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1. Einleitung

Die Schlafmedizin hat sich in der Vergangenheit vornehmlich auf die Definition,
Identifikation und Behandlung von Schlafproblemen fokussiert. Jiingst riickt sowohl in der
wissenschaftlichen als auch in der gesellschaftlichen Diskussion die Schlafgesundheit
immer mehr in den Fokus. Empirische Daten zeigen verschiedene Dimensionen von Schlaf
in Verbindung mit Gesundheit. Buysse et al. definiert Schlafgesundheit wie folgt:
»Schlafgesundheit ist ein multidimensionales Bild von Schlaf-Wach-Mustern, welches an
individuelle, soziale und Umweltanforderungen adaptiert ist und korperliches sowie
mentales Wohlbefinden fordert. Guter Schlaf ist durch subjektive Zufriedenheit,
angemessenes Schlaf-Timing, addquate Schlafdauer, hohe Schlaf-Effizienz und nachhaltige
Wachheit wihrend der Wachstunden charakterisiert™ (1).

Eine pathologische Verdnderung der Schlafdauer und des Schlafrhythmus wie
beispielsweise beim Krankheitsbild der Narkolepsie senkt in hohem Malle die
gesundheitsbezogene Lebensqualitét der betroffenen Patienten (2). Gleichwohl gibt es eine
stetig wachsende Szene gesunder Individuen, die durch gezielte Verdnderung der
Schlafdauer und des Schlafrhythmus versucht, den individuellen Tagesablauf im Sinne von
weniger Schlafdauer = mehr Wachheit zu optimieren. Dabei sind die Auswirkungen auf
die Schlafgesundheit, auf das Traumverhalten und letztendlich auf die Gesamtgesundheit

noch wenig erforscht (3).



1.1. Schlaf und Traum

Der physiologische Schlaf ist dynamisch durch zyklisch wechselnde Schlafstadien
charakterisiert, die allgemein in rapid eye movement (REM)-Schlaf und non-rapid eye
movement (NREM)-Schlaf eingeteilt werden (4) (Abb. 1). Der NREM-Schlaf wird
wiederum in 4 Schlafstadien untergliedert, wobei die Schlafstadien 1-2 den Leichtschlaf
und die Schlafstadien 3-4 den Tiefschlaf kennzeichnen. Der REM-Schlaf unterscheidet sich
wesentlich von den anderen Schlafstadien und ist durch Erschlaffung der Skelettmuskulatur
und  gleichzeitig  schnelle  Augenbewegungen  gekennzeichnet. In  seiner
elektrophysiologischen Aktivitidt dhnelt der REM-Schlaf dem Wachzustand, und geht

subjektiv hdufig mit intensiven Traumphasen einher (4,5,6).
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Abbildung 1: Die verschiedenen Schlafstadien iiber die Nacht verteilt (4)

Dement W, Kleitman N. The relation of eye movements during sleep to dream activity: an
objective method for the study of dreaming. J Exp Psychol. 1957;53(5):339-46.
Hinweis: Die Abbildung ist gemeinfrei.

1.2. Schlaffragmentierung

Schlaffragmentierung beschreibt die Unterbrechung des Schlafes durch exogene oder
endogen Weckreize und hat folglich Auswirkungen auf die Schlaftiefe, das Traumverhalten
und auf das Erwachen. Wie sich ein fragmentierter Schlafrhythmus auf die

Schlafgesundheit auswirkt, ist aktuell Gegenstand der Schlafforschung.



Bezogen auf das Traumverhalten zeigen einzelne Forschungsergebnisse bereits, dass
fragmentierter Schlaf das Traumverhalten beeinflusst. So wird beispielsweise gezeigt, dass
schnelle wiederkehrende Abschnitte von Wach- und Schlafperioden mit einem vermehrten
Aufkommen von Luzidtriumen einhergehen. Die Luziditdt kann beispielsweise durch die
Anzahl von nichtlichem Erwachen und die Anwendung der ,,Schlummerfunktion beim
Wecksignal wihrend des morgendlichen Schlafes gesteigert werden (7). Experimentelle
Studien zeigen darliber hinaus, dass ausgedehnte Wachperioden in den friihen
Morgenstunden die Chance auf einen Luzidtraum in anschlieenden Schlafperioden erhdht
(8,9). Die Technik dazu, dies gezielt zu trainieren, wird als ,,wake-back-to-bed* Methode

bezeichnet (10).

1.3. Schlaf und Narkolepsie

Narkolepsie ist eine Erkrankung, die durch einen gestorten Schlaf-Wach-Rhythmus
gekennzeichnet ist. Der Schlafrhythmus ist ungeordnet und von den Patienten mit
Narkolepsie  nicht steuer- oder beinflussbar. Neben der pathologischen
Schlaffragmentierung der Narkolepsie gibt es auch physiologische sowie kiinstlich
induzierte Anderungen des Schlaf-Wach-Rhythmus. Das Krankheitsbild der Narkolepsie
ist gekennzeichnet durch die Tetrade: gestorter Nachtschlaf-Wach-Rhythmus, exzessive
Tagesschléfrigkeit, unaufhaltsame Schlafattacken und Kataplexie (11,12), wobei die
Kataplexie nicht bei allen Patienten mit Narkolepsie auftaucht (Unterscheidung von Typ 1
mit Kataplexie und Typ 2 ohne Kataplexie). Neben dem Schlafverhalten ist auch das
Traumverhalten beeintridchtigt. Patienten mit Narkolepsie weisen eine signifikant hohere
Traumerinnerungsrate auf und beschreiben ihre Trdume haufig als sehr lebhaft und
beunruhigend (13,14). Die Trauminhalte werden als negativ, bizarr und zeitlich sehr
ausgedehnt beschrieben (15,16). Daneben ist auch die Alptraumrate nicht nur gegeniiber

Kontrollgruppen, sondern auch verglichen mit anderen Schlafstorungen signifikant erhoht
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(17). Das charakteristische vorzeitige Auftreten des REM-Schlafes (SOREM) fiihrt zu
direkten Traumphasen nach dem Einschlafen, welche oft als sehr unangenehm beschrieben
werden, da die Unterscheidung zwischen Traum und Realitdt schwerféllt (18,19). Ein
ahnlicher Effekt wird ebenfalls beim Aufwachvorgang erlebt, welcher als ,,falsches
Erwachen* bezeichnet wird. Hier wird der Aufwachvorgang zwar bewusst aber im Traum

erlebt, so dass auch hier eine Unterscheidung zwischen Traum und Realitdt schwerfillt (20).

1.4. Polyphasischer Schlaf

Wir Menschen sind gewdhnlich monophasische Schldfer mit einer einzigen Schlafperiode
in der Nacht. Jedoch findet man bei den meisten Sdugetieren einen polyphasischen
Schlafrhythmus vor, und manche zeigen sogar einen ultrakurzen Schlaf-Wach-Rhythmus
auf, wenn sie in einer gefahrlichen Umgebung in der Natur leben. Dennoch zeigen auch wir
Menschen polyphasische Schlafrhythmen, bspw. im Sduglingsalter, in Erkrankungsphasen
oder bei 24h-Téatigkeiten (21,22). Claudio Stampie geht in der Publikation ,,why we nap*
der Frage nach, ob der Mensch sich seinen Schlaf zwingend tiber eine singulédre regelmafig
néchtliche Schlafperiode holen muss, oder ob er auch in mehreren Kurzschlafphasen
ausreichend Schlaf erhalten kann (21,22). Diese Frage gewinnt immer mehr an Bedeutung,
gerade in unserer immer rastloser werdenden ,,Rund-um-die-Uhr-Gesellschaft* (21). Dabei
sind die Auswirkungen auf das Traumverhalten noch génzlich unerforscht.

Polyphasischer Schlaf definiert alle Schlafmuster mit multiplen Schlafepisoden im
Gegensatz zum monophasischen Schlaf mit nur einer Schlafepisode pro Tag.
Typischerweise kennzeichnet der polyphasische Schlaf eine konstante Schlafphase in der
Nacht (Kernschlaf) und kurze Schlafepisoden am Tag (Ankerschlaf), im Schnitt 20-30 min.
Diese kurzen Schlafepisoden miissen stets im gleichen Zeitabstand iiber den Tag verteilt
durchgefiihrt werden. In Tabelle 1 werden die verschiedenen polyphasischen Schlafmuster

aufgefiihrt.
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Tabelle 1: Striktes polyphasisches Schlafmuster mit dem typischen Schlafaufbau (23,24)

Schlafplan Anker- Kern- Gesamt- Benefit
Name schlaf schlaf schlaf (vs. 8 Std)
(20 min) (Std) (Std)

Monophasisch 0 8 8 0
Biphasisch 1 6 6,3 1,7
Everyman 2 2 4,5 5,2 2,8
Everyman 3 3 3 4 4
Everyman 4 4 1,5 2,8 5,2
Uberman 6 0 2 6

Das Everyman-Schlafmuster kann in seiner Kernschlaufdauer und der Anzahl der
Ankerschlafperioden variiert werden. Mit abnehmender Kernschlaufdauer nimmt die
Anzahl der Ankerschlafperioden zu.

Das Ubermann-Schlafmuster zeigt keinen Kernschlaf und ist gekennzeichnet durch sechs
20-miniitige Ankerschlafperioden im exakt gleichen Abstand zueinander verteilt iiber 24
Stunden (equihexaphasisch) (24). Daraus ergibt sich eine Gesamtschlafdauer von 2 Stunden

auf einen 24-Stunden-Tag verteilt.

1.5. Luzides Traumen

Luzides Trdumen, auch Klartrdumen genannt, beschreibt das Phanomen, dass der Trdumer
sich im Traumzustand bewusst ist, dass er traumt (25). Wahrend des luziden Traumens ist
der Traumer fahig, die Aktionen im Traum bewusst zu kontrollieren, den Traumverlauf

bewusst passiv zu beobachten oder bewusst aus einem Traum aufzuwachen (26,27). Die
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Privalenz in der deutschen Bevolkerung liegt bei ca. 50% und tritt signifikant hoher bei
Frauen auf. Zudem sinkt das Auftreten von Luzid-Trdumen im Alter ab (28). Diese
Moglichkeit des Bewusstwerdens in Trdumen bietet Menschen, die unter Alptrdumen
leiden, die Moglichkeit, die Alptraumrate, die Intensitdt und den resultierenden psychischen
Stress zu minimieren (26,29,30).

Luziditdt tritt iiberwiegend wihrend des REM-Schlafs auf, ist aber kein alleiniges
Phinomen des REM-Schlafs, sondern zeigt sich auch im Non-REM-Schlaf (31). Die
Unterschiede zwischen Luzidtraumen wéhrend eines REM- und eines Non-REM-Schlafs
sind sehr subtil und scheinen wihrend einer Non-REM-Periode weniger emotional und
weniger visuell lebhaft aber gleichzeitig mehr gedankenhaft (32) zu sein.

Um einen nicht luziden REM-Schlaf in einen luziden REM-Schlaf zu lenken, kann ein
Wechsel in der Gehirnaktivitdt in Richtung Wachzustand zielfiihrend sein. Studien geben
Hinweise auf eine kortikale Aktivitit im niedrigen gamma-Frequenz-Bereich (40 Hz),
jedoch ist noch unklar, ob dieser Frequenzbereich eine entscheidende Rolle spielt. Die
frontale und fronto-laterale Region spielt eine Schliisselrolle in der Erzeugung von Luziditét
im Traum (33,34) (Abb. 2).

Dariiber hinaus gibt es Studien, die die Induktion von Luzditrdumen mit transkranieller
Stimulierung (tACS, tDCS) untersuchten. Die Anwendung der transkraniellen Stimulierung
zeigte interessante Effekte auf eine gesteigerte Traumkognition. Eine verldssliche Methode

zur Luzidtrauminduktion konnte jedoch noch nicht gezeigt werden (32,35).
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Abbildung 2: Region von Interesse: Komplettes Frequenzspektrum zwischen Luzidtraum
und Wachzustand (links) und zwischen Luzidtraum und REM-Schlaf (rechts). Die
Analysen wurden in POT (scalp potential) und in CSD (current source density)
durchgefiihrt (33).

13



1.6. Metakognition im Schlaf

Es gibt zwei wesentliche neuronale Merkmale, die mit Luzidtrdumen im Zusammenhang
stehen. Zum einen wird der ,,Moment der Luziditdt“ beschrieben — ein voriibergehender
Moment von Meta-Bewusstsein, in welchem der/die Traumende die metakognitive Einsicht
hat, dass er gerade trdumt (36). Zum anderen wird der Wechsel des Bewusstseinszustandes
bei einem Ubergang von nicht luziden zu luziden Triumen beschrieben. Dieser ist
gekennzeichnet durch gesteigerten Willen, episodisches Gedédchtnis und einen Zugang zur
Metakognition (37, 38)

Die praefrontale Hirnregion unterliegt der Metakognition im Wachzustand. Im REM-Schlaf
ist die Fahigkeit zur Metakognition heruntergefahren, welches sich in der Traumerinnerung
und im Bewusstwerden dariiber erst nach dem Erwachen zeigt (39). Der Luzidtraum geht
mit einer erhdhten praefrontalen Hirnaktivitdt und einer erhdhten Metakognition einher

(40).

1.7. Ubergeordnete Fragestellung

In beiden Publikationen wurde die Auswirkung von pathologischer und kiinstlich
induzierter Schlaffragmentierung auf das Traumverhalten, insbesondere auf das
Luzidtraumverhalten untersucht. Ziel war es, mogliche Einflussfaktoren auf die Luziditét
zu erfassen. Es zeigte sich ein deutlicher Zusammenhang zwischen Schlaffragmentierung
und Luzidtraumen, welcher durch eine anhaltend hohere Aktivitét des praefrontalen Kortex
und dadurch ein schnelles Wiedereintreten in den REM-Schlaf aus einem erwachten
Zustand zu erkldren ist. Dies fithrt zu einem forderlichen neuronalen Milieu fiir
Luzidtraumerfahrungen. Jedoch sind die spezifischen neuronalen Mechanismen, die dem

zugrunde liegen, noch nicht vollstdndig erfasst. In weiteren Studien miissen die Wach-
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REM-Perioden und ihre Rolle der Potenzierung von neurophysiologischen Mechanismen,
die der Metakognition im Traum unterliegen, gepriift werden.

