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Abstract
The BIOPATH cohort was established to explore the interplay of psychosocial and biological factors in the development of 
resilience and mental health problems in Syrian refugee children. Based in Lebanon, a middle-income country significantly 
impacted by the refugee crisis, it is the first such cohort of refugees in the Middle East. Families were recruited from informal 
tented settlements in the Beqaa region using purposive cluster sampling. At baseline (October 2017–January 2018), N = 3188 
individuals participated [n = 1594 child–caregiver dyads; child gender, 52.6% female; mean (SD) age = 11.44 (2.44) years, 
range = 6–19]. Re-participation rate at 1-year follow-up was 62.8%. Individual interviews were conducted with children and 
primary caregivers and biological samples collected from children. Measures include: (1) children’s well-being and mental 
health problems (using tools validated against clinical interviews in a subsample of the cohort); (2) psychosocial risk and 
protective factors at the level of the individual (e.g. coping strategies), family (e.g. parent–child relationship), community (e.g. 
collective efficacy), and wider context (e.g. services); (3) saliva samples for genetic and epigenetic (methylation) analyses; 
(4) hair samples to measure cortisol, dehydroepiandrosterone (DHEA) and testosterone. This cohort profile provides details 
about sampling and recruitment, data collection and measures, demographic data, attrition and potential bias, key findings on 
resilience and mental health problems in children and strengths and limitations of the cohort. Researchers interested in access-
ing data should contact Professor Michael Pluess at Queen Mary University of London, UK (e-mail: m.pluess@qmul.ac.uk).
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The crisis in Syria precipitated by the civil war has led to 
the displacement of more than 5 million Syrians into sur-
rounding countries, almost half of whom are children and 
adolescents [1]. As well as having experienced traumatic 
war-related events, many children and adolescents dis-
placed in low- and middle-income countries (LMICs) face 

ongoing adversities including insufficient access to basic 
resources, unstable and poor quality accommodation, and 
limited access to education. Despite the majority of refugees 
globally living in LMICs, and one in three living in camps, 
much research to date has been conducted with refugees 
who have moved to high-income countries [2]. It is particu-
larly important to establish cohorts in LMICs to address this 
research gap. This cohort comprised Syrian refugees living 
in informal tented settlements (ITS) in Lebanon. The cohort 
was established in 2017 and funded by the Eunice Kennedy 
Shriver National Institute of Child Health and Human Devel-
opment (Grant number: R01HD083387).

Children exposed to war and adversity are at increased 
risk of developing mental health problems [3, 4], but there 
is substantial variation in how children respond and some 
show remarkable resilience [4, 5]. Variation in how children 
respond to adversity is likely to be influenced by multiple 
factors at individual, family, and community levels; however, 
it is rare for factors across different levels to be measured 
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in the same samples and over time [2]. Factors known to be 
important in long-term development, like school and peer 
relationships, are less often studied than individual-level fac-
tors that are easier to measure [2]. Furthermore, few studies 
have focused on the biological embedding of adverse experi-
ences in refugee children: how experiences “get under the 
skin”. Disruption to neuroendocrine systems, such as cor-
tisol dysregulation, may be a way in which adverse experi-
ences have longer-term consequences on mental or physical 
health. However, whether cortisol has utility as an unbiased 
biological signature of previous adversity or is predictive 
of mental health problems is not yet clear [6]. Genetic and 
epigenetic factors may also play a role in the response to 
adverse experiences. For example, a genome-wide polygenic 
indicator of environmental sensitivity has recently been 
shown to interact with exposure to stressful life events in 
predicting depression [7]. This cohort study has the overall 
aim of exploring the interplay between (potentially modifi-
able) psychosocial factors and biological factors in the devel-
opment of risk and resilience in Syrian refugee children. 
Firstly, we aim to investigate how many children can be con-
sidered resilient, which factors predict risk or resilience to 
war exposure and displacement, and how resilience changes 
over time. Secondly, we aim to estimate the prevalence and 
predictors of mental health problems in children. To facili-
tate this, we have collected data to establish the reliability, 
validity, and optimal cutoffs for measures of mental health 
problems when used in this specific population and context. 
Thirdly, we aim to investigate the role of biological factors 
in the response to trauma, and specifically neuroendocrine 
and genome-wide genetic and epigenetic factors. Finally, we 
aim to explore the interplay between those psychosocial and 
biological factors found to be most important in predicting 
risk and resilience.

