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StudyObjectives:Sleep disturbance is common in thosewho experience trauma. In a sample of nontreatment-seeking refugees, we examined the associations
between trauma exposure, postmigration stress, sleep symptoms, and posttraumatic psychological symptoms.
Methods: Syrian and Iraqi refugees (n = 86; 51% female; mean age = 45 years) residing in Australia were recruited from the local community. Cross-sectional
descriptive design, multinominal regression analyses, and mediation analyses were used. Participants completed measures in Arabic assessing premigration
trauma exposure, postmigration stress, sleep symptoms, and mental health. They also completed 7 days of sleep diaries and actigraphy.
Results: We identified 34.9% of the participants as normal sleepers, 32.6% as probably having insomnia, and 32.6% as likely having insomnia. Variables
associated with greater sleep disturbance (McFadden’s R2 = 0.57) included greater trauma exposure, increased time of resettlement, greater postmigration stress,
and greater presleep arousal. The association of premigration trauma exposure to current posttraumatic symptoms was mediated sequentially by postmigration
stress and sleep symptoms.
Conclusions: Our findings highlight the extent of sleep disturbance in refugees. We found evidence for an indirect pathway between trauma exposure and
posttraumatic symptoms through premigration stress and sleep (particularly presleep arousal). In the current global refugee crisis, improving the existing system of
care in countries experiencing increased migration is critical. Because sleep disturbance is a modifiable condition associated with mental health, targeting sleep
could be an important component of psychological interventions for refugees.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: An impressive body of research has shown the central role of sleep disturbance in the development, maintenance,
and treatment of posttraumatic stress disorder symptoms, and refugeemental health research indicates a high prevalence of posttraumatic stress disorder in
this population. Despite significant advances in these 2 research areas, these 2 bodies of literature have not been well integrated.
Study Impact: The current study is the first to present the prevalence of sleep disturbance and the association between sleep and trauma symptoms among
nontreatment-seeking refugees. These cross-sectional findings shed light on the extent of sleep problems within refugees, identify sleep as a mediator
between trauma exposure and trauma symptoms, and hold the potential to inform more effective evaluations and interventions for refugee populations.

INTRODUCTION

Amajor refugee crisis is occurring worldwide with record-high
numbers of people being forcibly displaced. At the end of 2018,
the United Nations High Commissioner for Refugees recorded
that 70.8 million people were displaced from their homes; an
estimated 16.2 million of these individuals were newly dis-
placed during that single year, and one-quarter were from Syria
alone.1 Refugee populations are often exposed to prolonged and
repeated traumatic events in their countries of origin and during
displacement. Consequently, refugees present with high preva-
lence rates of trauma-relatedmental health problems, particularly
posttraumatic stress disorder (PTSD), depression, and anxiety.2

A dose-response relationship has been established between
premigration trauma exposure (ie, war-related trauma) and

psychological impairment.3 However, psychological impair-
ment for a refugee does not simply resolve with relocation to a
new country. During the postmigration (resettlement) phase,
refugees may experience ongoing adversities that hamper re-
covery or worsen mental health, and this postmigration stress
impacts mental health outcomes over and above the effects of
direct trauma exposure.4 Indeed, both trauma exposure and
postmigration stress influence PTSD prevalence rates.5 Nota-
bly, current theoretical frameworks posit that postmigration
stress mediates the effects of trauma exposure on PTSD
symptoms.6,7 In support of these theoretical frameworks, a
recentmeta-analysis found that the positive association between
prior traumaand subsequent PTSDsymptomswas fullymediated
by self-reported daily stressors.8 This finding highlights the
need to integratemultiple pathways (ie, beyond a dose-response
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relationship and adding different mediating factors) to more
fully understand the relationship between trauma exposure and
PTSD symptoms in refugee populations. The current study
builds upon this literature by examining whether there is an
indirect effect of trauma exposure on PTSD symptoms through
both postmigration stress and sleep symptoms. In this study, the
2 sleep symptoms of interest are insomnia severity (measured
by the Insomnia Severity Index [ISI]) and presleep arousal
(measured by the Pre-Sleep Arousal Scale [PSAS]).

Sleepwas chosen as a potential concomitant variable because
of the clear relationship between sleep and PTSD. Sleep dis-
turbance, either before9 or after trauma exposure,10 predicts the
development of PTSD and exponentially exacerbates the dis-
tress and dysfunction of individualswith PTSD.11 Further, it has
been argued that clinically addressing sleep disturbance can
lead to improvements in PTSD symptoms.12 Based on these and
similar findings, researchers have proposed that sleep distur-
bance may play a role in mediating the effect of trauma ex-
posure on PTSD.13 However, only 2 studies have examined
suchmediationmodels, both of which focused on combat as the
trauma exposure.14,15 In cross-sectional analyses, these studies
found an indirect pathway between combat exposure and PTSD
symptoms through sleep disturbance and/or nightmare symp-
toms among veterans14 and active-duty military personnel.15

However, it remains unknown whether trauma exposure is
indirectly associated with PTSD symptoms through sleep
disturbance in refugee groups. The current study is the first to
examine that question in an adult refugee sample.

