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Abstract

Refugees and asylum seekers face significant mental health challenges, yet sleep
disturbances remain underrecognized despite their critical impact on well-being. This
systematic review and meta-analysis assessed sleep quality and insomnia severity
across 66 studies (n=42,956). Pooled analyses of the Insomnia Severity Index (1SI)
and Pittsburgh Sleep Quality Index (PSQI) based on studies identified in Cochrane,
Embase, and PubMed from database inception to December 2024 revealed clinically
significant sleep disturbances. The pooled mean ISI score (13.76, 95% CI 10.39—
17.13) falls within the upper end of the subthreshold range, bordering on moderate
clinical insomnia, while PSQlI scores (8.59, 95% CI 2.11-15.07) exceeded clinical
thresholds for poor sleep. The pooled prevalence of sleep adversities was 43.2% in
adults and 36.4% in children. Secondary findings highlighted prolonged sleep latency
and frequent nightmares. Although subgroup analyses suggested trends across
populations and assessment methods, statistical significance was limited by sample
heterogeneity. Standardized sleep assessments must be integrated into refugee
health protocols, with targeted interventions addressing insomnia risk factors.

Introduction

Forced displacement remains a pressing global issue with profound social, economic,
and political implications. Refugees, as defined by the 1951 Refugee Convention,

are individuals unable to return to their country of origin due to a well-founded fear

of persecution, while asylum seekers are those seeking international protection,
either awaiting or intending to apply for asylum [1]. Humanitarian aid, access to
employment, and education remain critical pathways to improving health outcomes,
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emphasizing the importance of evidence-based, coordinated approaches that align
with the needs of displaced populations [2].

By the end of 2025, approximately 117.3 million individuals were forcibly displaced
worldwide, corresponding to roughly 1 in 70 people globally, with 71% residing in
low- and middle-income countries, highlighting the disproportionate burden faced by
these regions [3]. At the same time, approximately 8.4 million asylum seekers were
awaiting decisions on their applications, underscoring the urgent need for effective
international protection systems [4].

The refugee experience is highly heterogeneous and shaped by multiple factors,
including pre-migration trauma, conditions during displacement, and post-migration
stressors such as socioeconomic hardship, discrimination, and social isolation.
Among these factors, exposure to violence and trauma during migration has been
associated with poorer sleep quality and increased PTSD, depression, and anxiety
symptoms [5]. These challenges often occur alongside limited access to healthcare
and other essential services, contributing to persistent health disparities even in
high-income host countries [6].

Sleep disturbances represent an important yet often underrecognized component
of refugee health. Insomnia, which frequently develops following traumatic experi-
ences, may exacerbate health problems and contribute to cardiovascular disease,
pain, depression, and fatigue [7—10]. Sleep is now recognized as an active and
essential biological process supporting cognitive and emotional functioning, and
increasing evidence suggests that sleep disturbances may function as transdiag-
nostic markers of mental health conditions [11]. Addressing sleep disturbances may
therefore represent an important pathway to improving mental health outcomes in
displaced populations.

Assessing sleep and mental health problems in refugee populations presents
important methodological challenges [12]. Self-report tools, frequently used due to
their cost-effectiveness in large or resource-limited settings, may overestimate prev-
alence because of high sensitivity cut-offs, limited cultural adaptation, and response
biases [13]. Although clinical diagnostic interviews conducted by trained clinicians
may improve the assessment of psychiatric disorders in epidemiological studies,
accurately evaluating mental health remains challenging in refugee populations,
particularly when diagnostic instruments developed in Western contexts are applied
across culturally diverse groups [14].

Despite the growing recognition of sleep disturbances in displaced populations,
the available evidence remains fragmented. A previous systematic review reported a
high prevalence of sleep disturbances among migrants and refugees and highlighted
the association between sleep problems and trauma-related experiences in these
populations [15]. More recent narrative evidence has similarly emphasized the high
prevalence of insomnia and nightmares among refugees and their association with
conditions such as PTSD, depression, and anxiety [16]. However, the available litera-
ture remains heterogeneous in study design, populations, and assessment methods,
and lacks a comprehensive quantitative synthesis across refugee and asylum seeker
populations.
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To address these gaps, this systematic review and meta-analysis investigates sleep quality, insomnia, and related
sleep disturbances among refugees and asylum seekers. The primary outcomes include sleep quality measured using the
Pittsburgh Sleep Quality Index (PSQI) [17] and insomnia severity assessed with the Insomnia Severity Index (I1SI) [18].
Secondary outcomes include sleep adversities and related sleep conditions such as nightmares. This study provides, to
our knowledge, the first comprehensive quantitative synthesis examining sleep quality and insomnia outcomes among
refugee and asylum-seeking populations, aiming to provide a comprehensive understanding of sleep health in this vulner-
able population.

Materials and methods
Study design and protocol registration

This systematic review and meta-analysis was conducted according to the Preferred Reporting Items for System-
atic Reviews and Meta-analyses [19,20] guidelines and the Meta-analyses Of Observational Studies in Epidemiology
(MOOSE) checklist [21]. The protocol was prospectively registered in PROSPERO (CRD42024605014) prior to data
extraction and statistical analysis.

