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Introduction

Post-Traumatic Stress Disorder (PTSD) is one of the most
frequently reported psychopathological conditions follow-
ing trauma. PTSD occurs in people who experience and/or
witness, either directly or vicariously traumatic events such
as accidents, natural disasters and personal assaults (APA,
2013). Depending on the country of residence and social
background, the lifetime prevalence of PTSD ranges from
1.3 to 12.2%, (Karam et al., 2014). PTSD leads to several
negative physical, psychological and social sequelae. These
include but are not limited to physical pain, gastrointestinal
and cardio-respiratory issues, anxiety, depression, prema-
ture death, onset of Type 2 diabetes, drug and alcohol use,
reduced occupational capacity and loss of important per-
sonal relationships (Pacella et al., 2013; Pietrzak et al., 2011;
Schlenger et al., 2015; Shalev et al., 2017; Vogt et al., 2016).
Insomnia and nightmares are the most prevalent sleep dis-
turbances reported by people with PTSD (Buysse et al., 2006;
Pruiksma et al., 2016). Studies show that 70% to 91% of peo-
ple with PTSD have difficulty initiating sleep, staying asleep,
and may experience chronic nightmares (Neylan et al., 1998;
Ohayon & Shapiro, 2000). Notably, insomnia and nightmares
are the most frequently reported residual health problems
following a successful resolution of PTSD treatment with
psychological interventions (Pruiksma et al., 2016).
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In a sample of 108 US military veterans receiving psycho-
logical treatment for PTSD, insomnia and nightmares were
highly prevalent at baseline (92% and 69%, respectively),
and remained high following psychological treatment (77%
and 52%, respectively) (Pruiksma et al., 2016). A recent
clinical trial by Taylor and colleagues (Taylor et al., 2020)
showed that both insomnia and nightmares remained in the
clinically significant range following a prolonged exposure
therapy treatment for PTSD even among those who achieved
remission of PTSD.

Theoretical framework

Youngren and colleagues (Youngren et al., 2020) proposed
a Nightmare Cognitive Arousal Processing (Night-CAP)
model that explains how the presence of sleep difficulties
predict the development of PTSD. More specifically, pre-
sleep cognitive arousal, worry and rumination, and sleep
latency predict the occurrence of post-traumatic nightmares.
When levels of sleep latency and pre-sleep cognitive arousal
are high, an individual is at an increased risk of developing/
experiencing post-traumatic nightmares (Youngren et al.,
2020). The Night-CAP model suggests that rumination pro-
vides the right opportunity for longer period of rehearsing
of negative cognitions about the actual trauma priming the
content of nightmares that replay during sleep.

Similarly, the longer an individual spends in waking-state
wanting to fall asleep the more pressure to fall asleep lead-
ing to rapid eye movement (REM-sleep stage) rebound and
more prompt entry into REM sleep. Dreams are more likely
to take place during REM; providing a rationale as to why
sleep latency leads to more post-trauma nightmares (Youn-
gren et al., 2020). The presence of trauma related night-
mares, pre-sleep cognitive hyperarousal and sleep latency
will increase vulnerability to the development of PTSD
(Agorastos, et al., 2014; Youngren et al., 2020).

Even though the Night-CAP model provides a
framework of how an individual is at increased risk of
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developing trauma related nightmares following trauma,
the model can be utilised to describe how insomnia can
also emerge as a result of both sleep latency and pre-sleep
cognitive arousal. Insomnia is known as a hyperarousal
disorder; external as well as internal factors such as altera-
tions in neurobiological brain process can, in turn, lead to
neurophysiological hyperarousal, variations in behavioural
and psychological processes and behavioural condition-
ing learning which, in turn, increases vulnerability to the
development of insomnia and associated health risks (Lev-
enson et al., 2015). The Night-CAP model lends support
to the premise that treating sleep disturbances in those
exposed to trauma will lead to better outcomes for both
sleep and post trauma symptoms (Agorastos, et al., 2014;
Levenson et al., 2015).

Studies suggest that treating sleep disturbances in
those with PTSD leads to better outcomes in terms of
both improved sleep and also reduced trauma symptoms
(Colvonen et al., 2018). Some of the sleep-focused psycho-
logical treatments include: (1) cognitive behavioural therapy
for insomnia (CBT-I) which encompasses sleep restriction,
stimulus control, cognitive component, and sleep hygiene
(Morin & Espie, 2007); (2) exposure, relaxation, and
rescripting therapy for nightmares (ERRT) which consists
of psychoeducation about nightmares, sleep hygiene, muscle
relaxation, exposure and rescripting of chronic nightmares
(Davis & Wright, 2007); (3) imagery rehearsal therapy (IRT)
consists of education about sleep, nightmares, homework
of personalized pleasant imagery scenes, rescripting of the
nightmare, problem solving and relapse prevention (Krakow
& Zadra, 2010).

Multiple systematic reviews and meta-analyses have
explored the effectiveness of sleep focused therapy on sleep
disorders as well as PTSD symptoms. For example, a meta-
analysis of 11 randomized controlled trials (RCTs) assessed
the effectiveness of CBT-I, IRT and ERRT on sleep and
found that these treatments significantly improved sleep
quality and also reduced PTSD symptoms, with a moderate
effect size of ES=0.6, for the treatment group. In addition,
the overall effect size as measured by sleep-diaries for sleep
efficiency (SE), sleep onset latency, wake after sleep onset,
Insomnia Severity Index (ISI), and the Pittsburgh Sleep
Quality Index (PSQI) were large (ES=0.83—1.15) in com-
parison to waitlist groups (Ho et al., 2016).

Similarly, Casement and Swanson (2012) identified 13
studies in their review and found that sleep-specific psy-
chological treatments (IRT or IRT + CBT-I, or ERRT, or
EERT + CBT-I) significantly reduced nightmare frequency
(ES=0.59), significantly improved sleep quality (ES=0.69)
and significantly reduced PTSD symptoms with a large
effect size (ES=0.67) for the treatment groups in compari-
son to the control groups. Other reviews reported compa-
rable results (Taylor & Pruiksma, 2014; Wu et al., 2015).
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Gaps in the literature

The presentation of sleep disorders in people with PTSD
symptoms is different to those who suffer from insom-
nia unrelated to traumatic events. Whilst those who suffer
from insomnia without trauma may look forward to sleep,
individuals suffering from insomnia related to trauma view
sleep as “a necessary evil” (Ulmer et al., 2011, p. 58).

