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Abstract

Refugee children are often exposed to substantial trauma, placing them at increased risk for mental illness. However, this risk can be mitigated
by a capacity for resilience, conferred from multiple ecological systems (e.g., family, community), including at an individual biological level.
We examined the ability of hair cortisol concentrations and polygenic scores for mental health to predict risk and resilience in a sample of
Syrian refugee children (n = 1359). Children were categorized as either at-risk or resilient depending on clinical thresholds for posttraumatic
stress disorder, depression, and externalizing behavior problems. Logistic regression was used to examine main and interacting effects while
controlling for covariates. Elevated hair cortisol concentrations were significantly associated with reduced resilience (odds ratio (OR)=0.58,
95%CI [0.40, 0.83]) while controlling for levels of war exposure. Polygenic scores for depression, self-harm, and neuroticismwere not found to
have any significant main effects. However, a significant interaction emerged between hair cortisol and polygenic scores for depression
(OR=0.04, 95%CI [0.003 0.47]), suggesting that children predisposed to depression were more at risk for mental health problems when hair
cortisol concentrations were high. Our results suggest that biomarkers (separately and in combination) might support early identification of
refugee children at risk for mental health problems.
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Introduction

Exposure to war and forced displacement are significant traumata
that can severely disrupt the development of refugee children
(Maragel & Manachi, 2018; Pieloch et al., 2016). However, not
all children will respond equivalently to such atypical stressors
due to interindividual differences in each child’s resilience and
the resilience of the systems in which they are embedded (e.g., fam-
ily, societal, political, etc.) (Maul et al., 2020). Although multisys-
temic in nature, the most proximal influences on resilience are
those at the biological level (i.e., the genetic and physiological
make-up of individual children), but few studies have explored
putative biological markers of resilience in refugee populations
or children (Stein et al., 2019; Tol et al., 2013). Here, we examine
the main and interacting effects of hair cortisol and psychopathol-
ogy-related polygenic scores in predicting risk and resilience in a
large sample of Syrian refugee children.

Multisystemic resilience

Resilience has been defined as the “the capacity of a dynamic system
to adapt successfully to disturbances that threaten system function,
viability, or development” (Masten, 2014). From a developmental
psychology perspective, humans are the dynamic systems of interest,
and resilience is gauged from the patterns of behavior and adapta-
tion emerging in the aftermath of stress (Masten, 2021). Much his-
torical developmental psychology research has examined how
children exposed to harmful environments (e.g., poverty, depriva-
tion, abuse) manage to adapt toward healthy, functional adult-
hood, locating resilience within specific behaviors or stable traits
(Popham et al., 2021). Humans, however, are comprised of subor-
dinate systems (e.g., immune, neurological, endocrine, microbial),
and are embedded in supraordinate systems (Ungar, 2021b) such
as those described in Bronfenbrenner’s ecological systems theory
(Bronfenbrenner, 1979). Each of these systems undergo constant
change and must individually adapt to stressful perturbations,
but by virtue of their nested hierarchy, systems dynamically inter-
act and influence each other creating complex patterns of interplay.
Consequently, contemporary research acknowledges resilience as a
multifaceted process, occurring over time, rather than a single sta-
ble factor or trait (Popham et al., 2021).
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Interest in resilience research continues to gather momentum
in a world currently hallmarked by rapid changes and growing
uncertainties (Maul et al., 2020; Ungar, 2021a). Of particular
concern are the rising frequency of climate disasters and armed
conflict (Masten, 2021), generating a substantial global refugee
population, an alarming proportion of which are children
(Murray, 2019). The Syrian civil war, for example, has been
waged over the past 12 years, forcing over five million Syrian
residents, of which approximately 50% are below the age of
18 (Maragel & Manachi, 2018), to flee to neighboring countries.
As an interim measure, many refugees are housed within infor-
mal tented settlements, but these can be variably beset by issues
of overcrowding, limited food security, poor hygiene, and
reduced access to education and jobs (Kazour et al., 2017;
Murray, 2019). Poor living conditions, war exposure, and forced
displacement constitute multiple severe traumas which together
demand substantial multisystemic resilience to overcome, driv-
ing the need for more comprehensive, transdisciplinary research
to mitigate the plight of refugees (Feder et al., 2019).

Childhood resilience

Elucidating resilience in children is of particular importance,
given that children are at greater risk for harmful outcomes following
exposure to adversity (Murray, 2019; Sirin & Aber, 2018). Childhood
represents a critical phase of development, in which many biological
and cognitive systems are under development and calibration (Feder
et al., 2019; Murray, 2019). Unfortunately, refugee children are often
robbed of the experiences and opportunities considered fundamental
for positive development. Refugee children typically experience family
loss and/or separation (Carlson et al., 2012), and become discon-
nected from their primary cultures and communities (Cook et al.,
2003). Many lack regular access to proper nutrition, sanitation, safe
accommodation, or education (Meiqari et al., 2018; Murray, 2019).
Amongst those fortunate enough to receive schooling, there may still
be challengeswith language and acculturation (Pieloch et al., 2016). At
further extremes, refugee childrenmay be subjected to rape and sexual
violence (especially females), or forced marriage (Hodes et al., 2008;
Murray, 2019). All considered, refugee children are exposed to com-
plex trauma, that is, multiple traumatic events for an extended period
of time (Cook et al., 2003).

As a result of complex trauma, children are likely to experience
mental health disorders, physical disorders, and revictimization
(Pieloch et al., 2016). Recent estimates indicate that 23–57% of
Syrian refugee children meet the clinical diagnosis threshold when
scoring posttraumatic stress disorder (PTSD), depression, and/or
anxiety symptoms (McEwen et al., 2023; Popham et al., 2022; Sirin
& Rogers-Sirin, 2015). However, not all refugee children will suc-
cumb to mental illness, with many still retaining a reasonable like-
lihood of adaptively overcoming their childhood adversities
(Murray, 2019). The chances will depend on the resilience of
the child, and the resilience of the systems in which the child is
ultimately situated at any given time. Since resilience is an ongoing
process, even children suffering significant mental health problems
may still develop resilience as pertinent systems change (Feder
et al., 2019). Identifying the promotive and protective factors man-
ifesting resilience under such severe conditions may inform future
strategies for assisting refugee children.

Resilience at the biological level

Although a substantial number of studies have explored psychoso-
cial factors promoting resilience in refugee children (Feder et al.,

2019; Pieloch et al., 2016), less is known about biological factors
(Maul et al., 2020; Tol et al., 2013). Studies in twins note that resil-
ience is heritable (although to what extent remains unclear), sug-
gesting that biological factors play an appreciable role (Amstadter
et al., 2014; Maul et al., 2020). A number of candidate gene studies
have highlighted genetic and epigenetic variation in single genes
that might have bearing on resilience by virtue of their effects on
cognitive (e.g. SLC6A4), immunological (e.g. FKBP5), or stress-
response systems (e.g. CRHR1) but trust in candidate gene findings
has diminished since the advent of (epi)genome-wide association
studies (Duncan et al., 2019; Maul et al., 2020). However, to our
knowledge only one genome-wide association study directly exam-
ining resilience has been performed to date, which was not suffi-
ciently powered to develop a meaningful polygenic score (a
weighted sum of additive genetic influences) capable of predicting
resilience (Maul et al., 2020; Stein et al., 2019). Nevertheless, due to
biological pleiotropy (Zheutlin et al., 2019), genetic variants asso-
ciated with relevant phenotypes such as neuroticism, depression,
and worry are likely to share association with resilience, depending
on how the construct is operationalized (Maul et al., 2020).
Polygenic scores for linked phenotypes might thus have utility
for predicting resilient outcomes, especially when combined with
other biomarkers, but such potential remains largely unexplored
(Ahrens et al., 2022).

As a well-established risk factor for mental illnesses, stress-
related hormone regulation, particularly cortisol, is likely an
informative biological marker of resilience (Masten, 2014; Maul
et al., 2020). Cortisol levels tend to appreciably correlate with stress
and trauma exposure, although the direction of correlation
depends on numerous considerations such as age of the individual,
timing of cortisol sampling (morning vs afternoon), sampled tis-
sue, and chronicity of adversity. For example, a study of hair cor-
tisol in girls variably exposed to the 2008Wenchuan earthquake in
China revealed elevated cortisol levels in those with greater expo-
sure (Luo et al., 2012), and hair cortisol was also positively corre-
lated with war exposure in a cohort of Syrian refugee children and
adolescents (Smeeth et al., 2023). Similarly, children exposed to
recent trauma were discovered to have elevated afternoon salivary
cortisol levels, while children with both acute and chronic trauma
exposure had lower morning salivary cortisol in addition to higher
levels in the afternoon (Bevans et al., 2008). Children exposed to
moderate levels of adversity are known to have more robust corti-
sol responses compared to both highly exposed and unexposed
children (Gustafsson et al., 2010), suggesting that cortisol regula-
tion can be indicative of a steeling effect. While cortisol levels have
been investigated in numerous psychosocial contexts, results con-
tinue to paint a complex picture, and more studies are needed that
specifically consider cortisol regulation in children and adolescents
demonstrating resilience in the face of adversity (Feder et al., 2019).

Following recent exploration of different psychosocial systems
and levels influencing resilience in Syrian refugee children
(Popham et al., 2022), we set out to further explore resilience in
the same sample by examining factors at the biological level. We
operationalized resilience as being below clinically relevant thresh-
olds for PTSD, externalizing and depression symptoms. At-risk
children were those meeting the criteria for at least one of the three
psychopathologies. We then tested for associations with hair cor-
tisol concentration and a range of polygenic scores for phenotypes
linked to mental health which we hypothesize would be associated
with reduced resilience. In addition to being a robust indicator
of long-term cortisol secretion, hair cortisol might also reflect
changes in cortisol secretion over recent months (depending on

2276 Demelza Smeeth et al.

https://doi.org/10.1017/S0954579423000433 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579423000433


the length of hair sample tested), making hair cortisol a potential
measure of both acute stress and longer-term patterns of stress
response (Ahrens et al., 2022). Consequently, we hypothesized a
strong main effect association between hair cortisol and risk/resil-
ience categorization, even after controlling for appropriate covari-
ates. Because direct associations between resilience and polygenic
scores are likely to be of small effect (Choi et al., 2020), and because
resilience emerges in response to environmental stressors, we also
tested for an interaction between polygenic scores and hair cortisol,
hypothesizing that interaction effects would be larger.

