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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/m2; 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 � 0.8 years of CPAP use was significantly (all P < .001) associated with
civil status (married vs unmarried: þ20.5 min/night), education level (high, $ 13 years
vs low, # 9 years: þ13.2 min/night), total household income (highest/third/second vs lowest
quartile: þ15.9 min/night, þ10.4 min/night, and þ6.1 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: þ29.0 min/night and þ29.3 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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Σχόλιο: 

Η συμμόρφωση στη CPAP είναι γνωστό ότι έχει μεγάλη σημασία για την 

αποτελεσματικότητα της θεραπείας. 

Η μελέτη αυτή από τη Σουηδία προσπαθεί να απαντήσει στο ερώτημα πώς οι 

κοινωνικοοικονομικοί παράγοντες μπορούν να επηρεάσουν τη συμμόρφωση  στη  

CPAP ασθενών με αποφρακτική άπνοια του ύπνου. 

Ενώ αρχικά εντάχθηκαν 65.803 άτομα τα οποία ελάμβαναν θεραπεία με CPAP σε 

αυτή τη μελέτη κοόρτης, η τελική ανάλυση συμπεριέλαβε 20.521 ασθενείς, ενώ 

ως συμμόρφωση στη CPAP  θεωρήθηκε η χρήση για τουλάχιστον 4 ώρες. Οι 

παράγοντες που εξετάστηκαν σε σχέση με τη συμμόρφωση  ήταν  το μορφωτικό 

επίπεδο (με βάση τα έτη εκπαίδευσης), το βιοτικό επίπεδο (με βάση στοιχεία που 

αφορούσαν στο εισόδημα), το αν ο ασθενής ήταν παντρεμένος ή όχι και το αν ο 

ασθενής καταγόταν από τη Σουηδία ή ο ένας ή και οι δύο γονείς του ήταν 

μετανάστες. 

Η μελέτη έδειξε ότι οι ασθενείς που ήταν παντρεμένοι, είχαν υψηλότερο 

μορφωτικό  και βιοτικό επίπεδο και οι γονείς τους δεν ήταν μετανάστες 

εμφάνιζαν καλύτερη συμμόρφωση στη χρήση της CPAP. Το αποτέλεσμα αυτής της 

μελέτης μας δείχνει ότι θα ήταν ίσως σκόπιμη η πιο εντατική ενημέρωση και η πιο 

συχνή  παρακολούθηση ασθενών με χαμηλότερο κοινωνικοοικονομικό επίπεδο 

και ασθενών οι οποίοι ζουν μόνοι τους. 

Επιλογή άρθρου – Σχολιασμός: Αθηνά Βλάχου 



 

 

Σχόλιο : Το παραπάνω άρθρο , προερχόμενο από κέντρο της γειτονικής Νότιας Ιταλίας , 

συγκεντρώνοντας δεδομένα ακτιγραφίας αλλά και το ερωτηματολόγιου ποιότητας ύπνου 

Pittsburg Sleep Quality Index  , μελετάει την επίδραση του 3ου κύματος της πανδημίας 

COVID ( άνοιξη 2021) σε υγιείς ενήλικες και διαπιστώνει κατακερματισμό ύπνου( με 

αφυπνίσεις  > 5min στο 12,7%) και φτωχή υποκειμενική ποιότητα ύπνου ( PSQI score 5,77) . 

Αυτές οι επιβλαβείς επιδράσεις δεν έχουν βελτίωση συγκριτικά με τα προηγούμενα δύο 

κύματα ( άνοιξη και φθινόπωρο 2020). Οι συγγραφείς υπογραμμίζουν πως δεν πρέπει να 

υποτιμώνται παρεμβάσεις που αφορούν την υγεία του ύπνου σε καταστάσεις παγκόσμιας 

έκτακτης ανάγκης σαν αυτή.  

Γκιζοπούλου Ευαγγελία , Πνευμονολόγος  



Getting More from the
Sleep Recording
Walter T. McNicholas, MD, FERS

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 1968,1 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).2 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.3 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.4

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,5 makes it
particularly relevant to explore novel approaches
to the accurate and reliable diagnosis of this disor-
der in the ambulatory setting.6

Currently, disease severity is measured using
AHI as determined from a sleep study. However,
there is poor association between daytime
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KEY POINTS

� 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.

� 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.