Amendments to the registered protocol

While our analysis largely adhered to the PROSPERO protocol, we implemented several methodological refinements: (1)
We expanded our planned subgroup analysis beyond age categories to include assessment methods, healthcare access,
and geographic factors to better explore heterogeneity sources; (2) We incorporated meta-regression analyses using R’s
{metafor} package within an information-theoretic framework, which was not explicitly specified in the original protocol; (3)
We employed an adapted Newcastle-Ottawa Scale for cohort and cross-sectional studies, as it proved more suitable for
our included study designs; and (4) Although interventional studies were considered eligible if extractable baseline data
were available, following peer-review feedback we conducted all pooled prevalence and mean analyses excluding base-
line data from interventional studies to minimize potential design-related bias, retaining these studies in the descriptive
synthesis only.

Eligibility criteria

Inclusion criteria. Studies were eligible for inclusion if they met the following criteria: (1) peer-reviewed observational
studies (cross-sectional, cohort, or case-control designs) and interventional studies, although only observational studies
contributed to pooled prevalence and mean estimates; (2) participants comprised refugees and asylum seekers,
as defined by the United Nations High Commissioner for Refugees, with no restrictions on age, country of origin, or
resettlement; (3) outcomes included: (a) insomnia severity assessed via the Insomnia Severity Index (I1S); (b) sleep
quality assessed via the Pittsburgh Sleep Quality Index (PSQI); (c) prevalence of sleep adversities, defined as a broad
construct aggregating heterogeneous sleep disturbances, including insomnia symptoms and other structured reports of
sleep problems; and (d) specific sleep outcomes analyzed separately, including nightmare prevalence, sleep duration,
sleep latency, and other standardized quantitative measures of sleep quality, including Likert-type scale assessments
standardized for meta-analytic pooling; and (4) no language restrictions were applied.

Exclusion criteria. We excluded the following types of studies: (1) reviews, editorials, dissertations, or conference
presentations; (2) studies with duplicated samples or data; (3) studies that did not report outcomes of interest; (4) studies
involving non-refugee or mixed populations; (5) studies with small sample sizes (N<30), as very small samples may
yield unstable prevalence estimates and disproportionately influence pooled analyses; (6) studies from which relevant
outcome data could not be extracted and qualitative studies; (7) studies involving migrants with chronic diseases known
to be associated with the onset of secondary mental health disorders, such as cancer, cardiovascular disease, and other
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chronic conditions, to reduce clinical confounding [22]; and (8) studies restricted to Internally Displaced Persons (IDPs),
as they diverged from the target population of this study.

Search strategy

We systematically searched Cochrane Library, Embase, and PubMed for relevant studies, with an initial search conducted
on July 15, 2024 and an updated search on December 18, 2024. Two investigators (LC and AG) developed and executed
the search strategy, which incorporated both controlled vocabulary terms (MeSH for PubMed and Emtree for Embase)
and free-text terms. Search terms combined concepts related to displacement (“refugee,” “asylum seeker,” “migrant”) with
terms for sleep disorders (“insomnia,” “sleep disturbances,” “nightmares”). To ensure comprehensive coverage, we addi-
tionally: consulted expert recommendations, manually screened reference lists of retrieved articles, and reviewed system-
atic reviews on related topics. The complete list of search strategies is given in the S1 Table.

Two independent reviewers (LC and AG) screened article titles and abstracts in a double-blind manner using the
Rayyan software [23], applying the predefined eligibility criteria. Full texts of potentially eligible studies were then retrieved
and independently assessed by two pairs of independent reviewers (LC and CS; JP and SW). Discrepancies at any stage
of the process were resolved through discussion or consultation with a third reviewer (CS or LG). Final inclusion of each
article required unanimous agreement among the review team members. In cases where multiple articles utilized the
same sample and met the inclusion criteria, we selected the article that addressed the most outcomes, had the largest
sample size, or was the most recent publication.

”

Data extraction

Data extraction was conducted using a standardized form developed a priori, adapted from Excel-based templates employed
by the authors in prior systematic reviews. Six independent reviewers (LC, CS, JP, SW, LG, VD) extracted the following vari-
ables: (1) study characteristics, including author(s), publication year, study design, follow-up duration, inclusion criteria key-
words, exposure type, intervention details (if applicable), inclusion of PTSD patients, availability of health establishments, host
country residence type, legal status, host country income, predominant trauma, reporter type, education level, unemployment
rate, family separation, school attendance, unaccompanied minor and sample sizes; (2) population characteristics, such as age,
sex/gender, origin/host macroregions and countries, and years since resettlement; (3) methodological characteristics, including
sampling method and recruitment strategy; and (4) outcome measures, such as measurement instruments, procedural descrip-
tions, cut-off scores, means, prevalences, and standard errors. To ensure data accuracy, all extracted information underwent
independent verification by co-authors, and corresponding authors were contacted when necessary to clarify missing or
ambiguous data. For synthesis purposes, studies were grouped according to their reported outcomes and study design. When
multiple measures of the same outcome were reported, we prioritized the most comprehensive or clinically relevant timepoint,
while data from all instruments were extracted and analyzed separately in subgroup analyses.

Within the literature, sleep conditions exist on a spectrum of diagnostic specificity. A sleep disorder (e.g., Insomnia Disor-
der) represents a formal diagnosis per standard manuals (DSM-5, ICSD-3), while a sleep disturbance is a broader symptom
or complaint that may not meet full diagnostic criteria. To encompass the wide range of non-standardized sleep problems
reported across the heterogeneous studies in our review, we employ the umbrella term ‘sleep adversities.’ This category
includes specific disturbances like insomnia symptoms, unrestorative sleep, and night waking. Furthermore, when specified,
‘poor sleep quality’ refers specifically to data derived from the Pittsburgh Sleep Quality Index (PSQI) or equivalent instruments.

