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ABSTRACT

Background:

Rapid Eye Movement-related Obstructive Sleep Ap(REM OSA) represents a
distinct subtype of sleep-disordered breathing (R@Ben characterized by increased
symptom burden and a unique clinical profile. Whie global recognition of REM
OSA is expanding, its prevalence, demographic tafoms, and clinical
manifestations remain understudied in Indian pdpana. Identifying reliable clinical
predictors and validating the utility of commonlgad screening tools is essential for

early diagnosis and optimized management.

Objectives.

The primary objective of the study was to deterntime prevalence of REM OSA
among patients with sleep-disordered breathing,pes both strict and broad
diagnostic criteria. The secondary Objective ofghely is to assess the correlation of
Epworth Sleepiness Scale (ESS), Beck Depressiorentowy (BDI), Berlin
Questionnaire, and STOP-BANG score with overall At the diagnosis of REM

OSA.

Materials and Methods:

A cross-sectional study was conducted over a oae{yeriod at KLE’s Dr. Prabhakar
Kore Hospital, Belagavi. One hundred adult patiedisagnosed with SDB via
overnight attended polysomnography were includdeMROSA was classified using
strict and broad American Academy of Sleep MedidifASM)-based definitions.

Demographic variables, clinical symptoms, comoti®dj and polysomnographic

indices were recorded. Screening tools (ESS, BDTORB-BANG, Berlin

Xii



Questionnaire) were administered and their coimrlatwith apnea-hypopnea index

(AHI) and REM OSA were analyzed using appropriaatistical tests.

Results:

The prevalence of REM OSA was 71% under broadr@itend 37% under strict

criteria. No statistically significant correlatiovas observed between overall AHI and
ESS (r =0.02, p =0.81), BDI (r = 0.14, p = 0.10) STOP-BANG score (r = —0.08, p
= 0.38). Similarly, these questionnaires did naivelsignificant differences between
REM OSA and non-REM OSA groups. The Berlin Questare was also not

significantly associated with REM OSA (p = 0.51EMR OSA was significantly more

prevalent among males (p = 0.03) and older indaislp = 0.03). Excessive daytime
sleepiness (p = 0.04), fatigue (p = 0.008), andrmsa (p = 0.02) were more

frequently reported in REM OSA. Hypertension (76)9%ardiovascular disease
(53.9%), and diabetes (50%) were the most commanoduaidities. Patients with

REM OSA had significantly lower minimum Sp( < 0.001).

Inter pretation and Conclusion:

REM OSA was highly prevalent in this cohort, espiigiwhen applying the broad

diagnostic criteria. Male gender, advancing age, srecific symptom profiles such
as fatigue and insomnia were associated with REMA.OBowever, standard

screening tools like ESS, BDI, STOP-BANG, and Be@iuestionnaire demonstrated
limited discriminative power for detecting REM-pmedinant OSA. The findings

highlight the need for heightened clinical awarsnesnd phenotype-specific

diagnostic approaches to better identify and mafdgfd OSA in routine practice.

Keywords:

REM-related Obstructive Sleep Apnea, Sleep-Dis@deBreathing, Prevalence,
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Polysomnography, Epworth Sleepiness Scale, STOP®AMeck Depression

Inventory, Berlin Questionnaire, Gender Differena®snea- Hypopnea index
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INTRODUCTION

Obstructive sleep apnea (OSA) represents a prevalen of sleep-disordered
breathing, characterized by repetitive episodepanfial or complete obstruction of
the upper airway during sleep. These obstructivisoeles lead to intermittent
hypoxia, disrupted sleep architecture, and sleepgnfientation, significantly
contributing to adverse health outcomes, includiagdiovascular, metabolic, and
neurocognitive morbidities2 Conventionally, the diagnosis and severity
classification of OSA have been based on the apgpapnea index (AHI), which
measures respiratory events per hour of sleep utitliistinguishing events by
specific sleep stagés However, recent evidence increasingly emphagsirglinical
significance of rapid eye movement (REM)-predomin@SA, defined by the

occurrence of respiratory disturbances predomigahtiing REM sleef®.

Physiologically distinct from non-REM sleep, REMe&p is characterized by
increased cerebral activity, vivid dreaming, rapgk movements, and pronounced
muscle atonia. These characteristics inherentlyagde the risk of upper airway
collapsibility and respiratory instability, rendegi individuals particularly susceptible
to respiratory events during REM sle&pConsequently, REM-predominant OSA
(REM OSA) presents specific diagnostic and clinicelnagement challenges due to
its atypical symptom presentation, complex diagnostiteria, and potential for
heightened cardiovascular and neurocognitive careseges compared to non-REM
OSA 89 Despite these significant implications, REM OS#mains considerably
underdiagnosed, primarily due to inconsistent diédims across clinical guidelines,
variability in polysomnographic scoring methodokesyi and limited clinician

awarenes&®11

Page 1



| ntroduction

The primary objective of this dissertation is tacersain the prevalence of
REM OSA among patients diagnosed with sleep-diseddéreathing, applying both
strict and broad diagnostic criteria. Strict cigetypically necessitate a distinctly
elevated REM AHI compared to non-REM AHI, highligig a clear predominance of
respiratory events within REM sleep. Converselygaler criteria encompass cases
exhibiting any notable excess of respiratory distmces during REM sleep,
irrespective of total AHI severity>!?!2 Comprehensive characterization and
guantification of REM-predominant OSA are essentilrefine epidemiological
understanding, delineate risk factors, and enhaligieal recognition and therapeutic

management of affected individuals.

Secondary objectives involve examining correlatidmstween subjective
symptom assessment tools like, the Epworth Slespingcale (ESS), Beck’s
Depression Inventory (BDI), Berlin QuestionnairedaSTOP-BANG questionnaire
and objective polysomnographic indices pertinergeneral and REM-specific OSA.
While these tools are routinely employed in clihipaactice to stratify risk and
severity, their effectiveness in identifying REM M®Sremains inadequately
established, largely due to differential clinicakgentations associated with REM-
specific disturbances*'®> For example, the ESS primarily measures daytime
sleepiness, a common yet non-specific symptom ofA,Qtentially limiting its
predictive validity for REM OSA. Alternatively, th&TOP-BANG and Berlin
guestionnaires incorporate broader symptomatologg demographic variables,
offering potentially enhanced predictive value,udb still imperfectly aligned with
REM-specific presentation$'® Furthermore, the BDI, initially designed for

depression assessment, has gained clinical relevginen emerging evidence linking

Page 2



| ntroduction

depressive symptoms with disturbed REM sleep pattequently observed in REM

OSA patients "8

A nuanced understanding of how these subjectiveesang tools correlate
with objective polysomnographic metrics specific REM OSA is crucial for
improving diagnostic precision, enhancing patiedéntification, and facilitating
individualized therapeutic strategies. By invediiyh these associations through a
cross-sectional analytical framework, this studgkseto expand existing knowledge,
inform clinical guidelines, and potentially improdégnostic accuracy and treatment
outcomes. Enhanced recognition and tailored manageai REM-predominant OSA
could ultimately lead to improved patient outcomepgtimized healthcare resource

allocation, and a significant enhancement in ov@atient care quality.
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Need for This Study

The clinical importance of REM-predominant obstivetsleep apnea (OSA)
has gained substantial attention in sleep medisearch; nevertheless, significant
knowledge gaps remain concerning its epidemiol@ygcise diagnosis, and optimal
therapeutic management. Although existing liteeturdelineates distinct
pathophysiological pathways, diverse clinical preagons, and specific risk profiles
associated with REM-related respiratory disturband®EM OSA continues to be
frequently overlooked and inadequately managedoutime clinical practice. The
urgency for this research stems from the notabdecsty of robust epidemiological
studies investigating the prevalence of REM-preda@mi OSA using clearly defined

strict and broad diagnostic criteria across diveagent demographics.

Furthermore, subjective screening tools widely inpented in clinical
practice—such as the Epworth Sleepiness Scale (EE&8k’'s Depression Inventory
(BDI), Berlin Questionnaire, and STOP-BANG questiame—demonstrate
inconsistent predictive accuracy specifically foENR-predominant OSA. These
screening instruments, while generally effectivedeerall OSA risk assessment, may
fail to capture accurately the nuanced clinical piamatology and severity peculiar
to REM-related disturbances. Thus, there is acalitieed for systematic investigation
into the correlation between these subjective nreasuand objective
polysomnographic findings to improve diagnosticiatglity and enhance clinical

decision-making tailored explicitly for REM OSA.

By bridging these critical knowledge gaps, the pnéstudy seeks to generate
robust evidence that will inform and refine clidigaractice guidelines, enhance

diagnostic precision, and optimize management egji@é specifically for REM-
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predominant OSA. Ultimately, the insights deriveanii this investigation are
anticipated to improve clinical recognition, fatdle earlier and more targeted
interventions, and positively influence patient aames, thereby significantly

advancing the discipline of sleep medicine.
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AIMSAND OBJECTIVES
Primary Objective:
* To determine the prevalence of REM related OSA in patients with Sleep
disordered breathing

Secondary objective:

» To determine the correlation of Epworth Sleepiness Scale (ESS), STOP-BANG,
Becks Depression inventory and Berlin questionnaire in diagnosis of Obstructive

sleep apnea and aREM OSA.
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REVIEW OF LITERATURE

Sleep is defined as the intermediate state betweskefulness and death;
wakefulness regarded as the active state of ath@nand intellectual functions and
death as that of their total suspensidrSleep is conventionally defined behaviorally
as a reversible state marked by reduced perceptughgement and diminished
responsiveness to external stimuli. Beyond thigs itncreasingly recognized as a
complex integration of physiological and behavigpAenomena. While commonly
characterized by postural recumbence, behavionasgence, and eye closure, these
features, although typical, are not universallyuisie for the state to be classified as

sleep 20

Throughout history, the conceptualization and cahpnsion of sleep and
associated disorders have evolved extensivelyyEavllizations frequently viewed
sleep as an enigmatic state, heavily interwoveh ditams, spirituality, mysticism,
and religious interpretations. Ancient Greek plolasers, including Aristotle and
Hippocrates, speculated on the nature and functainsleep, often linking it to
physiological balance and overall health. Similarlgncient Egyptian and
Mesopotamian cultures documented dreams and slegpldinces as manifestations
of divine or supernatural communication, emphagiztheir perceived mystical
significance.?! However, despite these early cultural acknowledys)et was not
until the late nineteenth and early twentieth ceesuthat systematic, scientific
methods began to elucidate the physiological undenpgs and clinical implications

of sleep and its disorders.

The foundational period of contemporary sleep medicommenced notably

with Hans Berger's groundbreaking introduction letc&oencephalography (EEG) in
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1929. Berger's innovation allowed researchersthfeffirst time, to objectively assess
and document cerebral electrical activity duringeepl. This methodological
advancement provided an empirical basis for undedstg the neurophysiology of
sleep, fundamentally transforming sleep researcm fanecdotal and observational
descriptions into an objective scientific discigif® Subsequently, in 1937, Alfred
Loomis and his colleagues further enriched thelfisl categorizing sleep into distinct
electrophysiologically defined stages. Their wonloydded a structured analytical
framework, enabling more precise investigationlegg's complexities, including its

architecture and cyclical naturé.

A pivotal advancement in sleep research occurred1®3 with the
groundbreaking discovery of rapid eye movement (REdleep by Nathaniel
Kleitman and Eugene Aserinskd?. Their landmark identification of REM sleep as a
distinct physiological state, characterized by h&aged cortical activity, rapid ocular
movements, vivid dreaming, and unique patterns ofale atonia, significantly
advanced scientific understanding of sleep. Thiscaliery catalyzed an era of
extensive research into the physiological functiomsurobiological underpinnings,
and clinical significance of sleep stages, notabBhaping conceptions of sleep as an

active, complex, and physiologically critical phemenon??

The clinical characterization and systematic staflpbstructive sleep apnea
syndrome (OSAS) gained significant momentum dutireg1970s, primarily through
the efforts of Christian Guilleminault, William Demt, and colleagues at Stanford
University2* Their meticulous clinical descriptions, exploratiof pathophysiological
mechanisms, and elucidation of associated cardioNes and metabolic risks

significantly enhanced the understanding and diniecognition of OSAS. As a
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result, sleep apnea syndrome emerged as a ceota$ fwithin sleep medicine
research and clinical practice, influencing subseduwiagnostic methodologies and

therapeutic interventiorfs.

The therapeutic landscape underwent a profoundftsemation in 1981 when
Colin Sullivan and associates introduced continymasstive airway pressure (CPAP)
therapy. This innovative non-invasive treatment alibyl represented a critical
milestone in managing obstructive sleep apneactefidy alleviating symptoms,
reducing morbidity, and markedly improving patientcomes and overall quality of
life. 2°. Furthermore, REM-related obstructive sleep ap(REM OSA) gained
prominence as a distinct clinical phenotype in sgbent decades. REM OSA drew
particular clinical attention due to its unique tpgihysiological characteristics,
diagnostic challenges, and specialized therapegtasiderations specifically

associated with disturbances during REM sléép.

Physiology and Importance of Sleep

Sleep constitutes an intricate physiological statgcal for maintaining the
homeostatic equilibrium across diverse biologigatems essential for human health.
At its foundation, sleep orchestrates crucial ratpry functions encompassing
neurological, cognitive, metabolic, endocrine, inmological, and cardiovascular
processes. The complexity of sleep is maintainedutih highly regulated neural
circuitry, sophisticated neurochemical pathways,d agoordinated systemic
interactions, highlighting the essential natureadéquate sleep quality and duration

for maintaining optimal physiological and psychdtzd health 26
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Neurobiologically, sleep plays a pivotal role irppaorting synaptic plasticity,
neuronal repair, and overall neural homeostasiginQunon-rapid eye movement
(NREM) sleep, especially the slow-wave sleep (SWBase, significant neuronal
restructuring occurs, characterized by synapticrdmaling and strengthening, which
facilitate efficient neural network function and mery consolidation processes.
Conversely, rapid eye movement (REM) sleep is aality involved in the
consolidation of procedural memories and the itiégn and regulation of emotional
memories, thereby contributing substantially to #omal regulation, cognitive
adaptability, and psychological resiliené.Distinct neurophysiological features of
REM sleep, including elevated cortical activity,vidi dreaming, rapid ocular
movements, and complete skeletal muscle atonidnguemphasize its integral role in
maintaining optimal neurological and emotional kealDisruptions specifically
within REM sleep have been shown to disproportielyaaffect emotional processing
capabilities, increase vulnerability to mood disslsuch as anxiety and depression,
and impair overall cognitive and psychological ftimging, underscoring the

necessity for maintaining stable and uninterrusiedp architecture.

In addition to cognitive and neurological functipsieep exerts profound and
widespread influences on systemic physiologicatesses, including cardiovascular
regulation, immune response modulation, endocigrea#iing, and metabolic control.
Epidemiological and experimental studies consitendemonstrate robust
associations between chronic sleep deprivation adderse health outcomes -
heightened risks for cardiovascular diseases, raktadisorders such as impaired
glucose tolerance and insulin resistance, obesityf,compromised immune defences.
28 Mechanistically, insufficient or disturbed sleaptiates inflammatory responses,

elevates oxidative stress levels, and disrupts bpain homeostasis, particularly
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involving dysregulation of cortisol, leptin, and rghn concentrations. These
pathophysiological disruptions collectively amplifgusceptibility to chronic
conditions and exacerbate underlying medical iBess Furthermore, sleep
deprivation has been linked to increased sympatmetivous system activation and
diminished parasympathetic modulation, leadingalliyeo heightened cardiovascular
stress, increased blood pressure, and elevatedowasdular morbidity risks.
Disturbances in sleep quality and quantity sigaffity impact circadian rhythms,
influencing genetic expression patterns crucial fegulating metabolic functions,
immune efficiency, and stress adaptation mechanigms profoundly affecting long-

term physiological resilience and systemic health.

As per the guidelines issued by the American AcademSleep Medicine
(AASM) and Sleep Research Society (SRS) , it ism@uended that adults sleep at
least 7 hours per night, with 7 to 9 hours beintino@l. Extending sleep duration for
those who consistently sleep insufficiently maydléa health improvements. Healthy
sleep requires adequate sleep duration, regulafyropriate timing, the absence of

sleep disorders, and good sleep quafity.

STAGES OF SLEEP

As per the most recent American Academy of Sleemibliee (AASM)

guidelines, sleep is classified into two major tyffe

1. Non-Rapid Eye Movement (NREM) Sleep

Divided into three stages (N1, N2, N3), which reflprogressively deeper sleep:
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Stage N1 (NREM 1) — Light Sleep
- Transitional phase between wakefulness and sleep.
« Characterized by:
o Low-voltage, mixed-frequency EEG activity.
o Slow rolling eye movements.
o Reduced muscle tone.
« Accounts for about 5-10% of total sleep time.
Stage N2 (NREM 2) — Intermediate Sleep
« Represents the largest proportion of total sleap {~45-55%).
« EEG features:
o Sleep spindles (11-16 Hz bursts).
o K-complexes (high-amplitude biphasic waves).
« No eye movement; muscle tone continues to decline.
Stage N3 (NREM 3) — Deep Sleep / Slow Wave Sleep

« Also referred to as slow-wave sleep (SWS) or detap.

EEG shows:
o High-amplitude, low-frequency delta waves (0.5-2 Hz5 pV).
« Most restorative stage of sleep.

« Comprises ~15-25% of total sleep time in young tadul

Associated with memory consolidation, cellular iepand immune function.
2. Rapid Eye Movement (REM) Sleep
« Characterized by:
o Rapid eye movements.
o Mixed-frequency, low-voltage EEG activity (similer wakefulness).

o Muscle atonia (paralysis of major voluntary musgles
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o Vivid dreaming commonly occurs in this stage.
« Typically constitutes 20-25% of total sleep time.
+ REM sleep cycles occur every ~90 minutes and leargiih duration across the

night.

Sleep Cycle Overview
« A normal sleep cycle progresses from NIN2 — N3 — REM.
« In adults each sleep cycle lasts approximately 20-ninutes.Adutlts
typically go through 4-6 cycles per night
« With each successive cycle:
o N3 decreases.

o REM duration increases.

The paediatric sleep cycle, especially in infamd goung children, is shorter
(about 50-60 minutes in infants). Newborns altermaginly between active
(REM-like) and quiet sleep, gradually developingtidict sleep stages with

age. Children also spend more time in deep slesypaned to adults.

Standardized Terminology in Sleep-Disordered Breatimg (According to AASM)
Approaching patients with sleep-related breathirsgudoances requires standardized
nomenclature, as outlined by the American Academ$leep Medicine (AASMY®.
The core terms and their clinical meanings are sanz@d below:
« Apnea
Refers to a near-total cessation of airflow, amimgnto at least a 90% drop

from baseline, lasting for a minimum of 10 seconds.
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« Obstructive Apnea
A form of apnea characterized by continued respiyagffort without
effective airflow, indicative of upper airway ohsttion.
Central Apnea
Represents a transient pause in breathing where ithao observable
respiratory effort during the episode.
Mixed Apnea
A respiratory event beginning without any effortdanding with effortful
breathing against a blocked airway.
Hypopnea
Defined as a partial decrease in airflow for aste®) seconds, associated with
a>3% drop in oxygen saturation or an arousal frorasle
Respiratory Effort-Related Arousal (RERA)
A condition where increased respiratory effort @susleep disruption, though
it does not fulfill the criteria for apnea or hypwa.

« Apnea—Hypopnea Index (AHI)
A measurement indicating the average number ofagpaed hypopneas
occurring per hour of sleep.

- Respiratory Disturbance Index (RDI)
A broader metric encompassing apneas, hypopnea$R BRAs per hour of
sleep.

« Oxygen Desaturation Index (ODI)
Describes the frequency per hour at which oxygéuraton drops by a set

threshold (commonlg3% or 4%).
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Hypoventilation

Describes a condition where elevated carbon dioedels persist during
sleep due to inadequate ventilation.

Cheyne-Stokes Breathing

A pattern of rhythmic breathing fluctuations witarfpds of increased and
decreased effort, typically ending in central agn@ahypopneas.
Sleep-Disordered Breathing (SDB)

A collective term for conditions marked by irreguta obstructed breathing
patterns during sleep.

Arousal

A brief interruption of sleep characterized by dden shift in brain wave
activity lasting at least 3 seconds, usually folluyvstable sleep for 10

seconds or more.

Classification of sleep disorders according to ICEH??

1.

Insomnia Disorders:
- Chronic Insomnia,
— Short term insomnia

— other insomnia

2. Sleep related Breathing disorders

- Obstructive Sleep Apnea (OSA):

- Central Sleep Apneas (CSA)

- Central sleep apnea due to high Altitude Peribdéathing
- Primary Central Sleep Apnea of Infancy

- Primary Central sleep Apnea of prematurity

- Treatment Emergent Central Sleep Apnea
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3. Sleep Related Hypoventilation disorders
- Congenital Central Alveolar Hypoventilation Synd@m
- Sleep-Related Hypoxemia disorder

4. Central disorders of Hypersomnolence

Narcolepsy type 1

Idiopathic Hypersomnia

Kleine Levin syndrome

Hypersomnia due to a medical disorder
5. Circadian Rhythm Sleep-Wake disorders
- Delayed Sleep-Wake Phase Disorde
- Advanced Sleep-Wake Phase Deord
- Irregular Sleep-Wake Rhythm Dby
- Non-24-Hour Sleep-Wake Rhythnsdder
- Shift Work Disorder
- Jet Lag Disorder
6. Parasomnias
- NREM Parasomnias (Sleep walking, Confusional Artajsa
Sleep Terrors)
- REM sleep Behaviour disorder
- Nightmare disorder
- Sleep-Related eating disorder
- Sleep related Urologic Dysfunction
* Sleep Enuresis
* Nocturia

* Nocturnal Urinary Urge incontinence
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7. Sleep-Related Movement Disorders

- Nocturnal Muscle Cramps

- Sleep related Bruxism

- Restless Legs syndrome

- Periodic Limb Movement disorder

- Propriospinal Myoclonus at sleep Onset
8. Other sleep disorders

- Isolated symptoms and Normal Variants

- Unclassified Sleep Disorders

These changes reflect the AASM's effort to impraliagnostic specificity and
harmonize sleep disorder classification with curimical and research standards.
From the above mentioned sleep disorders, patiefits sleep related breathing
disorders are involved in this study.
Classification of Sleep-Related Breathing DisordergAccording to ICSD-3):31:32.33
Sleep-Related Breathing Disorders (SRBDs) refer atogroup 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-3)
1. Obstructive Sleep Apnea Syndromes (Sleep disordeesthing)
It is the most commonly diagnosed breathing disoedsociated with
sleep.lt causes temporary cessation of breathimmpglsleep due to
partial or complete blockage of the upper airwag3dehinterruption are
often accompanied by symptoms including snoringhnsweats, dry

mouth or throat.Peoplle may awaken without readjzinresulting in
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symptoms like excessive daytime fatigue, lack afutband memory
problems.
At this juncture it may be noted as per ICSD 3 glirees obstructive
sleep apnea is alternatively called sleep disotdneathing.
2. Central Sleep Apnea (CSA)
It differs from obstructive sleep apnea syndrom&AS) in that it
involves a cessation of breathing due to impairedrological control
rather than physical airway obstruction. The undeg mechanism
involves dysfunction in the central nervous syst@NS) pathways
that regulate respiratory drive. CSA can be prégipd by several
etiological factors, including congestive heariues, cerebrovascular
events, and the use of opioids.
3. Sleep-Related Hypoxic Hypoventilation Disorders K&D)
These refer to a group of respiratory disturbartesng sleep that
result from neurological, cardiovascular, or pulmgn conditions,
leading to inadequate oxygenation. These disorgengrally emerge
due to compromised ventilation stemming from aneutythg disease.
Sleep related breathing disorders can significaimipair an individual’s
overall well-being, diminishing quality of life ardniting daily functional capacity.
Timely identification and intervention with targdtetherapies are essential to
improving outcomes and minimizing the risk of fuatthealth deterioration.
Isolated Symptoms and Normal Variants, such asargirsnoring, are characterized
by repetitive upper airway noise during sleep withaccompanying obstructive or

central respiratory events. Although typically nlatked to significant oxygen
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desaturation, primary snoring may still disrupteglecontinuity and result in non-
restorative sleep or daytime somnolence.

Among the spectrum of sleep-related breathing derst obstructive sleep
apnea (OSA) remains the most prevalent. It is gtyorassociated with adverse
cardiovascular outcomes. Current epidemiologicadaence estimates the prevalence
of OSA to range from approximately 9% to 38% inieas populations.
OBSTRUCTIVE SLEEP APNEA

OSA is defined by recurrent episodes of partinlcomplete pharyngeal
obstruction during sleep, resulting in apnea8006 airflow reduction) or hypopneas
(>30% airflow reduction with>3% desaturation or arousal), as per AASM scoring
rules®%3! These events, detected via polysomnography odatal home sleep apnea
testing, must occur at a frequency X8 events/hour, with accompanying clinical
symptoms or comorbidities, to satisfy diagnosticesholds under the ICSD-3
framework®2,

These events induce intermittent hypoxemia, sleagniientation, and sympathetic
activation, contributing to widespread end-orgdeat. 3438
Severity is stratified based on the apnea-hypoprax (AHI):

+ Mild: 5-14 events/hour

« Moderate: 15-29 events/hour

. Severe>30 events/hout’

Obstructive Sleep Apnea (OSA) is an establishek fastor for multiple
systemic diseases and adverse health outcomes dtseatsociation with intermittent
hypoxia, sympathetic activation, inflammation, atekep fragmentation.