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

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

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

Sleep Med Clin 16 (2021) 567–574
https://doi.org/10.1016/j.jsmc.2021.08.001
1556-407X/21/� 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY li-
cense (http://creativecommons.org/licenses/by/4.0/).
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symptoms such as excessive daytime sleepiness
and the AHI,7 and there is increasing evidence
that cardiometabolic comorbidities may be more
related to measures of oxygen desaturation during
sleep than the AHI.3 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,8 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,9,10

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.11 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.12 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.8 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.13

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.14

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.15,16

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 AHI.17 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.18,19 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
15.20 More recently, an over the counter small,
wireless wearable patch has been developed
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(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.21

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).22 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,23 with similar results reported
in other studies.22,24

OXIMETRY

Overnight oximetry has long been proposed as a
simple and reasonably accurate technique for
OSA diagnosis, especially in severe cases,10,25

but has limited reliability in mild OSAwhere 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.26,27 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
characteristics25 and novel strategies for the anal-
ysis of oximetry using automated techniques28–30

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.31

Computer-assisted applications that provide
automated signal processing facilitate the quantifi-
cation of the frequency, duration, and severity of
desaturations, which enhance the clinical

assessment of OSA.29,32–34 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 investigation35–37 and may also have a
role in treatment follow-up.38

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-
quences39,40 that may influence treatment deci-
sions.26 However, a more detailed analysis of the
SpO2 signal with computer-assisted and machine
learning algorithms improves the predictive abil-
ity41–43 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),44 diabetes melli-
tus,45 and heart failure.46

Oximetry may also have value in screening pa-
tients for OSA in certain comorbidities including
stroke,47 heart failure,48 morbid obesity,49,50 and
chronic obstructive pulmonary disease (COPD).51

In stroke, OSA is associated with diminished re-
covery and increased mortality.52 In patients with
congestive cardiac failure, overnight oximetry
has a high sensitivity (97%) but poor specificity
(32%) for SDB.48 Oximetry performs better in pa-
tients with gross obesity with reports of up to
100% sensitivity and 93% specificity for SDB in
ambulatory testing.49 Oximetry has limited poten-
tial for the diagnosis of OSA in patients with
COPD with low sensitivity (59%) and specificity
(60%)51 although performs better when combined
with novel signal analysis technology.53

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.54 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 HRV55 that can
provide information relating to autonomic activity
and may give added insight into sleep stages.56

Further information can be obtained from fluctua-
tions in the QRS amplitude that are a consequence
of rib cage movements during respiration. The

Getting More from the Sleep Recording 569



combination of ECG-derived respiratory move-
ment and sleep apnea–related HRV has the poten-
tial to be a useful screening tool for OSA57 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.58 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.58

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.59

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 AHI.60 WatchPAT has
been evaluated in several studies with some, but
not all, reports indicating the device to provide a
reasonably accurate assessment of OSA.59–61 A
meta-analysis found a good correlation between
sleep indices calculated by laboratory-based
PSG and those obtained from a PAT device
(r 5 0.889),62 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,12,63 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,64 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.65 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.66

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.67,68 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.69 A
novel smart-watch, CareUp (Farasha Labs, Paris,
France), has been developed that gives a contin-
uous estimation of BP70 and has been validated
in a study of 44 subjects.67 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 bodymove-
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 sleep71 and, more recently,
as an alternative to PSG for prolonged monitoring
of sleep quality.72 Several reviews73–75 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.76 In comparison with PSG, actig-
raphy overestimates total sleep time and underes-
timates time spent awake.77 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 OSAwhere 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.78 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.79 The de-
vice has been shown to correlate well with PSG
in the determination of AHI80 and sleep efficiency81

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

into many wearable recording systems, which
may also include monitoring of heart rate.83 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,84,85

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.86

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

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
may access and review the data. BP,
blood pressure; ECG, electrocardio-
gram; EEG, electroencephalogram.

� 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.

� 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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Σχόλιο: 

ΑΞΙΟΠΟΙΩΝΤΑΣ ΣΤΟ ΜΕΓΙΣΤΟ ΤΗΝ ΚΑΤΑΓΡΑΦΗ ΥΠΝΟΥ 

  Στην παρούσα ανασκόπηση, από τον διάσημο καθηγητή Walter McNicholas, παρουσιάζονται τα 

τεχνολογικά επιτεύγματα ανάκτησης σήματος και η διαφορετική πιθανή προσέγγιση που παρέχει η 

χρήση του καθενός από αυτά ως εργαλείο, στον ειδικό ιατρό ύπνου κατά την εκτίμηση ασθενών με 

πιθανό υπνοαπνοϊκό σύνδρομο και διαφορετικούς φαινοτύπους. 