Eine alleinige Aktivierung des praefrontalen Kortex erklért jedoch noch nicht alleine die
reichhaltigeren und lebhafteren Trauminhalte bei Patienten mit Narkolepsie verglichen mit
gesunden Probanden in einem polyphasischen Schlafmuster. Es wire deshalb interessant zu
untersuchen, ob die Luziditit bei Patienten mit Narkolepsie mit Wach-REM-Perioden im
Schlaf assoziiert ist. Gerade das zusétzliche Auftreten einer erh6hten Alptraumrate stellt fiir
Patienten mit Narkolepsie eine starke Belastung dar, welchem durch ein gezieltes
Luzidtraumtraining positiv begegnet werden kann. In weiteren Studien sollte die Theorie
zur Alptraum-Atiologie anhand von EEG/fMRI-Studien iiberpriift werden, ob der
hyperaktive REM-Schlaf in einer erhohten Aktivierung des Limbischen Systems,
insbesondere der Amygdala, begriindet ist.

Beide Studien zeigen ein plausibles Bild, demzufolge ein schnelles Wiedereintreten in einen
REM-Schlaf aus einem wachen oder erregten Zustand eine Luzidtraumerfahrung erhoht.
Dabei wird dieser Effekt durch fragmentierten Schlaf wie bei Narkolepsie oder durch
polyphasische Schlafmuster potenziert. Dieser wurde bereits neurophysiologisch mit der

Luzidtraum-Induktionstechink ,,wake-back-to-bed* Technik untermauert.

1.8. Beitrag des Doktoranden

Die Studien ,Increased Lucid Dreaming frequency in Narcolepsy” und Studie 2
»Polyphasic sleep* der Publikation “Sleep fragmentation and lucid dreaming” wurden von
Michael Rak selbstdandig konzipiert, durchgefiihrt und ausgewertet und anschlieend in den
jeweiligen Publikationen beschrieben.

In der ersten Studie wurden die Patientenkontaktdaten von Koautor Pierre Beitinger
bereitgestellt. Der Autor erhob selbstindig alle Daten des Patientenkollektivs und wertete

diese statistisch selbstindig aus, wobei er durch Michael Schredl begleitet wurde. Dariiber
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hinaus standen Martin Dresler und Axel Steiger als Koautoren unterstiitzend beim
Studiendesign und bei der wissenschaftlichen Betreuung zur Seite.

Die zweite Publikation ,Sleep fragmentation and lucid dreaming® umfasst vier
zusammenhdngende Studien, die an mehreren Instituten durchgefiihrt und gemeinsam
veroffentlicht wurden. Alle Autoren haben sich auf Grund der thematischen Passung und
angesichts der Publikationsinflation der letzten Jahre bewusst dazu entschieden alle 4
Studien zu einer Publikation zusammen zu fassen, welche auch jeweils eigenstindig hétten
publiziert werden konnen. In Studie 2 ,,Polyphasic Sleep* haben die Koautoren Martin
Dresler und Axel Steiger den Autor beim Studiendesign und in der wissenschaftlichen
Betreuung unterstiitzt. Die Betreuung der Studienteilnehmer wéhrend und nach dem
Zeitraum des polyphasischen Schlafrhythmus sowie die Erhebung der Daten fiihrte der
Autor selbstindig durch. AnschlieBend wurde die Publikation vom Autor verfasst. Neben
den in der Publikation dargestellten Daten zum Zusammenhang zwischen polyphasischem
Schlaf und luziden Trdumen hat die Studie noch sehr viele weitere Daten ohne Bezug zum
Traumverhalten produziert. Es wurde wochentlich mit Fragebdgen (BDI-V2, ASRM, FLe1)
sowohl der psychische Zustand als auch die geistige Leistungsfdahigkeit der 12 Probanden
im Schlaflabor evaluiert. Weiterhin wurden wihrend eines 24-Stunden-Monitorings eine
Polysomnographie und regelméfige Blutabnahmen alle 30 min vor und nach der
Umstellung in das polyphasische Schlafmuster durchgefiihrt. Wahrend dieser Zeitrdume

mit 24-Stunden-Monitoring wurden diverse kognitive Testungen durchgefiihrt.

Keine der beiden Publikationen, die dieser Dissertation zugrunde liegen, wird von einem

anderen Co-Autoren fiir eine abgeschlossene oder laufende Promotionsarbeit verwendet.
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2. Zusammenfassung

2.1. Increased Lucid Dreaming Frequency in Narcolepsy

In der ersten Studie wurde die Auswirkung pathologischer Schlaffragmentierung der
Narkolepsie auf das Traumverhalten untersucht. Dazu wurden 60 Patienten mit der
gesicherten Diagnose Narkolepsie aus dem Max-Planck-Institut fiir Psychiatrie in Miinchen
und 919 Kontrollprobanden mit Hilfe eines strukturierten Telefoninterviews befragt.
Zundchst wurde die Traumerinnerungsrate, die Alptraumrate sowie die Luzidtraumrate in
beiden Kollektiven ermittelt. Zusétzlich wurde bei den Patienten mit Narkolepsie erfragt,
ob es Unterschiede in der Traumerinnerungsrate, der Alptraumrate sowie der
Luzidtraumrate wihrend eines fritheren medikamentenfreien Intervalls gab. Abschlie3end
wurde eruiert, ob Patienten mit Narkolepsie, die Erfahrung mit Luzidtriumen haben,
dadurch Erleichterung wihrend Alptradumen erfahren.

Die Auswertung der Interviewdaten durch logistische Regression ergab eine signifikant
hohere Traumerinnerungsrate, Alptraumrate sowie Luzidtraumrate bei Patienten mit
Narkolepsie verglichen mit den Probanden der Kontrollgruppe. Die spezifischen Symptome
der Narkolepsie wie fragmentierter Nachtschlaf, eine kurze Schlaflatenz und ,,sleep onset
REM“-Perioden fithrten zu den gleichen Effekten wie der ,wake-back-to-bed*
Schlafrhythmus, welcher die Luzidtraumrate bei gesunden Probanden erhoht. Auf den
ersten Blick wirken die Ergebnisse inkonsistent, wenn man diese mit der Masse élter
werdender Personen  vergleicht, welche normalerweise ein  Abfallen der
Traumerinnerungsrate bei gleichzeitigem Anstieg néchtlichen Erwachens aufweisen. Dies
kann jedoch durch den Abfall der Geddchtnisfunktion, die reduzierte zirkadiane Modulation
des REM-Schlafs und einen Abfall der REM-Schlafzeit erklart werden.

Eine erhohte Traumerinnerungsrate bei Patienten mit Narkolepsie kann durch das ,,arousal-

retrieval-model* erklart werden: Fiir die Traumerinnerung ist ein gewisser Wachheitsgrad
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und Intensitdt des Traumes notig, um diesen ins Kurzzeitgeddchtnis zu iiberfithren. Wie
auch bei Insomnie, liegt auch bei Patienten mit Narkolepsie ein hohes Aufkommen von
Erwachen wéhrend der Nacht vor, welches das Erinnern der Traume im Vergleich zu
gesunden Probanden begiinstigt.

Alptradume, die bei Patienten mit Narkolepsie vermehrt vorkommen, werden auch als
langer, komplexer, negativer und lebendiger beschrieben. Das erhohte Vorkommen der
Alptrdume kann durch den erhéhten Stresslevel der spezifischen Narkolepsiesymptome

tiber den Tag erkléart werden, welcher sich nachts im Schlaf zu spiegeln scheint.
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Abbildung 3: Traumerinnerungsrate, Alptraumerinnerungsrate und Luzidtraumrate bei
Patienten mit Narkolepsie und Kontrollgruppe. Die Unterschiede sind statistisch
signifikant.

70% der Patienten mit Narkolepsie, die Erfahrung mit Luzidtrdumen haben, konnen ihre
Alptrdume positiv beeinflussen und erfahren dadurch Erleichterung, was ein gezieltes
Luzidtraumtraining bei Patienten mit Narkolepsie mit hoher Alptraumbelastung empfiehlt.
In einem fritheren medikamentenfreien Intervall zeigten die Patienten mit Narkolepsie eine

signifikant hohere Traumerinnerungsrate und Alptraumrate als unter Medikation.
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Interessanterweise ergab die Auswertung keinen signifikanten Unterschied in der

Luzidtraumrate im Vergleich zu einem medikamentenfreien Intervall.

2.2. Sleep Fragmentation and Lucid Dreaming

Luzidtraume sind mit gesteigerten neuronalen Aktivititen in prifrontalen Hirnregionen
verglichen mit dem Wachzustand assoziiert. Einzelne Studien zur Luzidtrauminduktion
haben gezeigt, dass die Wahrscheinlichkeit, einen Luzidtraum zu erleben, durch
abwechselnde Perioden von Wachsein und Schlaf steigt.

In der Originalarbeit wird iiber vier thematisch zusammenhidngende Studien berichtet,
welche die Beziehung zwischen Schlaffragmentierung und luzidem Traumen untersuchten.
Schlaffragmentierung, nichtliches Erwachen, Schlafqualitit und polyphasische
Schlafrhythmen wurden mit objektiven und subjektiven Messmethoden erfasst. Die
Ergebnisse aller 4 Studien zeichnen ein detaillierteres Bild des bisher vermuteten
Zusammenhangs zwischen Schlaffragmentierung und Luzidtrdumens ab.

In der Studie ,,Polyphasic sleep* wurden 22 freiwillige Probanden zu ihrer individuellen
Luzidtraumrate wihrend eines monophasischen und polyphasischen Schalfrhythmus
befragt. 10 der 22 Probanden wechselten in einen radikal polyphasischen Schlafrhythmus —
auch Uberman genannt. Dieser bestand aus 6 Schlafperioden von 20 min Dauer iiber einen
24-Stunden-Zyklus verteilt, wiahrend die restlichen 12 Probanden dhnliche polyphasische
Schlafmuster zeigten.

Danach erlebten Probanden unter einem radikal polyphasischen verglichen mit einem
monophasischen Schlafrhythmus mehr luzide Trdume, sowohl absolut als auch relativ zur

allgemeinem Traumfrequenz.

19



3.00 ! ele 2 r |
3
o
£200 = 1.00 -
3 £
o £
= 2
1 (2]
E 1.00 . g 0.50
5 5
Z0.50 025
5 g
Z0.25 ®e =
2 l c
w S
=
@ fau N [=]
o
2
- - a -

Monophasic Polyphasic Monophasic Polyphasic

Abbildung 4: Selbsterfasste Luzidtraumrate ist wiahrend eines polyphasischen
Schlafrhythmus verglichen mit einem monophasischen Schlafrhythmus erhoht. Links:
Absolute Anzahl von Luzidtraumen pro Tag. Rechts: Anzahl der Luzidtrdume pro Tag
bezogen zur allgemeinen Traumerinnerungsrate.

Wiahrend eines monophasischen Schlafmusters konnen ebenfalls kurze Perioden von
Wachheitsphasen auftreten. Vergleicht man diese mit den viel linger andauernden
Wachheitsphasen unter einem polyphasischen Schlafmuster, so erhoht sich die
Wahrscheinlichkeit fiir REM-Schlaf-Perioden in den vermehrten Schlafperioden, welche
direkt auf die Wachheitsphasen folgen. Diese beiden Aspekte Schlaffragmentierung und
das schnelle Wiedereintreten der REM-Schlat-Phasen nach Phasen der Wachheit erh6ht die
Wahrscheinlichkeit auf einen immer noch aktivierten praefrontalen Cortex, welcher auf
REM-Schlaf-Episoden trifft und dadurch die Chance, eine Luzidtraumerfahrung zu
machen.

Dartiber hinaus konnte gezeigt werden, dass die Selbsteinschédtzung iiber die Anzahl des
ndchtlichen Erwachens und physiologisch validierte Sequenzen aus Wachheit und REM-
Schlaf mit Luzidtrdumen in Zusammenhang stehen. Jedoch konnten weder eine
selbsterfasste Schlafqualitit noch die physiologisch validierte Anzahl von nichtlichem

Erwachen mit Luzidtrdumen in Verbindung gebracht werden.
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3. Summary

3.1. Increased Lucid Dreaming Frequency in Narcolepsy

The first study examined the effect of pathological sleep fragmentation in patients with
narcolepsy on dream behavior. Therefore, 60 patients with the confirmed diagnosis of
narcolepsy from the Max Planck Institute for Psychiatry in Munich and 919 control subjects
were questioned using a structured telephone interview. First, the dream recall frequency,
the nightmare frequency and the lucid dream frequency were determined in both collectives.
In addition, the patients with narcolepsy were asked whether there were differences in the
dream recall frequency, the nightmare frequency, and the lucid trauma frequency during an
earlier drug-free interval. Finally, it was determined whether patients with narcolepsy who
have experience with lucid dreaming experience relief during nightmares.

The evaluation of the interview data using logistical regression revealed a significantly
higher dream recall frequency, nightmare frequency and lucid dream frequency in patients
with narcolepsy compared to the subjects in the control group. The distinctive symptoms of
narcolepsy like fragmented night sleep, short sleep latency and “sleep-onset REM "periods
lead to the same effects as the “wake-up-to-bed" sleep rhythm, which increases the lucid
dream frequency in healthy control subjects. At first sight a parallel decrease of dream
frequency and an increase of nocturnal awakening as seen in normal ageing appears
inconsistent with this view. However, this can be explained by the decrease in memory
function, reduced circadian modulation of REM sleep, and a decrease in REM sleep time.
An increased dream recall frequency in patients with narcolepsy can be explained by the
"arousal-retrieval model": For dream recall, a certain degree of wakefulness and intensity
of the dream is necessary to transfer it into short-term memory. As in insomnia, patients
with narcolepsy have a high incidence of awakenings during the night, which favors dream

recall compared to healthy subjects.
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Nightmares, which occur more frequently in patients with narcolepsies, are also described
as longer, more complex, more negative, and more vivid. The increased incidence of
nightmares may be explained by the increased stress level of the specific narcolepsy
symptoms throughout the day, which seems to be mirrored in sleep at night.

70% of patients with narcolepsy who have experience with lucid dreaming can positively
influence their nightmares and experience relief, which recommends targeted lucid dream
training in patients with narcolepsy with high nightmare burden.

