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Summary




It was a hot summer day when my father decided to take me to a petting zoo. | was two
years old (or maybe three or four), holding his hand as we wandered among a crowd of other
children and parents filling the farm. My eyes swept across the fields as | spotted a bird,
staring straight at me. | stopped and stared back. | had never seen such a big bird before,
white as snow, with a bright orange beak. Mesmerized, | let go of my father’s hand and
stepped closer to the fence that separated the bird and me, now locked in a gaze, just the
two of us. Feeling the spark of something special, | pushed my index finger through the wire.
For some people, this might mark their “spark bird” moment, the encounter with the one
bird that ignites a lifelong passion (or obsession) for birds, spending their lives with
binoculars in hand, chasing rare sightings, and memorizing bird calls. For me, though, this
moment sparked something very different. What happens next, as | remember it, is this: the
bird slowly lunges forward. But instead of reaching out its wing in friendship, like | thought
it would, it suddenly cranes its long neck, and before | know it, snaps its bright orange beak
around my finger. In shock, | pull back my hand. Tears well up as | run back to my father,
swearing to myself that I'd never go near those birds ever again.

Emotional moments, whether filled with joy or fear, tend to stay with us long after
they have passed, shaping how we see ourselves, others, and the world around us. Most of
the times, these memories guide us in functional ways, but sometimes they can influence
our thoughts and behaviours in limiting and unwanted ways. Indeed, overly intense or poorly
processed emotional memories are thought to be central to the onset and persistence of
many affective disorders. The substantial burden they place on individuals and society
underscores the need for more effective strategies to prevent and treat them. Among the
factors influencing how emotional memories are processed, sleep has been suggested as an
important contributor. Sleep disturbances are common in affective disorders and appear to
interact bidirectionally with emotion: poor sleep can worsen emotional regulation, while
intense emotions, in turn, can impair sleep. Beyond this general link, researchers are
increasingly interested in whether sleep might directly shape the way emotional memories
are stored and transformed. Building on evidence that sleep enhances the long-term storage
of emotionally salient over neutral information, two dominant hypotheses have emerged
offering contradicting views on how sleep modulates the affective tone of these memories:
one hypothesis suggests that sleep preserves or amplifies the emotional salience of
memories, while the other hypothesis proposes a downregulating effect of sleep. These
contradicting propositions hold important clinical implications. If the first hypothesis holds,

sleep could inadvertently maintain the emotional intensity of distressing memories,
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potentially contributing to the development of symptoms in affective disorders. In this case,
interventions might aim to avoid sleep in the immediate aftermath of an aversive event. On
the other hand, if the second hypothesis holds, sleep may act as a natural form of “overnight
therapy”, helping to downregulate the emotional impact of distressing memories. This
would suggest that promoting healthy sleep following an aversive event may be used as a
tool for preventing the development of emotional memory-related disorders.

Empirical findings regarding the hypotheses are mixed: some studies associate sleep
with either the maintenance, strengthening, or weakening of memories’ affective tone, while
others report no effect at all. These inconsistencies raise a key question that motivates the
work presented in this dissertation: can sleep alter the emotional impact of memories, and
if so, under what conditions? Differences in study design and methodology may account for
the discrepancies in findings. For instance, many studies lack appropriate control stimuli to
distinguish changes specific to memory from broader emotion regulation effects and
frequently rely solely on self-reports without including physiological measures. Moreover, the
common use of negatively valenced images to induce emotional memories often lacks
personal relevance and may create only weak emotional memories. Hence, in Chapters 2
and 3, we addressed these limitations and implemented a more ecologically valid and
carefully controlled paradigm to elicit naturally embarrassing, autobiographical experiences.
In a karaoke paradigm, participants were first recorded singing two songs. One of these
recordings was later played back to them to induce an embarrassing episode. After a delay,
participants listened to the same recording again to reactivate the previously formed
embarrassing memory and assess changes in its emotional intensity. The second recording
(which they had not heard before) was also played back as a control stimulus to track changes
related to general emotion regulation. Emotional responses were measured in two ways:
subjectively, by asking how positive or negative (i.e., valence) and how embarrassed they
felt, and objectively, using a physiological marker closely associated with embarrassment —
facial blushing. In Chapter 2, participants were re-exposed to their recording after a 12-hr
interval, which included either daytime wakefulness or overnight sleep. Although we
successfully induced an embarrassing episode as indicated by subjective and objective
emotional responses, ratings of embarrassment and valence remained stable after both
wakefulness and sleep. In contrast, physiological measures of facial blushing were reduced
following sleep, but not after wakefulness. The lower blushing responses, however, did not
only occur for the reactivated memory but also for the novel recording. Since the effect of