Quality assessment

The methodological quality of the included studies was independently assessed by two reviewer pairs (LC and CS; JP
and SW) using the Risk of Bias 2.0 (RoB-2) tool [24] for RCTs, and the Newcastle-Ottawa Scales (NOS) for cohort [25]
and an adapted NOS version for cross-sectional studies [26]. Any disagreements between reviewers were resolved
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through discussion, with input from a third independent reviewer when necessary. The RoB-2 tool evaluates randomiza-
tion process, deviations from intended interventions, missing outcome data, measurement of the outcome and selection
of the reported result. The NOS tool evaluates selection, comparability and outcome domains. To standardize the risk of
bias for further analyses, the following categories were applied: for cohort studies, good quality was considered low risk,
fair quality as some concerns, and poor quality as high risk; for cross-sectional studies, very good quality was classified as
low risk, satisfactory and good studies as some concerns, and unsatisfactory studies as high risk; for RCTs, the categories
remained the same. The full versions of the scales used in this study can be found in the Tables in the S2 and S3 Tables.

Data synthesis and statistical analyses

Meta-analyses. To minimize design-related bias in prevalence and mean estimation, pooled analyses were restricted
to observational studies. Interventional studies were included in the systematic review and summarized descriptively but
were not entered into meta-analyses (even when baseline data were available). Random-effects models were estimated
using inverse-variance weighting. Between-study heterogeneity (1) was estimated using the Maximum Likelihood
method for prevalence models and Restricted Maximum Likelihood for mean models. In order to stabilize the variance,
we performed both logit and arcsine transformation for prevalence data, in different models, considering the sensitivity
analyses. We back-transformed the pooled estimates to percentages for ease of interpretation. Results are presented
as forest plots displaying individual study estimates alongside pooled effects, with heterogeneity statistics (1> and 12). All
analyses were conducted in RStudio (version 2023.12.1.402).

Assessment of heterogeneity. To assess and quantify heterogeneity, we employed both the Q statistic and the 12
index, following guidelines from Borenstein and colleagues [27]. The Q statistic was used to test the null hypothesis
of homogeneity across studies. A statistically significant Q value indicated the presence of heterogeneity, confirming
the appropriateness of our random-effects model approach. Additionally, we calculated the I statistic to estimate the
extent of heterogeneity that is not attributable to sampling error. Higher I? values indicate greater heterogeneity, with
values of 30%, 50%, and 75% suggesting low, moderate, and high heterogeneity, respectively. In case of substantial
heterogeneity (I2>75%), we explored potential sources through influence analyses, subgroup analyses and meta-
regression [28].

Influence analysis. To assess the robustness of our findings and identify potentially influential studies, we conducted
a series of sensitivity analyses. First, we employed graphical methods, including influence plots and Baujat plots, to
visually inspect the contribution of individual studies to the overall heterogeneity and pooled effect. Additionally, we
performed leave-one-out meta-analyses, systematically excluding each study in turn to evaluate its impact on the
pooled effect estimate. For studies identified as potentially influential through these methods, we conducted a detailed
examination of their characteristics and methodological quality. We also performed subgroup analyses excluding these
studies to assess their impact on the overall conclusions.

Subgroup analyses and meta-regressions. Moderators were evaluated using subgroup or meta-regression analyses
if there were 210 studies available for analysis [29]. We conducted exploratory subgroup analyses based on assessment
methods and availability of health establishments in host regions. To explore potential sources of heterogeneity, we
undertook an information-theoretic approach for model selection without strong a priori hypotheses [30]. We conducted
multi-model inference using the {mice} package [31] for imputation and the {metafor} package [32] for meta-regression,
with model selection via the {MuMIn} package [33]. For prevalence outcomes, meta-regression models were fitted on the
logit-transformed proportion scale (metafor measure =“PLQO”), and results were back-transformed for interpretation. Given
the exploratory nature of our analysis, we further developed an interactive interface to systematically investigate different
model combinations, evaluating their performance based on multiple criteria (1%, R?, k, and AIC). Examined moderators
included instrument type, reason of displacement, health establishment availability, origin region, host region, percentage
of women, years since settlement, and age on the pooled sleep adversity prevalence estimates.
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Publication bias

Publication bias was assessed through visual inspection of funnel plots and statistical tests (Egger’s test or equivalent)
when at least 10 studies [34] were available for analysis. In order to assess the potential impact of publication bias, we
employed the Ricker’s limit meta-analysis method [35], since other diagnostic statistics (such as Trim-and-Fill) are unsta-
ble under very high heterogeneity [36].

