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Abstract 

Intrusive memories are a common experience following trauma exposure but can develop into a symptom of posttraumatic stress 
disorder (PTSD). Recent research has observed a relationship between sleep disturbance and intrusive memory frequency following 
analog trauma exposure and disruptions in rapid eye movement (REM) sleep are found to contribute to emotional dysregulation and 
an amplified reaction to negative emotional stimuli. The current study examined the association between REM sleep prior to analog 
trauma and intrusive memories. To manipulate REM sleep, 27 healthy adults (MAge = 25.4, standard deviation = 2.89) were randomized 
to either a circadian misalignment (CM) condition or normal control (NC) condition for 4 nights. In CM, participants slept normally 
for 2 nights followed by a 4-hour phase advance on night 3 and an additional 4-hour phase advance on night 4. In NC, participants 
had 8-hour sleep opportunities each night. On day 5, participants watched a trauma film and kept an intrusive memory diary for the 
next 3 days. Greater REM sleep percentage (p = .004) and REM efficiency (p = .02) across 4 nights prior to analog trauma, independent 
of the group, were significantly associated with fewer intrusive memories in the 3 days after viewing the film. Findings suggest REM 
sleep may serve to protect individuals against experiencing intrusive memories. This is consistent with evidence suggesting REM 
sleep influences emotional memory regulation. Occupations (e.g. emergency services/military personnel) who experience circadian 
disruptions likely to decrease REM sleep (e.g. from shift work) may be at heightened risk of experiencing intrusive memories after 
trauma exposure, and thus at increased risk of developing PTSD.
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Graphical Abstract 

Statement of Significance

Sleep is known to influence the expression of posttraumatic stress disorder (PTSD) symptoms. Indeed, poor sleep either prior to 
or following trauma exposure increases the risk of developing PTSD. While prior studies have examined potential mechanisms 
explaining the role of sleep post-trauma, little is known about potential sleep mechanisms pre-trauma. Here, we show greater 
quantity and quality of rapid eye movement (REM) sleep across 4 days prior to analog trauma exposure predicts fewer intrusive 
memories in the 3 days following the exposure. Given intrusive memories are often an early symptom of PTSD, these findings sug-
gest adequate REM sleep may serve as a protective factor when someone is exposed to trauma, perhaps especially in occupations 
marked by chronic sleep disturbances and frequent trauma exposure.

Most people worldwide will experience at least one traumatic 
event in their lifetime, with 8%–15% of them developing post-
traumatic stress disorder (PTSD) following the trauma [1]. One 
early symptom of PTSD is re-experiencing traumatic event(s) 
through intrusive memories [2]. Intrusive memories are recur-
rent, distressing mental images or thoughts of a traumatic event 
that involuntarily intrude into conscious awareness [2, 3]. Higher 
re-experiencing symptoms (including intrusions) in the first few 
days following trauma predicts a later onset of PTSD [4, 5]. This 
association suggests intrusive memories and their mechanisms 
may contribute to the etiology and development of PTSD and are, 
therefore, a potential target for early intervention strategies. Key 
to identifying and implementing early interventions is the iden-
tification of modifiable mechanisms underlying the development 
of intrusive memories.

Sleep has been proposed as one such potential mechanism, 
due to its role in memory consolidation [6]. Following this, it was 
expected sleep deprivation immediately after trauma would 
weaken the initial consolidation of a traumatic event and reduce 
intrusive memories. In stark contrast to that hypothesis, a grow-
ing body of research, including three recent meta-analyses [7–9], 
demonstrates a period of sleep (not lack of sleep) following analog 
trauma exposure reduces the number of intrusive memories on 

the following days. Two explanations have been advanced to 
explain sleep’s role in reducing intrusive memories. First, sleep-
ing following a traumatic event may decrease the emotional 
intensity of the memories, leading to fewer intrusive memories 
[10, 11]. Second, intrusive memories are theorized to result from 
incomplete consolidation of the trauma memory [12–15] and 
sleep, particularly rapid eye movement (REM) sleep, plays a role 
in processing emotional memories [11].

