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ABSTRACT

biomarkers were acquired.

BACKGROUND Although the consequences of sleep deficiency for obesity risk are increasingly apparent, experimental
evidence is limited and there are no studies on body fat distribution.

OBJECTIVES The purpose of this study was to investigate the effects of experimentally-induced sleep curtailment in
the setting of free access to food on energy intake, energy expenditure, and regional body composition.

METHODS Twelve healthy, nonobese individuals (9 males, age range 19 to 39 years) completed a randomized,
controlled, crossover, 21-day inpatient study comprising 4 days of acclimation, 14 days of experimental sleep restriction
(4 hour sleep opportunity) or control sleep (9 hour sleep opportunity), and a 3-day recovery segment. Repeated
measures of energy intake, energy expenditure, body weight, body composition, fat distribution and circulating

RESULTS With sleep restriction vs control, participants consumed more calories (P = 0.015), increasing protein

(P = 0.050) and fat intake (P = 0.046). Energy expenditure was unchanged (all P > 0.16). Participants gained signifi-
cantly more weight when exposed to experimental sleep restriction than during control sleep (P = 0.008). While changes
in total body fat did not differ between conditions (P = 0.710), total abdominal fat increased only during sleep restriction
(P = 0.011), with significant increases evident in both subcutaneous and visceral abdominal fat depots (P = 0.047 and
P = 0.042, respectively).

CONCLUSIONS Sleep restriction combined with ad libitum food promotes excess energy intake without varying energy
expenditure. Weight gain and particularly central accumulation of fat indicate that sleep loss predisposes to
abdominal visceral obesity. (Sleep Restriction and Obesity; NCTO1580761) (J Am Coll Cardiol 2022;79:1254-1265)

abitual sleep deficiency affects more than
one-third of the U.S. adult population’
and has been linked to obesity, morbidity,
and premature mortality.”* Although null findings
have been reported,*> observational population-
based data implicating short sleep duration as a factor
promoting obesity are strongly suggestive though

© 2022 by the American College of Cardiology Foundation.

inferential.®'! Conversely, experimental studies on
sleep curtailment and weight regulation are limited
and conflicting, and few laboratory-based investiga-
tions have monitored concurrently both energy
intake and energy expenditure.”'” In addition,
whether sleep loss actually induces fat gain is un-
clear, with major limitations of previous studies
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ZxOAL0:

Zto apBpo avutd, anod tnv Mayo Clinic oL cuyypadeic nipav pia opada 12 vuywwv pn
TOXUCAPKWV EVNAIKWY OL OTIOLOL CUMIMANPWOOV HLOL TUXOLLOTIOLNHEVN EAEYXOUEVN
MEAETN otnVv omoiav otnv mpwtn ¢acn Kowudvrovoav 4 h To ELKOCITETPAWPO Kall
otnv aAAn ¢paon eixave xpovo 9 h yia va kotunBouv.

H opdada HE TOV MEPLOPLOMO TOU UMVOU Mapouciace HeyaAutepn mpocAnyn
Oepuidwv Kot avénon Tou CWHATIKOU BAPOUG, EVW OL EVEPYELAKEG OLVAYKEG NTOVE
otafep£g Kat oTig SU0 OpadEeC.

H opdda pe tov neploplopévo Unvo epdavice av§non tou orAayxvikoUu Ailmoug Kot
avénon otnv npocAnyn Beppidwv.

O KaAGG UTIVOG TPOCTATEVEL QO TNV Maxvoapkia aAAd gival Kot anapaitnTog yia
va £XOUHE €Vl ETILTUXNUEVO TTPOYPAUHA aduvatiopatog. To anotéAecHa LUTAG TG
MEAETNG CUUPWVEL HE AVAAOYO EUPALOTA TIOU £yLVaV O€ LEAETEG TOU MapeAOOVTOG.

Erudoyn apBpou — ZxoAlaopnog: Mavog Baytakng
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Obstructive sleep apnea and nocturnal attacks of paroxysmal atrial

fibrillation
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Study Objectives: Obstructive sleep apnea (OSA) is commonly seen in patients with atrial fibrillation (AF), but it is unclear to what extent this relationship is one
of causation or association. We examined a cohort of patients with paroxysmal AF to determine whether the presence of OSA (apnea-hypopnea index = 15

events/h) affects the time of onset of symptomatic AF episodes.

Methods: Patients with a recent emergency department visit for a symptomatic episode of paroxysmal AF were recruited from an AF clinic. The time of onset of
the AF attack was classified as occurring in “sleeping hours” or “waking hours” based on direct history from the patient and emergency department visit

documentation.

Results: Of 152 patients with paroxysmal AF, 67 underwent polysomnography; 1 (1.5%) had central sleep apnea, 46 (68.7%) had mild or no OSA, and 20
(29.8%) had OSA. In the OSA group, 14/20 (70.0%) had their symptomatic AF attack during sleeping hours compared to 12/46 (26.1%) in the mild or no OSA
group (P =.001). Compared with those who had a paroxysmal AF attack during waking hours, and adjusting for confounders, those who had a paroxysmal

AF attack during sleeping hours had almost 6 times the odds of having OSA (odds ratio, 5.53; P =.007).

Conclusions: Compared to patients with paroxysmal AF with mild or no OSA, those with OSA were far more likely to have a symptomatic AF attack during
sleeping hours, supporting a causal role for OSA in the pathogenesis of AF in this population. These findings strongly suggest that patients who have nocturnal

AF attacks should be evaluated for OSA.

Keywords: obstructive sleep apnea, paroxysmal atrial fibrillation, nocturnal, left atrium
Citation: Lin C-H, Timofeeva M, O'Brien T, Lyons OD. Obstructive sleep apnea and nocturnal attacks of paroxysmal atrial fibrillation. J Clin Sleep Med.

2022;18(5):1279-1286.

BRIEF SUMMARY

sleep study.

Current Knowledge/Study Rationale: Obstructive sleep apnea is known to be commonly associated with atrial fibrillation (AF). However, the clinical
features in patients with AF suggestive of a causal role of obstructive sleep apnea that should prompt a sleep study have not yet been described.

Study Impact: Our study shows that patients with a paroxysmal AF attack during sleeping hours had a higher likelihood of having underlying obstructive
sleep apnea than those with a paroxysmal AF attack during waking hours. This clinical feature can help physicians select or prioritize patients with AF for a

INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia in clini-
cal practice and is associated with significant morbidity and
mortality and an increased use of health care resources, includ-
ing an increased rate of emergency department (ED) visits and
hospital admissions.'* Although rate control and/or rhythm
control therapies remain key aspects of the management of
AF,*>* in recent years there has been an increasing emphasis on
the importance of the recognition and modification of risk fac-
tors of AF in individual patients,’ including novel risk factors
such as obstructive sleep apnea (OSA).>°

OSA is a sleep-related breathing disorder characterized by
repetitive collapse of the upper airway during sleep, leading to
sleep fragmentation, excessive daytime sleepiness, and an
increased risk of motor vehicle accidents.”® OSA can also

Journal of Clinical Sleep Medicine, Vol. 18, No. 5
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interrupt the normal cardiovascular quiescence associated with
sleep,'”!" and its presence has been associated with an
increased risk of hypertension, congestive heart failure, stroke,
and arrhythmias,'*'* along with a higher likelihood of noctur-
nal acute cardiac events such as myocardial infarction, ventricu-
lar arrhythmia, and sudden cardiac death.'*'

Compared to the prevalence rate of moderate-severe OSA in
the general population of 10%,”'® in AF cohorts, studies have
reported prevalence rates of OSA around 50%.'7 Although
some of this increased prevalence of OSA in AF populations is
likely explained by shared risk factors, such as increasing adult
age and obesity, there is mounting evidence suggesting that
OSA could play a causal role in the development or recurrence
of AF. A cross-sectional analysis from the Sleep Heart Health
Study found that those with OSA had 4 times the odds of the
presence of AF as compared to those without OSA, after
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ZxOAL0:

H ouoxétion ¢ anodpaKTIKAG UTIVLKIAG ATVOLOG LE TNV KOATILKN HOpUapuyn £XEL
avadelxOeli oe MOAAEG epyaoieg ta TeAsutaio xpovia. Itnv epyacia auth n
ouyypadeic peAétnoav aoOeveic mou POV ota EMELyOVTA TOU VOGOKOMELOU AOYyWw

KOATUKN G HOPHOPUYAG.

Toug Saipecav avaloya He To XPOVo £UdAvVIoNG TNG KOATILKAG HAPHOPUYIG EVTOG
Tou 24wpou. O xpovog epdaviong tnNG KOATIKNAG LAPOPUYAG KATNYOPLOTIOLRONKE
WG CUMPBAvV avaloya LE TIG WPEG UTIVOU 1) TIG WPEG eypriyopons (onwe avadEpOnke
OTO LOTOPLKO TOU aoc0eVOUG KOl TOU XPOVOU ENMLOKEWYNG OTO TUN LA EMELYOVIWV). ATLO
toug 152 aoBevei¢ pe mMapofUOHK KOATUKN Happapuyr, 67 unefAndnocav oe
noAunvoypadia kot Bp£Onke 6tL 46,68% Sev eiyav Amvola N\ €YoV AL ATTVOLAL KOLL
10 29,8% €ixav anoppakTky Anvola. ITNV opada tn¢ anodpaKTlkig anvoiag, To
70% eixav tnv évapén TnG KOATILKAG HOPOAPUYNG KATA TN SLAPKELA TWV WPWV UTIVOU
o€ avtiBeon pe 10 26% Tou eixav Amia anvola | KBoAou dnvola Kot EdAvIcE TV
KOATUKI LOPUOPUYR TIG WPEG UTVOU.

Ta cupnepaocpata Twv cuyypadEwv NTav OTL oL acOeVELG LE UTIVIKA Anvola givat
MOAU Teploootepo TOAVO va £Xouv £vapén KOATILKAG MOPUOPUYAG KATA TN
SLapKeLa Tou UMIVOU, YEYOVOG TTOU OUVNYOPEL YL TOV aLTLOAOYLKO pOAO TNG UTIVLKAG
anvolag otnv nadoyEveon TG KOATILKNAG LaPaPUYAG.

Ta euprpaTa AUTA cUVNYOPOUV OTO OTL oL aoBeveig oL onoiot epdavifouv KOATIKA
HOPUOPUYR KOTA TN SLAPKELA TOU UTVOU MPEMEL va e€etadovral yla tnv Unapén
UTIVLKI G QIVoLaLG.

Erttdoyn) apBpou — IxoAlaopog: Mavog Bayitakng
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Incidence of VTE in Patients With OSA
A Cohort Study

‘ ") Check for updates

Michael V. Genuardi, MD, Aman Rathore, MD, Rachel P. Ogilvie, PhD, MPH, Rebecca S. DeSensi, BA,;
Priya V. Borker, MD; Jared W. Magnani, MD, and Sanjay R. Patel, MD

BACKGROUND: Previous studies suggesting that OSA may be an independent risk factor for
VTE have been limited by reliance on administrative data and lack of adjustment for clinical
variables, including obesity.

RESEARCH QUESTION: Does OSA confer an independent risk of incident VTE among a large
clinical cohort referred for sleep-disordered breathing evaluation?

STUDY DESIGN AND METHODS: We analyzed the clinical outcomes of 31,309 patients under-
going overnight polysomnography within a large hospital system. We evaluated the associ-
ation of OSA severity with incident VTE, using Cox proportional hazards modeling
accounting for age, sex, BMI, and common comorbid conditions.

RESULTS: Patients were of mean age 50.4 years, and 50.1% were female. There were 1,791
VTE events identified over a mean follow-up of 5.3 years. In age- and sex-adjusted analyses,
each 10-event/h increase in the apnea-hypopnea index was associated with a 4% increase in
incident VTE risk (hazard ratio [HR], 1.04; 95% CI, 1.02-1.06). After adjusting for BMI, this
association disappeared (HR, 1.01; 95% CI, 0.99-1.03). In contrast, nocturnal hypoxemia had
an independent association with incident VTE. Patients with > 50% sleep time spent with
oxyhemoglobin saturation < 90% are at 48% increased VTE risk compared with those
without nocturnal hypoxemia (HR, 1.48; 95% CI, 1.16-1.69).

INTERPRETATION: In this large cohort, we found that patients with more severe OSA as
measured by the apnea-hypopnea index are more likely to have incident VTE. Adjusted
analyses suggest that this association is explained on the basis of confounding by obesity.
However, severe nocturnal hypoxemia may be a mechanism by which OSA heightens VTE
risk. CHEST 2022; 161(4):1073-1082

KEY WORDS: epidemiology; incidence; obesity; OSA; VTE

ABBREVIATIONS: AHI = apnea-hypopnea index; CSA = central sleep
apnea; EHR = electronic health record; HR = hazard ratio; PE = pul-
monary embolus; T90 = percentage of sleep time with oxyhemoglobin
saturation < 90%

AFFILIATIONS: From the Center for Sleep and Cardiovascular Out-
comes Research (M. V. Genuardi, A. Rathore, R. P. Ogilvie, R. S.
DeSensi, P. V. Borker, J. W. Magnani, and S. R. Patel), University of
Pittsburgh School of Medicine, Pittsburgh, PA; the Division of Car-
diology (M. V. Genuardi), Perelman School of Medicine at the Uni-
versity of Pennsylvania, Philadelphia, PA; and Optum (R. P. Ogilvie),
Boston, MA.
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ZxOA0:

Eninttwon tg OpopPoeuPoAikiic vooou oe aoBevei¢ pe Amodpaktikry Ymvikn Amnvoiwa (peAétn
K0GpTNC)

H peAétn autr) mMPoonadnoe vo QMOVINOEL OTO EPWINUA €AV N ANMOGPAKTLKN UTIVLIKN Amvola
anoteAei avefdptnto mapdayovia KivdUuvou yia BpoppoepBoAika eneloodia. H amodpaktiki
UTIVIK Amvola MPOoKaAEL UMEPMNKTIKOTNTA HEOoW TG PAEYHOVIG, TG dtatapaxng tou evéoBnAiou
TWV ayyeiwv Kal tng evepyomoinong twv atponetaAdiwv. EmumAéov, n mayuvoapkio mou ocuxva
CUVUTIAPXEL HE TNV UTIVLKI Amnvola augavel tov Kivéuvo yia OpoppoepBoAikd enelcodia.

