Univerzita Karlova v Praze, 1. Iékarska fakulta

Studijni program: Neurovédy

MUDr. Eszter Maurovich Horvat

Imunologické a metabolické zmény u poruch spanku

DisertaCni prace

Skolitel: Prof. MUDr. Karel Sonka, DrSc.

Praha, 2014



Prohlaseni:

Prohlasuji, ze jsem zavéreCnou praci zpracovala samostatné a Ze jsem fadné uvedla
a citovala vSechny pouzité prameny a literaturu. Sou€asné prohlasuiji, ze prace nebyla

vyuzita k ziskani jiného nebo stejného titulu.

Souhlasim s trvalym ulozenim elektronické verze mé prace v databazi systému
meziuniverzitniho projektu Theses.cz za ucelem soustavné kontroly podobnosti

kvalifikanich praci.

V Praze 16. dervna 2014

MUDr. Eszter Maurovich Horvat



IDENTIFIKACNI ZAZNAM:

MAUROVICH HORVAT Eszter. Imunologické a metabolické zmény u spankovych
poruch. (Immunological and metabolic changes in sleep disorders). Praha, 2014.
104 s. Disertacni prace. Univerzita Karlova v Praze, 1. |ékafska fakulta, Neurologicka

klinika a Centrum klinickych neurovéd

Skolitel: Prof. MUDr. Karel Sonka, DrSc.



Podékovani

Nebylo by mozné napsat tuto doktorandskou praci bez pomoci a podpory mé rodiny,
mych kolegl, kamaradl a bez ochotné spoluprace pacientu, ktefi se zu€astnili vSech

studii.

Zvlastni podé&kovani patti panu profesorovi Sonkovi, za jeho vedeni a podporu b&hem

celého mého doktorandského studia.

Prace vznikla za podpory grantu Interni grantové agentury Ministerstva zdravotnictvi
CR 1323838-4, grantu Univerzity Karlovy PRVOUK P26/LF1/4 a grantu
SVV 260 020/2014.



OBSAH

ABSTRAKT
ABSTRACT o
UVOD

Regulace gluk6zového metabolizmu a spanek
Osa hypothalamus-hypofyza-nadledviny a spanek
Imunitni systém, cytokiny a nedostateCny spanek

INSOMNIE

Obstrukéni spankova apnoe

Syndrom neklidnych nohou

Narkolepsie =~ o

Narkolepsie a téhotenstvi

CILE PRACE AHYPOTEZY STUDIE =~
STUDIE €. 1 i
Cil StUi@: =

Ugastnici studie =

Metodika = e

Statistickd analyza = = e

VysledKy

STUDIE C. 2 i
Cil studie = e

UGastnici studie

Metodika

Statistickd analyza e

VysledKy
STUDIE €. 3
Cil studie =~ o

Uastnici studie

Metodika = =\ s

Statistickd analyza =~

Vysledky

11
12
13
15
17
18
19
19
24
26
28
28
28
29
30
30
32
32
33
33
33
34
35
35
35
35
36



STUDIE C. 4
Gl STUQIE o

Ucastnici studie a metodika
Statisticka analyza

Vysledky

Téhotenstvi

Porod ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Novorozenci

Sestinedli S
DISKUZE
ZAVERECNE SHRNUTI
SEZNAM POUZITE LITERATURY

1. publikace in extenso, které jsou podkladem disertace

2. publikace in extenso, které nejsou podkladem disertace
Kapitoly a souborné ¢lanky
Kongresoveé sborniky a abstrakta

POUZIVANE ZKRATKY

PRILOHA C. 1 Hypothalamo-pituitary-adrenal axis, glucose metabolism and

TNF-alpha in narcolepsy

PRILOHA C. 2 Impaired glucose tolerance in sleep disorders
PRILOHA C. 3 The stress hormone system in various sleep disorders

PRILOHA C. 4 Narcolepsy and pregnancy: a retrospective European evaluation

of 249 pregnancies

38
38
38
39
39
40
41
42
43
44
52
53
67
68
69
69
71

72

81

88

95



ABSTRAKT

Epidemiologické a experimentalni studie ukazuji na vliv nedostateného nebo nekvalitni
spanku na metabolizmus glukdzy. Navic spanek ovliviiuje osu hypothalamus-hypofyza—
nadledviny. Dopad nekvalitniho nebo kratkého spanku pfichronickych nemocech spanku
jako je insomnie, obstrukcni spankova apnoe (OSA), syndrom neklidnych nohou (RLS)
a pfi narkolepsii, ktera sama k nekvalitnimu spanku (a spavosti) vede, nejsou dostatecné
probadané. Stejné tak chybi informace o téhotenstvi v souvislosti s narkolepsii.
Ve tfech prospektivnich studiich jsme porovnavali parametry glukézového metabolizmu
a dynamiky osy hypothalamus-hypofyza—nadledviny u 11 pacientd s narkolepsii
a kataplexii s 11 parovanymi kontrolnimi osobami a u 25 pacientt s OSA, u 18 pacient
s RLS au 21 pacientl s primarni insomnii s 33 zdravymi kontrolami. Pacienti absolvovali
test oralni gluk6zové tolerance, dexametazon inhibi¢ni-CRH stimulaéni test. U pacientu
s narkolepsii a kataplexii jsme v prubéhu testu oralni glukézové tolerance stanovili
hladiny TNF-a jeho solubilnich receptort a hladinu IL-6. Retrospektivni kohortova
studie byla provedena ve 12 evropskych zemich na 216 pacientkach s narkolepsii
a kataplexii a na 33 pacientkach s narkolepsii bez kataplexie. Pacientky vyplnily

dotaznik tykajici se téhotenstvi, porodu a novorozence.

V porovnani s kontrolami jsme nezjistili vySSi prevalenci poruch glukézového metabo-
lizmu u pacientld s narkolepsii a kataplexii, odpovéd osy hypothalamus-hypofyza-
nadledviny na stimulaci CRH nebyla zménéna, ale nasli jsme mirné zvySenou
negativni zpétnou vazbu. Pozorované hladiny cytokinu byly lehce zvy$ené. U pacientu
s OSA a RLS, ale ne s primarni insomnii, jsme nasli signifikantné vyssi vyskyt poruchy
gluk6zové tolerance v porovnani s kontrolni skupinou. Dale byla zjiSténa statisticky
vyznamna pozitivni korelace mezi hladinou glukézy dvé hodiny po glukozové zatézi
s indexem vyjadfujicim pocCet probouzecich reakci vazanych na dychaci udalost za
jednu hodinu spanku u pacientll s OSA a mezi indexem ukazujici po€et probouzecich
reakci v navaznosti na periodické pohyby dolnimi kon€etinami za jednu hodinu spanku
u pacientd s RLS. Dale jsme nenasli signifikantni rozdily mezi pacientskymi skupinami

a zdravou kontrolou v dexametazon supresnim-CRH stimulacnim testu.



Pacientky se symptomatickou narkolepsii béhem prvniho téhotenstvi byly starSi a mély
vySSi body mass index pred téhotenstvim nez pacientky, které byly béhem téhotentstvim
asymptomatické. Pribytek na vaze byl vétSi u pacientek s narkolepsii a kataplexii nez
u pacientek s narkolepsii bez kataplexie. Vice pacientek s narkolepsii kataplexii mélo
béhem téhotenstvi poruchu metabolizmu nebo anémie, nez pacientky s narkolepsii
bez kataplexie. Tfi pacientky udavaly kataplekticky zachvat b&éhem porodu. Cisarsky
fez byl proveden Castéji u pacientek s narkolepsii a kataplexii, a to v porovnani
s pacientkami s narkolepsii bez kataplexie. Prumérna délka a vaha novorozence byla
v norme a statisticky se neliSila mezi skupinami. Pé¢e o novorozence byla stizena kvuli

symptomum narkolepsie.

U narkolepsie s kataplexii jsme nepotvrdili poruchu metabolizmu glukézy nebo zménu
v dynamické odpovédi osy hypothalamus-hypofyza-nadledviny (pouze negativni
zpétna vazba po podani dexametazonu muze byt mirné zvySena). U nemocnych
s narkolepsii a kataplexii je pfitomna mirna dysregulace zanétlivych cytokind.
U pacientll s RLS a OSA jsme nasli v porovnani se zdravou kontrolni skupinou zvySeny
vyskyt poruchy glukézového metabolizmu, coz povazujeme za disledek fragmentace
spanku pfi opakovanych probouzecich reakcich. Fungovani osy hypothalamus-
hypofyza-nadledviny méfeno dexametazon inhibicni-CRH stimulacnim testem je
u pacientd s RLS, OSA nebo insomnii normalni. Tak ¢asto pozorovana abnormalita
sytému hypothalamus-hypofyza-nadledviny u dusevnich onemocnéni pravdépodobné
neni nasledek poruseného spanku. Nase mezinarodni dotaznikova studie naznacuje,
Ze pacientky s narkolepsii maji vysledky téhotenstvi srovnatelné s béznou populaci,

ale Zeny s narkolepsii potfebuji podporu a pomoc béhem péce o dité.

Klidova slova:

Narkolepsie — Metabolizmus - Osa hypothalamus-hypofyza-nadledviny - Téhotenstvi



ABSTRACT

Epidemiological and experimental studies have shown that insufficient or disturbed
sleep can have a strong effect on glucose metabolism. In addition, sleep plays an
important modulatory role in the hypothalamic-pituitary adrenal axis. The impact of
disturbed or short sleep in chronic sleep disorders, such as insomnia, obstructive sleep
apnoea (OSA), restless legs syndrome (RLS) and narcolepsy that alone results in poor
quality of sleep and sleepiness, has not been sufficiently explored. Similarly, there is

a lack of adequate research that examines the effect of narcolepsy on pregnancy.

In prospective study, we compared 11 patients with narcolepsy and cataplexy with 11
matched controls, and next we investigated three other patients groups (25 patients
with OSA, 18 with RLS and 21 with primary insomnia) compared with 33 healthy
controls. To examine the glucose metabolism and the function of the hypothalamic-
pituitary-adrenal axis, the patients underwent an oral glucose tolerance test and
a dexamethasone suppression- CRH stimulation test. In addition, we measured the
level of TNF-alpha and its soluble receptors and the level of IL-6 in patients with
narcolepsy. In a retrospective cohort study conducted in 12 European countries, we
collected 216 patients with narcolepsy and cataplexy and 33 patients with narcolepsy
without cataplexy. The patients filled out structured questionnaires about narcolepsy,

delivery and newborns.

In comparison to controls, we did not find a higher prevalence of impaired glucose
metabolism in patients with narcolepsy and cataplexy. The response of hypothalamic-
pituitary-adrenal axis in stimulation on CRH was not changed, and we found mildly
enhanced negative feedback activity. The level of cytokines was slightly increased. In
patients with OSA and RLS, but not with primary insomnia we found significantly higher
prevalence of impaired glucose tolerance when compared to healthy controls. Further,
there was a statistically significant positive correlation between 2 hours plasma glucose
values and the apnea-arousal index in OSA and the periodic leg movement index in
RLS. Furthermore, we did not find significant differences between patient groups and

healthy controls in dexamethasone suppression- CRH stimulation test.
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Patients with symptomatic narcolepsy during the first pregnancy were older and had
higher body mass index before pregnancy than patients who were asymptomatic
before pregnancy. Weight gain during pregnancy was higher in patients with narcolepsy
and cataplexy than in patients with narcolepsy without cataplexy. More patients with
narcolepsy and cataplexy had impaired glucose tolerance or anaemia during pregnancy
compared to patients with narcolepsy without cataplexy. Three patients had cataplexy
episode during delivery. Caesarean section was performed more frequently in patients
with narcolepsy and cataplexy. The main weight and height of newborn did not differ
between groups. The care of newborn was more difficult because of narcolepsy

symptoms.

Our study confirms that narcolepsy with cataplexy by itself is not associated with
disturbance of glucose metabolism, but goes along with a subtle dysregulation
of inflammatory cytokine production. We also found that dynamic hypothalamic-
pituitary-adrenalin system response is not altered, whereas negative feedback to
dexamethasone might be slightly enhanced. In patients with RLS and OSA we found
higher prevalence of impaired glucose metabolism in comparison to healthy controls,
which we consider as the effect of sleep fragmentation after repeated arousals. The
function of hypothalamo-pituitary-adrenal axis tested by dexamethasone suppression-
CRH stimulation test in patients with RLS, OSA or insomnia is normal. It suggests that
the frequently observed abnormalities of the hypothalamic-pituitary-adrenal system in
psychiatric disorders are unlikely to be a consequence of altered sleep. Our international
retrospective study suggests that women with narcolepsy have pregnancy outcomes
comparable to women in the general population, but may require more psychological

and practical childcare support from families during the postpartum period.

Key words:

Narcolepsy — Metabolism - Hypothalamo-pituitary - adrenal axis — Pregnancy
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UvoD

Dobry spanek hraje dllezitou ulohu v regulaci nalady, zachovani kognitivni bystrosti

tak jako fyziologické rovnovahy organizmu.

V poslednich 50 letech dosSlo k postupnému zkraceni spanku, suboptimalni délka
spanku a jeho Spatna kvalita se staly rozSifenymi v moderni spoleCnosti. Paralelné se
zkracenim spanku se zjistil postupny narust obezity, kardiovaskularnich onemocnéni
a diabetu 2. typu, tak hledani kauzalniho uc€inku délky spanku na vzniku metabolickych
onemocnéni se stalo pfedmétem zajmu mnoha epidemiologickych a exprimentalnich

studiich.

Prvni velkou studii poskytujici dikazy o nedostateCném trvani spanku a jeho vlivu
na zdravi je “Studie prevence rakoviny“ (Cancer Prevention Study) z roku 1964
(Hammond, 1964). Analyza vice nez jednoho milionu ucastniki ukazala, Ze pravidelny
spanek, ktery je kratSi nebo delSi nez sedm hodin, je spojeny s vys$Si mortalitou. DalSi
epidemiologické studie v€etné téch nejrecentnéjSich postupné demonstrovaly asociaci
mezi délkou spanku a obezitou, diabetem nebo kardiovaskularnim onemocnénim

(Grandner et al., 2010; Holliday et al., 2013).

Kratké trvani spanku je vétSinou dlisledkem svévolného zkraceni doby spanku. Vliv
chronickych poruch spanku, které také zkracuiji trvani spanku a nebo jeho kvalitu, na
zdravi je Casto prehlizeny jednotlivci i spole€nosti celkové, i kdyz prevalence poruch

spanku v populaci je vysoka.

V moji praci jsem se soustfedila na nékteré metabolické a imunologické aspekty
vybranych poruch spanku a bdéni. Choroby, které jsou pfedmétem této disertace, byly
vybrany s ohledem na jiz znamé, zajimavé metabolické a imonologické souvislosti,
jejich pomérné vysoké prevalence v populaci (insomnie, RLS, OSA) nebo protoze
jsou kvantifikovatelné zplsobem, ktery rusi spanek (OSA, RLS). Maji jednoznacné
diagnosticka kritéria a jejich imunopatologické aspekty (narkolepsie s kataplexii) jsou

vSeobecné znamé. Informace o téhotenstvi u narkolepsie mély poskytnout informace

11



o moznych akcentovanych projevech predpokladané poruse glukozového fizeni
a pripadné o dusledcich pfedpokladané autoimunity. Navic tato studie byla cilena na

chybéjici dalsi klinické udaje.

Regulace gluk6zového metabolizmu a spanek

Soucasné vysledky experimentalnich studii naznaduji, ze nedostatek spanku ovlivni

metabolizmus glukdzy, a tak se muze podilet v patofyziologii na vzniku diabetu.

Béhem spanku je zachovana hladina glukozy tak, aby mozek mél dostatecny energeticky
pfijem navzdory absenci pfijmu potravy. Tak je hladina glukézy béhem no¢niho spanku
stabilni nebo klesne pouze minimalné. Naopak u bdélych dobrovolnika, ktefi drzeli past
v lezici poloze, bez jakéhokoliv fyzické aktivity, klesla jejich hladina glukézy béhem 12

hodin v priméru o 0,5 - 1,0 mmol/l (Van Cauter et al., 1997).

Velké mnozstvi studii v spankovych laboratofich dokazuje, ze hladina inzulinu ztstava
béhem spanku stabilni nebo klesne pouze minimalné (Clore et al., 1989; Polonsky
et al., 1988). Plasmaticka hladina glukozy a inzulinova sensitivita je zvySena béhem
prvni ¢asti noci, coz je zplsobeno snizenou potiebou glukézy mozkovou tkani b&éhem
hlubokych spankovych stadii a v mensi mife snizenym perifernim vychytavanim
glukézy. NizSi svalovy tonus béhem spanku a uvolnéni ristového hormonu se rovnéz
spolupodili na nizsi spotfebé glukdézy. Béhem druhé poloviny noci hladina glukézy
a sekrece inzulinu postupné klesa a vraci se na hodnoty pfed usnutim (Scheen et al.,

1996).

Velké rozdily v hladinach inzulinu a glukézy byly pozorované béhem spankoveé restrikce.
Spiegel a jeho spolupracovnici (Spiegel et al., 1999) ukazali, ze pokud zdravi mladi
dobrovolnici podstoupili spankovou restrikci (béhem 6 dnu 4 hodiny spanku), jejich
primérna hladina glukdzy byla o 0,83 mmol/l vyssi, jejich inzulinova odpovéd vzrostla
0 30 % a byla 0 40 % pomalejSi v porovnani se situaci, pfi niz ti sami dobrovolnici spali
normalni dobu. To znamena, Ze 6 dnl experimentalni spankové restrikce vyvolalo

reverzibilni prediabeticky stav u zdravych osob.

12



Kromé pfimého ovlivnéni regulace glukozy, nedostateCny spanek a porucha spanku
mohou pfispivat k rozvoji inzulinové rezistence a diabetes mellitus i nepfimo, regulaci
chuti k jidlu nebo snizenim energetického vyvoje, coz vede k narUstim télesné

hmotnosti a obezity.

Osa hypothalamus-hypofyza-nadledviny a spanek

Osa hypothalamus-hypofyza-nadledviny mne zajimala, protoze kromé jeji dulezité

funkce v endokrinnim systému a v reakci na stres je dobfe znamy jeji vztah ke spanku.

Osa hypothalamus-hypofyza-nadledviny je regulovana suprachiasmatickym jadrem,

které je primarnim endogennim cirkadiannim pacemakerem.

Stresovy podnét vede k uvolhovani kortikoliberinu (CRH) z paraventrikularniho jadra
hypothalamu. Nasledné stimuluje sekreci adrenokortikotropniho hormonu z hypofyzy,
ktery vyvola uvolnéni glukokortikoidt z nadledvin. Kortizol ma nékolik funkci, mezi jinymi
funguje jako zpétna vazba inhibujici dal8i tvorbu kortikoliberinu a adrenokortikotropniho

hormonu.

Zakladni aktivita osy hypothalamus-hypofyza-nadledviny ukazuje jasny denni rytmus:
hladina kortizolu a adrenokortikotropniho hormonu je vysoka brzo rano, nasleduje

ve druhé ¢asti noci sméfujici k zminénému rannimu maximu (Weitzman et al., 1971).

DelSi dobu je znama reciproCni interakce mezi spankem a regulaci osy hypothalamus-
hypofyza-nadledviny (Steiger, 2007). Exogenni podavani CRH zvySuje frekvenci
elektroencefalogramu, prodluzuje povrchni spanek, REM spanek abdélost (Ehlers etal.,
1986; Chang and Opp, 2001; Kimura et al., 2010) a zkracuje hluboky spanek (Holsboer
et al., 1988). Studie zamérené na pfimy vliv glukokortikoidl ukazuji, Ze efekt je zavisly
na davce. Nizké davky glukokortikoidu zkracuji bdélost a prodluzuji hluboky spanek
inhibici paraventrikularniho jadra pfes mineralokortikoidni receptor s vysokou afinitou

(Born et al., 1989; Friess et al., 1994). Dale nizka davka syntetického glukokortikoidu

13



dexametazonu, ktery se selektivné vaze na glukokortikoidni receptor s nizkou afinitou
v paraventrikularnim jadfe, vede ke snizeni hladiny adrenokortikotropniho hormonu
a zkraceni hlubokého i REM spanku (Born et al., 1991). Oproti tomu, vysSi davky
kortizolu zvySuji bdélost a snizuji mnozstvi hlubokého spanku (Vazquez-Palacios et

al., 2001).

Spanek a spankova deprivace maji modulacni uc€inek na osu hypothalamus-hypofyza-
nadledviny. V roce 1983 Weitzman poprvé ukazal, Zze spanek, hlavné ten hluboky,
ma inhibi¢ni vliv na uvolfiovani kortizolu (Weitzman et al., 1983). DalSi vyzkumné
tymy tento inhibicni efekt potvrdily a zjistily zvySenou plazmatickou hladinu kortizolu
béhem spankové deprivace (von Treuer et al., 1996; Weibel et al., 1995). Leproult
a jeji spolupracovnici dokumentovali po spankové deprivaci zvySenou aktivitu osy
hypothalams-hypofyza-nadledviny spojenou s pozdnim zaCatkem klidové faze
vylu€ovani kortizolu (Leproult et al., 1997), nasledné Spiegel a spoluautofi popsali
poruchu ctyfiadvacetihodinového profilu kortizolu po spankové deprivace, véetné
kratSi klidové faze, a zvySené hladiny v odpolednich hodinach a ¢asné rano (Spiegel

et al., 2000; Spiegel et al., 2004; Spiegelet al., 1999).

Nedostatek spanku ovliviiuje regulaci glukokortikoidd a jeho zpétnou vazbu. Nocni
probouzeni je spojené s pulznim vylu€ovanim kortizolu a s naslednym, pfechodnym
utlumenim sekrece kortizolu, coz naznacuje, Ze probouzeni nebo probouzeci reakce
béhem spanku vedou ke zvySeni senzitivity negativni zpétné vazby osy hypothalamus-
hypofyza-nadledviny. Na rozdil od toho, spontanné se vyskytujici peak v endogenni
sekreci kortizolu béhem neruseného spanku nevede k do¢asné inhibici sekreci kortizolu

(Spath-Schwalbe et al., 1991).

Vliv kratkodobé poruchy spanku na sekreci kortizolu v experimentalnich studiich na
zdravych dobrovolnicich neni jednoznacny. Nékteré studie neukazaly zadnou zménu
v sekreci kortizolu po kratkodobé spankové restrikci (Moldofsky et al., 1989; Scheen et

al., 1996), dalSi zjistily snizenou sekreci kortizolu (Vgontzas et al., 1999).

14



Vysledky studii u pacientd s onemocnénim spanku jsou rovnéz nejednoznacné.
U pacientl s OSA nékteré studie ukazovaly zvySenou sekreci kortizolu (Bratel et al.,
1999; Schmoller et al., 2009; Vgontzas et al., 2007) zatimco dalSi nenasly zadné
zmény v aktivité osy hypothalamus-hypofyza-nadledviny (Dadoun et al., 2007;
Meston et al., 2003). Pacienti trpici insomnii maji zvySenou 24hodinovou hladinu
adrenokortikotropniho hormonu a kortizolu (Rodenbeck et al., 2002), s nejvétSim
vzestupem veéer a v prvni poloviné noci (Vgontzas et al., 2001). Ctyfi studie zkoumaly
aktivity osy hypothalamus-hypofyza-nadledviny u pacienti s RLS. Wetter a Garcia-
Borreguero se spolupracovniky ukazali normalni hladinu kortizolu (Garcia-Borreguero
et al., 2004; Wetter et al., 2002). Hornyak a jeho spoluautofi béhem a po intravendzni
aplikaci hydrokortizonu zjistili mirné sniZzenou hladinu kortizolu a adrenokortikotropniho
hormonu, ukazujici na intaktni zpétnovazebnou inhibici aktivity osy hypothalamus-
hypofyza-nadledviny (Hornyak et al., 2008). Studie od Schillinga a spolupracovniku

ukazala zvySenou no¢ni sekreci kortizolu (Schilling et al., 2010).

Imunitni systém, cytokiny a nedostate¢ny spanek

Imunita je z hlediska spanku a jeho poruch zajimava z mnoha stranek. Jednak ji
spankova deprivace ovliviiuje (Bryant et al., 2004), nékteré cytokiny maji hypnotické
pusobeni (Pollmacher et al., 2000) a narkolepsie ma s nejvétsi pravdépodobnosti

autoimunitni etiologii.

Experimentalni studie spankové restrikce popisuji aktivaci imunitnich déju: byla
popsana zvySena hladina prozanétlivych cytokint (Irwin et al., 2006; Vgontzas et al.,
2004) a C-reaktivniho proteinu (Meier-Ewert et al., 2004; van Leeuwen et al., 2009),
jakoz i aktivace nuclear factor kappa B (Irwin et al., 2008). Pfitom dlouhodoba aktivace
zanétlivych markerd je spojena s chronickymi onemocnénimi v€éetné kardiovaskularnich

a diabetu (Mullington et al., 2010).

Tumor necrosis factor alfa (TNF-a) je multifunkcionalni signalni molekula s ddlezitou

funkciv zanétu a v apoptoze (Goodsell, 2006). Hraje roli v obrané proti virové, bakterialni

15



a parazitarni infekci, jakoz i v autoimunnich onemocnénich a energetické homeostazi
(Fiers, 1991). TNF-a je uvolfovan monocyty/makrofagy, endotelem a tukovou tkani.
Jeho funkce je zprostfedkovana dvéma receptory na povrchu bunky: TNF-R p55
a TNF-R p75. TNF-R p55 je pfitomny ve vétSiné tkani, zatimco exprese TNF-R p75
je regulovana a typicky se vyskytuje v bunkach imunitniho systému (Himmerich et
al., 2008). Podle toho se zda, ze ve vétSiné bunék je kliCovym mediatorem TNF-a
signalizace TNF-R p55, kdezto v lymfatickém systému hraje hlavni ulohu TNF-R p75
(Wajant et al., 2003). TNF-R mohou byt uvolnény z povrchu bunky proteolytickym
enzymem TACE (TNF-a converting enzyme) (Pollmacher et al., 2007), tak solubilni
TNF-R (sTNF-R) je rozpustnou variantou na membranu vazaného receptoru. Vazbou
TNF-a na sTNF-R misto membranového receptoru se blokuje jejich biologicka
odpovéd. ZvySena plazmaticka hladina sTNF-R p75 naznacCuje zanétlivy proces
u nékolika onemocnéni, jako je napf. revmatoidni artritida (Glossop et al., 2005). P¥Fi
obezité se tukova tkan vyznacuje zvySenou tvorbou a sekreci cytokint v€éetné TNF-a.
Nékolik studii ukazalo, ze mnozstvi télesného tuku ovlivni plazmatickou hladinu TNF-a

(Panagiotakos et al., 2005; Pedersen et al., 2003).

