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Socioeconomic Factors and Adherence to
CPAP

The Population-Based Course of Disease in Patients Reported to the
Swedish CPAP Oxygen and Ventilator Registry Study

Andreas Palm, MD, PhD; Ludger Grote, MD, PhD, Jenny Theorell-Hagléw, PhD, Mirjam Ljunggren, MD, PhD,
Josefin Sundh, MD, PhD,; Bengt Midgren, MD, PhD, and Magnus Ekstrém, MD, PhD

BACKGROUND: Early identification of poor adherence to CPAP treatment is of major clinical
importance to optimize treatment outcomes in patients with OSA.

RESEARCH QUESTION: How do socioeconomic factors influence CPAP adherence?

STUDY DESIGN AND METHODS: Nationwide, population-based cohort study of patients with
OSA receiving CPAP treatment reported to the Swedish quality registry Swedevox between
2010 and 2018 was cross-linked with individual socioeconomic data from Statistics Sweden.
Socioeconomic factors associated with CPAP adherence were identified using a multivariate
linear regression model, adjusted for age and sex.

RESULTS: In total, 20,521 patients were included: 70.7% men; mean age + SD, 57.8 £ 12.2
years; BMI, 32.0 & 6.1 kg/m?; apnea-hypopnea index, 36.9 & 22.1; Epworth Sleepiness Scale,
10.4 £+ 5.0; and median nocturnal CPAP use, 355 min (interquartile range, 240-420 min).
Adherence after 1.3 4= 0.8 years of CPAP use was significantly (all P < .001) associated with
civil status (married vs unmarried: 4+20.5 min/night), education level (high, = 13 years
vs low, = 9 years: +13.2 min/night), total household income (highest/third/second vs lowest
quartile: +15.9 min/night, +10.4 min/night, and +6.1 min/night, respectively), and country
of birth (born in Sweden with one native parent/born in Sweden with two native parents
vs being born abroad: 4+29.0 min/night and +29.3 min/night, respectively).

INTERPRETATION: Civil status, educational level, household income, and foreign background
predict CPAP adherence in a clinically significant manner and should be considered when
treating OSA with CPAP. CHEST 2021; 160(4):1481-1491
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ABBREVIATIONS: AHI = apnea-hypopnea index; ESS = Epworth Research and Development, Uppsala University/Region Givleborg
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ZXO0Awo:

H ouppopdwon otn CPAP eivar yvwotd OtL €XeL HEYAAn onpooio yia tnv
QUTOTEAECUATIKOTNTA TNG Oepaneiag.

H pelétn avti and tn Zoundia mpoonabsi va amaviroel 6T0 EPWTNHA TWG Ol
KOLVWVLKOOLKOVOLKOL TTOPAYOVTEG HITOPOUV VA EMNPEACOUV TN GUUHOpdwon otn
CPAP ao0evwv pe anodppaKktiki Anvola Tou Unvou.

Evw apxka evtaxdnkav 65.803 atopa ta onoia eAappavav Ospaneia pe CPAP oe
auth T HeAETn KoOpPTNG, N TEAKN avaAluon cupneptéAape 20.521 aocBeveig, evw
w¢ ouppopdwon otn CPAP Bswpnbnke n xpron ywa touAdytotov 4 wpeg. OL
TLOLPAYOVTEG TIOU EEETAOTNKAV OE OXEON HE TN CUMUOpdwWon ATav TO HopPWTIKO
eninedo (pe Baon ta £tn eknaidsuong), To BLotiko eninedo (ne BAon otoleia mov
adopoloav oto £L0OSNUA), TO av 0 ACOEVAG NTAV MAVTPEUEVOG 1) OXL KOL TO OV O
ao0evig Katayotav amd tn Zoundia n o éva¢ i kot oL U0 yovei¢ Tou ATAV
METOVAOTEC.

H pelétn €8ei§e OtL ou aoBeveic mou nAtav mavipepévol, eixyav uvPnAotepo
HOPOWTIKO KoL PBLOTIKO €emimedo Kal OL YOVEILC TOUG Sev NTAV METOVACTEC
epdavilav kaAUtepn cuppdpdwon otn xprion tng CPAP. To anotéAeopa AUTAG TNG
MEAETNG oG SeiXvel OTL Ba NTAV LOWG OKOTILLLN N TILO EVTOTIKI) EVNAUEPWON KOL N TILO
ouxvl mapakoAolOnon acBevwv pe XOUUNAOTEPO KOLVUWVIKOOLKOVOULKO EMinedo
Kol acBevwv ot omoiot {ouv pévol Toug.

Ertidoyr) apBpou — IxoAlaopog: ABnva BAdayxou
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High sleep fragmentation parallels poor subjective sleep quality
during the third wave of the Covid-19 pandemic: An actigraphic
study
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Summary

Studies on sleep during the Covid-19 pandemic have mostly been conducted during
the first wave of contagion (spring 2020). To follow up on two ltalian studies ad-
dressing subjective sleep features during the second wave (autumn 2020), here we
assess sleep during the third wave (spring 2021) in a sample of healthy adults from
Campania (Southern ltaly). Actigraphic data (on 2 nights) and the Pittsburgh Sleep
Quality Index were collected from 82 participants (40 F, mean age: 32.5 + 11.5 years)
from 11 March to 18 April 2021, when Campania was classified as a “red zone”, i.e. it
was subjected to strict restrictions, only slightly looser than those characterizing the
first national lockdown (spring 2020). Although objective sleep duration and architec-
ture appeared in the normal range, the presence of disrupted sleep was indexed by a
relevant degree of sleep fragmentation (number of awakenings z 1 min: 12.7 + 6.12;
number of awakenings = 5 min: 3.04 + 1.52), paralleled by poor subjective sleep qual-
ity (Pittsburgh Sleep Quality Index global score: 5.77 + 2.58). These data suggest that
the relevant subjective sleep impairments reported during the first wave could have
relied on subtle sleep disruptions that were undetected by the few objective sleep
studies from the same period. Taken together with sleep data on previous phases of
the pandemic, our findings show that the detrimental effects on sleep determined
by the initial pandemic outbreak have not abated across the subsequent waves of
contagion, and highlight the need for interventions addressing sleep health in global

emergencies.

KEYWORDS
actigraphy, Covid-19 pandemic, objective sleep quality, sleep schedules, subjective sleep
quality

ZxOAL0 : To mapamnavw dpBpo , TPOoEPXOUEVO ATO KEVTPO TNG YeLToviKing NotLag Italiag,
ouyKkevtpwvovtag dedopéva aktlypadiag oAAd Kol To pwTNUATOAOYLOU TToldTNTaG UTIVOU
Pittsburg Sleep Quality Index , peAetdel tnv enidpaon Tou 3°¥ KUHATOC TNG MavSnuiag
COVID ( avolén 2021) os uyLeig EVAALKEG KOl SLOTTLOTWVEL KATAKEPUOTIOMO UTVOU( HE
adunvioelg > 5min oto 12,7%) kat GTwyr) UTTOKELUEVIKN TowdtnTa Unvou ( PSQI score 5,77) .
Autéc oL eTuPAapelc emdpaoelg Sev €xouv BEATIWON CUYKPLTIKA LE TA TIponyoUpeva §U0
kOpata ( avolen kot ¢pOwvonwpo 2020). Ot cuyypadeig umoypappilouvy mwg Sev mpénet va
UTIOTLULWVTAL TTOPEUPRACELS TTOU adopoUV TNV UYELD TOU UTIVOU OE KATOOTACELC TTAYKOOLOG
£KTOKTNG AVAYKNG 0AV QUTH.

lkiwlomoUAou EvayyeAia , NMveupovoAoyog
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KEY POINTS

e Developments in signal processing facilitate the automated analysis of traditional signals such as
oxygen saturation and electroencephalogram, which provides superior insight into physiology
and pathophysiology compared to manual analysis.

e These developments have resulted in increasing recognition that the traditional measure of sleep-
disordered breathing, the apnea-hypopnea index, is a poor predictor of disease significance.

e New approaches to the recording and analysis of traditional signals such as snoring and oxygen
saturation facilitate ambulatory diagnosis of obstructive sleep apnea.

e Detailed insight into the characteristics of oxygen desaturation during sleep provides superior pre-
diction of comorbidities than the apnea-hypopnea index.

e Derivatives of the electrocardiogram and pulse wave provide indirect data on sleep-disordered
breathing that are suitable for ambulatory diagnosis.

