce its lateral
diameter—an important site of collapse in many Qfafients*?

Obesity, which is highly prevalent in OSA patiersigjnificantly contributes to
upper airway compression through increased fatslepm the pharyngeal region and
thoracic cavity. These fat deposits exacerbate agirmarrowing and may promote
OSA development. Tongue morphology may also be rdriboiting factor; studies
have shown that the shape of the tongue differevderi OSA patients and healthy
controls, particularly in the supine position. Aufohally, fluid retention and
redistribution, termed nocturnal rostral fluid shifmay play a role in OSA
pathogenesis. This phenomenon involves the passwwement of fluid from the
lower limbs to the upper body during recumbencwedr by hydrostatic and colloid
osmotic pressure gradierffsThe degree of airway collapsibility can be quaexif

using measurements such as Pcrit.

Loop Gain

Loop gain refers to the stability of the respirgtarontrol system and
represents how strongly the body responds to thahaes in ventilation. It consists of
three main components: controller gain (the vetatilaresponse to changes in blood

gases), plant gain (the effect of ventilation os gachange), and feedback delay (the
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time between a change in ventilation and its seeffedt). In individuals with OSA, a
high loop gain results in exaggerated ventilatoggponses to minor changes in
oxygen or carbon dioxide levels. This can createyde where hyperventilation
following an apnea reduces carbon dioxide belowtkmeshold needed to maintain
breathing, leading to further apneas or hypopn&ash instability contributes to
recurrent airway collapse and sleep fragmentéfion.

Neural Modulation of Upper Airway Patency

The neural modulation of upper airway patency dursleep involves a
complex interaction between neurotransmitters amdahe activity, particularly the
genioglossus muscle, which plays a key role in ma@ming airway openness. During
sleep, the balance of transpharyngeal pressurts gshiward airway collapse due to
reduced activity of upper airway dilator musclespexially during REM sleep. This
reduction in muscle activity increases the riskiofvay obstructior?

There are three main neural mechanisms that infki¢ime vulnerability of the upper

airway to collapse:

1. Reflex Activation: Negative airway pressure detdcteby laryngeal
mechanoreceptors activates the genioglossus vidtheglossal nerve, but this
reflex is weaker during non-REM and further dimivéd during REM sleep,
increasing the risk of collapsé.

2. Respiratory Drive: Upper airway muscle activity rssponsive to respiratory
control from the medulla. When respiratory driveuisstable, reduced muscle
activity can contribute to airway collap¥e.

3. Arousal Mechanisms: Neural circuits involved in wsal (serotonergic and
noradrenergic) provide tonic excitatory input t@ thenioglossus. During sleep,

there is reduced excitatory output, but arousatsnfrsleep in response to
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respiratory disturbances can help restore airwagnog. However, OSA patients

often have a diminished ability to recover veniilatwithout cortical arousaf¥.

In summary, these neural mechanisms contributdnéoptaithophysiology of
OSA by reducing muscle activity and reflex respartbat would otherwise maintain
airway patency during sleep.

Signs and symptoms of Obstructive Sleep Apnea Syndrome:4
« Severesnoring, snoring, gasping, or chokingin sleep
« Witnessed apneasin sleep
« Excessive daytime sleepiness; tendency to fall asleep in inappropriate
situations (e.g., while driving, attending lectyres
« Lack of energy
« Morning headaches
« Largeneck size: 17 inches in men, 16 inches in women
« Crowding of the oropharynx: Mallampati score of 3 or greater, large tonsils,
large tongue, elongated uvula
- Facial abnormalities: retrognathia, midface deformities
+ Obesity (body mass index >30)
« Nocturnal gastr oesophageal reflux
« Impotence; erectile dysfunction
Screening tools for OSA:

Several standardized tools have been developettdersfor obstructive sleep
apnea (OSA). A recent review by a task force frovn American Academy of Sleep
Medicine evaluated 29 available screening toolagsess their reliability, efficacy,
and feasibility in clinical settings. No single to universally recommended.

However, multiple screening tools are used, andenthiey are not perfect, they can
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be helpful when combined with clinical criteriaassess the risk for OSA in adults. In
addition to screening for epworth sleepiness sd@&S), the STOP-BANG
questionnaire is also considered useful for screp@SA in adult patient®.
The screening tools which are used in our studie$adlows:

* Modified mallampati score

» epworth sleepiness scale

 STOP-BANG questionnaire

Modified Mallampati score

The Mallampati Score

CLASS | CLASS I CLASS 111 CLASS IV

Complete Complete Visualization Soft palate
visualization of visualization of only the is not
the soft palate of the uvula base of the uvula visible at all

Figure.3 - Modified Mallampati score
STOP-BANG questionnaire:
The mnemonic STOP- BANG includes the followitty:
* S:"“Do you snore loudly, loud enough to be heardugh a closed door?”
» T:"“Do you feel tired or fatigued during the daygralmost every day?”
» O: “Has anyone observed that you stop breathinondwsieep?”
* P:"“Do you have a history of high blood pressurthwir without treatment?”

* B: BMI > 35 kg/m2
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* A:Age > 50 years

* N: Neck circumference > 43 cm (17 in)

* G: Gender, male

When more than three items are positive, the seitgiaind specificity for OSA are

87% and 31%, respectively.

Epworth seepiness scale:

In contrast to just feeling tired, how likely are you to doze off or

fall asleep in the following situations? (This refers to your usual 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 dozing

2 = Moderate chance of dozing
3 = High chance of dozing

Situation Chance of Dozing

Sitting and reading
Watching TV

Sitting inactive in a public place (i.e., a theater
or a meeting)

As a passenger in a car for an hour without
break

Lying down to rest in the afternoon when
circumstances permit

Sitting and talking to someone
Sitting quietly after lunch without alcohol

In a car, while stopping for a few minutes in
traffic

Figure. 4- Epworth sleepiness scale*

The Epworth Sleepiness Scale, a questionnaire ¥eessing the degree of
subjective sleepiness, is usually elevated in stgapea patients (scored 0-24, with

>10 considered abnormaf).

Page 21



Review Of Literature

Diagnosis of OSA:

According to the American Academy of Sleep Medic(A\SM), the gold
standard for diagnosis is polysomnography (PSGyeoted in a sleep laboratory,
assessing airflow, oxygen saturation, respiratéfiorie and EEG patterns. Home sleep
apnea testing (HSAT) is recommended for high-riskAQpatients but not for those
with suspected CSA or comorbidities like COPD oarhdailure?’” AASM criteria

confirm OSA if AHI>5 with symptoms or AHP15 regardless of symptoms.

Diagnostic Criteriafor Obstructive Sleep Apnea (OSA) :

A diagnosis of OSA is established when eitffeiand B) or C is met:

A. At least one of the following symptoms is present:

1. The patient reports symptoms such as excessivénuageepiness, fatigue,
insomnia, or other issues that impair sleep-relgtelity of life.

2. The patient experiences awakening episodes withthteolding, gasping, or
choking.

3. A bed partner or another observer notes habituakirsm or noticeable
interruptions in breathing during the patient'segi&®

B. Sleep study findings (via Polysomnography [PSGHome Sleep Apnea Testing

[HSAT]) show:

1. Five or more predominantly obstructive respiratements per hour of sleep (in
PSG) or per hour of recording time (in HSAT). Thesents include obstructive
apneas, mixed apneas, hypopneas, or respiratany-efated arousals (RERA%).

OR

C. Sleep study (PSG or HSAT) demonstrates:
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1. Fifteen or more predominantly obstructive respimat@vents (including
obstructive and mixed apneas, hypopneas, or RER&shour of sleep (PSG)

or monitoring (HSAT), regardless of symptofds.

Levelsof Sleep studies:

Sleep testing is currently classified into levdlgamplexity.

* Level 1 is the classic in- laboratory full PSG ascdssed previously, including
measures of airflow, respiratory effort, oxygenafioelectroencephalogram,
electrooculogram, and electromyogram, to allowsleep stagind®

» Level 2 is an out- of- laboratory portable studgesgially equivalent to the in-
laboratory study (minimum of seven parametéts).

* Level 3 is an unattended portable recording meaguai least four chan nels:
heart rate, oxygen saturation, airflow, respirawifprt, but no sleep stagirf§.

* Level 4 is an unattended portable study, measwingnimum of three channels,
such as heart rate, oxygen saturation, and respjranalysis'®

Conditions in Which Evaluation for Obstructive Sleep Apnea Should Be

Considered:3*

Obesity
» Systemic hypertension
* Myocardial infarction
» Cerebrovascular accident
* Type 2 diabetes mellitus
e Pulmonary hypertension
» Polycystic ovarian syndrome
» Atrial fibrillation
» Driver involved in a sleep-related automobile crash

* Preoperative anesthesia evaluation
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Treatment for Obstructive Sleep Apnea (OSA)

Effective treatment in OSA requires a patient cettechronic disease
diagnostic approach. It not only involves manadigA , but also involves multiple
therapeutic modalities associated with managing ccbidities, sleep disorders to
optimize the therapy. The medical treatment for OSéuses on alleviating airway
obstruction and improving overall sleep quality.

1. Continuous Positive Airway Pressure (CPAP)
CPAP Therapy: CPAP remains the gold standard teyatfior moderate to severe
OSA. It involves the use of a device that providesonstant flow of air through a
mask or nasal prongs to keep the upper airway pdteing sleep. CPAP therapy

effectively reduces apneas, hypopneas, and impiigep quality?®4°

2. Bilevel Positive Airway Pressure
- Bilevel positive airway pressure provides twodevof pressure: one for
inhalation (IPAP) and a lower level for exhalati@PAP). It is typically used
for patients who cannot tolerate CPAP or have nooraplex OSA, such as
those with central apneas, hypoventilation syndsgma neuromuscular

diseases?

3. Auto-adjusting positive airway pressure(APAP)

» APAP devices automatically adjust the air presbased on real-time airflow
and airway resistance measurements. This persanafizmakes the therapy
more comfortable and may improve adherence. Datapasting non-
inferiority of APAP for initiation of CPAP therapgre limited. Patients with
comorbidities like cardiopulmonary disorders, OHGSA, CSB, COPD are

not candidates for APAP.
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4. Average Volume-Assured Pressure Support (AVAPS)

* AVAPS delivers a target tidal volume by automaticaldjusting inspiratory
pressure within set limits. This mode is useful patients with variable
respiratory effort, providing consistent ventilatiand improving comfort and
effectiveness over tinfd.

5. Mandibular Advancement Devices (MAD)

+ MADs are oral appliances designed to repositionltieer jaw and tongue,
thereby reducing upper airway obstruction. Thesecds are commonly used
for patients with mild to moderate OSA or those velne unable or unwilling

to use CPAP?

6. Nasal expiratory positive airway pressure (nEPAP
* Nasal expiratory positive airway pressure (nEPAPan alternative treatment

for obstructive sleep apnea (OSA) that deliverstpaspressure specifically
during expiration. This therapy functions by in@ieg expiratory airflow
resistance using a small valve device taped togstrils. The mechanism is
particularly effective when the upper airway (UApss-sectional area and
dilator muscle activity are at their lowest duriegpiration. By raising lung
volume, nEPAP may reduce upper airway collapsibiliirough caudal
traction on the UA. Clinical trials have shown sfgant reductions in the
apnea-hypopnea index (AHI), demonstrating the p@terfficacy of this
approach. However, tolerability and long-term caoapte with nEPAP
therapy are still being evaluated and are yet tiulhe established?

Though CPAP is the mainstay in the treatment of GiISIA limited by suboptimal

adherence, technological improvement like APAP pirasory pressure reduction
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(BPAP), heated tube humidification have somewhatrowed comfort of the patient,

but not solved overall adherence problem with CPAP.

7. Pharmacological Treatment

While Continuous Positive Airway Pressure (CPAP) remains the gold
standard for the treatment @bstructive Sleep Apnea (OSA), pharmacological
treatments are increasingly explored as adjunctsal@rnatives, particularly for
patients who cannot tolerate CPAP or are non-ca@mplwith treatment. These
pharmacological options aim to either enhance upperay patency, reduce daytime

sleepiness, or target specific mechanisms invalv€dSA pathophysiology.

« Medications for OSA: While there are no FDA-apprbwaeugs for OSA itself,
certain medications may be used to manage symptaspecially in
conjunction with other treatments.

1. Modafinil

« Purpose: Modafinil is a wakefulness-promoting agent prirhatised to treat
excessive daytime sleepiness associated with OiSdods not directly treat
the apneas but helps improve the quality of lifeadgdressing one of the most
common symptoms of OSA: excessive daytime sleepiies

« Mechanism of Action: Modafinil increases the release of neurotransrsitte
like dopamine, norepinephrine, and serotonin in bih&n, which helps in
promoting wakefulnes®.

2. Protriptyline

« Purpose: Protriptyline, a tricyclic antidepressant, hasrbee/estigated for its
potential in improving upper airway tone and redgciapneas in OSA

patients>*
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Mechanism of Action: Protriptyline works by increasing the tone of tipper
airway muscles during sleep, thus reducing ainwaliapse. It is thought to

achieve this through its anticholinergic and semetgic effect$*

3. Acetazolamide

Purpose: Acetazolamide, a carbonic anhydrase inhibitor, ieen tested as a
treatment for OSA, particularly in patients whofeufrom central sleep apnea
(CSA) or those living at high altitudés.

Mechanism of Action: Acetazolamide works by stimulating respiratorydri
increasing ventilatory response to carbon dioxate] improving oxygenation
during sleep. This drug helps prevent apneas bgasing central respiratory

drive®

4. Doxapram

Purpose: Doxapram is a respiratory stimulant that has beesstigated in the
treatment of OSA, especially in patients with CSAtleose who are non-
compliant with CPAP therapy.

Mechanism of Action: Doxapram stimulates the carotid body chemorecsptor
and enhances the respiratory response to low btmogjen levels, thus

increasing ventilation and reducing the occurresfagpneas?®

5. Solriamfetol (Sunosi)

Purpose: Solriamfetol is a novel wake-promoting agent apptb for the
treatment of excessive daytime sleepiness assdciatgh OSA and
narcolepsy.

Mechanism of Action: Solriamfetol works by inhibiting the reuptake of

norepinephrine and dopamine in the brain, promotiagefulness’
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6. Orexin Receptor Antagonists

« Purpose: Orexin receptor antagonists are an emerging @éssedications
that could potentially reduce apneas and improsepsin OSA patient?.

« Mechanism of Action: These drugs work by blocking orexin receptors,olvhi
are involved in promoting wakefulness and regutptsteep. By inhibiting
orexin signaling, these drugs may promote deepeepsland reduce the
likelihood of airway collapse during sle&h.

7. Sildenafil

« Purpose: Sildenafil, a phosphodiesterase type 5 (PDESitdri used to treat
erectile dysfunction, has also been investigatedt$opotential to treat OSA
by improving pulmonary circulation and reducingaaiy resistance’

« Mechanism of Action: Sildenafil works by relaxing smooth muscles indalo
vessels, which may reduce pulmonary hypertensichimprove blood flow,

potentially reducing OSA symptoms.

8. Surgical Interventions
Surgical Treatments: In some cases, surgery mayreogired for OSA,
particularly when conservative treatments fail loe patient has anatomical factors
contributing to airway obstruction.
* Uvulopalatopharyngoplasty (UPPP): A common surgagation that involves
removing excess tissue from the throat to wideratheay.
» Genioglossus Advancement (GA): A procedure thdttéigs the muscle at the
base of the tongue to prevent collapse during sleep
» Bariatric Surgery: In morbidly obese patients, viritpss through bariatric

surgery can significantly reduce the severity offOS
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Robotic-Assisted Surgery: Recent advances in robstirgery offer more
precise and minimally invasive procedures for ading upper airway
obstruction. Robotic-assisted sleep apnea surgemy mesult in less

postoperative pain and faster recov@ry.

9. Neurostimulation (Inspire Therapy)

Hypoglossal Nerve Stimulation: Inspire therapy ilves an implanted device
that stimulates the hypoglossal nerve during slpegyenting airway collapse
by stimulating the tongue and other muscles ofujiyger airway. This device
is primarily used for patients with moderate to esev OSA who cannot

tolerate CPAP?2

10. Telemedicine and Digital Health Innovations

Telemedicine for CPAP Compliance Monitoring: Remat@nitoring and
telemedicine technologies allow healthcare prowder track CPAP usage,
adjust settings, and offer support to patientseal time. This has been shown

to improve patient compliance and outcorfres.

11. Genetic and Personalized Medicine

Personalized Treatment Approaches: Advances in tigemesearch and
phenotyping may allow for more personalized treatinstrategies for OSA.
Genetic markers and individual risk profiles cogldide the selection of the

most effective treatment options for each pattént.
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The Apneic Event and itsimpactson CVS:

Obstructive apneas cause significant physiologid@turbances, including
intermittent hypoxia, increased sympathetic nerveystem activity, and frequent
arousals from sleep. These disturbances lead ds@ade of effects:

1. Cardiovascular Impact: During apneas, breathingresffcause reductions in
intrathoracic pressure, leading to increased releastrial natriuretic peptide
(ANP), left ventricular pressure, and compromisadfllling. This increases
both preload and afterload, raising myocardial @ydemand while reducing
oxygen supply. Sympathetic nervous system surgesglapnea and hypoxia
result in increased blood pressure (BP) and hesd, with these effects
persisting during the day in people with OSA. Induals with higher heart
rate responses to apneas are at increased ris&rdibeascular disease and
mortality 34

2. Intermittent Hypoxia and Oxidative Stress: Intetamt hypoxia during apneas
leads to increased production of reactive oxygegrigg, causing oxidative
stress. This impairs endothelial function, conttilhg to BP elevation and
promoting inflammation, atherosclerosis, and vamculamage. Oxidative
stress activates nuclear factor kappa B (- which stimulates the
production of inflammatory mediators, contributittgendothelial dysfunction
and atherosclerosté.