Recruitment and follow‑up

The study employs a longitudinal cohort design with base-
line data assessment and follow-up 1 year later. Syrian refu-
gee children and adolescents reported to be aged 8–16 years 
at baseline, along with their primary caregiver, were visited 
and interviewed in the community. Various mental health 
outcomes were measured, as well as a range of potential 
risk and resilience factors. Saliva samples were collected 
for DNA extraction and hair samples were collected for 
neuroendocrine analyses. A structured clinical interview 
was conducted with a subsample of families to provide data 
on the validity of the mental health outcome measures in 
this sample. The study was granted ethical approval by a 
local Institutional Review Board and the Ministry of Public 
Health (Supplementary Section 1).

Participants were families displaced by the Syrian civil 
war that began in March 2011 and were living as refugees 
in ITSs in the West and Central Beqaa regions of Lebanon. 
Purposive cluster sampling was used, selecting seven munic-
ipalities with varying levels of vulnerability. In these locali-
ties, small- to medium-sized ITSs were selected. In each 
ITS, all present families were approached. Eligibility criteria 
were: (1) family who left Syria because of the war within the 
4 years prior to recruitment; (2) child aged 8–16 years old; 
and (3) primary caregiver available to participate (typically 
the mother, or the caregiver who spent most time with the 
child). Where more than one child in the family fell into the 
age range, the child whose birthday was closest to the date 
of recruitment was selected. Families who were interested 
and eligible completed the informed consent procedure and 
baseline data collection was then completed with the child 
and caregiver from each family. Follow-up was completed 
1 year later. See Supplementary Section 2 for details about 
sampling and recruitment.

The numbers for recruitment and follow-up are shown 
in Fig. 1. At baseline, 77 ITSs were visited and N = 2282 
families approached, n = 1600 (70.1%) of whom were eligi-
ble, consented to participate, and completed data collection. 
Given the known mobility of this population, we expected to 
be able to follow-up approximately two-thirds of the initial 
sample. Consistent with our predictions, we were able to 
contact or get information about n = 1438 families across 70 
ITSs, n = 1009 of whom consented to participate and com-
pleted data collection (re-participation rate 63%). Some ITSs 
from baseline were not visited or were visited, but not all 
families interviewed because residents were working, bad 
weather prevented visits, or the study period had ended. 
Of the families the team re-contacted or got information 
about, n = 311 (21.6%) had relocated, the majority (n = 222, 
71.4%) of whom it was known where they had moved to. 
Over a quarter (n = 64, 28.8%) were reported to have moved 
back to Syria or to another country. It was possible to follow 
up n = 17 families who had moved within the region where 
data collection was taking place; the majority of families 
followed up (n = 992, 98.3%) were still living in the same 
location. Data from six families were completely excluded 
at baseline and from eight families at follow-up, giving a 
final sample size of n = 1594 dyads at baseline and n = 1001 
at follow-up (Supplementary Section 2).

After the 1-year follow-up, n = 145 families were 
approached and invited to complete a follow-up clinical 
interview, n = 101 (69.7%) of whom consented to participate 
and completed data collection. Data from a further n = 33 
families who had been recruited from BIOPATH families 
to a linked clinical trial were included, giving a final sample 
of n = 134 with clinical interview data (Figure S1). Families 
were selected to be representative of the cohort in terms of 
(1) the proportion who had reported that their child had a 
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need for mental health services, and (2) the proportion with 
elevated scores on self-reported and parent-reported mental 
health questionnaires (Figure S1).