INTRODUCTION

Sleep recordings have been a feature of clinical
sleep practice for more than 4 decades, and full
sleep laboratory recordings in the form of poly-
somnography (PSG) remain largely based on prin-
ciples established in these early years. Sleep
staging remains fundamentally based on the
scoring rules established by Rechtschaffen and
Kales in 1968," and the scoring of sleep-
disordered breathing (SDB) events is based on
the so-called Chicago Criteria introduced in
1999, which also proposed a severity grading for
obstructive sleep apnea (OSA) based on the fre-
quency of apneas and hypopneas per hour of
sleep (AHI).? However, developments in technol-
ogy and signal analysis in more recent years offer
considerable scope to expand and enhance the in-
formation that can be obtained from sleep studies,
and advances in the understanding of mecha-
nisms contributing to cardiometabolic comorbid-
ities offer new insights regarding the most
important sleep-related variables that contribute

to these comorbidities.®> There has been
increasing interest among the sleep research com-
munity in exploring new and novel approaches to
the diagnosis of sleep disorders, especially OSA,
and there is increasing recognition that variables
such as the AHI may not be the most important
measure to quantify the severity of the disorder.*

The focus of this review is to explore how addi-
tional information may be obtained from signals
obtained in traditional sleep recordings such as
laboratory-based PSG and home-based sleep
studies, as well as information from additional sig-
nals that do not form part of traditional sleep
studies. The review will focus primarily on the
assessment of patients with suspected OSA, as
the high prevalence of this disorder, which affects
up to one billion subjects worldwide,® makes it
particularly relevant to explore novel approaches
to the accurate and reliable diagnosis of this disor-
der in the ambulatory setting.®

Currently, disease severity is measured using
AHI as determined from a sleep study. However,
there is poor association between daytime
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symptoms such as excessive daytime sleepiness
and the AHI,” and there is increasing evidence
that cardiometabolic comorbidities may be more
related to measures of oxygen desaturation during
sleep than the AHI.® Thus, there is increasing inter-
est in moving away from the AHI as the most
important measure of OSA severity toward a
more personalized approach to OSA diagnosis
and treatment,® which considers individual risk
factors, clinical history, and comorbid disease in
the diagnosis and treatment of each patient with
OSA.

INDIVIDUAL PATIENT PHENOTYPING

While overnight diagnostic sleep studies provide
the core evidence of SDB in patients with sus-
pected OSA, there is clear evidence that the sleep
study alone does not provide sufficient evidence
for the diagnosis of the clinical syndrome. This
aspect has been recognized for many years,®'°
and more recently, there is strong evidence that
clusters of different clinical phenotypes can be
identified among the broad population of patients
presenting for assessment.’’ Furthermore, certain
pathophysiological traits that are very common in
OSA such as loss of nocturnal dipping of blood
pressure (BP) have significant implications for the
development of associated comorbidity.'? Thus,
whatever sleep study is used in the assessment
of suspected OSA, the findings must be integrated
into the overall assessment of the patient as
regards clinical significance, and management
should be linked to the underlying clinical and
pathophysiological phenotypes where additional
factors to the AHI such as acute systemic effects
and associated relevant comorbidity are factored
into the decision-making process.® A further
consideration in the clinical assessment of OSA
is the role of the AHI alone, referred to here in
this context as SDB. Although the International
Classification of Sleep Disorders refers to AHI >
15 as sufficient for a diagnosis of OSA, this ap-
pears questionable in the context of this level of
SDB being reported in up to 50% of a normal adult
male population.’®

DEVELOPMENTS IN THE ANALYSIS OF
EXISTING SIGNALS

Core signals relevant to sleep and breathing disor-
ders such as airflow, oxygen saturation, and car-
diac variables have been included in sleep
studies for decades, but developments in signal
analysis have permitted enhanced and clinically
relevant information to be obtained, which signifi-
cantly adds to the diagnostic potential of the

studies concerned. Furthermore, novel ap-
proaches to the analysis of these traditional sig-
nals may facilitate the use of limited diagnostic
systems that may be especially useful in the
ambulatory setting.

ELECTROENCEPHALOGRAPHY AND SLEEP
STAGING

Developments in electroencephalographic (EEG)
recording technology have permitted the introduc-
tion of ambulatory EEG recordings, which may use
a full EEG montage. This technology is not neces-
sary in most clinical situations involved in the
assessment of OSA, although some limited
ear-based EEG recording systems have been
developed that are easy to apply and may provide
additional useful information in the ambulatory
respiratory-sleep clinical setting.’

Specialized computer-based analysis of the
EEG by techniques such as spectral analysis pro-
vides additional insight into sleep physiology and
pathology beyond traditional sleep staging, but
these are research-oriented and have little appli-
cation in the clinical setting of respiratory sleep
disorders. 516

ACOUSTIC AND AIRFLOW DEVICES
Acoustic Devices

Although snoring is a common feature in patients
with OSA, the symptom has limited value on its
own in the assessment of OSA because of its
weak relationship with the AHIL.'” Nonetheless,
the detailed characteristics of snoring and, espe-
cially, the characteristic intermittent nature of
snoring in patients with OSA provide potential
diagnostic utility both alone and in combination
with other signals. In this context, periods of ap-
nea/hypopnea have quite different acoustic char-
acteristics to nonapneic snoring. One such
acoustic device is BresoDX (BresoTEC Inc, Tor-
onto, Ontario, Canada), which is a portable device
that consists of a lightweight face frame, which
contains an embedded electronic module and
microphone. Recorded sounds are continually
stored and can subsequently be downloaded for
analysis.'®'® As might be expected, a character-
istic cyclical intermittent pattern of snoring has
the greatest predictive potential for the diagnosis
of OSA. In one report of 135 subjects with sus-
pected OSA, the calculated AHI using BresoDX
showed a relatively good correlation with PSG
and demonstrated a diagnostic accuracy ranging
between 88.9% and 93.3% at AHI cutoffs of 5 to
15.2° More recently, an over the counter small,
wireless wearable patch has been developed



(Zansors, Arlington, VA), which estimates breath-
ing patterns using an inbuilt microphone and in-
cludes an accelerometer to record movement. A
pilot study of the device demonstrated 75% sensi-
tivity and 71% specificity for detecting SDB
compared to gold standard PSG.?"

Airflow Devices

Devices that record airflow by nasal pressure re-
cordings as a single measure have been devel-
oped as a more simple ambulatory diagnostic
technique for OSA, and an example of such a de-
vice is the Apnealink (Resmed, Sydney,
Australia).?> One report comparing the device
with PSG showed a 73.1% sensitivity and 91%
specificity for detecting an AHI greater than 15 in
at-risk populations,?® with similar results reported
in other studies.?>%*