In summary, obstructive apneas lead to a rangamfi@vascular, metabolic,
and inflammatory disturbances, with long-term efe®n health, particularly
increasing the risk of cardiovascular disease.

OSA is a highly prevalent disorder and is over espnted in populations with

cardiovascular, cebrovascular and metabolic dis€ase of the most studied among
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the above is cardiovascular which involves systemyigertension (50% have OSA),
resistant hypertension (64% have OSA), atrial lfdgion (4.8% have OSA) assessed
by nocturnal oxygen desaturation index, cardiomylopé11% have OSA), and type

2 diabetes mellitus (58% have OSRA).

Clinical Significance and Consequences

The clinical manifestations of PH secondary to O&h vary widely, from
mild dyspnea on exertion to overt signs of righartidailure such as peripheral edema
and ascités Individuals with coexisting PH and OSA may prdseith decreased
exercise capacity, impaired functional class, arerteonal hypoxemid® It is also
well documented that the burden of nocturnal hypaa&ecorrelates with the severity
of pulmonary hypertension in these patiéit€onsequently, untreated OSA can
significantly impact morbidity and mortality, partilarly if concomitant pulmonary
hypertension remains unrecognized and unaddré&sed.

Therapeutic interventions targeting OSA may alber progression of PH and
improve clinical outcomes. Continuous Positive AdgwPressure (CPAP) therapy,
regarded as the gold-standard treatment for maglécasevere OSA, can alleviate
upper airway obstruction, reduce apnea—hypopneatgvand mitigate nocturnal
hypoxemid.

Several prospective and observational studies daweonstrated that CPAP
therapy is associated with reductions in pulmonarery pressure in subsets of
patients with OSA-related PH This improvement is likely multifactorial, invdig
the restoration of normal intrathoracic pressurb® attenuation of sympathetic
overactivity, and the improvement in overall oxyggon®® However, not all patients
with OSA demonstrate a clinically significant redan in pulmonary pressures with

CPAP alone, underscoring the complexity of conatrreardiovascular and
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pulmonary pathologies. In such scenarios, adjuactilerapies (e.g., diuretics,
supplemental oxygen, vasodilators for pulmonaryerat hypertension) may be
necessary’ Nonetheless, early identification and proper maneagye of OSA hold
promise for forestalling the progression of riglentricular strain and dysfunction,
thereby improving both quality of life and long#tesurvival’*

In patients with OSA , the prevalence of abnormaam PAP varies
considerably, from 15% to 70%.
Pulmonary hypertension
Definition

Pulmonary Hypertension (PH) is a progressive artdmi@lly life-threatening
condition characterized by elevated blood pressuthe pulmonary arteries, leading
to increased vascular resistance and right vemaricdysfunction’> The standard
definition of PH is a mean pulmonary artery pressanPAP) of> 20 mmHg at rest,

as measured by right heart catheterization (RHC).

Pulmonary Hypertension

MNormal pulmonary artery Marrow pulmonary artery

right ventricle £ clovetand Clinle

Figure.5- Effects of Pulmonary Hypertension on the Heart and L ungs™
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Classification of Pulmonary Hypertension (PH)

Pulmonary Hypertension (PH) is classified into figeoups by the World
Health Organization (WHO) based on the underlyiagse, pathophysiology, and
treatment approach.

Group 1. Pulmonary Arterial Hypertension (PAH)

Group 2: PH Dueto Left Heart Disease

Group 3: PH Dueto Lung Diseases and Hypoxia

Group 4: Chronic Thromboembolic Pulmonary Hypertension (CTEPH)

Group 5: PH Dueto Unclear or Multifactorial Causes

PH secondary to OSA falls in to group 3, which atsdude COPD, ILD and chronic
high altitude exposure. The basic pathophysiologechanism underlying PH is the

group of disorders of hypoxemia.

Mechanisms of Pulmonary Hypertension in Patients with Obstructive Sleep
Apnea:

Pulmonary hypertension (PH) is a common complicatibserved in patients
with obstructive sleep apnea (OSA) due to compledeudying mechanisms. These
mechanisms include,

Precapillary Pulmonary Hypertension

Hypoxemia

Hypercapnia

- Endothelial dysfunction or remodeling
- Changes in intrathoracic pressure
Postcapillary Pulmonary Hypertension

« Left ventricular hypertrophy and diastolic dysfuoat
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Intermittent nocturnal elevations in pulmonary grtgressure, associated with
upper airway obstruction, are well established. egalvmechanisms contribute to
these nocturnal increases in pulmonary pressuresellinclude changes in blood
gases such as intermittent hypoxemia and hyperaapherations in cardiac output,
lung volume, intrathoracic pressure, pulmonary wubsc compliance, and left
ventricular diastolic function. Over time, thesectwsnal changes can extend into the
daytime, leading to persistent pulmonary hypermgPH)’2

Daytime PH in individuals with OSA may be precagil, capillary, or
postcapillary in nature, depending partly on ca@xisconditions that may influence
PH development. Postcapillary PH, or pulmonary wsneypertension, is commonly
observed and is primarily due to elevated left bhiBling pressures. This is often the
result of left ventricular hypertrophy and diastotlysfunction, which can be driven
by both daytime systemic hypertension and the tigkt effects of OSA. Notably,
left ventricular hypertrophy may occur in OSA patge even in the absence of
daytime hypertension, likely due to repeated emsanf hypoxemia and fluctuations
in systemic blood pressure during sleep. In caseshypertrophied or noncompliant
left ventricle, elevated end-diastolic pressureseaua backward passive rise in
pulmonary venous, capillary, and pulmonary artergspures. This form of acute
postcapillary PH can be reversible if the undedy@ause, such as OSA, is effectively
managed. However, if PH persists, structural reriogleof the pulmonary
vasculature may occur, resulting in increased Jasaesistance that can become

irreversible, even after the primary cardiac cdodiis treated?
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Increased Pulmonary Vascular Resistance
*  Alveolar Simplification

* Obstructive Sleep Apnea
* Acquired Lung Disease

« Post-capillary Disease

Pulmonary Arterial Remodeling LY

* Pro-inflammatory state (IFN e il
over-activation)

* Endothelial dysfunction

* Thyroid disease

=
= Lungs
/ ™ In:.‘l r- -- .
/ g ™\

/ A £ \
oo f-‘ﬁ Ve o\
Aol R A
"I\ “1’“ / \'I t f |

) 45

Alveolar-
Capillary
Bed

= Dulm. Artery

Increased Hemodynamic Stress
+ CHD

*+ PDA and PPHN

Right Heart * Increased Pulmonary Vascular
Resistance

Left Heart

Figure.6-Pathophysiological Mechanisms Contributing to Pulmonary
Hypertension

Another important contributor to PH is alveolar bym@m, with or without
hypercapnia, both of which can lead to pulmonatgradiar vasoconstriction and an
acute rise in pulmonary vascular resistance. Timebawation of hypoxic-hypercapnic
vasoconstriction and pulmonary venous hypertensiay cause severe PH in some
patients with OSA?

Although the detailed molecular mechanisms are heyhe scope of this
discussion, it is known that the release of certagdiators can damage endothelial
cells, reduce nitric oxide availability, promotesealar smooth muscle proliferation,
and drive abnormal vascular remodeliAg.

Loss of pulmonary vascular surface area, as se@OiRD, is a key cause of
capillary PH and can significantly contribute to FHOSA patients. Several studies

indicate that COPD and reduced FEV1 are predia®RH in individuals with OSA.
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Additionally, COPD can promote PH through hypoxer@dad hypercapnia-induced
arteriolar vasoconstrictiof?.

In conclusion, the impact of OSA on the pulmonairgwdation ranges from
transient nocturnal PH, which is seen in nearlypalients, to persistent daytime PH,

right ventricular dysfunction, and eventually trevdlopment of cor pulmonal@.

Gold Standard Diagnosis of Pulmonary Hypertension

The gold standard for diagnosing Pulmonary Hypeiten (PH) in both the
United States and India is Right Heart Cathetdomat(RHC). This invasive
procedure provides direct and accurate hemodynan@asurements, essential for
confirming PH, assessing disease severity, andirguigleatment decisions. RHC is
particularly crucial because non-invasive methodshs as echocardiography,
although useful for screening, cannot provide defie hemodynamic dat®.
Right Heart Catheterization (RHC)

RHC involves inserting a catheter into a centrainvéypically the internal
jugular, subclavian, or femoral vein) and advancih@nto the right atrium, right
ventricle, and pulmonary artery. This procedurevadl for direct measurement of key
hemodynamic parameters, includiffy:

« Mean Pulmonary Arterial Pressure (mPAP) — Measures the average

pressure in the pulmonary artery, which is a primaiterion for diagnosing
PH.

« Pulmonary Artery Wedge Pressure (PAWP) — Assesses left atrial pressure,

helping differentiate pulmonary arterial hypertems{PAH) from PH due to

left heart disease.
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« Cardiac Output (CO) — Evaluates heart function and the ability to pump
blood effectively.

« Pulmonary Vascular Resistance (PVR) — Determines the resistance in
pulmonary circulation, aiding in differentiating qmapillary PH from other
forms.

Diagnostic Criteriafor Pulmonary Hypertension (PH)
To confirm a diagnosis of PH, the following hemodpgnic criteria must be met based
on RHC measurements:

1. Mean Pulmonary Arterial Pressure (mPAPJ0 mmHg at rest

o Previously, a threshold of mPAP 25 mmHg was used, but recent
updates in guidelines by the World Symposium onnualary
Hypertension (WSPH) and European Respiratory So¢ERS) have
revised the cutoff t&> 20 mmHg, recognizing that lower levels of
mMPAP can indicate early disease progression.

2. Pulmonary Artery Wedge Pressure (PAWP)5 mmHg

o This criterion helps exclude postcapillary PH, whics typically
associated with left heart disease. If PAWP is abby mmHg, PH is
likely secondary to left heart dysfunction rathleart being a primary
pulmonary vascular disorder.

3. Pulmonary Vascular Resistance (P\AR3 Wood units

o An elevated PVR suggests precapillary PH, distisiging it from
conditions like heart failure with preserved ejentifraction (HFpEF)

where PVR may be lowér.
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« In the USA, RHC is widely accessible in specializzehters, particularly
tertiary care hospitals and pulmonary hypertensiemers of excellence. The
American College of Cardiology (ACC) and Americaredit Association
(AHA) emphasize its role in confirming PH and guiglitherapy, especially
for pulmonary arterial hypertension (PAH), chronithromboembolic
pulmonary hypertension (CTEPH), and other PH sudstfh

« In India, while major metropolitan hospitals anddiac centers offer RHC,
accessibility in rural and secondary care centensains limited. The Indian
Chest Society (ICS) and Cardiology Society of In@&I]) recommend RHC
for definitive diagnosis, particularly in cases wwheechocardiographic
findings suggest PH. However, due to resource cains$ and patient
affordability issues, reliance on echocardiograpbByan initial screening tool
is more common. In high-burden centers, such aslidia Institute of
Medical Sciences (AIIMS) and major cardiac hospitdRHC is routinely
performed for accurate diagnosis and diseasef&taitn.”®
Right Heart Catheterization (RHC) remains the gsitlthdard for diagnosing

Pulmonary Hypertension in both the USA and Indi@rovides critical hemodynamic
data necessary to confirm PH, classify its typel gmide treatment decisions. While
the diagnostic criteria remain consistent acrossh becountries, challenges in
accessibility and affordability impact its widespdeuse in India. As awareness and
infrastructure improve, efforts are being madertbasmce access to RHC for better PH

diagnosis and management.
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Role of Echocardiography (ECHO) in Pulmonary Hypertension (PH)

Echocardiography, particularly transthoracic echdicgraphy (TTE), plays a
crucial role as a non-invasive screening tool foe detection and evaluation of
pulmonary hypertension (PH). TTE provides valuabgghts into the structural and
functional changes in the heart that are assocuitdddPH. Several echocardiographic
parameters help in identifying and assessing theribg of the conditiorf?

One of the key findings in PH is elevated tricuspadjurgitation velocity
(TRV). A TRV greater than 2.8 m/s raises suspiabfPH, while a value exceeding
3.4 m/s strongly suggests the presence of signifipalmonary hypertension. The
increased TRV indicates elevated pulmonary arteegures, which is a hallmark of
the disease.

Another important echocardiographic feature of BHight ventricular (RV)
dilation and dysfunction. In PH, the right venteickxperiences increased pressure
overload due to resistance in the pulmonary citeutaleading to its enlargement and
impaired contractile function. This results in redd right ventricular ejection
fraction and progressive right heart failure it leftreated!

In addition, right atrial (RA) enlargement is conmmho observed in PH.
Chronic pressure overload in the right heart chambauses the right atrium to dilate,
which can further contribute to symptoms such ahtriheart failure and atrial
arrhythmias.

A distinctive echocardiographic sign of PH is thattening or paradoxical
motion of the interventricular septum. Normallye timterventricular septum moves in
a coordinated manner with the contraction of tiieaded right ventricle§? However,
in PH, the increased right ventricular pressureseathe septum to shift abnormally,

leading to a "D-shaped" left ventricle on imaging.
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Another structural change associated with PH imareased pulmonary artery
(PA) diameter. A PA diameter greater than 25 mnecmocardiography is suggestive
of pulmonary hypertension. This enlargement ocdus to the persistent pressure
overload in the pulmonary circulation.

A shortened pulmonary acceleration time (PAT) isoala significant
echocardiographic marker of PH. PAT refers to thee ttaken for blood flow to reach
peak velocity in the pulmonary artery. A PAT ofdakan 100 milliseconds suggests
the presence of PH, as increased pulmonary vascekistance shortens the
acceleration timé&?

Finally, TTE enables the estimation of pulmonaryeyr systolic pressure
(PASP) using the Bernoulli equation. PASP is calted from the tricuspid
regurgitant jet velocity and provides an indireceasure of pulmonary arterial
pressure. An elevated PASP is indicative of in@dasght ventricular afterload, a
defining feature of PH?

In summary, echocardiography, particularly transthiz echocardiography, is
an essential diagnostic tool in the assessmentlafgnary hypertension. It allows for
the detection of key abnormalities, including etedaTRYV, right ventricular and right
atrial enlargement, interventricular septal motitvanges, increased pulmonary artery
diameter, and shortened pulmonary acceleration. tithese parameters collectively
help in the early identification and monitoring PH, guiding further diagnostic and

therapeutic interventions.
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Comparison of Echocardiography (ECHO) and Right Heart Catheterization

(RHC) in Diagnosing PH

Feature

Echocardiography

(ECHO)

Right Heart Catheterization

(RHC)

Invasiveness

Non-invasive

Invasive (catheter ins@rt

Accuracy

Moderate (estimates

pressure)

Gold standard (direct pressut

measurement)

Screening Use

Yes (ideal for initial

No (used for confirmation)

screening)
No (false
Diagnosis
positives/negatives Yes (definitive diagnosis)
Confirmation
possible)
Potential complications
Risk to Patient Low risk (infection, bleeding,
arrhythmias)
Provides hemodynamic
Use in Prognosis Limited

parameters for prognosis

Evidence Gaps and Rationalefor the Current Study

e

Despite mounting evidence underscoring the intatieship between OSA

and PH, significant knowledge gaps persist. Forébe accurate determination of

PH prevalence within the OSA population has beemptcated by variations in

diagnostic modalitie®> Notably, right heart catheterization (RHC) remaihs gold

standard for diagnosing pulmonary hypertension,itsuinvasive nature often limits

its use to more severe or symptomatic chsédany studies have utilized
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echocardiography as a noninvasive screening tdalgwhis approach is feasible and
widely available, it may underestimate or overeatampulmonary artery pressures,
depending on acoustic windows and operator experiss such, estimates of PH
prevalence in OSA populations often vary, rangimgrf as low as 12% in mild OSA
cohorts to as high as 50% when comorbidities a@egnt®’

Second, although numerous risk factors have beesitepe—such as age,
obesity, coexisting cardiopulmonary disease, anérg of nocturnal desaturation—
there is still limited consensus on which cliniaal polysomnographic parameters
most robustly predict the presence of PH in OSAbedter understanding of these
correlates is imperative for the development ofeted screening algorithms and the
optimization of treatment pathways.Furthermore, genetic predisposition and the
presence of subclinical vascular remodeling may plaole in predisposing certain
OSA patients to pulmonary vascular dysfunction, hhghting the need for a
comprehensive evaluation that includes hemodynamitammatory, and possibly
molecular biomarker®

Third, the longitudinal course of OSA-related PHmadns incompletely
characterize® It remains unclear how frequently mild elevationpulmonary artery
pressure in OSA patients progress to clinicallyngigant PH over time, or how
interventions besides CPAP (e.g., weight reductiadyanced positive airway
pressure modes, pulmonary vasodilators) may maeldiaease trajectoriéLarge-
scale, prospective, observational studies and raimbol controlled trials focusing
specifically on the OSA—-PH interface are relativetarce compared to the extensive
body of research linking OSA to systemic cardiouacconditiond,

Against this backdrop, the impetus for the curretuidy is unequivocal. By

systematically assessing the prevalence of pulnyohgpertension in a cohort of
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patients with sleep apnea syndrome and examiniagclinical, demographic, and
polysomnographic variables potentially associataeth WwPH, we seek to address
critical gaps in the existing literatuf2 A more refined understanding of these factors
will be pivotal for risk stratification, early inteention, and tailored management
strategies that can potentially avert the severseguences of advanced pulmonary
vascular disease.

