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ABSTRACT
Introduction: Obstructive sleep apnea (OSA) is a common sleep disorder with multiple comorbidities 
including hypertension, diabetes, and cardiovascular disorders. Detected based on an overnight sleep 
study is called polysomnography (PSG); OSA still remains undiagnosed in majority of the population 
mainly attributed to lack of awareness. To overcome the limitations posed by PSG such as patient 
discomfort and overnight hospitalization, newer technologies are being explored. In addition, chal
lenges associated with current management of OSA using continuous positive airway pressure (CPAP), 
etc. presents several pitfalls.
Areas Covered: Conventional and modern detection/management techniques including PSG, CPAP, 
smart wearable/pillows, bio-motion sensors, etc., have both pros and cons. To fulfill the limitations in 
OSA diagnostics, there is an imperative need for new technology for screening of symptomatic and 
more importantly asymptomatic OSA patients to reduce the risk of several associated life-threatening 
comorbidities. In this line, molecular marker-based diagnostics have shown great promises.
Expert Opinion: A detailed overview is presented on the OSA management and diagnostic approaches 
and recent advances in the molecular screening methods. The potentials of biomarker-based detection 
and its limitations are also portrayed and a comparison between the standard, current modern 
approaches, and promising futuristic technologies for OSA diagnostics and management is set forth.
ABBREVIATIONS AHI: Apnea hypopnea index; AI: artificial intelligence; CAM: Cell adhesion molecules; 
CPAP: Continuous Positive Airway Pressure; COVID-19: Coronavirus Disease 2019; CVD: Cardiovascular 
disease; ELISA: Enzyme linked immunosorbent assay; HSAT: Home sleep apnea testing; IR-UWB: Impulse 
radio-ultra wideband; MMA: maxillomandibular advancement; PSG: Polysomnography; OSA: Obstructive 
sleep apnea; SOD: Superoxide dismutase; QD: Quantum dot

ARTICLE HISTORY
Received 4 May 2021  
Accepted 2 November 2021  

KEYWORDS
Biosensor; molecular marker; 
OSA; OSA comorbidities; 
OSA management; 
polysomnography; RNA 
based detection; smart 
detection; smart wearables

1. Introduction

Obstructive sleep apnea (OSA) is the most common forms of 
sleep disordered breathing recognized by a repeated occur
rence of upper airway obstruction and is usually linked with 
oxygen depletion and unusual pauses in the breathing pattern 
during the course of sleep [1,2]. OSA cases have been steeply 
rising globally as recently reported in The Lancet Respiratory 
Medicine [3]. Unfortunately, the onset of OSA is concordantly 
associated with several ailments, such as cardiovascular dis
orders, memory loss, depression, hypertension, etc [4–7]. In 
fact, OSA has been a causative factor for more than 38,000 
cardiovascular deaths worldwide annually and 30–70% of suf
ferers are diagnosed with hypertension [8]. More than 60% of 
the stroke patients have difficulty in breathing during sleep 
[9]. Heightened airway obstruction during sleep, leading to 
OSA, has been observed to affect about ~2% to 4% of children 
between 2 and 8 years old [10]. OSA in children may affect 
brain health as childhood OSA has been shown to be asso
ciated with the lowering of intelligence quotient causing 

neurological dysfunction as corroborated by different studies 
[11]. Sleep disordered breathing in 5-year-old children caused 
impairment of memory and general intelligence, as reported 
by Gottlieb and team [12]. Pediatric OSA is primarily due to 
obesity and adenotonsillar hypertrophy (enlarged tonsils) and 
is diagnosed initially with the help of a physical examination 
of the neck, mouth, tongue, and adenoids followed by a 
polysomnogram if necessary. Therefore, adenotonsillectomy 
is the first line of treatment preferred for pediatric OSA, unlike 
CPAP, which is only recommended if OSA persists even after 
the surgery [13,14]. In elderly people with OSA, diagnosis is 
made using polysomnography; however, underdiagnosis in 
elderly patients is more common than younger patients [15], 
whereas CPAP is the preferred mode of treatment as it 
improves breathing, quality of life, OSA-related symptoms, 
symptoms of depression, as well as neurocognitive aspects; 
however, its effects are still controversial as majority of the 
data pertains to middle aged adults [16,17]. In comparison to 
children and older adults, the prevalence of OSA is more 
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prominent in middle aged people, who are screened using 
structured questionnaires and physical examination followed 
by diagnosis using polysomnography. Once diagnosed, differ
ent treatment strategies such as lifestyle changes, CPAP ther
apy, oral appliances, positional therapy, etc., are advised [18].

OSA is majorly associated with comorbid conditions such as 
hypertension, CVD, diabetes, etc. Severe OSA is an indepen
dent risk factor for hypertension as subjects with severe OSA 
exhibit increased likelihood of becoming hypertensive than 
the general population as corroborated by the Wisconsin 
Sleep Cohort Study [19]. Moreover, OSA severity has been 
found to be positively correlated with coronary atherosclerotic 
plaque volume suggesting the onset of cardiovascular dis
eases in OSA subjects [20]. Literature also cites that the inci
dence of OSA is considerably higher in patients with AF (32– 
49%) suggestive of the potential of OSA as a probable causa
tive factor for AF manifestation [21,22]. Furthermore, the like
lihood of developing diabetes in patients with OSA is high and 
with progressing severity, this likelihood of T2DM develop
ment also increases [23]. OSA associated intermittent hypoxia 
which is attributed to sleep deprivation impairs insulin sensi
tivity, glucose effectiveness, insulin secretion, and pancreatic 
β-cell function [24,25].

An effective remedy to the hidden struggle of OSA patients 
can be accomplished by providing more awareness, improved 
disease management, and more importantly by developing 
easy, portable screening tools that eliminates the need for 
skilled healthcare personnel. Simple home test kits/devices 
where a patient can self-test to diagnose and also monitor 
the severity of the disease can tremendously improve human 
lifestyle and overall health. Currently, OSA is managed with 
continuous positive airway pressure (CPAP), which allows the 
patients to breathe normally while sleeping. Apart from CPAP, 
doctors prescribe natural methods such as weight loss or 
surgical methods as appropriate.

OSA is usually diagnosed based on an overnight sleep 
study known as polysomnography, which entails the monitor
ing of essential parameters such as heart rate, muscle move
ments, limb movements, eye movements, blood oxygen 
levels, body posture, respiratory efforts, breathing patterns 
including absences or pauses, and snoring or other sounds. 
However, due to certain downsides of the technique, such as 
tediousness and patient discomfort, as well as the patient 
unawareness, the prevalence is under reported. To overcome 
this, OSA patients have recently been opting for home sleep 
apnea testing due to its convenience [26].