Of the sleep symptoms associatedwith PTSDsymptoms, there
are reasons to focus on presleep arousal because it is strongly
related to both sleep disturbance and the hyperarousal component
of PTSD. Presleep arousal is defined as the heightened arousal
occurring during the sleep onset period; it comprises cognitive
arousal (ie, excessive worry, problem-solving, rumination) and
somatic arousal (ie, physiological responses).16 Relationships
among stressful life events, presleep arousal, and sleep disturbance
havebeenwell-documented.For instance,presleeparousalmediates
the relationship between perceived stress and self-reported sleep
quality,with cognitive presleep arousal being particularly important
as a mediator.17 Although presleep arousal plays a role between
perceived life stress and sleep quality, no research to date has
studied whether life stressors (eg, ongoing adversities experi-
enced by refugees) are indirectly associated with posttraumatic
symptoms through presleep arousal.

In summary, sleep disturbance is common in those who have
been exposed to trauma, it is nearly ubiquitous in refugees, and it
is associated with symptoms of PTSD.18 However, there are at
least 2 key gaps in the literature limiting our understanding of the
associations between sleep and mental health in refugees. First, no
study to date has used both objective (eg, actigraphy) and self-
reported (eg, sleep diaries) measures in an attempt to more fully
characterize sleep in refugees. Second, although evidence suggests
an indirect association between combat exposure and PTSD
symptoms through sleep symptoms (eg, presleep arousal),
these associations have not been examined in refugees, who have
experienced avariety of traumaexposure types.The current study
aimed toaddressbothof thosegaps in the literatureusinga sample
of 86 refugees from Syria and Iraq resettled in Australia. Aim 1

used objective and self-reportedmeasures to describe sleep in this
group of refugees andexaminedmeasuresof psychological distress
associatedwithgreater sleepdisturbance. InAim2,we testeda serial
mediationmodel for the relationships between trauma exposure and
PTSD symptoms, including examining whether there was an in-
direct association between trauma exposure and PTSD symptoms
through both postmigration stress and sleep symptoms.

METHODS

Participants and procedure
Participants (n = 86: 75 Syrian participants and 11 Iraqi par-
ticipants) were refugees resettled in Australia under the Aus-
tralian Government Humanitarian Program. Inclusion criteria
were (1) being a Syrian or Iraqi refugee, (2) ability to speak and
readArabic, and (3) aged ≥18 years. Exclusion criteria included
any self-reported pre-existing sleep disorder other than in-
somnia. The recruitment took place between February and
November 2018. Participantswere recruited from refugee social
and community groups, such as sporting groups, faith groups,
and educational/English classes. Based on a report presented at
the Public Seminar on Responses to Syrian-Conflict Refugee
Settlement in Australia, Canada, Finland, Germany, New
Zealand, Sweden, and the UK,19 we were able to measure the
representativeness of our sample of participants to the larger pop-
ulation of Syrian and Iraqi refugees resettling inAustralia. The report
wascollected forSyrianandIraqi refugeeswhoarrivedbetweenmid-
2015 and the end of 2017. The majority of our sample arrived in
Melbourne (Australia) during this same time period. Using χ2 an-
alyses, we found similar patterns of sex (P = .90), age (P = .27),
marital status (P = .80), and education distribution (P = .16) in
our sample to that described in Collins and colleagues.19

None of the participants in our study reported taking sleep
medication, but some participants reported being onmedications
for anxiety (n = 1), pain (n = 2), and cholesterol/ hypertension/
cardiovascular health concerns (n=17). The sample included15
sets of married couples (n = 30). To determine if inclusion of
bothmembers of the couples influenced ourfindings,we created
a dummy variable (couple vs individual) and included this
variable as a covariate when statistically testing our aims. In
each instance, this variable was not significant and including
it did not alter the outcome of any analyses reported herein.

Ethical approval was obtained from the Monash University
Human Research Ethics Committee. Participants attended 2 ap-
pointments 1 week apart. Participants were provided with an ex-
planatory statement and informed consent written in Arabic. In the
first session, after informed consent, participants were instructed on
the use of the actigraph (a wearable watch-like device) and com-
pletion of the sleep diary. Participants wore the actigraph for the
followingweekandcompleted thesleepdiaryeachnight for7nights.
In the second session, the actigraph and sleep diary were collected.
Participants then completed a battery of questionnaires.

Measures
A standard double-blind translation and backtranslation pro-
cedure, in accordance with gold-standard translation practices,
was used to developArabic versions of the questionnaires, unless
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adapted Arabic versions of questionnaires already existed. The
data on the sleep diaries were translated and backtranslated
by a professional translator service.

Sleep measures

Actigraphy

Participants wore an actigraph for the week to measure the
sleep-wake schedule. Respironics Actiwatch Spectrum Pro
(Philips, Murrysville, PA) and Actiware 6 software (Philips)
algorithms generated values for objective time in bed, wake
after sleep onset, total sleep time, and sleep efficiency (SE).
Default sleep detection settings were used (ie, medium sensi-
tivity). The window for analysis was manually set, corre-
sponding to time in bed according to sleep diary entries and
event markers indicated by the participants, although rest in-
tervals could be extended < 60minutes on either side to account
for obvious errors in diary entries.12,20,21

Sleep diary

Based on the consensus sleep diary,22 our diary included self-
reported measures of lights-out time, sleep latency, number and
duration of awakenings, wake time, time in bed after final
awakening, and daytime naps and calculated variables of total
sleep time and SE. We calculated SE as the ratio of total time
asleep to time in bed; ≥ 85% is generally considered normal
SE.23 Participants also completed an open-ended question that
qualitatively examined participants’ appraisal of sleepdifficulty
for the prior night: “What do you think is reason behind your
sleep difficulty on the previous night?”