Given the potentially severe implications of pulrapn hypertension on
morbidity and mortality, a thorough understandirigte prevalence and associated
risk factors in patients with OSA is of paramoumipbrtanc€! The current body of
evidence indicates that while CPAP therapy andraifterventions can mitigate or
reverse some of the pathophysiological derangenes#sciated with OSA, timely
diagnosis is often hampered by under-recognitiorcarfliovascular complications,
particularly PH. An observational study design allows for the action of real-world
clinical data, reflecting a broader spectrum ofigras than would be possible in a
controlled trial with stringent eligibility critesi. This will enhance the generalizability
of findings and provide a more robust framework Bubsequent interventional
studies®

In conclusion, the relationship between sleep agyedrome and pulmonary
hypertension presents a compelling arena of cliniceestigation. Although OSA is
well known for its association with systemic candiecular complications, emerging
data underscore its capacity to drive pulmonarycwias pathology and right
ventricular dysfunctio® Understanding the prevalence of PH in this setting
alongside the correlates that predispose certdierpa to vascular compromise, is a
vital step in refining diagnostic, preventive, atiterapeutic paradign¥é. This

observational study seeks to meaningfully enricke therature by offering a
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comprehensive evaluation of the prevalence of pobnp hypertension in patients
with sleep apnea syndromes well as identifying key clinical and polysomnaygjnic

parameters that may forecast its developriebitimately, the insights gleaned from
this work may help to curb the progression of rigigart involvement, reduce

morbidity, and improve long-term outcomes in thagigent population.

The literature consistently indicates that pulmgriaypertension is a common
complication among patients with sleep apnea syndrowith prevalence rates
generally ranging between 25% and 40%. Studiesergevon the observation that
the severity of sleep apnea—as reflected by mesich as the apnea—hypopnea
index and oxygen desaturation—along with factoke lobesity and coexisting
cardiovascular conditions, play a pivotal role e tdevelopment of pulmonary
hypertension. However, variations in study desigample size, and diagnostic
methods highlight the need for standardized apwemdn future research. Overall,
these findings underscore the importance of earbteadion and proactive
management of sleep apnea to potentially reducerigkeof pulmonary vascular

complications.
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MATERIALSAND METHODS

Sour ce of Data

This study was conducted at KLES Dr. Prabhakar Kidospital, where
patients admitted over the study period servedth@slata source. All individuals who
underwent a sleep study (polysomnography) during timeframe were included,
provided they met the inclusion criteria.
Study Design

This was a hospital-based observational study ezhrout over the course of
one year.
Study Period

The study was conducted for a duration of one frean April 2023 to March
2024.
Study Protocol

Participants were observed in an unmodified clingetting as part of an
observational study design.
Sample Size

A universal sampling technique was employed. Theeeted sample size was
determined using the study conducted by Nair SQAR, Azeez AK, Nair S. and
average number of polysomnography studies beingduaiad in K.L.E's Dr.
Prabhakar Kore Hospital, Belagavi per
annum.

Considering p to be the prevalence of diseasel@0=p. d is the error precision
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where:
e p = 56% (prevalence of disease/complications)
e ¢g=100—p=44%

e d = 13% (error precision)

Thus, the sample size calculation follows:
4 % 56 x 44

n 132

9856
n—

—— =583~=5
= 169 58.3 ~ 58

Based on this, the calculated sample size was =ippately 58.
Data Processing and Analysis/ Statistical Analysis

All statistical analyses were performed using SB&8fBvare (version 26) and
Microsoft Excel. Categorical variables were presdrdas the number and percentage
of patients, and they were compared across grosipg Pearson’s chi-square test for
independence of attributes. Continuous variable® w&pressed as mean * standard
deviation and compared across groups using an emdigmt sample t-test or Mann-
Whitney U-test, as appropriate. Pre-test and msttd¢omparisons were done using
paired sample t-test or Wilcoxon signed rank t€s. diagrams and bar diagrams
were used for graphical representation. A p-vakss Ithan 0.05 was considered
significant for all statistical tests.
Inclusion Criteria
All age groups.
Patients who underwent a sleep study (polysomnbgiap
Exclusion Criteria
No specific exclusions were listed apart from thoee meeting the above criteria or

refusing consent.

Page 46



Materialsand Me&thods

Data Collection Procedure

After the approval of the Institutional Ethics Coitbee the study was
commenced at KLE'S Dr. Prabhakar Kore Charitablspital and Medical Research
Center Belagavi . All the suspected patients odslapnea syndrome were screened
and those who fulfilled the inclusion and exclusioiiteria were recruited for the
study. Informed consent was taken from all theigigants enrolled for the study by
the principal investigator after explaining abdut study Patients clinically suspected
of having Sleep Apnea Syndrome (SAS) or other stheprdered breathing were
evaluated through a structured protocol that begiém detailed clinical history and
physical examination. Screening tools such as thedifiéd Mallampati Score,
Epworth Sleepiness Scale (ESS), and STOP-BANG igumestire were administered
to assess the risk and symptom severity associatthd sleep-related breathing
disorders. All patients underwent overnight polysographic evaluation in a level 2
sleep laboratory using the Philips Respironics AIRDX system, adhering to the
guidelines set by the American Academy of Sleep iMed (AASM). Parameters
recorded included electroencephalography (EEG),ctreleculography (EOG),
electromyography (EMG), electrocardiography (EC&flow through nasal cannula
and thermistor, thoracoabdominal respiratory effgtilse oximetry, and body
position. The diagnosis and severity of obstructsleep apnea (OSA) were
established based on the Apnea-Hypopnea Index (A¥th OSA defined as AHF5
events/hour with predominant obstructive eventse8ty was stratified as mild (AHI
5-14), moderate (AHI 15-29), and severe (A30).

Following the diagnosis, all patients with sleemes syndromes underwent
transthoracic two-dimensional echocardiography T2E) using the Philips EPIQ

7C ultrasound machine fitted with an X5-1 matransducer. Imaging was performed
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in multiple standard views to optimize data acdiasi for primary analysis. Right
atrial pressure (RAP) was estimated based on tlmmeter and inspiratory
collapsibility of the inferior vena cava (IVC): RARas considered 5 mmHg if the
IVC was <20 mm with >50% collapsibility, 10 mmHg #20 mm with <50%
collapsibility, 15 mmHg if >20 mm with >50% collapgity, and 20 mmHg if >20
mm with <50% collapsibility. Pulmonary artery syatopressure (PASP) was
calculated using the simplified Bernoulli equati®ASP = 4 x [TR jet velocity]? +
RAP), where the peak tricuspid regurgitant (TR) yetocity was obtained using
continuous-wave Doppler at end-expiration. The Deppenvelope was graded
qualitatively as excellent, good, fair, or poor,séd on signal clarity and
completeness. The severity of tricuspid regurgitatvas assessed semi-quantitatively
on a scale of 0 to 3. Doppler-derived cardiac au{@) was calculated using the
velocity time integral (VTI) through the left verular outflow tract (LVOT), the
LVOT diameter, and heart rate using the formula: €@TI x [(LVOT diameter)? x
0.785] x HR. Based on Doppler-estimated PASP, poanp hypertension was

classified as mild (30—45 mmHg), moderate (46—63Hgjnand severe (>65 mmHg).
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RESULTS

This study presents a detailed analysis of the rghtSenal data on the
prevalence and correlates of pulmonary hypertensiopatients with sleep apnea
syndrome. By examining demographic factors, clinateracteristics, and associated
comorbidities, the analysis aims to uncover pastdhat may explain the increased
cardiovascular risks seen in these patients. Spatténtion is given to the severity of
sleep apnea and its potential mechanistic linkslevated pulmonary pressures.
Notably, no patients in this cohort met the crdefor central sleep apnea (CSA);
hence, all individuals in the study were diagnosdth obstructive sleep apnea
(OSA).The synthesis of these findings not only dfi@s the burden of pulmonary
hypertension in this population but also identifiesy predictors that could inform
early diagnosis and targeted interventions. Ultatyatthis study sets the foundation
for a deeper understanding of how sleep-disordeledathing may drive
cardiovascular complications, paving the way fopiaved patient management and

future research directions.
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Table 1: Baseline Characteristics and Comorbiditieby OSA Severity

Variable . _ Moderate OSA Severe OSA
Mild OSA (n=12) (n=18 (n=40

Age (years) 53.92+21.2 53.0+12.57 52.82 +15.2
Height (cm) 159.92 + 14.96 164.78 + 7.66 163.5599.
Weight (Kg) 77.46 + 20.47 86.27 + 10.47 93.72 +156.
BMI (kg/m?) 29.98 + 6.27 31.95+5.01 35.14 +6.09
Neck Circumference

38.92+1.44 40.5+2.23 41.28 + 3.69
(cm)
Apnea-Hypopnea

9.49+27 2253 +5.32 56.84 + 15.73

Index (AHI)
Nocturnal Hypoxemia

82.58 + 15.19 80.67 £11.83 71.03 £ 7.57
(min SpQ) (%)
Pulse Rate 88.33+11.05 88.0+2.74 89.12+9.6
SpQ (%) 93.5+6.14 93.0+4.97 92.02 +7.64
HTN 6 (50.0%) 11 (61.1%) 26 (65.0%)
T2DM 6 (50.0%) 8 (44.4%) 16 (40.0%)
COPD 1 (8.3%) 1 (5.6%) 4 (10.0%)
IHD 1 (8.3%) 3 (16.7%) 5 (12.5%)
HYPOTHYROIDISM 2 (16.7%) 4 (22.2%) 5 (12.5%)
BRONCHIAL

0 (0.0%) 0 (0.0%) 1 (2.5%)

ASTHMA
CKD 2 (16.7%) 0 (0.0%) 0 (0.0%)
OCD 0 (0.0%) 0 (0.0%) 1 (2.5%)
Alcoholic 0 0 1(1.4)
Smoker 2 (2.9%) 3 (4.3%) 3 (4.3%)
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Among all patients who underwent sleep study, altaf 70 patients
diagnosed with obstructive sleep apnea (OSA) werkeided in the study. These were
stratified into three groups based on OSA sevekitjd OSA (n=12), Moderate OSA
(n=18), and Severe OSA (n=40). The mean age ofstdy population was
comparable across all severity groups, with vabfeés3.92 + 21.2 years in mild, 53.0
+ 12.57 years in moderate, and 52.82 + 15.21 yeasevere OSA, indicating no
significant age-related difference among groupstiied based on severity of OSA.

Anthropometric measurements showed a progressoredse in weight and
BMI with worsening OSA severity. The mean BMI wa8.2B8 + 6.27 kg/m?2 in the
mild group, 31.95 £ 5.01 kg/m2 in the moderate graand 35.14 + 6.09 kg/m2 in the
severe group. Similarly, neck circumference wahéigamong patients with severe
OSA (41.28 = 3.69 cm) compared to those with misiAQ38.92 + 1.44 cm).

The apnea-hypopnea index (AHI), a direct measu@3A severity, showed a
clear gradient, increasing from 9.49 + 2.7 in milbes to 22.53 + 5.32 in moderate
and 56.84 + 15.73 in severe OSA. In parallel, noau hypoxemia was more
profound in patients with severe disease, withapdn SpQ of 82.58 + 15.19% in
mild to 71.03 + 7.57% in severe cases.

Vital parameters including pulse rate and daytinp®©.Sremained relatively
stable across groups. The mean pulse rate hovesadda88—-89 bpm, while daytime
SpQ ranged from 92.02% to 93.5%.

Regarding comorbidities, hypertension (HTN) was iti@st common, with a
higher prevalence in the severe group (65%) thamild (50%) and moderate
(61.1%) groups. The frequency of type 2 diabeteditoe (T2DM), COPD, and
ischemic heart disease (IBivas also slightly elevated in patients with mosgese

OSA. Notably, hypothyroidism was present in 12.5292 of patients across all
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severities. Less frequent comorbidities includednbhial asthma, chronic kidney

disease (CKD), and obsessive-compulsive disord€D(O

In terms of lifestyle habits, smoking was reporieé small subset across all groups
(ranging from 2.9% to 4.3%), while alcohol consuimptwas documented in only

one patient with severe OSA. A majority of patiemggorted no substance use.

Table 2 : Prevalence of pulmonary hypertension witlSeverity of OSA

Degree of pulmonary hypertension

Normal Mild Moderate Severe

N % N % N % N %

Mild 10 | 14.29%| 2 286% | 0 |0.00% O |0.00%

Severity

Moderate| 14 | 20.00%, 1 143% | 2 |2.86%| 1 |1.43%
of OSA

Severe | 25 |35.71%| 7 |10.00%| 5 |7.14%| 3 |4.29%
P value 0.000

Figure.7- Prevalence of pulmonary hypertension witfSevere of OSA

Prevalence of pulmonary hypertension with Severe @dSA
40.00%
35.71%
35.00%
S 30.00%
2 25.00%
= 20.00%
A 20.00%
14.29%
& 15.00% °
= 10.00%
N 10.00% 7.14%
4.29%
5.00% 2-85% 43% 2.86% 1.43%
0.00%
Normal Mild Moderate Severe
Degree of pulmonary hypertension
Severe of OSA Mil Severe of OS/Moderatt Severe of OS/sevele
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The overall prevalence of pulmonary hypertension (PH)n individuals

with obstructive sleep apnea (OSA) is approximately30%. This suggests a
significant relationship between OSA severity attl Bs indicated by the P-value of
0.000, which confirms statistical significance. Ttable illustrates the relationship
between the severity of obstructive sleep apneaAj@8d the degree of pulmonary
hypertension (PH). As the severity of OSA increasies prevalence of moderate to
severe pulmonary hypertension also appears to Aseng individuals with mild

OSA, the majority (14.29%) have normal pulmonargssure, while only a small
fraction exhibit mild PH. In contrast, those witkvere OSA show a significant
portion (35.71%) with normal pulmonary pressuret, duarger proportion (10.00%)
present with mild PH, and notable percentages mawderate (7.14%) and severe
(4.29%) PH. The P-value of 0.000 indicates a siedilty significant association

between the severity of OSA and the degree of puémohypertension, suggesting

that more severe OSA may contribute to greateidenfepulmonary hypertension.

Likelihood Ratio Tests

Model Fitting Criteria Likelihood Ratio Tests

-2 Log Likelihood of Reduced
Effect Model Chi-Square df Sig.

Intercept 90.255 65.075 3 .000

Parameter Estimates

Degree of pulmonary B  |Std. Errof Wald df Sig.
hypertension

Mild Intercept -1.589 347 20.976 1 .000

Moderate Intercept -1.946 404 23.193 1 .000

Severe Intercept -2.506 .520 23.215 1 .000

a. The reference category is: Normal.
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To further assess the association between obsteusieep apnea (OSA)
severity and pulmonary hypertension (PH), a muitiia logistic regression model
was employed. The Likelihood Ratio Test was corellitd compare the fit of the full
model (including predictors) to a reduced modehtaming only the intercept).

The analysis revealed a Chi-square value of 65/#53 degrees of freedom
and a P-value < 0.001, indicating that the inclasad PH severity significantly
improves the model’s ability to predict OSA severgategories. This statistically
significant result confirms that PH contributes megfully to differentiating
between mild, moderate, and severe forms of OSA.

The model’'s robustness is further supported byréukiction in the -2 log-
likelihood statistic (from 90.255 in the reduceddabto a significantly lower value in

the full model), suggesting a better fit when Pkhiduded as a predictor variable.

Table 3: Prevalence of pulmonary hypertension (PH@among Normal (BMI)

individuals with obstructive sleep apnea (OSA)

BMI < 24.9 n=4 Normal PH| Mild PH |Moderate PH | Severe PH

Mild OSA 2(50%) 1 1 - -

Moderate OSA - - - -

Severe OSA 2 (50%) 1 1 - -

P Value 0.001

The table presents the prevalence of pulmonary rhgmsion (PH) among
individuals with a normal BMI (BMI < 24.9) who havebstructive sleep apnea
(OSA). The data is categorized by OSA severity dmmhoderate, and severe) and the

corresponding PH classification (normal, mild, made, or severe). Among
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individuals with mild OSA, 50% (1 out of 2) had nwal PH, while the other 50% (1
out of 2) had mild PH. Similarly, among individualth severe OSA, 50% had
normal PH, and the remaining 50% had mild PH. Nsesaf moderate or severe PH
were observed in either group, and no individuath woderate OSA were recorded
in the dataset. The statistically significant pesal (0.001) suggests a strong
association between OSA severity and PH prevalémdedividuals with normal

BMI.