The continuous rise in prevalence of OSA in different popu
lations across the globe raises an alarmingly important con
cern. In spite of the acute seriousness of this disease, common 
people tend to take this disease lightly or most often ignore. 
Patients also feel ashamed to seek medical help so as to avoid 
revealing their snoring habit. Thus, there is urgent need for 
the development of portable and facile detection methods for 
OSA. Recent reviews have elaborated on the currently avail
able techniques for OSA detection and treatment including 
CPAP, ECG-based detection, smart pillows, telemonitoring, and 
sensors. However, their drawbacks such as affordability, tim
ing, and calculation of sleep apneic events during sleep limit 
their usage [27–29]. Additionally, new techniques such as the 

electric nose detects OSA with high accuracy by detecting the 
volatile organic compound (VOC) shift in pharyngeal liquid, 
and breath condensates between OSA patients and healthy 
subjects [30]. Electric nose technology is a promising noninva
sive and cost-effective technology that profiles VOCs in the 
exhaled breath for diagnosis [31]. OSA patients exhibit higher 
levels of Fractional Exhaled Nitric Oxide (FeNO) as compared 
to non-OSA individuals. Therefore, exhaled breath analysis by 
electric nose technologies could prove to be a promising 
strategy in detecting OSA and understanding the underlying 
molecular mechanisms [32,33].

Growing literature has shed some light on the accuracy and 
utility of modern detection and management strategies such 
as smart wearables, bio-motion sensors, etc. These strategies 
have demonstrated promising results and exhibited their cali
ber as new-age detection methods [34].

Literature survey indicates that there are several review 
articles on OSA till date that have explained about the con
ventional and few modern OSA detection methods such as 
physical screening, PSG and home sleep apnea testing; also, 
on management of the disease based on CPAP and life style 
management. However, no evidence has surfaced till date 
emphasizing a comparative analysis between the traditional 
methods vs modern and futuristic detection methods. A col
lective and pooled piece of information pertaining to the in- 
depth comparison between polysomnography and newer 
detection methods such as smart wearables, biomotion sen
sors, facial photography, artificial intelligence, etc. and their 
technical advantages over the current polysomnographic ana
lysis and the very promising molecular marker-based diagnos
tics is warranted to bridge the existing gaps in knowledge. We 
have also provided a comprehensive overview on the various 
ways of OSA management and their implications as well as 
modern detection technologies that are either available com
mercially or yet in the research and development phase. 
Furthermore, we highlight on the potential futuristic diagnos
tic tools/methods that can bring about the dream-come-true 
portable home use test kits/devices for OSA patients. In this 
context, we bring in acquaintance to novel biomarkers that 
can favorably detect OSA in its molecular level and most likely 
during the onset of the disease. A perspective is presented 
toward the development of biosensors that can detect the 
potential OSA biomarkers and their related comorbidities. 
Herein, the linked benefits and challenges are also discussed 
herewith. Toward this goal, this review highlights the evident 
differences between the standard and the state-of-the-art 
methods of detection and management of OSA and elaborat
ing on their potential as the future of diagnostics in sleep 
medicine.

2. Screening and detection of OSA

2.1. Physical screening

The growing socio-economic burden of OSA and its impor
tance in morbidity and mortality has led to the development 
of several screening tools. These screening tools include ques
tionnaires like Berlin, STOP, STOP-BANG, Epworth Sleeping 
Scale, etc. The Stop and STOP-BANG questionnaires comprise 
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of self-answering questions that assess snoring, tiredness, 
observed apneas and high blood pressure, whereas the 
BANG section assesses BMI, age, neck circumference and 
male gender. STOP-BANG has been observed to demonstrate 
the a sensitivity of 96% in patients with polysomnographically 
proven moderate-to-severe OSA with increasing sensitivity 
based on the progressing severity; however, its specificity is 
reported to be the lowest compared to the other tools [35]. 
The Berlin questionnaire (BQ) was developed in 1999 and 
encompasses three sections about snoring, daytime fatigue 
with sleepiness and medical history and anthropometric mea
sures respectively. The sensitivity and specificity of BQ has 
been reported to be 97.3% and 91.7%, respectively, moder
ate-to-severe categories of OSA [36]. Another crucial screening 
tool is the Epworth Sleeping Scale (ESS) that assesses the 
presence of OSA based on daytime sleepiness. The highest 
ESS sensitivity and specificity was observed to be 46.1% to 
79.9% (AHI ≥ 30) and 75% (mild OSA), respectively [36].

2.2. Conventional method: polysomnography

The initial screening procedure of OSA patients usually starts 
with the assessment of their sleep history in order to identify 
symptoms, risk factors, and followed by a physical examina
tion. Physical examination such as neck circumference, body 
mass index, tongue position, and craniofacial features can 
indicate the presence of OSA [37]. Following the recordings 
of the physical examination, patients are referred for polysom
nography (PSG), an overnight sleep study which is the gold 
standard test for diagnosis of OSA.

A routine polysomnogram involves an extensive monitor
ing and recording of sleep stages, limb movements, airflow, 
respiratory effort, heart rate, body position, and blood levels of 
saturated oxygen. This study is performed under the super
vision of a qualified sleep technician in a dedicated sleep 
laboratory. While the patient sleeps, these parameters are 
monitored with the help of the following studies- (i) electro
encephalogram; (ii) electrocardiogram, (iii) electro-oculogram 
(iv) electromyogram, (v) airflow movement, (vi) pulse oximetry, 
and (vii) body position. Electroencephalogram involves the 
recording of the electrical activity on the surface of the 
brain. Polysomnogram records only a limited electroencepha
lographic data to only ensure efficient identification of sleep 
and wakefulness stages. Electro-oculogram is aimed at mon
itoring and recording the changes occurring in the eye move
ments during sleep and wakefulness, and any fluctuation in 
the signal is recorded as a deflection. Electromyogram is an 
electrodiagnostic medicine technique aimed at evaluating and 
recording the electrical activity produced by muscles of the 
head, neck, and legs. Airflow movement is measured using the 
nasal pressure sensor, which accurately detects the nocturnal 
respiratory events. Cardiac rhythm is monitored using an elec
trograph that evaluates the nocturnal average heart rate, high
est heart rate along with cardiac arrhythmias. Pulse oximetry is 
performed to determine the oxygen saturation of arterial 
blood, and lastly, body position is monitored because snoring 
and upper airway obstruction during sleep are influenced by 
gravity [38,39]. Despite being the gold standard for OSA diag
nosis, PSG has its own limitations including long wait time (3 

to 11 months) for appointments, poor sleep efficiency, and 
patient discomfort and night-to-night variability. Moreover, a 
skilled sleep technician is continuously needed for ensuring 
successful completion of optimal data recording, and PSG 
might be inadequate to demonstrate a patient’s vulnerability 
to the overall consequences of OSA [40].