A recent review by Van Someren proposes specific mechanisms 
involved in disrupted REM sleep impede emotional memory pro-
cessing [16]. During uninterrupted REM sleep, noradrenaline, 
responsible for arousal and stress responses, is not released, due 
to inactivity of the locus coeruleus (LC). The absence of noradren-
aline signaling during REM sleep facilitates depotentiation and 
synaptic downscaling, particularly in the limbic regions, neces-
sary for processing emotional memories [16]. However, disrupted 
REM sleep disinhibits the LC, resulting in ongoing noradrenergic 
signaling during REM sleep periods which, in turn, contributes 
to the dysregulation of emotional memories. Given (1) hypothe-
ses from the PTSD field arguing impaired memory consolidation 
leads to intrusive memories [15] and (2) PTSD is associated with 
elevated nocturnal norepinephrine levels [17], this new hypoth-
esis from Van Someren provides a theoretical framework to 
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examine whether REM sleep quality and quantity are associated 
with heightened experiencing of intrusive memories.

The role of sleep in emotional memory may also be particularly 
salient in the context of PTSD and intrusive memories because 
sleep disruptions are ubiquitous in PTSD [18, 19]. For example, 
PTSD is associated with decreases in total time spent in REM 
sleep [20], reduced percentage of REM sleep [21], increased REM 
fragmentation [22], and increased REM density [23]. Furthermore, 
epidemiological and prospective studies have revealed REM sleep 
disruption is a consistent feature of poor psychiatric outcomes, 
including PTSD [24–26]. However, REM sleep is not the only sleep 
stage disrupted in PTSD. Indeed, two meta-analyses reported 
decreases in slow wave sleep (N3 sleep; SWS), in addition to 
REM sleep, in PTSD patients compared to healthy controls [23, 
27]. Straus et al. reported one reason for inconsistent findings 
related to sleep stage abnormalities in PTSD may be due to the 
increased night-to-night variability of sleep in PTSD [28]. This, 
in turn, argues for studying sleep across multiple nights when 
looking at potential mechanistic links between sleep and PTSD-
related symptoms.

In summary, sleep, relative to a similar period of wake, follow-
ing exposure to an analog trauma has been shown to reduce the 
number of intrusive memories experienced, and there is theoret-
ical reason to believe this may be related to memory consolida-
tion functions during REM sleep. However, sleep disruption prior 
to trauma exposure is also associated with the development 
of PTSD, but no studies to date have examined how sleep prior 
to analog trauma exposure may influence the development of 
intrusive memories. Therefore, this study aimed to examine the 
impact of REM sleep quality (REM efficiency) and quantity (REM 
percentage) prior to analog trauma exposure on subsequent 
intrusive memories in healthy young adults. Given the findings 
of decreased N3 in PTSD, we also conducted analyses to examine 
the impact of N3 on subsequent intrusive memories. Participants 
slept according to either a normal sleep schedule or one of two-
phase advance schedules designed to produce different levels of 
disruption to sleep, especially REM sleep. It was hypothesized that 
higher average REM sleep percentage and REM sleep efficiency 
across 4 nights would be associated with fewer intrusive memo-
ries reported over the 3 days following viewing an analog trauma 
film, while SWS would not be associated with intrusive memories.

Methods
Data for this project were collected as part of a larger study at 
Monash University. Ethical approval was obtained from the 
Monash University Research Ethics Committee (MUHREC; project 
number: 9938), and funding was provided by the US Department 
of Defence.

Participants
Participants were recruited from the general population via insti-
tutionally approved Internet advertisements and flyers posted 
in local suburbs. Ethical approval was obtained from Monash 
University Research Ethics Committee (MUHREC; project num-
ber: 9938). Data from 27 healthy participants (Female = 56%, 
age 25.4 ± 2.89 years, age range: 18–39 years) were analyzed. 
Exclusion criteria were being a current or former smoker, cur-
rent or planned pregnancy, current or prior drug user, consumed 
>400 mg of caffeine per day, consumed >14 standard drinks per 
week or more than 6 standard drinks per sitting in 1 week, or had 
a history of shift work in the past 4 months. In addition, a history 

of any Axis 1 diagnoses or a family history of mood disorders or 
psychotic disorders were exclusionary as sleep disruption may 
increase the risk of symptom exacerbation. These criteria were 
necessary for the larger study.

Procedure
General overview.
Participants maintained a regular sleep–wake schedule, moni-
tored with actigraphy and a sleep diary for 7 days prior to their 
lab stay. During the 5-day in-lab stay, participants were randomly 
assigned to either a normal sleep condition or to a sleep disrup-
tion condition designed to manipulate REM sleep (see later). On 
day 5, the trauma film was administered. Participants then kept 
an intrusion diary for 3 days following their in-lab stay, where 
they recorded the frequency of intrusive memories elicited from 
the film (see Figure 1, top).