Methods

Study participants

Participants were drawn from the biological pathways of risk and
resilience in Syrian refugee children (BIOPATH) study (McEwen
et al., 2022). Briefly, the BIOPATH study aimed to explore the
psychosocial and biological factors underpinning multisystemic
resilience and mental health problems in a large cohort of
Syrian refugee children. Following ethical review and approval
from the Institutional Review Board of the University of
Balamand/Saint George Hospital University Medical Center,
Lebanon (ref: IRB/O/024-16/1815), the Lebanese National
Consultative Committee on Ethics, and the Ministry of Health,
purposive cluster sampling was used to recruit refugee families
housed in informal tented settlements in the Beqaa region of
Lebanon between October 2017 and January 2018. Small-to-
medium settlements were selected across seven municipalities,
housing refugees classed as the most to third-most vulnerable
according to the UNHCR Vulnerability Framework. The informal
tented settlements comprised unplanned groups of up to 153 tem-
porary housing structures and families tended to live in large
households with a median of 7 individuals per household (IQR:
2–24). Water trucking was the predominate source of clean water
in many of these settlements, and while larger settlements con-
tained limited amenities such as a mosque or school, many did
not. In each settlement the community leader (chawich) was
approached for permission to conduct the study and all eligible
families within the settlement were invited to participate. Child–
caregiver dyads were eligible to participate if they had left Syria
due to the civil war within the previous 4 years, the child was aged
8–16 years at enrollment, and a primary caregiver was available for
interview. Of the 2282 families approached, 1600 (70.1%) were
both eligible and willing to participate. Due to uncertainty about
birth dates, some children outside the intended age range were
recruited, and were retained within the sample unless there were
concerns about comprehension.

Consenting child–caregiver dyads were interviewed by trained
research staff, who administered a range of psychological and other
instruments. Research staff were recruited from Lebanon, were
required to be bilingual (Arabic and English), and to have recently
completed a relevant undergraduate degree. Interview data and
biological samples were checked daily by an experienced trial
coordinator in Lebanon and regularly by the UK-based team to
identify potential errors or problems. Children and caregivers were
interviewed simultaneously, but by separate interviewers, in differ-
ent rooms where possible. When only one room was available, the
child and caregiver sat at opposite sides of the room, facing away
from each other, and were interviewed in a low voice to maximize
privacy. Children assented to providing hair and saliva samples for
hair hormone and genetic analyses. The present study includes the
subset of children with high quality biological samples and relevant

interview data (1359 out of 1594 total participants; filtering steps
described in later sections). There was little difference in character-
istics between the original cohort and the sample utilized here
(Table S1).

Instruments

All instrumentation in the BIOPATH study was translated into
Arabic, following the protocol outlined by McEwen et al. (2021),
and piloted in the same target population to ensure good psycho-
metric performance. Modifications were made where necessary to
improve comprehensibility and performance, and visual aids were
often employed to assist children with the Likert scale response
format.

Demographic data
Children were asked a series of questions designed to capture
key demographic data about themselves and their families.
Information was obtained on gender, age, nationality, and general
physical health (e.g., recent injuries/illnesses, smoking behavior).
Pubertal development was assessed using a shortened version of
the Puberty Development Scale (Carskadon & Acebo, 1993;
Petersen et al., 1988). As important covariates for hair hormone
analyses, children were also asked about the frequency of hair
washing and hair alterations (chemical straightening, dyes, etc.).
Interviews with caregivers corroborated the information supplied
by children. Caregivers also indicated the approximate amount of
time that had passed since fleeing Syria.

Mental health outcomes
The Center for Epidemiological Studies Depression Scale for
Children (CES-DC) is a widely used self-report questionnaire
assessing the frequency of symptoms of depression in children
and adolescents (Faulstich et al., 1986). The instrument comprises
20 items, scored on a scale from 0 to 3, with higher scores indicat-
ing more frequent symptoms. Good reliability and validity have
been demonstrated in numerous previous studies, and the instru-
ment has performed well in diverse settings including Rwanda
(Betancourt et al., 2012) and Dubai (Ghubash et al., 2000).
Following initial pilot testing for the BIOPATH study, the instru-
ment was reduced to 10 items (each loading strongly onto a single
factor) that were more understandable by Syrian refugee children.
Internal consistency reliability for the remaining 10 items was high
(Cronbach’s α = .88).

The Child PTSD Symptom Scale and Trauma Symptoms
Checklist (CPSS) is a 17-item self-report instrument assessing
the severity of DSM-IV PTSD symptoms, designed for use in chil-
dren aged 8–18 (Foa et al., 2001). Item responses are captured on a
scale from 0 to 3, with higher scores indicating more frequent
symptoms. In previous studies, the instrument has attained good
internal consistency and test–retest reliability (>.70). The CPSS
shares a .80 correlation with the Child Posttraumatic Stress
Reaction Index (Pynoos et al., 1987), suggesting strong convergent
validity. In the present study, the CPSS demonstrated high internal
consistency reliability (Cronbach’s α = .91).

As a measure of externalizing behavior problems, the external-
izing subscale of the parent-reported Strengths and Difficulties
Questionnaire (SDQ; Goodman, 1997) was used, supplemented
by additional items assessing oppositional defiant and conduct dis-
orders (McEwen et al., 2022). The SDQ is a 25-item instrument
designed to capture psychological attributes of children aged
between 3 and 16 years. The instrument can be subscaled in several
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different ways, including a 10-item externalizing subscale compris-
ing items on conduct and hyperactivity/inattention problems.
Items were parent-rated on a three-point scale from 0 to 2, with
higher scores indicating more externalizing behavior. An addi-
tional 12 items aligning to the DSM-5 criteria for conduct disorder
and oppositional defiant disorder were also scored along the same
scale. Together, the 22 items attained an internal consistency reli-
ability of α = .80.

Clinical cut-offs were applied for each mental health scale
(12 out of 51 on the CPSS, 10 out of 30 on the abridged CES-
DC and 12 out of 44 on the combined externalizing scale total)
to define resilience as described previously (Popham et al., 2022).
Cut-offs were derived from validation against consensus diagnosis
based on structured clinical interviews using the MINI-KID
(Sheehan et al., 2010) and expert clinical judgment in a represen-
tative subsample (n = 119) of the study (McEwen et al., 2021).
Resilience was based on a categorical composite of these cut-offs.
If participants scored below all three cut-offs, they were considered
resilient, but if participants scored above the cut-off for any of the
three measures, they were classed as at risk of poor mental health.

Exposure to war
The War Events Questionnaire (WEQ) was designed by the
Institute for Development, Research, Advocacy and Applied Care
to measure the degree of civilian exposure to war events, specifi-
cally for use in Lebanon. The instrument comprises 25 items which
assess various experiences of explicit war events such as violence,
injury, or kidnapping and was administered to both the child and
caregiver. Because self-report may be less reliable in younger chil-
dren (Oh et al., 2018), child and caregiver responses were com-
bined such that if either one reported that the child experienced
an event, the event was considered to have occurred. The WEQ
has been used amongst Syrian refugee children previously, where
it performed adequately. In our sample, internal consistency reli-
ability for the instrument was high (Cronbach’s α = .88).

Hair hormones

Hair cortisol concentration was measured as described previously
(Smeeth et al., 2023). Hair sections of at least 3 mm in diameter
were cut from the posterior vertex of the child’s head using clean
scissors, packaged in aluminim foil with the scalp end labeled and
stored in a cool place before shipping for analysis. Hair samples
were taken from 1584 children. Month of collection was noted
to account for potential seasonal effects.

Cortisol concentration from hair segments (0–2 cm long) were
assayed according to an established ELISA-based protocol (Etwel
et al., 2014). Hair sections were weighed, washed with isopropanol,
and minced. Cortisol was extracted with methanol overnight at
ambient temperature with shaking and evaporated under a stream
of nitrogen gas at 60° C until dry. Resulting residues were recon-
stituted in phosphate-buffered saline before undergoing analysis
in duplicate using a modified, commercially available immuno-
assay (11-CORHU-E01-SLV; ALPCO Diagnostics, USA). Samples
exceeding the ELISA’s reported detection range were diluted and
reanalyzed. Samples below the immunoassay detection limit (1 ng/
mL) were not excluded frommain analyses due to their bias toward
younger females (n = 227). The inter-assay coefficients of variation
across plates were 6.5–9.8%. Hair cortisol concentration was nor-
malized to sample weight and expressed as ng/g. For all analyses,
hair cortisol concentrations were logged (base-10) to ensure a nor-
mal distribution. Ten samples were excluded due to outlying values

of more than three standard deviations above the mean of the
logged hair cortisol, resulting in a final sample of 1574.

Genotypes, imputation, and polygenic scores

Saliva samples were collected using Isohelix GeneFix collection
kits. Genomic DNA was extracted and genotyped on the Illumina
Infinium Global Screening Array, which types 650,181 genome-
wide single nucleotide polymorphisms. Following standard quality
control procedures using PLINK version 1.90 (Chang et al., 2015;
Purcell et al., 2007), 28 samples were removed due to discrepancies
between pedigree and genotyped sex, 68 samples were removed for
an individual genotype missing rate > 2%, and a further six sam-
ples were removed for outlying heterozygosity rates (F > 0.2).
Variants with a missing rate > 3%, a minor allele frequency less
than 1%, and/or a Hardy–Weinberg equilibrium p-value < 1 ×
10−6 were excluded, leaving 420,463 markers.

Imputation of additional genetic variants was performed using
the 1000 Genomes Phase 3, Version 5 reference panel and
polygenic scores were calculated by means of the Michigan
Imputation Server’s Genotype Imputation and Polygenic Scores
service (Beta version 1.6.10; https://imputationserver.sph.umich.
edu). We selected seven psychopathology-related polygenic scores
recently found tomaintain an average of 72.2% predictive ability in
individuals of Middle Eastern ancestry compared to those of
European ancestry (Privé et al., 2022). Where possible the poly-
genic score derived using penalized regression was favored as this
exhibited higher predictive ability than the counterpart created
using LDpred2. In some cases the LDpred2 version was the only
available polygenic score for that phenotype. All seven scores
had 100% coverage in our study sample post-imputation (Table 1).