2.3. Home sleep apnea testing

Home sleep apnea testing (HSAT) is aimed at self-diagnosis of 
OSA and is being currently used by OSA patients. It monitors 
parameters such as airflow and oximetry but does not record 
the sleep patterns. Due to the longer waiting times for PSG 
analysis in the hospitals, portable monitoring, and HSAT sys
tems have been developed. Technological advancements in 
HSAT have revolutionized the face of sleep medicine. Vivos 
Therapeutics Inc. have recently developed a wearable-based 
home sleep apnea test called VivoScore that comprises of a 
ring-based sensor connected to a smart phone application 
and evaluates the sleep quality and detects sleep apnea. 
VivoScore uses a single sensor ring that is worn by the patient 
on the finger and is connected via Bluetooth to a mobile 
phone for data capture. VivoScore is simpler to use and 
more cost-effective compared to the existing HSAT. 
Considering the sensitivity (approximately 80%) of the HSAT 
technique as well as the convenience of OSA diagnosis (at 
patient’s home), it still has certain drawbacks such as under 
estimation of severity of sleep-related breathing disorders like 
OSA. Moreover, a negative or inconclusive result of home 
sleep apnea testing still requires a polysomnographic analysis 
to ensure the absence of OSA in the patient. Furthermore, 
home sleep apnea tests are unable to record sleep and only 
monitor the frequency of the disordered breathing events. 
Additionally, sensor failure during the night may result in 
false readings that may lack usefulness and require further 
testing. Moreover, due to difference in the sensors between 
various portable monitors, it is difficult to draw a comparison 
between the readings. Lastly, the interpersonal night-to-night 
variability is a major challenge that impacts the accuracy of 
the OSA severity [26].

3. Modern detection methods

The sleep medicine field has been advancing at a great pace 
due to the rising cases of sleep-related disorders. There is a 
pressing need for developing accurate and reliable diagnostic 
criteria to ensure appropriate treatment [41]. Considering the 
limitations of PSG, like patient discomfort, non-contact devices 
such as an impulse radio ultra-wide band radar has been 
developed for the diagnosis of OSA [42–44].

3.1. Wearable devices

Wearable devices such as smart watches, wristbands, and 
rings have garnered a lot of attention both in research as 
well as industry with a wide range of benefits including 
early detection, determining the correlations with lifestyle 
and health, and remote supervision of health. HealthGear is 
one such wearable real-time system comprising of a set of 
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physiological sensors connected wirelessly via Bluetooth to 
a smart phone. HealthGear has proven to be effective in 
monitoring sleep patterns, thereby diagnosing sleep apnea 
events by monitoring the pulse and blood oxygen levels. 
This device has advantages such as light weight and wire
less, real-time analysis, remote access by the sleep specia
list, and ease of use [45]. ScanWatch was unveiled in 2020 
and is claimed to be “the world’s first clinically validated 
hybrid smartwatch capable of detecting risks of arrhythmia 
and sleep apnea.” However, the approval from the FDA is 
still pending. Other smart wearables like Amazfit ZenBuds 
possess sleep tracking features that analyze the sleep qual
ity and sleep stage information, monitored, and reported 
via a smartphone application. Moreover, the potential of 
wrist-worn reflective photoplethysmography (rPPG) as an 
effective AHI estimation method in comparison to the 
reference method (PSG) has been elaborate recently. 
Findings from Papini et al. suggested that the measure
ments from wrist-worn rPPG were similar to the gold stan
dard polysomnography analysis and concluded that rPPG 
measurements can be incorporated in smart watches and 
alike, for OSA diagnosis [46]. Another similar study devel
oped a developed a nasal wearable based on PPG that 
detects apnea episodes from breathing patterns [47]. 
Another piece of evidence proposed a method of OSA 
detection based on the use of sensors and wristbands 
capable of monitoring the diaphragm movement and 
detecting the apnea [48]. Some of these non-intrusive 
wearables are also capable of recording and analyzing 
the patients’ ECG for classification of OSA, thereby achiev
ing an accuracy of 83% [49]. Furthermore, to ensure con
venient monitoring of OSA, wearable patches have been 
developed that have the potential to track the patients’ 
breathing pattern with the help of bioimpedance and 
machine learning algorithms. This approach, as corrobo
rated by the researchers at Ghent University, had an accu
racy of 73% at detecting OSA events [50]. Also, latest 
versions of smart-watches from Iconic manufacturers such 
as Garmin, Fitbit, Apple, Samsung, Mio, Withings, etc., have 
achieved an accuracy of 90% in diagnosing sleep patterns 
and OSA. Smart wearables like headbands and eye-masks 
possess advanced technology of monitoring brain activity 
and eye movements. The Vivosmart 4 from Garmin 
employs advanced sleep tracking monitors blood oxygen 
levels during sleep using a built-in oximetry mode. Fitbit 
offers its wearers sleep readings and oxygen levels using 
its heart rate sensors and its algorithms. Other sleep track
ers like BioStrap EVO, Go2Sleep from SleepOn, Beddit, and 
others are readily available in the market and are effective 
in detecting the sleep patterns. Bed sensors underneath 
the mattresses have gained attention as they are capable 
of detecting body movements, sleep patterns, breathing 
patterns and even cardiac activities [51]. However, such 
sleep trackers also have a few limitations such as: (i) they 
are expensive, (ii) they are not compatible with third party 
applications, (iii) heart rate monitor is not always consis
tent, (iv) interface is difficult to read, (v) non-returnable in 
some cases, etc. Further thorough research and in-depth 
investigations are still needed in these arenas to 

commercialize such futuristic methods and ensure their 
availability to the common man.

3.2. Bio-motion sensors

Non-contact biomotion sensors have been used for quite a 
few years for identifying sleep–wake patterns in humans. 
Bio-motion sensors function via ultra-low power reflected 
radio frequency waves that detect the subject’s sleep 
movements. Some studies have reported an overall accu
racy of the sensor to be 87.3% [52]. The most well-known 
biomotion sensor that has been widely used for OSA 
detection is SleepMinder by BiancaMed Ltd., which assesses 
the breathing pattern and detects the severity of OSA. 
Recent use of the SleepMinder has illustrated its accuracy 
as more than 90% in detecting moderate to severe OSA as 
compared to the laboratory specific polysomnography. 
Also, the SleepMinder is capable of detecting the AHI as 
precisely as 91% with a sensitivity and specificity of 89% 
and 92%, respectively [53]. However, the performance of 
the device is reported to be inferior in females than males 
attributed to gender differences such as differences in the 
body physique [54].

3.3. Radio wave-based detection

Systems based on radio waves detect the breathing patterns 
of the OSA subjects based on the difference in chest move
ments that differentiate the normal breathing pattern with the 
intermittent breathing during apneic episodes. A non-invasive 
detection system using C-Band wireless sensing made use of a 
wireless transmitter and receiver operator of 4.8 GHz fre
quency that is effective at detecting OSA based on the 
above mentioned breathing patterns [55]. An impulse radio- 
ultra wideband (IR-UWB) radar sensor has been developed 
that is capable of monitoring and measuring body movements 
from limb movements to respiratory changes. The sensor is 
able to accurately detect respiratory events during sleep with
out contact [56]. These techniques are advantageous over the 
currently used PSG in terms of non-intrusiveness, flexibility, 
and cost-effectiveness.