   Τα επιτεύγματα αυτά χρησιμοποιούν τεχνολογίες που κυμαίνονται από ενισχυμένη ανάλυση 

παραδοσιακών παραμέτρων σήματος έως νέες τεχνολογίες σήματος και δεδομένων που υποκαθιστούν ή 

αναπληρώνουν άλλους δείκτες, ήδη καθιερωμένους στην καθημερινή πρακτική. 

 

  Παρατίθενται και αναλύονται, επίσης, τα χαρακτηριστικά και τα πλεονεκτήματα των διαφόρων 

συσκευών, από τα καταγραφικά ήχου-ροής και τα οξύμετρα, στους ηλεκτροκαρδιογράφους [και πώς 

άλλο καταγραφικό παρέχει πληροφορίες για τη διακύμανση της καρδιακής συχότητας (HRV), άλλο για 

τη μορφολογία του ΗΚΓ ή τον χρόνο μετάβασης καρδιακών παλμών (PTT), άλλο για την περιφερική 

αρτηριακή τονομετρία (PAT)] και στα καταγραφικά πίεσης  (με την παρακολούθηση της αρτηριακής 

πίεσης και την υποσχόμενη μέθοδο της δακτυλικής φωτοπληθυσμογραφίας) και τους ακτιγράφους. 

  Αναφορά γίνεται, τέλος, σε νέα, υποσχόμενα ασύρματα συστήματα και βιοαισθητήρες, που 

χρησιμοποιούν την τεχνολογία των κυμάτων ραδιοσυχνοτήτων, όμοια με την τεχνολογία των ραντάρ και, 

μέσω πολυκάναλων αισθητήρων βιοκίνησης και ενσωματωμένων προγραμμάτων ανάλυσης δεδομένων, 

μπορούν να ανιχνεύσουν ελάχιστες σωματικές κινήσεις, όπως αυτές που παράγονται κατά την αναπνοή 

και, εμμέσως, να διευκολύνουν την εκτίμηση της εγρήγορσης, του ύπνου και των διαταραχών αυτού. 

  Οποιοδήποτε σύστημα μελέτης ύπνου και αν χρησιμοποιηθεί, τα αποτελέσματα πρέπει να 

συνεκτιμώνται με το ιστορικό και τη γενική κλινική εικόνα του ασθενούς και η διαχείριση θα πρέπει να 

συνδέεται με τους υποκείμενους κλινικούς και παθοφυσιολογικούς φαινοτύπους και τις ενδεχόμενες 

συννοσηρότητες ή κινδύνους. Επιπρόσθετα με τον δείκτη ΑΗΙ λοιπόν, άλλες ανιχνεύσιμες παράμετροι 

μπορούν και πρέπει να χρησιμοποιούνται και να συμμετέχουν στη διαδικασία της λήψης απόφασης για 

το είδος της θεραπείας. 

Επιλογή άρθρου - Σχολιασμός: Άγης Δέρβας 
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Obstructive sleep apnea and COVID-19 clinical outcomes during
hospitalization: a cohort study
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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: Weperformed a retrospective review of 1,738 patientswhowere hospitalizedwithCOVID-19 betweenMarch andOctober of 2020. Patientswere classified
based on the presence or absence of OSA diagnosis based upon the International Classification of Diseases (ICD; codesG47.33 and U07.1 for OSA and COVID-19,
respectively).Otherdatawerecollected, includingdemographics,bodymass index,andcomorbidconditions.COVID-19severitywascomparedbetweengroupsusing
the quick COVID-19 severity index.
Results: QuickCOVID-19 severity index scoreswere higher in patientswithOSAcomparedwith thosewithoutOSA.However, the prevalence rates of type2diabetes
(P < .0001), coronary artery disease (P < .0001), congestive heart failure (P < .0001), and chronic obstructive pulmonary diseases (P < .0001) were also significantly
greater in theOSAgroup. Unadjustedmodels revealed higher risk of intensive care unit admission in patients with COVID-19 andOSA. However, such an association
was attenuated and became nonsignificant after adjusting for age, sex, body mass index, and comorbid disease.
Conclusions: In our 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-Iannotti J,RanganP, et al.Obstructive sleepapneaandCOVID-19 clinical outcomesduring hospitalization: a cohort study. JClinSleepMed.
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
thestudies conducted in this regardarescarce.This studyexamineswhetherOSA isan independent risk factor forworseCOVID-19clinical outcome (mortality,
length of hospital stay, intubation, and intensive care unit admission) in hospitalized patients.
Study Impact:OSAwasnotan independent risk factor forworseCOVID-19outcomes inhospitalizedpatients, but it is still reasonable to recommendscreening
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