1. Hypertension (Especially Resistant Hypertension)

Page 19



Review Of Literature

« Recurrent apneas increase sympathetic tone andthetidb dysfunction,
leading to sustained hypertensin.
2. Coronary Artery Disease and Myocardial Infarction
« OSA contributes to atherosclerosis, endothelialfudygion, and increased
cardiac workload®.
3. Stroke
« OSA increases the risk of both ischemic and hadmgic stroke through
hemodynamic fluctuations and prothrombotic stdtes
4. Heart Failure (Especially HFpEF and HFrEF)
« OSA contributes to both systolic and diastolic dystion via hypoxia and
intrathoracic pressure swings.
5. Arrhythmias (e.g., Atrial Fibrillation)
- OSA is associated with increased atrial size, artoa imbalance, and
hypoxemia—predisposing to atrial fibrillation anther arrhythmias®
6. Type 2 Diabetes Mellitus and Insulin Resistance
« Intermittent hypoxia promotes metabolic dysregolatand impairs glucose
metabolism3°
7. Depression and Cognitive Impairment
- Fragmented sleep architecture and hypoxia congilbatmood disturbances
and impaired executive functiof?.
8. Motor Vehicle Accidents
- [Excessive daytime sleepiness in untreated OSA asese accident risk
significantly.*!

9. Nonalcoholic Fatty Liver Disease (NAFLD)
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+ OSA has been implicated in hepatic steatosis dmwdis due to hypoxia-

induced oxidative stre$s.

Epidemiology of OSA

Global Prevalence

- The global prevalence of OSA has seen a markeeaser largely driven by
rising rates of obesity, aging populations, and rowpd awareness and
diagnostic capability. According to the HypnolLausidy conducted in
Switzerland, moderate-to-severe sleep-disorderedathing (AHI >15
events/hour) was present in 23.4% of women and®®4@f7men aged 40 to 85

years, suggesting that OSA may be more widespreadgreviously believed.

43

A seminal model-based global estimate by Benjafetical. (2019), which
utilized data from 16 countries, projected thatrlye@36 million adults aged 30-69
years ¢pbally may have OSA (AHBE5/h), with 425 million experiencing moderate-
to-severe disease (AHF15/h), signifying a major global health burdénThe
prevalence is notably higher among males, oldeltgdand individuals with elevated
.Prevalence in Asia

Asia, with its diverse populations and rapid urlzation, is witnessing a rising
prevalence of OSA. Despite differences in craniafastructure and body habitus,
studies from East and Southeast Asia report pregaleates comparable to Western
countries, particularly when using contemporary Alitesholds.

In the Wisconsin Sleep Cohort adaptation in urbdnn€se populations,
prevalence of OSA (AHE5) was estimated at 3.6% in women and 4.1% in men i
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earlier studies, though more recent data reflaghdri rates due to lifestyle transitions.
45

A meta-analysis by Mirrakhimov et al. found poola@valence rates of OSA
ranging from 9% to 38% in Asian males and 4% to 20%sian females, depending
on the diagnostic criteria and age gréfigast Asian populations often develop OSA
at lower BMI due to craniofacial anatomical predisipions such as retrognathia and

maxillary hypoplasia, despite lower obesity ratespared to Western counterparts

a7

Prevalence in India

OSA is increasingly recognized as a major heatthesn India, with multiple
population-based and hospital-based studies indgcatibstantial prevalence. A large
community-based study by Udwadia et al. in MumB&i04) reported that OSA (AHI
>5 plus symptoms) had a prevalence of 19.5% in mahes7.4% in females, with

overall sleep-disordered breathing affecting 24d&%e adult populatiorf®

Subsequent studies from different regions of Ind&ve supported these
findings, with prevalence estimates ranging frorfo1® 33% depending on the urban
or rural setting, population age, and BMI distribnt®”*8 A pan-Indian hospital-
based study reported that moderate-to-severe O$A ¥A5) was present in 19% to
21% of referred patients! Despite these figures, under-recognition remainsar
issue due to low public and physician awarenesstdd sleep laboratories, and socio-

cultural barriers.

Notably, Indian populations exhibit unique risk files with a combination of
central obesity, craniofacial narrowing, and melbabsyndrome at lower BMI,

contributing to OSA risk even in non-obese indiatit?2.
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OSA affects hundreds of millions of individuals Wbwide, with similar prevalence
patterns in Asian and Indian populations as in Westountries. Given its public
health implications, especially in low- and middeome countries, there is a
pressing need for large-scale epidemiological slemee, increased clinical

awareness, and expansion of diagnostic infrastre@tuindia and across Asia.

Risk Factors for Sleep-Disordered Breathing (SDB)
Obstructive Sleep Apnea (OSA) is influenced by rgeaof interrelated risk

factors.

Sexis a significant determinant, with men having a®4-fold higher prevalence of
OSA than women. This disparity is attributed totardcal differences such as longer
pharyngeal length and greater upper airway fat siipa in men. However, the risk
in women increases after menopause unless thendrermone replacement therapy.
Additionally, women with OSA tend to exhibit morggopneas, shorter respiratory

events, and less severe oxygen desaturation episodgared to mefs>°

Advancing ageis another established risk factor, with OSA plernee rising due to
reduced upper airway muscle tone and a greateebuwticomorbid conditions such

as cardiovascular, metabolic, and neurologic desds

Obesity plays a central role, with 40-60% of individual#hwOSA being obese.
Obesity contributes through fat accumulation in emppirway structures, decreased
lung volumes, and heightened pro-inflammatory cyte& that impair ventilatory
control and promote daytime sleepiness. Neverthelés is noteworthy that
approximately 20% of OSA cases occur in non-obedeiduals, underscoring the

multifactorial nature of the disordef.
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Craniofacial abnormalities such as retrognathia, brachycephaly, a high-arched

palate, and macroglossia are also recognized baitrs, particularly in Asian
populations where minor changes in BMI are assediatith increased OSA risk due
to structural predispositiort$3° Systemic inflammation characterized by elevated
levels of C-reactive protein (CRP), interleukiniB-6), insulin resistance, and leptin
dysregulation, has been implicated in the pathagiesnef OSA by disrupting

ventilatory drive and promoting adipose depositiothe upper airway??®2

Geneticsplays an important role, with first-degree relatvof OSA patients having
approximately double the risk. This inherited spsitdity may be mediated through
shared traits such as obesity, craniofacial archite, ventilatory control instability,

and common comorbiditi€é:5°

Pathogenesis Of OSA

The below illustration from Cowie et al. (2021) pides a comprehensive
visual summary of the multifactorial pathophysiat@ mechanisms underlying
sleep-disordered breathing (SDB), particularly nbgtve sleep apnea (OSA). At the
core of these abnormalities are repetitive apneients that lead to sleep
fragmentation, cyclical hypoxemia-reoxygenation,rgéa intrathoracic pressure
swings, and heightened sympathetic nervous systgivation. These mechanisms
contribute synergistically to systemic inflammatioroxidative stress, and
neurohormonal dysregulation. Specifically, the riegantrathoracic pressures during
obstructive events increase myocardial workload preload, disrupt ventricular
interactions, and predispose to arrhythmias andiaarremodeling. Concurrently,
intermittent hypoxia triggers pro-inflammatory angro-thrombotic pathways,

endothelial dysfunction, and insulin resistancether linking SDB to cardiovascular

Page 24



Review Of Literature

and metabolic disorders. The illustration underssohow these interconnected
processes culminate in increased cardiovascular bidir and systemic

complications, reinforcing the need for early ragtign and targeted management of

SDB.%¢

CENTRAL ILLUSTRATION Pathophysiological Abnormalities in Sleep Disordered Breathing

Sleep Reduction
and Fragmentation

+ Sleep efficiency C
yclical
4 REM sleep Hypoxemia-Reoxygenation
Cerebral arousal # Inflammation
+ Inflammation

Intrathoracic Pressure Swings

(particularly in OSA)
$ LV transmural pressure
4+ LV afterload
$ RV venous return
t Leftward shift of IV septum
% Intra-arterial pressure
t Aortic wall stress

t Myocardial 0, demand

+ Myocardial relaxation

+ Cardiac output

t Arrhythmia
Adverse LA and LV
remodeling

4 Fibrinogen

4 Platelet activation

#Risk of paradoxical embolism
$PAI-1 activity

_
Due to:
Systemic inflammation
Oxidative stress
Sympathetic activation

Cowie, MR. et al. J Am Coll Cardiol. 2021;78(6)-608-624.

Sleep disordered breathing is associated with several major pathophysiological ab Lty duding intrath p swings (particularty in OSA), sleep
reduction and fragr cydical hy ia and ygenats ympathetic system activation, endothelial dysfunction and increased thrombosis. Nocturnal
rostral fluid shifts may exacerbate both OSA and CSA. IV — interventricular; CSA — central sleep apnea; LA — left atrium; LV — left ventricle; NF-xB — nudear factor-xB;

OSA: - obstructive sleep apnea; PAI-1 - plasminogen activator inhibitor type-1; REM — rapid eye movement; RV - right ventricle; VEGF - vascular endothelial
growth factor.

Fig 1: Pathophysiological abnormalities in Slep Disrdered Breathing

Page 25




Review Of Literature

Anatomical Considerations of the Upper Airway

A fundamental anatomical abnormality in OSA is @ased pharyngeal
collapsibility, which can be assessed by the phgagh critical closing pressure
(Pcrit). In individuals with OSA, Pcrit is typicgllzero or positive, indicating a
predisposition to airway collapse, while healthgividuals usually exhibit negative
Pcrit values, though some overlap exiéfsThis increased collapsibility is often due
to a narrower upper airway, as confirmed by imagiglies comparing OSA patients
with healthy control§®7° Obesity contributes to this abnormality throught fa
deposition around the airway, but other structéeatures such as increased airway
length, greater tongue volume, and thicker latgghbryngeal walls also play

significant roles’>"2

Dpened Upper Airway Closed Upper Airway

lear and open upper airway Snoring and apnoeas (breathing
allows air to flow freely to and pauses) are observed when the
rom the lungs. upper airway collapses.

Fig 2: Demonstrates airflow in upper airway in Nomal breathing Vs
Sleep disordered breathing
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Upper Airway Dilator Muscle Activity

If anatomical predisposition were the only factairway obstruction would
occur during both wakefulness and sleep. Howev&A Qypically occurs during
sleep, owing to reduced neuromuscular activity ppar airway dilator muscles.
These muscles, which maintain airway patency, ateaduring wakefulness but
become less responsive during sl€ép? The genioglossus muscle, forming the bulk
of the tongue, is the most studied among these lesistt receives input from
wakefulness centers as well as respiratory cherapters and mechanoreceptdrs’®
At sleep onset, genioglossus activity dimini$k&$ but it may increase again later
during sleep as airway resistance and end-tidal @¥@. However, collapse still
occurs, likely because other airway muscles rertesa active due to their minimal
input from respiratory control centers. Additionf@ctors, such as reduced lung
volume during sleep, may further predispose th&ajrto collapse.
Lung Volume and Airway Stability

Airway cross-sectional area is known to increasth wising lung volumes,
from residual volume to total lung capacif{/:®® Recent evidence indicates that
increasing end-expiratory lung volume during sleap reduce airway collapsibility
and lower the severity of sleep-disordered bregtffii® Healthy individuals
generally experience a 200—400 mL reduction in Iluolgime upon falling asleefs,
which may exacerbate airway collapsibility. The hmusm may involve lung
volume exerting a caudal traction effect, therebifesing and dilating the upper
airway. 8 Lower lung volume may also contribute to rapid gely desaturation

during apneic events.
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Ventilatory Control Instability

Historically, periodic breathing patterns obseniadtracheostomized OSA
patients raised suspicions of abnormal centralitaoty control.®® Modern studies
confirm that individuals with OSA often have lesalde ventilatory control compared
to healthy controls’®-2 Instability in central respiratory drive may cawsaxing and
waning patterns of muscle activation, affectinghbibte diaphragm and upper airway
muscles like the genioglossus. This promotes upgeway hypotonia during
hypoventilation and increases the risk of apnedhwse with already vulnerable
airways. The extent of this contribution to OSA hmajenesis varies between
individuals and remains an active area of invetiiga®
Role of Arousal in Respiratory Event Termination

Apneic episodes are frequently terminated by alsuBam sleep, which
reestablish airway patencyf.While arousal is often necessary to restore \aiit, it
may also induce excessive hyperventilation and ltasuhypocapnia, which can
precipitate subsequent airway collapse upon resompf sleep. Interestingly, not all
respiratory events require cortical arousal fooh&son. When arousals occur at a low
threshold and trigger exaggerated ventilatory resps, they may perpetuate the
apneic cycle. Conversely, arousals that act asa fiesort may be protective by
preventing severe hypoxemia.

Signs and Symptoms of Obstructive Sleep Apnea (OSA)

Obstructive sleep apnea (OSA) is characterized dnurrent episodes of
partial or complete upper airway obstruction dursigep, resulting in intermittent
hypoxia and arousals from sleep. The clinical predon of OSA is often
heterogeneous, influenced by factors such as agg, body habitus, and

comorbidities. It typically manifests through a stellation of nocturnal symptoms,
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daytime features, and observed behaviors, some lithwmay be subtle or
misattributed, especially in certain populationstsas women and the elderly.
Nocturnal Symptoms

The hallmark symptom of OSA is loud, habitual sngrioften reported by
bed partners. Snoring in OSA is typically irregulannctuated by gasping, choking,
or witnessed apneas, which are defined as episafdesmplete cessation of airflow
lasting>10 secondst?

Nocturnal awakenings or restless sleep are alsmérgly reported, often due
to arousals associated with respiratory effort@saduration. Patients may experience
nocturia (frequent nighttime urination), which hlasen linked to increased atrial
natriuretic peptide levels resulting from negativeathoracic pressure swings during
apneic episode$®

In some individuals, particularly those with sev@8A, insomnia symptoms,
including difficulty initiating or maintaining slge may also be present and may
obscure the diagnosi¥.

Daytime Symptoms

Excessive daytime sleepiness (EDS) is one of thet pmminent daytime
symptoms of OSA. It results from fragmented slemhigecture and frequent arousals
that prevent restorative sleep. EDS may manifesaragnability to stay awake in
passive situations, such as reading, watchingisetey or driving, and is commonly
assessed using tools such as the Epworth Sleef@oaks (ESSY’

Other neurocognitive manifestations include mornhepdaches, difficulty
concentrating, memory lapses, and irritability. 3bhesymptoms are primarily related
to sleep fragmentation and intermittent nocturngddxemia, which impair prefrontal

cortex function and cerebral oxygenatf8n.

Page 29



Review Of Literature

In contrast to the classic symptomatology seenen,mwvomen with OSA may
report more nonspecific symptoms, including fatigukepression, anxiety, and
insomnia, which may lead to underdiagnosis or raisification >
Observed Behaviors and Clinical Clues

Clinical suspicion is often raised by witnessedeg® where the bed partner
notices periods of silence during sleep followedldwyd gasps. Patients themselves
are frequently unaware of these events. Morningnaioyth or sore throat may also be
noted due to mouth breathing during sl€ép.

On examination, features such as obesity, increammak circumference,
retrognathia, high-arched palate, or macroglossig provide anatomical clues to the
likelihood of OSA. However, the absence of theswlifigs does not exclude the
diagnosis°?

Table 1: Signs and symptoms of OSA

Symptom Type Examples

Nocturnal Loud snoring, witnessed apneas, choking/gaspingiunia, restless
sleep

Daytime Excessive sleepiness, fatigue, headaches, poarectration, moog
changes

Gender Females: insomnia, fatigue, depression; Males: isgorwitnessed

Differences apneas

Clinical Clues Obesity, large neck circumference, craniofacianaalies, dry mouth
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Screening Tools and Questionnaires in the Evaluatio of Sleep-Disordered
Breathing

The deployment of standardized screening instrusnémt sleep-disordered
breathing (SDB) represents an essential stratethyeiearly identification and clinical
prioritization of individuals at heightened riskarficularly within primary care,
outpatient specialty clinics, and perioperativetegts where access to comprehensive
polysomnographic evaluation may be limited or ldgaly constrained. These tools,
which have undergone rigorous empirical validatipnpvide a pragmatic, non-
invasive, and cost-effective framework for riskasification and serve as valuable
adjuncts in guiding the allocation of diagnostisaerces such as home sleep apnea
testing or in-laboratory polysomnography.

Class 0: Ability to see any part of the epiglottis upon mouth opening and tongue protrusion
Class I: Soft palate, fauces, uvula, pillars visible

Class Il: Soft palate, fauces, uvula visible

Class llII: Soft palate, base of uvula visible

Class IV: Soft palate not visible at all

Figure. Modified Mallampati Score

Class | Class Il Class Il Class IV

Fig 3 Modified Mallampati score
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Among the most widely employed scales is the Epw@teepiness Scale
(ESS), a self-administered questionnaire that dfiessubjective daytime sleepiness
across eight real-life, sedentary contexts. Scabewe the conventional threshold of
10 are suggestive of excessive daytime sleepimesardinal symptom of SDB. The
ESS has demonstrated high construct and criterialidity and is frequently
employed not only for initial screening but als@ faonitoring treatment response,
particularly in individuals managed with continuqusitive airway pressure (CPAP)

therapy ¥’
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Epworth Sleepiness Scale

Name:

Date:

Your age: (Yr) Your sex: [ Male [ Female

How likely are you to doze off or fall asleep in the situations described below,
in contrast to feeling just tired?

This refers to your usual way of life in recent times.

Even if you haven't 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:-

would never doze

Slight chance of dozing
Moderate chance of dozing
High chance of dozing

wWe = o
LI TR ]

Situation Chance of dozing

Sittingandreading ... ... . e |:'
Watching TV ... .. it ise e s e e I:l

Sitting, inactive in a public place (e.g. a theatre or a meeting) ....... |:|

As a passenger in a car for an hour withouta break ...............

Lying down to rest in the afternoon when circumstances permit .. ...

Sitting and talkingtosomeone .. ..... . ... ... ... ...,

Sitting quietly after a lunch without alcohol ....... ... .. ... ... ...

In a car, while stopped for a few minutes in the traffic ............. |:|
TORAl < oo [ ]
Score

0-10  Normal range
10-12 Borderling
12-24 Abnormal

Fig 4 Epworth Sleepiness scale
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The Berlin Questionnaire adopts a multidimensiomgproach to risk
stratification, capturing symptom clusters assedawith OSA. Its three domains—
snoring and witnessed apneas, daytime somnolendec@morbid hypertension or
elevated BMI—allow for the classification of patieninto high- or low-risk
categories. It has shown reasonable sensitivity spegtificity in community-based
and primary care settings, making it especiallyfuls®r front-line practitioners in

identifying patients who require expedited sleegleation.!2
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Berlin Questionnaire

Attending MD

PCP

Patient Information

Height: Age:
Weight: Male/Female
Category 1

Do you snore?
[ ] Yes
[] No

[ ] Don’t Know

Your snoring is?

[] Slightly louder than breathing
[] As loud as talking

[] Louder than talking

[] Can be hear in adjacent room

Describe the snoring frequency
[] Nearly every day

[] 3-4 times a week

[] 1-2 times a week

[] 1-2 times a month
U

Never or nearly never

Has your snoring ever bothered other
people?

[] Yes

[] No

Has anyone noticed that you quit
breathing during your sleep?

[] Nearly every day

[] 3-4 time a week

[] 1-2 time a week

(] 1-2 time a month
Ll

Never or nearly never

Signature

Category 1 positive (>2) ]
Category 2 positive (>2) ]
Category 3 positive (1 or BMI>30) []

Category 2

How often do you feel tired or fatigued
after you sleep?

[] Nearly every day

[] 3-4 times a week

[] 1-2 times a week

[] 1-2 times a month
L]

Never or nearly never

During your wake time, do you feel
tired, fatigued or not up to par?

[] Nearly every day

[] 3-4 times a week

[] 1-2 times a week

[] 1-2 times a month
L]

Never or nearly never

Have you ever nodded off or fallen
asleep while driving a vehicle?

[ ] Yes

No

—

f yes, how often does it occur?
] Nearly every day

3-4 times a week

1-2 times a week

| | 1-2 times a month

| | Never or nearly never

I

Category 3

Do you have high blood pressure?
|:| Yes
[:| No

BMI=

Date

Fig 5: Berlin Questionnaire
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The STOP-BANG questionnaire, an eight-item scregriwol, expands upon
traditional models by combining subjective symptofasoring, fatigue, witnessed
apneas) with objective clinical features (bloodsgtge, BMI >35 kg/m2, age >50,
neck circumference >40 cm, male gender). Its ehseministration, high sensitivity
for moderate-to-severe OSA, and applicability asnoailtiple clinical domains have
led to widespread adoption, especially in periopezarisk screening and sleep
referral pathways (91). Modified versions of STORMNBS have also been explored to
improve specificity in targeted subpopulations. Thwemonic 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@ralmost every day?”

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

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

* A:Age >50years

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

 G: Gender, male

When more than three items are positive, the seitygiind specificity for
OSA are 87% and 31%, Beyond the somatic manifesttof SDB, the psychiatric
dimension warrants equal attention. The Beck Dejwasnventory (BDI), a 21-item
self-report instrument, provides a standardizedhogktfor evaluating depressive
symptomatology. Given the strong bidirectional tielaship between affective
disorders and SDB—mediated by disrupted sleep taatbre, inflammatory

processes, and impaired emotional regulation—thd BDfrequently utilized in
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multidisciplinary settings to support integratedecstrategie$®*Depression screening
in SDB patients can also enhance adherence tgptharal reduce treatment attrition.

Taken together, these tools serve not only as ditgntriage tools but also as
important tools of healthcare equity and resoutesvardship. Their systematic use
enables more efficient identification of high-risidividuals, facilitates equitable
distribution of diagnostic modalities, and ultimigteontributes to the mitigation of
disease burden associated with undiagnosed anelatedr sleep-disordered breathing
across various healthcare settings.

Diagnosis of OSA:

According to the American Academy of Sleep Medic(A&ASM), the gold
standard for diagnosis is polysomnography (PSGyeoted in a sleep laboratory,
assessing airflow, oxygen saturation, respiratffigrte and EEG patterns. Home sleep
apnea testing (HSAT) is recommended for high-riskAQpatients but not for those
with suspected CSA or comorbidities like COPD oarhdailuré®. AASM criteria
confirm OSA if AHI>5 with symptoms or AHP15 regardless of symptoms.
Diagnostic Criteria for Obstructive Sleep Apnea (09%) :

A diagnosis of OSA is established when eitffeand B) or C is met:
A. At least one of the following symptoms is present:
1. The patient reports symptoms such as excessiventa@eepiness, fatigue,
insomnia, or other issues that impair sleep-relgtelity of life.
2. The patient experiences awakening episodes withtliteolding, gasping, or
choking.
3. A bed partner or another observer notes habituakirsm or noticeable

interruptions in breathing during the patient'egl#®

Page 37



Review Of Literature

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)h€Be events include
obstructive apneas, mixed apneas, hypopneas, piratesy effort-related
arousals (RERASY

OR
C. Sleep study (PSG or HSAT) demonstrates:
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 symptofs.
Levels of Sleep Study

The evaluation of sleep-disordered breathing (SOBgluding obstructive
sleep apnea (OSA), relies on objective measuremehtsleep and associated
physiological parameters. The American Academy lek® Medicine (AASM) has
categorized sleep studies into four diagnosticlebased on the number and type of
monitored variables and the presence of techniga¢rsision. These are commonly
referred to as Level | to Level IV sleep studigs.
Level I: In-laboratory Polysomnography (PSG)

This is the gold standard for the diagnosis of OSA ateroforms of SDB. It is
conducted overnight in a sleep laboratory undeeatirsupervision by trained
technologists. Level | studies are fully attended anonitor a minimum of seven
channels, including:

Electroencephalogram (EEG)

« Electrooculogram (EOG)
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+ Electromyogram (EMG — chin and limb)

+ Electrocardiogram (ECG) or heart rate

« Airflow (oronasal thermistor and nasal pressuragdaicer)
« Respiratory effort (thoracic and abdominal belts)

« Oxygen saturation (pulse oximetry)

This comprehensive monitoring enables differerdratiof sleep stages,
detection of arousals, and accurate classificatbrrespiratory events, including
apneas, hypopneas, and respiratory effort-relataasals (RERAs)>3%107
Level II: Unattended Full PSG

This includes the same channels as Type | PSGareuperformed without a
technologist present. These are typically use@search settings or in limited clinical
applications where in-lab studies are not feasibleough technically equivalent to
Type |, data quality may be compromised due toatheence of real-time technician
intervention 18
Level lll: Limited Channel Monitoring (Portable Sle ep Testing)

Level lll studies are portable diagnostic devicesduprimarily in home sleep
apnea testing (HSAT). These devices typically r@@minimum of four parameters:

« Airflow

- Respiratory effort
- Heartrate or ECG
« Oxygen saturation

Type 1l devices do not include EEG, and therefoamnot determine sleep
stages or arousals. As a result, they tend to esterate the apnea-hypopnea index

(AHI), as total recording time is used insteadasélt sleep timé® Despite this, Type
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[l testing is widely accepted for diagnosing materto-severe OSA in patients with
high pre-test probability, especially in resourteited settings*©
Level IV: One or Two Parameter Monitoring

Level IV devices record one or two parameters, dgihy including pulse
oximetry and/or airflow. They are the least compraive of all modalities and are
not recommended as standalone diagnostic tools tdugoor sensitivity and
specificity. 19 These may serve as preliminary screening toolkigh-volume or

remote settings but require confirmation with higlevel testing.