3.4. Piezo sensors

To overcome the challenges posed by PSG, studies have been 
attempted to diagnose OSA based on investigation of snoring 
sounds using piezoelectric sensors [57]. These sensors are 
capable of detecting snoring, episodes of respiratory events 
and heartbeats, and eventually differentiate disordered 
breathing from normal breathing. The vibrations in the neck 
caused by snoring as well as pulse rates are also detected by 
the sensor. The accuracy of piezoelectric sensors has been 
observed to be more than 70% [58]. Piezoelectric sensors 
make use of an algorithm that allows prompt sleep–wake 
detection. Based on the pre-set apnea index and sleep dura
tion, the sensor classifies the patients as above or below AHI 
of 15. While some studies have achieved a sensitivity of 88% in 
patients with severe OSA [59], others have claimed a sensitiv
ity as high as 90% in patients with medium intensity snoring 
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and a sensitivity of 86.8% in high intensity snorers [60]. There 
are microelectro mechanical system (MEMS)-based sensors 
using piezo-sensors that are capable of detecting the airflow 
of the patient. This sensor can detect change in air pressure of 
nasal airflow that is converted to a corresponding electrical 
signal by the transducer component of the sensor and pro
cessed for signal processing. The signal is then compared with 
a pre-set threshold value. This helps in identifying a single 
event of apnea [61]. The piezoelectric sensors are in general 
compact in size, cost-effective, and efficient. However, there 
are a few limitations to the use of piezo sensors such as the 
connections of the sensors with the body might cause dis
comfort and inconvenience to the patient during sleep. 
Moreover, the presence of disparity between the data 
obtained through piezo sensors and natural state of sleep 
should also be taken into consideration. Furthermore, piezo 
sensors are incapable of detecting other types of sleep apnea 
such as central and mixed for which more advanced sensors 
with improved algorithms need to be developed. Finally, since 
snoring is a major symptom of OSA, lack of snoring might be 
indicative of underestimation of AHI [62].

The growing applications of detection/management tech
niques such as smart pillows and a variety of sensors indicates 
the likelihood of accurate measurement of sleep variables 
such as AHI, snoring sounds, breathing patterns, etc. As 
opposed to the gold standard PSG that has its own limitations, 
modern techniques are non-invasive keeping in mind the 
comfort of the patient while being diagnosed. However, 
these modern devices are yet to precisely diagnose the dis
ease and its related comorbidities. There’s a lot of room to 
improve and develop portable multiplexed tools that can 
directly detect OSA and other comorbidities linked to this 
disease.

Table 1 below depicts the various modern and futuristic 
detection methods in contrast to the conventional method of 
detection of OSA.

3.5. Pitfalls

The above-mentioned modern detection methods have 
immense applications and advantages (specificity, less time 
consuming, cost-effectiveness, etc.) in the detection of OSA 
and associated biomarkers. However, they possess a few lim
itations as well.

(1) Home sleep apnea testing (HSAT) is unable to diagnose 
other sleep disorders, provides discomfort to the 
patient due to prolonged use, and improper evaluation 
using HSAT may result in inconclusive readings requir
ing repeat studies.

(2) Sleep tracking through smart wearables is challenging 
due to battery limitations as well as the limited number 
of sensors available to procure information about sleep 
disorders [63].

(3) Biomotion sensors have showcased their relevance in 
OSA detection, but there are a few limitations to their 
application such as periodic limb movements in OSA 
patients might lead to inconclusive results in sleep/ 
wake patterns [64].

(4) Microarrays are rendered less useful due to requirement 
of large sample volumes and prolonged incubation 
times as well as limited detection sensitivity.

Therefore, it is imperative to design prompt and accurate 
methods of detection of sleep disorders that overcome can 
the above-mentioned challenges as well as encompass all the 
necessary parameters of sleep/wake patterns.

4. New age detection methods – a futuristic 
direction

Figure 1 represents a pictorial depiction of the conventional, 
modern and futuristic methods of OSA detection. New age 
detection methods are the current need of the hour for OSA 
detection. Screening strategies such as molecular markers are 
vital in the detection of diseases and identification of these 
biomarkers in body fluids is essential for prompt and early 
diagnosis as well as systematically monitored personalized 
therapeutics. Other methods such as use of artificial intelli
gence, 3D facial photography, and speech recognition have 
been discussed in the further sections.

4.1. Artificial intelligence

With the growing burden of OSA owing to under diagnosis 
among OSA patients, development of effective and accurate 
screening methods is becoming the need of the hour. The 
sleep medicine fraternity is consistently striving to achieve 
prompt diagnosis of OSA by developing state-of-the-art tech
niques such as biosensors, smart pillows, wearable devices, 

Table 1. Conventional vs modern methods of detection of OSA.

Type of Detection Method Duration Specificity Accuracy Efficacy Sensitivity Cost (USD)

Conventional Polysomnography 8 hours 97% NA NA 75% – 88% 600–5,000
Home sleep apnea testing 8 hours 25% – 100% 92% NA 77%-96% 4516

Modern Wearables Devices 8 hours 88% 78% NA 83% – 90% 100–800
Biomotion sensors 3–6 hours 76% 83% NA 87% – 89% Under R&D stage
Radio-wave based detection 3–6 hours 84%-100% 74%-100% NA 93% – 100% Under R&D stage
Piezo sensors 3–6 hours 74%-85% 70%-80% 75%-83% 70%-95% Under R&D stage
Next Generation Sequencing 4 hours 99.99% NA NA 96% 23 per sample
ELISA 24 hours and/or above 95% 99.9% 97% 90% 10 per test

Futuristic Artificial Intelligence NA 90% 60%-95% NA 90% Under R&D stage
Speech Recognition NA 80% 86% NA 79% Under R&D stage
3D- Facial Photography NA 76% 86%-91% NA 97% Under R&D stage

ELISA: Enzyme linked immunosorbent assay; R&D: Research and development; NA: Not Available. 
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etc. Recent reports have indicated that futuristic techniques 
such as speech recognition, three dimensional (3D) facial 
photography and artificial intelligence (AI)-based methods 
could be used proficiently to detect OSA [65–67]. Moreover, 
latest management strategies including hypoglossus nerve 
stimulation and expiratory positive airway pressure have 
been observed to be beneficial in treating OSA [68].

4.2. Biomarker-based detection and clinical relevance

Biomarkers can be detected for any chronic or life-threatening 
disease. However, detection of biomarkers with high precision 
is yet challenging due their presence in low concentrations 
mixed with different complex biomolecules. But it is to be 
noted that early diagnosis gives better success rates of cure. 
The ultimate goal for the use of biomarker-based detection 
technology lies in the development of reliable, cost-effective, 
and precise detection, more beneficially a portable bed side 
kit that does not need skilled manpower. Thus, by using 
biomarker detection technologies, doctors can select precise 
and accurate therapy for their patients. In addition, it can aid 
the doctors to effectively monitor the disease progression and 
its recurrence. Furthermore, it is also understood that there are 
very few diseases that can be validated by a single signature 
marker. Thus, the discovery of novel and validated biomarkers 
is immensely needed for early diagnosis. More importantly, 
development of technologies that can concurrently detect 
multiple biomarkers with high sensitivity and selectivity is 
highly inevitable. Multiplexed biomarker detection promises 
a new, personalized approach toward early detection and 
treatment follow-Up in several diseases. The most common 
type of biomarkers studied and identified are protein, DNA, 
RNA, and enzymes.