We selected two further polygenic scores for sitting and stand-
ing height derived from the same study (Privé et al., 2022) and
tested their predictive ability for height within our cohort.
Despite the polygenic score being based on an adult European pop-
ulation, there was a significant positive relationship between poly-
genic scores for sitting and standing height with the respective
measurements in the children when controlling for age, gender,
and 10 genetic principal components (B = 0.60, t (740) = 7.30,
p = 7 × 10−13; B = 1.06, t (740) = 5.84, p = 8 × 10−9).

Data analysis

Analyses were performed on the subset of children with complete
mental health data, valid hair cortisol concentrations, and good
quality genetic data according to the filtering described previously
(n = 1359). The association between predictor variables and the
resilience binary outcome was investigated using logistic regression
analysis in R (Version 4.2.2; R Core Team, 2013) using the glm
function. All analyses controlled for age and gender, while addi-
tional covariates were selected based on their reported confounders
within the literature. Analyses which utilized hair cortisol also con-
trolled for analysis batch, pubertal stage, hair washing frequency,
hair alterations, smoking, and month of collection. Analyses which
utilized polygenic scores also controlled for 10 genetic principal
components. Results for all included terms are reported excluding
batches and principal components due to the high number of
terms. Multiple testing was controlled for by applying the false dis-
covery rate (FDR) correction and applying a threshold of 0.1.
Moderation effects were investigated by including interaction
terms. Significant interactions were interpreted by plotting the
marginal effects of log-cortisol and polygenic scores on resilience
using the ggeffects R package (Version 1.1.4; Lüdecke, 2018).
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As a follow-up, the main analyses were repeated using a resil-
ience score based solely on depression and PTSD symptoms to bet-
ter understand the differences between resilience to all mental
health outcomes and resilience to just internalizing disorders. In
addition, they were performed only on a subset of the oldest chil-
dren as previous research suggests that polygenic scores for mental
health outcomes derived from adult populations are not strongly
predictive in children but show improved predictive ability in ado-
lescents (Khera et al., 2019). Therefore we filtered children accord-
ing to their pubertal development stage and retained only those in
late-post puberty (n = 224).

As a sensitivity analysis the same set of analyses were performed
excluding genetic outliers (any individual with a principal compo-
nent value more than four standard deviations from the mean,
repeated iteratively until no outliers remained) and genetically
related individuals (pi hat > 0.2) to ensure this was not driving
associations with polygenic scores (n = 859). As an additional sen-
sitivity analysis, they were repeated on matched groups of resilient
and at-risk children as described previously in this sample
(Popham et al., 2022). Matching was performed using nearest
neighbor matching according to Mahalanobis distance in the
MatchIt R package (Version 4.5.0; Ho et al., 2011). The groups
(n = 249 per group) were matched according to their specific pat-
tern of responses across all the individual war exposure items, in
addition to child age, gender, and time since leaving Syria, such
that each group had identical gender distributions, almost identical
mean age and time since leaving Syria, and an almost identical
number of children who experienced each war event (standardized
mean difference between groups < 0.1 for most items and < 0.2
for all items).

Results

Sample characteristics

After excluding individuals withmissing interview data, poor qual-
ity genotyping data, and outlying hair cortisol concentrations, we
had a sample of 1359 individuals (Table 2). Participants were aged
6–18 years old (mean age = 11.3, SD = 2.4) and evenly split
between males and females (47.2% male). As reported previously,
participants had experienced significant exposure to war as well as
substantial hardship in their current living situation (McEwen
et al., 2022). Forty-seven percent of children had left Syria within

the past 3 years. The majority of children reported having experi-
enced at least one war-related event (97.2%) and on average chil-
dren reported 9.6 war-related events (SD = 5.5). Many families
were also experiencing inadequate living standards, with 35.8%
of families reporting insufficient food and 27.0% of families report-
ing inadequate heating.

When applying the mental health scale cut-offs determined
through clinical interview, 527 (38.8%) were deemed to have sig-
nificant symptoms of depression, 756 (55.6%) were deemed to have
significant symptoms of PTSD, and 598 (44.0%) were deemed
to have significant externalizing symptoms. Comorbidity was
common with 45% of individuals having significant symptoms
of two or more disorders and 13% having significant symptoms
of all three disorders. When taking a multidimensional approach
to determining resilience, 262 (19.3%) were defined as resilient,
with the remainder exhibiting significant symptoms above the
cut-off of at least one mental health problem.

Main effects on resilience

We firstly aimed to confirm that war exposure was negatively
impacting resilience. A logistic regression was performed to ascer-
tain the effects of war exposure on resilience classification while
controlling for age and gender. We found that those reporting a
higher number of war-related events had a decreased likelihood
of being resilient (odds ratio (OR) = 0.92, 95%CI [0.90, 0.95];
Table S2). Similar results were observed when considering resil-
ience to only internalizing disorders (OR = 0.93, 95%CI [0.91,
0.95]; Table S2).

While the predominate form of trauma experienced by individ-
uals in this cohort occurred during the war, they also experience a
wide range of current stressors and adversities in their daily lives.
This can be reflected in hair cortisol which acts as an average
measure of HPA axis activity over the recent past. We therefore
investigated whether hair cortisol, as a biomarker of cumulative
stressors, was associated with resilience. We found that those with
higher hair cortisol had a decreased likelihood of being resilient
(OR = 0.58, 95%CI [0.40, 0.83]; Table 3). Research within this
cohort has already shown that war exposure was associated with
later elevated hair cortisol, therefore we also controlled for war
exposure to ensure that this finding did not simply mimic that
found between war exposure and resilience above. We observed
a similar relationship between hair cortisol and resilience when

Table 1. Description of polygenic scores

PGS Catalogue identifier Development method Reported trait
Number of
variants

Coverage in
target study

PGS001829 Penalized linear regression Depression 7534 100%

PGS001898 Penalized linear regression Ever depressed for a whole week 5777 100%

PGS001899 Penalized linear regression Recent feelings of depression 2434 100%

PGS001920 Penalized linear regression Recent feelings of foreboding 2894 100%

PGS001996 Penalized linear regression Neuroticism score 54715 100%

PGS002113 LDPred2 Depression possibly related to stressful or traumatic event 545334 100%

PGS002222 LDPred2 Ever contemplated self-harm/Recent thoughts of suicide or self-harm 761279 100%

PGS001929 Penalized linear regression Standing height 156514 100%

PGS002005 Penalized linear regression Sitting height 118423 100%

PGS Catalogue: https://www.pgscatalog.org.
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controlling for war exposure suggesting that this relationship is at
least partly due to additional factors (OR = 0.59, 95%CI [0.41,
0.86]; Table 3). Similar findings were observed for internalizing-
specific resilience (Table S3).

While the environment is a significant contributor to resilience,
individuals also exhibit interindividual variation in resilience,
some of which can be explained by genetic factors. We therefore
investigated whether a genetic predisposition to various mental
health-related phenotypes was associated with resilience within

this cohort. Those with high polygenic scores for recent feelings
of foreboding (PGS001920) had a lower likelihood of being resil-
ient although this was only statistically significant when addition-
ally controlling for war exposure (OR = 0.01, 95%CI [0.0001, 0.62];
Table 4) and this did not survive controlling for multiple testing.
Similar observations were found when analyses were repeated with
genetic outliers and related individuals excluded or when using the
subset of matched resilient and at-risk individuals (Table S4).

Those with high polygenic scores for ever being depressed for a
whole week (PGS001898) also had a lower likelihood of being
resilient although this was only statistically significant when war
exposure was not controlled for (OR = 0.13, 95%CI [0.02, 0.86];
Table 4). While a stronger association was observed when using
the matched sample (OR = 0.06, 95%CI [0.005, 0.86]), no evidence
for an association was observed when excluding genetic outliers
and related individuals (Table S4).

In contrast, genetic predisposition to phenotypes including pre-
vious feelings of depression (PGS001829), recent feelings of
depression (PGS001899), depression related to a stressful or trau-
matic event (PGS002113), ever contemplating suicide or self-harm
(PGS002222), or neuroticism symptom score (PGS001996) had no
association with risk/resilience grouping in the primary analyses.
These findings were similar in most sensitivity analyses although
a genetic predisposition for ever contemplating suicide or self-
harm (PGS002222) was associated with a greater likelihood of
resilience when genetic outliers and related children were excluded
(OR = 15,522, 95%CI [4.40, 54713255]).

When these analyses were repeated only considering resilience
to internalizing disorders, the association with the polygenic score
for recent feelings of foreboding (PGS001920) or ever being
depressed for a whole week (PGS001898) were considerably weak-
ened suggesting this finding may be more specific to externalizing
symptoms, rather than resilience as a whole (OR = 0.26, 95%CI
[0.01, 9.17]; OR = 0.25, 95%CI [0.05, 1.24]; Table S4). The remain-
ing polygenic scores showed no association with resilience to inter-
nalizing symptoms.

Finally, we repeated the same analyses with only the oldest indi-
viduals as previous reports have suggested that polygenic scores
derived from adult populations have higher predictive ability in
adolescents compared to children. Polygenic scores for depres-
sion (PGS001829) or recent feelings of depression (PGS001899)
were both associated with reduced resilience (OR = 0.01, 95%CI
[0.0002, 0.31]; OR = 0.00000001, 95%CI [0, 0.07]; Table S4). In
contrast, genetic predisposition to depression related to a stress-
ful or traumatic event (PGS002113), ever being depressed for a
whole week (PGS001898), ever contemplating suicide or self-
harm (PGS002222), or neuroticism symptoms (PGS001996)
was not associated with resilience in this older subset.

Interaction analyses

The previous set of analyses showed that while exposure to adver-
sity or biomarkers thereof are associated with a degradation of
resilience, genetic predisposition to poor mental health had little
impact. However, there was some indication that when taking
war exposure into account the association between the exposure
of interest and resilience was altered. Therefore we next investi-
gated the synergistic effects of the predictors on resilience.