At-home sleep monitoring (day −7 to 0).
Participants were required to maintain a regular sleep–wake 
schedule at home for 1 week prior to their lab stay to help ensure 
they were not sleep-deprived and their circadian system was sta-
ble upon arrival. Participants’ sleep–wake schedules were based 
on their habitual sleep–wake schedule and agreed upon dur-
ing a participant information and consent meeting prior to the 
at-home sleep monitoring phase.

In-lab sleep monitoring (day 1 to 5).
 During the lab stay, participants were randomly allocated to 
one of three sleep conditions: normal condition (NC), circadian 
disruption with melatonin (3 mg; CD-M), or circadian disruption 
with placebo (CD-P; Figure 1, bottom). Participants in the NC 
condition were provided with an 8-hour sleep opportunity each 
night in line with their regular sleep–wake schedule. Participants 
in both CD conditions were also provided with an 8-hour sleep 
opportunity in line with their regular sleep–wake schedule for the 
first 2 nights, then had their sleep schedules advanced by 4 hours 
on night 3, and an additional 4 hours (i.e. 8 hours in total) on night 
4. Melatonin (3 mg) was administered to the CD-M condition on 
days 2 and 3 of the in-lab stay 4 hours prior to bedtime. A pla-
cebo was administered to the CD-P condition. Drug condition was 
double-blinded (research pharmacist held the blind).

The goal of the phase advance in the larger study was to 
manipulate REM sleep in a manner parallel to some operational 
settings involving night shifts. Phase-advancing participants’ 
sleep schedules are known to result in less time in REM sleep, due 
to the circadian control of REM sleep timing [29], and melatonin 
administration during a phase-advance rescue REM sleep [30]. 
Thus, it was postulated the CD-P condition would show reduced 
REM sleep relative to NC, while the CD-M condition would show 
at least partially restored REM sleep. For the purposes of the cur-
rent analyses, manipulation of REM sleep through the three con-
ditions provided greater variability in our primary explanatory 
variable (REM sleep), relative to studying everyone under normal 
sleep conditions, prior to task administration. Greater variability, 
in turn, should afford more robust analyses.

In-lab sleep was monitored with polysomnography (PSG), 
including electroencephalography (EEG), electrooculography 
(EOG), and electromyography (EMG), and scored according to 
the standard criteria outlined by the American Academy of 
Sleep Medicine (AASM) [31]. Continuous EEG was obtained by 
using a Compumedics 4K PSG:EEG Amplifier and recorded with 
Compumedics Profusion 4. The EEG recording was gathered from 
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13 scalp electrodes (Fz, FCz, F3, F4, Cz, C3, C4, Pz, P3, P4, O1, Oz, 
O2), which were applied using the standard 10/20 configuration 
and sampled at a rate of 512 Hz. Eye movements were monitored 
using two EOG electrodes positioned above and below the right 
and left eye, respectively. Participants were equipped with three 
electrodes on both sides of their jaw and chin to measure EMG 
activity.

REM sleep percentage for each sleep period was obtained by 
calculating the amount of REM sleep in proportion to the total 
sleep time (TST). The average REM sleep percentage was calcu-
lated for each participant by averaging the REM sleep percentage 
across the 4 nights. REM sleep efficiency was obtained by divid-
ing the amount of REM sleep in minutes by the total duration of 
all REM episodes [32, 33]. A given REM episode can, according to 
AASM scoring rules, include epochs of wake or other sleep stages 
interspersed among the REM sleep epochs. REM Efficiency is thus 
parallel to the concept of SE (which accounts for wake epochs 
interspersed among sleep epochs). The average REM sleep effi-
ciency was then calculated for each participant by averaging the 
REM sleep efficiency across the four nights.

In-lab testing (day 5).
 On day 5, participants watched the trauma film paradigm. The 
trauma film consisted of a 12-minute compilation of 11 distress-
ing clips taken from television advertisements and archives from 
the public domain, designed to relate to real-life traumatic events 
that have been associated with PTSD development [34, 35]. The 
clips depicted scenes included, for example, car crashes, the 
aftermath of a genocide, and graphic surgeries. The trauma film 
paradigm has been commonly used as an experimental model 
of trauma in a laboratory setting [3]. Exposure to the film has 
been shown to elicit symptoms analogous to those experienced 
following trauma, although symptoms are often short-lived and 
typically subside within a week [36]. Participants were instructed 

to give the film their full attention, to imagine themselves being 
present at the scene, and to not look away or close their eyes. The 
film was viewed on a computer screen with headphones on and 
the room lights turned off. Participants were monitored to ensure 
the film was watched in its entirety, by the researcher from out-
side the room.

