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IMPORTANCE The effect of continuous positive airway pressure (CPAP) on secondary CME Quizat
cardiovascular disease prevention is highly debated. jamacmelookup.com

OBJECTIVE To assess the effect of CPAP treatment for obstructive sleep apnea (OSA) on the
risk of adverse cardiovascular events in randomized clinical trials.

DATA SOURCES PubMed (MEDLINE), EMBASE, Current Controlled Trials: metaRegister of
Controlled Trials, ISRCTN Registry, European Union clinical trials database, CENTRAL
(Cochrane Central Register of Controlled Trials), and ClinicalTrials.gov databases were
systematically searched through June 22, 2023.

STUDY SELECTION For qualitative and individual participant data (IPD) meta-analysis,
randomized clinical trials addressing the therapeutic effect of CPAP on cardiovascular
outcomes and mortality in adults with cardiovascular disease and OSA were included.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently screened records, evaluated
potentially eligible primary studies in full text, extracted data, and cross-checked errors.

IPD were requested from authors of the selected studies (SAVE [NCTO0738179], ISAACC
[NCT01335087], and RICCADSA [NCTO0519597]).

MAIN OUTCOMES AND MEASURES One-stage and 2-stage IPD meta-analyses were completed
to estimate the effect of CPAP treatment on risk of recurrent major adverse cardiac and
cerebrovascular events (MACCEs) using mixed-effect Cox regression models. Additionally, an
on-treatment analysis with marginal structural Cox models using inverse probability of
treatment weighting was fitted to assess the effect of good adherence to CPAP

(=4 hours per day).

RESULTS A total of 4186 individual participants were evaluated (82.1% men; mean [SD]
body mass index, 28.9 [4.5]; mean [SD] age, 61.2 [8.7] years; mean [SD] apnea-hypopnea
index, 31.2 [17] events per hour; 71% with hypertension; 50.1% receiving CPAP

[mean {SD} adherence, 3.1{2.4} hours per day]; 49.9% not receiving CPAP [usual care],
mean [SD] follow-up, 3.25 [1.8] years). The main outcome was defined as the first MACCE,
which was similar for the CPAP and no CPAP groups (hazard ratio, 1.01[95% Cl, 0.87-1.17]).
However, an on-treatment analysis by marginal structural model revealed a reduced risk of
MACCEs associated with good adherence to CPAP (hazard ratio, 0.69 [95% Cl, 0.52-0.92]).

CONCLUSIONS AND RELEVANCE Adherence to CPAP was associated with a reduced MACCE
recurrence risk, suggesting that treatment adherence is a key factor in secondary
cardiovascular prevention in patients with OSA.
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ZxOALo:

ZKOMOZ: H enidpaocn tng cpap Bepaneiag oav 2yevi kapdiayyelakr ntpoAnyn eivat
apdAeyopevn. Zav OUVERELXL aUTOU, N oKOAouOn HeETavAAUCOn OTOXEUOE TNV
afloAoynon tng Bepancia tnG anodpaAKTIKAG UTMVIKAG AMVOLOG HE Cpap OTO TWG
emdpa otov KapdLayyeLlako Kivduvo. MNa tn HETa-avAaAucn MOLOTLKWV KOl CTOLKWV
6edopévwv ocuppetexoviwv (IPD), ocuuneptAnpONKaV TUXOLOTOLNUEVEG KALVLKEG
HeAETEG OV afloAoynoav tn Bepaneutiki enidpaon tng CPAP ota kapdlayyelaka
ocupBapata Kabwg Kot T Bvnolpotnta o€ EVAALKEG ME KOPSLAYYELAKN VOOO Kol
OSA. OAokAnpwOnkav ot peta-avalvoels IPD otadiou 1 Kat 2 yLa TRV EKTLUNON TNG
enidpaong tng Oepanciag pe CPAP otov kivduvo unotporialoviwv Meilovwv
avermBupuntwyv Kapdlakwv Kat teykepaloayyslakwv ocupupfapdtwv (MACCEs)
xpnotponotwvtag poviéAa Cox regression.

AMNOTEAEZMATA: AfiohoynOnkav ocuvoAlkd 4186 HEMOVWHEVOL OCUMMETEXOVTEG
(82,1% avdpeg-/ péoog [SD] deiktng palog cwpatog, 28,9 [4,5]- / uéon [SD] nAwia,
61,2 [8,7] £tn-/ néoog [SD] beiktng anvoiag-untonvoiag, 31,2 [17 ] ava wpa/ 71% pe
unéptaon/ 50,1% ARPn CPAP [péon cuppdpdwon ue {SD}, 3,1 {2,4} wpeg TV
nuépal / 49,9% pun Aqgn CPAP [ocuviOng Bepaneia), péon napakoAoudnon [SD],
3,25[ 1,8] €tn).

To KUpLO anotéAeopa opiotnke we N epdavion tov npwtov MACCE, To onoio Atav
TLaPOOLO yLa TiG opadeg CPAP kaw NO CPAP (avaloyia kwvéuvou, 1,01 [95% CI, 0,87-
1,17]). Qotéoo, pia umoavaAuon amnok@AvPe pelwpévo kivbuvo MACCE mou
oxetiletaw pe KaAr) ocuppopdwon otnv Oepancia CPAP (avaloyia kwduvou, 0,69
[95% Cl, 0,52-0,92]).

IYMMNEPAIMATA: H kaln cuppopdwon otnv CPAP Bepancia pe xpion CPAP (24
wpeG/NUéEPa), OUOXETIOTNKE ME MeElwWMEVO  Kivbuvo epdaviong MACCE,
unodnAwvovtag 0tL N cuppopdwon otn Bepaneia ival Baocilkdg mMapayovtag tng
Kapdlayyeltakng npoAndng os acOeveig pe AYA.

Erttdoyn) apBpou — IxoAlaopnog: Evayyedia @Awpou
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Hospitalization With Pneumonia,
Respiratory Infection, and Total Infection
The Atherosclerosis Risk in Communities Study
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A

BACKGROUND: OSA has been linked to microaspiration, systemic inflammation, and sub-

optimal immune function.

RESEARCH QUESTION: Is OSA prospectively associated with risk of hospitalization for
pneumonia, respiratory, and total infections?

STUDY DESIGN AND METHODS: Prospective cohort. Participants in the Atherosclerosis Risk in
Communities (ARIC) study (N = 1,586) underwent polysomnography in 1996-1998 and
were followed up through 2018 for infection-related hospitalizations. The apnea-hypopnea
index (AHI; events/h) was used to categorize participants as having severe OSA (= 30),
moderate OSA (15-29), mild OSA (5-14), or a normal breathing pattern (< 5). Cox
regression was used to calculate hazard ratios (HRs) and 95% Cls.

RESULTS: ARIC participants were on average 62.7 (SD = 5.5) years of age, and 52.8% were
female. Severe OSA was present in 6.0%, moderate OSA in 12.7%, mild OSA in 30.0%, and
normal breathing in 51.3%. A total of 253 hospitalizations with pneumonia occurred over a
median 20.4 (max, 22.9) years’ follow-up. Participants with severe OSA were at 1.87 times
(95% CI, 1.19-2.95) higher risk of hospitalization with pneumonia compared with those with
a normal breathing pattern after adjustment for demographics and lifestyle behaviors. Results
were attenuated modestly after adjustment for BMI (1.62 [0.99-2.63]), and prevalent asthma
and COPD (1.62 [0.99-2.63]). A similar pattern existed for hospitalization with respiratory
infection and composite infection (demographic and behavior-adjusted HRs: 1.47 [0.96-2.25]

and 1.48 [1.07-2.04], respectively).

INTERPRETATION: Severe OSA was associated with increased risk of hospitalizations with
pneumonia in this community-based cohort. OSA patients may benefit from more aggressive
efforts to prevent pneumonia and other infectious conditions. CHEST 2023; 163(4):942-952

KEY WORDS: Atherosclerosis Risk in Communities (ARIC) study; infection; OSA; pneumonia;

Sleep Heart Health Study (SHHS)

ABBREVIATIONS: AHI = apnea-hypopnea index; ARIC = Atheroscle-
rosis Risk in Communities; CRP = C-reactive protein; CVD = car-
diovascular disease; eGFR = estimated glomerular filtration rate; HR =
hazard ratio; ICD = International Classification of Diseases; SHHS =
Sleep Heart Health Study; T90 = hypoxic burden
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ZxOA0:

Anodpaktiky Ynmvikl Amnvoia Kot Kivbuvog voonAeiag Adyw mveuvpoviag,aAAwv
OLVOTIVEUOTLKWV AOLUWEEWV Kol AOLUWEEWV OTIoLaoSTIOTE aLtloAoyiag.

ITNV MPOOMTIKA aUTr MEAETN KOoOpTNG efetdotnkav 1586 dtopa TtOo omoia
urntoBAROnKav o€ un moapoakoAouBoUpevn moAuunvoypadia KAl KATOTLV
napakoAovdnOnkav ywa 20,4étn(max 22,9). H péon nALKia TWV CUPHETEXOVTIWV RTOV
62,7 £tn (SD 5,5) kat to 52,8% Atav yuvaikes. To 51% twv atopwv dev gpdavicav
SLatapay£g avamnvorg otov Unvo, eVw To 6% eixe cofapr OSA.

Bp£0Onke OtL oL acBeveig pe cofapr) OSA €xouv 87% uPnAdtepo kivéuvo yia voonAsia
AOyw mvevpoviag, 47% yla voonAeia Adyw AAANG avanveuotikng Aoipwéng kot 48%
vPnAdtepo kivduvo yLa voonAeia Aoyw onotaodnmnote Aoipwéng.

H yaotpooiloodayik maAlvépOuncon, oL CUXVEG HLKPOELOPOPNOELS, N GAEYUOVH TWV
OVWTEPWV OEPAYWYWV KOL N UELWHEVN OVOOLAKK amavtnon AGyw KAKAG MoLotntag
UTVOU €lvall KATIOLOL OItO TOUG MAPAYOVTEG OTOUG omoioug Ba punopouvoe va anodoBei
0 av§nuévog Kivduvog yla nveupovia otoug acBeveig pe OSA.

TUXOILOTTIOLNHEVEG KALVIKEG LEAETEG AIOLTOUVTAL WOTE VA AmavtnOel To epwTnua €Qv N
avixvevuon ko Oepaneia tng OSA 0dnyel o€ Pelwon VOONAELWYV yLa TtVEVUOVia Kot AAAEG
AoLpwEELG, L6iwe o NALKLWUEVOUG aoBevEic.

Ertthoyn apBpou — IxoAlacpog: ABnva BAdyou
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Najib Ayas, Jean-Louis Pépin. Pharmacologic Therapy for Obstructive Sleep Apnea: Are We
Seeing Some Light at the End of the Tunnel? Am J Respir Crit Care Med. 2023 Nov 8.

Itnv napovoa ¢acn, n Oepancia pe CPAP Oswpeitar n evdedelypévn Oepancia yia thv
anodPOKTLKN AMvVoLa 6TOV UTVO, OLWG AGYyw TIPOBANHATWY Arodoxn g Kol TpooKOAAnonGg otV
Oepaneia, cuvexiletaL n epeuvnTkl MpPoomAddsia ywa TNV €Upeon MG GAPHAKEUTIKAG
Oepaneiag mov Oa pnopovce va Swaoel Aon otnv e§AAewn TG AnodPAKTIKIG ANVOLOG OTOV
Unvo. Ze autr) TNV KatevBuvon, HEXPL OTIYMNG, OOEC EPEUVNTIKEG TPOOTAOELEG £XOUV
npaypoaronolnOei Exouv anofei akapmneg. Opwg, n peAétn MARIPOSA, nou 8npooteuBnke tpo
HNVOG, £depe véa vota aiolodoéiag otoug LaTpols mou aoxoAouvtal pe tnv latpikn tou Unvou.
To apBpo autd amnoteAel pia kpLtikn pocéyyon tng peAétng MARIPOSA, tovilovtag OtL Ta
dbdappaka auvtd pnopei va napouvoidlouvv pa peiwon tou AHI, ™ tafews tou 4%, OpwWG
napoucLAlouV Kal HEYAAQ TOCOCTA AVENMLOUUNTWY EVEPYELWYV, IE TILO CUXVEG TNV npooToplia,
™V aunvia kat thv diatapaxr otnv évapén tng ovpnong. Emiong, to apBpo tovilel tnv
avayKoLotnta va SLEVKPLVLOTEL av n Bepaneia autr eival aodpaAng wg Tpog To KopdLayyeLaKo
oUCTNHA KoL OV OVIWG Ttapatnpeitat pla av§non tng S1actoALkr¢ ieong otoug aoBeveic mou
v Aaupavouv. Ta EpWTANATA, WG TPOG TV AchAAEld TWV APHAKWY £ival TOAAQ, Kat
g€UAoya SnuLoupyeital To epwtnHa, av TeAka, n peAétn MARIPOSA anoteAei pwg oto ToUveA
I TO TPEVO MOV £PXETOL MO TNV avtifeTn katevOuvon.