4.2.1. Protein biomarkers
Growing evidence has been shown the potential of biomar
kers in detection of OSA. Till date the potential biomarkers for 

OSA studied include C-reactive protein (CRP), tumor necrosis 
factor (TNF)-α, IL-6, IL-8, and cell adhesion molecules (CAMs) 
among protein biomarkers. To ensure prompt and efficient 
detection of biomarkers for diseased conditions, various detec
tion techniques have been developed such as enzyme linked 
immunosorbent assay (ELISA), surface plasmon resonance, 
mass spectrometry, microarrays, etc [69–72]. Methods like 
ELISA detect biomarkers in serum and biological fluids. 
However, there a few limitations to this detection method 
such as binding capacity and the specificity which depends 
on the immobilization chemistry. Moreover, reduced activity 
of proteins, requirement of toxic reagents of immobilization, 
and complex chemistry, makes the use of ELISA a big con
cern [73].

Moreover, microarrays have been widely used to identify 
gene expression patterns associated with molecular signatures 
of OSA. Superoxide dismutase (SOD) 1 and 2 have been 
identified to be dysregulated in OSA patients as corroborated 
by microarray analysis [74].

Sleep deprivation and OSA syndrome severely escalates 
the levels of these inflammatory biomarkers [75–80]. Elevated 
levels of these protein markers have also been validated in 
several other pathological conditions, that include viral, bac
terial pathogenesis and diseases like arthritis, CVD, metabolic 
disorders, etc. A recent meta-analysis has shown the effects 
of CPAP therapy on patients with OSA and has shown a drop 
in the inflammatory profile in these patients [81]. The litera
ture suggests that bariatric surgery (BS) is an efficient treat
ment method undertaken to bring down the inflammatory 
marker levels in patients with OSA [82]. CRP is a vital inflam
mation marker synthesized in the liver as a response to 
inflammatory occurrences and regulated by IL-6. An elevated 
level of CRP in blood is used as a benchmark for inflamma
tion. Doctors usually prescribe a simple blood test for check
ing the CRP levels of the patient. Healthy patients usually 
have a CRP level of 1–3 mg/L and less than 1 indicates low 
cardiovascular risk, whereas more than 3 mg/L CRP levels 
indicate high risk of cardiovascular diseases. Poor sleeping 

Figure 1. Conventional vs modern and futuristic detection of OSA. OSA is conventionally diagnosed using polysomnography, however, modern and futuristic 
methods of detection such as smart pillows, smart wearables, biomotion sensors as well as facial photography and artificial intelligence might be the next 
generation techniques adopted for prompt diagnosis of OSA.
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habits that are a resultant of OSA and hypertension, which is 
a major risk factor for CVD, results in an increase in hs-CRP 
levels [76,83–88].

Similarly, TNF-α is known to trigger inflammatory responses 
that further cause many problems such as rheumatoid arthri
tis, psoriasis, inflammatory bowel disease, etc. It is one of the 
most important cytokines involved in sleep regulation 
[75,89,90]. Like CRP, TNF-α levels are also heightened in 
sleep apnea subjects [89,91]. Gene polymorphisms in TNF-α 
have also been seen to be significantly higher in obese 
patients with OSA [92].

Interestingly, IL-8 is a vital chemokine secreted mainly by 
macrophages as well as certain other cells such as epithelial 
and endothelial cells. IL-8 levels are elevated in patients with 
OSA, regardless of obesity [93] and are known to fall after the 
CPAP therapy, and thus, lowering the risk of cardiovascular 
diseases [94–96]. Snoring causes vibration of the upper airway 
resulting in inflammation causing an increase in levels of IL- 
8 [97].

Decreased levels of biomarkers also indicate the status of 
OSA as corroborated by different studies. Klotho is an anti- 
inflammatory, anti-aging and anti-oxidative protein secreted 
mainly by the kidneys. Reduced levels of klotho protein have 
been observed in patients with OSA and associated with over
night hypoxemia and presence of hypertension, suggesing 
that chronic intermittent hypoxia lowers klotho levels in OSA 
and contributes to hypertension development [98]. Similarly, 
decreased levels of survivin [99], vitamin D [100], and markers 
of the plasminogen system [101] were reported in OSA 
patients, indicating their association with disease severity.

Cytokine levels in the breath condensates of OSA patients 
have also been proven to be potential biomarker candidates 
for detecting the severity of OSA. Li et al. reported the 

biomarker levels of IL-6, IL-10, TNF-α, and 8-isoprostane in 
exhaled breath condensates (EBC) and serum, and deduced 
that IL-6 and IL-10 levels in EBC were directly correlated with 
the severity of OSA [102]. In addition, electronic nose technol
ogy is being used to diagnose OSA in patients using their 
breath samples [31]. Studies revealed the proficiency of elec
tronic noses in the detection of volatile organic compounds 
(VOC) of OSA patients with an accuracy of 77% and a sensi
tivity of 93% [103,104].

Figure 2 depicts the various kinds of biomarkers studied 
in OSA.

4.2.2. RNA biomarkers
Another class of widely studied biomarkers are miRNAs which 
are key players of altered gene expression. Very few studies 
pertaining to OSA linked RNA markers, such as miRNA has 
been performed. Our recently published work on the involve
ment of miRNAs in obesity associated OSA have elaborated on 
the role of miR-21, miR-27, miR-29, and let-7 as potential 
biomarkers in OSA [105]. Our previously published review 
article demonstrates the role of miRNAs along with other 
DNA, RNA and protein biomarkers in OSA [106]. Moreover, 
miRNAs in OSA have been a crucial topic of research all 
around the globe. Only a handful of studies have provided 
insights about the involvement of miRNAs in OSA and related 
conditions. For instance, miR-664a-3p has been acknowledged 
as a biomarker of atherosclerosis in OSA subjects [107]. 
Moreover, miR-130a contributed in the progression of 
OSAHS-associated pulmonary hypertension (PHT) by suppres
sing the activity of growth arrest-specific homeobox gene 
(GAX) [108]. miRNA profiling suggested a decrease in circulat
ing concentrations of miR-181a, miR-199b, miR-345, miR-133a, 
miR-340, and miR-486-3p in OSA [109]. miR-1254 in heart 

Figure 2. Biomarkers of OSA. OSA associated biomarkers such as CRP, TNF-α, interleukins and CAM’s have been found to be elevated in OSA.
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failure and miR-320e in myocardial ischemia were also inde
pendently associated with severe OSA as prognostic markers 
[110]. Moreover, our previous studies revealed a significant 
differential expression in miRNA levels in OSA patients and 
healthy non-OSA cohort. We observed a marginal increase in 
the expression of miR-21, whereas a significant decrease in the 
expression levels of miR-27, miR-29, and let-7 in peripheral 
blood mononuclear cells derived from OSA patients [105,111].