Immediately pre- and post-film, participants were asked to 
rate their mood using the Visual Analog Mood Scale [35]. After 
viewing the film, participants were asked questions relating to 
their attention paid to the film, level of distress experienced, and 
personal relevance of the film. The film was administered approx-
imately 14 hours after habitual wake time for both groups.

Post-lab intrusion diary (day 6 to 8).
A pen-and-paper intrusion diary was kept over 3 days after view-
ing the trauma film to record intrusive memories. Participants 
were asked to record any intrusive memories experienced. A 
detailed description of the content of the intrusions was also 
required to verify it was elicited from a specific scene in the 
film. Participants were then asked to report the trigger eliciting 
the intrusion or indicate if there was no trigger, and to report 
the level of distress experienced at the time of intrusion, from 0 
“not at all” to 10 “extremely.” Verbal and written instructions were 
provided on how to complete the diary. Intrusive memories were 
defined as memories of the trauma film occurring spontaneously 
(i.e. not intentionally or consciously retrieved) [37]. The frequency 
of intrusive memories was calculated by summing all intrusive 
memories experienced over the 3-day period that were related 
to the content of the trauma film. Prior to analysis, two research-
ers blinded to group status examined the intrusion diaries inde-
pendently and matched each intrusive memory to a specific clip 
in the film video to ensure accurate interpretation of the data. 
Any discrepancies were then discussed together, and a mutual 
agreement was made to either exclude or include the intrusive 

Figure 1.  Overview of experimental procedures. Sleep–wake schedules are based on a participant whose habitual sleep–wake schedule is 10 pm to 6 
am.
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memory for final analysis, with 11 of the 95 intrusive memories 
reported (11.6%) requiring discussion. Five of the 11 intrusive 
memories requiring discussion were excluded (44.5%; 5.2% of the 
total). Follow-up phone calls were made to participants who had 
incorrectly completed their diary, or in instances where the con-
tent of the diary required clarification (e.g. details of the intrusive 
memory were lacking).

Data cleaning
Prior to analysis, the primary outcome (i.e. the frequency of 
intrusive memories) for one participant was identified as an 
extreme outlier (six times above the mean). Therefore, a 90% 
winsorization was performed as recommended by Howell [38], 
and the number of intrusive memories was rounded to the 
nearest whole number. No univariate outliers were identified 
after conducting z-transformations of average REM sleep effi-
ciency, average REM sleep percentage, average TST, and average 
non-rapid eye movement stage 3 (NREM3) percentage (z-score 
of ±2.58). No missing data were identified after inspecting the 
data. Table 1 outlines the descriptive statistics for the study 
variables.

Data analysis
All analyses were conducted using R version 4.0.2 (June 22, 2020) 
[39]. The alpha level was set at 0.05 for all analyses. To address 
both aims, a Poisson regression was conducted to investigate 
the relationship between average REM sleep percentage as well 
as average REM sleep efficiency and total intrusive memories 
in the 3 days after viewing the trauma film. A Poisson analysis 
was chosen based on the nature of the outcome variable (i.e. 

count data). The regression coefficients and confidence inter-
vals (CIs) were exponentiated to obtain incident rate ratios for 
interpretation.

In exploratory analyses, we ran identical analyses examining 
the effect of average TST and average stage N3 on total intru-
sive memories in the 3 days after viewing the trauma film. 
Given the consistent finding that sleep, relative to wake, follow-
ing the trauma film reduces the number of intrusive memories, 
we hypothesized that greater TST would predict fewer intrusive 
memories. The N3 analysis served as a sensitivity analysis to 
examine the specificity of the REM sleep effect.

Results
See Supplementary Table 1 which outlines descriptive statistics 
for participants. Table 2 outlines summary statistics for sleep 
study variables including TST, SE, and all sleep stage percentages 
in each sleep period.