AvaAuOnkav 31.309 atopa ta omoia umoBAnOnkav coe moAukataypadiki HEAETR UMVOU Kol
CUOYXETILOTNKE N BaputnTa TNG ANoPPAKTIKAG Anvolag e Baon tov AHI Ko To TOCOOTO TOU XPOVOU
UMvou oTov omoio oL aoBeveic €Xouv Kopeouo ailpoodatpivng oe o§uyovo <90% He TOV KvSUVO
OpopBospBoAIKWV eMELCOSIWV O pLa HéEoN TEPiOSO MapakoAduOnong 5,3 eTwv.

H vuktepvn unofatpia £€6s1fe va anotelei avefdaptnto napdyovra Kwwduvou yia OpopupfosppoAka
enelco6la. AcBeveig oL omoiol eiyav Sat02<90% ywa >50% tou xpovou Umvou, gpdpaviav 48%
peyadvtepn mbavotnta va gpdavicouv Kamowo OpopuBoeUBOAKO €MELCOSL0 O OXEON ME TOUG
untodownoug aoBeveic. H avfnon tou Kwdlvou ot oxéon Me tnv avénon tou AHI ¢avnke va
oxetiletal KUpilwg e TRV ouvOTIapEn MaxvoopKiag.

Neploplopovg tnG pHeAETng anoteAolv n mBav ocuvinapén Kat AAAWV VOONHATWV W¢ aitia thg
VUKTEPLVAG UTtoatpiag, Onmweg n Xpovia anodpaktikr) nveupovonadsia dsdopévou OtL dev £yve
AELTOUPYIKOG £AEYXOG TMVEUMOVWV Ot OAOUG TOuG aoBeveic, | TO OUVSPOUO UMOAEPLOMOU-
nayvoopkiag.Eniong, avadéperal and toug ouyypadeig O0tL Sev unnpxav otolxeia ywa tg ARYn
OLVTLUITNKTLKAG aywyng | Tn Xprion Oepaneiog yia tnv anodpokTLkr) UNVIKA anvola.™

Erttdoyn apBpou — IxoAlaopog: ABnva BAdyou
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Dose-response relationship between weight loss and improvements in
obstructive sleep apnea severity after a diet/lifestyle interventions:
secondary analyses of the “MIMOSA” randomized clinical trial

Michael Georgoulis, PhD"; Nikos Yiannakouris, PhD'; loanna Kechribari, MSc'; Kallirroi Lamprou, PhD?; Eleni Perraki, MD2; Emmanouil Vagiakis, MD?;
Meropi D. Kontogianni, PhD'

"Department of Nutrition & Dietetics, School of Health Sciences & Education, Harokopio University, Athens, Greece; 2Center of Sleep Disorders, 1st Department of Critical
Care and Pulmonary Services, Medical School of Athens University, Evangelismos Hospital, Athens, Greece

Study Objectives: Lifestyle-induced weight loss is a complementary therapeutic approach for obstructive sleep apnea (OSA). We aimed at identifying the
dose-response relationship between weight loss and OSA severity improvement.

Methods: This is a secondary analysis of a 6-month clinical trial in 180 adult, overweight/obese moderate-to-severe OSA patients. Participants were randomized
to a standard care, a Mediterranean diet, or a Mediterranean lifestyle arm. All patients were prescribed with continuous positive airway pressure (CPAP), while
intervention arms additionally participated in a weight-loss dietary/lifestyle intervention. Based on percent change in weight at 6 months, participants were
categorized into a weight-stable/gain (WS/GG) group or 3 weight-loss groups (WLG): < 5%WLG, 5%-10%WLG, and = 10%WLG. Polysomnographic data and
OSA symptoms were evaluated preintervention and postintervention.

Results: Respiratory events and oximetry indices improved only in patients who lost weight and improvements were proportional to the degree of weight loss. Median
percent change in apnea-hypopnea index (AHI) was —11.7%, — 37.9%, and — 49.3% in the < 5%WLG, 5%-10%WLG, and = 10%WLG, respectively (P <.001). Com-
pared to the WS/GG, the age-, sex-, baseline-, and CPAP use—adjusted relative risk (95% confidence interval) of severe OSA (AHI = 30 events/h) was 0.45 (0.23-0.87) in
the 5%—-10%WLG and 0.32 (0.17-0.64) in the = 10%WLG; the risk was also lower in the = 10%WLG vs the < 5%WLG (0.42 [0.22-0.82]). Insomnia and daytime sleepiness
also improved more in participants exhibiting = 5% weight loss.

Conclusions: Even a < 5% weight loss can reduce respiratory events, but a = 5% and ideally = 10% weight loss is necessary for reducing the prevalence of
severe OSA.

Clinical Trial Registration: Registry: ClinicalTrials.gov; Name: Mediterranean Diet/Lifestyle Intervention in Obstructive Sleep Apnea; URL: https://clinicaltrials.
gov/ct2/show/NCT02515357; Identifier: NCT02515357.

Keywords: sleep apnea, apnea-hypopnea index, oximetry, weight loss, dose-response analysis

Citation: Georgoulis M, Yiannakouris N, Kechribari |, et al. Dose-response relationship between weight loss and improvements in obstructive sleep apnea severity
after a diet/lifestyle intervention: secondary analyses of the “MIMOSA” randomized clinical trial. J Clin Sleep Med. 2022;18(X):XXX-XXX.

BRIEF SUMMARY

Current Knowledge/Study Rationale: Weight loss is essential for obstructive sleep apnea (OSA) management. Although a positive association between
the amount of weight loss and improvements in OSA severity has been reported, this dose-response relationship is not supported by all available data and
optimal weight loss goals for OSA require further research.

Study Impact: Our results confirm a dose-response relationship between the degree of weight loss achieved through a dietary/lifestyle intervention and
improvements in OSA severity. Even a < 5% weight loss was sufficient for improvements in respiratory events and oximetry indices, but the prevalence of severe
OSA reduced only after a = 5% weight loss, and patients achieving a = 10% weight loss exhibited the greatest benefits compared to weight-stable/gain patients.

INTRODUCTION

mechanisms, including (1) central fat accumulation, mainly in
abdominal viscera and around the neck, leading to increased

Obstructive sleep apnea (OSA) represents one of the most common
and serious sleep-related breathing disorders, with a high worldwide
prevalence of almost 1 billion people' and well-established cardio-
metabolic consequences.” Excess body weight has emerged as the
strongest modifiable predictor of the onset and severity of OSA.?
The prevalence of OSA in adults with obesity is almost twice com-
pared to adults of normal weight, and approximately 40% of adult
OSA cases are attributable to obesity.” The involvement of obesity
in the pathophysiology of OSA can be explained through several

Journal of Clinical Sleep Medicine, Vol. 18, No. 00

mechanical load on upper airways; (2) increased leptin resistance,
which can impair central respiratory control and lead to abnormal
hypercapnic ventilatory response; (3) expression of proinflamma-
tory cytokines, which negatively impact upper airway neuromuscu-
lar control; and (4) a state of increased oxidative stress, which
reduces the force-generating capacity of upper airway muscles.’

On the basis of the well-established causal association between
obesity and OSA, lifestyle-induced weight loss is currently advo-
cated as an ancillary treatment for the disease. Available clinical
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Qswpnuikd umoBabpo: H anwAela Papoug €xel avadelxbel wg MO ATTOTEAECUATIKNA
CUMITANPWHATIKY BEPAMEVTIKA TIPOCEYYLON yLa TN SLaXeiplon TNg amodPaKTIKNG Arvolag UTIVOU
(AAY). Av kal otn BiBAloypadia €xel avadepbel plo Betikr) cuoxETion avapeoa otov Babuo
anwAelag Bapoug kat tn BeAtiwon tng Baputntag tng AAY, autr n docosfaptwuevn oxéon Sev
unootnpiletal ano ola ta diabéoipa Sedopéva kat dev umapyxouv KaAd kaboplopévol otoyol
anwAeLag BAapoug yla Toug aoBeveig pue AAY.

ZKOMOG: IKOTOC TNG Tapouoag MEAETNG Atav n Slepelvnon tng emidpacng SladopeTiKwyY
TIOCOOTWV anwAelag Bapoug otn Slaxeiplon tng AAY.

MeBoboloyia: MMpayuatomnow}Bnke Seutepelovca  avaluon Twv  Oebopévwyv  HLag
TUXOLOTIOLNMEVNG €AEYXOUEVNG KAWLKAG SoKlung Olapkela¢ 6 pnvwv oe 180 evAAIKEG,
unépPBapouc/maxvoapkouc aoBeveis pue pétpla/ocofapn AAY [deiktng amvolwv-umonvolwy (AAY)
>15 eneloodia/wpa)]. OL CUPPETEXOVTEG TuXalomoBnkav otnv opada cuvrBoug ¢ppovtidag,
otnv opada Meooyelakng dlattag r} otnv opada Meooyelakou Tpomou {wne. Kat otig 3 opddeg
™G MEAETNG ouvtayoypadnBnke Oepameia xopnynong ouvexolg OeTkAG Tieong oOTOUG
aepaywyolS (CPAP), evw oL OpASEC €VIATIKNAG TMOPEUBACNG CUUUETEIXQV ETUMAEOV OF LA
ouumneplpopik TapEpPacn anwAelag Papoug Paciopévn oto Meooyelakd  TPOTUTIO
Slatpodng/tpomnou Lwng Slapkelag 6 uNvwv (7 cuuBouleuTikeéG cuvedpleg e SlattoAoyo). Baoel
G Tmooootiaiag HETABOANG PBdApou¢ OToV 6BUNVO  ETIAVEAEYXO, OL OCUMUETEXOVTEG
Katnyoplomow|Bnkav os pla opdda otabepol Bapoug 1 avénong Papoug (0X/AB) (n=43) i os
TPelg opadeg anwlelag Bapoug (OAB): OABsy (n=38), OABs.10% (N=52) kat OABs10% (n=47). OL
OUMUETEXOVTEG UTIOPBANBNKav oe mapakoAouBoUpevn moAuvunvoypadia kat afloAoynbnkav wg
TPOG TA CUUMTWHOTA TNG AAY mpwv Kal peta tnv mapéupaon. H avaiuvon twv dedopévwv
nipaypotonotl)nke pe tn pEBodo mpobeon yia Beparneia (n=180).

AnoteAéoparta: 210 cUVOAO Tou delypatog mapatnpnOnke pia oxupn BETIKA CUCXETLON AvAUECA
oTNV MocooTLalo HETABOAN TOU CWHATIKOU BAPOUG Kal TV mocootiaio petaBoAn tou AAY (rho:
0,723, P<0,001). Ta QVONMVEUOTIKA €EMELOOSLA (ATMVOLEG, UTIOTIVOLEG, EMELCOSLA QTIOKOPECHOU
ouyovou) kat ol deikteg ofupetplag (EAAXLOTOG KOPEOUOG 0EUYOVOU Kal XPOVOG LE KOPEOUO
o&uyodvou <90%) BeAtlwOnkav povo otoug acBeveig mou exacav BApog Kal ol BEATIWOELS ATAV
avaloyeg tou Babuou anwAelag Bapou. H didueon (1°, 3° tetaptnuodplo) mocootiaia petaBoAn
Tou AAY ntav -0,50% (-11,1, 16,7) otnv O%/AB, -11,7% (-32.3, -2,78) otnv OAB<sy, -37,9% (-43,5, -
14,7) otnv OABs.10% kot -49,3% (-72,3, -34.1) otnv OAB>10% (Puetacs_onaswv<0,001). Ztov 6unvo
ETAVEAEYXO, O TIPOCAPUOCHEVOG yLa TNV NALKLA, To GUAO, TV mpo-ntapeppaong Bapvtnta tng AAY
Kal TNV nuepnola xprion CPAP oxetikog kivbuvog (95% Stdotnua gumiotoolvng) coBaprig AAY
(AAY 230 eneoodia/wpa) ntav 0,45 (0,23, 0,87) otnv OABs-10% kat 0,32 (0,17, 0,64) otnv OABs10%
ouykpltika pe tnv OX/AB, kat 0,42 (0,22-0,82) otnv OABsi0% OUYKPLTIKA PE TNV OABsy. Ta
ocuuntwpata ainviag (okop otnv KAlpaka abnviag ABnvwyv) katl nuepnolag untvnAiag (okop otnv
kKAlpaka umvnAiag Epworth) BeAtiwBnkav, emiong, MEPLOCOTEPO OTOUC CUUHETEXOVIEG TIOU
eudavioav anwAela Bapoug 25%.

Tupnepaocpata: Ta VprUATA TG TOPoU oA UEAETNG emBeBatwvouy pLo So000eapTWHEVN OXEON
avapeoa otov Babuo anwAelag Bapoug kat tn BeAtiwon tng Baputntag tng AAY. AKOUN KoL JLa
Ao anwAeta Bapoug (<5%) unopel va BEATIWOEL TA AVATIVEUCTIKA EMELOOSLA KAL TOL CUUIMTWHLATA
™G AAY, oAAG pa peyaAutepn anwAela Bapoug, 25% kat wbavika 210%, daivetal va gival
amopaitntn yla t petafacn anod cofapng oe nrudtepng Baputntag vooo.

ZxoAlaopdg apOpou : MixaAng FrewpyoUAng
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KEY POINTS

e Snoring can be harmless (primary) or a symptom of sleep-disordered breathing (SDB) (secondary)
and should alert the physician to evaluate the patient for risks thereof.

e Phenotypes of snoring and SDB are anatomic and nonanatomic and identifying these phenotypes
and their interrelationships are critical to effective therapy.

e Mouth breathing alerts the physician to nasal airway obstruction, signals orofacial growth changes

in children, and heralds the progression of SDB.

e Systematic evaluation to establish phenotypes includes assessing sleep habits, comorbidities, up-
per airway examination, polysomnography, and drug-induced sleep endoscopy.
e Strategies for treatment should be personalized and precise to the phenotype(s) to achieve the

most benefit.