During an earlier medication-free interval, patients with narcolepsy showed significantly
higher dream recall and nightmare rates than on medication. Interestingly, the evaluation
revealed no significant difference in lucid dream rate compared with a medication-free

interval.

3.2. Sleep Fragmentation and Lucid Dreaming

Lucid dreams are associated with increased neural activity in prefrontal brain regions
compared to wakefulness. Single studies on lucid dream induction have shown that
alternating periods of wakefulness and sleep increase the probability of experiencing a lucid
dream.

The original paper reports four thematically related studies that investigated the relationship
between sleep fragmentation and lucid dreaming. Sleep fragmentation, nocturnal
awakenings, sleep quality, and polyphasic sleep rhythms were assessed using objective and
subjective measurement methods. The results of all 4 studies provide a more nuanced
picture of the previously suspected relationship between sleep fragmentation and lucid
dreaming.

In the study "Polyphasic sleep" 22 volunteers were asked about their individual lucid dream
rate during a monophasic and polyphasic sleep rhythm. 10 of the 22 subjects switched to a

radical polyphasic sleep rhythm - also called Uberman. This consisted of 6 sleep periods of
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each 20 minutes spread over 24 hours, while the remaining 12 subjects showed similar
polyphasic sleep patterns.

According to this, subjects under a radically polyphasic compared to a monophasic sleep
rhythm experienced more lucid dreams, both in absolute terms and relative to general dream
frequency.

Short periods of wakefulness may also occur during a monophasic sleep pattern. Comparing
these to the much longer lasting periods of wakefulness under a polyphasic sleep pattern,
the propability of REM sleep periods increases in the increased sleep periods that directly
follow periods of wakefulness. These two aspects of sleep fragmentation and the rapid re-
entry of REM sleep periods after periods of wakefulness increase the propability of still-
activated prefrontal cortex encountering REM sleep episodes and thus the chance of having
a lucid dream experience.

Furthermore, self-assessment of the number of nocturnal awakenings and physiologically
validated sequences of wakefulness and REM sleep were shown to be related to lucid
dreams. However, neither self-assessed sleep quality nor physiologically validated number

of nocturnal awakenings could be associated with lucid dreams.
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4. Veroffentlichungen

4.1. Increased lucid dreaming frequency in narcolepsy

Increased Lucid Dreaming Frequency in Narcolepsy

Michael Rak, MD"; Pierre Beitinger, MD'; Axel Steiger, MD'; Michael Schredl, PhD?*; Martin Dresler, PhD"3*

'Max-Plank-Institute of Psychiatry, Munich, Germany; *Central Institute of Mental Health, Medical Faculty Mannheim/Heidelberg University,
Germany; *Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical Centre, Nijmegen, Netherlands; *co-last authors

Study Objective: Nightmares are a frequent symptom in narcolepsy. Lucid dreaming, i.e., the phenomenon of becoming aware of the dreaming
state during dreaming, has been demonstrated to be of therapeutic value for recurrent nightmares. Data on lucid dreaming in narcolepsy patients,
however, is sparse. The aim of this study was to evaluate the frequency of recalled dreams (DF), nightmares (NF), and lucid dreams (LDF) in
narcolepsy patients compared to healthy controls. In addition, we explored if dream lucidity provides relief during nightmares in narcolepsy
patients.

Design: We interviewed patients with narcolepsy and healthy controls.

Setting: Telephone interview.

Patients: 60 patients diagnosed with narcolepsy (23-82 years, 35 females) and 919 control subjects (14-93 years, 497 females)
Interventions: N/A.

Measurements and Results: Logistic regression revealed significant (P < 0.001) differences in DF, NF, and LDF between narcolepsy patients
and controls after controlling for age and gender, with effect sizes lying in the large range (Cohen's d > 0.8). The differences in NF and LDF
between patients and controls stayed significant after controlling for DF. Comparison of 35 narcolepsy patients currently under medication with
their former drug-free period revealed significant differences in DF and NF (z < 0.05, signed-rank test) but not LDF (z = 0.8). Irrespective of
medication, 70% of narcolepsy patients with experience in lucid dreaming indicated that dream lucidity provides relief during nightmares.
Conclusion: Narcolepsy patients experience a markedly higher lucid dreaming frequency compared to controls, and many patients report a

positive impact of dream lucidity on the distress experienced from nightmares.

Keywords: narcolepsy, dreaming, nightmares, lucid dreaming

Citation: Rak M, Beitinger P, Steiger A, Schredl M, Dresler M. Increased lucid dreaming frequency in narcolepsy. SLEEP 2015;38(5).787-792.

INTRODUCTION

Narcolepsy is a disabling and chronic sleep-wake disorder
primarily characterized by excessive daytime sleepiness, irre-
sistible sleep attacks, and cataplexy."? As other sleep disorders,?
narcolepsy is associated with changes in dream mentation:
Narcolepsy patients have a higher dream recall frequency than
both healthy controls and patients with other sleep disorders.**
In addition, narcolepsy patients describe their dreams as very
vivid and often disturbing,"*® and content analytic studies in-
dicate that dreams of narcolepsy patients are more negative,
longer, and more bizarre than dreams of healthy controls.**!
Nightmare disorder is frequently present in narcolepsy pa-
tients'!; even compared to patients with other sleep disorders,
nightmare frequency is increased in narcolepsy.’

Lucid dreaming, defined as dreaming during which the
dreamer is aware that he or she is dreaming, has been demon-
strated to be an effective therapy for recurrent nightmares.!>-14
Although dream phenomenology in narcolepsy is well docu-
mented, the occurrence of lucid dreaming in narcolepsy and
its possible benefit for nightmare relief has been poorly in-
vestigated. The aim of the present study was to investigate
lucid dreaming in patients with narcolepsy. Since anecdotal
reports and studies with very small sample sizes suggest that
narcolepsy patients frequently reported that they are aware
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of their dreaming state while dreaming,*" we expected a

higher number of lucid dreams in this patient group compared
to a representative control sample of the general population.
As narcolepsy can be conceptualized as a disorder of state
boundary control both physiologically and psychologically,'®°
we further hypothesized that higher lucid dreaming frequency
cannot be explained by higher overall dream recall frequency.
Phenomenological features of lucid dreaming were studied in
this patient group, including the question if narcolepsy patients
feel relief through dream lucidity during nightmares.

METHODS

Participants

Eighty-three patients who met diagnostic criteria for narco-
lepsy (with and without cataplexy) were contacted after giving
informed consent to be called for research purposes. Patients
were diagnosed via sleep history, polysomnographic record-
ings of 2 nights, and multiple sleep latency test (MSLT). Physi-
cians of the patients were contacted to confirm the diagnosis
of narcolepsy for cases not diagnosed and treated in the Max
Planck Institute of Psychiatry, Munich. The diagnosis of nar-
colepsy according to the International Classification of Sleep
Disorders, 1st edition (ICSD-1) criteria was verified in all 83
patients. Of the 83 patients initially contacted, 60 patients par-
ticipated in the present study (mean age 53.8 years [SD 7.8], age
range 2382 years; 35 women). Reasons for dropouts were as
follows: outdated contact information (n = 15), declined to par-
ticipate (n = 3), not available for interview (n = 2), seriously ill
(n =2), and patient died (n = 1). Mean duration since diagnosis
was 14.3 years, SD 7.8, range 426 years. Fifty-one patients
(85%) were diagnosed with narcolepsy with cataplexy; 40 of
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Table 1—Number of narcolepsy patients receiving medication.

Medicated If needed
Modafinil 19 3
Methylphenidate 9 4
Amphetamines 1
Sodium oxybate 10
Ephedrine 1
Caffeine 1
Antidepressants 27

Benzodiazepines
Neuroleptics
Opiates

QNN

these 51 were HLA positive, one patient was HLA negative,
and HLA status was unknown for 10 patients. Fifty patients
(83.3%) took medications during the study period; 35 of these
could answer questions both for drug-free periods and for the
period with the current medication. Of 50 medicated patients,
10 could indicate only about their medicated status and 5 took
medication only if needed and were drug-free most of the time.
Ten patients reported they were currently completely drug-free,
with 5 of them being drug-naive until now and 5 having taken
medication previously but were unable to give further details
for this period. Medications of narcolepsy patients are docu-
mented in Table 1. A sample of 919 subjects (mean age 48.1,
SD 18.4, range 14-93 years; 497 females) representative of the
general population served as control group. Further informa-
tion about this sample is documented elsewhere.?

Procedures

Both control subjects and patients were assessed with pre-
viously validated dream recall frequency scales via telephone
interviews (methodological details are documented -else-
where?*?2). Specifically, to assess dream recall frequency (DF),
participants were asked how often they remembered their
dreams in the last few months on a 7-point rating scale ranging
from 0 (never) to 6 (almost every morning). To obtain units of
dreams per week, the scale was recoded using the class mean
as follows: 0: never (class mean 0); 1: less than once a month
(between 0 and 1 dream in 4 weeks, class mean 0.125); 2: about
once a month (1 dream in 4 weeks, class mean 0.25); 3: two
or three times a month (2-3 dreams in 4 weeks, class mean
0.625); 4: about once a week (class mean 1.0), S:several times a
week (2-5 dreams per week, class mean = 3.5); 6: almost every
morning (6—7 dreams per week, class mean = 6.5).

Nightmare frequency (NF) and lucid dream frequency
(LDF) were assessed using an 8-point rating scale. Definitions
of nightmares and lucid dreams were provided (Nightmares are
dreams with such strong negative feelings that one wakes up.
The storyline of the nightmare can be remembered very well. /
During lucid dreaming, one is, while dreaming, aware of the
fact that one is dreaming. It is possible to wake up deliberately,
to control the dream action or to observe passively the course
of the dream with this awareness.), and before the patient an-
swered, it was double-checked that patients did not confuse
lucid dreams with hypnagogic or hypnopompic hallucinations.
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The answer categories were as follows: 0: never, 1: less than
once a year, 2: about once a year, 3: about 2 to 4 times a year,
4: about once a month, 5: two or three times a month, 6: about
once a week, 7: several times a week. In order to obtain units
in dreams per month, the scales were recoded using the class
means (see above, 0 — 0,1 — 0.042,2 — 0.083,3 — 0.25,4 —
1.0, 5 —2.5,6 — 4.0, 7 — 18.0), i.e, if category 3 (about 2 to
4 times a year) was chosen, the value of 0.25 nightmares/lucid
dreams per month was assigned.

For narcolepsy patients, additional questions were added
after this first part of the interview. First, we asked if the occur-
rence of dream lucidity provided relief during nightmares. A
S5-point rating scale was used: 1: I dont know, 2: almost never,
3: rarely, 4: yes, often, 5: yes, almost always. Furthermore, pa-
tients were asked when lucid dreams occurred most frequently
across the 24-hour cycle. The following categories were pro-
vided for the night: 1: never, 2: primarily at sleep onset, 3: pri-
marily in the middle of night, 4: primarily at the end of night;
and for the day: 1: never, 2: primarily in the morning, 3: pri-
marily during the day, 4: primarily in the evening.

Statistical Analysis

We compared dream frequency data of the 60 narcolepsy
patients with the 919 subjects of the control group via ordinal
regression, including gender and age as regressors. Further-
more, via Wilcoxon rank-sum test we compared dream recall,
nightmare relief, and diurnal dream lucidity distribution of 10
currently drug-free narcolepsy patients with 45 medicated nar-
colepsy patients regarding dream frequencies, diurnal distribu-
tion of lucid dreaming, and potential relief experienced from
dream lucidity during nightmares. We compared these variables
also for the current status of 35 medicated narcolepsy patients
with their former drug-free periods. Finally, we compared these
variables in 10 patients receiving sodium oxybate with their
former drug-free period. For all tests, we considered an o of
P =0.05 or z = 0.05, respectively, as statistically significant. All
values are given as means = SEM unless indicated otherwise.

RESULTS

Dream Recall

Compared to controls, narcolepsy patients had a significantly
higher DF (4.3 £0.3 vs. 0.8 + 0.1 dreams per week, d =2.1), NF
(4.5+0.8 vs. 0.4 £ 0.1 nightmares per month, d =0.9), and LDF
(6.9 = 1.0 vs. 0.7 = 0.1 lucid dreams per month, d = 1.1), with
very large effect sizes illustrating strong differences between
the groups (Figure 1). While more than 3 of 4 patients expe-
rienced lucid dreams at least from time to time, only every
second control subject knew the phenomenon from his or her
own experience. Furthermore, DF, NF, and LDF turned out to
be higher in women and to decrease with age. After controlling
for the effects of gender and age via logistic regression, differ-
ences in DF, NF, and LDF between the groups were still highly
significant. Also when DF was introduced into the regression
analysis, differences in NF and LDF between narcolepsy pa-
tients and controls remained statistically significant. Hence,
increased frequency of nightmares and lucid dreams in narco-
lepsy patients cannot be fully explained by increased overall
dream recall frequency. For statistical details, see Table 2.
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Figure 1—Dream recall frequency, nightmare frequency and lucid
dreaming frequency in narcolepsy patients and controls. Shown are
means + SEM; differences in all three comparisons are statistically
significant.

Clinical Value and Diurnal Distribution of Lucid Dreaming

Of the 47 patients who experienced lucid dreams at least
from time to time, 33 patients felt relieved through dream lu-
cidity during nightmares at least sometimes, with 20 patients
profiting from dream lucidity often or almost always. Re-
garding the diurnal distribution of dream lucidity, 10 patients
had lucid dreams primarily at sleep onset, 9 primarily in the
middle of the night, and 27 primarily at the end of the night.
Furthermore, 2 of 3 patients with lucid dreaming experience
also had lucid dreams during daytime. For details, see Table 3.

