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INTRODUCTION
Sleep promotes the consolidation of emotional memory,1–4 

suggesting sleeping after an emotional event will result in 
emotional, autobiographical memories, regardless of how 
pleasant or distressing the event. Following a psychological 
trauma, some people can develop “flashbacks” and intrusive 
memories to that event.5 Such intrusive memories are autobio-
graphical,6 emotionally tagged,7 and image-based8 memories, 
which reappear spontaneously in a person’s consciousness; i.e., 
they are a type of memory that springs to mind involuntarily 
compared to those that are deliberately retrieved.9 Intrusive 
memories can become debilitating as a result of their horrific 
or distressing content relating to the original traumatic situa-
tion10; their frequent recurrence bringing back associated emo-
tions; and in their more extreme forms presenting as so-called 
dissociative ”flashbacks” and nightmares.5 Re-experiencing 
the trauma in the form of intrusive memories is a hallmark of 
both acute stress disorder (ASD), when posttraumatic symp-
tomatology occurs in the first month following a trauma,5 and 
posttraumatic stress disorder (PTSD),5 when symptoms per-
sist beyond the first month following a trauma. Some studies 
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suggest that early re-experiencing may predict later PTSD,11 
whereas others relate early re-experiencing not only to PTSD 
but to a variety of later psychiatric diagnoses.12 For example, 
Bryant and colleagues12 found that chronic PTSD syndrome 
eventually developed in 36% of those individuals who received 
an initial diagnosis of ASD, whereas symptoms of any psychi-
atric disorder including PTSD developed in 65%.12 It is note-
worthy that intrusive memories have also been noted in other 
psychiatric disorders, such as depression.13–15

The use of sleep deprivation immediately after trauma as a 
preventive measure against the development of posttraumatic 
intrusive memories has previously been considered, though 
never directly tested.16 Short periods of sleep post-learning 
have been shown to be sufficient to enhance emotional 
memory for years after initial learning,16 suggesting indirectly 
that the immediate prevention of sleep after trauma may be 
enough to impair long-term emotional memories. Sleep depri-
vation compared to sleep has been shown to reduce fear re-
sponses to aversive material (motor vehicle accidents),17 while 
not effecting explicit memory recall of the encoding material. 
However the situation remains unclear. When healthy subjects 
were required to suppress memories of an aversive film, subse-
quent sleep deprivation resulted in enhanced fear responses.18 
Moreover, sleep, specifically rapid eye movement (REM) sleep, 
has been reported to diminish,19,20 maintain,21 and enhance22,23 
emotional reactivity to affective material.

Clinically, retrospective self-reported sleep disturbances 
both before24 and after25 trauma have been found to be pre-
dictive for the development of PTSD and other psychiatric 
disorders, whereas objective sleep recordings showed frag-
mented REM sleep within 1 mo after trauma to be associated 
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with subthreshold or established PTSD 2 mo following the 
trauma.26,27 However, these studies assessed sleep disturbances 
in the weeks before and after the trauma, rather than effects 
emerging from total sleep deprivation (i.e., on the first night 
after trauma). Prolonged insufficient sleep causes cumulative 
deficits in memory and mood over time, which differ from only 
one night of full sleep deprivation.28 For example, prolonged 
sleep restriction of 4 h per night over 2 w causes lapses in be-
havioural alertness and deficits in working memory equiva-
lent to 2 nights of full sleep deprivation.28 Furthermore, 1 w 
of insufficient sleep leads to a cumulative increase in fatigue, 
sleepiness, and feelings of tension, anxiety, and confusion,29 
which is likely to be due to accumulated changes in the brain’s 
arousal and neuroendocrine stress system.30 In contrast, and 
perhaps counterintuitively, we predict that acute total sleep 
deprivation would offer the opportunity to affect memory con-
solidation mechanisms after experimental trauma, and thus re-
strict the encoding of negative emotional material.31 Currently, 
however, the effect of total sleep deprivation immediately after 
trauma on the generation of intrusive memories is unknown.