Individuals presenting with sleep and PTSD symptoms
tend to overestimate their sleep latency, how long it takes
them to sleep, are more likely to experience hypervigi-
lance at night, and worry more relative to those that pre-
sent with sleep difficulties only (Perlis et al., 2001; Semler
& Harvey, 2007).

Literature reporting on the effectiveness of psychologi-
cal treatments for insomnia and nightmares in individuals
exposed to trauma use self-report measures such as sleep
diaries. There are issues with self-report measures being
prone to bias and issues with validity checks/ whether they
were completed at the time indicated (Buysse et al., 2006;
Dietch et al., 2019).

Objective measures such as polysomnography (PSG)
and actigraphy are recommended for utilization in assess-
ing sleep-specific interventions in conjunction with self-
report measures to gain more confidence in treatment out-
comes (Buysse et al., 2006; Dietch et al., 2019). PSG, the
gold standard in the diagnosis of sleep disorder, provides
heart rate, activity of brain waves, oxygen levels in the
blood, breathing, and eye and leg movements during sleep;
it is also used to objectively measure sleep and the various
sleep stages (Buysse et al., 2006).

Actigraphy is an objective measure of sleep that pro-
vides data about sleepiness and wakefulness states, it also
generates estimates of sleep parameters that are usually
collected from sleep diaries and PSG (Smith et al., 2018).
To date, no reviews have exclusively assessed the effec-
tiveness of objective measures of sleep and how they align
with self-report measures in providing a general overview
of sleep-specific treatment outcomes in those with trauma
symptoms. Therefore, a better understanding of available
psychological interventions through selecting high qual-
ity RCTs that assess sleep disorders both objectively and
subjectively is likely to underscore a better understanding
of available effective treatments.

Better understanding of the alignment between self-
report and objective measures will further strengthen
sleep diagnosis, not only for researchers but also for clini-
cians and primary care of their patients. This in turn will
inform treatment and referral processes (Gieselmann et al.,
2018). A major limitation in the aforementioned system-
atic reviews was the exclusion of objective measures in
assessing the effectiveness of sleep-specific psychological
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treatment outcomes. More specifically, some reviews
used trials without control groups (Casement & Swanson,
2012), and others included non-peer reviewed studies (Ho
et al., 2016).

As such, this review tries to address the above gaps.

Aims of this review

In this review, we aimed to extend the work that has been
carried out by other reviews. Firstly, we aimed to syn-
thesize the available literature from RCTs that used both
self-report and objective measures of sleep. Secondly,
we examined the effectiveness of sleep-specific psycho-
logical treatment in those diagnosed with insomnia and/
or nightmares comorbid with post-traumatic stress symp-
toms. Finally, we explored the effectiveness of sleep-
specific psychological treatment on post-traumatic stress
symptoms.

Method

Following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) (Moher
et al., 2009), searchers were conducted between January
of 2021, and January of 2022. We performed a literature
search using EBSCO, MEDLINE, PsychINFO, CINAHL,
EMBASE, PubMed, Cochrane Library and Taylor & Francis
databases by entering the following terminologies: (insom-
nia OR parasomnia OR hypersomnia OR insomniac OR
night terror* OR nightmare*) AND (post-traumatic stress
disorder* OR PTSD OR depression OR major depressive
disorder* OR trauma OR complex trauma) AND (Psycho-
logical intervention* OR Psychotherapy* OR Psychological
treatment* OR Cognitive behavioural therapy* OR cognitive
behavioral Therapy* OR CBT OR multi-model CBT OR
EMDR OR multicomponent psychotherapy* OR Imagery
Rehearsal Therapy* OR IRT, Exposure, Relaxation, and
Re-scripting Therapy* OR ERRT OR CBT-I) NOT (Phar-
macotherapy*) AND (actigraph* OR actimetry OR poly-
somnograph OR PSG OR objective measures OR objective
sleep OR sleep parameters). The following terminologies
were entered into Scopus as the pre-determined terminolo-
gies yielded no results: (insomnia OR nightmares AND post-
traumatic AND stress AND trauma AND objective AND
measures AND psychological AND intervention AND ran-
domised AND trials). An additional search checking ref-
erence lists and Google Scholar was carried out. Figure 1
provides a map of our literature search. Table 1 provides
details of the selected studies, and Table 2 provides assess-
ment of risk of bias.

Study inclusion criteria

Inclusion criteria for this review considered peer reviewed
RCTs; studies published in English between January 1990
and January 2022; adult population 18 +; RCTs taking a
diagnostic approach /being assessed by a health professional
using structured clinical interview for insomnia and/or night-
mares comorbid with post traumatic symptoms; RCTs pri-
marily using and assessing the effectiveness of sleep-specific
psychological interventions for insomnia and/or nightmares
using both self-report and objective measures in assessing
sleep.

Exclusion criteria

The following studies were excluded from this review: ani-
mal studies, study protocols, symposiums, oral presentations
and posters, studies with minors, qualitative studies, stud-
ies published prior to 1990, non-RCTs, studies excluding
objective measures, overlapping RCTs, correlational studies,
studies excluding diagnosis of sleep disorders and/or trauma
related symptoms, theses, and RCTs treating PTSD rather
than sleep disorders (refer to Fig. 1).

Selection of studies

The eligibility, suitability and risk of bias of selected RCTs
were verified by two researchers (FI and GK). There were
some concerns about data overlap for four studies. Email
correspondence with one author confirmed data over-
lap in two papers (Davis et al., 2011) and another paper
was deleted because data overlap could not be ascertained
(Kanady et al., 2018).

Study sample characteristics

A total of 290 participants were included in the selected
studies. There were 92 females and 198 males, with a mean
age ranging between 33—41 years.

Outcome parameters

Sleep efficiency (SE), derived from sleep diaries, was cho-
sen as the primary measure of insomnia for this review. SE
encompasses a number of sleep variables collected through
sleep diaries. SE =total sleep time/time in bed multiplied by
100; and total sleep time (TST)=time in bed—sleep onset
latency—waking time after sleep onset—morning waking
time (Taylor & Pruiksma, 2014).