OXIMETRY

Overnight oximetry has long been proposed as a
simple and reasonably accurate technique for
OSA diagnosis, especially in severe cases,'%?°
but has limited reliability in mild OSA where oxygen
desaturations may be relatively minor. To be useful
in the assessment of patients with OSA, arterial
oxygen saturation (SpO2) recordings require a
high sampling rate (>0.5 Hz) to ensure detection
of the intermittent oxygen desaturations that are
characteristic of the disorder. In clinical practice,
several relevant variables may be obtained from
the recordings, including the oxygen desaturation
index (ODI), which is the number of desaturations
per hour which drop >3% (ODI3) or >4% (ODI4)
below the baseline level, and the cumulative time
with an SpO2 below a predetermined level, usually
90% (T90). Additional information can be obtained
from the SpO2 variability, referred to as the delta
index.?%27 In OSA, a “saw-tooth” pattern of recur-
ring transient oxygen desaturations is seen, espe-
cially in severe cases, which provides a unique
visual picture of the disorder. Simple indices
such as the ODI may fail to capture all the impor-
tant and potentially relevant pathophysiological
characteristics?® and novel strategies for the anal-
ysis of oximetry using automated techniques®®-=°
to help maximize the diagnostic potential of
SpO2 data. Furthermore, novel approaches to ox-
ygen desaturation such as the hypoxic burden
have been demonstrated to provide a superior
prediction of cardiovascular morbidity and mortal-
ity than the AHI in large-population studies.®’
Computer-assisted applications that provide
automated signal processing facilitate the quantifi-
cation of the frequency, duration, and severity of
desaturations, which enhance the clinical
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assessment of OSA.29%234 Some devices use
smartphone-based technology or wearable appli-
cations as the receiver which may have potential
for home screening to prioritize cases for more
detailed investigation®>~>" and may also have a
role in treatment follow-up.®®

Oximetry and Apneas and Hypopneas per
Hour of Sleep

The ODI may be used as an alternative to the AHI
to quantify the number of respiratory events during
the night but may underestimate the severity of
OSA with potentially important clinical conse-
quences®®4C that may influence treatment deci-
sions.?® However, a more detailed analysis of the
SpO02 signal with computer-assisted and machine
learning algorithms improves the predictive abil-
ity*'*3 with a diagnostic accuracy of up to
96.7% reported. Furthermore, there is growing ev-
idence that measures of oxygen desaturation are
superior to AHI in the prediction of comorbidities
including hypertension (HTN),** diabetes melli-
tus,*® and heart failure.*®

Oximetry may also have value in screening pa-
tients for OSA in certain comorbidities including
stroke,*” heart failure,*® morbid obesity,**°° and
chronic obstructive pulmonary disease (COPD).%’
In stroke, OSA is associated with diminished re-
covery and increased mortality.>? In patients with
congestive cardiac failure, overnight oximetry
has a high sensitivity (97%) but poor specificity
(32%) for SDB.*® Oximetry performs better in pa-
tients with gross obesity with reports of up to
100% sensitivity and 93% specificity for SDB in
ambulatory testing.*® Oximetry has limited poten-
tial for the diagnosis of OSA in patients with
COPD with low sensitivity (59%) and specificity
(60%)°" although performs better when combined
with novel signal analysis technology.>®

Cardiac Based Measures

Electrocardiograph (ECG) analysis: monitoring
of heart rate variability (HRV),
electrocardiograph morphology, and
respiration

Monitoring of HRV by overnight ECG has long
been recognized as a potential diagnostic tool in
patients with SDB.%* In standard PSG, a single-
lead ECG is recorded to allow measurement of
heart rate and rhythm. A special dedicated soft-
ware program allows analysis of HRV®® that can
provide information relating to autonomic activity
and may give added insight into sleep stages.®®
Further information can be obtained from fluctua-
tions in the QRS amplitude that are a consequence
of rib cage movements during respiration. The
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combination of ECG-derived respiratory move-
ment and sleep apnea-related HRV has the poten-
tial to be a useful screening tool for OSA%” and has
the added value of being available in a typical car-
diology setting, which provides the potential for
screening in this setting before referral to a sleep
clinic.

Pulse transit time

The pulse transit time (PTT) is a variable that is
derived from the ECG and the arterial pressure
wave measured by a finger probe and has been re-
ported to reflect inspiratory effort.°® PTT measures
the time taken for the arterial pulse wave to travel
between the aortic valve (R wave on ECG) and the
finger blood vessels as indicated by pulse oxime-
try. Pulse wave speed varies with arterial stiffness,
which in turn is influenced by the BP level. PTT has
been reported to give an indirect measure of both
apnea and arousal.*®

Peripheral arterial tonometry (the pulse wave
as a measure)

Peripheral arterial tonometry (PAT) provides a
detailed assessment of the pulse wave and is re-
ported to be a relatively robust diagnostic
screening method for OSA. The pulse wave ampli-
tude is influenced by sympathetic tone, and
arousals are also associated with a drop in pulse
amplitude. Furthermore, the pulse rate also pro-
vides an indirect assessment of sleep stage.®®
WatchPAT (Itamar Medical, Caesarea, Israel)
uses a proprietary algorithm combining PAT
data, oxygen saturation, pulse rate, and actigra-
phy that generates an estimate of total sleep
time and calculates an AHL®° WatchPAT has
been evaluated in several studies with some, but
not all, reports indicating the device to provide a
reasonably accurate assessment of OSA.5%¢1 A
meta-analysis found a good correlation between
sleep indices calculated by laboratory-based
PSG and those obtained from a PAT device
(r = 0.889),%? thus supporting its use as a viable
ambulatory diagnostic tool for OSA.

Blood pressure monitoring as a potential
diagnostic tool

OSA is a recognized independent risk factor for
systemic HTN, and obstructive apneas may lead
to acute BP elevation during sleep,'>®® which
can result in a loss of the normal nocturnal dipping
pattern of BP. A recent meta-analysis found that
OSA is associated with a 1.5-fold increase in the
prevalence of nondipping BP,%* thus suggesting
that ambulatory BP monitoring (ABPM) could
serve as a surrogate marker for OSA. Support for
this possibility comes from reports that nondipping
nocturnal BP predicts OSA in subjects undergoing

ABPM.®° Furthermore, a recent report from this
department indicated a high predictive value for
moderate to severe OSA in unselected patients
recruited from a HTN clinic who had a nondipping
pattern of nocturnal BP on 24-hour ABPM.%®
These findings support the possibility that ABPM
may be a useful biomarker for OSA, irrespective
of the clinical index of suspicion for the disorder.

Limitations of ABPM with a pneumatic cuff
include the possibility that cuff inflation causes
arousal and that the device is unable to track rapid
changes in BP associated with individual ap-
neas.®”"%8 Such limitations may be overcome by
continuous measurement of BP by finger photo-
plethysmography, which uses a small cuff fitted
to the finger that provides a continuous measure-
ment. This device provides beat-by-beat pressure
measurements and gives an indication of BP vari-
ability, which is typically increased in OSA.%° A
novel smart-watch, CareUp (Farasha Labs, Paris,
France), has been developed that gives a contin-
uous estimation of BP’® and has been validated
in a study of 44 subjects.®” This simple device
may provide an additional method for home BP
monitoring, which could be a promising screening
method for OSA, although further research of this
technique is required before being accepted into
clinical practice.

ACTIGRAPHY

Sleep is associated with reduced body motion
compared to wakefulness, and lack of body move-
ment is widely used as a surrogate marker for
sleep. Actigraphy is the most widely used method,
and typically uses an accelerometer that is either a
stand-alone device or built into a wristwatch.
Actigraphy can be used to estimate daily sleep-
wake cycles, which can be clinically useful in the
evaluation of many sleep disorders. Actigraphy
has been formally evaluated by the American
Academy of Sleep Medicine and recognized as a
valid research tool in sleep’’ and, more recently,
as an alternative to PSG for prolonged monitoring
of sleep quality.”? Several reviews’>~"° have indi-
cated that actigraphy can provide clinically useful
information about sleep in the natural environ-
ment, which may assist in clinical decision-
making. However, actigraphy is not reliable in
distinguishing different sleep stages and has
poor specificity.”® In comparison with PSG, actig-
raphy overestimates total sleep time and underes-
timates time spent awake.”” Actigraphy provides
an indirect signal relating to body motion, which
implies that estimation of sleep stages is only
derived from an assessment of how body motion
changes during different sleep stages, and is likely
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to be of limited accuracy in this determination.
However, with improving technology, the role of
actigraphy as a screening tool will likely increase
and be included in ambulatory diagnostic systems
for OSA where accurate measures of sleep staging
are not generally required.