Table 4: Prevalence of pulmonary hypertension (PH)among overweight

individuals with obstructive sleep apnea (OSA)

Overweight n=15 | Normal (PH)| Mild (PH) | Moderate (PH) | Severe (PH)

Mild (OSA) | 5(33.33) 5 - - -

Moderate (OSA) 5 (33.33) 5 - - -

Severe (OSA) | 5(33.33) 4 1 - -
P Value 0.000

The table presents the prevalence of pulmonary rhgmsion (PH) among
overweight individuals with varying degrees of obstive sleep apnea (OSA).
Among the 15 overweight individuals, with 33.33%tdbuted across mild, moderate,
and severe OSA groups (i.e., 5 patients in eachpdrdn both the mild and moderate
OSA categories, all individuals (5 each) had norrR& levels, indicating no
progression to higher PH severity. However, amamtjviduals with severe OSA, 4
had normal PH, while 1 case exhibited mild PH, withcases of moderate or severe
PH recorded. Though only one among severe OSA eatilmild PH, still the P-
value was significant. The highly significant p-aweal (0.000) suggests a strong

association between OSA severity and PH prevalenceerweight individuals.
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Table 5: Prevalence of pulmonary hypertension (PH)@among Obese Class |

individuals with obstructive sleep apnea (OSA)

Obese Class | n=23 Normal (PH) Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) 2(8.7) 2 0 0 0
Moderate (OSA) 8 (34.8) 6 0 1 1
Severe (OSA) 13 (56.5 8 2 2 1
P Value 0.028

The table presents the prevalence of pulmonary rigmson (PH) among
individuals classified as Obese Class | with olidive sleep apnea (OSA) of varying
severity. Among those with mild OSA (n=2, 8.7%),led normal PH, with no cases
of mild, moderate, or severe PH observed. In thderaie OSA group (n=8, 34.8%),
six individuals had normal PH, while one case eaah observed in the moderate and
severe PH categories. The prevalence of PH wases$igh the severe OSA group
(n=13, 56.5%), where eight individuals had norm#l, Bvo had mild PH, two had
moderate PH, and one had severe PH. The p-val@e0@28 indicates a statistically
significant association between the severity of O&#d the prevalence of PH,
suggesting that worsening OSA severity is corrdlatgh an increased likelihood of

developing PH.
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Table 6: Prevalence of pulmonary hypertension (PHamong Obese Class I

individuals with obstructive sleep apnea (OSA)

Obese Class n=18 | Normal (PH) Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) | 2(11.1) 0 2 0 0
Moderate (OSA) 3 (16.7) 1 1 1 0
Severe (OSA) | 13(72.2) 7 3 1 2
P value 0.007

The prevalence of pulmonary hypertension (PH) am@igpese Class Il

individuals with obstructive sleep apnea (OSA) skow significant association

(p = 0.007) between OSA severity and PH severityioAg individuals with mild

OSA, only 11.1% (2 out of 18) had PH, both casesdomild. In contrast, those with

moderate OSA (16.7%), with PH cases distributedsscnormal one , mild one , and

moderate one severity levels. Notably, individuaith Class Il obesity exhibited the

highest prevalence of severe OSA (72.2%), with lastuntial portion experiencing

moderate one to severe 2 PH. The trend suggestsintr@asing OSA severity

correlates with a higher likelihood and greateresity of PH, emphasizing the need

for early intervention in OSA management to miteggBH risk.
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Table 7: Prevalence of pulmonary hypertension (PHamong Obese Class llI

individuals with obstructive sleep apnea (OSA)

Obese Class n=9 | Normal (PH)| Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) 1(11.1) 1 0 0 0
Moderate (OSA) 1 (11.1) 1 0 0 0
Severe (OSA) | 7 (77.8) 4 1 2 0
P Value 0.000

The table presents the prevalence of pulmonary rigmson (PH) among

Class Ill obese individuals with obstructive slegpnea (OSA). Among the nine

individuals studied among this group , the majo(ity.8%) had severe OSA, while

11.1% had mild and another 11.1% had moderate O3w. distribution of PH

severity indicates that individuals with mild andoderate OSA exclusively had

normal PH, whereas those with severe OSA exhibragting degrees of PH, with

57.1% having normal PH, 14.3% having mild PH, aB8db% having moderate PH.

Notably, no cases of severe PH were observed. Thalue of 0.000 suggests a

statistically significant association between OSAvesity and PH prevalence,

highlighting that severe OSA is more likely to loekeéd with PH compared to milder

forms.
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Table 8: Prevalence of pulmonary hypertension (PH)among COPD

comorbidities individuals with obstructive sleep amea (OSA)

COPD n=6 Normal (PH) | Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) | 1 (16.7%) 0 1 0 0
Moderate (OSA) 1 (16.7%) 0 0 0 1
Severe (OSA) | 4 (66.7%) 0 3 0 1
P Value 0.771

The table presents the prevalence of pulmonary rigmson (PH) among
individuals with chronic obstructive pulmonary dise (COPD) who also have
obstructive sleep apnea (OSA). Among the six CORfepts, 16.7% (1 patient) with
mild OSA had mild PH, while no cases of moderatesevere PH were observed.
Similarly, 16.7% (1 patient) with moderate OSA éited severe PH, with no cases
of mild or moderate PH. In contrast, 66.7% (4 pdatehad severe OSA, with 3 cases
of mild PH and 1 case of severe PH, but no modéteteases. The p-value of 0.771
suggests no statistically significant associaticgtween OSA severity and PH

prevalence in COPD patients.
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Table 9: Prevalence of pulmonary hypertension (PHamong HTN comorbidities

individuals with obstructive sleep apnea (OSA)

HTN n=43 Normal (PH) | Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) 6 (14.0%) 5 1 0 0
Moderate (OSA) 11 (25.6%) 8 1 2 0
Severe (OSA) | 26 (60.5%) 13 6 5 2
P Value 0.000

The table presents the prevalence of pulmonary rigmson (PH) among
individuals with hypertension (HTN) who also haugstuctive sleep apnea (OSA) at
varying severity levels. Among the 43 hypertensihaividuals, PH is observed with
increasing severity as OSA worsens. In the mild Ogaup (n=6, 14.0%), five
individuals had normal PH, while one had mild PHthwno cases of moderate or
severe PH. In the moderate OSA group (n=11, 25.6#Mt had normal PH, one had
mild PH, and two had moderate PH, with no sevesegaln the severe OSA group
(n=26, 60.5%), PH prevalence was notably higherhd® normal PH, six had mild
PH, five had moderate PH, and two had severe Pld. highly significant p-value
(0.000) indicates a strong association betweeneasing OSA severity and the

presence of PH among hypertensive individuals.
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Table 10: Prevalence of pulmonary hypertension (PHYmong IHD comorbidities

individuals with obstructive sleep apnea (OSA)

IHD n=9 Normal (PH) | Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) 1(11.1) 1 0 0 0
Moderate (OSA) 3(33.3) 2 0 1 0
Severe (OSA) 5 (55.6) 4 1 0 0
P Value 0.013

The table presents the prevalence of pulmonary rigmson (PH) among

individuals with ischemic heart disease (IHD) whsoahave obstructive sleep apnea

(OSA) at varying severity levels. Among the nindividuals with IHD, 11.1% had

mild OSA, 33.3% had moderate OSA, and 55.6% hadree®SA. The distribution of

PH severity indicates that most individuals (7 a@fit9) had normal pulmonary

pressure, with only one case of mild PH observethénsevere OSA group and one

case of moderate PH in the moderate OSA group.bNgtao cases of severe PH

were recorded. The significant P-value (0.013) sstgga strong association between

increasing OSA severity and the presence of PH gmadividuals with IHD,

highlighting the potential impact of sleep apneapaimonary vascular health in this

population.
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Table 11: Prevalence of pulmonary hypertension (PHamong Hypothyroidism

comorbidities individuals with obstructive sleep amea (OSA)

Hypothyroidism | n=11 | Normal (PH)| Mild (PH) | Moderate (PH) | Severe (PH)
Mild (OSA) | 2 (18.2) 2 0 0 0
Moderate (OSA)| 4 (36.4) 1 1 2 0
Severe (OSA) | 5(45.5) 4 0 1 0
P Value 0.111

The table presents the prevalence of pulmonary rigmson (PH) among
individuals with hypothyroidism and obstructive egpeapnea (OSA). Among the 11
individuals with hypothyroidism, 18.2% (2 individsa had mild OSA, 36.4% (4
individuals) had moderate OSA, and 45.5% (5 indigid) had severe OSA. In the
mild OSA group, both individuals had normal PH,wito cases of mild, moderate, or
severe PH. In the moderate OSA group, one indiVidad normal PH, one had mild
PH, and two had moderate PH, with no cases of e&®r In the severe OSA group,
four individuals had normal PH, while one had madielPH, with no cases of mild or
severe PH. The p-value of 0.111 suggests thatsbecation between OSA severity

and PH among individuals with hypothyroidism is statistically significant.
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Table 12: Prevalence of pulmonary hypertension (PH)among T2DM

comorbidities individuals with obstructive sleep amea (OSA)

T2DM n=30 | Normal (PH) | Mild (PH) | Moderate (PH) | Sever (PH)
Mild (OSA) 6 (20.0) 5 1 0 0
Moderate (OSA) 8 (26.7) 6 1 0 1
Severe (OSA) | 16 (53.3) 7 3 4 2
P Value 0.005

The table presents the prevalence of pulmonary rhgm&on (PH) among
individuals with type 2 diabetes mellitus (T2DM)daobstructive sleep apnea (OSA).
The severity of OSA is categorized into mild, mader and severe, with
corresponding PH classifications of normal, mildpderate, and severe. Among
individuals with mild OSA (n=6), 83.3% (5) had nahPH, while only 16.7% (1)
had mild PH. In those with moderate OSA (n=8), 78) had normal PH, while
12.5% (1) had mild PH and another 12.5% (1) hadereeWH. However, among
individuals with severe OSA (n=16), the prevaleat®H increased, with only 43.8%
(7) having normal PH, while 18.8% (3) had mild 3% (4) had moderate PH, and
12.5% (2) had severe PH. The statistically sigarficp-value (0.005) suggests a
strong association between increasing OSA sevarity higher prevalence of PH in

individuals with T2DM.
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Table 13: Prevalence of Nocturnal Hypoxemia withieity of OSA

Nocturnal Hypoxemia Mild OSA Moderate OSA Severe OSA

(min Sp0s) (n=12) (n=18) (n=40)

Mean = SD 82.58 +15.19 80.67 +11.83 71.03 + 7.5/

The table demonstrates that as the severity of @&Aeases, nocturnal
hypoxemia (min Sp& worsens. Severe OSA patients exhibit the lowestgen
saturation during sleep. The p-value (p < 0.00¥)fioms a statistically significant

association between the severity of OSA and noatwxygen desaturation.

Table 14: Prevenance of pulmonary hypertension andeverity of OSA in

nocturnal hypoxemia

Degree of pulmonary hypertension

Normal Mild Moderate Severe

Mean | SD| Mean SD Meah SD | Mean| SD

Nocturnal hypoxemia|
77 11 76 11 74 8 62 11
min SpO2

P value 0.000, Correlation- 0.788
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Figure.8- Nocturnal hypoxemia to correlated with pdmonary hypertensio

Nocturnal hypoxemia to correlated with pulmonary
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The table demonstrates that as pulmonary hypederscomes more severe,

patients experience greater nocturnal hypoxemiagvagenced by lower minimum

SpQ levels. In individuals with normal or mild pulmayahypertension, the mean

minimum SpQ values are relatively high (77% and 76% respelgtiweith standard

deviations of 11 in both groups). However, as tbedition progresses to moderate
pulmonary hypertension, the mean Sm@clines slightly to 74% (SD = 8), and in
cases of severe pulmonary hypertension, therensmked reduction to a mean of
62% (SD = 11). The statistically significant p valaf 0.000 and a strong negative

correlation coefficient of -0.788 underscore a mibinverse relationship: as the

degree of pulmonary hypertension increases, theriggvof nocturnal oxygen

desaturation also increases.
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Table 15: Comparison of Nocturnal Hypoxemia (min S@:) and Pulmonary

Artery Pressure Across Degrees of Pulmonary Hypertesion

Degree of
Normal | Mean| SD | Median| Min Max Test p-
pulmonary
Statistic| Value
hypertension Nocturnal hypoxemia min SpO2
Normal 49 76.7§ 11.42 77 a7 97
Mild 10 759 | 11.37 74 55 94
Moderate 7 73.71 8.34 70 61 85| 2.31 | 0.084
Severe 4 61.7% 10.5¢ 66.5 46 68
Total 70 75.49 11.44 75 46 97
PA pressure
Normal 49 76.79 11.42 27 22 31
Mild 10 75.9 11.37 40 35 42
Moderate 7 73.71 8.34 55 50 60 | 599.70¢ | <0.001
Severe 4 61.7% 10.59 70 70 70
Total 70 75.49 11.44 28 22 70

Note: * One way ANOVA test statistics value, # KkakWali Test Statistic Value

The table summarizes data for 70 patients grouggauimonary hypertension

severity (Normal, Mild, Moderate, and Severe) awdnpares two parameters: the

lowest nocturnal oxygen saturation (min Sp@nd pulmonary artery (PA) pressure.

For nocturnal hypoxemia, the normal group (n = B8)l a mean Spof 76.78%

(median 77%, range 47-97), while the severe graup 4) showed a lower mean of

61.75% (median 66.5%, range 46—68). Although tregrpears to be a downward

trend in oxygen saturation with increasing severitye one-way ANOVA test
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(statistic = 2.31) yielded a p-value of 0.084, aading that the differences in
nocturnal hypoxemia across groups were not stzistisignificant.

In contrast, the PA pressure data revealed a desrstically significant trend.
The median PA pressures increased progressivelyp-#@ mm Hg in the normal
group, to 40 mm Hg in the mild group, 55 mm Hghie tmoderate group, and 70 mm
Hg in the severe group. The Kruskal-Wallis testfrored these differences with a
test statistic of 599.70 and a p-value < 0.001.

Overall, while pulmonary artery pressure markedigréases with the severity
of pulmonary hypertension (demonstrating a strosgoeiation), the variation in
nocturnal oxygen saturation does not achieve 8tatissignificance, despite a

tendency toward lower Sp@ the severe category.
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Table 16: Prevalence of pulmonary hypertension andSevere of OSA with

Daytime Spo2

Degree of pulmonary hypertension
Normal Mild Moderate Severe
Mean 94.31 89.50 86.86 88.24
Spo2
Standard Deviation 4.96 7.06 11.06 2.86
P value 0.000

Figure.9-comparison of pulmonary hypertension withdaytime SpO2

Pulmonary hypertension with Spo2
10000 9431 89.50 86.86 88.25
80.00
60.00
40.00
20.00 4.96 7.06 11.06 286
0.00 — [ | [ | —
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Degree of pulmonary hypertension
m Spo2 Mean mSpo2 Standard Deviation

The table indicates a significant association betwaxygen saturation (Spo2)
levels and the degree of pulmonary hypertensiopatients with obstructive sleep
apnea (OSA). Patients classified as having normh@nary pressure exhibited the
highest mean Spo2 of 94.31, while those with miltl anoderate pulmonary
hypertension showed progressively lower means db@B@and 86.86, respectively.

Interestingly, the severe group had a slightly brigimean Spo2 of 88.25 compared to
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the moderate group, which might be attributed tona variability or other
influencing factors. The accompanying standard atens (ranging from 2.86 in the
severe group to 11.06 in the moderate group) sug@eging levels of dispersion in
oxygen saturation within each category. Importantthe p-value of 0.000
demonstrates that the differences in Spo2 acrossetlgroups are statistically
significant, underscoring that lower oxygen satoratis closely associated with

increased severity of pulmonary hypertension incitreext of OSA.
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Table 17: Prevalence of pulmonary hypertension withModified Mallampati

airway scoring

Degree of pulmonary hypertension

Normal Mild Moderate Severe
N % N % N % N %
Modified I 1 1.4% 0 0.0% 0 0.0% 0 0.09
Mallampati | I 4 5.7% 0 0.0% 1 1.4% 0 0.09
airway i 37 52.9% 7 10.0% 0 0.09 2 2.99
scoring v 7 10.0% 3 4.3% 6 8.6% 2 2.99
P value 0.000

Figure.10- prevalence of pulmonary hypertension wit modified Mallampati

airway scoring
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The table demonstrates a significant associatibmdsn Modified Mallampati
airway scores and the severity of pulmonary hypesiten. Patients with lower scores
(Class I and Il) mostly exhibited normal pulmonarngssures—with Class | showing
only 1 case (1.4%) of a normal finding and no ins&s of any degree of pulmonary
hypertension, and Class Il having 4 normal casé¥{pbalong with a single moderate
case (1.4%). In contrast, those in Class Ill hadigher proportion of abnormal
findings, with 52.9% normal, but also 10.0% presentwith mild and 2.9% with
severe pulmonary hypertension.

The trend becomes even more pronounced ®n Classw®¥re only 10.0%
had normal pressures while 4.3% had mild, 8.6%rhaderate, and 2.9% had severe
pulmonary hypertension. The highly significant Ruea(0.000) indicates that these
differences are statistically meaningful, suggestimat a higher Modified Mallampati
score, which indicates a more difficult airway, associated with an increased

prevalence and severity of pulmonary hypertension.
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Table 18 : Regression analysis of comorbidities witpulmonary hypertension

Constant: Predictor:
Comorbidity R R2 Ad. Std. F Change | B (SE,t, B (SE,
R? Error 95% CI) Beta, p,
° 95% CI)
HTN 0.301| 0.09 0.08 2.154 6.475 5.678 0.023
T2DM 0.215| 0.046| 0.037 2.234 4.132 7.542 0.015
COPD 0.271| 0.073 0.065 2.112 5.654 6.941 0.02
IHD 0.234 | 0.055| 0.046 2.198 4.298 6.832 0.017
OCD 0.19 | 0.036 0.027 2.254 3.67 7.083 0.019
Hypothyroidism | 0.283] 0.08 0.07 2.174 6.182 6.456 020.
CKD 0.22 | 0.049] 0.04 2.265 3.78 7.231 0.015
Bronchial
0.256 | 0.065 0.056 2.181 5.238 7.506 0.020
Asthma
Dependent Variable: pulmonary hypertension
Histogram
Dependent Variable: Comorbidities
Mean =1 47E-17
G0 Stel. Dev. =0.992
M= &7
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This histogram displays the distribution of regressstandardized residuals
for a model predicting comorbidities. Most obseimas cluster near zero, indicating a
good fit, while a single large outlier suggestsaaecthat deviates significantly from

the model’s predictions.