OSA being associated with clinical conditions such as car
diovascular disorders, hypertension, and cardiac diseases 
along with metabolic disorders such as diabetes. As such it is 
imperative to do miRNA profiling in detecting these co-exist
ing morbidities. Also, a variety of other sleep variables and 
apnea events need to be assessed in depth. For therapy com
mitment, usage time is a major factor to consider. These 
modern techniques and smartphone-based diagnostics also 
need to be in compliance with the sleep specialist. Therefore, 
more information and education on this aspect of detection is 
required keeping in mind the best interests of the broader 
public.

4.3. Other new age detection methods

Among the recently developed detection systems are biosen
sors that have proven to be efficient in biomarker detection. 
It is evident from various researches that a well-designed 
nano-biosensor can identify small traces of specific biomar
kers to develop detection tools that are reliable, cost effec
tive, and capable of prompt detection. Another advantage of 
these detection tools is that it allows the physicians to 
choose the precise therapy needed for the patient further 
allowing them to efficiently monitor the disease progression. 
The biosensors can be portable and highly reliable OSA 
diagnostic tools in future, where a panel of markers can be 
detected in a single chip with high sensitivity and accuracy.

With the advent of modern detection methods such as 
nanoparticle-based detection, quantum dot technology, 9 G 
DNA technology [73], the detection of biomarkers has become 
much ensuring for prompt disease diagnosis. Nanoparticles 
(NPs), due to their small size, enter the body through inhala
tion, ingestion or via injections and interact with biomole
cules. Evidence suggests that NPs have been used for 
detection of obesity and type 2 diabetes associated genes 
such as NAMPT and INSIG2, indicating their significance in 
the future of disease detection [112]. Similarly, quantum dots 
(QDs) which are a class of inorganic, fluorescent nanoparticles 
have been used in biomedical research. With advantages such 
as nano-scale size, broad excitation spectra, narrow emission 
spectra, and longer fluorescence half-life, QDs can be 
employed as exceptional probes. The literature suggests that 
QD-based detection of prohibitin in obese rats, demonstrated 
their potential as nanocarriers in anti-obesity drugs [113]. 
Moreover, 9 G DNA technology uses the principle of oligonu
cleotide hybridization and detection based on the presence of 
9 consecutive guanine bases (9 G). However, this technology is 
still under extensive research to ensure its viability as a pro
mising method of detection.

4.4. Existing challenges

Considering the multitude advantages of these futuristic 
detection methods, however, a few pitfalls of these techniques 
have also come to light.

(1) 3D imaging technologies are based on correlations with 
the AHI, however, as corroborated by a study in 2005, 
PSG indices are not concordant with the crucial OSA 
specific clinical characteristics such as sleepiness and 
the overall quality of life [114].

(2) A recent study by Kainulainen et al. demonstrated that 
oxygen desaturation severity, might better correlate 
with the excessive sleepiness than AHI, and being cap
able of predicting OSA related consequences [115]. 
Therefore, further investigations should aim at integrat
ing oximetry and facial photography to achieve para
mount accuracy in OSA detection.

(3) Toxicity issues, large size, short life-span, and nonspe
cific detection of QDs limit their biomedical imaging 
and therapeutic applications [116].

(4) Limitations of artificial intelligence in sleep medicine 
include complexity of AI data pertaining to sleep pat
terns and sleep disorders [117].

5. Management of OSA

The primary goal of managing OSA is alleviating the signs and 
symptoms, improving sleep quality, and normalizing the 
apnea-hypopnea index (AHI) and saturated oxygen level in 
patients. The most preferred approach recommended by 
Clinicians is the use of CPAP device. Often lifestyle manage
ment and surgical procedures are also recommended. 
Currently, smart pillows are also available on the market for 
monitoring sleep disorders.

5.1. Continuous positive airway pressure

Continuous positive airway pressure (CPAP) has shown tre
mendous growth in the last few years. The main purpose of 
positive airway pressure devices is to support and maintain 
the upper airway intact and unobstructed by slowly increasing 
the upper airway pressure above a threshold value, which is 
usually the pressure below which the airway has a tendency to 
collapse [118]. In accordance with the guidelines issued by the 
American Academy of Sleep Medicine (AASM) and National 
Institute of Health and Care Excellence (NICE), CPAP is the 
most commercially adopted mode of treatment for OSA 
patients [119,120]. AASM recommends using the PAP therapy, 
in comparison to no therapy to treat OSA in adults with 
excessive daytime sleepiness. Moreover, NICE recommends 
the use of CPAP for mild OSA only if the related symptoms 
are affecting the quality of life and any other lifestyle advice or 
treatment option has been observed to be unsuccessful in 
treating OSA. CPAP (Figure 3) is ordinarily recommended as 
a nasal mode of treatment for patients with moderate-to- 
severe OSA. CPAP has been shown to reduce the number of 
respiratory events and eventually AHI. Additionally, CPAP 
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improves the daytime symptoms, apart from other parameters 
such as saturated oxygen [121]. Interestingly, CPAP has also 
been effective in reducing OSA-associated comorbidities such 
as cardiovascular diseases and diabetes [122,123]. CPAP treat
ment has also been seen to normalize the circulating nitric 
oxide levels in hypertension [124]. Moreover, in OSA-asso
ciated metabolic syndrome, CPAP has also been proven to 
be effective in reversing insulin resistance and improving 
insulin sensitivity [125]. Literature cites that CPAP therapy 
also reduces the circulating microvesicles levels thereby redu
cing the risk of metabolic and cardiac complications [126]. It 
has also been observed that CPAP therapy improves metabolic 
function in T2DM patients, thereby decreasing insulin resis
tance [127]. CPAP is also beneficial in a plethora of ways as it is 
capable of promoting daytime alertness and concentration. 
However, there are a few limitations associated with the use 
CPAP such as it is expensive, continuous use (every night), 
mask discomfort, nasal congestion, and nose and throat 
soreness.