Ertdoyn apBpou — ZXoAlacpoG: Awkatepivn Mndou
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Obstructive sleep apnea (OSA) is a substantial global health concern with almost a billion
adults affected.! Continuous positive airway pressure therapy (CPAP) is considered the
primary therapy for disease. CPAP is highly effective in improving: hypoxemia, sleep
fragmentation, and daytime sleepiness; regular use of the device is also associated with
improved long-term outcomes such as cardiovascular disease.? However, one of the major
challenges with CPAP is acceptance of and adherence to therapy. Although alternative
therapies to CPAP exist (e.g., oral appliances, hypoglossal nerve stimulation, upper airway
surgery, weight loss), we desperately need to develop other treatments. A variety of
pharmacologic approaches have been attempted to treat OSA including serotonin reuptake
inhibitors,® hormones,* and nicotine -- just to name a few; these attempts have not been
successful, and to date, there are no approved pharmacologic therapies for this common

disease.®

Here, Schweitzer and colleagues report the results of the MARIPOSA trial, a Phase 2 Trial of
the combination of an anticholinergic (aroxybutynin) and a noradrenergic reuptake inhibitor
(atomoxetine) (AD109).” As shown by in vivo animal studies, these drugs can increase
activation of the genioglossus muscle and may thus improve the upper airway collapse
associated with OSA.2 The MARIPOSA investigators randomized 209 patients with OSA (age
between 18-65 yrs, AHI between 10 and 45/hr, BMI<38 kg/m2 for men and <40 kg/m2 for
women) to one of four treatment arms: lower dose AD109 (2.5 mg aroxybutynin with 75 mg
atomoxetine), higher dose AD109 (5.0 mg aroxybutynin with 75 mg atomoxetine),
atomoxetine alone (75 mg), or placebo for four weeks. In the modified intention to treat (ITT)
analysis (n=181), there were significant reductions in 4% AHI (primary outcome) in all three
active arms (placebo adjusted reductions in AHI of 5.19/hr with atomoxetine alone, 7.16/hr

with low dose AD109, and 7.20/hr with higher dose AD109).

AJRCCM Articlesin Press. Published November 08, 2023 as 10.1164/rccm.202310-1778ED
Copyright © 2023 by the American Thoracic Society
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This results of this trial are consistent with and extend the results of a previous one-night
crossover trial, and is an important step forwards in the field.? However, a number of issues
about the study should be considered. First, although there was a reduction in the PROMIS
Fatigue score in the lower dose AD109 group, the impact on other patient reported outcomes
were not significantly improved (though this might have been due to the relatively low
numbers of participants and short duration of the study). This lack of improvement in
subjective outcomes might also be explained by the significant proportion of participants that
had been previously exposed to primary OSA therapy including CPAP. This previous negative
experience with treatment might have partially biased evaluation of subjective outcomes.
Second, side effects were more frequent in the participants who received drug; adverse
events were reported in 61.9% of participants in the lower dose AD109 group, 78% in the
higher dose, 81% in the atomoxetine group, and 39.7% in the placebo group. Consistent with
the known side effects of these drugs, the most common were dry mouth, insomnia, and
urinary hesitancy. Of the 23 participants who discontinued the study for side effects, 22 of
them were in one of the treatment arms (5 for each dose of AD109, 12 in the atomoxetine
group). Finally, cardiovascular safety was poorly documented, but there was an increase in
heart rate in the morning in all treatment arms, and in diastolic blood pressure in the lower
dose AD109 group. The elevation of diastolic blood pressure (around 4 mmHg), if confirmed
in the long term, might have an impact on cardiovascular outcomes. Such a blood pressure
increase has previously been reported with solriamfetol, a selective dopamine and
norepinephrine reuptake inhibitor wake stimulant agent, leading not to reimburse the highest
300 mg dose in the indication of residual sleepiness for patients with OSA.1° Given the high
prevalence of comorbidities in OSA patients, any potential cardiovascular effects need to be

cautiously monitored in longer trials. The many concerns raised above may be addressed by

AJRCCM Articlesin Press. Published November 08, 2023 as 10.1164/rccm.202310-1778ED
Copyright © 2023 by the American Thoracic Society
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ongoing large phase 3 multi-site randomized controlled trials (NCT05811247 LunAlRo,
NCT05813275 SynAlRgy) where patients are randomized to AD109 or placebo for 6-12
months. These longer RCTs are required to establish long-term efficacy, safety, tolerability,

and potential health benefits of drug therapy for OSA.

The hope for a pharmaceutical approach to OSA is an exciting direction for the field, and
MARIPOSA is one of the first steps towards this goal. This study also demonstrates the
usefulness of translational animal work of upper airway neural circuitry in helping to discover
viable targets for sleep apnea therapies.!! Future studies should assess whether specific drugs
may be more effective in particular physiologic endotypes,’? and whether assessment of
these endotypes may help match the right pharmacotherapy to the right patient. For
example, patients with a reduced muscle response to respiratory stimuli may be more likely
to respond to drugs that activate the genioglossus (like AD109), while patients with high gain
of the respiratory system may respond to drugs that dampen gain.!3 14 In addition, combined

treatments targeting multiple physiologic targets may be a fruitful future direction.
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Apnea-Hypopnea Index Variability

During CPAP Treatment

Anais Rossetto, MS,; Alphanie Midelet, MS, Sébastien Baillieul, MD, PhD,; Renaud Tamisier, MD, PhD,
Jean-Christian Borel, PhD, Arnaud Prigent, MD, Sébastien Bailly, PharmD, PhD, and Jean-Louis Pépin, MD, PhD

BACKGROUND: CPAP is the first-line therapy for OSA. A high or variable residual apnea-
hypopnea index (rAHI) reflects treatment failure and potentially is triggered by exacerba-
tion of cardiovascular comorbidities. Previous studies showed that high rAHI and large rAHI
variability are associated with underlying comorbidities, OSA characteristics at diagnosis, and
CPAP equipment, including mask type and settings.

RESEARCH QUESTION: What factors are associated with predefined groups with low to high
rAHI variability?

STUDY DESIGN AND METHODS: This registry-based study included patients with a diagnosis of
OSA who were receiving CPAP treatment with at least 90 days of CPAP remote monitoring.
We applied the hidden Markov model to analyze the day-to-day trajectories of rAHI vari-
ability using telemonitoring data. An ordinal logistic regression analysis identified factors
associated with a risk of having a higher and more variable rAHI with CPAP treatment.

RESULTS: The 1,126 included patients were middle-aged (median age, 66 years; interquartile
range [IQR], 57-73 years), predominantly male (n = 791 [70.3%]), and obese (median BMI,
30.6 kg/m? (IQR, 26.8-35.2 kg/m?). Three distinct groups of rAHI trajectories were identified
using hidden Markov modeling: low rAHI variability (n = 393 [35%]), moderate rAHI
variability group (n = 420 [37%]), and high rAHI variability group (n = 313 [28%]). In
multivariate analysis, factors associated with high rAHI variability were age, OSA severity at
diagnosis, heart failure, opioids and alcohol consumption, mental and behavioral disorders,
transient ischemic attack and stroke, an oronasal mask, and level of leaks when using CPAP.

INTERPRETATION: Identifying phenotypic traits and factors associated with high rAHI vari-

ability will allow early intervention and the development of personalized follow-up pathways
for CPAP treatment. CHEST 2023; 163(5):1258-1265

KEY WORDS: cardiovascular comorbidities; CPAP; ordered category outcome; OSA;
proportional odds logistic regression; residual apnea-hypopnea index

ABBREVIATIONS: AHI = apnea-hypopnea index; COMISA = comorbid
insomnia and sleep apnea; IQR = interquartile range; rAHI = residual
apnea-hypopnea index

AFFILIATIONS: From the HP2 Laboratory (A. R., A. M,, S. Baillieul, R.
T, J.-C. B, A. P., S. Bailly, and J.-L. P.), Inserm U1300, Université
Grenoble Alpes, the Service Universitaire de Pneumologie Physiologie
(S. Baillieul, R. T., S. Bailly, and J.-L. P.), CHU Grenoble Alpes, Gre-
noble, Probayes (A. M.), Montbonnot-Saint-Martin, the AGIR a dom.
HomeCare Charity (J.-C. B.), Meylan, and the Groupe Medical de
Pneumologie (A. P.), Polyclinique Saint-Laurent, Rennes, France.
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ZxOAL0:

Napayovteg oxeTl{OMEVOL HE TN SLAKUHOVON TOU UTIOAELITOUEVOU UTIVO-OTVOLKOU
Seiktn otn Sapkela Oepaneiag pe CPAP

H pelétn auti mpoomabnoe vo OMAVINCEL OTO EPWTINUO TIOLOL TAPAYOVTEG
ocuvdéovtal pe vPnAd unoAemopevo AHI kat pe peyadn ditakupavon touv AHI oe
aoBeveig uno Oepaneia pe CPAP.

E€staotnkav ta dedopéva tnAsnapakoAouBnong 1126 acOevwv pe Stapeon nAkio
ta 66 £€tn (57-73 sTwv, 70% avdpeg) ol omoiol ntav uno Bepancia pe CPAP ywa
ToUuAdxtotov 90 nUEPES

Ao v avaluon BpEOnKe OTL oL KAWVIKOL TTapAyoVTEG MOV oXeTi{ovtal PE LEYAAN
Stakupavon tou unoAewumopevou AHI gival n peyaAutepn nAwkia, n Baputnta tng
anodPOKTIKAG UTVLKAG Amvolag otn Sidayvwon, n ocuvonapén Kapdlakng
OVETIAPKELOG, N XPNON OTLOELSWV Kol AAKOOA, OL VONTIKEG Kol CUUNEPLPOPLKEG
SratapayEg, Ta ayyelakd eykepalikd enelcodia. Napdayovieg oL onoiot oxetilovrot
pe tn CPAP €ilval n Xprion OTOUOTOPLVIKAG HACKAG Kat oL UPNAEG SLappoEg Kata Tn
Xprion g.

Ze o §ATOMLKEUMEVN TPOCEyylon Twv acBevwv eival TMOAU onUAVTIKA N
OVOyVWPELON TWV TapAyovIwv 1ou odnyouv oe uPnAd umoAewmopevo AHI ko
MEYAAn &SlakUpavon autol, TPOKELMEVOU va yivel S10pOwon autwv Twv
nopayoviwy otav eivat epLkro.

Ertidoyn) apBpou — IxoAlaopog: ABnva BAdayxou
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Association Between Positive Airway
Pressure Adherence and Health Care Costs
Among Individuals With OSA

Jaejin An, PhD, BPharm, Henry A. Glick, PhD; Amy M. Sawyer, PhD, RN, Jessica Arguelles, BS; Charles J. Bae, MD,

Brendan T. Keenan, MS, Samuel T. Kuna, MD, Greg Maislin, MS, MA, Diego R. Mazzotti, PhD, _

Allan I. Pack, MBChB, PhD; Jiaxiao M. Shi, PhD, Alexa J. Watach, PhD, RN, and Dennis Hwang
BACKGROUND: The impact of positive airway pressure (PAP) therapy for OSA on health care
costs is uncertain.

RESEARCH QUESTION: Are 3-year health care costs associated with PAP adherence in par-
ticipants from the Tele-OSA clinical trial?

STUDY DESIGN AND METHODS: Participants with OSA and prescribed PAP in the Tele-OSA
study were stratified into three PAP adherence groups based on usage patterns over 3 years:
(1) high (consistently = 4 h/night), (2) moderate (2-3.9 h/night or inconsistently = 4 h/night),
and (3) low (< 2 h/night). Using data from 3 months of the Tele-OSA trial and 33 months of
posttrial follow up, average health care costs (2020 US dollars) in 6-month intervals were derived
from electronic health records and analyzed using multivariable generalized linear models.

RESULTS: Of 543 participants, 25% were categorized as having high adherence, 22% were
categorized as having moderate adherence, and 52% were categorized as having low
adherence to PAP therapy. Average PAP use mean & SD was 6.5 = 1.0 h, 3.7 &= 1.2 h, and 0.5
=+ 0.5 h for the high, moderate, and low adherence groups, respectively. The high adherence
group had the lowest average covariate-adjusted 6-month health care costs = SE ($3,207 +
$251) compared with the moderate ($3,638 £ $363) and low ($4,040 £+ $304) adherence
groups. Significant cost differences were observed between the high and low adherence
groups ($832; 95% CI, $127 to $1,538); differences between moderate and low adherence
were nonsignificant ($401; 95% CI, —$441 to $1,243).