Results
Study selection and characteristics

Our systematic search identified 2,456 records from electronic databases supplemented by 4 additional records from man-
ual citation searching. After removing duplicates, we screened 1,759 records and assessed 171 full-text articles for eligibility
(Fig 1), though 3 studies could not be retrieved despite contacting authors. We excluded 102 studies for various reasons:
33 were ineligible publication types (reviews, editorials, dissertations or conference presentations); 12 had duplicated pop-
ulations or data; 11 lacked relevant outcomes; 18 involved non-refugee or mixed populations; 4 included populations with

[ Identification of studies via databases and registers ] [ Identification of studies via other methods J

Studies identified through
database searching (n = 2,456):
PubMed (n = 851)
Embase (n = 1,528)
Cochrane Library (n =77)

Studies screened

(n=1,755)

Records removed before
screening:
Duplicates identified by
Rayyan (n=701)

Studies identified from:
Citation searching (n = 4)

\4

Identification

> Studies excluded
(n=1,588)

Screening

Studies sought for retrieval

(n=167)
I

Studies assessed for eligibility
(n=164)

Studies not retrieved
(n=3)

Studies sought for retrieval

Studies included in review
(n = 66)

Reports excluded (n = 102)

Reviews, editorial, dissertations or
conference presentations (n = 33)
Duplicated studies, population or data
(n=12)

Studies without outcomes of interest
(n=11)

Population with other diseases that
are associated with the onset of
secondary mental health disorders (n
=4)

Nonrefugee or mixed sample (n = 18)
Poor sample sizes N <30 (n=7)

No statistics were reported (n = 2)
No relevant outcome data could be
extracted from the article (n = 14)
Qualitative studies (n = 1)

(n=4)
|

Studies assessed for eligibility
(n=4)

Studies not retrieved
(n=0)

Fig 1. PRISMA flow diagram.

\4

Studies excluded
(n=0)

https://doi.org/10.1371/journal.pone.0352964.9001
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comorbid conditions affecting mental health; 7 had small sample sizes (N<30); 2 lacked sufficient statistical reporting; 14
had unavailable outcome data; and 1 used qualitative methodology. Ultimately, 66 studies [37—102] met our inclusion crite-
ria, comprising 42,956 participants across multiple countries (Table 1). Geographically, refugees most commonly originated
from Western Asia (16.7%, k=11), followed by South-eastern Asia (10.6%, k=7), and Sub-Saharan Africa (9.1%, k=6).
The primary host regions were Northern America (24.2%, k=16), Western Europe (19.7%, k=13), and Northern Europe
(15.2%, k=10). Nineteen studies (28.8%) included data on children and adolescents, with sample sizes ranging from 32

to 14,303 participants (mean=650.84; median=148). Woman representation varied substantially, with four studies (6.1%)
reporting exclusively female participants, while population mean age ranged from 5.93 to 62.40 years (mean=29.87;
median=31.90). Time since settlement was unreported in 53.0% (k=235) of studies. Among those reporting this variable
(k=31), medium-term (18.2%, k=12) and long-term settlement (18.2%, k=12) were equally represented, while short-term
and immediate stays were less frequent (10.6%, k=7). Healthcare access was unavailable in 37.9% (k=25) of studies,
available in 36.4% (k=24), mixed in 9.1% (k=6), and unreported in 16.7% (k=11). Beyond these variables, only 9% (k=6)
of studies reported follow-up data, 5% (k=3) specified PTSD-related inclusion or exclusion criteria, and only about half

of the studies provided information on education (52%, k=34), while reporting on unemployment (33%, k=22) and family
separation (38%, k=25) was even less frequent. The predominant nature of exposure was conflict or war (65.2%, k=43),
followed by mixed or unspecified trauma (30.3%, k=20) and persecution or human rights violations (4.5%, k=3). A detailed
overview of reporting frequencies and literature gaps for all moderators is provided in S4 Table.

Quality assessment

The risk of bias assessment demonstrated considerable variation in methodological quality across the included studies.
Among randomized trials evaluated using the RoB-2 tool, one study was rated as high risk of bias while another raised
some concerns. For cohort studies assessed with the Newcastle-Ottawa Scale (NOS), three were classified as poor
quality (high risk of bias) and two as fair quality (some concerns). Cross-sectional studies, evaluated using an adapted
NOS scale, showed the following distribution: 26 satisfactory, 24 good, 3 very good, and 6 unsatisfactory. Overall, 80.3%
(k=53) of studies presented some concerns regarding risk of bias, while 15.2% (k=10) were high risk and only 4.5%
(k=3) were low risk. Complete risk of bias assessments for each study are presented in Table 1.

Primary outcomes

Insomnia severity, assessed using the Insomnia Severity Index (ISI) across five studies (n=1,352) [41,44-47], showed

a pooled mean score of 13.76 (95% CI: 10.39-17.13), where higher scores indicate worse symptoms of insomnia. The
pooled mean ISI score falls within the range of sub-clinical to moderate clinical insomnia, and all five studies reported
mean ISI values above 11, suggesting clinically relevant sleep disturbance across samples. However, substantial hetero-
geneity was observed (1=96.5%, 12=6.8249, p<0.0001), indicating considerable variability in IS| scores across popula-
tions (Fig 2).

Similarly, sleep quality evaluated via the Pittsburgh Sleep Quality Index (PSQlI) in four studies (n=227) [38,40,41,43]
demonstrated poor overall sleep quality (pooled mean=28.59, 95% CI: 2.11-15.07). The pooled mean PSQI score exceeds
the clinical cutoff of 5; however, the wide confidence interval and very high heterogeneity (1=98.8%, 1*=16.3321,
p<0.0001) indicate substantial uncertainty and variability across studies (Fig 3).