5.2. Lifestyle moderation

Obesity has been regarded as one of the most common and 
potential risk factors for OSA [128]. Food habits such as 
increased calorie intake especially high in carbohydrates 
have been seen to be associated with OSA severity [129]. 
Several studies have demonstrated that weight loss achieved 
through very low calorie diet intake has been successful in 
alleviating the symptoms of OSA by improving the BMI and 
AHI [130]. Very low calorie diet accompanied with active 
lifestyle not only results in weight loss and OSA tolerance 
but also improves other existing comorbidities such as 
hypertension, cardiovascular diseases, and diabetes by 
improving a range of cardiovascular variables [131]. 
Mediterranean diets have been observed to be beneficial 
for weight loss as they promote satiation and encourage 
adherence to calorie-restricted diets [132]. Moreover, surgi
cally induced weight loss has also been associated with 
improvements in OSA severity, associated clinical conditions, 
and overall quality of life [133]. However, in morbidly obese 
OSA patients, only weight loss cannot completely cure OSA 
and additional therapies are required. In addition to diet 
mediated weight loss, changing of sleeping postures has 

been advised to alleviate the symptoms of OSA. Supine 
position increases the likelihood of the tongue falling back 
into the airway as a result of gravity, thereby blocking the 
airway. Therefore, positional therapy is advised in OSA 
patients to reduce the apneic events from occurring.

5.3. Surgical procedures

Another crucial tool for management of OSA is surgical inter
vention, which improves airway obstruction, sleep quality, AHI, 
and saturated oxygen levels. Different types of surgeries are 
employed depending on the sites of obstruction. Nasal sur
geries are conducted for patients with nasal obstructions and 
include surgeries of the septum, nasal valve, and sinus [134]. 
The sole purpose of these surgeries is to better the nasal 
airflow thereby improving sleep quality. Oropharyngeal sur
geries also known as uvulopalatopharyngoplasty (UPPP), target 
the enlarged tonsils of the patient and are the most per
formed surgeries. In general, tongue surgeries have been 
shown to reduced daytime sleepiness symptoms [134]. The 
third most important surgery type is maxillomandibular 
advancement (MMA), also known as craniofacial surgery. 
MMA involves the adjustment of the orientation of jaws and 
interestingly, it is by far the most successful surgery with a 
cure rate of more than 40%. UPPP has been observed to be 
beneficial in lessening the cardiac burden by improving car
otid atherosclerosis and arrhythmia-related parameters in OSA 
patients [135,136]. Reports suggested that UPPP also lowered 
the risk of cardiac complications such as congestive heart 
failure and atrial fibrillation in OSA patients, eventually 
improving cardiac health [137]. However, surgical methods 
have a few limitations. Many anesthetic medications relax 
the throat muscles which eventually worsening OSA during 
the procedure. Other surgery-associated risks include infec
tion, excessive bleeding, additional respiratory problems, aller
gic reactions, and speech difficulties [138].

5.4. Oral appliances

Therapy via oral appliances (OA) is being increasingly pre
scribed by the doctors as a noninvasive mode of treatment 
for patients with mild-to-moderate OSA. Further, patients who 
are unable to respond to CPAP are also advised oral appliance- 

Figure 3. Pictorial representation of a (a) normal airway, (b) obstructed airway (OSA), and (c) OSA management using continuous positive airway pressure (CPAP) 
therapy.
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based therapy [139]. These appliances improve the upper air
way configuration as well as prevent the airway from collap
sing by alteration of the tongue and jaw position. Commonly, 
oral appliances work by either holding the lower jaw in the 
anterior position or adjustment of the tongue and are hence 
termed as mandibular advancement devices (MAD) and ton
gue retaining devices (TRDs), respectively [140]. Patients with 
MAD therapy exhibit mild side effects initially such as dry 
mouth, discomfort, muscle tenderness, irritation, etc., however, 
these symptoms are mostly temporary and resolve within a 
few days. More importantly, MADs are effective at reducing 
snoring, improving the AHI and lowering the severity of OSA 
by adjusting the position of the lower jaw and the tongue, 
provided the device is used appropriately and continuously. 
Studies demonstrate the effectiveness of MADs by revealing a 
50% decrease in AHI in nearly one-thirds of the patients 
undergoing MAD therapy [141]. Oral appliance therapy has 
been reported to have beneficial effects on cardiac function 
thereby reducing the cardiovascular associated mortality [142]. 
Literature also cites that endothelial dysfunction is a key pre
dictor of cardiovascular complications. In relation to this, Lin et 
al. demonstrated that use of MAD therapy improved endothe
lial dysfunction in OSA patients [143]. Further, the health out
comes with CPAP and MAD are comparable, reflecting a 
greater nightly adherence to MAD as compared to CPAP. 
However, CPAP has been reported to reduce OSA severity to 
a greater extent than MAD therapy in patients with mild to 
severe OSA. Treatment with MADs is a viable and effective 
alternative for OSA, but strict monitoring is warranted due to 
variation in the patient response to therapy.

5.5. Positional therapy

Positional therapy is based on the changing of sleeping posi
tions of the patients to alleviate the symptoms and reduce the 
OSA severity. The frequency of apneic events increases during 
sleeping in a supine position; therefore, a side position is 
generally advised. During supine position, the tendency of 
the airway to collapse increases due to the effect of gravity. 
Over the years, a plethora of positional therapies have been 
suggested to OSA patients to relieve the symptoms and 
reduce the severity such as alarm systems, behavioral therapy, 
tennis ball technique, backpack technique, vibrating devices 
on the neck or chest, etc [144]. However, studies report greater 
AHI improvements with CPAP than positional therapy [145].

5.6. Smart pillows and beds

Adjustable smart pillows have entered the market for both 
management and treatment purposes [146]. This diagnostic 
method is noninvasive, cost-effective, and portable. The 
smart pillow consists of an oxygen sensor that detects the 
respiratory events in real time. The use of smart pillows can 
be beneficial for the patients in two ways. First, the pillow 
adjusts its height automatically by supporting the patients’ 
neck allowing a change in the angle of the airway to avoid 
obstruction, thereby alleviating apneic episodes. Second, 
the resizing of the pillow triggers the sleep center in the 
brain to emit signals followed by activation of the 

genioglossus muscle of the throat which eventually pre
vents further episodes of apnea [146]. A few smart pillows 
come equipped with noise cancellation technologies and in- 
built Bluetooth speakers for listening to music thereby 
relaxing the body. Smart pillows have emerged as a promis
ing strategy for a healthier sleep pattern. However, a deeper 
investigative approach needs to be followed to assess and 
improve its effectiveness toward management of OSA on 
larger patient cohorts. A plethora of smart pillow companies 
such as iSense Sleep Smart Pillow, Sunrise Smart Pillow, 
10minds, Smart Nora, Goodnite Smart Anti-Snore Pillow, 
DreamPad, ZeeQ Smart Pillow, and others have made smart 
pillows available in the market for diagnosis and manage
ment of OSA. Smart pillows are widely used in smart home 
systems due to their cost effectiveness as they can be 
purchased for as low as 40 USD with prices as high as 
299 USD.

Even smart beds such as Sleep Number 360 priced at a 
range of 999 USD has gained immense popularity. It func
tions by adjusting the firmness by automatically sensing 
the patient’s posture to provide greater comfort. In 
response to the patient’s snoring, it has the capability to 
adjust the head side of the bed upwards. Such smart beds 
are equipped with built-in sensors that monitor the 
patient’s heart rate, breathing, movement and quality of 
sleep.