Experimentally it is unethical to subject people to real-life 
trauma. Therefore, we used an experimental analogue of wit-
nessing a traumatic event known as the trauma film paradigm.32 
Participants viewed a film with content designed to relate to 
PTSD diagnostic criteria for a traumatic event, such as scenes re-
lated to suicide and a car crash.5 The use of traumatic film footage 
has long been used as an analogue of exposure to psychological 
stress.33 This paradigm has been shown to increase physiological 
stress responses including skin conductance and heart rate; alter 
mood; and critically induce intrusive memories to the trauma 
stimuli.32 Thus, the trauma film paradigm is a model of a specific 
feature of posttraumatic symptomatology, intrusive memories. 
Using this paradigm, we hypothesize that the frequency of intru-
sive memories would be reduced by a full night of sleep depriva-
tion immediately following traumatic stimuli.

The aim of the current study was to test experimentally 
whether sleep as usual versus sleep deprivation immediately 
after exposure to an analogue traumatic event influenced the 
development of psychological phenomena with hypothesized 
relevance to posttraumatic symptomatology, in particular in-
trusive memories of the traumatic material. Importantly, the 
trauma film paradigm allowed prospective self-reports of in-
trusive memories, assessment of emotionality before and after 
watching the film, and inclusion of only good, regular sleepers.

METHODS AND MATERIAL

Participants
Forty-two healthy student volunteers aged 18–25 y were 

randomly assigned to either the sleep deprivation group 
(n = 20, 14 females, mean age: 21.45 ± 1.70 y) or sleep group 
(n = 22, 15 females, mean age: 21.59 ± 2.17 y). All participants 
were non-smokers, consumed no more than moderate levels 
of caffeine (≤ 300 mg/day), had no personal or family history 
of mental health problems, alcohol, or drug abuse as assessed 
with the Mini International Neuropsychological Interview 
(MINI).34 Participants were excluded if they had an extreme 
diurnal preference as assessed by the Morningness-Evening-
ness Questionnaire (MEQ35; score of > 69 or < 31), poor sleep 

quality as assessed by the Pittsburgh Sleep Quality Index 
(PSQI36; score of > 6), or regularly went to bed later than 
02:00. None of the participants were taking any medication 
(with the exception of the contraceptive pill) and none of the 
female participants were pregnant. None of the participants 
had previously taken part in another research study using 
similar film footage. All participants provided their written 
informed consent and received an honorarium for their par-
ticipation. The study was conducted in accordance with the 
Declaration of Helsinki and approved by the Milton Keynes  
NHS Research Ethics Committee.

Experimental Design
Before the participants watched the trauma film (day −14 to 

day 0) they were assessed for baseline trait measures of chro-
notype, mood and personality, and sleep profiles were moni-
tored (Figure 1). Chronotype was evaluated subjectively using 
the MEQ.35 Sleep profiles were determined actigraphically for 
10 to 14 days preceding the trauma film. Mood and personality 
were assessed using the Profile of Mood States (POMS37) and 
the Eysenck Personality Questionnaire (EPQ38), respectively.

All participants watched the trauma film between 19:00 and 
21:00 on day 0, in the Sleep/Circadian Neuroscience Labora-
tory at the John Radcliffe Hospital in Oxford. Immediately 
before and after watching the film, participants rated their 
mood using visual analogue scales (VAS), and completed the 
Dissociative State Scale (DSS39) to assess dissociate state (i.e., 
their sense of detachment from time, space, and the self). Next, 
familiarity with the clips used in the trauma film, and the per-
sonal relevance of the content of the clips were rated using a 
seven-point scale. The sleep deprived group were monitored 
until 19:00 the following day in the sleep laboratory. The sleep 
group returned home with instructions to not watch any televi-
sion or listen to any music before going to bed.

On day 1, 12 h after the trauma film viewing, both groups 
completed the revised version of the Impact of Event Scale–
Revised (IES-R40) and received instructions to begin recording 
intrusive memories relating to the film in an intrusion diary in 
the same environment in which they viewed the trauma film. 
Both groups continued to record intrusive memories experi-
enced once they returned to their daily life for a period of 6 
days in total. For 3 days prior and throughout the experiment 
the participants were asked to refrain from consuming any caf-
feine or alcohol, and were screened for drugs of abuse. During 
the day preceding the trauma film the participants were asked 
not to nap, which was controlled by continuous actigraphic 
monitoring (day −14 to day 1).