Secondary outcomes

We evaluated the prevalence of sleep adversities, an umbrella term for sleep problems including insomnia symptoms and
nightmares (see S5 Table for a full list of characteristics), in adults by analyzing data provided by 30 studies (n=9,325),
revealing an overall pooled prevalence of 43.2% (95% Cl: 34.5-52.1%) through random-effects meta-analysis (Fig 4).
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Weight
Study n Mean Mean 95% CI (Random)
Al-Smadi AM, 2019 373 13.71 [13.14;14.28] 21.0%
Bruck D, 2021 113 18.07 [17.25;18.89] 20.7%
Lee J, 2021 32 - 11.50 [9.05;13.95] 17.3%
Lies J, 2021 86 = 11.48 [10.21;12.75] 20.0%
Meurling J, 2023 748 13.59 [13.08;14.10] 21.0%
Random effects model (KR) <> 13.76 [10.39;17.13] 100.0%

T T T T T 1
-15-10-5 0 5 10 15
Mean ISI Scores in Adults

Heterogeneity: /7 = 96.5%, t° = 6.8249, p < 0.0001
Fig 2. Forest plot of mean ISI scores.
https://doi.org/10.1371/journal.pone.0352964.9002

Weight
Study n Mean Mean 95% ClI (Random)
I:ee J, 2021 32 L 853 [7.24; 9.82] 24.7%
Ozdemir PG, 2021 72 : 6.40 [560; 7.20] 25.1%
Sankari S, 2023 53 : 515 [4.48; 582] 25.2%
Schumm H, 2023 70 : 14.32 [13.38; 15.26] 25.0%
Random effects model (KR) ————— 859 [2.11;15.07] 100.0%

T T T T 1

-15-10 -5 0 5 10 15
Mean PSQI Scores in Adults

Heterogeneity: I? = 98.8%, 1 = 16.3321, p <0.0001

Fig 3. Forest plot of mean PSQI scores.

https://doi.org/10.1371/journal.pone.0352964.9003

This finding demonstrated very high heterogeneity (1=99.1%, 12=0.0602, p<0.0001), indicating substantial between-
study variability. Among children and adolescents (15 studies, n=24,439), the pooled prevalence was 36.4% (95% ClI:
23.2-50.8%), with similarly high heterogeneity (1=99.5%, 12=0.0797, p<0.0001) (Fig 5).
estimate of 43.5% (95% CI: 21.6-66.8%) with significant between-study variation (1=97.9%, 12=0.0849, p<0.0001). For
children and adolescents (4 studies, n=661) [73,74,88,100], the prevalence was 36.0% (95% CI: 11.9-64.8%), also with
high heterogeneity (1?=98.3%, 12=0.0863, p<0.0001).

Sleep duration analysis revealed adults (3 studies, n=231) [41,44,45] averaged 6.84 hours (95% CI: 5.84-7.85), while
children and adolescents (2 studies, n=229) showed longer duration at 8.45 hours (95% CI: 8.21-8.68). Sleep qual-
ity assessments, standardized to a 4-point Likert scale, indicated poorer quality in adults (8 studies, n=6,353; pooled
-1.22-5.42) [75,90], although estimates in youth were imprecise and characterized by wide confidence intervals.

Finally, sleep latency measurements demonstrated adults (2 studies, n=118) [41,45] had shorter onset times (20.56
minutes, 95% CI: 17.24-23.87) than children and adolescents (2 studies, n=229; 58.13 minutes, 95% CI: —148.55—
264.80) [88,90], with particularly wide confidence intervals in pediatric samples reflecting substantial statistical uncertainty.

Influence analysis

Influence analysis identified Bruck D, 2021 [44] as the primary source of heterogeneity in the ISI scale meta-analysis
(I*=96.5% in primary analysis). After excluding this study (n=1,239 remaining), the recalculated pooled ISI score
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Weight

Study Total Proportion 95% ClI (Random)
Al-Smadi AM, 2019 373 - 0.53 [0.47;0.58] 3.4%
Aldukhail S, 2023 46 — 0.48 [0.33;0.63] 3.2%
Boiko DI, 2024 92 —— 0.26 [0.17;0.36] 3.3%
Bruck D, 2021 109 - 0.22 [0.15;0.31] 3.3%
Carlsson JM, 2006 139 — 0.58 [0.49;0.66] 3.3%
Gammoh OS, 2024a 291 . B 0.55 [0.49;0.60] 3.4%
Gammoh OS, 2024b 291 3 0.66 [0.60;0.71] 3.4%
Gammoh OS, 2024c 177 . 0.64 [0.57;0.71] 3.4%
Giesebrecht J, 2022 144 — 0.82 [0.75;0.88] 3.3%
Gowin M, 2017 45 —— 0.76 [0.60;0.87] 3.2%
Gulden A, 2010 512 = 0.21 [0.17;0.24] 3.4%
Hinton DE, 2015 128 — 0.72 [0.63;0.79] 3.3%
Honkala E, 1992 152 . 0.40 [0.32;0.48] 3.4%
Knappe F, 2023 139 . 0.34 [0.26;0.42] 3.3%
Lee YG, 2016 177 .- 0.38 [0.31;0.46] 3.4%
Lies J, 2019 1892 0.79 [0.77;0.81] 3.4%
Lies J, 2021 86 — 0.28 [0.19;0.39] 3.3%
Loutan L, 1999 573 0.11 [0.09;0.14] 3.4%
Mangrio E, 2020 662 - 0.49 [0.45;0.53] 3.4%
Meurling J, 2023 748 = 0.64 [0.60;0.67] 3.4%
Park J, 2019 74 - 0.19 [0.11;0.30] 3.3%
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Fig 4. Forest plot of sleep adversities prevalence in adults.

https://doi.org/10.1371/journal.pone.0352964.9004

decreased by 6.8% to 12.83 (95% CI: 10.38—15.28) from the original 13.76. While heterogeneity remained substantial
(I*=76.4%, ©*=1.1112, p=0.0053), this represents a 20.1% reduction in between-study variance (from 12=96.5%). For all
other outcomes (PSQlI, prevalence measures, sleep duration/latency), influence analyses revealed no single study dispro-
portionately contributing to heterogeneity, despite consistently high I values. Complete sensitivity analyses are provided
in the File in S1 File.