A greater average REM sleep percentage across the 4 nights 
significantly predicted decreased intrusive memories reported 
over the 3 days. Specifically, for every standard deviation increase 
in average REM sleep percentage, the number of intrusive mem-
ories decreased by a ratio of 0.73 [95% CI = 0.60, 0.90], p = .004 
(see Figure 2). REM sleep percentage did not significantly affect 
distress levels of reported intrusions (p > .05).

As with REM sleep percentage, greater REM sleep effi-
ciency across four nights significantly predicted fewer intrusive 
memories reported. Specifically, for every standard deviation 
increase in average REM sleep efficiency, the number of intrusive 
memories decreased by a ratio of 0.79 (95% CI = 0.66, 0.96), p = .02 
(see Figure 3). REM sleep efficiency did not significantly affect dis-
tress levels of reported intrusions (p > .05). Table 3 presents the 
regression coefficients for both analyses.

A greater average TST across the 4 nights significantly pre-
dicted decreased intrusive memories reported over the 3 days. 
Specifically, for every standard deviation increase in average TST, 
the number of intrusive memories decreased by a ratio of 0.82 
(95% CI = 0.68, 0.99), p = .04 (see Figure 4).

The average stage N3 percentage across 4 nights was not 
significantly associated with intrusive memories reported (see 
Figure 5).

Discussion
To our knowledge, the current study was the first to investi-
gate the relationship between REM sleep quality and quantity 
prior to analog trauma and subsequent intrusive memories. The 
results support the hypothesis individuals with higher average 
REM sleep percentage and REM sleep efficiency prior to analog 
trauma report fewer intrusive memories in the 3 days following 

Table 1.  Descriptive Statistics for Main Study Variables

Main study variables M (SD) Range [minimum, maximum]

Average REM sleep 
percentage

23.1 (4.03) 18 [15.3, 33.1]

Average REM sleep 
efficiency

91.5 (4.21) 17 [80.9, 97.9]

Average NREM stage 
3 percentage

36.23 (8.37) 31.17 [23.70, 54.87]

Average total sleep 
time (TST) (minutes)

425.24 (32.64) 111.75 [350.50, 462.25]

Intrusive memories 3.63 (2.72) 11 [0, 11]

Intrusive memory 
distress

3.44 (2.13) 6.5 [0, 6.5]

SD = standard deviation.

Table 2.  Sleep Study Variables for Each Sleep Period for All Participants

Study 
night

Total sleep time 
(TST) (minutes)

Sleep efficiency 
(SE) (%)

NREM1 
(%)

NREM2 (%) NREM3 (%) REM (%) REM sleep 
efficiency (%)

1 434.43 (30.56) 91.08 (5.27) 7.89 (3.83) 34.46 (8.30) 36.69 (9.19) 20.96 (4.50) 88.14 (8.38)

2 450.85 (11.68) 95.16 (1.85) 5.23 (2.66) 32.40 (9.25) 36.39 (9.12) 25.98 (4.76) 90.74 (5.85)

3 435.30 (36.44) 91.43 (7.35) 5.46 (3.02) 35.26 (11.03) 36.38 (10.07) 22.90 (5.31) 93.71 (6.39)

4 380.39 (90.93) 80.61 (18.64) 7.12 (3.82) 34.75 (10.07) 35.45 (10.18) 22.68 (6.72) 93.53 (6.60)

Average 425.24 (32.64) 89.57 (6.44) 6.42 (2.49) 34.21 (8.56) 36.23 (8.37) 23.13 (4.03) 91.53 (4.21)

All data are presented as Mean (Standard Deviation). SD = standard deviation

http://academic.oup.com/sleep/article-lookup/doi/10.1093/sleep/zsae203#supplementary-data
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analog trauma. Specifically, for each additional 4% of average 
REM sleep, individuals reported 27% fewer intrusive memories, 
and for an additional 4% of REM sleep efficiency (representing 
greater consolidation of REM sleep), individuals reported 21% 
fewer intrusive memories. As expected, greater average TST in 
the 4 nights prior to viewing the film was also associated with 
fewer intrusive memories. Importantly, N3 sleep was not asso-
ciated with intrusive memories, providing further evidence for 
the importance of REM sleep, specifically, in the development of 
intrusive memories.

