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Abstract

Purpose of Review It is important to examine what effect sleep has after an emotional experience. More knowledge about this
topic could help inform us whether there are any potential sleep interventions that could help make sure that memories of negative
emotional experiences are processed in the most adaptive manner possible.

Recent Findings Findings on the role of sleep in altering reactivity to emotional stimuli have been highly varied, with significant
findings in opposite directions. A new exciting development in the field is several studies finding that sleep seems to make
memories of negative experiences less intrusive.

Summary This review has mainly aimed to give an overview of the field, and of which issues need to be resolved. We argue for
there being a strong need for standardization of how data are analyzed and presented, as well as for better methods for
determining to what extent the effects of sleep are specific for a particular memory, or represent general changes in emotional

reactivity.

Keywords Sleep - Emotional memory - Emotional responses - Affect - Intrusions - PTSD

Introduction

There is a bi-directional link between sleep and affect [1, 2].
When we feel stressed or anxious, our sleep will be worse, and
a night of poor sleep will increase our stress and anxiety dur-
ing the following day (for reviews, see [1, 2]). Beyond this
change in general affect, sleep has also often been suggested
to process particular emotional experiences. After a negative
experience, there is a large chance that you have at some point
been encouraged to “Go to bed, and you will feel better in the
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morning”—an old adage that reflects a popular belief that
such experiences are somehow processed during sleep in a
way that makes us feel less bad about them. In this review,
we have examined the scientific literature on the role of sleep
in the processing of emotional memories, to investigate to
what extent the claim made in that adage can actually be
empirically supported.

We have focused on work regarding two different research
questions. The first is on how sleep affects the emotional tone
associated with a certain memory. As we do not yet know
enough about the role of sleep in the processing of emotional
experiences to start conducting experiments on people who
have suffered actual negative emotional experiences (such as
people coming into the ER after a traumatic event), the work
on this topic is still being conducted through lab models of
such experiences. Typically, this means exposing participants
to images or video clips with negative emotional content while
recording their emotional reactivity through subjective ratings
and/or various kinds of physiological measurements. Then,
after a delay interval containing either sleep or wake, partici-
pants are re-exposed to the same stimuli, and their emotional
responses are again measured. This allows us to measure how
sleep and wake differentially affect changes in emotional re-
sponses, and if different factors during sleep, such as time
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spent in specific sleep stages, contribute differently to any
potential sleep-dependent changes. To be able to say if sleep
affects emotional memories, one must also include novel stim-
uli during the re-test. This is necessary in order to determine
what changes in reactivity can be attributed to sleep-
dependent processing of emotional stimuli seen before the
delay interval, and to what degree changes in responses just
represent a general sleep-dependent change in emotional re-
activity, not particular to any specific memories.

In the second part of the paper, we review a recent and very
exciting development in the field, which are studies on wheth-
er sleep affects the degree to which participants involuntary
come to think about an emotional experience. Throughout the
review, we will also discuss methodological issues that can
sometimes make it difficult to know what to make of the
experimental findings in the field to date. More knowledge
about the role of sleep in the processing of emotional memo-
ries is very important as it could be of great clinical relevance
to know whether sleep should be promoted or not immediately
after a negative experience, and if sleep can somehow be
manipulated to ensure that the memory of such an experience
is processed in the most adaptive manner.

To limit the scope, we have only focused on studies that
have used intrinsically emotional stimulus material, and that
have used emotional reactions or intrusions as the outcome
measures. We have not included findings concerning the con-
solidation of declarative memories or studies using fear con-
ditioning paradigms. The latter field of study has revealed
contrasting results regarding the role of sleep in the consoli-
dation of fear learning. Sleep, and especially rapid eye move-
ment (REM) sleep, has, however, been repeatedly found to be
involved in the consolidation of fear extinction, even though
the exact nature of these effects has been highly varied be-
tween studies [3]. Studies on targeted-memory reactivation
have also been outside the scope of this review (for a review
on this topic, see [4]).

How Sleep Affects Emotional Reactivity

One influential theory suggests that during sleep, and espe-
cially during REM sleep, emotional experiences are re-
activated in a state devoid of the adrenergic tone that they have
come to be associated with during wake [5]. This would then
allow for the processing of these experiences in a state with
less physiological arousal, resulting in a reduction of their
associated affective tone. Other accounts, however, suggest
that sleep, and especially REM sleep, given its high rate of
activity in regions of the brain associated with emotional pro-
cessing, might instead reinforce the emotional salience of a
memory [6-8]. As will be evident in this review paper, how-
ever, the literature has yielded so many contrasting findings
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that no theoretical account can be said to have broad empirical
support at this point.