ISI scores (Bastien et al., 2001), were also reported where
appropriate. The Pittsburgh Sleep Quality Index-Addendum
(PSQI-A) was the selected measure for nightmares. PSQI-A
is a self-report measure used to examine the frequency of
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Fig.1 PRISMA flow diagram
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disruptive sleep behaviour and nightmares that are present  (see Fig. 1). The remaining 55 studies were assessed by full
in adults with PTSD (Germain et al., 2005). PSG, actigraphy  text. Of these, 50 studies were excluded for reasons provided

and other physiological parameters were the selected objec-  in Fig. 1. Five RCTs met the inclusion criteria and were
tive measures of sleep in this review. selected for the final analysis of this review.
Statistical data reporting Findings from selected studies

The data presented in the results section, where available, The effect of CBT-1 and ERRT therapy on nightmares

reports on the interaction effect of time (pre-intervention

against post-intervention) by group (intervention against  Four RCTs assessed the effectiveness of psychological

control group). Where interaction effect is not provided,  treatment on nightmares in those presenting with post-trau-

main effects alone were reported. matic stress symptoms in this review. Germain et al. (2012)
examined the efficacy of eight sessions of Behavioral Sleep
Intervention (BSI) for sleep disturbances in veterans. BSI

Results consisted of IRT, psychoeducation about insomnia and
nightmares, stimulus control, sleep restrictions, and adher-
Our search yielded four hundred and fifty-eight studies.  ence to treatment. BSI resulted in main effects of time on

Fifty-four duplicate studies were excluded. A total of 404  the PSQI-A (p <0.01) for both the treatment and the pla-
articles were screened by abstract. Of these, 349 were  cebo group. No significant treatment by time interaction was
excluded because they did not meet the inclusion criteria  detected. Researchers of this study attributed their findings
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Table2 Assessment of risk of bias utilizing the revised cochrane risk-of-bias tool for randomized trials (RoB 2, Higgins et al., 2019) of the

selected studies

Scale Studies

RoB 2 Bias Domains

Germain et al., 2012  Rhudy et al., 2010  Talbot et al., 2014  Taylor et al., 2017  Walters et al., 2020

Bias due to randomization Low risk Low risk
Bias due to departure from intended Low risk Low risk
interventions (assignment to
intervention)
Bias due to departure from intended Low risk Low risk
interventions (adhering to inter-
vention)
Bias due to missing outcome data Low risk Low risk
Bias in measurement of outcomes Low risk Low risk
Bias in selection of reported results  Low risk Low risk
Overall RoB 2 judgement Low risk Low risk

Low risk Low risk Some concerns
Low risk Low risk Low risk
Low risk Low risk Some concerns
Low risk Low risk High risk
Low risk Low risk Low risk
Low risk Low risk Low risk
Low risk Low risk High risk

to the small sample which included veterans with low night-
mare frequency and low severity of post-traumatic stress
symptoms (42% of the sample) (Germain et al., 2012).

Likewise, Rhudy et al. (2010) applied three sessions of
ERRT and found that ERRT led to a significant interaction
of treatment by time effect (p <0.04) with lower scores
on subjective measures of emotions such as displeasure
(d=1.24), sadness (d=0.90), fear (d=1.20), and arousal
(d=0.68) (all p<0.001) from baseline to posttreatment for
the treatment group compared to the waitlist control group
(Rhudy et al., 2010).

Furthermore, Talbot et al. (2014) assessed the effective-
ness of eight sessions of CBT-I for the treatment of insom-
nia. CBT-I resulted in a significant group by time effect
(p<0.001), with participants receiving CBT-I experiencing
a significant reduction on PSQI-A scores from pre-treatment
to six months follow-up (p <0.001, d=1.07) compared to
the waitlist group (Talbot et al., 2014). Similarly, 12 sessions
of CBT-I and IRT, led to a non-significant yet large decrease
main time effect on nightmare frequency (p=0.11, d=0.90)
compared to a control supportive care therapy from pre-to
post-treatment (Walters et al., 2020) (see Table 1 for group
comparisons).

Taken together, the findings of studies outlined above
suggest that both CBT-I treatment alone or combined with
IRT or ERRT (average of 3—12 sessions) led to a reduction in
nightmares frequency with medium to large effect sizes for
individuals presenting with post-traumatic stress symptoms
(Germain et al., 2012; Rhudy et al., 2010; Talbot et al., 2014
Walters et al., 2020).

CBT-| effectiveness on diary measures
SE as indexed by sleep diaries was further explored by

examining the effectiveness of CBT-I for insomnia in three
studies in this review. Germain et al. (2012) found that
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eight sessions of BSI, resulted in no significant group by
time interaction effect for BSI and prazosin/sleep medica-
tion for insomnia as measured by the ISI (Bastien et al.,
2001) compared to the placebo group. However, at four
months follow up, results showed a group by time interac-
tion (post-treatment p < 0.04, and follow-up p < 0.009) on
IST with noticeable improvement for the BSI group com-
pared to the prazosin group.

Similarly, Talbot and colleagues (Talbot et al., 2014)
found a significant group by time interaction for SE with
participants receiving eight sessions of CBT-I experi-
encing significantly more improvements from pre-to-
post-intervention (p <0.001, d=1.06) and at six months
follow up (p <0.001, d=-1.48) compared to the waitlist
group. Six sessions of both face to face (FTF), and online
CBT-I both led to significant group by time interaction on
SE (p=0.002) in comparison to the control group; with
the FTF treatment showing larger effect size than online
CBT-I (d=0.89, and d=0.53 respectively) (Taylor et al.,
2017). The improvements were maintained at six month
follow up (Taylor et al., 2017).

Walters et al. (2020) found that seven sessions of CBT-I
significantly increased SE for the treatment group com-
pared to supportive care therapy (p=0.04, d=1.25). At
the completion of all treatments, participants who received
CBT-I no longer fell in the clinical range of insomnia
(SE > 85%), whereas those receiving supportive care ther-
apy remained in the clinical range (SE=75%) (Walters
et al., 2020).