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
thathasaffectedclose to100millionandkilledover2millionpeo-
ple worldwide, with almost 25% of the deaths occurring in the
United States.1 The clinical presentation varies from asymptom-
atic to severe illness, characterized by acute respiratory distress
syndrome and multiorgan dysfunction, and ultimately death.2,3

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.4

Obstructive sleep apnea (OSA) is a common sleep disorder,
characterized by repetitive episodes of collapse of the pharyngeal
airway, which has been independently associated with many
comorbid diseases of the cardiovascular, metabolic, and central
nervous systems.5 A potential association between OSA and
COVID-19severityhasbeenproposed,6,7 andisbasedonthesim-
ilarities in the pathophysiology between these entities, as well as
mutually enhancingmechanisms that foster both the riskof infec-
tion and the immune response to the virus.8 OSA, which is char-
acterized by intermittent hypoxia and sleep fragmentation, elicits
a cascade of chronic low-grade systemic inflammatory processes
involving oxidative stress secondary to excessive generation
andpropagationof reactiveoxygenspecies, and inductionof tran-
scriptional pathways underlying many proinflammatory
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Σχόλιο: 

Σε αυτή την αναδρομική μελέτη κοορτής οι συγγραφείς μελέτησαν  αν το 

σύνδρομο αποφρακτικής άπνοιας στον ύπνο  (ΣΑΥ) αποτελεί από μόνο του  

παράγοντα κινδύνου για νοσηλεία στο νοσοκομείο λόγω λοίμωξης COVID-19. 

1738 ασθενείς που νοσηλεύτηκαν λόγω του COVID-19  χωρίστηκαν σε δύο 

ομάδες, σε αυτούς που είχαν ΣΑΥ και σε που δεν είχαν. Η βαρύτητα της λοίμωξης 

COVID-19 υπολογίστηκε σύμφωνα με τον δείκτη  quick COVID-19 severity index.  

Με βάση τον δείκτη  quick COVID-19 severity index βρέθηκε πως οι ασθενείς με 
ΣΑΥ είχαν βαρύτερα συμπτώματα λόγω της λοίμωξης σε σύγκριση με αυτούς  που 
δεν έπασχαν από ΣΑΥ. Επιπλέον οι ασθενείς με ΣΑΥ είχαν περισσότερες 
συννοσηρότητες όπως  σακχαρώδη διαβήτη τύπου ΙΙ, στεφανιαία νόσο, καρδιακή 
ανεπάρκεια και χρόνια αποφρακτική πνευμονοπάθεια. Επίσης οι ασθενείς με ΣΑΥ 
και συννοσηρότητες είχαν μεγαλύτερες πιθανότητες εισαγωγής σε μονάδα 
εντατικής θεραπείας. Ωστόσο η συσχέτιση με το ΣΑΥ και τη βαρύτητα την 
λοίμωξης COVID-19 δεν βρέθηκε να είναι υψηλή όταν έγινε η προσαρμογή των 
αποτελεσμάτων με  την ηλικία, το φύλο, τον δείκτη μάζας σώματος και τις 
συννοσηρότητες.  
 
Συμπερασματικά φαίνεται πως το ΣΑΥ από μόνο του δεν αποτελεί ανεξάρτητο 
παράγοντα κινδύνου για σοβαρή λοίμωξη COVID-19 αλλά αποτελεί όταν οι 
ασθενείς με ΣΑΥ έχουν μαζί και συννοσηρότητες. Όμως για ασφαλέστερα 
συμπεράσματα χρειάζονται περαιτέρω μελέτες.  
 