We first investigated whether hair cortisol moderates the
association between war exposure and resilience. We found no evi-
dence for an interactive effect of war exposure and hair cortisol on
resilience (OR = 0.95, 95%CI [0.89 1.01]; Table 5). Similar findings

Table 2. Sample description

N 1359

Male, N(%) 642 (47.24)

Age, mean (SD) 11.3 (2.39)

Pubertal stage N (%)a

Pre-mid puberty 1134 (83.44)

Mid-post puberty 224 (16.48)

Nationality, N(%)

Syrian 1339 (98.53)

Lebanese 9 (0.66)

Palestinian 9 (0.66)

Other 2 (0.001)

Time since leaving Syria, N (%)b

0–12 months ago 252 (18.54)

12–24 months ago 199 (14.64)

24–36 months ago 193 (14.20)

36–48 months ago 488 (35.91)

>48 months ago 221 (16.26)

Reported smoker, N (%) 16 (1.18)

Recent illness, N (%) 655 (48.20)

Endocrinological medication or illness, N (%) 11 (0.81)

Hair washing frequency, N(%)

Once per week 93 (6.84)

2–4x per week 830 (61.07)

Daily or 5-6x per week 436 (32.08)

Hair modification N (%) 375 (27.59)

Hair color, N (%)

Black 899 (66.15)

Brown 443 (32.60)

Other 17 (1.25)

War exposure, median (IQR) 9 (5–14)

Depression symptoms, median (IQR) 7 (2–13)

Depression, N (%) 527 (38.78)

PTSD symptoms, median (IQR) 14 (6–24.44)

PTSD, N (%) 756 (55.63)

Externalizing symptoms, median (IQR) 11 (7–15)

Externalizing, N (%) 598 (44.00)

Resilient, N (%) 262 (19.28)

Cortisol (ng/g), median (IQR) 76.32 (33.66–182.84)

aMissing 1 (0.07%). b Missing 6 (0.44%).
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were observed when investigating resilience to just internalizing
disorders and limiting analysis to those who were in the later stages
of puberty (Table S5).

Next, we investigated whether the polygenic scores for mental
health outcomes moderate the association between war exposure
and resilience. Again, we found no strong evidence for an interac-
tive effect between war exposure and any polygenic score on resil-
ience (Table S6). Finally we investigated whether the polygenic
scores for mental health outcomes moderate the association
between hair cortisol and resilience. While there was no evidence
for a moderation effect involving most polygenic scores, the inter-
action between the polygenic score for depression (PGS001829)
and hair cortisol was significantly associated with resilience
(OR = 0.04, 95%CI [0.003 0.47]; Table 6). Further investigation
of this interaction indicated that while those with a lower genetic
predisposition for depression had little relationship between hair
cortisol and resilience likelihood, those with a higher genetic pre-
disposition had a stronger negative relationship between cortisol
and likelihood of resilience (Figure 1).

Discussion

A holistic appreciation of resilience requires an examination of the
construct across multiple systems (individual, family, community,
etc.), at different levels within each system (Ungar, 2021b).
Although psychosocial and environmental influences on resilience
are well described, transdisciplinary investigations of biological-
level resilience are only beginning to gather momentum (Feder
et al., 2019; Masten, 2021). Building on our previous exploration
of resilience in Syrian refugee children (Popham et al., 2022), we
examined the potential of hair cortisol concentrations and poly-
genic scores for mental health outcomes to predict resilience to
internalizing and externalizing mental health problems.

Regarding main effect analyses, war exposure was signifi-
cantly associated with decreased resilience. Early experiences
of trauma, such as war events, are known to significantly

dysregulate childhood physiological development, hampering
stress response and cognitive functioning, with downstream
impacts on behavior regulation (De Bellis & Zisk, 2014), social
competencies, attention, memory, and general academic perfor-
mance (Dye, 2018). Exposure to complex trauma compounds
these issues, leading to greater symptom severity and complex-
ity (Dye, 2018). Such impairment at multiple physiological and
cognitive levels will understandably diminish the capacity for
resilience in children, particularly refugees, supporting our sig-
nificant findings.

We also detected a significant association between elevated hair
cortisol concentrations and decreased resilience, even when con-
trolling for war exposure. Cortisol concentrations are a well-
described proxy often used to gauge physiological stress responses
(Steudte-Schmiedgen et al., 2016) and sampling hair allows the
assessment of major events over the recent past (Karlén et al.,
2011). Elevated cortisol levels have been reliably detected in other
stressful contexts such as shift-work (Manenschijn et al., 2011),
unemployment (Dettenborn et al., 2010), and chronic pain (Van
Uum et al., 2008). Similar to our findings, Ahrens et al. (2022) dis-
covered that elevated hair cortisol distinguished individuals suffer-
ing acute mental deterioration versus those more resilient
following COVID-19 lockdown. Dajani et al. (2018) noted that
cortisol hypersecretion characterized adolescent Syrian refugees
who felt more fearful and insecure post-migration. However, to
what extent hair cortisol reflects trait components (e.g., an inher-
ited disposition toward elevated cortisol secretion) of stress
response versus state influences (e.g. environmental stressors) is
not fully apparent (Ahrens et al., 2022). Although evidence sug-
gests hair cortisol is more reflective of strong trait elements
(Stalder & Kirschbaum, 2012), concentrations remain reliably cor-
related to the severity of, and time since, traumatization (Steudte-
Schmiedgen et al., 2016). In our study, hair cortisol did not mod-
erate the effects of war exposure on resilience, possibly indicating
less of a trait component, or one less detectable in young children.
Instead, our results suggest that state influences including both

Table 3. The relationship between cortisol and resilience

Model 1 (without war exposure) Model 2 (with war exposure)

OR 95% CI p OR 95% CI p

Log-cortisol 0.58 0.40, 0.83 0.003 0.59 0.41, 0.86 0.006

Gendera 1.50 1.08, 2.08 0.016 1.44 1.04, 2.02 0.030

Age 0.97 0.90, 1.05 0.447 1.00 0.92, 1.08 0.949

Smoking statusb 0.00 0, +Inf 0.473 0.00 0, +Inf 0.970

Hair alterationsc 0.87 0.62, 1.23 0.439 0.88 0.63, 1.24 0.473

Hair washing frequencyd

2–4 times per week 1.34 0.75, 2.39 0.327 1.32 0.74, 2.39 0.349

Daily or 5–6 times per week 0.85 0.46, 1.59 0.621 0.90 0.48, 1.68 0.731

Pubertal stagee 0.81 0.48, 1.36 0.423 0.76 0.45, 1.29 0.307

Collection monthf

November 1.75 0.65, 4.75 0.121 1.58 0.57, 4.35 0.377

December 1.63 0.47, 5.73 0.855 1.38 0.39, 4.96 0.620

January 0.95 0.26, 3.45 0.443 0.68 0.18, 2.52 0.563

War exposure – – – 0.92 0.90, 0.95 2x10-8

Reference levels: aMale, bNo, cNo, dOnce per week, ePre-mid puberty, fOctober. Main effects of batches not shown for clarity.
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earlier and current adversities may reduce childhood resilience.
Nevertheless, hair cortisol levels may serve as a convenient mea-
sure that collates the effects of genetically predisposed traits with
acute and chronic traumas, earmarking hair cortisol as a particu-
larly promising biomarker (Steudte-Schmiedgen et al., 2016).

In contrast, polygenic risk for various mental health-related
outcomes was not clearly associated with resilience. Although
scores for recent feelings of foreboding (PGS001920) and ever feel-
ing depressed for a whole week (PGS001898) exhibited promising
links to resilience, these associations did not hold up under further

scrutiny (multiple testing correction and sensitivity analyses).
These findings were somewhat unsurprising, given that polygenic
scores typically account for a small amount of phenotypic varia-
tion, especially for behavioral phenotypes which often have strong
environmental components (Smeland & Andreassen, 2021).
Moreover, polygenic scores are known to suffer deflation when
applied to ethnicities other than those used to train the scoring
algorithm (Choi et al., 2020). Scores used in our study (which were
mostly trained on European data) were previously acknowledged
to deflate by 28% on average when scoring individuals of Middle

Table 4. The relationship between polygenic scores and resilience

Model 1 (without war exposure) Model 2 (with war exposure)

OR 95% CI p FDR-corrected pb OR 95% CI p FDR-corrected p

PGS(Depression) 0.89 0.26, 3.01 0.854 0.845 0.94 0.28, 3.22 0.926 0.926

Gendera 1.26 0.96, 1.66 0.101 1.22 0.92, 1.62 0.159

Age 0.91 0.86, 0.97 0.003 0.94 0.88, 1.00 0.041

War exposure – – – 0.92 0.90, 0.95 1 × 10−8

PGS(Ever depressed) 0.13 0.02, 0.86 0.035 0.163 0.15 0.02, 1.03 0.053 0.133

Gendera 1.27 0.96, 1.67 0.089 1.24 0.93, 1.64 0.137

Age 0.92 0.86, 0.97 0.004 0.94 0.89, 1.00 0.048

War exposure – – – 0.92 0.90, 0.95 1 × 10−8

PGS(Recent depression) 0.16 0.00, 15.7 0.436 0.610 0.16 0.00, 16.0 0.434 0.608

Gendera 1.26 0.96, 1.66 0.102 1.22 0.92, 1.61 0.161

Age 0.91 0.86, 0.97 0.003 0.94 0.88, 1.00 0.042

War exposure – – – 0.92 0.90, 0.95 1 × 10−8

PGS(Recent foreboding) 0.02 0.00, 1.10 0.056 0.163 0.01 0.00, 0.62 0.029 0.133

Gendera 1.27 0.96, 1.67 0.091 1.24 0.93, 1.63 0.139

Age 0.91 0.86, 0.97 0.003 0.94 0.88, 1.00 0.042

War exposure – – – 0.92 0.90, 0.95 6 × 10−9

PGS(Neuroticism) 0.89 0.68, 1.16 0.376 0.610 0.88 0.67, 1.16 0.370 0.608

Gendera 1.27 0.96, 1.67 0.093 1.23 0.93, 1.63 0.146

Age 0.91 0.86, 0.97 0.003 0.94 0.88, 1.00 0.040

War exposure – – – 0.92 0.90, 0.95 1 × 10−8

PGS(Depression after trauma) 27.35 0, 6776436 0.602 0.702 49.19 0, 14299905 0.544 0.635

Gendera 1.26 0.96, 1.66 0.097 1.23 0.93, 1.62 0.152

Age 0.91 0.86, 0.97 0.003 0.94 0.88, 1.00 0.043

War exposure – – – 0.92 0.90, 0.95 1 × 10−8

PGS(Thoughts of self-harm) 315.70 0.62, 159824 0.070 0.163 460.60 0.84, 252136 0.057 0.133

Gendera 1.27 0.97, 1.68 0.087 1.23 0.93, 1.63 0.146

Age 0.91 0.86, 0.97 0.002 0.94 0.88, 0.99 0.032

War exposure – – – 0.92 0.90, 0.95 9 × 10−9

Reference levels: aMale. bFDR-corrected p-values for main effects of each PGS only. Main effects of PCAs not shown for clarity.
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Eastern ancestry (Privé et al., 2022). Deflation is attributed to
multiple issues, including differences in linkage disequilibrium
patterns, allele frequencies, effect sizes, and environments.