The four RCTs suggest that CBT-I, average of six-eight
sessions, is effective in improving SE and reducing insom-
nia severity, at both post treatment, and six-month follow
up (effect sizes ranging between small to large with trends
towards large effect sizes) (Germain et al., 2012; Talbot
et al., 2014; Taylor et al., 2017; Walters et al., 2020).
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Objective/actigraphy assessment of insomnia

Three studies in this review used actigraphy as an objec-
tive measure of sleep. Talbot and colleagues (Talbot et al.,
2014) found no significant group by time interaction nor
main effects of condition or time. Walters et al.’s (2020)
sample size did not allow for a meaningful statistical analy-
sis on the actigraphy measure. Total sleep time TST was
significantly reduced from pre-to-post-treatment for both
FTF CBT-I (p=0.004) and online CBT- (p=0.011) in com-
parison to the control group (Taylor et al., 2017). Findings
from the three RCTs suggest that actigraphy maybe robust in
providing data for TST parameter only (Talbot et al., 2014;
Walters et al., 2020).

Objective/physiological assessment of nightmares
following ERRT

One study provided objective/physiological assessment of
CBT treatment and its effectiveness on nightmares. A sig-
nificant group by time interaction was found following three
sessions of ERRT with the intervention group experiencing
significantly reduced physiological reaction to nightmares
imagery from baseline to post-treatment (p < 0.013) com-
pared to the waitlist group (p > 0.40). Large effect sizes for
corrugator electromyogram (d=1.13), lateralis frontalis
electromyogram (d=0.89), heart rate (d=0.93), and skin
conductance (d=0.99) were found for the treatment group
(Rhudy et al., 2010). This reduction remained significant
at six months follow up (p <0.03) for the treatment group
(Rhudy et al., 2010).

Whilst results from this research is promising, it is impor-
tant to highlight that this is one RCT, and more research in
needed to confirm these findings. Furthermore, the study
by Rhudy and colleagues (2010) measured physiological
assessments of reactions to nightmare content during wake-
fulness rather than sleep.

Objective/polysomnography PSG assessment of insomnia

Two studies reported PSG data. Germain and colleagues
(Germain et al., 2012) found no significant treatment by time
interaction for PSG on any of the sleep parameters including
SE. The researchers attributed the absence of effect on the
PSG from this study to the inclusion of a military veterans
with mild psychiatric symptoms which may have indicated
the lack of response or improvement following psychologi-
cal treatment for insomnia.

Talbot and colleagues (Talbot et al., 2014) found that an
analysis of covariance revealed a significant increase of TST
for the CBT-I group (i.e., 30 min more) at posttreatment
(»=0.008) compared to the control group, measured by
PSG. The two studies provide inconsistent findings, however

findings reported by Talbot and colleagues (Talbot et al.,
2014) are promising in relation to the effectiveness of PSG
for assessing sleep outcome parameters following a psycho-
logical treatment for sleep difficulties.

CBT for insomnia and nightmares and its impact on PTSD

The effect of the impact of psychological sleep treatments on
post-traumatic stress symptomology was considered in four
RCTs. Germain et al. (2012) assessed participants symptoms
using a self-report measure of PTSD Checklist (PCL, Blan-
chard et al., 1996) and found no significant treatment by time
interaction for PTSD (p=0.18). Germain and colleagues
suggested that despite the absence of significant reduction in
PTSD symptoms, mild improvements for PTSD symptoms
were obtained because of adherence to sleep diaries, medica-
tion consumption, and telephone or personal checking with
participants throughout the study.

Similarly, Talbot et al. (2014) found no significant group
by time interception, however the main effect of treatment
for participants receiving CBT-I showed a reduction in
scores on the Clinician Administered PTSD Scale (CAPS,
Blake et al., 1995) from baseline to six months follow up
(p<0.001, d=1.23), and a significant reduction on the self-
report PCL scores from baseline to six month follow up
(»p=0.001, d=0.83). Utilizing CAPS, Walters et al. (2020)
found no significant group by time interaction. However,
following 12 sessions of IRT and CBT-I, the CAPS scores
were reduced (p=0.54. d=0.31) for the treatment group
compared to supportive care therapy. The findings from the
three RCTs lend support to the notion that post-traumatic
stress symptoms improve with small to large effect sizes
following psychological treatments for insomnia and night-
mares (Germain et al., 2012; Talbot et al., 2014; Walters
et al., 2020).

Discussion

The aim of this preliminary review was to summarize RCTs
that assessed the effectiveness of psychological interven-
tions, using both subjective and objective measures, for
treating diagnosed insomnia and/or nightmares in patients
presenting with post-traumatic stress symptoms.

Our findings from the four selected RCTs showed that
CBT-I treatment alone or combined with either IRT and
ERRT, led to a reduction in nightmare frequency in indi-
viduals presenting with nightmares and post-traumatic stress
symptoms with medium to large effect sizes (Germain et al.,
2012; Rhudy et al., 2010; Talbot et al., 2014; Walters et al.,
2020). The findings of this review are in line with previ-
ous research that has shown that CBT-I and ERRT alone
or combined are effective in reducing nightmares in people
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with post-traumatic stress symptoms (Casement & Swanson,
2012; Taylor & Pruiksma, 2014).

Furthermore, our preliminary review showed that an aver-
age of six to eight sessions of CBT-I is effective in reducing
insomnia severity and improving SE at posttreatment and
follow up with small to large effect sizes (Germain et al.,
2012; Talbot et al., 2014; Taylor et al., 2017; Walters et al.,
2020). The findings of our review are consistent with those
of Taylor and Pruiksma (2014) who reviewed studies tar-
geting insomnia comorbid with psychiatric conditions and
found that CBT-I improves SE.

Actigraphy data derived from this review did not detect
changes on any sleep parameter except TST due to sleep
restriction therapy component of CBT-I (Talbot et al., 2014;
Taylor et al., 2017; Walters et al., 2020). Actigraphy may
not be a sensitive or specific enough measure to capture
sleep—wake patterns in people with insomnia, as it cannot
distinguish between quiet wakefulness and the sleep state
(Buysse et al., 2006). The lack of alignment between self-
report and objective measures has been reported by other
studies (Arditte Hall et al., 2020; Stout et al., 2017).