Treatment of Obstructive Sleep Apnea (OSA)

Effective management of OSA necessitates a compséle patient-centered
approach that treats the condition as a chronardés. In addition to targeting upper
airway obstruction, a successful treatment stratdgy involves managing coexisting
sleep disorders and systemic comorbidities. Theamy goal is to optimize sleep
quality and minimize OSA-related morbidity through multimodal therapeutic

framework!*!

1. Positive Airway Pressure (PAP) Therapies
Continuous Positive Airway Pressure (CPAP)

CPAP remains the first-line treatment for modetatsevere OSA. It delivers
a continuous stream of pressurized air via a matgtface to maintain upper airway
patency during sleep. CPAP therapy has demonstrabest efficacy in reducing the

frequency of apneas and hypopneas, improving steefinuity and quality of life

112,113
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Bilevel Positive Airway Pressure (BiPAP)

BiPAP provides two pressure settings—higher durirgpiration (IPAP) and
lower during expiration (EPAP)—and is generallyer@ed for individuals who are
intolerant to CPAP or those with complex conditisugh as obesity hypoventilation
syndrome (OHS), central sleep apnea (CSA), or meuscular diseasés*,
Auto-adjusting Positive Airway Pressure (APAP)

APAP devices automatically modulate the deliveregsgure based on real-
time airflow and airway resistance. These deviceBarce patient comfort and
adherence by minimizing unnecessary pressure dstegp. However, they are not
recommended in patients with significant cardiopuh@ry comorbidities such as
OHS, CSA, Cheyne-Stokes breathing (CSB), or CORB,td insufficient validation
in these population'$®
Average Volume-Assured Pressure Support (AVAPS)

AVAPS is a hybrid ventilatory modality that maimriai a consistent tidal
volume by adjusting inspiratory pressure within r@get range. It is particularly
effective for patients with fluctuating respirataffort, offering stable ventilation and
improved long-term comfort.

2. Oral Appliances
Mandibular Advancement Devices (MADS)

MADs function by repositioning the mandible anddae anteriorly to expand
the upper airway. These devices are primarily iagid for patients with mild to
moderate OSA or those unable or unwilling to adher€PAP therapy. While not as
effective as CPAP in reducing AHI, MADs can offefinically significant

improvements in symptoms and quality of life.
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3. Expiratory Positive Airway Pressure (EPAP) Devies
Nasal EPAP (nEPAP)

NEPAP utilizes a unidirectional valve that increasxpiratory resistance,
thereby elevating functional residual capacity amelducing upper airway
collapsibility. Although trials have demonstratedtiuctions in AHI, issues related to
long-term tolerability and adherence remain undeestigation°®
4. Pharmacological Therapies

Although no pharmacologic agent has been approweda astandalone
treatment for OSA, several medications are usednatlyely to alleviate symptoms
such as excessive daytime sleepiness or to enluppee airway stability.

« Modafinil andSolriamfetol are wake-promoting agents effective in reducing
residual sleepiness despite adequate CPAP th&taj#
« Protriptyline, a tricyclic antidepressant, has shown some paterih
improving pharyngeal muscle tone during sI&€p
- Acetazolamide a carbonic anhydrase inhibitor, is beneficiapatients with
central sleep apnea or altitude-induced periodieathing by stimulating
ventilation1%8
- Doxapram, a respiratory stimulant, increases ventilation &gtivating
peripheral chemoreceptors but is primarily useaddate setting4>®
- Orexin receptor antagonists are under investigation for their role in
enhancing sleep consolidation and reducing arours&@SA°
- Sildenafil has been studied for its effects on upper airsag and pulmonary
hemodynamics; however, its role in OSA managememmains

controversialt!

Page 42



Review Of Literature

5. Surgical Interventions

Surgical therapy is considered in selected patiests do not respond to or
tolerate conservative management and have idestgfianatomical contributors to
upper airway collapse.

« Uvulopalatopharyngoplasty (UPPP)and genioglossus advancement (GA)
are traditional surgical options aimed at enlarghmgairway!!2

- Bariatric surgery is effective in patients with morbid obesity anashbeen
shown to significantly reduce OSA severity.

« Robotic-assisted upper airway surgeriesoffer enhanced precision and
reduced recovery time, representing a minimallyagsive alternative in
appropriate candidaté¥’

6. Hypoglossal Nerve Stimulation (Inspire Therapy)

« This surgically implanted device stimulates the dglpssal nerve during
inspiration, thereby activating upper airway ditatauscles and preventing
airway collapse. It is indicated in patients witloaerate to severe OSA who

are CPAP-intolerant and meet specific anatomical pnlysomnographic

criteriall®

7. Telemedicine and Digital Health

« Advances in telemonitoring have improved CPAP agihez by allowing
remote troubleshooting, device adjustment, andeptatsupport. Real-time
compliance tracking through telehealth platformss f&own efficacy in

increasing treatment continuity and outcorhiés.
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8. Precision Medicine in OSA

Emerging research on OSA phenotyping and genotypiolgls promise for
individualized therapy. Tailoring treatment basedemdotypes, biomarkers, and
patient characteristics may improve efficacy ardlioe adverse outcomes in the

futurelt’

Definition and Classification of REM-Related OSA

REM-related Obstructive Sleep Apnea (REM OSA) etera phenotype of OSA
in which the vast majority of apneas and hypopneesur during rapid eye
movement (REM) sleep, with relatively few eventsion-REM (NREM) sleep. In
practical terms, patients with REM-predominant O®%Aave minimal or no
obstruction in NREM but significant worsening oritey enter REM sleep. By
contrast, NREM-predominant OSA, describes patieviitese obstructive events
occur mainly in NREM sleep with relatively spare@&M periods. Clinically, the
term “REM-related OSA” is applied when polysomnaama (PSG) demonstrates a
clear predominance of obstructive events in REMsle

This stage-specific vulnerability is rooted in tineique physiology of REM sleep.
REM is normally accompanied by nearly complete atanf skeletal muscles
(except the diaphragm and extraocular muscles)talyntomedullary inhibitory
circuits?® The upper airway dilator muscles (e.g. genioglsksose tone beyond
what is seen in NREM, because REM sleep causesdithsuppression of motor
output and withdrawal of excitatory noradrenergid @erotonergic drive to upper
airway motor neurons. As a result, individuals spsible to airway collapse may
have a patent airway during NREM sleep but expedeabstruction once the

REM-related atonia sets in. Apneas in REM tendagi longer and cause greater
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oxygen desaturation compared to those in NREM, tdueontinued respiratory
effort against an occluded airway and a higher sabthreshold during REM. In
NREM, muscle tone is reduced relative to wake dtatdt is higher than in REM,
and arousability is greater; thus some OSA patierperience significant events

only in REM sleep, whereas others have events s@albstages.

Diagnostic Criteria: There is no single universally adopted definitioh REM-
predominant OSA, and various operational critesestein the literature. The most
commonly used criterion is a REM AHI at least deutiie NREM AHI (REM AHI /
NREM AHI > 2). This ratio-based definition labels a patientRiEM-predominant if
their obstructive event index in REM is dispropaontitely higher than in NREM.
Broadly, this approach does not require a minimamownt of REM sleep during the

study — it simply relies on the REM-to-NREM ratio.

More strict definitions are required to avoid migsidiagnosis of sleep apnea
in all stages. One strict definition is: overall AH5, REM/NREM AHI >2, and
NREM AHI <5. This identifies patients whose breathiis essentially normal in
NREM and disordered only in REM. A more moderatetstriterion allows NREM
AHI up to 15 (to exclude moderate-to-severe NREMADSvhile still requiring
REM/NREM AHI >2. Many studies also require a minimum REM sleemitilon
(commonly>20 or 30 minutes) to confidently label REM OSA. $aestricter criteria
yield a smaller, more specific subset of “true” REKMYy OSA cases, whereas the
broad definition captures a larger proportion buyninclude patients with some
NREM disease. In research and clinical practicéh booad and strict definitions are
employed. For consistency, some investigators appth criteria to see how each

affects prevalence and outcomes.
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« It should be noted that the American Academy okefldledicine (AASM)
does not currently recognize “REM-related OSA” aglistinct diagnostic
category in its nosology. However, the AASM Mantat the Scoring of
Sleep and Associated Events recommends reportiage-specific AHI
values, which enables identification of REM-predoamit patterns. Modern
PSG reports typically list “REM AHI” and “NREM AHI'in addition to the
total AHI.Therefore, REM OSA should be consideasda separate entity to

enable further detailed study to understand thecdl significance.

Prevalence of REM-Related OSA

Overall Prevalence: Reported prevalence rates of REM-predominant OS#y v
widely (approximately 10% to 50% of OSA cases) tluelifferences in definitions
and populations studied. Early analyses suggestaghty 10—-36% of OSA patients
have REM-related OSA, with the lower end reflectvery strict criteria of pure
REM-only OSA and the upper end reflecting broadeda. For example, using a
broad definition (REM/NREM AHI>2 with no minimum REM duration), many
patients with overall mild OSA meet REM-predominariteria, inflating prevalence.
Under a strict definition (minimal NREM events réawgal), only a subset of those

patients, essentially those with isolated REM apasacounted.

One large U.S. clinical cohort by Koo et'#.(Cleveland Clinic, n=1,540)
found about 14.4% of all OSA patients (AMb) met criteria for REM-related OSA
when requiring REM/NREM AHI >2 and NREM AHI <15. Iin&t sample, REM
OSA was disproportionately common in women: 24.5%emale OSA patients had
REM-predominant OSA versus 7.9% of male patientsunger adults also had more

REM OSA. Women under 55 had a 27.2% prevalenceEdfl RSA in OSA patients
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compared to 18.6% in older women, and men undé@b®.9% versus 4.5% in older
men. These data highlight that a younger, more liempeedominant subset of OSA

patients often manifest the REM-predominant phepmty

More recent studies in diverse populations corrateorthese trends. For
example, in a study conducted by Lee &°athe South Korean clinic cohort (n=692,
mean age ~50) reported REM-predominant OSA in 2002%SA patients (using
criteria AHI >5, REM/NREM AHI>2, NREM AHI <15). In this study, 53.6% of the
REM OSA group were female, even though women watg 28% of the total OSA
sample . The REM-predominant pattern was presenearly 70% of patients with
mild overall OSA and ~30% of those with moderateAQ8But was uncommon in
those with severe OSA. Similarly,in a study condddby Sattaratpaijit N*°et al, the
Thai cohort (r400) found ~21-22% prevalence of REM-related OSAsbyilar
criteria, with women about twice as likely as men have REM-predominance
(roughly 29% vs 16%). Another large study from SaAmhbia (n=609) conducted by
Qanash &' et al vividly demonstrated how prevalence depearddefinition: using a
very strict definition, ~26% had REM OSA (36% of mven vs 18% of men), using a
moderate definition 33% (48% of women vs 22% of )nand using a lenient ratio-
only definition, fully 52% of OSA patients were sffied as REM-predominant
(almost 70% of female patients, ~35% of male). This some populations,
particularly those with many mild cases or a higbportion of female patients, over

half of OSA patients could be labelled REM-predoaninif broad criteria are applied.

Notably, a recent study from India reported an eistlg high proportion of
REM-related OSA. Nair et al. (20229 found that 56.3% of patients with sleep-

disordered breathing met criteria for REM-predomin®SA by broad definition.

Page 47



Review Of Literature

Even using a strict definition, 25.3% of their sdenmad REM OSA. This high
prevalence likely reflects a relatively young, ravese referral population and
inclusion of many mild OSA cases. It underscored REM-predominant OSA is not
a rare curiosity but rather a common phenotypee@afly in cohorts with more
women or milder disease. There may also be ethn@& anatomic factors: for
instance, some evidence suggests African-Americaage higher REM OSA
prevalence than Caucasians, and Asian patientsape@@SA at lower BMI with
relatively less anatomical compromise, manifestimgye as stage-dependent OSA as
demonstrated by Conwell et'alHowever, further data are needed to confirm ethni

differences.

A major methodological factor in prevalence estesais the type of sleep
study. Many older studies did not account for stsygecific apnea burden because
they used home sleep apnea tests (which lack EB@ng) or split-night studies
(where REM sleep may be curtailed by early CPARttdn). These approaches can
undercapture REM OSA. For example, REM episodemnaftcur in the later third of
the night; in a split-night PSG, a patient mighvdnaonly NREM-dominant sleep
during the diagnostic portion, and then CPAP istath effectively “missing” REM-
related events. Koo et # and Appleton et af2 both found that split-night protocols
missed a significant number of REM OSA cases -iqudatrly in demographics prone
to REM OSA such as younger individuals and womehusT full-night PSG is
preferable when REM OSA is suspected. Going forwdadye-scale population
studies with full PSG and standardized definitiomdl be needed to accurately
guantify REM OSA prevalence across different grodpssummary, depending on

definition, REM-predominant OSA may comprise anyvehfrom about one-tenth to
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over one-half of all OSA cases. Even with reasonabict criteria, roughly 15-30%

of OSA patients in many cohorts have a REM-OSA Whiiarrants clinical attention.

Pathophysiology of REM-Related OSA

REM-related OSA arises from a confluence of neuysjgiogical changes that
make the upper airway uniquely vulnerable duringVREleep. REM sleep (also
called “paradoxical sleep”) is characterized byaativated EEG with dreaming, but
also by almost complete skeletal muscle parahféiSeveral key REM-specific

mechanisms contribute to airway collapse in suddepnhdividuals:

« REM Atonia and Upper Airway Muscle Inhibition: During REM,
brainstem circuits in the pons, actively suppresgomoutput, causing near-
total atonia of postural muscl&¥. This extends to upper airway dilators like
the genioglossus. O’Donoghue and colleagues denabedtthat in REM
sleep, the genioglossus shows markedly reducedmes@ness to negative
pressure, failing to activate when the airway staxdllapsing. In NREM, a
negative airway pressure reflex triggers dilatdivation to stent the airway;
in REM, this protective reflex is blunted. The gmglossus and other
pharyngeal muscles thus lose both tonic and refexone in REM. The
combination of withdrawal of excitatory drives (adrenaline, serotonin) and
active inhibition via glycine/GABA results in a Mily collapsible airway
during REM*?* Essentially, REM “takes away” the usual musclepsupthat
keeps the pharynx open, tipping the balance towaltdpse.

« Increased Upper Airway Collapsibility (Elevated Pcit in REM): The
critical closing pressure of the pharynx (Pcrit)agtifies intrinsic airway

collapsibility. A higher (less negative) Pcrit msahe airway tends to collapse
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more easily. Studies have shown Pcrit is signifigahigher during REM
sleep than NREM in OSA patients. Carberry et ad1@f found that REM
sleep increased passive Pcrit by ~2-5 c#® Mersus NREM, indicating a
more collapsible airway. During REM, phasic acyiviaf dilators like the
tensor veli palatini and genioglossus is furthetueed compared to NREM.
For a person with a borderline anatomical airwag.(enild retrognathia or
soft tissue crowding), this REM-induced loss of nlesupport can push them
from compensation to obstruction.

Ventilatory Drive Uncoupling (Neuromechanical Uncoypling): Ordinarily,
rising inspiratory effort during an apnea shouldrog airway muscles or
cause arousal to reopen the airway. In REM, thispEnsatory mechanism is
blunted. Heinzer et #l described a phenomenon of “neuromechanical
uncoupling” in REM OSA: the brain’s respiratory ters drive the diaphragm
harder as Corises, but the pharyngeal muscles do not respoedia REM
atonia. Consequently, an individual can generatey Vilarge negative
intrathoracic pressures during a REM apnea witlweaking the apnea until
an arousal finally occurs. The diaphragm and cheditstrain against a closed
airway (“insufflation against a closed glottis”)ththe tongue and soft palate
remain flaccid. This uncoupling means that evewrsgfrventilatory drive
cannot compensate for the REM-related loss of neusmie, prolonging the
obstruction.

Altered Arousal Threshold and Chemoresponsivenes€REM sleep has a
higher arousal threshold for respiratory stimuRnthNREM. The ventilatory
responses to hypoxia and hypercapnia are also tow&EM (only ~30% of

the response seen in quiet wake). Thus, duringbatructive event in REM,
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the body “tolerates” a longer apnea with deeperokgmia before arousal.
Punjabi et af. observed that apneas in REM are often prolonged an
accompanied by severe oxygen desaturation. Esoghpgessure (a measure
of effort) must drop more i.e. more negative irficaicic pressure, to induce
arousal in REM than in NREM. This delayed arousattdbutes to longer
apnea duration and greater oxyhemoglobin desaduratiREM. Additionally,
functional residual capacity (FRC) is reduced inMREue to intercostal
muscle relaxation and shallow breathing, so oxygjeres are smaller. The net
effect is that REM apneas can last significanthgler (often 30-60 seconds or
more) and cause largee @rops than NREM apneas in the same patient.

« Stable Loop Gain: Ventilatory control stability (loop gain) is onerdributing
factor to OSA. A high loop gain means the respimatmntrol system tends to
oscillate which predisposes to central apneas wogie breathing. REM sleep
is generally associated with a lower loop gain tN&REM. This implies REM
OSA is less about an unstable chemoreflex and ratweut mechanical
collapse. In fact, REM OSA patients often havetieddy stable breathing
control; their primary issue is anatomical collapgseder REM atonia.
Treatments aimed at lowering loop gain (e.g. oxytpEmapy, acetazolamide)
may not fully resolve REM OSA, because the rootbpgm is structural

(airway patency) rather than respiratory overshwatérshoot.

The profound atonia and inhibition of airway dilstp heightened
collapsibility, failure of compensatory reflexesadaprolonged event durations all
make REM a high-risk period for airway obstructidn. patients who have REM
OSA, the usual defenses that keep the airway opengdNREM are overwhelmed

once REM sleep begins. REM sleep thus “unmasks” i$Ahose who might
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otherwise have no apnea in non-REM. Clinicallystleixplains why younger or
premenopausal female patients with good muscle tomeg NREM can still have
significant OSA confined to REM. REM OSA should bewed as more than an
epiphenomenon of mild OSA which has unique mechianisnderpinnings with

implications for diagnosis and therapy.

Polysomnographic Features of REM-Predominant OSA

PSG findings in REM-predominant OSA reflect thetnieson of events to REM

sleep and relative normalcy in NREM:

« Sleep Architecture: REM-predominant OSA patients typically maintain
normal architecture during NREM, since breathinguimobstructed or only
mildly disturbed outside REM. Total sleep time ahelep efficiency are often
similar to those of non-stage-specific OSA patierffsr instance, study
conducted Bonsignot&et al found no significant difference in totalegetime
(sleep efficiency (~88%) between REM-OSA and nonvRESA patients.
Sleep latency and REM latency are usually unaftedtedicating REM OSA
patients do not generally have difficulty initiadisleep or entering REM. The
key distinction is in the distribution and contitjuiof REM sleep. By
definition, REM OSA patients may have normal ameuwrit REM (~20-25%
of sleep) but that REM is fragmented by arousaissdme cases, if apneas
repeatedly terminate REM, the overall REM percemtagay be slightly
reduced. However, many mild REM OSA patients sithieve a normal
proportion of REM because their REM apneas, whilesent, are not so
frequent as to drastically cut total REM time. Somdividuals may even
show a relatively high REM percentage—if NREM igwetable and OSA

only manifests once in REM. Thus, it is not uniadgstrue that REM OSA
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patients have less REM sleep; some have a normisl Entity, but it may
be broken into shorter episodes by respiratorysaisu

REM Fragmentation: Each apnea/hypopnea in REM typically terminates
with an arousal (a shift to lighter sleep or brafakening) to reopen the
airway. In REM OSA, REM sleep is thus repeatediyrirupted, leading to
fragmented REM. Patients often cannot sustain langterrupted REM
periods; instead, REM is broken into multiple briepisodes. This
fragmentation can reduce the restorative value BMRand impair REM-
dependent functions (memory consolidation, emotisagulation). In OSA
patients , all stages maybe affected.In fact, trexail arousal index in REM-
predominant OSA can be lower than in stage-indepen@®SA because of
long stretches of undisturbed NREM. One analysismdothe mean arousal
index was ~18.5/hour in a REM-predominant group~88.3/hour in those
with NREM-predominant OSA.

Apnea/Hypopnea Characteristics: Obstructive events during REM tend to
be longer in duration and cause deeper oxygen uwlasans than those in
NREM. The higher arousal threshold in REM allowsegs to persist until
more severe blood gas derangements accumulatecoltsnon to see REM
apneas lasting 30-60 seconds or more, whereasathe patient's NREM
apneas might terminate after 10-20 seconds. Firedla}/?® first reported that
apnea duration and oxyhemoglobin desaturation sigmficantly greater in
REM sleep than NREM in OSA patients. Often the Istw@xygen saturation
of the night occurs during a REM apnea. For examgplpatient might only
drop to 90% during NREM apneas but fall to 80% wdgrae REM apnea.

Punjabi and colleaguéssimilarly noted REM apneas are frequently
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“prolonged and accompanied by severe desaturatidndther characteristic
is the pronounced autonomic response at the en®REN apneas: the
combination of hypoxia and sudden arousal from RIEMjgers large
sympathetic surges, with heart rate and blood presspikes that are often
larger for REM apneas than NREM events. On the P& may see
exaggerated tachycardia following a REM apnea teation. These
physiologic stresses i.e greater hypoxemia and ajfmefic activation
underscore why REM OSA might carry specific cardgaular risk despite an
often mild overall AHI.

Stage-Specific Indicesin REM-predominant OSA, the PSG report will show
a high REM AHI and a low NREM AHI, sometimes withdeamatic ratio.
The overall AHI of the REM-predominant patient wibithen be relatively
low whereas NREM AHI is normal. This can underestientrue severity if
one looks only at the total AHI. It is essential &inicians to examine stage-
specific indices. Many sleep labs now routinelyafiREM AHI and NREM
AHI for this reason. Similarly, the oxygen desatima index (ODI) i.e
desaturations per hour, can be skewed low in REM @& ause desaturations
occur only in REM (a quarter of the night) and alesent in NREM. For
instance, one study noted overall ODI ~10/hour iREM OSA group vs
~38/hour in a non-REM OSA group. Yet the severity individual
desaturation events can be high in REM OSA. A REBAMatient might
have a few desaturations to 75-80%, but if theyiooaly a couple times per
hour and only during one phase of the night, thd @l cumulative time
<90% will appear modest. Thus, REM-predominant OS#&nolooks like

“mild OSA with occasional large desaturations” amsnary metrics.
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REM OSA patients often have high-quality sleep nigrNREM, leading to
near-normal sleep continuity and possibly fewertiday symptoms. Their REM
sleep, however, is repeatedly disrupted by proldraygneas and deep desaturations.
Recognizing this pattern on PSG is crucial. It iegguthat the study capture adequate
REM sleep — if very little REM is recorded, one gah exclude REM OSA. A
minimum of 20-30 minutes of REM is often needetieovise a repeat PSG might be
warranted if clinical suspicion for REM OSA is higlvhen interpreting the PSG, one
should specifically note if significant desaturasoor long events are confined to
REM.

Clinical Correlates and Health Consequences of RENDSA
Daytime Sleepiness and Neurocognitive Effects

Usually, because REM OSA patients may have longtcdtes of normal
breathing during NREM, one might expect less fragiaggon of sleep and thus less
daytime sleepiness. Evidence to date suggests nfzty REM OSA patients,
especially if their overall AHI is low, indeed rapdess daytime sleepiness than
patients with equivalent overall AHI who have ewefitroughout all stages. Many
REM OSA patients have an Epworth Sleepiness S&H&S) score in the normal
range €10). In one cross-sectional study conducted by @ateét al’’, the average
ESS in REM-predominant OSA patients was ~8.7, allyuidentical to that of
patients with NREM-predominant OSA (~9.7) — botHigating only mild subjective
sleepiness. Large community studies such as ttep $leart Health Study also found
that REM AHI by itself was not independently asabteil with excessive daytime
sleepiness after controlling for total AHI and atfectors®

The overall AHI in REM OSA is often mild. Some matts do report specific

complaints like unrefreshing sleep, morning headsgctor difficulty with morning
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alertness, which may relate to the cluster of evanthe early morning hours (when
REM is concentrated). REM sleep is important fogritve processes such as
memory consolidation and emotional regulation. Rége fragmentation of REM
over time might lead to subtle deficits even if therson doesn’t notice frank
sleepiness. Taan et'# have linked REM OSA to neurocognitive changes like
reduced attention, executive dysfunction, or memuoryairment, even if patients do
not report significant sleepiness. A recent critigview by Della Monica &°et al
highlighted that REM sleep disruption could dispjmnately affect mood and
cognitive domains, given REM'’s role in emotionabgessing and brain restoration.
Clinicians should therefore not equate “no daytisheepiness” with “no impact”
because a patient with REM OSA might still havergtige or mood issues that are
more subtle than overt sleepiness.