Score deflation might have been further exacerbated in our
study due to the age of participants. Only amongst an older subset
of children was there some evidence that polygenic scores for
selected phenotypes were associated with reduced resilience.
This supports the idea that adult-based polygenic scores are not
immediately valid for younger populations (Lange et al., 2022)
and that genetic predisposition to poor mental health may not
be identical between children and adolescents. Genotype expres-
sion likely changes in response to aging, with different genes influ-
encing phenotypes across different age ranges (de Zeeuw et al.,
2014). Given that an overwhelming majority of refugees are of
non-European ancestry (Murray, 2019), and almost half are below
the age of 18, there is even greater impetus for future polygenic
score development to be more inclusive of other ancestries and
age ranges, especially if polygenic scores are to realize their poten-
tial for more personalized medicine and treatment (Smeland &
Andreassen, 2021).

Due to the anticipated lack ofmain effects, we hypothesized that
interaction effects between polygenic scores and environmental
variables (war exposure, hair cortisol) would be more discernible.
However, only one interaction, between hair cortisol and polygenic
risk for depression (PGS001829), emerged as significant. Children
with a higher genetic predisposition to depression were more likely
to be classed as resilient at lower levels of hair cortisol, but the prob-
ability of resilience diminished appreciably as cortisol concentra-
tion increased. Associations and interactions between hair cortisol
and polygenic scores are a recent area of interest in the literature
(Ahrens et al., 2022; Bolhuis et al., 2019; Rietschel et al., 2017),
driven by the appreciation that hair cortisol captures both heritable
and environmentally influenced aspects of stress regulation.
However, current results remain underwhelming. Rietschel et al.
(2017) found no correlation between hair cortisol and polygenic

scores for Neuroticism and Major Depressive Disorder. Similarly,
there was no significant moderating effect of hair cortisol on com-
pound sets of polygenic scores related to internalizing, psychotic,
neurodevelopmental, or dysfunctional coping disorders in predict-
ing mental health trajectories following COVID-19 lockdown
(Ahrens et al., 2022). Bolhuis et al. (2019) did, however, identify
a significant interaction between hair cortisol and a polygenic score
for schizophrenia in predicting components of pre-adolescent
brain structure, although this did not survive correction for multi-
ple testing. Our results are potentially a further indication that high
cortisol levels can trigger underlying genetic predispositions to
mental illness, but this interaction might capture only a marginal
difference in risk or resilience and awaits validation in independent
studies.

Over 80% of refugee children are estimated to exhibit psycho-
social problems that often stem from disrupted development
(Fegert et al., 2018), and these can strain the ability of supraordi-
nate systems to confer supporting resilience. For example, care-
takers may struggle to cope with the needs of traumatized
children and may respond in ways that unintentionally exacerbate
their weakened resilience (e.g., insensitive parenting, verbal
threats, physical abuse) (Eruyar et al., 2018; Punamäki et al., 2018).
The negative consequences of trauma exposure in childhood can
persist well into adulthood, continuing to undermine a capacity
for resilience (Dye, 2018). Such long-term and knock-on effects
across systems of resilience underpin the current emphasis on
transdisciplinary investigations that can widen our understanding
of promotive and predictive factors of resilience, especially within
children (Masten, 2021). Our study provides empirical evidence

Table 5. The moderating relationship of cortisol and war exposure on resilience

OR 95% CI p

Log-cortisol 0.85 0.47, 1.55 0.605

War exposure 1.00 0.90, 1.12 0.970

Log-cortisol × War exposure 0.96 0.90, 1.01 0.135

Gendera 1.48 1.06, 2.06 0.023

Age 1.00 0.92, 1.08 0.916

Smoking statusb 0.00 0.00, +Inf 0.970

Hair alterationsc 0.88 0.62, 1.24 0.453

Hair washing frequencyd

2–4 times per week 1.31 0.73, 2.35 0.371

Daily or 5–6 times per week 0.88 0.47, 1.66 0.703

Pubertal stagee 0.76 0.45, 1.29 0.312

Collection monthf

November 1.54 0.56, 4.26 0.406

December 1.36 0.38, 4.87 0.642

January 0.68 0.18, 2.53 0.564

Reference levels: aMale, bNo, cNo, dOnce per week, ePre-mid puberty, fOctober. Main effects of
batches not shown for clarity.
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Figure 1. Marginal estimates for the association between hair cortisol and probability
of resilience for representative levels of polygenic risk for depression (PGS001829).
Individuals one standard deviation above the mean polygenic risk for depression
(PGS = 0.07; green line) were most likely to be resilient at low levels of cortisol secre-
tion, but were the least likely to be resilient at high levels of secretion. Children with
the mean polygenic risk (PGS = −0.04; blue line) displayed a more gradual decline in
resilience probability with increasing cortisol secretion. Meanwhile, children one stan-
dard deviation below themean polygenic risk (PGS =−0.16; red line) displayed a stable
probability of resilience regardless of cortisol secretion. Shaded regions indicate 95%
confidence intervals.
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that elevated hair cortisol concentrations might be a useful bio-
marker for identifying refugee children at greater risk for mental
health problems. Polygenic scores alone do not appear to be a sim-
ilarly useful marker in this regard, aligning with their current lack
of clinical utility (Smeland & Andreassen, 2021). However, combi-
nations of markers such as hair cortisol and polygenic scores might
hold some benefit, but further studies are required.

Limitations

Several limitations to our study should be noted. Firstly, our def-
inition of resilience was based solely on the absence of diagnosable
mental health problems (of three limited types), which simplifies a
far more nuanced construct, likely limiting our power to detect
associations. While we conducted follow-up analyses to disentan-
gle the distinct associations with resilience to externalizing and
internalizing problems, we acknowledge that our approach may
be biasing results toward the more prevalent mental health prob-
lems within our sample. We were also unable to incorporate anxi-
ety and other mental health problems into the resilience profiling,
therefore we may be misclassifying children as resilient when in

fact they might be experiencing significant mental distress or
impairment.

Secondly, although our sample size was adequate formain effect
analyses, it was appreciably underpowered to detect interactions,
particularly those involving polygenic scores. This is likely exacer-
bated by the impaired predictive ability of polygenic scores derived
from adult European populations in our younger Syrian cohort.
The main effects of psychopathology-related polygenic scores were
mostly insignificant, despite polygenic scores for height demon-
strating a clear predictive ability in our sample. However, height
has a large, stable genetic component (Wood et al., 2014), whereas
resilience and mental health outcomes are more dynamic con-
structs with wider sets of environmental influences.

Lastly, due to the cross-sectional design of our analysis, no
causal inferences can be made. These are critical if measures of
stress responses like hair cortisol concentrations are to be used
for prediction or stratification before the onset of mental health
symptomology. Importantly, Dajani and colleagues (2018) found
that measures of hair cortisol in highly traumatized adolescent
Syrian refugees were dysregulated, showing no clear relationship
across three time-points (2.8 and 11.3 months after baseline

Table 6. The moderating relationship of cortisol and polygenic scores on resilience

OR 95% CI p FDR-corrected p

PGS(Depression) 349.60 3.11, 39350 0.015

Hair cortisol 0.62 0.43, 0.88 0.008

PGS × Hair cortisol 0.04 0.00, 0.47 0.010 0.070

PGS(Ever depressed) 15.34 0.01, 18248 0.450

Hair cortisol 0.66 0.46, 0.94 0.021

PGS × Hair cortisol 0.08 0.00, 3.43 0.188 0.182

PGS(Recent depression) 0.00 0, 153630 0.505

Hair cortisol 0.65 0.38, 1.11 0.114

PGS × Hair cortisol 10.21 0, 128238 0.630 0.439

PGS(Recent foreboding) 0.00 0, 0.04 0.018

Hair cortisol 0.75 0.54, 1.06 0.100

PGS × Hair cortisol 3852.65 0.93, 15949597 0.052 0.553

PGS(Neuroticism) 0.60 0.21, 1.67 0.325

Hair cortisol 0.63 0.40, 1.00 0.051

PGS × Hair cortisol 1.26 0.72, 2.18 0.419 0.587

PGS(Depression after trauma) 1467757963 0, +Inf 0.390

Hair cortisol 0.86 0.49, 1.49 0.587

PGS × Hair cortisol 0.00 0, 3767498.69 0.444 0.518

PGS(Thoughts of self-harm) 39650407 0, +Inf 0.157

Hair cortisol 0.80 0.55, 1.15 0.229

PGS × Hair cortisol 0.00 0, 452.9 0.316 0.630

Main effects of additional covariates not shown for clarity.
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measures). The lack of correlation was ascribed to the complex
change in cortisol production from hyper- to hyposecretion as
stress shifts from acute to chronic – an occurrence typical for ref-
ugees. This phenomenon of "cortisol blunting" highlights the
importance of longitudinal investigations, capable of delineating
cortisol trajectories, that are more informative than single time-
point assessments.

Conclusion

In conclusion, our study highlights the potential of biological
markers (particularly hair cortisol) to augment the identification
of at-risk and resilient refugee children. There remain, however,
substantial complexities that need to be unpacked in future
research (e.g., cortisol blunting; ethnicity-specific polygenic scores)
before biological markers can serve as credible screening tools in
refugee contexts. Moreover, the true utility of these markers
may lie in discernible interaction effects, both between biological
markers, and between biological markers and more distal systems
of resilience. Early and objective identification of children’s degree
of risk could ultimately improve the timing and efficacy of psycho-
social interventions aimed at alleviatingmental health burdens and
strengthening multisystemic resilience.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S0954579423000433.