INTRODUCTION

Snoring is biomechanically a vibratory noise pro-
duced in sleep from a cyclical obstruction and
reopening of the upper airway at approximately
50x/s', arising from the soft palate (100%), phar-
ynx (53.8%), lateral pharyngeal wall (42.3%),
epiglottis (42.3%), and tongue base (26.9%).> Sol-
itary palatal fluttering is seen in simple snorers,
palate & lateral pharyngeal wall vibration in mild-
to-moderate obstructive sleep apnea (OSA), and
combined palate-lateral pharyngeal wall-tongue
base-epiglottis vibration in severe OSA.2 Snoring
in OSA occurs mostly in apnea-terminating hyper-
pneas when turbulence is maximum.®

SNORING AND SLEEP-DISORDERED
BREATHING

Snoring indicates a 5x increased risk of OSA.* In
an online survey of 664 women and 575 men in
the United Kingdom aged 18 to 100 years, snoring
was reported in 38% of men and 30.4% of women,
while pauses in breathing was reported in 8.7% of
men and 5.6% of women.® In women, regular

snoring is associated with increased risk of coro-
nary heart disease (risk ratio (RR): 2.18) and stroke
(RR 1.88)°. Primary snoring is not associated with
sleepiness or medical hazards, whereas second-
ary snoring is symptomatic of sleep-disordered
breathing (SDB)—a spectrum from upper airway
resistance syndrome (UARS), to mild, moderate,
and severe OSA. Population-based studies show
9% to 38% of adults more than 18 years old
have OSA—13% to 33% in men and 6% to 19%
in women and increases to 90% in men and 78%
in women greater than 65 years of age.” Multiple
systemic chronic illnesses are associated with
SDB.® Polysomnographic classification, however,
does not correlate well with the quality of life and
comorbidities of SDB, nor does it guide treatment
or predict outcome in a widely heterogenous
problem.

CAUSES AND PHENOTYPES OF SNORING AND
SLEEP-DISORDERED BREATHING

Phenotyping and integrated analysis of multiple
factors, augmented by machine learning, is needed
to arrive at unique and meaningful categories to
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ZxOALo:

To poxaAnto umnopeil va sival kaAonBeg (amAd | mpwtonafég) R va amoteAsl
CUMTITTWHA Statapayrg TG AVOmvorg otov UTtvo (§sutepomtaB£g) n onola mMpEMEeL va
agloloyeital Kat va Stepsuvartal.

H tavutonoinon twv dtadpopwv pavotinwv poxaAntol Kot SLatopoywV avarnvorng
OTOV UTIVO, TTOU SLOKPIVOVTaL OE OLVOTOULKOUG KOl i OLVATOULKOUG, ELVOL ONAVTLIKA
ylwa tnv entthoyn thg Ospansiag.

H otopatikn avarnvon B£teL tnv untoPia pwvikng anodpang Kat yvabonpoownikwv
avantuilakwv Tabnoewv ota Todld Kol anoteAel MPodpouUkd onueio
MHETATTWONG O cUVSPOLO AModPAKTLKAG ATvoLag oTtov Unvo. EmunAéov, avwpalin
ékdpuon twv 0dovtwv kot aAlayEg otn cupnepipopd evog madlov Oa mpémel va
gyeipouv TtV unovoia rbavrg Uapéng datapayxng TnNG AvVAnvorg otov UMvo.

H cuotnuatiky agloAdynon yio tTov KaOopLopO TOU CUYKEKPLUEVOU GaLVOTUTIOU
EUMEPLEXEL TNV EKTIUNON TWV OUVNOELWV KoL UYLELVAG UTIVOU, TWV EVOEXOUEVWV
OUVVOONPOTHTWVY, TNV KALVLKA £ETOLON TOU AVWTEPOU aEPAYwWYOU (TGO N avatopia
TWV HOAGKWY LOTWV 000 Kol Twv SOpwvV TOU OKeAETOU, aAAd Kot To €UPOG
Kwnukotntag t¢ YAwooag Oa npénel va eéetalovral), tTnv noAvinvoypadia ko
TNV EVS0OOKOMNGON TOU aepaywyol Katd tn Stapketa tou Unvou (DISE).

H Bgpaneutikn otpatnykn eMAEYETOL LETA amO evOEAEXT £AeyX0 TOU daLvoTUTIOU
ToU aoBevolg KoL TPOoCwWNoOMOoLEital ywa TNV eniteuén Ttou PéAtioTou
anoteAéouarog.

210 apBpo auto neplypadovral PLe AVOAUTLKO TPOTIO OL AVOTOMLKEG TIOPAHETPOL KO
oL Suvapikol ouTLOMABOYEVETIKOL MNXAVICHOL TOU poXaANTOU ¢ TopAyovta
Statapayng t¢ avamvori¢ otov Unmvo, oAAd Kot oL €TAOYEG OepAMEUTIKAG
napéupaong, evw toviletar akopa pa popd nwe Kabe aocbevig mouv avadEpet
POXOANTO MPEMEL VAL SLEPEUVATAL YLOL CNUELQ KOL CUMTTTWLOTOL CUMBOTA LE TETOLEG
SlatapayEg.
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Sleep Difficulties among Mexican Adolescents: Subjective and
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ABSTRACT

Objective/Background: Self-reported sleep difficulties, such as insomnia
symptoms, have been reported among adolescents. Yet, studies of their
prevalence and correlates are scarce among Latin Americans. This study
sought (1) to describe associations between sociodemographic and lifestyle
factors with self-reported sleep difficulties and (2) to examine associations
between self-reported sleep difficulties and actigraphy-based sleep.
Participants: Participants included 477 Mexican adolescents from the
ELEMENT cohort.

Methods: Over 7 days, self-reported sleep measures (hard time falling
asleep, overall sleep difficulties, and specific types of sleep difficulties) were
obtained from daily sleep diaries. Actigraphy-based sleep measures (dura-
tion, i.e. sleep onset to morning wake, midpoint, and fragmentation) were
concurrently assessed using a wrist actigraph.

Results: Mean (SD) age was 15.9 (2.2) years, and 53.5% were females. Mean
(SD) sleep duration was 8.5 (1.2) h/night. Half reported a hard time falling
asleep at least 3 days, and 25% had sleep difficulties at least 3 days over
7 days. The 3 types of sleep difficulties commonly reported among the entire
cohort were insomnia/restlessness (29%), environmental (27%), and mental/
emotional difficulties (19%). Female sex, smoking behavior, and socioeco-
nomic indicators were among the most consistent factors associated with
sleep difficulties. Subjective sleep difficulties were associated with shorter
sleep duration ( = —20.8 [-35.3, —6.2] min), while subjective hard time falling
asleep was associated with longer sleep duration (3 = 11.3 [4.6, 27.2] min).
Conclusion: A high proportion of Mexican adolescents in the sample
reported sleep difficulties. Findings demonstrate the importance of obtain-
ing subjective and objective sleep measures for a more comprehensive
assessment of adolescent sleep.

Introduction

Sleep deprivation among adolescents is a global public health issue (Do et al., 2013; Garaulet et al.,
2011; Hysing et al., 2013; Meldrum & Restivo, 2014), although studies in Latin American populations

CONTACT Erica C. Jansen @janerica@umich.edu @ Department of Nutritional Sciences, University of Michigan School of Public
Health, 3863 SPH |, 1415 Washington Heights, Ann Arbor, MI, 48109, USA.
Supplemental data for this article can be accessed on the publisher’s website.
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ZXO0Awo:

Ewcaywyr): OL auté-avadpepOUeVEG StatapayxéG Tou UnMvou, OMwG N aimvia avadEépovral
ouxva ano pnPoug, OpwE Alyeg HEAETEG UTTAPXOUV TTIAVW OF AUTO oto Bfua otnv Aatviki
Apepik. Autl n peAETn meplypadel CUOXETIOEL METAEU KOLVWVIKOOLKOVOMLKWY Kol
nePLBAANOVTIKWY MapayovIwV HE Baon tnv auto-avadopd and epwtnpatoloyia. EmumAéoy,
gfetaotnkav ouoxeticel petaly avto-avadopdg Twv MABNCEWV TOU UMVOU Kal TNG
aktypadiog . Ol cuppetéxovieg nrav 477 épnpot pe§ikavoi and tnv peAétn ELEMENT.

Mé£0odoi: Auto-avadopd e BAon EpWTNUATOAGYLA YA 7 HEPEG CUMMTWHATWY. E§eTdoTNKOV
SuokoAia otnv £évapén tou UMVOU, YEVLKA SLaTapaXEG TOU UTIVOU Kol ELSIKEG SLATAPOXEG TOU
unvou. Emiong é€ywe xpnon aktypadiag oto xépt ( METpnon Sudpkelag UmMvou,
KOTOKEPHOTLONOG, LETPNON MPWLVWV EYEPCEWYV TOU UTVOU).

AnoteAéopata: Méon nAwkia Atav 15,9 £€tn ko to 53,5% Artav €édpnpeg. Méon Slapkela Tou
unvou Atav 8,5 wpe¢ to Bpadu. OL pLooL Ao TOUG CUMMUETEXOVTEG avédepav OTL ixav
SuokoAia va kowunBouv yiwa touAddyxiwotov 3 pEpeg tnv ePdopada kat to 25% avédeps
SlatapayéG Tou UMVOU YEVIKA yla To 8o Xpoviko Siactnpa. Ou 3 mo Kowoi tumot
Swatapaxwv tou Umvou Rtav almvia (29%), mepBaAloviikoi (27%) kat PuxoAoywkoli
napayovteg (19%). Nuvaikeio GpUAO, KATVIONO Kol SELVOL KOLVWVIKOOLKOVOULKOL TTOLPAYOVTES
ATaV OL KUPLEG ouTieg Mou oxeti{oviav HE SLATAPOXEG TOU UTIVOU YEVIKA. YTIOKELUEVLKEG
Statapaxég tou unvou (He Baon auto-avadopd) oxetilovtov HE MELWHEVN SLAPKELDL TOU
Unvou mepimou 20 Aemtwv evw N SUOKOALA OTnV €MEAEUON TOU UMVOU OXETW{OTAV HE
MHeyaAUTEPN SLApKELO UTTVOU GUVOALKA KOTd Ttepimou 11,3 Aenta.

Juunépacpa: €va LKAVO TOCO0OTO omnmo £pnfoug MeSKAVIKAG Kataywyng aveédpepav
SLatapayéG Tou UMvou. H XpAON QVTLKELUEVIKWY METPACEWV KOl EPWTNHATOAOYiwWV ival
OPKETA XPAOLUN 0TV SLEPELVNON AUTWV TWV TARBUCUWV

IXOA0: To 1/3 twv £prPwVv HESIKAVIKNAG KOTAywYrG £XOUV avadePOUEVEG SLATAPAXEG TOU
Unvou mepinouv og yia oXxedov tnv por) BSopada. KowwviKOOLKOVOULKOL TTOPAYOVTEG Kall
KAMVIopa mailouv onuavtiko poAo otnv SuckoAia emMEAEUONG TOU UMVOU OE QUTOUG TOUG
nAnOuopoug.

Erttdoyn apBpou — ZxoAlacpog: Anpitprog Kavrog
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ABSTRACT

Objective/Background: lliness severity and resultant dysfunction are often
linearly related and tightly coupled (concordant). Some percentage of indi-
viduals, however, exhibit discordant associations (high illness severity and
low dysfunction [HL] or low illness severity and high dysfunction [LH]). In the
present study, a sample of subjects with insomnia complaints were evaluated
to determine what percentage of subjects exhibited discordant associations.
Participants: Archival data were drawn from a community-based sample
(n = 4,680; 61.8% female; Ages 18-105).

Methods: Median splits were calculated for illness severity and daytime
dysfunction and each individual was typed as High (H) or Low (L) for the
concordant (HH and LL) and discordant domains (HL and LH).

Results: Given this typology, 61% were classified as concordant and 39%
were classified as discordant. Of these, 38% were sub-typed as HH, 23% as LL,
26% as LH, and 13% as HL.

Conclusions: We propose that some of the discordance may be ascribable to
a mismatch between sleep need and sleep ability. Those “who need a lot,
may suffer a lot, in the face of only a little (LH)", whereas those “who need
a little, may suffer only a little, in the face of a lot (HL)".

Introduction

In clinical practice and research, it is nearly axiomatic that illness positivity and/or severity and resultant
dysfunction be linearly related and tightly coupled (concordant). This said, it is also commonly observed that
some percentage of individuals exhibit discordant associations between pathophysiologic measures (and/or
reported or observed symptoms) and patient-reported consequences. Such observations have been made for
a variety of disorders such as chronic pain, cardiovascular disease, infectious disease, and insomnia disorder
(Fichten et al., 1995; Greco et al,, 2015; Mizumoto et al., 2020; Pan & Jones, 2018). Taking into account such
discordances may provide clues regarding the factors that moderate or mediate disease expression and/or
individual suffering.

In the context of sleep, there are instances where the sleep continuity disturbance (i.e., insomnia) and the
related consequences do not align. The concept that individuals can experience poor sleep but not experience
distress, dissatisfaction, or dysfunction was first described by Fichten and colleagues in 1995. In this study,
396 subjects between the ages of 55 and 88 completed a variety of sleep measures (sleep history, sleep
behaviors, sleep distress, and daytime sleepiness), psychological adjustment (arousal, anxiety, worry, and life

CONTACT Julia T. Boyle @ juliaboy@pcom.edu @ Department of Clinical Psychology, School of Professional and Applied
Psychology, Philadelphia College of Osteopathic Medicine, Philadelphia, Pennsylvania; Michael L. Perlis @ mperlis@upenn.edu
Behavioral Sleep Medicine Program, Department of Psychiatry, University of Pennsylvania, 3535 Market Street, Suite 670,
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ZXO0Awo:

Background: H Baputnta t¢ almnviag kat n ouvenakoAouBn kAwikry ducAettoupyia Tou
OTOHOU £XOUV YPOHLLKI) CUCXETLON Kol OXESOV TAvta UTtap)XeL oUleuén petagy Toug. Mapoia
auta kamnowot acBeveic epdavilouv acupBipaoctn eikéva BaputnTag VOoOOU Kot KALWVIKAG
ewkovag ( avgnuévn Baputnta Kot pikpR KAWKR SucAettoupyia | xapnAn Bapltnta Kot
Suocavaloya auv€nuévn KAkl SuocAettoupyia). H mapovoa peAétn s§etalel autn thv
anokAivouca cuoxétion petagu Baputntag Kot SucAettouvpyiag.