Mood and Psychiatric Correlates

REM sleep has strong links to mood regulation;sitthe phase when most vivid
dreaming occurs and is sometimes called “paradbsieap.” Repeated arousals from
REM and intermittent hypoxia can interfere with daeprocesses. Some research
suggests REM-predominant OSA is associated withdrigates of depressive and
anxiety symptoms. For instance, one longitudindiocb found untreated OSA was
independently associated with depression in femlalgsnot in males — speculating
that females (who more often exhibit REM-predomtn@$A) might be particularly
affected by OSA’s impact on mood. Other work haswsh that treating OSA can
improve depression scores, implying a causal likkakow et al’® reported that
REM-related OSA patients had significant alleviatiof depression ratings after
continuous positive airway pressure (CPAP) therapyderscoring that disturbed

REM sleep likely contributed to their mood symptor@éinically, it is reasonable to
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inquire about mood disturbances in patients witiVRBSA. While causality is not
fully proven, the association is notable. SuccddRfEM OSA treatment may confer
mental health benefits — an aspect under actidy/ stu
Cardiovascular Risks

There is growing evidence that REM-specific OSA megrry unigue
cardiovascular risk. Two major longitudinal cohorts — the Wisconsiee&gl Cohort
and the Sleep Heart Health Stéidyfound that apnea burden during REM sleep was
significantly associated with hypertension, wherapsea burden during NREM was
not, after adjusting for confounders. In the Wissioncohort, individuals with OSA
primarily during REM had higher odds of prevalerypértension than those with
equivalent overall AHI concentrated in NREM. Molksilet al. (2014) analyzed the
Wisconsin data and showed a dose-response: a REM >AH was linked to
significantly higher odds of hypertension, and hwge with minimal NREM events
(NREM AHI <5), each doubling of REM AHI raised the odds of égpnsion by
~24%.8 Non-REM AHI, in contrast, was not a significanegictor of hypertension in
any modef Similarly, Appleton et al. (2018)reported that unrecognized OSA
confined to REM sleep was associated with hypeitans a community sample of
men; notably, men with overall AHI <10 still had gter prevalence of hypertension
if their REM AHI was high ¥20). The proposed mechanism is that the episodic
surges in blood pressure at the end of REM aprtkas tO arousal and sympathetic
discharge), night after night, promote sustainecteases in sympathetic tone and
vascular remodeling. Over years, this could leadlitical hypertension even if the
person’s overall AHI is modest.

Beyond blood pressure, researchers have examinadi™fcardiovascular

outcomes. A 2018 analysis of Sleep Heart Healtdystlata by Mokhlesi et &found
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that severe REM OSA (REM AH1t30) was associated with a ~2.5-fold increase in
composite cardiovascular events (heart attackketn@vascularization, heart failure)
in individuals who already had cardiovascular dsgednterestingly, in those without
pre-existing heart disease, severe REM OSA didsigptificantly raise the incidence
of new cardiac events over ~10 years. This sugdgestd OSA may act as a factor
which will be exacerbating underlying cardiovascutanditions and precipitating
events, rather than solely causing disease inl@rwise healthy heart in the short-to-
medium term. However, there are also indicationsutifclinical vascular effects: for
example, patients with REM-predominant OSA havenbémund to have faster
progression of carotid intima-media thickness (IMTan early marker of
atherosclerosis. In a cohort of middle-aged wontkase with higher REM apnea
burden showed greater carotid plaque buildup desplatively mild overall OSA. A
recent community-based study by Ljunggren et @22} demonstrated that severe
REM OSA was associated with a 9.9% thicker carptitna compared to no REM
OSA, and this association was significant in worhahnot in mert*° These findings
imply that selectively disrupting REM sleep (wits attendant hypoxemia and surges
in blood pressure) can contribute to vascular dmai dysfunction and
atherogenesis.

While severe, multi-stage OSA is clearly linked dlevated cardiovascular
risk, REM-predominant OSA presents a nuanced dinjucture. Patients with
isolated REM OSA and a mild overall AHI may carower risk than those with
severe, pan-sleep OSA, but potentially higher thase with minimal disease. This is
particularly relevant in atrial fibrillation (AFWwhere events often occur during early
morning REM sleep—frequently coinciding with persodf CPAP non-adherence.

REM-specific fluctuations in blood pressure andadtitoracic pressure may promote
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arrhythmogenesis. Although data delineating REMswgrNREM contributions to
arrhythmias are limited, some experts suggesthbatt failure patients using CPAP
for only part of the night may remain vulnerable A& or premature ventricular
contractions during untreated REM peridéfsFurther investigation is warranted to
clarify these associations.

Metabolic and Endocrine Effects

REM sleep influences glucose metabolism and autandralance (through
effects on sympathetic activity and hormones likatisol, leptin, and ghrelin).
Several studies have linked REM-predominant OSA witpaired glucose tolerance
and insulin resistance. Chami et al. (2035)analyzing the Sleep Heart Health
Study?, found that the severity of OSA during REM but INREM, was associated
with worse fasting and postprandial glucose levastsl higher insulin resistance
(HOMA-IR), after adjusting for BMI and waist circdarence . In fully adjusted
models, REM AHI remained significantly associateiihwelevated fasting glucose
(~0.93 mg/dL per doubling of REM AHI) and 2-houugbse (~3.0 mg/dL higher per
doubling of REM AHI), whereas NREM AHI showed nachuassociation . Chami et
al concluded that REM-related OSA contributes tdainelic dysregulation, likely via
sympathetic surges and intermittent hypoxemia duiRREM that adversely affect
glucose homeostasis .

Similarly, Grimaldi et al. (20143 studied diabetics and observed that those
with more REM-related apnea had higher HbAlc ledelspite similar overall OSA
severity. Their model predicted that using CPAPyahhours/night (covering ~40%
of REM) would yield minimal HbAlc improvement (~842.3%), whereas using it ~7
hours/night (covering >85% of REM) could reduce HbAly up to 1%). These data

suggest REM OSA, by causing recurrent bursts ofpsghetic activation, which
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promote hepatic glucose release and peripherdiinngsistance and by fragmenting
the REM sleep important for metabolic regulatioraymhinder glycemic control.
Treating OSA in patients with prediabetes or diebethas shown modest
improvements in glucose metabolism, with some a®synoting the improvement
was greatest in those whose OSA was predominantREM.

REM OSA may also contribute to dyslipidemia and abetic syndrome
features, though data are less robust. Chronianmitent hypoxia (especially if
predominantly during REM) can induce oxidative ssrand inflammation affecting
the pancreas and adipose tissue. There is specuthit REM sleep loss and surges
of catecholamines might alter cortisol rhythms,mpoting visceral fat deposition and
metabolic dysregulation. In addition, weight gamdancreased fat, for example, with
aging or menopause, can turn a formerly REM-spe@fA into a more generalized
OSA - relationships are complex and bidirectiomalany case, given the links to
insulin resistance and hypertension, REM OSA likagntributes to overall
cardiometabolic risk.

Quality of Life and Functional Status

Many REM-predominant OSA patients have relativehgsprved daytime
function, especially if total sleep quantity is mained. As noted, their Functional
Outcomes of Sleep Questionnaire (FOSQ) scores rergequality-of-life measures
may be near-normal if they are not excessively psledn large studies, after
accounting for total AHI and sleepiness, REM AHIteof does not show an
independent effect on general quality of life. Hoele some patients report more
subtle issues e.g. feeling less refreshed on wakimgrning grogginess, or mild
memory/concentration difficulties which they attrib to poor sleep. These may not

severely impair daily function but can reduce ors=ase of well-being. There is also
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concern about long-term neurocognitive consequenGe® study?* found older
adults at risk for Alzheimer’s disease had stroragsociations between REM OSA
severity and poorer memory performance, raisingptbesibility that untreated REM
OSA in midlife could accelerate amyloid accumulatir neurodegeneration. REM
sleep is believed to support the brain’s lymphatiaste clearance; disrupting it
repeatedly might have cumulative effects on braialth.

From a safety standpoint, because many REM OS/Aematiare not very
sleepy, their risk of drowsy driving or work acaide is generally lower than that of
all stage OSA. However, caution is still warranteden mild OSA can degrade
performance on subtler cognitive tasks. Early nmagrinours (5-6 AM) might be a
period of vulnerability if a REM OSA patient hadregas toward morning and then
drives shortly after awakening. There is no diréetta showing increased car
accidents specifically in REM OSA, but cliniciartsosild individualize advice based
on each patient’s symptoms and occupation.

In summary, REM-predominant OSA can have significdinical correlations
which go unrecognised.

Clinical Significance and Diagnostic Considerations

Recognizing REM-related OSA as a distinct phenotymes important
implications for patient management and risk assess
Symptom Discrepancy and Underdiagnosis

REM-predominant OSA is often underrecognized due tdeceptively low
total AHI. Patients may be misclassified as havindd OSA despite significant
respiratory events confined to REM sleep, leadingyimptoms such as unrefreshing
sleep, morning headaches, and daytime fatiguee¥ample, a patient with an AHI of

8 may have nearly all events during REM, resultimgsubstantial clinical impact
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despite a “mild” diagnosis. Conversely, because MRieriods are unaffected, some
REM OSA patients report less daytime sleepinesspened to those with similar AHI
distributed across all stages. This highlights lingtation of total AHI as a sole
measure of disease severity in REM-predominant gtiypes.
Therapeutic Implications and PAP Adherence

REM sleep predominates in the early morning, aogeften missed in
patients with suboptimal PAP adherence. In REM O8#s pattern results in
inadequate treatment of the most vulnerable slebpse Identifying REM-
predominant OSA is thus essential to stress thd farefull-night PAP use and to
ensure pressures are adequate to treat REM-speedids. Without this recognition,
patients may be falsely reassured by a low treatdti despite persistent REM-
related apneas.
Cardiometabolic Considerations

REM-related apneas are typically longer, with greatlesaturations and
sympathetic surges compared to NREM, potentiallgraasing the risk for
hypertension, insulin resistance, and other meiabdisorders. This raises the
question of whether patients with mild but REM-pyadnant OSA warrant treatment
akin to those with moderate OSA. While guidelinemain inconclusive, emerging
evidence suggests that REM OSA is not a benigranbend requires individualized
management strategies.
Gender and Hormonal Factors:

Identifying REM OSA can direct attention to undémty factors such as
hormonal status. Premenopausal women are morg likechave REM-predominant
OSA, possibly because progesterone and other faataintain better airway tone

during NREM, but in REM that protective effect wan8uch patients might see OSA
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worsen after menopause. Awareness of this pattemldcprompt proactive
monitoring around the menopausal transition or ickemation of hormone effects on
sleep.

Neuropsychiatric comorbidities

REM-predominant OSA is linked to increased ratesi@pression, anxiety,
and mild cognitive impairments. Clinicians are &#d to screen for these
neuropsychiatric symptoms, as treating REM OSA VAP therapy may improve
mood in some patients.

Overall, recognizing REM-predominant OSA influendesv we interpret a
patient’s sleep study, how we counsel them aboertafly (and the importance of
adherence), and how we consider their long-termitthe@sks. This phenotype
underscores the need to look beyond the aggregdteaAd appreciate sleep-stage
specific pathology.

Diagnosis of REM-Related OSA
Accurate diagnosis of REM-related OSA requires fcaranalysis of stage-specific
data during polysomnography:

« Full-night Polysomnography with Stage-Specific Anajsis: An attended,
overnight PSG is the gold standard for identifyREM-predominant OSA,
because it provides EEG to distinguish REM from NREleep. During
scoring, apneas and hypopneas are tallied for tieanight (total AHI), but
it is imperative that the report also break dowergwounts or AHI in REM
vs NREM. The latest AASM scoring manual (v2.6) amemes reporting
stage-specific AHI. If the lab report does not &ipy list REM AHI, the
interpreting physician should calculate it i.e egeim REM divided by REM

sleep hours. Accurate sleep staging is crucialclassifying an epoch as REM
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when it was actually N1, or vice versa, can falsdter the REM AHI. Strict
adherence to scoring rules like only score REM whbiear REM EEG/eye
movement criteria are met, is needed to avoid aweunder-diagnosis.
A pitfall is that if a patient has very little RENUring the study, one cannot reliably
assess REM OSA. Some studies set a thresholdX20ymin REM required) for
inclusion in REM OSA analysis. Clinicians should dautious: if a diagnostic PSG
shows overall mild OSA with virtually no REM sleegcorded (perhaps due to first-
night effect or insufficient total sleep), but thistory is suggestive of REM OSA (e.g.
the patient is a non-obese woman with morning hetaels), a repeat PSG or further
evaluation may be warranted rather than assumirigedd OSA occurred.
1. Split-Night Studies:

Split-night protocols, dividing the night into diagstic and CPAP
titration phases, often fail to detect REM OSA he&ss REM sleep
predominantly occurs in the latter part of the nidghatients with REM OSA
frequently show mild apnea in early (mostly NREN&ep, potentially leading
to missed diagnoses. Studies (e.g., Koo et al.)eipp et al.) have confirmed
this limitation, particularly in younger and femapmpulations. Moreover,
split-night studies may induce REM rebound—excesdREM sleep after
CPAP withdrawal—which artificially inflates REM apa metrics, as noted by
Jordan et al. Thus, a two-night PSG approach iefele when REM OSA is
suspected.

2. Home Sleep Apnea Tests (HSAT):

HSAT devices, limited by the absence of EEG moimtpr cannot

differentiate between sleep stages or accuratesure REM-specific apneas.

This can result in falsely low overall AHI scoresesgite significant REM-
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related events. Clinical guidelines (AASM) suggtstt when HSAT results
conflict with clinical suspicion, an attended PSGrécommended, especially
for patients with characteristics suggestive of REMA, such as younger
women or individuals with mood disturbances.

. Clinical Screening Tools:

Traditional screening questionnaires (Epworth Sleegs Scale,
STOP-Bang, Berlin Questionnaire) primarily deteletssic OSA risk factors
(obesity, male gender, daytime sleepiness) anduhdsrestimate REM OSA
risk. REM OSA patients—often non-obese, female, &s$ sleepy—may
score low on these questionnaires. Additionally,oth@ssessments (e.g.,
depression inventories) are hypothesized as pateadjunctive tools but lack
validation. Therefore, clinicians should maintaigilance for REM OSA in
patients with atypical OSA profiles but suggestliaical symptoms.

. Emerging Diagnostic Modalities:Research is exploring ways to detect

REM-predominant OSA without full PSG. For instanaearables that
estimate sleep stages via actigraphy or periptetatial tone might one day
help screen for stage-specific phenomena. Someimg@al approaches use
heart rate variability or mandibular jaw movememtrifer REM periods and
then correlate with respiratory events. As of ndhese are not accurate
enough for clinical diagnosis. Therefore, a labdoadPSG remains the
definitive test for REM-related OSA.

In summary, diagnosing REM OSA hinges on captusinfficient REM sleep

and doing a stage-specific analysis of respiratrgnts. Clinicians should choose

diagnostic strategies that maximize REM samplingpi@h split-nights if possible,

favor full-night studies) and be aware of the leibns of abbreviated studies and
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HSAT in this context. Once a PSG is done, one mxamine the REM AHI (and
REM desaturations) rather than relying solely omgragate AHI — especially in
patients who meet only mild overall criteria butveaclinical hints of REM
concentration. Proper identification of REM-predaant OSA ensures this subgroup
is not overlooked not mismanaged as in many casésdverall AHI may be mild.
Management of REM-Related OSA

Therapeutic interventions for REM-predominant OSgerally mirror those
for OSA in general, but with some tailored consadiens given its stage-specific
nature. The goal is to eliminate obstructive evehitsng REM sleep (as well as any
in NREM) and mitigate associated symptoms or rigles, aspects include:
Positive Airway Pressure (PAP) Therapy

Continuous Positive Airway Pressure (CPAP)is first-line treatment for
significant OSA and is equally effective for REMated OSA. CPAP delivers
pressurized air to splint the airway open. In REBRAOpatients, CPAP can virtually
abolish apneas and hypopneas during REM, just &8REM. In fact, titration of
CPAP pressure often targets the worst-case scernddo REM OSA patients this is
usually during REM sleep (especially REM in suppasition late in the night). If a
patient’s airway is kept patent in REM, it will abst always be patent in NREM
(which is less demanding). Studies have shown CHAProves symptoms and
objective outcomes in REM-predominant OSA to a lsimilegree as in typical OSA.
Su et at* (2012) compared functional outcomes in REM-OSAwes-stage-specific
OSA treated with CPAP and found no significant etiféince in improvement — both
groups had reduced daytime sleepiness and impnagéddnce. This indicates that if
REM OSA patients do have symptoms or neurocogndiefcits, they benefit from

treatment comparably to other OSA patients. CPA#® alddresses the physiologic
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stresses of REM OSA by preventing oxygen desaturstand sympathetic surges.
For example, one study focusing on mood in REM OfAnd CPAP led to
significant reduction in depressive symptoms.

A particular issue is ensuring the CPAP pressuradisquate during REM.
Because upper airway collapsibility is highest BNR the required pressure might be
determined by what is needed in that phase. tfatibn study does not capture REM,
or if an auto-CPAP is set too low, there’s a rilslttpressure is sufficient for NREM
but insufficient for REM. Technologists performitigrations should ideally continue
until the patient cycles through REM on CPAP, toifyeno apneas occur, adjusting
pressure upward if needed. Auto-titrating CPAP (&P Aevices can be advantageous
— they will increase pressure when flow limitationapneas are detected, which in
REM OSA typically happens in the early morning feourhe APAP will then lower
pressure during NREM periods when fewer events rodtus capability suits REM
OSA'’s pattern and can result in a lower mean presswer the night without
compromising REM control. Interestingly, REM-predoant OSA patients
sometimes have overall lower pressure needs thaivatgnt-severity non-REM
patients, since their airway is not collapsibleNREM (and they tend to be less
obese). Regardless, titration should individuglizessure to eliminate REM events.

Adherence Challenges:A significant challenge in treating REM OSA is
patient adherence to CPAP. Because many REM OSkenpathave only mild
daytime symptoms, their perceived benefit from CRA&y be limited. They might
not feel dramatically better. As a result, motigatio use CPAP consistently can be
low. In one large clinical review by Koo B et & of REM OSA patients, a high
proportion either declined CPAP or were non-adheiteng-term. For instance,

Conwell et al. (2012¥ reported that although CPAP was recommended to 88%
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REM-predominant patients, only about 66% proceedighl an actual titration study,
and merely ~27% had documented adherence at 30.dAyprospective study in
Saudi Arabia by Almeneessier et al. 281 &imilarly found that after 1 year, only
23% of REM-predominant OSA patients were using CPAPhours per night on
most nights, significantly lower than the adhererate in non-REM OSA patients .
Common reasons cited include: discomfort with tresknfor a problem perceived as
mild, and side effects like nasal congestion osguee marks that outweigh subtle
benefits in the patient's mind. To improve adheegnpatient education is key.
Patients should be counselled that treatment isolety for symptom relief but also
for long-term health protection, including cardisealar and neuropsychological
outcomes. Emphasizing data linking REM OSA to higresion and cardiovascular
morbidity may reframe the rationale for CPAP usepeeially since some patients
perceive “mild OSA” as low risk’®3° Additionally, addressing comfort-related
barriers such as mask refitting, heated humidificafor nasal congestion, or pressure
desensitization protocols is critical, particulaity REM OSA patients who may not
experience immediate symptomatic improvement due nbinimal daytime

sleepiness?®

Newer CPAP devices equipped with telemonitoringatéfiies and patient-
facing feedback applications (e.g., usage reportscagamification) have shown
promise in enhancing adherence by increasing gatagagementt'®'4 Another
essential factor is the timing and continuity ofAFPuse. In REM OSA, therapeutic
efficacy hinges on consistent use throughout tlizeesleep period. Discontinuation
of CPAP after the initial 3—4 hours leaves the REdlater sleep periods untreated,
reducing overall benefit? In a secondary analysis of the APPLES study, CPAP

usage ob6 hours per night was associated with significamtigroved blood pressure
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control, presumably due to more complete coverdgeEM periods.'*® Clinicians
should specifically inquire about CPAP usage daratind patterns, as some patients
may unconsciously remove the device during theygadrning hours? Behavioral
strategies such as setting early morning alarmsdaitor mask use or using nasal

insufflation devices may help reinforce adheretfte.

Oral Appliances and Lifestyle Modifications

For patients with mild to moderate REM-predominalbstructive sleep apnea
(OSA) who are unable to tolerate continuous posiawrway pressure (CPAP), oral
appliance therapy represents a reasonable altegnalflandibular advancement
devices (MADs), which function by anteriorly repii@ning the mandible and tongue,
serve to enlarge the upper airway and reduce Itapsibility.!*> These devices have
established efficacy in the management of mild-tmderate OSA, although
therapeutic response can vary based on individtetiafacial and upper airway

anatomy!4®

In REM-predominant OSA, the potential benefit ofalorappliances is
theoretically plausible, particularly given theibilty to address anatomic collapse
during periods of profound muscular atonia chargtie of REM sleep. Although
there is a paucity of published data specificalpleating MAD efficacy in REM-
predominant OSA, the pathophysiological ration&mains strong—if the device is
capable of maintaining airway patency during REMg most vulnerable sleep stage,

it would be expected to be at least equally effectiuring non-REM sleed!
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Many individuals with REM-predominant OSA fall withthe mild overall
AHI category (<15 events/hour), a group for whoml @ppliances are commonly
indicated!*® Thus, in cases where CPAP is declined or pootlrated, a trial of a
custom-fabricated MAD fitted by a qualified dentleep medicine provider is a
rational therapeutic approattl. Compared to CPAP, oral appliances are often
preferred for their comfort, portability, and miramintrusion, potentially translating
to better adherence in selected patiéttsHowever, side effects such as
temporomandibular joint discomfort and dental osallchanges must be considered,
and efficacy in moderate-to-severe OSA is generdhjerior to CPAP-!
Nevertheless, for a subset of patients with mildMREtedominant OSA, oral
appliance therapy may be sufficient to normalize #hHI and improve clinical

outcomes.

Weight loss and lifestyle measureBositional Therapy

Lifestyle interventions, including weight reductjorare integral to the
management of all forms of obstructive sleep ap(®&A), including REM-
predominant OSA. Although many REM OSA patients averweight rather than
morbidly obese, even a modest weight loss of apprately 10% can significantly
reduce the apnea—hypopnea index (AHI) and, in soases, lead to resolution of
OSA%2 For patients with mild REM OSA, a 4.5-9 kg weigktuction may enhance
upper airway stability during REM sleep, potentialbviating the need for immediate

positive airway pressure therapy.

Avoidance of alcohol and sedatives before bedtisnpaiticularly relevant in
REM OSA. Alcohol consumption further diminishes asppairway muscle tone,

increases apnea duration, and deepens oxygen kdegats, thereby exacerbating
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REM-predominant events by suppressing arousalgesidnging airway collaps€?
Similarly, benzodiazepines and non-benzodiazepipendtics (Z-drugs) increase
arousal thresholds and reduce pharyngeal dilatdivitgc during REM sleep,
potentially worsening OSA severity?VSuch agents should be avoided unless

clinically essential.