Sleep disruptions are a consistent feature of PTSD [19, 23, 25, 26]. 
However, the role of specific sleep stages or sleep continuity meas-
ures in predicting the development of PTSD remains unclear [40] as 
does the specific pathway leading from sleep disruption to PTSD. Our 
findings suggest both the quality and quantity of REM sleep across 
4 nights before analog trauma exposure predicts the frequency of 

Figure 2.  Association between average REM percentage and predicted number of intrusive memories. The X-axis is the average REM sleep percentage 
obtained by calculating the amount of REM sleep in proportion to the total sleep time, expressed as z-scores. The gray shading represents the 95% 
confidence interval.

Figure 3.  Association between average REM sleep efficiency and predicted number of intrusive memories. The X-axis is the average REM sleep 
efficiency calculated by averaging the REM sleep percentage across 4 nights, expressed as z-scores. The gray shading represents the 95% confidence 
interval.

Table 3.  Regression Coefficients for the Poisson Regression 
Analysis Using Sleep Measures Averaged Across 4 Nights to 
Predict Intrusive Memories

Variable Estimate Std. 
error

Z 
value

P 
value

IRR [95% CI]

Average REM 
sleep percentage

−0.31 0.11 −2.9 .004 0.73 [0.60, 0.90]

Average REM 
sleep efficiency

−0.23 0.10 −2.4 .02 0.79 [0.66, 0.96]

Average total 
sleep time

−0.20 0.09 −2.1 .04 0.82 [0.68, 0.99]

Average stage 
N3 percentage

−0.05 0.10 −0.52 .06 0.06 [0.77, 1.16]

IRR = incident rate ratio.



Alkalame et al.  |  7

intrusive memories, an early symptom of PTSD. Therefore, disrupted 
REM sleep prior to trauma exposure may serve as a vulnerability 
factor increasing the likelihood of experiencing more frequent intru-
sive memories in the aftermath of trauma exposure, which, in turn, 
may predict a subsequent PTSD diagnosis [4, 5].

Speculatively, disrupted or reduced REM sleep may contrib-
ute to intrusive memory formation mechanistically by affect-
ing emotional processes. While the importance of REM sleep for 
emotional processes is not universally found, Van Someren’s 
theory proposes disruptions in REM sleep result in ongoing 
noradrenergic activity which interferes with overnight emotional 
memory consolidation [16] and may exacerbate next-day emo-
tional reactivity. The Dual Representation Theory, a prominent 
theory of intrusive memory development, proposes disruptions 
at encoding (e.g. due to severe stress) inhibit the connection 
between two memory systems formed during a traumatic event 
[26]. Compared to nontraumatic events, strong sensory rep-
resentations and weak contextual representations of a traumatic 

experience result in the formation of intrusive memories. If 
reduced or disrupted REM sleep prior to analog trauma exacer-
bates emotional reactivity, according to the Dual Representation 
Theory, this may result in enhanced formation of sensory rep-
resentations, leading to an increased number of intrusions. 
However, we did not measure the variables necessary to evaluate 
these processes, so further research is needed to examine these 
potential underlying mechanisms.

The research methods employed to modulate REM sleep were 
not only advantageous experimentally, but also in terms of real-
world applications. Previous studies in the intrusive memory lit-
erature have examined that total sleep deprivation or daytime 
naps after analog traumas may influence intrusive memory devel-
opment [41]. However, these methodologies do not accurately 
reflect sleep disruptions of individuals at risk of developing PTSD, 
such as military personnel and shift workers (i.e. frontline work-
ers and emergency services personnel). Circadian disruptions are 
commonly observed in such individuals [42], and as REM sleep is 

Figure 4.  Association between average total sleep time and predicted number of intrusive memories. The X-axis is total sleep time calculated by 
averaging total sleep time across 4 nights, expressed as z-scores. The gray shading represents the 95% confidence interval.

Figure 5.  Association between average N3 percentage and predicted number of intrusive memories. The X-axis is the average N3 percentage 
calculated by averaging the N3 percentage across 4 nights, expressed as z-scores. The gray shading represents the 95% confidence interval.
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strongly influenced by the circadian system, these circadian dis-
ruptions typically result in REM sleep disruptions [43]. Our find-
ings, then, suggest the circadian disruption secondary to shift work 
may enhance the risk of developing PTSD symptoms, specifically 
intrusive memories. The extent to which this would increase the 
risk of developing a full PTSD diagnosis is unclear. The pathway 
from trauma exposure to PTSD symptoms to PTSD diagnosis is 
complex, although circadian disruption at the time of trauma has 
been suggested as a specific risk factor for a recently described 
trauma-associated sleep disorder [44]. The current results present 
one additional piece of the puzzle by showing sleep, especially REM 
sleep, prior to analog trauma exposure influences the number of 
intrusive memories reported over a 3-day period. Future studies 
should replicate and expand on these findings by examining how 
they may interact with other known risk factors and potential 
mechanisms related to the development of PTSD.