Tuppetéxovreg: Ta Sedopéva avaAlOnkav amd pio Baon dedopévwv n = 4,680; 61.8%
yuvaikeg nAwkieg 18—-105.

M£0odoi: H péon anokAion HETPONKE oTATIOTIKA oTLG U0 petaPAntég (Baputnta vooou Ko
KAWLk ducAettoupyia).

AnoteAéopata: Me Baon tnv availuvon 61% TwV GUMUETEXOVIWV KATnyoplomoltnlnke cav
ouykAivouoa KAWLKA €lkovag kat Baputnta kat 1o 39% cav anokAivouoa.

AnoteAéopata: H unoBeon epyaciag eivat OtL UAPXEL AOKALON MeTAD avAyKnG yla UTtVOU
Kot Suvatotntag va Kotunbel kamolo atopo. Autoi mou “ xpetaovtoat TOAU UTvo UMopEL va

¢

€xouv ocofapn KAwikr ducAettovpyia” amd tnv aAAn autoi mou “ xpeialovtatl Alyo Unvo

Mropel va €xouv pukpr ducAettoupyia”.

ZXO0AL0: “Ocov adopd tnv ainvia unopei va untdpxel anokAlon HeTafl KALVIKAG ELKOVAG KOl
Baputntag TnG vOoou. Ig MOCOOTO Mepimou 39 % daivetal OTL UTIAPXEL AMOKALON EVW N
oUYKALON gival epinmou 61 %. ANO To AVWTEPW MIPOKUTITEL “OTL one size does not fit all”.

Ertthoyn apBpou — IXoAlaopog: Anpntprog Kavrag
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Obstructive sleep apnoea (OSA) may result in myocardial damage. Central sleep apnoea (CSA-CSR)
occurs as a consequence of heart failure (HF). There is a worse prognosis than in HF without sleep
apnoea. More evidence is needed regarding treatment impact. https://bit.ly/2Xn1j3i
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Abstract

Heart failure and sleep disordered breathing (SDB) are two common conditions that frequently overlap and
have been studied extensively in the past three decades. Obstructive sleep apnoea (OSA) may result in
myocardial damage due to intermittent hypoxia that leads to increased sympathetic activity and transmural
pressures, low-grade vascular inflammation, and oxidative stress. On the other hand, central sleep apnoea
and Cheyne-Stokes respiration (CSA-CSR) occurs in heart failure, irrespective of ejection fraction, either
reduced (HFrEF), preserved (HFpEF) or mildly reduced (HFmrEF). The pathophysiology of CSA-CSR
relies on several mechanisms leading to hyperventilation, breathing cessation and periodic breathing.
Pharyngeal collapse may result at least in part from fluid accumulation in the neck, owing to daytime fluid
retention and overnight rostral fluid shift from the legs. Although both OSA and CSA-CSR occur in heart
failure, the symptoms are less suggestive than in typical (non-heart failure-related) OSA. Overnight
monitoring is mandatory for a proper diagnosis, with accurate measurement and scoring of central and
obstructive events, since the management will be different depending on whether the sleep apnoea in heart
failure is predominantly OSA or CSA-CSR. SDB in heart failure is associated with worse prognosis,
including higher mortality, than in patients with heart failure but without SDB. However, there is currently
no evidence that treating SDB improves clinically important outcomes in patients with heart failure, such
as cardiovascular morbidity and mortality.

Introduction

Heart failure is a clinical syndrome with current or prior symptoms and/or signs caused by a structural and/
or functional cardiac abnormality, corroborated by either elevated natriuretic peptide and/or objective
evidence of cardiogenic pulmonary or systemic congestion [1]. A characteristic feature of heart failure is its
association with neurohumoral activation and, in particular, increased sympathetic nervous system activity
(SNA) [2]. The clinical manifestations of heart failure may vary from a largely asymptomatic state (with
treatment) to a variable combination of symptoms of variable severity. The prevalence of heart failure
ranges from ~1% in subjects aged 45-54 years to >10% in subjects aged >75 years. Heart failure
represents an important healthcare problem, especially in the elderly, because of its association with low
quality of life (QoL), high healthcare costs largely due to frequent hospital admission and poor prognosis.

https://doi.org/10.1183/13993003.01640-2021 Eur Respir J 2022; 59: 2101640
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ZxOAL0:

H kopdiakn avenmdapkela Kot to ZAAY eivar 800 ouxvéc mabroel mou
aAAnAokaAumrtovran Kot £xouv apdidpoun oxéon. To ZAAY npokalel puokapsiakn
BAapn Aoyw NG OSwaAeimouvoag umofiag, auvfnong TOVou cuMMAOnTKOU,
SLATOLYWHATIKWY TUECEWVY, XAUNANG €vtaong ayyelakn ¢Aeypovr) Kot o&ESWTIKO
stress. AvtiBeta ol KeVTpLKEG Amvoleg kat n avanvon Cheyne-Stokes napatnpouvtat
oTNV KapdLaKkn avendapkela avefaptnta anod to KAAoHa ewOnong Pe HNXOVIOHOUG
TIOU TPOKAAOUV UTMEPAEPIOUO, TOUCEL OVANVONG Kol TEPLOSIKA avarmvon.
AntoppaKTIKEG Anvoleg AOyw CUYKAELONG Tou ¢Aapuyya yivovtal and KOTaKpatnon
UYPWV TNV NUEPA KA LETOKIVNON UYPWV TNV VUKTA artd ta mosta. ZAAY Kat mePLOSIKN
OVOIIVON] GUVUTIAPXOUV OTNV KOPSLOKN OVENIAPKELX, TOL CUUITTWHATO ORWG eV ival
epdavn onwe oto TAAY. H peAétn unvou sival anapaitntn Adyw tng dtadopeTikig
Oepanciag (ermukpatsi to IAAY R n meplodikn avamvon?). O €MMOAACHOG TNG
KapSLAKNG aAVEMAPKELAG eival >10% o€ nAKieg > 75 eTwv , evw N MEPLOSIKA avanvon
avevpioketal o€ 25-40% otnV KOPSLAKN OVEMAPKELA HE XOUNAG KAdopa e§wOnong
(<40%) pe emPBAPUVTIKOUG TAPAYOVIEG TNV KOATUKN Hapuopuyr, tThv avfnon
SL00TACEWV APLOT. KOATIOU KalL TNV aU§NOTN CUGTOALKNG ILECN G MVEULOVLKAG aLpThpLag.
ZoBapd ZAAY (AHI > 30) &idsL mBavotnta OR=2.88 yia emunoAacpuo Kot 1.58 yia
ENMiNTWON KOPSLOKNAG QVEMAPKELAG. 2tV gudavion NG MEPLOSIKNAG OAVATVONG
CUMUETEXOUV SUO0 pnxavicpol a) n avgnon touv loop gain kot B) n eAdttwon tou CO2
reserve. To loop gain amoteAsital anod 3 cuvictwoeg a) to controller gain opl{opevo
w¢ AVE/APaCO2, B) plant gain opi{opevo wg APaCO2/AVE,y) Feed back gain opi{opevo
w¢ ntayvtnta ano to plantoto controller mou e§aptatat anod to xpovo kukAodopiag
6nA. kapdiakn mapoxr. To CO2 reserve opiletal cav n Siadopa petagy tou CO2 set
point kat apneic threshold. Avevpioketat petatponr) ano Cheyne -Stokes og ZAAY oto
18% aocBesvwv otav sAattwBei o xpovog kukAodopiag kot avinbei to KAdopa
e€wbnong. OL pkpoadunvicel evw eival MPOOTATEUTIKEG oto ZAAY, avtiBeta
daivetal va npokalouv tnv meplodikn avanvon. H Oepanceia pe CPAP otnv KapdLakn
avendpkela BeAtiwvel To KAdopa §wOnong ,tnv mototnta {wng Kot tnv ultvnAia otav
UntapxeL anodpakTiko otolxeio. EmL mapouciag meEPLOSIKAG OVAMVONRG CUVLOTATAL N
evdelexng Oepamneia TG UMOKELUEVNG VOOOU, evw N Xopnynon ASV i GAAwv PAP
Oepanswwv oe acBeveic pe xapnAo kKAdopa e§wbnong v cuviotatatl. Emiong dev
ouviotatal n xopriynon o§uyovoBepansiag yia toug aobeveic autolg AGyw Tou OTLN
unepofia mpokalAei avfnon Tou OELOWTIKOU stress, OQUEAVEL TIG QYYELOKEC
OLVTLOTAOELG, TNV OPTNPLAKK TILECN, TG TIECELS TANPWONG APLOT. KOWALAG, EAATTWVEL
™V Kapdiakn mapoxn Kat os BePAapévo puoKapdlo avgavel tnv Bvntotnta.

To apBpo umd v popdn enikapng avackomnong oto ERJ (telxog¢ Maiov),
unoypadetal Kat €XEL ooV MPWTO Ovopa tov dteBvolg pRung YrvoAdyo kadnyntn
Patrick Levy.

Ouwg untdpxouv apketég dtadwvicg anod spéva kot adopouv ota §NG:

Avadépetal ot Sev unapyel evidence yla xopriynon o§uyovoOepaneiag oe acbeveig
pe apuyn neplodikn avamnvon Cheyne-Stokes. Ot idlot oL cuyypadeic avadpépouvv oto
AapOpo otL n unoéia péow tnG eAdttwong tou CO2 reserve alAd Kat tou inhibition kat
SuoAeLToupyiag TWV KEVIPLKWY Kot TEPLPEPLKWV XNHELOUTIOSOXEWV CUUBAAAEL oThV
anootaBepomnoinon tng avamvorg. Eivat yvwotd ott n xopnynon o§uyovou oe
aocBeveic mouv dev mapoucitalouv unofuyovaipio eAlattwvel to loop gain Ko
ouuBaAAetL otnv Udeon Tng vooou.



Eni mAéov avadépetal otL n xopriynon PAP therapy otou¢ aoBevei¢ autolg dev
ocuviotatat. Opwe eivat yvwoto ot xapnAad enineda CPAP eAATTWVOUV CNHOVTLKA TO
loop gain kot ouvenw¢g cupBaAlouv otn otaBepomoinon Tng avanvong.

Mpoowriki pou anoyn, HéxpLs va unapgouv eni mMAéov peAéTeG mou va Steukpivilouv
10 O€pa, eival OtL 0 cuvduaoudg o§uyovoBepaneiag kot xapnAwv emunédwv CPAP (o)t
ASV), 8Uvavtal va xopnynBouv Le mpocoxn kot EAeyxo Tou acBevoug (trial and error).

Ertidoyn apBpou — ZxoAlaoudg: Mavaywwtng Navayou

To apBpo, eivar pia MOAU wpaia avackonnon amnod efalpeTikolg ouyypadelg.
NapaBétw auToUOLO TO KOMHATL yLa TO 0§UYOVO To onoio avadEpeL o KUpLog Mavayou
MNa va to deite akplBwe oto MpwtoTUTOo. BonBdcl va kKataAdBoupe 0tL To o§uyovo
elvaw pappako mou eav Sev yopnyeital pe TG evdeifelg avti va woelel pnopei va
BAaYeL.

Mavog Baylakng
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Abstract

Purpose Adherence to continuous positive airway pressure (CPAP) for obstructive sleep apnea (OSA) syndrome has not
been established in patients over 70 years of age, whereas several studies have reported adherence below that age. This trial
was designed to address this evidence gap.

Methods Consecutive senior (> 70 years) patients with OSA, mean respiratory event index (REI) 34/h, body mass index
(BMI) 31 kg/m?, and junior (< 50 years) patients (REI 37/h, BMI 31 kg/m?) were included.

Results At year follow-up among 72 senior patients (35 women) and 71 junior patients (17 women), there was no difference
in the percentage of patients abandoning CPAP (senior 47% vs. junior 43%) or in CPAP daily use (4:53 +2:44 hh:min vs.
4:23 +3:00 hh:min).

Conclusions CPAP adherence in senior patients with OSA was not poorer than that of a younger group of OSA patients.
Advanced age should not be an obstacle to CPAP initiation.

Keywords Adherence - Daily use - Elderly - Nine-hole test - Pinch-test

Introduction

Obstructive sleep apnea (OSA) is highly prevalent after the
age of 65 years [1]. Sleep apnea leads to sleep disruption,
resulting in excessive daytime sleepiness. In this manuscript,
we use the term senior patient for those > 70 years old and
junior patient for those < 50 years old. In senior patients,
sleep apnea symptoms may be conflated with the functional
impairments of aging [2]. Continuous positive airway pres-
sure (CPAP) is an effective treatment for sleep apnea in all
patients [3]. McMillan et al. also recommended CPAP ther-
apy in senior patients suffering from OSA. They reported
that CPAP reduces sleepiness and is marginally more cost-
effective over 12 months than best supportive care alone.

< Heidi Avellan-Hietanen
heidi.avellan-hietanen @hus.fi

Sleep Unit, Heart and Lung Centre, Helsinki University
Hospital, University of Helsinki, P. O. BOX 160,
00029 HUS Helsinki, Finland

Internal Medicine and Rehabilitation, Helsinki University
Hospital, University of Helsinki, P. O. BOX 340,
00029 HUS Helsinki, Finland

With aging, memory may become impaired and physical
dexterity decreases [4]. Memory loss may lead to reduced ther-
apy adherence if not compensated with external aid [5]. CPAP
therapy requires sufficient upper extremity mobilization and
strength. We therefore believe that CPAP therapy adherence may
be poorer in seniors compared to junior patients due to memory
loss, weakness in upper extremities, and reduced dexterity.