We have divided the presentation of results based on the
outcomes measurement used. When several outcome mea-
surements have been used in the same study, we have divided
the study such that the results of the different outcome mea-
surements are mentioned in their respective sections. We have
only mentioned findings where there has been a significant
interaction (or trends toward an interaction) between session
(before/after the delay interval) and group (sleep/wake), or
when there has been a significant group difference in
between-sessions change scores. Thus, we have not reported
results when there has been an effect in one group, but not in
the other, without there being a significant group difference in
change scores. This has been in an effort to make results more
comparable between studies, as some studies have not even
made post hoc tests when such tests have not been warranted
by significant interactions. When the sleep and wake groups
have been tested at different times of the day, it is important to
keep in mind that group differences can be caused by circadi-
an differences in subjective or physiological reactivity. Hot et
al. [9] for example found lower responses to emotional stimuli
in the morning and early afternoon, which then increased and
peaked at 3.30 pm and decreased again in the evening, butnot
to as low a level as in the morning. Regarding mood (i.e.
enduring affective states not necessarily triggered by specific
stimuli), it has been found that positive affect in healthy sub-
jects is low in the morning, then increases during the day, to
then decrease again during the evening [10, 11]. Negative
affect, on the other hand, seems to show much less diurnal
variation [10, 11]. Some studies have controlled for circadian
rhythms in different ways (e.g., by including additional con-
trol groups), whereas others have not. This is, however, be-
yond the scope of this review, and will not be discussed fur-
ther, but we urge the reader to keep this in mind.

Subjective Ratings

Most studies have asked participants to rate stimuli for valence
and arousal, respectively, whereas some have only asked par-
ticipants to rate them less specifically for degree of “‘emotional
intensity”. We will first present studies comparing the effect of
sleep and wake, and then studies examining the different con-
tributions of specific factors during sleep. In the few cases
where it has not been possible to disentangle the effect of sleep
in general from the effect from different sleep stages, we have
presented those studies in the section where we have found
them the most suitable. Studies comparing how sleep and
wake differentially affect changes in subjective ratings of
emotional stimuli are presented in Table 1.

As evident in Table 1, there has been a huge variation of
findings. Sleep, compared to wake, has been found to both
increase and decrease emotional reactivity. Even among those



33

Curr Sleep Medicine Rep (2021) 7:31-46

& Juasa1dal pP[noo s109Jo asa)
jey) Suruesw ‘aseyd Surpodus ay)
SuLmp sowy) [LI9AS SONUNS Yord
POMOYS ‘SIOYIO oY) AI[UN ‘Aprys SIy)
Jer) 9JON "SSumer [esnore 10j 1o
T[NWS dANESIU 10J SIOURIJIP ON
“deu oy 101€ 0} paredwoo
e IdYe I[NINS [BNNAU JO
s3unjer Ayanisod ur 9sea109p 103U0nS
*dnoi3 deu oy
03 paredwod dnois axem ay ul
ssourddey jo s3urjer pasearoop pue
‘198uB pue 189 JO SSunel PaseAIdu]
"SSuner [esnoIe Ul SOOUIJIP
ON "SuIpooud 1oye skep /
159)-21 puodas e Je dnoid dodys oy ur
(soSewr ennou o) paredwos se)
soSeun 2Ane3au jo s3uner
A1A1e30U JO 0SBAIOAP Jo3Ie]
“3UIpodud 1Yk [ 7| 1S9)-1
JsI ® Je sSunel [esnoIe 1o
QOUR[BA JOUIID UT SOIUAIJIP ON.

‘[esnore 9A102[qns 1o
109]Je A3 Ul SAOUAIYIP dnoid
oN "dnoi3 daoys ay) ur 03 paredwoo
dnoi3 oem oy ur wyy dARR3AU A}

wolj sand 0} pasodxe ureq Joye
poow 2ANE3dU Ul 9SeAIdUI JOZIR]
“(pourquiod sdnoi3 axem omy o)
aem 1ok 0) pareduwiod se
{(pourquiod sdnoi3 doays
om) o) doofs Joye saSewr
(19A0u 03 paredwoo se)
plo 03 s3uner [esnoie JOYSIH
e\ Joye danisod