Medication Effects

DEF, NF, and LDF did not differ between 10 drug-naive and
45 medicated patients (P > 0.4 each; 5 narcolepsy patients
who took medication infrequently were excluded from this
analysis). The diurnal distribution of dream lucidity differed
neither during the night nor during the day between subgroups
(P> 0.5 each). We also found no significant difference between
these groups concerning the question whether dream lucidity
provided relief during nightmares (P = 0.68). We further com-
pared the status of 35 medicated patients with their former
drug-free periods and found significant lower DF (P = 0.018)
and NF (P < 0.001) during the medicated status, but no differ-
ence for LDF (P = 0.81). We also did not find any difference in
the diurnal distribution of the occurrence of dream lucidity or
experience of relief through dream lucidity during nightmares
between medication states (z > 0.24 each; Table 3). Finally, we
compared the status of 10 patients receiving sodium oxybate
with their former drug-free periods and found a significant
lower DF (P = 0.023) and NF (P = 0.037) under sodium oxy-
bate, but again no difference for LDF (P = 0.14).

DISCUSSION

We found a strongly increased lucid dreaming frequency
in 60 narcolepsy patients as compared to a representative
sample of 919 control subjects. This increase stayed signifi-
cant after statistically controlling for age, gender, and gener-
ally increased dream recall frequency in narcolepsy patients.
Physiologically, narcolepsy has been conceptualized as dis-
order of state boundary control,'® and anatomical changes in
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Table 2—Logistic regressions comparing narcolepsy patients with
controls.
Standardized
Variable Estimate e P
Dream frequency
Diagnosis 0.46 155.2 0.001
Age -0.13 16.0 0.001
Sex 0.15 26.6 0.001
Nightmare frequency
Diagnosis 0.40 132.9 0.001
Age -0.15 216 0.001
Sex 0.08 6.2 0.013
Nightmare/dream frequency
Diagnosis 0.21 321 0.001
Age -0.10 8.2 0.003
Sex 0.01 0.1 0.778
DF 0.61 225.0 0.001
Lucid dream frequency
Diagnosis 0.32 99.6 0.001
Age -0.09 8.1 0.004
Sex 0.1 10.2 0.002
Lucid dream/dream frequency
Diagnosis 0.11 9.1 0.003
Age -0.01 0.0 0.866
Sex 0.03 0.8 0.364
DF 0.75 307.2 0.001
Significant effects are indicated by bold print.

the hypothalamus as the key switch of the wake-sleep cycle
have repeatedly been documented in narcolepsy.?*** Also psy-
chologically, narcolepsy patients sometimes fail to establish
the boundaries between real experience and dream mentation
during sleep paralysis,” or mistake the memory of a dream for
a real experience.'” Our data show that also during dreaming,
narcolepsy patients cognitively transgress normal state bound-
aries and frequently acquire wake-like insight into their current
state. An effective strategy to induce lucid dreams in healthy
subjects is the so called wake-up-back-to-bed technique, by
which subjects are awakened in the early morning hours and
go back to sleep after a period of wakefulness.?*?’ In narco-
lepsy patients, symptoms of fragmented night sleep, a short
sleep latency, and sleep onset REM periods might exert effects
similar to intentional wake-up-back-to-bed schedules. On first
sight a parallel decrease of dream frequency and increase of
nocturnal awakening as seen in normal ageing appears incon-
sistent with this view; however, ageing is also associated with
decline in memory functions, reduced circadian modulation of
REM sleep, and decrease in REM sleep time,**?* which might
counteract potential effects of age-related sleep fragmentation
on lucid dream frequency.

The finding of higher dream recall frequency in narcolepsy
patients is in line with previous studies.*> It might be explained
by the arousal-retrieval-model,*® postulating that dreams can
only be retrieved if awakening occurs while a short-term
memory trace of the dream is still active. Dream recall fre-
quency is indeed correlated with the number of nocturnal
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Table 3—Dream frequency, diurnal distribution of the occurrence of dream lucidity, and experience of relief during nightmares through dream lucidity in
all 60 patients with narcolepsy; in 10 drug-naive and 45 medicated patients; and in 35 medicated patients compared to their former drug-free periods.
All Drug-Naive Medicated Drug-Free Phase ~ Medicated Phase
(n=60) (n=10) (n=45) (n=35) (n=35)
Dream Frequency
Dreams per week 43+0.3 42+0.7 43+03 53103 42104
Nightmares per month 45+0.8 51+22 36+08 109%14 37£09
Lucid dreams per month 6.9+1.0 78+28 62+1.1 91+15 71+14
Dream Lucidity during Nighttime
Never 14 3 1 10 8
Primarily at sleep onset 10 0 8 5 7
Primarily in the middle of the night 9 2 6 3
Primarily at the end of the night 27 5 22 14 17
Dream Lucidity during Daytime
Never 29 6 22 16 16
Primarily in the morning 2 0 2 0 1
Primarily during the day 28 4 20 19 17
Primarily in the evening 1 0 1 0 1
Nightmare Relief through Lucidity
Almost always 10 3 6 12 10
Often 10 1 8 3 5
Rarely 13 2 10 7 9
Almost never 8 0 6 7 5
| don’t know 19 4 15 6 6
Dream frequencies are given as means + SEM, diurnal dream lucidity distribution and relief data are given as number of patients. Significant differences
between subgroups are indicated by bold print.

awakenings.” As in insomnia, in narcolepsy high levels of
arousal during both night and day might favor the retention
of dream memories, which are forgotten more frequently in
healthy subjects.3? Also, our findings of a negative association
between age and dream recall frequency and of a higher dream
recall frequency in females compared to males are in line with
previous studies.?

The finding of an increased nightmare frequency (also
controlled for general dream recall) in narcolepsy patients
confirms many previous studies. Generally, narcolepsy pa-
tients experience longer, more complex, more negative, and
more vivid dream mentation than healthy subjects,*8%3%38
and nightmares are a frequent symptom in narcolepsy.>!" Ac-
cording to a current model of nightmare etiology,* two factors
might explain increased nightmare frequency in narcolepsy
patients. First, daytime stress due to the impairments caused
by narcolepsy might be reflected in patients’ dreams, as cur-
rent stressors exert strong effects on nightmare frequency also
in healthy controls.** Second, brain activation in limbic areas
and particularly the amygdala might be higher in narcolepsy
patients due to their hyperactive REM sleep system. However,
to our knowledge there is no fMRI/EEG study of REM sleep
in narcolepsy patients that has tested this hypothesis.

We further found that 70% of the narcolepsy patients in our
study who had experience with lucid dreaming indicated that
dream lucidity provides relief during nightmares, indepen-
dent of medication status. Dream lucidity enables dreamers
to influence dream content, thereby potentially also altering
negative dream mentation.#“> Lucid dreaming has indeed
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repeatedly been shown to be an effective therapy for night-
mare disorder.!*'** Anatomical changes of the amygdala,*
altered amygdala activity related to fear conditioning during
wakefulness,” and hypermetabolism in further emotion-re-
lated brain regions like the anterior cingulate during sleep have
been observed in narcolepsy, which might be related to night-
mare symptomology.** Neurocognitive models of disturbed
dreaming emphasize a hyperresponsivity of the amygdala in
nightmare generation, coupled with a failure of medial pre-
frontal regions to dampen this activation.® Lateral prefrontal
regions have been shown capable to influence amygdala func-
tion through connections to the medial prefrontal cortex.*’
The dorsolateral prefrontal cortex activation has been demon-
strated to subserve lucid dreaming*** and has been associated
with therapeutic effects of lucidity training on recurrent night-
mares.* Increased lucid dreaming frequency in narcolepsy
patients might be considered as an underrecognized opportu-
nity for a systematic therapy of narcolepsy-related nightmare
symptoms: patients could be instructed to use dream lucidity
to confront fearful dream elements in nightmares and, in turn,
change the course of the dream plot. Since lucid dreaming is a
skill that can be induced, e.g., by training® or electrical brain
stimulation, patients without lucid dreaming experience
might also profit from such a therapeutic strategy.

Medication status did not affect lucid dreaming frequency
or relief experienced through dream lucidity during night-
mares. However, patients indicated a significant lower dream
recall and nightmare frequency under medication compared
to previous drug-free periods. Many medications used in the
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treatment of narcolepsy suppress REM sleep, which might ex-
plain decreased dream recall and nightmare frequency.” Suc-
cessful treatment reduces distress associated with the disease,
which might further reduce nightmare frequency. Further-
more, narcolepsy medications like sodium oxybate improve
sleep quality®* and support a regular sleep-wake rhythm.%
As dream recall frequency is correlated with the number of
nocturnal awakenings, improved sleep quality might be fur-
ther factor explaining the reduction of dream recall frequency
under medication.”!

Methodologically, two limitations of the medication data
should be mentioned. First, even though coarse medication
status for all patients was assessed, it was not possible to ob-
tain specific details about exact medication dosages or times.
Second, comparisons between medicated and medication-free
periods rely on subjective estimates from memory, as patients
were interviewed just once. Future studies on this topic should
assess whether lucid dreaming is present before the initial
classic manifestations of narcolepsy or whether it emerges con-
currently with the classic symptoms or subsequently. It should
also be objectively assessed whether lucid dreaming frequency
is altered before the start of medication with potentially dream-
altering drugs (e.g., antidepressants). Furthermore, more com-
prehensive information about the narcolepsy-related clinical
context should be assessed in order to trace changes in lucid
dreaming to their potential causal underpinnings. Finally, a
more direct comparison with other sleep disorder patient
groups might clarify if changes in lucid dreaming are associ-
ated with altered sleep regulation in general or with the spe-
cific neurophysiological changes of narcolepsy in particular.

In conclusion, narcolepsy patients reported a markedly
increased lucid dreaming frequency compared to a large
representative population sample. In line with therapeutic ap-
proaches using lucid dreaming training for treatment of night-
mare disorder, a majority of patients who had experience with
lucid dreaming felt that dream lucidity provides relief during
nightmares. Hence, a more systematic use of lucid dreaming
has to be considered as a promising approach for treating
nightmare symptoms in narcolepsy.
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ARTICLE INFO ABSTRACT

Keywords: Lucid dreaming—the phenomenon of experiencing waking levels of self-reflection within one’s
Lucid dreaming dreams—is associated with more wake-like levels of neural activation in prefrontal brain regions.
Metacognition In addition, alternating periods of wakefulness and sleep might increase the likelihood of ex-
Sleep fragmentation periencing a lucid dream. Here we investigate the association between sleep fragmentation and

}S,Lelep::imsyle lucid dreaming, with a multi-centre study encompassing four different investigations into sub-
ective and objective measures of sleep fragmentation, noc awakenings, sleep quality an
Rgzlpsleep * jecti d objecti f sleep fragmentati turnal awakenings, sleep quali d

polyphasic sleep schedules. Results across these four studies provide a more nuanced picture into
the purported connection between sleep fragmentation and lucid dreaming: While self-assessed
numbers of awakenings, polyphasic sleep and physiologically validated wake-REM sleep tran-
sitions were associated with lucid dreaming, neither self-assessed sleep quality, nor physiologi-
cally validated numbers of awakenings were. We discuss these results, and their underlying
neural mechanisms, within the general question of whether sleep fragmentation and lucid
dreaming share a causal link.

1. Introduction

Lucid dreaming is a distinct phenomenon whereby waking levels of self-reflection and insight are made available to within one’s
dreams (Baird et al., 2019). Spontaneous lucid dreaming occurs very infrequently in the general population (Schredl & Erlacher,
2011; Saunders et al., 2016), however its frequency can be enhanced by both intentional strategies and more unintentional me-
chanisms. Several lines of research suggest that rapidly alternating sequences of wake and sleep periods can be associated with

* Corresponding author at: Donders Institute for Brain, Cognition and Behaviour, Kapittelweg 29, 6525 EN Nijmegen, the Netherlands.
E-mail address: martin.dresler@donders.ru.nl (M. Dresler).
1 Equal contribution.

https://doi.org/10.1016/j.concog.2020.102988

Received 31 December 2019; Received in revised form 2 July 2020; Accepted 13 July 2020

1053-8100/ © 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/BY/4.0/).

30



J. Gott, et al. Consciousness and Cognition 84 (2020) 102988

increased incidence of lucid dreaming. For example, patients with narcolepsy, who experience fragmented sleep during the night and
sleep attacks during day, report significantly increased lucid dreaming frequency (Rak et al., 2015; Dodet et al., 2015). Lucid
dreaming frequency has furthermore found to be associated with the self-reported number of nocturnal awakenings, and alarm clock
‘snooze’ function usage during morning sleep (Smith and Blagrove, 2015). In experimental studies, extended periods of wakefulness
during morning hours increases the chance to dream lucidly in subsequent sleep periods (LaBerge et al., 1994; Appel et al., 2020;
Erlacher & Stumbrys, 2020); a technique also known as the ‘wake-back-to-bed’ method (Stumbrys et al., 2012).

While lucid dreaming has been observed during NREM sleep (Stumbrys & Erlacher, 2012), it appears to occur most frequently in
REM sleep (Baird et al., 2019). During normal REM sleep, brain regions that have been associated with higher cognitive processing
and metacognition in particular, namely the dorsolateral prefrontal and frontopolar cortices, show decreased activation. Lucid
dreaming, in contrast, is associated with functional and structural state and trait differences in the dorsolateral prefrontal and
frontopolar cortices (Voss et al., 2009; Dresler et al., 2012; Filevich et al., 2015; Baird, Castelnovo, Gosseries, & Tononi, 2018).

A reasonable explanation for the association between lucid dreaming and alternating sequences of wakefulness and sleep would
be the assumption that wake-associated prefrontal activation persists into subsequent sleep periods, thereby increasing the occur-
rence of metacognitive processing. In contrast to continuous sleep, periods of fragmented sleep would thus be expected to be as-
sociated with more lucid dreaming — potentially through the promotion a ‘hybrid’ state between wakefulness and REM sleep (Voss
et al, 2009).

Beyond the above mentioned studies, specific investigations into the relation between sleep fragmentation and lucid dreaming
have not been conducted. Generally, the association between these two phenomena requires more nuanced investigation before
conclusions can be drawn. In particular, whether dream lucidity can best be understood as an artefact of deleterious or disrupted
sleep, whether the inverse is true, or whether these phenomenon only incidentally correlate—so far remain unanswered.