The proportion of senior individuals among the general
population is increasing in developed countries [https://www.
statista.com/statistics/521152/population-of-finland-by-age/].
CPAP adherence in the community is generally poor, with
rates ranging from 65 to 88% [6-8]. CPAP daily use in senior
patients was reported by McMillan [2] to be very low at 1 year,
with a median usage of 2 h and 22 min per night. The effect
of age on CPAP adherence has not fully been studied; May
et al. have reported recently that increasing age is associated
with improved adherence in a study population < 65 years [9].

The purpose of this study is to evaluate CPAP adher-
ence in patients > 70 years compared with younger
patients < 50 years.

@ Springer
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ZxOAL0:

TRpnon t™g Oepanciag CPAP ywa TNV UNMVIKA Anvola o€ NALKIWHEVOUG acBOeveic
Aavw tTwv 70 €TWv.

Oa unébete kavei OtL N cuppopdwon otn Bepaneia pe CPAPumopel va eivat
drwyxotepn otoug nAkiwpévoug (>70 £€tn) oe olykpLon UE TOUG VeOTEPOUG (<50
€tn) AOyw omwAewag MVAUNG, OdUVapiag oTo AVw GKPA KOl HELWHEVNG
emdefLotnrag.

Itn MeAétn oupneplAndOnkav 72 nAwkwwpévol (35 yuvaikeg )ue péco Opo
avVanvVeUoTIKWY cupBapdtwv 34/h, pe deiktn palog cwpatog 31kg/m? kau 71
veotepol acBeveig (17 yuvaikeg) He HECO OPO AVATIVEUOTIKWV cUpBapdtwy 37/h
Kot Me Seiktn palag owparog 31kg/m?2.

‘Eywe etiola mapakoAouBnon , n omoila 8ev QVESELEE OTATIOTIKA ONUOVTLKA
Slapopd oto Moocootd twv acBevwv mou eykatéAewpav t CPAP ( 47% twv
nAlkiwpévwy CPAP évavtt 43% Ttwv VeEOTEPWV) | otV KABnuepvr XprRon tng
OUOKEUNG (4:53+2:44 hh:min évavti 4:23+3:00 hh:min ).

ZuveEnwG n mpoxwpnuévn nAwkia dev amoteAei eumodlo yia tnv €vapén tng
Oepaneiag pe CPAP.

Ertidoyn) apBpou — IxoAlaopog: EAévn Neppdkn
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Scoring heart rate increases as a surrogate arousal marker on
portable monitor studies for obstructive sleep apnea: Impact
on diagnostic accuracy and clinical decision-making
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Summary

Cortical arousal-related hypopneas are not scored on type 3 home devices, which
therefore limits their diagnostic accuracy for obstructive sleep apnea. The objective
of this study was to evaluate whether scoring heart rate accelerations as surrogate
markers of arousal improves type 3 portable monitor diagnostic agreement compared
with polysomnography and improves therapeutic decision-making. We prospectively
recruited patients evaluated for obstructive sleep apnea to undergo in-laboratory
simultaneous full polysomnography + type 3 portable monitoring. Hypopnea events
were scored on portable monitor studies with and without autonomic scoring, which
was defined as an associated increase in pulse oximetry-derived heart rate 26 beats
per min (autonomic hypopnea). Portable monitor diagnostic agreement compared
with polysomnography with and without autonomic hypopnea scoring was assessed.
We also evaluated whether reporting autonomic hypopnea scoring improves portable
monitor clinical treatment decision agreement after four physicians reviewed clinical
data and sleep study results (polysomnography, portable monitor with autonomic
hypopnea, portable monitor without autonomic hypopnea). Eighty-two participants
completed simultaneous polysomnography and in-laboratory portable monitor stud-
ies. Scoring autonomic hypopnea resulted in a decreased mean difference between
in-laboratory portable monitor respiratory event index and polysomnography apnea-
hypopnea index in Bland-Altman analysis (mean difference 14.6 per hr without ver-
sus 6.1 per hr with autonomic hypopnea scoring [p < 0.01]), and increased
intraclass correlation from 0.769 to 0.844. Inclusion of autonomic hypopnea scoring
resulted in better accuracy between portable monitor and polysomnography expert's
treatment decisions, and ultimately resulted in 24% fewer additional poly-
somnographies requested. The addition of pulse oximetry heart rate increases for
autonomic hypopnea scoring during portable monitor resulted in better diagnostic
agreement, improved clinical decision-making and reduced additional poly-

somnography testing.

Abbreviations: AHI, apnea-hypopnea index; AnH, autonomic hypopnea; AUC, area under the receiver operating characteristic curve; EEG, electroencephalogram; EMG, electromyography;
HAI, hypopnea with arousal index; ICC, intraclass correlation; ODI, oxygen desaturation index; OSA, obstructive sleep apnea; O,, oxygen; PM, type 3 Portable monitor; PSG, polysomnography;
PTT, pulse transit time; REI, respiratory event index; ROC, receiver operating characteristic; TRT, total recording time; TST, total sleep time; SpO,, blood oxygen saturation.

J Sleep Res. 2022;e135%4.
https://doi.org/10.1111/jsr.13594

wileyonlinelibrary.com/journal/jsr

© 2022 European Sleep Research Society. 1of 10
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ZxOAL0:

Ot peléteg tumov Il anotelolv mia e§€taon poutivag yia tnv Stayvwon tou ZIAYY o aoOeveig
Me Alyeg ouvvoonpotnteS. OUwG Elval yvwoTo GTL OL UTIOTIVOLEG OL OTIOLEG ELval CUVEESEUEVEG e
g PAoukég adunvicelg dev yivetal va okopaplotolv e TG HeAéteg Umvou TtOMou 3 pe
QMOTEAEOUA £V ONMUAVTIKO THAMA acBevwv mou €xouv Amo f péEtplo ZAYY va Aapfdvouv
Yevdwg apvntikd anotédecpa o OtL adopd otnv Umapén f pn tou cuvépopou. Etol €xouv
npotaBel pia oelpd and SEIKTEC yLa TO OKOPAPLOKA TWV UTIOTIVOLWV OTMtWG €ival to pulse transit
time/ n nepiudepikn aptnpLokr TovopeTpiot aAAd Kat To E0POG KUMATOG TTAALOU.

Ze aUTAV TNG HEAETN €EETAOTNKE N SUVATOTNTA TOU CKOPAPIOUATOG TWV UTIOTIVOLWV TIOU Eival
ouvdedepéveg pe ™ PAoukny adpunvion HECW TNG AVOSOU TWV KAPSLAKWV MOAHWY Katd £E€L
odueig to Aentto(figure 1).Eywve tautoxpovn noAvowpatokataypadikn HeAETn Uvou adld Ko
MHeAETn Umtvou TtuTov Il pe Kol xwpig TNV MPocdnKn tou deiktn avénong Twv Kapdlakwv MaApwv
o€ 82 aoBeveic.

Bp£Onke OtL N MpooBnkn tou deiktn avgnong kapdiakwv odpifewv eAattwoe tnv dtadopd otov
kataypadopevo AHI petafy moAvunvoypadiog kat peAétng tomnov Il otnv avaivon Bland-
Altman (péon dwadopa 14,6 ava wpa Xwpic tov Seiktn Kapdiakol pubuol évavtl 6,1 ava wpa
pe tov deiktn [p < 0,01]) ko avénuévn evéotafikn ouoxétion and 0,769 £wg 0,844.) H
evowpatwon avtol tou Seiktn BeAtiwoe Ti¢ anoddaoslg yia Oepaneia pe cpap omno tou
UNVOAGYyouG Kot TEALKA 08nynos og 24% Alyotepeg emMA€ov mMoAuvurivoypadieg

No ONUELWOOUME OE AUTO TO GNIELO OTL ATLO TNV HEAETN AMOKAELOTNKOV ATOHA LE KOPSLOAOYLKEG
KOl VEUPOAOYIKEG BN OELG.

Evéladépov ivat va mapatnpioeL KAVELG 0TO TPWTOTUTIO Keipevo Kat to figure 2/figure 4.

Ertidoyn apBpou — ZXoAlaopog : XapaAaumnog Mpwtonanadakng
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FIGURE 2 Bland-Altman plot display mean index ([PSG AHI + Lab PM REI}/2) versus the difference between index (PSG AHI — Lab PM REI).
(a) Without AnH scoring; (b) with AnH scoring. Blue line represents mean values, and red lines upper and lower limits of agreement.
Abbreviations: AHI, apnea-hypopnea index; Anh, autonomic hypopnea index; Lab PM, portable monitoring performed in-laboratory;

PSG, polysomnography; REI, respiratory event index; SD, standard deviation

(a) PM-based decision accuracy (b) PM-based decision accuracy for CPAP
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FIGURE 4 Comparison of agreement when using Lab PM conventional scoring (blue line) versus AnH scoring (red line) compared with
PSG-based decisions. (a) Percent agreement for treatment decision. (b} Percent agreement for prescribing CPAP. (c) Percent agreement for
recommending further testing. (d) Percent agr for rec ding further testing in patient rec ded CPAP therapy based on PSG.
Dots at the bottom represent PSG AHI of each unique subject. Abbreviations: AHI, apnea-hypopnea index; Anh, autonomic hypopnea index;
CPAP, continuous positive airway pressure; Lab PM, portable monitoring performed in-laboratory: PM, portable monitoring:

PSG, polysomnography
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1 | INTRODUCTION: HISTORY OF RAPID
EYE MOVEMENT SLEEP BEHAVIOUR
DISORDER (RBD)

The first description of dream-enacting behaviours dates back to the
early Roman empire where reports on animals were provided as proof
that non-human animals also dream (Pline I'Ancien, 1961). In the 17th
century, Miguel de Cervantes described an episode of dream-enacting
behaviour (Iranzo et al., 2004), in which Don Quixote shouts and vig-
orously attacks some wineskins while dreaming that he is fighting a
giant. In 1881, Laségue observed that patients with delirium tremens
presented with dream-like behaviours, vocalisations, and rampaging in
bed (Laségue, 1881), features possibly resembling rapid eye move-
ment (REM) sleep behaviour disorder (RBD). A major advance was
made in 1965 when Jouvet and Delorme (1965) created an RBD
model in cats 20 years before it was identified as a disorder in
humans. Sastre and Jouvet sought to determine the origin of REM
sleep muscle atonia and injected ibotenic acid in various nuclei to sup-
press atonia. They observed that lesions of the perilocus coeruleus
alpha (an equivalent to the human locus subcoeruleus) resulted in
dream-like behaviours (“oneiric behaviours”), including predatory
attack, rage, flight, and grooming in cats (Sastre & Jouvet, 1979).

Europeans were also among the first to observe REM sleep with-
out atonia (RWA) in individuals with parkinsonism. In 1969,
Traczynska-Kubin et al. (1969) observed patients with Parkinson's dis-
ease (PD) having persistent mental electromyography (EMG) activity
despite REMs resembling REM sleep. In 1975, Mouret (1975)
described a persistence of mental EMG activity during paradoxical
sleep in patients with PD compared with healthy individuals. Similar
findings were named “stage 1-REM” by Japanese researchers (for a
review see Tachibana, 2009) and “stage 7> sleep by Guilleminault
et al. (1976) in patients with narcolepsy treated with clomipramine.
The Europeans were also the first to document video-polys-
omnographic (v-PSG) recording of an RBD episode in a patient with
Shy-Drager syndrome (Coccagna et al., 1985). Shortly after, Salva and
Guilleminault (1986) described the disappearance of REM sleep atonia
and the appearance of complex dream-enacting behaviours in patients
with olivopontocerebellar degeneration. Following on from this there
were several reports by Japanese researchers of stage 1-REM, possi-
bly resembling RWA in otherwise healthy-seeming elderly individuals
experiencing their first manifestations of somnambulism-like behav-
iours (Tachibana et al., 1991), as well as in patients with brainstem
degeneration (Shimizu et al., 1990), and under clomipramine treat-
ment (Niiyama et al., 1993). A more detailed history of the detection
of RWA and RBD has been provided in a review (Frauscher &
Hogl, 2012).

The landmark discovery of RBD as a disorder is attributed to Car-
los Schenck and Mark Mahowald who described the first case series
of people showing dream-enacting behaviours linked to a polys-
omnographic confirmation of RWA and gave RBD its name. Schenck
and Mahowald identified the sleep-related violence and risk of injury,
linked it with Jouvet's cat model, and discovered the benefit of clo-

nazepam (Schenck et al., 1986). In the first brain neuropathological

examination of a case with isolated RBD (iRBD), abnormal a-synuclein
deposits were found in the locus coeruleus/subcoeruleus (Uchiyama
et al.,, 1995). Schenck and Mahowald followed up their first 30 idio-
pathic RBD patients finding that one-third of their cohort later
converted to parkinsonism (Schenck et al., 1996). This major finding
occurred before Braak et al. suggested that abnormal a-synuclein
propagates in a bottom-up pattern in prodromal and defined PD,
starting in the gut and medulla oblongata (stage 1), then in the locus
coeruleus/subcoeruleus (stage 2) and later in the substantia nigra
(stages 3 and 4) and cortex (stages 5 and 6) (Del Tredici et al., 2002).
In 2007, Boeve, Silber, et al. (2007b) postulated that dysfunction in
the sublaterodorsal nucleus (corresponding to stage 2 in the Braak
staging system) could lead to RWA and RBD. This phenoconversion
from RBD to parkinsonism and dementia was later confirmed in sev-
eral countries, and other synucleinopathies were associated with RBD
(Fantini et al., 2005; Iranzo et al., 2006).