Film With Traumatic Content (Trauma Film)
The film consisted of a 15 min 01sec compilation of trau-

matic and distressing clips. There were six clips in total from 
films and television adverts, depicting scenes such as a suicide, 
bullying, injury, and cutting to the face, which have been used 
previously.41–43 Before viewing the film (upon recruitment into 
the study) the participants were made aware it contained dis-
tressing content. Participants were instructed to give the film 
their full attention, not to close their eyes or look away and to 
imagine that they were there at the scene watching the events 
unfold in front of their eyes. Participants were told they were 
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free to stop the film at any time, but none did. The film was 
shown on a laptop computer with a 15-inch screen, with the 
room lights turned off.

Sleep Deprivation
During the sleep deprivation period in the sleep laboratory: 

illumination of the room was kept to between 165–276 lux 
using artificial fluorescent lights; participants were allowed 
water ad libitum, and they had a choice of snacks every 2 h (a 
sandwich or a piece of fruit); the use of computers, TV, DVDs, 
music, or leaving the sleep laboratory were not allowed; par-
ticipants were allowed to walk around, talk to the researchers, 
read, and play board games. In the morning the participants 
were allowed a shower. All the participants were continually 
monitored by staff trained to prevent napping and to ensure 
compliance and wellbeing.

Assessments

Impact of Event Scale – Revised
The IES-R40 comprised 22 items assessing the three aspects 

of PTSD symptomatology: intrusions, avoidance, and hyper-
arousal. A global score of the IES-R was used giving a score in 
the range of 0 to 88. In line with previous research,43 the IES-R 
used the trauma film as an index event, and used “restful state” 
for items 2 and 15.

Intrusive Emotional Memories (Intrusion Diary)
The intrusion diary consisted of a pen and paper diary used 

on a daily basis to (1) report all intrusive memories or indicate 

zero for no intrusions on a given day; (2) give detailed content 
of each intrusion, so that it could be verified as matching a 
scene in the trauma film; (3) rate the level of distress experi-
enced with the intrusion from 0 “not at all” to 10 “extremely”; 
and (4) to confirm the intrusion involved mental imagery. In-
trusive memories were defined as spontaneously occurring 
(i.e., not deliberately or effortfully retrieved) image-based 
memories of the trauma film.43 Participants were given stan-
dardized verbal and written instructions about the nature of 
intrusive memories: “It may be that over the next few days 
images about the film you have just seen will pop into your 
mind. Mental images can often take the form of pictures in 
the mind’s eye, but can actually include any of the five senses, 
so you can imagine sounds too. Mental images can be fuzzy 
or fragmented as well as clear, they can also be brief and very 
fleeting”. The frequency of intrusive memories was calculated 
as the total number of image-based intrusions relating to the 
trauma film over the following 6 days. For day-by-day analysis, 
intrusive memories were analyzed separately for day 1 and day 
2, as well as being pooled for 2-day periods.

Mood Visual Analogue Scale (VAS)
Negative affect was assessed by VAS anchored from “not at 

all” (0) to “very” (100), to give a composite mood score calcu-
lated by averaging the scores for sad, hopeless, and depressed 
(items used in previous trauma film studies).43

Dissociative State Scale (DSS)
The 19-item version of the DSS39 was used to assess the 

dissociative state of the participants, using ratings from “not 

Figure 1—Both groups watched the trauma film in the evening of day 0. The sleep deprived group remained awake until 19:00 the next day (end of 
day 1), while the sleep group slept. The psychological effect of the trauma film was assessed for both groups on the morning of day 1 using the Impact 
of Event Scale (IES-R). From day 1, all participants kept a self-reported intrusion diary (intrusive memories and analogue flashbacks) for 6 days, during 
which they returned to their normal lives. Both groups were also assessed 2 weeks before the experiment (day −14 to day 0) to ensure regular sleep-wake 
timings (actigraphy), no extreme chronotype (Morningness-Eveningness Questionnaire) or abnormal mood and personality traits (questionnaires, see 
Experimental Procedures for details). To assess the immediate reaction to the trauma film exposure, the participants completed visual analogue mood 
scales (VAS) and the dissociative state scale (DSS) before and after watching the film. The participants rated their personal relevance and familiarity of 
the film clips after watching the film.
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at all” to “considerably” for a list of questions including “do 
things seem to be moving in slow motion?” and “do you space 
out, or in some other way, lose track of what is going on?” The 
score for each question was summated to give a score from 0 
to 57.