Subgroup analysis

Our exploration of potential sources of heterogeneity identified predominantly non-significant subgroup differences across
populations. Among adults, interview-based assessments yielded higher sleep adversities prevalence (46.9%, 95% CI:
27.2-67.1%, 1=99.5%) than questionnaires (41.8%, 95% CI: 32.5-51.3%, 1?=98.4%) (Fig 6), with a similar 8-13% ele-
vation among those with healthcare access (48.9% [95% CI: 37.2—60.7%], 1=99.3% vs. without access 38.7% [95% CI:
26.1-52.2%], 1?=98.5%), although these differences were not statistically significant. Mixed-access populations showed
the lowest prevalence (29.1%, 95% CI: 0.05-63.4%, 12=96.9%), with wide confidence intervals indicating imprecision.
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Nas.ro.lu S, 2018 136 = 0.04 [0.02;0.09] 6.7%
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Schumacher L, 2021 398 = 0.88 [0.85;0.91] 6.8%
Thabet AA, 1999 239 - 0.47 [0.40;0.53] 6.8%
Random effects model 24439 e 0.36 [0.23; 0.51] 100.0%
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Fig 5. Forest plot of sleep adversities prevalence in children and adolescents.

https://doi.org/10.1371/journal.pone.0352964.9005

Study quality showed minimal impact on overall sleep adversities prevalence, with low quality studies reporting 46.3%
(95% ClI: 25.1-68.3%, 1°=99.1%), medium quality studies 42.2% (95% CI: 32.2-52.4%, 1?=99%), and high quality studies
47.0% (95% CI: 21.9-73.0%, 12=97.5%). However, for nightmare prevalence specifically, medium quality studies detected
substantially higher rates (66.0%, 95% Cl: 44.4—84.6%, 1>=93.4%) than low quality studies (22.4%, 95% CI: 8.2—40.9%,
12=96.7%), representing the only statistically significant subgroup difference observed in prevalence analyses. For con-
tinuous measures, the ISI revealed significant quality-related variation, with high quality studies reporting lower severity
(11.48, 95% CI: 10.21-12.75) compared to medium quality (14.33, 95% CI: 9.93-18.72, 12=96.9%).

The stratification analysis on outcomes related to children and adolescents similarly demonstrated numerically higher
prevalence estimates with questionnaires (45.2%, 95% CI: 17.9-74.2%, 1?=99.7%) compared to interviews (33.2%, 95%
Cl: 19.2-48.9%, 1?=99.4%) (Fig 7), although subgroup differences were not statistically significant. A comparable
non-significant pattern was observed for healthcare access. Risk of bias analyses indicated lower prevalence in
medium-quality (36.4%, 95% CI: 18.9-55.9%, 1?=99.6%) compared to low-quality studies (42.7%, 95% CI: 26.2—60.0%).
For nightmare prevalence in children, medium-quality studies reported 30.3% (95% CI: 4.9-65.5%, 1>=98.9%) compared
to 55.0% in low-quality studies (95% Cl: 39.6—69.9%), without statistical significance.

Although some subgroup differences exceeded 5% in absolute prevalence, most comparisons did not reach statistical
significance. Heterogeneity remained high throughout all analyses (1?2 93.4%), indicating that measurement tool, health-
care access, and study quality explain only a limited proportion of the observed variability, with additional unmeasured
moderators likely contributing to the substantial between-study differences.

Meta-regressions

Our meta-regression analyses did not identify any statistically robust moderators capable of explaining the observed
heterogeneity in prevalence estimates. Across both univariate and multivariable models, substantial residual hetero-
geneity persisted, and explained variance estimates were either minimal or appeared unstable in models with reduced
sample size. Sensitivity analyses further indicated limited model stability, as parameter estimates were sensitive to the
removal of individual studies. These findings remained consistent despite testing multiple theoretically relevant covariates,
including assessment methodology, healthcare access, and geographic region. In light of these limitations and to avoid
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Test for subgroup differences: X? =0.19, df =1 (p = 0.6600)

Fig 6. Forest plot of sleep adversities prevalence in adults by instrument type.

https://doi.org/10.1371/journal.pone.0352964.9006

overinterpretation, we do not present detailed meta-regression coefficients in the main results. Complete modeling out-
puts, including all tested covariates and parameter estimates, are provided in S6 Table.

Publication bias assessment

Visual inspection of funnel plots for sleep adversities prevalence in both age subgroups suggested potential publication
bias and heterogeneity. However, Egger’s test revealed no statistically significant asymmetry for either adults or children/
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Fig 7. Forest plot of sleep adversities prevalence in children and adolescents by instrument type.

https://doi.org/10.1371/journal.pone.0352964.9007

adolescents. While these results suggest no substantial evidence of small-study effects, the presence of very high hetero-
geneity warrants cautious interpretation.