1.1 | RBDpathophysiology
Glutamatergic neurons located in a small pontine nucleus localised
ventral to the laterodorsal tegmental nucleus (LDT) - named sub-
laterodorsal tegmental nucleus (SLD) in rats and locus subcoeruleus in
humans - are responsible for inducing muscle atonia during REM
sleep. These neurons express the vesicular transporter 2 of glutamate
(VGLUT2), the specific marker of glutamatergic neurons, and cFos, a
marker of activation in rats displaying a REM sleep hypersomnia
(Clement et al., 2011). Unit recordings of these neurons confirmed
that they are selectively active during REM sleep (Boucetta
et al.,, 2014). It has also been shown that genetic inactivation of gluta-
matergic SLD neurons in rats and mice induces RBD and a 30%
decrease in REM sleep quantities (Uchida et al., 2021; Valencia Garcia
etal., 2017).

It has also been shown that combined microdialysis of bicuculline
(a GABA-A antagonist),
phaclophen (a GABA-B antagonist) in the trigeminal nucleus are nec-

strychnine (glycine antagonist), and
essary to restore jaw muscle tone during REM sleep (Brooks &
Peever, 2012). Furthermore, SLD neurons directly excite GABA/
glycinergic neurons located in the ventral medullary reticular nuclei
(Boissard et al., 2002; Valencia Garcia et al., 2017; Valencia Garcia
et al., 2018). Nearly all c-Fos-labelled neurons localised in these nuclei
express GAD67 and glycine transporter 2mRNA after 3 h of paradoxi-
cal sleep recovery following 72 h of paradoxical sleep deprivation
(Sapin et al., 2009; Valencia Garcia et al., 2018). These neurons
directly project to spinal motoneurons (Valencia Garcia et al., 2018).
Inactivation of the GABA and glycinergic neurons of these nuclei in
rats and mice induces RBD (Uchida et al., 2021; Valencia Garcia
et al., 2018). All these experiments indicate that GABA/glycine neu-
rons located in the ventral medulla project to and hyperpolarise moto-
neurons during REM sleep leading to muscle atonia.

Interestingly, functional neuroimaging and postmortem brain
studies report the presence of Lewy bodies and neuronal loss in SLD
and ventral medulla (Arnulf, 2012; Boeve, Dickson, et al., 2007a;
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Iranzo et al., 2013). It is, therefore, probable that RBD is due to spe-
cific neurodegeneration of the glutamate SLD and/or GABA/glycine
medullary neurons.

It is well accepted that motoneurons are also phasically excited
by glutamate during REM sleep (Burgess et al., 2008). It is, therefore,
likely that RBD behaviours are due to phasic excitation of motoneu-
rons by glutamate in the absence of tonic GABA/glycine inhibition.
Glutamate pre-motoneurons are interneurons located in close vicinity
of motoneurons and neurons located in ponto-medullary reticular
nuclei and the red nucleus (Rekling et al., 2000). These neurons are
directly excited by glutamatergic pyramidal neurons of the motor cor-
tex to induce voluntary movements (Rekling et al., 2000). The reticular
formation and the red nucleus could play a major role in exciting
motoneurons during REM sleep without the need for cortical activa-
tion (Blumberg & Plumeau, 2016; Del Rio-Bermudez et al., 2015).
However, patients often show long and complex behaviours, such as
singing and giving long speeches, which strongly suggests that the
motor cortex drives such behaviours (De Cock et al., 2007). In line
with this, activation of the human motor cortex, similar to that
observed during a voluntary movement during wakefulness, has been
observed during REM sleep (De Carli et al., 2016).

Due to the characteristic emotional component of RBD dream-
enacting behaviours and vocalisations, involvement of the limbic sys-
tem has been postulated. This hypothesis is supported by animal stud-
ies on cats and by reports of RBD in humans affected by limbic
encephalitis (Iranzo, 2018).

Everything considered, RBD is likely induced by neu-
rodegeneration of the ponto-medullary GABA/glycinergic and/or glut-
amatergic neuronal system physiologically inducing muscle atonia
during REM sleep, although other circuits are also involved in the gen-
eration of RWA and dream-enacting behaviours.

1.2 | Clinical features of isolatedRBD(iRBD)

The prevalence of iRBD in the general population over 60 years old is
0.5-1% (Haba-Rubio et al., 2018; Pujol et al., 2017), and the mean age
at clinical consultation is usually in the seventh decade. iRBD is rare in
those under 50 years (Fernandez-Arcos et al., 2016). For unknown
reasons, people seeking medical consultation for iRBD at sleep cen-
tres are more frequently men than women, although this finding may
be due to a selection bias as RBD in men is more violent than in
women. Ageing, head injury, farming, pesticide exposure, antidepres-
sant therapy, and GBA mutations are all risk factors for developing
iRBD (Postuma et al., 2012). Hyposmia, depression, and constipation
are more common in iRBD than in controls (Aguirre-Mardones
etal, 2015).

The main clinical features of iRBD are dream-enacting behaviours
and nightmares, but this symptomatology also occurs in posttraumatic
sleep disorder, sleep terrors, as well as in some patients with severe
obstructive sleep apnoea and periodic limb movement disorder. Recal-
led dreams are short, vivid, intense, frightening, and negatively toned

(e.g., being attacked or chased by an unknown person for an unknown
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reason). Clinical manifestations consist in vocalisations (e.g., yelling,
swearing, crying, or laughing) and vigorous behaviours (punching,
kicking, jumping out of bed) where patients appear to be enacting
their dreams. These behaviours occur in REM sleep, with eyes closed,
are usually confined to the bed, and may result in injuries to the
patient and the bed partner (Fernandez-Arcos et al., 2016). However,
the most common abnormal behaviours seen in REM sleep during
video-polysomnography (v-PSG) are prominent jerks. Interestingly, an
important proportion of iRBD patients report good sleep quality and
are unaware of their nocturnal episodes, indicating that bed partners
are essential for informing about and describing these behaviours. To
reduce the intensity and frequency of the nightmares and motor
behaviours (therefore, also reducing the risk of injury) clonazepam and
melatonin can be used. Both these treatments are suggested as Level
B treatment for RBD by the Standards of Practice Committee of the
American Academy of Sleep Medicine (Aurora et al., 2010). Clonaze-
pam is usually effective at a dose <2 mg, melatonin at a dose 3-
12 mg. Long-term treatment is usually required. Melatonin has a
favourable side effect profile (dose-related side effects include morn-
ing headache, morning sleepiness, and delusions/hallucinations),
whereas clonazepam should be used with caution in patients with
dementia, gait disorders, or concomitant obstructive sleep apnea. The
most common side effects of clonazepam are sedation, impotence,
early morning motor incoordination, confusion, and memory dysfunc-
tion (Aurora et al., 2010). Besides symptomatic treatment, improving
safety within the bedroom environment is also often necessary
(Fernandez-Arcos et al., 2016).

After 15 years of follow-up, about 95% of iRBD patients will be
clinically diagnosed with the synucleinopathies dementia with Lewy
bodies (DLB, 45%), PD (45%), or multiple system atrophy (MSA, 5%)
(Iranzo et al., 2016). Indeed, the presence of abnormal synuclein in the
cerebral spinal fluid (CSF), olfactory mucosa, and peripheral organs
(colon, skin, and salivary glands) is detected in most iRBD patients.
Markers of short-term conversion to a clinically overt synucleinopathy
are hyposmia, abnormal DAT-SPECT, mild cognitive impairment, and
minor parkinsonian signs. Patients with long-standing iRBD of more
than 15 years may show synuclein in the CSF and organs, hyposmia
and DAT deficit, indicating a slow but ongoing neurogenerative pro-
cess (Hogl et al., 2018; Iranzo et al., 2017; Teigen et al., 2021).

2 | VIDEO-POLYSOMNOGRAPHY (V-PSG)
AS A DIAGNOSTIC REQUIREMENT AND
PROGRESSION MARKER INRBD

The current criteria for the diagnosis of RBD (American Academy of
Sleep Medicine, 2014) require the demonstration of RWA on v-PSG.
Several manual/visual methods have been proposed to quantify RWA,
but the most validated method that is also recommended by recent
international guidelines (Cesari et al., 2021) is the one proposed by
(SINBAR)  group

et al., 2012). This method measures “any” (i.e. phasic or tonic) muscu-

the Sleep Innsbruck Barcelona (Frauscher

lar activity in the chin and phasic muscular activity in both flexor
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digitorum superficialis muscles in the upper limbs, either in 30 s
epochs or in 3 s epochs, and the respective cut-offs of 27% and 32%
have shown to be sensitive and specific to distinguish RBD from con-
trols (Frauscher et al., 2012). Quantification of RWA in the lower
extremities has lower specificity than in the upper extremities (Cesari
et al., 2021). Because manual/visual RWA quantification is extremely
laborious, several (semi-)Jautomatic methods have been proposed. Of
these, the REM atonia index (Ferri et al., 2010) is the most validated
one, but it quantifies RWA only in the chin. Only one semi-automatic
method measures muscular activity both in the chin and the upper
extremities (Frauscher et al., 2014).

RWA is not only the electrophysiological hallmark of RBD but is
also a biomarker of neurodegeneration in iRBD (McCarter et al., 2019;
Nepozitek et al., 2019) and could potentially be used as a biomarker
for impending progression to an overt a-synucleinopathy in iRBD
patients, although more studies are needed to confirm this.

v-PSG documentation of behaviours during REM sleep is not
strictly required in the current American Academy of Sleep Medicine
(AASM) criteria (American Academy of Sleep Medicine, 2014), but
new diagnostic guidelines by the International RBD study group
(Cesari et al., 2021) require the demonstration of at least one RBD
episode. An RBD episode is defined as one or more motor events
and/or vocalisation in REM sleep suggestive of dream enactment,
thus including jerky, discontinuous simple and complex movements
with or without vocalisations. Studies have shown that large, vigorous
movements during REM sleep represent only the tip of the iceberg in
RBD patients, who mostly have simple, minor jerks, requiring a careful
video analysis (Frauscher et al., 2007). Research to develop automatic
tools that can identify such movements and, therefore, help to diag-
nose RBD (Waser et al., 2020), is essential.

21 | SexissuesinRBD

Since the seminal first description of five patients with RBD, a male
predominance has been reported (Schenck et al., 1986). This was
supported by subsequent studies that reported up to 80% of RBD
patients being male (Schenck et al., 2019).

A more recent epidemiological study, however, suggested that
the prevalence of RWA does not differ between the sexes (Haba-
Rubio et al., 2018). As women with RBD often present less violent
dreams and behaviours, it has been suggested that RBD might be
underestimated in women due to milder symptoms or lack of percep-
tion by bed partners (Fernandez-Arcos et al., 2016).

Differences in dream content between men and women, investi-
gated in people with PD-RBD, showed that women dream more about
activities of daily living, family and friends, while men have more per-
formance-related dreams, including about sports, employment and
can also be more aggressive (Borek et al., 2007), although data on this
in iRBD are lacking. Nonetheless, differences in dream content could
explain why men more often show harmful behaviours during RBD
episodes (Mahale et al., 2016) and have a higher risk of injuries com-

pared with women (Comella et al., 1998).

In line with this, a polysomnographic study investigating motor
features of sleep behaviours reported that men have higher EMG pha-
sic activity, more myoclonic movements, and more movements involv-
ing the trunk, whereas segmental movements were more frequent in
women (Bugalho & Salavisa, 2019). Another polysomnographic study
investigating RWA in both legs and arms, reported a higher RWA
index in the legs in men compared with women, and a higher RWA
index in the arms in women. The authors postulated that this finding
might reflect a different character of RWA among the sexes (Borek
et al., 2007; Tatman & Sind, 1996).

Despite frequent reports of sex differences in RBD phenotypes,
this aspect has yet to be studied extensively. Future studies are
needed to better elucidate the reasons for sex differences in the prev-
alence of RBD, as well as to characterise potential differences in mus-
cle activity and motor events during REM sleep between women and
men (Bodkin & Schenck, 2009; Borek et al., 2007; Bugalho & Sal-
avisa, 2019; Comella et al., 1998; Fernandez-Arcos et al., 2016; Haba-
Rubio et al., 2018; Mahale et al., 2016; Schenck et al., 1986; Tatman
& Sind, 1996; Zhou et al., 2015).

2.2 | The genetics ofRBD

Great strides forward have been made in iRBD genetic research over
the past several years. iRBD likely has a distinct genetic risk profile
compared with overt a-synucleinopathies, with evidence of both
overlapping and contrasting risk loci across the conditions. RBD heri-
tability, explained by common variants, is estimated at 12.3%, which is
similar to the current estimation for DLB, and five RBD genetic loci
have been identified by a genome-wide association study (GWAS)
(Krohn et al., 2021). These genes are concentrated in the autophagy-
lysosomal pathway (ALP) and are more specific to this pathway than
any similarly powered GWAS of PD or DLB. Each of these RBD genes,
SNCA, GBA, TMEM175, INPP5F, and SCARB2, are nominated PD risk
loci (Nalls et al., 2019). However, the driving risk variants in SNCA and
SCARB2 are independent, meaning different genetic mechanisms are
driving the risk for RBD and PD at these loci. The top SNCA variant
associated with an increased risk for PD may have an opposite effect
in RBD, decreasing the risk (Krohn et al., 2020). There is evidence that
these RBD and PD variants may be affecting gene expression differ-
ently, and in different brain regions, with RBD variants localised in
cortical regions (Krohn et al., 2021). Additionally, prominent PD genes
such as LRRK2 (Fernandez-Santiago et al., 2016), MAPT, and autoso-
mal recessive genes (Mufti, Rudakou, et al., 2021a) are not associated
with isolated RBD. A similar pattern is found between RBD and DLB,
where ALP genes SNCA, GBA, and TMEM175 are shared risk factors in
both conditions, however, DLB genes APOE and BIN1 (Chia
et al., 2021) are not associated with RBD (Gan-Or et al., 2017; Krohn
et al., 2021). Mutations in PSAP, encoding for saposin C, a lysosomal
activator of GBA, have also been implicated in iRBD (Sosero
et al., 2022), as well as rare variants in LAMP3 (encoding the lysosomal
associated membrane protein 3) and other genes (Mufti, Yu,
et al., 2021b). Overall, the shared loci across RBD and overt
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a-synucleinopathies are localised in the ALP, and genes associated
with other neurodegenerative mechanisms (e.g., tau aggregation,
mitochondrial dysfunction) do not appear to play a major role in RBD
susceptibility. Genetics may also contribute to the phenoconversion
rate from RBD to overt neurodegeneration; studies in SNCA (Krohn
et al., 2020) and GBA (Honeycutt et al., 2019) show evidence that risk
variants are associated with rapid phenoconversion, however, with

limited confidence at these sample sizes.