Baseline Questionnaires
The Mood Disorder Questionnaire44 score was taken as 

the number of symptoms reported on the first question of the 
questionnaire. An average score of all the EPQ38 subscales was 
used. The POMS37 was used to calculated total mood distur-
bance score: (tension-anxiety + depression-dejection + anger-
hostility + fatigue + confusion) – (vigour-activity).45

Actigraphy
The participants wore an Actiwatch with integrated light 

sensor (AWL; CamNtech Ltd., Cambridge, UK) on their non-
dominant wrist and kept a standardized diary of bed times and 
daily activities. Actigraphy data were sampled in 1-min epochs 
and analyzed with version 7 of the Actiwatch activity and sleep 
analysis software (CamNtech Ltd.). Rest-activity patterns 
were annotated using diary data, “Bed time” and “Get-up time” 
were manually entered and “Sleep start” and “Sleep end” cal-
culated automatically using medium sensitivity.

Statistical Analysis
All statistical analyses were assisted by a statistician and 

performed using R version 2.12.0 (2010-10-15, Copyright © 
2010, The R Foundation for Statistical Computing). Simple 
group comparisons of continuous variables were carried out 
by performing Wilcoxon rank-sum test. Repeated measures 
were taken on individuals, so that when statistical models were 
fitted it was important to take into account correlation within 
individuals. This was done by fitting two-level generalized 
linear models with the R-package lme4, binomial regression 
being used to fit proportional responses, and Poisson regres-
sion being used to fit count data. Pre-film and post-film mood 
scores were analyzed with an analysis of variance (ANOVA), 

as these data fitted a normal distribution. All model fitting was 
validated by carrying out the usual goodness-of-fit tests and all 
fits quoted were satisfactory.

The primary outcome measure (frequency of intrusive 
memories) for one participant in the sleep deprived group was 
identified as an extreme outlier (10 times above the mean), 
so was excluded from the dataset.46 One non-sleep deprived 
participants failed to complete the POMS; three participants 
(two sleep deprived participants, one non-sleep deprived par-
ticipant) failed to wear the Actiwatch for a sufficient period 
of time; and one sleep deprived and one non-sleep deprived 
participant did not return their intrusion diary so were not in-
cluded in these analyses.

RESULTS

Participant Characteristics
All participants showed a good sleep profile for 10–14 days 

preceding the trauma film (averaged across days, sleep dura-
tion: mean 07:52 h, SD 00:38 h; sleep efficiency mean 85.78%, 
SD 4.77%). On average, the participants showed an interme-
diate chronotype (MEQ: mean 53.30, SD 9.58), and low trait 
mood scores (POMS: mean 7.12, SD 15.56). The two experi-
mental groups showed no significant differences between any 
of the baseline factors assessed (Table 1). Thus, data confirmed 
the absence of sleep or circadian disturbance among the par-
ticipants and the groups were matched for trait mood scores 
before watching the trauma film.

Response to Trauma Film
Both groups showed a negative mood response to the trauma 

film, which critically was not different between the groups 
(ANOVA, Film effect: F = 85.68, P < 0.001, Group/Film in-
teraction: F = 0.247, P = 0.622; Figure 2A). After watching 
the trauma film, state dissociation increased to the same ex-
tent in both groups (two-level binomial generalized linear 
model (GLM) fitted, Group effect: z = 1.04, P = 0.30, Time 
effect: z = 2.97, P = 0.003, Group/Time interaction: z = −1.22, 

Table 1—Mean (± standard deviation of the mean) shown for each factor that was matched for group at baseline before the trauma film.

Factor Sleep Deprived Sleep df Test Value P§

Chronotype
Morningness-Eveningness Questionnairea 51.58 ± 9.82 54.39 ± 9.44 40 −0.97 0.33

Mood lability and personality
Profile of Mood State: total mood disturbanceb 6.68 ± 15.34 8.19 ± 16.15 38 −0.30 0.77
Mood Disorder Questionnairea 1.32 ± 2.19 2.00 ± 1.80 40 −1.69 0.09
General Health Questionnairea 7.47 ± 2.25 9.00 ± 2.83 40 −1.70 0.09
Eysenck Personality Questionnairea 7.87 ± 1.51 8.11 ± 1.49 40 −0.25 0.80