Normal P-P Plot of Regression Standardized Residual

Dependent Variable: Comorbidities
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This Normal P-P Plot shows how closely the regoesstandardized residuals
follow a normal distribution. Most points clusteear the diagonal, indicating
approximate normality, though the upper tail sheasie deviation.

The table summarizes the results of separate sitimgar regression models
examining how various comorbidities relate to putacy hypertension. For each
comorbidity, the correlation coefficient ® indicatea modest positive association with
pulmonary hypertension—with values ranging from90fdr OCD to 0.301 for HTN.
This is reflected in the R2 values, which show #eth comorbidity explains between
about 3.6% (OCD) and 9% (HTN) of the variance iftnmmnary hypertension. The
adjusted R? values are very similar, confirmingt tsach model's explanatory power
is modest. The standard error, which ranges bet@pproximately 2.112 and 2.265,

provides an estimate of the average deviation ef phedicted values from the
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observed data. The F Change statistic (ranging f8o7 to 6.475) indicates that
adding each predictor significantly improves thedelts fit.

Each model also reports a constant (or interceptyiey representing the
estimated level of pulmonary hypertension whencthraorbidity measure is zero, and
a predictor coefficient (B) that quantifies the egmd change in pulmonary
hypertension for each unit increase in the comdsbidmportantly, all predictor
coefficients are statistically significant, withvadues between 0.015 and 0.027, which
suggests that each comorbidity has a significdbgitamodest, impact on pulmonary
hypertension. Overall, while each comorbidity isignificant predictor, the relatively
low R2 values imply that they individually accouiotr only a small portion of the
variability in pulmonary hypertension, indicatingat other factors are also likely

important contributors.
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Table 19 : Risk-Analysis (Logistic Regression)

Normal Mild Moderat | Severe| p- Odds Ratio
Variable
(n=49) (n=10) e (n=7) | (n=4) | value (95% CiI)
Age > 50 yrs 20 (41%) 7 (70%) 6 (86%) | 3 (75%)0.035| 2.10 (1.20-3.80)
BMI > 30 kg/m? 15 (31%) 6 (60%) 5(71%)| 3 (75%) 0.01 | 3.00 (1.40-6.50
Hypertension (Yes) 18 (37%) 7 (70%) 5(71%) | 3 (75%)])0.004| 4.20 (1.70-10.20
Smoking (Yes) 10 (20%) 4 (40%) 3(43%)| 2 (50%) 0.08 | 2.00 (0.90-4.50
Neck Circumference
12 (24%)| 5(50%) | 4 (57%)| 3 (75%))0.008| 3.50 (1.40-8.70)
40 cm
Obesity Class llor lll | 8 (16%) 3 (30% 3(43%) 5D%)| 0.015| 4.10 (1.30-13.20
STOP-Bang Score5 | 15 (31%)| 5 (50%) 5(71%) | 3 (75%)])0.003| 4.00 (1.60-10.10
Systolic BP> 140
18 (37%)| 6 (60%) 5(71%) | 3 (75%)])0.007| 3.50 (1.40-8.50)
mmHg
Pulse Rate 90 bpm | 10 (20%) 3 (30%) 3(43%)| 3 (75%) 0.02 | 3.10(1.20-8.00
SpQ < 90% 5(10%)| 3 (30%) 3(43%) 3 (75%9.001| 5.00 (1.70-14.60

The table summarizes a logistic regression analgg#&uating various risk

factors across four severity groups (Normal, MiMpderate, Severe). For most

variables, the percentage of patients exhibitirgribk factor increases with severity.

For instance, patients older than 50 years comst#l% in the normal group but rise

to 70-86% in the more severe groups, with an oditils (OR) of 2.10 (95% CI: 1.20—

3.80, p=0.035), indicating that older age signifittha increases the odds of higher

severity. Similarly, a BMP 30 kg/m? is present in 31% of 750rmal compare@QGe

75% in more severe cases (OR 3.00, 95% CI: 1.40+-$50.01), and hypertension
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shows an even stronger association (37% in 76ovmal0-75% in severe cases, OR
4.20, 95% ClI: 1.70-10.20, p=0.004).

Increased neck circumference4Q cm), obesity in class Il or Ill, a high
STOP-Bang score>b), elevated systolic blood pressux¢40 mmHg), and pulse rate
(>90 bpm) also display significant trends, with Casging from 3.10 to 4.10 and p-
values well below 0.05, underscoring their role pasdictors of greater severity.
Notably, SpQ <90% stands out with the highest OR of 5.00 (95P01C70-14.60,
p=0.001), highlighting the strong association bemvdéow oxygen saturation and
increased risk.

Although smoking shows a higher percentage in rsexere groups (20% in
76ormal to 50% in severe) and an OR of 2.00, itso@ation did not reach
conventional statistical significance (p=0.08), gesfing that while smoking may
contribute to severity, its effect is less cleat-outhis analysis. Overall, the table
indicates that older age, higher BMI, hypertensiamd several other clinical
indicators are significantly associated with inse disease severity, emphasizing

the need for careful monitoring and managemerhedée factors.
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Table 20: Age wise distribution of patients with mid,moderate and Severe OSA.

Age category

Mild OSA (N = 12)

Moderate OSA (N = 18)

Severe OSA (N =40

N % N % N %
< 18 years 1 14 - - 2 2.9
18-30 years - - 1 1.4 1 1.4
31-40 years 2 29 2 29 3 4.3
41-50 years 2 29 5 7.1 9 12.9
51-60 years 3 4.3 3 4.3 16 22.9
Above 61lyears 4 5.7 7 10.0 9 12.9
Mean *
Standard 53.92 + 20.30 53+12.21 52.83 £ 15.015
Deviation
P value 0.461
Age wise distribution of patients with mild-moderae and
severe OSA
25.0
& 200
5
2 15.0 12.9 12.9
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Figure.11-Age wise distribution of patients with mild,moderae and severe OSA

Page 77




Reaults

The table displays the age distribution of patiemith mild, moderate, and
severe obstructive sleep apnea (OSA) across vasdgasgroups. In the mild OSA
group (N = 12), cases are relatively few, with oolye patient under 18 and the
highest counts in the older age groups (four pttiabove 61 years and three in the
51-60 years category). For moderate OSA (N = h@yetare no patients under 18, a
single case in the 18-30 years bracket, and a high&centration in the older age
groups—most notably, seven patients above 61 yaadsfive in the 41-50 years
group. In contrast, the severe OSA group (N = 4@ws a marked shift with the
largest number of patients (16 individuals) in &e-60 years category, alongside
substantial counts in the 41-50 years and

above 61 years groups. Despite these variatiotiseirdistribution across age
categories, the mean ages are remarkably simitaalf@roups (53.92 + 20.30 years
for mild, 53 + 12.21 years for moderate, and 52:83.015 years for severe OSA),
and the p-value of 0.461 indicates that the diffees in age distribution among the

groups are not statistically significant.
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Table 21: Genderwise distribution of patients with mild,moderate ard Severe

OSA.
Mild OSA Moderate OSA Severe OSA
Gender category (N=12) (N =18) (N = 40)
N % N % N %
Male 5 7.1 11 15.7 29 41.4
Female 7 10.0 7 10 11 15.7
P value 0.023

Gender wise distribution of patients with mild-
moderate and severe OSA
45.0
40.0
35.0
30.0
25.0

41.4
20.0 15.7 15.7
15.0 10.0 10

10.0 7.1

so I I B l
0.0

Percentage Percentage Percentage
Mild OSA (N =12) Moderate OSA (N = 18) Severe OSAN=40)

% wise distribution

= Male =Female

Figure.12-Gender wise distribution of patients with mild,modeate and severe
OSA

The table shows a gender-based distribution oeptiwith varying degrees
of Obstructive Sleep Apnea (OSA) severity, withtatistically significant difference
(p = 0.023). In the mild OSA group (N = 12), femmal@; 10.0%) slightly outnumber
males (5; 7.1%). However, as the severity increaties trend reverses: in the
moderate OSA group (N = 18), males (11; 15.7%) esdtdemales (7; 10%), and this
disparity becomes even more pronounced in the sg®&A group (N = 40), where
males account for 29 (41.4%) compared to 11 fem@Bs/%). This suggests that
while mild OSA may be relatively balanced or evdighély more common in

females, males are significantly more likely to eley moderate to severe OSA.
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Table 22: Anthropometric Assessmentwise distribution of patients with

mild,moderate and Severe OSA.

Mild OSA (N =12) | Moderate OSA (N =18)| Severe OSAN = 40)
Anthropometric
Standard Standard Standard
Assessment Mean Mean Mean
Deviation Deviation Deviation
Height 159.92 14.32 164.78 7.44| 163.5 9.47
Weight 77.46 19.6 86.27 10.17| 93.73 15.95
BMI 29.98 6.01 31.95 4.87| 35.14 6.01
P value Height-0.549, Weight-0.000, BMI-0.000
Figure.13-Anthropometric Assessment
Anthropometric Assessment
180 159.92164.78163.5
- 160
S 140
=}
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mMild OSA (N = 12) Mean = Moderate OSA (N = 18) Mean ® Severe OSAN=40) Men

The table shows that while the average height anpatignts does not differ
significantly across OSA severity groups (mild: X289 cm, moderate: 164.78 cm,
severe: 163.5 cm; p = 0.549), both weight and Bhdtease substantially with OSA
severity. Patients with mild OSA had a mean weht7.46 kg and a BMI of 29.98
kg/m2, which rose to 86.27 kg and 31.95 kg/m? im tfoderate group, and further to
93.73 kg and 35.14 kg/m2 in the severe group (lpoth 0.000). This suggests that
higher body weight and BMI are significantly assoed with more severe OSA,
highlighting the potential impact of obesity on fv@gression of the disorder.
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Table 23: Obese Classvise distribution of patients with mild, moderate and

Severe OSA.
Mild OSA (N = 12) | moderate OSA (N =18)| Severe OSA (N =40
Obese Class
N % N % N %
Underweight - - - - 1 1.4
Normal 2 2.9 1 1.4 1 14
Overweight 5 7.1 5 7.1 5 7.1
I 2 2.9 8 11.4 13 18.6
Il 2 2.9 3 4.3 13 18.6
I 1 14 1 14 7 10
P value 0.000

Figure.14- Obese Class wise distribution of patients with milgnoderate and

severe OSA
Obese Class wise distribution of patients with milgnoderate
and severe OSA
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The table shows that as OSA severity increasesentattend to fall into
higher obesity classes. In the mild OSA group, npagients are in the normal (2.9%)
and overweight (7.1%) categories, with very fewthia higher obesity classes (Class
I: 2.9%, Class II: 2.9%, Class lll: 1.4%). In caast, the severe OSA group exhibits a
marked shift toward higher obesity classes, withs€ll and Il both at 18.6% and
Class lll at 10%, while the overweight category a@éms consistent at 7.1%. The
underweight category is nearly absent in the mifdl anild-moderate groups,
appearing only minimally (1.4%) in the severe grolipe statistically significant p
value (0.000) confirms that these differences iesitly class distribution among the
OSA severity groups are not due to chance, suggestiat higher levels of obesity

are strongly associated with increased severityQA.

Page 82



Reaults

Table 24 : Neck circumferencewise distribution of patients with mild, moderate

and Severe OSA.

Mild OSA moderate OSA Severe OSA
(N=12) (N =18) (N =40)
Mean Mean Mean
Deviation Deviation Deviation
Neck circumferencqg 38.92 1.38 40.5 2.17 41.2¢ 3.65
P value 0.110

Figure.15-Neck circumferencewise distribution of patients with mild, moderate

and Severe OSA.
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The table indicates a progressive increase in meak circumference with escalating

OSA severity: patients with mild OSA had an averafy88.92 cm, those with mild-

moderate OSA averaged 40.5 cm, and individuals setrere OSA recorded a mean
of 41.28 cm. Although this trend suggests that &igheck circumference might be
associated with increased OSA severity, the diffees across these groups did not

reach statistical significance (p = 0.110). Thisamsethat while there appears to be a

gradual increase in neck circumference with moreese OSA, the observed

variations might be attributable to chance, andhtrr research with larger sample

sizes may be needed to definitively establish meckimference as a marker for OSA

severity.
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Table 25: Habit wise distribution of patients with mild, moderate and Severe

OSA.
moderate OSA Severe OSA
Mild OSA (N = 12)
Habit (N =18) (N = 40)

N % N % N %
Alcoholic - - - - 1 1.43
smoker 2 2.9 3 4.3 4 5.71
Nil 10 14.3 15 21.4 35 50

P value 0.326

Figure.16-Habit wise distribution of patients with mild, moderate and Severe

OSA.
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The table shows the distribution of patient hal@t€ohol consumption and
smoking) across three categories of obstructivepslapnea (OSA)—mild, mild-
moderate, and severe. In the mild OSA group (1epts), no one was classified as
alcoholic, while 2 patients (2.9% of the total sdehpvere smokers and 10 (14.3%
overall) reported no such habit. In the mild-motergroup (30 patients), again there
were no alcoholics, with 3 patients (4.3% overadigntified as smokers and 15
(21.4% overall) having no habit. In the severe O@aAup (40 patients), 1 patient
(1.43% overall) was an alcoholic, 4 (5.71% overalBre smokers, and 35 (50%
overall) had no reported habit. Although there islight numerical increase in the
proportion of smokers (and the appearance of ashalix) in the severe group, the
overall differences in habit distribution among tleoups are not statistically
significant (p = 0.326), suggesting that these tsaimiay not be strongly associated

with the severity of OSA.
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Table 26 : Daytime Spo2 wise distribution of patiets with mild, moderate and

Severe OSA.
Severity of OSA
Mild Moderate Severe
Standard Standard Standard
Mean Mean Mean

Deviation Deviation Deviation

Spo2 93.50 6.14 93.00 4.97 92.03 7.64
P value 0.000

Figure.17- Daytime Spo2 wise distribution of patiets with mild, moderate and

Severe OSA.
Severe of OSA with Spo2
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The table illustrates that as the severity of aludive sleep apnea (OSA)
increases, the average SpO2 (oxygen saturatioalsléand to decrease. Patients with
mild OSA exhibit a mean SpO2 of 93.50 with a stadddeviation (SD) of 6.14,
while those with moderate OSA show a slightly lowezan of 93.00 (SD = 4.97). In
contrast, patients with severe OSA have the lowestn SpO2 at 92.03, coupled with
a higher variability (SD = 7.64). The statisticadlignificant p-value of 0.000 indicates
that the differences in SpO2 across the three G&S&rigy groups are unlikely to be

due to random chance, suggesting a meaningful iassoc between decreasing

oxygen saturation and increasing OSA severity.

Page 87



Discussion

DISCUSSION

The findings from this observational study provadeomprehensive overview

of the prevalence and correlates of pulmonary hgpsion (PH) in patients with

obstructive sleep apnea (OSA), shedding light endémographic, anthropometric,

and clinical factors influencing disease severitiie association between increasing

severity of OSA and elevated pulmonary pressurea isrucial insight into the

cardiovascular risks faced by these patients.

Table 27: Comparative Analysis of Observational Studies on Pulmonary

Hypertension in Sleep Apnea Syndrome

PH Assessment

Other Significant

=

OSA Sample . Prevalence T
Study S . Study Design Findings
Criteria Size Method of PH
PH more likely in
Minai et Right Heart . 70% (33% | younger, obese females
al®4(2009) AHI 25 83 Catheterization Cross-sectional severe PH) with significant
nocturnal desaturation
PH associated with olde
Laks et aP® Right Heart : 0 age, higher PaCQ
(1995) RDI>20 100 Catheterization Observational 42% lower PaQ, and reduced
FEV..
PH more likely with
. coexisting COPD and
Chaouat et Right Heart : 0 ; .
al9(1996) AHI > 20 220 Catheterization Observational 17% daytime h_ypoxemla,
OSA severity alone not
predictive.
Patients with PH had
Sanner et Right Heart . o higher PaC®and lower
al®”(1997) AHI>S 92 Catheterization Observational 20% PaQ; PH in OSA tends
to be mild.
PH correlated with
. hypoxic burden;
Bady et aP® Right Heart . 0 '
(2000) AHI >5 44 Catheterization* Cross-sectional 27% suggests early
pulmonary vascular
changes.
' . 24% (5% PH more common |ln
Srivastava et AHI >5 or 100 2D Prospective OSA: 36.7% overlap syndrome;
al?®(2021) >15 Echocardiography observational T higher systolic PAP alsq

overlap)

in overlap.
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Sajkov et
al1% (1994)

RDI > 10

27

Doppler
Echocardiography

Observational

41% (mild
PH)

Mild PH; improved after|
CPAP therapy.

Maloney et
all®1(2022)

OAHI > 10
(children)

318

Echocardiography
(TRV >2.5 or>2
RH signs)

Retrospective
cohort

8.2%

PH more in Down
syndrome and
hypoventilation; OSA
severity not directly
correlated.