ISI

The ISI is a 7-item self-reported questionnaire assessing overall
insomnia severity in the past week.24 The total possible score
ranges from 0–28; a higher score indicates greater insomnia
symptoms. A cutoff point of ISI ≥ 10 is commonly used to study
community samples.25 The measure evidenced good internal
consistency (α = .86) in the current study.

PSAS

The PSAS consists of 16 items and comprises 2 subscales
assessing cognitive arousal and somatic arousal.26 Scores range
from 16–80, with higher scores indicating greater arousal.
Suggested cutoff scores for cognitive arousal are≥ 20, and those
for somatic arousal are ≥ 14.27 This scale showed good internal
consistency for the cognitive arousal subscale (α = .92) and the
somatic arousal subscale (α = .89).

Measures of trauma exposure and
posttraumatic mental health

Harvard Trauma Questionnaire

The Harvard Trauma Questionnaire assesses trauma exposure
and was developed specifically for trauma-affected refugees. It
has been validated and widely used in refugee studies.28 This
study used the trauma events section of the Iraqi version of the
Harvard Trauma Questionnaire.29 Individuals responded “yes”
or “no” to 40 items, indicatingwhether they had experienced the
events directly. Total trauma exposure scores were calculated

by a count of “yes” responses. The measure evidenced good
internal consistency (α = .86) in the current study.

Short Posttraumatic Stress Disorder Inventory

The Posttraumatic Stress Disorder Inventory-8 is an 8-item
screening questionnaire for PTSD.30 It was developed based
on the Diagnostic and Statistical Manual of Mental Disorders,
fourth edition, and it covers 3 symptom clusters of the Diag-
nostic and Statistical Manual of Mental Disorders, fifth edition
PTSDdiagnosis, including 4 intrusion items, 2 avoidance items,
and 2 hypervigilance items, and excludes the diagnostically
nonspecific items (eg, sleeping difficulty, difficulty concen-
trating). The Posttraumatic Stress Disorder Inventory-8 was
chosen as the measure of PTSD symptoms because it has been
used in several large-scale refugee studies.31,32 Items are scored
on a 4-point Likert scale and are summed to provide a symptom
severity score. A cutoff point of 18 has been found to be in-
dicative of probable PTSD.30 In the current study, the scale
showed sound internal consistency (α = .88).

Hopkins Symptoms Checklist

The Hopkins Symptoms Checklist has 25 items measuring the
affective symptoms of anxiety and depression over the previous
month.33 The checklist has been widely used in refugee pop-
ulations to assess for affective symptoms. Items are scored on
a 4-point Likert scale, and a cutoff of ≥ 1.75 for “clinically
significant distress” is recommended.34 The scale showed
strong internal consistency (α = .95).

Measure of postmigration stress

Post Migration Living Difficulties

Post Migration Living Difficulties is a 23-item checklist assessing
the levels of stress resulting from postmigration stressors.35 It
consists of 3 domains: protection concerns, access to health and
welfare, andstress related to resettlementconditions.Participants rated
theextent towhich theyconsideredeachpostmigrationchallenge tobe
a problem; only items rated “moderately serious problem” and
“very serious problem” were considered positive. Overall Post
Migration Living Difficulties scores were calculated by a count
of living difficulties considered a problem. In the current study,
the scale showed sound internal consistency (α = .89).

Data analysis plan
Data analyses were performed using the SPSS version 21 (IBM
Corporation, Armonk, NY) statistical package. There were no
missing data, but 1 participant was excluded because of current
self-reportedsleepapnea.ToexamineAim1,descriptivestatisticsof
the study measures and the percentage of participants meeting
clinical cutoffs were tabulated. We categorized each individual
according to the level of sleep disturbance using ISI ≥ 1025 and/or
SE ≤ 85.23 Individuals not exceeding the cutoffs on either
measure were considered as normal sleepers; the “probable
insomnia” categorywas defined as an ISI≥10orSE≤85, and the
“likely insomnia” category as ISI ≥ 10 and SE ≤ 85. We con-
sidered using only the ISI to categorize the severity of insomnia
symptoms in our sample. However, given that this was a
community sample not selected for any specific sleep features
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and because we did not conduct diagnostic interviews, we
wanted to capture sleep qualitymore broadly.Diary-based sleep
efficiency is one way to do that because sleep efficiency can be
affected by a number of factors. In the end,we decided to take an
arguablymore conservative approach than using eithermeasure
alone, combining both measures to provide an overall assess-
ment of sleep disturbance.

We used multinominal regression analysis to examine the
extent to which demographics, migration-related stress, mental
health, and presleep arousal were associated with levels of
sleep disturbance.