INTERPRETATION: In participants with OSA, better PAP adherence was associated with
significantly lower health care costs over 3 years. Findings support the importance of stra-
tegies to enhance long-term PAP adherence. CHEST 2023; 163(6):1543-1554

KEY WORDS: adherence; cost and cost analysis; OSA; positive airway pressure

FOR EDITORIAL COMMENT, SEE PAGE 1358

ABBREVIATIONS: AHI = apnea hypopnea index; DME = durable
medical equipment; GLM = generalized linear model; PAP = positive
airway pressure
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the Department of Medicine (H. A. G. and S. T. K.), Perelman School
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havioral Health Sciences (A. M. S. and A. J. W.), School of Nursing,
University of Pennsylvania; the Corporal Michael J. Crescenz Veterans
Affairs Medical Center (A. M. S. and S. T. K.), Philadelphia, PA; Kaiser
Permanente Southern California (J. Arguelles and D. H.), Fontana, CA;
the Division of Sleep Medicine (C. J. B, B. T. K, G. M., and A. L. P.),
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Department of Medicine, University of Pennsylvania, Philadelphia, PA;
and the Division of Medical Informatics (D. R. M.), Department of
Internal Medicine, University of Kansas Medical Center, Kansas City,
KS.

Preliminary findings have been presented in poster form at Virtual
Sleep, 2021, June 10-13, 2021.
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ZxOAL0:

ZYZIXETIZH THXI :XYMMOPO®QIHI ZITIZ 2XYIKEYEZ OETIKHX MIEZHX ME TO
OIKONOMIKO KOZTOZ TIA THN YFEIA ZE AZOENEIZ ME ANO®PAKTIKH YMNNIKH
ATNOIA

Ztn peAétn avth nepteAndOnoav 543 acBeveic and tn peAétn Tele-OSA ol omnoiot
Xwplotnkav oe 3 opadeg, avaloya pe T cuppopdwon toug otn xprion tng CPAP
Kol £yWVe mapakoAolOnon toug pHEow ouoTApatog tTnAsmapakoAouBnong ywa 3
OUVOALKA XpoviaL.

To 25% twv acBevwv €8s vPnAn cuppdpdwon (xprion= 4 wpwv /vukta yia 6Ao
10 SLdotnua), 1o 22% UETPLA CUMMOPdWON (2-3.9 wPeG/VOKTA i N CUVEXN XPHOoN
yla =>4 wpeg) kaw 1o 52% xaunAn cuppopdwon (<2wpeg/vokta)

To K6otog otnv vyeia mou adopouce, EMIOKEYPELS O LATPELX UTVOU, VOONAELEG,
KOOTOG OE EPYOOTNPLUKEG EEETACELS KOL KOOTOG TNAEPWVIKWVY ETUKOLVWVLWV
BP£ONKE va eilval CNUOVTIKA LELWUEVO OTOUG aoBEeVeiG pe tnv uPnAn cuppopdwon
O£ oX€on He €KElvOUG HE TN XapnAn cuppopdwon. Metafl acBevwy pe pETpla Ko
XOHNAR cUpUOpdWOoN SV UMIRPXE OTATLOTIKA onpavTkh dtadopd.

H peAétn auth ov deixvel 6t n cuppopdwon otn Oepancia pe CPAP twv acBevwv
HE amodpOaKTIKA UTIVIK ATVOLOL €XEL CNUOVTIKO OQEANOG yla TOL OLKOVOULKA TNG
Uyeiag, EXEL TO TMTAEOVEKTNHA OTL EEETOLOE TO OLKOVOULKO OeAOG yLa peyaAutepo
XPOVIKO SLaotnua o€ oxéon He AANEG MEAETEG.

Ou ouyypadeic kataAnyouv OtL Ba mPEMEL va yiveTaLl GTEVOTEPN TapakoAouOnon
Twv acbevwv ywa tTn cuppopdwon otn Bepamncio SESo0pEVOU OTL AUTO £XEL Kal
eNidpaon oTa OLKOVOULKA TNG UYELOG LaKpOoTtpOOeoa.

Ertidoyn apBpou — ZxoAlaopnog: ABnva BAdayou



Sleep from Infancy ®

updates

Through Adolescence

Stephanie O. Zandieh, MD, Ms?, Sheryl Johnson, MD®, Eliot S. Katz, MD"*
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e Sleep efficiency

KEY POINTS

o Pediatric sleep is characterized by considerable interindividual and night-to-night variability in sleep

timing and duration.

e The structure of sleep in infants and children evolves over time, with longer sleep duration, shorter
sleep cycles, and more rapid eye movement sleep in infants, and a delayed circadian phase and

less slow-wave sleep in adolescence.

e Infants have a more collapsible upper airway and lower lung volumes than older children, which
predisposes them to obstructive sleep apnea and sleep-related hypoxemia.

INTRODUCTION

Sleep is a universal need and an active process
that changes dramatically from infancy through
adolescence. Sleep-wake patterns are distin-
guished through a constellation of behavioral and
physiologic changes. The following characteristics
establish sleep from wakefulness: (1) behavioral
quiescence when motor activity may be reduced;
(2) adoption of specific postures; (3) elevated
arousal thresholds so that a higher-intensity stim-
ulus is required to elicit a response; (4) rapid, spon-
taneous reversibility; (5) homeostatic regulation,
which drives sleep in response to sleep depriva-
tion; and (6) partial governance by circadian or
ultradian biorhythms." Sleep has an age-specific
timing, duration, state distribution, electroenceph-
alogram (EEG) microarchitecture, and respiratory
physiology, which are reviewed.

Defining what constitutes “normal” or “optimal”
sleep for any age range is difficult because sleep
has many dimensions, including duration, timing,
and quality. Moreover, differences in biology,

environment, and culture create dramatic intraindi-
vidual and interindividual variability. Sleep promotes
health through multiple pathways. Sleep enhances
learning and cognition and regulates hormonal
rhythms and behaviors.> Sleep also strengthens
the immune system.®” Sleep plays a crucial role in
early brain development in infants and children. By
2 years of age, children will have spent more time
asleep than awake (approximately 14 months
asleep vs 10 months awake).

The development of sleep in children is best un-
derstood as an interaction between cultural, phys-
iologic, and environmental factors.® Sleep in
newborns rapidly evolves in conjunction with the
caregiving environment, which provides appro-
priate feeding and interaction schedules.
Conversely, children’s sleep habits and tempera-
ments affect their caregivers’ sleep environment
and schedules.® Understanding this complex
interaction is essential to determine what is devel-
opmentally appropriate regarding the duration,
structure, and regulation of sleep in children.
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ATIO TN GUYKEKPLUEVT] AVAOKOTIN O KPATAUE TNV ELOAYWYT] UE EVAV
TAT|PT), KATA TNV YVOUN HOVU, 0PLOUO TOU UTIVOU wG: Ul Bactkn
aVAayKn yla 0Aa ta uPia Ovta kat plo Suvapikn dtadikaoia, 1 omola
petafdAAetal Spapatika amo ) Bpe@kn nAkio péxpLtnv e@nPeio.
Ta potifa vvou-eypryopong Stakpivovtal HeTadV TOUG HECA ATIO
TANOwpa PETABOAWY 0TI CULUTEPLPOPA Kal TN @uololoyia. Ta
XOPOUKTNPLOTIKA IOV Slaxwpll{ovv Tov VTIVO AT TNV £ypP1yopon
elvat: 1) meploplopévn aiAniemidpaon pe 1o mMePLBAAAov e
HLELWUEVT] PUTKY SpaocTnplotnTa, 2) ULOOETNON OUYKEKPLUEVWV
OTAoEWV, 3) aLENUEVOS 0USOG APUTIVLOTG, £TOL WOTE VA ATIALTETOL
Eva epeBLopa VYMAGTEPN G EVTAONG Yl v TTPOKANOEL atokpLom, 4)
taxela, avBOpuUNT avaotpePlpodT T, 5) opolootatiky pvbuLon,
OV TpowBel TOV VTIVO WG ATTAVTINON TN OTEPNOT VTIVOU Kal 6)
LEPLKOG EAEYXOG aTO TOV KIpKASLo BlopuBud. O UTvog €xeL Yo TIS
SLAPOPES NALKIEG CUYKEKPLUEVO XPOVIOUO, SIAPKELX, KATAVOUT] KOTA
OTAOLA, TMAEKTPOEYKEPUAOYPAPLKY]  ULKPOAPYLTEKTOVIKY] KoL
(PUOLOAOY (0 TOV AVATIVEVOTIKOU, TA OTIOLA EEETALOVTL LLE VOV TIOAV
ETMEENYNUATIKO TPOTIO OTNV AVACKOTIN O QUTH.

Ertidoyn apOpou-oxoAlaopog: Ayng AspBog



Unmasking Heterogeneity ®

of Sleep Apnea

Allan I. Pack, MBChB, PhD
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® Heart rate response to events

KEY POINTS

e Obstructive sleep apnea (OSA) is a very heterogeneous disorder in multiple dimensions.

e There are different physiological risk factors.
e There are different clinical subtypes of OSA.

e The preponderance of evidence indicates that the excessively sleepy subtype is at increased risk of
future cardiovascular (CV) events if OSA is untreated.

New metrics of the physiological derangements in OSA—hypoxic burden and heart rate response

to events—may provide information on who with OSA is at most risk for cardiovascular conse-

quences.

Obstructive sleep apnea (OSA) is a common disor-
der." There is growing evidence that there is sub-
stantial heterogeneity among patients with the
same apparent severity of disease. There are mul-
tiple dimensions to this heterogeneity. This in-
cludes the following: (1) physiological risk factors
for the disorder, (2) symptom subtypes, and (3)
physiological consequences of the breathing dis-
order during sleep. In this brief review, we will
discuss each of these aspects.

PHYSIOLOGICAL RISK FACTORS FOR
OBSTRUCTIVE SLEEP APNEA

It has been proposed that there are 4 major phys-
iological risk factors for OSA, that is, (1) airway
collapsibility, (2) overall loop gain—-a measure of
stability of the ventilatory control system, (3)
arousal threshold, and (d) muscle responsiveness,
that is, the increase in activity of upper airway
dilator muscles because of the reflex driven by
negative intraluminal pressure.? Early studies
sought to estimate these different risk factors us-
ing a complex laboratory protocol that involved
recording of activity of a representative upper
airway dilator muscle, that is, genioglossus, as

well as intraluminal pressure in the upper airway.®
The protocol to do this was complex and, while of
research value, was not clinically applicable.

More recently there have been efforts to deter-
mine these 4 variables from the assessment of
data collected during routine polysomnography.
This is based on a simple model of ventilatory con-
trol.* The concept is that one seeks to match the
model output with the measured nasal pressure
during sleep. This approach is controversial.
Younes and Schwab have indicated that the very
simple model that is the basis of this approach is
based on untenable assumptions.® The key as-
sumptions they challenged are the following: (1)
that following an arousal and resumption of venti-
lation at the end of an obstructive event the airway
is always completely open and (2) that the effect of
arousal is the same for all events within an individ-
ual. There are different intensities of arousal® that
are not accounted for. Proponents of this
approach accept these are reasonable concerns
as stated in a Pro-Con debate.”

Currently, we do not know how big an effect
these concerns have on the results obtained, and
this has not been assessed in sensitivity analyses.
There are additional concerns about this approach
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125 South 31st Street, Translational Resesarch Laboratories, Suite 2100, Philadelphia, PA 19104, USA

E-mail address: pack@pennmedicine.upenn.edu

Sleep Med Clin 18 (2023) 293-299
https://doi.org/10.1016/j.jsmc.2023.05.003
1556-407X/23/© 2023 Elsevier Inc. All rights reserved.