Acknowledgements. The BIOPATH study was funded by the Eunice Shriver
National Institute of Child Health & Human Development (NICHD;
R01HD083387) and sponsored by Queen Mary University of London
(QMUL). The funder and sponsor played no role in study design, in the collec-
tion, analysis or interpretation of data, in the writing of the report, or the deci-
sion to submit the article for publication. We warmly thank all participating
families for their participation. We thank Fiona McEwen, Cassandra Popham,
Claudinei Biazoli, and Patricia Moghames, and all other members of the
BIOPATH team (https://www.qmul.ac.uk/sbbs/about-us/our-departments/
psychology/global-mental-health/meet-the-team/) for their dedication, hard
work, and insights. We thank the Barts and The London Genome Centre
and UCL Genomics for conducting the DNA extraction and genotyping. We
also thank Thu Chau and Meaghan Stolk for conducting the cortisol ELISA
analysis.

Funding statement. This work was supported by the Eunice Shriver National
Institute of Child Health & Human Development (MP, grant number
R01HD083387) and the UKRI Postdoc Guarantee Fellowship (AKM, grant
number EP/X028690/1).

Competing interest. The author(s) declare none.

References

Ahrens, K. F., Neumann, R. J., von Werthern, N. M., Kranz, T. M.,
Kollmann, B., Mattes, Börn, Puhlmann, L. M. C., Weichert, D.,
Lutz, B., Basten, U., Fiebach, C. J., Wessa, Mèle, Kalisch, R., Lieb, K.,
Chiocchetti, A. G., Tüscher, O., Reif, A., Plichta, M. M. (2022).
Association of polygenic risk scores and hair cortisol with mental health tra-
jectories during COVID lockdown. Translational Psychiatry, 12(1), 1–10.
https://doi.org/10.1038/s41398-022-02165-9

Amstadter, A. B., Myers, J. M., & Kendler, K. S. (2014). Psychiatric resilience:
Longitudinal twin study. The British Journal of Psychiatry, 205(4), 275–280.
https://doi.org/10.1192/bjp.bp.113.130906

Betancourt, T., Scorza, P., Meyers-Ohki, S., Mushashi, C., Kayiteshonga, Y.,
Binagwaho, A., Stulac, S., Beardslee,W. R. (2012). Validating the center for
epidemiological studies depression scale for children in Rwanda. Journal
of the American Academy of Child and Adolescent Psychiatry, 51(12),
1284–1292. https://doi.org/10.1016/j.jaac.2012.09.003

Bevans, K., Cerbone, A., & Overstreet, S. (2008). Relations between recurrent
trauma exposure and recent life stress and salivary cortisol among children.
Development and Psychopathology, 20(1), 257–272. https://doi.org/10.1017/
S0954579408000126

Bolhuis, K., Tiemeier, H., Jansen, P. R., Muetzel, R. L., Neumann, A.,
Hillegers, M. H. J., van den Akker, E. T. L., van Rossum, E. F. C.,
Jaddoe, V. W. V., Vernooij, M. W., White, T., Kushner, S. A. (2019).
Interaction of schizophrenia polygenic risk and cortisol level on pre-adoles-
cent brain structure. Psychoneuroendocrinology, 101, 295–303. https://doi.
org/10.1016/j.psyneuen.2018.12.231

Bronfenbrenner, U. (1979).The ecology of human development: Experiments by
nature and design. Harvard University Press. https://doi.org/10.2307/j.
ctv26071r6

Carlson, B. E., Cacciatore, J., & Klimek, B. (2012). A risk and resilience per-
spective on unaccompanied refugee minors. Social Work, 57(3), 259–269.
https://doi.org/10.1093/sw/sws003

Carskadon, M. A., & Acebo, C. (1993). A self-administered rating scale for
pubertal development. Journal of Adolescent Health, 14(3), 190–195.
https://doi.org/10.1016/1054-139X(93)90004-9

Chang, C. C., Chow, C. C., Tellier, L. C., Vattikuti, S., Purcell, S. M., & Lee, J.
J. (2015). Second-generation PLINK: Rising to the challenge of larger and
richer datasets. GigaScience, 4(1), 7. https://doi.org/10.1186/s13742-015-
0047-8

Choi, S. W., Mak, T. S.-H., & O’Reilly, P. F. (2020). Tutorial: A guide to per-
forming polygenic risk score analyses. Nature Protocols, 15(9), 2759–2772.
https://doi.org/10.1038/s41596-020-0353-1

Cook, A., Blaustein, M., & van der Kolk, B. (2003). Complex trauma in chil-
dren and adolescents. National Child Traumatic Stress Network, Retrieved
from, http://www.NCTSNet.org

Dajani, R., Hadfield, K., van Uum, S., Greff, M., & Panter-Brick, C. (2018).
Hair cortisol concentrations in war-affected adolescents: A prospective inter-
vention trial. Psychoneuroendocrinology, 89(December 2017), 138–146.
https://doi.org/10.1016/j.psyneuen.2017.12.012

De Bellis, M. D., & Zisk, A. (2014). The biological effects of childhood trauma.
Child and Adolescent Psychiatric Clinics of North America, 23(2), 185–222.
https://doi.org/10.1016/j.chc.2014.01.002

de Zeeuw, E. L., van Beijsterveldt, C. E. M., Glasner, T. J., Bartels, M., Ehli,
E. A., Davies, G. E., Hudziak, J. J., Groen-Blokhuis, M. M., Hottenga, J. J.,
de Geus, E. J. C., Boomsma, D. I. (2014). Polygenic scores associated with
educational attainment in adults predict educational achievement and
ADHD symptoms in children. American Journal of Medical Genetics Part
B: Neuropsychiatric Genetics, 165(6), 510–520. https://doi.org/10.1002/
ajmg.b.32254

Dettenborn, L., Tietze, A., Bruckner, F., & Kirschbaum, C. (2010). Higher
cortisol content in hair among long-term unemployed individuals compared
to controls. Psychoneuroendocrinology, 35(9), 1404–1409. https://doi.org/10.
1016/j.psyneuen.2010.04.006

Duncan, L. E., Ostacher, M., & Ballon, J. (2019). How genome-wide associ-
ation studies (GWAS) made traditional candidate gene studies obsolete.
Neuropsychopharmacology, 44(9), 1518–1523. https://doi.org/10.1038/
s41386-019-0389-5

Dye, H. (2018). The impact and long-term effects of childhood trauma. Journal
of Human Behavior in the Social Environment, 28(3), 381–392. https://doi.
org/10.1080/10911359.2018.1435328

Eruyar, S., Maltby, J., & Vostanis, P. (2018). Mental health problems of Syrian
refugee children: The role of parental factors. European Child & Adolescent
Psychiatry, 27(4), 401–409. https://doi.org/10.1007/s00787-017-1101-0

Etwel, F., Russell, E., Rieder, M. J., Van Uum, S. H., & Koren, G. (2014). Hair
cortisol as a biomarker of stress in the 2011 Libyan war. Clinical and
Investigative Medicine. Medecine Clinique Et Experimentale, 37(6), E403–
408. https://doi.org/10.25011/cim.v37i6.22245

Faulstich, M. E., Carey, M. P., Ruggiero, L., Enyart, P., & Gresham, F. (1986).
Assessment of depression in childhood and adolescence: An evaluation of the
Center for Epidemiological Studies Depression Scale for Children (CES-DC).
The American Journal of Psychiatry, 143(8), 1024–1027. https://doi.org/10.
1176/ajp.143.8.1024

Feder, A., Fred-Torres, S., Southwick, S. M., & Charney, D. S. (2019). The
biology of human resilience: Opportunities for enhancing resilience across

Development and Psychopathology 2285

https://doi.org/10.1017/S0954579423000433 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579423000433
https://www.qmul.ac.uk/sbbs/about-us/our-departments/psychology/global-mental-health/meet-the-team/
https://www.qmul.ac.uk/sbbs/about-us/our-departments/psychology/global-mental-health/meet-the-team/
https://doi.org/10.1038/s41398-022-02165-9
https://doi.org/10.1192/bjp.bp.113.130906
https://doi.org/10.1016/j.jaac.2012.09.003
https://doi.org/10.1017/S0954579408000126
https://doi.org/10.1017/S0954579408000126
https://doi.org/10.1016/j.psyneuen.2018.12.231
https://doi.org/10.1016/j.psyneuen.2018.12.231
https://doi.org/10.2307/j.ctv26071r6
https://doi.org/10.2307/j.ctv26071r6
https://doi.org/10.1093/sw/sws003
https://doi.org/10.1016/1054-139X(93)90004-9
https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1038/s41596-020-0353-1
http://www.NCTSNet.org
https://doi.org/10.1016/j.psyneuen.2017.12.012
https://doi.org/10.1016/j.chc.2014.01.002
https://doi.org/10.1002/ajmg.b.32254
https://doi.org/10.1002/ajmg.b.32254
https://doi.org/10.1016/j.psyneuen.2010.04.006
https://doi.org/10.1016/j.psyneuen.2010.04.006
https://doi.org/10.1038/s41386-019-0389-5
https://doi.org/10.1038/s41386-019-0389-5
https://doi.org/10.1080/10911359.2018.1435328
https://doi.org/10.1080/10911359.2018.1435328
https://doi.org/10.1007/s00787-017-1101-0
https://doi.org/10.25011/cim.v37i6.22245
https://doi.org/10.1176/ajp.143.8.1024
https://doi.org/10.1176/ajp.143.8.1024
https://doi.org/10.1017/S0954579423000433


the life span. Biological Psychiatry, 86(6), 443–453. https://doi.org/10.1016/j.
biopsych.2019.07.012

Fegert, J. M., Diehl, C., Leyendecker, B., Hahlweg, K., Prayon-Blum, V.,
Fegert, J. M., the Scientific Advisory Council of the Federal Ministry of
Family Affairs, S. C., Women and Youth (2018). Psychosocial problems
in traumatized refugee families: Overview of risks and some recommenda-
tions for support services. Child and Adolescent Psychiatry and Mental
Health, 12(1), 5. https://doi.org/10.1186/s13034-017-0210-3

Foa, E. B., Johnson, K. M., Feeny, N. C., & Treadwell, K. R. (2001). The child
PTSD Symptom Scale: A preliminary examination of its psychometric prop-
erties. Journal of Clinical Child Psychology, 30(3), 376–384. https://doi.org/
10.1207/S15374424JCCP3003_9