Rucker’s limit meta-analysis provided additional assessment of potential small-study effects. In adults, the adjusted
prevalence estimate (44.2%, 95% CI: 31.7-57.0%) closely matched the unadjusted estimate (43.2%, 95% CI: 34.5—
52.1%). The adjustment left heterogeneity virtually unchanged (1?=99.1%, t?=0.0602), indicating that small-study effects
had minimal impact on the pooled estimate, while substantial between-study variability remained unexplained. For chil-
dren and adolescents, the adjusted prevalence (34.3%, 95% CI: 17.3-53.8%) showed only a modest reduction from the
unadjusted estimate (36.4%, 95% CI: 23.2-50.8%). Post-adjustment, the dataset maintained very high heterogeneity
(17=99.5%, 12=0.0797). The substantial overlap between adjusted and unadjusted confidence intervals suggests that any
potential small-study effects contributed only minimally to the overall pooled prevalence estimates.

Studies that compared refugee and non-refugee populations

The studies demonstrated significant differences in sleep patterns between refugee and non-refugee populations across
diverse contexts. Lee J et al. (2021) [41] found North Korean refugees exhibited distinct sleep architecture alterations,
including shorter wake after sleep onset (WASO) and reduced N1 sleep compared to South Korean controls, and also
identified a compensatory relationship between sleep continuity and attention in the refugee group. Bruck D et al. (2021)
[44] reported substantially higher rates of subjective sleep complaints among South Sudanese refugees in Australia, with
nearly two-thirds reporting inadequate sleep, more than double the Australian comparison group, and clinical insomnia
rates six times higher among refugee men. Similarly, Lee YJ et al. (2016) [59] observed a greater prevalence of insom-
nia among North Korean refugees compared to South Koreans, with stronger associations to depression and PTSD
symptoms. Molsa M et al. (2014) [68] documented increased sleep difficulties among Somali refugees relative to Finnish
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natives, while Boiko DI et al. (2024) [98] found Ukrainian refugees exhibited approximately double the insomnia preva-
lence of non-refugees Ukrainians (26.1% vs 13.5%). However, both groups demonstrated war-related sleep disturbances,
suggesting that although displacement exacerbates sleep problems, conflict exposure itself negatively affects sleep qual-
ity across affected populations.

Narrative synthesis of studies not included in meta-analysis

Three studies reporting clinically relevant sleep measures were excluded from meta-analysis due to methodological het-
erogeneity but provided valuable supplementary findings. Among North Korean refugees, Lee S et al. (2021) [86] reported
elevated nightmare distress (Mean NDQ score =26.89, SD =11.14), slightly exceeding the clinical cutoff [26]. Hinton et al.
(2005) [96] documented striking sleep paralysis prevalence among Cambodian refugees: 42% overall and 67% in PTSD
patients versus 22.4% in non-PTSD individuals. Similarly, Simich et al. (2006) [89] found 53.5% of Sudanese refugees in
Canada endorsed “lost sleep over worry” as a primary distress symptom. Collectively, these findings reinforce the cross-
cultural prevalence of sleep disturbances while highlighting condition-specific manifestations across refugee subgroups.

Discussion

This systematic review and meta-analysis suggests that insomnia symptoms and impaired sleep quality are frequently
reported among refugee and asylum-seeking populations. Across the included studies, mean scores on commonly used
sleep instruments fell within ranges typically associated with clinically relevant sleep disturbance. At the same time, sub-
stantial variability was observed across studies, and between-study heterogeneity remained high. These findings therefore
indicate a recurring pattern of sleep disruption in the populations studied, although the magnitude of the estimates should
be interpreted cautiously given the methodological diversity and statistical heterogeneity observed.

When considered alongside evidence from general population samples, sleep disturbances reported in refugee pop-
ulations appear to be more frequently reported than in community cohorts. A recent global meta-analysis estimated the
prevalence of insomnia disorder at 13.9% (95% CI 10.9-17.6%) based on DSM criteria [103]. Large population-based
studies from Europe and North America similarly report insomnia symptoms in approximately 7-23% of adults [104].
Estimates from Latin America also suggest lower prevalence of sleep disturbances in community samples compared with
those observed in the present analysis [105]. Community validation studies have likewise reported mean Insomnia Sever-
ity Index scores within the subthreshold range in healthy populations [106], with established cut-off values distinguishing
subclinical, moderate, and severe insomnia [107].

Sleep quality indicators from population-based cohorts also tend to be lower than those observed in the refugee
samples included in this review. For example, a meta-analysis of studies conducted in China reported mean Pittsburgh
Sleep Quality Index scores consistent with generally good sleep quality [108], while large European community samples
have shown mean values near the clinical threshold for poor sleep quality [109]. In contrast, many studies included in the
present review reported poorer subjective sleep quality and higher insomnia symptom scores. Although differences in
study design, measurement tools, and cultural context complicate direct comparisons, the available evidence suggests
that sleep disturbances may be more frequently reported among displaced populations than among general community
samples.

Comparisons with other vulnerable populations exposed to conflict or displacement provide additional context. Studies
conducted among internally displaced persons have documented considerable sleep disturbances, although prevalence
estimates vary across settings [110,111]. In some contexts, symptom levels appear comparable to those reported among
refugee samples, whereas in others they appear somewhat lower. By contrast, studies of populations experiencing socio-
economic hardship without exposure to armed conflict or forced displacement tend to report lower prevalence of sleep
disturbances [112]. These patterns suggest that chronic insecurity, trauma exposure, and displacement-related stressors
may contribute to sleep disruption, although causal relationships cannot be determined from the available data.