Here, we aim to contribute to these questions by investigating the relation between sleep fragmentation and lucid dreaming
through four different studies, each targeting different instances of alternating sequences of wake and sleep periods. In Study 1, we
investigated the association between sleep fragmentation and lucid dreaming using an online survey of 202 participants recruited
through internet forums and Twitter. In Study 2, dream lucidity was assessed through interviewing 22 volunteers about their dream
experiences during and after subsisting on a radically polyphasic sleep schedule. In Study 3 we assessed the association between self-
rated sleep quality and longitudinally assessed lucid dreaming, by administrating clinical diagnostic questionnaires to 42 volunteers.
In Study 4, we investigated the association between nocturnal arousal features and lucid dreaming, through administration of
polysomnography and dream lucidity questionnaires in 30 volunteers.

Though these studies, we explored the association between sleep fragmentation and lucid dreaming using a broad-spectrum
analysis of four different aspects of unconventional sleep architecture. Together, these provide a comprehensive portrait of the
heterogeneities that occur within sleep architecture; and assess each one independently, in order to determine which (if any) may
correlate with or account for aberrant dream metacognition.

2. Study 1: Self-assessed sleep fragmentation and awakenings
2.1. Methods

2.1.1. Participants
202 participants (age 18-63; mean = 28.91; SD = 10.96); 139 (68.81%) male, 60 (29.70%) female, 3 (1.49%) reported their
gender as “other”. The participants were recruited through internet forums related to lucid dreaming.

2.1.2. Materials and procedures

Dream recall frequency and lucid dreaming frequency were assessed through an online survey (Survey Monkey; https://
surveymonkey.com). Beyond biographical data, the survey assessed dream recall frequency and lucid dreaming on a 9-point rating
scale (0, never; 1, less than once a year; 2, about once a year; 3, about 2 to 4 times a year; 4, about once a month; 5, 2 or 3 times a month; 6,
about once a week; 7, several times a week; 8, almost every night) based on a similar scale from Schredl and Erlacher (2004). To obtain
units for dream recall and lucid dream frequency per month, the scale was re-coded using the class mean system: 0 — 0, 1 — 0.042,
2 — 0.083, 3 - 0.25,4 - 1.0,5 — 2.5, 6 — 4.0, 7 — 18.0., 8 — 30.

The following definition of lucid dreaming was provided to ensure participants understood the phenomenon of lucid dreaming:
“During lucid dreaming, one is aware of the fact that one is dreaming, while the dream is still ongoing. With this awareness it is
possible to control one’s dream actions or to observe passively the course of the dream” (Schredl and Erlacher, 2004).

To obtain data on continuity of sleep, participants were asked to rate their sleep on a 5-point scale ranging from: 1, highly
continuous; 2, quite continuous; 3, normally continuous; 4, quite fragmented; 5, highly fragmented. Participants were further asked to self-
report: “How many times do you usually wake up at night (give your best estimate)?”

To assess the subjectively perceived link between lucid dreaming and fragmented sleep, participants were finally asked: “Do you
have more lucid dreams during: 1, highly continuous; 2, quite continuous; 3, normally continuous; 4, quite fragmented; 5, highly fragmented
sleep.”

2.1.3. Statistical analysis

Two separate partial correlations between lucid dreaming frequency and sleep fragmentation and number of awakenings, re-
spectively, were calculated, each using general dream frequency as a control variable.
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Table 1
Questionnaire responses of 202 participants asked for their frequency of dream recall and lucid
dreaming.
Response Dream Recall Lucid Dreams
never 0 21
less than once a year 1 12
about once a year 0 17
about 2 to 4 times a year 5 45
about once a month 16 47
2 or 3 times a month 23 19
about once a week 33 26
several times a week 61 12
almost every night 63 3

2.2. Results

The number of participants for the different questions differed from the overall sample (N = 202), due to missing data. 3
participants skipped the average sleep continuity question while one participant skipped the awakenings per night question which
brought the final number for analysis down to N = 198. On average, respondents remembered their dreams 15.8 =+ 11.4 times per
month; and experienced a lucid dream almost once a week (0.31 = 0.42) (see Table 1).

The average number of lucid dreams per month reported by participants was 2.7 * 5.7. Most participants rated their sleep as
normally continuous (N = 78) or quite fragmented (N = 51). The majority of participants reported having 2 or less awakenings per
night (N = 147) while (N = 46) reported having between 2 and 5 awakenings, and (N = 5) reported having 6 or more awakenings.
Partial correlation analyses revealed a significant association between lucid dreaming frequency and the number of awakenings
(r = 0.25; p < 0.001), but not between lucid dreaming frequency and the amount of sleep fragmentation (r = 0.05; p = 0.244).
However, directly asked for their impression of the association between lucid dreaming and sleep fragmentation, many participants
reported having more lucid dreams during quite fragmented sleep (see Fig. 1).

2.3. Interim discussion

Lucid dreaming frequency was significantly associated with self-reported number of awakenings per night, as opposed to sub-
jective degrees of fragmentation. Intraindividually, participants did however report having increased lucidity when their own sleep
was determined as being fragmented. This paints a relatively mixed picture; tentatively supporting the association between frag-
mentation and lucidity, but doing little to narrow the focus enough to suggest an underlying physiological mechanism.

The discrepancies in these results could potentially be explained though differences in how participants sclf-report slecp frag-
mentation. For example, those whose sleep is notably fragmented (but otherwise satisfactory) could be more likely to accurately
report nocturnal awakenings but under-report fragmentation; with those who are dissatisfied with their sleep more likely to ex-
aggerate or over-report degrees of fragmentation relative to actual number of awakenings. It could likewise be the case that the types
of fragmentation apt to produce the most severe deleterious sleep quality and subjective dissatisfaction (for instance multiple arousals

B (=2}
o o

Amount of responses

N
o

Fig. 1. Levels of sleep fragmentation that survey participants report to be most closely associated with lucid dreaming.
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from light sleep) are different from the kinds of fragmentation apt to produce lucidity (arousal and re-entry into REM). It could
furthermore be the case that nocturnal arousals from REM are more likely to be remembered the following morning, while multiple
arousals from NREM could subjectively be perceived as a single, contiguous period; effectively resulting in under-reporting of
nocturnal arousals relative to subjective and objective fragmentation.

This study provided robust indications that some connection between fragmentation and lucidity does exist; however drawing
comprehensive conclusions will ultimately necessitate physiological validation, and integration of other research findings.

3. Study 2: Polyphasic sleep
3.1. Methods

3.1.1. Participants

22 volunteers were interviewed on their lucid dream frequency during monophasic vs. polyphasic sleep rhythms. Of these, 10
participants (‘in-house group’, 1 female, 9 male; age range 21-28, mean 23.9 *+ 2.4) participated in a separate study on the cognitive
and physiological effects of radically polyphasic sleep, switching to a sleep rhythm of 6 naps of 20 min each, evenly distributed across
the 24-h cycle, without any extended night sleep period. We interviewed these participants within 3 months after switching back to a
regular monophasic sleep rhythm. In addition, 12 participants (‘external group’, 1 female, 11 male; age range 18-48, mean
27.8 + 8.8) who stated to have tried similar polyphasic sleep rhythms previously were interviewed with the same questions via
email.

3.1.2. Materials and procedures

All participants of the in-house group underwent 4 weeks of preparation on their normal, monophasic sleep schedule. Sleep
timing was secured by sleep diaries and actigraphy. In addition, all subjects and control subjects completed weekly questionnaires
including the Altman Self-Rating Mania Scale (ASRM), the simplified Beck Depression Inventory (BDI-V2), and a questionnaire for
complains of cognitive disturbance (FLei). A subsample further underwent 24 h of polysomnography (SOMNOwatch; Somnomedics,
Randersacker, Germany) and blood sampling every 30 min before changing to the polyphasic sleep schedule. During this 24 h
monitoring, participants further underwent tests of declarative and procedural memory, fluid reasoning, and psychomotor vigilance.
The polyphasic schedule was planned to last until a second 24 h monitoring after 8 weeks. In case of premature termination, a
custom-made questionnaire asked for different reasons for terminating the polyphasic sleep schedule.

Participants of the external group were sampled from independent attempts to switch on a polyphasic sleep schedule, and thus did
not share any systematic testing or procedures beyond the lucid dreaming interviews.

All participants were interviewed after termination of the polyphasic sleep rhythm, and were interviewed for their dream ex-
periences during the period of polyphasic sleep and during the subsequent period with a regular monophasic sleep rhythm.

Both frequency of dreaming and frequency of lucid dreaming was assessed with a 6-point-rating scale for the time period with a
polyphasic sleep rhythm (0: never, 1: monthly, 2: weekly, 3: after one nap/24 h, 4: after several naps/24 h, 5: after each nap/24 h)
and with an 5-point-rating scale during for the time period with a regular monophasic sleep rhythm (0: never, 1: monthly, 2: weekly,
3: daily, 4: several dreams a day). The same definition of lucid dreaming as in study 1 was given. To obtain units for dream recall and
lucid dream frequency per day, similarly to study 1 (and Schredl and Erlacher, 2004) the scale was re-coded as follows: 0 — 0,1 —
0.03,2 — 0.25, 3 — 1.0, 4 — 3.0, 5 — 6.0 for polyphasic sleep; and 0 — 0, 1 — 0.03, 2 — 0.25, 3 — 1.0, 4 — 3.0 for monophasic
sleep.

In addition, participants were asked if their sleep quality (difficulties in falling asleep and difficulties to sleep through) was
different during polyphasic compared to monophasic sleep (possible answers 1. much better, 2, better, 3. comparable, 4. worse, 5.
much worse). The study was approved by the ethics committee of the Medical Faculty of the Ludwig Maximilian University, Munich.

3.1.3. Statistical analysis

Two participants of the external group had to be excluded due to inconsistent answers (more lucid dreams than dreams overall).
We compared the self-reported lucid dreaming frequencies ofthe remaining 20 participants during polyphasic vs. monophasic sleep
using a Wilcoxon signed-rank test. As a control, we performed another Wilcoxon signed-rank test for relative lucid dream frequencies,
i.e. lucid dream frequency divided by general dream frequency. As another control, we correlated the individual change in lucid
dreaming frequency with the reported change in sleep quality.

3.2. Results

Participants of the in-house group kept the polyphasic sleep rhythm for a duration of 3-44 days (mean 16.7 * 12.9) before
switching back to a normal sleep rhythm. Participants of the external group spent 3-220 days (mean 41.9 *+ 68.3) on a polyphasic
sleep rhythm before switching back to a normal sleep rhythm.

Participants reported 2.64 * 1.90 dreams per day during and 0.81 * 1.01 dreams per day after cessation of the polypohasic
sleep rhythm. They further reported 0.50 + 0.92 lucid dreams per day during and 0.05 *= 0.09 lucid dreams per day after cessation
of the polypohasic sleep rhythm (see Fig. 2).

Paired t-tests indicated that these differences in both absolute (t;5 = 2.31p = 0.016) and relative (t; = 2.3, p = 0.016) lucid
dreaming frequency between polyphasic and monophasic sleep rhythms were significant. In contrast, a Pearson correlation did not
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Fig. 2. Self-assessed lucid dreaming frequency is increased during a polyphasic sleep schedule compared to monophasic sleep. Left: absolute number
of lucid dreams per day. Right: number of lucid dreams per day relative to general dream recall frequency.

find a significant association between the change in lucid dreaming frequency and the change in sleep quality during vs. after
polyphasic sleep (r = —0.14, p = 0.58). This did not change when the change in lucid dreaming frequency was normalized by
general dream frequency (r = 0.06, p = 0.82).

3.3. Interim discussion

Compared to a single period of extended sleep as experienced in regular monophasic sleep schedules, participants on radically
polyphasic sleep schedules with alternating periods of sleep and wakefulness across the 24-hour cycle appear to experience an
increased number of lucid dreams. This difference seems to be robust, as it can be demonstrated for both absolute numbers of lucid
dreams experienced per day and the proportion of lucid dreams in relation to general dream recall frequency. Compared to rather
brief periods of wakefulness that might characterize fragmented sleep during normal sleep patterns, radically polyphasic sleep allows
for extended periods of wakefulness preceding an increased number of sleep episodes, and likely for REM periods following wake-
fulness more closely than in extended monophasic sleep episodes. Both factors might increase the probability of a still activated
prefrontal cortex meeting a REM episode, and thereby increasing the chance of experiencing a lucid dream.

4. Study 3: Sleep quality
4.1. Methods

4.1.1. Participants

42 healthy volunteers (29 females, 13 males; age range 18-34, mean 22.8 = 4.1) were included. The participants were recruited
via the participant recruitment system of the University of Amsterdam and at the Radboud University Nijmegen as part of an
independent larger project (not further discussed here). Only volunteers who remembered their dreams at least three times a week
and who had personal experience with LD were included. Exclusion criteria were: current or history of sleep problems, psychiatric or
neurological disorders such as anxiety or depression, night shift work, excessive use of alcohol, cigarettes or other recreational or
psychoactive drugs. One participant reported experiencing sleep paralysis during multiple nights and was excluded from the dataset.
All participants gave written consent after the procedures had been fully explained and were paid for their participation. The research
was approved by the ethics committee of the University of Amsterdam and the CMO Regio Arnhem-Nijmegen.

4.1.2. Materials and procedures

Pittsburgh Sleep Quality index (PSQI Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). The 19 questions of the PSQI are
related to the sleep habits of the participant during the past month (e.g. When have you usually gone to bed at night? How often
during the past month have you had trouble sleeping?). These 19 questions are combined to form seven different component scores:
subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication and
daytime dysfunction. Each component score has a range of 0-3 points, in which a score of ‘0’ indicates no difficulty and a score of ‘3’
indicates severe difficulty. A global score is obtained by adding all seven component scores, leading to a range of 0-21 points, with
higher global PSQI scores indicating a worse sleep quality.

Dream Lucidity Questionnaire (DLQ, Stumbrys et al., 2013). The DLQ measures different aspects of lucidity within dreams. It
consists of twelve items assessing awareness as the core aspect of lucid dreaming (awareness that dream characters/objects are not
real, awareness of dreaming, awareness that the physical body is asleep), and further different types of control (changing dream
scenes/characters/events, breaking the physical laws, deliberately choosing an action), and remembrance (of intentions and of
waking life). Each item has to be scored on a 5-point scale (0—not at all, 1—just a little, 2—moderately, 3—pretty much, 4—very
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much). The total DLQ score was derived as mean of all original items except for item 7 and 12. This was because these questions
loaded poorly (< 0.4) in the original factor analysis that produced the DLQ; relating predominantly to recall of “waking facts,
episodes or intentions” and not lucidity per se (Stumbrys et al, 2013). As such, all DLQ scores were out of a maximum of 40 points.