Prozanétlivé cytokiny, jako TNF-a nebo interleukin-6 (IL-6), hraji klicovou roli ve
spojeni imunitniho systému se systémem endokrinnim nebo metabolickym. TNF-q,
napfiklad pfispiva k inzulinové rezistenci a poruse glukézoveé tolerance v zanétlivych
stavech a u obezity (Nieto-Vazquez et al., 2008) a podobné jako je napfiklad IL-6, je
silnym aktivatorem systému hypothalamus-hypofyza-nadledviny vedouci k uvolnéni
prestieleni obranného mechanismu (Straub et al., 2011). Glukokortikoidy potlacuji
produkci prozanétlivych cytokind (Beishuizen and Thijs, 2003), a tak umoZzfiuji tésnou
obousmérnou interakci mezi imunitnim systémem a osou hypothalamus-hypofyza-

nadledviny.
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Insomnie

NedostateCny spanek a problémy s usinanim, kontinuitou spanku nebo ¢asnym
probouzenim jsou charakteristické pfiznaky insomnie. Jednotlivé pfiznaky se mohou
vyskytnout bud’ samostatné nebo se kumuluji a jejich intenzita se muze liSit ze dne na

den, nebo v prubéhu nékolika dnu, tydnt nebo mésicu.

Insomnie neni definovana specifickou délkou spanku, dulezité je subjektivni vnimani
trvani a kvality spanku pacientem, které se €asto muize liSit od objektivné zjisténého
nalezu. Pacienti nej€astéji udavaji poruchu kontinuity spanku (50-74%), poruchu
usinani (35-60%) nebo neosvézujici spanek (20-25%) (Morin et al., 2011). Dulezitou
charakteristikou je vSak i nasledny vliv na denni kondici, mysleni a chovani. Prevalence
insomnie je mezi 12 - 20 % (Roth et al., 2011). Je to chronické onemocnéni u 40 az

70 % pacientt s délkou trvani trvanim 1 - 20 roku.

Nespavost Ize diagnostikovat dle tize, frekvence a trvani problémua a podle vlivi na
denni €innost jednotlivce. TiZze nespavosti je mezi jinymi uréena jako latence usnuti
delSi nez 30 min, nemoznost opétovného usnuti déle nez za 30 min, spankova efektivita
kratSi nez 85 %. Kritéria pro frekvenci a trvani obtizi jsou nastavena na minimalné 3x

tydné po dobu jednoho mésice.

Do letodniho roku je platna klasifikace Americké spole€nosti pro vyzkum spanku
(AASM, 2005) ktera rozdeéluje insomnii do nékolika zakladnich typl. NejCastéjSim
typem je psychofyziologicka, jejiz pfiinou jsou nauc¢ené patologické vzorce chovani
pfi zatézovych situaci souvisejici se spankem, které i po odeznéni zatéze brani jedince
v normalnim spanku. Nové vydani klasifikace porucha spanku Americké spoleCnosti
pro vyzkum spanku akcentovalo hlavné patofyziologicky dopad nespavosti a uvadi
insomnii jako jednu nosologickou jednotku ,chronic insomnia disorder” (AASM, 2014),

podobné jako DSM V prestava rozdélovat primarni a sekundarni insomnii (AAP, 2013).
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Dle epidemiologickych studii rizikovym faktorem vzniku insomnie je deprese, Zenské
pohlavi, vysSi vék, nizky socioekonomicky status, souCasné interni nebo psychicke
onemocnéni, rodinny stav a etnicita (Ohayon, 2002), ale na druhé strané pfitomnost
insomnie je rovnéz rizikovym faktorem nékterych onemocnéni jako napf. ischemicka
choroba srdecni, arterialni hypertenze nebo deprese (Baglioni et al., 2011; Laugsand

et al., 2011; Silvertsen et al., 2014).

Obstrukéni spankova apnoe

Dal$im onemocnénim pusobici nekvalitni spanek je obstrukéni spankova apnoe
(OSA). Je charakterizovana opakovanymi zuZenimi hornich dychacich cest, pfi
kterych dochazi k uplnému (apnoe) nebo ¢asteCnému (hypopnoe) preruseni ventilace
na vic nez 10 vtefin. Pacienti jsou podle poc€tu apnoi a hypopnoi za hodinu spanku
(AHI) rozdéleni do kategorie lehka (5 — 15/h), stfedné tézka (15 - 30/h) a tézka OSA
(AHI vice nez 30/h). Prevalenencni ukazatele OSA se lii dle etnicity zkoumané
populace a dle pouzité metodiky, ale shoduji se na vysokém vyskytu této choroby. Dle
recentni studie pfiblizné 14 % muzd a 5 % Zen ma AHI > 5 a symptom denni spavosti
a 13 % muzu a 6 % Zen ma stfedné tézkou az tézkou OSA (AHI > 15) (Peppard
et al., 2013). Dychaci udalosti vétSinou vyvolavaji poklesy saturace hemoglobinu
kyslikem a jsou ukon€ované probouzenim nebo probouzecimi reakcemi se zrychlenim
srdecni frekvence, se zrychlenim dychani, se zvySenim dychaciho usili a se zvySenim
krevniho tlaku. Opakované probouzeci reakce zpusobuji fragmentaci spanku, ktera je

zodpovédna za nadmérnou denni spavost, Unavu a snizeni kognitivnich funkci.

Faktory, které se podileji na vzniku OSA, zahrnuji strukturalni zmény v hornich
dychacich cestach a atypie vfizenitonusu svaltu hornich cestdychacich. Predispozi¢nim
faktorem je obezita, koufeni, muzské pohlavi a menopauza u zen. Obezita je hlavnim
rizikovym faktorem OSA, 60 az 90 % pacientl jsou obézni. Je také silna pozitivni
korelace mezi BMI a OSA (Young et al., 2002). Vysledky klinickych studii ukazuji, Ze
OSA je nezavislym rizikovym faktorem kardiovaskularnich onemocnéni, jako je vysoky

krevni tlak, cévni mozkova pfihoda a ischemicka choroba srdecni.
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Prevalence diabetu u pacientd s OSA je v rozmezi od 15 % do 30 %. Ve Wisconsinské
studii spanku se prevalence diabetu 2. typu zvySila podle zavaznosti OSA. Riziko
vyskytu diabetu 2. typu u pacientll se stfedné téZzkou spankovou apnoe (AHI = 15)
byl 2,3krat vysSi v porovnavani s kontrolni skupinou. Pokud byli porovnavani pacienti
s téZkou apnoe (AHI > 30) s kontrolni skupinou s ohledem na vék, pohlavi, obvod
pasu, riziko vyskytu diabetu bylo jesté 3,48krat vétsSi (Reichmuth et al., 2005). Punjabi
a spolupracovnici ve své studii nasli signifikantni korelaci mezi inzulinovou senzitivitou
a pocCtem nocCnich desaturaci po statistické opravé véku, pohlavi, etnicitu a procenta
tuku v téle (Punjabi and Beamer, 2009). Pamidi et al. porovnavali inzulinovou
senzitivitu mezi pacienty s OSA a kontrolni skupinou bez poruchy dychani ve spanku
a zjistili, ze pacienti s OSA maji niz8i inzulinovou senzitivitu (Pamidi et al., 2012). Jestli
shizena inzulinova senzitivita a nasledna porucha glukézové tolerance je zplsobena
opakovanymi desaturacemi nebo je nasledkem fragmentovaného spanku, to zatim
neni jisté. Vysledky ukazuji, ze intermitentni hypoxie a fragmentace spanku u OSA
vede k aktivaci sympatiku, chronickému zanétu, aktivaci osy hypothalamus-hypofyza-

nadledviny a ke zvySenému oxidativnimu stresu (Levy et al., 2008).

Syndrom neklidnych nohou

Dal$im onemocnénim vedoucim k nekvalitnimu a/nebo zkracenému spanku je syndrom
neklidnych nohou (RLS). Je to senzorimotorické onemocnéni charakterizované
nékdy az neprekonatelném pocitem nuceni pohybovat prevazné dolnimi konCetinami
s doprovazejicim nepfijemnym pocitem, paresteziemi az bolesti v ¢astech téla, které
jsou postizeny nutkanim k pohybu. Symptomy se obvykle objevuiji v klidu ve€er a v noci
a jsou Casto spojené s periodickymi pohyby dolnich koncetin ve spanku. Periodické
pohyby dolnimi konCetinami jsou opakované, vysoce stereotypni pohyby dolnimi
kon&etinami, vyskytuji se u 80 % nemocnych s RLS (Montplaisir et al., 1997) a vedou
takeé k poruse nocniho spanku, zhorSenému usinani, opakovanym probouzecim reakci,

probouzenim a zhor§enému opétovnému usnuti.
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Diagnostika je zalozena na klinickych symptomech pacienta. Prevalence RLS je
v Evropé mezi 7 az 10 %, nicméné velka ¢ast pacientd zUstava nediagnostikovana

nebo nelétena (Garcia-Borreguero et al., 2004).

Onemocnéni lze rozdélit na primarni (idiopatické) a sekundarni. Primarni RLS se
manifestuje dfive a ma silnou genetickou vazbu, coz ukazuje i pozitivni rodinna
anamnéza. Sekundarni RLS se objevuje nejcastéji kolem 45 roku véku a je spojené
nebo je dusledkem dalSich onemocnéni a zmén celkového stavu (napf. nedostatek
Zeleza, terminalni stadium ledvinového selhani, téhotenstvi, roztrousena skler6za

mozkomisni, Parkinsonova nemoc a dalsi).

Patofyziologie neni zcela jasna, na vyskytu se na ni spolupodili geneticka predispozice,
dopaminergni dysfunkce a nedostatek zeleza v centralnim nervovém systému. Gao
et al. ve své studii zjistili, Ze prevalence RLS se postupné zvySuje se zvySenym BMI
a obvodem pasu. Tato asociace nebyla zavisla na véku, koufeni, mife uzkosti, pouziti
antidepresiv nebo pfitomnosti chronickych onemocnéni (Gao et al., 2009). Jednim
z mechanizma, na zakladé kterého obezita mize byt spojena s RLS, je signifikantné
niz8i poCet D2 dopaminergnich receptort v centralnim nervovém systému u obéznich
pacientl (Wang et al., 2001). Merlino a spolupracovnici zjistili statisticky vyznamnou
souvislost mezi RLS a diabetem 2. typu a konstatovali, Ze diabetes je nezavislym
rizikovym faktorem RLS, pfi€¢emz polyneuropatie neni jedinou pfi¢inou vysSi prevalence
RLS u diabetik (Merlino et al., 2007). Dale dle studie Bosca a jeho kolektivu je porucha

glukdzové tolerance €asto asociovana s primarnim RLS (Bosco et al., 2009).

Narkolepsie

Mezi nejvyznamnéjsi neurofyziologické objevy posledni dekady minulého stoleti patfi

excitaéni neuromediator orexin/hypokretin (de Lecea et al., 1998; Sakurai et al., 1998).

Orexin A/hypokretin -1 a orexin B/hypokretin-2 jsou hypothalamické peptidy
produkované v posteriolateralnim hypothalamu ze spoleéného prekurzoru prepro-

orexinu/preprohypokretinu a jejich u€inek se vyjadfuje prostfednictvim specifickych
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receptort orexin/hypokretin-1 a orexin/hypokretin-2. Ackoli poc¢et hypokretinovych
neuronu je maly, maji spoje doriznych oblastimozku vyjma cerebella, atak kromé funkce
v regulaci spanku a bdéni, jsou zapojené do celé fady dalSich fyziologickych funkci jako
regulace apetitu, energetickd homeostaza a nékteré dalSi neuro-endokrinni regulace
(Date et al., 1999; Peyron et al., 1998; Tsujino and Sakurai, 2009). Hypokretinové
neurony jsou citlivé na zmény hladiny glukézy, zvySena koncentrace glukézy inhibuje
a naopak jeji snizeni stimuluje jejich aktivitu (Tsujino and Sakurai, 2009). Podobné
hormon tukovych bunék, leptin, potlacuje aktivitu hypokretinovych neuront (Kohno et
al., 2008), zatimco ghrelin aktivuje (Toshinai et al., 2003). Hypokretin ma stimulacni
ulohu v hlavnim stresovém systému. Napfiklad intraventrikularné podavany hypokretin
stimuluje osu hypothalamus-hypofyza-nadledviny (Kuru et al., 2000). Spojeni mezi
stresovym systémem a hypocretinovymi neurony je recipro¢ni (Winsky-Sommerer et

al., 2004) a pomaha udrzet bdélost béhem stresovych situaci (Sakurai, 2007).

Unikatni onemocnéni spanku, v jejiz patofyziologii hraje dulezitou roli hypokretin, je
narkolepsie s kataplexii. Narkolepsie s kataplexii je vzacné, chronické onemocnéni
postihujici 0,02 az 0,18 % populace v zapadni Evropé a v USA (Longstreth et al.,
2007) a je pro ngj charakteristickda nadmérna denni spavost, chaotické pfechody mezi
jednotlivymi stadii spanku a bdélosti a porucha fizeni REM spanku, které se projevuje
vyskytem spankové obrny, hypnagogickych halucinaci a ¢asnym nastupem REM

spanku po usnuti.

Pfitomnost kataplektickych zachvatl, nahlych, kratkodobych svalovych atonii
v navaznosti na emocionalnim podnétu, rozdéluje onemocnéni do dvou nosologickych
jednotek: narkolepsie s kataplexii a narkolepsie bez kataplexie (AASM, 2005). Pro
narkolepsii s kataplexii je charakteristické uplné vymizeni hypokretinovych neuronu
v lateralnim hypotalamu (Peyron et al., 2000) projevuijici se nizkou hladinou hypokretinu
v likvoru, kdezto u narkolepsie bez kataplexie se pfedpoklada pouze parcialni ztrata
hypokretinovych bunék (Thannickal et al., 2000), ktera umozniuje, aby hladina
hypokretinu v likvoru byla témér normalni. Patofyziologie narkolepsie bez kataplexie

pres identicky charakter spavosti s narkolepsii s kataplexii je nyni povazovana za
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zcela nejasnou. Narkolepsie bez kataplexie ma menSi prevalenci nez narkolepsie
s kataplexii. V uvodu disertaCni praci se budu zabyvat pouze narkolepsii s kataplexii
pokud neni uvedeno, Ze se informace tykaji obou forem narkolepsie popfipadé jen

narkolepsie bez kataplexie.

Ve vétsiné pfipadd onemocnéni zacina mezi 15 a 40 lety véku, muze a Zeny postihuje
ve stejné mife. Autoimunitni pfi€ina onemocnéni je dlouho predpokladana a to kvdali
silné vazbé na specifickou HLA alelu DQB1*06:02 (Mahlios et al., 2013; Mignot and
Thorsby, 2001). HLA alely koéduji rzné proteiny tfidy | a Il hlavniho histokompatibilniho
komplexu (Major Histocompatibility Complex- MHC). Ty maji za ukol béhem infekce
prezentovat cizi peptidy T bufkam a spoustét imunitni odpovéd pfes aktivaci receptoru
T bunék. Bé&hem autoimunitni reakci dochazi k mylnému rozpoznani vlastnich
proteinl za cizi a k naslednému zni¢eni tkané. Mezi autoimunitnim onemocnénim ma
narkolepsie unikatni misto, jednak kvuli ttmér stoprocentni positivité haplotypu HLA
DQB1*06:02 a émér stoprocentni negativité¢ HLADQB1*06:03 (Hor et al., 2010) a dale
kvuli nedavno zjisténé vazbé na specificky segment v receptoru T bunék (Hallmayer et

al., 2009) ukazujici zasadni ulohu receptoru T bunék pfi vzniku onemocnéni.

DalSi studie ukazaly zvySenou miru vzniku narkolepsie u déti po streptokokové infekci
(Aran et al., 2009) a po ockovani proti chifipce H1IN1 (Nohynek et al., 2012; Partinen
et al., 2012; Wijnans et al., 2013) nebo po onemocnéni infekci H1N1 (Han et al., 2011)
u predisponovanych jedincu (HLA DQB1*06:02 positivita) (Tafti et al., 2014).

Pacienti s narkolepsii a kataplexii jsou obézni (Schuld et al., 2002; Sonka et al., 2010)
a je jiz delSi dobu znamo, ze zména télesné vahy koreluje se zatatkem onemocnéni
(Takahashi S, 1976). Pavodné pfedpokladané priCiny obezity u narkolepsie jako je
snizena motoricka aktivita b€hem dne kvuli spavosti a zvySeny pfijem potravy nebo
pribytek vahy z tricyklickych antidepresiv se nepotvrdily. Dale neni jednoznacCny
vyznam leptinu ve vzniku obezity u narkolepsie: dvé dobfe kontrolované studie ukazaly

signifikantni snizeni hladiny leptinu u pacientu (Kok et al., 2002a; Schuld et al., 2000),
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kdezto dalSi dvé, méné kontrolované ale mnohem vétsi studie tyto vysledky nepotvrdily

(Arnulf et al., 2006; Dahmen et al., 2007).

Poli a jeji spolupracovnici zjistili u pacientl s narkolepsii a kataplexii v porovnani
s pacienty s idiopatickou hypersomnii na BMI nezavislé metabolické zmény jako
je patologicky obvod pasu, index inzulinové rezistence nebo koncentrace HDL
cholesterolu. Pfes nizsi denni pfijem potravy byly u pacientl narkolepsii a kataplexii
zobrazené zmény v metabolickych parametrd vedouci k diagnéze metabolického
syndromu u vic nez poloviny pfipadt (Poli et al., 2009). Chabas a spolupracovnici
ukazali, ze pacienti s narkolepsii maji niz§i bazalni metabolizmus nez kontrolni
skupina (Chabas et al., 2007). VySSi prevalence diabetu byla v nékterych studiich
potvrzena (Honda et al., 1986; Roberts, 1964), v jinych se nenasSel zadny signifikantni
rozdil (Beitinger et al., 2012). Danska prace Jennuma a kolektivu nasla zvySeny
vyskyt endokrinnich a metabolickych poruch jesté pfed stanovenim diagnézy (Jennum
et al.,, 2013), coz potvrzuje domnénku, Zze narkolepsie je pravdépodobné slozité

neuroendokrinni onemocnéni.

U pacientt s narkolepsii a kataplexii byly pozorované jemné zmény v imunitnich
parametrech, hlavné v hladiné zanétlivych cytokint. Himmerich a jeho spolupracovnici
zjistili, ze hladina TNF-a nebo jeho solubilnich recpetorti sTNF-R p55 a p75 je u pacientu

s narkolepsii vy$Si (Himmerich et al., 2006b; Okun et al., 2004; Vgontzas et al., 1997).

Nékolik studii se u pacientll s narkolepsii a kataplexii zabyvalo osou hypothalamus-
hypofyza-nadledviny ajenom jedna studie nasSla abnormalitu: Kok ajeho spolupracovnici
referovali 60% pokles bazalni sekrece ACTH, zatimco pulzni vyluCovani ACTH, basalni
a pulzacni sekrece kortizolu a plazmaticka hladina kortizolu byly stejné mezi pacienti
s narkolepsii a kataplexii skupinou zdravych dobrovolnikd (Kok et al., 2002b). Zadna
studie zatim u pacientd s narkolepsii netestovala odpovéd systému hypothalamus-

hypofyza -nadledviny po stimulaci.

Specificka metoda k dynamickému testovani aktivity systému hypothalamus-hypofyza

-nadledviny je dexametazon supresni-CRH stimulaéni test (DEX/CRH test) (Heuser
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et al.,, 1994). Tento test byl vypracovan ke studiu neuroendokrinnich abnormalit
v psychiatrickych onemocnéni. Bylo prokazano, Ze tento test citlive dokumentuje
hyperaktivitu systému hypothalamus-hypofyza -nadledviny pfi afektivnich poruchach
a snizenou aktivitu u posttraumatickych onemocnéni (Heuser et al., 1994; Yehuda,

2009).
Narkolepsie a téhotenstvi

V téhotenstvi dochazi ke slozitym endokrinnim zménam, ale o téhotenstvi, porodu
a zdravotnim stavu novorozence u pacientek s narkolepsii nebylo nic znamé, pfitom

jsou narkolepsii postizeny i zeny ve fertilnim véku.

Pacienti s narkolepsii Casto potfebuji medikaci v podobé stimulancii ke kontrole
nadmérné denni spavosti. Centralni stimulancia snizuji projevy unavy, ospalosti a tlumi
ataky imperativniho spanku. V Evropé se pouzivaji k symptomatickému lIéCeni spavosti
modafinil a derivaty amfetaminu v€etné methylfenidatu. Amfetaminy a jeho derivaty
(v CR dFive fenmetrazin) byly éasto pouzivanymi léky, ale pro jejich potencial vyvolat
zavislost a vliv na kardiovaskularni systém se od jejich pouzivani upousti (Sonka and
Susta, 2012). Proti projevim souvisejicim s patologickou facilitaci REM spanku véetné
kataplexie se od 60. let podavaji antidepresiva. Nadéjnym symptomatickym Iékem
narkolepsie s kataplexii je oxybat sodny, ktery pfiznivé ovliviuje vSechny pfiznaky

nemoci véetné nekvalitniho no¢niho spanku (Sonka and Susta, 2012).

Mnohé z 1éka uzivanych proti symptomim narkolepsie béhem téhotenstvi patfi do
skupiny C, to znamena, Ze v této skupiné nejsou znama data ohledné jejich vlivu na
plod a novorozence. Pfed€asné narozeni, nizka porodni vaha a abstinen¢ni syndrom
byly zjistény u matek uzivajici amfetamin pro rekreacni ucely béhem téhotenstvi

(Littner et al., 2001).

Udaje o roztrousené skler6ze a dal$ich autoimunitnich onemocnénich mozku
neukazaly negativni vliv na téhotenstvi nebo porod (Jalkanen et al., 2010; van der

Kop et al., 2011), naopak je tomu u téhotenstvi, které prubéh roztrousené sklerozy
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ovliviuje. PocCet relapsu je typicky redukovany béhem pozdniho téhotenstvi a zvySeny

v poporodnim obdobi (Confavreux et al., 1998; Saraste et al., 2007).

VétSina Clankud vénovanych problematice narkolepsie a t&hotenstvi jsou kazuistiky,
(Ping et al., 2007; Williams et al., 2008) nebo doporucené postupy, které nejsou
zalozena na studiich (Hoover-Stevens and Kovacevic-Ristanovic, 2000; Hoque and
Chesson, 2008). Dotaznikovou studii tykajici se Ié€by narkolepsie béhem téhotenstvi
provedla nase skupina (Maurovich-Horvat et al., 2010) a Thorpy a jeho spolupracovnici
(Thorpy et al., 2011). V naSi retrospektivni studii jsme nasli vy8Si vyskyt nezavaznych
komplikaci u pacientek, u kterych se symptomy narkolepsie objevily pfed téhotesntvim
v porovnani s pacientkami, které byly asmyptomatické béhem téhotenstvi. Limitace této
studie byla maly pocet U€astriujicich pacientek ze ¢eskych a slovenskych spankovych

center.

Thorpy a jeho koletiv po dotazani 75 specialistl na narkolepsii z celého svéta nezjistil
teratogenni efekt 1ékG uzivanych béhem téhotenstvi proti symptomim narkolepsie,
avSak nemohli vyloucit mozné vzacné komplikace béhem téhotenstvi a kongenitalni
abnormality. Dale konstatovali, Ze vétSina pacientek méla vaginalni porod bez
komplikace a pokud bylo nutné provézt cisarsky fez, nebylo to spojené se zvySenym
rizikem chirurgickych nebo anesteziologickych komplikaci (Thorpyet al., 2011). Jejich
studie ma z nékolika duvodl omezeny vyznam, napfiklad protoze je retrospektivni
a dotazovani odbornici pfedavali informace o svych zkuSenostech podle rizné kvalitni

dokumentace.
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CILE PRACE A HYPOTEZY STUDIE

Cile prace

V moji disertaCni praci jsem se zaméfila na nékolik cild spojenych s nevyfeSenymi
aspekty metabolismu a imunity u narkolepsie v€etné informaci o vyskytu metabolickych
problému pfi téhotenstvi nemocnych s narkolepsii. Studie zaméfena na eventualni
metabolické aspekty t€hotenstvi narkoleptiCek byla Sifeji pojata, aby pfineslaiobecngjsi
informace o téhotenstvi v narkolepsii (studie zacCala dfive nez svoje Setfeni zahgjil

Thorpy a spolupracovnici).

Prace je rozdélena na 4 studie, ve kterych jsem feSila nasledujici hypotézy.

Hypotézy studie:

Studie ¢&. 1

1. Prevalence poruchy glukézového metabolizmu u pacientl s narkolepsii
a kataplexii je vy$Si v porovnani s kontrolni skupinou se stejnou BMI.

2. Pacienti s narkolepsii a kataplexii po inhibici osy hypothalamus-hypofyza-
nadledviny dexametazonem maji vySSi koncentraci kortizolu.

3. Pacienti s narkolepsii a kataplexii maji zvySenou hladinu TNF-a, jeho solubilnich

receptord a cytokinu IL-6.

Studie €. 2
Nekvalitni spanek vede nezavisle na obezité k poruse glukézove tolerance
u vybranych spankovych onemocnéni jako je obstrukéni spankova apnoe, syndrom

neklidnych nohou nebo insomnie.

Studie €. 3
Porucha spanku vede ke zménam fungovani osy hypothalamus-hypofyza-nadledviny
u vybranych spankovych onemocnéni - obstrukéni spankova apnoe, syndrom

neklidnych nohou nebo insomnie — méfeno DEX/CRH testem.
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Studie €. 4.

1. Prevalence poruchy glukézoveé tolerance nebo diabetu 2. typu je vysSi
u pacientek s narkolepsii béhem téhotenstvi.

2. Porody pacientek se komplikuji kataplektickymi zachvaty.

3. Péce o novorozence a kojence je ztizena symptomy narkolepsie u matky.
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STUDIE C. 1

Priloha ¢. 1

Maurovich-Horvat E, Keckeis M, Lattova Z, Kemlink D, Wetter TC, Schuld A, Sonka
K, Polimacher T. Hypothalamo-pituitary-adrenal axis, glucose metabolism and TNF-

alpha in narcolepsy. J Sleep Res. 2014 (pfijato k publikaci).

Cil studie:

Cilem studie bylo zjistit u pacientd s narkolepsii a kataplexii a parovanych kontrol
pomoci dexametazon supresni-CRH stimulacniho testu dynamickou funkci osy
hypothalamus-hypofyza-nadledvina a pouzitim oralniho glukézového toleranéniho
testu vyloucit patologii glukézového metabolizmu. Zaroven jsme chtéli zjistit hladiny

prozanétlivych markeru jako je TNF-a, sTNF-R a IL-6.

Uéastnici studie

Studie se zucastnilo 11 pacientld s narkolepsii a kataplexii z Centra pro poruchu
spanku a bdéni Neurologické kliniky 1. LF UK a VFN a 11 zdravych kontrol.
Pacienti byli zafazeni do studie po splnéni kritérii, jako je diagnostikovana
narkolepsie s kataplexii dle ICSD2 (AASM, 2005), HLA-DQB1*0602 pozitivita, zadna
chronicka farmakoterapie ovliviiujici CNS kromé modafinilu mebo methylfenidatu.
V kontrolni skupiné bylo 11 zdravych dobrovolniku. T€hotné Zeny, osoby s metabolickymi
chorobami, pracovnici ve sménném provozu nebo osoby cestujici pres nékolik

Casovych pasem v poslednich tfech mésicich pfed studii, nebyly do studie zarazeni.
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Metodika

Pacienti a kontrolni osoby absolvovali stejny protokol po t€, co byli se studii seznameni
a s Ugasti souhlasili. Ugastnici byli nejdiive podrobné vysetfeni a vyplnili dotazniky
jako je Beckova Skala deprese (BDI) (Beck et al., 1961), Hamiltonova Skala deprese
(HAMD) (Hamilton, 1960), Hamiltonova Skala uzkosti (HAMA) (Hamilton, 1959). Navic
kvalita spanku byla posouzena Pittsburgskou Skalou kvality spanku (PSQI) (Buysse et

al., 1989) a spavost Epworthskou Skalou spavosti (ESS) (Johns, 1991).