Wireless Systems — Biosensors in Obstructive
Sleep Apnea

Wireless monitoring systems have been in clinical
use for several decades, and an early example
involved pressure-sensitive foils placed over the
mattress, which provided measures of sleep, heart
rate, and respiration.”® Wireless devices have
greatly improved over subsequent years and
benefit from developments in digital technology
that are used in signal acquisition and processing.

Radio frequency waves, which are similar to ra-
dar technology, can detect small body move-
ments, such as those produced by respiration,
which may facilitate the assessment of sleep and
wakefulness and of SDB. SleepMinder (ResMed
Sensor Technologies, Dublin, Ireland) is a noncon-
tact device that estimates the severity of SDB us-
ing a multichannel biomotion sensor and an
integrated analysis software program.”® The de-
vice has been shown to correlate well with PSG
in the determination of AHI® and sleep efficiency®"
during controlled laboratory settings. More
recently, the device has been reported to be a use-
ful screening tool in the detection of moderate and
severe OSA, although having poor accuracy in the
setting of mild OSA.82

Actigraphy has been incorporated into many
smartphone applications that estimate sleep qual-
ity, and additional signals relevant to the assess-
ment of SDB may be obtained from audio and
oximetry recordings that have been incorporated
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Fig. 1. Potential physiologic signals
for the diagnosis and monitoring of
OSA. Signals can be fed wirelessly or
via Bluetooth to a router or smart-
phone and then uploaded to a
((‘ ,)) secured database, whereby end users
d’ may access and review the data. BP,
blood pressure; ECG, electrocardio-
gram; EEG, electroencephalogram.

-

End User

into many wearable recording systems, which
may also include monitoring of heart rate.®® Given
their wide availability, relatively low cost, and ease
of use, smartphones and wearable devices may
provide a valuable screening opportunity for the
detection of OSA and other sleep disorders,®*85
which may also help prioritize patients that require
more detailed investigation. Finally, technological
advances in telemedicine may strengthen interde-
partmental collaboration to improve the overall
care of OSA patients.®®

SUMMARY

Developments in signal technology and analysis
provide novel approaches to the assessment of
patients suspected of OSA, which range from
enhanced analysis of traditional signals to novel
signal technologies that provide surrogate
markers of OSA. The potential range of novel ap-
proaches to the assessment of OSA is illustrated
in Fig. 1.

CLINICS CARE POINTS

e When examining the oximetry tracing for
features consistent with OSA, ensure that
the technology of the recording device has
a sufficiently high sampling rate to detect
the characteristic fluctuations in oxygen
saturation.

e While snoring does not directly relate to OSA,
short gaps during prolonged periods of snor-
ing provide an indirect indication of upper
airway obstruction.
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e The absence of nocturnal dipping of blood

pressure is a potential surrogate marker of
OSA and is especially important as this repre-
sents a cardiovascular comorbidity.
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AZIONOIONTAZ 2TO METIZTO THN KATATPA®DH YMNNOY

Itnv mapouca avaockomnon, amno tov Sidonuo kadnynty Walter McNicholas, mapouoidfovtal ta
TEXVOAOYIKA ETUTEUYHOTO OVAKTNONG ONUATOC Kat N Stadopsetiki mOav mMPooEyylon mou TAPEXEL N
XpPNon tou KaBevig amd autd wg epyaAeio, oTov £L8IKO LATPO UMVOU KATA TNV EKTiHNON aocOevwv pe
mBavo unvoanvoiko cUvépopo Kat SltadopeTikol§ pavotumoug.

Ta €emTELYHATA OUTA XPNOLUOTOLOUV TEXVOAOYIEG TOU Kupaivovtal amod €VIOXUMEVN avaAuon
MOPASOCLAKWY TIOPAUETPWY ONHATOC £WG VEEG TEXVOAOYLEG OMATOC Kal S§€50EVwV OV uTtokaBLoTtouV 1
avanAnpwvouv aAloug deikteg, NN KABLEPpWHEVOUG OTNV KABNUEPLVA TTPOKTLKN.
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NapatiBevtal kot avaAvovtal, €miong, TA XOPOAKTNPLOTIKA KOl T TAEOVEKTAMATA Twv Sladopwv
CUOKEUWV, amo ta Kataypadikd nXou-pong Kot ta o§UMETPA, oToug nAsktpokapdioypadoug [Kat mwg
aAAo kataypadiko napéxel mAnpodopis yia tn Stakupavon tg kapdiakng ocuxotntag (HRV), dAdo yia
™ popdoloyia tou HKI i tov Xpovo petafaong kapdtakwv maApwv (PTT), dAAo ywa tnv mepidpepikn
aptnplakn tovopetpia (PAT)] kat ota kataypadikd micong (He tnv mapakoAolOnon TG aPTNPLAKNG
niieong Ko TV utooXopevn LEBodo tng Saktulikng pwrtonAnbuouoypadiag) Kot toug aktlypadoug.

Avadopd vyivetai, TéAOG, Ot VEQ, UMOOXOMEVA acUpuata cuothpata Kat BroatcOntripeg, mou
XPNOLLOTIOLOUV TNV TEXVOAOYIO TWV KUUATWV pASLOGUXVOTATWY, OHOLO KE TNV TEXVOAOYLd TWV pavTAp Kat,
HECOW TOAUKAVAAWV aLoONTPpwWV BLOKIVNONG KOl EVOWHATWHEVWV TIPOYPUUHATWY avaAuong Sedopévwy,
MITOPOUV VA AVLXVEUOOUV EAAXLOTEG CWHOTIKEG KIVOELG, OTIWG OUTEG TTOU TTAPAYOVTAL KATA TNV OLVOITVOR
KO, ELUEOWG, VoL SLEUKOAUVOUV TNV EKTIKNON TG EYPRYOPONG, TOU UTVOU KOl TWV SLtatapaywv autou.

Onowodnnote ovoTtnUa MEAETNG UMVOU KOL OV XPNOLLOTMOWNOei, T QMOTEALCHATO TPEMEL va
CUVEKTLLWVTOL ME TO LOTOPLKO KAl TN YEVIKA KALWVLKN €lKOvVa Tou acBevoug kat n diaxeipion Oa npénel va
CUVOEETAL E TOUG UTIOKELHEVOUG KALVIKOUG Kot TaBoduotodoykols GatvotUmoug Kot TLG EVOEXOUEVEG
ouvvoonpotnteg N Kwvduvous. EmunpoocBeta pe tov deiktn AHI Aoundv, AAAEG avVIXVEUOLUEG TTAPAHUETPOL
HUITOPOUV KOl TPETEL VO XPNOLLOTIOLOUVTOL KOL VL CUMHETEXOUV oth dtadikaoia tng AnPng anddaong yia
10 £i60¢ TNG Oepanciag.
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Study Objectives: Obstructive sleep apnea (OSA) is an extremely common sleep disorder. A potential association between OSA and coronavirus disease 2019
(COVID-19) severity has been proposed on the basis of similar comorbid medical conditions associated with both OSA and COVID-19.

Methods: We performed aretrospective review of 1,738 patients who were hospitalized with COVID-19 between March and October of 2020. Patients were classified
based on the presence or absence of OSA diagnosis based upon the International Classification of Diseases (ICD; codes G47.33 and U07.1 for OSA and COVID-19,
respectively). Other datawere collected, including demographics, body mass index, and comorbid conditions. COVID-19 severity was compared between groups using
the quick COVID-19 severity index.

Results: Quick COVID-19 severity index scores were higherin patients with OSA compared with those without OSA. However, the prevalence rates of type 2 diabetes
(P<.0001), coronary artery disease (P <.0001), congestive heart failure (P < .0001), and chronic obstructive pulmonary diseases (P <.0001) were also significantly
greaterin the OSA group. Unadjusted models revealed higher risk of intensive care unit admission in patients with COVID-19 and OSA. However, such an association
was attenuated and became nonsignificant after adjusting for age, sex, body mass index, and comorbid disease.

Conclusions: Inour study, OSA does not appear to be an independent risk factor for worse COVID-19 outcomes in hospitalized patients. Further studies with larger
sample sizes are needed to delineate the potential role of OSA in determining outcomes in hospitalized patients with COVID-19.