Volunteers who were interested in participating in the study were invited to fill out a preliminary survey during the first week of
the study. This survey consisted of the demographics questionnaire and the dream frequency/general attitude towards dreams/level
of control questionnaire. Based on these questionnaires volunteers were included or excluded in the study. Included participants
completed the PSQI once at the beginning of the study, and daily questionnaires on dream lucidity (DLQ), sleep and mood every day
for six weeks.

All participants gave written consent after the procedures had been fully explained and were paid for their participation. During
the experiment, participants were asked not to read any additional information about lucid dreaming outside what this study pro-
vided to them, since this could potentially bias the results. The research was approved by the ethics committee of the University of
Amsterdam.

4.1.3. Statistical analysis

The data reported here focuses on the DLQ and PSQI questionnaires. For this study, we focused in particular on question 5b:
During the past month, how often have you had trouble sleeping because you wake up in the middle of the night or early morning
(possible answers: 0: Not during the past month, 1: Less than once a week, 2: Once or twice a week, 3: Three or more times a week).
Pearson correlations were computed to provide insight into the relation between a longitudinal measure of lucid dreaming (mean of
the 42 DLQ questionnaires) and PSQI question 5b and the global PSQI score, respectively.

4.2. Results

The mean global PSQI score before the 6-weeks period was 4.48 = 1.72, indicating some variability in the sample, but was
mostly still in the healthy (i.e. not clinically sleep disturbed) range. The mean score for PSQI question 5b was 1.38 + 0.90, again
indicating variability in the sample but no strong complaints about nocturnal awakenings. The mean DLQ score across all subjects
and nights was 5.46 + 6.63. We found no significant correlation between nocturnal awakenings as measured by PSQI question 5b
and lucid dreaming as measured by the DLQ score (r = —0.02, p = 0.88) during the 6-weeks period. We further found no significant
correlation between global PSQI scores and the average DLQ score (r = 0.1, p = 0.53).

4.3. Interim discussion

No correlations were found between nocturnal awakenings or overall sleep quality and dream lucidity. Since the PSQI is designed
as a diagnostic tool for clinical purposes, it can therefore be concluded that if a connection between sleep disturbance and lucidity
does exist, this particular tool is not apt to measure it; or that such disturbance is reasonably unlikely to be deleterious as per clinical
definitions.

5. Study 4: EEG arousals
5.1. Methods

5.1.1. Participants

30 participants (7 males, 23 females; age range 18-27; mean 21.1 * 2.13) were recruited from the student population of
Radboud University in Nijmegen, Netherlands. Inclusion criteria included ‘dream recall frequency’ of = 3 dreams per week, con-
sistent sleep schedule, and infrequent alcohol intake (Socially on Weekends included, One drink with a meal excluded). Exclusion
criteria were the presence of health or sleep related issues, prescription of psychopharmacological medication, drug use exceeding
recreational and legal standards, and ongoing shift work.

5.1.2. Materials and procedures

Lucidity and Consciousness in Dreams Scale (LuCiD; Voss, Schermelleh-Engel, Windt, Frenzel & Hobson, 2013). The LuCiD
measures key aspects of dream lucidity in detail and consists of 28 statements (e.g. While dreaming, I was aware of the fact that the
things I was experiencing in the dream were not real; While dreaming, I thought about my own actions). Participants had to rate to
what extent they agreed or disagreed with the statement on a 5-point scale from strongly disagree (0 points) to strongly agree (5
points), with unlabeled numeric values of 1-4 between these points.

For each participant, a night of sleep was recorded via ambulant 16 channel polysomnography (Somnoscreen plus, Somnomedics)
using the 10/20 system, with a ground location on the forehead and the reference location on Cz, 2 EOG channels on the outer canthi,
2 EMG channels on the chin area referenced to a third channel, 2 ECG channels for electrocardiograph activity attached to the right
collarbone area and under the contralateral ribs. Polysomnography was applied in the evening at Donders Institute, participants then
went home and brought the Somnoscreen back the following morning. The raw EEG data was pre-processed through DOMINO
(https://www.dominodatalab.com), with a software-based hypnogram produced. Pre-processed .EDF files were subsequently im-
ported into SpiSOP (https://www.spisop.org) for manual sleep scoring and artefact rejection. Sleep scoring was performed for
subsequent 30 s epochs according to standard scoring system (Iber, Ancoli-Israel, Chesson, & Quan, 2017) to obtain sleep
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macrostructural variables. Two independent scorers performed a first scoring and a third scorer was used in cases of disagreement on
sleep scoring. Arousals were analysed automatically by DOMINO and then manually quantified. Transitions (awakenings) between
sleep and wake were counted manually.

Based on the hypothesis that dream lucidity achieved by the wake-back-to-bed strategy (LaBerge et al., 1994; Appel et al., 2020,
Erlacher & Stumbrys, 2020) could be explained by waking levels of prefrontal activity persisting into subsequent REM sleep (Dresler
et al., 2012), we analysed the number of wake-REM sequences (WREM); defined as the number of times a participant successfully
entered or re-entered into REM from an aroused state within 5 min. Specifically, an aroused state was defined by either a continuous
wake period that spanned at least two epochs, or a single wake epoch or arousal that resulted in a transition through sleep stages 1
and 2 before returning to REM. When these conditions were met, a ‘Wake REM sequence’ was recorded. Where discrepancy between
two independent raters’ scoring of ambiguous arousal/wakefulness events resulted in different numbers of WREM sequences being
counted for a single sleep recording, the average of these two was taken.

In addition, we assessed the Number of Awakenings (NOA) and Total Wake Time (TWT), independent of REM sleep transitions.
All three measures were assessed manually in addition to automatic analysis using an R script (https://www.r-project.org). We
initially assessed only the two last hours before final awakening, given that REM sleep incidence is highest in the morning hours and
the assumption that dream recall is most robust for dreams close to awakening and reporting, and the preponderance towards lucid
dreams occurring during the hours that precede awakening. In an exploratory analysis, we varied this time window and the timing of
the wake-REM transitions.

In the morning after polysomnography, subjects had to fill out the LuCiD immediately after awakening. The research was ap-
proved by the responsible ethics committee CMO Regio Arnhem-Nijmegen.

5.1.3. Statistical analysis

Pearson’s correlation coefficients were computed to analyze the relation between the main lucidity factor Insight and the three
sleep parameters. Additional exploratory correlational analyses were performed for the remaining lucidity factors, and for different
timings of the sleep parameters.

5.2. Results

Participants experienced on average 1.17 * 1.07 (range: 0-5) wake-REM sequences in the last two hours of the night. A
significant correlation was found between the number of wake-REM sequences and the lucidity factor Insight (r = 0.357p = 0.026) as
seen in Fig. 3. There was no correlation found between Insight and Number of Awakenings (r = 0.011, p = 0.478) or Total Awake Time
(r = -0.081, p = 0.336).

Under exploratory analysis, wake-REM sequences did not significantly correlate with any other LuCiD scales (Realism: r = -0.078,
p = 0.34; Control: r = 0.258, p = 0.084; Memory: r = -0.077, p = 0.343; Thought: r = -0.219, p = 0.123) however Control did come
close to significance threshold. LuCiD scales did not correlate with either Number of Awakenings or Total Awake Time, with the
exception of the subscale Realism, which anti-correlated Number of Awakenings (r = -0.341, p = 0.033).

For further exploratory analysis, we varied the temporal parameters (last 2 h of sleep, 5 min wake-REM sequences) to determine
whether these were adequate, and justifiable for re-employment in future analyses. Since both of these variables were chosen
somewhat arbitrarily, it was pertinent to investigate whether lucidity from previous REM epochs (beyond two hours) could have been
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Fig. 3. Regression analysis of Lucidity factor Insight and wake-REM sequences (r = 0.357 p = 0.026, n = 30).
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Fig. 4. R values of the lucidity factor Insight using varied wake-REM sequence lengths between 1 and 20 min, over the last 4 h of sleep (n = 30).

driving some of the questionnaire answers; and indeed whether the 5-minute wake-REM sequence was optimal for capturing the
observable phenomena in question, at its maximal statistical power. The analysis of the association between wake-REM transitions
and dream lucidity came out much stronger when applied to the last 4 h of sleep (including 3.57 *+ 2.29 wake-REM sequences, range
0-8), and also appeared to maximise at this threshold. The chosen length of the wake-REM sequence did not change the effects
substantially when varied between 1 and 20 min, but appeared to maximise between 5 and 10 min, diminishing above and below this
window. The highest r value was at 10 min (r = 0.439) while the lowest was at 2 min (r = 0.35), as seen in Fig. 4.

5.3. Interim discussion

While no correlation was found between self-reported lucidity and either Number of Awakenings or Total Wake Time, the corre-
lation between our novel variable wake-REM sequence did indicate a potential connection between dream lucidity, sleep architecture
and underlying physiological processes. Moreover, this result provided a clear and concise avenue by which to further investigate and
quantify WBTB-based lucidity induction. While this variable provided preliminarily promising results, fully understanding its role
within dream lucidity will require further analysis beyond that carried out though this investigation.

The somewhat arbitrarily chosen parameters of 5 min for time taken between arousal and REM re-entry appeared, under ex-
ploratory analysis, to be reasonably well chosen. However, in retrospect, analysis of the final 4 h of sleep was more desirable
(particularly with wake-REM sequences set at 10 min) as the observed effects were considerably stronger at these points. Even though
lucid dreams tend to occur more often in later REM periods (LaBerge et al., 1986), in principle they can be remembered from any
nocturnal REM epoch. It thus seems plausible that taking a longer view into the hours preceding waking simply captures more
overlap between the empirical and subjective data. An ideal timing of wake-REM to support lucid dreaming remains to be established
though.

Results of the last study tentatively support a link between sleep fragmentation and dream lucidity, at least for the case of wake-
REM sequences. Future analysis might explicitly investigate neurophysiological correlates of these sequences; attempting to expand
this investigation to determine where and how given brain structures retain waking levels of activity as a deeper causal substrate for
maintenance of metacognition during dream re-entry.

6. General discussion

The four studies presented here paint a rather nuanced picture of the hypothesized connection between sleep fragmentation and
lucid dreaming: self-assessed numbers of awakenings, polyphasic sleep and physiologically validated wake-REM sleep transitions
were associated with lucid dreaming; in contrast self-assessed sleep quality and physiologically validated numbers of awakenings
were not.

At the neurophysiological level, it is tempting to speculate that sleep interruptions causally increase the likelihood of elevated
activity in the prefrontal cortex persisting into REM sleep, and that such activity can explain the neurobiological mechanisms behind
the results observed. Sleep onset REM episodes also occur in healthy subjects, particularly after periods of sleep interruption during
the night (Fukuda et al., 1987; Miyasita et al., 1989; for a review see Takeuchi et al., 2002) and during daytime naps (Bishop et al.,
1996; Singh et al., 2006). A common feature of sleep fragmentation seen in both pathological conditions such as narcolepsy and
intentional sleep disruptions that promote lucid dreaming are thus REM periods rapidly following wake periods characterized by
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more activated metacognition-related prefrontal brain regions. In such a physiological (or ‘bottom up’) model—activity in the pre-
frontal cortex would normally remain active during the return to REM, through a process of inertia (Hobson and McCarley, 1977)
with higher numbers of wake-REM sequences comparatively maximising the likelihood of this happening. This would appear to be
supported by research into narcolepsy, a pathological condition involving hypothalamic abnormalities in Orexin projecting neurons,
which predicts dream lucidity significantly (Rak et al., 2015). However, the direction of causality becomes complicated with this
explanation, and as such, this conclusion would be premature to draw. Narcolepsy is associated with richer than average dream
content (Schredl, 1998; Fosse, 2000; Cipolli et al., 2008) indicating some degree of heightened cognitive function associated with its
pathological presentation. Therefore, it can only be said that sleep disruptions may increase the chance of wake-REM sequences; with
the predilection for vivid dream content (in these circumstances) requiring an alternate explanation. It would therefore be interesting
to see whether lucidity correlates specifically with wake-REM sequences in sleep of Narcolepsy patients too.

A psychological (or ‘top down’) interpretation would also be consistent with the observations of this study. This would suggest
that spontaneous metacognitive activity produces lucidity in reported cases, with such activity also coming at a cost—sleep is more
likely to be disrupted, through ‘failed’ lucidity attempts that activate and arouse the entire brain as an unintended consequence. This
would be difficult to refute directly, since other studies involving alarm snooze button use (Smith and Blagrove, 2015) and late night
gaming (Gackenbach, 2009) as mechanisms to induce dream lucidity could not rule out lucidity as the primary goal of the behaviour;
with voluntary ‘disruption of sleep’ serving as a crude means of achieving this outcome. To determine the value of this explanation, it
would be interesting to investigate whether failed lucidity attempts (that instead result in full arousal) are particularly likely to result
in a rapid return to REM. However, this could only be determined through empirical methods, which would in turn require a deeper
understanding of the underlying neurophysiology and electrophysiology that underpin these phenomena, in order to capture these
attempts outside of subjective reports.

These competing explanations could potentially be balanced by a third option; one that involves both psychological and phy-
siological processes. Several waking studies have suggested that diminished cognitive performance through sleep fragmentation and
deprivation can result in functional ‘independence’ of certain key hubs of the default mode network, including the precuneus (Chee
and Chuah, 2007) which also share crucial importance with lucid dreaming (Dresler et al, 2012; Dresler et al, 2015), virtual re-
presentation (Cavanna and Trimble, 2006; Utevsky et al., 2014) and mind wandering (Mason et al, 2007; Christoff et al, 2009;
Schooler et al, 2011). Together, this indicates that it is plausible for high level cognitive content to emerge once the physiological
processes that constrain their manifestation become voluntarily or involuntarily disrupted. Such an interpretation coheres with
theoretical models of brain function that view the mind in terms of primary and secondary processes (Dresler et al., 2009; Hobson,
2009; Hobson and Voss, 2010; Hobson and Voss, 2011), and indeed, many models of psychosis (Limosani et al., 2011; Dresler et al.,
2015; Scarone et al., 2007) which also suggest that sleep-based stressors can cause certain types of brain function to experience
heightened activation, through brain function as a global phenomenon becoming negatively impacted. As such, one cannot con-
clusively determine how the wake-REM sequence manifests or functions, at either the physiological or psychological level; but future
investigations would be well placed to explicitly examine the neurophysiological correlates of such phenomena, and consider these
theoretical discussion points, to help answer this question.