Elfimova et
all%? (2021)

Mean AHI
~31

145

Echocardiography

Observations

|

14.5%
(systolic
PAP > 40
mmHg)

PH correlated with
higher AHI, ODI, BMI;
larger LA/RA; no
difference in
comorbidities or
symptoms.

our Study
(2025)

AHl-based,
all
severities

70

2D
Echocardiography

Observational

30%

PH significantly
associated with OSA
severity (p=0.000); PH
increased with OSA
severity. Mild OSA:
mostly normal PAP;
Severe OSA: higher %
with moderate/severe
PH.

Minai et al.%* conducted a cross-sectional study involving 83pé diagnosed with

obstructive sleep apnea (OSA), using right heathetarization (RHC) as the

diagnostic method for pulmonary hypertension (PHie objective was to determine
the frequency and clinical impact of PH in this plgpion. This study focused on
correlating demographic characteristics, OSA seveand hemodynamic data to the
prevalence of PH. Their use of RHC provides a lyightcurate measurement of
pulmonary pressures, enhancing the reliabilityheirtfindings.

The result showed that a high overall PH prevalesfc@0%, with 33% of patients

having severe PH. They observed that PH was mkeby lin obese, younger females
and was associated with significant nocturnal deatibn. Compared to our study,
which found a 30% prevalence using echocardiografifgir prevalence is notably
higher. This discrepancy may be attributed to #resgivity of RHC and possibly a

more severely affected cohort. Nevertheless, bdtilies underscore a strong
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association between OSA and PH, reinforcing thedniee early cardiovascular
evaluation in OSA patients.

Laks et al.® performed an observational study on 100 patierits moderate to
severe OSA (RDI > 20), utilizing RHC to identify PHhe study aimed to explore the
cardiopulmonary interactions in OSA patients andlésermine how frequently PH
occurred in this group. Their methodology incorpedaassessments of blood gases,
pulmonary function, and invasive hemodynamic momt allowing for a
comprehensive evaluation of respiratory and citoumjainteractions.

The results showed that 42% of the participants R4l Significant
associations were found between PH and older dgeated PaCO?2 levels, reduced
PaO2, and diminished lung function (lower FEV1). tontrast, our study
demonstrated a 30% PH prevalence and emphasizadiréet link between PH and
OSA severity rather than gas exchange markers alddditionally, we applied a
multinomial logistic regression model which revehtbat PH severity significantly
improved the prediction of OSA severity categofi€hi-square = 65.075, df = 3, P <
0.001). This analytical approach strengthens ouaclasion that PH is a meaningful
predictor of escalating OSA severity.

Chaouat et al.%® conducted a large-scale observational study imofud20 patients
with an AHI > 20. PH diagnosis was performed udRtgC, and the study primarily
sought to determine how frequently PH occurred am@%A patients and which
factors were predictive. Their protocol includedessments of blood gas levels and
spirometry to differentiate between OSA-related eomhorbidity-driven PH.

They found that 17% of the cohort had PH. Intenggyi, they concluded that PH was
not significantly associated with OSA severity s instead linked to daytime

hypoxemia and coexistent chronic obstructive pulamprlisease (COPD). Our study,
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by contrast, found a statistically significant adation between OSA severity and PH
prevalence (p=0.000), supported by multinomial dtgi regression. The model's
likelihood ratio test indicated that PH severitysaa significant predictor of OSA
classification, further validating the independassociation observed in our results.
Sanner et al.%” examined 92 patients with OSA (AHI > 5) using RHC to detenei
the presence of PH. The goal was to assess thalgpnee of PH and explore its
physiological correlates in untreated OSA patieftseir study included arterial blood
gas measurements and emphasized the role of oxwygeh carbon dioxide
disturbances in the development of PH.

Their findings indicated that 20% of patients haddn®H. They found no
strong correlation between PH and OSA severitytear pointing to hypoventilation
(higher PaC0O2) and hypoxemia (lower Pa0O2) as likalyses. Our study diverged
from these findings by demonstrating a clear gradief PH prevalence with
increasing OSA severity. The robustness of our lededenced by a reduced -2 log-
likelihood and a significant Chi-square statistionfirms that PH plays a distinct and
guantifiable role in predicting OSA severity beyayab exchange disturbances.

Bady et aP® conducted a cross-sectional study involving 44epét with
obstructive sleep apnea (OSA), defined by an apgpapnea index (AHI) greater
than 5, to investigate the frequency and deternénaf pulmonary hypertension
(PH). In this study, PH was assessed using rigutt leatheterization (RHC), allowing
for accurate hemodynamic measurements. They repartBeH prevalence of 27%,
which is slightly lower than the 30% observed im study.

Both studies highlighted a progressive increadeHnseverity with increasing
OSA severity. Bady et al. attributed this trendvarily to the hypoxic burden during

apneic events, which was found to significantiyuahce pulmonary pressures. Our
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findings align with this observation but are furtlseipported by statistical modeling,
which demonstrated that PH severity significanthproved the predictive accuracy
for categorizing OSA severity. This reinforces thgsociation between hypoxia-
induced vascular changes and PH development in @&#ents, offering a more
robust analytical perspective.

Srivastava et al.*® evaluated 100 patients for PH using 2D echocardjgy in a
prospective observational study. They included bO®A and overlap syndrome
patients and used standard echocardiographiciarttedefine PH. Their focus was to
examine the prevalence of PH across different ratpy conditions and its
correlation with disease severity.

Their results showed an overall PH prevalence 66,2¢ith a significantly
higher rate (36.7%) among those with overlap symdroln patients with isolated
OSA, PH was observed in 5%. Compared to our st@d% Brevalence among OSA-
only patients, their lower rate could be due tdedénces in inclusion thresholds or
diagnostic timing. Nonetheless, both studies hgitilthe utility of echocardiography
and reinforce the clinical relevance of assessihfyrBk. Our logistic regression
analysis further confirmed that PH severity is naty prevalent but also a strong
statistical predictor of advancing OSA severity.

Sajkov et al.l® investigated 27 patients with moderate OSA (RDI® using
Doppler echocardiography. The primary objective wa&xplore the hemodynamic
effects of OSA and to assess whether CPAP therapld aeverse PH. Their study
included follow-up measurements after treatmentnderstand the reversibility of
observed changes.

They found that 41% of patients had mild PH and fmamonary artery

pressures improved with CPAP therapy. While oudytdid not assess treatment
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effects, the high prevalence found by Sajkov iria with our findings and suggests
that PH in OSA is often present but potentially emble. Our results further
contribute by statistically quantifying the asstioia between PH severity and OSA
classification, emphasizing the predictive valuePdf in determining the extent of
sleep-disordered breathing.

Maloney et al® studied 318 pediatric patients with severe OSAKDA 10),
using echocardiography to detect PH. The aim waastess the prevalence and
correlates of PH in children undergoing evaluafi@nOSA, with a specific focus on
comorbidities such as Down syndrome and hypovéiatila

The PH prevalence in their cohort was 8.2%, comaldg lower than the 30%
observed in our adult cohort. They found no sigarfit association between PH and
OSA severity in children. Instead, PH was more camramong those with Down
syndrome and sleep-related hypoventilation, undeirsg important age-related
differences in PH pathogenesis. In contrast, outlystwhich included three patients
under 18 years of age, demonstrated a differentenpat One pediatric patient,
diagnosed with Pickwickian syndrome, had severeddH severe OSA, while the
other two had normal PH. Through a multinomial $igi regression model, our
findings highlighted that PH severity has a stataly significant impact on OSA
classification, emphasizing a stronger direct Imidults.

Elfimova et al.1®2 conducted an observational study on 145 adulesnef for sleep

diagnostics, using echocardiography to estimatéobygpulmonary artery pressure.
They aimed to identify the prevalence of PH andagsociation with OSA severity,
oxygen desaturation, and obesity.

They found that 14.5% of participants had PH (dis@AP > 40 mmHg), and

those with PH exhibited higher AHI, ODI, and BMlo@pared to our study’s 30%
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prevalence, their lower percentage may reflecediffit population characteristics or
definitions of PH. Still, the observed associatiom®oth studies support the concept
that OSA severity and obesity are important risktdes for developing PH.
Moreover, our statistical findings support PH astrang predictive factor for OSA
severity, adding a novel analytical dimension ® ¢hnical observation.

Discussion of Various risk factors associated vapthmonary hypertension in sleep

apnea syndrome:

OBESITY

The present study demonstrates a significant @roel between the severity
of obstructive sleep apnea (OSA) and the prevalehpellmonary hypertension (PH)
across various BMI categories, with progressivalyréasing PH severity observed in
individuals with higher BMI and more severe OSAisTfinding aligns with existing
literature that underscores the role of nocturiygloxemia, intermittent hypoxia, and
altered pulmonary vascular resistance as key métrhancontributing to PH
development in OSA patients.

In normal BMI individuals, a statistically signiiat relationship (p = 0.001)
was observed between OSA severity and PH prevalamesistent with findings
from Alchanatis et at'® who reported a similar association in non-obeAO
patients due to intermittent hypoxemia and redupetmonary compliance. In
overweight individuals, the prevalence of PH reradirstatistically significant (p =
0.000), with PH cases predominantly observed isd¢heith severe OSA. This trend
mirrors the findings of Sajkov et &, who highlighted that OSA-induced
hypoxemia, even in overweight individuals, promgiaénonary vasoconstriction and

endothelial dysfunction, thereby elevating PH risk.
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In individuals classified as Obese Class |, thevglence of mild to severe PH
increased with worsening OSA, with 38.5% of sev@®A cases showing PH (p =
0.028). This observation is supported by Baguetlét’, who demonstrated that
obesity exacerbates PH by promoting left ventricdiastolic dysfunction, impaired
pulmonary compliance, and increased airway resistaRor Obese Class Il and Il
categories, the association between severe OSA RiHdbecame even more
pronounced, with statistically significant p-values0.007 and 0.000, respectively.
Notably, the higher prevalence of moderate andreeREl in these groups aligns with
studies by Minai et &, who reported that obesity-related hypoventilatiamd
hypercapnia contribute to pulmonary vascular reriiogefurther aggravating PH in
severe OSA patients.

These findings emphasize the multifactorial etiglaff PH in OSA, where
obesity, nocturnal hypoxemia, intermittent airwalyswuction, and cardiovascular
dysfunction converge to heighten pulmonary artepa¢ssure. The statistically
significant associations across BMI categories foege the importance of timely
OSA diagnosis and intervention, particularly iniinduals with obesity, to mitigate
the risk of PH progression. Early continuous pusitiairway pressure (CPAP)
therapy, weight management, and cardiovasculareglction strategies may play a
critical role in improving pulmonary hemodynamicsida preventing adverse

cardiovascular outcomes in this high-risk populatio

COPD
The prevalence of pulmonary hypertension (PH) amomtviduals with
chronic obstructive pulmonary disease (COPD) anstrabtive sleep apnea (OSA)

varies across studies, with our findings suggestimg statistically significant
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association (p = 0.771) between OSA severity andpRitalence in COPD patients.
In our study, severe OSA was most prevalent (66.@&png COPD patients, with
most cases presenting mild (3 cases) or severd Hsg), but no moderate PH cases.
In contrast, only one case each of mild and seRétevas found among those with
mild and moderate OSA, respectively. These resaltsbe compared with studies by
Chaouat et a% and Minai et a?* , both of which explored the relationship between
COPD, OSA, and PH.

Chaouat et ai®® reported that PH in COPD patients with OSA is galte mild to
moderate, with severe PH being rare, aligning withstudy where moderate PH was
absent among COPD-OSA patients. Their study, homef@und a stronger
association between severe OSA and PH prevalertke, eur study did not establish
statistical significance. The small sample size 6jn#n our study may have
contributed to this discrepancy, limiting the ayilio detect significant associations.
Similarly, Minai et a®* observed that COPD patients with coexisting O%# a
higher PH prevalence compared to those without O&kticularly in cases with
higher AHI and nocturnal desaturation. While thigpports the idea that OSA
contributes to PH development in COPD patients, study does not show a clear
OSA severity-dependent trend in PH prevalence.

Srivastava et &°, who reported a much higher prevalence of PH (@%.Zmong
overlap syndrome patients compared to just 5% otaied OSA cases, our results
show partial alignment in terms of increased PH severe OSA. However,
Srivastava’s study found a significant relationshgiween overlap syndrome and PH,
suggesting a more consistent and measurable inpacimorbid COPD. In contrast,

our findings did not reach statistical significanbgghlighting the limitations posed
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by a small COPD subgroup and the potential needaféarger sample to better
evaluate the PH burden in overlap syndrome.

The differences in our findings could be attributerd sample size limitations,
variability in COPD severity, and differences in agihostic methods
(echocardiography vs. right heart catheterizatiéwlditionally, individual variability

in pulmonary vascular response to hypoxia couldaxpvhy some severe OSA cases
develop only mild PH, while others progress to seveH. Overall, while prior
studies suggest a link between OSA severity andi$ddn COPD, our study does not
establish a statistically significant associatiemphasizing the need for larger, more

comprehensive studies to confirm this relationship.

HYPERTENSION

The relationship between obstructive sleep apne&AjOseverity and
pulmonary hypertension (PH) prevalence in hyperten@HTN) individuals is well-
established, and our study further supports thiso@ation with a statistically
significant p-value of 0.000. Our data indicatettha OSA severity increases, the
prevalence and severity of PH also rise, with s2@®$A cases exhibiting the highest
burden of mild, moderate, and severe PH. Thesénfiysdalign with previous studies,
including those by Pedrosa et'#l. and Kohyama et a° , which explored the
relationship between OSA, hypertension, and PH.

Pedrosa et a’*found that hypertensive individuals with moderates¢évere
OSA had significantly higher rates of PH comparedhiose with mild or no OSA.
Their study also reported that the presence of Rid associated with increased
nocturnal hypoxemia and elevated apnea—hypopneex itdHI), similar to our

findings where severe OSA individuals had the hegjigH prevalence and severity.
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This supports the notion that worsening OSA exatesh pulmonary vascular
dysfunction, especially in hypertensive individyd&ading to higher PH prevalence
and severity in severe OSA cases. Additionally, phesence of mild PH in lower
OSA severity groups, as seen in our data, suggiestseven mild-to-moderate OSA
contributes to early pulmonary vascular changes.

Similarly, Kohyama et al® observed that hypertension and severe OSA
synergistically increased the risk of developing, Pirticularly in individuals with
prolonged nocturnal oxygen desaturation and systanflammation. Their study
found a higher prevalence of moderate and severeinPkevere OSA patients,
comparable to our results, where five cases of maed”H and two cases of severe
PH were identified in the severe OSA group. Thaificant association observed in
our study suggests that hypertensive individualt vgevere OSA are at a much
higher risk for PH, reinforcing the role of OSA-imtbd hypoxia and vascular
remodeling in PH pathogenesis.

While our study and these previous findings strgrigbicate a correlation
between OSA severity and PH risk in hypertensiwividuals, variations in sample
size, diagnostic modalities (echocardiography wghtrheart catheterization), and
population characteristics could contribute to mimtfferences in reported PH
prevalence. Nevertheless, the overall trend agtsties confirms that OSA severity
is a key determinant of PH development in hypernenmdividuals, emphasizing the
need for early detection and management of OSA titigate pulmonary

complications.

ISCHEMIC HEART DISEASE
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The association between obstructive sleep apneaA)(Cskverity and
pulmonary hypertension (PH) in individuals withhemic heart disease (IHD) is a
crucial area of investigation, as both conditionsntdbute to significant
cardiovascular morbidity. In our study, we obsertleat as OSA severity increased,
the presence of PH also showed a rising trend, aviskatistically significant p-value
of 0.013. While most individuals (7 out of 9) hadrmal pulmonary pressure, one
case of mild PH was reported in the severe OSAmrand one case of moderate PH
was noted in the moderate OSA group. These findswgest that OSA-related
hypoxia and vascular changes may contribute to &Hldpment in individuals with
IHD, even though severe PH cases were absent ircahort. This pattern can be
compared with findings from Barlow et Bf and Baguet et &P’ , both of which
explored OSA, IHD, and their impact on PH developte

Barlow et alt% reported that patients with IHD and moderate-toese OSA
had a higher likelihood of developing PH, with wemsg nocturnal hypoxia and
increased pulmonary vascular resistance as cotitriptactors. Their findings align
with our study, where moderate OSA cases exhibitederate PH, and severe OSA
cases showed the presence of mild PH. Howeveraltsence of severe PH in our
study might be attributed to the small sample é®ed) and potential differences in
baseline cardiac function. Additionally, Baguet a@t'°®” demonstrated that PH
prevalence is higher in hypertensive and ischersarthdisease patients with OSA
compared to those without OSA, emphasizing the ableypoxia-induced endothelial
dysfunction and increased sympathetic activity bh progression. Their study also
identified a correlation between OSA severity aheé tlegree of PH, which is
consistent with our findings, where severe OSA liael highest PH prevalence,

though mostly in the mild category.
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The discrepancy in PH severity distribution acreisdies may be due to
differences in sample size, diagnostic methods o@mfdiography vs. right heart
catheterization), and OSA management strategiethéfmore, the absence of severe
PH cases in our study may reflect early-stage pnémovascular involvement rather
than advanced disease. Nonetheless, the signifisaiotiation found in our study and
corroborated by previous research underscores #eel rfior early detection and
intervention for OSA in IHD patients, as untrea®8A may accelerate pulmonary
vascular remodeling and worsen cardiovascular ouso
HYPOTHYROIDISM

The relationship between obstructive sleep apne&AjOseverity and
pulmonary hypertension (PH) in individuals with logipyroidism is complex, as both
conditions can independently contribute to cardsoudar and pulmonary
complications. In our study, we observed that wiflld was present in individuals
with moderate and severe OSA, the overall prevalemas low, and the association
was not statistically significant (p = 0.111). Mastlividuals with mild and severe
OSA had normal pulmonary pressure, with only a éeses of mild and moderate PH
observed in the moderate and severe OSA groupsnarskvere PH cases. These
findings can be compared with those from Kansaal.¥¢ and Zhang et &f°, both
of which explored the interaction between hypotidism, OSA, and PH.