INN

sooe} Addey pue
‘K13ue ‘pes ‘njresq

INN

W[y [ennau pue dANE3IN

soFewr aAneSoN

uSisop deN

ugisop deN

SN/Ma

Surpoous 1ye
SABp UAJS 159)-21 oy yim udisap deN

sdnoi3 jonuoo
ayem Surpuodsoriod
i dogys ajeT "sa doafs Alreg

synpe Suno x [L] T10T “Te 32 noyog-eoeq

s)npe dfew Sunox [81] 110T “Te 30 1efnD

synpe Sunox [L1] 610 “[& 10 103urjog
em 10ye 0} paredwioo dog[s Iayye ANATOBII JIOMO] SuIpulj SAIpNIS

synpe d[ewd) uno A

[91] 120T “Te 30 WRYIAM

s)npe ofew Juno X [s1]1 200T ‘e 10 10uSep

Q10U SB PaJer SoFewl dANRTON INN udisop den. synpe 3uno A [#1] 6107 ‘190uadg pue sauop
OUON INN SN/md snpe pase-o[ppIA C1esereq
‘oyem 1ok oAneSou
SS] e pajer saSeull 9ANRIIN INN SN/MA s)npe Suno x [ 19se1Rq
[€1] 810T “Te 10 Souof
*dnoi3 doays oy ul
pasearoap Jnq dnois oxem suondeo  pmom,, 10 ‘TerN|
o) Ul paseatour s3unel JoWnyH ‘SNOIOWNY YIM SUOOMED) SN/MA s)npe Suno x [21]1 ¥10T ‘oukeq pue s1qurey)
‘oyem Ioye
soeunr aanedou 1oy s3uner
AyAneSou Jo osea109p Jo31e] INN SN/MA synpe Suno x [9] Z10T ‘Te 30 ueIRg
ayem 1oye 0} paredwod dodys 1a)e AjAnoeal 1oyS1y Surpuy saIpnys
s3urpur{ nums wSipered dog[g syuedionied Apmg

Aj1A10B01 [RUOLIOWO JO s3uner 9ANdalqns uo doos Jo 109l oYL, | d|qeL

pringer

Qs



Curr Sleep Medicine Rep (2021) 7:31-46

34

4+ dNoI3 oM AU UI 2IOW PASLIIIP
saxmord aanisod 10j s3uner 9ude A
*dnoi3 doays oy ur sarmord oanisod
10 [eSNOIE UI 9SEIOUT J9TIe |
"QUON]

‘uorssaidop pue dod[s ueamidq
uonoeIul ou pue ‘dosys Jo 109130 ON
“doors Joye
oAnIsod SS9[ st pajel SWo [eNNaU [OAON
*0ATIE3U QIOW SB
Wns [eNNdU Jnq OA1e3oU SS9
se soFewr oanesou payer dnoid dogys oy 1,
QuON.

"OUIBYS JO SjuouoduIod [e100s pue [eUOnOwd

o) 10y J0u pue ‘[eo1sAyd oY) 10 JUIPIAD

AJUO SeM UOT)OBIONUI ) JBY) PUE PAINSBIT

QIoM Juweys JO s)uauodwod JUSIIIIP

2211} Jet) pajou 2q prnoys Iy “daa[s 1oye 0)

paredwiod ssounjayeMm Jo)e JWRyS Ul

asearour 12dag)s & sem 219y YOIyM Ul

‘dnoi3 erutwiosur Ay} Ul pasIOAI

SeMm J99JJ0 S, "aem AQq pamo[of

sem J1 udym o3 paredwoo dooys

£q pamoj[oj sem aInsodxa usaym
PaseaIoop QuIeYS ‘S[ONU0d AI[eay] uf

*dnoi3 axem oy ur

109JJ2 [ONS OU SeM I} SEAIYM

‘[BUOTIOWID-MO] S dIBYS I9TIe] B pur

‘reuonowd A[ysiy se saeuwn ay jo ped
Jo[[ews e pajel syuedionted ‘dog)s 1oyy

+'S10dog[s poo3 oy

0 paredwod s1odagys 100d

oy pue dnoi3 S oy ur seSewr

[BIINAU I0J DOU[BA UT SEAIOAP

1031e] Y/ "TesnoIe U0 S)09JJ9 ON

"soSew 9AESoU JOJ SOOUAIILIIP ON

‘s10dogys 1ood oy 03 Jou Inq

‘s10dao)s pooS oy 0) paredwod

dnoi3 S oy ur 10y3iy sem samord
aAnIsod 10J 90US[BA UI 9SBAIOAP Y],

"UOISSaS STY) Sumnp uornemIqey )

Jo uoneprjosuod yuepuadop-dosys

IdN

IdN
INN

IdNN

INN

INN
INN

SuIs SOATOSWIAY) TedY
syuedronted Suryew
ySnoxyy suwreys Jo uononpuy

IdNN

SN/MA Sinpe Iop|o ¥ 1esered
SN/MA s)npe Suno x € j08BIR(]
SN/Md sinpe Iop|0 C1esereq
[£] Te 30 uereg ur se syuedroned owes ayy Ajjented 1 J0se1R(Q
[92] 910¢ “Ie 30 souof
s[onuod Ayjeay
pue uojssaidop
daos sa s m synpe 3uno x [sz] 810T “Te 10 uoSuLrey
SN/MA sHnpe 3unox [¥e] 810T “1e 30 X0O
SN/Md UaIpIYD [¢z] 810T “e 10 103urjog
SNmd sHnpe Sunox [c2l 610 “1e 3 uoNysy