Kposouzenipravidelnosticyklu spanek—bdénibyla u osob v kontrolni skupiné pouzivana
osmidenni aktigrafie. K vylou€eni dalSich onemocnéni spanku pacienti absolvovali
nocni polysomnografii. Kromé& monitorovani elektroencefalogramu, elektrookulogramu
a povrchového elektromyogramu (mm. mentales, mm. tibiales anteriores na obou
dolnich koncetinach) byl zaznamenavan elektrokardiogram dvéma hrudnimi svody,
dychaci pohyby hrudniku a bficha, proudéni vzduchu pfed nosem a usty, saturace
krve kyslikem pulsnim oxymetrem oxymetrem. Paralelné byl pofizen videozaznam
v infraerveném osvétleni. Pacienti po této prvni noci podstoupili ¢tyfhodinovy test
oralni glukézové tolerance (OGTT). Test zaCinal v osm hodin rano. Prvni odbéry k
mérfeni hladiny glukozy (FPG), inzulinu (FPI), TNF-a, sTNF-R p55, sTNF-R p75 a
IL-6 byly ziskany na zaCatku testu. Po standardnim vypiti 75 g glukézy probéhly dalsi
odbéry po 30, 60, 120, 180 a 240 minutach od zacatku testu. Prodlouzeny protokol
potencialni postprandialni hypoglykémie (Beitinger et al., 2012). Podle diagnostickych
kritérii Americké diabetické asociace (ADA, 2003) jsme definovali normalni glukézové
tolerance (NGT), jak dvouhodinovou koncentraci glukézy v lasmé pod 7,8 mmol/l;
porucha glukézové tolerance byla definovana jako 2h-PG >7,8 mmol/l a diabetes
mellitus jako 2h-PG = 11,0 mmol/l. Celkova plocha pod kfivkou pro glukézu (AUCQ)
a pro inzulin (AUCi) byla vypocitana pouzitim trapezoidalniho pravidla (Wolever and
Jenkins, 1986). Inzulinova rezistence byla hodnocena pouzitim homeostatického
modelu (HOMA-IR) ptivodné popsaného Matthewsem (Matthews et al., 1985). HOMA-
IR byl vypocitany dle rovnice HOMA-IR (mg/dl x pU/ml) = FPG mg/dl x FPI pU/ml/405).
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Inzulinova sensitivita se poéitala dle modelu Matsudy: I1SI= 10 000/v (FPG x FPI) x
(primérna hladina glukézy x prumérna hladina inzulinu) (Matsuda and DeFronzo,
1999). Plazma k méfeni hladiny IL-6, sTNF-R p55 and sTNF-R p75 byla okamZité
centrifugovana azmrazenana -20°C do doby analyzy v Mnichové. Druhy den testované
osoby absolvovaly DEX-CRH test. Vecer ve 23 hodin pfed timto testem — tedy den pfed
testem, ucCastnici dostali peroralné 1,5 mg dexametazonu. Test zacinal v 15 hodin, kdy
byly odebrany prvni vzorky reprezentujici tlumivy vliv dexametazonu. Pokud hladina
byla béhem 30 sekund aplikovana 100 ug humanni CRH v 1ml. Po aplikaci hCRH byly
odebrany ¢tyfi krevni vzorky, a to v 15:30; 15:45; 16:00 a v 16:15. Mezi odbéry byla
pacientlim podavana infuze fyziologického roztoku s rychlosti 50 ml/hod. Odebrané
vzorky byly ihned centrifugovany a zmrazeny na -20 °C do doby analyzy. Po aplikaci
hCRH byla odpovéd kortizolu a ACTH vypocitana jako plocha pod ¢asovou kfivkou
(AUC) (Wolever and Jenkins, 1986). Plocha korigovana na bazalni hladinu byla
oznacena jako AUC net, bez korekce na bazalni hladinu AUC total. Adrenokortikalni
odpovéd na ACTH byla hodnocena vypocitanim poméru hormont hypofyzy/
nadledviny (pituitary adrenal ratio- PAR): PAR total = AUCtotal ACTH/AUCtotal kortizol,
PAR net= AUCnet ACTH/AUCnet kortizol.

Statisticka analyza

Statisticka analyza byla provedena pouzivanim programu Statistica. Normalita
byla testovana pouzitim testu Shapiro — Wilks W test. Meziskupinova porovnavani
abnormalné rozdélenych parametrd (HOMA, ESS, PSQIl, BDI, HAMA a HAMD) byly
provedené testem Mann-Whitney U-test, ostatni parametry byly testovany neparovym

t-testem nebo analyzou kovariance, s BMI jako kovarianta.
Vysledky

Kromé zvySené spavosti, ktera byla omezena na pacientskou skupinu, jsme nenasli
zadné signifikantni rozdily mezi nemocnymi a kontrolami ve véku, BMI, poméru délky

pasu a boku, PSQl, BDI, HAMA a HAMD.
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Vysledky testu OGTT ukazuiji, ze dva pacienti s narkolepsii a jedna kontrolni osoba méli
poruchu glukézové tolerance. Nenasli jsme zadny signifikantni rozdily mezi skupinami

v hodnotach FPG, FPI, 2h-PG, 2h-PI, HOMA-IR, ISI po pfizplisobéni na BMI.

Vysledky testu DEX/CRH neukazovaly Zadny signifikantni rozdil v poctech supresor(
(bazalni hladina kortizolu < 40 ng/ml); a nonsupresoru (bazalni hladina kortizolu >
40 ng/ml). Hladina kortizolu, ale nikoliv hladina ACTH po tlumeni osy hypothalamus-
hypofyza-nadledviny dexametazonem, byla signifikantné nizZsi u pacientu s narkolepsii
v porovnani s kontrolni skupinou. Mnozstvi kortizolu a ACTH a uvolnéni po aplikaci
hCRH byly podobné v obou skupinach. Dale jsme nenasli Zadny signifikantni rozdil

mezi dvéma skupinami v peak, delta, AUC net a AUC total hladinach kortizolu a ACTH.

Pacienti trpici narkolepsii méli signifikantné vyS8si hladinu TNF-a, sTNF-R p55, sTNF-R
p75 po upravé na BMI.
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STUDIE C. 2
Priloha ¢. 2

Keckeis M, Lattova Z, Maurovich-Horvat E, Beitinger PA, Birkmann S, Lauer CJ,
Wetter TC, Wilde-Frenz J, Pollimacher T. Impaired glucose tolerance in sleep disorders.

PLoS One. 2010, 5: €9444.
Cil studie

Cilem studie bylo zjistit eventualni poruchu metabolizmu glukézy u vybranych

spankovych onemocnéni, jakou je OSA, RLS nebo primarni insomnie.
Uéastnici studie

Ze zkoumanych 97 dospélych lidi, byla u 25 dfive diagnostikovana OSA, u 21 primarni
insomnie, 18 trpé&lo syndromem RLS a 33 lidi patfilo do kontrolni skupiny. U&astnici se
studii souhlasili. VSichni u€astnici méli normalni nalez pfi fyzikalnim vysSetreni, neméli
zadné psychiatrické onemocnéni, méli pravidelny rytmus spanek—bdéni a normaini

vysledky v zakladnich biochemickych krevnich testech a normalni krevni obraz.

Pacienti se syndromem neklidnych nohou byli diagnostikovani dle mezinarodnich
kritérii International Restless Legs Syndrome Study Group (Allen et al., 2003). Pacienti
neméli polyneuropatii a netrpéli sekundarnim RLS. Zavaznost onemocnéni byla
hodnocena Skalou International Restless Legs Syndrome Study Group Rating Scale
(Walters et al., 2003). U pacientl s primarni insomnii a obstrukéni spankovou apnoe
byla diagndza stanovena dle Mezinarodni klasifikace poruch spanku a bdéni (AASM,
2005). Do studie byli jako nemocni s OSA zafazeni pacienti s AHI >15. Kontrolni osoby
netrpély zadnym spankovym onemocnénim a porucha dychani béhem spanku byla
vylou¢ena pomoci limitované polysomnografie, pfi které se jedna o vySetfeni registrujici
dech pfed usty a nosem, dychaci pohyby hrudniku a bficha, dychaci zvuky, oxymetrii,

EKG, polohu trupu a elektromyogram m.tibialis anterior.
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Metodika

Pacienti a kontrolni osoby podstoupili detailni vySetfeni a vyplnili dotazniky
ohledné spanku jako je PSQIl (Buysse, 2013) a ESS (Johns, 1991). Kazdy pacient
absolvoval standardni polysomnografické vySetfeni ve dvou nasledujicich dnech.
Vysetfeni bylo provedeno standardné od 22 do 6 hodin a obsahovalo monitorovani
elektroencefalogramu, elektrookulogramu, elektromyogramu (mm. mentalis, mm. tibialis
ant), EKG, pohyb hrudniku a bficha, proudéni vzduchu pfed nosem a usty, oxymetrii
a videomonitorovani. Spankova stadia byla skérovana dle kritérii Rechtschaffena
a Kalese (Rechtschaffen A., 1968). Probouzeci reakce periodické pohyby dolnimi
konCetinami a apnoe a hypopnoe byly manualné oznacené a byly vypocitany jejich
pocCty za hodinu spanku. K posouzeni pravidelnosti cyklu spanek — bdéni byla u osob

v kontrolni skupiné pouzivana osmidenni aktigrafie.

Pacienti po prvni noci podstoupili ¢tyfrhodinovy test OGTT. Pfed vypitim standardniho
roztoku obsahujici 75g glukézy byly odebrany vzorky na méfeni FPG, FPI a HbA1c.
Nasledujici odbéry byly provedené po 30, 60, 180 a 240 minutach a byla vypocitana
AUCg a AUCI, inzulinova rezistence a inzulinova senzitivita. Podrobné viz metodika
studie €. 1. Kombinace zvySeného HbA1c (>5,5%) a zvySené hladiny glukdzy na lacno

(FPG >5,6 mmol/l) byla hodnocena jako dalSi riziko vzniku diabetu 2. typu.

Statisticka analyza

Statisticka analyza byla spocitana programem SPSS pro Windows 16.0. Pomoci testu
ANOVA byly porovnané zakladni parametry jako vék, BMI, PSQIl a ESS mezi skupinami.
U parametrd HbA1c, FPG, 2h-PG, FPI, AUCi byla provedena z-transformace.
U metabolickych parametrd byla provedena analyza kovariance ANOVA s BMI jako
kovarianta. Chi-kvadrat test byl pouzity k vypocitani incidence IGT a/nebo kombinace
zvysené hladiny HbA1c a FPG hodnot mezi skupinami. Po vytvoreni 2 x 2 kontingencni

tabulky byl vypocitany pomér rizik (odds ratio — OR).
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Vysledky

Skupiny se nelisily ve véku. Dle oCekavani pacienti s OSA méli signifikantné zvySenou
hodnotu BMI, zatimco BMI u pacientd s RLS nebo insomnii se neliSilo od kontrolni
skupiny. Vysledky testu OGTT ukazuji, Ze Ctyfi pacienti s OSA a jeden s RLS méli
diabetes. 12 % kontrolnich osob mélo zvySenou hladinu glukézy dvé hodiny po
glukézoveé zatézi, coz naznacCuje poruchu glukézové tolerance. Tato hodnota byla
signifikantné zvySena u pacientd s OSA (40%, OR 4,9) a RLS (39%, OR 4,7), ale
nikoliv u insomnie (18%, OR 4,7). Hodnoty HbA1c byly ve fyziologickém rozmezi (pod
5,8 %), ale liSily se signifikantné po uprave dle BMI. V skupiné OSA a RLS méli pacienti
signifikantné vy$Si hodnoty HbA1c a FPG. Tudiz 56 % pacientd s OSA (OR 20,0) a 35 %
s RLS (OR 8,5) patfilo do skupiny s vysokym rizikem vzniku diabetu. Na rozdil od toho
pouze 5 % pacientl s insomnii (OR 0,82) a 6 % kontrol ukazalo zvySeny hodnot HbA1c
a hladiny FPG. Denni spavost byla signifikantné vy$si u OSA, ale u pacientl s RLS
a insomnie v porovnani s kontrolni skupinou se statisticky vyznamny rozdil nenasel.
Nocni spanek byl subjektivné naruseny ve vSech skupinach pacientd v porovnani
s kontrolni skupinou. Pacienti se nelisili signifikantné v celkové dobé spanku a spankové
efektivité dle polysomnografie. Délka bdélosti po usnuti byla podobna u vSech skupin.
K zjisténi eventualni poruchy glukézové tolerance v navaznosti na probouzeci reakce,
byly korelovany hodnoty 2h-PG s indexem vyjadfujicim pocet probouzecich reakci v
navaznosti na apnoe/hypopne za hodinu spanku (apnea-arousal index, AAl), s poCtem
desaturaci za hodinu spanku (oxygen desaturation index, ODI) u pacientl s OSA,
a s PLMS-arousal indexem (pocet probouzecich reakci v navaznosti na periodické
pohyby dolnimi kon&etinami za hodinu spanku) u pacientd s RLS. Korelace 2h-PG
byla pozitivni s AAI (r=0,56, p< 0,05) a ODI (r=0,59, p< 0,05) u pacientd s OSA, a
rovnéz s PLMS —arousal index (r=0,56, p< 0,05) u RLS. HbA1c korelovalo pozitivné s
AAl (r=0,50, p< 0,05) u OSA, to ale neplatilo na korelaci s ODI (r=0,46, p>0,05 ) anebo
PLMS — probouzeci reakce index (r=0,20, p>0,05).
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STUDIE C. 3

Priloha €. 3

Lattova Z, Keckeis M, Maurovich-Horvat E, Wetter TC, Wilde-Frenz J, Schuld
A, Pollmacher T. The stress hormone system in various sleep disorders.

J Psychiatr Res. 2011, 45: 1223-1228.

Cil studie

Cilem studie bylo zmapovat aktivitu osy hypothalamus-hypofyzy-nadledviny pouzitim

dexametazon supresni- CRH stimula¢niho testu u OSA, RLS a primarni insomnie.

Uéastnici studie

Studie byla provedena v ramci vétSiho vyzkumu zahrnujici studii €. 2, proto ucastnici
a Cast metodiky (zakladni vysSetfeni, dotazniky, polysomnografie) v obou studiich
byly stejné: 25 pacientl s OSA, 21 s primarni insomnie, 18 s RLS a 33 lidi patfilo do

kontrolni skupiny.

VSichni ucastnici méli normalni fyzikalni vySetfeni, neméli zadna psychiatricka
onemocnéni, méli pravidelny cyklus spanek-bdéni a ukazali normalni vysledky

v etnych krevnich testech a vSichni projevili souhlas se studii.

Metodika

Pacienti a kontrolni osoby podstoupili detailni vySetfeni, vyplnili dotazniky PSQlI,
ESS, BDI, HAMD a HAMA. K posouzeni pravidelnosti cyklu spanek — bdéni byla
u osob v kontrolni skupiné pouzivana osmidenni aktigrafie. K vylouceni dalSich
onemocnéni spanku kazdy pacient absolvoval standardni polysomnografické
vySetfeni ve dvou nasledujicich dnech (viz Metodika studie ¢ 1 a 2).
Deset dnu pfed planovanym PSG vySetfenim probandi podstoupili dexametazon

supresni—CRH stimulacni test. Vecer ve 23 hodin pred timto testem — tedy den pred
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testem, probandi dostali peroralné 1,5 mg dexametazonu. Nasledujici den zaCinal test
v 15 hodin, kdy byly odebrany prvni vzorky reprezentujici tlumivy vliv dexametazonu.
Pokud byla hladina kortizolu vy$Si nebo stejna jako 40 ng/ml, pacient byl povazovan
za nonsupresora. V 15:02 byla aplikovana béhem 30 vtefin 100 yg humanni CRH
v 1ml. Po aplikaci hCRH byly odebrany ctyfi krevni vzorky v 15:30, 15:45, 16:00
a 16:15. Mezi odbéry byla pacientim podavana infuze fyziologického roztoku
s rychlosti 50 ml/h. Odebrané vzorky byly ihned centrifugovany a zmrazeny na -20 °C
do doby analyzy. Po aplikaci hCRH byla odpovéd kortizolu a adrenekortikotropniho
hormonu vypocitana jako plocha pod ¢asovou kfivkou (AUC) (Wolever and Jenkins,
1986). Plocha pod Casovou kfivkou korigovana na bazalni hladinu byla oznacena
jako AUC net, bez korekce na bazalni hladinu AUC total. Adrenokortikalni odpovéd
na ACTH byla hodnocena vypocCitanim poméru hormond hypofyzy/nadledviny
(pituitary adrenal ratio- PAR): PAR total = AUCtotal ACTH/AUCtotal Kortizol,
PAR net= AUCnet ACTH/AUCnet kortizol.

Statisticka analyza

Statisticka analyza byla provedena programem SPSS pro Windows 16.0. Zakladni
parametry jako vék, BMI, PSQl, ESS, HAMD, HAMA a rovnéz hodnoty testu byly
vypocitané analyzou kovariance. U parametrt HAMD a HAMA byla provedena
z-transformace. U metabolickych parametrt byla provedena analyza kovariance s BMI
jako kovarianta. Chi-kvadrat test byl mezi skupinami pouzity k porovnani supresoru

a nonsupresord.

Vysledky

Pacienti s OSA méli signifikantné vyssi BMI. VSechny tfi skupiny ukazaly vysSi skore

v dotaznicich PSQIl, ESS, BDI, HAMD a HAMA.

Vysledky dexametazon supresni-CRH stimulacniho testu neukazovaly Zzadné

signifikantni rozdily v poctech supresord (bazalni hladina kortizolu <40 ng/ml)
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a nonsupresort (bazalni hladina kortizolu >40 ng/ml). ZvySenou bazalni hladinu
kortizolu mélo 4 % pacientl ze skupiny OSA, 12 % pacientl z RLS a 9 % z kontrolni

skupiny.

U pacientu s RLS byla hladinaACTH po supresi osy hypothalamus-hypofyza-nadledviny

signifikantné nizSi v porovnani se zdravou kontrolou.

Mnozstvi kortizolu a ACTH a uvolnéni po aplikaci hCRH byly podobné ve vSech
skupinach. Nenasli jsme zadny signifikantni rozdil mezi skupinami v peak-, delta, AUC

net, AUC total hladinach kortizolu a ACTH.

37



4.4. STUDIEC. 4
Priloha ¢. 4

Maurovich-Horvat E, Kemlink D, Hogl B, Frauscher B, Ehrmann L, Geisler
P, Ettenhuber K, Mayer G, Peraita-Adrados R, Calvo E, Lammers GJ, Van der
Heide A, Ferini-Strambi L, Plazzi G, Poli F, Dauvilliers Y, Jennum P, Leonthin H,
Mathis J, Wierzbicka A, Puertas FJ, Beitinger PA, Arnulf I, Riha RL, TormasSiova M,
Slonkova J, NevSimalova S, Sonka K; European Narcolepsy Network. Narcolepsy
and pregnancy: a retrospective European evaluation of 249 pregnancies.

J Sleep Res. 2013, 22: 496-512.
Cil studie

Cilem této multicentrické studie bylo zjistit mozné zmény a komplikace tykajici se

téhotenstvi, porodu a novorozencl u pacientek s narkolepsii.
Ugastnici studie a metodika

Studie byla provedena v 16 evropskych spankovych centrech v Ceské republice,
Dansku, Francii, Némecku, Italii, Nizozemi, Polsku, Rakousku, Slovensku, épanélsku,

Svycarsku a Spojeném kralovstvi.

Pro tuto studii byl sestaveny dotaznik v angli¢tiné zaméreny na informace o téhotenstvi
(jedno nebo vice), ktera u nemocnych probéhla. Zu¢astnéna spankova centra nasledné
dle potfeby dotaznik pfelozila do lokalnich jazyk( a rozeslala ho pacientkam postou
nebo je pacientky vyplnily b&éhem rutinni ambulantni navstévy. Informace byla potom
anonymizovana, pfipadné doplnéna oSetfujicim lékafem dle Iékafskych zaznamd,

odeslana do Prahy a centralné zpracovana.

U pacientek byla diagnostikovana narkolepsie s kataplexii a nebo narkolepsie bez
kataplexie v jednotlivych centrech dle Mezinarodni klasifikace poruch spanku,
2. vydani (AASM, 2005).
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Prace byla sice zaméfena na vyskyt zmén a komplikaci, ale byla také provedena dvé
srovnani: 1) nemocné s narkolepsii versus narkolepsie bez kataplexie a 2) téhotenstvi

v asymptomatickém a v symptomatickém obdobi.

Celkem bylo ze spankovych center rozeslano 458 dotaznik( pacientkam, které mély
teéhotenstvi v anamnéze (vCetné dotaznikd pfedanych a vyplnénych pfi ambulantni
kontrole), z kterych bylo navraceno celkem 310 (68% mira odpovédi). Z téchto

dotazniku, 61 bylo vypIlnéno neuplnég, zustalo tedy 249 dotaznikl k zavére¢né analyze

Statisticka analyza

K porovnavani kontinualnich a normalné rozloZzenych parametrd jsme pouZzivali
Studentav t-test, pro abnormalné rozlozené Mann—Whitney U-test. Normalni distribuce
byla testovana testem Shapiro Wilk. Chi-kvadrat a Fishertv exaktni test byly pouzivany
k porovnani diskrétnich proménnych. Statistika kontrolujici vék byla provedena analyzou
kovariance pouzivany vék jako kovarianta. Statisticka signifikace byla brana jako

p < 0.05.

Vysledky

Pramérny vék respondentek byl 49,1+ 14,9 (SD - standardni odchylka) roku. Narkolepsii

a kataplexii trpélo 216 pacientek a 33 pacientek narkolepsii bez kataplexie.

V skupiné pacientek s narkolepsii a kataplexii byl vysledek HLA vySetfeni k dispozici
u 144 matek, 93.1 % pacientek bylo HLA DQB1*06:02 pozitivni. Ve skupiné pacientek
s narkolepsii bez kataplexie, HLA status byl dostupny u 18 pacientek, z nichz 72,2%
bylo HLA DQB1*06:02 pozitivni. Pacientky hlasily celkem 421 téhotensvi a 426 déti

vCetné péti pard dvojcat.

Nenasli jsme zadny signifikantni rozdil mezi skupinami pacientek s narkolepsii
a kataplexii a narkolepsii bez kataplexie, co se ty¢e véku béhem prvniho téhotenstvi,

véku pfi zaCatku symptomu narkolepsie, ¢asu mezi prvnim té€hotenstvim a objevenim
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prvnich symptomda, ¢asu mezi prvnim téhotenstvim a ucasti ve studii. Symptomatické
pacientky bez a s pfitomnosti kataplexie, a symptomatické pacientky s narkolepsii
a ataplexii byly mlad$i béhem studie a v dobé zaCatku onemocnéni, a starSi béhem
prvniho téhotenstvi v porovnani s pacientkami, u kterych se onemocnéni objevilo po

porodu.

Téhotenstvi

Nebyl zZadny signifikantni rozdil mezi skupinami v podilu zastoupeni pacientek

s potratem v anamnéze.

Pacientky téhotné v obdobi po vzniku symptomd mély vys$si BMI pfed téhotenstvim, pfed
porodem a rok po porodu, nez asymptomatické pacientky béhem téhotenstvi. Pribytek
na vaze byl signifikantné vyS$Si u pacientek s narkolepsii a kataplexii nez ve skupiné
pacientek bez kataplexie. Protoze pacientky se symptomatickym onemocnénim byly

v priiméru starsi, statistiku jsme kontrolovali podle véku, ale vysledek zlstal stejny.

Méné pacientek koufilo béhem téhotenstvi v symptomatické nez v asymptomatické
skupiné. Medikace proti symptomum narkolepsie byla alespor po ¢ast doby téhotenstvi
uzivana bé&hem 29 téhotenstvi u pacientek s narkolepsii a kataplexii (11,9 %)

a v prubéhu dvou téhotenstvi u pacientek s narkolepsii bez kataplexie (7,7 %).

Téhotné pacientky uzivaly nasledujici lIéky: modafinil (12 téhotenstvi), metylfenidat
(6 téhotenstvi), klomipramin (3 téhotenstvi), fenmetrazin (3 t€hotenstvi), fenterminum
resinatum (2 téhotenstvi), oxybat sodny (1 té€hotenstvi), amfetamin (1 té€hotenstvi),
fluoxetin (1 téhotenstvi) a fendimetrazin (1 téhotenstvi). Dvé matky uzivaly v skupiné
narkolepsii bez kataplexie modafinil. Nebyl Zzadny signifikantni rozdil v podctech

komplikaci mezi skupinou uzivajici a neuzivajici Iéky proti symptomum narkolepsie.

U symptomatickych pacientek s narkolepsii a kataplexii bylo signifikantné vic téhotenstvi
s komplikacemi v porovnani s asymptomatickymi pacientkami, ale komplikace nebyly

zavazné.
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Prevalence anémie béhem téhotenstvi byla signifikantné vysSi v skupiné narkolepsie
a kataplexie nez ve skupiné narkolepsie bez kataplexie, a u symptomatickych nez
u asymptomatickych pacientek. Porucha glukozové tolerance béhem téhotenstvi
(gestaCni diabetes mellitus nebo porucha glukézové tolerance) byla Castéjsi
u symptomatickych pacientek s narkolepsii a kataplexii. Zadna pacientka nehlasila

dabetes mellitus 1., nebo 2. typu b&éhem nebo pred téhotenstvi.

5,8 % matek zjistilo zlepSeni zavaznosti atak spavosti b&éhem prvniho trimestru,
61,4 % neudavalo zadnou zménu a 32,8 % ucitilo zhorSeni. BEhem druhého trimestru
se objevilo zmirnéni atak spavosti v 16,8 % téhotenstvi, Zzadna zména v 57,3 % a ke
zhorSeni doslo v 25,9 %. Béhem tfetiho trimestru se objevilo zlepSeni u 9,6 %, Zadna

zména nebyla u 53,9 % a bylo zaznamenano zhorSeni v 36,5 % téhotenstvi.

Pacientky, které prestaly pouzivat medikaci proti symptomUim narkolepsie béhem
prvniho trimestrl, neudavaly Zadnou zménu zavaznosti spavosti ve 40,1 %. ZhorSeni

udavaly ve 40,1 % a zlepSeni v 18,2 %.
Porod

Podle Svétové zdravotnické organizace, normalni termin porodu je mezi

37. a 42 .tydnem téhotenstvi (http://data.euro.who.int/hfadb/).