Serial multiple mediation analysis was used for Aim 2. We
examined whether the relationship between premigration
trauma exposure (independent variable) and PTSD symp-
toms (dependent variable) wasmediated through postmigration
stress (first mediator) and sleep symptoms (second mediator).
This model was tested separately for 2 sleep measures: overall
insomnia severity (ISI) and presleep arousal (PSAS). Because
we conducted separate models with 2 different sleep measures,
we applied a threshold of P < .025 for the significance of each
full model. If PSASwas a significant mediator, then we planned
to analyze additional models to assess each subscale of PSAS
(ie, cognitive arousal and somatic arousal) independently as the
sleepmediator. Serial multiple mediation analysis allowed for 2
subsequent mediators to be examined simultaneously and
provided an estimate of the specific indirect effect for each
mediator and the total indirect effect. We chose to place
postmigration stress as the first mediator and sleep symptoms as
the secondmediator given findings that trauma exposure affects
postmigration living difficulties,36,37 daily stress influences
presleep arousal and sleep quality,17,26 and sleep disturbance
and nightmares seem to play a role in mediating the effect of
trauma exposure on PTSD symptoms.14,15,38 To test these
mediation analyses we used the PROCESS macro in SPSS;
5,000 bootstrapped resamples and a 95% confidence interval
were applied to construct the indirect path. Bias-corrected
confidence intervals that did not contain zero were considered
significant. Effect sizes were reported using standardized
indirect effect size and interpreted as small (0.01), medium
(0.09), and large (0.25).39

We also conducted the analyses controlling for demographic
variables that were significantly correlated with our main study
variables (ie, those included in the mediation models;Table S1
in the supplemental material). These demographic variables
included age, sex, marital status, employment, and length of
resettlement, and we also evaluated the number of people in the
household and the number of people sleeping in the bedroom. In
each instance, a similar pattern of results emerged to that re-
ported below (see Results section for Aim 2), for both the full
models and the individual pathways. Because researchers must
be careful when making inferences from cross-sectional data
and because alternative models should be considered,40 we also
conducted the mediation analyses by reversing the 2 mediators
and using PTSD symptoms as a mediator with sleep symptoms
(ISI and PSAS, individually) as the outcome measure. Finally,
as an exploratory analysis, we coded qualitative data from the
sleep diary on the perceived causes of sleep disturbance using
thematic analysis41 (for details, see the supplemental material).

To determine the sample size needed for the study, we ex-
amined the separate literature related to mediators of the rela-
tionship between trauma exposure and PTSD symptoms. In the
refugee literature, postmigration living difficulties mediated the
relationship between premigration trauma exposure and PTSD
symptoms in Tamil asylum-seekers residing inAustralia, with a
medium effect observed (β = .11).42 In the sleep literature, sleep
disturbance mediated the relationship between combat trauma
and PTSD symptoms, with a large effect observed (β = .22).15

Based on these findings, the current study adopted a conser-
vative medium effect size. An a priori power analysis was
conducted usingG*Power 3 (Franz Faul, Universität Kiel, Kiel,
Germany) and showed that assuming amedium effect size ( f 2 =
.15)43with sufficient power (β= .80) atα= .05 and3predictors, a
total sample size of 77 participantswould be needed to conduct a
serial mediation analysis.

RESULTS

Table 1 summarizes the social and demographic characteristics
of the participants.More than half of the sample scored above the
clinical cutoff range for PTSD (59%) and affective symptoms
(57%). Our sample reported having been exposed to 17 different
trauma types listed in the Harvard Trauma Questionnaire, with >
90% of participants reporting having experienced home con-
finement because of outside chaos and violence, forced dis-
placement toadifferentpartof thecountrywithminimalservices,and
involuntary flight from country of origin (Table S2). Regarding
postmigration stress, >50%of our sample reported stress related
to unemployment, financial strain, and an inability to return
home during an emergency (Table S3).

Characterizing sleep and insomnia symptoms (Aim 1)
The mean ISI score (M = 11.50; standard deviation = 6.00) was
above the ISI clinical cutoff point (≥ 10 in community
samples),25 with more than half of the sample (n = 50; 58%)
scoring above this cutoff point. From the sleep diary (Table 2),
the mean self-reported SE was 85.90 (standard deviation =
7.80), with 24 (39.5%) individuals reporting an SE < 85%. The
mean self-reported total sleep timewas 7.5 (standard deviation=
1.2) hours, with 29 (33.7%) participants reporting sleep less
than the recommended 7 hours/night.44 When classifying
participants in terms of level of sleep disturbance, we found that
30 (34.9%) participants were normal sleepers, 28 (32.6%)
participants were in the probable insomnia category, and 28
(32.6%) participants were in the likely insomnia category. As is
common in samples not selected for specific clinical disorders,
the average sleep diary data slightly overestimated sleep quality
and quantity compared to objective sleep data from actigraphy
for the normal and probable insomnia groups. The likely in-
somnia group showed a pattern more consistent with chronic
insomnia, whereas the sleep diaries underestimated sleep
quality and quantity, relative to actigraphy.

When all variables were considered in a multinomial re-
gression, a longer period of resettlement, greater premigration
trauma exposure, greater postmigration stress, and higher
presleep arousal were all associated with greater levels of
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insomnia symptoms (P < .001; omnibus model McFadden’s
R2 = 0.57; Table 3). Follow-up analyses showed, relative to the
normal sleep group, that greater postmigration stress andpresleep
arousal were significantly associated with probable insomnia
symptoms. Longer periods of resettlement, greater trauma ex-
posure, and higher presleep arousal were associated with likely
insomnia symptoms.