sleep was not specific to memory reactivation triggered by the re-exposed recording, it
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remains unclear whether it results from sleep-related changes to the memory itself and
generalized to associated memories, or from overall changes in affect.

One reason we may not have observed a memory-specific effect of sleep in Chapter
2 could be the restricted sleep window we provided to participants, as processing emotional
memories might take more than just one night. This aligns with one of the dominant
hypotheses suggesting that memory processing may require multiple nights to complete.
Therefore, in Chapter 3, we conducted a follow-up study where we extended the interval
between the original embarrassing experience and the re-exposure to one week. Since
shorter delays between initial exposure and subsequent sleep are thought to support
memory processing by limiting interference from external stimuli, we varied the timing of
sleep to examine its influences on emotional memories. While facial blushing reduced over
time, valence ratings became more negative. However, these effects were neither dependent
on the timing of sleep nor specific to the memory. The remaining subjective outcomes
remained unchanged and unaffected by sleep. Together, these findings suggest that
sleeping immediately after encoding does not substantially alter the long-term emotional
intensity of embarrassing memories. Even if sleep contributed to the observed changes
irrespective of its timing, we again found no evidence for memory-specific effects, despite
several nights of sleep.

Given these inconclusive findings, we reconsidered the theoretical framework and
drew on ideas suggesting that sleep’s effects may be moderated by additional factors. Rather
than uniformly preserving or diminishing memories’ emotional tone, sleep might instead
adjust it in ways that are most adaptive to the current situation. We hypothesized that this
adaptive adjustment might depend on the future relevance of a memory: maintaining (or
enhancing) the emotional tone of future-relevant memories could help individuals prepare
for similar situations, whereas downregulating the emotional tone of future-irrelevant
memories may serve to minimize unnecessary emotional burden (Chapter 4). To explore this
idea, we employed a novel evaluative learning paradigm where participants viewed a short
video of an acted version of the Trier Social Stress Test (TSST), depicting an individual
delivering a speech in front of an evaluative panel. Some of the panel members were later
introduced as potential panel members during participants' own presentations one week
later, assigning future relevance or irrelevance to the previously formed memories. Changes
in emotional responses to memory cues were measured after a 12-hr interval of either
daytime wakefulness or overnight sleep and again one week later. Our findings showed that

valence ratings remained stable over time, while subjective arousal decreased for future-
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irrelevant memories after both 12 hr and one week, with no observable effect of sleep. We
concluded that future relevance appears to modulate emotional memory independently of
sleep.

In a final effort to identify clear sleep-related changes in the emotional intensity of
distressing memories, Chapter 5 employs a more ecologically valid measure — intrusive
memories — linked to a personally meaningful experience. To elicit intrusive memories, we
employed the TSST as part of the study described in Chapter 4, which has been shown to
reliably induce social-evaluative distress. Participants performed the TSST either in the
morning and stayed awake for an extended period during the day or in the evening and
slept shortly afterward. Over the following week, they tracked the occurrence of intrusive
memories and the distress they evoked. This allowed us to test whether the timing of sleep
affects the development of intrusive memories in the week following the stressful event.
While prior research examined intrusion frequency and distress separately, we combined
these measures into a single metric — intrusion load. This measure may be clinically more
relevant because it better captures the disruptiveness of intrusive memories in daily life.
Although the TSST elicited a distressing experience, as reflected by increased subjective
state anxiety, we observed no effect of sleep timing on intrusion load. However, there was
tentative evidence suggesting that subjective sleep quality and its variability influenced
intrusion load. Nevertheless, these results should be interpreted with caution, as only a small
number of intrusions were recorded following the TSST. This suggests that the TSST may not
be optimal for reliably inducing intrusive memories, highlighting a limitation of the paradigm.