In select patients with isolated REM OSA, mild syorps, and an overall
AHI <15, a strategy of initial watchful waiting tlifestyle optimization may be
appropriate. Interventions such as weight loss pasitional therapy may yield
sufficient improvement to defer or avoid continuguisitive airway pressure (CPAP)
initiation.® However, active treatment should be considered thiére are
comorbidities—such as hypertension, type 2 diabet#s significant nocturnal

desaturation—or if behavioral modifications are iagtical or unsuccessftit®

Positional therapy (PT)involves preventing the patient from sleeping sepi
because supine sleep can aggravate OSA due taygreldted airway narrowing.
Many OSA patients have fewer events when sleepmgheir side. In REM OSA,
positional effects can interact with stage effeREM sleep in supine position is often
the worst-case scenario for apneas. If a REM-préauamh patient is also positional
(meaning their REM apneas occur mainly supine angely resolve when lateral),

then positional therapy can be a very useful neasive approack’

It appears a subset of REM OSA patients — partiljuwl@omen and those with
lower BMI — exhibit supine-dependent REM OSA. Irgk individuals, anatomical
collapsibility is not very severe, so in laterakpges, even in REM, the airway may
stay open; but when supine, the tongue and safidis fall back under REM atonia,

causing obstruction. Lee et al. (20%f8showed that in REM OSA patients, the supine

Page 71



Review Of Literature

position significantly increased REM AHI and worsdnoxygen nadirs, whereas in
lateral sleep the REM AHI was much lower. Avoiditng supine position markedly

reduced the REM-related AHI burden in those pasi&fit

Common positional therapy techniques include wdardbvices or specialty
belts that vibrate or alarm when the patient rsllpine (prompting them to shift), as
well as the old-fashioned tennis ball sewn into Itlaek of pajamas. Newer devices
like the NightBalance buzzer or smartphone appsvigeo gentle feedback to
encourage side-sleeping. Ravesloot et®8keviewed that such positional devices can
significantly reduce AHI in position-dependent OS#&nd noted partial benefit in
REM-predominant patients with supine tendencies €tndy by Eijsvogel MNM?® et
al found that using a vibrotactile positional tinncreased the percentage of sleep
spent laterally and decreased supine REM episaués, modest improvements in

subjective sleep quality and sleepin&$s.

However, not all REM OSA patients are positionaaryl will have apneas in
REM regardless of posture (muscle atonia alonecoflapse the airway even on the
side). In such cases, positional therapy won'tfiectve. It's important to determine
if a patient's REM OSA is truly posture-dependéitiis can be seen on their PSG by
examining REM AHI in supine vs lateral positionsREM AHI is high supine but
near-zero when lateral, that patient is an ideatlichate for PT. If REM AHI is high

in all positions, PT is not beneficig!

Clinical Recommendations: For a REM-predominant OSA patient who
demonstrates supine-dependent REM apneas, positimrapy can be considered —
especially if they are unwilling to use CPAP oraas adjunct to partial CPAP use.

One approach is a trial of a positional deviceddew weeks and then reassessment
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with monitoring. If successful, it might be combiheith other measures (like an oral
appliance) to further improve outcomes. Generdly,is most effective as part of a
multimodal strategy rather than a standalone aumkess the positional effect is very

strong and consisteMt?

Oxygen Therapy and Pharmacotherapy (Investigational

In patients intolerant to CPAP or oral applianced axperiencing significant
desaturations, supplemental nocturnal oxygen maycdresidered as a palliative
adjunct. While it mitigates hypoxemia-related riske&h as arrhythmias by preventing
oxygen nadirs during apneas, it does not resolwgagi obstruction or arousals. In
fact, supplemental oxygen may prolong apneas bgyde] arousal due to attenuated
hypoxia, potentially increasing G@etention®®. Hence, its use should be restricted to
select cases—e.g., REM OSA patients with severataegions rejecting CPAP—
administered cautiously (e.g., 1-2 L/min to maimt&8pQ >88%) under close
monitoring. Importantly, oxygen therapy targets gawyation metrics but not the

underlying pathophysiology of OS&?

Pharmacologic interventionsfor REM OSA remain investigational. Given REM-
related upper airway hypotonia, agents enhancirayypigeal dilator activity have
shown potential. A notable combination—atomoxetia&d oxybutynin—has
demonstrated reductions in AHI by increasing geloegus activity through
noradrenergic and antimuscarinic mechanisthisThis combination may hold
particular promise for REM OSA, although existingtal primarily involve men with
moderate OSA. Another approach targets arousalshiblé modulation using
sedatives like low-dose eszopiclone. However, saroeisal thresholds are inherently

higher in REM sleep, such strategies may exacetbaiexemia in REM OSA?® At
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present, pharmacotherapy remains off-label and rerpatal, requiring further

evidence before clinical implementatii.

Surgical options—including uvulopalatopharyngoplasty (UPPP), tdastomy,
nasal surgeries, and hypoglossal nerve stimulatame—+eserved for anatomically
predisposed or CPAP-intolerant patiel'sWhile no surgery specifically targets
REM OSA, addressing identifiable structural conitdrs (e.g., tonsillar hypertrophy,
retrognathia) may reduce global upper airway csilaipty, indirectly benefiting
REM event$®” In younger patients with enlarged tonsils and REedominant
OSA, tonsillectomy may offer curative potential doeéhigher REM sleep proportions

in this demographi&®

Management of REM-predominant OSA requires indigithed strategies.
While asymptomatic patients with mild REM OSA mag imonitored with lifestyle
modifications, those with comorbidities such asdrygnsion or excessive sleepiness
may benefit from CPAP®. The absence of specific REM OSA guidelines néizaes
clinical judgment, integrating REM AHI severity, mptom burden, desaturation
depth, and patient preferences. Shared decisioimrmand trial therapies can assist

in optimizing outcome$2®

Evidence Gaps and Future Directions

Despite growing recognition of REM-related obstivetsleep apnea (REM
OSA) as a distinct phenotype within the spectrumslefep-disordered breathing
(SDB), several critical knowledge gaps and uncetitzs persist. These limitations
hinder consistent diagnosis, therapeutic strategsesl policy formulation. The

following domains highlight key areas requiringther investigation:
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1. Lack of Standardized Diagnostic Criteria

Current literature employs varying definitions oER OSA, leading to
inconsistencies in prevalence estimates and outatsiee Some studies use broad
criteria (REM AHI>2x NREM AHI)*®®, while others incorporate stricter thresholds
(e.g. REM AHI>15, NREM AHI <15, REM duratior30 minutes}’° The absence of
a universally endorsed definition limits comparaypilacross studies and hampers
meta-analyse¥! A formal consensus, ideally endorsed by the Ana@riacademy of
Sleep Medicine (AASM) or European Respiratory Syci@RS), is necessary to
standardize case identification and reporting. Reutnclusion of REM-specific
metrics in polysomnographic reports, including REkd NREM AHI, would also

enhance diagnostic clarity in both clinical andesesh context$’?

2. Limited Epidemiological Data in Diverse Populatns

Most REM OSA prevalence studies are based on Nambrican, European,
or East Asian cohorts. There is a dearth of largepulation-based data in
underrepresented ethnic groups, particularly Sédians, who may have increased
susceptibility due to craniofacial morphology atvés BMI threshold$’? Early
findings, such as higher REM OSA prevalence in @i American populations?
warrant replication in larger, multiethnic sampleSurthermore, pediatric and
adolescent populations remain underexplored, dedpé high proportion of REM
sleep in early life stages and observations of REdominant patterns following
adenotonsillectomy’* Comprehensive epidemiological studies spanninggagaps

and ethnicities are essential to inform targetedesing and management strategies.
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3. Prognostic Implications and Causal Relationships

While associations between REM OSA and adverseomés including
hypertension, type 2 diabetes, and mood disordesste-tbeen observed, causal
inferences remain limitetl> The therapeutic implications of treating isolaREM
OSA, especially in patients with mild overall AH&quire further exploration. Short-
term trials have indicated potential improvememsgiycaemic control with CPAP
therapy in REM-predominant OSK®, but randomized controlled trials (RCTs) with
long-term follow-up are needed to assess cardioNaisc metabolic, and
neurocognitive outcomes. Ethical considerationsepoballenges to withholding
treatment, but carefully designed studies in asgmgtic or minimally symptomatic
patients could offer clarity. Additionally, longidinal cohorts could determine
whether REM OSA serves as an early stage of geredaDSA progression, with

implications for early interventioh.

4. Pathophysiological Mechanisms and Vulnerabilityractors

Mechanistic studies of REM OSA are sparse. Animaldefls simulating
REM-specific intermittent hypoxia could elucidatenique cardiovascular or
neurocognitive sequeldé’ Human neuroimaging might uncover REM OSA-specific
patterns of neuronal injury or amyloid accumulatiopotentially linking to
neurodegenerative riskéThe disproportionate prevalence in females and geun
individuals raises questions about hormonal modratand neurophysiological
vulnerability. Progesterone therapy trials in pcstwpausal women have yielded
mixed result®® future studies examining hormonal influences agatilatory control

in premenopausal women may clarify sex-specifichmaasms-8?
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5. Therapeutic Guidelines and Adherence Strategies

There is ongoing debate on the clinical signifi@an€ treating isolated REM-
predominant OSA, particularly in patients with milglobal AHI and minimal
symptoms. Future trials should examine whether etady treatment improves
surrogate endpoints such as 24-hour ambulatorydbpwessure, insulin sensitivity,
and mood symptonfsinnovations in therapy, such as smart positiveajr pressure
(PAP) devices that auto-adjust based on REM-onsgsiplogy, could enhance
adherence in this subgrolff3. Behavioral interventions tailored to individualsttw
REM OSA and minimal daytime sleepiness may alswereffective in improving

compliance 8

6. Integration with OSA Endotypes for PersonalizedVedicine

REM OSA likely coexists with other pathophysiolagjiendotypes, such as
low arousal threshold, high loop gain, or positiodapendency® Understanding
these interactions can inform precision medicinatsgies. For example, REM-
predominant OSA with a low arousal threshold mighknefit from pharmacologic
agents that stabilize sleep architecttifeSimilarly, individuals with REM OSA and
positional OSA may respond better to combined osit therapy and CPA®
Future research should incorporate REM OSA statu® imultidimensional

phenotyping frameworks to individualize treatment.

7. Special Populations and Comorbid Conditions

The relevance of REM OSA in special populations ai&s underexplored.
During pregnancy, rapid physiological changes magdigpose women to REM-

dominant patterns of SDB, with potential implicaisofor maternal-fetal outcomé¥,
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Similarly, patients with post-traumatic stress digs (PTSD) or nightmare disorder
may experience REM-sleep disruption; the bidirewlointeraction between REM
OSA and these psychiatric conditions warrants etedn. Furthermore, in central
sleep apnea syndromes (e.g., Cheyne-Stokes réspjraesolution of central events
may unmask underlying REM-predominant obstructiatteunst®® Investigating

REM OSA in such contexts could yield novel insights

8. Health Economic Implications and Screening Polies

If REM OSA contributes independently to cardiomelab risk, its early
identification and management may prove cost-daffectHowever, health-economic
analyses are lacking. Targeted screening stratedasexample, in women with
refractory hypertension or individuals with metabolsyndrome and minimal
symptoms—could be evaluated through prospectiveiestu Cost-benefit modelling

could guide future screening guidelines and resoalocation.

Relevance to the Present Study

The current investigation is designed to addreseraéof the aforementioned gaps.

Specifically, it aims to:

« Assess the prevalence of REM-predominant OSA usotl strict and broad
diagnostic definitions.

« Characterize the clinical and polysomnographicifaff REM OSA patients
versus non-REM OSA and mixed OSA cohorts.

- Evaluate the utility of standard symptom scalesw@ph Sleepiness Scale,
STOP-Bang, Berlin Questionnaire, and Beck Depressiaoventory) in

identifying REM OSA.
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« Examine the association between REM AHI and symptdeng. fatigue,
morning headaches) and comorbidities (e.g. hypsidan diabetes)

independent of total AHI.

By focusing on an Indian clinical population, thetudy contributes to the
limited literature from South Asia and supportsbglbefforts to characterize REM
OSA. The findings are expected to inform whetheREpecific phenotyping should
influence screening, diagnosis, and therapeutiorghgns in routine sleep medicine

practice.
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MATERIALSAND METHODS

A one year hospital based prospective observat&tndly was conducted from
June 2023- May 2024 at KLE's Dr. Prabhakar Kore pitas and Medical Research
Centre, Belagavi

In this study, at the time of initial assessmeealigvant socio demographic and
anthropometric details were recorded in the stnectyproforma . A thorough clinical
history including symptomatology, comorbidities wercollected. Further more
screening tools- Epworth Sleepiness Scale, STOP ®ARerlin Questionnaire,
Becks depression Inventory were applied to detatiepts who were likely suspected
to have obstructive sleep apnea.

Patient who fulfilled the inclusion and exclusiaiteria were enrolled into the
study after obtaining informed consent. These ptiavere then subjected to a
polysomnography study done in the in-house, quationtrolled level Il sleep
laboratory using the PSG system by Alice PDX devidglips Respironics.

Data on polysomnographic variables were overall AREM AHI, NREM
AHI, REM AHI/NREM AHI ratio, supine AHI, longest oorded event in REM and
NREM sleep, sleep latency and efficiency , snonmgex, oxygen desaturation index,
arousal index, lowest recorded oxygen desaturggp®?2), limb movement index,
length of REM sleep as a percentage of total skhaation and RDI.These were
obtained from the PSG report data generated a¢rteof level Il PSG.All the data
were collected in a structured proforma and analy#ehe end of the study.

Statistical Analysis

The data was entered in Microsoft excel and amalygs done in SPSS
version 17.0. Age was categorised into age categ@md comparison and groups and

gender with REM OSA were done with chi-square t83RICT and BROAD criteria
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was use to classify the REM OSA and the prevalefmeg with 95% CI was reported
for each criterion. Association of symptoms andliBejuestionnaire risk with REM

OSA was done with chi squared test. The associaiaontinuous parameters like
age, BMI, lowest SPO2, longest REM and NREM slagp BSS sores, STOP BANG
scores across strict and broad criteria was dotte independent t-test. Correlation
between the different parameters were done witlisBaacorrelation and correlation
coefficient was reported. Bar diagrams, pie charid scatter plots were used for

graphical representation of data. A p-value of 8@@s considered significant.

SAMPLE SIZE CALCULATION

The expected sample size was determined usingtillg sonducted by Nair

SC, Arjun P, Azeez AK, Nair S and average numbepdaf/somnography studies
being conducted in K.L.E’s Dr. Prabhakar Kore HtapBelagavi per annum.
Considering p to be the prevalence if disease,af=dl D is error precision.

p= 56%

g= 44%

d= error precision which is taken as 13% (aroR®®5% of p)

Hence, n=4 x 56 x 44

3
=58.3 ~ 58

Hence required sample size is 58.

After the allotted time, 100 participants were exad in total.
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Inclusion Criteria
All consecutive in patients and out patients ag&8 years who underwent
level I PSG in the timeframe of the study who werling to give their consent were

included in the study.

Exclusion Criteria

Age < 18 years

Failure to provide informed consent
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RESULTS

This study presents a detailed analysis of the rghtSenal data on the
prevalence of REM OSA and the correlation of thaowes scoring systems like the
Epworth Sleepiness scale, STOP BANG score, Berliestionnaire and Beck
Depression Inventory with the diagnosis of obstuecsleep apnea and REM OSA.
By examining demographic factors, presenting comtsdaclinical characteristics and
associated comorbidities, this study aims to unceatterns that may explain the
critical significance of early diagnosis of REM OS#nd also the phenotypic
characteristics of such individuals.

It deserves special mention that none of the pigtien this cohort met the
criteria for central sleep apnea. The analysishes$e findings not only quantifies the
burden of REM OSA in this population but also idisnkey predictors that could
point to an early diagnosis and targeted interogsti

This study aims to set a foundation that would hdgvelop a deeper
understanding of clinical parameters that can leel 6 diagnose REM OSA and how
REM OSA impacts the cardio metabolic and neurogaitiealth of a patient, paving
the way for improved patient management and futesearch directions.

We have included 100 patients for the purpose @tthdy.
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Table-2: Prevalence of REM OSA strict and broad citeria

REM OSA (Broad criteria) Number (n) Percentage (%)
Yes 71 71.0
No 29 29.0

REM OSA (Strict criteria)

Yes 37 37.0

No 63 63.0

The prevalence of REM OSA according to broad gateras 71% with 95% CI (61-
79.6) and prevalence of REM OSA according to stiiteria was 37% with 95% CI

was (27.8-47.2)

REM broad criteria

m Yes No

Fig 6: Prevalence of REM OSA (broad criteria)
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REM strict criteria

/

= Yes = No

Fig 7: Prevalence of REM OSA (strict criteria)

Table 3: Correlation of few parameters with Overall AHI

Overall AHI Correlation coefficient (r) P value

ESS Scale 0.02 0.81

Becks’s Depression

) 0.14 0.17
inventory

Stopbang score -0.08 0.38

The Epworth Sleepiness Scale (ESS) score showedyamweak positive correlation
with AHI (r = 0.02,p = 0.81), indicating no meaningful relationship beéw daytime
sleepiness and overall AHI. Similarly, Beck’s Degsmien Inventory had a weak
positive correlation with AHI (r = 0.14p = 0.17), but this association was not
statistically significant. The STOP-BANG score demsinated a weak negative

correlation with AHI (r = -0.08p = 0.38), which was also not significant.
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Epworth sleepiness scale

Beck's depression inventory

Reaults

Correlation between Epworth sleepiness scale with Overall AHI
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Fig 8: Correlation between Epworth Sleepiness scabnd Overall AHI

Correlation between Beck's depression inventory with Overall AHI
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Fig 9: Correlatioo between Becks depression Inventp and Overall AHI
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Correlation between Stopbang score with overall AHI
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Fig 10: Correlation between STOP BANG score and ovall AHI
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Table-4: Comparison of parameters across REM OSA

REM- OSA (Yes) | REM-OSA (No) | Mean difference P value
N=78 N=22
Mean SD Mean SD
Epworth sleepiness
10.0 5.9 10.1 5.9 0.07 (-2.8t0 3.0 0.96
scale
Beck’s depression
34.8 18.2 28.8 17.2 6.3(-14.6t02.5) 16
inventory
Stopbang score 3.9 2.3 3.5 2.4 0.49 (-1.6 t0 0.66) g 39

70

60

50

40

Mean

30

20

10

Epworth sleepiness scale

Comparison of parameters across REM OSA

10.1

28.8

H REM-Yes REM-No

Beck’s depression inventory

3.5
b 39 d

Stopbang score

Fig 11: comparison of screening tools- ESS, BDI ar8TOP BANG score

across REM OSA
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The comparison of clinical parameters between iddais with REM OSA and those
without REM OSA revealed no significant differencése Epworth Sleepiness Scale
(ESS) score was nearly identical between the twaomg, with a mean of 10.0 (SD =
5.9) in the REM OSA group and 10.1 (SD = 5.9) ia tlon-REM OSA group, with a
mean difference of 0.07 (95% CI: -2.8 to 306; 0.96). Similarly, Beck’s Depression
Inventory score was higher in the REM OSA group&3&D = 18.2) compared to the
non-REM OSA group (28.8, SD = 17.2), but the défere was not statistically
significant (mean difference = 6.3, 95% CI: -14.&@1t6,p = 0.16). The STOP-BANG
score also showed no significant difference betwengroups, with a mean of 3.9
(SD = 2.3) in REM OSA and 3.5 (SD = 2.4) in non-RENsA(mean difference =
0.49, 95% CI: -1.6 to 0.66) = 0.39). These findings indicate that ESS, Beck’s
Depression Inventory, and STOP-BANG scores do igptifscantly differ between

individuals with and without REM OSA.
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Table-5: Association between Berlin Questionnairerad REM OSA

REM OSA-Yes REM OSA-NO
Berlin Questionnaire
n % n %
High Risk 43 55.1 14 63.6
Low Risk 35 44.9 8 36.4
Total 78 78 22 22

Chi square p value=0.51 (Not significant)

Berlin Questionnaire and REM OSA

70 63.6

60 55.1
. 50 44.9
?3° 40 36.4
c
(]
© 30
()]
a.

20

10

0 -
High Risk Low Risk
B REM OSA-Yes 4 REM OSA-No

Fig 12: Association between Berlin questionnaire ahREM OSA

Among individuals with REM OSA, 55.1% were classifias high risk, compared to
63.6% in the non-REM OSA group. Conversely, 44.998REM OSA individuals
were classified as low risk, compared to 36.4%henon-REM OSA group. The chi-

square test yieldedmvalue of 0.51.
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Table-6: Gender wise prevalence of REM OSA

REM OSA-Yes REM OSA-No
Gender
n % n %
Female 33 68.8 15 31.2
Male 45 86.5 7 13.5
Total 78 78 22 22
Chi square p value=0.03 (Significant)
Gender and REM OSA
100

90 86.5

80 68.8

70
()]
]
S 50
g 40 31.2

30 ‘

20 | 13.5

10

° -
Female Male
H REM OSA-Yes 4 REM OSA-No

Fig 13: Gender prevalence in individuals with REM G5A

Among males, 45 had REM OSA (86.5%), while 7 did mave REM OSA (13.5%).
Among females, 33 had REM OSA (68.8%), while 15 damt have REM OSA
(31.2%). The prevalence of REM OSA was higher inesg86.5%) compared to
females (68.8%), with a difference of 17.7%. Thidfedence was statistically

significant f = 0.03).
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Table-7: Age wise prevalence of REM OSA

REM OSA-Yes REM OSA-NO
Age categories (Years)
n % n %
0-40 3 8.1 34 91.9
41-50 5 21.7 18 78.3
>50 14 35 26 65
Total 78 78 22 22
Chi square p value=0.03 (Significant)

Among individuals aged 0—40 years, 3 had REM OSAY#, while 34 did not have
REM OSA (91.9%). Among those aged 41-50 yearsdaRtaM OSA (21.7%), while
18 did not have REM OSA (78.3%). In individuals @ldhan 50 years, 14 had REM
OSA (35.0%), while 26 did not have REM OSA (65.0%lMe prevalence of REM
OSA increased with age, from 8.1% in the 0—-40 ygansip to 35.0% in those older
than 50 years, showing a difference of 26.9%. Tdifference was statistically

significant = 0.03).

Age groups and REM OSA
100 91.9
90
78.3
80
70 65
(]
& 60
§ 50
o 40 35
o
30 21.7
20
8.1
10
o L - -
0-40 41-50 >50
B REM OSA-Yes 4 REM OSA-No

Fig 14: Distribution of Age in REM OSA
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Table-8: Comparison of BMI across REM OSA

REM OSA Non REM OSA
P value
Mean SD Mean SD
BMI 30.0 7.5 31.2 7.9 0.55
Independent t test P value not significant
REM OSA and BMI
a5
40
35 31.2
30
§ 25
220
15
10
5
0
REM OSA-Yes REM OSA-No

Fig 15: Comparison of REM OSA and BMI

The mean BMI was 30.0 (SD = 7.5) in the REM OSAugrand 31.2 (SD = 7.9) in

the non-REM OSA group. The difference betweenweedroups was not statistically

significant p = 0.55) based on the independéiést, indicating that BMI did not

differ significantly between individuals with andthout REM OSA.
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Table-9: Prevalence of comorbidities in patients vilh REM OSA (N=78)

Comorbidities Number (n) Percentage (%)
Hypertension 60 76.9
Cardiovascular disease 42 53.9
Diabetes 39 50
Dyslipidemia 39 50
Cerebrovascular disease 22 28.2
No comorbid condition 2 2.6

Among patients with REM OSAN = 78), hypertension was the most prevalent
comorbidity, affecting 60 individuals (76.9%). Cardascular disease was present in
42 individuals (53.9%), followed by diabetes andslghydemia, each affecting 39
individuals (50.0%). Cerebrovascular disease wagmed in 22 individuals (28.2%).

Notably, only 2 individuals (2.6%) had no comorbhditions.

Co morbidities among REM OSA

No comorbid condition N 2.6
Cerebrovascular disease | 28.2
Cardiovascular disease [ 53.9
Dislipidemia | 50
Hypertension [ 7 6.9
Diabetes [ 50

0 20 40 60 80 100

Fig 16: Comorbidities among REM OSA
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Table-10: Prevalence of symptoms in REM OSA and NoOREM OSA

REM OSA Non REM OSA
N=7 N=22
Symptoms ( 8 ( ) P value
n % n %
Excessive daytime 56.4 7 318 0.04
sleepiness
Snoring 45 57.7 11 50 0.52
Fatigue 39 50 4 18.2 0.008
Non refreshing 33 423 8 36.4 0.62
sleep
Morning 33 42.3 13 59.1 0.16
headache
Mood changes 36 46.2 9 40.9 0.662
Neurocognitive 32 41 13 59.1 0.13
repercussions
Insomnia 31 39.7 15 68.2 0.02
Increased dreams 38 48.7 12 54.5 0.63
Nightmares 39 50 11 50 1.0

Among individuals with REM OSAN = 78), excessive daytime sleepiness was
reported in 44 (56.4%) compared to 7 (31.8%) antboge without REM OSAN =
22), showing a significant differencp € 0.04). Fatigue was also significantly more
common in individuals with REM OSA (50.0%) than seowithout (18.2%)p( =
0.008). Insomnia was more prevalent in the REM Qf8éup (39.7%) than in the

non-REM OSA group (68.2%), with a significant diface p = 0.02).

Other symptoms, including snoring (57.7% vs. 50.0%,0.52), non-refreshing sleep
(42.3% vs. 36.4%p = 0.62), morning headache (42.3% vs. 59.%,0.16), mood
changes (46.2% vs. 40.9%= 0.66), neurocognitive repercussions (41.0% 951%,
p = 0.13), increased dreams (48.7% vs. 54.p%,0.63), and nightmares (50.0% in

both groupsp = 1.0), did not show significant differences bedwehe groups.
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Overall, excessive daytime sleepiness, fatigue,iasoimnia were significantly more

prevalent in individuals with REM OSA, suggestingese symptoms may be

important indicators of the condition.