Primérna doba téhotenstvi byla odpovidajici vySe uvedené normé pro vsechny
skupiny a rozdily v jednotlivych skupinach nebyly signifikantni. Nenasli jsme zadné
rozdily v prevalenci indukovaného porodu. Nej¢astéjSim divodem pro indukci porodu

bylo pfenaseni (33 téhotenstvi), nebo asfyxie plodu (11 t€hotenstvi).

Ve tfech pfipadech byl porod indukovany kvuli diagnéze narkolepsie (nebylo dale

specifikovano), v jednom pfipadé byla divodem obava z kataplektického zachvatu.

Ve skupiné pacientek s narkolepsii a kataplexii podstoupilo cisafsky fez signifikantné
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vic pacientek nez ve skupiné pacientek s narkolepsii bez kataplexie; nejCastéjSim
divodem byla tisen plodu, prodlouZena doba porodu, poloha plodu koncem panevnim,
neuspésna indukce porodu, nebo byl naplanovany cisarsky fez z gynekologickych
divodu (problémy s placentou, velikost plodu, abnormalita pupecniku, vicecetné
téhotenstvi, vysoky krevni tlak, problémy se srdcem, deformace panve). Diagn6za
narkolepsie byla divodem cisafského Ffezu ve dvou pfipadech a v péti anticipace

kataplektického zachvatu.

TFi pacientky hlasily kataplexii bEhem porodu (0,9 % téhotenstvi ve skupiné pacientek
s narkolepsii a kataplexii). Ve vSech pfipadech porod zacinal spontanné. V jednom
pfipadé byl nasledné porod dokonc¢en klestémi a ve druhém doSlo na cisafsky fez.
Ztéchtotfizen uzivalajedna pacientka béhem prvniho trimestru modafinil a klomipramin.
V poctech komplikaci nebyly na strané matky zaznamenany signifikantni rozdily
mezi skupinami a to béhem nebo po porodu nebo v pfipadé komplikaci tykajicich se
novorozence (duseni, aspirace plodové vody etc). NejCastéjsi pfi€inou resuscitace (23

pfipadu) byla asfyxie plodu (8 pfipadu).

Jedno dité zemfelo b&hem normalniho té&hotenstvi v 42. tydnu. 25letd matka
s diagnozou narkolepsie s kataplexii méla normalni t€hotenstvi a nebyla v t€hotenstvi

z hlediska narkolepsie medikovana. DalSi detaily nejsou znamé.

Novorozenci

Vaha a délka ditéte byly normalni a neliSily se mezi skupinami. Dle pohlavi, 55 %
bylo chlapct a 45 % divek. Nej¢astéjSi novorozeneckou komplikaci byla Zloutenka.
Jedinou vaznou udavanou komplikaci byla asfyxie z neznamé pfri€iny v 43. tydnu,
ktera vedla k mentalni retardaci. Matce s diagndézou narkolepsie s kataplexii bylo 35
let, celé téhotenstvi bylo bez komplikaci, pacientka nekoufila, nepila alkohol, nebrala

zadné Iéky.
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Sestinedéli

Vétsi podil matek v symptomatické skupiné kojilo nez v asymptomatické skupiné,
a vice déti matek s narkolepsii a kataplexii nez matek s narkolepsii bez kataplexie

bylo kojené déle nez jeden rok.

Signifikantné vice symptomatickych matek potfebovalo psychologickou terapii
kvuli problémUm jako je smutek, unava, zména chuti k jidlu, epizody place, uzkost,
podrazdénost v mésicich po porodu, ale tento vysledek ma limitovanou hodnotu
kvuli nizkému poctu respondentd. Pét zen (Ctyfi v symptomatické skupiné a jedna
v asymptomaticke skupiné) trpélo depresi pfed téhotenstvim, ale Zadna z nich neuzivala
béhem téhotenstvi Zadné antidepresivum. PéCe o novorozence byla ovlivnéna aspon
jednim symptomem narkolepsie u 60,1 % v symptomatické skupiné. Na nadmérnou

denni spavost si stéZzovalo 14,1 % Zen v asymptomatické skupiné.

Zeny v symptomatické skupiné nejvic trapily problémy spojené s nadmérnou denni
spavosti (46,9 %), dale to byly ataky spanku béhem krmeni nebo kojeni (33,9 %),
strach z nékterého ze symptomu narkolepsie (14 %), kataplexie s ditétem v naruci

(12 % a 14 %) a automatické jednani béhem krmeni nebo prochazky (6 %).
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DISKUZE

V prvni studii jsme porovnavali pacienty s narkolepsii a kataplexii se zdravymi
dobrovolniky s ohledem na glukozovy metabolizmus, dynamiku osy hypothalamus-
hypofyza-nadledviny a hladinu cytokind. PouZili jsme Siroky experimentalni model,
protoze metabolizmus glukdzy, stresova osa a produkce cytokinu jsou Uzce spojené
a pribyvajici dukazy ukazujici, ze narkolepsie je komplexni neuroendokrinni porucha

(Pollmacher, 2011).

Ke zjisténi informace o glukézovém metabolizmu a fungovani osy hypothalamus-
hypofyza-nadledviny u chronickych onemocnéni spanku, jako je OSA, RLS a insomnie,
jsme pouzili podobné jako v prvni studii oralni glukézovy tolerancni test a dexametazon
supresni-CRH stimulaéni test. V porovnani se zdravou kontrolou jsme nasli zvySeny
vyskyt poruchy glukézového metabolizmu u pacientl s RLS a s OSA, ale ne u pacientu
trpici narkolepsii s kataplexii nebo primarni insomnii. Pacienti s RLS a s OSA méli
témeér pétkrat vétsi pravdépodobnost poruchy glukézoveé tolerance nez zdravé kontroly.
Navic jsme zjistili, Ze primérna hladina HbA1c byla zvySena u pacientl s RLS a OSA
v porovnani s kontrolou. ZvySené hadina HbA1c a glukdézy nalacno naznacuji zvySené

riziko vzniku diabetu u pacientd s RLS (9x zvySené) a s OSA (20x zvySené).

Porucha glukézové tolerance a zvySena mira diabetu byla pozorovana u pacient
s OSAI jinymi studiemi (Tasali et al., 2008b) a mUze velkou mirou souviset se zvySenim
BMI, coz bylo dokumentovano i v této studii. Nicméné nékteré studie ukazuji, Ze OSA
souvisi s diabetem 2. typu nezavisle na obezité (Reichmuth et al., 2005). Ddvodem
mohou byt opakovana pferuSeni dychani béhem spanku ovliviiujici metabolizmus
pfes opakované desaturace nebo porucha spanku per se. Pozitivni korelace mezi
kvantitativné vyjadfenou fragmentaci spanku v navaznosti na AHI u pacientl s OSA
a v navaznosti na PLMI u pacientl s RLS s hladinou glukdzy 2h po glukézové zatézi
naznacuje, ze opakované probouzeni je moznym spole€nym mechanizmem vzniku
porusené glukézoveé tolerance u obou sledovanych onemocnéni. Nicméné opakované

probouzeci reakce mohou mit také pfimy vliv na glukézovy metabolizmus aktivaci
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sympatického nervového systému (Narkiewicz and Somers, 2003; Walters and Rye,

2009).

Nase vysledky jsou ve shodé s vysledkem dalSi studie od Tasaliho, ktery vyvolal
poruchu glukézové tolerance u zdravych dobrovolnik( rusenim spanku akustickymi
stimulacemi ve tfech po sobé jdoucich nocich (Tasali et al., 2008a). Akustické ruseni
pfitom neovlivnilo celkovou dobu spanku, coz naznaduje specificky vliv opakovanych
probouzecich reakci. Nase vysledky tuto teorii potvrzuiji, jelikoz pacienti s insomnii méli
normailni glukézovou toleranci podobnou celkové dobé spanku v porovnani s OSA

a RLS, ale netrpéli opakovanymi probouzenimi jako pacienti s RLS a OSA.

Co se tyCe pacientu s narkolepsii a kataplexii, nenasli jsme Zadny signifikantni rozdil
mezi pacienty a kontrolni skupinou v testu OGTT. Nase vysledky jsou ve shodé se
studii Beitingera a kolektivu (Beitinger et al., 2012) a udaji oinzulinové senzitivité od
Engela a spolupracovnikl (Engel etal., 2011). To naznacuje, Ze narkolepsie s kataplexii
neni pfimo spojena s poruchou glukézového metabolismu, ale vy$Si prevalence DM je
pravdépodobné sekundarni k vy$simu BMI. Podobné jako je to u pacientt s insomnii,
ani pacienti s narkolepsii a kataplexii netrpéli opakovanymi probouzecimi reakcemi. Na
rozdil od nasich studii, Honda a jeho spoluautofi zaznamenali signifikantné zvySenou
prevalenci diabetes mellitus u pacientl s narkolepsii (Honda et al., 1986). Protoze
mezi obeznimi a neobeznimi pacienty nebyly rozdily, tito autofi dospéli k nazoru, ze

diabetes mellitus nebyl dusledkem obezity.

Protoze jsme omezili polysomnografické vySetfeni pouze na pacientské skupiny, nase
studie pfimo nepfispiva k odpovédi na otazku, jestlitrvani spanku nebo dalsi kvantitativni
aspekty nocniho spanku, nezavisle na podnétech vedoucich k probouzecim reakcim,
ovlivni glukézovy metabolizmus. Nepfimo z toho plyne, kvuli podobnému trvani
spanku kolem 5,5 hodin ve vSech pacientskych skupinach v€etné pacientl s primarni
insomnii, Ze jenom vyraznéjSi redukce spanku muze mit bezprostfedni negativni

efekt na uhlohydratovy metabolizmus. Pfikladem mize byt omezeni spanku na Ctyfi
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hodiny na nékolik dnu, které vedlo k poruSe glukézového metabolizmu i u zdravych lidi

(Spiegelet al., 1999).

V porovnani se zdravymi dobrovolniky jsme nasli signifikantné nizZSi bazalni hladinu
kortizolu u pacientl s narkolepsii a kataplexii po potlateni dexametazonem a pred
aplikaci CRH, ale nebyl zde zadny rozdil mezi nemocnymi a kontrolami v odpovédi
kortizolu nebo ACTH na CRH. Toto zjisténi, v souladu se studii od Kok a spol. (Kok
et al., 2002b) naznacuje nepatrnou bazalni ,podregulaci“ a/nebo lehce zvySenou

negativni zpétnou vazbu hlavniho endokrinniho systému u narkolepsie s kataplexii.

Dynamicka odpovéd® systému hypothalamus-hypofyza-nadledviny, zkoumana
poprvé u pacientt s narkolepsii, nebyla odliSna od kontrol. To napovida, Ze odpovéd
hlavniho endokrinniho systému na stimulaci neni zménéna v porovnani se zdravymi
dobrovolniky. Abnormalitu v hladinach ACTH nebo kortizolu v odpovédi na stimulaci
CRH po pfedchozim ztlumeni osy hypothalamus-hypofyza-nadledviny dexametazonem

nevykazovali ani pacienti s OSA ani pacienti s RLS nebo s insomnii.

Nase vysledky ukazuji, Ze pacienti, ktefi byli peclivé vybrani, aby netrpéli poruchou
nalady nebo jinym psychiatrickym onemocnénim, méli v podstaté dle standardniho
dexametazon supresni-CRH stimula¢niho testu normalni funkci osy hypothalamus-
hypofyza-nadledviny. Na druhé strané, Hori a spolupracovnici (Hori et al.,, 2011)
nasli zvySenou hladinu kortizolu béhem dexametazon supresni-CRH stimulacniho
testu u osob udavajicich zhorSenou kvalitu spanku dle Pittsburgské Skaly kvality. Na
rozdil od nasi studie, deprese v této studii nebyla systematicky vyfazena; v literatufe
je pfitom opakované prokazana porucha osy hypothalamus-hypofyza-nadledviny
u psychiatrickych chorob (von Bardeleben and Holsboer, 1991). Dle naSeho pozorovani
se Ize domnivat, Ze porucha osy hypothalamus-hypofyza-nadledviny u psychiatrickych
onemocnéni neni dusledkem &asto se spolu vyskytujici poruchy spanku. To potvrzuje
i vysledek od Steigera a spolupracovnikl, ukazujici normalizaci hladinu kortizolu
u depresivnich pacientl po remisi s pretrvavajici poruchou spanku (Steiger et al.,

1989).
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Nase vysledky tykajici se pacientl s RLS jsou ve shodé s literaturou. Ani Wetter,
Garcia-Borreguero nebo Hornyak nenasli abnormality ve fungovani osy hypothalamus-
hypofyza-nadledviny u RLS (Garcia-Borreguero et al., 2004; Hornyak et al., 2008;
Wetter et al., 2002).

Vysledky fungovani osy hypothalamus-hypofyza-nadledviny u pacientd s OSA jinych
praci nejsou jednoznacné - nékolik studii ukazuje normalni sekreci kortizolu (Dadoun
et al., 2007; Entzian et al., 1996; Grunstein et al., 1989; Mestonet al., 2003); zatimco
ostatni popisuji zvySenou aktivitu osy hypothalamus-hypofyza-nadledviny (Bratel et

al., 1999; Schmoller et al., 2009; Vgontzas et al., 2007).

Kortizol v téchto studiich byl méfen v jednom Casovém bodé, coz kvili moznym
interindividualnim odliSnostem v cirkadiannim rytmu hormonu je nedostatecné. Navic
u vétsSiny téchto studii nebyla zkoumana eventualni psychiatricka komorbidita (moznost
ovlivnéni osy hypothalamus-hypofyza-nadledviny je zminéna vyse). Jedna studie byla
zaméfena na vyzkum zpétné vazby osy hypothalamus-hypofyza-nadledviny (Carneiro
et al., 2008). V této studii po podani dexametazonu bylo pozorovano mensi potlaceni
hladiny kortizolu po aplikaci dexametazonu u pacientd s OSA ve srovnani se zdravou
kontrolni skupinou. V na$i studii jsme tento rozdil nemohli potvrdit, coz muze byt

vysledkem metodologickeé odliSnosti studie.

Studie ukazaly, Ze chronicka primarni insomnie je spojena se zvySenou vecerni
a noCni hladinou kortizolu ukazujici na poruchu rytmu kortizolu (Rodenbeck et al.,
2002; Vgontzas et al.,, 2001). Vec€erni hladina kortizolu mize souviset s poctem
probouzeni béhem noci u pacientl s chronickou insomnii. NaSe vysledky ukazuiji,
Ze neni postizena negativni zpétnovazebna senzitivita opakovanymi probouzecimi
reakcemi ani u pacientd s RLS, insomnie nebo OSA. Tento vysledek je v souladu
s praci publikovanou skupinou Spath-Schalbe et al., ktera referovala o rychlém navyku
systému hypothalamus-hypofyza-nadledviny na opakované probouzeci reakce (Spath-

Schwalbeet al., 1991).
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Nasli jsme vyssi hladinu TNF-a, sTNF-R p55, sTNF-R p75, IL-6 u pacientu s narkolepsii
a kataplexii v porovnani se zdravou kontrolni skupinou. Z hlediska TNF-a a IL-6 jsou
nase data shodna s pfedchozimi nalezy Okuna a Vgontzase s jejich kolektivy (Okun et
al., 2004; Vgontzas et al., 2007). Nicméné, dvé dalSi studie (Himmerich et al., 2006a;
Hinze-Selch et al., 1998) nenasly signifikantné zvySenou hladinu TNF-a. Himmerich
a spolupracovnici popsali zvySenou hladinu sTNF-R p75, ale hladina sTNF-R p55

Vv jejich studii zvySena nebyla.

NejpravdépodobnéjSi pfic¢inou rozporuplnosti mezi studiemi jsou subtilni zmény
a nizky pocet pacientu. Hladina TNF- a, jeho solubilnich receptor a IL-6 je zvySena
u obéznich lidi (Gustafson, 2010). To vS8ak nevysvétluje souCasné zjisténi, protoze
nase vysledky jsou stejné i po adjustaci na BMI. Aktivace systému hypothalamus-
hypofyza-nadledviny, konkrétné kortizolu, mize potlacit sekreci cytokinu (Straub et al.,
2011). Proto zjisténé subtilni snizeni basalni hladiny kortizolu mize vést ke zvySené
produkci zanétlivych cytokind. Mirné zmény v sekreci cytokinl, zejména TNF-q,
mohou souviset s polymorfismem TNF promotoru, ktery byl zjistén u narkolepsie s
kataplexii (Wieczorek et al., 2003). Rovnéz mirné zvySena hladina cirkulujicich
cytokinl a cytokinového receptoru mize odrazet predpokladanou imunologickou
pfiCinu (Fontana et al., 2010). K lepSimu objasnéni by pacienti méli byt studovani

dlouhodobé a na po€atku onemocnéni.

V nasi mezinarodni studii tykajici se t€hotenstvi, porodu a narkolepsie jsme nepotvrdili
vy$Si miru spontannich potrat. Spontanni potrat se vyskytuje v 10 — 15 % potvrzenych
téhotenstvi, aje znamo, Ze Zeny s ur€itym autoimunitnim onemocnénim potraceji Castéji
nez zeny zdravé (Faussett and Branch, 2000). Tato skuteCnost nebyla potvrzena,
ale je nutné podotknout, Ze autoimunitni onemocnéni je u narkolepsie s kataplexii
s nejvétsi pravdépodobnosti Casové limitované (nebyly zjistény znamky pokracujiciho
autoimunitniho procesu po inicialnim stadiu rozvoje pfiznakd v prabéhu dnu az
tydnu). Pacienti v symptomatické skupiné maji vyss$i BMI pred téhotenstvim a pred

porodem a rok po porodu v porovhani s asymptomatickou skupinou. Tato pozorovani

vr waiwvys
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pokud bychom brali asymptomatickou skupinu jako kontrolni (Schuld et al., 2002).
Procentualni pfibytek na vaze béhem téhotenstvi byl signifikantné vyssi v skupiné
pacientek s narkolepsii a kataplexii nez ve skupiné narkolepsii bez kataplexie, ale
BMI pred téhotenstvim nebo rok po porodu se mezi dvéma skupinami signifikantné
u pacientd s narkolepsii a kataplexii proti narkolepsii bez kataplexie (Sonka et al.,
2010). Skupiny nejsou vsak identické, v recentni studii mame jen zZeny a jejich vék je

nizsi. PriCina vétsi vahového pfibytku neni uplné jasna.

Neni prekvapujici, ze vétSina zen v naS$i studii neuzivala medikaci proti symptomdim
narkolepsie béhem téhotenstvi. DuleZité, Ze ani pacientky, ani lékafi nehlasilinezadouci
ucinky lékd uzivanych béhem téhotenstvi, ale tuto informaci bereme s maximalni
rezervovanosti vzhledem k malému poctu pacientek a k retrospektivnimu charakteru

nasi studie a druhé studie od Thorpyho a kolektivu (Thorpy et al., 2011).

Co se tyCe komplikaci béhem téhotenstvi, pacientky s narkolepsii a kataplexii
v symptomatické skupiné mély vysSi prevalenci anémie a poruSené glukézove

tolerance, v porovnani s asymptomatickymi pacientkami.

VyS8Si vyskyt poruSené glukézové tolerance u matek s narkolepsii a kataplexii
v symptomatické skupiné byl pravdépodobné spojeny s vysSim BMI. Nedostatek
hypokretinu mize mit hypoteticky plvod v metabolické dysregulaci. Recentni studie
vCetné nasi prace zmifiované v této disertaci vysSi prevalenci porusené glukozové
tolerance u pacientl nezjistily (Beitinger et al., 2012; Engelet al., 2011). Na druhou
stranu nelze pominout, Ze subtilni zmény v gluk6zové regulaci mohou byt pfi téhotenstvi

akcentovany.

Svétova zdravotnicka organizace odhaduje, ze 18 % Zen ve vyspélych statech ma
béhem téhotenstvi anémii (WHO, 1992). Prevalence anémie béhem téhotenstvi byla
vy$Si u pacientek s narkolepsii a kataplexii v provnani s pacientkami s narkolepsii bez
kataplexie, a ve symptomatickych skupinach v provnani s asymptomatickymi. Pfi¢ina
neni jasna.
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Co se ty€e symptomu narkolepsie béhem téhotenstvi, vétSina Zen neuzivajici zadné
léky referovala pouze malou zménu v zavaznosti atak spanku. Zavaznost symptomu
zfejmé nesouvisi se stadii t€hotenstvi, ale udaje z dotaznikl neumoznuji Zadnou
jednoznacnou generalizaci, vzhledem k mozné fluktuaci symptomu béhem téhotenstvi

a retrospektivnimu charakteru studie.

Na rozdil od ogekavani (Hoque and Chesson, 2008), pouze u tfech pacientek se
vyskytla kataplexie béhem porodu. Frekvence kataplektickych zachvatid béhem
téhotenstvi nemusi nutné znamenat vyssi vyskyt kataplexie béhem porodu. V zemich
Evropské unie se cisafsky fez provadi ve stale se zvySujici mife - od 6,9 % v roce 1999
na 31,5 % v roce 2007 (http://data.euro.who.int/hfadb/). V nasi studii postoupily zeny
s narkolepsii a kataplexii signifikantné vic cisafskych fez( nez Zeny bez kataplexie.
VyS8Si pocet elektivnich cisafskych fezl u Zzen s narkolepsii a kataplexii mize byt
dUsledkem vysSi ostrazitosti porodnikd (Williams et al., 2008), coz povazujeme také

za velice dulezity faktor.

Novorozenci matek s narkolepsii a kataplexii a s narkolepsii bez kataplexie neméli vyssi
pocCet komplikaci vyzadujici resuscitaci béhem porodu. Hmotnost a délka novorozencu

byly v mezich normy.

Dle pruzkumu Svétové zdravotnické organizace o kojeni v Evropé v roce 2000 bylo
zZjisténo, Ze prumérny pocet novorozencl kojenych do tfi mésict byl 65,4 % do
6 mésicu 53,5 % (http://data.euro.who.int’/hfadb/). Dle naSich udajl, ani kataplexie
ani nadmeérna denni spavost nejsou limitujicim faktorem pro kojeni, i kdyz se stale
doporucuje pacientkam, které se chtéji vratit k uzivani medikaci proti symptomim
narkolepsie, aby prestaly kojit. Odhady o poporodni depresi uvadéji, Zze v zapadnich

zemich trpi depresi po porodu 6,5 % az 12 % Zen (Gaynes et al., 2005).

V nasi symptomatické skupiné, signifikantné vic pacientek potfebovalo psychologickou
terapii nez v asymptomatické skupiné. To je velice zajimavé, protoze deprese je
pFitomna v signifikantné vétsi mife u pacientl s narkolepsii, nez u lidi bez narkolepsie

(Dauvilliers et al., 2009; Jara et al., 2011). Protoze vSak naSe studie neobsahovala
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podrobnéjSi dotazy tykajici se poporodni deprese, nemuzeme urcit prevalenci

subklinické a klinické deprese.

Jedno z nejrelevantnéjSich zjisténi v nasi studii bylo omezeni pé€e o novorozence kvuli
symptomum narkolepsie. V symptomatické skupiné vic nez polovina pacientek hlasila
komplikace béhem péce o dité. Dle pfedpokladu, nejvic omezujici byla nadmérna denni
spavost, nasledné ataky spanku béhem krmeni nebo kojeni. Nutno podotknout, Ze
pacientky pecujici o dité vasymptomatickém obdobi uvadély nadmeérnou denni spavost,
coz koresponduje s udaji publikované od Montgomery-Downs a jeho spolupracovniki
(Montgomery-Downs et al., 2010), které ukazuji, Ze i u zdravych matek bez diagnézy
narkolepsie muze dochazet k zavaznému rusSeni spanku béhem prvnich tfech mésicl

po porodu a zvy$ena spavost mize komplikovat péci o dité.

Limitace dotaznikové studie se tykaji pfedevS§im moznost ovlivnéni informace pfi
zpétném vybavovani. Na druhou stranu té€hotenstvi a porod jsou velmi vyznamné
udalosti v zZivoté kazdé Zeny, proto pfesné vybavovani vzpominek je pravdépodobné
vysoké. Studii vlivu téhotenstvi u vzacné nemoci jako je narkolepsie s rozsahem
podobnym nasi studii nebylo realné usporadat v prospektivnim formatu, a pokud je
nam znamo, ani se podobna studie neplanuje. Pfi planovani této retrospektivni studie
jsme fesili i srovnani se zdravymi kontrolami, ale nakonec jsme k tomu nepfistoupili,
protoze kontroly, musely by byt dvakrat sparované (vzhledem k aktualnimu véku
a véku porodu). Vzhledem k Casové omezenému a hlavné pomérné nahle zacinajicimu
procesu postihujicimu lateralni hypothalamus, ktery vede ke vzniku narkolepsie
s kataplexii (Peyron et al., 2000) pfedpokladame, Ze nemocné pred vznikem Klinické

symptomatologie nemaji ani jiné projevy poruchy fizeni hypokretinovymi neurony.
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ZAVERECNE SHRNUTI

TFi prospektivni a jedna retrospektivni studie, které jsou podkladem této dizertace byly
provedeny s cilem nalézt metabolické a imunologické souvislosti nekvalitniho spanku
pfi Castych onemocnéni spanku (insomnie, RLS, OSA) a souvislosti narkolepsie
s kataplexii, ktera ma sama autoimunitni pfiinu a vyznacuje se nekvalitnim nocnim

spankem a nedostatecnou bdélosti s abnormalnim fizenim REM spanku.

Prvni studie byly cilené na glukozovy metabolizmus, dynamiku osy HPA a hladinu
cytokinG u pacientl s narkolepsii a kataplexii a zdravych dobrovolnikd. Nase vysledky
ukazaly, Ze narkolepsie sama o sobé neni spojena s poruchou glukézového metabolizmu.
Nenasli jsme zménénou odpovéd osy hypothalamus-hypofyza-nadledviny, ale zjistili
jsme, ze negativni zpétna vazba po podani dexametazonu muze byt mirné zvysena.
SoucCasné byla pfitomna u pacientu s narkolepsii a kataplexii jemna dysregulace
produkce zanétlivych cytokind. V dalSich prospektivnich studiich jsme se zaméfili na
porovnani parametrd metabolizmu glukézy a fungovani osy hypothalamus-hypofyza-
nadledviny mezi OSA, RLS a insomnii. V porovnani se zdravou kontrolni skupinou jsme
nasli zvySeny vyskyt poruchy gluk6zového metabolizmu u pacientd s OSA a RLS, coz
povazujeme za dusledek fragmentace spanku opakovanymi probouzecimi reakcemi.
Dale mazeme shrnout, ze porucha spanku per se neméla velky vliv na fungovani osy
hypothalamus-hypofyza-nadledviny méfené dynamickym dexametazon supresnim-
CRH stimulaénim testem a pacienti s OSA, RLS a insomnie. Vzhledem k podrobnému
prospektivnimu formatu naSich studii, predpokladame vétsi jistotu nasSich vysledku

v pfipadé rozporu s jinymi studiemi.