Kansara et al’® reported that hypothyroidism is associated withinzreased
risk of PH, largely due to impaired pulmonary vaktn, metabolic dysfunction,
and endothelial abnormalities. Their study foundatthpatients with both
hypothyroidism and OSA had a higher likelihood @&veloping PH compared to
those with OSA alone, which contrasts with our gtuthere PH was not significantly

associated with OSA severity in hypothyroid pasethis discrepancy may be due to
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differences in thyroid disease severity, treatmstatus (levothyroxine therapy), and
pulmonary vascular response to chronic hypoxia.il8ity, Zhang et al®® found that
patients with untreated hypothyroidism had higheimmnary artery pressures, and
those with coexisting moderate-to-severe OSA haslgaificantly greater risk of
developing PH. However, their study suggested thatoid hormone replacement
therapy mitigates PH risk, which might explain tbe PH prevalence in our study if
most participants were on thyroid medication.

The differences between our findings and previauslies may be due to
small sample size (n=11), variations in thyroidedise management, and differences
in OSA severity distribution. Additionally, sincesevere PH cases were reported in
our study, this may indicate that hypothyroidisrorg is not a major driver of severe
PH in OSA patients, but rather an exacerbatingofact combination with other
cardiovascular risk factors. While prior researaghhghts a potential link between
hypothyroidism, OSA, and PH, our findings sugghat DSA severity alone does not
significantly impact PH prevalence in hypothyroitdividuals, warranting further
large-scale studies to clarify this relationship.

TYPE 2 DIABETES MELLITUS

The prevalence of pulmonary hypertension (PH) idiviiduals with type 2
diabetes mellitus (T2DM) and obstructive sleep apf@SA) suggests a significant
association between OSA severity and the presenkl cas indicated by the p-value
of 0.005. In our study, PH was rare among indivislweith mild and moderate OSA,
with most participants having normal pulmonary ptes. However, as OSA severity
increased, the prevalence of PH (mild, moderatd, smvere) also rose, with severe
OSA patients exhibiting the highest burden of PH.Z%), compared to those with

mild (16.7%) and moderate OSA (25%). These findirdign with studies by
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Tasbakan et af° and Kuniyoshi et ai*%, both of which demonstrated a strong link
between OSA, T2DM, and PH, emphasizing the rolenefabolic dysfunction and
intermittent hypoxia in pulmonary vascular remodeli

Tasbakan et &t® found that T2DM patients with severe OSA had a
significantly higher prevalence of PH than thoséhwnild or moderate OSA, similar
to our results. Their study highlighted that hypgrgmia and insulin resistance
contribute to endothelial dysfunction, exacerbatihgpoxia-induced pulmonary
vasoconstriction, which may explain the progressise in PH with increasing OSA
severity in our study. Furthermore, they reporteat patients with both T2DM and
OSA exhibited more pronounced nocturnal hypoxeraigkey driver of increased
pulmonary artery pressure.

Similarly, Kuniyoshi et at!! investigated the relationship between T2DM,
OSA, and cardiovascular complications, revealirgg thdividuals with severe OSA
had a significantly higher prevalence of PH comgarethose with milder forms of
sleep apnea. Their study suggested that chroréomittent hypoxia, oxidative stress,
and systemic inflammation—common in both T2DM an&A3-may lead to
pulmonary vascular remodeling and increased pulmyoaatery pressures. These
mechanisms align with our findings, where severd @8tients exhibited the highest
rates of PH, including moderate and severe PH cases

The consistent association between severe OSA Bhah ndividuals with
T2DM across studies underscores the importancerdf screening and intervention
to prevent pulmonary vascular complications in thigh-risk group. However,
variations in study populations, diagnostic craefor PH, and glycemic control levels
may influence the degree of PH prevalence repoffediure research with larger

sample sizes and longitudinal follow-up is neededutther explore the underlying
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mechanisms and potential therapeutic strategiesnforaging PH in T2DM patients
with OSA.
NOCTURNAL HYPOXEMIA

Our study identifies a significant inverse relasbip between the severity of
pulmonary hypertension (PH) and nocturnal hypoxemigatients with obstructive
sleep apnea (OSA). Specifically, as PH severityeiases from normal to severe,
mean nocturnal minimum SpQevels decrease from 77% to 62%, with a strong
negative correlation coefficient of -0.788 and aghde of 0.000. This finding aligns
with existing literature that underscores the imipat nocturnal hypoxemia on
cardiovascular outcomes. A study done by Dommascét k2 demonstrated that
nocturnal hypoxemia in OSA patients is a significanedictor of poor prognosis
following myocardial infarction, suggesting thatygen desaturation during sleep
exacerbates cardiovascular risks.

Similarly, Inoue H et at'* found that while sleep apnea itself was not
directly associated with worse outcomes in patiemish pulmonary arterial
hypertension (PAH), nocturnal hypoxemia was linkedincreased mortality. This
emphasizes that continuous low oxygen levels dusiagp may promote pulmonary
vasoconstriction and remodeling, contributing te throgression of PH. This
significant decline aligns with the findings of Ktani et al*'*, which indicated that
severe nocturnal hypoxemia is a potent predictquubinonary vascular dysfunction.
Similarly, our results align with Minic et &°, confirming that nocturnal hypoxemia
plays a crucial role in PH development.

Nocturnal hypoxemia, assessed through minimum .Spels, exhibits a
strong negative correlation with pulmonary hypesten severity. Patients with

severe pulmonary hypertension show markedly lowecturnal Sp®@ levels,
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reinforcing the role of chronic intermittent hypaxn pulmonary vascular remodeling
and increased pulmonary pressures. This associatiderscores the necessity of
targeted interventions such as continuous posdimeay pressure (CPAP) therapy to
alleviate hypoxemic stress and reduce pulmonaryetigpsion burden in OSA

patients.

Collectively, these studies, along with our findshdpighlight the critical role
of nocturnal hypoxemia in the pathogenesis and ressgjon of pulmonary
hypertension among OSA patients. They suggest ri@iitoring and addressing
nocturnal oxygen desaturation could be vital inigating cardiovascular risks and

improving patient outcomes in this population

MODIFIED MALLAMPATI SCORE

Our study found a strong association between a Mgdified Mallampati
score (IlI-1V) and PH severity (p = 0.000). Thisasnsistent with previous research
by Koutsourelakis et af® , which demonstrated that a high Mallampati score
correlates with increased upper airway resistangarsening OSA severity and
consequently increasing the likelihood of PH.
The Modified Mallampati airway score, an indicatdfrupper airway obstruction, is
found to be significantly associated with pulmonbhypertension. Higher Mallampati
scores correspond with greater pulmonary hyperenprevalence, suggesting that
anatomical airway narrowing may contribute to thevelopment of elevated
pulmonary pressures in OSA patients. This findimgpleasizes the importance of

airway assessment in OSA management and its iniplisafor cardiovascular health.
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REGRESSION ANALYSIS

In this study to identify the various others fastassociated with increase PH,
regression analysis has been done to reveal ther stpnificant risk factors. The
regression analysis revealed that hypertension QR861, p = 0.023), type 2 diabetes
mellitus (R = 0.215, p = 0.015), and chronic obsie pulmonary disease (R =
0.271, p = 0.021) were significantly associatechvidt. These findings align with the
work of Marin et aft!® | who found that metabolic syndrome and respiyatliseases

exacerbate pulmonary hypertension in OSA patients.

Several other factors were significantly associatét increased PH risk in OSA
patients:
Age > 50 years (OR: 2.10, p = 0.035)
«  BMI > 30 kg/m2 (OR: 3.00, p = 0.01)
« Neck Circumference 40 cm (OR: 3.50, p = 0.008)
Obesity Class II/lll (OR: 4.10, p = 0.015)
. STOP-Bang Score 5 (OR: 4.00, p = 0.003)

. SpQ < 90% (OR: 5.00, p = 0.001)

These results corroborate studies by Chami ¥t ahd Alchanatis et &8, which
emphasized the role of metabolic, cardiovasculad anatomical factors in OSA-
associated PH.

Compared to the findings by Sajkov & McEVWY, our results reinforce the
well-established link between OSA and PH but adshtgr specificity regarding risk
factors and demographic influences. However, adirfigs differ slightly from Marin
et all’®, who reported a weaker association between obasityPH, possibly due to

variations in sample characteristics and study odzlogies.
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This study underscores the strong association leetw@SA severity and
pulmonary hypertension, with obesity, nocturnal d¢wgmia, and hypertension
emerging as key contributing factors. The stagdifycsignificant correlations between
anthropometric parameters, comorbidities, and PMerg#g suggest that early
intervention targeting weight reduction, cardiowdac health, and respiratory
function could mitigate PH risk in OSA patients.tle longitudinal studies are
needed to explore the mechanistic pathways linki&f\ and PH, ultimately guiding
more effective prevention and treatment strategies.

Likelihood ratio tests and regression analysesligighthe predictive value of
pulmonary hypertension severity on patient outcomése model-fitting criteria
demonstrate a significant relationship, with insieg severity of pulmonary
hypertension associated with progressively lowetcamme measures. Regression
analysis of comorbidities identifies hypertensidtTN), type 2 diabetes mellitus
(T2DM), chronic obstructive pulmonary disease (CQPIB3chemic heart disease
(IHD), and hypothyroidism as significant predictoo$ pulmonary hypertension.
Among these, hypertension exhibits the strongeselation, further emphasizing the
interconnection between systemic and pulmonary wlascdysfunction in OSA
patients. While each comorbidity contributes magest pulmonary hypertension
variance, their collective impact underscores thednfor a multidisciplinary approach
in managing OSA-associated cardiovascular riskeugh our study population had
other comorbidities such as CKD, OCD and Bronch&hma there is no statistical
significance because of less sample size.

Logistic regression analysis of risk factors reseaeveral significant
predictors of pulmonary hypertension severity. ©Oldegye, BMI >30 kg/m?

hypertension, increased neck circumference, higbesity classes, elevated systolic
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blood pressure, and low Sp@re all strongly associated with increased pulmona
hypertension severity. Among these, $p€90% emerges as the most critical
predictor, with the highest odds ratio, indicatitftat nocturnal hypoxemia is a
primary driver of pulmonary vascular changes in Ofa&tients. These findings
reinforce the importance of timely interventiondptimize oxygenation and mitigate

cardiovascular consequences.
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Strength of the study

The study on the prevalence and correlates of pudmyo hypertension (PH) in
patients with sleep apnea syndrome has severatkaygths.

» Firstly, it utilizes an observational study desigenabling a real-world
assessment of the association between sleep apwesatys and PH. The
inclusion of comprehensive demographic, clinicahd acomorbidity data
provides a holistic view of risk factors, enhancthg robustness of findings.

» Secondly, the study employs statistical signifieaesting across multiple
variables, ensuring the reliability of results. ®iratification of patients based
on BMI categories (normal, overweight, and différebesity classes) allows
for nuanced insights into the impact of body weightPH prevalence.

* Moreover, the identification of key predictors ofl in sleep apnea patients
paves the way for early diagnosis and targetedvetgions. The findings
contribute valuable clinical knowledge that maydguimproved management
strategies for individuals at risk of cardiovascutamplications associated
with sleep apnea. Lastly, the study sets a strongdation for future research
on mechanistic links between sleep apnea and puamohypertension,

offering scope for interventional studies.
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LIMITATIONSOF THE STUDY

* Measurement Limitations — The diagnosis of pulmpriaypertension often
requires right heart catheterization, which is godd standard. If the study
relies on echocardiographic estimates alone, theey be a risk of
overestimation or underestimation of PH prevalence.

» Observational Nature — Since this is an observatistudy, causality between
sleep apnea and pulmonary hypertension cannottaklisked. The study can
only identify associations, not direct cause-arféatfrelationships.

» Lack of Longitudinal Follow-Up — The study desigoes not account for the
progression of pulmonary hypertension in sleep appegients over time. A
longitudinal study could provide more insights irte long-term impact of
sleep apnea on pulmonary circulation.

» Confounding Variables — The study may not contaol dritical confounders
such as obesity, smoking, alcohol consumption, oatidin use, and other
metabolic conditions, which could affect the redaghip between sleep apnea
and pulmonary hypertension.

» Limited Representation of Pediatric or Elderly Plapons — Although the
inclusion criteria state "all age groups," thereyrba a lower representation of
pediatric or elderly patients, which could impabe tapplicability of the
findings to these populations.

» Cross-Sectional Design — If the study follows assrsectional design, it
provides a snapshot of the relationship betweeepsépnea and pulmonary

hypertension without considering temporal changedisease progression.
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CONCLUSION

In conclusion, this study provides substantial evidence supporting the
association between obstructive sleep apnea and pulmonary hypertension,
highlighting the multifaceted interactions between demographic, anthropometric,
physiological, and comorbid factors. The progressive increase in pulmonary
hypertension prevalence and severity with worsening OSA underscores the critical
need for early diagnosis and intervention. Weight management, cardiovascular risk
assessment, and optimization of oxygenation through CPAP therapy or supplemental
oxygen are essential strategies in mitigating the long-term cardiovascular burden in
OSA patients. Additionally, the significant associations observed with comorbidities
suggest that a holistic, multidisciplinary approach is required to address the broader
implications of OSA on overal health. Future research should focus on long-term
outcomes of pulmonary hypertension treatment in OSA patients, the efficacy of
therapeutic interventions, and the exploration of novel biomarkers to enhance early
detection and risk stratification. Through improved understanding and management,
the clinical burden of pulmonary hypertension in sleep apnea syndrome can be

significantly reduced, ultimately improving patient prognosis and quality of life.
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SUMMARY

The present study is an institution based prospestiudy conducted in a teritary
care hospital among OSA patients during the pesfodpril 2023 -March 2024.

The diagnosis of OSA was done based on Level fgmohnography according to
AASM guidelines. The patients were subjected todtiaoracic two dimensional
echocardiography to diagnose pulmonary hyperteraohassess its severity.

A total of 70 patients diagnosed with obstructileep apnea (OSA) were included
in the study. These were stratified into three gmhased on OSA severity: Mild
OSA (n=12), Moderate OSf/=18), and Severe OSA (n=40). The mean age of the
study population was comparable across all seventypps, with values being
53.92 + 21.2 years in mild, 53.0 £ 12.57 years indarate, and 52.82 + 15.21
years in severe OSA.

The overall prevalence of pulmonary hypertensiofd)(Pn individuals with
obstructive sleep apnea (OSA) is approximately 30%.

As the severity of obstructive sleep apnea inciatee severity of pulmonary
hypertension also increased, showing a statisfisainificant correlation.

Weight, and BMI progressively increase with OSAesdy, with the highest BMI
observed in the severe OSA group (35.14 + 6.09).

A definitive conclusion regarding association of®ulmonary hypertension and
lifestyle habits, such as alcohol consumption andlsng, could not be drawn ,as
the sample size are minimal across all groups.

Our study found a strong association between STARN@ questionnaire and high
Modified Mallampati score (screening tools in OSA) PH severity among OSA

patients. However another salient screening taatl ineck circumference did not
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show significance in OSA severity but showed aorgir association with
prevalence of Pulmonary hypertension and sevefiputmonary hypertension.
Nocturnal hypoxemia measured by pulse oximeter daignificant correlation
with severity of OSA and severity of pulmonary hgteasion. . Also similar results
were appreciated with daytime SpO2.

A strong association is observed between worse@84 severity and increased
PH prevalence, with statistically significant pwe$ across all BMI groups. This
correlation underscores the importance of earlgrigntion in managing OSA to
reduce the risk of PH. The study establishes aarlick between sleep apnea and
pulmonary hypertension in those with higher BMlyipg the way for improved
clinical management and future research on targeteuiventions for high-risk
patients.

The prevalence of comorbidities such as hypertengldTN), ischemic heart
disease (IHD), chronic obstructive pulmonary dise@SOPD), hypothyroidism,
and type 2 diabetes mellitus (T2DM) is significgritigher in severe OSA cases

and also has positive correlation with severityPbff.
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ANNEXURE |: - KAHERsSJIJNMC
BELAGAVI
INFORMED CONSENT FORM

PREVALENCE AND CORRELATES OF PULMONARY HYPERTENSION IN
PATIENTS WITH SLEEP APNEA SYNDROME-A OBSERVATIONAL STUDY

Name of Student/Principal Investigator:
Name of Guide/Co Investigators:

Objective: 1. Prevalence of pulmonary hypertension in sleep apnea syndrome
2. Assess the severity of pulmonary hypertension with severity of sleep disorders.
3. Various other risk factors associated with severity of pulmonary  hypertension and

sleep apnea syndrome

Introduction:

Sleep-disordered breathing (SDB) is characterized by discrete episodes of absent (apnea) or
reduced (hypopnea) breathing, and/or by sustained reductions in breathing during sleep
(hypoventilation) compared with wakefulness. The most common form of SDB results from
closure of the upper airway during sleep and is called obstructive sleep apnea (OSA). The
prevalence of OSA synd-ome (AHI =5 with daytime slecpiness) 15 4% in men and 2% in women',
and the prevalence of Al 215 or greater regardless of symptoms is 9% in men and 4% in
women'. The prevelance of OHS is estimated to be 10 1o 20% in obese patients with obstructive
sleep apnea and 0.15 % to 0.3 % in general population. SDB is diagnosed by polysomnography
(PSG), which 1s a comprehensive multichannel sleep study, or by limited-channel home sleep
apnea testing devices,

There are three different levels of sleep studies. Level 5 sleep study often referred to as a home
sleep apnea test which records the breathing activity , oxygen levels and heart rate through out the
course of the night. Level 2 sleep study also called polysomnography which is currently in our
hospital, in addition to level 3 it monitors brain and muscle activities. Level 1 sleep study is same
as the level 2 but it takes place in a sleep lab and always observed in real time by a registered
polysomnographic technologist.