Description of the cohort

Descriptive data for the sample at baseline and follow-up 
are shown in Table 1. Approximately, half of children were 
female and the actual age range was 6–19 years at baseline 
(due to uncertainty about birth dates, some children outside 
the intended age range were recruited; see Supplementary 
Section 3). The majority of caregivers who took part were 
mothers. At follow-up, the same caregiver was available in 
n = 926 cases (92.5%); otherwise a different caregiver took 
part (n = 65, 6.5%) or the child took part without a caregiver 
(n = 9, 0.9%). Of the subsample who completed a clinical 
interview, n = 63 (47.0%) children were female and mean age 
was 12.15 years (SD = 2.15, range 8–19); n = 130 (97.0%) 
mothers or other female caregivers and n = 20 (14.9%) 
fathers attended the appointment (in n = 16 cases, both par-
ents attended). The mean age of the primary caregiver was 

38.07 (SD = 7.54, range 16–57). Further details about this 
subsample have been reported elsewhere [8, 9].

The vast majority of children and caregivers were of Syr-
ian nationality and most caregivers reported being Sunni 
Muslim (n = 1543, 96.8%). Just under half had left Syria in 
the past 3 years and the remainder left more than 3 years 
prior to recruitment. In the majority of cases, some or all 
family members were registered with UNHCR, the UN Ref-
ugee Agency (89.5% at baseline and 96.3% at follow-up). 
At baseline, 61.0% of children had access to at least some 
education, reducing to 45.6% by follow-up. Adult literacy 
was limited—able to read and write only a little or not at 
all—in over half of the households (n = 905, 56.7%). Over 
half (n = 901, 56.5%) of the caregivers reported that they 
had not attended school and in over half (n = 870, 54.5%) 
of the families the highest earner had previously worked in 
elementary occupations. Asked at follow-up, over a fifth 
(n = 218, 21.8%) of caregivers reported that the child’s father 
had more than one wife (range 1–5), and over half (n = 535, 
53.5%) reported that the child’s parents were related (typi-
cally first or second cousins). See Table 1 and Supplemen-
tary Sections 4–5 for further description of the sample.

Fig. 1  BIOPATH recruitment and follow-up. Data from n = 6 families were excluded at baseline, giving final n = 1594; data from n = 8 families 
were excluded at follow-up, giving final n = 1001
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Table 1  Description of the cohort

Baseline (N = 1594) 1-Year follow-up (N = 1001) Comparison of those retained vs. not retained

Test statistics Details

Child gender, N (%) female 839 (52.6%) 536 (53.5%) χ2 (1) = 0.90, p = 0.344, 
 tauC = 0.001

Child age at assessment, 
mean (SD)  [range]A

11.44 (2.44) [6–19] 12.25 (2.38) [8–20] t (1191.32) = 3.85, p < 0.001, 
d = 0.20

Retained children are younger 
than those not retained

Caregiver gender, N (%) 
female

1520 (95.4%) 967 (97.6%) χ2 (1) = 3.39, p = 0.066, 
 tauC = 0.002

Caregiver age at assessment, 
mean (SD) [range] A

39.03 (8.59) [18–75] 39.59 (8.42) [15–76] t (1589) = 1.48, p = 0.139, 
d = 0.08

Caregiver relationship to child, N (%)
 Mother 1424 (89.3%) 907 (90.6%) χ2 (11) = 30.02, p = 0.002, 

 tauC = 0.02
Included families more likely 

to have mother as caregiver Father 65 (4.1%) 24 (2.4%)
 Stepmother 25 (1.6%) 21 (2.1%)
 Grandmother 24 (1.5%) 14 (1.4%)
 Sister 21 (1.3%) 7 (0.7%)
 Aunt 18 (1.1%) 8 (0.8%)
 Brother 6 (0.4%) 0 (0.0%)
 Uncle 3 (0.2%) 0 (0.0%)
 Cousin 3 (0.2%) 1 (0.1%)
 Other 5 (0.3%) 8 (0.8%)
 Missing B 0 (0.0%) 11 (1.1%)

Time since leaving Syria, N (%)
 ≤ 3 years ago (base-

line)/≤ 4 years ago (fol-
low-up)

744 (46.7%) 465 (46.5%) χ2 (1) = 22.95, p < 0.001, 
dD = 0.12

Included families more likely 
to have left Syria more than 
3 years ago

 > 3 years ago (base-
line)/> 4 years ago (fol-
low-up)

844 (52.9%) 536 (53.5%)