Nase retrospektivni prace o téhotenstvi u narkolepsie nepfinesla vysledky, které
by vyznamné ukazovaly na metabolické nebo autoimunitni procesy v téhotenstvi
u narkolepsie. Tato studie vSak pfinesla prvni informace o pribéhu téhotenstvi, porodu
a Sestinedéli u narkolepsie zaloZzenou na vétsi kohorté nemocnych, a tak ukazala, ze

pacientky s narkolepsii by nemély byt odrazovany od téhotenstvi.
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POUZIVANE ZKRATKY

ACTH adrenokortikotropin

AAl pocet probouzecich reakci v navaznosti na apnoe/hypopnoe za

hodinu spanku

AHI apnoe/hypopnoe index (pocCet apnoi a hypopnoi za hodinu spanku)
AUCg celkova plocha pod kfivkou pro glukézu

AUCiI celkova plocha pod kfivkou pro inzulin

AUCnet plocha pod kfivkou korigovana na bazalni hladinu

AUCtotal plocha pod kfivkou korigovana bez korekce na bazalni hladinu
BDI Beckova Skala deprese

BMI Body mass index

CRH kortikoliberin (cortisol releasing hormon)

DEX/CRH test dexametazon inhibiéni-CRH stimulacéni test

ESS Epworthska Skala spavosti

FPG hladina glukézy nalaéno (fasting plasma glucose)

FPI hladina inzulinu nala¢no

HAMA Hamiltonova Skala uzkosti

HAMD Hamiltonova Skala depreseHOMA-IR homeostaticky model ke

zhodnoceni inzulinoveé rezistence
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ICSD

ISI

OGTT

OSA

PAR

PLMI

PLMS

PSQl

RLS

sTNF-R

TNF-a

2h-PG

2h-PI

Mezinarodni klasifikace poruch spanku, 2.vydani (International

classification of sleep disorders)

inzulinova senzitivita

test oralni gluk6zové tolerance

obstrukéni spankova apnoe

adrenokortikalni odpovéd na ACTH dle poméru hormont hypofyzy/

nadledviny (pituitary adrenal ratio- PAR):

index PLM-pocet periodickych pohybu kon&etinami za hodinu

spanku

periodické pohyby ve spanku (periodic limb movement in sleep)

Pittsburgska skala kvality spanku

syndrom neklidnych nohou

solubilni tumor necrosis factor receptor

Tumor necrosis factor

plazmaticka hladina glukozy v testu OGTT po 2 hodinach

plazmaticka hladina inzulinu v testu OGTT po 2 hodinach
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INTRODUCTION

Narcolepsy is a rare, chronic sleep disorder characterized by
excessive daytime sleepiness, cataplexy, hypnagogic hallu-
cinations and sleep paralysis. Low cerebral spinal fluid
hypocretin/orexin levels, caused by selective loss of hypo-
cretin-producing neurons in the prefornical hypothalamus,
due to possible autoimmune mechanisms, are reported in

© 2014 European Sleep Research Society

SUMMARY

Narcolepsy with cataplexy is caused by a deficiency in the production
of hypocretin/orexin, which regulates sleep and wakefulness, and also
influences appetite, neuroendocrine functions and metabolism. In this
case—control study, 11 patients with narcolepsy with cataplexy and 11
healthy adults underwent an oral glucose tolerance test, and
dexamethasone suppression/corticotropin-releasing hormone stimula-
tion test. The average age of patients and controls was 35.1 + 13.2
and 41.0 + 2.9 years, respectively, body mass index was 28.1 + 6.6
and 25.5 + 4.7 kg m 2. We did not find evidence of a significantly
increased prevalence of disturbed glucose tolerance in patients with
narcolepsy. After hypothalamo—pituitary—adrenal axis suppression, the
number of non-suppressors did not differ between the groups, indicat-
ing normal negative feedback sensitivity. The level of cortisol after
dexamethasone suppression was significantly lower in patients with
narcolepsy, suggesting a slight basal downregulation and/or a slightly
increased negative feedback sensitivity of the major endocrine stress
system in narcolepsy. Following corticotropin-releasing hormone stim-
ulation, there were no significant differences in levels of adrenocorti-
cotropic hormone or cortisol, and in adrenocortical responsivity to
adrenocorticotropic hormone. Finally, patients with narcolepsy dis-
played significantly higher plasma levels of tumour necrosis factor
alpha, soluble tumour necrosis factor receptor p55, soluble tumour
necrosis factor receptor p75 and interleukin 6 after adjustment for body
mass index. The present study confirms that narcolepsy by itself is not
associated with disturbances of glucose metabolism, but goes along
with a subtle dysregulation of inflammatory cytokine production. We
also found that dynamic hypothalamo—pituitary—adrenal system
response is not altered, whereas negative feedback to dexamethasone
might be slightly enhanced.

95% of patients with narcolepsy with cataplexy (NC) (Bau-
mann and Bassetti, 2005).

In addition to their crucial role as regulators of sleep and
wakefulness, hypocretin neurons have been shown to play
an important role in energy homeostasis. For example,
hypocretins increase food intake, and are involved in glucose
metabolism and insulin sensitivity. Furthermore, they have a
stimulatory role on the major stress system and can activate

’
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the hypothalamo—pituitary—adrenal (HPA) axis (Spinazzi
et al., 2006). Clinically, patients with narcolepsy show an
increased rate of endocrine and metabolic disorders even
prior to diagnosis (Jennum et al., 2013).

Therefore, narcolepsy is likely to be a complex neuroen-
docrine disorder. Indeed, patients with narcolepsy are obese,
show obesity-dependent disturbances in glucose metabolism
(Beitinger et al.,, 2012; Poli et al, 2009) and have been
reported to be at increased risk of diabetes (Honda et al.,
1986). Moreover, abnormalities in numerous endocrine vari-
ables have been described, although the respective studies
are somewhat inconsistent (Pollméacher et al, 2011) and
subtle abnormalities in systemic immune parameters have
been found, mainly changes in the levels of inflammatory
cytokines. In particular, the systemic levels of tumour
necrosis factor alpha (TNF-«) or its soluble receptors (STNFR
p55 and p75) have been found to be increased (Himmerich
et al, 2006; Okun et al, 2004; Vgontzas et al., 1997).
Inflammatory cytokines, such as TNF-o or interleukin 6
(IL-6), play a key role in linking the immune system to
endocrine and metabolic networks. TNF-«, for example,
contributes to insulin resistance, and impaired glucose
tolerance in inflammatory states and obesity (Nieto-Vazquez
et al., 2008) and, like IL-6, is a potent activator of the HPA
system (Straub et al., 2011). In turn, cortisol, the major
effector hormone of the HPA system, is a potent suppressor
of the release of TNF-o and IL-6 (Beishuizen and Thijs,
2003), suggesting an intimate bidirectional interaction
between the immune and HPA systems.

Few studies have investigated the HPA system in narco-
lepsy (for an overview, see Polimé&cher et al., 2011), and only
one study found an abnormality: Kok et al. (2002) reported a
60% reduction in basal secretion of adrenocorticotropic
hormone (ACTH), whereas pulsatile ACTH release, basal
and pulsatile secretion of cortisol and plasma cortisol levels
were not different between groups. Kok et al. (2002) sug-
gested a disruption in the secretory dynamics of the ACTH/
cortisol ensemble. No study as yet has tested the respon-
siveness of the HPA system to stimulation in patients with
narcolepsy.

One specific approach to dynamically test HPA system
activity is the dexamethasone suppression/corticotropin-
releasing hormone stimulation test (DEX/CRH test; Heuser
et al., 1994). The DEX/CRH test was developed to study
neuroendocrine abnormalities in psychiatric disorders. This
test has been shown to be sensitive in documenting HPA
system overactivity in affective disorders and diminished
activity in post-traumatic stress disease (Heuser et al., 1994;
Yehuda, 2009). So far, the DEX/CRH test has been applied
in various sleep disorders. Patients with obstructive sleep
apnea syndrome, primary insomnia and restless legs syn-
drome were tested, but none of the groups showed abnor-
malities in the ACTH or cortisol responses to CRH after HPA
system suppression by DEX (Lattova et al., 2011).

The particular pathophysiology of narcolepsy calls for
more specific studies on the interaction between endocrine,
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metabolic and immunological networks. Hence, we applied the
DEX/CRH test in patients with narcolepsy and matched
controls to assess the dynamic function of the HPA system.
In addition, we studied glucose metabolism using an oral
glucose tolerance test (OGTT) and, finally, we measured TNF-
o, STNFR and IL-6 levels in plasma as inflammatory markers.

MATERIALS AND METHODS

Participants

Eleven patients with NC and 11 healthy controls participated
in the study. Consecutive patients from the Sleep Medicine
Centre at the Department of Neurology of the First Faculty of
Medicine in Prague were included if they fulfilled the inclusion
criteria [diagnosis of NC according to the International
Classification of Sleep Disorders criteria, HLA-DQB1*0602-
positivity, no pharmacotherapy influencing the central
nervous system except modafinil or methylphenidate, and no
other sleep disorders]. Four patients regularly took modafinil,
one methylphenidate, one levothyroxine and one oral contra-
ceptives. Patients off medication controlled their symptoms by
napping. With the exception of a patient who could only
withdraw modafinil the day before the polysomnographic
(PSG) recording, none of the participants had taken any
stimulants for atleast 1 week prior to the study. The 11 healthy
controls (five males/six females) were recruited through
advertisement in local newspapers. All subjects (including
the patients) had normal findings on medical examination, and
they did not suffer from any psychiatric disorders. Pregnant
women, shift workers and persons who had travelled across
multiple time zones within 3 months prior to the study were
excluded. Subjects exhibiting sleep disorders (except NC in
the patient group) or known metabolic disorders including
diabetes were excluded by standard blood tests. The study
protocol was approved by the Ethics Committee of the
Bavarian Medical Council Munich, and the Ethics Committee
of the General University Hospital in Prague. All patients and
control subjects gave written informed consent to take part in
the study.

Procedure and measurements

Patients with narcolepsy and healthy controls underwent the
same study protocol. First, the participants completed a
detailed check-up, including a physical examination, anthro-
pometric measurements, a survey of sleep history, and a
detailed medical and psychiatric interview including the Beck
Depression Inventory (BDI) (Beck et al, 1961), Hamilton
Depression Scale (HAMD) (Hamilton, 1960) and Hamilton
Anxiety Scale (HAMA) (Hamilton, 1959). In addition, sleep
quality was evaluated by means of the Pittsburgh Sleep
Quality Index (PSQI) (Buysse et al., 1989) and daytime
sleepiness using the Epworth Sleepiness Scale (ESS)
(Johns, 1991). To verify regular sleep—wake patterns, partic-
ipants in the control group were asked to wear a wrist activity

© 2014 European Sleep Research Society
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monitor (Cambridge Neurotechnology, Cambridge, UK; Acti-
watch Activity Analysis, Version 5.06) for 8 days prior to the
study. To rule out other sleep disorders in all patients,
standard nocturnal diagnostic PSG was conducted for
one night from 23:00 to 06:00 hours, including monitoring
of the electroencephalogram (C4-A1 and C3-A2), electrooc-
ulogram, submental electromyogram (EMG), the right and left
anterior tibialis surface EMG, electrocardiogram, thoracic and
abdominal movements, nasal airflow, finger oximetry and
video monitoring. After the first night in the sleep laboratory,
subjects underwent a 4-h OGTT. All OGTTs were started at
08:00 hours after an overnight fast. Fasting samples were
taken at baseline to assess glucose, insulin, TNF-o, STNFR
p55, sTNFR p75 and IL-6. After an oral standard load of 75 g
glucose, blood samples were taken at 30, 60, 120, 180 and
240 min. The prolonged OGTT protocol was adapted from an
earlier study of Beitinger and colleagues in patients with
narcolepsy to also ascertain potential postprandial hypo-
glycaemia (Beitinger et al., 2012). Glucose was immediately
measured using the glucose oxidase method.

According to the diagnostic criteria of the American
Diabetes Association (2003), we defined normal glucose
tolerance as 2-h plasma glucose (2 h-PG) concentrations
(2 h after an oral glucose challenge) <140 mg dL~'; impaired
glucose tolerance was defined as 2 h-PG values
>140 mg dL~' and diabetes as 2 h-PG =200 mg dL".
The total areas under the curve for glucose (AUCg) and
insulin (AUCI) were calculated using the linear trapezoidal
rule (Wolever and Jenkins, 1986). Insulin resistance was
assessed using the homeostasis model assessment (HOMA-
IR) originally described by Matthews et al. (1985). HOMA-IR
was calculated using the following equation: HOMA-IR
(mgdL™" x pU mL™") = fasting plasma glucose (FPG;
mg dL~") x fasting plasma insulin (FPI; pU mL~")/405. To
encompass both hepatic and peripheral insulin sensitivity, we
calculated a composite measure of whole body insulin
sensitivity (ISlcomposite) recommended by Matsuda and
DeFronzo (1999); ISlcomposite was calculated using the
following formula: ISlcomposite = 10 000/4/[(FPG x FPI) x
(mean OGTT glucose x mean OGTT insulin)].

The plasma for measuring IL-6, sSTNFR p55 and sTNFR
p75 concentrations was stabilized with sodium ethylenedia-
minetetraacetic acid (1mgmL™") and  aprotinin
(300 klU mL™"), and immediately centrifuged and stored at
—20 °C until analysis in the Max-Planck Institute of Psychi-
atry (MPI), Munich. IL-6 plasma concentration was analysed
using a high-sensitivity assay (R&D Systems, Minneapolis,
MN, USA) with intra- and inter-assay coefficients of variation
below 8%. TNF-o, sTNFR p55 and sTNFR p75 plasma
concentrations were measured using commercial enzyme-
linked immunosorbent assays (Biosource, Brussels, Bel-
gium). For all these assays, the intra- and inter-assay
coefficients of variation were below 7 and 9%, respectively.
The second day after the PSG night, subjects underwent
the DEX/CRH test. At 23:00 hours, subjects received
1.5 mg DEX (Zentiva, Prague, Czech Republic). On the
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following day, at 15:02 hours, 100 ng human CRH (hCRH;
Ferring, Kiel, Germany) reconstituted in 1 mL 0.02% HCI in
0.9% saline solution was infused within 30 s. After hCRH
infusion, four blood samples were taken at 15:30, 15:45,
16:00 and 16:15 hours. Between sampling, the tubing was
kept patent by saline infusion at a rate of 50 mL h~", and
samples were immediately centrifuged and stored at
—20 °C until analysis in the MPI. Cortisol plasma concen-
trations were analysed using a radioimmunoassay kit with a
coated tube technique (DRG Instruments GmbH, Marburg,
Germany), the intra- and inter-assay coefficients of variation
were 5 and 8%, respectively. For ACTH measurements, a
dual-antibody immunoradiometric assay without extraction
was used (Roche Diagnostics, Basel, Switzerland), the
intra- and inter-assay coefficients of variation were 3 and
6%, respectively. The baseline sample, which represents
the suppressive effects of DEX, was drawn at 15:00 hours.
It was used to identify non-suppressors, defined as subjects
showing cortisol levels =40 ng mL~'. Following hCRH
infusion, cortisol and ACTH responses were calculated as
the area under the time course curve (AUC) using the
trapezoidal rule (Wolever and Jenkins, 1986). They are
reported as AUCtotal (not baseline-corrected) and AUCnet
(baseline-corrected). The maximal hormone response after
CRH administration is reported as a peak value, and
when corrected for baseline it is reported as delta. Finally,
adrenocortical responsivity to ACTH is assessed by calcu-
lating two pituitary—adrenal ratios (PAR; AUCtotal ACTH/
AUCtotal cortisol values and AUCnet ACTH/AUCnet cortisol
values).

Statistical analyses

Statistical analysis was performed using Statistica (Version
10, StatSoft, Hamburg, Germany), staTisTicA (data analysis
software system). Normality was tested using the Shapiro—
Wilks W-test. Intergroup comparisons for non-normally dis-
tributed parameters (HOMA, ESS, PSQl, BDI, HAMA and
HAMD) were carried out by the Mann—Whitney U-test, and all
others either by non-paired Student’'s ftest or by Ancova,
using body mass index (BMI) as covariate.

RESULTS

Table 1 displays the characteristics of the patients and the
controls. Except for increased sleepiness, which was
restricted to patients with narcolepsy, there were no differ-
ences between the groups, neither in insomnia ratings nor in
psychopathology. Table 2 shows the PSG data of the NC
group.

Oral glucose tolerance test data (Table 3) indicated that
two patients with narcolepsy and one control subject had
impaired glucose tolerance. We did not find any significant
differences between the two groups after adjustment for BMI.

Dexamethasone/CRH data (Tables 4 and 5) showed no
statistical significant differences in the number of suppressors
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Table 1 Characteristics of patients with narcolepsy and control
subjects

Narcolepsy Control P-value

Females/males 6/5 6/5

Age (years) 35.1 + 13.2 41.0 £ 29 0.172
BMI (kg m~3) 28.1 + 6.6 255 + 4.7 0.190
ESS 17.3 + 4.3 6.6 + 2.8 0.000
Waist-hip ratio 0.8 + 0.9 0.86 + 0.1 0.645
PSQI 45 + 2.1 3.1 +21 0.138
BDI 3.6 +4.2 23+ 22 0.356
HAMA 0.7 +£ 2.1 1.8 2 15 0.432
HAMD 0.4 + 0.7 04 £ 0.7 0.852

BDI, Beck Depression Inventory; BMI, body mass index; ESS,
Epworth Sleepiness Scale; HAMA, Hamilton Anxiety Scale;
HAMD, Hamilton Depression Scale; PSQI, Pittsburgh Sleep
Quality Index.

Table 2 Sleep parameters of patients with narcolepsy (N = 11)

Narcolepsy

Total sleep time (min) 430.8 + 40.6
Sleep efficiency (%) 93.3 + 4.3
Wake after sleep onset (min) 31.5 +£ 21.3
Rapid eye movement (min) 87.2 £ 28.0
Stage 1 (min) 36.0 £ 124
Stage 2 (min) 229.1 + 30.5
Stages 3 + 4 (min) 78.4 £ 33.6
Sleep-onset latency (min) 41 + 2.4
Rapid eye movement latency (min) 46.4 £ 50.9
Apnea —hypopnoea index (h~") 14 +22
Periodic leg movement index (h~") 13.0 £ 15.0
Sleep efficiency: total sleep time/sleep period time.
Table 3 Results of the OGTT (mean + SD)

Narcolepsy Control P-value
Normal glucose 9 10
tolerance (n)
Impaired glucose 2 1
tolerance (n)
FPG (mg dL™") 90 + 16.5 96.0 £+ 8.0 0.320
FPI (uL mL™") 134 + 2.7 9.9 +£ 49 0.078
2 h-PG(mgdL™") 115.9 + 30.1 114.3 £+ 181 0.485
2 h-Pl (uL mL™") 56.2 + 34.5 446 + 417  0.478

AUCg (mg dL™")
AUCI (uL mL™")
HOMAT1-IR
ISIcomposite

25837 + 5140
10691 + 4757
3.1 +£141
50+19

25612 + 2833  0.900
8737 £ 6849 0.446
23+£12 0.147
6.8 + 2.6 0.069

Statistical comparison was performed using ANCOVA.

Normal glucose tolerance: 2 h-PG < 140 mg dL~'; impaired
glucose tolerance: 2 h-PG > 140 mg dL .

2 h-PG, 2-h plasma glucose; 2 h-Pl, 2-h plasma insulin; AUCg,
area under the curve for glucose; AUCI, area under the curve for
insulin; FPG, fasting plasma glucose; FPI, fasting plasma insulin;
HOMA1-IR, Homeostasis model assessment-1 of insulin resis-
tance; ISIlcomposite, insulin sensitivity index composite.
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Table 4 Cortisol values obtained by the DEX/CRH test

Narcolepsy Control P-value
Basal (ng mL™") 10.6 £ 8.0 222 + 15.8 0.039
Peak (ng mL~") 66.4 + 65.0 87.0 + 87.6 0.531
Delta (ng mL~") 55.8 + 60.7 64.8 + 76.0 0.759
AUCtotal (ng mL™") 3091 + 3203 4324 + 4722  0.476
AUCnet (ng mL™") 2299 + 2901 2658 + 3797  0.803
PARtotal (ng mL™") 0.5+ 0.3 0.3 £ 0.1 0.093
PARnet (ng mL~") —-0.1 + 34 -0.3+0.38 0.840

AUCnet, baseline-corrected area under curve; AUCtotal, area
under curve; basal, basal cortisol concentration after DEX; delta,
baseline corrected peak value; PARnet, baseline-corrected pitu-
itary—adrenal ratio; PARtotal, pituitary—adrenal ratio; peak, highest
cortisol value after CRH.

Table 5 ACTH values in DEX/CRH test

Narcolepsy Control P-value
Basal (pg mL™") 1.4 +1.3 32+ 36 0.131
Peak (pg mL™") 20.2 + 20.5 16.0 + 13.4  0.559
Delta (pg mL~") 18.9 + 19.6 13.9 + 106 0.474

AUCtotal (pg mL~")
AUCnet (pg mL~")

907.2 + 808.0 858.9 + 682.7 0.878
802.6 + 745.6 649.9 + 4851  0.575

AUCnet, baseline-corrected area under curve; AUCtotal, area
under curve; basal, basal ACTH concentration after DEX; delta,
baseline-corrected peak value; peak, highest ACTH value after
CRH.

(basal cortisol value <40 ng mL~") and non-suppressors
(basal cortisol levels =40 ng mL™").

The levels of cortisol, but not those of ACTH after HPA axis
suppression by dexamethasone were significantly lower in
narcoleptic patients compared to healthy controls. The
amounts of cortisol and ACTH released after the hCRH
challenge were similar in both groups. Furthermore we did
not find any significant differences between the two groups in
the values of peak-, delta-, AUCtotal and AUCnet levels in
cortisol and ACTH release.

Patients suffering from NC had significantly increased
levels of TNF-o, STNFR p55, sTNFR p75 and IL-6 after
adjustment for BMI (Table 6).

DISCUSSION

The present study is the first one to compare patients with NC
with healthy controls with respect to glucose metabolism, the
secretory dynamics of the HPA axis and circulating cytokine
levels. We choose this broad experimental approach
because glucose metabolism, the stress hormone system
and cytokine production are tightly connected, and because
increasing evidence reveals narcolepsy to be a complex
neuroendocrine disorder (Pollmacher et al., 2011).

© 2014 European Sleep Research Society
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Table 6 Immune parameters

Narcolepsy Control P-value
TNF-2 (pg mL~") 1.1+ 02 0.7 £ 0.4 0.019
sTNFR p55 (ng mL™") 1.7 £ 0.3 1.3 +£0.2 0.010
STNFR p75 (ng mL™") 3.0+ 07 2.0 £ 0.4 0.001
IL-6 (pg mL™") 1.9 £ 1.1 1.0 £ 0.9 0.009

IL-6, interleukin-6; sTNFR p55, soluble tumour necrosis factor
receptor p55; sSTNFR p75, soluble tumour necrosis factor receptor
p75; TNF-x, tumour necrosis factor alpha.

We did not find any significant differences between
patients with narcolepsy and controls according to standard
measurements of the OGTT. These results are in line with
OGTT data from Beitinger et al. (2012) and data on insulin
sensitivity from Engel et al. (2011), suggesting that narco-
lepsy is not directly associated with disturbances of glucose
metabolism. In these studies and in ours, patients with
narcolepsy and controls were matched for BMI. In contrast to
our study, Honda et al. (1986) reported a significantly
increased frequency of diabetes mellitus in patients with
narcolepsy. As there were no differences in obesity indices of
diabetic and non-diabetic patients, they concluded that
diabetes mellitus could not be attributed to obesity.

Compared with healthy controls, we found significantly
lower basal cortisol levels in patients with narcolepsy after
DEX suppression and before the CRH challenge, but there
was no difference between the two groups in the ACTH or
cortisol responses to CRH. This finding, in line with the study
of Kok et al. (2002), suggests a slight basal downregulation
and/or slightly increased negative feedback sensitivity of the
major endocrine stress system in narcolepsy. Whether this
subtle finding will be replicable and of clinical significance
must be shown by further studies.

The dynamic response of the HPA system, investigated
here for the first time in narcolepsy, was not different from
controls, indicating that the response of the major endocrine
stress system to stimulation is not altered in these patients.
Previous studies in various sleep disorders also indicated
normal responses of the HPA system to CRH stimulation in
restless legs syndrome, sleep apnea syndrome and primary
insomnia (Lattova et al., 2011). On the other hand, Hori et al.
(2011) found increased cortisol release during the DEX/CRH
test in subjects complaining about disturbed sleep assessed
with the PSQI. In these subjects — in contrast to the
present study and that by Lattova et al. (2011), depression
was not systematically excluded, suggesting that mood
(closely linked to disturbed sleep) might have been a major
confounder.

In the present study, we found higher levels of TNF-«,
STNFR p55, sTNFR p75 and IL-6 in patients with narcolepsy
compared with healthy controls. Regarding TNF-« and IL-6,
our data are consistent with previous findings by Okun et al.
(2004) and Vgontzas et al. (1997). However, two other
studies (Himmerich et al., 2006; Hinze-Selch et al., 1998)
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found no significant increases in TNF-z. Himmerich et al.
(2006) found increased sTNFR p75 levels in narcolepsy, but
STNFR p55 levels were not increased. The most likely
reasons for these inconsistencies between the studies are
the very subtle changes reported and the low numbers of
patients investigated. Hence, every single study has quite
low power to detect alterations in cytokine secretion. Taken
together, the available studies including the present one
indicate a subtle activation of the inflammatory cytokine
systems in narcolepsy. The underlying causes can not be
unravelled by clinical studies, but some tentative conclusions
can be drawn. TNF- «, TNFRs and IL-6 levels are increased
in obese subjects (Gustafson, 2010). This, however, may not
explain the present findings because we controlled for BMIL.
HPA system activation, in particular cortisol, may both
suppress and stimulate cytokine secretion (Straub et al.,
2011). Hence, the subtle baseline reduction in cortisol levels
we found might slightly disinhibit production of inflammatory
cytokines. Subtle changes in the set-point of cytokine
secretion, particularly of TNF-z, may also be related to
polymorphisms of the TNF promoter, which have been found
in narcolepsy (Wieczorek et al., 2003). It is quite unlikely, but
remains to be studied, that subtle increases in circulating
cytokine and cytokine receptor levels in narcolepsy reflect
the supposed underlying causative immunological process
(Fontana et al., 2010). To address this scientifically, patients
should be studied longitudinally from close to disease onset.

In conclusion, the present study confirms that NC is not
associated by an obesity-independent disturbance of glucose
metabolism. Alterations of the dynamic responsiveness of the
HPA system seem to be very subtle, as are the increases in
circulating inflammatory cytokines as markers of immune
activation. This suggests that the complete loss of functional
orexin might be well compensated in patients with NC in
terms of neuroendocrine and metabolic control, if obesity is
controlled for.

The findings reported here should be interpreted in the
context of a number of limitations, such as the small sample
size, and the slight albeit not significant difference in BMI
between groups, which was controlled for statistically. Fur-
ther, we did not collect data on the menstrual cycles of the
female participants, which may have affected HPA axis
function (Magiakou et al.,, 1997). Although we did not
measure cerebrospinal fluid hypocretin level in the present
patients, hypocretin deficiency is very likely because all
patients showed cataplexy and were HLA DQB1*0602-
positive, and this combination of features predicted hypocre-
tin deficiency in a very large study by 100% (Mignot et al.,
2002).