PLOS One | https://doi.org/10.137 1/journal.pone.0352964  July 2, 2026 18/26




PLO\Sﬁ\\.- One

The broader literature on forced migration highlights the complex contexts in which refugee populations experience
displacement and resettlement. Many studies included in this review focused on populations originating from regions
heavily affected by armed conflict, particularly Western and Southern Asia and parts of Africa, reflecting global dis-
placement patterns [113]. However, results were often not disaggregated by country of origin or cultural background,
and several studies combined participants from multiple regions. This limits the ability to examine potential contextual
or cultural differences in sleep outcomes across refugee groups. In addition, most available studies were conducted
in high-income host countries, despite the majority of refugees residing in low- and middle-income settings. This
imbalance may obscure important structural determinants of sleep health, including housing conditions, environmental
safety, and access to healthcare services.

Sleep disturbances were also frequently reported among refugee children and adolescents. Although pooled esti-
mates suggested somewhat lower prevalence compared with adults, substantial variability was observed across
studies. Nightmares and other sleep-related symptoms were commonly reported among youth, consistent with clinical
observations that trauma exposure and insecurity may manifest through sleep disruption and heightened physiologi-
cal arousal [16]. However, interpretation of these findings remains limited by methodological variability across studies.
Many investigations combined children and adolescents within the same analytic groups, used cross-sectional designs,
or relied on heterogeneous measurement instruments, which may contribute to the wide range of estimates observed
across studies.

Methodological variability across studies also represents an important consideration. Investigators used a wide range of
sleep-related measures, reflecting evolving diagnostic frameworks and diverse research contexts. While validated instru-
ments such as the ISI and PSQI were frequently employed, objective sleep assessments were rarely reported, with only
one included study using polysomnography [41]. The reliance on self-report measures may therefore limit the ability to
evaluate physiological aspects of sleep architecture that could be relevant in trauma-exposed populations [114].

Another important feature of the present analysis is the high level of heterogeneity observed across outcomes. Even
after exploring potential moderators such as assessment methods, healthcare access, and study quality, substantial
variability remained unexplained. Similar patterns have been reported in other prevalence meta-analyses and in studies
examining refugee mental health outcomes [5,13,115,116]. The diversity of refugee experiences, including differences
in pre-migration trauma exposure, post-migration stressors, cultural interpretations of sleep problems, and host-country
environments, likely contributes to this variability. As observed in other large-scale sleep meta-analyses, residual hetero-
geneity often reflects differences in sampling strategies, source populations, and contextual factors that cannot be fully
captured in aggregated analyses [104].

Limitations of the study

Several limitations should therefore be considered when interpreting these findings. First, substantial between-study
heterogeneity persisted despite sensitivity analyses and exploration of potential moderators. Second, key contextual
variables, including time since resettlement, healthcare access, trauma characteristics, and social determinants, were
inconsistently reported across studies, limiting deeper investigation of factors associated with sleep outcomes. Third, the
predominance of cross-sectional study designs precludes conclusions regarding causal relationships or the temporal evo-
lution of sleep disturbances following displacement. Fourth, the eligibility criteria required studies to meet predefined meth-
odological and reporting standards, which led to the exclusion of some studies and may limit the generalizability of the
findings to all refugee populations or settings. Finally, although publication bias was assessed using multiple approaches,
residual small-study effects cannot be entirely excluded.

Despite these limitations, the findings highlight the importance of considering sleep health within refugee pop-
ulations. Future research would benefit from longitudinal designs that follow individuals across different phases of
displacement and resettlement. Greater use of standardized and culturally validated instruments, alongside objective

PLOS One | https:/doi.org/10.1371/journal.pone.0352964  July 2, 2026 19/26




PLO\Sﬁ\\.- One

sleep measures such as actigraphy or polysomnography when feasible, may improve comparability across studies.
Consistent reporting of contextual variables, including trauma exposure, living conditions, and duration of displace-
ment, would further facilitate a more comprehensive understanding of factors associated with sleep disturbances in
displaced populations.

From a clinical and public health perspective, incorporating sleep assessment into refugee health care may help
identify individuals experiencing persistent sleep disturbances. Preliminary evidence from group-based programs such
as Sleep Training adapted for Refugees (STARS) suggests that sleep-focused interventions may be feasible and accept-
able among displaced populations, although further research is needed to evaluate their effectiveness across diverse
contexts [117,118].

Among children and adolescents, interventions may need to be integrated with family- and school-based approaches
addressing trauma exposure and emotional regulation. Parent-focused education on sleep hygiene and emotional support
may help mitigate the secondary effects of stress on child well-being [16]. At the same time, broader structural determinants,
including housing stability, environmental safety, and access to education and healthcare, remain important influences on sleep
health. Addressing these conditions may therefore be essential for improving sleep outcomes among displaced populations.

Conclusions

In conclusion, the available evidence suggests that sleep disturbances are frequently reported among refugees and
asylum seekers across diverse contexts. Although estimates vary substantially across studies and methodological
limitations remain, the overall pattern indicates that sleep health may represent an important component of well-being
in forcibly displaced populations. Further research incorporating longitudinal designs, standardized measurement, and
contextual variables will be essential to clarify the mechanisms and trajectories of sleep disturbance and to inform
effective interventions.
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