Possibly the inconsistency between objective and subjec-
tive measures is related to subtle sleep and/or post-traumatic
stress variables such as sleep quality, anger, anxiety and
hypervigilance rather than a function of instruments per se.
Stout and colleagues (Stout et al., 2017) found that military
personnel with PTSD showed higher levels of emotional
arousal, reported significantly more nightmares, flashbacks,
significantly higher levels of anxiety and anger in compari-
son to those without PTSD. Otherwise stated, someone who
is completing a sleep diary is likely to engage his emotions
when answering questions/filling out questionnaires, a phe-
nomenon that is missed by objective measures such as PSG
and actigraphy, explaining the discrepancy between subjec-
tive and objective measures of sleep.

Despite the findings in relation to actigraphy, physiologi-
cal assessments and findings related to PSG in measuring
the effectiveness of psychological treatment for insomnia
and nightmares are promising. Our findings from this review
showed that reaction to nightmares imagery from baseline
to post-treatment was reduced, with large effect sizes, when
measured using electromyogram, heart rate and skin con-
ductance. Furthermore, a significant increase in TST (more
than 30 min for the treatment group) was found for par-
ticipants receiving CBT-I for insomnia at post-treatment as
assessed by PSG (Rhudy et al., 2010; Talbot et al., 2014).
The inclusion of physiological and PSG data in sleep
research is essential to increase the validity of the findings
and further research in needed to confirm the above findings.
More research is needed to close the gap between subjective
and objective measures.

Interestingly, sleep-specific psychological treatments
from this review supports the premise that post-traumatic
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stress symptoms are reduced, with small to large effect sizes,
following a successful treatment of insomnia and/or night-
mares in those with trauma symptoms (Germain et al., 2012;
Talbot et al., 2014; Walters et al., 2020). Our findings lend
further support to previous research which indicated that an
application of psychological treatments for insomnia and
nightmares leads to improvements in post-traumatic symp-
toms (Ho et al., 2016; Taylor & Pruiksma, 2014).

Limitations

In light of the above findings, the small number of the
selected studies limited our ability to reach a strong conclu-
sion in relation to the effectiveness of objective measures
and their robustness in assessing the efficacy of sleep-spe-
cific psychological treatments in those with post-traumatic
stress symptoms. All studies were conducted in the USA
and thus, the generalisability of the findings across-cultures
remain to be demonstrated.

Furthermore, whilst the PSQI-A was used as a primary
outcome for nightmares, the PSQI-A does not differentiate
between memories or nightmares of a traumatic experience
which may not be specific to nightmares during sleep. Nev-
ertheless, this review is the first in the field of sleep and
trauma to assess the effectiveness of psychological treat-
ments using both self-report and objective measures. Further
research in needed to understand and close the gap between
self-report and objective measures of sleep in those with
post-traumatic symptoms.

Implications

All the studies examined in our review did not take into
account variables other than insomnia, nightmares and post-
traumatic stress. Observational and empirical studies should
screen for the presence of other variables when measuring
sleep in those with post-traumatic stress symptoms to bet-
ter understand the discrepancy between the objective and
subjective measures of sleep. One method in achieving this
would be using qualitative designs to explore how insom-
nia develops and under what conditions it is maintained
and exacerbated. Understanding sleep disruption following
trauma, heterogeneity of symptoms and risk of co-morbid
conditions, will guide prevention and treatment of sleep dis-
orders (Agorastos et al., 2014; Levenson et al., 2015).

Researchers are utilising methods such as Online Photo-
voice (OPV, Tanhan & Strack, 2020), a reliable and effective
method that uses live experiences and narratives to guide
understanding of experiences such as trauma and sleep diffi-
culties. This will provide insight into sleep disorders, trauma
symptoms, and potential feasible effective interventions on
what would help an individual in overcoming and coping
with their mental health conditions.
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All the clinical trials selected in our systematic reviews
utilised interventions that have not undergone feasibility
check for targeted population. To advance in this area, more
research is needed using usability qualitative methods as a
starting point using OPV, focus groups and structured inter-
views. Following the implementation of usability studies,
clinical trials can be conducted to gain more confidence in
sleep interventions used in adults presenting with sleep dif-
ficulties and trauma symptoms.

Furthermore, given the challenges posed by COVID-19,
online interventions need to come to the forefront of research
and clinical practice as more demand for psychological help
is needed (Isaac et al., 2022). Possibly this active approach
with understanding sleep disorders and trauma symptoms
will provide the opportunity for diligent and effective inter-
ventions which can potentially close the gap between objec-
tive and subjective measures of sleep.

Author contribution Conceptualization, F.I. and G.A.K.; methodology,
F.I and G.A.K; validation, F.I., G.A.K. and S.R.T.; formal analysis,
F.I. and G.A.K. data curation, F.I.; writing—original draft preparation,
FI., G.AK., S.R.T. and M.D.B.; writing—review and editing, F.I.,
G.A K., S.R.T. and M.D.B.; visualization, F.I., G.A.K., SR.T., M.D.B.;
supervision, G.A.K., S.R.T. and M.D.B.; project administration, F.I.

Funding Fadia Isaac is supported by an Australian Government
Research Training Program (RTP) Fee-Offset Scholarship adminis-
tered through Federation University. Fadia Isaac is a recipient of a
full postgraduate research scholarship from Natural Hazards Research
Australia.

Data availability All data generated or analysed during this research
are included in this published article.

Declarations

Informed consent Informed consent was not relevant to the content
of this manuscript.

Conflict of interest The authors declare no conflict of interest that are
relevant to the content of this article.

References

Agorastos, A., Kellner, M., Baker, D. G., & Otte, C. (2014). When time
stands still: An integrative review on the role of chronodisruption
in posttraumatic stress disorder. Current Opinion in Psychiatry,
27(5), 385-392. https://doi.org/10.1097/yc0.0000000000000079

American Psychiatric Association. (2013). Diagnostic and Statistical
Manual of Mental Disorders (DSM-5). Washington, DC: Ameri-
can Psychiatric Pub.