CONCLUSION

The present study confirms that narcolepsy by itself is not
associated with disturbances of glucose metabolism, but
goes along with a subtle dysregulation of inflammatory
cytokine production. We also found that dynamic HPA
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system response is not altered, whereas negative feedback
to DEX might be slightly enhanced.
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Abstract

Background: Recent epidemiological and experimental data suggest a negative influence of shortened or disturbed night
sleep on glucose tolerance. Due to the high prevalence of sleep disorders this might be a major health issue. However, no
comparative studies of carbohydrate metabolism have been conducted in clinical sleep disorders.

Methodology/Principal Findings: We performed oral glucose tolerance tests (OGTT) and assessed additional parameters of
carbohydrate metabolism in patients suffering from obstructive sleep apnea syndrome (OSAS, N=25), restless legs
syndrome (RLS, N=18) or primary insomnia (N=21), and in healthy controls (N =33). Compared to controls, increased rates
of impaired glucose tolerance were found in OSAS (OR: 4.9) and RLS (OR: 4.7) patients, but not in primary insomnia patients
(OR: 1.6). In addition, HbA1c values were significantly increased in the same two patient groups. Significant positive
correlations were found between 2-h plasma glucose values measured during the OGTT and the apnea-arousal-index in
OSAS (r=0.56; p<<0.05) and the periodic leg movement-arousal-index in RLS (r=0.56, p<<0.05), respectively. Sleep duration
and other quantitative aspects of sleep were similar between patient groups.

Conclusions/Significance: Our findings suggest that some, but not all sleep disorders considerably compromise glucose
metabolism. Repeated arousals during sleep might be a pivotal causative factor deserving further experimental
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Introduction

Obesity and diabetes are closely linked medical conditions,
which, to a great extent, account for long-term morbidity and
mortality worldwide [1,2]. According to recent epidemiological
evidence, both obesity and diabetes are related to chronic short
sleep duration [3]. In healthy people even short-term sleep
restriction or experimentally induced disturbed sleep have been
shown to impair glucose tolerance [4,5] indicating that sleep might
be pivotal for metabolic homeostasis. However, very little is known
about metabolic alterations in defined sleep disorders.

Tentative evidence suggests that the obstructive sleep apnea
syndrome (OSAS) might be a risk factor for diabetes regardless of
concomitant obesity [6]. However, in OSAS it cannot be
determined whether impaired glucose tolerance is due to repeated
nocturnal oxygen desaturation or due to disturbed sleep per se. In
narcolepsy, increased incidence of diabetes is a long-standing
finding [7], but here obesity as a confounding variable has not
been ruled out [8]. Obesity has also been reported to be associated
to the restless legs syndrome [9] and a relationship between RLS,
diabetes [10] and impaired glucose tolerance [11] has been
reported. In contrast, no studies are available on body weight or
diabetes in primary insomnia. Hence, it would be of particular
importance to gather more information on metabolic alterations in
different sleep disorders.
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To this end, we compared aspects of carbohydrate metabolism
between healthy controls and patients suffering from OSAS,
primary insomnia, or the restless legs syndrome (RLS). Insomnia
and RLS are both highly prevalent (>5% in the general
population [12,13]) yet clearly distinct conditions of chronically
disturbed sleep. Whereas primary insomnia is characterized by
prominent subjective difficulties in initiating and maintaining sleep
with only minor changes in objectively recorded sleep parameters
[14], RLS is characterized by an impairment of sleep onset due to
unpleasant feelings and an urge to move the limbs. In addition,
periodic limb movements in sleep (PLMS) are typical of RLS and
compromise sleep continuity to a similar extent as repeated apneic

events in OSAS [15].

Methods

Participants

The study protocol was approved by the ethics committee of the
Bavarian Medical Council, Munich, Germany. All subjects
provided written informed consent prior to entering the study.
Of 97 subjects investigated, 25 suffered from OSAS, 21 from
primary insomnia, 18 from RLS and 33 were healthy controls.
Subjects were recruited through advertisements in local newspa-
pers. All subjects had normal findings on medical examination;
they did not suffer from any psychiatric disorder and had a regular
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sleep-wake cycle. Subjects showing a shift of more than 2 hours
during 8 days of wrist actigrapy were excluded. Pregnant women,
shift workers, and persons who had travelled across multiple time
zones within 3 months prior to the study were excluded. Similarly,
subjects exhibiting other sleep disorders or known metabolic
disorders including diabetes were excluded. All subjects showed
normal results in numerous blood tests including a complete
haemogram, prothrombin clotting time, activated partial throm-
boplastin time, fibrinogen, aspartate aminotransferase (AST/
GOT) and alanine aminotransferase (ALT/GPT), LDH, lipase,
cholesterol, HDL-cholesterol, LDL-cholesterol, albumin, transfer-
rin, ferritin, iron, CRP, TSH, T3, T4, and cortisol levels,
potassium, sodium, calcium, chloride, magnesium, phosphate,
and urine drug monitoring. All subjects showed normal EEG
findings during waking.

RLS patients met the diagnostic criteria defined by the
International Restless Legs Syndrome Study Group [16] and did
not suffer from any severe somatic condition such as polyneurop-
athy or secondary RLS. The severity of RLS was assessed using
the International Restless Legs Syndrome Study Group Rating
Scale (IRLS) [17]. In patients suffering from primary insomnia as
well as in patients suffering from OSAS, diagnosis was based on
the International Classification of Sleep Disorders [18]. OSAS
patients with an apnea-hypopnea-index (AHI) above 15 (moderate
sleep apnea) were included. Controls did not suffer from any sleep
disturbances, and sleep related breathing disorder (AHI >5) was
excluded by an ambulatory sleep apnea screening (Weinmann
Somnocheck, Hamburg, Germany).

Procedure and Measurements

Subjects underwent a detailed check-up including a physical
examination, anthropometric measurements, a survey of sleep
history, waking EEG recordings, and a detailed medical and
psychiatric interview. In addition, sleep quality was evaluated by
means of the Pittsburgh Sleep Quality Index (PSQI) [19] and
daytime sleepiness using the Epworth Sleepiness Scale (ESS) [20].
To verify regular sleep-wake patterns participants were asked to
wear a wrist activity monitor (Cambridge Neurotechnology,
Cambridge, UK; Actiwatch Activity Analysis, Version 5.06) for
8 days prior to the study. In all patients standard nocturnal
polysomnography (PSG) was conducted for two nights. Poly-
somnographic (PSG) recordings were performed from 23:00 to
06:00 h including monitoring of the EEG (C4-Al and C3-A2),
electrooculogram, submental electromyogram (EMG), the right
and left anterior tibialis surface EMG, electrocardiogram (EKG),
thoracic and abdominal movements, nasal airflow, finger oxim-
etry, and video monitoring. Sleep stages were scored according to
Rechtschaffen and Kales [21]. Sleep stages 3 and 4 were summed
up to slow-wave sleep (SWS). Arousals [22], PLMS [23], and
apneas/hypopneas were scored and the number of both PLMS
and apneas/hypopneas per hour of total sleep time (PLMS-index
and AHI, respectively) calculated. Additionally, we calculated the
number of both PLMS and apneas/hypopneas associated with
arousals (PLMS-arousal-index and apnea-arousal-index, respec-
tively). Sleep stages and associated parameters were scored by two
experienced scorers in each individual.

After the first night in the sleep laboratory subjects underwent a
4-hour oral glucose tolerance test (OGTT). All OGTTs were
performed at 08:00 a.m. after an overnight fast. Fasting samples to
assess glucose, insulin, and HbAlc were taken at baseline. After an
oral standard load of 75 g glucose, blood samples were taken at 30,
60, 120, 180 and 240 min. Glucose was immediately measured
using the glucose oxidase method (Synchrone DXC 800 1+2,
Beckmann Coulter, USA) with an inter-assay coefficient of
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Table 1. Baseline Characteristics of Study Participants.

OSAS RLS INS CON P-value
Females/ 0/25 1V 11/7 12/9 17/16 <0.001
Males
Age (years) 52.3(10.8) 522 (13.0) 49.1 (9.7) 46.8 (7.7) >0.05
BMI (kglmz) 329 (54) 254 (3.7) 25.0 (4.8) 24.7 (3.5) <0.001
PsQl 6.7 (28) 1V 93 (45 1% 1313701 3.0(0 <0.001
ESS 112 (56) 1 OO 7.9 (4.3) 6.4 (4.0) 6.8 (2.8) <0.001

Data are mean (SD). Statistical comparison was done using Gabriel- or Games-
Howell-corrected oneway ANOVA.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; BMI, Body mass index; PSQI, Pittsburgh Sleep Quality
Index; ESS, Epworth Sleepiness Scale.

* p<0.05, 1 p<<0.01, } p<<0.001, vs controls.

* p<0.05, [ p<0.01, V p<<0.001, between groups.

OSAS: %2 (1)=18.21, p<0.001; RLS: ¥ (1) =0.433, p>0.05; INS: %> (1)=0.163,
p>0.05, vs controls.

doi:10.1371/journal.pone.0009444.t001

variation (CV) of 1.0-2.2% (DXCI1) and 1.4-2.2% (DXC2).
Insulin samples were measured by using an ELISA (BioSource,
Germany) with an inter-assay CV of 4.2%. HbAlc measurement
was based on the assessment of total Hb using the colorimetric
method, the Alc concentration was determined by means of the
turbidimetric immuno-inhibition method (Synchrone DXC 800 1,
Beckmann Coulter, USA) with a inter-assay CV of 2.9-3.2%.
Standardized to the NGSP reference range was set at 4.3-5.8%.

According to the diagnostic criteria of the American Diabetes
Association [24] we defined normal glucose tolerance (NGT) as 2-
hour plasma glucose (2h-PG) concentrations (2 h after an oral
glucose challenge) <140 mg/dl; impaired glucose tolerance was
defined as 2h-PG values =140 and diabetes as 2h-PG =200 mg/
dl. The total areas under the curve for glucose (AUCg) and insulin
(AUCi) were calculated using the linear trapezoidal rule [25]. The
combination of elevated HbAlc values (>5.5%) and impaired
fasting glucose values (FPG >100 mg/dl) was assessed as an
additional risk factor for the development of type 2 diabetes, since
several studies have shown that the combination of these
parameters is a stronger predictor for the risk of developing type
2 diabetes than increased fasting glucose alone [26-29]. Insulin
resistance was assessed using the homeostasis model assessment
(HOMA-IR) originally described by Mathew et al. [30] HOMA-

Table 2. Frequency of Patients with Normal Glucose
Tolerance or Impaired Glucose Tolerance.

Normal glucose Impaired glucose Odds
Total tolerance tolerance ratio
N N (%) N (%)
OSAS 25 15 (60) 10 (40) 4.9
RLS 18 11 (61) 7 (39) 4.7
INS 17 14 (82) 3(18) 1.6
CON 32 28 (88) 4(12)

Normal Glucose Tolerance: 2h-PG=140 mg/dl; Impaired Glucose Tolerance: 2h-
PG=140 mg/dl.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls.

x? (3)=7.95, p<0.05.

doi:10.1371/journal.pone.0009444.t002
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BMI-adjusted

OSAS RLS INS CON P-value
HbA1c (%) 5.6 (0.4) T 5.5(0.3) T 5.3 (0.3) 5.2 (0.3) <0.01
FPG (mg/dl) 110.9 (15.6) 100.4 (10.1) 98.8 (8.9) 96.0 (8.0) >0.05
FPI (ul/ml) 16.2 (10.5) 8.7 (3.2) 10.3 (5.4) 89 (3.3) >0.05
2h-PG (mg/dl) 139.0 (55.7) 121.1 (40.8) 120.2 (17.8) 109.5 (23.k5) >0.05
2h-PI (ul/ml) 825 (67.3) 60.0 (67.8) 50.6 (21.3) 36.8 (29.2) >0.05
AUCg (mg/dl) 31882 (7592) 28063 (5748) 28369 (3500) 25859 (4014) >0.05
AUCi (Wl/ml) 15024 (9396) 9873 (6921) 8437 (3588) 8307 (5258) >0.05
HOMA1-IR 4.7 (3.8) 2.2 (1.0) 25(1.3) 2.1 (0.9) >0.05
ISlcomposite 3.1 (1.6) 6.3 (5.4) 5.1 (1.5) 5.5 (1.9) >0.05

Data are mean (SD). Statistical comparison was done using ANCOVA.

ISlcomposite = Insulin sensitivity index composite.
* p<0.05, t p<0.01, } p<<0.001.
doi:10.1371/journal.pone.0009444.t003

IR was calculated using the following equation: HOMA-IR (mg/
dl x pU/ml)=FPG mg/dl x FPI pU/ml/405. To encompass
both hepatic and peripheral insulin sensitivity we calculated a
composite measure of whole body insulin sensitivity (ISIcomposite)
recommended by Matsuda et al. [31] (ISIcomposite was calculated
using the following formula: ISIcomposite =10 000/ ((FPG x
FPI) x (mean OGTT glucose x mean OGTT insulin)).

Statistical Analysis

Statistical analysis was performed using SPSS for Windows 16.0
(SPSS Inc., Chicago, Illinois). Using Gabriel- or Games-Howell-
corrected analysis of variance (ANOVA) tests we compared the
mean values of the basic characteristics age, BMI, PSQI and ESS
among the four groups. Because of their skewed distribution,
HbAlc, FPG, 2h-PG, fasting plasma insulin (FPI), the area under
the curve for glucose (AUCg) and the area under the curve for
insulin (AUCi) were z-transformed. On metabolic parameters
analysis of covariance (ANCOVA) was conducted with the BMI as
covariate.

A chi-square test was performed to compare the incidence of
IGT and/or combined elevated HbAlc and FPG values between
groups. After constructing 2x2 contingency tables odds ratios
(OR) were calculated. First-order partial correlation and bivariate

Table 4. Frequency of Patients with Normal or Elevated
HbA1c (=5.5%) & FPG (=100mg/dl).

Normal Elevated
Total HbA1c&FPG HbA1c&FPG Odds ratio
N N (%) N (%)
OSAS 25 11 (44) 14(56) 20.0
RLS 17 11 (65) 6 (35) 85
INS 19 18 (95) 1(5 0.8
CON 33 31 (94) 2 (6)

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; FPG = Fasting plasma glucose.

x? (3)=25-31, p<0-001.

doi:10.1371/journal.pone.0009444.t004
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OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS, Insomnia; CON, controls; FPG = Fasting plasma glucose; FPI =Fasting plasma insulin; 2h-
PG = 2h-Postload glucose; 2h-Pl=2h-Postload insulin; AUCg = Area under the curve for glucose; HOMA1-IR = Homeostasis model assessment-1 of insulin resistance;

correlation, respectively, were done to determine the association
between continuous variables. P<<0.05 was considered as statisti-
cally significant.

Table 5. Sleep Parameters.

OSAS RLS INS P-value
TIB (min) 437.5 (33.1) 449.2 (32.8) 435.7 (25.8) >0.05
TST (min) 339.0 (58.7) 345.9 (69.5) 337.3 (55.6) >0.05
SEI (%) 77.5 (11.8) 77.1 (146) 772 (10.8) >0.05
WASO (min) 75.7 (42.8) 75.3 50.1) 61.0 (35.6) >0.05
REM (min) 414 (18.5) 1 73.0 (24.1) 70.8 (27.2) <0.001
S1 (min) 92.2 (40.2) 41.8 (20.0) 313 (14.5) <0.001
S2 (min) 198.0 (47.9) 204.2 (47.9) 2149 (39.5) >0.05
SWS (min) 74 (9.5) t 26.9(29.1) 204 (17.5) <0.01
SO (min) 21.2 (20.9) 223 (33.2) 224 (196) >0.05
SLREM (min) 137.7 (68.4) * 975 (72.8) 86.4 (46.9) <0.05
SLSWS (min) 122.8 (104.9) * 67.9 (92.6) 373 (26.0) <0.05
AHI 557 (27.1) % 33(3.7) 1.6 (1.6) <0.001
oDl 436 (29.7) & 1.9 (3.0) 1.4 (1.6) <0.001
PLMS-Index 19.2 (20.4) 325 (33.1) 52(72) f+ <0.01
PLMS-arousal-index 12.8 (14.0) 14.8 (15.3) 28 (47) + <0.01
Apnea-arousal-index 33.8 (25.6) | 0.8 (1.8) 0.3 (0.5) <0.001

Data are mean (SD). Mean comparison was done using Gabriel- or Games-
Howell-corrected oneway ANOVA.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; TIB, Time in bed; TST, Total sleep time; SEI, Sleep
efficiency; WASO, Wake time after sleep onset; REM, Rapid eye movement sleep;
S1, Stage 1 sleep; S2, Stage 2 sleep, SWS, Slow wave sleep; SO, Sleep onset
latency; SLREM, REM sleep latency; SLSWS, SWS sleep latency; AHI, Apnea-
hypopnea-index; ODI, Oxygen-desaturation-index; PLMS-Index, Periodic leg
movements per hour of sleep; PLMS-arousal-index, PLMS associated with
arousals per hour of sleep; Apnea-arousal-index, Apneas and/or hypopneas
associated with arousals per hour.

* p<0-05, T p<0-01, I p<0-001.

doi:10.1371/journal.pone.0009444.t005
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Results

Table 1 shows the baseline characteristics for all subjects.
Groups did not differ with respect to age. As expected, OSAS
patients had a strongly increased BMI, whereas the BMI of RLS
and insomnia patients did not differ from controls. RLS patients
suffered from a severe restless legs syndrome (IRLS, 22.9%5.4).
OSAS patients were all males, yielding a statistically significant
gender difference between groups. RLS and primary insomnia
patients, however, did not show gender distributions different from
controls.

OGTT data indicated that no control and no primary insomnia
patient, but four OSAS patients and one RLS patient suffered
from diabetes. As shown in Table 2, 12% of the controls showed
2h-PG values indicating an impaired glucose tolerance. This rate
was significantly increased in OSAS (40%, OR 4.9) and RLS
(39%, OR 4.7) patients, but not in primary insomnia (18%, OR
1.6) patients. The rate of impaired glucose tolerance within groups
was not gender dependent (data not shown). As shown in Table 3,
mean HbAlc values were in the normal range (below 5.8%), but
differed significantly between groups after adjustment for the BMI.
A Sidak-corrected post-hoc test based on estimated marginal
means revealed that OSAS as well as RLS patients had
significantly higher HbAlc values than healthy controls. In both
OSAS and RLS patients the rate of patients displaying elevated
HbAlc and FPG was significantly increased. Accordingly, 56% of
the OSAS (OR 20.0) and 35% of the RLS (OR 8.5) patients
belonged to the high risk group for developing type 2 diabetes. In
contrast, only 5% of the insomniacs (OR 0.82) and 6% of the
controls showed elevated HbAlc plus FPG levels (see Table 4).

Daytime sleepiness (ESS) was highest in OSAS patients and did
not differ in the other patient groups from controls. In contrast,
night sleep was subjectively impaired in all three patient groups
compared to controls as assessed by the PSQI, and insomniacs
rated their sleep significantly worse than did OSAS and RLS
patients (Table 1). Patient groups did not differ significantly in the
total amount and efficiency of polysomnographically defined sleep.
Similarly, the amount of wakefulness during the night was
comparable between groups. OSAS patients showed less SWS

300+

2h-PG mgld|

150

100+

T T T T T
0 20 40 60 80 100
Apnea-arousal-index (AHI)

Figure 1. Association between 2 hour-plasma glucose and the
apnea-arousal-index in obstructive sleep apnea patients. Partial
correlation coefficient (corrected for the BMI); r=0.56, p<<0.05.
doi:10.1371/journal.pone.0009444.9001
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Figure 2. Association between 2 hour-plasma glucose and the
oxygen-desaturation-index in obstructive sleep apnea pa-
tients. Partial correlation coefficient (corrected for the BMI); r=0.59,
p<<0.05.

doi:10.1371/journal.pone.0009444.9002

and REM sleep, but more stage 1 sleep than both other patients
groups. Due to the selection criteria of the present study, only
OSAS patients showed pathological apnea-hypopnea and oxygen
desaturation indices. Mean PLMS arousal indices were in the
pathological range in OSAS and RLS patients, but not in
insomnia patients (Table 5).

Tasali et al. [5] have shown that SWS suppression induced by
acoustic stimulation triggering repetitive microarousals leads to a
decrease in insulin sensitivity. Because OSAS and RLS are
characterized by repeated arousals due to apneas and PLMS, we
assessed whether they were related to those metabolic parameters
differing between patient groups. 2h-PG values correlated positively

3007

250

(5]
&
a8

1

2h-PG mgidl

1509

100+

50 T T T T T T T
0 10 20 30 40 50 60

PLMS-arousal-index

Figure 3. Association between the 2 hour-plasma glucose and
the PLMS-arousal-index in restless legs patients. Pearson’s
correlation coefficient; r=0.56, p<<0.05.
doi:10.1371/journal.pone.0009444.g003
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with the apnea-arousal-index (r=0.56, $<<0.05) and the ODI
(r=0.59, p<0.05) in OSAS, and with the PLMS-arousal-index
(r=0.56, p<<0.05) in RLS (Figures 1-3). HbAlc correlated
positively with the apnea-arousal-index (r = 0.50, p<<0.05) in OSAS,
which was neither the case for the ODI (r=0.46, p>0.05), nor for
the PLMS-arousal-index (r =0.21, p>0.05) in RLS.

Discussion

The present study for the first time compared glucose
metabolism in various sleep disorders. The major finding is an
increased rate of impaired glucose tolerance in patients with
OSAS and RLS, but not in patients with primary insomnia, as
compared to normal controls.

Both RLS and OSAS patients were almost five times more likely
to suffer from impaired glucose tolerance than healthy controls. In
addition, mean HbAlc values were increased in both diagnostic
groups compared to controls, and the rate of values above the
reference level in both HbAlc and fasting plasma glucose levels
indicated an increased diabetes risk in patients with OSAS (20-
fold) and RLS (9-fold), respectively. The control group was not
matched to the OSAS group with respect to gender. Indeed OSAS
patients were exclusively males. Hence, the present results should,
as far as OSAS is concerned, be replicated in a gender-mixed
patient group compared to gender-matched controls.

Impaired glucose tolerance and increased rates of diabetes have
been frequently shown in patients with OSAS [32] and might be
related, to a great extent, to obesity, which was also documented in the
present study by an increased BMI in this patient group. However,
some studies suggest that OSAS is related to type 2 diabetes
independently of obesity [33]. The idea has been put forward that
nocturnal breathing disorders comprise glucose metabolism either due
to repeated oxygen desaturation or due to disturbed sleep per se.

The present study suggests that indeed disturbed sleep itself
detoriates glucose metabolism, as non-obese RLS patients devoid
of any nocturnal breathing problem showed impaired glucose
tolerance to the same extent as OSAS patients. The positive
correlation between quantitative measures of sleep interruptions
(apnea-arousal-index in OSAS and PLMS-arousal-index in RLS)
and 2h-plasma glucose levels in the OGTT indicate repeated
arousals as a possible common mechanism of impaired glucose
tolerance in both sleep disorders. This idea is in line with the
report of Tasali [5], who induced impaired glucose tolerance in
healthy volunteers by disturbing sleep by means of acoustical
stimulation for three consecutive nights. This procedure did not
alter the total amount of sleep, suggesting a specific effect of
repeated arousals. Our results support this idea, because patients
with primary insomnia and normal glucose tolerance had similar
total sleep times compared to OSAS and RLS patients, but lacked
the repeated arousals induced by apneas or PLMS.
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Repeated arousals could affect glucose metabolism by altering
sleep structure, in particular by preventing SWS. This 1s suggested
by a correlation between SWS and insulin sensitivity in the study
of Tasali [5]. Repeated arousals, however, could also have a direct
effect on glucose metabolism by the resulting activation of the
sympathetic nervous system. Increases in heart rate and blood
pressure are typical of both obstructive apneas and periodic leg
movements, and sympathetic nervous system activation has been
shown in both OSAS and RLS patients [34,35].

Because we restricted polysomnographic recordings to the
patient groups, the present study does not help to directly answer
the question whether sleep duration or other quantitative aspects
of night sleep, independently of arousing stimuli during sleep,
affect glucose metabolism. Indirectly, similar sleep durations of
5.5 hours in all our patient groups, including primary insomnia
patients who showed no impairment in glucose tolerance, suggests
that only more prominent sleep reduction might have a direct
negative effect on carbohydrate metabolism. One example would
be sleep curtailment to four hours of sleep for some days [4], which
impaired glucose metabolism even in healthy people.

RLS is frequently found in patients with diabetes, which so far
has mainly been explained by the fact that diabetes-induced
polyneuropathy predisposes to RLS [10]. In line with this
argument, Bosco et al. [11] found an increased incidence of small
fiber neuropathy (SFN) in RLS patients with impaired glucose
tolerance. Because we did not perform skin biopsies, we can not
judge the role of SNF in our sample. But, the present study for the
first time suggests that not only diabetes might predispose to RLS
through SNF or other mechanisms, but that in turn, RLS might be
a causative factor in the development of diabetes by compromising
sleep continuity due to repeated arousals. Moreover, the present
results further strengthen the idea that disturbed sleep in general
and chronic sleep disorders in particular might significantly
contribute to the steady increase in diabetes prevalence worldwide.
This calls for further extended investigations, because sleep
disorders are highly prevalent and might represent an important
preventive target to avoid metabolic disorders.
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Hypothalamic-pituitary-adrenal (HPA)-system activity is regulated by the suprachiasmatic nucleus, the
primary endogenous circadian pacemaker. In addition, sleep plays an important modulatory role.
However, data on HPA-system activity in sleep disorders are quite conflicting. A sensitive challenge test
to assess negative feedback sensitivity of the HPA-system like the dexamethasone/corticotropin-
releasing-hormone (DEX/CRH)-test has never been used so far in sleep disorders. Therefore we studied
25 obstructive sleep apnea (OSA) patients, 18 restless legs syndrome (RLS) patients, 21 patients with
primary insomnia and compared them to 33 healthy controls. The dynamic response of the HPA-system
was assessed by the DEX/CRH-test which combines suppression (dexamethasone) and stimulation (CRH)
of the stress hormone system. After HPA-axis suppression the number of non-suppressors did not differ
among groups indicating normal negative feedback sensitivity. In RLS patients ACTH levels were slightly
lower compared to controls while cortisol levels were similar between groups. Following CRH stimu-
lation we did not detect differences in ACTH- or cortisol levels and adrenocortical responsitivity to ACTH
was comparable between groups. These results for the first time document normal HPA-system feedback
sensitivity in various sleep disorders and suggest that abnormalities of the stress hormone system in

affective disorders are unlikely due to concomitant sleep problems.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Neuroendocrine systems, in particular the hypothalamo-pitui-
tary-aderenal (HPA)-system, play a pivotal role during the response
of the organism to external and internal challenges, generally
referred to as stress (Kudielka and Wiist, 2010). The HPA-system
represents a feedback loop regulating the release of cortisol. It is
internally controlled mainly by circadian signals derived from
connections between the hypothalamic nucleus paraventricularis
(PVN) and the nucleus suprachiasmaticus (SCN). The PVN secretes
corticotropin-releasing hormone (CRH), which acts on CRH recep-
tors in the anterior pituitary to cause the release of the adreno-
corticotropic hormone (ACTH) into the bloodstream (Hauger and
Datzenberg, 2000). ACTH then induces the release of cortisol
from the adrenal cortex. In turn cortisol feeds back onto the PVN
and the pituitary to control CRH or ACTH synthesis and release.