2.3 | Biomarkers - classical and recent

Clinical trials with putative neuropreventive strategies in PD have
been largely unsuccessful in the past, in part because the target
populations were early/de novo PD patients with characteristic motor
symptoms already present. At this stage, the degeneration of dopami-
nergic neurons is advanced with over 50% of nigrostriatal dopaminer-
gic neurons already being affected by neurodegeneration. Therefore,
strategies to prevent future disease conversion need to focus on risk
cohorts. To achieve this important step, studies should be conducted
in iRBD patients to assess progression biomarkers in the early disease
stage in parallel to larger cohorts of at-risk individuals. With an aver-
age of only 6.3% of iRBD patients converting to disease per year (Pos-
tuma et al, 2019), conversion alone cannot serve as an outcome
measure for future clinical trials and further objective trait markers are
needed. Also, individuals with iRBD convert into different a-synuclein
aggregation diseases (i.e., PD, MSA, DLB). It may, therefore, be impor-
tant to stratify these groups in the prodromal state. For prodromal
individuals and population-based screens, which are becoming more
popular for identifying individuals at risk, we need biomarkers that are
less invasive than CSF, as well as widely applicable screening instru-
ments. Several strategies are currently being investigated, including
imaging studies (e.g., dopamine transporter imaging, ‘8F FDG-PET),
objective quantitative assessment of emerging mild motor disease,
cognitive testing and tissue analyses with aggregation chemistry for
a-synuclein (Miglis et al., 2021).

The total a-synuclein in CSF is 15% lower in PD and MSA, while
in iRBD levels are slightly higher for, as yet, unknown reasons
(Mollenhauer et al., 2019). More promising is the detection of a-syn-
uclein aggregation by seeding aggregation assays (SAA; RT-QuiC or
PMCA) with sensitivities and specificities above 90-95% for PD in
CSF (Shahnawaz et al., 2017). One study in iRBD showed a sensitivity
of 90.4% and a specificity of 90.0%. In one individual, positivity of
SAA was detected 10 years before the conversion to disease (Iranzo
et al., 2021) Major hurdles faced by SAA are the lack of quantification
and the fact that the best performance is shown in CSF compared
with colon, salivary glands, olfactory mucosa, and skin (Antelmi
et al., 2017; Doppler et al., 2017; Fernandez-Arcos et al., 2016; Iranzo
et al., 2018; Sprenger et al, 2015; Stefani & Hogl, 2021; Vilas
et al., 2016). The current mechanism of the molecular processes lead-
ing to a-synuclein aggregation and disease are still unknown and can-
not yet be explained in relation to the assay parameters. While for

CSF the results are promising, the first studies also report SAA
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positivity in skin samples in PD as well as in olfactory mucosa (De
Luca et al., 2019; Wang et al., 2020). Some groups also show different
seeding dynamics in patients with MSA and PD, which could indicate
different a-synuclein strains (Shahnawaz et al., 2020).

A more peripherally acting biomarker is the neurofilament light
chain (NfL), which can now reliably be quantified in peripheral blood.
Although nonspecific and elevated in several other neurological dis-
eases, slightly higher values of plasma NfL are shown for PD and RBD
and markedly higher for MSA patients (Mollenhauer et al., 2020).

In the future, we will know if other biomarkers such as inflamma-
tory panels, faecal microbiome, and miRNA hold their promise of
being adequate screening tools for those at risk of converting to dis-
ease. Unfortunately, none of the previous biomarkers, including SAA,
can be currently used for individual quantification to differentiate
between individuals at risk for conversion and those remaining free of

a neurodegenerative disease. Larger cohorts are needed.

24 | Implications of theRBDdiagnosis

The implications of establishing the diagnosis of RBD are multiface-
ted. These encompass (i) clinical implications centred on the manage-
ment strategies and risk mitigation of potential injurious RBD
behaviours, (ii) implications related to very strong associations
between RBD and evolving synuclein-specific neurodegeneration, (iii)
the need to increase awareness about this disorder among physicians,
allied health professionals, and the general public, and (iv) the oppor-
tunity to engage numerous stakeholders around RBD as a unique dis-
order that is positioned on the intersection of neurology, sleep
medicine, and neuroscience.

The clinical implications of RBD as a parasomnia are centred on
symptomatic management and safety precautions in sleeping environ-
ments aimed at preventing injuries from RBD-related motor behav-
iours (St Louis & Boeve, 2017). The relative paucity of well-designed
randomised symptomatic clinical trials should be a call for action for a
more robust clinical trial RBD pipeline (Gilat et al., 2020; Shin
et al., 2019). The success of such trials will largely depend on the ade-
quate selection of outcome measures and trial duration, which will
allow for proper ascertainment of the intervention's effectiveness.

Implications of RBD as a prodromal stage of an evolving
a-synucleinopathy are complex. RBD patients are increasingly becom-
ing aware of their risk of developing one of these disorders in the
future. This necessitates proper counselling on the risk of pheno-
conversion so that appropriate planning for the future can be consid-
ered. Currently, there is a substantial gap in prognostic counselling
offered to the patient as reports indicate that only 50% of patients
with RBD receive counselling (Feinstein et al., 2019). There is, there-
fore, a need to develop best practices for prognostic counselling
in iRBD.

One of the most important implications of RBD as a prodromal
synucleinopathy is an opportunity to position the iRBD population as
an ideal study cohort for testing disease-modifying treatments aimed

at delaying or preventing phenoconversion to a synucleinopathy (Hogl
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et al., 2018). Selecting the ideal patient candidates for disease-modify-
ing trials, having effective and reliable screening and recruitment
methods, employing robust clinical trial designs, and choosing appro-
priate outcome measures capable of demonstrating disease modifica-
tion within the reasonable trial duration are the critical aspects of trial
planning for iRBD. Some of these elements are more straightforward
than others. The International RBD study group published two con-
sensus statements on clinical trials in the RBD population that detail
these aspects relevant to organisations and implementation of RBD
clinical trials (Schenck et al., 2013; Videnovic et al., 2020).

Finally, raising awareness and promoting education about RBD is
a very important implication of RBD, which is overall underdiagnosed,
or the diagnosis is quite delayed. Bringing together various stake-
holders such as clinicians, scientists, patients, disease-specific founda-
tions, government agencies, industry, and the general public will
enable us to advance various aspects of RBD clinic care, research, and

therapeutic development.

3 | FUTURE DIRECTIONS

Since the first description of RBD, the disease has been better
characterised through pathophysiologic, clinical and v-PSG studies, as
well as through extensive research on biomarkers and genetics.

Despite these advances, the phase of phenoconversion from
iRBD to overt a-synucleinopathy still needs to be further investigated.
A combination of biomarkers will likely allow better identification of
those with iRBD at high risk of short-term phenoconversion, whereas
it is still unclear how iRBD individuals that go on to develop PD will
be differentiated from those phenoconverting into DLB or MSA.
Although a combination of biomarkers might be useful, it is also likely
that a better phenotypic characterisation will be achieved through the
identification of biomarkers or a-synuclein aggregates in biofluids or
tissues, which are specific for one a-synucleinopathy (i.e., DLB, PD
or MSA).

Another aspect that will become more relevant in the future and
deserves further investigation is prodromal RBD. It has been defined
as a stage in which symptoms and signs of evolving RBD are present,
but do not yet meet established diagnostic criteria (Cesari et al., 2021;
Hogl et al., 2018). International guidelines for the identification of pro-
dromal RBD have been published recently by the International RBD
study group, providing a framework that will ensure harmonised stud-
ies and, therefore, a better understanding of the clinical relevance of
this condition and its evolution into iRBD.

All the previously mentioned aspects, as well as the identification
of RBD in the general population, will likely take advantage of the
implementation of artificial intelligence. Machine-learning approaches
may provide new ways of identifying RBD patients (e.g., considering
both muscle activity and movements), as well as new ways of pheno-
typic characterisation (e.g., based on a combination of biomarkers),
dramatically improving detection and classification of RBD.

Some open issues in the RBD research field concern treat-

ment. New insights into pathophysiology deriving from basic

science may lead to the development of novel treatments acting
on specific pathways involved in the generation of RBD. Double-
blind, randomised, controlled trials are still needed to assess the
efficacy of symptomatic RBD treatment. Moreover, clinical trials
testing neuroprotective drugs may represent a turning point in
the development of disease-modulating treatments for alpha-

synucleinopathies.
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Abstract

Study Objectives: Randomized controlled trials (RCTs) have shown no reduction in adverse cardiovascular (CV) events in patients randomized to continuous positive
airway pressure (CPAP) therapy for obstructive sleep apnea (OSA). This study examined whether randomized study populations were representative of OSA patients
attending a sleep clinic.

Methods: Sleep clinic patients were 3,965 consecutive adults diagnosed with OSA by in-laboratory polysomnography from 2006 to 2010 at a tertiary hospital

sleep clinic. Characteristics of these patients were compared with participants of five recent RCTs examining the effect of CPAP on adverse CV events in OSA.

The percentage of patients with severe (apnea-hypopnea index, [AHI] > 30 events/h) or any OSA (AHI > 5 events/h) who met the eligibility criteria of each RCT was
determined, and those criteria that excluded the most patients identified.

Results: Compared to RCT participants, sleep clinic OSA patients were younger, sleepier, more likely to be female and less likely to have established CV disease. The
percentage of patients with severe or any OSA who met the RCT eligibility criteria ranged from 1.2% to 20.9% and 0.8% to 21.9%, respectively. The eligibility criteria
that excluded most patients were preexisting CV disease, symptoms of excessive sleepiness, nocturnal hypoxemia and co-morbidities.

Conclusions: A minority of sleep clinic patients diagnosed with OSA meet the eligibility criteria of RCTs of CPAP on adverse CV events in OSA. OSA populations in
these RCTs differ considerably from typical sleep clinic OSA patients. This suggests that the findings of such OSA treatment-related RCTs are not generalizable to
sleep clinic OSA patients.

Submitted: 10 August, 2021; Revised: 26 October, 2021
© Sleep Research Society 2021. Published by Oxford University Press on behalf of the Sleep Research Society.
All rights reserved. For permissions, please email: journals.permissions@oup.com

2202 Iudy G| uosenb Aq G| 1LZ¥9/¥920esZ/y/G/elonie/des|s/woo dnoolwspeoe)/:sdy woll papeojumo(q


https://orcid.org/0000-0002-0563-9386
https://orcid.org/0000-0002-3199-8569
https://orcid.org/0000-0003-3950-6079
https://orcid.org/0000-0002-9070-847X
https://orcid.org/0000-0002-5052-2494
https://orcid.org/0000-0002-2879-0484
https://orcid.org/0000-0003-3924-9199
https://orcid.org/0000-0001-8777-2705
mailto:bhajan.singh@health.wa.gov.au?subject=

ZxOAL0:

H anodpaktikfl UMVIKA AQnvola €ivoal €vag ONMOVIIKOG  TPOTOMOLNOLUOG
mopayovtag KivdUvou yla apvntikil €kBaon Kapdiayyelakwv cupfapdtwyv. Ot
TUXOLoToLNEVEG EAeYXOMEVEG peAETeg (RCTs) Sev deixvouv peiwon otnv apvntiki
£€KBaon TwV KapdLoyyeLaKwV YEYOVOTWY o€ aloBeveic unto Bepaneia pe CPAP.

Autn gival n mpwtn peAétn nov €€eTalel TOo av oL A0OEVEIG OV CUUUETEIXAV OTLG
RCTs ATaV QVTUTPOCWMEUTIKOL TOU MANBUCHOU TwV aoBsvwv pE amodpaKTiKi
UTIVLKA Amvola nou napakoAouBolvtal o Kévipa HeEAETNG UTVOu.

Ta xapaktnplotikd 3965 acbevwv mou diayvwotnkav pHe anodpaKTIKr) UTVIKNA
anvowa petda amd moAumnvoypadia ( To Xpovikd Siactnua and 2006-2010)
OUYKPLONKOV HE OWUTA CUMUETEXOVTIWV O 5 mpoodateg RCTs mou e&€talav thv
enidpaon g CPAP o€ apvntikni £KBaon KapdLayyelakwv yEyovoTwv acOevwv pe
anodPOKTIK UTVIKA amvola. BpéOnke n avaloyia twv acBsvwv pe cofapn
(AHI>30) 1 omowaodnnote Baputntag unvikn anvoia (AHI>5) mou mAnpoloav ta
KPLTAPL OCUUMUETOXNG oTl¢ RCTS Kol QVIXVEUTHKOV T KPLTAPLA TIOU ANEKAELOQV
ao0eveig amno tg RCTs.

ZUYKPLTLKA ME TOUG CUMUETEXOVTEG OTIG RCTs, oL ao0eveiG TWV KAWVIKWY HEAETNG
UMVoU NTav VEOGTEPOL, TILO UTIVNALKOL, OUXVOTEPO YUVALKEG Ka AlyOTEPO GUXVO va
€Xouv SLayvwopéva KapSlayyelokd voonuata. Ta MOCOOTA Twv OoOEVWVY HE
cofapn | omolacdAMote BapUTNTOG UMVIKA ANMVOola TIOU LKOVOTIoloUoav Tol
Kputipwa ewoaywyng ot RCTs  mowkidouv amd 1,2%-20,9% kou 0,8%-21,9%
avtiotoiwg. Ta KPLTAPLA TTOU ANMEKAELOOV TOUG TIEPLOCOTEPOUG aoBeveic RTav :
TPOUTIAPXoUoa KapSLlayyelakn vooos , aicOnua npeprnolag untvnAiag , VUXTEPLYVA
uno§atpia Kot cuvvoonpOTNTEC.