Επιλογή άρθρου – Σχολιασμός: Καλλιρρόη Λάμπρου 
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Continuous positive airway pressure improves blood
pressure and serum cardiovascular biomarkers in
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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; mean±sd 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% CI -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% CI -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 I (mean difference -1.74 (95% CI -2.97- -0.50)
pg·mL ; p=0.006) and brain natriuretic peptide (-9.1 (95% CI -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.
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Σχόλιο: 

Υπέρταση και ΣΑΑΥ είναι νόσοι με υψηλό επιπολασμό στον πληθυσμό.Το ΣΑΥ 

ανευρίσκεται σε περίπου 25-50% των υπερτασικών και υπάρχει σημαντική 

ετερογένεια στην απάντηση της ΑΠ στο CPAP  με τους ασθενείς νεαρώτερης 

ηλικίας, πάσχοντες απο σοβαρό ΣΑΑΥ και με μη ελεγχόμενη  ΑΠ να παρουσιάζουν 

καλύτερη απάντηση.  

Μελετήθηκαν  40 ασθενείς  (1:1 CPAP vs. control, parallel group RCT) που είχαν   

υπέρταση με τρία φάρμακα και μέτριο-σοβαρό ΣΑΑΥ, με AHI >15 events/h για 

περίοδο 8 εβδομάδων.    Εγινε πλήρης     in lab PSG, 24ωρη καταγραφή ΑΠ , μέτρηση 

καρδιακών βιοδεικτών και χρήση CPAP auto. 

Βρέθηκε οτι το nondipping profile drives the response to CPAP.  Η 24ωρη συστ. ΑΠ, 

24ωρη διαστ.ΑΠ,ημερήσια συστ.ΑΠ, ημερήσια διαστ. ΑΠ, βρέθηκαν σημαντικά 

μειωμένες, χωρίς διαφορά στις νυκτερινές καταγραφές των πιέσεων. Επίσης οι 

καρδιακοί βιοδείκτες τροπονίνη και BNP ελαττώθηκαν σημαντικά με τη χρήση του 

CPAP, ενώ οι φλεγμονώδεις βιοδείκτες όχι. Υπήρξε συσχέτιση μεταξύ της 

ελάττωσης της τροπονίνης και της ελάττωσης της νυκτερινής συστ.ΑΠ. Οι 

nondippers που έλαβαν CPAP είχαν σημαντικά μειωμένες   καταγραφές της ΑΠ σε 

σχέση με τους dippers (-4.5  έως - 7.1 mmHg). 

Η ημερήσια ΑΠ σε έδαφος συμπαθητικοτονίας υπόκειται σε αιχμές πίεσης λόγω 

εξωτερικών ερεθισμάτων και βρέθηκε οτι  η χρήση CPAP για 6 εβδομάδες 

ελαττώνει την νορεπινεφρiνη και τη ημερήσια διαστ.ΑΠ, συνεπώς ο ημερήσιος 

συμπαθητικός τόνος είναι ο πρώτος που απαντά στο CPAP. Ελαφρώς αυξημένα 

επίπεδα τροπονίνης που είναι κάτω από τα φυσιολογικά όρια , δείχνουν χρονία 

μυοκαρδιακή βλάβη. Αυτά τα μετρίως αυξημένα επίπεδα τροπονίνης και pro-BNP 

σχετίζονται με αυξημένο κίνδυνο για ΣΝ, καρδιακή ανεπάρκεια, stroke και 

θνητότητα σε μια περίοδο >  10ετίας.  

ΣΥΜΠΕΡΑΣΜΑ: H  χρήση του CPAP για τη θεραπεία του ΣΑΑΥ έδωσε επί πλέον 

έλεγχο της ΑΠ  παρά τη χρήση πολλαπλών αντιυπερτασικών φαρμάκων και μπορεί 

να αποτρέψει την υποκλινική μυοκαρδιακή βλάβη και strain. 

 

Επιλογή άρθρου – Σχολιασμός: Παναγιώτης Πανάγου 
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Validation of the STOP-Bang questionnaire for screening
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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 CochraneMethods criteria. To calculate pooled predictive parameters, we created 2 ×
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

Obstructive sleep apnea (OSA) is characterized by cessation
of breathing during sleep, which leads to poor sleep patterns
and daytime somnolence. OSA is an increasingly common
sleep-breathing disorder and a substantial public health con-
cern [1, 2]. The reported prevalence of overall OSA in the
general adult population ranges from 9 to 38% [3–5] with an
estimated 80–90% of those individuals with OSA remaining
undiagnosed [6, 7]. Among commercial drivers, who are a
safety-sensitive occupational group, OSA is present in 24–
28% of the workforce [8, 9]. If left undiagnosed and untreated,
OSA can lead to serious health consequences including hy-
pertension [10], cardiovascular diseases [11, 12], cognitive
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Σχόλιο: 

Το ερωτηματολογίου STOP-Bang, λόγω της πρακτικότητας και της υψηλής του 

ευαισθησίας, έχει επικυρωθεί σε χώρους χειρουργικής και κλινικής ύπνου παγκοσμίως. 