* Corresponding author. Klinikum Ingolstadt, Centre of Mental Health,
Krumenauerstrasse 25, D-85049 Ingolstadt, Germany. Tel.: +49 841 880 2201;
fax: +49 841 880 2209.

E-mail address: thomas.pollmaecher@klinikum-ingolstadt.de (T. Pollmédcher).
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0022-3956/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jpsychires.2011.03.013

Whether feedback onto the PVN and pituitary is inhibitory or
excitatory depends on the type of receptor activated (high affinity
mineralcorticoid receptors, MR’s, type I; low affinity glucocorticoid
receptors, GR’s, type II) and on its location within the brain (Buckley
and Schatzberg, 2005).

There is long-standing evidence of reciprocal interactions
between the HPA-system and sleep regulation (Steiger, 2007). Exog-
enous CRH has been shown to increase EEG frequency, light sleep and
wakefulness (Ehlers et al., 1986; Chang and Opp, 2001) to enhance
REM sleep (Kimura et al., 2010) and to decrease the amount of slow-
wave sleep (SWS; Holsboer et al., 1988). Studies focusing on the direct
effects of glucocorticoids have shown dose dependent actions.
Low doses of glucocorticoids decrease wakefulness and increase
SWS amount by MR mediated PVN inhibition, particularly via the
hippocampus (Born et al., 1989; Friess et al., 1994, 2004). Furthermore,
low doses of the synthetic glucocorticoid dexamethasone, which
selectively bind to GR’s at the level of the pituitary, produce direct
negative feedback on subsequent ACTH and reduce both SWS and
REM sleep (Born et al., 1991). In contrast higher cortisol doses increase
wakefulness and decrease SWS (Vazquez-Palacios et al., 2001) which
may reflect GR activation in the amygdala and may exert a positive
feedback effect on PVN CRH (Reul and Holsboer, 2002).

doi:10.1016/j.jpsychires.2011.03.013
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In turn, sleep and experimental sleep deprivation have modu-
latory effects on the HPA-system. Several studies reported an
inhibitory effect of sleep on cortisol secretion and slightly higher
plasma cortisol levels during total sleep deprivation (Weitzman
et al., 1974, 1983; Weibel et al., 1995, von Treuer et al., 1996).
Leproult et al. (1997) documented enhanced HPA-system activity
coupled with a delayed onset of the quiescent secretory phase of
cortisol in the evening following a sleep deprivation night. Hence,
sleep loss seems to alter negative glucocorticoid feedback regula-
tion. Furthermore, nocturnal awakening is associated with a pulsa-
tile release of cortisol. These arousals are followed by temporary
inhibition of cortisol secretion indicating that wakefulness may help
to increase the negative feedback sensitivity of the HPA-system.
However, sustained sleep disruption does not enhance cortisol
secretion (Spdth-Schwalbe et al., 1991). Nevertheless, there are
some studies which have reported either no change (Moldofsky
et al., 1989; Scheen et al., 1996; Brun et al., 1998) or a decrease in
the secretion of cortisol (Vgontzas et al., 1999) after experimentally
induced sleep disruption.

Results obtained from studies in sleep disorders are quite incon-
sistent. In patients with an obstructive sleep apnea syndrome (OSAS)
some studies reported enhanced cortisol secretion (Bratel et al., 1999;
Vgontzas et al., 2007; Schmoller et al., 2009) while other studies did
not find alterations in HPA-system activity (Grunstein et al., 1989;
Meston et al., 2003; Entzian et al., 1996; Dadoun et al., 2007). Note-
worthy, several of these studies were limited in that cortisol was
measured at a single time point. Primary insomnia is thought to be
a disorder of hyperarousals which is present throughout the 24-h
sleep/wake cycle. Insomnia patients with objectively fragmented
night time sleep show elevated 24-h plasma ACTH and cortisol levels
(Rodenbeck and Hajak, 2001) with greatest elevations in the evening
and the first half of the night (Vgontzas et al, 2001). However,
insomnia patients showing only minor alterations of sleep exhibited
normal cortisol secretion levels (Riemann et al., 2002). Finally, four
studies assessed HPA-axis activity in patients with a restless legs
syndrome (RLS). Wetter et al. (2002) as well as Garcia-Borreguero
et al. reported normal cortisol profiles and no differences in feedback
inhibition has been reported by Hornyak et al. (2008). However, the
most recent study focusing on HPA-system activity in RLS patients
reported enhanced nocturnal cortisol secretion levels (Schilling et al.,
2010).

One specific approach to dynamically test HPA-system activity is
the dexamethasone suppression/corticotropin-releasing-hormon
stimulation test (DEX/CRH-test), described in detail by Heuser et al.
(1994). The DEX/CRH-test has been developed to study neuroen-
docrine abnormalities in psychiatric disorders. This test has been
shown to be sensitive in documenting HPA-system overactivity in
affective disorders (Heuser et al., 1994) and diminished activity in
post traumatic stress disorder (Yehuda, 2009). So far, the DEX/CRH-
test has not been performed in sleep disorders. Due to its high
sensitivity we used this test to assess HPA-system functioning in
the framework of a larger metabolic study in sleep disorders
(Keckeis et al, 2010) including patients suffering from the
obstructive sleep apnea syndrome, restless legs syndrome and
primary insomnia and healthy controls.

2. Materials and methods
2.1. Participants

The study protocol was approved by the ethics committee of the
Bavarian Medical Council, Munich, Germany. All subjects provided
written informed consent prior to entering the study. Of 97 subjects
investigated, 25 suffered from OSAS, 21 from primary insomnia, 18
from RLS and 33 were healthy controls. Subjects were recruited

through advertisements in local newspapers. All subjects had
normal findings on medical examination; they did not suffer from
any psychiatric disorder and had a regular sleep-wake cycle.
Pregnant women, shift workers, and persons who had travelled
across multiple time zones within 3 months prior to the study were
excluded. Similarly, subjects exhibiting other sleep disorders were
excluded. All subjects showed normal results in numerous blood
tests (see Keckeis et al., 2010). All subjects showed normal EEG
findings during waking.

RLS patients met the diagnostic criteria defined by the Interna-
tional Restless Legs Syndrome Study Group (Allen et al., 2003) and did
not suffer from any severe somatic condition such as polyneuropathy
or secondary RLS. The severity of RLS was assessed using the Inter-
national Restless Legs Syndrome Study Group Rating Scale (IRLS;
Walters et al., 2003). In patients suffering from primary insomnia as
well as in patients suffering from OSAS, diagnosis was based on the
International Classification of Sleep Disorders (American Academy of
Sleep Medicine, 2005). OSAS patients with an apnea-hypopnea-index
(AHI) above 15 (moderate sleep apnea) were included. Controls did
not suffer from any sleep disturbances, and sleep related breathing
disorder was excluded (AHI > 5) by an ambulatory sleep apnea
screening (Weinmann Somnocheck, Hamburg, Germany).

2.2. Procedure and measurements

Subjects underwent a detailed check-up including a physical
examination, anthropometric measurements, a survey of sleep
history and a detailed medical and psychiatric interview including
the Becks Depression Inventory (BDI; Beck et al., 1961), Hamilton
Depression Scale (HAMD; Hamilton, 1960) and Hamilton Anxiety
Scale (HAMA; Hamilton, 1959). In addition, sleep quality was
evaluated by means of the Pittsburgh Sleep Quality Index (PSQI;
Buysse et al.,, 1989) and daytime sleepiness using the Epworth
Sleepiness Scale (ESS; Johns, 1991). To verify regular sleep-wake
patterns, participants were asked to wear a wrist activity monitor
(Cambridge Neurotechnology, Cambridge, UK; Actiwatch Activity
Analysis, Version 5.06) for 8 days prior to the study. In all patients
standard nocturnal polysomnography (PSG) was conducted for two
nights. Polysomnographic recordings were performed from 23:00
to 06:00 h. Sleep stages were scored according to Rechtschaffen
and Kales (1968). Sleep stages 3 and 4 were summed up to slow-
wave sleep (SWS). Arousals (American Sleep Disorder Association,
1992) PLMS (American Sleep Disorders Association, 1993), and
apneas/hypopneas were scored and the number of both PLMS
and apneas/hypopneas per hour of total sleep time (PLMS-index
and AHI, respectively) calculated. Additionally, we calculated the
number of both PLMS and apneas/hypopneas associated with
arousals (PLMS-arousal-index and apnea-arousal-index, respec-
tively). Sleep stages and associated parameters were scored by two
experienced scorers in each individual.

Ten days before the PSG nights took place subjects underwent
the dexamethasone suppression/corticotropin-releasing-hormone
stimulation test (DEX/CRH-test). The DEX/CRH-test is a dynamic test
which combines suppression and stimulation of the HPA-system. At
23:00 subjects received 1.5 mg dexamethasone (Fortecortin, Merck
Pharma GmbH, Darmstadt, Germany). On the following day, at
15:02,100 pg human CRH (Ferring Inc., Kiel, Germany) reconstituted
in 1 ml 0.02% HCl in 0.9% saline solution was infused within 30s.
After hCRH infusion four blood samples were taken at 15:30; 15:45;
16:00 and at 16:15. Cortisol plasma concentrations were analysed
using a radioimmunoassay kit with a coated tube technique. For
ACTH measurements a dual antibody immunoradiometric assay
without extraction was used. The baseline sample, which represents
the suppressive effects of dexamethasone, was drawn at 15:00. It
was used to identify non-suppressors, defined as subjects showing
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cortisol levels >40 ng/ml. Following hCRH infusion, cortisol and
ACTH responses were calculated as the area under the time course
curve (AUC) using trapezoidal rule (Wolever and Jenkins, 1986).
They are reported as AUCiqta (not baseline-corrected) and AUCe¢
(baseline-corrected). The maximal hormone response after CRH
administration is reported as peak value and corrected for baseline it
is reported as DELTA. Finally, adrenocortical responsivity to ACTH is
assessed by calculating two pituitary-adrenal ratios (PAR; AUCtal
ACTH/AUC¢qta1 cortisol values and AUCper ACTH/AUCpet cortisol
values).

3. Statistics

Statistical analysis was performed using SPSS for Windows 16.0
(SPSS Inc., Chicago, Illinois). Mean comparisons of the basic char-
acteristics such as age, BMI, PSQI, ESS, BDI, HAMD and HAMA as
well as of the calculated parameters obtained by the DEX/CRH test
were done by using Gabriel- or Games-Howell-corrected analysis of
variance (ANOVA) tests. Because of their skewed distribution
HAMD and HAMA were z-transformed. Chi-square tests were per-
formed to compare the number of non-suppressors between
groups. Bivariate correlations were done to determine association
between selected continuous variables. P < 0.05 is considered as
statistically significant.

4. Results

Table 1 shows the baseline characteristics for all subjects. Groups
did not differ with respect to age. The OSAS group exclusively
comprised males; however, the other groups did not differ in means
of gender distribution. OSAS patients had a strongly increased BMI,
whereas in RLS, insomniacs and controls the BMI was comparable.
Sleep disorder groups, in particular insomniacs, showed higher
scores in the self-rated questionnaire BDI as well as the observer-
rated questionnaires HAMD and HAMA than controls. RLS patients,
on average, suffered from a severe restless legs syndrome (IRLS,
229 + 5.4).

DEX/CRH data did not indicate differences in the number of
non-suppressors between patient groups and controls. 4% of OSAS-,
12% of RLS - and 14% of insomnia patients showed elevated basal
cortisol levels. In controls 9% were found to be non-suppressors
(Table 2). In RLS patients, the levels of ACTH after HPA-axis
suppression by dexamethasone was significantly lower compared
to healthy controls. Basal cortisol levels were comparable between

Table 1
Baseline characteristics of study participants.
OSAS RLS INS CON P-value

Females/Males 0/25 1, V 11/7 12/9 17/16 < 0.001
Age (years) 52.3(10.8) 52.2(13.0) 49.1(9.7) 46.8 (7.7) > 0.05
BMI (kg/m?)  32.9(54)1 25.4(3.7) 25.0 (4.8) 24.7 (3.5) < 0.001
PSQI 6.7(28)1,V 93(45)f " 13.1(3.7)t 3.0(20) <0.001
ESS 11.2(56)f 7.9(43) 6.4 (4.0) 6.8(2.8) < 0.001
BDI 5.4 (3.9) { 7.8 (6.0) 1 8.7(5.6) t 23(2.5) < 0.001
HAMD 22(27)%V 44(4.0)1 73(2.8)1 0.6 (1.2) < 0.001
HAMA 36(33)%V 63(59)* 1024 (5.2)§ 1.5(1.8) < 0.001

Data are mean (SD). Statistical comparison was done using Gabriel- or Games-
Howell-corrected oneway ANOVA.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; BMI, Body mass index; PSQI, Pittsburgh Sleep Quality
Index; ESS, Epworth Sleepiness Scale; BDI, Becks depression inventory; HAMD,
Hamilton depression scale; HAMA, Hamilton anxiety scale.

*p < 0.05, {p < 0.01, ip < 0.001, vs controls.

T p<0.05 p<0.01,Vp < 0.001, between groups.

OSAS: %2 (1) = 18.21, p < 0.001; RLS: %2 (1) = 0.433, p > 0.05; INS: %2 (1) = 0.163,
p > 0.05, vs controls.

Table 2
Frequency of dexamethasone suppressors and non-suppressors.

Total Suppressors Non-suppressors
N N (%) N (%)

OSAS 25 24 (96) 1(4)

RLS 18 16 (88) 2(12)

INS 21 18(86) 3(14)

CON 33 30(91) 3(9)

Suppressors: Basal cortisol values < 40 ng/ml; Non-suppressors: Basal cortsol
levels > 40 ng/ml.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS, Insomnia;
CON, controls.

72 (3)=7.95,p > 0.05.

groups. The amount of cortisol and ACTH released after hCRH
infusion did not differ between groups. Thus, groups show similar
values of peak-, DELTA-, AUCota; and AUCpe; levels in cortisol- and
ACTH release (Table 3 and Table 4). Furthermore no group differ-
ences in adrenocortical responsiveness to ACTH (PAR¢otal; PARpet)
were found (Table 3).

Table 1 shows that all patient groups described their sleep of
poor quality (PSQI) and insomniacs rated their night time sleep
worse than did OSAS or RLS patients. However, only OSAS patients
complained about increased daytime sleepiness (ESS). Patient
groups did not differ in respect to sleep efficiency and poly-
somnographic measured total amount of sleep or awakenings
during sleep. OSAS patients spent less time in SWS and REM sleep
but more in stage 1 sleep compared to RLS and insomnia patients.
Due to the selection criteria of the present study OSAS patients
showed an AHI of 55.7 (27.1) and an oxygen desaturation index of
43.6 (29.7). PLMS-arousal index was in a pathological range for RLS
and OSAS patients (Table 5).

5. Discussion

This study is the first one to compare the dynamic regulation of
the HPA-system in various sleep disorders. Compared to healthy
controls, neither patients with obstructive sleep apnea, nor
patients with restless legs syndrome or primary insomnia showed
abnormalities in the ACTH or cortisol responses to CRH after HPA-
system suppression by dexamethasone. Also prior to the CRH
challenge, there was no difference between groups, apart from
ACTH levels which were slightly lower in RLS compared to the other
samples.

These results suggest that in patients with common sleep
disorders, who are carefully selected not to suffer from an affective
or other psychiatric disorder, HPA-system function is essentially
normal as judged by a standard DEX/CRH test. Hence, the well
established abnormalities of the HPA-system seen in patients with
major depression (Von Bardeleben and Holsboer, 1991; Modell
et al,, 1997) are unlikely to be due to the frequently co-occurring
sleep disorders per se. This finding is in line with the results
reported by Steiger et al. (1989) showing a normalization of the
cortisol levels in depressed patients after remission while sleep
remained disturbed. However, this is not in contradiction to those
studies reporting certain relationships between HPA-system func-
tion and sleep EEG markers in depression (Hatzinger et al., 2004)
because this relation was particularly due to quite specific abnor-
malities of REM sleep and/or SWS (Lauer et al., 1991; Giles et al.,
1993; Gillin and Borbely, 1985; Reynolds and Kupfer, 1987).

The present findings in RLS patients are quite in line with the
literature. Neither Wetter et al. (2002) Garcia-Borreguero et al.
(2004), nor Hornyak et al. (2008) found abnormalities in HPA-
system regulation in these patients. The isolated slight decrease in
ACTH levels after dexamethasone suppression in the present study
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Table 3
Cortisol values in ng/ml obtained by the DEX/CRH test.
OSAS RLS INS CON P-value
Basal 17.5(9.0) 19.1(11.6) 20.6 (12.8) 21.7 (16.1) > 0.05
Peak 50.0 (46.7) 51.0 (42.3) 64.2 (56.1) 70.5 (66.8) > 0.05
Delta 324 (44.8) 31.8 (38.6) 43.6 (52.1) 48.6 (58.4) > 0.05
AUCtotal 2651.8 (2385.3) 2554.2 (2107.2) 3085.8 (2606.6) 3422.1 (3440.8) > 0.05
AUCnet 1339.6 (2243.9) 1121.3 (1731.6) 1543.6 (2196.2) 1775.8 (2734.8) > 0.05
PARtotal 0.325(0.2) 0.227 (0.1) 0.320 (0.2) 0.315 (0.2) > 0.05
PARnet 0.094 (1.0) -0.367 (2.2) -0.044 (0.9) 1.512 (5.1) > 0.05

Data are mean (SD). Statistical comparison was done using Gabriel- or Games-Howell-corrected oneway ANOVA.
OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS, Insomnia; CON, controls; Basal, basal cortisol concentration after DEX; Peak, highest cortisol value
after CRH; Delta, baseline corrected peak value; AUCtotal, Area under curve; AUCnet, baseline corrected area under curve; PARtotal, pituitary-adrenal ratio; PARnet, baseline

corrected pituitary-adrenal ratio.

is probably either a finding by chance likely due to the small
standard deviation observed (SD 0.2) or without major biological
significance, because normal baseline cortisol levels and normal
hormonal responses to CRH point to an overall normal HPA-system
function. Schilling et al. (2010) reported increased cortisol levels in
night time urine. However, these results do not indicate whether
this increase observed is due to a decrease in feedback inhibition of
the HPA-system.

Studies on HPA-system functioning in OSAS patients are quite
conflicting; some report normal cortisol secretion (Grunstein et al.,
1989; Meston et al., 2003; Entzian et al., 1996; Dadoun et al., 2007,)
while others report enhanced HPA-system activity (Bratel et al.,
1999; Vgontzas et al., 2007; Schmoller et al., 2009). As in several
of these studies cortisol was assessed by a single time point
measurement they do not measure potential clinically important
HPA-system changes. Furthermore, in the majority of these studies
the psychological profile, including emotional distress, anxiety,
and/or depression, frequent comorbidities in OSAS, were not
assessed formally. To our knowledge, only one study has been
published focusing on feedback sensitivity of the HPA system in
OSAS patients (Carneiro et al., 2008). In this study, after adminis-
tration of a low dose of dexamethasone smaller cortisol suppres-
sion has been detected in OSAS patients compared to healthy
controls. In our study we can not confirm this difference in negative
feedback sensitivity. The difference of our findings from that report
may be a result of methodological differences. Carneiro and
coworkers included OSAS patients suffering from morbid obesity
(BMI: 46.9 + 2.0) while we studied less obese OSAS patients (BMI:
32.9 + 5.4). Furthermore, as negative feedback sensitivity was
assessed differently, the suppressive effect of dexamethasone was
measured at different time points.

Primary insomnia is thought to be a disorder of hyperarousal. It
has been shown that chronic primary insomnia is associated with
increased evening and nocturnal cortisol levels (Rodenbeck et al.,
2002; Vgontzas et al., 2001) reflected by altered parameters of
the cortisol rhythm. Evening cortisol levels have been shown to be

Table 4
ACTH values in pg/ml obtained by the DEX/CRH test.
OSAS RLS INS CON P-value
Basal 2.1(2.7) 1.1(0.2) * 2.7 (3.5) 4.2 (6.6) < 0.05
Peak 16.5 (14.8) 10.1(9.7) 15.0 (11.5) 15.1(11.2) > 0.05
Delta 14.3 (134) 9.1(9.5) 12.2 (10.0) 10.7 (11.1) > 0.05

AUCtotal 829.2 (767.2) 531.9 (543.0) 790.0 (665.6) 790.1(605.4) > 0.05
AUCnet 670.3 (651.7) 452.0 (528.8) 590.0 (539.7) 465.0 (580.8) > 0.05

Data are mean (SD). Statistical comparison was done using Gabriel- or Games-
Howell-corrected oneway ANOVA.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; Basal, basal ACTH concentration after DEX; Peak, highest
ACTH value after CRH; Delta, baseline corrected peak value; AUCtotal, Area under
curve; AUCnet, baseline corrected area under curve.

*p < 0.05.

associated with the number of nocturnal awakenings during the
following sleep period in chronic insomnia patients as well as in
healthy controls. Our results suggest that negative feedback
sensitivity is not affected by repeated arousals during night neither
in OSAS, RLS nor insomnia patients. This is in line with the result
obtained by Spath-Schwalbe et al. (1991) who reported a rapid
habituation of the HPA-system to repeated arousals during night.
Some limitations of the present study warrant discussion. One
limitation is the lack of sleep EEG in the control group. However,
thoughtful clinical evaluation excluded the presence of primary
insomnia and RLS and sleep apnea was excluded by ambulatory
polygraphy. The mean age of the control group was 50, an age
where periodic leg movements (PLM) might occur. Even though we
did not assess the frequency of PLM during sleep in controls it is
extremely unlikely that the amount of PLMS would be above the
value found in primary insomnia patients of the same age
(5.2 + 7.2) for whom the occurrence of PLM was not an exclusion
criteria. Furthermore it is important to note that we used a DEX
dose of 1.5 mg which might be too high to detect subtle alterations
of the negative feedback sensitivity of the HPA-system. Thus, in
consideration of possible changes in the sensitivity of the combined
DEX/CRH-test lower DEX doses might be considered in future

Table 5
Sleep parameters.

0OSAS RLS INS P-value
TIB (min) 437.5(33.1) 4492 (32.8) 435.7(25.8) > 0.05
TST (min) 339.0 (58.7) 3459 (69.5) 337.3(55.6) > 0.05
SEI (%) 77.5(11.8) 77.1(146) 77.2(10.8) > 0.05
WASO (min) 75.7 (42.8) 75.3 50.1) 61.0 (35.6) > 0.05
REM (min) 414 (18.5) ¢ 73.0 (24.1)  70.8(27.2) < 0.001
S1 (min) 92.2 (40.2) § 41.8(20.0) 31.3(14.5) < 0.001
S2 (min) 198.0 (47.9) 204.2 (47.9) 2149 (39.5) > 0.05
SWS (min) 7.4(9.5) 269(29.1) 204(175) <0.01
SO (min) 21.2 (20.9) 223(33.2) 224(196) >0.05
SLREM (min) 137.7 (68.4) * 97.5(72.8) 86.4(46.9) <0.05
SLSWS (min) 122.8 (104.9) * 67 9(92.6) 37.3(26.0) <0.05
AHI 55.7 (27.1) ¢ 3(3.7) 1.6 (1.6) < 0.001
OoDI 43.6 (29.7) 1 9 (3.0) 14(1.6) < 0.001
PLMS-Index 19.2 (204) 32 5(33.1) 52(72)t <0.01
Arousal-Index 60.2 (23.4) 1 29.6 (16.0) 24.5(15.0) < 0.001
PLMS-arousal-index 12.8 (14.0) 14 8 (15.3) 28(47)1 <0.01
Apnea-arousal-index  33.8 (25.6) .8 (1.8) 0.3 (0.5) < 0.001

Data are mean (SD). Mean comparison was done using Gabriel- or Games-Howell-
corrected oneway ANOVA.

OSAS, Obstructive sleep apnea syndrome; RLS, Restless legs syndrome; INS,
Insomnia; CON, controls; TIB, Time in bed; TST, Total sleep time; SEI, Sleep effi-
ciency; WASO, Wake time after sleep onset; REM, Rapid eye movement sleep; S1,
Stage 1 sleep; S2, Stage 2 sleep; SWS, Slow wave sleep; SO, Sleep onset latency;
SLREM, REM sleep latency; SLSWS, SWS sleep latency; AHI, Apnea-hypopnea-index;
ODI, Oxygen-desaturation-index; PLMS-Index, Periodic leg movements per hour of
sleep; PLMS-arousal-index, PLMS associated with arousals per hour of sleep; Apnea-
arousal-index, Apneas and/or hypopneas associated with arousals per hour.

*p < 0.05, tp < 0.01, ip < 0.001.
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studies. Finally, the combination of polysomnography, 24 h cortisol
and ACTH measurements and the dynamic DEX/CRH test might
provide more detailed insights in possible sleep related changes of
the HPA-system in sleep disorders.

To conclude, this very first study using the DEX/CRH-test in
various sleep disorders suggests that disturbed sleep per se has no
major negative impact on the negative feedback inhibition of the
HPA-system and, hence, typical HPA-system abnormalities seen in
affective disorders are unlikely to be a consequence of altered sleep
per se. Furthermore, abnormalities in HPA-system regulation in
RLS- and insomnia patients reported earlier seem to be indepen-
dent of negative feedback regulation processes of the HPA-system.
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SUMMARY

In a retrospective cohort study undertaken in 12 European countries, 249
female narcoleptic patients with cataplexy (n = 216) and without cata-
plexy (n = 33) completed a self-administrated questionnaire regarding
pregnancy and childbirth. The cohort was divided further into patients
whose symptoms of narcolepsy started before or during pregnancy (308
pregnancies) and those in whom the first symptoms of narcolepsy
appeared after delivery (106 pregnancies). Patients with narcolepsy
during pregnancy were older during their first pregnancy (P < 0.001) and
had a higher body mass index (BMI) prior to pregnancy (P < 0.01).
Weight gain during pregnancy was higher in narcoleptic patients with
cataplexy (P < 0.01). More patients with narcolepsy—cataplexy during
pregnancy had impaired glucose metabolism and anaemia. Three
patients experienced cataplexy during delivery. The rate of caesarean
sections was higher in the narcolepsy—cataplexy group compared to the
narcolepsy group (P < 0.05). The mean birth weight and gestational age
of neonates were within the normal range and did not differ across
groups. Neonatal care was affected adversely by symptoms of narco-
lepsy in 60.1% of those with narcolepsy during pregnancy. This study
reports more obstetric complications in patients with narcolepsy—
cataplexy during pregnancy; however, these were not severe. This
group also had a higher BMI and higher incidence of impaired glucose
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metabolism during pregnancy. Caesarian section was conducted more
frequently in narcolepsy—cataplexy patients, despite cataplexy being a
rare event during delivery. Furthermore, symptoms of narcolepsy may
render care of the infant more difficult.