JuunEpACHATIKA MHia peEloPndia Twv acBevwv Twv KEVIPWVYV HEAETNG UMVOU
tkavornoloUoe ta Kputipla twv RCTs nmou e&étalav tnv enidpacn ¢ CPAP o€
apvnNTIKA €KPacn KOPSLOYYELOKWV YEYOVOTWV. ZUVEMWG TO EUPHMATA  TWV
npoavadpepBévtiwv RCTs S&v UMOPOUV VA YEVIKEUTOUV oTOV MANOUGMO TOU
napakoAouvBolvtal ota KEvipa PeAETNG UTVOU.
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Abstract

Purpose Selective hypoglossal nerve stimulation (SHNS) constitutes an effective surgical alternative for patients with obstruc-
tive sleep apnea (OSA). sHNS results in tongue protrusion and consecutive alleviation of obstructions at the tongue base
level (lower obstructions). Furthermore, obstructions at the soft palate level (upper obstructions) may be prevented through
palatoglossal coupling as seen on sleep endoscopy. However, it has not been studied if the distribution of obstruction level
during a whole night measurement is a relevant factor for the treatment outcome.

Methods Obstruction levels were measured with a manometry system during a whole night of sleep in 26 patients with
OSA (f=1, m=25; age 59.4 + 11.3; BMI=29.6 + 3.6) either before (n=9) or after sHNS implantation (n=12). Five patients
received a measurement before and after implantation. Obstructions were categorized into velar (soft palate and above),
infravelar (below soft palate), and multilevel obstructions. An association between obstruction level and treatment outcome
was calculated.

Results The mean distribution of preoperative obstruction level could be divided into the following: 38% velar, 46% mul-
tilevel, and 16% infravelar obstructions. Patients with a good treatment response (defined as AHI < 15/h and AHI reduction
of 50%) had fewer preoperative velar obstructions compared to non-responder (17% vs. 54%, p-value =0.006). In patients
measured after SHNS implantation, a significantly higher rate of multilevel obstructions per hour was measured in non-
responders (p-value=0.012).

Conclusions Selective hypoglossal nerve stimulation was more effective in patients with fewer obstructions at the soft palate
level. Manometry may be a complementary diagnostic procedure for the selection of patients for HNS.

Keywords Manometry - OSA - Selective hypoglossal nerve stimulation - Obstruction level

Introduction

About 20% of women and 50% of men suffer from mod-
erate to severe sleep disordered breathing (SDB) accord-
ing to a recent population-based study [1]. Most patients
with SDB suffer from obstructive sleep apnea (OSA) [2].
Patients complain of excessive daytime sleepiness and cog-
nitive deficits [3]. OSA also has a high societal relevance
since approximately 20% of car accidents are related to sleep
deprivation of which OSA is a main cause [4]. In addition,

>4 Markus Wirth
markus.wirth@tum.de

Department of Otolaryngology - Head and Neck Surgery,
Technical University of Munich, Klinikum rechts der
Isar, Hals-Nasen-Ohren-Klinik, Ismaninger Strafe 22,
81675 Munich, Germany

OSA is associated with secondary diseases especially of
the cardiovascular system such as hypertension, coronary
artery disease, and cardiac arrhythmias [5]. Several treat-
ment options exist for patients with OSA ranging from con-
servative methods such as positive airway pressure (PAP)
therapy and mandibular advancement devices to surgical
interventions [6, 7]. For patients with poor compliance to
conservative therapies and moderate to severe OSA, selec-
tive hypoglossal nerve stimulation (SHNS) may constitute
an effective surgical alternative [8].

In sHNS, the main pharyngeal airway dilatory muscle
and tongue protrudor is activated to prevent airway collapse
during sleep [9]. Different stimulation techniques have
been developed ranging from the activation of proximal
sectors to distal fibers of the nerve [10]. One system fre-
quently implanted stimulates the branches of the hypoglos-
sal nerve which are required for tongue protrusion and is

@ Springer
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ZxOAL0:

H emAektiky Siéyepon Ttou umoyAwociou vevpou (sHNS) amoteAsei pa €VOAAOKTLKNA
QIOTEAEOUATLKI XELPOUPYLKA HEOO0SO yLa acBeveic pe anodppaktikn

urntviki anvola (OSA). H sHNS £xel w¢ anotéAeopa TNV MPOTacn TPOG TA UIPOOoTA TnG YAwooag
Ko tn Stadoxikn e€AAEWPN TWV AMOPPAKTIKWY EMELCO0SLWV oTOo eNinedo tng BAong Tng yAwooog

(xapnAn anodpafn). EmumAéov, n anodpafn oto eninedo ¢ palakng uvnepwag (vyPnAn
andodpagn) pnopei va npoAndOei péow

UNEPWUOYAWOOLKNAG oUTeuEng Onwe paivetal otnv EVE0OKOMNON KATA T SLApKELA TOU UTVOU.
Qot000, 6ev €xeL peAeTnOseL Gv N KATOVOMN TOU EMNESOU anddpaing

KOTA TN SLapKeLa piag OAOKANPNG VUXTEPLVAG HETPNONG ElvaL €VOG ONHOVTLKOG TTAPAYyOVTOG yLa
1o anotéAeopa tng Oepansiag.

Ta enineda anodppagng petpriOnkav pe cUOTNUA LOVOUETPLOG KOTA TN StapKeLa pLag 0AGKANPNG
vixtag Unvou os 26 aoOeVEiG e

OSA (f =1, m = 25, nAwkia 59,4 £ 11,3, BMI = 29,6 + 3,6) €ite mpwv (n = 9) €ite peta tnv epdUTELON
sHNS (n = 12). Névte aoBeveig

€é\aPe pETpnon MPLV Ko LETA TNV EpdUTEUON.

H anodpagn katnyoplono|Onke o€ 3 enineda. To MPWTO 6TO ENINESO TOU OUPAVIOKOU (HaAaKn
UTTEPWA KOl AVW), TO SEUTEPO KATW OMO TO EMIMESO TOU OUPAVIOKOU (KATW OO TNV HaAaKA
UNEPWA) Kat TO TPito o€ anodpafn moAAanAwv emunédwv. Eywve cuoxétion petal tov emunédou
anodpafng Kat Tou anoteAéopatog tng Oepaneiag. H péon KATOVOMK TOU TIPOEYXELPNTLKOU
emunédou anodpaing Oa pnopovos va xwplotei ota €€n¢: 38% npwto eninedo, 46% moAAanAd
enineda,

Kot 16% Seutepo eninedo.
AoOeveig pe kaAr avrandkpion otn Oepanceia (opiletal wg AHI < 15/h ko peiwon AHI

ToU 50%) gixav Alyotepeg MPOEYXELPNTIKEG AOPPAEELS OTO MPWTO EMINESO GE CUYKPLON HE TOUG
KN avtanokpvopevous (17% évavt 54%, p-value = 0,006). 2 acOeveig mov

pHeTPRONKav petd tnv gpdltevon sHNS, mapatnpndnke onpavtikd vPnAotepo MOCOOTO OF
anodppagn noANANMAWY EMMESWV VA WPA OTA ATOLA TTOU SEV avtanokpiOnkav

(p-value = 0,012).

ZUUMEPACHATIKA, N EKAEKTLKN) SLEYEPON TOU UMOYAWOGIOU VEUPOU NTAV TILO ATNIOTEAECHATLKI) OF
ao0eveig pe Ayotepeg anodpagels oto eninedo tng palakng unepwag. H pavopetpia pnopet va
gilvat pla cupnAnpwpatikiy Stayvwotikn dtadkaocia yia tnv enthoyn acBevwv yia HNS.
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Abstract

Purpose Preliminary studies have shown a significant decrease in severity of obstructive sleep apnea (OSA) with the use of
a combination of atomoxetine and oxybutynin, with patients having moderate pharyngeal collapsibility during sleep more
likely to respond. This study evaluated the efficacy and safety of AD036 (atomoxetine 80 mg and oxybutynin 5 mg) in the
treatment of OSA.

Methods This trial was a phase 2, randomized, placebo-controlled crossover study comparing AD036, atomoxetine 80 mg
alone, and placebo during three home sleep studies, each separated by about 1 week. The trial included patients with OSA and
moderate pharyngeal collapsibility as defined by a higher proportion of hypopneas to apneas and mild oxygen desaturation.
Results Of 62 patients who were randomized, 60 were included in efficacy analyses. The apnea—hypopnea index (AHI)
from a median (interquartile range) of 14.2 (5.4 to 22.3) events/h on placebo to 6.2 (2.8 to 13.6) with AD036 and 4.8 (1.4 to
11.6) with atomoxetine alone (p <.0001). Both drugs also decreased the oxygen desaturation index (ODI) and the hypoxic
burden (p <.0001). AD036, but not atomoxetine alone, reduced the respiratory arousal index and improved ventilation at the
respiratory arousal threshold (greater V,;,.). There was a trend for total sleep time to be decreased more with atomoxetine
alone than with AD036. The most common adverse event was insomnia (12% with AD036, 18% with atomoxetine).
Conclusion ADO036 significantly improved OSA severity in patients with moderate pharyngeal collapsibility. Atomoxetine
may account for the majority of improvement in OSA severity, while the addition of oxybutynin may mitigate the disruptive
effect of atomoxetine on sleep and further improve ventilation.

Trial registration Clinical trial registered with www.clinicaltrials.gov (NCT04445688).

Keywords Obstructive sleep apnea - AD036 - Atomoxetine - Oxybutynin - OSA pharmacotherapy

Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder,
affecting over 930 million adults globally, and approximately
17% of women and 34% of men in the USA [1, 2]. Untreated
OSA is associated with increased incidence of hyperten-
sion, coronary heart disease, arrhythmias, heart failure, and
stroke [3]. Continuous positive airway pressure (CPAP),

P4 Paula K. Schweitzer
paula.schweitzer @stlukes-stl.com

Sleep Medicine and Research Center, St. Luke’s Hospital,
232 South Woods Mill Road, Chesterfield, MO 63017, USA

2 CTI Clinical Trial and Consulting, Cincinnati, OH, USA

Arkansas Center of Sleep Medicine, Little Rock, AR, USA

The Center for Sleep & Wake Disorders, Chevy Chase, MD,
and Department of Neurology (Clinical Faculty), George
Washington University Medical Center, Washington, DC,
USA

Division of Sleep and Circadian Disorders, Brigham
and Women’s Hospital and Harvard Medical School, Boston,
MA, USA

Published online: 13 May 2022

the primary therapy for OSA, is very effective, but its use
is limited by poor tolerance and adherence in a substantial
number of patients [4-6]. The principal alternative treatment
options, which include mandibular advancement devices
and upper airway surgery, are not effective in all patients,
and prediction of efficacy is challenging [2]. There are cur-
rently no approved pharmacotherapies for OSA, and efforts
to develop such therapies have been generally unsuccessful

@ Springer
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ZxOAL0:

MNPoKaTAPKTIKEG MEAETEG £Xouv Oeifel onuavTK Heiwon otn cofapdtnta TG AMOPPAKTLKAG
anvotag Umvou (OSA) pe Tn Xprion cuvduacpol atopoéetivng Kat o§uBoutuvivng, pe acOeveic pe
HETPLA Papuyyky anodpaln KoTda tn SLAPKELD TOU UMVOU Tto TiBavo va avtanokptbouv. Auti n
MEAETN a§lOAOYNOE TNV AMOTEAECHATIKOTNTA Kot TRV oo aAeia tou AD036 (atopogetivn 80 mg Kkat
o§uBoutuvivn 5 mg) otn Bepaneia tng OSA Kal TOU ELKOVIKOU GAPLaK

KOTa TN SLdpKela TPV MEAETWV UMVOU OTO OTity, N KaBepio ava 1 efdopada. H Sokiun
nepleAappave acBeveic pe OSA kal pETpla dapuyylkn amodpafn onwg opiletar amd tnv
vPnAdtepn avaloyia utonvolwv/anvoLwy Kat R0 arnokKopeopo ofuyovou. And 62 acBeveig mou
tuxoomnow}Onkav, 60 teAikd cupnepltAnpOnkav os avaAUoel anoteAsopatikotntag. O Seiktng
anvoiag-untonvolag (AHI) Atav 14,2 (5,4 £éwg 22,3) cupBAavIwV/wWPa 0TO ELKOVIKO GApaKo Kot 6,2
(2,8 éwg 13,6) pe AD036 kat 4,8 (1,4 €wg 11,6) pe atopogetivn. Kot ta 8o dappaka peiwoav
eniong tov deiktn anokopeopol ofuyovou (ODI) kat to uno§iko ¢optio (p < 0,0001). To ADO36,
oAAQ OXL uovn TNG N atopogetivn, peiwoe Tov Seiktn TwV adunvicewv Kot BeATiwoe ToV AgpLopo
oto KatwdAl avanveuotikng Sieyepong (HeyaAltepo Vactive). YRPXE MLAL TAON O GUVOALKOG
XPOVOG UTIVOU VO LELWVETOL TIEPLOGOTEPO JLE TNV ATOUOEETIVN povo tapad pe to AD036. H ro ouxviy
averlbupuntn evépyela ntav n avnvia (12% pe AD036, 18% pe atopoéetivn). H AD036 BeAtiwoe
oNUAvVTIKA TN cofapotnta tng OSA ot acBeveig pe pétpla papuyyikn andodppagn. H atopoetivn
unopel va suBuvetal yia tnv mAsovotnta tng BeAtiwong tng cofapotntag tng OSA, evw n
npooOnkn ofuBoutvivnG UMOPEL vaL LETPLACEL TN SLACTIAOTIKN EMiSPAON TNG ATOUOEETIVNG OTOV

UTIVO Kat voL BEATLWOEL TEPALTEPW TOV OLEPLOMO.
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