Downloaded for Martha Petromichelaki (mpetrom@med.uoa.gr) at Evangelismos Athens General Hospital from ClinicalKey.com by Elsevier
on September 04, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

sleep.theclinics.com


mailto:pack@pennmedicine.upenn.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsmc.2023.05.003&domain=pdf
https://doi.org/10.1016/j.jsmc.2023.05.003
http://sleep.theclinics.com

ZxOAL0:

Z€ QUTAV TN CUVTOMN AVAOKOTNGN, oL cuyypadeig Tovi{ouv tnv mpokAnon aAAd kat
NV eukapia mMou mMpoodépel n etepoyévela tou ZAY w¢ Satapaxn. Metagu
ao0evwy pe TNV idLa pavopevikn BapuTNT UTIAPXEL LEYAAN ETEPOYEVELD OE TIOAAQ
enineda kol Kupiwg 600 adopad: 1) Toug StadopeTikolE MApAYOVTEC KlvUvou 2) Ta
CUMMTWHOTA Kal 3) TG EMMTWOELS TNG Statapayn. MNa napddsiypa, o evéotumog
TOU UNVNALKOU oamvoikoU ooBevr) mou 8ev unodkeltal ot Oegpancia epdavilel
MEYOAUTEPO KivOUVO yLa LEAAOVTLKA KapSLayyELOKA CUMB AT,

Qaivetal anibavo va aAAdgel n emdoyn tng xpriong CPAP w¢ Oepaneiag npwing
YPOMUUNAG. AUTO Mou umopei va apyxiosl va apdlofnteital ival moleg Katnyopieg
acBevwv pe IAY xpewalovtoar Ospamnceia. Exel umootnpyOel OtL oL eAdylota
CUMMTWHOTIKOL prmopel va pnv xpewalovtal Bespancia. Me otoxo tnv KaAutepn
EKTILNON TNG UTTOOUASAG EKELVNG TWV acBevwV ou pnopei va wheAnbouv and
Oepaneia, £xeL mpotabel Evag adlyoplOHoG, 0 OMOiog MAVIWG amaLtel MPOcOEeTEC
S0KLHEG. ANAOL £XOUV TTPOTELVEL, WOTOOO, OTL AUTO SEV MPEMEL VAL ELVOLL TO EMLKEVTPO
¢ €peuvag, SeSopEVNG TG OXETIKAG EAAEWPNG KAWWIKWV TOpwv. AvtiBeta, ol
€peuveg Oa TPEMEL va EMIKEVIPWOOUV OTOV EVIOMIOMO TWV TOAOYXOVIWV Qo
unepPBoAikl nuepnota unvnAia. Eivar yvwotdé to 0¢delo¢ otn MHeElwon Twv
CUMMTTWHATWY TWV acBevwv NG Katnyoplag autng pEow tng Oepaneiag pe CPAP
Kol Eval akopa milavo ddeAog eival n PElWon TWV HEAAOVTIKWY KOPSLAYYELOKWY
CUMBOMATWV.

MNa va 600&l andvinon oto epwtnia TG aval)Tnong tng UNMo-opAdag EKELVNG TWV
a00EVWV LLE TOV HEYOAUTEPO KIVOUVO YL KOPSLOYYELAKEG EMLITAOKEG, MPOTAONKE N
gloaywyr 6Uo VEwv GuUCLOAOYLKWV MAPANETPWY, OV Oa ival 1o L8IKEG Tou AHI
WG Ipog TV MPOPAeYP N tou KvdUvou: to urtoéiko ¢optio (HB) kaw n anokplon Tou
KapSLlakoU puBuou ota emelcodia (AHR). H mpwtn 8&v £XEL GUOXETLOTEL ME TNV
epdavion pn Oavatndopwv KapSLAYYELAKWY EMELGOSIWV, CUOXETI{ETAL OUWG HE
Kapdiayyetakn Bvnopotnta. H dsutepn eivanl pa €kppaon TG CUUHETOXNG TOU
oUHIAONTIKOU Ko PEAETEG £6€L§av pLa KUTLEAAOELST Kupatopopdn TG OXEONG TNG
ME UTOKAWVIKOUG Plodeikteg KapSlayyelakng vooou, OmMwg mY. O Pabuog
anotitavwong tTwv otedpaviaiwv. O kivbuvog oe aoBeveic pe vPnAd AHR sival
WLatépwe vPnAdg oe ekeivoug mov epdavifouv mapdAAnia kot vPnAoé HB Ko
HAALOTO ATOKAELOTLKA OTOV [N UTtVNALKO EVSOTUTO.
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KEY POINTS

e Conventional therapies for obstructive sleep apnea (OSA), including continuous positive airway
pressure and oral appliances, offer the best opportunity for symptomatic improvement and reduc-

tion in OSA overall health impact.

e Integrative medicine brings conventional and complementary approaches together in a coordi-

nated way.

e With rising obesity rates, weight loss and lifestyle programs seem to be the most favorable integra-
tive methods to combine with conventional OSA therapies.

e Complementary and alternative approaches to OSA management are varied and, in conjunction
with conventional methods, may offer some reduction in the apnea-hypopnea index (AHI).

e Studies of complementary and integrative management options alone have not demonstrated sus-

tainable reductions in the AHI.

OVERVIEW

Obstructive sleep apnea (OSA) is a common
disorder affecting 14% of men and 5% of women
when defined by the apnea-hypopnea index
(AHI) greater than 5 events/h and symptoms of
daytime sleepiness.” Adult OSA is associated
with several adverse effects if left untreated,
including daytime sleepiness, reduced quality of
life (Qol), increased cardiovascular morbidity
and mortality, and increased risk of motor vehicle
accidents.*” The conventional treatment of OSA
includes noninvasive options, that is, continuous
positive airway pressure (CPAP) and dental appli-
ances and invasive options, including a variety of
surgical procedures aimed at addressing site-
specific areas of upper airway obstruction. The

goal of any treatment is reduction in sleep disrup-
tion and the AHI, with resultant improved overall
health and QoL.

CONVENTIONAL TREATMENT APPROACHES
AND OUTCOMES FOR OBSTRUCTIVE SLEEP
APNEA

The gold standard treatment of OSA is CPAP."¢
CPAP is effective in preventing upper airway
collapse, correcting oxyhemoglobin saturation,
and reducing cortical arousals associated with ap-
nea’/hypopnea events. Despite improvements in
mask design and flow technology to address is-
sues with PAP mask tolerance, a large number of
patients struggle to adhere to long-term PAP ther-
apy.®'" Nonadherence rates with PAP therapy are

This article originally appeared in Otolaryngologic Clinics of North America, Volume 55 Issue 5, October 2022.
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Hospital of Chicago, 225 East Chicago Ave, Box #25, Chicago, IL 60611.

E-mail address: kbillings@luriechildrens.org

Sleep Med Clin 18 (2023) 269-275
https://doi.org/10.1016/j.jsmc.2023.05.011
1556-407X/23/© 2023 Elsevier Inc. All rights reserved.

Downloaded for Martha Petromichelaki (mpetrom@med.uoa.gr) at Evangelismos Athens General Hospital from ClinicalKey.com by Elsevier
on September 04, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

sleep.theclinics.com


mailto:kbillings@luriechildrens.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsmc.2023.05.011&domain=pdf
https://doi.org/10.1016/j.jsmc.2023.05.011
http://sleep.theclinics.com

MPOKELTOL VLA L0l AVAOKOTINGN LEAETWYV TTIOU EPEVUVNOAV TA ATTOTEAECUATA Beparelwy MEpav
TWV CUMBATIKWY TIou amoteAolv TNV Kupla Baon tng Staxeiplong tou OSA (CPAP, OTOMOTIKEG
OUOKEUEC KoL SLAPOPEC XELPOUPYLKEC EMEUPATELS).

Aedopévng g mavénuiag TG maxuoapkiog, oL OAOKANPWHEVEC TPOCEYYIOEL TOU
OTOXeUOUV OTNV AMWAELX BAPOUC KOL OTNV EYKATACTACH TILO UYLEWVWV oUVNBELWVY TPOTIOU {WNAG
gival dlaitepng onuaociog ota mAaiola tng dtoxeiplong Twv acBevwy, e oTdX0 TNV eMitevn
HaKpompoBeoung enttuylog.

Q¢ cupmAnpwpa otn BeAtiwon TNG KABNUEPLVOTNTAG KAl TNG oldTNToC {WNC TWV acBevwy,
0 Behoviopdg kal  GAAeg emikouplkég Oeparmeiec (Ayurveda, Sialoylopog,  duTKA
CUUMANPWHOTO, EVEPYELAKEG Oepareleg, XELPOTPOKTLIK KOL OOCTEOMAONTLKA LOTPLKN),
e€eTAOTNKAV O PEAETEG, TTOU TTAVTWCE onpelwvovTal we low to very low quality of evidence.
Mapdtl evlladépouoeg emloyeg, n SlabBsoludtnNTd Toug elval acodrg Kol mlavwg
TLEPLOPLOWEVN.

Aedopévng tng EAeng MeEPLOCOTEPWYV OTOLXELWV TTOU v Selyvouv pakpompoBeopa odEAn,
n ebappoyn Tétolwv 8wy Bepameiag dev Umopel va cuvioTdtal wg Kupla Beparmeia Tou
OSA.

H avaokonnon KataAnyel HE TO CUUTEPACUA OTL KaBw¢ OAo Kol meploodtepol aoBeveig
avalntolv evOAAOKTIKEC Bepameleg, aAAA KAl N LOTPEKA KOwotTnTo avolntd TPOMOouG
gvioyuonc g xpoviag npookOAAnong otn cuppatikn Bepamneila, ol ylatpol Ba mpénel va
yvwpilouv tov poAo Kal Tn XPNOLUOTNTO TwV BEPATIELWY QUTWY OTNV OALOTIKI TTPOCEYYLON
Twv aoBevwy pe OSA.

Mpoowrikd oxoAlo-mtapatrpnon: Sev avadépovtal ta Kprtipla Eviaéng oTLG UEAETEC.
AUTOVONTO €lvaL WG 1 ETEPOYEVELA TNE TAONONG EMLBAAAEL TN OTOXEUMEVN TIPOCEYYLON Kall
npoowmnonolnuévn Bepameia (one size does not fit all). KaBe mpooéyylon emibpd pe
OlahOpETIKO TPOMO OTO OCUVOPOPO KoL UECW aAAOU pnYaviopoU (o  Beloviopog
EKUETAAAEVETAL TNV EKKPLON OEPOTOVIVNG Kal TV av&non Tou HUIKoU TOVOU TOU QVWTIEPOU
OEPAYWYOU, OPLOPEVA PUTIKA OKEUAOUOTA OTOXEUOUV OTOoV €Aeyxo Tou loop gain 1
tou arousal threshold, ol evepyslakéc Oepameieg pmopolv va PBonbricouv otn
Slaxeiplon NG KOMwong kal tngoaimviag K.0.K.). Mo va UMOPECOUV va €XOUV KALVLKO
odelog, tétolou eiboug £peuveg Bo TPEMEL va €MIAEYOUV LE OUOTNPA KPLTAPLA TOUC
CUMUETEXOVTEG, LETA QMO TPOOEKTLKN SLAKPLON TOU GaLvoTUTIOU TOUC.

Eruloyn apOpou-oXoAlacpog: Ayng AspBag
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Obstructive sleep apnoea and the risk of cancer
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There is biological plausibility to link an increase in cancer incidence and aggressiveness with OSA. The
relationship depends on many factors, especially severity of hypoxaemia, presence of obesity, age, sex and
histological type of tumour. https://bit.ly/3zRulLzp
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Two of the characteristics that define OSA from a pathophysiological point of view are IH and sleep
fragmentation produced by wvarious sleep respiratory events. These two factors have been attributed
carcinogenic properties and considered inducers of greater aggressiveness or resistance to treatment of a
pre-existing tumour. They have recently been complemented in this respect by other factors such as
changes in the immune system, the sympatho-catecholaminergic system, exosomes and IH-mediated
pathways. In recent years, efforts have been made to assess the real increase in the incidence of
mortality from all-cause or specific types of cancer in individuals with OSA. Several studies using
murine models have shown that the induction of sleep fragmentation or IH produced greater tumour
growth and metastases, but this research was preceded by a host of clinical studies with conflicting
results and various limitations. In this chapter, we review the evidence currently available on the
relationship between the incidence and aggressiveness of all-cause or specific types of cancer and OSA,
based on both murine and clinical studies.