INTRODUCTION

Narcolepsy is a rare, disabling and chronic sleep condition,
affecting 0.02-0.18% of the population in western European
countries and the United States (Longstreth et al., 2007). Itis
characterized by excessive daytime sleepiness (EDS). Cata-
plexy (a sudden loss of postural tone when awake) divides
the disease into two nosological entities: narcolepsy with
cataplexy (NC, 70-90% patients) and narcolepsy without
cataplexy (N). Low cerebrospinal fluid (CSF) hypocretin-1
levels, caused by selective loss of hypocretin (orexin)-
producing neurones in the prefornical hypothalamus due to
possible autoimmune mechanisms, are reported in 95% of
NC patients (Baumann and Bassetti, 2005). In addition to
their crucial role as regulators of sleep and wakefulness,
hypocretin neurones have been shown to play an important
role in energy homeostasis. Narcolepsy occurs as frequently
in women as in men. In most cases, the age of onset is
between 15 and 40 years, thereby affecting many women in
their childbearing years.

Narcolepsy patients often require daily medication to
control EDS and cataplexy. Many of these drugs are
designated Class C in pregnancy, and there are no published
data regarding their effect on the developing fetus or
neonates. Prematurity, low birth weight and withdrawal
symptoms have been reported in infants born to women
taking amphetamines for recreational purposes or as part of
an addiction disorder, but no reports exist in the context of
narcolepsy (Littner et al., 2001). Indeed, how pregnancy
affects the course of narcolepsy (and vice versa) is poorly
documented and researched.

Data about multiple sclerosis, another autoimmune dis-
ease of the brain, have shown no association with adverse
pregnancy or birth outcomes (Jalkanen et al., 2010; van der
Kop et al., 2011) but, conversely, pregnancy influences the
course of the disease: the relapse rate is typically reduced
during late pregnancy and increased in the postpartum period
(Confavreux et al., 1998; Saraste et al., 2007).

Except for one small case-series (Maurovich-Horvat et al.,
2010), only two case reports and two guideline papers have
been published on narcolepsy and pregnancy. In the first
case report, Ping etal (2007) reported a 32-year-old
Chinese woman with NC who developed status cataplecticus
during childbirth, requiring an emergency caesarean delivery.
Williams et al. (2008) described a pregnant patient with
glutaric aciduria type Il and narcolepsy, who underwent
elective delivery at term to avoid cataplexy during labour. The
reviews devoted to pregnancy in narcolepsy by Hoover-
Stevens and Kovacevic-Ristanovic (2000) and Hoque and
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Chesson (2008) are expert opinion papers with no patient
cohort data or any case report experience.

Only one study to date has reviewed narcoleptic women
retrospectively, and shown a significantly higher total number
of (not severe) pregnancy complications in women in whom
narcolepsy symptoms started before pregnancy compared to
women who developed symptoms after delivery (Maurovich-
Horvat et al., 2010). The main limitation of the study was the
small sample size from two Czech and one Slovak sleep
centres.

This European multi-centre study aimed to collate infor-
mation on pregnancy, childbirth and the puerperium in
narcoleptic women, with and without cataplexy, and symptom
onset before or after pregnancy. Our hypothesis was that
women with narcolepsy and cataplexy at the time of
pregnancy would have more difficult pregnancies and expe-
rience more complications during labour.

METHODS

The study was conducted in 16 European sleep centres in
Austria, the Czech Republic, Denmark, France, Germany,
Italy, the Netherlands, Poland, Slovakia, Spain, Switzerland
and the United Kingdom.

To explore the number and course of pregnancies in
enrolled patients, current treatments for narcolepsy and
possible complications, a questionnaire was compiled in
English (Appendix 1). Participating sleep centres subse-
quently translated it into local languages, as required, and it
was distributed to NC and N female patients by mail or during
routine outpatient visits. Participating centres also provided
further information on patients’ diagnoses. Information was
anonymized and data were entered into a dedicated data-
base. The study was approved by Institutional Review
Boards in the Austrian and German sleep centres. Specific
ethical approval was not required in the other participating
countries.

Patients were diagnosed according to the American
Academy of Sleep Medicine criteria (American Academy of
Sleep Medicine, 2005) by participating centres. Using all
collated questionnaires, the same parameters were com-
pared between the N and NC groups, symptomatic women
(whose symptoms of narcolepsy started before or during
pregnancy) and asymptomatic women (in whom the first
symptoms of narcolepsy appeared after delivery), and
between NC symptomatic patients and NC asymptomatic
patients. Comparison between symptomatic and asymptom-
atic N patients was not possible, due to the limited number of
N patients.

© 2013 European Sleep Research Society
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Patients who gave birth prior to the first appearance of
narcoleptic symptoms had the details of that particular
pregnancy/pregnancies and their experiences classified
under the asymptomatic group. If they subsequently carried
a diagnosis of narcolepsy and became pregnant, the details
of this next pregnancy/pregnancies were classified under the
symptomatic groups.

We have no information about the onset of narcolepsy in
five women (information on seven children). These latter data
were used only when comparing NC versus N patients (and
not symptomatic versus asymptomatic). Because the
response rates and the absolute numbers for each questions
differed, we have indicated in the tables accompanying the
text where response rates have fallen below 75% of the
number of women surveyed.

Statistical analysis

To compare continuous variables, we used Student’s ttest
for normally distributed data and the Mann—-Whitney U-test for
non-normally distributed variables. Normal distribution was
tested using the Shapiro—Wilk’s test. The chi-square statistic
and Fisher's exact test were used to compare discrete
variables. Statistics controlled for age were performed by
analysis of covariance (ancova), using the age as covariate.
Statistical significance was taken at P < 0.05 and all tests
were two-tailed.

RESULTS

Participants

In total, 458 questionnaires were sent out to patients
attending the centres, of which 310 were returned (68%
response rate). Of these, 61 were completed inadequately,
leaving 249 questionnaires for analysis.

The mean age of respondents was 49.1 + 14.9 [standard
deviation (SD)] years. The diagnostic criteria for NC and for N
were met by 216 and 33 patients, respectively.

In the NC group, HLA status was available for 144
subjects, with 93.1% being human leucocyte antigen (HLA)
DQB1*06:02-positive. In the N group, HLA status was
available for 18 subjects, with 72.2% being HLA
DQB1*06:02-positive. The NC and N patients reported a
total of 421 pregnancies and 426 children, respectively, with
five pairs of twins.

We did not find any differences between the NC and N
groups in terms of age at first pregnancy, age of narcolepsy
onset, time between first pregnancy and first symptom onset,
time between first pregnancy and participation in the study.
Symptomatic and NC symptomatic patients were younger
when the questionnaire was completed and at narcolepsy
onset, and older at the time of first pregnancy, irrespective of
whether or not cataplexy was present, compared to their
asymptomatic counterparts (Table 1).

Table 1 Characteristics of patients
NC
NC N P Sympt Asympt 7 Sympt Asympt P
Total number 216 33 - 176 68 - 155 56 -
of patients
Total number 366 55 - 308 106 - 273 86 -
of pregnancies
Total number 371 59 - 311 108 - 276 88 -
of children
Age at the 269 +64 246 +75 NS 28.1 +6.5 229 + 5.3 <0.001 28.2 + 6.6 233 + 4.4 <0.001
first pregnancy
(years)
Age of narcolepsy 22.0 + 10.2 228 + 11.8 NS 17.1 £ 56 34.4 + 9.8 <0.001 17.3 +£5.7 344 + 9.7 <0.001
onset (years)
Years between 4.7 + 13.3 13+ 146 NS 108 +84 —11.9 + 143 - 10.8 + 8.7 —11.5 £ 9.3 -
first pregnancy
and symptom
onset
Years between 215+ 164 254 + 144 NS 189 + 16.2 30.0 £ 13.0 <0.001 185 + 16.4 29.8 + 13.1  <0.001
first pregnancy
and assessment
Current age 489 + 151 50.3 £ 13.6 NS 473+ 154 52.9 + 12.3 <0.05 47 + 155 53.1 + 124 <0.01
(years)
NC, group of patients with diagnosis of narcolepsy with cataplexy; N, group of patients with diagnosis of narcolepsy without cataplexy; Sympt,
group of patients in whom the first symptoms of narcolepsy appeared before or during pregnancy; Asympt, group of patients, in whom the first
symptoms of narcolepsy appeared after pregnancy; NS, non-significant, P > 0.05; Bold value indicates significance.

© 2013 European Sleep Research Society
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Pregnancy

There were no significant differences across groups in the
percentage of patients with one or more abortions before
pregnancy, in the number of pregnancies preceded by
abortion (spontaneous or induced) and in the number of
pregnancies preceded by spontaneous abortion (Table 2).

Patients in the symptomatic and NC symptomatic groups
had a higher body mass index (BMI) prior to pregnancy
(P < 0.001). The weight increase during pregnancy was
significantly higher in the NC group than in the N group
(P < 0.01), but the BMI before delivery showed no intergroup
differences. Before delivery and 1 year after delivery, the BMI
was higher in the symptomatic than in the asymptomatic
groups (P < 0.05, P < 0.001), mirrored in the NC, symptom-
atic and NC asymptomatic groups (P < 0.05, P < 0.001)
(Table 2). As the patients in the symptomatic and NC
symptomatic groups were older, on average, we carried out
the same analysis controlling for age, but the results
remained the same.

Smaller proportions of women in the symptomatic and NC
symptomatic groups smoked during pregnancy compared to
the asymptomatic group.

Medication for narcolepsy was used during 29 pregnancies
in the NC group (11.9%) and two pregnancies in the N group
(7.7%). Of the total number of women surveyed, 150 stated
that they did not use any medication throughout their
pregnancies and 75 were missing responses.

Inthe NC patient group, medication was taken during the first
trimesterin 19 pregnancies, with continued use into the second
trimester in two pregnancies. In five pregnancies, medications
were used throughout the entire pregnancy. Medications used
during pregnancy by women in the NC group were as follows:
modafinil (twelve pregnancies), methylphenidate (six pregnan-
cies), clomipramin (three pregnancies), phenmetrazine
(three pregnancies), phenterminum resinatum (two pregnan-
cies), sodium oxybate (one pregnancy), amphetamine (one
pregnancy), fluoxetine (one pregnancy) and phendimetrazine
(one pregnancy). Two mothers in the N group used modafinil
during their respective single pregnancies. There was no
difference in complication rates within the groups between
those using and not using medication.

The NC symptomatic group had significantly more preg-
nancies with one or more complications than the NC
asymptomatic group (P < 0.001). The prevalence of anaemia
during pregnancy was significantly higher in NC patients than
in N patients, in the symptomatic than in the asymptomatic
groups and in the NC symptomatic than the NC asymptom-
atic groups (P < 0.05). Impaired glucose metabolism during
pregnancy (gestational diabetes mellitus or impaired glucose
tolerance) was more frequent in the NC symptomatic group
(P < 0.05) (Table 3). No patients reported type 1 or type 2
diabetes mellitus prior to pregnancy.

From expectant NC and N mothers not using medication,
5.8% experienced an improvement in the severity of their
sleep attacks during their first trimester, 61.4% experienced
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no change and 32.8% had a worsening of their sleep attack.
During the second trimester, improvement in the severity of
sleep attacks was reported in 16.8% of the pregnancies, no
change in 57.3% and a worsening in 25.9%. During the third
trimester, improvement in sleep attack severity was experi-
enced by 9.6% of expectant mothers, no changes in 53.9%
and worsening in 36.5%.

Patients who withdrew from medication during the first
trimester of pregnancy admitted to no change in the severity
of sleepiness in 40.1% case, a worsening in 40.1% and an
improvement in 18.2% cases. Information about the severity
and frequency of other symptoms of narcolepsy during
pregnancy were insufficiently documented to undertake
meaningful analyses.

Delivery

The World Health Organization (WHO) defines the normal
term for delivery as between 37 and 42 weeks (http://data.
euro.who.int/hfadb/). The average duration of gestation was
normal for all groups, and the difference between the
individual groups was not significant (Table 4). Pregnancies
were shorter than 37 weeks in 12.6% of NC, in 5.0% of N, in
13.3% of symptomatic groups and in 7% of asymptomatic
groups, respectively. Normal gestation was exceeded in 8%
pregnancies in NC women, 0% in N women, 7% in
symptomatic and 1% in asymptomatic women. No differ-
ences across groups were found in the prevalence of
induced delivery and spontaneous delivery. We have no
information about the influence of medication on delivery.
The most common reason for inducing labour across all
groups was overdue delivery (33 pregnancies) and fetal
distress (11 pregnancies). In three cases, labour was
induced on account of a diagnosis of narcolepsy; in one
case, fear of cataplexy was the reason. In the NC group,
significantly more patients underwent caesarian section than
in the N group (P < 0.05), the most common reasons being
fetal distress, prolonged delivery, breech birth, failed induc-
tion of labour or the caesarian section was planned due to
obstetric complications (placental problems, overly large or
small baby, umbilical cord abnormalities, multiple births,
hypertension, heart disease, injuries in the pelvic area, etc.).
A diagnosis of narcolepsy was cited as the reason for
caesarian section in two cases. Additionally, in five cases, a
caesarian section was performed out of concern for possible
cataplexy. Of those latter five women, three were medication-
free throughout pregnancy, one was on clomipramine
throughout her pregnancy and one used modafinil and
citalopram in the first trimester.

Three patients reported cataplexy during delivery (0.9% of
NC pregnancies). In all cases, childbirth started spontane-
ously. In one case a forceps delivery was performed and one
baby was born by caesarean section. Of these three women,
one had used modafinil and clomipramin in the first trimester.

No differences were found across groups for complications
during or after delivery (bleeding, fetal distress, etc.), or for

© 2013 European Sleep Research Society
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Table 3 Complications during pregnancy

NC
NC N P Sympt  Asympt P Sympt  Asympt P
Pregn. with at least one complication (%) 32.2 29.6 NS 8815 24.4 NS 34.7 20.6 <0.001
Lower limb oedema (%) 13.3 7.5* NS 14.2 71 NS 14.9 7.3 NS
Anemia (%) 10.3 2.6" <0.05 10.7* 24 <0.05 11.5 2.9 <0.05
Impaired glucose metabolism (%) 4.8* 9.8 NS 6.8" 23 NS 6.4* 0 <0.05
Hypertension (%) 6.5* 7.9" NS 5.7* 9.6 NS 5.9* 8.7 NS

*Responder rate between 70.0 and 74.9%.
TResponder rate between 69.9 and 65.0%.

NC, group of patients with diagnosis of narcolepsy with cataplexy; N, group of patients with diagnosis of narcolepsy without cataplexy; Sympt,
group of patients in whom the first symptoms of narcolepsy appeared before or during pregnancy; Asympt, group of patients in whom the first
symptoms of narcolepsy appeared after pregnancy; NS, non-significant, P > 0.05; Bold value indicates significance.

Table 4 Characteristics of deliveries

NC
NC N P Sympt Asympt P Sympt Asympt P
Duration of pregnancy (weeks) 38.4 + 6.4 38.0 + 6.67 NS 382 +68 388+50" NS 383+67 388+53 NS
Spontaneous delivery (%) 69.8 69.1 NS 72.7 63.6 NS 728 63.6 NS
Induced delivery (%) 27.5 29.1 NS 25.1 33.3 NS 25.0 32.9 NS
Caesarian section (%) 18.9 6.1 <0.05 17.6 13.4 NS 18.9 15.4 NS
Cataplexy during delivery (%) 0.9 NA NS 1.1 NA NA 1.2 NA NS

*Respondent rate between 70.0 and 74.9%.
TRespondent rate between 69.9 and 65.0%.

NC, group of patients with diagnosis of narcolepsy with cataplexy; N, group of patients with diagnosis of narcolepsy without cataplexy; Sympt,
group of patients in whom the first symptoms of narcolepsy appeared before or during pregnancy; Asympt, group of patients in whom the first
symptoms of narcolepsy appeared after pregnancy; NA, not available; NS, non-significant, P > 0.05; Bold value indicates significance.

complications regarding the fetus/newborn (suffocation,
amniotic fluid aspiration, umbilical cord around the neck,
etc.). The most common cause for resuscitation (23 cases)
was asphyxia (eight cases).

One baby died during spontaneous delivery in the 42nd
week of pregnancy. The 25-year-old mother (NC symptom-
atic) had a normal pregnancy and used no medication for
narcolepsy throughout. No further details are known about
this death.

Newborns

The weight and length of the babies fell within the normal
range (3426.5 + 589.8 g, 50.7 + 2.8 cm), and did not differ
significantly across groups. Fifty-five per cent of the babies
were boys, 45% girls, with the sex distribution showing no
intergroup differences. The most common neonatal compli-
cation after delivery was jaundice (11.8%).

There was only one severe complication involving a
neonate who experienced asphyxia during labour at
43 weeks. This resulted in psychomotor retardation. The
cause of asphyxia was not clear. The NC mother was
35 years old, the pregnancy was uneventful and she did not
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take any medication, smoke or consume alcohol throughout
pregnancy.

Puerperium

Mothers in the symptomatic groups breastfed children more
frequently than in the asymptomatic group (P < 0.05). Fur-
thermore, more children of the symptomatic and NC symp-
tomatic mothers were breastfed for longer than 1 year
(P < 0.005) (Table 5).

However, significantly more symptomatic women
received psychological treatment because of symptoms
such as sadness, fatigue, insomnia, appetite changes,
crying episodes, anxiety or irritability during the months
following childbirth (P < 0.05), although this result may
have a limited value due to the low response rate for this
question (Table 6). Five women (three in the NC symp-
tomatic group, one in the symptomatic group and one in the
asymptomatic group) reported depression prior to preg-
nancy, but none of them took any antidepressants as
expectant mothers.

The baby care was influenced by at least one symptom of
narcolepsy in 60.1% of the symptomatic group and 14.1% of
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Table 5 Duration of breastfeeding among narcoleptic women

NC
NC N* P Sympt Asympt* P Sympt Asympt B
Breastfeeding (%) 77.0 63.9 NS 78.5 67.1 <0.05 79.7 69.1 NS
Breastfeeding until 6th month (%) 48.0 41.7 NS 47.0 49.4 NS 47.8 50.0 NS
Breastfeeding until 12th month (%) 19.9 13.9 NS 19.8 16.5 NS 19.8 19.2 NS
Breastfeeding exceeding 12th month (%) 9.1 8.3 NS 11.7 1.3 <0.01 12.2 0 <0.01

*Respondent rate between 70.0 and 74.9%.

NC, group of patients with diagnosis of narcolepsy with cataplexy; N, group of patients with diagnosis of narcolepsy without cataplexy; Sympt,
group of patients in whom the first symptoms of narcolepsy appeared before or during pregnancy; Asympt, group of patients in whom the first
symptoms of narcolepsy appeared after pregnancy; NS, non-significant, P > 0.05; Bold value indicates significance.

Table 6 Psychological problems during puerperium

NC
NCT N Symptt  Asympt' P Sympt*  Asympt! P
Managed the problems alone (%) 837 727 NS 8038 93.6 <0.05 815 94.8 <0.05
Thought of finding a specialist, but never did (%)  12.1 182 NS 15.0 3.2 NS 14.4 S5 NS
Under psychiatric care (%) 4.3 9.1 NS 4.2 3.2 <0.05 4.1 1.7 <0.05

*Respondent rate between 70.0 and 74.9%.
TRespondent rate between 69.9 and 55.0%.
*Respondent rate between 54.9 and 40.0%.

NC, group of patients with diagnosis of narcolepsy with cataplexy; N, group of patients with diagnosis of narcolepsy without cataplexy; Sympt,
group of patients in whom the first symptoms of narcolepsy appeared before or during pregnancy; Asympt, group of patients in whom the first
symptoms of narcolepsy appeared after pregnancy; NS, non-significant, P > 0.05.; Bold value indicates significance.

the asymptomatic group admitted excessive daytime sleep-
iness. Women in the symptomatic and NC symptomatic
groups had problems due to excessive daytime sleepiness at
a rate of 46.9 and 47.3%, respectively, followed by sleep
attacks during feeding or nursing (33.9 and 34.3%), fear of
being impaired by any of their narcoleptic symptoms (14 and
13%), cataplexy while holding the baby (12 and 14%) and
automatic behaviour while nursing or travelling (6 and 0%).

DISCUSSION

This is the first detailed multi-centre questionnaire study
providing information on pregnancy, delivery, childbirth and
the puerperium in a large number of narcoleptic women. We
also confirmed our hypothesis that women with NC at the
time of their pregnancy suffered a higher rate of pregnancy-
related complications than those who did not, but there was
no increase in significant problems in labour or throughout
the puerperium.

Pre-pregnancy and pregnancy

Spontaneous abortions occur in 10—15% of clinically recog-
nized pregnancies, and it is well established that women with
certain autoimmune conditions have a high frequency of fetal
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wastage (Faussett and Branch, 2000). This was not observed
in our groups, but it should be borne in mind that the
autoimmune process in NC may be time-limited.

Patients in the symptomatic groups had a higher BMI prior
to pregnancy (P < 0.01), before delivery (P < 0.05) and
1 year after delivery (P < 0.001) compared to patients in the
asymptomatic groups. This observation is in line with earlier
studies if we were to loosely consider the asymptomatic
groups as controls (Schuld et al., 2002).

The percentage weight increase during pregnancy was
significantly higher in the NC group than in the N group
(P < 0.001), but the BMI before pregnancy and 1 year after
delivery did not differ between these two groups. This latter
findings contradict a study by Sonka et al. (2010), showing a
higher BMI in NC patients versus the N patients. However,
Sonka et al’s study included men; furthermore, patients in N
and NC groups were younger in our study both before
pregnancy and 1 year after delivery than patients in the study
published by Sonka et al. The reasons for the greater weight
increase in NC pregnant women are unclear.

Unsurprisingly, the majority of women in our study did not
use medication for narcolepsy during pregnancy. Importantly,
and interestingly, neither patients nor physicians reported
any adverse side effects or outcomes related to ongoing
medication use throughout the reported pregnancies.



8 E. Maurovich Horvat et al.

In terms of maternal complications during pregnancy, the
NC symptomatic group had a significantly higher prevalence
of anaemia and impaired glucose metabolism (P < 0.05),
among other complications, than the NC asymptomatic
group. Not surprisingly, the higher prevalence of impaired
glucose metabolism in the NC symptomatic group during
pregnancy was associated most probably with the higher
recorded BMI. Hypocretin deficiency may, hypothetically,
contribute to metabolic dysregulation; however, recent stud-
ies do not confirm increased prevalence of impaired glucose
tolerance or diabetes mellitus in non-pregnant narcoleptic
patients (Beitinger et al., 2012; Engel et al., 2011).

The WHO estimates that 18% of women from the indus-
trialized countries become anaemic during pregnancy (World
Health Organization (WHO), 1992). The prevalence of
anaemia during pregnancy was higher in the NC and
symptomatic groups; there did not appear to be any docu-
mented reason for this.

Narcolepsy and pregnancy

Regarding the narcoleptic symptoms during pregnancy, the
majority of women who did not receive any medication
reported little change in the severity of their sleep attacks.
Severity trend of excessive daytime sleepiness appeared
unrelated to the stage of the pregnancy. However, the data
from our questionnaires preclude any generalization as to the
kind of fluctuation in the course of pregnancy.

Delivery

Contrary to expectation (Hoque and Chesson, 2008), only
three patients were documented to experience cataplexy
during delivery in our group. Thus, the frequency of cata-
plectic attacks throughout pregnancy may not necessarily
translate to an increased risk of cataplexy during delivery.

In European Union (EU) countries, the rate of caesarian
section increased from 6.9% in 1999 to 31.5% in 2007 (http://
data.euro.who.int/hfadb/). In our study, women with NC
underwent statistically significantly more caesarean sections
than women without cataplexy. The higher elective caesarian
rate for narcoleptic women may be attributable to potentially
unwarranted wariness on behalf of obstetricians (Williams
et al., 2008).

Newborns

Babies born to mothers with N and NC did not have more
complications requiring resuscitation during delivery, and
their weight and length were within the normal range.

Puerperium

The last survey on breastfeeding in Europe in 2000 revealed
that the average number of infants breastfed to 3 months
was 65.4% and to 6 months was 53.5% (http:/data.euro.
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who.int/hfadb/). From our data, neither cataplexy nor sleep-
iness placed any limitations on breastfeeding. Although the
evidence is currently sketchy, patients who wish to return to
taking their medications are still advised to give up breast-
feeding. Estimates of postpartum depression in the general
population range from 6.5% to more than 12% in western
countries (Gaynes et al., 2005). In our symptomatic groups,
significantly more patients received formal psychological
treatment than in the asymptomatic groups after delivery
(P < 0.05). This is of interest, because depression is present
in a significantly higher proportion in narcoleptics than in
people without narcolepsy (Dauvilliers et al, 2009; Jara
et al.,, 2011).

Because our study did not contain more detailed questions
regarding postpartum depression, we cannot determine the
prevalence of subclinical and clinical depression. However,
one of the most pertinent findings in our study was the
restriction that narcolepsy symptoms placed on the care of
the infant. In the symptomatic groups, more than half the
patients reported some difficulties coping with their baby. As
expected, the main concerns centered on EDS, followed by
sleep attacks during feeding or nursing.

Even patients in the asymptomatic group reported exces-
sive daytime sleepiness, which corresponds with the data
published by Montgomery-Downs et al. (2010), which show
that in non-narcoleptic mothers, severe sleep disturbances
may occur during the first 3 postpartum months, causing
increased sleepiness which may complicate child care.

Limitations of the study

The limitations of this questionnaire-based study are centred
largely on the rate of response, the possibility of recall bias
and the heterogeneity inherent in pan-European medical
practice. Although it is impossible to control for all biases,
perhaps the strongest argument arises from the fact that
because pregnancy and delivery are such milestone events
in the life of a woman, precise age-independent memory
recall is very likely to be high. Additionally, with a low
incidence and prevalence of narcolepsy itself, retrospective
cohort studies are more feasible within a shorter time-scale
and form the basis of most clinical studies in this area.
Finally, twice-matched controls (age and age of delivery)
were difficult to obtain in this study, and it is hoped that
patients asymptomatic at the time of their pregnancy act
loosely as a valid comparative population.

CONCLUSION

Our data suggest that women with narcolepsy have preg-
nancy outcomes comparable to the women in general
population. Because only a small percentage of the women
used medication during their pregnancy, there are insufficient
safety data and no firm conclusions can be drawn from our
reported observations. Additionally, women with narcolepsy
may require more psychological and practical child-care
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support from families during the postpartum period. Overall,
our findings are positive: pregnancy should not be discour-
aged in narcoleptics.
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Appendix. Distribution of questionnaires among participating countries

Country Distributed questionnaires Returned questionnaires Accepted questionnaires
Austria 22 22 22
Czech Republic 106 72 64
Denmark 50 38 14
France 20 18 13
Germany 67 28 27
Italy 70 52 40
Netherlands 19 13 13
Poland g 6 6
Slovakia 8 8 7
Spain 39 35 31
Switzerland 18 14 8
United Kingdom 30 4 4
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