7. Concluding remarks

Our studies represent a diverse assemblage of the variety of ways that sleep fragmentation might contribute towards incidences of
metacognition during sleep. The concluding picture that emerges from these studies is that deleterious sleep does not seem to have a
substantive effect on dream lucidity. For subjective and objective sleep fragmentation the picture is mixed, with dream lucidity being
associated with self-reported number of awakenings per night and polyphasic sleep, but not subjective degrees of fragmentation or
dissatisfactory sleep; even though participants had the subjective impression that lucid dreaming occured most often in sleep that was
quite fragmented. What does appear plausible is that rapid re-entry into REM sleep from a waking or aroused state does increase the
chance of experiencing a lucid dream—and that fragmented or polyphasic sleep might indeed potentiate such occurrences. Qur
preliminarily hypothesis that rapid re-entry into REM sleep from a waking state supports increased incidences of dream lucidity can
therefore be supported, laying some deeper context to the neurophysiological processes potentially responsible for the efficacy of the
wake-back-to-bed strategy of lucid dream induction. Our findings thus indicate that the presence of a relatively specific sleep ar-
chitectural phenomenon might be the causal instigator of dream lucidity, which may manifest as a consequence poor sleep, but does
not require it. Given recent concerns about potential detrimental effects of lucid dreaming on sleep quality and/or sleep function
(Vallat & Ruby, 2019; Soffer-Dudek, 2020), this distinction is an important one—lending further support to the findings of a recent
study (Schadow et al., 2018) which showed no correlation between poor sleep and lucidity once nightmare content was controlled
for.

Future investigations into lucid dreaming would do well to consider the wake-REM sequences and their role in potentiating the
neurophysiological mechanisms that might underlie dream metacognition; and should consider this as a distinct variable from
fragmentation per se. The efficacy of the wake-back-to-bed technique, together with unusual sleep scheduling (including morning
REM naps) might be reconciled within the context of sleep fragmentation; with a meaningful distinction now available between
deleterious and potentially more benign categories of sleep fragmentation.

38



J. Gott, et al. Consciousness and Cognition 84 (2020) 102988
Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

This research was supported by a Vidi fellowship by the Netherlands Organization for Scientific Research and the COST Action
CA18106 “The neural architecture of consciousness”.

Appendix A. Supplementary material
Supplementary data to this article can be found online at https://doi.org/10.1016/j.concog.2020.102988.
References

Appel, K., Fiillhase, S., Kern, S., Kleinschmidt, A., Laukemper, A., Liith, K., ... Vogelsang, L. (2020). Inducing signal-verified lucid dreams in 40% of untrained novice
lucid dreamers within two nights in a sleep laboratory setting. Consciousness and Cognition, 83, Article 102960.

Baird, B., Mota-Rolim, S. A., & Dresler, M. (2019). The cognitive neuroscience of lucid dreaming. Neuroscience and Biobehavioral Reviews, 100, 305-323.

Bishop, C., Rosenthal, L., Helmus, T., Roehrs, T., & Roth, T. (1996). The frequency of multiple sleep onset REM periods among subjects with no excessive daytime
sleepiness. Sleep, 19(9), 727-730.

Buysse, D. J., Reynolds, C. F., III, Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The Pittsburgh Sleep Quality Index: A new instrument for psychiatric practice and
research. Psychiatry research, 28(2), 193-213.

Baird, B., Castelnovo, A., Gosseries, O., & Tononi, G. (2018). Frequent lucid dreaming associated with increased functional connectivity between frontopolar cortex
and temporoparietal association areas. Scientific Reports, 8(1), 17798. https://doi.org/10.1038/541598-018-36190-w.

Cavanna, A. E., & Trimble, M. R. (2006). The precuneus: A review of its functional anatomy and behavioural correlates. Brain, 129(3), 564-583.

Chee, M. W., & Chuah, Y. L. (2007). Functional neuroimaging and behavioral correlates of capacity decline in visual short-term memory after sleep deprivation.
Proceedings of the National Academy of Sciences, 104(22), 9487-9492.

Christoff, K., Gordon, A. M., Smallwood, J., Smith, R., & Schooler, J. W. (2009). Experience sampling during fMRI reveals default network and executive system
contributions to mind wandering. Proceedings of the National Academy of Sciences, 106(21), 8719-8724.

Cipolli, C., Bellucci, C., Mattarozzi, K., Mazzetti, M., Tuozzi, G., & Plazzi, G. (2008). Story-like organization of REM-dreams in patients with narcolepsy—cataplexy.
Brain research bulletin, 77(4), 206-213.

Dodet, P., Chavez, M., Leu-Semenescu, S., Golmard, J. L., & Arnulf, I. (2015). Lucid dreaming in narcolepsy. Sleep, 38(3), 487-497.

Dresler, M., Wehrle, R., Spoormaker, V. L, Koch, S. P., Holsboer, F., Steiger, A., ... Czisch, M. (2012). Neural correlates of dream lucidity obtained from contrasting
lucid versus non-lucid REM sleep: A combined EEG/fMRI case study. Sleep, 35(7), 1017-1020.

Dresler, M., Wehrle, R., Spoormaker, V. I, Koch, S., Holsboer, F., Steiger, A., ... Czisch, M. (2009). Neural correlates of consciousness—insights from sleep imaging.
Neuroforum, 15(S1), T24-T3C.

Dresler, M., Wehrle, R., Spoormaker, V. L, Steiger, A., Holsboer, F., Czisch, M., & Hobson, J. A. (2015). Neural correlates of insight in dreaming and psychosis. Sleep
medicine reviews, 20, 92-99.

Erlacher, D., & Stumbrys, T. (2020). Wake up, work on dreams, back to bed and lucid dream: A sleep laboratory study. Frontiers in Psychology, 11, 1383.

Filevich, E., Dresler, M., Brick, T. R., & Kiihn, S. (2015). Metacognitive mechanisms underlying lucid dreaming. Journal of Neuroscience, 35(3), 1082-1088.

Fosse, R. (2000). REM mentation in narcoleptics and normals: An empirical test of two neurocognitive theories. Consciousness and cognition, 9(4), 488-509.

Fukuda, K., Miyasita, A., & Inugami, M. (1987). Sleep onset REM periods observed after sleep interruption in normal short and normal long sleeping subjects.
Electroencephalography and clinical neurophysiology, 67(6), 508-513.

Gackenbach, J. (2009). Electronic media and lucid-control dreams: Morning after reports. Dreaming, 19(1), 1.

Hobson, J. A., & McCarley, R. W. (1977). The brain as a dream state generator: An activation-synthesis hypothesis of the dream process. American Journal of Psychiatry,
134(12), 1335-1348.

Hobson, A., & Voss, U. (2011). A mind to go out of: Reflections on primary and secondary consciousness. Consciousness and cognition, 20(4), 993-997.

Hobson, J. A. (2009). REM sleep and dreaming: Towards a theory of protoconsciousness. Nature Reviews Neuroscience, 10(11), 803.

Hobson, J. A., & Voss, U. (2010). Lucid dreaming and the bimodality of consciousness. Towards new horizons in consciousness research from the boundaries of the brain, 79,
155-165.

Iber, C., Ancoli-Israel, S., Chesson, A., & Quan, S. F. The American Academy of Sleep Medicine. (2007). The AASM manual for the scoring of sleep and associated events:
Rules, terminology and technical specifications (1st ed.). Westchester, Illinois: American Academy of Sleep Medicine.

LaBerge, S., Levitan, L., & Dement, W. C. (1986). Lucid dreaming: Physiological correlates of consciousness during REM sleep. The journal of mind and behavior,
251-258.

LaBerge, S., Phillips, L., & Levitan, L. (1994). An hour of wakefulness before morning naps makes lucidity more likely. NightLight, 6(3), 1-4.

Limosani, I., D’Agostino, A., Manzone, M. L., & Scarone, S. (2011). The dreaming brain/mind, consciousness and psychosis. Consciousness and cognition, 20(4),
987-992.

Mason, M. F., Norton, M. 1., Van Horn, J. D., Wegner, D. M., Grafton, S. T., & Macrae, C. N. (2007). Wandering minds: The default network and stimulus-independent
thought. Science, 315(5810), 393-395.

Miyasita, A., Fukuda, K., & Inugami, M. (1989). Effects of sleep interruption on REM-NREM cycle in nocturnal human sleep. Electroencephalography and clinical
neurophysiology, 73(2), 107-116.

Rak, M., Beitinger, P., Steiger, A., Schredl, M., & Dresler, M. (2015). Increased lucid dreaming frequency in narcolepsy. Sleep, 38(5), 787-792.

Saunders, D. T., Roe, C. A., Smith, G., & Clegg, H. (2016). Lucid dreaming incidence: A quality effects meta-analysis of 50 years of research. Consciousness and Cognition,
43, 197-215.

S. Scarone M.L. Manzone O. Gambini I. Kantzas I. Limosani D'agostino, A., & Hobson, J. A. The dream as a model for psychosis: An experimental approach using
bizarreness as a cognitive marker Schizophrenia Bulletin 34 3 2007 515 522.

C. Schadow M. Schredl J. Rieger A.S. Goritz The relationship between lucid dream frequency and sleep quality: Two cross-sectional studies International Journal of
Dream Research 11 2 2018 154 159.

Schooler, J. W., Smallwood, J., Christoff, K., Handy, T. C., Reichle, E. D., & Sayette, M. A. (2011). Meta-awareness, perceptual decoupling and the wandering mind.
Trends in cognitive sciences, 15(7), 319-326.

Schredl, M. (1998). Dream content in patients with narcolepsy: Preliminary findings. Dreaming 8(2), 103-107.

Schredl, M., & Erlacher, D. (2004). Lucid Dreaming Frequency and Personality. Personality and Individual Differences, 37(7), 1463-1473.

Schredl, M., & Erlacher, D. (2011). Frequency of lucid dreaming in a representative German sample. Perceptual and Motor Skills, 112(1), 104-108.

10

39



J. Gott, et al. Consciousness and Cognition 84 (2020) 102988

Singh, M., Drake, C. L., & Roth, T. (2006). The prevalence of multiple sleep-onset REM periods in a population-based sample. Sleep, 29(7), 890-895.

Smith, B. V., & Blagrove, M. (2015). Lucid dreaming frequency and alarm clock snooze button use. Dreaming, 25(4), 291.

Soffer-Dudek, N. (2020). Are lucid dreams good for us? Are we asking the right question? A call for caution in lucid dream research. Frontiers in Neuroscience. https://
doi.org/10.3389/fnins.2019.01423.

Stumbrys, T., & Erlacher, D. (2012). Lucid dreaming during NREM sleep: Two case reports. International Journal of Dream Research, 5(2), 151-155.

Stumbrys, T., Erlacher, D., & Schredl, M. (2013). Testing the involvement of the prefrontal cortex in lucid dreaming: A tDCS study. Consciousness and Cognition, 22(4),
1214-1222.

Stumbrys, T., Erlacher, D., Schadlich, M., & Schredl, M. (2012). Induction of lucid dreams: A systematic review of evidence. Consciousness and Cognition, 21(3),
1456-1475.

Takeuchi, T., Fukuda, K., & Murphy, T. L. (2002). Elicitation of sleep-onset REM periods in normal individuals using the sleep interruption technique (SIT). Sleep
Medicine, 3(6), 479-488.

Utevsky, A. V., Smith, D. V., & Huettel, S. A. (2014). Precuneus is a functional core of the default-mode network. Journal of Neuroscience, 34(3), 932-940.

Vallat, R., & Ruby, P. M. (2019). Is it a good idea to cultivate lucid dreaming? Frontiers in Psychology, 10, 2585.

Voss, U., Holzmann, R., Tuin, 1., & Hobson, A. J. (2009). Lucid dreaming: A state of consciousness with features of both waking and non-lucid dreaming. Sleep, 32(9),
1191-1200.

Voss, U., Schermelleh-Engel, K., Windt, J., Frenzel, C., & Hobson, A. (2013). Measuring consciousness in dreams: The lucidity and consciousness in dreams scale.
Consciousness and Cognition, 22(1), 8-21.

11

40



6. Literatur

1.

Buysse DJ. Sleep health: can we define it? Does it matter? Sleep. 2014 Jan 1;37(1):9-
17. doi: 10.5665/sleep.3298. PMID: 24470692; PMCID: PMC3902880

David A, Constantino F, dos Santos JM, et al. Health-related quality of life in
Portuguese patients with narcolepsy. Sleep Med. 2012 Mar;13(3):273-7. doi:
10.1016/j.sleep.2011.06.021. Epub 2012 Jan 26. PMID: 22281002

Stampi C. Why We Nap: Evolution, Chronobiology and Functions of Polyphasic and
Ultrashort Sleep. Birkhé&user, Boston, 1992. 275 pp, ISBN 0-8176-3462-2. Price: SFr
168 J Psychopharmacol May 1995 9: 292

Pallayova M, Donic V, Gresova S, et al. Do differences in sleep architecture exist
between persons with type 2 diabetes and nondiabetic controls? J Diabetes Sci Technol.
2010 Mar 1;4(2):344-52. doi: 10.1177/193229681000400215. PMID: 20307395;
PMCID: PMC2864170

Hobson JA. Sleep and dreaming.J Neurosci. 1990;10(2):371-382. doi:10.1523/
JNEUROSCI.10-02-00371.1990

Iber C, Ancoli-Israel S, Chesson A. The AASM manual for the scoring of sleep and
associated events: rules, terminology and technical specification. 1st. Westchester, IL:
American Academy of Sleep Medicine; 2007. Quan SF for the American Academy of
Sleep Medicine

Smith, B. V., & Blagrove, M. (2015). Lucid dreaming frequency and alarm clock snooze
button use. Dreaming, 25(4), 291.