Keywords: obstructive sleep apnea, COVID-19, severity, hospitalization, comorbid conditions

Citation: MashaqiS, Lee-lannotti J, Rangan P, etal. Obstructive sleep apnea and COVID-19 clinical outcomes during hospitalization: a cohort study. J Clin Sleep Med.
2021;17(11):2197-2204.

BRIEF SUMMARY

Current Knowledge/Study Rationale: The potential role of obstructive sleep apnea (OSA) on adverse consequences of COVID-19 has been proposed and
the studies conductedin this regard are scarce. This study examines whether OSAis anindependent risk factor for worse COVID-19 clinical outcome (mortality,
length of hospital stay, intubation, and intensive care unit admission) in hospitalized patients.

Study Impact: OSAwas notanindependentrisk factor for worse COVID-19 outcomes in hospitalized patients, butitis still reasonable to recommend screening
for OSA in patients who acquire COVID-19 infection. This is based on the biological plausibility linking OSA to COVID-19-related comorbid conditions, which
had been shown (in our study and other studies) to be the major determinant of COVID-19 outcomes.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder,
characterized by repetitive episodes of collapse of the pharyngeal

Downloaded from jcsm.aasm.org by Emmanouil Vagiakis on November 10, 2021. For personal use only. No other uses without permission.
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In December 2019, a novel coronavirus, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), was described in
Wuhan, in the Hubei province of China, causing a pandemic
thathasaffected close to 100 millionandkilled over 2 million peo-
ple worldwide, with almost 25% of the deaths occurring in the
United States.' The clinical presentation varies from asymptom-
atic to severe illness, characterized by acute respiratory distress
syndrome and multiorgan dysfunction, and ultimately death.**
Many risk factors have been identified and linked to the severity
of coronavirus disease 2019 (COVID-19), including age > 60
years and comorbid diseases (such as obesity, hypertension,
and diabetes mellitus [DM]), leukocytosis, and lymphopenia.*

Journal of Clinical Sleep Medicine, Vol. 17, No. 11

airway, which has been independently associated with many
comorbid diseases of the cardiovascular, metabolic, and central
nervous systems.” A potential association between OSA and
COVID-19 severity has been proposed,®” and is based on the sim-
ilarities in the pathophysiology between these entities, as well as
mutually enhancing mechanisms that foster both the risk of infec-
tion and the immune response to the virus.® OSA, which is char-
acterized by intermittent hypoxia and sleep fragmentation, elicits
acascade of chronic low-grade systemic inflammatory processes
involving oxidative stress secondary to excessive generation
and propagation of reactive oxygen species, and induction of tran-
scriptional pathways underlying many proinflammatory
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ZXOAw0:

Ze auti TNV avadpopikn MEeAETN KooptrG oL cuyypadeic peAétnoav av 1o
oUvSpopo anodpaktikig anvoiag otov Unmvo (ZAY) amoteAel amé povo TOoUu
napayovta KwwdUvou yia voonlAeia oto voookopeio Adyw Aoipwéng COVID-19.
1738 aoBeveic mou voonAeltnkav Aoyw tou COVID-19 xwpiotnkav ce 800
oHAdeG, o€ auToUug Tov eixav ZAY Kat og ou dev eixav. H Baputnta tn¢ Aoipwéng
COVID-19 untoAoyiotnke cupdwva pe tov deiktn quick COVID-19 severity index.

Me Bdon tov 8eiktn quick COVID-19 severity index Bp£Onke mwg oL aoOeveig pe
ZAY eixav BapUtepa cupntwpata AOyw ths Aoipwéng o€ oUYKPLON LLE AUTOUG TIOU
6ev fnaoxav ano AY. EmumAéov oL aoBevei¢ pe ZIAY €lyav TEPLOOOTEPEG
ouUVVOOoNPOTNTEG OMWG cakyxapwdn dafntn tumnov ll, octedpaviaia vooo, kapdiakn
OVETIAPKELA KoL XPOVLa arnodpaKkTiK nveupovonaBeia. Eniong oL acBeveic pe ZAY
KOl OUVVOONPOTNTEG E£iXav HEYQAUTEPEG TOAVOTNTEG EL0AywWyrG Ot Hovada
evtatikng Oepanciag. Qotdéco n ocucyétion Me to IAY Kal T Baputnta tnv
Aoipwéng COVID-19 dev BpéBnke va sival uPnAn Otav €yve n MPOCAPHOYH TWV
anoteAeopdtwv ME TNV nAkia, To PUAO, TOV SeikTn MALOG CWMATOG KOl TLG
oUVVOONPOTNTES.

Tupnepacpatika daivetal nwg to IAY and povo tou dev amoteAel avefaptnto
napayovta KwdUvou yia cofapni Aoipwén COVID-19 aAAd amoteAel otav ot
aoBeveic pe IAY €xouv pall Kat ouvvoonpotnte. Opwg ywa aocdaliotepa
CUMMEPACTHATA XPELALOVTOL TEPALTEPW UEAETEG.

Ertidoyn) apBpou — IxoAlaopog: KaAAppon Adunpou
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Continuous positive airway pressure improves blood
pressure and serum cardiovascular biomarkers in
obstructive sleep apnoea and hypertension
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Abstract

Background: The impact of treatment for obstructive sleep apnoea (OSA) on reduction of
cardiovascular risk is unclear. This study aimed to examine the effect of continuous positive airway
pressure (CPAP) on ambulatory blood pressure (BP) and subclinical myocardial injury in subjects with
OSA and hypertension.

Methods: This was a parallel-group randomised controlled trial. Subjects with hypertension requiring
at least three antihypertensive medications and moderate-to-severe OSA were enrolled. Eligible
subjects were randomised (1:1) to receive either CPAP treatment or control (no CPAP) for 8 weeks.
Changes in ambulatory BP and serum biomarkers were compared. Stratified analysis according to
circadian BP pattern was performed.

Results: 92 subjects (75% male; meantsd age 51+8 years and apnoea-hypopnoea index 40+8
events-h™!, taking an average of 3.4 (range 3-6) antihypertensive drugs) were randomised. The group
on CPAP treatment, compared with the control group, demonstrated a significant reduction in 24-h
systolic BP (-4.4 (95% Cl -8.7- -0.1) mmHg; p=0.046), 24-h diastolic BP (-2.9 (95% CI -5.5- -0.2) mmHg;
p=0.032), daytime systolic BP (-5.4 (95% CI -9.7- -1.0) mmHg; p=0.016) and daytime diastolic BP (-3.4
(95% Cl -6.1- -0.8) mmHg; p=0.012). CPAP treatment was associated with significant BP lowering only
in nondippers, but not in dippers. Serum troponin | (mean difference -1.74 (95% Cl -2.97- -0.50)
pg:mL™"; p=0.006) and brain natriuretic peptide (-9.1 (95% Cl -17.6- -0.6) pg-mL™"; p=0.036) were
significantly reduced in CPAP compared with the control group.

Conclusions: In a cohort with OSA and multiple cardiovascular risk factors including difficult-to-
control hypertension, short-term CPAP treatment improved ambulatory BP, and alleviated subclinical
myocardial injury and strain.

Trial registration: ClinicalTrials.gov NCT00881985.

Copyright ©The authors 2021. For reproduction rights and permissions contact permissions@ersnet.org.
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ZXO0Awo:

Ynéptaon Kat ZAAY gival voool pe uPnAé erunmoAacpd otov mMAnOucpo.To ZAY
OVeUpPIlOKETAL Ot TEePIMOU 25-50% TWV UMEPTOOLKWV KOL UTIAPXEL ONUOVTLKA
etepPOyEVELAL oTNnV amavinon tng AN oto CPAP pe toug aoBeveig veapwtepng
nAwiag, maoyovieg ano copapo TAAY Kot pe pn eAeyxopevn AN va napouvoidouv
KaAUTEpPN amavnon.