Although these smart beds and pillows have been 
observed to be beneficial for OSA management, however, 
CPAP is still the most effective treatment strategy for OSA.

Table 2. Salient features and limitations of OSA management.

Method Benefits Limitations

Continuous 
Positive 
Airway 
Pressure 
(CPAP)

Better heart health, lower risk 
of diabetes, prevention of 
heart diseases, prevention 
of road accidents, 
improved daytime 
alertness, improved focus, 
removed snoring, 
prevention of stroke, 
improved weight loss, 
improved OSA severity, 
stronger immunity, 
improved work 
performance, better sleep, 
reduced risks of CVD

Cost ineffectiveness, 
continuous use (every 
night), mask discomfort, 
nasal congestion and 
nose and throat soreness

Lifestyle 
Moderation

Improvement in OSA, lower 
risk of CVD and diabetes, 
better health.

Morbidly obese OSA 
patients- only weight loss 
cannot completely cure 
OSA and additional 
therapies are required

Surgical 
Procedures

Improved OSA severity, 
reduced risk for early 
mortality, reduced CVD 
risk, improved life quality

Relax the throat muscles, 
eventually worsening 
OSA; risk of infection, 
excessive bleeding, 
additional respiratory 
problems, allergic 
reactions and speech 
difficulties

Smart Pillows Improved total AHI, reduced 
snoring, low cost

Pillows are dependent on 
body posture, weight and 
other comorbid 
conditions; extensive 
research required for 
determining the 
effectiveness
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5.7. Comparative analysis

Considering the above methods of management of OSA and 
the respective salient features and limitations they pose, a 
comparison has been drawn as summarized in Table 2.

6. Conclusion

OSA is a global concern of paramount importance to the sleep 
medicine fraternity due to inconsistency in its prevalence 
attributed to lack of awareness among patients as well as 
clinical ramifications associated with it such as hypertension, 
cardiovascular and cerebrovascular diseases, diabetes, etc. Due 
to the aggravation of these comorbidities, addressing the 
prevalence of OSA in the global population is becoming the 
need of the hour.

Different approaches have come up in the recent years 
with the primary aim of prompt OSA detection, considering 
the limitations of the already available polysomnography ana
lysis. PSG-based diagnosis on the basis of AHI and frequency 
of arousals have not been observed to be reliable in terms of 
predicting the degree of physical impairment with sleep dis
ordered breathing. New diagnostic modalities capable of over
coming the challenges with PSG are highlighted.

The modern detection methods have mainly emphasized 
on portability, cost-effectiveness, and ease in usability. Such 
devices include wearable devices, biomotion sensors, radio- 
wave-based sensors, etc. Some of these portable technologies, 
can prove to be handy tools for patients to self-diagnose 
themselves. However, sensitivity of these techniques is yet to 
be understood and evaluated closely and may need further 
improvement. These methods are mostly focusing on portabil
ity, cost effectiveness, and patient’s comfort. However, con
sidering the growing evidence on OSA, detection methods 
should also be aimed at encompassing patient-related para
meters such as sensitivity, accuracy, and most importantly, the 
ability to identify the possible consequences of OSA. From an 
overall analysis of our review, it is understood that future 
directions must be explored to develop new and efficient 
strategies aimed at OSA screening in the population and 
management by overcoming these limitations.

Futuristic and new-age methods of detection such as nano
technology-based detection, biomarker detection platforms, 
quantum dot technology, 9 G DNA technology, speech recog
nitions, three-dimensional facial photography, and artificial 
intelligence-based methods have the potential to be highly 
proficient in detecting OSA. To bring such futuristic tools to 
the broader public, more in-depth investigations need to be 
performed to understand the pathophysiology of OSA that 
will assist in providing critical information for its diagnosis 
and management. Furthermore, concurrent detection of a 
panel of molecular markers such as those derived from exo
somes could do wonders in diagnosing OSA and several 
related comorbidities.

7. Expert opinion

Although OSA is an exceedingly common sleep disorder, it 
remains unrecognized and undiagnosed in most of the 

population attributed to lack of its awareness and hesita
tion in patients to disclose the disease. It not only puts 
forward a negative impact on the patient’s quality of life 
but also adversely affects partner’s life. It is crucial to know 
that OSA is associated with several chronic and life-threa
tening comorbidities, such as, diabetes, cardiovascular dis
ease, depression, etc. Due to these consequential clinical 
morbidities and outcomes, OSA and its management is 
continuously posing as a global economic burden on 
healthcare systems. The socio-economic impact of sleep 
disorders such as OSA is a significant burden globally. 
Increased health care utilization is seen in patients with 
sleep disordered breathing. As 90% of the OSA patients go 
undiagnosed and untreated, the burden of OSA increases 
drastically. Due to the increased morbidity status of OSA, 
the medical costs increase substantially. Thus, proper man
agement of OSA is of utmost importance that will provide 
widespread benefits not only to the patients, but also to 
the society.

As of current scenario, polysomnography is known to be 
the gold standard method to diagnose OSA in any patient. 
Although sensitive, but poses limitations such as patient dis
comfort and need for hospitalization and skilled operators. 
However, access to this procedure is restricted due to require
ment of special sleep institutions equipped with skilled spe
cialists. As a result, suspected OSA patients have to wait for 
months before being diagnosed and able to initiate medical 
therapy or CPAP. However, it is noteworthy that future tech
nology will be better in a multitude of ways and simpler and a 
significant number of OSA patients will be catered to in pri
mary care.

Thus, there is an imperative need of new diagnostics for 
screening of asymptomatic OSA patients as well to reduce 
the risk of several associated comorbidities. In this direction, 
home testing tools, wearable sensors and trackers, etc., are 
available in market but sensitivity of detection as compared 
to polysomnography is questionable. Several studies off-late 
indicate that molecular marker-based diagnosis of OSA can 
be a remarkable solution that holds the flavors of high 
sensitivity as the conventional polysomnography and port
ability as the modern tools. However, detection of such 
markers on a single platform is still under research and 
needs validation. With the advent of smart medical diag
nostic methods, prompt detection of sleep apnea can be 
easily achievable. Considering the pandemic diseases when 
the hospital-based sleep centers being forced to shut down, 
such home-based detection systems and new digital tech
nologies would become the need of the hour. However, 
validation in a larger patient cohort needs to be performed 
before they are used clinically.

Since OSA is not permanently curable, there have been 
several management strategies to control the disease and its 
severity linked to the chronic comorbidities. Products like 
smart pillows/mattresses, smart wearables such as wristbands, 
rings, headbands, and eye-patches are available as an alter
native and have shown promising results, but the extent of 
their success is yet to be analyzed by better understanding 
their working principle and comparison with the existing 
technology.
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Overall, a collective and pooled piece of information per
taining to in-depth comparison between Polysomnography 
and newer detection methods such as wearables, biomotion 
sensors, artificial intelligence, etc., and the very promising 
molecular marker-based diagnostics is warranted to bridge 
the existing gaps in knowledge.
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