sSurpuyy snonSiquue/s)NSAI-[[NU YHIM SAIPNIS

sjonuoo Ayjjeay pue

SN/MA BIUWOSUI M S)NPY [12] 610T “Te 10 Surssepy

SN/Mad sinpe Suno X [02] TT0T “Te 10 WIoH Iop ueA

(s12d29ys 1ood pue
poo3 ojur doy jsod
PapIAIp Ajjeuonippe
dnoi3 doas o)
IINN dogys reuttoN sa s

s)npe Sunox [61]1 ST0T T8 10 ®3sadwa

sgurpur{

nums widipered doo[g

syuedronred Apmis

(ponunuod) T d[qe],

pringer

Qs



Curr Sleep Medicine Rep (2021) 7:31-46

35

Table 1 (continued)

Findings

Sleep paradigm Stimuli

Participants

Study

No effect of sleep vs sleep deprivation

Negative and neutral

SD vs sleep

Young adults

Kuriyama et al., 2010 [27]

at re-tests at either three or seven days

after encoding.
There was, however, an effect of SD

video clips

prohibiting fear responses to non-aversive

stimuli also present during the

encoding session, but that is beyond the

scope of this review paper.
No main effect of sleep or interaction

Angry, fearful, happy,

DW/NS

Male children with ADHD and

Prehn-Kristensen et al., 2017 [28]

with ADHD/ODD.
The REMD group rated new negative

and neutral faces

NNI

ODD, and healthy controls

Young adults

REMD, SWSD

Wiesner et al., [29]

images as less negative than the SWSD

and wake groups.

overnight,

daytime Wake

DW/NS, daytime wake/nighttime sleep; NN, negative and neutral images; SD, sleep deprivation; NNPI, negative, neutral, and positive images; NPI, neutral and positive images; ADHD, attention-deficit/

hyperactivity disorder; ODD, oppositional defiant disorder; NNPI, neutral, negative, and positive images; REMD, REM deprivation; SWSD, slow-wave sleep deprivation

*Note that higher valence means more positive

studies finding effects in the same direction, the exact nature
of the findings has still been highly varied. Some have found
effects on valence, some on arousal, some for the emotional
stimuli, and some for the neutral stimuli. Some studies have
found sleep to mainly affect the previously seen stimuli,
whereas others have found sleep to mainly affect ratings of
the novel stimuli.

One reason why sleep/wake contrasts have revealed such
contrasting findings could be that sleep consists of many dif-
ferent factors that cannot be lumped together. It is for example
possible that different sleep stages affect emotional reactivity
in different directions. It has further been suggested that good
sleep decreases emotional reactivity, whereas restless and dis-
turbed sleep does not. Poor sleep quality and restless sleep
have also been suggested as factors that perpetuate affective
disorders via an impaired ability to process the memory for
emotional experiences in an adaptive manner. In Table 2, we
have listed studies that have sought to correlate different fea-
tures of sleep (such as time spent in different sleep stages) with
changes in emotional reactivity, as well as studies that have
compared different kinds of sleep with each other. The latter
includes comparisons of sleep during the early half of the
night (which contains little REM sleep) with sleep in the later
(REM-rich) half of the night, and studies that have subjected
participants to sleep manipulations such as selective REM
deprivation (REMD). We have only reported significant find-
ings, and we have not included correlations that only involved
a certain portion of the night, such as the percentage of REM
sleep during the fourth quarter of the night. When a table entry
says “no correlations,” it means there were no significant cor-
relations, and when it says “none reported,” it means informa-
tion about correlations has not been reported in the paper.

As evident in Table 2, no sleep stage has consistently been
replicated to be associated with sleep-dependent changes in
emotional reactivity. Furthermore, the stage most hypothe-
sized to be involved in changing the affective tone associated
with emotional memories, REM sleep, has been found to re-
sult in significant effects in contrasting directions.

Studies Using Physiological and Neural
Measurements

Skin Conductance Responses

For skin conductance responses (SCRs), two studies have
shown sleep to decrease emotional reactivity compared to
wake [7, 41], and two have found no group differences [22,
42]. One of the studies reporting a null-result [42] combined
participants suffering from post-traumatic stress disorder
(PTSD), trauma-exposed controls, and healthy controls to ex-
amine whether the different sleep patterns in these groups
would have different effects on changes in emotional reactiv-
ity, which was not the case. Other studies have reported higher

@ Springer
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SCRs after sleep as compared to after wake [14, 27, 43].
Regarding the active mechanisms during sleep, Pace-Schott
et al. found reduced reactivity only in those participants who
did not enter REM sleep during their nap, and not in those
who did [7]. All other polysomnographic studies have either
not found any correlations, or not reported data on this [8, 14,
41, 42]. One study found higher skin conductance levels to a
sad story after a long nap as compared to after a short one [31],
but no correlations with any sleep variables. An early study
did not find any effect of REMD on changes in reactivity to a
negative film [32].