Mood changes
Mornin headache
Night mares
Increased dreams
Insomnia
Neurocognitive repercussions
Mood changes
Morning headache
Non refreshing sleep
Fatigue

Snoring

Excessive daytime sleepiness

Symptoms and REM OSA
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Percentages

M REM OSA-No H REM OSA-Yes

Fig 17: Symptoms in REM OSA
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Table-11: Comparison of parameters across REM (Brod criteria)

REM OSA-Yes (N=71) REM OSA-No (N=29) 5
Parameter value
Mean | SD | Median| Q1 | Q3 | Mean| SD | Median| Q1 | Q3
Age 436 | 14.4 35 44 | 55| 533 17 42 57 66 0.0
BMI 206 | 7.7 23 | 29.635.1| 32 | 73| 26.1 | 32.536.9| 0.14
. Neck 402 | 53| 351 | 39845 | 41 | 43| 384 | 41.444.4| 0.46
Circumference
ESS 99 | 6 5 9| 15| 105 5.4 6 11 16 0.6
Supine AHI | 466 | 32.8 18.6 | 39.567.1| 37 |326/ 6 20.6/ 65.4| 0.19
LongestREM | g4 | 41| 5 9| 12| 98| 35 7 d 18 02
Event
Longest
NREM Event | 297 | 147 18 20 | 45| 27.2| 127 17 26 | 37| 039
Snoring Index | 21.5 | 15.5 7.9 18 | 35.71 24.7 | 14 144 | 21.133.6| 0.32
Arousal Index | 25.9 | 13.8 135 | 26| 37.7 248 | 142l 115 | 28.8 36.3| 0.74
Deslﬁgjer)"’(‘“on 264 | 152 12.8 | 26.4 42.1| 298 | 146 165 | 35.9 41.6| 0.30
Sleep
B 751 | 15| 61.2 | 77.188.7| 75 | 135 66.5 | 72.184.7| 0.97
Efficiency (%)
S'ee('[r’n'i'r?)te”"y 315 | 176 16 32| 48| 32.3| 162 22 33| 45| 0.82
Lowest Spo2 | 76.6 | 17| 58.3 | 80.193.3| 87.1 | 10.2 81.4 | 89| 95.5 <0.001
Limb
Movement 8.8 4.1 5.6 9.1l 124 9.6 5 4.3 11| 13.5 0.48
index
Stop Bang 4 | 23 2 4| 6| 34| 23 2 3 5 024
Score
Beck's
Depression 349 | 18 20 35| 50] 30.1 18{3 15 30| 41 0.24
Inventory
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Among individuals with REM OSAN = 71), the mean age was 43.6 years (SD =
14.4), which was significantly lower than in thasighout REM OSA (53.3 years, SD

= 17.0) o = 0.01). The lowest SpQvas also significantly lower in the REM OSA
group (76.6%, SD = 17.0) compared to the non-REM\ @B up (87.1%, SD = 10.2)

(p < 0.001).

Other parameters, including BMI (29.6 vs. 320; 0.14), neck circumference (40.2
cm vs. 41.0 cmp = 0.46), Epworth Sleepiness Scale (ESS) scorev®.90.5,p =
0.61), supine AHI (46.6 vs. 37.p,= 0.19), longest REM event (8.9 min vs. 9.8 min,
p = 0.24), longest NREM event (29.7 min vs. 27.2 pir,0.39), snoring index (21.5
vs. 24.7p = 0.32), arousal index (25.9 vs. 24085 0.74), desaturation index (26.4 vs.
29.8,p = 0.30), sleep efficiency (75.1% vs. 75.084; 0.97), sleep latency (31.5 min
vs. 32.3 minp = 0.82), limb movement index (8.8 vs. 967 0.48), STOP-BANG
score (4.0 vs. 3.4 = 0.24), and Beck’s Depression Inventory score(34. 30.1p

= 0.24) did not show statistically significant @ifences between the groups.

Overall, individuals with REM OSA were significaptyounger and had lower SpO
levels, while other sleep-related and physiologigarameters did not differ

significantly between the groups.
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REM broad criteria

Beck’s Depression Inventory | we30:dund

Stop Bang Score |j#a

Limb Movement index [Jjij9:6!

Lowest Spo2 [ 87.1 d
Sleep Latency (min) | e32:3mnd
Sleep Efficiency (%) 75 4

Desaturation Index | w29:8und
Arousal Index | 24:8ud
Snoring Index | 2470l
Longest NREM Event | 2 7:2und
Longest REM Event [Jjij 9:8
supine AH 37
Ess |05
Neck Circumference | 41 4
BMI 32
Age 53.3 4

B REM-Yes i REM-No

Fig 18: Comparison of parameters across REM OSA (lmad criteria)
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Table-12: Comparison of parameters across REM striccriteria

REM OSA-Yes (N=37) REM OSA-No (N=63) 5
Parameter value
Mean | SD | Median| Q1 | Q3 | Mean| SD | Median| Q1 | Q3
Age 43 | 146/ 36 41| 51| 484| 161 37 50| 61| 0.09
BMI 31.2 | 66| 271 | 31.135.1| 207 | 81| 224 | 29.836.9| 0.33
. Neck 401 | 5| 348 | 404444 406 | 51| 36.7| 40.844.9| 0.64
Circumference
ESS 11 | 5.2 7 11| 15/ 95| 6.1 4 d 15 0.8
Supine AHI | 46.6 | 36.1 6.9 |44.4/755| 421 | 31| 17.4| 39.162.4| 0.53
Longest REM b o
A 95 | 3.7 7 9| 14| 9| 41 5 9 12 054
Longest
NREM Event | 298 | 142 20 28 | 43| 285 141 16 28 | 42| 065
Snoring Index | 20 | 15.8/ 5.8 184 33 | 239 | 146 121 | 20.1 35.7| 0.21
Arousal Index | 26.7 | 15.1] 11.5 | 28.140.8| 24.9 | 13.2 12.8 | 25.436.3| 0.54
Deslit(;‘éit'on 204 | 15| 146 | 32.843.7| 26.2 | 15.1 125 | 255 40.6| 0.30
_ Sleep 71.9 | 147 586 | 69.3825 769 | 142 665 | 79.6 90 | 0.11
Efficiency (%)
S'ee('[r’n'i'r%tency 204 | 169 14 31| 45| 33.1| 172 18 36| 49| 0.30
Lowest Spo2 | 77 | 15.2| 68.6 | 79.3 89 | 81.2| 164 60.6 | 86.9 95.3| 0.20
Limb
Movement | 89 | 43| 48 | 10| 126 92 | 44| 58 | 9.2 1340.72
index
StopBang | 534 | 54 2 4| 6| 39| 21 2 4 6 092
Score
Beck’s
Depression 32.3 | 184 17 38| 48| 34.2| 18 19 33 50 0.2
Inventory
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Among individuals with REM OSA (N = 37), the meaneagas 43.0 years (SD =
14.6), compared to 48.4 years (SD = 16.1) in tivaseout REM OSA (N = 63), but
the difference was not statistically significapt £ 0.09). Similarly, no significant
differences were observed between the groups in @WULR (6.6) vs. 29.7 (8.1 =

0.33), neck circumference (40.1 (5.0) cm vs. 46.8)(cm,p = 0.64), and Epworth

Sleepiness Scale (ESS) score (11.0 (5.2) vs. 9, (6= 0.18).

Sleep-related parameters such as supine AHI (8&4] vs. 42.1 [31.0]p = 0.53),
longest REM event (9.5 [3.7] min vs. 9.0 [4.1] min: 0.54), longest NREM event
(29.8 [14.2] min vs. 28.5 [14.1] mim = 0.65), snoring index (20.0 [15.8] vs. 23.9
[14.6], p = 0.21), arousal index (26.7 [15.1] vs. 24.9 [13®2F 0.54), desaturation
index (29.4 [15.0] vs. 26.2 [15.19,= 0.30), sleep efficiency (71.9% [14.7] vs. 76.9%
[14.2],p = 0.11), and sleep latency (29.4 [16.9] min vs1337.2] min,p = 0.30) did

not show statistically significant differences beem the groups.

The lowest Sp®levels were slightly lower in the REM OSA group/ (% [15.2])
compared to the non-REM OSA group (81.2% [16.4{)t this difference was not
significant o = 0.20). Other parameters, including limb moveniedéx (8.9 [4.3] vs.
9.2 [4.4],p = 0.72), STOP-BANG score (3.8 [2.4] vs. 3.9 [28F 0.92), and Beck’s
Depression Inventory score (32.3 [18.4] vs. 34.2.QL, p = 0.62), also showed no

significant differences between the groups.

Overall, there were no statistically significanffeliences between the REM OSA and
non-REM OSA groups based on the strict criterigjdating that these parameters
may not differ substantially between individualstwand without REM OSA when

using a stricter classification.
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Beck’s Depression Inventory
Stop Bang Score

Limb Movement index
Lowest Spo2

Sleep Latency (min)
Sleep Efficiency (%)
Desaturation Index
Arousal Index

Snoring Index

Longest NREM Event
Longest REM Event
Supine AHI

ESS

Neck Circumference
BMI

Age

REM strict criteria

b 184 4 18
s
[~ W
el 164
e 172
el 142
i 151
e 132
Al 146
e 141 <
4.1
» 31 4 31 4
6.1
Bads.1
e 8.1
e 161

M REM-Yes 4 REM-No

Fig 19: Comparison of parameters across REM OSA (gtt criteria)
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Table 13: Correlation between REM AHI and REM RDI

Comparison

Correlation coefficient (r)

P value

REM AHI and REM
RDI

0.17

0.09

There was a weak positive correlation was obsebetdeen REM AHI and REM

RDI with the Correlation coefficient (r) of 0.17.

REM RDI
30 40

20

10

Correlation between REM AHI and REMRDI
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Fig 20: Correlation between REM AHI and REM RDI
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DISCUSSION

A consistent observation across the literaturéhés qubstantial variability in
the reported prevalence of REM-related obstructsleep apnea (REM-OSA),
significantly influenced by the diagnostic criteremployed. Broad definitions
typically classify any OSA patient with a disprofionately higher apnea-hypopnea
index (AHI) during REM sleep compared to non-REMREM) sleep (usually REM
AHI/NREM AHI > 2) as having REM-predominant OSA'27 |n contrast, strict
definitions necessitate that obstructive eventsi@renantly occur during REM sleep
with minimal events during NREM sleep (typicallyerall AHI > 5 with REM AHI
>5 and NREM AHI <5):2"192|ntermediate criteria often set thresholds betwbese
extremes, such as requiring NREM AHI <#5.The absence of standardized
definitions contributes significantly to the hetgemeity observed in estimates of
prevalence?1192

Reported prevalence rates distinctly reflect thaésknitional variations. In a
study done by Conwell et &, it was identified REM-OSA prevalence as 37% under
broad criteria (REM/NREM AHE 2) in this large U.S. clinical sample, whereas
stricter criteria (NREM AHI <8 and10.5 min of REM sleep) reduced prevalence to
13.5%*. Similarly, Mano et al. reported broad and stgotvalence rates of 24.6%
and 12.2%, respectively, in a Japanese cdffort.

Recent studies further highlight demographic amdical factors influencing
these variations. For instance, in Saudi Arabiapa3h et al. reported prevalences of
52% (broad definition), 33% (intermediate definifjpand 26% (strict definition),
noting higher female representation and younger iagstricter criteria groups?t

Conversely, a Jordanian study done by Oweidat eepdrted significantly lower

Page 104



Discussion

prevalences (18% broad, 2.7% strict) due to a high@portion of severe OSA cases,

and notably highlighted a marked female predomiean®REM-OSA prevalenct’

Population characteristics significantly

impact

REMPA prevalence

estimates. Studies involving milder OSA cases «teastly report higher REM-OSA

prevalence under broad criteria. A cross-sectidysadn study found REM-OSA in

56.3% under broad criteria, dropping to 25.4% wsathct criteria, predominantly

among mild-to-moderate OSA patief#éThis aligns with literature indicating REM-

predominant OSA is notably more frequent in mildecsa becoming rare as overall

disease severity increaség!®?

Table 14 summarizes key studies on REM-OSA prevalence by diagnostic

(=]

criteria:
Study (Year, o _ o Population
_ Broad Criteria (%) | Strict Criteria (%) o
L ocation Characteristics
Conwell et al., 2012 Mixed severity, 52%
37 135
(USA)'? female
_ Severe cases
Al Oweidat et al., _
18 2.7 predominant, 45%
2018 (Jordart}’
female
Mano et al., 2019 Broad severity, 14.59
24.6 12.2
(Japam®! female
Nair et al., 2022 Mild-moderate
_ 56.3 25.4 )
(Asia)t?? severity, 33% female
Mixed severity,
Qanash et al., 2023
52 26 younger age, 42%

(Saudi Arabia)*

female
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REM-OSA prevalence varies significantly with diagtio criteria, ranging from

approximately 2.7% to over 50% depending on dedfing and cohort characteristics.
Such variability emphasizes the need for standeddizriteria, especially when
interpreting clinical implications or conducting mparative studies. Furthermore,
recognizing subgroups with a higher REM-OSA preneée(e.g., females, younger
patients, mild OSA cases) is clinically importapgtentially influencing diagnosis

and treatment strategi&g:122:127,175,191,192

Prevalencein the current study vsliterature

This study found a remarkably high prevalence ofVRElated OSA in its
sample, exceeding many prior reports. In this sti8:/3% of patients had REM-
related OSA by a broad criterion (REM AHI at ledstuible NREM AHI), and 25.4%
met a strict definition (REM AHI >5, NREM AHI <5, th REM sleep >5% of
total).This broad-criterion prevalence (~56%) idbsantially higher than the ~10-
36% range reported in most earlier clinic cohond,aven the strict-criterion figure
(25%) is at the upper end of what previous studiese observed for REM-
predominant OSA. Even under the strict definitidinis study’s 25% prevalence
notably exceeds the ~13% or lower strict-definiti@ies seen in some Western
cohorts. In other words, the current study idesdifREM-related OSA in over half of
its OSA patients with a broad definition, wherehe previous studies have found
roughly one-quarter or less.

Several factors may explain why the present stugy&valence is higher.
First, the study included patients across the O8&#esty spectrum (including those
with very low overall AHI), and it specifically ld@®d for REM predominance even in

cases that might otherwise be labelled “no OSA.fact, the patients with AHI < 5
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had more REM specific events. By counting such Ribtlominant cases that
conventional criteria  might overlook, the broadidigion prevalence naturally
increases. Many earlier studies, by contrast, Hagased only on patients already
meeting overall OSA criteria (AH15). Including those borderline cases (overall AHI
<5 but REM AHI elevated) in the denominator caraite the apparent proportion of
REM-related OSA. Additionally, the cohort in thisidy had a preponderance of mild
and moderate OSA cases and fewer severe cased) ishéxactly the scenario in
which REM-predominant OSA thrives.In severe OSAediing events occur so
frequently in NREM sleep that few patients will lkaa REM/NREM ratia>2 ; hence
studies with many severe patients tend to repavetdREM-OSA percentages. The
current study’s population characteristics beingvstd toward milder OSA and
including some subclinical cases,likely contributedhe higher observed prevalence
of REM-specific OSA.

Despite the numeric differences, many qualitatimdihgs of the present study
align with established literature.

Another point of alignment is that the symptom esdy e.g. daytime
sleepiness measured by Epworth score and body mass were similar between
REM-predominant OSA patients and those with nogestgpecific OSA in this study.
Prior research has also found that patients witMBEedominant OSA can be just as
sleepy and symptomatic as typical OSA patients itee$@mving lower overall AHI.
Thus, in terms of patient phenotype , female prdpcance, moderate obesity, mild
overall AHI but significant symptoms — the currestudy’s findings corroborate
existing knowledge. The major deviation lies in midgde: this study emphasizes an

even higher prevalence of REM-predominant OSA thast earlier
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Correlation of Screening tools with diagnosis of/08hd REM OSA

In the present study, the correlation between t88& Ecore and the Apnea—
Hypopnea Index (AHI) was extremely weak (r = 0.p27 0.81). This finding is
consistent with previous research that has notéohited association between self
reported daytime sleepiness and objective measifredeep-disordered breathing.
Johns MW, originally developed the ESS as a scneetaiol for subjective sleepiness;
however, subsequent studies have demonstratedwthiée the ESS is clinically
useful, it often fails to correlate strongly withHA suggesting that subjective
perceptions of sleepiness may be influenced byrdtwors such as sleep quality,
comorbid conditions, or interindividual variability sleep physiology®41°°

Similarly, the weak positive correlation observeetvieen BDI scores and
AHI (r = 0.14,p = 0.17) aligns with literature indicating that degsive symptoms in
patients with OSA are multifactorial. Several sagdihave reported that although
depressive symptoms are more prevalent in patieniisOSA, the severity of apnea
as measured by the AHI does not consistently pregépression scoré& This
inconsistency implies that while OSA may contribtkemood disturbances, other
factors including the physiological stress of chicosleep deprivation, underlying
psychiatric vulnerabilities, or systemic inflamnamaticould be playing a more decisive
role in the manifestation of depressive symptoms.

The STOP-BANG score, designed primarily as a sangetool to identify
individuals at high risk for OSA, demonstrated aalv@egative correlation with AHI
(r =-0.08,p = 0.38). Prior investigations have similarly hiigiited that while STOP-
BANG has high sensitivity for detecting OSA, itsredation with the severity of the
disease as quantified by AHI is variabléThe tool's reliance on dichotomous items

(e.g., gender, neck circumference, body mass indeay limit its precision in
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capturing the nuanced continuum of OSA severityti@darly in heterogeneous
populations.

Furthermore, when studying patients with REM-rela@SA relative to those
with non-REM OSA, the absence of statistically gigant differences in the ESS,
BDI, and STOP-BANG scores is noteworthy. The litera has reported similar
findings; some studies indicate that REM-predomin@®A may not significantly
alter subjective sleepiness or mood disturbanceesccompared to non-REM OSA,
even though the underlying pathophysiology miglitedi*?. This suggests that the
clinical impact of REM-specific events may be budié by overlapping compensatory
mechanisms in sleep architecture or by the patiemtaptive responses to sleep
disruption.

The present study revealed a statistically sigaifichigher prevalence of
REM-related obstructive sleep apnea (REM OSA) anmmoates (86.5%) compared to
females (68.8%), with a difference of 17.7p6<0.03). While OSA overall is known
to be more prevalent in males, findings regardiremdgr differences in REM-
predominant OSA are more nuanced. Several studidading work by O’Connor et
al., have reported that females may exhibit a higineportion of REM-predominant
OSA, especially in milder forms of the disease andyounger age group§®
However, other data suggest that REM-related OSAanes prevalent across both
sexes, and gender-related differences may refleging sleep architecture, hormonal
influences, or craniofacial anatomy rather than timi$ pathophysiological
processe$’ The discrepancy between our findings and thoseiof studies may be
attributed to differing definitions of REM OSA, sala size, or population-specific

phenotypes.
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Age-related trends observed in this study demotestra progressive increase
in REM OSA prevalence with advancing age, risiranr8.1% in individuals aged 0—
40 years to 35.0% in those older than 50 yearss frand was statistically significant
(p = 0.03), supporting previous reports that OSA ©sgveand REM sleep
fragmentation tend to increase with d3é% The loss of upper airway muscle tone
and decreased ventilatory responsiveness during RE&p with aging may partially
explain the elevated prevalence in older adiift$iowever, contrasting studies have
shown that REM OSA can also be disproportionatefyresented in younger adults
and women, highlighting the heterogeneity of thisemotype and the potential
influence of body composition, sleep stage duratim comorbidities!8

Regarding body mass index (BMI), the current anglj@und no statistically
significant difference between individuals with REDSA (mean BMI: 30.0 + 7.5)
and those without (31.2 £ 7.9; = 0.55). These findings are in line with existing
evidence that REM-predominant OSA is not consisteagsociated with higher BMI,
unlike classic OSA, where obesity is a well-estii#d risk factot®. Some studies
have identified a non-obese phenotype in REM OSienolinked with increased
upper airway collapsibility during REM sleep ratliean structural compromise from
excess adipose tisséf.This could suggest a different mechanistic pathfeayREM
OSA, where ventilatory control instability and REMecific neuromuscular
inhibition play a more critical role than body stture alone.

The present study highlights a high burden of cdmndiies and
symptomatology among patients with REM-related miusive sleep apnea (REM
OSA), which is consistent with previous literatsrgggesting that this phenotype may
carry distinct clinical implications. Among the REMSA group, hypertension

emerged as the most prevalent comorbidity, affgc6.9% of individuals. This
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aligns with findings by Appleton et al., who notdtht REM OSA was significantly
associated with nocturnal and early morning hymeita, likely due to heightened
sympathetic activation during REM-related respinatevents’®* Similarly, Mokhlesi
et al. reported that REM OSA patients demonstragben nocturnal blood pressure
variability and increased odds of developing systémpertension?®

Cardiovascular disease and metabolic dysfunctiore vaéso common in the
REM OSA group in this study, with 53.9% reportingraiovascular disease, and
50.0% each reporting diabetes and dyslipidemias Téflects findings by Chervin
and colleagues, who observed that REM-related a&pndae to their temporal
clustering and deeper desaturations, may indepégdsontribute to cardiovascular
morbidity2°® Moreover, the Sleep Heart Health Study found tREM AHI,
independent of NREM AHI, was associated with inotdeypertension and metabolic
dysregulatiort®” The clustering of apneas during REM sleep, whartilagory drive
is diminished and upper airway tone is lowest, mpedispose to longer apneas and
greater hypoxic burden, potentiating end-organces$f&®

Cerebrovascular disease was present in 28.2% ofidadls with REM OSA
in this cohort. Although fewer studies have speaify addressed stroke or
cerebrovascular disease in REM OSA, it is plaudide the intermittent hypoxia and
autonomic fluctuations during REM events contribute cerebrovascular risk.
Research by Redline et al. supports the notionRIE sleep-related hypoxemia and
arousals are linked with impaired cerebral autoliegn and increased risk of silent
infarcts2°

Of note, only 2 individuals (2.6%) in the REM OSfogp had no comorbid
conditions, suggesting a strong association betwREN OSA and co-morbidity.

This aligns with findings by Punjabi et al., who @masized that REM-predominant
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OSA may be an under-recognized contributor to dordisease burden in middle-
aged and older adults®

Symptomatically, excessive daytime sleepiness (BEx®) significantly more
common in the REM OSA group (56.4%) compared tes¢hwithout REM OSA
(31.8%) (p = 0.04). This supports prior studiesgasging that EDS may correlate
more strongly with REM-related respiratory eveihizrt with total AHI. Bianchi et al.
demonstrated that REM AHI was independently assediavith higher Epworth
Sleepiness Scale (ESS) scores after adjusting Yerath AHI and other sleep
parameters$!! The vulnerability of REM sleep to fragmentationdaiie cognitive-
emotional importance of REM may partly explain tHesproportionate daytime
impairment observed in REM OSA.

Fatigue was also significantly more prevalent amBigM OSA individuals
(50.0% vs. 18.2%, p = 0.008), which was comparalile a study by Lam et al., who
found that fatigue and unrefreshing sleep werenofiaderreported yet clinically
relevant symptoms in REM-predominant OSA, potelytia¢flecting the disrupted
consolidation of REM sleef}? In contrast, insomnia was significantss common
in REM OSA (39.7%) than in non-REM OSA (68.2%) (p002), a somewhat
unexpected finding. While some studies report iaseel insomnia symptoms in OSA
overall, literature differentiating REM OSA specdily is sparse. One possibility is
that REM OSA patients may experience deeper slasptpwith clustering of events
during REM phases later in the night, thus escapamy-night sleep fragmentation
associated with insomnf4.

Other symptoms such as snoring, non-refreshingpslemrning headaches,

mood changes, neurocognitive disturbances, ands@awsas (increased dreaming,
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nightmares) did not show significant differencesasen REM and non-REM OSA
groups.

Taken together, these findings reinforce that REMAQOis a clinically
significant phenotype with distinct symptom clustend associated comorbidities.
Excessive daytime sleepiness and fatigue, in paaticmay serve as clinical red flags
prompting more detailed sleep evaluation. Furtheemthe strong association with
cardiometabolic comorbidities underscores the ingmme of early recognition and
targeted management strategies for REM-predomiD&wy.

Oxygen Desaturation:

This study showed significantly lower nadir Sp@nong REM OSA patients
(76.6% vs. 87.1%) concurs with prior reports th&MRrelated OSA is characterized
by more severe desaturations, likely due to ine@agper airway collapsibility and
reduced pharyngeal muscle tone during REM sfe@poi et al. similarly found REM-
predominant events to be associated with greatggesxdesaturation indicés
Polysomnographic Parameters:

This study found comparable values between REM aod-REM OSA
groups in terms of supine AHI, arousal index, smprindex, sleep efficiency, and
REM/NREM event durations. These findings observethimal differences in
polysomnographic metrics aside from those striothated to REM phases . While
REM OSA is often associated with increased vulnétabduring REM periods,
overall sleep architecture and event duration pstemay remain largely
indistinguishable from non-REM OSA.