What began as a straightforward question — can sleep alter the emotional impact of
memories — reveals just how elusive this relationship remains. Despite the systematic
changes in our experiments, this body of work underscores the difficulty of drawing clear
conclusions about whether sleep reduces or enhances the emotional intensity of memories.
Instead, the results point to a complex interplay of factors that current paradigms may not
fully capture. In Chapter 6 and the preceding chapters, we discuss methodological
challenges such as time-of-day effects and difficulties in reliably reactivating memories that
constrain our findings. Broader issues in the field, including small sample sizes and replication
challenges, further hinder a clear understanding of sleep-dependent emotional memory
processing. As a result, the effectiveness of sleep as a stand-alone intervention for preventing
the development of emotional memory disorders remains uncertain.

Taken together, the only clear conclusion we can draw from our results is that sleep

does not appear to be more harmful than wakefulness in the immediate aftermath of
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distressing events in a relatively healthy population. Future research could benefit from
investigating the role of sleep disturbances, such as insomnia, in emotional memory
processing. While healthy sleep may support general emotion regulation, it may not reliably
change the emotional impact of memories. In turn, poor sleep may have a stronger impact
on emotional memory processing than healthy sleep does. Incorporating more naturalistic
paradigms using autobiographical memories may better capture the complexity of real-
world experiences. Such approaches can provide deeper insights into whether and how
sleep modulates emotional memories and inform preventive efforts. We hope this
dissertation helps shift the focus from simplistic models of sleep-dependent processing of
emotional memories toward a more nuanced view, and that our use of naturalistic
approaches inspires future studies to explore emotional memory modulation more

effectively.
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Het was een snikhete zomerdag toen mijn vader besloot mij mee te nemen naar de
kinderboerderij. Ik was een peuter — misschien drie of vier jaar oud — en hield zijn hand stevig
vast, terwijl we samen tussen andere kinderen en ouders rondliepen. Plotseling viel mijn oog
op een grote, sneeuwwitte vogel met een feloranje snavel, die me recht aankeek.
Gefascineerd liet ik mijn vaders hand los en liep naar het hek dat ons scheidde. Voor mijn
gevoel waren we even helemaal alleen, gevangen in elkaars blik. Ik stak nieuwsgierig mijn
wijsvinger door het gaas, alsof er iets bijzonders stond te gebeuren. Voor sommige mensen
markeert dit hun “spark bird”-moment, de ontmoeting met die ene vogel die een
levenslange passie (of obsessie) voor vogels ontketent: verrekijker in de hand, het najagen
van zeldzame waarnemingen, het uit het hoofd leren van vogelgeluiden. Bij mij leidde dit
moment tot iets heel anders. Wat er gebeurde, herinner ik mij als volgt: de vogel boog
langzaam naar voren. Maar in plaats van zijn vleugel vriendschappelijk uit te steken, zoals ik
verwachtte, strekte hij plotseling zijn lange nek en klemde zijn feloranje snavel zich om mijn
vinger. Geschrokken trok ik mijn hand terug. Met tranen in mijn ogen rende ik naar mijn
vader — vastbesloten om nooit meer in de buurt van zulke vogels te komen.

Emotionele momenten — of ze nu gevuld zijn met vreugde of met angst — blijven vaak
nog lang nawerken. Ze kleuren hoe we onszelf zien, hoe we anderen ervaren en hoe we de
wereld om ons heen begrijpen. Gewoonlijk functioneren deze herinneringen adaptief, maar
soms beinvloeden ze onze gedachten en gedragingen op een beperkende en ongewenste
manier. Zo kunnen te intense of slecht verwerkte herinneringen ons denken en doen
inperken en een belangrijke rol spelen bij het ontstaan en voortbestaan van
stemmingsstoornissen. Omdat deze stoornissen een grote last vormen, zowel voor het
individu als voor de samenleving, is er veel behoefte aan effectieve manieren om zulke
herinneringen beter te begrijpen en te behandelen.