Heart Rate Deceleration

Studies using heart rate deceleration (HRD) as the outcome
measurement have yielded similarly contrasting results. In
some studies, sleep has been found to decrease responses to
emotional stimuli compared to wake [14, 41], whereas other
studies have found sleep to increase responses [7, 22, 23]. One
study [17] found higher responses in the sleep group at a re-
test immediately after the delay interval, but lower responses
at a second re-test taking place one week later. One study
found no group differences [16], and another study found no
effect of pharmacological norepinephrine reduction during
sleep on subsequent heart rate responses to emotional stimuli
[33]. One study combining participants suffering from PTSD
with both trauma-exposed and non-trauma-exposed controls
found sleep to decrease responses in several different heart
rate—related measures [42]. No study has reported any corre-
lations between any sleep variable and changes in HRD [7, 14,
16, 17, 22, 23, 33, 41, 42].

Corrugator Electromyography

Some studies have measured emotional reactivity by applying
electrodes to the corrugator supercilii muscle, which is located at
the medial end of the eyebrow, and is also known as the
“frowning” muscle. One study found increased corrugator elec-
tromyography (CEMG) responses [14] after a nap as compared to
after wakefulness, whereas another study found an effect in the
opposite direction [7]. In the latter study, this sleep-dependent
decrease was only evident for those who entered slow-wave
sleep during their nap. No study has reported any correlations
between any sleep variable and changes in cEMG [7, 8, 14].

Event-Related Potentials

Three studies have measured sleep-dependent changes in
emotional reactivity through event-related potentials (ERPs)
using electroencephalography (EEG). One study found larger
late positive potentials (LPPs), a component that increases as a
function of the emotional intensity of the stimuli being viewed
[44], in the wake group as compared to the sleep group [23].

@ Springer

Similar results were found in another study at an immediate
re-test, but no group differences were present at a second re-
test one week later [17]. Neither of these studies found any
correlations between ERP magnitudes and any sleep vari-
ables. Another study found that LPPs to emotional pictures
correctly classified as “previously seen” were larger after late
sleep than after early sleep [34].

Functional Magnetic Resonance Imaging

Here we have mainly focused on results regarding the
amygdala. The only study to contrast a sleep and a wake
group without also assessing memory performance [20]
found a larger decrease of amygdala responses after sleep.
The other studies have mainly been interested in neural
changes related to sleep-dependent memory consolidation,
and they have analyzed this in different ways, making the
results difficult to compare. Two such studies have found
increased activity in the amygdala for correctly remem-
bered negative items after sleep [45, 46]. One study found
higher activity in the amygdala after sleep deprivation
compared to after sleep when viewing negative pictures
at an immediate memory test [47], but the opposite effect
after a second test 6 months later, with higher amygdala
activity in the sleep group [48].

Regarding which factors during sleep that are associat-
ed with changes in emotional reactivity, one study found
that the decrease in amygdala activity during sleep was
correlated with frontal gamma activity (a putative marker
of adrenergic tone), such that those with less frontal gam-
ma activity during sleep had a larger decrease of amygda-
la responses [20]. Another study [38] found a decrease of
activity in several brain regions related to emotional pro-
cessing (but not in the amygdala) after a night with inter-
ruptions of non-REM sleep, whereas activity remained the
same or increased after a night of selective REMD. It has
also been found that pharmacologically increasing cortisol
during sleep decreased amygdala activity during the re-
test [49]. Another study found that the decrease in amyg-
dala activity was correlated with the duration of REM
sleep, but only when the REM went on for long continu-
ous periods, and not in those participants whose REM
sleep was frequently interrupted [50].

Summary

Findings on the role of sleep in changing emotional reactivity
have been highly varied both for subjective ratings and for
physiological and neural measurements. Thus, at the moment,
we really have very little idea how sleep and wake differen-
tially affect emotional reactivity. One reason why similar stud-
ies generate such different outcomes could be that many of the
effects are random effects from underpowered studies [51].
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No correlations reported. See Table 1