Appel K, Fiillhase S, Kern S, et al. Inducing signal-verified lucid dreams in 40% of
untrained novice lucid dreamers within two nights in a sleep laboratory setting
[published online ahead of print, 2020 Jun 8]. Conscious Cogn. 2020;83:102960.

doi:10.1016/j.concog.2020.102960

41



10.

1.

12.

13.

14.

15.

16.

17.

18.

Erlacher D, Stumbrys T. Wake Up, Work on Dreams, Back to Bed and Lucid Dream:
A Sleep Laboratory Study. Front Psychol. 2020;11:1383. Published 2020 Jun 26.
doi:10.3389/fpsyg.2020.01383

Stumbrys, T, Erlacher, D. Lucid dreaming during NREM sleep: Two case reports. Int.
J Dream Res, 2012. 5(2), 151-155

Mignot E. Narcolepsy: Pathophysiology and genetic disposition. In: Kryger MH, Roth
T, Dement WC, eds. Principles and practice of sleep medicine. St. Louis, Missouri:
Saunders, 2011:938-56

Dresler M, Spoormaker VI, Beitinger P, et al. Neuroscience-driven discovery and
development of sleep therapeutics. Pharmacol Therapeut 2014;141:300-34

Lee JH, Bliwise DL, Lebret-Bories E, et al. Dream-disturbed sleep in insomnia and
narcolepsy. J Nerv Ment Dis. 1993 May;181(5):320-4. doi: 10.1097/00005053-
199305000-00008. PMID: 8501449

Roth B, Brithova S. Dreams in narcolepsy, hypersomnia and dissociated sleep disorders.
Exp Med Surg. 1969;27(1-2):187-209. PMID: 4312344

Schredl M. Dream content in patients with narcolepsy: preliminary findings. Dreaming
1998;8:103-7

Fosse R, Stickgold R, Hobson JA. Emotional experience during rapid-eye-movement
sleep in narcolepsy. Sleep. 2002 Nov 1;25(7):724-32. doi: 10.1093/sleep/25.7.724.
PMID: 12405607

Schredl M, Binder R, Feldmann S, et al. Dreaming in patients with sleep disorders: A
multicenter study. Somnologie 2012;16:32-42

Morgadinho Santos Coelho F. Narcolepsy - Between the dream and reality. Sleep Sci.
2014 Mar;7(1):1-2. doi: 10.1016/j.s1s¢1.2014.07.019. Epub 2014 Aug 19. PMID:

26483893; PMCID: PMC4521658

42



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tang H, Sharma N, Whyte KF. Lucid dreaming during Multiple Sleep Latency Test
(MSLT). Sleep Med. 2006 Aug;7(5):462-3. doi: 10.1016/j.sleep.2006.02.010. Epub
2006 Jul 3. PMID: 16815747

VOGEL G. Studies in psychophysiology of dreams. III. The dream of narcolepsy. Arch
Gen Psychiatry. 1960 Oct;3:421-8. doi: 10.1001/archpsyc.1960.01710040091011.
PMID: 13781811

Stampi C. Evolution, Chronobiology, and Functions of Polyphasic and Ultrashort Sleep:
Main  Issues. @ Why We  Nap. Birkhduser, Boston, MA. 1992.
https://doi.org/10.1007/978-1-4757-2210-9 1

L. Nadel. Sleep: Polyphasic. Stampi C. Encyclopedia of cogn. Science. L. Nadel (ED.)
2006

Votruba, T. Psychological impacts of polyphasic sleep. Masaryk university faculty of
social studies. Departmenr of Psychology. 2012

Doxyk P. Ubersleep. 2008

LaBerge SP, Nagel LE, Dement WC, et al. Lucid dreaming verified by volitional
communication during REM sleep. Percept Motor Skill 1981;52:727-32

Ribeiro N, Gounden Y, Quaglino V. Investigating on the Methodology Effect When
Evaluating Lucid Dream. Front Psychol. 2016 Aug 30;7:1306. doi:
10.3389/fpsyg.2016.01306. PMID: 27625622; PMCID: PMC5003896

de Macédo TCF, Ferreira GH, de Almondes KM, et al. My Dream, My Rules: Can
Lucid Dreaming Treat Nightmares?. Front Psychol. 2019;10:2618. Published 2019 Nov
26. doi:10.3389/fpsyg.2019.02618

Schredl M, Erlacher D. Frequency of lucid dreaming in a representative German sample

D,2011 Feb;112(1):104-8.doi: 10.2466/09.PMS.112.1.104-108

43



29.

30.

31.

32.

33.

34.

35.

36.

37.

Morgenthaler TI, Auerbach S, Casey KR, et al. Position Paper for the Treatment of
Nightmare Disorder in Adults: An American Academy of Sleep Medicine Position
Paper.J Clin Sleep Med. 2018;14(6):1041-1055. Published 2018 Jun 15.
doi:10.5664/jcsm.7178

Spoormaker VI, van den Bout J. Lucid dreaming treatment for nightmares: a pilot
study. Psychother Psychosom. 2006;75(6):389-394. doi:10.1159/000095446

Siclari F, Baird B, Perogamvros L, et al. The neural correlates of dreaming. Nat
Neurosci. 2017;20(6):872-878. doi:10.1038/nn.4545

Stumbrys T, Erlacher D, Schredl M. Testing the involvement of the prefrontal cortex in
lucid dreaming: a tDCS study. Conscious Cogn. 2013;22(4):1214-1222.
doi:10.1016/j.concog.2013.08.005

Voss U, Holzmann R, Tuin I, et al. Lucid dreaming: a state of consciousness with
features of both waking and non-lucid dreaming. Sleep. 2009;32(9):1191-1200.
doi:10.1093/sleep/32.9.1191

Mota-Rolim SA, Erlacher D, Tort AB, et al. Different kinds of subjective experience
during lucid dreaming may have different neural sub-strates. Int. J. Dream
Res.2010, 25, 550-557

Voss U, Holzmann R, Hobson A, et al. Induction of self awareness in dreams through
frontal low current stimulation of gamma activity. Nat Neurosci. 2014;17(6):810-812.
doi:10.1038/nn.3719

Schooler JW. Re-representing consciousness: dissociations between experience and
meta-consciousness. Trends Cogn Sci. 2002;6(8):339-344.  doi:10.1016/s1364-
6613(02)01949-6

Dresler M, Eibl L, Fischer CF, et al. Volitional components of consciousness vary
across wakefulness, dreaming and lucid dreaming. Front Psychol. 2014;4:987.

Published 2014 Jan 2. doi:10.3389/fpsyg.2013.00987

44



38. Spoormaker VI, Czisch M, Dresler M. Lucid and non-lucid dreaming: Thinking in
networks. Int. J. Dream Res.2010, 3, 49-51

39. Filevich E, Dresler M, Brick TR, Kiihn S. Metacognitive mechanisms underlying lucid
dreaming. J Neurosci. 2015;35(3):1082-1088. doi:10.1523/JNEUROSCI.3342-14.2015

40. Baird B, Mota-Rolim SA, Dresler M. The cognitive neuroscience of lucid
dreaming. Neurosci Biobehav Rev. 2019;100:305-323. doi:10.1016/j.neubiorev.

2019.03.008

45



7. Danksagung

Die vorliegende Arbeit wurde am Max-Planck-Institut fiir Psychiatrie der Ludwig-
Maximilians-Universitdt Miinchen unter Anleitung von Prof. Dr. Axel Steiger von 2013 bis

2021 durchgefiihrt.

Meinem Doktorvater, Herrn Prof Dr. Axel Steiger, danke ich fiir die interessante
Themenstellung und fiir seine umfassende fachliche Betreuung. Ein besonderer Dank gilt fiir

die ausgezeichnete Unterstiitzung bei der Zusammenstellung der vorliegenden Arbeit.

Mein Dank gilt auerdem Herrn Dr. Martin Dresler fiir seine unermiidliche Betreuung bei
allen Fragestellungen und seine stete Gespriachs- und Diskussionsbereitschaft. Er hat durch
seine Einsatzbereitschaft, seine fachliche Kompetenz und seine sympathische Art stets fiir eine

fruchtbare Arbeitsatmosphire gesorgt.

Herrn Dr. Pierre Beiting danke ich fiir die Vermittlung der Probanden, ohne die die

experimentellen Arbeiten nicht moglich gewesen wiren.

Ich danke Herrn Prof. Dr. Michael Schredl fiir die Unterstiitzung bei simtlichen statistischen

Fragestellungen.

Weiterhin mochte ich dem gesamten Schlaflabor des Max-Planck-Instituts Miinchen danken

fiir die Unterstiitzung und die Koordination bei allen experimentellen Arbeiten.

Sonja danke ich fiir Ihre Unterstiitzung und das Korrekturlesen der vorliegenden Arbeit.

46



8. Nutzungsrechte

8.1. Nutzungsrecht fiir die Abbildung 2:

OXFORD UNIVERSITY PRESS LICENSE

TERMS AND CONDITIONS

Jul 12,2022

This Agreement between Ludwig Maximillinas University -- Michael Rak ("You") and

Oxford University Press ("Oxford University Press") consists of your license details and
the terms and conditions provided by Oxford University Press and Copyright Clearance

Center.

License Number

License date

Licensed content publisher
Licensed content publication
Licensed content title

Licensed content author
Licensed content date
Type of Use

Institution name

Title of your work

Publisher of your work

Expected publication date
Permissions cost

Value added tax

Total

Portions

Specific Languages
Requestor Location
Publisher Tax ID

Total

5342650769592

Jul 05, 2022

Oxford University Press

SLEEP

Lucid Dreaming: a State of Consciousness with Features
of Both Waking and Non-Lucid Dreaming

Voss, Ursula; Holzmann, Romain

Sep 1, 2009

Thesis/Dissertation

Auswirkung pathologischer und gezielter
Schlaffragmentierung auf das Traumverhalten
Max-Plank-Institut fiir Psychiatrie, Institut der Ludwig-
Maximilians-Universitit Miinchen

Jul 2022

0.00 USD

0.00 USD

0.00 USD

Figure 3

German

Ludwig Maximillians University, Miinchen
GB125506730

0.00 USD

47



8.2. Nutzungsrecht fiir die Publikation: Increased Lucid Dreaming Frequency in

Narcolepsy

OXFORD UNIVERSITY PRESS LICENSE

TERMS AND CONDITIONS

Jul 12,2022

This Agreement between Ludwig Maximillinas University -- Michael Rak ("You") and
Oxford University Press ("Oxford University Press") consists of your license details and
the terms and conditions provided by Oxford University Press and Copyright Clearance

Center.

License Number
License date

Licensed content publisher
Licensed content publication

Licensed content title
Licensed content author
Licensed content date
Type of Use

Institution name

Title of your work

Publisher of your work

Expected publication date
Permissions cost

Value added tax

Total

Portions

Requestor Location

Attn:

Publisher Tax ID

Total

5342650452771

Jul 05, 2022

Oxford University Press

SLEEP

Increased Lucid Dreaming Frequency in Narcolepsy
Rak, Michael; Beitinger, Pierre

May 1, 2015

Thesis/Dissertation

Auswirkung pathologischer und gezielter
Schlaffragmentierung auf das Traumverhalten
Max-Plank-Institut fiir Psychiatrie, Institut der Ludwig-
Maximilians-Universitdt Miinchen

Jul 2022

0.00 EUR

0.00 EUR

0.00 EUR

the whole publication

Ludwig Maximillians University, Miinchen
Ludwig Maximillians University
GB125506730

0.00 EUR

48



STANDARD TERMS AND CONDITIONS FOR REPRODUCTION OF
MATERIAL FROM AN OXFORD UNIVERSITY PRESS JOURNAL

1. Use of the material is restricted to the type of use specified in your order details.

2. This permission covers the use of the material in the English language in the following
territory: world. If you have requested additional permission to translate this material, the
terms and conditions of this reuse will be set out in clause 12.

3. This permission is limited to the particular use authorized in (1) above and does not allow
you to sanction its use elsewhere in any other format other than specified above, nor does
it apply to quotations, images, artistic works etc that have been reproduced from other
sources which may be part of the material to be used.

4. No alteration, omission or addition is made to the material without our written consent.
Permission must be re-cleared with Oxford University Press if/when you decide to reprint.
5. The following credit line appears wherever the material is used: author, title, journal,
year, volume, issue number, pagination, by permission of Oxford University Press or the
sponsoring society if the journal is a society journal. Where a journal is being published on
behalf of a learned society, the details of that society must be included in the credit line.

6. For the reproduction of a full article from an Oxford University Press journal for whatever
purpose, the corresponding author of the material concerned should be informed of the
proposed use. Contact details for the corresponding authors of all Oxford University Press
journal contact can be found alongside either the abstract or full text of the article concerned,
accessible from www.oxfordjournals.org Should there be a problem clearing these rights,
please contact journals.permissions@oup.com

7. If the credit line or acknowledgement in our publication indicates that any of the figures,
images or photos was reproduced, drawn or modified from an earlier source it will be
necessary for you to clear this permission with the original publisher as well. If this
permission has not been obtained, please note that this material cannot be included in your
publication/photocopies.

8. While you may exercise the rights licensed immediately upon issuance of the license at
the end of the licensing process for the transaction, provided that you have disclosed
complete and accurate details of your proposed use, no license is finally effective unless
and until full payment is received from you (either by Oxford University Press or by
Copyright Clearance Center (CCC)) as provided in CCC's Billing and Payment terms and
conditions. If full payment is not received on a timely basis, then any license preliminarily
granted shall be deemed automatically revoked and shall be void as if never granted.
Further, in the event that you breach any of these terms and conditions or any of CCC's
Billing and Payment terms and conditions, the license is automatically revoked and shall be
void as if never granted. Use of materials as described in a revoked license, as well as any
use of the materials beyond the scope of an unrevoked license, may constitute copyright
infringement and Oxford University Press reserves the right to take any and all action to
protect its copyright in the materials.

9. This license is personal to you and may not be sublicensed, assigned or transferred by
you to any other person without Oxford University Press’s written permission.

10. Oxford University Press reserves all rights not specifically granted in the combination
of (i) the license details provided by you and accepted in the course of this licensing
transaction, (ii) these terms and conditions and (ii1) CCC’s Billing and Payment terms and
conditions.

11. You hereby indemnify and agree to hold harmless Oxford University Press and CCC,
and their respective officers, directors, employs and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

49