Serial mediation analyses (Aim 2)

ISI

As expected, trauma exposure had a significant direct effect on
PTSD symptoms (path c’: B = 1.07; 95% confidence interval
[CI], 0.81–1.33; P < .001; see Figure 1). The indirect effect

through just postmigration stresswas nonsignificant (path a1b1:
B=0.04; 95%CI, –0.07 to 0.15). The indirect effect through just
insomnia severity was significant (path a2b2: B = 0.06; 95%
CI, 0.004–0.19), with 22.3% of the effect coming indirectly
from insomnia severity. When both postmigration stress and
insomnia severity were included in serial, the model showed a
significant indirect relationship between trauma exposure and
PTSD symptoms (path a1db2: B = 0.03; 95% CI, 0.002–0.09;
P< .001),with 59%of the effect coming indirectly through the 2
serial mediators. When the alternative model was tested by
reversing the 2 mediators, the indirect relationship between
trauma exposure and PTSD symptoms was nonsignificant (path
a1db2: B = 0.01; 95% CI, –0.01 to 0.06). When an alternative
model placing PTSD symptoms as a mediator and ISI as the

Table 1—Participant characteristics and study variables.

Characteristic (n = 86) Value Range Above Clinical Cutoff, n (%)

Age, mean (SD), y 45.41 (16.39) 18–80

Duration of displacement, mean (SD), mo 18.91 (12.86) 1–24

Duration of resettlement, mean (SD), mo 20.09 (10.58) 2–57

Sex, n (%)

Female 44 (51.2)

Male 42 (48.8)

Marital status, n (%)

Single 20 (23.26)

Married 55 (63.95)

Widowed 11 (12.79)

Employment, n (%)

Unemployed 69 (80.2)

Student 12 (14.0)

Employed 5 (5.8)

Education, n (%)

No formal education 7 (8.1)

Primary education 14 (16.3)

Secondary education 44 (51.2)

Tertiary education 21 (24.4)

Number of people sharing a room 1.67 (0.58) 1–3

Number of people in the house 4.77 (1.70) 2–8

Sleep diary SE, mean (SD), min 85.90 (7.78) 49.1–97.3 25 (39.5)

Sleep diary TST, mean, min 450.83 232.9–628.6 29 (33.7)

ISI, mean (SD) 11.48 (6.01) 1–26 50 (58)

PSAS, mean (SD) 30.79 (12.08) 16–68

Cognitive 17.63 (7.84) 8–38 31 (36)

Somatic 13.16 (5.27) 8–30 34 (39.5)

HTQ, mean (SD) 16.85 (5.59) 5–29

PMLD, mean (SD) 8.91 (2.27) 5–18

PTSD-8 total, mean (SD) 21.65 (9.00) 8–48 51 (59)

HSCL-25, mean (SD) 1.92 (0.66) 1.0–3.8 49 (57)

HSCL-25 = Hopkins Symptoms Checklist, HTQ = Harvard Trauma Questionnaire, ISI = Insomnia Severity Index, PMLD = Post Migration Living Difficulties,
PSAS = Pre-Sleep Arousal Scale, PTSD-8 = Short Posttraumatic Stress Disorder Inventory, SD = standard deviation, SE = sleep efficiency, TST = total
sleep time.
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outcome measure was run, the indirect relationship between
trauma exposure and ISI was not significant.

Presleep arousal (PSAS)

Asdepicted inFigure 2, trauma exposure had a significant direct
effect on PTSD (path c’:B = 1.02; 95%CI, 0.74–1.30;P < .001).
Similar to the previous model, the indirect effect through
postmigration stress was nonsignificant (path a1b1: B = 0.03;
95% CI, –0.16 to 0.19), whereas the indirect effect through
presleep arousal was significant (path a2b2: B = 0.08; 95%
CI, 0.006–0.27), with 36.9% of the effect indirectly coming
from presleep arousal. When both postmigration stress and
presleep arousal were included as serial mediators, there was a

significant indirect effect of trauma exposure on PTSD symptoms
(path a1db2:B = 0.07; 95%CI, 0.003–0.21;P < .001), againwith
59% of the effect coming indirectly through the 2 serial me-
diators. The alternative model, ie, reversing the order of the
mediators (path a1db2:B = 0.01; 95%CI, –0.02 to 0.08) was not
significant. Aswith the ISI, when an alternativemodel placing
PTSD symptoms as a mediator and PSAS as the outcome
measurewas run, the indirect relationship between trauma and
PSAS was not significant.

Posthoc analyses examining the role of cognitive and somatic
presleep arousal separately showed that the model remained
significant when cognitive presleep arousal was the second
mediator. The indirect pathway between trauma exposure and

Table 2—Descriptive statistics for objective and self-reported sleep data.

All Participants
(n = 86)

Subgroups
Posthoc t tests for

Comparison Between
Sleep Categoriesc,d

Normal Sleepers
(n = 30)

Probable Insomnia
(n = 28)