The greater oxygen desaturation and younger adgepassociated with REM
OSA underline its clinical relevance. These cowddd&ated to adverse cardiovascular

consequences and neurocognitive impairments. Thediegs support the need for
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heightened clinical awareness, comprehensive poigsgraphic evaluation, and
potentially tailored management strategies foniitlials with REM OSA.

Prior studies have explored the relationship betwe®Hl and RDI,
particularly in the context of REM sleep. For imsta, studies conducted by Moklesi
et af has demonstrated that OSA severity can differ betREM and non-REM
(NREM) sleep stages, with some patients exhibitmgye pronounced apneic events
during REM sleep. This variability suggests thatlAdd RDI may not always align
perfectly, as they are influenced by the distribatand type of respiratory events
across different sleep stages.Moreover, Koo and Biamphasized that the diagnostic
accuracy and clinical implications of REM-relategpiratory events may differ based
on the metric used, suggesting that RDI may prowideore sensitive assessment in
some individuals with subtle but clinically relevaaspiratory disturbancés.

Additionally, Eiseman et af** further demonstrated that both body posture
and sleep stage exert a substantial influence eepshpnea metrics, with positional
and stage-dependent variability affecting both Agdt RDI values. This reinforces
the notion that AHI and RDI, while overlapping icope, may be differentially
influenced by sleep physiology and environmenteidies.

This study showed a weak correlation between REM ARl REM RDI.
Relying solely on one index may not provide a cat®lpicture of the patient's
condition, potentially leading to underestimatiom overestimation of disease
severity. Therefore, clinicians should considerhbAH| and RDI, along with other
relevant parameters, to inform diagnosis and taiEatment strategies effectively.
Implicationsfor future research

The findings and limitations of this study pointdeveral directions for future

research. One crucial area is investigating thg-tenm outcomes associated with
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REM-related OSA. Prospective studies or follow-upk patients with REM-
predominant OSA (especially those who otherwiseehanild overall OSA) are
needed to determine if this phenotype confers heigdd risk for cardiovascular
issues, metabolic syndrome, cognitive impairmemt,other health consequences.
From this study it is found that association of RENMSA and daytime sleepiness is
more and association with hypertension is also rharger studies are required to
support this evidence. In particular, it would @uable to assess if untreated REM-
predominant OSA leads to future hypertension ordiogascular events, given
preliminary data in that direction, and whethelyeartervention mitigates such risks.

Another priority is evaluating treatment strategaesl their benefits for REM-
related OSA. Since REM-predominant OSA patientgrofhave overall mild OSA,
there is debate about treating them with CPAP loeromodalities. Randomized trials
or targeted treatment studies could investigateaihaging REM-specific OSA , using
CPAP only during REM or employing therapies like MBuppressant medications,
though those are largely experimental, may showadrgment in patient’s outcomes
such as daytime function, blood pressure, etcybaidence indicates these patients
are as sleepy as others and can adhere to CPAPtbatains to be proven whether
treatment yields significant improvements. As Colhweé¢ al. pointed out,further
research is needed to establish whether these riatigill derive any benefit from
long-term CPAP therapy.”

Such studies would inform clinical guidelines on emhto treat REM-
predominant OSA versus observe. Additionally, fatwesearch should aim to
standardize the definition of REM-related OSA oiestst understand how different
definitions impact outcomes. The current literatuses heterogeneous criteria like

various REM/NREM AHI ratios, absolute cut-offs amginimum REM duration
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requirements. Reaching a consensus definition wiadlititate comparing studies and
pooling data. In this study, multiple definitionseapplied to see which best predicts
clinical outcomes which may help in narrowing dotlve useful definition.

More studies should explore the pathophysiology pratjression of REM-
predominant OSA. For example, why do some populatiotably women and
younger patients, manifest obstructive events mastitREM sleep? Investigating
hormonal influences, upper airway muscle respongise differences during REM, or
neurochemical factors could shed light on this plygre. Longitudinal studies could
determine if REM-predominant OSA is an early stafj®©SA that progresses with
age or weight gain, or if it remains a stable pltgp® in certain people. Cohort
studies with polysomnography could identify how eoom this is in the aged
population and whether those people have incredsadth risks over time. In
summary, future research should focus on outcorsecagions to know clinical
significance, treatment efficacy for REM-specificS®, definition standardization,
and pathophysiological mechanisms. Addressing thgeges will build upon the
stronger evidence which will help determine howirtcorporate REM-related OSA

into the broader understanding and managemeneep slpnea.
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Strength of the study

The current study has several notable strengthst, Ht employed two
complementary definitions of REM-related OSA (adxtoss. strict criterion), which
provides a more comprehensive assessment of teisopfpe. By analyzing both, the
study captures the full spectrum of REM-predominameathing disturbances — from
cases with any REM predominance to the most extrRiEkI-specific cases. This
dual-definition approach also allowed direct conmgzar with prior studies that have
used varying thresholds, enhancing the relevanéts dindings across the literature.
Second, the study stratified results by OSA seyesitbgroups (mild, moderate,
severe), yielding granular insights — for examplgantifying how REM-predominant
OSA virtually disappears in severe OSA. This leweldetail helps confirm known
patterns and adds to the exceptionally high fractitbREM OSA in the mildest group
that advances understanding of disease spectrum.

Another strength is the characterization of clihiead polysomnographic
differences between REM-related and NREM-relatedAQ@oups. The study
examined factors such as age, sex, BMI, neck cifetence, sleepiness scores,
oxygen desaturation index. The associations likeefadesaturation index and longer
event length in REM OSA were significant findingghile parameters like BMI and
daytime sleepiness dis not show significant vaoiei

This comprehensive comparison reinforces the ithea REM-predominant
OSA patients can look clinically similar to otheBGA patients aside from their sleep
stage distribution of events. It also externallfidates prior research of insomnia and
fatigue which strengthens in confidence in theifigd.Finally, the study addresses a
relatively under-reported problem in an Indian sgemin that context, this study

addsto the data in Indian population which candramared with Western population.
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These aspects make the study a valuable contrihupimviding both breadth and

depth in profiling REM-related OSA

Limitations of the Study

1. This investigation was conducted at a singl@atgr care center using a cross-
sectional methodology. As a result, the findingsymat be generalizable to broader
populations or primary care settings. Additionalthe study design precludes
establishing temporal or causal relationships betwEM OSA and associated
demographic, clinical, and polysomnographic paranset

2.The study enrolled a total of 100 participantdjiol, although adequate for
prevalence estimation, may have limited statistmalver for subgroup analyses—
particularly when stratifying by strict vs. broadteria or when analyzing symptom
correlations. This limitation may have contributeml the absence of statistically
significant findings in certain comparisons (e.§TOP-BANG scores, BMI, and

BDI).

3.The reliance on self-reported tools such as thedgh Sleepiness Scale (ESS),
STOP-BANG questionnaire, and Berlin Questionnaiigy rimtroduce response bias.
These instruments are susceptible to under- or-@parting of symptoms such as
sleepiness and fatigue, which may not always caeelvith objective indices like

AHI or SpQ.

4. The cross-sectional nature of the study predudesessment of treatment
outcomes, such as the response to CPAP or oraiaapel therapy in REM OSA

patients. As such, the clinical implications ofntlying REM OSA subtypes remain

speculative in the absence of outcome-based validat
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5.Despite adherence to AASM guidelines, variabilityscoring respiratory
events—patrticularly hypopneas and respiratory efflated arousals (RERAS)—
may affect REM AHI and RDI estimation. The use d&NRspecific indices (REM
AHI and REM RDI) further adds complexity due to itheensitivity to sleep stage
transitions and scoring subjectivity.
6.The study did not incorporate endotype or phenoglassification (e.g., loop gain,
arousal threshold, muscle responsiveness), whicl aoffer deeper insight into
pathophysiological mechanisms underlying REM-preidamt OSA and explain
inter-individual variability beyond conventionaldites.
7. Although gender-based differences were noted, stiudy did not account for
menopausal status or hormonal influences in femalastors known to significantly
affect REM-related upper airway dynamics. This rhaye limited the interpretation
of gender-related prevalence trends.
8. While the presence of comorbidities such as tgpsion and diabetes was
recorded, the study did not stratify them by sdyesr control status. As such, the
influence of comorbidity burden on REM OSA expressand severity could not be
fully delineated.
9. As participants were drawn from a sleep clinapydation, they may represent
individuals with more severe symptoms or higheltheseeking behavior, potentially
inflating symptom and comorbidity prevalence conggiarto community-based

cohorts.
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CONCLUSION

This cross-sectiona study highlights the substantial prevalence of REM-
related obstructive sleep apnea (REM OSA) among patients diagnosed with sleep-
disordered breathing, particularly when broad diagnostic criteria are employed. The
findings revea that REM OSA congtitutes adistinct and clinically relevant phenotype
with a unique demographic and symptomatic profile, predominantly affecting males
and older individuals and associated with symptoms such as excessive daytime
deepiness, fatigue, and insomnia. Notably, conventional screening tools like the
Epworth Sleepiness Scale, Berlin Questionnaire, STOP-BANG, and Beck Depression
Inventory demonstrated limited utility in reliably detecting REM-predominant OSA,
indicating a need for refined, stage-specific screening strategies.

Furthermore, the study underscores the association of REM OSA with
significant comorbidities, especially hypertension, cardiovascular disease, and
diabetes mellitus, as well as its potential to induce more profound nocturnal
hypoxemia compared to non-REM OSA. These findings reinforce the need for
clinicians to recognize REM OSA not merely as a sub-phenotype but as a condition
warranting independent diagnostic attention and therapeutic consideration.

In conclusion, this study contributes meaningful insights into the prevalence,
clinica characteristics, and diagnostic challenges of REM-related OSA in the Indian
population. It emphasizes the necessity for heightened clinical vigilance,
incorporation of sleep stage-specific indices in routine polysomnography reports, and
the development of targeted screening tools. Future longitudinal and interventiona
studies are warranted to explore the long-term health outcomes, therapeutic
responsiveness, and management strategies tailored to this often-underrecognized

phenotype.
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SUMMARY

This cross-sectional study evaluated the prevalarg# clinical correlates of
REM-predominant obstructive sleep apnea (REM OS#prag 100 patients
diagnosed with sleep-disordered breathing.

The prevalence of REM OSA was 71% using broad distiyn criteria and 37%
using strict criteria, underscoring the heteroggnei diagnostic thresholds and
the impact of definitional variability on clinicakevalence estimates.

In terms of screening tools, no significant assomia were found between REM
OSA diagnosis and the Epworth Sleepiness Scale)(ES®P-BANG score, or
Beck Depression Inventory (BDI). The Berlin Questiaire also failed to
distinguish REM OSA patients from non-REM OSA, with non-significant
distribution between high- and low-risk categofjes- 0.51).

Demographically, REM OSA was more prevalent in md&6.5%) than females
(68.8%), and the condition showed a significantease with age, particularly in
individuals over 50 years.

Comorbidities were highly prevalent in the REM OS#hort, especially
hypertension (76.9%), cardiovascular disease (58.8%@ diabetes (50%). Only
2.6% of patients with REM OSA had no comorbid ctiods.

Existing literature has shown excessive daytimeepteess may not be a
predominant symptom in patients with REM OSA .Cantrto this, our study
noted that REM OSA patients more frequently rembréxcessive daytime
sleepiness (56.4%), fatigue (50%), and insomnia/@@Y compared to their non-
REM OSA counterparts, with all differences reachstagistical significance.
However, other symptoms, including snoring, morrtegdaches, mood changes,

and neurocognitive complaints, did not significartiffer between groups.
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» Polysomnographically, individuals with REM OSA wesignificantly younger

« Patients with REM OSA exhibited lower minimum oxwgeaturation (Sp&),
indicating more pronounced nocturnal desaturation.

* However, other parameters such as BMI, neck cirevenice, AHI, arousal index,
desaturation index, and sleep efficiency did nobdwststatistically significant
differences.

» Importantly, comparison using strict diagnostidenia also yielded no significant
differences across most demographic and polysorapbgr variables, further
highlighting the diagnostic subtlety of REM-predomaut OSA.

* Finally, a weak, non-significant positive corretati (r = 0.17, p = 0.09) was
observed between REM AHI and REM RDI, suggestimgitéd concordance

between these two respiratory indices.

Collectively, these findings highlight the complgxiof REM OSA as a
clinical phenotype. The condition is associatechwignificant symptom burden and
comorbidities but may not be effectively identifiatsing commonly employed
clinical screening tools or basic anthropometritad@hese results advocate for more
nuanced diagnostic protocols and raise the impoeta full-night polysomnography

in capturing the unique REM-specific manifestatioh©SA.

Study Overview:

This study was a cross-sectional, hospital-basederghtional analysis
conducted over one year (April 2023 to March 2024KLE’s Dr. Prabhakar Kore
Hospital, Belagavi. It aimed to assess the prewaleand clinical features of Rapid

Eye Movement-related Obstructive Sleep Apnea (REBAPamong individuals
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diagnosed with sleep-disordered breathing (SDBijizimg both broad and strict
diagnostic criteria.
Objectives:
Primary: Determine the prevalence of REM OSA using staod broad
criteria.
Secondary: Evaluate correlations between subjective symptsoores
(Epworth Sleepiness Scale [ESS], Beck Depressivantiory [BDI], Berlin
Questionnaire, STOP-BANG) and objective polysomapgic indices,

particularly the Apnea-Hypopnea Index (AHI).

M ethodology:

« Participants: Included 100 adult patients who underwent attdnolernight
polysomnography.

Instruments: Subjective assessments (ESS, BDI, STOP-BANG, imerl
Questionnaire) and comprehensive polysomnographg eenducted.

« Criteria: REM OSA identified based on AASM-defined criter@ategorized
as "strict" (distinct REM predominance, minimal NREnvolvement) or
"broad" (any notable REM predominance).

Results:
Prevalence:
o REM OSA (broad criteria): 71%

o REM OSA (strict criteria): 37%
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Corrdations:

o No significant correlation found between overall IA&#hd subjective
assessments (ESS, BDI, STOP-BANG).

o Berlin Questionnaire showed no significant predietvalue for REM
OSA.

Clinical Features:

o Significant associations of REM OSA with male gend86.5%
prevalence in males vs. 68.8% in females) and a&sing age (highest
prevalence in age group >50 years).

o BMI did not differ significantly between REM OSA @mon-REM
OSA groups.

«  Symptom Profiles:

o Excessive daytime sleepiness, fatigue, and insomeia significantly

more prevalent in REM OSA individuals.

Comor bidities:

o Hypertension (76.9%), cardiovascular disease (58.9%abetes

(50%), and dyslipidemia (50%) were common in REMAQfatients.

Polysomnographic Parameters:
o REM OSA patients had significantly lower minimum ygen

saturation (Sp& compared to non-REM OSA patients.
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Strengths:
- Comprehensive definition usage (strict and broderaa) allowing a nuanced
understanding of REM-predominant OSA.
+ Detailed clinical and polysomnographic comparisbasveen REM and non-
REM OSA subtypes.
« Contribution to limited Indian data on REM-relato®A.
Limitations:
« Single-center, cross-sectional design limiting gelwability and causality
inference.
« Limited statistical power for subgroup analyses ttumodest sample size.
« Subjective assessments prone to response bias.
« Lack of hormonal status considerations in femaldstailed comorbidity
stratifications, and absence of objective daytiteemness measures (MSLT

or psychomotor vigilance tests).

Conclusion: The study identified a high prevalence of REM-retat OSA,
particularly with broader diagnostic criteria, withear associations noted for male
gender, age, and specific symptoms such as fatmueg insomnia. However,
commonly employed screening tools had limited tytifior discriminating REM-
predominant OSA, underscoring the need for enharaedcal awareness and

tailored diagnostic strategies for better patieahagement
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Annexures

ANNEXURES -1

KAHERs JNMC
BELAGAVI
INFORMED CONSENT FORM

“Prevalence of rapid eye movement sleep related obstructive sleep apnoea (REM
related OSA) in patients with sleep disordered breathing — a cross sectional study done
in 1 year”

Name of Student/Principal Investigator: REG NO.: BR0122002

Name of Guide/Co Investigators:

Introduction:

Polysomnography, also known as sleep study is a test used to identify sleep
disorders.This study records the brain waves,the oxygen levels in the blood,heart rate
during sleep.1t also assesses the breathing pattern and eve and leg,movements during
sleep.

In addition to diagnosis, Polysomnography can also aid in devising a treatment plan to
promote the quality of life in such individuals.

The measurements recorded during a sleep study provide a great deal of information
about your sleep patterns
For example,
< Brain waves and eye movements- this helps assess the sleep stages
This helps identify any disruption in stages
Disruptions can occur due to sleep disorders like narcolepsy, REM sleep
behaviour disorder
» Heart and breathing rate changes- atypical changes maybe suggestive of sleep
apnoea
% Frequent leg movements- that disrupt your sleep may indicate periodic limb
movement disorder
% Unusual movements or behaviours during sleep may be suggestive of REM
sleep behaviour disorder or other sleep disorders
+# Using PAP or oxygen can indicate which device settings work best for you

Explanation of procedure:
The patient will be admitted for sleep study.

The study is conducted usually during the night.

Once the patient is ready to go to bed,the technologist will place the sensors on the
scalp, chest, temples and legs. The sensors are then connected to a computer.A small
clip is placed on your finger or ear which monitors the level of oxygen in the blood.
While the patient sleeps , the technelogist monitors in the patient
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Brain waves

Eye movements

Heart rate

Breathing pattern

Blood oxygen level

Body position

Chest and abdominal mevement
Limb movement

Snoring and other noises

. & & & ° & @ @

The technologist monitor the patient during the night .If the patient needs any help
he/she can communicate with the technologist through the monitoring
equipment. They can come into the room to free up the wires if you need to get up

Withdrawal from participation in the study: Participation in this study in
voluntary. You will be free to decide whether to participate in this study or continue
participation once enrolled. In case you decide to withdraw your participation, you are
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 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 you will be coded, to
prevent any person to identify you. Your identity will never be revealed. The data
collected from you will be kept confidential 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 purpose and or presented to
scientific groups.

However, your identity will never be revealed.

Questions:
In case of anv guestions with regard to this study, vou are free to contact:
REG NO.: BR012200;
1t you have any question or complaints with regard to your right as study participant
you may contact Dr Harsha Hegde, Chairperson, Ethical committee of INMC, 083 1-
2473777 Extension 4052,

Legal rights: By signing this consent form, we are not waving any of your legal rights
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CONSENT STATEMENT |

] am making a voluntary decision to participate in the study “Proportion of rapid eye
movement sleep related obstructive sleep apnoea (REM related OSA) in patients with
sleep disordered breathing — a cross sectional study done in 1 year”. My signature below

indicates that I have decided to participate and | have read the information provided
above or the information provided above has been read to me in the language that [
understand best. I was given the opportunity to ask questions and that they have been
answered to my satistaction.

Name of the participant:

Signature or left thumb impression of the participant:

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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PROFORMA

Demographic information

1. Patient ID:

2. Age

3. Gender:

4. Height (cm):

5. Weight (kg):

6. Body massindex (BMI)

7. Neck circumference (cm):

8. Waist-Hip Ratio:

Medical history

Comorbidities

e Hypertension

e Diabetes mdlitus

e Cardiovascular diseases
*  Hypothyroidism

* Dysdlipidemia

e Cerebrovascular diseases
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Family history of OSA

Smoking status

Alcohol use

Sedative/Hypnotic use

Symptoms

1. Daytime sleepiness:

(Epworth sleepiness scal e score):

2. Snoring:

3. Witnessed apnoea:

4. Morning headaches

5. Non restorative sleep, fatigue:

6. Mood changes:

Neurocognitive repercussions

7. insomnia

8. increased dreams, nightmares

9. STOP BANG score
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10.BERLIN questionnaire

11.Beck depression inventory

12.Mallampati score

POLY SOMNOGRAPHY (PSG) DATA
1. Tota deeptime:
2. Apnoea- Hypopnoea index:
- REM AHI
« NREM AHI
3. REM sleep duration (minutes)
4. Sleep efficiency
5. dleep latency (minutes)
6. Oxygen desaturation index (ODI)
7. Lowest recorded oxygen saturation (%)
8. Supine AHI
9. Non supine AHI
10.Longest REM event

11.L ongest NREM event
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12.Snoring index
13.Arousal index
14.Limb movement index
15.REM RDI

16.Total sleep duration

REM OSA definition and classification

1. REM OSA present: Yes/No
2. Severity Classification (Based on overall AHI)
e MILD (AHI 5-14)
« MODERATE (AHI 15-29)

. SEVERE (AHI > 30)
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Beck's Depression Inventory
This depression inventory can be self-scored. The scoring scale is at the end of the questionnaire
L.
I do not feel sad.
I feel sad
I am sad all the time and I can't snap out of it.
I am so sad and unhappy that [ can't stand 1t.

W -0

I am not particularly discouraged about the future.

I feel discouraged about the future.

I feel I have nothing to look forward to.

I feel the future is hopeless and that things cannot improve.

W —o

I do not feel like a failure.

I feel I have failed more than the average person

As | look back on my life, all I can see is a lot of failures.
I feel I am a complete failure as a person.

Wk — O

I get as much satisfaction out of things as I used to.
I don't enjoy things the way I used to.

I don't get real satisfaction out of anything anymore.
I am dissatisfied or bored with everything.

Wk —o

w

I don't feel particularly guilty

1 feel guilty a good part of the time.
I feel quite guilty most of the time.
I teel guilty all of the time.

Wk — O

I don't feel I am being punished.
I feel I may be punished.

I expect to be punished.

I feel I am being punished.

W -

I don't feel disappointed in myself.
I am disappointed in myself.

I am disgusted with myself.

I hate myself.

L b — O

I don't feel 1 am any worse than anybody else.

I am critical of myself for my weaknesses or mistakes
I blame myself all the time for my faults.

I blame myself for everything bad that happens.

W == O

I don't have any thoughts of killing myself.

I have thoughts of killing myself, but [ would not carry them out
[ would like to kill myself.

I would kill myselfif | had the chance.

L b —

I don't ery any more than usual.

I cry more now than I used to.

I cry all the time now.

I used to be able to cry, but now I can't cry even though I want to.

W = O

Page 160



Annexures

1.
0 I am no more irritated by things than | ever was
1 I am slightly more irritated now than usual
2 I am quite annoyed or irritated a good deal of the time
3 I feel irritated all the time.
12,
0 | have not lost interest in other people.
1 I am less interested in other people than I used to be.
2 I have lost most of my interest in other people.
3 I have lost all of my interest in other people.
13.
0 I make decisions about as well as | ever could.
1 I put off making decisions more than I used to.
2 I have greater difficulty in making decisions more than [ used to.
3 | can't make decisions at all anymore,
14,
0 I don't feel that I look any worse than | used to,
1 I 'am worried that I am looking old or unattractive
2 | feel there are permanent changes in my appearance that make me look
unattractive
3 I believe that I look ugly
15
0 I can work about as well as before.
1 It takes an extra effort to get started at doing something,
2 I have to push myself very hard to do anything
3 I can't do any work at all
16
0 I can sleep as well as usual
1 I don't sleep as well as 1 used to
2 I wake up 1-2 hours earlier than usual and find it hard to get back to sleep.
3 I ' wake up several hours earlier than | used to and cannot get back to sleep.
17.
0 I don't get more tired than usual.
1 I get tired more easily than I used to.
2 I get tired from doing almost anything
3 I am too tired to do anything
18.
0 My appetite is no worse than usual
1 My appetite 1s not as good as it used to be
2 My appetite 15 much worse now
3 I have no appetite at all anymore
19
0 I haven't lost much weight, if any, lately.
I I have lost more than five pounds
2 I have lost more than ten pounds
3 I have lost more than fifteen pounds.
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20.

0 I am no more worried about my health than usual.

1 I am worried about physical problems like aches, pains, upset stomach, or

constipation.

2 I am very worried about physical problems and it's hard to think of much else.

3 [ am so worried about my physical problems that I cannot think of anything else.
21.

0 [ have not noticed any recent change in my interest in sex.

1 I am less interested in sex than I used to be.

2 I have almost no interest in sex.

3 [ have lost interest in sex completely.

INTERPRETING THE BECK DEPRESSION INVENTORY

Now that you have completed the questionnaire, add up the score for each of the twenty-one
questions by counting the number to the right of each question you marked. The highest possible
total for the whole test would be sixty-three. This would mean you circled number three on all
twenty-one questions. Since the lowest possible score for each question is zero, the lowest
possible score for the test would be zero. This would mean you circles zero on each question.
You can evaluate your depression according to the Table below.

Total Score Levels of Depression

1-10 These ups and downs are considered normal
11-16 Mild mood disturbance

17-20 Borderline clinical depression

21-30 Moderate depression

31-40 Severe depression

over 40 Extreme depression
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Class 0: Ability to see any part of the epiglottis upon mouth opening and tongue protrusion
Class I: Soft palate, fauces, uvula, pillars visible

Class II: Soft palate, fauces, uvula visible

Class llII: Soft palate, base of uvula visible

Class IV: Soft palate not visible at all

Figure. Modified Mallampati Score

Class lll Class IV
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Epworth Sleepiness Scale

Name:

Date:

Your age: (Yr) Your sex: 1 Male [ Female
How likely are you to doze off or fall asleep in the situations described below,

in contrast to feeling just tired?