MeAetOnkav 40 acBeveig (1:1 CPAP vs. control, parallel group RCT) mou eixav
unéptaon e tpia pappaka kal pEtplo-cofapd IAAY, pe AHI >15 events/h ywa
nepiodo 8 efdopadwv. Eywe mAnpng inlab PSG, 24wpn kataypadn AN, pétpnon
KapSlakwv Brodektwv kot xprion CPAP auto.

Bp£0nke otL to nondipping profile drives the response to CPAP. H 24wpn ouot. All,
24wpn dwaot.AMN,nuepriocla ouct.AM, nuepnola Staot. AM, BpEOnKav onuUAvVTIKA
HELWHEVEG, Xwpls Stadopd otig VUKTEPLVEG KataypadEg Twv mEcswv. Eniong ot
KapSiakol BLodeikteg Tpomovivn Kat BNP eAattwOnkav CnUOVTLKA E TN XPHON TOU
CPAP, evw) oL ¢Aeypovwdelg Prodeikteg OxL. Ymnp&e ouoxétion MeTal TG
eAATTWONG TNG TPOTMOVIVNG Kal TNG €AATIWONG TNG VUKTEPLWVNG OuoT.AM. O
nondippers ntou éAapav CPAP giYav cnUAVTIKA PElWHEVEG Kataypadég tng Al oe
oxéon pe toug dippers (-4.5 €w¢ - 7.1 mmHg).

H nuepnola AN og €6a¢0og CUUMAONTIKOTOVIOG UTTOKELTAL OE QLYUEG TIiEoNG AOyw
efwreplkwv gpediopdtwv Kat BpéOnke ot n xpron CPAP ywa 6 eBdopddeg
eAaTTWVEL TNV Vvopemivedpivn Kol tn nuepnola SLaot.All, GUVENWG O NUEPNOLOG
CUMNABONTIKOG TOVOG Eival 0 pwto¢ mou anavtd octo CPAP. EAadpwg auvénuéva
enineda tpomnovivng mou sival Katw anod ta Gpucloloylkd opla , Seixvouv xpovia
puokapdlakn BAABN. Autd ta HeTpiwe avinuéva enineda tpomovivng kat pro-BNP
oxetilovtaw pe auvénuévo kivéuvo ywa IN, kapdiakn avemdpkela, stroke kot
Ovntotnta o€ pia nepiodo > 10etiag.

IYMMNEPAIMA: H xpnon tou CPAP ywa tn Oepancia tov IAAY £6woe eni mAfov
€Aeyxo ¢ AN mapad tn Xprion MOAAAMAWY QVTLUTIEPTAOLKWY POPUAKWY KoL LIOpEL
va anotpéPel tnv UMOKALVLKN puokapdiakn BAABN kat strain.

Ertidoyn apBpou — ZxoAlaopog: Mavaylwtng Navayou
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Abstract

Background Habits surrounding health behaviors (i.e.,
sleep, physical activity, diet) are developed in toddler-
hood. Lack of consistent health habits may increase
obesity risk among toddlers in low-income families.

Purpose To compare the role of sleep onset consistency,
physical activity and diet quality as mediators between
household poverty and toddler weight.

Methods Two hundred and seven toddlers (mean
age = 20.2 months, 46% female, 68.1% Black)
participating in an obesity prevention trial were assessed
at three time points over 12 months. Using Actical ac-
celerometers, we assessed sleep and physical activity at
each time point for up to 1 week. We defined sleep onset
consistency as the standard deviation of sleep onset
across all days. We calculated the Healthy Eating Index-
2015 from a 24-hr dietary recall. We used WHO stand-
ards to calculate BMI-for-age z-scores from toddlers’
weight/length, and calculated poverty ratio from parent-
reported income and family size. Multilevel mediation
models tested toddler sleep onset consistency, physical
activity, and diet quality as mediators between house-
hold poverty and toddler BMI z-score.

Results Toddlers from households with higher poverty
ratios had more inconsistent sleep onset times. Toddlers
with more inconsistent sleep onset times had higher BMI
z-scores across all timepoints, even when accounting for

< Lauren B. Covington Icovingt@udel.edu

University of Delaware School of Nursing, 100 Discovery
Boulevard, 5th floor, Newark, DE 19713, USA

Arnold School of Public Health, Department of Exercise
Science, Columbia, SC, USA

University of Maryland Baltimore School of Medicine,
Department of Pediatrics, Baltimore, MD, USA

4 RTI International, Research Triangle Park, NC, USA

physical activity and diet quality. Sleep onset consistency
indirectly explained the association between household
poverty and BMI z-score.

Conclusions Inconsistent sleep schedules could help
explain the association between poverty and BMI.
Future research should examine strategies to support
low-income families to develop and maintain routines as
a mechanism to prevent obesity and reduce disparities.

Trial registration number NCT02615158.

Keywords Toddlers - Bedtime - Obesity - Poverty -
Physical activity - Diet quality

Introduction

Routines surrounding healthy behaviors are developed
in toddlerhood (12-36 months) [1, 2], and are estab-
lished into habits that are carried on into adolescence
and adulthood [3]. Families have the opportunity to
establish daily lifestyle habits in conjunction with tod-
dler developmental milestones. Children begin walking
at the start of toddlerhood, allowing them to partake
in daily physical activity [4]. Food preferences and
autonomy in eating begin in the second year of life,
making toddlerhood an opportune time to introduce
healthy food choices such as fruits and vegetables [5].
Additionally, by 12 months of age, toddlers reach an
important milestone of sleep self-regulation (i.e., falling
asleep independently at bedtime) [6]. Parenting prac-
tices, such as implementing consistent sleep routines
enhance toddlers’ ability to develop sleep-wake regula-
tion [3, 6]. Although diet quality, regular physical ac-
tivity, and adequate sleep can prevent unhealthy weight
gain and associated chronic diseases, the health bene-
fits of these behaviors are only realized when they are
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ZXO0Awo:

To apBpo auTd avadelKVUEL OTL VATILAL OLKOYEVELWV XOUNAOU £L608MATOG, TOL OMola €XOUV
OKOVOVLOTO TPOypappa UMvou KataAnyouv va €xouv udnAotepo Acsiktn Maloag Zwpartog,
akopn kot otav AndOei unoyn n puokn Spactnpdotnta, n moldtnTa TNG Silawtag Kot n
SLapKeLa Tou UTIVOU TWV TTALSLWV.

H peAétn S€lXVveL OTL N KAVOVLKOTNTA TOU MPOYPAHHATOG UMVOU oTa VATILA £ival €vag oAU
ONHAVTLKOG TIOPAYOVTaG MOV SLopecOAaBel TNV OXEON AVAMECH OF XOUNAO OLKOYEVELOKO
€100 KOlL TN TAXUCapKia.

Enopévwg, 8ev QPKEL TO VATILO VA KOLMATOL OPKETEC WPEG, AAAd Oa MpémeL va umMApP)EL
KOVOVLKOTNTA 0TV wpa Tou Umnvou. Mpodavwe autd €ival CnUOVILIKO yla OAd to matdid
OVEEOPTATWG KOLVWVLKO-OLKOVOMLKOU emnméSou, aAAd otn napoloa HeEAETN avadeixOnke ot
ouoxetiletar pe uPnAotepo Aciktn Malag IWHATOC O VATLAL TIOU TPOEPXOVIAL OO
OLKOYEVELEG XOUNAOU €L008QMATOG. AvayvwpilleTtal OTL | KOWVOVLKOTNTO TOU TIPOYPAUOTOC
TOU UMVOU €ival SUCKOAN yLOL OLKOYEVELEG OL OMOieg {OUV HE MTWYXA HEOQ, OTOV UTIAPXOUV
LOVOYOVEIKEG OLKOYEVELEG, LE TIOAAQ TTOULSLA 1) OTaV avayKA{ovTal oL YOVELG va epyalovtal o€
TLOAAEG SOUAELEG KOl XWPLG KOWVOVIKA TTPOYypAaaTa Epyaciag.