NN

REMD, SWSD overnight,

Young adults

Wiesner et al., 2015 [29]

daytime wake
Nap with the re-test seven

None reported

Negative and neutral

Young female adults

Wilhelm et al., 2021 [16]

films

days after encoding

NN, neutral and negative; REM, rapid eye movement sleep; REMD, REM deprivation; NREM, non-rapid eye movement sleep; NVE, norepinephrine; NNP, neutral, negative, and positive; %SWS, percentage

of total sleep time spent in slow wave sleep; %REM, percentage of total sleep time spent in REM sleep; tDCS, transcranial direct current stimulation; SO, slow oscillations; NP, negative and positive; 757,

total sleep time; SWSD, slow-wave sleep deprivation

The mean N for studies with direct sleep wake/contrasts with
healthy participants is ~44, and the median ~40, indicating
typically about 2022 participants per condition (it is difficult
to come up with more exact values of mean sample sizes as
studies have excluded a different number of participants for
different outcome measures). The mean N for correlational
studies on which factors during sleep affect changes in emo-
tional reactivity has been ~22, and the median ~ 18 (only
including studies with healthy participants and in which sleep
has not been manipulated in some way, for example pharma-
cologically, or by repeated awakenings). The risk of false
positives further increases considering how few studies have
utilized statistical corrections for multiple comparisons among
different contrasts and outcome measurements, thereby in-
creasing the risk of false positives. It is of course also possible
that the observed effects are valid and replicable, but that the
role of sleep is extremely sensitive to subtle changes in stim-
ulus materials, sleep manipulations, and data analysis. If this
is the case, however, it is questionable how applicable
these findings are to the real world where we have much
less control over what kind of events people are exposed
to, and exactly what kind of sleep they are getting.
Given the large variation in methods of analyzing data,
there is a great need for standardization in the field, so
that it becomes easier to compare different studies with
each other. Another issue is that not all studies have
included any novel stimuli. Moreover, several of the
studies that have included them have not reported any
results regarding them, and even in the studies that have,
the exact methods for analyzing and contrasting them
with the previously seen stimuli have been highly varied.

For future studies, researchers should always include
novel items during the re-test, present the results of
these, and also correct for multiple comparisons. It
would also be highly desirable if researchers started to
pre-register the tests they planned to make so there is
less “researcher degrees of freedom” in selecting the
statistical analyses that make the results of the study
the most exciting/easiest to publish. Data should be an-
alyzed by mixing the factors session (before/after the
delay interval) with group (sleep/wake), and post hoc ¢
tests should only be carried out if granted by a signif-
icant interaction effect in the ANOVA/mixed model.
When writing up their results, researchers should also
put more emphasis on which results from previous stud-
ies they have failed to replicate, as this will make meta-
analytic approaches and comparing finding between
studies easier. The many contrasting findings in the pre-
vious literature also suggests that we need to increase
sample sizes, as the present sample sizes appear to
leave room for finding random effects that do no
replicate.
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Sleep Seems to Make Negative Memories Less
Intrusive

An exciting new development is studies that examine whether
sleep in the immediate aftermath of viewing film clips with trau-
matic content makes the memory of such films more or less intru-
sive. Intrusions are a core feature of PTSD, and intrusive memories
soon after trauma have been shown to predict the later develop-
ment of this disorder [52], even if we at the moment do not know if
this has a causal component or is just a predictor. This association
makes it important to determine whether there are simple interven-
tions that can be applied immediately after a traumatic experience
in order to make the memory of it less intrusive.

In these analog trauma studies, participants have typically
viewed video clips containing traumatic events (e.g., physical
and sexual violence, motor vehicle accidents, self-harm), and
then either slept or remained awake after encoding. Participants
have then kept a diary for a period of time after watching the
movie, typically a week, documenting how many intrusive mem-
ories of the movie they have experienced.

The first study using this paradigm found lower scores on the
Impact of Event Scale [53] the following day in the group sub-
jected to sleep deprivation during the night after watching the
film, as well as fewer intrusions during the six days post-
encoding [54]. This effect was driven by fewer intrusions during
the first two days in the sleep deprivation group.

Since this first study was published, most studies have pointed
in the opposite direction. Kleim et al. found fewer intrusions, and
lower affective tone associated with these intrusions, in the group
that slept after viewing the analog trauma film [55]. Interestingly,
these differences were more pronounced during the latter part of
the study week. Using a similar design, Zeng et al. found fewer
intrusions in the sleep group, but no group difference in distress
associated with these intrusions [56]. They further found higher
scores on the hyperarousal subscale of the Impact of Event Scale
in the sleep-deprived group after one week, but not on the intru-
sions or avoidance subscales.

Woud et al. found fewer intrusions and fewer post-traumatic
cognitions after sleep in a nap design [57¢¢], and Sopp et al. found
that normal sleep, compared to partial sleep deprivation, after
viewing a traumatic picture story resulted in fewer intrusions
during a task designed to trigger intrusions the next day [58].
This latter effect was however not replicated in a design compar-
ing daytime wake with nighttime sleep [59]. One study found no
differences in intrusions or in intrusion distress (after removing
two outliers) between a sleep and a sleep deprivation group [60],
and one study found no differences in the number of intrusions,
intrusion distress, or on scores on the Impact of Event Scale
between a nap and wake group [16].