Sleep history (actigraphy)
Bedtime (hours)a 00:21 ± 01:00 00:26 ± 00:53 36 −0.40 0.69
Get-up time (hours)a 08:18 ± 00:58 08:16 ± 00:51 36 −0.02 0.99
Time in bed (hours)a 07:56 ± 00:09 07:49 ± 00:08 36 −0.34 0.74
Sleep efficiency (%)a 85.55 ± 4.12 86.34 ± 5.18 36 −0.95 0.35
Sleep latency (minutes)a 6.01 ± 1.00 6.00 ± 0.01 36 −0.09 0.94

Test value dependent on statistical analysis performed (test, test value). df, degrees of freedom. aWilcoxon rank-sum test, W value. bBinomially distributed 
general linear model, z value. §P values corrected for multiple testing.
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P = 0.22; Figure 2B). The groups also did not differ in the de-
gree of familiarity with the film clips used (binomial GLM 
fitted, z = −0.37, P = 0.71; Figure 2C) nor the personal rele-
vance of the content of the clips (binomial GLM fitted, z = 0.02, 
P = 0.99; Figure 2C). Therefore, both groups reported a similar 
experience of the analogue traumatic event.

Psychological Effect of Trauma Film
On day 1 post-trauma film, a significantly lower score was 

reported on the IES-R by the sleep deprived group (mean = 8.47, 
SD = 5.31) compared to the sleep group (mean = 11.52, SD = 6.64), 
reflecting a lower effect of the trauma film (binomial GLM 
fitted, z = 3.27, P = 0.001; Figure 3).

Intrusive Memories to Trauma Film Over 1 Week
Overall, a total of 120 intrusive memories were reported 

by the participants. The content of the intrusive memories re-
ported were highly matched (93%) in content to clips from the 
trauma film. In terms of the intrusions’ content, 23.3% related 
to the clip containing self-mutilation (facial cutting), 13.3% to a 
clip depicting a car crash, and 50.8% to three clips all involving 
different scenes of suicide. The remaining 7% were relevant to 
only one specific scene of suicide. Examples of intrusive mem-
ories reported include “I saw a boy lying dead behind a desk”, 

“saw image of old man hanging from ceiling”, and “hear water 
running and see guy shaving and blood dripping”. Seventy-six 
percent of intrusive memories were reported to be triggered 
by an event in daily life for example “passing cemetery” or 

“washing hands in the sink”.
Over the 6 days following the trauma film, significantly fewer 

intrusive memories in daily life were reported by the sleep de-
prived group (mean 2.28, SD 2.91) compared to the sleep group 
(mean 3.76, SD 3.35; Poisson GLM fitted, z = 2.61, P = 0.009). 

The frequency of intrusive memories was found to decline over 
the 6 days following the trauma film (Figure 4A). The sleep 
deprived participants reported fewer intrusive memories for the 
first 2-day period compared to the sleep group (Poisson GLM 
fitted, Group effect: z = 2.905, P = 0.004). The intensity of the 
intrusions was similar between groups as measured in the level 
of distress reported when experiencing an intrusive memory 
(Poisson GLM fitted, z = 1.2, P = 0.23; Figure 4B).

Post hoc analysis of the first 2 days following the trauma 
film was carried out to ensure the group difference in intrusive 

Figure 2—(A) Change in emotional reaction to trauma film: repeated measure analysis of mood visual analogue scores before and after trauma film, 
demonstrating a significant increase in negative affect, which was equivalent for both groups. (B) Change in state dissociation to trauma film: repeated 
measure analysis of state dissociation, demonstrating a significant increase in mean state dissociation after watching the trauma film for both groups, but 
no difference between groups. *P < 0.05; error bars represent standard error of the mean. (C) Personal relevance and familiarity of trauma film clips: no 
difference between groups in terms of mean personal relevance of content of film clips and familiarity of film clips.

Figure 3—The sleep deprived group showed a significantly lower 
mean global score on the Impact of Event Scale-Revised on day 1 after 
the analogue psychologically traumatic event. *P < 0.05; error bars 
represent standard error of the mean.
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memory frequency was unlikely to be driven by potential 
fatigue experienced by the sleep deprived individuals. The 
number of intrusive memories on day 1 within the sleep de-
prived group (mean 0.94, SD 1.56) was significantly lower 
compared to the sleep group (mean 1.81, SD 1.57, Poisson 
GLM fitted z = 2.23, P = 0.03). On day 2, a non-significant 
trend of fewer intrusive memories being reported by the sleep 
deprived group (mean 0.50, SD 0.71) compared to the sleep 
group (mean 1.05, SD 0.97) was also found (Poisson GLM 
fitted z = 1.87, P = 0.0616). If the group difference was being 
driven by fatigue-related effects, an increase in intrusive mem-
ories would have been expected. However, no such increase 
was seen between the number of intrusive memories reported 
for day 1 and day 2 for the sleep deprived group (day 1 mean 
0.94, SD 1.55, day 2 mean 0.5, SD 0.70, Poisson GLM fitted 
z = −1.54, P = 0.123).