 Missing 6 (0.4%) 0 (0.0%)
Child nationality, N (%)
 Syrian 1571 (98.6%) 988 (98.7%) χ2 (4) = 5.25, p = 0.263, 

 tauC = 0.003 Lebanese 8 (0.5%) 3 (0.3%)
 Palestinian 13 (0.8%) 9 (0.9%)
 Iraqi 1 (0.1%) 1 (0.1%)
 Missing 1 (0.1%) 0 (0.0%)

Caregiver nationality, N (%)
 Syrian 1577 (98.9%) 980 (97.9%) χ2 (3) = 6.12, p = 0.106, 

 tauC = 0.003 Lebanese 8 (0.5%) 4 (0.4%)
 Palestinian 5 (0.3%) 5 (0.5%)
 Iraqi 1 (0.1%) 1 (0.1%)
 Missing B 3 (0.2%) 11 (1.1%)

Child married/engaged, N 
(%)

26 (1.6%) 29 (2.9%) χ2 (1) = 0.08, p = 0.776, 
 tauC = 0.00

UNHCR vulnerability rating, N (%)
 Most vulnerable 615 (38.6%) 342 (34.0%) χ2 (2) = 30.03, p < 0.001, 

dD = 0.08
Included families less likely 

to be from most vulnerable 
localities

 Second most vulnerable 648 (40.6%) 454 (45.1%)
 Third most vulnerable 332 (20.8%) 209 (20.8%)
 Missing 0 (0.0%) 2 (0.2%)
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Frequency of follow‑up and attrition

Recruitment and baseline data collection were completed 
between October 2017 and January 2018. Follow-up was 
completed 1 year later, between October 2018 and Janu-
ary 2019 [mean (SD) = 51.55 (1.84) weeks]. The subsample 
that completed a clinical interview was recruited and inter-
viewed between December 2018 and August 2019 [mean 
(SD) = 27.02 (7.16) weeks later]. No further follow-up 
assessments were planned due to the high mobility of the 
population.

Those who participated at follow-up did not differ from 
those who did not participate in terms of child or caregiver 
gender, caregiver age, nationality, child marriage, house-
hold size, caregiver education or pre-war employment. Of 

families who re-participated, children were slightly younger 
than those who did not participate, more likely to partici-
pate with their mother, to have left Syria more than 3 years 
before recruitment, to be registered with UNHCR, and to 
have access to education. They were less likely to be from 
the most vulnerable localities and caregivers were less likely 
to be working or have very low literacy levels. However, all 
these differences were small (Table 1 and Supplementary 
Section 5). The subsample who completed a clinical inter-
view did not differ from the remaining sample in terms of 
child or caregiver gender, time since leaving Syria, child 
marriage, UNHCR registration, or caregiver education, lit-
eracy or employment. Children who completed a clinical 
interview were more likely to be from the most vulnerable 
localities, were slightly younger and had younger caregivers, 

Table 1  (continued)

Baseline (N = 1594) 1-Year follow-up (N = 1001) Comparison of those retained vs. not retained

Test statistics Details

Family members registered with UNHCR, N (%)
 All 1253 (78.6%) 866 (86.5%) χ2 (2) = 17.42, p < 0.001, 

dD = − 0.09
Included families more 

likely to be registered with 
UNHCR

 Some 174 (10.9%) 99 (9.9%)
 None 163 (10.2%) 18 (1.8%)
 Missing B 4 (0.3%) 18 (1.8%)

Number of people in the household, median (IQR) [range]
 Adults 2 (1) [1–11] 2 (1) [1–12] U = 290,467.5, p = 0.835
 Children 5 (2) [1–18] 5 (2) [1–16] U = 286,022.0, p = 0.353
 Total 7 (3) [2–24] 7 (3) [2–22] U = 283,132.5, p = 0.361

Caregiver has current job, N (%)
 No 1384 (86.8%) 817 (81.6%) χ2 (1) = 6.45, p = 0.011, 

 tauC = 0.004
Included families were less 

likely to report the primary 
caregiver having a job

 Yes 206 (12.9%) 174 (17.4%)

  Wholesale and retail 1 (0.1%) 2 (0.2%)
  Other services, e.g. hotel, 

transport, cleaning, 
childcare

10 (0.6%) 18 (1.8%)