H cUotaon sival ta natdia va Kotpoluvtal o€ pia otabepn wpa nov 8& Oa anokAivel mavw
ano pia wpa and tn cuvnOLopévn wpa Tou UMVou.

H pelétn authy €ival GNUOVTIKA ylati KOTAARYEL OTO MOPANAVW COBAPO CUMUMEPACHA, TO
omnoio yLa MoAAEG OLKOYEVELEG ival Mpodaveg Kal Tnpeitat, aAAd yia AAAEG OLKOYEVELEG TTOU
OVTLUETWT{OUV KOLVWVLKO-OLKOVOLLKA TtpoBArata givat oAl SUckoAo va tnpnO«i.

O GUOXETLOUOG AVAUECO 0T SLAPKELA KOl 0TV IOLOTNTA TOU UTIVOU KOIL TRV TtoXUoapKia £XEL
§avaoulntnOei oe eviAKeG KoL o€ peyalltepa madid, OxL OpwG T000 MIKPEG NAwieg. H
MEAETN TOU TPOPANLATOG AUTOU OTA VATILAL ELVOLL TIPOLYLATLKA ONLOLVTLKE.

Erttdoyn) apBpou - ZxoAlacpog: Avtiyovn Nanafaciieiov
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OBJECTIVES:

Extended-duration work rosters (EDWRs) with shifts of 24+
hours impair performance compared with rapid cycling work
rosters (RCWRs) that limit shifts to 16 hours in postgraduate
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year (PGY) 1 resident-physicians. We examined the impact of
a RCWR on PGY 2 and PGY 3 resident-physicians.

METHODS:

Data from 294 resident-physicians were analyzed from a
multicenter clinical trial of 6 US PICUs. Resident-physicians
worked 4-week EDWRs with shifts of 24+ hours every third or
fourth shift, or an RCWR in which most shifts were <16
consecutive hours. Participants completed a daily sleep and
work log and the 10-minute Psychomotor Vigilance Task and
Karolinska Sleepiness Scale 2 to 5 times per shift
approximately once per week as operational demands
allowed.

RESULTS:

Overall, the mean (+ SE) number of attentional failures was
significantly higher (P =.01) on the EDWR (6.8 + 1.0) compared
with RCWR (2.9 + 0.7). Reaction time and subjective alertness
were also significantly higher, by ~18% and ~9%, respectively
(both P <.0001). These differences were sustained across the
4-week rotation. Moreover, attentional failures were
associated with resident-physician-related serious medical
errors (SMEs) (P =.04). Although a higher rate of SMEs was
observed under the RCWR, after adjusting for workload,
RCWR had a protective effect on the rate of SMEs (rate ratio
0.48 [95% confidence interval: 0.30-0.77]).

CONCLUSIONS:

Performance impairment due to EDWR is improved by
limiting shift duration. These data and their correlation with
SME rates highlight the impairment of neurobehavioral
performance due to extended-duration shifts and have

important implications for patient safety.

Subjects: Administration/Practice Management, Sleep
Medicine, Workforce
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ZXO0Awo:

H moAukevtplkry aut MHeAETn avadéEpetal otnv €Nidpacn TOU MAPATETAUEVOU wWpPApiou
£pPYaACLOC LATPWV TTOU UTNPETOUV o€ tadLatpiké¢ MEO tooov 6oov adopad tn Asttoupyia tng
MPOCOXNG, 000 KoL 0TV anodoor Toug otn ¢ppoviida Twv mMaLdLwv Tou voohAguovtal otV
EVTATIKA povasda.

MeAétnoav VEoug LATPOUG- ELSLKEUOMEVOUG OTo 2° Kal 3° XpOvo NG EL8LKOTNTOG- TIOU
aoxoAndnkav otn MEO yia 24 wpeg | eVAAAQKTIKA yLa 16 wpeg otn Stapkela 4 BSopadwv.

KatéAn§av nwg n unvhAia Kat oL «anmpooegieg» NTaV onUAVTIIKA AlyOTEPEG OTOV OL BAPSLEG
TWV SEUTEPOETWV KOl TPLTOETWV ELSLKEVOUEVWV ot MEO Rtav £éwg 16 wpeg, mapa otav ATav
Siapkelag 24 wpwv. Mpoteivouv oL unevBuvol MEO va €MOVEEETAGOUV TOL WPAPLA TWV
LOLTPWYV TTOV TLG KAAUTITOUV Iipog anoduyr npofAnpatwy.

EivalL yeyovog mwg o€ oxéon ME GAAa emayyéApata, oL LaTpoi £Xouv MEivel Miow otov
TPOYPOUHATICHO aochalAwv wpapiwv epyaciag, poAovott untapxouv adBova dedopéva yla
™ &uopevl enidpacn NG OTEPNONG UMVOU TAVW OTNV UYElQ YEVIKOTEPQ, KoL OTn
Asttoupylkotnta tTwv €pyalopévwv. H EAAeln OUYKEKPLHEVWV KOl EUPEWCG OMOSEKTWV
oénylwv navw oto B£pa avtd mBavov va odelAETaL OTNV ETEPOYEVELN TWV AMOTEAECHUATWV
™G BBAoypadiag, oto MPOPANHATIOHNO OXETIKA HE TNV EKMAISEUON TWV ELSIKEUOHEVWV
LOLTPWV KOlL OE OLKOVOHLKOUG TTOLPALYOVTES.

Toviletal OtL To Oépa auto MpEMEL va culnTteital Kat va avtlpetwniletal, diott adopd tnv
aodpalela Twv acbsvwv aAAd Kot TNV molotnta TG {WNHG TWV LATPWY, OL Omoiotl XxpeLtadovrat
TOV UTIVO TOUG, OTtWG Kat OAoL oL aAAoL epyalopevol.

Erttdoyn) apBpou - ZxoAlacpog: Avtiyovn Nanafaciieiov
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Abstract

Purpose Obstructive sleep apnea (OSA) is a critical occupational health concern, but is often undiagnosed in the general
population and commercial drivers. The STOP-Bang questionnaire is a simple, reliable tool to screen for OSA, which could
improve public health in a cost-effective manner. The objective of this systematic review and meta-analysis is to assess the
validity of the STOP-Bang questionnaire to detect OSA in these key populations.

Methods We searched MEDLINE, Embase, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic
Reviews, PsycINFO, Journals @ Ovid, Web of Science, Scopus, and CINAHL for relevant articles from 2008 to March 2020.
The quality of studies was appraised using Cochrane Methods criteria. To calculate pooled predictive parameters, we created 2 x
2 contingency tables and performed random-effects meta-analyses.

Results Of 3871 citations, five studies that evaluated STOP-Bang in the general population (n=8585) and two in commercial
drivers (n = 185) were included. In the general population, prevalence of all OSA (AHI > 5), moderate-to-severe OSA (AHI>
15), and severe OSA (AHI > 30) was 57.6%, 21.3%, and 7.8% respectively. In commercial drivers, the prevalence of moderate-
to-severe OSA was 37.3%. The trends of high sensitivity and negative predictive value of a STOP-Bang score > 3 illustrates that
the questionnaire helps detect and rule out clinically significant OSA in the general population and commercial drivers.
Conclusion This meta-analysis demonstrates that the STOP-Bang questionnaire is a valid and effective screening tool for OSA in

the general population and commercial drivers.
Trial registration PROSPERO No. CRD42020200379; 08/22/2020

Keywords Obstructive sleep apnea - Screening questionnaire - STOP-Bang questionnaire - General population - Commercial
drivers

Introduction
Lina Chen and Bianca Pivetta authors shared first authorship. Obstructive sleep apnea (OSA) is characterized by cessation
of breathing during sleep, which leads to poor sleep patterns
>< Frances Chung and daytime somnolence. OSA is an increasingly common
frances.chung@uhn.ca sleep-breathing disorder and a substantial public health con-

cern [1, 2]. The reported prevalence of overall OSA in the

Department of Anesthesia and Pain Management, Toronto Western general adult population ranges from 9 to 38% [375] with an

Hospital, University Health Network, University of Toronto,

Toronto, Ontario, Canada estimated 80-90% of those individuals with OSA remaining
2 Department of Anesthesia and Perioperative Medicine, London undlagnose_d. (6. 71. Am.ong commercial dl_.wers’ th are a
Health Sciences Centre and St. Joseph Health Care, Western safety-sensitive occupational group, OSA is present in 24—
University, London, Ontario, Canada 28% of'the workforce [8, 9]. If left undiagnosed and untreated,
3 Library & Information Services, University Health Network, OSA can lead to serious health consequences including hy-
Toronto, Ontario, Canada pertension [10], cardiovascular diseases [11, 12], cognitive
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IXO0Aw0:

To epwtnupatodoyiov STOP-Bang, Adyw NG MPAKTKOTATAG Kal TG uPnAng tou
gvalocOnoiag, EXeL EMKUPWOEL OE XWPOUG XELPOUPYLKAG KOl KALVLKIG UTIVOU TTAYKOGHLWG.