DISCUSSION
This experimental study is the first that demonstrates a 

benefit of sleep deprivation during the first night following 
an analogue psychological trauma against the development of 
intrusive memories. Keeping subjects awake, as compared to 
letting them sleep, resulted in a lower psychological effect of 
the analogue traumatic event and fewer intrusive emotional 
memories subsequently. These findings provide evidence that 
initial sleep may actually worsen outcomes to psychologically 
traumatic stimuli and paradoxically, sleep deprivation on the 
first night may be advantageous for the amelioration of ana-
logue trauma-related responses.

The possibility of a beneficial effect of sleep deprivation 
compared to sleep appears counterintuitive. Deprivation 
of sleep is generally considered a problem, because chronic 
deficit of sleep is associated with poor health,47–50 whereas 
short-term sleep deprivation is associated with a range of del-
eterious effects particularly on cognitive functions.51 Usually 
sleep improves memory performance and positively enhances 

the consolidation of some aspects of emo-
tional memory, when tested by recall and 
recognition paradigms.1–4 However, when 
memories become intrusive (i.e., flash-
back-type memories) it may be better not 
to remember in this manner. Therefore, 
not sleeping immediately following a psy-
chologically traumatic event may actually 
be helpful in this regard. That is, sleep de-
privation may prevent the sleep dependent 
memory enhancement52–54 by disrupting 
the consolidation of aspects of the trauma 
film memory that could otherwise spring 
back to mind involuntarily as emotional 
intrusive memories.

Although clinically important, intru-
sive emotional memories are poorly un-
derstood. Current theories suggest that 
they are generated by a shift in the way an 
event is processed or laid down from fo-
cusing on the meaning and context of the 
event towards sensory impressions.10,55,56 
Intrusive memories by their very nature 

involuntarily spring to mind without a deliberate attempt of re-
trieval. Laboratory-based studies have found that performance 
on recall and recognition tests of memory of the trauma film is 
not correlated to the frequency of intrusive memories.57,58 This 
underscores the need to better understand factors such as sleep, 
which may selectively affect intrusive emotional memories, 
and future studies should differentiate the effect on different 
types of memory.

The effect of sleep on emotional memory has been tested pri-
marily on explicit memory (intentionally remembered),1–4,59 but 
there is growing evidence that sleep deprivation preferentially 
affects implicit memory (unintentionally remembered) over ex-
plicit memory. Using motor vehicle accident films, Kuriyama and 
colleagues17 have shown that implicit memory (self-reported fear 
and skin conductance), but not explicit memory, was disrupted 
following sleep deprivation. Baran and colleagues21 have shown 
that implicit memory (emotional reaction) for a set of negative 
pictures was reduced following a period of wake, but preserved 
following sleep. Taken together, these studies emphasize that not 
sleeping following an emotional event may differentially impair 
implicit, compared to explicit, memory of that event. Thus, in 
our study it is possible that fewer intrusive memories are re-
ported following sleep deprivation as a result of disruption of 
implicit memory of the trauma film. It would be useful to test the 
level of explicit, emotionally unrelated memory recall related to 
the content of the film. We did not utilize declarative memory 
tests in the current study, but previous research has shown that 
verbal or visual recall tests for a similar analogue trauma film 
did not appear to relate to the frequency of intrusive memories 
reported.57,58 However, these studies did not involve a period of 
sleep deprivation, and thus, future research should include mea-
sures of explicit memory of the film to ensure that conscious 
recognition of the film is not affected by sleep deprivation.