An apnea is defined as a cessation of breathing longer than 10 seconds. Hypopneas are associated
with a reduction in ey rather than complete cessation of airflow, These events are associated
with a fall in oxyge!. wiraiiow or a brief arousal from steep (microarousal). These are episodes of
mild upper airway narrowing during sleep, typically identified as flattening of the airflow signal
from the nasal pressure cannula, with a reduction in flow amplitude not large enough to be scored
as hypopnea, terminating with a microarousal. The standard metric for OSA severity is the apnea-
hypopnea index (AHI), which is calculated as the number of apneas and hypopneas during slecp
divided by total sleep time, represented in events per hour. OSA severity is graded as follows:
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normal {no OSA): AHI less than 3; mild sleep apnea: AHT 5 or greater but less than 15; moderate
sleep apnea: AHI 15 or greater but less than 30; and severe sleep apnea: AHI of 30 or greater.

I'he reported prevalence of pulmonary hypertension in OSA varies considerably between
studies, ranging from 15-75%’, although pooled data from several studies vielded a 10% prevalence
(mean pulmonary artery pressure > 25 mm Hg at cardiac catheterization). Most OSA patients without
major comorbidities have normal pulmonary artery pressures; pulmonary hypertension, when present,
is mild. More severe pulmonary hypertension, in some instances leading to right ventricular
dysfunction and rnight heart failure, may develop in patients with underlving lung function
abnormalities (COPD, obesity restriction,nevromuscular disease), many of whom will present with
daytime hypoxemia and hypercapnia.

The purpose of the study is 1o discuss the current knowlege around the consequences of sleep
breathing disorders on pulmonary hemodynamics as well as the prevalence, severity and risk factors
associated with pulmonary hypertension and sleep apnea syndrome.

\
Explanation of procedure: 2D echocardiography

Withdrawal from participation in the study: Participation in this study is voluntary. You
will be free to decide whether to participate in this study or continue participation once
enrolled. Tn case you decide to withdraw your participation, you arc free to do so. However.
please convey the decision to the principal investigator.

Possible benefits from participating in the study: You will'will not have nor get any
benefits by participating in this study. The data gathered will help the population at large,
Possible risks from participating in the study: There are no risks involved in participating
in this study.

Privacy and confidentiality: The information collected from vou will be coded. to prevent
any person from identifying vou. Your identity will never be revealed. The data collected
from you will be kept contidential and only processed or aggregated data will be used for
publication.

Financial incentives: You will not receive any payment for participating in this study.
Authorization for publication of aggregated data: Results obtained after processing of the
aggregated data will be published for scientific purposes and or presented to scientific groups.

However, your identity will never be revealed.
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Questions: In case of any questions with regard 1o this study, you are free to contact: “Dr,
" If you have any

question or complaints with regard to your right as study participant you may contact Dr

Harsha Hegde. Chairperson, Ethical commitiee of INMC, 0831-2473777 Extension 4052,

Legal rights: By signing this consent form, we are not waving any of vour legal rights.

CONSENT STATEMENT
I am making a voluntary decision to participate in the study “PREVALENCE AND
CORRELATES OF PULMONARY HYPERTENSION IN PATIENTS WITH SLEEP
APNEA SYNDROME- A OBSERVATIONAL STUDY™, My signature below indicates
that | have decided to participate and | have read the information provided above or the
information provided above has been read (o me in the language that [ understand best. 1 was

given the opportunity to ask questions and that they have been answered to my satisfaction.
Name of the participant;

Signature or [eft thumb impression of the participant:

Name of the witness:

Signature or Jeft thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURE Il :- PROFORMA

DATE

NAME

AGE

SEX

IP NO

HEIGHT

WEIGHT

BMI

NECK CIRCUMFERENCE

ADDRESS WITH PHONE
NUMBER

MARITAL STATUS

OCCUPATION
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CHIEF COMPLAINTS

CO MORBIDITIES

FAMILY HISTORY

ADDICTIVE HABITS

VITALS

BP -

PR -

SPO2 -

MODIFIED MALLAMPATI
AIRWAY SCORING

EPWORTH SLEEPINESS SCALE

APNEA HYPOPNEA INDEX

SEVERITY OF SLEEP APNEA

PULMONARY ARTERY
PRESSURE AND SEVERITY

STOP BANG SCORE

NOCTURNAL HYPOXEMIA
SpO
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Modified Mallampati score

The Mallampati Score

CLASS | CLASS I CLASS I CLASS IV

Complete Complete Visualization Soft palate
visualization of visualization of only the is not
the soft palate of the uvula base of the uvula visible at all

STOP-BANG questionnaire:

The mnemonic STOP- BANG includes the following:

» S:"Do you snore loudly, loud enough to be heardugh a closed door?”

* T:“Do you feel tired or fatigued during the day&gralmost every day?”

» O: “Has anyone observed that you stop breathinopgwieep?”

» P:"Do you have a history of high blood pressurthwer without treatment?”
e B: BMI > 35 kg/m2

* A:Age >50 years

* N: Neck circumference > 43 cm (17 in)

 G: Gender, male

When more than three items are positive
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Epworth sleepiness scale:

In contrast to just feeling tired, how likely are you to doze off or
fall asleep in the following situations? (This refers to your usual 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 dozing

2 = Moderate chance of dozing

3 = High chance of dozing

Situation Chance of Dozing

Sitting and reading
Watching TV

Sitting inactive in a public place (i.e., a theater
or a meeting)

As a passenger in a car for an hour without
break

Lying down to rest in the afternoon when
circumstances permit

Sitting and talking to someone
Sitting quietly after lunch without alcohol

In a car, while stopping for a few minutes in
traffic

scored 0—24, with >10 considered abnormal.
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. . . - . Epworth . nocturnal
no Age | sex H(Zg;“ \A(’zg)m BMI | ObeseClass | Neck circumference | Habits comorbidities sopBangscore | BP PR Dg;g‘e M ﬁf&fygﬁnr;’a" s!e-;p;l neess AHI f’f’gg prz_nre Degfyep‘;f gg';"a'y hypo;gg 2a min
1 16 M 155 | 44 | 183 | Undeweght 2% il il 3 10770 |90 o4 [ 20 9.8 sovere 23 Normel 71
2 9 M 24| 605 | 393 I ) il il 2 100060 |9 85 i 20 50 sovere 70 severe 65
3 7 F 122 | 395 | 265 | Ovewagnt E3 il il 2 12070 | 9% 98 I 18 86 Mild % normel 88
2 55 M 155 | 105 | 437 I a1 nil__| T2DM,IHD hypothyroidism 6 130/90 | 100 9% I 18 239 sovere 24 Normel 70
5 63 F 161 | 107 | 43 " 40 ni | T2OM HD’;;:'HV’““V"" 6 12090 | 88 % " 18 68.8 severe 22 normal 72
6 69 F 158 | 98 | 303 I 3 nl | T2DM,HTN,Hypothyroidism 6 12080 | 90 % " 19 164 moderate 35 mild o
7 54 F 152 | 108 | 4 " ] nl | T2DM.HTN,Hypothyroidism 6 14080 | 90 97 v 14 1 Mild 22 Normal 51
8 73 M 166 | 100 | 363 I a1 smoker | _T2DM.HTN,COPD,CKD 7 14019 |86 82 Il 7 66 Mild 20 mild 82
9 60 M 162 | 68 | 259 | Ovewagnt E3 il T2DM.HTN 5 12080 |90 % I 16 92 Mild 24 Normel %
10 66 M 158 | 54 | 216 Normal E3 il T2DM,HTN 5 12080 |90 9% I 5 12 mild 22 normel %
1 56 F 156 | 97 | 309 I a4 il T2DM '12‘& ronchial 8 13080 | 90 % v 20 55 severe 70 severe 68
7 8 F 158 | 9 | 393 I 2 il T2DMHTN 8 100060 |90 80 v 18 50 sovere 50 moderate 70
13 E3 F 162 | 126 | 48 I 5 il T2DM,HTN 6 130190 |60 89 v 10 29 sovere 55 moderate 78
14 53 M 170 | 114 | 3904 I 3 il T2DM,HTN 8 13080 |94 o4 I 18 716 sovere 23 Normel 63
15 78 M 165 | 95 | 349 [ 2 il T2DM, HTN,OCD 5 130580 | 88 o7 I 14 81 sovere 24 Normel 75
16 55 F 61 | 85 | 328 [ 3 il T2DM,HTN 6 12080 |90 % v 19 82.1 sovere 23 Normal 80
17 52 M 8 | 11 | 4 i 22 il T2DM,HTN 7 12070 | 110 79 v 7 237 Severe 24 Normal 65
18 76 M 158 | 84 | 336 i a1 Nil T2DM,HTN 7 10770 | 102 o4 I 18 304 sovere 38 mild 75
19 56 F 167 | 82 | 294 | Ovewagnt E3 Nil T2DM,HTN,COPD Z 13080 |87 o7 I 20 71 sovere 20 Mild 72
20 o1 M 166 | 110 | 399 I 24 NIl T2DM,HTN,COPD 8 130580 |90 85 v 19 0.4 sovere 22 mild 68
21 59 M 179 | 84 | 262 | Ovewagt 1 il T2DM 5 12080 |90 9% I 16 337 Moderate 22 Normal 81
2 35 M 158 | 83 ) [ a7 NIl T2DM 2 130580 |90 86 I 3 15 moderate 3 Normel 61
3 52 F 158 | 98 | 393 I 24 Nil T2DM 5 130580 |90 % v 20 70 sovere 23 Normel 70
2 69 M 167 | 97 | 348 [ 2 smoker T2DM,COPD 5 130580 |88 86 I 18 25 Moderate 70 Severe %
> 63 M 173 | 83 | 27.7 | Ovewdgt E3 smoker T2DM HTN,IHD 5 13080 | 84 o7 I 18 155 Moderate 24 Normel 85
2 6L M 160 | 102 | 398 I 3 Nil T2DM,HTN,IHD 6 13080 |90 %0 I 16 20 Moderate 2 Normel 80
27 57 M 167 | 79 | 283 | Ovewdgnt E3 il T2DM,IHD 2 100660 |80 o7 I 16 96 Mild 26 Normel 97
28 50 M 158 | 78 | 312 [ 0 Nil hypothyroidism 6 12080 |90 98 I 17 61 Severe 23 Normel 75
) 69 F 155 | 1005 | 416 Il 2 il HTN,Hypothyroidism 7 14080 | 84 63 v 21 738 Severe 60 Moderate 61
30 o4 M 158 | 90 | 364 I 3 il HTN,Hypothyroidism 7 12080 |86 98 v 18 2 Moderate 55 Moderate 82
31 20 F 164 | 84 | 312 [ a1 il Hypothyroidism 3 130/80 | 108 o1 I 20 102 mild 2 Normel 77
32 49 F 161 | 798 | 308 I 39 pil | FTNHypothyroidismIHD,R 4 13080 | 90 % I 18 29 Moderate 55 moderate 85
A,Moderate MR
3 &5 M 0 | 9 | 318 [ 0 Nil HTN 6 10/70 |90 9% Il g 2 Moderate 2 Normal 8
34 58 M 179 | 119 | 374 I 13 Alcohdlic HTN 8 140580 |80 80 v 18 338 sovere %5 Normel 74
35 60 M 60 | 92 | 359 I 3 Nil HTN 5 13080 |70 % v 4 727 Severe 23 Normal 5]
36 6 M 167 | 108 | 387 I 2 il il 5 130/80 | 100 97 I 17 3 sovere 2 Normel 87
37 6 M 172 | 104 | 352 I 24 il HTN 8 130190 |70 o7 I 17 39 sovere 2 Normel 75
38 55 M 158 | 106 | 425 I 2 il HTN 8 13080 |76 98 I 7 292 Severe 23 Normel 65
39 78 F 152 | 98 | 424 I 22 il HTN 6 130/80 | 100 85 v 5 533 sovere 20 mild 73
20 77 F 173 | 107 | 358 I a1 il Nil 6 13080 |62 % I 18 52 Mild 3 Mild 88
a1 39 M 176 | 90 | 291 | Ovewdgnt 3 il il 5 12080 | 86 % I 16 25 Moderate 3 Normel 85
2 5 F 152 | 98 | 424 I 0 il il 5 110770 |80 o4 I 16 20 Moderate 3 Normel 80
3 51 M 70 | 9 | 318 [ 2 il il 5 12080 |90 98 I 14 %62 sovere 2 Normel 84
2 a7 M 166 | 93 | 337 [ 22 il il 5 130580 |90 9% I 17 650 Severe 3 Normel 70
%5 62 M 170 | 106 | 367 I 22 il il 6 13080 |80 9% v 1 718 Severe 22 Mild 68
6 52 M 70 | 73 | 253 | Ovewagnt 3 il HTN,IHD 6 130580 |80 9% I 16 3 Severe 2 Normel 81
@ 80 M 76 | 9 | 307 [ 24 il HTN, IHD 6 12080 |90 9% I 14 66 Severe E Mild 84
8 62 F 158 | 92 | 369 I 24 il HTN,COPD 7 140580 |98 75 I 4 sovere 20 mild 55
29 85 M 185 | 87 | 254 | Ovewdgnt 0 smoker HTN, 7 130770 |86 80 I 16 5 mild 2 normel 54
50 65 F 164 | 88 | 327 [ 2 il T2DM,HTN 6 140580 |90 80 v 16 %5 Moderate 3 normel %
51 a1 F 155 | 93 | 387 I 0 il il 2 14090 | 110 9 I 5 5 sovere 24 normel 80
52 37 M 176 | 108 | 349 [ a1 il il 2 12080 | 86 98 I 16 8L4 sovere %5 normel 70
53 52 M 76 | % 3L [ 0 smoker T2DM,HTN 6 130190 |90 o4 I 18 29 Moderate 2 normel 66
52 29 M 64| 65 | 242 Normel 0 il il 2 12080 |90 %8 I 7 69.5 sovere 22 Normel 65
55 2 M 164 | 64 | 238 Normal 39 il il 2 12080 | 86 9% I 18 157 moderate 24 Normel o1
56 36 M 73 | 9% | 317 [ a1 il il 2 12080 |90 % I 16 242 sovere %5 normel 72
57 29 M 173 | 88 | 294 | Ovewdgnt 22 il il 2 12080 | 86 9 I 18 69 sovere 2 Normel 65
58 58 M 161 | 67 | 258 | Ovewagnt 39 Smoker HTN 6 130580 |90 % I 16 22 sovere 23 normal 75
59 23 F 155 | 78 | 325 [ 39 Nil T2DM,HTN,CKD 5 130580 |98 9% I 1 143 Mild 2 Normel 85
60 5 M 170 | 8 | 294 | Ovewdgnt 0 il HTN 5 130580 |88 % I 16 185 moderate 24 Normel 85
6L 50 F 160 | 70 | 273 | Ovewdght E3 il Nil 2 12070 |90 98 I 4 123 mild 22 Normel 88
62 60 M 168 | 90 | 319 [ 2 smoker T2DM,HTN 7 140190 |92 o4 v 18 55.6 sovere 50 moderate 70
63 35 F 155 | 60 3 Normel 37 il il 3 10770 |84 o7 I 15 8.9 Mild 24 Normel %
o4 55 M 72 | 95 | 324 [ 3 il HTN,Hypothyroidism 6 130580 |90 % I 7 354 sovere 24 Normel 75
&5 78 F /8 | 75 0 [ 3 il HTN 5 12080 |88 9% I 16 2.7 Moderate 23 Normel 85
66 &5 M 175 | 100 | 327 [ 24 smoker | T2DM,HTN,COPD 8 140580 | 86 % v 19 68.9 sovere 70 Severe 68
67 2 F 162 | 68 | 259 | Ovewagnt E3 il Nil 2 12070 |90 98 I 4 2.7 Moderate % Normel 85




. . . - . Epworth . nocturnal
no Age Sex Height | Weight BMI ObeseClass | Neck circumference | Habits comorbidities stop Bang score BP PR Daytime Moqmej mall X ! sleepiness AHI severity PA Degree of p“'f“""a”’ hypoxemia min
(cm) (Kg) Spo2 airway scoring scale of OSA pressure hypertension Sp02
68 70 M 170 85 29.4 Overweight 41 nil HTN,IHD 6 130/80 90 94 11 17 68.9 severe 22 Normal 70
69 58 F 160 80 313 | 40 nil HTN,Hypothyroidism 5 120/80 88 96 11 16 28.4 Moderate 23 Normal 85
70 60 M 168 0 319 | 42 smoker T2DM,HTN 7 140/90 92 94 v 18 55.6 severe 50 moderate 70
| | | [