Arditte Hall, K. A., Werner, K. B., Griffin, M. G., & Galovski, T. E.
(2020). The effects of cognitive processing therapy+ hypnosis
on objective sleep quality in women with posttraumatic stress

disorder. Psychological Trauma: Theory, Research, Practice, and
Policy, 13(6), 652-656. https://doi.org/10.1037/tra0000970

Bastien, C. H., Vallieres, A., & Morin, C. M. (2001). Validation of the
Insomnia Severity Index as an outcome measure for insomnia
research. Sleep Medicine, 2(4), 297-307. https://doi.org/10.1016/
S$1389-9457(00)00065-4

Blake, D. D., Weathers, F. W., Nagy, L. M., Kaloupek, D. G., Gusman,
F.D., Charney, D. S., & Keane, T. M. (1995). The development of
a clinician-administered PTSD scale. Journal of Traumatic Stress,
8(1), 75-90. https://doi.org/10.1007/BF02105408

Blanchard, E. B., Jones-Alexander, J., Buckley, T. C., & Forneris, C.
A. (1996). Psychometric properties of the PTSD Checklist (PCL).
Behavioural Research and Therapy, 34(8), 669-673. https://doi.
org/10.1016/0005-7967(96)00033-2

Buysse, D. J., Ancoli-Israel, S., Edinger, J. D., Lichstein, K. L., &
Morin, C. M. (2006). Recommendations for a standard research
assessment of insomnia. Sleep, 29(9), 1155-1173. https://doi.org/
10.1093/sleep/29.9.1155

Casement, M. D., & Swanson, L. M. (2012). A meta-analysis of
imagery rehearsal for post-trauma nightmares: Effects on night-
mare frequency, sleep quality, and posttraumatic stress. Clinical
Psychology Review, 32(6), 566-574. https://doi.org/10.1016/j.cpr.
2012.06.002

Colvonen, P. J., Straus, L. D., Stepnowsky, C., McCarthy, M. J., Gold-
stein, L. A., & Norman, S. B. (2018). Recent advancements in
treating sleep disorders in co-occurring PTSD. Current Psychiatry
Reports, 20(7), 1-13. https://doi.org/10.1007/s11920-018-0916-9

Davis, J. L., & Wright, D. C. (2007). Randomized clinical trial for
treatment of chronic nightmares in trauma-exposed adults. Jour-
nal of Traumatic Stress, 20(2), 123—133. https://doi.org/10.1002/
jts.20199

Davis, J. L., Rhudy, J. L., Pruiksma, K. E., Byrd, P., Williams, A. E.,
McCabe, K. M., & Bartley, E. J. (2011). Physiological predic-
tors of response to exposure, relaxation, and rescripting therapy
for chronic nightmares in a randomized clinical trial. Journal of
Clinical Sleep Medicine, 7(6), 622—-631. https://doi.org/10.5664/
jesm. 1466

Dietch, J. R., Sethi, K., Slavish, D. C., & Taylor, D. J. (2019). Valid-
ity of two retrospective questionnaire versions of the Consensus
Sleep Diary: The whole week and split week Self-Assessment of
Sleep Surveys. Sleep Medicine, 63(1), 127-136. https://doi.org/
10.1016/j.sleep.2019.05.015

Germain, A., Hall, M., Krakow, B., Shear, M. K., & Buysse, D. J.
(2005). A brief sleep scale for posttraumatic stress disorder: Pitts-
burgh Sleep Quality Index Addendum for PTSD. Journal of Anxi-
ety Disorders, 19(2), 233-244. https://doi.org/10.1016/j.janxdis.
2004.02.001

Germain, A., Richardson, R., Moul, D. E., Mammen, O., Haas, G.,
Forman, S. D., Rode, N., Begley, A., & Nofzinger, E. A. (2012).
Placebo-controlled comparison of prazosin and cognitive-behav-
ioral treatments for sleep disturbances in US Military Veterans.
Journal of Psychosomatic Research, 72(2), 89-96. https://doi.org/
10.1016/j.jpsychores.2011.11.010

Gieselmann, A., Ait Aoudia, M., Carr, M., Germain, A., Gorzka, R.,
Holzinger, B., ... & Pietrowsky, R. (2018). Aetiology and treat-
ment of nightmare disorder: State of the art and future perspec-
tives. Journal of Sleep Research, 28(4), €12820

Higgins, J. P., Savovi¢, J., Page, M. J., Elbers, R. G., & Sterne, J. A.
(2019). Assessing risk of bias in a randomized trial. Cochrane
Handbook for Systematic Reviews of Interventions, 4(1), 205-228.
https://doi.org/10.1002/9781119536604.ch8

Ho, F. Y., Chan, C. S., & Tang, K. S. (2016). Cognitive-behavioral
therapy for sleep disturbances in treating posttraumatic stress
disorder symptoms: A meta-analysis of randomized controlled
trials. Clinical Psychology Review, 43, 90-102. https://doi.org/
10.1016/j.cpr.2015.09.005

@ Springer


https://doi.org/10.1097/yco.0000000000000079
https://doi.org/10.1037/tra0000970
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1007/BF02105408
https://doi.org/10.1016/0005-7967(96)00033-2
https://doi.org/10.1016/0005-7967(96)00033-2
https://doi.org/10.1093/sleep/29.9.1155
https://doi.org/10.1093/sleep/29.9.1155
https://doi.org/10.1016/j.cpr.2012.06.002
https://doi.org/10.1016/j.cpr.2012.06.002
https://doi.org/10.1007/s11920-018-0916-9
https://doi.org/10.1002/jts.20199
https://doi.org/10.1002/jts.20199
https://doi.org/10.5664/jcsm.1466
https://doi.org/10.5664/jcsm.1466
https://doi.org/10.1016/j.sleep.2019.05.015
https://doi.org/10.1016/j.sleep.2019.05.015
https://doi.org/10.1016/j.janxdis.2004.02.001
https://doi.org/10.1016/j.janxdis.2004.02.001
https://doi.org/10.1016/j.jpsychores.2011.11.010
https://doi.org/10.1016/j.jpsychores.2011.11.010
https://doi.org/10.1002/9781119536604.ch8
https://doi.org/10.1016/j.cpr.2015.09.005
https://doi.org/10.1016/j.cpr.2015.09.005

Current Psychology

Isaac, F., Toukhsati, S. R., Di Benedetto, M., & Kennedy, G. A. (2022).
Assessment of the effectiveness of online and face-to-face cog-
nitive behavioural therapy for insomnia/ nightmares in adults
exposed to trauma using self-report and objective measures: Pre-
liminary findings. Trends in Telemedicine & E-Health, 3(2), 1-7.
https://doi.org/10.31031/TTEH.2022.03.000559

Kanady, J. C., Talbot, L. S., Maguen, S., Straus, L. D., Richards, A.,
Ruoff, L., et al. (2018). Cognitive behavioral therapy for insom-
nia reduces fear of sleep in individuals with posttraumatic stress
disorder. Journal of Clinical Sleep Medicine, 14(7), 1193-1203.
https://doi.org/10.5664/jcsm.7224.