Ghubash, R., Daradkeh, T. K., Al Naseri, K. S., Al Bloushi, N. B. A., & Al
Daheri, A. M. (2000). The performance of the Center for Epidemiologic
Study Depression Scales (CES-D) in an Arab female community.
International Journal of Social Psychiatry, 46(4), 241–249. https://doi.org/
10.1177/002076400004600402

Goodman, R. (1997). The strengths and difficulties questionnaire: A research
note. Journal of Child Psychology and Psychiatry, 38(5), 581–586. https://doi.
org/10.1111/j.1469-7610.1997.tb01545.x

Gustafsson, P. E., Anckarsäter, H., Lichtenstein, P., Nelson, N., &
Gustafsson, P. A. (2010). Does quantity have a quality all its own?
Cumulative adversity and up- and down-regulation of circadian salivary cor-
tisol levels in healthy children. Psychoneuroendocrinology, 35(9), 1410–1415.
https://doi.org/10.1016/j.psyneuen.2010.04.004

Ho, D., Imai, K., King, G., & Stuart, E. A. (2011). MatchIt: Nonparametric
preprocessing for parametric causal inference. Journal of Statistical
Software, 42(8), 1–28. https://doi.org/10.18637/jss.v042.i08

Hodes, M., Jagdev, D., Chandra, N., & Cunniff, A. (2008). Risk and resilience
for psychological distress amongst unaccompanied asylum seeking adoles-
cents. Journal of Child Psychology and Psychiatry, 49(7), 723–732. https://
doi.org/10.1111/j.1469-7610.2008.01912.x

Karlén, J., Ludvigsson, J., Frostell, A., Theodorsson, E., & Faresjö, T. (2011).
Cortisol in hair measured in young adults—A biomarker of major life stres-
sors? BMC Clinical Pathology, 11(1), 12. https://doi.org/10.1186/1472-6890-
11-12

Kazour, F., Zahreddine, N. R., Maragel, M. G., Almustafa, M. A., Soufia, M.,
Haddad, R., & Richa, S. (2017). Post-traumatic stress disorder in a sample of
Syrian refugees in Lebanon. Comprehensive Psychiatry, 72, 41–47. https://
doi.org/10.1016/j.comppsych.2016.09.007

Khera, A. V., Chaffin, M., Wade, K. H., Zahid, S., Brancale, J., Xia, R.,
Distefano, M., Senol-Cosar, O., Haas, M. E., Bick, A., Aragam, K. G.,
Lander, E. S., Smith, G. D., Mason-Suares, H., Fornage, M., Lebo, M.,
Timpson, N. J., Kaplan, L. M., Kathiresan, S. (2019). Polygenic prediction
of weight and obesity trajectories from birth to adulthood. Cell, 177(3), 587–
596.e9. https://doi.org/10.1016/j.cell.2019.03.028.

Lange, K., Kerr, J. A., Mansell, T., O’Sullivan, J. M., Burgner, D. P., Clifford,
S. A., Olds, T., Dwyer, T.,Wake,M., Saffery, R. (2022). Can adult polygenic
scores improve prediction of body mass index in childhood? International
Journal of Obesity, 46(7), 1375–1383. https://doi.org/10.1038/s41366-022-
01130-2

Lüdecke, D. (2018). ggeffects: Tidy data frames of marginal effects from regres-
sionmodels.The Journal of Open Source Software, 3(26), 772. https://doi.org/
10.21105/joss.00772

Luo, H., Hu, X., Liu, X., Ma, X., Guo, W., Qiu, C., Wang, Y., Wang, Q.,
Zhang, X., Zhang, W., Hannum, G., Zhang, K., Liu, X., Li, T. (2012).
Hair cortisol level as a biomarker for altered hypothalamic-pituitary-adrenal
activity in female adolescents with posttraumatic stress disorder after the
2008 Wenchuan earthquake. Biological Psychiatry, 72(1), 65–69. https://
doi.org/10.1016/j.biopsych.2011.12.020

Manenschijn, L., van Kruysbergen, R. G. P. M., de Jong, F. H., Koper, J. W.,
& van Rossum, E. F. C. (2011). Shift work at young age is associated with
elevated long-term cortisol levels and body mass index. The Journal of
Clinical Endocrinology & Metabolism, 96(11), E1862–E1865. https://doi.
org/10.1210/jc.2011-1551

Maragel, M., &Manachi, S. (2018). The resilience of Syrian refugee children in
Lebanon. In Syrian Refugee Children in the Middle East and Europe.
Routledge.

Masten, A. S. (2014). Global perspectives on resilience in children and youth.
Child Development, 85(1), 6–20. https://doi.org/10.1111/cdev.12205

Masten, A. S. (2021). Resilience in developmental systems: Principles,
pathways, and protective processes in research and practice. In
Multisystemic resilience: Adaptation and transformation in contexts of
change (pp. 113–134). New York, NY, USA: Oxford University Press.
https://doi.org/10.1093/oso/9780190095888.003.0007

Maul, S., Giegling, I., Fabbri, C., Corponi, F., Serretti, A., & Rujescu, D.
(2020). Genetics of resilience: Implications from genome-wide association
studies and candidate genes of the stress response system in posttraumatic
stress disorder and depression. American Journal of Medical Genetics. Part
B, Neuropsychiatric Genetics: The Official Publication of the International
Society of Psychiatric Genetics, 183(2), 77–94. https://doi.org/10.1002/
ajmg.b.32763

McEwen, F. M., Biazoli, C., Popham, C., Moghames, P., Saab, D., Fayyad, J.,
Karam, E., Bosqui, T., & Pluess, M. (2023). Prevalence and predictors of
mental health problems in refugee children living in informal settlements
in Lebanon. Nature Mental Health, 1, 135–144. https://doi.org/10.1038/
s44220-023-00017-z

McEwen, F. M., Moghames, P., Bosqui, T., Kyrillos, V., Chehade, N., Saad,
S., Rahman, D. A., Popham, C. M., Saab, D., Karam, G., Karam, E., &
Pluess, M. (2021, June 14). Validating screening questionnaires for internal-
izing and externalizing disorders against clinical interviews in 8 to 17-year-
old Syrian refugee children. PsyArXiv. https://doi.org/10.31234/osf.io/6zu87

McEwen, F. S., Popham, C., Moghames, P., Smeeth, D., de Villiers, B.,
Saab, D., Karam, G., Fayyad, J., Karam, E., Pluess, M. (2022). Cohort pro-
file: Biological pathways of risk and resilience in Syrian refugee children
(BIOPATH). Social Psychiatry and Psychiatric Epidemiology, 57(4),
873–883. https://doi.org/10.1007/s00127-022-02228-8

Meiqari, L., Hoetjes, M., Baxter, L., & Lenglet, A. (2018). Impact of war on
child health in northern Syria: The experience of Médecins Sans
Frontières. European Journal of Pediatrics, 177(3), 371–380. https://doi.
org/10.1007/s00431-017-3057-y

Murray, J. S. (2019). War and conflict: Addressing the psychosocial needs of
child refugees. Journal of Early Childhood Teacher Education, 40(1), 3–18.
https://doi.org/10.1080/10901027.2019.1569184

Oh, D. L., Jerman, P., Purewal Boparai, S. K., Koita, K., Briner, S., Bucci, M.,
& Harris, N. B. (2018). Review of tools for measuring exposure to adversity
in children and adolescents. Journal of Pediatric Health Care, 32(6), 564–583.
https://doi.org/10.1016/j.pedhc.2018.04.021

Petersen, A. C., Crockett, L., Richards, M., & Boxer, A. (1988). A self-
report measure of pubertal status: Reliability, validity, and initial norms.
Journal of Youth and Adolescence, 17(2), 117–133. https://doi.org/10.
1007/BF01537962

Pieloch, K. A., McCullough, M. B., & Marks, A. K. (2016). Resilience of
children with refugee statuses: A research review. Canadian Psychology /
Psychologie Canadienne, 57(4), 330–339. https://doi.org/10.1037/cap0000073

Popham, C. M., McEwen, F. S., Karam, E., Fayyad, J., Karam, G., Saab, D.,
Moghames, P., Pluess, M. (2022). The dynamic nature of refugee children’s
resilience: A cohort study of Syrian refugees in Lebanon. Epidemiology and
Psychiatric Sciences, 31. https://doi.org/10.1017/S2045796022000191

Popham, C.M.,McEwen, F. S., & Pluess,M. (2021). Psychological resilience in
response to adverse experiences: An integrative developmental perspective in
the context of war and displacement. InM. Ungar (Eds.),Multisystemic resil-
ience: Adaptation and transformation in contexts of change. Oxford
University Press. https://doi.org/10.1093/oso/9780190095888.003.0022

Privé, F., Aschard, H., Carmi, S., Folkersen, L., Hoggart, C., O’Reilly, P. F., &
Vilhjálmsson, B. J. (2022). Portability of 245 polygenic scores when derived
from theUKBiobank and applied to 9 ancestry groups from the same cohort.
The American Journal of Human Genetics, 109(1), 12–23. https://doi.org/10.
1016/j.ajhg.2021.11.008

Punamäki, R.-L., Qouta, S. R., &Peltonen,K. (2018). Family systems approach to
attachment relations, war trauma, andmental health amongPalestinian children
and parents. European Journal of Psychotraumatology, 8(Suppl 7), 1439649.
https://doi.org/10.1080/20008198.2018.1439649

Purcell, S., Neale, B., Todd-Brown, K., Thomas, L., Ferreira, M. A. R.,
Bender, D., Maller, J., Sklar, P., de Bakker, P. I. W., Daly, M. J., Sham,
P. C. (2007). PLINK: A tool set for whole-genome association and