Alternatively, the difference in intrusive memory frequency 
seen between the groups could be due to the additional period 
of wakefulness experienced by the sleep deprived group after 

Figure 4—(A) Day-by-day profile of intrusive memories: The average number of intrusive 
memories for each 2-day period for each group. The sleep deprived group show a significantly 
lower frequency of intrusive memories for the first 2-day period. (B) Level of distress: no difference 
between groups in the mean level of distress reported when experiencing an intrusive memory. 
*P < 0.05, error bars represent standard error of the mean.
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the film, compared to the sleep group. It could be argued that 
“length of time awake” after the traumatic event affects the 
development of intrusive memory production. However, pre-
liminary data (unpublished, Wulff et al.) do not support this 
possibility because no difference was found in the frequency 
of intrusive memories between two groups with different 
lengths of time between the analogue traumatic exposure and 
concurrently aligned recording times of intrusive memory.

Within this study we sought to identify factors other than 
sleep deprivation that may have influenced our key measures 
(IES, intrusive memory frequency). Immediately after the 
trauma film the effect of the film on mood and state dissocia-
tion were assessed. This key manipulation check showed that 
mood deteriorated and dissociation increased, confirming the 
negative effect of the trauma film. Critically, however, no dif-
ferences between the groups were found, indicating that both 
groups had the same initial experience of the trauma film be-
fore sleep deprivation occurred.

Groups were also well matched at baseline for participant 
characteristics, sleep, and chronotype, indicating that trait 
characteristics of the participants cannot account for the dif-
ferences seen between the groups. We note that participants in 
the sleep group returned home to sleep in their familiar envi-
ronment following the analogue psychological trauma rather 
than sleeping in the sleep laboratory to avoid disturbed sleep 
due to a novel environment (“first night” effect). It is possible 
that this may have altered the sleep participants’ reaction to the 
study and be a component in which sleep deprivation in a sleep 
laboratory environment is beneficial.

Regardless of the mechanism, our findings indicate that 
sleep deprivation in a sleep laboratory in the immediate after-
math of an analogue psychological trauma manipulation could 
be important for moderating the psychological response to ex-
perimental trauma. The extent to which these findings have 
implications for pathological responses to real-world trauma is 
not known. This is an area of research that requires extensive 
investigation to fully elucidate the role of sleep in the response 
to psychological trauma. Such research however may be par-
ticularly valuable as sedatives are still readily prescribed to 
encourage sleep following trauma,60 even though their use is 
contraindicated in acutely traumatized people.61

This analogue study has some limitations, and the first con-
cerns the suitability of an experimentally induced “trauma” 
using a film with traumatic content as an analogue stressor of 
real-life trauma. Although intrusive memories are often main-
tained long term after a real-life trauma, the trauma film as 
an experimental stressor has been shown to reliably produce 
short-term, intrusive memories.32 The induction of intrusive 
memories for a transient period is sufficient to investigate 
mechanisms of intrusive memory generation. Future research 
should ensure continuous screening of sleep quality and quan-
tity utilizing sleep diaries and actigraphy before and during the 
post-trauma film period. A continuation of sleep measurements 
following the trauma film would allow an estimation of the ef-
fect of potential sleep disturbances during this period on the 
frequency of intrusive memories. Furthermore, the collection of 
dream reports relating to the trauma film would be of particular 
interest, because distressing and recurrent dreams relating to 
a trauma are also diagnostic criteria for both ASD and PTSD.5

The context in which the study participants processed the 
trauma film may also have influenced their outcome. Recently 
Kuriyama and colleagues18 have shown that directed forgetting 
(i.e., deliberately trying to forget) an aversive film increased 
fear responses following sleep deprivation. Thus, future 
studies must consider the way in which participants process 
such experimental traumatic stimuli. Finally, the participants 
of the sleep-as-usual group returned home to sleep, whereas 
the sleep deprived participants remained in the sleep labora-
tory. Although this difference in environment may have altered 
the experience of the groups, sleeping in an unfamiliar envi-
ronment is well known to lower sleep quality, while remaining 
awake in the hospital setting is consistent with the potential 
use of sleep deprivation in clinical practise.

In conclusion, this study has demonstrated that a period of 
sleep deprivation on the first night (rather than sleep as usual) 
after viewing experimental trauma results in a lower psycho-
logical impact, and fewer intrusive memories of that event. Our 
findings support the hypothesis that in some situations of high 
emotional distress, and perhaps counterintuitively, sleep de-
privation on the first night after an experimental trauma may 
be beneficial, a suggestion that warrants further investigation.
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