  Agriculture 169 (10.6%) 137 (13.7%)
  Construction 1 (0.1%) 0 (0.0%)
  Manufacturing 6 (0.4%) 0 (0.0%)
  Other 14 (0.9%) 16 (1.6%)

 Missing 4 (0.3%) 10 (1.0%)
Child has access to education, N (%)
 No school 621 (39.0%) 542 (54.1%) χ2 (2) = 20.79, p < 0.001, 

dD = 0.09
Included children were more 

likely to have access to 
education

 Some education 398 (25.0%) 209 (20.9%)
 School 573 (35.9%) 249 (24.9%)
 Missing 2 (0.1%) 1 (0.1%)

A Age is the best estimate rounded to the nearest year, based on all date of birth and age data available (see Supplementary Section 1); caregiver 
age is missing for n = 3 cases
B At follow-up, n = 9 children took part without a caregiver and for n = 1 caregiver data were missing due to tablet failure; caregiver reported data 
were missing for n = 10 cases
C Goodman–Kruskal tau
D Somers’ d
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had fewer adults in the household, and were more likely to 
have access to education than those who did not participate. 
Other than the bias towards more vulnerable localities, the 
differences were small (Supplementary Section 6).

For psychosocial measures, there were relatively little 
missing data other than for measures relating to fathers/
male caregivers (because a significant minority of children 
reported that their father did not live with them) and meas-
ures about school (approx. 40% of children did not have 
access to any education). Missing data for scales was mostly 
limited to one to two items [8].

Measures

Children and caregivers were interviewed separately using 
questionnaires translated into Arabic (see [8] for transla-
tion protocol). All questionnaires were piloted in the same 
population and, where necessary, modified to ensure com-
prehensibility and good performance (e.g. maintaining good 
internal consistency and factor structure in scales that were 
shortened). Visual aids were used to support verbal use of 
the Likert scale response format (Figure S2). Questionnaires 
covered both positive (e.g. well-being, optimism [10, 11]) 
and negative (e.g. depression, PTSD, externalising behav-
iour problems [12–19]) outcomes. War exposure was meas-
ured using a 25-item checklist of war events [20] and both 
children and caregivers reported on the child’s war exposure. 
A range of factors with potential risk or protective func-
tions were covered, including those at the individual level 
(e.g. the temperament trait of environmental sensitivity, self-
esteem [21, 22]), the family and community environment 
(e.g. caregiver–child relationship, caregiver mental health, 
bullying, social support, school environment [23–29]), and 
the wider context (e.g. access to services). The subsample 
selected for clinical interview completed the MINI KID 6.0 
[30]; additional information was gathered where appropri-
ate and a Clinical Global Impression severity (CGI-s) score 
was assigned [31], with psychiatric diagnoses agreed by 
consensus during supervision with an experienced clinical 
psychologist [8, 9]. Domains of measurement are described 
in Table 2 and Supplementary Section 7.

Children and caregivers were interviewed simultane-
ously, but separately by different interviewers. Where pos-
sible, interviews were conducted in different rooms to try 
to ensure privacy. Where families were living in shelters 
that had only one room, the child and caregiver were inter-
viewed at the opposite ends of the room, with their backs to 
each other, and the interviewers spoke in low voices to try 
to improve privacy. The use of visual aids that participants 
could point at to respond provided an alternative response 
format for children or caregivers who did not want to answer 
‘out loud’. The procedure for the MINI Kid interview used 

in the subsample differed, as this interview is designed to 
be administered to children ≤ 12 years with their parent or 
caregiver. In this case, questions about symptoms of mental 
health problems were directed to children but the caregiver 
asked for further information if necessary. Children older 
than 12 years were typically interviewed without their car-
egiver, but further information was sought from caregiv-
ers after the interview for areas where the child’s reporting 
may have been incomplete (e.g. conduct problems, which 
may be under-reported by children). The decision about 
whether to interview the child separately or together with 
the caregiver(s) was made jointly with each family that com-
pleted the MINI Kid. In n = 94 (70.1%) families, caregiver 
and child were interviewed together and in n = 40 (29.9%) 
the interview was completed primarily with the child.