Some studies on this topic have been correlational and obser-
vational rather than experimental. Luik et al. recruited partici-
pants coming into the emergency department after an actual trau-
matic experience and found a positive correlation between sleep

difficulties and intrusive memories during the week following the
traumatic event [61¢]. Another study found a U-shaped associa-
tion between sleep duration on the post-trauma night and the
number of intrusions during the following week, such that the
quantiles with the shortest (~ 1 h of sleep) and longest (~ 12.5 h)
sleep durations respectively experienced the most intrusions
[62¢]. Sleep duration during the first night post-trauma did, how-
ever, not predict subsequent PTSD at a one-month follow-up.

Factors during sleep that make memories more or less
intrusive

Studies examining which factors during sleep predict intrusions
have also found some interesting results, even though it, similarly
to the studies on sleep and emotional reactivity, is problematic
that no finding has been exactly replicated between studies. One
study found that the amount of stage 2 sleep and the density of
parietal sleep spindles correlated negatively with the number of
intrusions, and that increased wake after sleep onset, REM den-
sity, and time spent in stage 1 sleep were positively correlated
with the number of intrusions [55]. Another study found that
higher theta activity during REM was associated with fewer
intrusions, and that REM duration was negatively correlated with
scores on the Impact of Event Scale [63¢¢] (neither of these latter
two correlations were significant immediately after awakening,
but rather on day 4). Similar results were found in another study
where theta activity during REM was negatively correlated with
the number of intrusions, and REM duration was negatively
correlated with intrusion distress [16]. This study also found a
negative correlation between slow-wave activity and intrusion
distress. One study found the duration of slow-wave sleep to be
negatively correlated with the numbers of intrusions in a task
designed to trigger these during the next day [59]. An additional
study found more intrusions in a group of participants with
PTSD compared to trauma-exposed controls and a non-trauma-
exposed control group, and that this group effect was mediated
by increased REM behavior disorder symptomology in the
PTSD group [64].

One must be careful in drawing causal conclusions from vari-
ables that have not been experimentally manipulated (such as time
spent in different sleep stages). This is because those who have the
most impaired sleep after a traumatic experience may also be those
who were the most negatively affected by the experience, making
poor sleep a marker of event-impact rather than a causal mecha-
nism. Porcheret et al. [62¢¢], for example, found the same U-
shaped relationship when looking at changes in sleep between
the pre-trauma night (measured retrospectively) and the post-
trauma night, during which large changes in sleep (in both direc-
tions) predicted more intrusions. Similarly, Sopp et al. [63+¢] found
that those who had the most negative reaction to the trauma film
also showed the largest decrease in REM duration. In this study,
compared to a control group that watched a neutral film, the trau-
ma film watchers had increased wake after sleep onset, shorter
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stage 2 sleep, and longer slow-wave sleep duration, once again
indicating that a certain sleep pattern can be a marker of a negative
event rather than a causal mechanism for future symtoms.
Wilhelm et al. [16] found that increased affective responses to
the trauma film was associated with it taking taking a longer time
to fall asleep, and in decreased REM duration.

There is also the issue of the third variable problem, whereby
both sleep disturbances and an impaired ability to process an
emotional experience could be associated, without there neces-
sarily being a causal connection between them. Sleep is for ex-
ample disturbed in several mood and anxiety disorders that are
also related to difficulties in emotional processing, and in keeping
unwanted thoughts, emotions, and memories out of awareness
[65, 66, 67¢]. One study found that general insomnia symptoms
(measured prior to watching the traumatic film) predicted more
PTSD symptoms (including intrusions) after watching it [68].
This suggests that a certain sleep pattern (such as more restless
sleep, more fragmented REM sleep, or less slow-wave sleep)
might be a general marker of proneness to developing such
symptoms rather than a causal factor (even if it is of course
possible that in this study, the effect was mainly mediated by
disturbed sleep on the post-film night). To the best of our knowl-
edge, the only study to selectively manipulate REM sleep in an
intrusion paradigm found that REMD during a nap increased
both the number of intrusions and their degree of aversiveness
compared to naps containing more REM [40].

Another study found that sleep deprivation made it more dif-
ficult to suppress retrieval of images encoded during the previous
evening when exposed to a reminder of them [69]. Other studies
have examined the effect of sleep on emotional memories that
have been subjected to some form of suppression before a delay
interval containing either sleep or wake. The aim of this approach
has been to examine if such suppression is consolidated by sleep,
or on the contrary, if sleep is a state where previously suppressed
memories are restored. Kuriyama et al. [43] had participants view
video clips of motor vehicle accidents and asked them to either
try to memorize what they were watching, or to attempt to im-
mediately forget it. This was followed by either sleep deprivation
or a night of normal sleep. Results revealed increased emotional
responses after sleep deprivation as compared to after normal
sleep in participants who had been asked to try to forget what
they were watching during encoding. The opposite was, howev-
er, found in the group of participants who had received instruc-
tions to remember, with lower responses after sleep deprivation.
The two studies that have examined if sleep makes emotional
memories previously subjected to suppression (during encoding
or retrieval respectively) either more or less accessible for volun-
tary retrieval have not found any such effects [70, 71].