Introduction

Both OSA and cancer are significant public health problems due to their high prevalence,
their severe cansequences and the high financial costs that they engender [1, 2]. Various
pathophysiological mechanisms could give biological plausibility to a possible relationship
between OSA and the transformation of healthy cells into malignant ones and the spread
and growth of tumours, thereby provoking an increased incidence of cancer and the
resulting mortality [3—-8]. Most of these mechanisms are induced by one of the hallmarks of
OSA (namely IH), but other pathways are also potentially related to sleep fragmentation or
altered immunity [3-5]. Moreover, the relationship between OSA and cancer could be
affected by a myriad of confounders, especially age, sex, comorbidities and obesity [3-5, 9].
It seems, however, that not all malignant cells respond in the same way to IH or sleep
fragmentation, as both the histological type and the genetic/epigenetic malignant variant
appear to play important roles [10]. Given that these mechanisms have been discussed in
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ZxOAL0:

To ZAAY (amodpaKTIKN UTIVIKF) AIvola) MapoucLlalel SU0 XOPAKTNPLOTIKA: o) TV
StaAeinovoa untoéia (IH) ko B) TOV KATAKEPLATLOKO TOU UIIVOU. Z€ AUTOoUG Toug SUo
MaPAyovieg €xXouv amodoBei KapKWOYeveilG LBLOTNTEG KoL  SnuULoupyouv
MEPLOOOTEPO EMIOETIKOUG KAl avOeKTIKOUG otn Ogpameia KOPKIVOUG.ZUMUETEXOUV
eniong aAlayé¢ OTO  QVOOOTOLNTLKO,OUHUMAONTIKO-XOAWVEPYIKO  cUoTnua,
efwowparta Kat povornatia ano tnv IH.

H nmpwtn peAétn nmou ocuo)etilel ZAAY pe Kapkivo €ywve to 2013 oe 4910 atopa
(cancer naive) kat peta napakoAoOnon 4.5xpovwv Bp£Onke to TI0% (oav Seiktng
Baputntog ZAAY) va napouotalet HR=2.33 (oxL o AHI).Ze vewtepeg peAéteg BpEOnke
auénuévn enmintwon Kapkivou povo ot Kamviotég. H oxéon avty daiverar va
OXETi{eTAL UE TNV LOTOAOYIQ,KAL TNV EVIOMLON TOU KOpKivou (peAdavwua, vedpag,
TLAYKPENG) KoL OXL EVTIEPOU, HOOTOU, TPOOTATOU. AAAN peEAETN UE TapakoAouOnon
acBsvwv yla 22 xpovia Bpnke avénon tng oAlknG Bvnolpuotntag and Kapkivo ot
acBeveic pe coPapo ocuvépopo (>30/enelcddia / wpa), HR=4.8 kot yia to T90%
HR=8.6( 95% Cl2.6-28.7).

MeAdvwpa kat ZAAY: ANOTEAEL TNV TLO OTEVI) CUOXETLON YLa ETUOETIKO LEAAVWHA
(Breslow index >1 mm) , HR=1.94 kaut 1.93 yiwa AHI >15.6 kat ODI4% >9.3. Ze aAAn
MHeAETN napopola anoteAécpata (HR=1.71)

AAMol Kapkivol:
Maotog (8Uo peléteg) HR=2.10 ,HR=2.9.
Mvevpovag (ave§aptnta kanvioparog) HR=1.2%, HR=1.28.

Oupeosldng: Papillary carcinoma (o o ouxvog tonog), 20% twv acOevwv pe AHI >
20, HR=4.31. Iuoyxéton eniong e peyaAUtepo péyebog oykou, dtnbnon kayag,
noAAantA£G evtomioslg kat BRAF petaAAagn ,HR= 2.88.

Eniong Bp£OnKe ocuoXETION ME AEUXALUIES, KOPKIVOUG TOU KEVIPLKOU VEUPLKOU, EVW
6ebopéva yla tnv xpron Bepaneutikng OETIKAG ieong S&v utdpyxouv.

IYMMNEPAIMA: Asbopévou ottt to IAAY amoteAei Oegpamelolpo mapdyovia
(treatable trait), Oa mpémer ov Oepamovieg Latpoi (SeppatoAoyol, OyKoAOyol,
oLpatoAoyol, evSoKpVvoAdyoL KAT.) va £xouv aunuévn svaicbnoio Kot KAWLKK
gypriyopon yia mbavotnta Umapéng petpiov-cofapou TAAY Kat va anootéAAouv
ToUuG oBeveic ota epyactripla UTVOU yLa TEpaLTEPpwW EAEYX0-Oeparneia.

Ertidoyn apBpou — ZxoAlacpnog: Navaywwtng Mavayou
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Sleep Arousal-Related Ventricular
Repolarization Lability Is Associated With
Cardiovascular Mortality in Older
Community-Dwelling Men

Sobhan Salari Shahrbabaki, PhD, Dominik Linz, MD, PhD,; Susan Redline, MD, MPH, Katie Stone, PhD;
Kristine Ensrud, MD, MPH,; and Mathias Baumert, PhD

BACKGROUND: Sleep is fragmented by brief arousals, and excessive arousal burden has been
linked to increased cardiovascular (CV) risk, but mechanisms are poorly understood.

RESEARCH QUESTION: Do arousals trigger cardiac ventricular repolarization lability that may
predispose people to long-term cardiovascular mortality?

STUDY DESIGN AND METHODS: This study analyzed 407,541 arousals in the overnight poly-
somnograms of 2,558 older men in the Osteoporotic Fractures in Men sleep study. QT and
RR intervals were measured beat-to-beat starting 15 s prior to arousal onset until 15 s past
onset. Ventricular repolarization lability was quantified by using the QT variability index
(QTVi).

RESULTS: During 10.1 = 2.5 years of follow-up, 1,000 men died of any cause, including 348
CV deaths. During arousals, QT and RR variability increased on average by 5 and 55 ms,
respectively, resulting in a paradoxical transient decrease in QTVi from 0.07 £ 1.68 to -1.00 +
1.68. Multivariable Cox proportional hazards analysis adjusted for age, BMI, cardiovascular and
respiratory risk factors, sleep-disordered breathing and arousal, diabetes, and Parkinson disease
indicated that excessive QTVi during arousal was independently associated with all-cause and
CV mortality (all-cause hazard ratio, 1.20 [95% CI, 1.04-1.38; P = .012]; CV hazard ratio, 1.29
[95% CI, 1.01 -1.65; P = .043]).

INTERPRETATION: Arousals affect ventricular repolarization. A disproportionate increase in
QT variability during arousal is associated with an increased all-cause and CV mortality and
may reflect ventricular repolarization maladaptation to the arousal stimulus. Whether
arousal-related QTVi can be used for more tailored risk stratification warrants further study,
including evaluating whether arousal suppression attenuates ventricular repolarization
lability and reduces subsequent mortality.

ClinicalTrials.gov; No.: NCT00070681; URL: www.
CHEST 2023; 163(2):419-432

CLINICAL TRIAL REGISTRATION:
clinicaltrials.gov

KEY WORDS: all-cause mortality; cardiovascular mortality; QT variability index; sleep apnea;
sleep arousal; ventricular repolarization

ABBREVIATIONS: AHI = apnea-hypopnea index; CAD = coronary
artery disease; CV = cardiovascular; CVD = cardiovascular disease;
MI = myocardial infarction; PSG = polysomnogram; QTVi = QT
variability index; REM = rapid eye movement; SDqr = SD of QT in-
tervals; SDrg = SD of RR intervals

chestjournal.org

AFFILIATIONS: From the School of Electrical and Electronic Engi-
neering (S. S. S. and M. B.), The University of Adelaide, Adelaide,
Australia; Department of Cardiology (D. L.), Maastricht University
Medical Centre and Cardiovascular Research Institute Maastricht,
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ZxOAL0:

Ou duatapaxég emavandéAwong Twv KolAlwv ota arousals katd tn SdtdpKkela Tou
Umvou cuvdéovtal e au§npévn Bvntotnta o€ NALKLWHUEVOUG AVSPEG TNG KOLVOTNTA.

O peyalog aptOpog arousal kata tn StdpkeLa Tou UNMVou £XeL ouVEEDEL pe au§nuévn
Kapdlayyeltakny Bvntotnta , wotdoo oL LnXavicpol Sev £xouv yivel katavontol.

Ztn peAétn avutn e§etaoctnkav 407,541 arousals oe moAunvoypadieg kat’'oikov 2558
avépwv nAkiag >65 stwv. O StatapaxEg EmavandAwaon TOCOTLKOMoL|OnKav HE Tn
Xprion tou deiktn drakvpavong tov QT (QTVi).

H &uapkela mapakoAouOnong Atav 10,1+ 2,5 €tn katL oto Sidotnpa QUTo
napatnpnOnkav 1000 Odvatot and Siadopeg altie¢ ek Twv omoiwv ot 348
odeilovtav o€ KapSlayyeLaka aitia.

H pelétn autn €6eife OtL ta arousals otov UMvo cuvééovtal ME SLATOPOXEC
enavanoAwong Twv Kowwv Kat n ducavaloyn avénon oto variability tov QT mou
oXetiletau pe Ta arousals ouvééetal pe av§npuévn Ovntotnta.

Arnotovvton nepotépw HeAETEG yia va deixBel av n xpron tou deiktn QTVi-
oxetw{opevou pe arousal BeATwveL TRV KAWVIKNA EKTiinon Twv arousals kaw 08nyei o
KOAUTEPN €KTipNon tou KwvdUvou twv acBevwv pe arousal. KaBwg eniong ywa va
SLamoTwOEL N XPNOLUOTNTA TOU GE MPOCWTOTOLNUEVEG TTAPEUPACELG YLA TN HEiWON
TwV KvdUvwv mou oxetifovrau pe ta arousal.

Ertidoyn apBpou — ZxoAlaopnog: ABnva BAdayou
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Prevalence and Predictors of Sleep-
Disordered Breathing in Men Participating
in the Multicenter AIDS Cohort Study

Naresh M. Punjabi, MD, PhD, Todd T. Brown, MD, PhD, R. Nisha Aurora, MD, Sanjay R. Patel, MD;
Valentina Stosor, MD, Joshua Hyong-Jin Cho, MD, PhD, Gypsyamber D'Souza, PhD, and
Joseph B. Margolick, MD, PhD

BACKGROUND: Data on the prevalence of sleep-disordered breathing (SDB) in people with
HIV are limited. Moreover, whether the associations between SDB and age or BMI differ by
HIV status is unknown.

RESEARCH QUESTION: Is SDB more prevalent in men with HIV than those without HIV, and
do the predictors of SDB differ between the two groups?

STUDY DESIGN AND METHODS: Home polysomnography was used in the Multicenter AIDS
Cohort Study to assess SDB prevalence in men with (n = 466; 92% virologically suppressed)
and without (n = 370) HIV. SDB was defined using the oxygen desaturation index (ODI) and
the apnea-hypopnea index (AHI), using four definitions: = 5 events/h based on an ODI with
a 3% (ODI;) or 4% (ODI,) oxygen desaturation, or an AHI with a 3% oxygen desaturation or
EEG arousal (AHI;,) or with a 4% oxygen desaturation (AHI,).

RESULTS: SDB prevalence was similar in men with and without HIV using the ODI; and
AHI;, definitions. However, SDB prevalence was higher in men with than without HIV using
the ODI, (55.9% vs 47.8%; P = .04) and the AHI, definitions (57.9% vs 50.4%; P = .06). Mild
and moderate SDB were more common in men with than without HIV. Associations between
SDB prevalence and age, race, and BMI were similar in men with and without HIV. Among
men with HIV, viral load, CD4 cell count, and use of antiretroviral medications were not
associated with SDB prevalence.

INTERPRETATION: SDB prevalence was high overall but greater in men with than without HIV

using the ODI, threshold definition. Efforts to diagnose SDB are warranted in people with

HIV, given that SDB is associated with daytime sleepiness and impaired quality of life.
CHEST 2023; 163(3):687-696

KEY WORDS: HIV; prevalence; sleep apnea; sleep-disordered breathing

ABBREVIATIONS: AHI = apnea-hypopnea index; AHI, = apnea-
hypopnea index with = 4% oxygen desaturation; AHI;, = apnea-
hypopnea index with = 3% oxygen desaturation or EEG arousal; ESS =
Epworth sleepiness scale; MACS = Multicenter AIDS Cohort Study;
ODI = oxygen desaturation index; ODI, = oxygen desaturation index
with = 4% oxygen desaturation; ODI; = oxygen desaturation index
with = 3% oxygen desaturation; SDB = sleep-disordered breathing

AFFILIATIONS: From the Miller School of Medicine (N. M. P.), Uni-
versity of Miami, Miami, FL, the School of Medicine (T. T. B.), the
Bloomberg School of Public Health (G. D. and J. B. M.), Johns Hopkins
University, Baltimore, MD, the Robert Wood Johnson Medical School

chestjournal.org

(R. N. A), Rutgers University, New Brunswick, NJ, the School of
Medicine (S. R. P.), University of Pittsburgh, Pittsburgh, PA, the
Feinberg School of Medicine (V. S.), Northwestern University, Chi-
cago, IL, and the David Geffen School of Medicine (J. H.-J. C.), Uni-
versity of California, Los Angeles, Los Angeles, CA.
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ZxOAL0:

Enintwon Kat mpoBAENTIKOL MAPAYOVTEG yla SlatapayEG AvVamnvorg otov UNMVo O
avépeg ano tnv MNoAuvkevipiki Cohort AIDS peAétn.