Een factor die daarbij steeds weer naar voren komt, is slaap. Slaapstoornissen komen
vaak voor bij mensen met stemmingsstoornissen en blijken nauw verweven met emoties:
slechte slaap kan leiden tot problemen met emotieregulatie, terwijl sterke emoties op hun
beurt de slaap kunnen verstoren. Daarnaast groeit de belangstelling voor de vraag of slaap
zélf invloed kan hebben op de manier waarop emotionele herinneringen worden opgeslagen
en veranderd. Uit eerder onderzoek zijn daarbij twee tegengestelde hypothesen naar voren
gekomen. Volgens de ene hypothese houdt slaap de emotionele lading van herinneringen
in stand of versterkt die zelfs; volgens de andere hypothese helpt slaap de emotionele
intensiteit juist te dempen, alsof de nacht fungeert als een natuurlijke vorm van therapie.

Beide visies hebben duidelijke klinische gevolgen: als slaap de intensiteit van nare
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herinneringen versterkt, zou het vermijden van slaap direct na een nare gebeurtenis
bescherming kunnen bieden. Als slaap die intensiteit juist vermindert, zou gezonde slaap
een beschermende rol kunnen spelen.

In dit proefschrift hebben we deze hypothesen getoetst aan de hand van een reeks
experimenten. Daarbij kozen we voor een aanpak die dichter bij het dagelijks leven ligt dan
de vaak gebruikte emotionele plaatjes of kunstmatige stimuli. In hoofdstuk 2 en 3 maakten
we gebruik van een karaokeparadigma: deelnemers zongen liedjes die werden opgenomen,
waarna ze later hun eigen opname terug moesten luisteren. Dit riep een sterk gevoel van
géne op — een natuurlijke en persoonlijke emotionele herinnering. Vervolgens onderzochten
we hoe slaap deze herinneringen beinvioedde. Hoewel we duidelijke emotionele reacties
konden oproepen, vonden we geen overtuigend bewijs dat slaap de intensiteit van de
herinnering specifieker veranderde dan wakker zijn.

Omdat de verwerking van herinneringen mogelijk meer dan één nacht vergt,
verlengden we in een vervolgstudie de tijd tussen de ervaring en het opnieuw beleven ervan.
Ook hier zagen we veranderingen in emotionele reacties, maar opnieuw zonder een duidelijk
en specifiek effect van slaap. In hoofdstuk 4 introduceerden we het idee dat slaap misschien
niet altijd dezelfde invloed heeft, maar herinneringen juist aanpast afhankelijk van hun
toekomstige relevantie. Onze experimenten lieten zien dat toekomstige relevantie
inderdaad een rol speelt in hoe herinneringen veranderen — maar dat dit niet athankelijk was
van slaap.

In hoofdstuk 5 richtten we ons op intrusieve herinneringen, een vorm van emotioneel
geheugen die vaak voorkomt na traumatische ervaringen en een grote klinische relevantie
heeft. Met behulp van een stressparadigma onderzochten we of slaap direct na een
stressvolle ervaring invloed had op de ontwikkeling van zulke intrusies in de dagen daarna.
Hoewel we stress konden oproepen, vonden we geen bewijs dat de timing van slaap een
doorslaggevende rol speelde.

Gezamenlijk laten de studies in dit proefschrift zien hoe complex de relatie tussen
slaap en emotionele herinneringen is. Eenvoudige antwoorden — dat slaap altijd versterkt of
altijd vermindert — blijken ontoereikend. Wat wél duidelijk werd, is dat slaap direct na een
belastende ervaring in een gezonde populatie niet schadelijker is dan wakker blijven.
Mogelijk speelt juist slechte of verstoorde slaap een grotere rol bij het vasthouden van
emotionele herinneringen dan gezonde slaap.

lk hoop dat dit werk bijdraagt aan een verschuiving in ons denken: weg van

simplistische modellen, naar een meer genuanceerd begrip van hoe slaap en emotie

197



samenhangen. Met naturalistische benaderingen, die dichter bij echte ervaringen staan,
kunnen we mogelijk nieuwe inzichten krijgen en uiteindelijk betere strategieén ontwikkelen

om mensen te helpen die lijden onder hun herinneringen.
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