Karam, E. G., Friedman, M. J., Hill, E. D., Kessler, R. C., McLaugh-
lin, K. A., Petukhova, M., Sampson, L., Shahly,V., Angermeyer,
M.C,, ... & Koenen, K. C. (2014). Cumulative traumas and risk
thresholds: 12-month PTSD in the World Mental Health (WMH)
surveys. Depression and Anxiety, 31(2), 130-142. https://doi.org/
10.1002/da.22169

Krakow, B., & Zadra, A. (2010). Imagery rehearsal therapy: Principles
and practice. Sleep Medicine Clinics, 5(2), 289-298. https://doi.
org/10.1016/j.jsmc.2010.01.004

Levenson, J. C., Kay, D. B., & Buysse, D. J. (2015). The pathophysiol-
ogy of insomnia. Chest, 147(4), 1179-1192. https://doi.org/10.
1378/chest.14-1617

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., Prisma Group.
(2009). Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. PLoS Medicine, 6(7), e1000097.
https://doi.org/10.1371/journal.pmed.1000097

Morin, C. M., & Espie, C. A. (2007). Insomnia: A clinical guide to
assessment and treatment. Springer Science & Business Media.

Neylan, T. C., Marmar, C. R., Metzler, T. J., Weiss, D. S., Zatzick, D.
F., Delucchi, K. L., Wu, R. M., & Schoenfeld, F. B. (1998). Sleep
disturbances in the Vietnam generation: Findings from a nation-
ally representative sample of male Vietnam veterans. American
Journal of Psychiatry, 155(7), 929-933. https://doi.org/10.1176/
ajp.155.7.929

Ohayon, M. M., & Shapiro, C. M. (2000). Posttraumatic stress disor-
der in the general population. Comprehensive Psychiatry, 41(6),
469-478. https://doi.org/10.1053/comp.2000.16568

Pacella, M. L., Hruska, B., & Delahanty, D. L. (2013). The physical
health consequences of PTSD and PTSD symptoms: A meta-ana-
lytic review. Journal of Anxiety Disorders, 27(1), 33—46. https://
doi.org/10.1016/j.janxdis.2012.08.004

Perlis, M. L., Merica, H., Smith, M. T., & Giles, D. E. (2001). Beta
EEG activity and insomnia. Sleep Medicine Reviews, 5, 365-376.
https://doi.org/10.1053/smrv.2001.0151

Pietrzak, R. H., Goldstein, R. B., Southwick, S. M., & Grant, B. F.
(2011). Prevalence and Axis I comorbidity of full and partial post-
traumatic stress disorder in the United States: Results from Wave
2 of the National Epidemiologic Survey on Alcohol and Related
Conditions. Journal of Anxiety Disorders, 25(3), 456-465. https://
doi.org/10.1016/j.janxdis.2010.11.010

Pruiksma, K. E., Taylor, D. J., Wachen, J. S., Mintz, J., Young-
McCaughan, S., Peterson, A. L., Yarvis, J. S., Borah, E. V.,
Dondanville, K. A., Litz, B. T., Hembree, E. A., & Resick, P. A.
(2016). Residual sleep disturbances following PTSD treatment
in active duty military personnel. Psychology Trauma: Theory,
Research, Practice, and Policy, 8(6), 697-701. https://doi.org/10.
1037/tra0000150

Rhudy, J. L., Davis, J. L., Williams, A. E., McCabe, K. M., Bartley, E.
J., Byrd, P. M., & Pruiksma, K. E. (2010). Cognitive-behavioral
treatment for chronic nightmares in trauma-exposed persons:
Assessing physiological reactions to nightmare-related fear. Jour-
nal of Clinical Psychology, 66(4), 365-382. https://doi.org/10.
1002/jclp.20656

@ Springer

Schlenger, W. E., Corry, N. H., Williams, C. S., Kulka, R. A., Mul-
vaney-Day, N., DeBakey, S., Murphy, C. M., & Marmar, C. R.
(2015). A prospective study of mortality and trauma-related risk
factors among a nationally representative sample of Vietnam
veterans. American Journal of Epidemiology, 182(12), 980-990.
https://doi.org/10.1093/aje/kwv217

Semler, N. C., & Harvey, A. G. (2007). An experimental investigation
of daytime monitoring for sleep-related threat in primary insom-
nia. Cognition and Emotion, 21(1), 146—161. https://doi.org/10.
1080/02699930600639462

Shalev, A., Liberzon, I., & Marmar, C. (2017). Post-traumatic stress
disorder. New England Journal of Medicine, 376(25), 2459-2469.
https://www.nejm.org/doi/full/10.1056/NEJMral612499

Smith, M. T., McCrae, C. S., Cheung, J., Martin, J. L., Harrod, C. G.,
Heald, J. L., & Carden, K. A. (2018). Use of actigraphy for the
evaluation of sleep disorders and circadian rhythm sleep-wake
disorders: An American Academy of Sleep Medicine clinical
practice guideline. Journal of Clinical Sleep Medicine, 14(7),
1231-1237. https://doi.org/10.5664/jcsm.7230

Stout, J. W., Beidel, D. C., Alfano, C. A., Mesa, F., Trachik, B., & Neer,
S. M. (2017). Sleep disturbances among combat military veterans:
A comparative study using subjective and objective sleep assess-
ments. Military Psychology, 29(3), 189-201. https://doi.org/10.
1037/mil0000161

Talbot, L. S., Maguen, S., Metzler, T. J., Schmitz, M., McCaslin, S. E.,
Richards, A., Perlis, M. L., Posner, D. A., Weiss, B., Ruoff, L.,
Varbel, J., & Neylan, T. C. (2014). Cognitive behavioral therapy
for insomnia in posttraumatic stress disorder: A randomized con-
trolled trial. Sleep, 37(2), 327-341. https://doi.org/10.5665/sleep.
3408