One important task for future research will be to determine
whether the changes in the number of intrusions are caused by
the memory having been processed in a different way during
sleep and wake, or by a general effect of sleep loss increasing
susceptibility to all kinds of intrusive thoughts. Cox et al. [72]

@ Springer

found that the association between the severity of combat expo-
sure and re-experiencing symptoms became stronger with in-
creased degrees of insomnia symptoms. Another study found
that sleep disturbances in soldiers before deployment predicted
the degree of re-experiencing symptoms post-deployment [73].
Studies recording day-to-day variations in sleep have found that
participants with PTSD had increased intrusion symptomology
after nights with shorter sleep duration [74], and that mind-
wandering in general increases after nights with poor sleep [75].

Contrary to a view in which the effects are driven primarily by
general changes in cognitive control ability are studies finding
the effect of intrusions still being present, and in some cases,
stronger, after several days when the immediate effect of any
sleep-related changes in cognitive functioning would be expected
to have worn off [55, 63¢¢]. Such effects should instead indicate
that sleep on the post-learning night affects the consolidation of
the memory in some way. For more detailed reviews on sleep
and intrusions, and for a discussion of non-experimental, obser-
vational studies on sleep after traumatic experiences, see [76, 77].

Conclusions

Sleep disturbances have been shown to be a predictor of future
mental disorders [78, 79]. It has further been found that sleep
disturbances before a negative life event predict increased risks
of developing PTSD and depression after it, something that has
been mostly studied by examining soldiers before and after de-
ployment to a warzone [80-82, but see also 83]. In addition, a
study in civilians found that sleep disturbances immediately prior
to a traumatic experience predicted subsequent incident psychiatric
disorders [84]. Future studies should examine the degree to which
sleep disturbances play a causal role in the development of psy-
chiatric disorders, and to what extent they are prodromal symp-
toms. A further possibility is that poor sleep is a general marker of
increased vulnerability to being severely impacted by a negative
event. Studies have, for example, found that childhood adversity
predicts later sleep problems [85, 86]. Clearly determining causal-
ity will be difficult as the degree of negative experiences and sleep
manipulations necessary for experimental studies is limited for
ethical and practical reasons. One promising way to determine
whether there is a causal effect of sleep is by examining the pro-
spective effect of sleep-improving interventions. Christensen et al.
[87] for example found that treating insomnia decreased depres-
sive symptoms in a prospective study with a large sample size.
In this review, we have examined the experimental work on
sleep and emotional memory. More knowledge about this topic
could help us find out to what degree the association between
sleep disturbances and poor mental health can be explained by a
role for sleep in decreasing the affective impact associated with
emotional experiences. As we have seen, however, the results
regarding sleep and emotional reactivity have been highly vari-
able and sometimes contradictory. In contrast, studies on the role
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of sleep in decreasing intrusive thoughts related to the experience
seem to show more consistent findings, even though there have
been much fewer studies on this topic. A task for future studies
will be to determine to what degree the effects can be explained
by sleep simply changing emotional reactivity in general [1, 2],
and to what degree this effect is mediated by sleep increasing
cognitive control and emotional regulation ability in a general
manner (for a discussion of this, see for example [88, 89, 90,
91]), not specific to a particular memory. This question might
seem to be of academic interest only. If sleep makes us feel better
about a negative experience, it might appear less important ex-
actly why. If the effect of sleep comes from it consolidating the
memory on the post-encoding night, this would, however, mean
that it is critical to rapidly target sleep immediately during the
night after the emotional experience.

For future research, it is important to remember that sleep can
be a lot of different things, and it is possible that the good sleep
we have on the night after a normal day has positive effects for
our emotional well-being, whereas the restless sleep we would
have after a negative emotional experience might not. This is
important to keep in mind so that we are not comparing apples
to oranges when asking what the role of sleep is. To return to the
adage mentioned in the introduction, we would like to say that
even if we do not know what effect sleep might have in altering
the emotional tone associated with an emotional experience,
sleep serves many other important functions, such as a general
improvement of mood [92]. Therefore, until there is clear evi-
dence saying that sleep after an emotional experience has nega-
tive consequences, we would still say that going to bed is gener-
ally a good idea, and that it will increase your chances of feeling
better in the morning.
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