The trauma film paradigm is a widely used analog model of 
trauma known to be effective in inducing intrusive memories [45, 
46]. Intrusive memories can arise not only through direct experience 
of a traumatic event, but also through indirect methods such as 
viewing negative visual stimuli in a work-related setting [47]. Whilst 
this paradigm does allow for the experimental manipulation of fac-
tors occurring both before and after analog trauma [7], it must be 
acknowledged the trauma film is very different than, and does not 
create the same level of stress as, real-world trauma. In line with 
previous studies examining sleep and intrusive memory frequency 
[35, 48, 49], we did not find a significant association between REM 
sleep and distress associated with intrusive memories. This may, in 
part, be due to the low level of distress elicited by the trauma film 
and is a limitation of this paradigm. Whether the effects reported in 
the literature related to trauma film paradigms would be stronger 
or weaker in real-world traumas is an open question. Examining the 
relationship between REM sleep and intrusive memories in clinical 
or high-risk populations is warranted to expand the findings from 
this literature and increase external validity.

In addition to REM sleep, there are several other factors 
that could have influenced intrusive memory frequency in the 
current study. First, circadian disruption affects attentional 
processes [50]. It is possible participants experienced vary-
ing degrees of attentiveness whilst watching the films, which 
would influence intrusion frequency. However, to control for 
this, participants were monitored when watching the films 
and asked about their attentiveness afterward. No participants 
were excluded based on observed or reported inattentiveness. 
Second, as intrusive mental imagery occurs across different 
psychological disorders [51], a tendency to experience intru-
sive cognition generally (e.g. intrusive thoughts/images, worry) 
may have also influenced intrusive memories of the films. We 
attempted to minimize this risk by excluding participants with 
any history of psychological disorders. Explicitly accounting for 
certain psychological traits (especially anxiety) dimensionally 
and trait-level tendencies toward intrusive cognition in future 
studies may shed further light on mechanisms underpinning 
the influence of sleep on intrusive memory frequency. Third, 
intrusion frequency may also be affected by personally rele-
vant events related to the specific films used. Participants were 
asked about the personal relevance of the film content and 
none were excluded based on relevance ratings. Finally, circa-
dian disruption like that experienced here likely affected phys-
iological responses beyond just sleep (e.g. stress responses). It 
is unclear how such responses may have influenced the devel-
opment of intrusive memories, and future studies may wish to 
directly assess this question.

One further limitation of the current study is we did not exam-
ine the effect of each sleep condition on intrusive memory devel-
opment, so we were unable to examine the group-level effect of 
circadian disruption or the efficacy of melatonin to reverse any 
adverse effects observed. However, our main aim revolved around 
REM sleep, rather than conditions per se, and the different con-
ditions served to increase the variability of REM sleep within the 
sample. While our original goal was to additionally examine these 
group-level effects, COVID-related lockdowns prevented a suffi-
cient sample size to conduct that analysis. Sample size also pre-
vented us from including all sleep variables of interest (REM, N3, 
TST) in the same model. In the future, larger studies attempting to 
replicate these findings should include more sleep variables in a 
single model to better determine the unique contribution of each 
to reports of intrusive memories. Finally, it is unclear the extent to 
which our findings would translate to clinical populations.

In summary, the current study explored the associations 
between REM sleep prior to analog trauma and intrusive memory 
development in a group of healthy controls. Complimenting pre-
vious studies examining the role of sleep after trauma through 
consolidation processes, the current study demonstrated that 
reduced REM sleep percentage and REM sleep efficiency prior 
to analog trauma were associated with an increase in intrusive 
memory frequency [3, 5]. The findings highlight the importance 
of REM sleep in intrusive memory development. This finding has 
potential implications for populations at high risk of trauma, who 
commonly experience shifts in their circadian systems and who 
are frequently exposed to traumatic events (emergency service/
military personnel), although much further research is needed 
to fully explicate those implications. The current study sets the 
stage for future research to examine these associations in high-
risk populations and clinical samples, particularly in individuals 
with PTSD.
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