Ο στόχος αυτής της συστηματικής ανασκόπησης και μεταανάλυσης είναι να αξιολογηθεί 

η εγκυρότητα του ερωτηματολογίου OSA στην  ανίχνευση της αποφρακτικής άπνοιας 

(OSA) σε δύο σημαντικούς πληθυσμούς, όπως  ο γενικός πληθυσμός αλλά και οι 

επαγγελματίες οδηγοί.  

Αναζητήθηκαν σχετικά άρθρα από το 2008 έως τον Μάρτιο του 2020, η ποιότητα των 

οποίων αξιολογήθηκε με χρήση τα κριτήρια της Μεθόδου Cochraine.  

Από 3871 αναφορές, συμπεριλήφθηκαν πέντε μελέτες που αξιολόγησαν το STOP-Bang 

στο γενικό πληθυσμό (n =8585) και δύο σε επαγγελματίες οδηγούς (n=185). Στο γενικό 

πληθυσμό, ο επιπολασμός όλων των OSA με AHI>5, AHI>15 AHI>30 ήταν57,6%, 21,3%και 

7,8% αντίστοιχα. Σε επαγγελματίες οδηγούς,  ο επιπολασμός της μέτριας έως σοβαρής 

OSA ήταν  37,3%. 

Οι τάσεις υψηλής ευαισθησίας και αρνητικής προγνωστικής αξίας μιας βαθμολογίας 

STOP-Bang> 3, δείχνουν ότι το ερωτηματολόγιο βοηθά στην ανίχνευση και τον 

αποκλεισμό σημαντικής OSA στον γενικό πληθυσμό και στους επαγγελματίες οδηγούς. 

 

Επιλογή άρθρου – Σχολιασμός: Ελένη Περράκη 
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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.

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

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.
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Σχόλιο: 

 

Είναι απαραίτητο για την συσχέτιση της του συνδρόμου της αποφρακτικής υπνικής 

άπνοιας και του κατακερματισμένου ύπνου, η ακριβής  διάκριση μεταξύ ύπνου και 

εγρήγορσης. Η κατηγοριοποίηση των σταδίων του ύπνου  γίνεται χειροκίνητα 

βάσει του ΗΕΓ, το οποίο είναι αρκετά χρονοβόρο. Σε αυτήν την εργασία 

αξιολογείται η προσπάθεια ώστε μία αυτοματοποιημένη διαδικασία να 

προσδιορίσει τον κατακερματισμό του ύπνου σε ασθενείς με αποφρακτική υπνική 

άπνοια, μέσω της φωτοπληθυσμογραφίας (PPG). Κατά τον NREM ύπνο  η μέση 

αρτηριακή πίεση και η καρδιακή παροχή μειώνονται ενώ αντίθετα  στον REM ύπνο 

η μέση αρτηριακή πίεση  και ο καρδιακή συχνότητα αυξάνονται. Αυτές τις 

διακυμάνσεις   αξιοποιεί η μέθοδος φωτοπληθυσμογραφίας . 

Σε δύο μεγάλες βάσεις κλινικών δεδομένων  εφαρμόστηκε η  μέθοδος και 

αξιολογήθηκε ξεχωριστά  στις ακόλουθες ταξινομήσεις  

α) WAKE/NREM/REM  

β) WAKE/Ν1+Ν2/Ν3/REM 

γ) WAKE/Ν1/Ν2/Ν3/REM 

 Η  αυτοματοποιημένη κατηγοριοποίηση των σταδίων του ύπνου  παρουσίασε 

ακρίβεια της τάξης του 83,3% για την διάκριση  WAKE/NREM/REM,  74,1% για την 

διάκριση WAKE/Ν1+Ν2/Ν3/REM και 68,7% για την διάκριση 

WAKE/Ν1/Ν2/Ν3/REM. 

Συμπερασματικά, η βασισμένη στην φωτοπληθυσμογραφία (PPG) αυτόματη 

ανάλυση των σταδίων ύπνου μπορεί να διαχωρίσει τα στάδια βαρύτητας του 

αποφρακτικού συνδρόμου αξιολογώντας την συνοχή του ύπνου, ιδιαίτερα αν 

χρησιμοποιηθεί  χρονικό διάστημα μικρότερο των 30 sec. 
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