Likely Insomnia
(n = 28) 0 vs 1 0 vs 2 1 vs 2

Sleep diary statisticsa,b

SE 85.90 (7.78) 91.19 (2.92) 88.26 (3.75) 77.87 (7.97) .015** <.001** <.001**

TST 450.83 (72.90) 475.60 (67.76) 468.39 (62.13) 406.72 (70.15) NS <.001** <.001**

SOL 26.94 (14.84) 20.73 (10.35) 24.48 (9.25) 36.06 (18.90) NS <.001** .005**

WASO 22.34 (23.91) 9.42 (10.37) 16.85 (13.76) 41.68 (29.84) .023* <.001** <.001**

EMWT 23.53 (17.82) 15.66 (8.85) 21.65 (16.60) 33.84 (21.39) NS <.001** .021*

Actigraphy statistics

SE 81.88 (6.44) 82.25 (4.75) 82.88 (5.77) 80.46 (8.47) NS NS NS

TST 433.96 (57.83) 431.39 (53.79) 444.99 (60.61) 425.90 (60.04) NS NS NS

SOL 20.84 (16.19) 24.61 (19.01) 20.86 (16.74) 16.49 (10.62) NS NS NS

WASO 54.08 (23.01) 51.53 (17.23) 53.54 (25.24) 57.57 (26.70) NS NS NS

EMWT 22.17 (16.71) 18.82 (9.22) 18.51 (9.83) 29.69 (24.96) NS .031* .039*

Values are presented as mean (standard deviation). aSE calculated as a percentage; time asleep divided by time in bed. TST, SOL, WASO, and EMWT
represented in minutes. bEMWT defined as time in bed since last awakening. cAn ANOVA was run to first determine which sleep variables had a significant
difference between any groups. Independent t tests were then used posthoc to determine which groups significantly differed from each other. d0 = normal
sleepers, 1 = probable insomnia, 2 = likely insomnia. *P <.05; **Bonferroni correction, *P <.017. ANOVA = analysis of variance, EMWT =early morning wake
time, SE = sleep efficiency, SOL = sleep onset latency, TST = total sleep time, WASO = wake after sleep onset.

Table 3—Multinomial logistic regression analysis for levels of insomnia symptoms.

Variable
LRT Probable Insomnia vs Normal Sleepers Likely Insomnia vs Normal Sleepers

P OR (95% CI) P OR (95% CI) P

Age .06 1.04 (0.99–1.09) .16 0.96 (0.87–1.05) .33

Sex: female .10 1.37 (0.22–8.62) .73 37.89 (0.76–1877) .07

Duration of displacement .15 1.05 (0.98–1.13) .17 1.09 (0.98–1.21) .11

Duration of resettlement <.001** 0.94 (0.83–1.06) .29 1.28 (1.01–1.61) .04*

PSAS total <.001** 1.17 (1.00–1.37) .046* 1.59 (1.18–2.15) .002**

HTQ .002* 0.94 (0.74–1.19) .59 1.70 (1.06–2.73) .03*

PMLD <.001** 3.33 (1.14–9.66) .03* 0.15 (0.02–1.07) .06

PTSD-8 .14 1.00 (0.85–1.18) .97 1.24 (0.95–1.62) .11

HSCL-25 .15 0.90 (0.80–1.02) .09 0.99 (0.85–1.15) .89

*P < .05, two-tailed; **P < .001, two-tailed. CI = confidence interval, HSCL-25 = Hopkins Symptoms Checklist, HTQ = Harvard Trauma Questionnaire, LRT =
likelihood ratio tests, OR = odds ratio, PMLD = Post Migration Living Difficulties, PSAS = Pre-Sleep Arousal Scale, PTSD-8 = Short Posttraumatic Stress
Disorder Inventory.
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PTSD symptoms through postmigration stress and cognitive
presleep arousal was significant (path a1db2: B = 0.05; 95%
CI, 0.007–0.14; R2 = 0.62; P < .001). This particular model
accounted for the highest total variance inPTSDsymptoms tested
in this study (62%). Using somatic presleep arousal as the second
mediator resulted in a nonsignificant indirect relationship

between trauma exposure and PTSD symptoms via the serial
mediators (path a1db2: B = 0.004; 95% CI, –0.01 to 0.06).

Thematic analysis of the qualitative data
On385out of 602 (64%) nights in the sleep diary, participants listed
factor(s) contributing to their disturbed sleep. Thematic analysis of

Figure 1—PMLD and ISI mediators in serial mediation analysis.

Path a1b1 represents the effect of premigration trauma exposure on PTSD symptoms mediated via postmigration stress; path a2b2 represents the effect
of premigration trauma exposure on PTSD symptoms mediated via insomnia severity; path a1db2 represents the effect of premigration trauma exposure
on PTSD symptoms mediated via postmigration stress and insomnia severity; c’ represents the direct effect of trauma exposure on PTSD symptoms. ISI =
Insomnia Severity Index, PMLD = Post Migration Living Difficulties, PTSD = posttraumatic stress disorder. *P value <.05, two-tailed.

Figure 2—PMLD and PSAS mediators in serial mediation analysis.

Path a1b1 represents the effect of premigration trauma exposure on PTSD symptoms mediated via postmigration stress; path a2b2 represents the effect
of premigration trauma exposure on PTSD symptoms mediated via presleep arousal; path a1db2 represents the effect of premigration trauma exposure on
PTSD symptoms mediated via postmigration stress and presleep arousal; and c’ represents the direct effect of trauma exposure on PTSD symptoms. PMLD =
Post Migration Living Difficulties, PSAS = Pre-Sleep Arousal Scale, PTSD = posttraumatic stress disorder. *P value <.05, two-tailed.
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this qualitative data resulted in 4 key themes: past/current traumatic
events, postmigration stress, general thoughts of worry or fear, and
somatic disturbances (Figure 3). The qualitative data suggested that
themajority of the appraisals were associated with cognitive arousal
rather than somatic arousal. The cognitive arousal themes related to
(1) current/past traumatic events, ie, the death of family members,
destruction of property, and thinking/ruminating/worrying about the
war and their home villages; (2) postmigration stress—specifically,
adapting tonewroles and responsibility, general life stressors living
inAustralia,missing/worryingabout family overseas, andfinancial
issues; and (3) general thoughts ofworry or fear, ie, feelingworried
and apprehensivewithout a specific context, being reminded of the
painful past, andworryingand fearful about the future. The somatic
disturbances were mainly physiological discomfort, fatigue and
tiredness, pain in the body, and feeling awake because of naps,
nightmares, and dreams.