2286 Demelza Smeeth et al.

https://doi.org/10.1017/S0954579423000433 Published online by Cambridge University Press

https://doi.org/10.1016/j.biopsych.2019.07.012
https://doi.org/10.1016/j.biopsych.2019.07.012
https://doi.org/10.1186/s13034-017-0210-3
https://doi.org/10.1207/S15374424JCCP3003_9
https://doi.org/10.1207/S15374424JCCP3003_9
https://doi.org/10.1177/002076400004600402
https://doi.org/10.1177/002076400004600402
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://doi.org/10.1016/j.psyneuen.2010.04.004
https://doi.org/10.18637/jss.v042.i08
https://doi.org/10.1111/j.1469-7610.2008.01912.x
https://doi.org/10.1111/j.1469-7610.2008.01912.x
https://doi.org/10.1186/1472-6890-11-12
https://doi.org/10.1186/1472-6890-11-12
https://doi.org/10.1016/j.comppsych.2016.09.007
https://doi.org/10.1016/j.comppsych.2016.09.007
https://doi.org/10.1016/j.cell.2019.03.028
https://doi.org/10.1038/s41366-022-01130-2
https://doi.org/10.1038/s41366-022-01130-2
https://doi.org/10.21105/joss.00772
https://doi.org/10.21105/joss.00772
https://doi.org/10.1016/j.biopsych.2011.12.020
https://doi.org/10.1016/j.biopsych.2011.12.020
https://doi.org/10.1210/jc.2011-1551
https://doi.org/10.1210/jc.2011-1551
https://doi.org/10.1111/cdev.12205
https://doi.org/10.1093/oso/9780190095888.003.0007
https://doi.org/10.1002/ajmg.b.32763
https://doi.org/10.1002/ajmg.b.32763
https://doi.org/10.1038/s44220-023-00017-z
https://doi.org/10.1038/s44220-023-00017-z
https://doi.org/10.31234/osf.io/6zu87
https://doi.org/10.1007/s00127-022-02228-8
https://doi.org/10.1007/s00431-017-3057-y
https://doi.org/10.1007/s00431-017-3057-y
https://doi.org/10.1080/10901027.2019.1569184
https://doi.org/10.1016/j.pedhc.2018.04.021
https://doi.org/10.1007/BF01537962
https://doi.org/10.1007/BF01537962
https://doi.org/10.1037/cap0000073
https://doi.org/10.1017/S2045796022000191
https://doi.org/10.1093/oso/9780190095888.003.0022
https://doi.org/10.1016/j.ajhg.2021.11.008
https://doi.org/10.1016/j.ajhg.2021.11.008
https://doi.org/10.1080/20008198.2018.1439649
https://doi.org/10.1017/S0954579423000433


population-based linkage analyses. American Journal of Human Genetics,
81(3), 559–575.

Pynoos, R. S., Frederick, C., Nader, K., Arroyo, W., Steinberg, A., Eth, S.,
Nunez, F., & Fairbanks, L. (1987). Life threat and posttraumatic stress in
school-age children. Archives of General Psychiatry, 44(12), 1057–1063.
https://doi.org/10.1001/archpsyc.1987.01800240031005

R Core Team. R: A language and environment for statistical computing 2013.
http://www.R-project.org/

Rietschel, L., Streit, F., Zhu, G., McAloney, K., Frank, J., Couvy-Duchesne,
B., Witt, S. H., Binz, T. M., Hayward, C., Direk, N., Anderson, A.,
Huffman, J., Wilson, J. F., Campbell, H., Rudan, I., Wright, A., Hastie,
N., Wild, S. H., Velders, F. P., : : : , & Rietschel, M. (2017). Hair cortisol
in twins: Heritability and genetic overlap with psychological variables and
stress-system genes. Scientific Reports, 7(1), 15351. https://doi.org/10.1038/
s41598-017-11852-3

Sheehan, D. V., Sheehan, K. H., Shytle, R. D., Janavs, J., Bannon, Y., Rogers,
J. E., Milo, K. M., Stock, S. L., Wilkinson, B. (2010). Reliability and validity
of the mini international neuropsychiatric interview for children and adoles-
cents (MINI-KID). The Journal of Clinical Psychiatry, 71(3), 17393–326.
https://doi.org/10.4088/JCP.09m05305whi

Sirin, S. R., & Aber, J. L. (2018). Increasing understanding for Syrian refugee
children with empirical evidence. Vulnerable Children and Youth Studies,
13(1), 1–6. https://doi.org/10.1080/17450128.2017.1409446

Sirin, S., & Rogers-Sirin, L. (2015). The educational and mental health needs of
Syrian refugee children.

Smeeth, D., McEwen, F. S., Popham, C. M., Karam, E. G., Fayyad, J., Saab,
D., Rieder, M. J., Elzagallaai, A. A., van Uum, S., Pluess, M. (2023). War
exposure, post-traumatic stress symptoms and hair cortisol concentrations
in Syrian refugee children. Molecular Psychiatry, 28(2), 647–656. https://
doi.org/10.1038/s41380-022-01859-2

Smeland, O. B., & Andreassen, O. A. (2021). Polygenic risk scores in
psychiatry – large potential but still limited clinical utility. European
Neuropsychopharmacology, 51, 68–70. https://doi.org/10.1016/j.euroneuro.
2021.05.007

Stalder, T., & Kirschbaum, C. (2012). Analysis of cortisol in hair – state of the
art and future directions. Brain, Behavior, and Immunity, 26(7), 1019–1029.
https://doi.org/10.1016/j.bbi.2012.02.002

Stein,M. B., Choi, K.W., Jain, S., Campbell-Sills, L., Chen, C-Yen, Gelernter,
J., He, F., Heeringa, S. G., Maihofer, A. X., Nievergelt, C., Nock, M. K.,
Ripke, S., Sun, X., Kessler, R. C., Smoller, J. W., Ursano, R. J. (2019).
Genome-wide analyses of psychological resilience in U.S. Army soldiers.

American Journal of Medical Genetics Part B: Neuropsychiatric Genetics,
180(5), 310–319. https://doi.org/10.1002/ajmg.b.32730

Steudte-Schmiedgen, S., Kirschbaum, C., Alexander, N., & Stalder, T. (2016).
An integrative model linking traumatization, cortisol dysregulation and
posttraumatic stress disorder: Insight from recent hair cortisol findings.
Neuroscience & Biobehavioral Reviews, 69, 124–135. https://doi.org/10.
1016/j.neubiorev.2016.07.015

Tol, W. A., Song, S., & Jordans, M. J. D. (2013). Annual Research Review:
Resilience and mental health in children and adolescents living in areas of
armed conflict – a systematic review of findings in low- and middle-income
countries. Journal of Child Psychology and Psychiatry, 54(4), 445–460.
https://doi.org/10.1111/jcpp.12053

Ungar, M. (2021a). Introduction why a volume onmultisystemic resilience?. In
M. Ungar (Eds.),Multisystemic resilience: Adaptation and transformation in
contexts of change. Oxford University Press. https://doi.org/10.1093/oso/
9780190095888.003.0001

Ungar, M. (2021b). Modeling multisystemic resilience: Connecting biological,
psychological, social, and ecological adaptation in contexts of adversity. InM.
Ungar (Eds.), Multisystemic resilience: Adaptation and transformation in
contexts of change. Oxford University Press. https://doi.org/10.1093/oso/
9780190095888.003.0002

VanUum, S. H. M., Sauvé, B., Fraser, L. A., Morley-Forster, P., Paul, T. L., &
Koren, G. (2008). Elevated content of cortisol in hair of patients with
severe chronic pain: A novel biomarker for stress. Stress-the International
Journal on The Biology of Stress, 11(6), 483–488. https://doi.org/10.1080/
10253890801887388

Wood, A. R., Esko, T., Yang, J., Vedantam, S., Pers, T. H., Gustafsson, S.,
Chu, A. Y., Estrada, K., Luan, J., Kutalik, Z., Amin, N., Buchkovich,
M. L., Croteau-Chonka, D. C., Day, F. R., Duan, Y., Fall, T.,
Fehrmann, R., Ferreira, T., Jackson, A. U., : : : & Frayling, T. M.
(2014). Defining the role of common variation in the genomic and biological
architecture of adult human height. Nature Genetics, 46(11), 1173–1186.
https://doi.org/10.1038/ng.3097

Zheutlin, A. B., Dennis, J., Karlsson Linnér, R., Moscati, A., Restrepo, N.,
Straub, P., Ruderfer, D., Castro, V. M., Chen, C-Y., Ge, T., Huckins,
L. M., Charney, A., Kirchner, H. L., Stahl, E. A., Chabris, C. F., Davis,
L. K., Smoller, J. W. (2019). Penetrance and pleiotropy of polygenic risk
scores for schizophrenia in 106,160 patients across four health care systems.
American Journal of Psychiatry, 176(10), 846–855. https://doi.org/10.1176/
appi.ajp.2019.18091085

Development and Psychopathology 2287

https://doi.org/10.1017/S0954579423000433 Published online by Cambridge University Press

https://doi.org/10.1001/archpsyc.1987.01800240031005
http://www.R-project.org/
https://doi.org/10.1038/s41598-017-11852-3
https://doi.org/10.1038/s41598-017-11852-3
https://doi.org/10.4088/JCP.09m05305whi
https://doi.org/10.1080/17450128.2017.1409446
https://doi.org/10.1038/s41380-022-01859-2
https://doi.org/10.1038/s41380-022-01859-2
https://doi.org/10.1016/j.euroneuro.2021.05.007
https://doi.org/10.1016/j.euroneuro.2021.05.007
https://doi.org/10.1016/j.bbi.2012.02.002
https://doi.org/10.1002/ajmg.b.32730
https://doi.org/10.1016/j.neubiorev.2016.07.015
https://doi.org/10.1016/j.neubiorev.2016.07.015
https://doi.org/10.1111/jcpp.12053
https://doi.org/10.1093/oso/9780190095888.003.0001
https://doi.org/10.1093/oso/9780190095888.003.0001
https://doi.org/10.1093/oso/9780190095888.003.0002
https://doi.org/10.1093/oso/9780190095888.003.0002
https://doi.org/10.1080/10253890801887388
https://doi.org/10.1080/10253890801887388
https://doi.org/10.1038/ng.3097
https://doi.org/10.1176/appi.ajp.2019.18091085
https://doi.org/10.1176/appi.ajp.2019.18091085
https://doi.org/10.1017/S0954579423000433

	Risk and resilience in Syrian refugee children: A multisystem analysis
	Introduction
	Multisystemic resilience
	Childhood resilience
	Resilience at the biological level

	Methods
	Study participants
	Instruments
	Demographic data
	Mental health outcomes
	Exposure to war

	Hair hormones
	Genotypes, imputation, and polygenic scores
	Data analysis

	Results
	Sample characteristics
	Main effects on resilience
	Interaction analyses

	Discussion
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