This refers to your usual way of life in recent times.

Even if you haven't 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:-

would never doze

Slight chance of dozing
Moderate chance of dozing
High chance of dozing

Wk = o
mononuw

Situation Chance of dozing

Sittingandreading . ... .. i e e |:’

Watching TV .. ... e
Sitting, inactive in a public place (e.g. a theatre or a meeting) .......

As a passenger in a car for an hour withoutabreak ...............

Lying down to rest in the afternoon when circumstances permit .. ...

Sitting and talking to someone . ... ... ... . ... ... aa .

Sitting quietly after a lunch without alcohol ......................

In a car, while stopped for a few minutes in the traffic ............. I:l
TOML oo 1]
Score

0-10 Normal range
10-12 Borderline
12-24 Abnormal

Page 164



Annexures

Berlin Questionnaire

Attending MD

PCP

Patient Information
Height: Age:

Weight: Male/Female

Category 1

Do you snore?
] Yes

No

Don’t Know

Your snoring is?

Slightly louder than breathing
As loud as talking

Louder than talking

| | Can be hear in adjacent room

|

Describe the snoring frequency
] Nearly every day

3-4 times a week

| | 1-2 times a week

[] 1-2 times a month

] Never or nearly never

Has your snoring ever bothered other
people?

] Yes

[] No

Has anyone noticed that you quit
breathing during your sleep?

[] Nearly every day

[] 3-4 time a week

[] 1-2 time a week

[] 1-2 time a month

[] Never or nearly never

Category 1 positive (>2) ]
Category 2 positive (>2) ]
Category 3 positive (1 or BMI>30) []

Category 2

How often do you feel tired or fatigued
after you sleep?

[] Nearly every day

[] 3-4 times a week

[] 1-2 times a week

[ ] 1-2 times a month
[]

Never or nearly never

During your wake time, do you feel
tired, fatigued or not up to par?

: Nearly every day

[] 3-4 times a week

[] 1-2 times a week

|| 1-2 times a month
[] Never or nearly never

Have you ever nodded off or fallen
asleep while driving a vehicle?
Yes

No

O

—

f yes, how often does it occur?
[] Nearly every day

[] 3-4 times a week

[] 1-2 times a week

[] 1-2 times a month

[] Never or nearly never

Category 3

Do you have high blood pressure?
] Yes

[] No
BMI=

Date

Signature
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ANNEXURES -1l

PHOTOGRAPHS

ALICE PDX system, Philips Respironics system availae in the ingouse level

Il sleep lab
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1 60 |Femde| 346 | 45 | 073 | 1 1 High Risk 54 1 6 | 746 | 20 | 2572 | 755 | 324 | 14 a7 806 | 82 | 136 | .4 | 711 | 46 o7 35 | m: | Both | Yes
2 49 | Femde| 1771 | 482 | 073 Low Risk 59 86 | 9% 18 | 533 | 789 | a7 9 a7 522 | 28 | 456 | 408 | 9 | 25 38 | 108 | 249 | Both | Yes
3 62 |Femde| 2478 | 318 | 073 Low Risk 48 e | 8 | 1 98 | 283 | 105 | o 8 87 | 406 | 324 | 368 | 701 | o1 | 132 | 56 | 258 | Both | Yes
4 a4 | mae | 3052 | 453 | 094 High Risk 9 541 | 573 | 37 | 1549 | 571 | 242 | 6 5 609 | 3 | 323 | 33 | 875 | 94 | 13 | 132 | 449 | Both | Yes
5 4 | mae | 2735 | 435 | 116 Low Risk 43 547 | 955 | 34 | 2809 | 649 | 527 | 1 EY 559 | 4 %6 | 461 | 512 | 27 | 142 | 56 | 255 | Both | Yes
6 39 | Femde| 2722 | 417 | 072 High Risk 18 29 | 23 | 3 |37 | s09 | 47 | 6 E 643 | 179 | 448 | 279 | 998 | 146 | 36 | 154 | 349 | Both | Yes
7 62 | Femde| 2016 | 377 | 073 High Risk 17 38 | 649 | 31 | 2094 | 475 | 268 | 15 46 953 | 98 | 197 | 41 | %6 | 126 | 49 | 158 | 214 | Both | Yes
8 50 | Mde | 2838 | 395 | 089 LowRisk 0 07 | 786 | 23 | 317 | 444 | 25 | 7 EY 523 | 6 | 467 | 253 | 806 | 32 | 131 | 81 | 257 | Both | Yes
9 a1 | made | 2741 | 344 | 09 High Risk 52 a8 | 87 25 | a8 | 784 | 424 | 6 49 674 | 4298 | 71 | 48 | s5 | 48 53 | 133 | %8 | Both | Yes
10 20 | Femde| 4213 | 371 | 07 LowRisk 49 614 | 846 | 39 | 2160 | 917 | 361 | 12 48 693 | 436 | 28 | 275 | 522 | 10 | 120 4 26 | Both | Yes
1 39 | Mae | 2200 | 395 | 089 High Risk 21 94 19 14 | 157 | 126 | 89 7 a7 81| 11 | 82 | 182 | 82 | 38 £ 52 | 28 | Both | Yes
12 38 | Mae | 3113 | 348 | 091 High Risk 9 50 | 729 | 44 | 1657 | 594 | 296 | 5 3 95 | 72 | 56 | 105 | 557 | 53 3% | 143 | 312 | Both | Yes
13 50 | Femde| 3318 | 382 | 074 High Risk 2 61 | 93 | 20 | sa | e9 | 22 5 6 %67 | 46 | 144 | 476 | 858 | 1 | 140 | 35 | 497 | Both | Yes
14 47 | mae | 3708 | 347 | o8 LowRisk 3 854 | %6 | 29 | 3124 | 1309 | 483 | 15 40 643 | 11 | 495 | 147 | 723 | 91 | 4 78 | 32 | Both | ves
15 38 | Mae | 2058 | 473 | 095 Low Risk a7 601 | & | 47 | 1766 | 1015 | 603 | 10 16 % 1 2 67 | s28 | 85 | w6 | 147 | 200 | Both | Yes
16 54 | Mae | 2217 | 344 | 084 High Risk E 32 | 76 | 06 | 1267 | 48 | 32 1 53 %9 2 28 | 32 | 651 | 105 | 173 | 10 | 473 | Boh | Yes
17 4 | mae | 371 | 31 | oss High Risk % 98 | %4 | 3 s1s | 1007 | s28 | 7 49 772 | 84 | 265 | 427 | 949 | 136 | 119 | 142 | 316 | Both | Yes
18 18 | Femde| 3412 | 338 | 085 High Risk 2 276 | 408 | 48 | 85 | 341 | 194 | 14 1 531 | 112 | 178 | 34 | 818 | 104 | 168 | 05 | 532 | Both | Yes
19 3% | Femde| 4360 | 445 | 072 HighRisk | 42 13 | 34 | 25 | 1456 | 381 | 198 | 9 ES 538 | 211 | 1 | 64 | 793 | 108 | 8 78 | 20 | Both | Yes
EY a7 | mae | 3002 | 469 | 0% LowRisk 55 %4 | 3 19 | 2789 | ea7 | @7 | 15 6 942 | 93 | 319 | 102 | %67 | 141 | ® 36 | 202 | Both | ves
21 67 | Mae | 2387 | 467 | 104 High Risk 7 55 | 778 | 42 | 1852 | 957 | 426 | 8 45 02 | 285 | 474 | 79 8 | 124 | 135 | 15 | 34 | Both | Yes
2 6 | Mae | 432 | 441 | 0% High Risk 15 586 | 604 | 16 | 3775 | 928 | 309 | 14 9 557 | 184 | 266 | 142 | 95 | 108 | 111 | 22 | 224 | Both | Yes
23 68 | Mae | 1812 | 426 | 095 Low Risk 51 639 | 785 | 25 | 314 | 724 | 38 | 8 40 809 | 39 | 437 | 20 | we | w7 | 7 38 | 421 | Both | Yes
2 18 | Mae | 3855 | 404 1 LowRisk ) 318 | 429 | 48 | 894 | 326 | 247 | 7 31 507 | o1 | 4 | 539 | 08 | 43 | 132 | 29 | 55 | Both | Yes
2 50 | Mae | 2611 | 412 | 118 HighRisk | 45 811 | 687 | 24 | 267 | 598 | o 27 791 | 82 | 106 | 115 | 697 | 21 | 11 | 375 | 206 | Both | Yes
% 36 | Femde| 2052 | 429 | 119 High Risk 38 09 | 684 | 703 | 085 | 812 | 558 | 14 2 511 | 237 | 104 | 2 54 | 126 | 39 | 478 | 58 | Both | Yes
27 a1 | mae | 31 | 444 | oo Low Risk 45 12 | 225 | %7 | 028 | 186 | 5 1 0 684 | 22 37 | 281 | 788 | 75 | 45 | 283 | 7L | Both | Yes
2 24 | Femde| 3305 | 454 | 102 High Risk 9 69 | 824 | a1 | 200 | s6 | e84 | 15 18 67 | 449 | 438 | 204 | 520 | 107 | 141 | 218 | 311 | Both | Yes
2 2 | Mde | 38 | 31 | 116 Low Risk £ 536 | 11 | 624 | 018 | 671 | 792 | 5 3 618 | 413 | 146 | 324 | 854 | 86 % | 02 | %4 | Both | Yes
EY 45 | Femae| 3105 | 42 11 High Risk 23 738 | 483 | 418 | 116 | 259 | %6 | 7 19 913 | 488 | 439 | 454 | 686 | 05 0 | 304 | 281 | Boh | Yes
a1 4 | Femde| 204 | 318 | 07 Low Risk 0 377 | @8 | 173 | s42 | 407 | 24 | 12 27 81 34 25 | 416 | 984 | 81 | 1 | 83 | 517 proadOn| Yes
2 40 |Femde| 238 | 479 | 072 High Risk 59 123 | 45 | 846 | 141 | 184 | 58 1 46 507 | 134 | 239 | 114 | 62 | 139 | 106 | 74 | 54 proadOnl| Yes
B 64 | Mae | 2233 | 484 | 102 Low Risk 8 68 | 567 | 202 | 194 | 99 | 43 12 5 %9 | 491 | 344 | 301 | 593 | 86 | 8 | 152 | 216 proadOnl| Yes
£ 55 | Mae | 2077 | 457 | 104 High Risk 50 19 | 34 | 3 | 0w | 52 | 96 1 5 928 | 86 | 54 | 264 | 534 | 138 | 8 71 | 530 Broadon| Yes
ES 48 | mae | 3853 | 467 | 102 High Risk 60 &9 | 88 | 418 | 205 | 1259 | 457 | 4 % 0 98 | 187 | 242 | s07 | 14 3 15 | 458 BroadOni| Yes
% 33 | Made | 215 | 319 | 084 LowRisk 6 20 | 43 | 19 | 226 | 20 | 21 2 a1 931 | 318 | 66 3 08 | 146 | 80 | 127 | 320 proadOnl| Yes
a7 57 | Femde| 27.07 | 395 | o085 High Risk 57 36 | 702 | 5 | 1404 | 43 | 192 | 15 13 986 | 45 | 202 | 477 | %28 | 14 | 100 | 106 | 567 proadOnl| Yes
38 43 | made | 3764 | 351 | 084 High Risk ) 26 | 53 | 25 | 212 | 32 | 15 4 2 807 | 388 | 249 | 322 | 507 | 84 | 17 | 246 | 442 BroadOn| Yes
3 18 | Femde| 4338 | 49 | 073 High Risk 3 274 | o1e | 476 | 1w | 1385 | 188 | 4 2 %7 | 317 | ;e | ;7 | %8 | o 147 | 119 | 408 proadon| Yes
40 18 | Femde| 1858 | 378 | 077 HighRisk | 42 109 | 73 | %3 | o2 | 142 | 73 1 a1 71 | 128 | 63 | 408 | 914 | 118 | 145 | 138 | 425 proadOnl| Yes




a 39 Male | 4298 | 413 | 095 7 High Risk 2 517 | 839 | 261 | 321 | 504 | 215 4 7 10 %6 | 458 79 23 | 583 | 101 £ 56 495 Broad Onl| Yes
a2 34 | Femade| 365 | 472 | 072 9 Low Risk 60 859 9.7 586 | 017 86 147 15 47 a8 849 | 134 | 437 29 %8 24 59 4 521 Broad Onl| Yes
43 64 | Female| 2592 | 361 | 072 1 Low Risk 62 124 | 295 | 143 | 206 | 143 | 108 13 50 10 807 | 412 | 264 | 119 | 575 | 111 | 116 | 126 | 372 proad Onl| Yes
a4 53 | Femae | 3367 | 448 08 10 Low Risk a3 184 | 467 7.7 606 | 211 | 124 2 29 23 53.7 79 376 | 176 | 808 | 134 | 173 | 158 | 399 proadOnl| Yes
45 59 Male | 1672 | 443 | 093 18 High Risk 20 15 63 806 | 008 | 195 15 5 49 43 628 18 458 84 %3 78 141 | 104 | 377 Broad Onl| Yes
a6 58 Mae | 3166 | 369 | 082 7 Low Risk 50 a6 | 232 | 384 06 553 | 327 1 31 53 74.8 2 158 | 216 | %4 09 73 03 546 Broad Onl| Yes
47 23 Male | 2499 | 369 | 089 7 Low Risk 3B %6 | 922 | 453 | 203 | 527 | 286 12 2 40 688 38 7 43 548 12 a2 111 | 413 BroadOnl| Yes
a8 19 | Femae| 1791 | 461 | 072 7 Low Risk 16 40 391 63 621 | 409 3 14 1 3 584 | 208 | 437 | 395 | 601 7.7 73 119 | 357 proadOnl| Yes
49 30 | Female| 3005 | 334 | 078 4 High Risk 19 364 51 25 12 495 | 198 8 45 10 7 201 | 388 65 59.3 58 75 03 565 Broad Onl| Yes
50 2% Mae | 2853 | 345 | 081 20 High Risk 30 303 | 263 | 318 | 083 | 306 | 154 9 31 56 612 63 457 | 384 | 949 9.4 7 158 | 435 BroadOnl| Yes
51 56 Male | 2244 | 39 093 0 Low Risk 15 274 | 663 | 104 | 637 | 395 21 8 18 18 519 98 496 | 416 | 985 91 145 94 411 Broad Onl| Yes
52 50 | Femae| 1823 | 46 071 14 Low Risk 21 208 | 106 | 5.7 02 26 | 114 1 a3 59 8L1 | 358 | 443 | 259 | 847 9.4 147 65 501 Broad Onl| Yes
53 55 | Female | 2112 | 319 07 8 Low Risk 14 13 | 526 65 809 | 391 | 311 2 a2 40 857 | 482 | 254 17 70.1 69 43 51 550 Broad Onl| Yes
54 58 Mae | 2397 | 334 | 083 5 High Risk 49 152 | 386 | 317 | 122 | 215 | 167 14 20 3 599 | 132 | 261 | 316 | 501 | 108 9% 02 441 Broad Onl| Yes
55 28 | Female | 3262 | 335 | 071 18 High Risk 55 243 | 155 | 309 05 171 | 164 8 9 49 747 41 69 254 | 518 13 133 05 488 proad Onl| Yes
56 ES Mae | 2366 | 429 09 3 Low Risk 3 415 | 393 | 223 | 176 | 475 | 17.1 5 13 3% 984 | 413 | 182 | 135 | 754 | 159 | 104 45 539 Broad Onl| Yes
57 64 Male | 4063 | 367 | 086 9 High Risk 27 66.2 67 316 | 212 | 1046 | 47 5 45 2 796 | 398 54 | 448 | 873 54 89 89 455 Broad Onl| Yes
58 53 Mae | 2302 | 466 | 092 16 Low Risk 41 2% 24 | 47 | 074 | 276 | 27 14 a5 10 8L1 | 205 | 364 | 162 %2 109 9% 138 | 343 proadOnl| Yes
59 40 Male | 2847 | 425 | 089 19 High Risk 56 65 205 | 106 | 194 75 37 5 28 % %4 | 314 | 488 | 292 | 768 21 142 05 294 Broad Onl| Yes
60 a5 Mae | 192 | 384 09 1 Low Risk 6 128 | 236 84 281 | 174 42 6 60 50 926 | 324 58 %4 | 933 | 157 18 147 | 438 BroadOnl| Yes
61 s Male | 3452 | 309 | 088 2 High Risk 29 761 | 635 | 385 | 165 | 1156 | 57 12 29 55 747 3 61 | 111 | %7 81 112 24 430 proad Onl| Yes
62 64 | Femae | 3646 | 346 | 075 15 High Risk 49 595 | 155 40 0.39 67 207 1 28 16 7 134 27 159 | 576 | 148 a5 02 456 proad Onl|  Yes
63 42 | Femae| 1873 | 37 07 0 Low Risk 3B 129 16 265 06 174 77 5 16 56 708 32 2638 87 %2 58 127 3 528 Broad Onl| Yes
64 53 Mae | 4003 | 395 | 087 9 High Risk 54 762 | 824 | 474 | 174 | 942 | 432 13 16 20 9% 43 314 | 182 | 838 55 131 | 135 | 391 BroadOnl Yes
65 45 Male | 1875 | 352 | 092 4 Low Risk 24 467 | 218 39 056 | 512 | 218 1 % 56 775 31 488 23 92 | 135 | 107 15 363 Broad Onl| Yes
66 60 | Femae| 3506 | 324 | 107 10 High Risk 61 28 533 | 427 | 125 | 809 | 561 12 31 39 805 | 121 | 421 | 37.7 | 606 | 133 a5 419 | 308 BroadOnl| Yes
67 61 | Femae | 3692 | 45 073 0 High Risk 0 144 72 64 113 | 185 92 6 16 10 589 | 143 | 201 | 111 | 682 95 108 | 125 | 276 proad Onl| Yes
68 19 | Femae| 4311 | 342 | 073 14 High Risk 62 184 5 23 | 02 | 21 92 13 20 5 578 | 302 | 128 17 80.L 6 63 112 | 565 proadOnl| Yes
69 28 | Female| 398 | 488 | 075 16 Low Risk a2 154 | 212 | 482 | 044 | 214 | 104 12 50 a 685 | 451 | 482 | 421 94 72 123 | 108 | 352 proad Onl| Yes
7 21 | Femae | 3422 | 44 073 0 Low Risk a3 305 78 80.6 01 394 | 149 5 49 a5 559 | 135 48 %2 93 08 83 78 539 Broad Onl| Yes
7 37 Male | 2526 | 398 | 081 1 High Risk 60 318 | 196 | 184 | 107 | 329 | 233 12 2% 52 884 | 357 22 199 55 56 61 14 535 Broad Onl| Yes
72 64 | Femae | 1902 | 469 11 14 High Risk 54 54.9 7.7 835 | 009 | 654 | 401 9 17 2% 853 | 137 | 125 | 45 81 43 166 12 440 PREMOf No
73 48 | Femae| 251 | 394 | 072 3 High Risk 20 94 68 81 | 079 | 741 | 319 13 19 2 665 | 284 | 214 | 361 94 3 128 08 554 HREM Oy No
7 a2 Mae | 3686 | 449 | 117 5 Low Risk 15 26 2.2 84 312 3 13 7 2 57 82 | 155 79 w1 | 772 | 151 62 03 491 pREM Oy No
75 49 | Femae| 3109 | 34 073 16 Low Risk 53 174 9 155 | 058 | 206 | 119 12 2% 33 873 | 274 92 288 | 562 | 154 % 121 | 350 pREMO{ No
76 53 | Femae| 4171 | 468 | 072 15 High Risk 6 35 7.7 835 | 009 | 105 33 15 15 k<) 93 492 | 399 | 128 % 1.8 50 149 | 349 PREMO{ No
7 43 Male | 304 | 414 09 13 High Risk 19 141 | 186 66 282 | 153 87 5 20 13 716 | 472 | 458 32 8.1 | 154 | 104 | 106 | 342 PREMO{ No
78 60 | Femae| 3714 | 418 | 075 6 Low Risk 15 171 | 768 | 558 | 138 | 173 89 15 21 27 556 | 253 | 351 34 %.2 86 88 141 | 302 pREMO{ No
79 37 Male | 3245 | 465 09 9 Low Risk 38 228 68 8.1 | 079 | 444 | 189 14 49 57 665 | 194 81 29 87 92 a1 6 328 PREMO{ No
80 50 | Femae | 2343 | 47.7 | 071 1 Low Risk 35 472 | 321 | 156 | 206 | 624 27 6 a3 59 938 | 468 | 429 | 165 | 737 1 40 07 372 DPREMO{ No
81 33 | Femae | 2824 | 378 | 074 3 High Risk 2 291 | 898 | 646 | 139 | 404 | 209 10 3 45 834 | 184 | 406 | 115 | 987 | 154 60 79 472 PREMO{ No
82 25 | Femae| 2552 | 42 072 7 Low Risk 31 99 885 | 752 | 118 99 45 9 15 ) %0 426 13 12 | 8.9 76 50 158 | 534 DREMO{ No
83 64 Male | 2612 | 444 | o091 4 High Risk 33 171 | 872 | 13 | 772 | 201 92 1 37 % 68 179 | 418 a2 944 | 158 7 56 331 PREM Oy No




84 57 | Femade| 195 | 403 | 071 10 High Risk 38 539 | 341 89 033 | 655 | 494 8 13 0 575 | 144 | 383 28 %838 3 135 | 145 | 444 DREM O No
85 72 Mae | 3232 | 41 09 16 High Risk 35 658 | 776 | 445 | 174 | 94 | 528 7 a3 49 847 | 48 7.7 %3 | 97.3 2 101 93 391 PREMO{ No
86 75 | Female | 4139 | 446 | 071 0 Low Risk 5 59.1 53 506 | 105 % 52 15 10 40 572 | 498 | 205 | 327 | 828 29 137 | 127 | 431 DREMOY No
87 64 | Femae| 2233 | 395 | 075 6 High Risk 29 134 | 704 | 783 09 168 76 9 13 1 721 29 165 19 8L4 | 154 | 126 02 442 pREMO{ No
88 66 | Female | 209 37 075 14 Low Risk 60 538 | 793 | 486 | 163 | 745 | 374 12 a2 2 934 | 192 | 447 | 168 | 972 1 69 138 | 475 PREMO{ No
89 72 | Femae | 4226 | 442 | 075 17 High Risk 30 312 72 102 | 071 | 349 | 219 13 2 19 816 | 322 | 359 | 329 | 95 | 135 | 134 17 327 DREMO{ No
% 69 Male | 4187 | 307 | 084 17 High Risk 59 321 | 273 | 449 | 061 | 485 | 236 9 9 a4 503 | 107 | 255 | 305 | 865 25 103 91 387 DPREMO{ No
o1 77 | Femae | 4316 | 447 | 072 19 High Risk 29 68 87 | 375 09 100 | 401 10 21 49 591 | 388 | 364 | 374 o1 41 a8 27 314 DREMO{ No
%2 72 | Femae| 3477 | 413 | 076 1 High Risk 13 659 | 196 | 802 | 024 | 767 | 344 8 48 13 %84 67 34 2 %22 77 128 56 408 PREMO{ No
93 7 Mae | 3033 | 336 | 087 16 High Risk 14 3238 82 733 | 112 | 441 | 278 9 9 8 704 | 18 | 171 63 972 34 130 26 509 DREMO{ No
94 20 Male | 3536 | 347 | 088 12 Low Risk 20 42 5 26 192 49 22 6 2 24 632 | 189 | 416 | 126 | 736 | 129 85 33 424 Brictonlf Yes
9% 21 Mae | 4083 | 414 | 084 9 High Risk 52 37 61 33 185 44 24 6 a3 53 828 | 211 | 495 a2 86 133 63 135 | 473 BrictOny Yes
% 51 | Female | 2665 | 384 | 084 14 High Risk 59 37 52 35 149 43 35 2 28 50 829 58 311 | 408 | 762 | 133 69 82 574 BuictOnly Yes
97 57 Mae | 348 | 339 09 17 High Risk 6 34 68 38 179 ) 28 9 2% 3% 68 2 92 | 115 89 61 a5 106 | 525 BrictOny Yes
% 62 Male | 3439 | 395 | 092 1 Low Risk a 32 63 34 185 49 24 15 2% 43 669 | 336 34 | 457 | 708 | 113 %2 148 | 457 Brictony Yes
% 40 Mae | 3691 | 441 | o0e2 8 Low Risk 8 46 86 42 204 6 29 14 28 2 825 55 3% 375 | 918 | 154 65 13 468 BrrictOnly  Yes
100 29 Male | 3371 | 337 | 08 1 Low Risk 53 45 77 32 241 59 36 7 48 12 586 | 27.3 49 384 | 925 08 47 1 400 PrrictOnly Yes