DISCUSSION

This study is the first to use a combination of actigraphy, sleep
diary, and sleep questionnaires in examining sleep among

nontreatment-seeking refugees. We combined empirical models
from 2 separate literatures to propose and test whether trauma
exposure was indirectly associated with PTSD symptoms through
postmigration stress and sleep symptoms.We found that 65%of the
community sample of refugees had probable or likely insomnia,
with symptoms typically deemed sufficient for a clinical referral.
This result is slightly higher than that reported by Al-Smadi and
colleagues45 in a similar population. Using the ISI, they found that
52% of Syrian and Iraqi refugees residing in Jordan had moderate
to severe insomnia symptoms. However, if we were to use the ISI
alone, 58% of our participants would be in the same range.

We also found that higher presleep arousal was the only
factor associated with both probable and likely insomnia in our
sample. Interestingly, mental health variables were not asso-
ciated with levels of sleep disturbance. Exploratory posthoc
analyses examined why, especially because past research
documented the close relationship between mental health and
sleep.46 Because both PTSD symptoms and trauma exposure,
and affective symptoms and presleep arousal, were correlated, it
is possible that collinearity between these sets of variables
impacted the regression models. In support of this hypothesis,
when trauma exposure and presleep arousal were removed from

Figure 3—Qualitative themes.

Themes and subthemes of commonly reported appraisal for nighttime disturbances. Number of participants who mentioned the theme/subtheme: at least
once out of n = 86, and number of nights: out of 385 entries.
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the regression model, duration of displacement and post-
migration stress remained significant correlates and PTSD and
affective symptomswere now also significantly associatedwith
levels of insomnia symptoms (Table S4).

Prior studies have shown an indirect effect of trauma on
posttraumatic symptoms through both postmigration living
difficulties and sleep disturbance separately, but to date no study
has examined these variables simultaneously. We believe it is
important to do so in refugees because refugees experience both
postmigration living difficulties and sleep disturbance at high
levels, which is somewhat unique for trauma-exposed pop-
ulations. However, this model may be relevant in recently
discharged veterans as well. Veterans, especially combat vet-
erans, can experience stressors reintegrating into civilian life
similar to the postmigration stressors assessed here, and vet-
erans also experience a high rate of sleep disturbance.47 Thus,
one might expect a similar indirect pathway between trauma
exposure and mental health symptoms as found in this study.

As hypothesized, our findings showed an indirect association
between trauma exposure and PTSD symptoms through post-
migration stress and sleep symptoms, in that sequential order.When
these 2 variables were reversed, the indirect pathways were no
longer significant. Similarly, when sleep symptoms and PTSD
symptoms were flipped (ie, sleep symptoms as the outcome
measure), a nonsignificant indirect relationship was observed. In-
terestingly, when we tested the sequential mediation models using
the presleep arousal subscales, the mediation model including
cognitive presleep arousal accounted for the greatest amount of
variance in PTSD symptoms of any model tested in our analyses.
Combined with presleep arousal being the only variable associated
with both probable and likely insomnia symptoms, our data suggest
that (cognitive) presleep arousal is a noteworthy construct requiring
further research and clinical attention in this population.

Finally, we performed a thematic analysis from daily reports
about factors disturbing each individual’s sleep. Four themes
emerged, 3 of which are arguably related to cognitive presleep
arousal. These themes are consistent with findings from other re-
search indicating that after resettling into a new country, refugees
often report concernspertaining to theadversities towhich theywere
exposed, ongoingconflict in their country, and/or stressors related to
their postmigration situation.4,5 These self-reports of factors con-
tributing to disturbed sleep seem to support modeling data sug-
gesting that presleep arousal is an important correlate of PTSD
symptoms. Indeed, some of the subthemes in the past/current
traumatic events, postmigration stress, and general thoughts of
worry or fear themes (Figure 3) mirrored specific questions on the
cognitive PSAS subscale (having depressing or anxious thoughts,
worry about problems other than sleep, being mentally alert, and
inability to shut themindoff).Similarly, participants’ descriptions in
the somatic disturbances theme were analogous to questions on the
somaticPSASsubscale (nervousfeeling in thebody, tenseness in the
muscles, stomach upset, and dry feeling in the mouth/throat). It is
worth highlighting that the individuals conducting the thematic
analysis had not seen the PSAS items, and thus it is not the case that
they intentionally or unintentionally created themes tomirror those
PSASitems.Aswith thequantitativefindings, thesequalitativedata
suggest that presleep arousal is a specific type of sleep disturbance
impacting this population’s sleep and, potentially, posttraumatic

symptoms. The present findings also support the use of the PSAS
in refugees when assessing their mental health.