Ztn peA€Tn auth €T€ONoCAV Ta EPWTAMATA €AV OL SLATAPOXEG TNG AVATIVONG OTOV
Unvo sival o cuxvég og HIV Betikol¢ aoBeveic oe oxéon e HIV apvntikolg avépeg
Ko €av Stadépouv oL MPOPAENTIKOL TTAPAYOVTEG YL OLUTEG TLG SLaTapayEG HETAEY
Twv 8U0 opadwv.

H peAétn cupnepitéAape 466 HIV Betikoug avépeg kat 370 HIV apvntikoug, oL omoiot
unofBAnOnkav o peAétn unvou tomov Il (NOX 1).

Q¢ Satapayr avamnvong otov Unvo OewpnOnke n avéupeon AHI >-5 'H ODI >-5, pe
opLa arokopecpoL 3% N 4%, EVw 0 EAAXLOTOG XPOVOG UTIVOU RTav 3 WPEC.

Bp£Onke otatiotika onuaviiky Swadopd otnv enintwon (HIV 55,9% vs 47,8%,
p=0,04) novo otnv MePiMTIWON MOV XpnoLonowOnke w¢ Kkptplo o ODI pe dplo
QITOKOPEGHOU TO 4%.

H enintwon pe Baon tnv nAwia, t $uAn kat to BMI Atav napopoia ot dvo
opadeg. Kau eniong, petagd twv HIV acBevwv dgv unnpxav Siadopég otnv
ENINTWON TWV SLaTAPAXWV AVATIVONG oTov UTtvo Adyw Stadopwv oto uko $poprtio,
oV aplOpo Twv CD4 KUTTAPWV KOl TA AVILPETPOLKA dAppaKaL.

Agbopévng ™G avfnuévng enintwong mou deixvel auty n HeAETN,0a mpénel va
unapxet auvénuévn umoyia ot HIV OetikolG aoBevei¢ yia tnv aviyveuon
SLatapoywv avamnvor|G otov UTVO PE OTOXO TNV AVTLMETWILON Kot T BeAtiwon tng
nototntag TG {wrg TouG.

Eruidoyn apBpou — ZxoAlaopnog: ABnva BAdayou
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KEY POINTS

o Home multi-night sleep testing reduces misclassification of sleep apnea level of severity.

e Scoring of abnormal respiratory events and sleep disturbances could be assisted by artificial intel-
ligence to reduce burden of manual scoring and inter-scorer variability.

e Sleep testing methods should be low-cost, simple to install, and easy to use at home.

e Robust clinical trials are needed to validate new sensors, algorithms, and digital solutions.

INTRODUCTION

Sleep apnea is one of the most frequent chronic
diseases, affecting nearly one billion people
worldwide.” Its prevalence is expected to
continue to increase owing to the sustained pro-
gression of obesity, sedentariness, and diabetes
epidemics that represent the most common risk
factors for sleep apnea.’? At an individual level,
sleep apnea is responsible for deterioration in
quality of life, neurocognitive dysfunctions, and
sleepiness (causing related traffic accidents).®*
Sleep apnea is associated with a higher risk of
the occurrence and cumulation of cardiometa-
bolic comorbidities, which in turn lead to early
mortality.>~” The impact on health systems is sub-
stantial, and in response to the burden of sleep
apnea, specific national programs have been initi-
ated to review diagnostic methods, along with the
reorganization of treatment and follow-up care
pathways.®

Conventionally, diagnosis usually depends on
overnight polysomnography in a sleep clinic, for
which there are often long waiting lists, as well
as being highly human-resource intensive. Once
diagnosed, the efficient treatments are available
to confront the medical challenge of sleep apnea.
Continuous positive airway pressure (CPAP) is
the first-line therapy for moderate-to-severe
obstructive sleep apnea (OSA) and is highly effi-
cient in improving quality of life and reducing
symptoms and sleepiness.® The efficacy of
CPAP is less clear concerning reduction in the
risk of cardiovascular diseases and mortality, but
there is strong evidence from real-word studies
of a positive impact'®'! of OSA treatment. Positive
airway therapies also reduce health-related costs,
particularly in the comorbid combinations of sleep
apnea and chronic obstructive pulmonary disease
(COPD),"? or sleep apnea and type 2 diabetes.’®

Although often ignored in the past, for all these
reasons there is an increase in sleep apnea
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ZxOA0:
BEATLOTN MPOOEyyLon yla T Stayvwon tn¢ YIVIKAG Amtvolag

Me 8edopévn tnv avénuévn INTNON UNNPECLWYV yLa TN SLdyvwon Kol Thv napakoAoudnon twv acOevwv
pe ZAY kot pe avadopd oto nmoapdadstypa tov ¢pvAavdikol cuotrpatog uysiag (0mou pe tnv epappoyn
pLog avaBswpnrEVNG MOALTIKAG AMAOMOINONG TWV SLASIKACLWV EMETELXON KLl CNUOVTIKA HEiwON TNG
dnuooclag damavng), oL ouyypadeil¢ onuelwvouv OTL MPOPAAAEL TLOL EMITAKTIKA N QVAyKn yla
petappuBpuiosig otig peBodoug Siayvwong kat Bspanciag. Autq N AVaOKOTNON OTOXEVEL va cuvoioeL
TG KUpLeG BeAtiwoel mov Oa pnopovocav va edpapurootolv otn SLAyvwon TG UTVIKAG AMvVoLoG ME
TMPOTAOELG, LETAEL TWV OTOLWV:

1. Taxeia avantuén kat epappoyn mo anAonownuévou tunou Kataypadwv oto onitt. H peAétn unvou
Kat'oikov o€ SLadoxikég vuxteg (moAuvuytia kataypoadr)), avILMPoowWmEeVEL Ml mpotacn mou Ba
MUIOPOUOCE VA UELWOEL TOV Kivbuvo eodalpévng talvopnong tng PBapltntag Me pia pOvo HeAETn
(eodaApévn tafivopnon oxedov oto 1/3), mapott n otpatnyikr) auty apudLopntriOnke apxtkd Adyw
KOOTOUG Kal TaAatmwpiag yia Toug acbeveic.

2. Edappoyn véwv texvoloywwv, aoOntipwyv Kat AVcEwV TNAe-LATPLKAG Mou Ba Stafétouv wg Ldavika
XOLPOAKTNPLOTLKA VoL Elvail: OTAOULOMEVEC, LKAVEG va ouvopioouv OAeG TIG MANPodopieg Mou anattovvral
yla tov mpoodloplopd tn¢ maboduciodoyiag tng UMVIKAG Statapaxng Kat va taflvopolv opbd tn
Swatapay w¢ mpo¢ TN ocofapotntd tng. Oplopéveg teXVoAoyieg (mepiypadovrar oto apOpo)
XPNOLWWOTOLOUV TLX. TNV HMETIPNON TWV KWACEWV TNG KAtw yvabou (MJMs), AGAAeg Ttnv
dwrtonAnOucpoypadia (PPG) kat AAAeg tov TepLpeplko aptnplako tovo (PAT) kat gival and Tig mo
UTTOOXOLEVEG TEXVLKEG, TIOU €XOUV £XEL NN ETLOEIEEL MOAU KAAEG AMOSAOEL OE EPEUVNTLKO Kat KALVLKO
nepLBaiiov.

3. BaOpoAdynon (OKOPAPLOMA) OVONMVEUCTIKWV EMELCOSIWV KOl UTMVIKWV  Slatapoywv Tmou
UNOOoTNPILIETOL OO OLUTOUOTOTIOLNHEVEG OUOKEUEG KOl EPUNVEVUCLHA CUCTHATA TEXVNTAG vontoouvng. H
XEWoKivntn PBaduoAoynon eivat moAU xpovoBopa Kot omaltel €EELSIKEUMEVO TIPOCWILKO  Kou
avOpwrivoug mopout. EEaANou, £xel dAAa SU0 BAOLKA HELOVEKTAMATA: LEYAAN StakUpavon HeTall Twv
BaBuoAoyntwv, aAAd Kol anoKALCEL LETAEY TWV ANMOTEAECHATWVY O EMAVOELOAOYNOEL OO TOV 1610
BaBuoAoyntn. Autopatomnoinuévol alyoplOuot BadpoAdynong €Xouv emTUXEL MAEOV €va OIMOSEKTO
eninedo akpifelag kot cupdpwvia kovta oto 85% He th XELpokivntn BaduoAdynon.

4. Négg SLayvwoTikEG Mpooeyyioslg mouv Ba eival KatdAAnAeg va avranokpltOolv oto péyeBog tou
emdnuioAoyikou npoPAnpatog (ot e€etaotikég LEBoSoL Ba mpEmeL va givatl XapnAoU KOOTOUG, EUKOAEG
otn Xpnon Kot apeoa dtabéoipeg). O dsiktng AHI anoteAel pla napAapeTpo nou dev ouoetiletal oUTE pe
TOL GUUMTTWHATA OUTE HE TN BapUTNTA TWV AMOTEAECUATWY, AAAAQ KOl SEV OMOTUNIWVEL GTO CUVOAO TOU
TOV KapSLayyeLlako Kot HeTaBoALko Kivduvo. H eppnveia Twv anoteAsopatwy Baot{OHeVN AIMOKAELCTIKA
o€ €vav UTIOAOYL{OMEVO OPLOHO HE TIG YVWOTEG ATEAELEG KO TEPLOPLOMOUG Tou, 8 umopel va Aapet
unoYPn TLG EMMTWOELG TOU CUUTIALONTLKOU TOVOU, TNG SLatopaxrg tTnG HIKPOAPXLTEKTOVIKAG TOU UTTVOU Kall
NG AVANMVEUOTLKNG Mpoonafsiag. Daivetoal Ot ot AAYOPLOMLKEG METPNOELG KOL N TEXVNTH VOnHoouvn
€xouv tn Sduvarotnta va unootnpiouv tnv npoPAsPn kwwdlvou os aoBeveic pe IAY, npoodEpoviag
neploootepeg nAnpodopie anod tnv kKAacwkny PSG.

YIApXouv EUMOSLA TTOU TIPEMEL VAL EEMEPACTOUV, TIPOKELMEVOU TO KOLVOTOMO TEXVOAOYLKA EMLTEVYHOTO
va pnopEcouv va £paprootolVv o€ HEYAAN KALHAKO otV KAWIKA TTPAaKTK. H mpAkAnon He thv onoia
elpaote avrlpEtwnol sival, péow ¢ epappoyns ths Ynolakng avaluong kot tng teXvoloyiag, va
€vVLoXUOoUV oL SuvatotnTeg TaxXUTEPNG Kat Tio agLomiotng Siayvwong, BeATiwvovtag £ToL TRV npocBaon
TWV aoc0evwv og KATAAANAEG SOUEG UYELOG KAl LELWVOVTOG TNV UYELOVOMLKA darmavn.

Ertidoyn apBpou-oxoAlacpuog: Ayng Aéppag
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Abstract

Background Obstructive sleep apnoea (OSA) is a chronic prevalent condition characterised by
intermittent hypoxia (IH), and is associated with endothelial dysfunction and coronary artery
disease (CAD). OSA can induce major changes in gut microbiome diversity and composition,
which in turn may induce the emergence of OSA-associated morbidities. However, the causal
effects of IH-induced gut microbiome changes on the vasculature remain unexplored. Our
objective was to assess if vascular dysfunction induced by IH is mediated through gut microbiome
changes.

Methods Faecal microbiota transplantation (FMT) was conducted on C57BL/6J naive mice for 6
weeks to receive either IH or room air (RA) faecal slurry with or without probiotics (VSL#3). In
addition to 16S rRNA amplicon sequencing of their gut microbiome, FMT recipients underwent
arterial blood pressure and coronary artery and aorta function testing, and their trimethylamine N-
oxide (TMAO) and plasma acetate levels were determined. Finally, C57BL/6J mice were exposed
to IH, IH treated with VSL#3 or RA for 6 weeks, and arterial blood pressure and coronary artery
function assessed.

Results Gut microbiome taxonomic profiles correctly segregated IH from RA in FMT mice and
the normalising effect of probiotics emerged. Furthermore, IH-FMT mice exhibited increased
arterial blood pressure and TMAO levels, and impairments in aortic and coronary artery function
(p<0.05) that were abrogated by probiotic administration. Lastly, treatment with VSL#3 under IH
conditions did not attenuate elevations in arterial blood pressure or CAD.