Tanhan, A., & Strack, R. W. (2020). Online photovoice to explore
and advocate for Muslim biopsychosocial spiritual wellbeing
and issues: Ecological systems theory and ally development.
Current Psychology, 39(6), 2010-2025. https://doi.org/10.1007/
$12144-020-00692-6

Taylor, D. J., & Pruiksma, K. E. (2014). Cognitive and behavioural
therapy for insomnia (CBT-I) in psychiatric populations: A sys-
tematic review. International Review of Psychiatry, 26(2), 205—
213. https://doi.org/10.3109/09540261.2014.902808

Taylor, D. J., Peterson, A. L., Pruiksma, K. E., Young-McCaughan, S.,
Nicholson, K., Mintz, J., STRONG STAR Consortium. (2017).
Internet and in-person cognitive behavioral therapy for insomnia
in military personnel: a randomized clinical trial. Sleep, 40(6),
1-12. https://doi.org/10.1093/sleep/zsx075

Taylor, D. J., Pruiksma, K. E., Hale, W., McLean, C. P., Zandberg, L.
J., Brown, L., Mintz, J., Young-McCaughan, S., Peterson, A. L.,
Yarvis, J. S., Dondanville, K. A., Litz, B. T., Roache, J., & Foa, E.
B. (2020). Sleep problems in active duty military personnel seek-
ing treatment for posttraumatic stress disorder: Presence, change,
and impact on outcomes. Sleep, 43(10), 1-13. https://doi.org/10.
1093/sleep/zsaa065

Ulmer, C. S., Edinger, J. D., & Calhoun, P. S. (2011). A multi-com-
ponent cognitive- behavioral intervention for sleep disturbance
in veterans with PTSD: A pilot study. Journal of Clinical Sleep
Medicine, 7(1), 57-68. https://doi.org/10.5664/jcsm.28042

Vogt, D., Smith, B. N., Fox, A. B., Amoroso, T., Taverna, E., &
Schnurr, P. P. (2016). Consequences of PTSD for the work and
family quality of life of female and male US Afghanistan and Iraq
War veterans. Social Psychiatry and Psychiatric Epidemiology,
52(3), 341-352. https://doi.org/10.1007/s00127-016-1321-5

Walters, E. M., Jenkins, M. M., Nappi, C. M., Clark, J., Lies, J., Nor-
man, S. B., & Drummond, S. (2020). The impact of prolonged
exposure on sleep and enhancing treatment outcomes with
evidence-based sleep interventions: A pilot study. Psychology


https://doi.org/10.31031/TTEH.2022.03.000559
https://doi.org/10.5664/jcsm.7224
https://doi.org/10.1002/da.22169
https://doi.org/10.1002/da.22169
https://doi.org/10.1016/j.jsmc.2010.01.004
https://doi.org/10.1016/j.jsmc.2010.01.004
https://doi.org/10.1378/chest.14-1617
https://doi.org/10.1378/chest.14-1617
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1176/ajp.155.7.929
https://doi.org/10.1176/ajp.155.7.929
https://doi.org/10.1053/comp.2000.16568
https://doi.org/10.1016/j.janxdis.2012.08.004
https://doi.org/10.1016/j.janxdis.2012.08.004
https://doi.org/10.1053/smrv.2001.0151
https://doi.org/10.1016/j.janxdis.2010.11.010
https://doi.org/10.1016/j.janxdis.2010.11.010
https://doi.org/10.1037/tra0000150
https://doi.org/10.1037/tra0000150
https://doi.org/10.1002/jclp.20656
https://doi.org/10.1002/jclp.20656
https://doi.org/10.1093/aje/kwv217
https://doi.org/10.1080/02699930600639462
https://doi.org/10.1080/02699930600639462
https://www.nejm.org/doi/full/10.1056/NEJMra1612499
https://doi.org/10.5664/jcsm.7230
https://doi.org/10.1037/mil0000161
https://doi.org/10.1037/mil0000161
https://doi.org/10.5665/sleep.3408
https://doi.org/10.5665/sleep.3408
https://doi.org/10.1007/s12144-020-00692-6
https://doi.org/10.1007/s12144-020-00692-6
https://doi.org/10.3109/09540261.2014.902808
https://doi.org/10.1093/sleep/zsx075
https://doi.org/10.1093/sleep/zsaa065
https://doi.org/10.1093/sleep/zsaa065
https://doi.org/10.5664/jcsm.28042
https://doi.org/10.1007/s00127-016-1321-5

Current Psychology

Trauma: Theory, Research, Practice, and Policy, 12(2), 175-185. Youngren, W. A., Hamilton, N. A., & Preacher, K. J. (2020). Assessing

https://doi.org/10.1037/tra0000478 triggers of posttrauma nightmares. Journal of Traumatic Stress,
Wu, J. Q., Appleman, E. R., Salazar, R. D., & Ong, J. C. (2015). Cogni- 33(4), 511-520. https://doi.org/10.1002/jts.22532

tive behavioral therapy for insomnia comorbid with psychiatric

and medical conditions: A meta-analysis. JAMA Internal Medi- Publisher's note Springer Nature remains neutral with regard to

cine, 175(9), 1461-1472. https://doi.org/10.1001/jamainternmed. jurisdictional claims in published maps and institutional affiliations.
2015.3006

@ Springer


https://doi.org/10.1037/tra0000478
https://doi.org/10.1001/jamainternmed.2015.3006
https://doi.org/10.1001/jamainternmed.2015.3006
https://doi.org/10.1002/jts.22532

	Cognitive behavioral therapy-based treatments for insomnia and nightmares in adults with trauma symptoms: a systematic review
	Introduction
	Theoretical framework
	Gaps in the literature
	Aims of this review

	Method
	Study inclusion criteria
	Exclusion criteria
	Selection of studies
	Study sample characteristics
	Outcome parameters
	Statistical data reporting

	Results
	Findings from selected studies
	The effect of CBT-I and ERRT therapy on nightmares
	CBT-I effectiveness on diary measures
	Objectiveactigraphy assessment of insomnia
	Objectivephysiological assessment of nightmares following ERRT​
	Objectivepolysomnography PSG assessment of insomnia
	CBT for insomnia and nightmares and its impact on PTSD


	Discussion
	Limitations
	Implications

	References