Although our study provides evidence for both postmigration
stress and sleep being associated with PTSD symptoms in
nontreatment-seeking refugees, the cross-sectional nature of the
study prevents us from determining the extent to which these
variables serve as variable markers or risk factors for PTSD in this
population.48 Nonetheless, it is worth considering the potential
clinical implications of these findings for addressing trauma
symptoms in community-dwelling refugees, perhaps particularly in
those not currently seeking treatment for mental health concerns.
Literature examining theperceptionsofmental health andbarriers to
accessing services among Syrian and Iraqi refugees has highlighted
that mental health stigma is a key barrier to seeking mental health
services.49,50 Work with U.S. veterans has shown that individuals
with either PTSD or depression prefer to receive treatment for sleep
problemsrather thanfor thepsychiatriccondition.51 It ispossible that
thestigmaassociatedwithmentalhealthconcerns inSyrianandIraqi
refugees would result in a similar preference, although this hy-
pothesis needs to be examined directly. If it is true, then sleep may
serve as amore acceptable target for assessment and, if appropriate,
intervention in this population. There are evidence-based psycho-
logical treatments for improving sleep disturbance in individuals
with PTSD, including cognitive-behavioral therapy for insomnia12

andnightmare interventions.52Bothcognitive-behavioral therapyfor
insomnia and nightmare interventions typically have a strong be-
havioral focus.However,giventhatboth thestatisticalmodelsandthe
qualitative data showed that presleep arousal, especially cognitive
presleep arousal, was associated with PTSD symptoms in these
refugees,employinginterventionswithastrongcognitivefocuscould
beparticularlyhelpful in thispopulation. Itwouldalsobebeneficial
for studies to explicitly examine cultural contexts and perspectives
onsleepandsleepdisturbance to informwhether sleepassessments
and/or interventions for sleep should be culturally adapted.

In evaluating our findings, it is important to consider the
strengths and limitations of our study. Recruiting a representative
sample of refugees living in the community to participate in health
andmental health survey research is known to be a challenging task
because they are considered a “hard-to-reach” or “hidden” group,
becauseof issues around trust andsafety.53 This challengeprecluded
the possibility of implementing a fully representative sampling
strategy, requiring us to recruit a sample of individuals attending
social, sport, and religious activities. It is difficult to ascertain
whether these participants exhibited more or less severe mental
health difficulties than those Syrian and Iraqi refugeeswhowere not
attending those activities. However, in comparing our participants’
demographic to the larger population of Syrian and Iraqi refugees
who arrived in Australia at approximately the same period,19 our
sample seems to be representative of the overall Syrian and Iraqi
refugee population resettling in Australia.

The main limitation of this study is the cross-sectional nature of
datacollection.Bydefinition,cross-sectional researchcannotaddress
causality and cannot truly identify the risk factors of the outcome
variable (in this case, PTSD symptoms).48 Indeed, although we
included PTSD symptoms as the outcome variable and sleep as a
mediator, PTSD symptoms and sleep are known to have a bidi-
rectional relationship.Thedirectionofassociation inourmodelswas
chosen based on theoretical considerations and prior research, as
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briefly outlined in the Introduction. Nonetheless, we also examined
models reversing the positions of PTSD symptoms and sleep, and
in these models, the indirect pathway was no longer significant.
Although considerable research has examined the association be-
tween sleep disturbance and PTSD,9–15 surprisingly few studies
have specifically evaluated both directions of the bidirectional link
between sleep disturbance and PTSD symptoms. A longitudinal
study examined a large sample of earthquake survivors inChina and
found that sleep disturbance (measured by the Pittsburgh Sleep
Quality Index) could predict and was predicted by PTSD plus
depression symptoms at 12 months, 18 months, and 24 months,
suggesting a bidirectional relationship between sleep disturbance
and PTSD and depression.54 However, Wright and colleagues55

found that among combat veterans, sleep disturbance (measured by
the ISI) at 4months posttraumawas a significant predictor of change
in PTSD symptoms at 12 months posttrauma but PTSD symptoms
4months posttraumadid not predict sleep disturbance at 12months.
Similarly, Acheson and colleagues9 reported that whereas sleep
disturbance in active-duty soldiers before deployment pre-
dicted subsequent re-experiencing symptoms, predeployment
re-experiencing symptoms did not predict subsequent sleep dis-
turbance.Together, thesefindings indicate that thestrongerdirection
of thebidirectional relationshipbetweensleepandPTSDsymptoms,
if either, remainsunclear and suggest that the answermaydependon
the type of trauma(s) experienced. Future longitudinal research in
samples of refugee populations should directly compare mediation
models testing the influence that sleep andmental health symptoms
have on one another to better assess the strength of each direction of
the relationship in this specific population.

Although measures employed in this study have been validated
with refugee groups from multiple cultures,31 they were not spe-
cifically adapted for the Syrian and Iraqi community, increasing the
risk of transcultural error. On a related note, our models mainly
focused on variables at the individual level rather than on broader
factors of family, community, and environmental factors important
within our sample’s cultures. Future studies should assess the po-
tential moderating roles that such cultural factors may play in the
relationships among trauma exposure, postmigration stress, sleep,
and PTSD symptoms (eg, appraisals, emotion regulation).56,57

Another potential limitation is that the mental health outcome
measures usedwere based upon symptom scales alone andwere not
diagnostic assessments.We chose to do this because we recruited a
community sample as opposed to a treatment-seeking sample.
Nonetheless, the results could be different if outcomes represented
formal diagnoses rather than symptom severity. In addition, we did
not have a control group (eg, native-born Australians of similar
socioeconomic statusor refugeeswhohad lived inAustralia longer).

Thus, it is unclear to what extent these findings are unique to
refugees resettled within the last few years. Future research
should consider longitudinal analyses to examine changes in
these relationships over time, especially as refugees become
more settled in their new country.

ABBREVIATIONS

CI, confidence interval
ISI, Insomnia Severity Index

PTSD, posttraumatic stress disorder
PSAS, Pre-Sleep Arousal Scale
SE, sleep efficiency
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