Conclusions Gut microbiome alterations induced by chronic IH underlie, at least partially, the
typical cardiovascular disturbances of sleep apnoea and can be mitigated by concurrent
administration of probiotics.



ZxOAL0:

To ZAAY epdaviletal o nepinov 1 610. avOpwnoug Kat eKTO¢ AAAwWV cuvodeleTal
ano evéodnAiakn SucAettoupyia Kot KapSlayyelakn voonpotnta.

ZAYY Slayyvwoketal o 40-80% acBeveig pe Kapdlayyelakn vooo, EVw N avAaykn
YO CUUTIANPWHOATIKEG Oepameieg €ival EMITAKTIKA £VEKO TWV OVEMOAPKWV KOl
Supopolpevwy amnoteAeopudtwy ou £xeL n Oepaneia pe CPAP.

To HKPOBILWA TOU EVIEPOU CUMUETEXEL TEPAV TNG Stadikaociag tng méYng, otnv
OKEPALOTNTA KOl TOV GPAYHO TOU EVIEPLKOU BAEVVOYOVOU, EVW SLOTAPAXEG OTNV
BromotkiAdtnTa Ko to péye0og g xAwpidog mapouotalovtal os MOANEG MAONOELS
cupneplAappfavopévou tov ZAAY. M oucia ou napaystat anod tnv xYAwpida , n
TMAO (systemic trimethylamine N-oxide) exev Ppebei va oxetiletar pe
aOnpwudatwon, otedaviaia voco KoL aptnplakrn uméptacn. Ta TPOoLOTIKA
ehattwvouv tnv TMAO , tn ouotnuatik PpAeypovr) Kot au§Avouv Ta HLKPAG
aAUooou Aumapd ofEa.

Itnv MeAétn oL ouyypadei¢ £Kavav HETAHOOXEUCN EVIEPLKAG XAwpidog o€
nepaparolwa nov untoBAROnKav os Stadsimovoa unoia He 1 Xwpic mpoBLoTika.
Entiong £ywve €Aey)X0G TNG APT.TILEGNG KAl TNG AELToupyiag Twv otedaviaiwv Kat Tng
a0ptnG He MAPAAANAAn pétpnon tng TMAO. Ta movtikia Tou €KTEBnkav os
ouvOnkeg ZAAY eixav KopSLOMETABOALKEG datapaxeg kat avgénon ts TMAO
nov ealeidpOnKav pe Tn xpRon NPofLoTikwy, OpwE dev BeATLWONKE n aptnp. nicon
Kot N n Asttoupyia Twv otepaviaiwv 6 MOPATELVOUEVEG CUVONRKEG uTto§iag.
ZUMMEPACHATIKA Ol aAAayEG OTO MKpoBiwpa mou cuppaivouv oe StaAeimovoa
uno§ia pEPKWG avtavakAoUv Tig KapSLopeTaBoAikeég Statapayxeg tou ZAAY Ko

Suvatov va BeATLIwWOOUV HE TN TAUTOXPOVN XOPyNon MPOBLOTLKWV.

Ertidoyn apBpou — ZxoAlacpuog: Navaywwtng MNavayou
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CPAP therapy seems to significantly improve HbAlc in patients with type 2 diabetes and OSA. The
amount of improvement is associated with the hours of usage of CPAP; optimal adherence to CPAP
should be a primary goal in these patients. https://bit.ly/3CZL9ic
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Abstract

Obstructive sleep apnoea is a highly prevalent chronic disorder and has been shown to be associated with
disturbed glucose metabolism and type 2 diabetes. However, the evidence from individual clinical trials on
the effect of continuous positive airway pressure (CPAP) treatment on glycaemic control in patients with
co-existing obstructive sleep apnoea and type 2 diabetes remains controversial. A systematic review of
randomised controlled trials assessing the effect of CPAP on glycaemic control in patients with obstructive
sleep apnoea and type 2 diabetes was conducted using the databases MEDLINE, Embase, Cochrane and
Scopus up to December 2022. Meta-analysis using a random-effect model was performed for outcomes
that were reported in at least two randomised controlled trials. From 3031 records screened, 11 RCTs with
a total of 964 patients were included for analysis. CPAP treatment led to a significant reduction in
haemoglobin Alc (HbAlc) (mean difference —0.24%, 95% CI —0.43——0.06%, p=0.001) compared to
inactive control groups. Meta-regression showed a significant association between reduction in HbA1lc and
hours of nightly CPAP usage. CPAP therapy seems to significantly improve HbAlc and thus long-term
glycaemic control in patients with type 2 diabetes and obstructive sleep apnoea. The amount of
improvement is dependent on the hours of usage of CPAP and thus optimal adherence to CPAP should be
a primary goal in these patients.

Introduction

Obstructive sleep apnoea (OSA) and type 2 diabetes are highly prevalent diseases that have major clinical,
epidemiological and healthcare implications [1]. Epidemiological studies have demonstrated a high
prevalence of OSA in patients with type 2 diabetes and vice versa [2]. Despite OSA and type 2 diabetes
sharing common risk factors such as advanced age and obesity, several studies recently suggested that the
two diseases may influence each other [3]. In patients with OSA, sleep fragmentation and episodes of
hypoxaemia, caused by recurrent episodes of partial or complete airway collapse during sleep, lead to
pathophysiological sequelae such as activation of the sympathetic nervous system (SNS), systemic
inflammation, oxidative stress and changes in hormonal systems (e.g. modulation of the hypothalamic—
pituitary—adrenal (HPA) axis) [4]. These OSA-induced alterations likely contribute to derangements in
glucose metabolism with development of insulin resistance and glucose intolerance, possibly promoting
the development of type 2 diabetes [5, 6]. The results of a recent meta-analysis of different cohort studies
including over 60 000 patients with OSA indicate that the presence of OSA has a comparable impact on
developing type 2 diabetes as traditional risk factors such as overweight, family predisposition and physical
inactivity [7]. In turn, several reports have shown that type 2 diabetes may promote OSA through the
effects of peripheral neuropathy, with impaired microvascular regulation and increased nitrosative/oxidative

https://doi.org/10.1183/16000617.0083-2023 Eur Respir Rev 2023; 32: 230083
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ZxOALo:

Mpokettan yio KOUPKO paper mou mpoteivetar and tnv ERS va SitafacOel oe

npocdatn SLadLKTUKNA EMLKOVWViaL.

To ZAAY Kot 0 dLartng Tumou 2 eival ouxvEG voool Kal n LeTa§L Toug oxéon eival
apdidpopun, SnA. £XoHe KOWOUG EMBOAPUVIIKOUG TOPAYOVIEG  (maxuoapkia,
MEYAANn nAwkia). Zto IAAY O KOTOKEPUATIOMOG Umvou, n umofia, n avénon tou
cupnadnukol, n avénon ™G PAEyHOVAG KaL n TPomomoincn tou aova
unoBaAdpou-unodpuong Snuioupyolv SucAeltoupyiad OTO METAPBOALOHO TNG
YAUKAIng, evw oto Staprtn n neptpepLkn veuponmdbeLa, n pikpoayyelakn BAapn kot
TO 0§ WTLKO stress , n peloveéia tou central control , mpodiaBtouv yia epdavion

2ZAAY.

Ta KUpLa gupApaTa AN auTh TNV peta-avalvon 11 RCTs and 964 aoOeveig sivat
ott n Ogpaneia pe xprion CPAP BeAtiwver ta emnineda yYAUKOIUALWUEVNG
apoodapivng kat ta 24wpa enineda yYAukolng aipatog, aAAd xwpic enidpaon otn
YAUKOIn vnoteiag, ota enineda ppouvktooapivng kat to HOMA-IR. Eniong BpéOnke

ouoxEtion petagl tng eAattwong thg HBALc Kat Twv wpwv Xpriong tou CPAP.

Méow TG eAATIWONG TOU cUMMABONTIKOU Kat tng BeAtiwong tou Kipkadiavou
KUKAou, to CPAP BeAtiwvel Tn AELTOUpyia TWV MAVKPEATIKWY B- KUTTAPWY Kal TNV
gvawoOnoia otnv wooulAivn. EAattwon tg HBAlc kata 0.24%(-0.43-0.06%,
p=0.001). Sensitivity analysis-no evidence of small study effects, heterogeneity

12=39.3%. Mia wpa eni mA€ov xpriong CPAP gAattwon kata 0.08% tng HBALc.

Ta anoteAéopata dsiyvouv ot n PBeAtiwon tng opoldéotacng tng YAUKOING mou
ETLTUYXAVETAL UE TN Oepamneia TNG UMVIKAG AMVOLOG ELVOL GNLOVTLKI, TTOLPOMOLAL UE
OUTHV TIOU ETULTUYXAVETAL ME TNV Slalta KoL TNV aoknon. Oa MPEMEL va yiveto
screening Twv SLapntikwv TUNou 2 acBevwy , Liwe o SUoKOA pUOLIOEVOUG KOl

unofoAn o€ noAuvunvoypadia.

Ertidoyn apBpou — ZxoAlacpog: Navaywwtng Mavayou
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Abstract

Purpose Central sleep apnea (CSA) is usually distinguished from obstructive sleep apnea (OSA). In fact, CSA is often a
component of severe sleep apnea hypopnea syndrome (SAHS), rather than occurring alone. We investigated the clinical
characteristics and polysomnography (PSG) parameters of CSA components in patients with severe SAHS.

Methods The clinical characteristics and PSG parameters were retrospectively analyzed.

Results Pure or dominant CSA was rare (5% of all patients). Of all patients with CSA, 72% also exhibited other apnea sub-
types that contributed to severe SAHS. Among patients with severe SAHS, those with CSA were more likely than others
to be older; thinner; exhibit higher prevalences of comorbid coronary heart disease, arrhythmia, and heart failure; a higher
apnea/hypopnea index (AHI); mixed apnea index (MAI); an elevated oxygen desaturation index (ODI); and more nighttime
oxygen saturation levels < 90%. Multivariate logistic regression analysis revealed that older age, comorbid arrhythmia or
heart failure, and an elevated ODI were independently associated with CSA.

Conclusion Patients who complain of snoring or apnea may be better evaluated by comprehensive PSG prior to treatment
if they are old, show greater hypoxia, or suffer from arrhythmia and/or heart failure, because such patients are more likely

than others to exhibit CSA.

Keywords Central sleep apnea (CSA) - Mixed sleep apnea (MSA) - Arrhythmia - Heart failure

Introduction

Obstructive sleep apnea (OSA) is very common and
is characterized by recurrent episodes of upper airway collapse
leading to complete or partial cessation of airflow even with
respiratory effort [1]. By contrast, central sleep apnea (CSA),
characterized by respiratory apnea accompanied by a lack
of respiratory effort during sleep, is much less common,
except in patients with cardiac diseases or those who take
opiates [2—4]. Previous studies have focused on patients with

P4 Qiang Zhang
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Department of Geriatrics, Tianjin Medical University
General Hospital, Tianjin Geriatrics Institute, Tianjin, China

Chest Clinical College, Tianjin Medical University,
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and Sleep Center, Tianjin Chest Hospital, Tianjin 300222,
China

Tianjin Medical University, Tianjin, China

dominant CSA, regardless of the severity of sleep apnea
hypopnea syndrome (SAHS) [5-7]. However, it is noteworthy
that CSA is typically comorbid with OSA, mixed sleep apnea
(MSA), and hypopnea. These types of SAHS may constitute
a severe phenotype (the apnea/hypopnea index [AHI] is >
30) together, which may be more harmful and deserving
treatment. Continuous positive airway pressure ventilation
(CPAP) may be used to treat suspected OSA directly. But
for those patients with a component of CSA, there may be a
greater possibility of complex sleep apnea syndrome or lower
adherence to CPAP therapy [8—10]. The home sleep apnea test
(HSAT) detects OSA in a cost-effective manner but does not
distinguish CSA [8, 11]. To allocate medical resources
optimally and to ensure appropriate treatment, it is important
to be alert for CSA in patients with SAHS irrespective of
which apnea subtype predominates. We therefore explored the
clinical characteristics and PSG parameters of patients with
severe SAHS with and without CSA regardless of whether
or not CSA predominated. We also sought indicators of CSA
events in an effort to facilitate appropriate diagnosis and
treatment.