O 0T0X0G AUTAG TNG CUCTNHOTLKIG OLVOLOKOTINONG Kol petaavaAluong ivat va agloAoynOsi
N EyKUPOTNTA TOU epwtnuatoloyiou OSA otnv aviyveuon tng¢ anodpaKTIKAG AMvVoLag
(OSA) oe 6U0 onuavtikoug MANOUGHOUG, OMWG O YEVIKOG MANOUOMGG AN Kou oL
enayyeApatieg odnyol.

AvalntiOnkav oxetika apOpa amnd to 2008 £wg tov Mdptio tou 2020, n moLOTNTA TWV
omnoiwv afloAoynOnke pe xprion ta kptnpla tng Me0odou Cochraine.

Ano 3871 avadopég, cuuneptAndOnkav névie peAéteg mou afloAoynoav to STOP-Bang
OT0 YEVIKO MANOuoud (n =8585) kat 8U0 oe emayyeApatie¢ odnyoug (n=185). Zto yeviko
NANOUGHO, 0 EMUMOAACHOG OAWV Twv OSA pe AHI>5, AHI>15 AHI>30 Rtav57,6%, 21,3%kKal
7,8% avtiotolya. e enayyeApatieg o6nyolg, O EMUMOAAGHOG TNG HETPLAG WG COBAPHG
OSA ntav 37,3%.

Ou taoelg uPnARg evauoOnoiag Kal apvNTIKAG MPOYVWOTIKAG afiag pag Baduoloyiag
STOP-Bang> 3, 68eixvouv OtL T0 €pwtnUatoAdyio PBonbd otnv aviyveuon Kot TovV
OTTOKAELOMO ONUAVTLKAG OSA oToV YeVIKO MTANBUGHO KoL 0TOUG EMAyYEALATIEG 06nyOUG.

Ertthoyn apBpou — ZxoAlacpnog: EAévn Meppdkn
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Assessment of obstructive sleep apnea-related sleep
fragmentation utilizing deep learning-based sleep staging from
photoplethysmography
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Abstract

Study Objectives: To assess the relationship between obstructive sleep apnea (OSA) severity and sleep fragmentation, accurate differentiation between sleep and
wakefulness is needed. Sleep staging is usually performed manually using electroencephalography (EEG). This is time-consuming due to complexity of EEG setup and
the amount of work in manual scoring. In this study, we aimed to develop an automated deep learning-based solution to assess OSA-related sleep fragmentation

based on photoplethysmography (PPG) signal.

Methods: A combination of convolutional and recurrent neural networks was used for PPG-based sleep staging. The models were trained using two large clinical
datasets from Israel (n = 2149) and Australia (n = 877) and tested separately on three-class (wake/NREM/REM), four-class (wake/N1 + N2/N3/REM), and five-class (wake/
N1/N2/N3/REM) classification. The relationship between OSA severity categories and sleep fragmentation was assessed using survival analysis of mean continuous
sleep. Overlapping PPG epochs were applied to artificially obtain denser hypnograms for better identification of fragmented sleep.

Results: Automatic PPG-based sleep staging achieved an accuracy of 83.3% on three-class, 74.1% on four-class, and 68.7% on five-class models. The hazard ratios
for decreased mean continuous sleep compared to the non-OSA group obtained with Cox proportional hazards models with 5-s epoch-to-epoch intervals were 1.70,
3.30, and 8.11 for mild, moderate, and severe OSA, respectively. With EEG-based hypnograms scored manually with conventional 30-s epoch-to-epoch intervals, the

corresponding hazard ratios were 1.18, 1.78, and 2.90.

Conclusions: PPG-based automatic sleep staging can be used to differentiate between OSA severity categories based on sleep continuity. The differences between the
OSA severity categories become more apparent when a shorter epoch-to-epoch interval is used.

Statement of Significance

Differentiation between sleep and wakefulness, which is needed to assess obstructive sleep apnea (OSA)-related sleep fragmentation, is commonly performed
using EEG signal segmented to 30-s epochs. With this protocol, some of the sleep stage transitions may be omitted. As home measurements are becoming in-
creasingly common, assessment of sleep fragmentation with a simple measurement setup is needed. In this study, automatic PPG-based sleep staging was used
to assess sleep fragmentation in a clinical population with suspected OSA. Overlapping epochs were used with the automatic deep learning models to obtain a
higher resolution of the sleep architecture. The results show that PPG-based automatic sleep staging is possible and can be utilized to differentiate between OSA

severity categories with respect to sleep fragmentation.

Key words: obstructive sleep apnea; sleep fragmentation; sleep staging; deep learning; survival analysis
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ZXO0Awo:

Elvou anapaitnto yla tnv cUoXETLON TNG TOU GUVSPOOU TNG AOPPAKTLKAG UTIVLKAG
ATMVOLAG KOLL TOU KOTAKEPHATLONEVOU UTVOU, N akpLPr¢ Siakpilon petafu UMVou Kot
gypniyoponc. H katnyoplonoinon twv otadiwv tou UMvou yivetal Xelpokivnta
Baost tou HEl 10 Omoio &ival apketd XpovoPfopo. IZE QUTAV TV Epyacia
afloloysitar n mpoomaBsia wWOoTe Mia outopatomolnpévn Swadikaocia va
MPOGSLOPLOEL TOV KATAKEPHATLONO TOU UMVOU O€ ao0eVELG e amod paKTLKK) UTIVLKA
anvola, pécw tng dwronAnbuopoypadiag (PPG). Kata tov NREM Unvo n péon
oPTNPLOKA TIiESN Kal N KapSLakr apoxn Hetwvovtol evw avtifeta otov REM Unvo
n HEON OpTNPLOKA Tieon Kot o Kapdiakny ouxvotnta avfavovtail. AUTEG TLG
Stakupavoelg aflomolet n pEBodog pwronAnbuopoypadiag .

Ze 600 peyaleg PBaoelg KAwikwv Sedopévwv  edpapudotnke n  HEBodog Ko
aglodoynOnke Eexwplotd otig akOAOUVOEC TaELVOUNOELG

o) WAKE/NREM/REM
B) WAKE/N1+N2/N3/REM
y) WAKE/N1/N2/N3/REM

H autopatonotnpévn KatnyopLomnoinon tTwv otadiwv tTou UNMvou mnopouciace
akpifela g Tagng Tou 83,3% yia tnv Stdkpion WAKE/NREM/REM, 74,1% ywa thv
Suakplon WAKE/N1+N2/N3/REM Kat  68,7% ywa v Sudkplon
WAKE/N1/N2/N3/REM.

JupmnEepAcHATIKA, N PBaocwouévn otnv ¢wrtonAnbuouoypadia (PPG) avtopatn
avaiuon twv otadiwv Unvou umopel va Staywpiosl ta otadia Baputntag Tou
anodpakTkou ocuvdpopou afloAoywvtag tnv cuvoxn tou Umvou, dlaitepa av
Xpnotpomnotnfetl xpoviko didotnua pikpotepo twv 30 sec.

Erttdoyn apBpou — IxoAtaouog: Evayyedia ®Awpou
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