@ Springer
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ZxOAL0:
ZUMBOAN TNG KEVIPLKAG UTIVIKAG AIVOLAG 0TO OUVSPOHO o apng UMVLKAG AvoLag

H kevtpwk amvoia unvou ( CSA) ocuvnBweg Stakpivetal amd tnv anodpaKktikn
anvota (OSA). Qotooo, sival afltoonpueiwto otL to CSA €ival TUTLKA cUVVOGNPO ME
OSA, ukt unvikiy anvota (MSA) kat unionvola. O GUVEXNG OEPLOHOG ME BeTKA
niieon twv agpaywywv (CPAP) ot aoBeveig pe cuvundpyxov otowxeio CSA, pnopet
va cuvteAéoel otnv epdAvion Tou cuvdpopov Twv complex apnea ) va cUBAAAEL
otn XopunAdtepn ocuppopdwon otn Bepaneio CPAP. Ta test UTVLKNAG Anvolag oTo
onitt (HSAT) avixvevel to OSA aAla &€ dlakpivel to CSA. Ztn HEAETN MAPAV HEPOG
714 aoBeveic oL omoiot umoBAnOnkav oe mnoAuvowpatokatoypadlk) HEAETN
Unvou (PSG) Ttwv omoiwv Ta KALVIKA XOPOKTNPLOTIKA KoL OL TIapAUETPOL TG PSG
avaAiOnkav avadpopikd. Opiotnke KaBapod CSA autd He SelKTn KEVIPLKAG
anvoiag (CAl) > 5ue S€iKTn AVANMVEUCTIKWY CUMBAVTWY omtoloudnmote/0Awv Twv
AAA\wv urtotunwv <5. H kaBapn i emkpatovoa CSA ftav onavia (5% OAwv twv
aoBevwv). Antd 6Aoug toug aocBeveic pe CSA, to 72% epdavice eniong aAAoug
UTNOTUTIOUG amvolag mou ouvéBaAav oto cofapd cUvSpopo amnvoiag (SAHS).
Metal twv acBevwv pe cofapo SAHS, ekeivol pe CSA nrtav mo mbavo ano
aAloug va eivar peyaAutepol, Aemtotepol , va mapouotdlouv uvPnAotepoug
EMUMOAQOUOUG ouvvoonpotntag otedpaviaiag vooou, appubuiog Kot KapSLaKNG
avendpkelag. Erunpoodeta eixyav vPnAotepo Seiktn anvoia/undnvoiag (AHI),
MikTAg anvoiwag (MAI), avfnuévo &eiktn amokopeopol ofuyovou (ODI) kat
NepLOoOTEPA eNMineda Kopeopol ofuyovou Katda tn SLApKela TG vuxtag <90%.
Zuviotatal o€ acOeveig, NALKLWHEVOUG , HE HEYAAUTEPN UTtOELO I} CUVVOGUPOTNTEG
onMwg appubpia A /kot Kapdiakny avendapkeila va urtofaAlovral os PSG avti yia
HSAT yuwa tnv akpifr) diayvwon Kat tnv KatdAAnAn Oepanesia.

Erudoyn apBpou — ZxoAlaopnog: EAévn Meppdkn
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Abstract

Rates of major depressive disorder (MDD) are increasing globally, in part due to the coronavirus disease 2019 pandemic, contributing
to disease burden. It has long been known that insomnia is intricately connected with depression as indicated by greater depression
severity and lower treatment response. Furthermore, insomnia is a significant risk factor for new-onset depression. Treatment of
insomnia is thus a logical target for prevention of incidents and recurrent MDD, This systematic review sought to evaluate the current
evidence for the preventive effects of insomnia treatment on depression onset. A database search yielded 186 studies, six of which
met criteria for inclusion in this review. All of the studies utilized cognitive behavioral treatment for insomnia (CBT-I) as the target
intervention and mast delivered treatment via a digital platform. Four of the studies found significantly lower rates of MDD onset
in those who received CBT-] compared to a control condition. The two remaining studies failed to confirm these effects in primary
analyses but secondary analyses suggested evidence of a preventive effect. There was significant methodologic heterogenaity across
studies in terms of sample selection, outcomes, and follow-up periods, limiting the ability to draw firm conclusions. The evidence
overall is in the direction of insomnia treatment reducing the risk for onset of MDD, but further research is warranted.

Key words: Insomnia; Depression; Cognitive Behavioral Therapy



ZxOALo:

Ta moocoota tng peifovog katabAuttikig Statapaxng (MDD) au§dvouv Maykoouiwg
.Elvat yvwoto nwg n aunvia cuvdéetal pe peyaAutepng Baputntag KatdOAwpn
KaOwE KAt LE HKPOTEPN BeparmeuTik) avtanokpion. EmutAéov, n avnvia anoteAel
napayovta Kwwdivou gpdaviong katabAwpng ko n Oepaneia tng eivat otdxog yia
v anotponn sudaviong kot vrnotpomnng thg MDD. H akéAouOn avackomnon
aflohoynoe tnv BipAloypadia oxetikda pe ta  mpodUAAKTIK enidpaocn NG
Oepanceiag tng aunviag otnv gpudavion tng KAtabAwPng. IZe OAeG TG HeAETEG
Xpnowonotndnke ocav napépfaocn n yvwolaky ouvunepipopikny Bepancia (CBT).
4/6 peléteg BpAKOV GCNUAVTLIKA PKpOTEPA TT0oo00TA Epdaviong MDD o€ autoug rtou
uroBAnOnkav os CBT . Ou 2/6 peAéteg 6ev 1o emPBefaiwoav ota apylka
anoteAéopata, aAAQ OTNV CUVEXELDL TOPOUGCLOOAV QTOTPENMTIKA eNidpacn. Adyw
™G stepoyEvelag tng pebodoloyiag neplopiletal n duvardotnta va edpatwbdouv
CUMTMIEPACHATO KO XPELAIETOL TEPALTEPW EPEUVAL.
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Metabolic disturbances in children with narcolepsy: a
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Abstract
Study objectives: To determine the prevalence of metabolic syndrome (MS) in children with narcolepsy and to evaluate their clinical
and sleep characteristics according to the different components of MS.

Methods: This retrospective study consisted of 58 de novo children with narcolepsy (median age: 12.7 years, 48.3% of boys). The
recently published MS criteria in a French population of children were used. Clinical and sleep characteristics were compared between
groups with different components of MS.

Results: MS was present in 17.2% of children with narcolepsy, among whom 79.3% presented with high homeostasis model assess-
ment for insulin resistance (HOMA-IR), 25.9% with high body mass index, 24.1% with low high-density lipoprotein cholesterol (HDL-
C), and 12.1% with high triglycerides. Patients with at least two MS components had more night eating behaviors and tended to
have lower percentage of slow-wave sleep and more fragmented sleep. On multiple sleep latency test, they had shorter mean sleep
latencies to rapid eye movement (REM), non-REM sleep and tended to have more sleep onset REM periods (SOREMPs) than those with
less than two MS components.

Conclusions: Insulin resistance was found to be the core metabolic disturbance in obese as well as in nonobese children with nar-
colepsy. Children with narcolepsy with at least two MS components presented a more severe daytime sleepiness and a higher preva-
lence of night-eating behaviors than those with less than two MS components. Such children might benefit from early evaluation and
management in order to prevent future complications.

Key words: Narcolepsy; children; metabolic syndrome; obesity; sleep
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ZxOAL0:

Avadpoukn peAétn 58 nmawduwv pe vapkoAnyia ( péon nAwkia 12,7 €t , 48,3%
ayopla) Kot HeTaBOALKEG Statapaxeg .KAWIKA Kol XOpAKTNPLOTIKA TOu UmMvou
OUYKPLONKOV METAEY OMASWV pE SLOUPOPETIKEG TAPAUETPOUG TOU HETOBOALKOU
ouvdpopou. BpéBnke nwg eixe HeTaBOAKO ocuvépopo 17,2% Twv MOLSLWV HE
vapkoAnyia, EK Twv onoiwv

e 79,3% eixe avtiotaon otnv tvooulivn
e 25,9% auvénuévo BMI

e 24, 1% xaunAn HDL xoAnotepivn

e 12,1% uynAa tptyAukepidia

Ta modld ME TOUAAXLOTOV 2 TOPAHETPOUG HETAPBOALKOU cuvépOpou eixav
MEYyOAUTEPN UMvVNAia Kol  MIKPOTEpA mMocootd  SWS Kol peyaAltepo
KOTAKEPHUATLONO TOU UTtvou. Eliong ota MSLT €ixav mio cUvtopa Ko epLOcOTEPQ
SOREM kaBwg kat mio pkpég NREM SLEEP LATENCIES.

Ertidoyn apBpou — ZxoAtaouog : Evayyeiia GAwpou
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Transvenous phrenic nerve stimulation is associated
with normalization of nocturnal heart rate perturbations
in patients with central sleep apnea

Mathias Baumert“*"“*' Dominik Linz*>®"%" Scott McKane*'= and Sarah Immanuel*?

Discipline of Biomedical Engineering, School of Electrical and Mechanical Engineering, The University of Adelaide, Adelaide, Australia,

?’School of Business Information Systems, Torrens University, Adelaide, Australia,

3ZOLL Respicardia, Inc. Minnetonka, MN, USA,

“Department of Cardiology, Maastricht University Medical Centre and Cardiovascular Research Institute, Maastricht, The Netherlands,

°Centre for Heart Rhythm Disorders, The University of Adelaide and Royal Adelaide Hospital, Adelaide, Australia and

*Department of Biomedical Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark

‘Corresponding author. Mathias Baumert, Discipline of Biomedical Engineering, School of Electrical and Mechanical Engineering, The University of Adelaide,
Adelaide, Australia. Email: mathias.baumert@adelaide.edu.au

Abstract

Study Objectives: To determine the effect of transvenous phrenic nerve stimulation (TPNS) on nocturnal heart rate perturbations in
patients with CSA.

Methods: In this ancillary study of the remedé System Pivotal Trial, we analyzed electrocardiograms from baseline and follow-up
overnight polysomnograms (PSG) in 48 CSA patients in sinus rhythm with implanted TPNS randomized to stimulation (treatment
group; TPNS on) or no stimulation (control group; TPNS off). We quantified heart rate variability in the time and frequency domain.
Mean change from baseline and standard error is provided.

Results: TPNS titrated to reduce respiratory events is associated with reduced cyclical heart rate variations in the very low-frequency
domain across REM (VLFI: 4.12 + 0.79% vs. 6.87 + 0.82%, p = 0.02) and NREM sleep (VLFI: 5.05 + 0.68% vs. 6.74 + 0.70%, p = 0.08) compared
to the control group. Further, low-frequency oscillations were reduced in the treatment arm in REM (LFn: 0.67 + 0.03 n.u. vs.0.77 + 0.03
n.u., p = 0.02) and NREM sleep (LFn: 0.70 + 0.02 n.u. vs. 0.76 + 0.02 n.u., p = 0.03).

Conclusion: In adult patients with moderate to severe central sleep apnea, transvenous phrenic nerve stimulation reduces respira-
tory events and is associated with the normalization of nocturnal heart rate perturbations. Long-term follow-up studies could estab-
lish whether the reduction in heart rate perturbation by TPNS also translates into cardiovascular mortality reduction.

Clinical Trial: A Randomized Trial Evaluating the Safety and Effectiveness of the remede® System in Patients With Central Sleep
Apnea, ClinicalTrials.gov, NCT01816776

Key words: central sleep apnea; heart rate variability; transvenous phrenic nerve stimulation
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ZxOAL0:

H kevtpwki unviky anvoiwa (CSA) eilvat cuxvy o aoOeveil pe KopSLayyelakd
voonpata. Itnv mopoandavw MHeAETn eAEyxOnke n enidpacn g StadAeBiwg
SLéyepong tou Pppevikol velpou (TPNS) otnv Stakupavon Tou Kapdlakou pubpou
o aoBeveiq pe CSA. EAéyxOnkav ta HKT katd tnv baseline kau follow-up PSG 48
aoBevwv pe CSA kat epduteuon TPNS nou Bpiokoviar o GAEBOKOUBLKO puBUO.
Yninpxav 2 opadeg aclevwv , n opdda Oepanciag pe napEppaon-Sléyepong Kat
opada pn napéupfaong control. 08nynOnkav oto anotéAeopa nwe o acOeveig pe
MHeTpiou mpog cofapou Badpou CSA, n TPNS HEIWOE T AVATIVEUOTLKA CUMBAaTO
KOl CUOXETLOTNKE TNV OHOAOTIOLNCN TWV SLAKUAVOEWV TOU VUXTEPLVOU KapdLakoU
puOUOU. Oa XPELOOTOUV MaKPOTMPOOeoueq MeAETeG MapakoAolOnong wote va
6oUpe av auti n peiwon petadpAleTal KoL O HEIWON TNG KOPSLOYYELAKNG
OvntotnTag o€ AUTOUG ToUG aoBEeVELG.
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