Saliva samples were collected from children at baseline 
and 1-year follow-up using the Isohelix GeneFix saliva col-
lection device. Genomic DNA was extracted from saliva 
samples for genome-wide single nucleotide polymorphism 
genotyping and DNA methylation (epigenetic) analyses 
(Illumina Infinium Global Screening Array and Illumina 
Infinium MethylationEPIC Array, respectively). Hair sam-
ples were taken from each child at baseline and at 1-year 
follow-up (if the child’s hair was a minimum of 1 cm in 
length). The 2 cm of hair closest to the scalp, representing 
hormone secretion over the previous 2 months, was used 
to measure cortisol, dehydroepiandrosterone (DHEA) and 
testosterone levels using commercial ELISAs. See Table 3 
for the numbers with samples.

Key findings to date

Point prevalence of depressive disorder, anxiety disorders, 
PTSD, and externalising behaviour disorders were estimated 
in the subsample of children with clinical interview data and 
in the full cohort. Clinical interview data were used to esti-
mate the optimal cutoff for each psychopathology scale as 
well as the sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) at that cutoff [8]. 
Prevalence estimates indicated significantly elevated rates 
of mental health problems in children, whether based on 
clinical interview in the subsample (20.1% for depressive 
disorder, 47.8% for anxiety disorders, 39.6% for PTSD, and 
26.9% for conduct/oppositional defiant disorder) or using 
questionnaire measures (adjusted for the rate of false posi-
tives and false negatives) in the whole cohort at baseline 
(19.0% for depression, 54.3% for anxiety, 36.1% for PTSD, 
and 27.6% for externalising behaviour problems). There 
was substantial comorbidity, with 32.1% of children meet-
ing criteria for PTSD and one or more other disorders. The 
perceived quality of the refugee environment significantly 
predicted children’s symptoms of depression, PTSD, and 
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Table 2  Measures

See Supplementary Section 5 for full list of items, references, and details about modifications to measures

Baseline
n = 1594

Follow-up
n = 1001

Clinical 
interview 
subsam-
ple
n = 134

Oct 2017–Jan 2018 Oct 2018–Jan 2019 Dec 
2018–
Aug 2019

Demographic data, medical data, puberty, mental health service use and needs X X
Child mental health and well-being: well-being, PTSD, depression, anxiety, externalising 

behaviour problems, sleep problems, impairment
X X X

Child psychopathology: structured neuropsychiatric interview, clinical global impression 
severity score, consensus diagnosis

X

Individual level factors: optimism, self-esteem, future orientation, self-efficacy, coping 
strategies, environmental sensitivity, child religiosity

X X

Family level factors: child maltreatment, forced marriage, caregiver–child relation-
ship (psychological control, acceptance, parental monitoring, conflict, positive home 
experiences), caregiver mental health and well-being (well-being, general mental 
health, PTSD, depression, anxiety, impulsivity, perceived stress), caregiver self-efficacy, 
caregiver environmental sensitivity, life events, livelihood, basic needs, housing, family 
environment, learning environment

X X

Community level factors and wider context: war exposure, bullying, forced work, child 
maltreatment outside the home, loneliness and social isolation, perceived social sup-
port, perceived security, access to education, school environment (peer victimisation, 
peer support, teacher support, school connectedness), access to services, community 
environment, working situation, future mobility, perceived refugee environment, human 
insecurity, collective efficacy

X X

Biometric data: height, weight, waist and hip circumference X X
DNA from saliva: genome-wide genotyping (Illumina Infinium Global Screening Array), 

genome-wide methylation (Illumina Infinium MethylationEPIC Array)
X X

Neuroendocrine measures from hair: cortisol, dehydroepiandrosterone, testosterone X X

Table 3  Biological measures from children

A Number of children with data after data cleaning
B Number with a minimum of both height and weight measurement for whom it is possible to calculate BMI
C Biometric data were not collected during the first 5 weeks of data collection resulting in missing data for approx. 40% of the baseline sample
D Number of samples with data which were sent for each analysis; this work is ongoing therefore the final number of samples for each assay may 
differ once quality control has been completed

Measure Description N with data at 
 baselineA

N with data at 
1-year follow-
upA

Pre-screening For saliva sample: when last ate, brushed teeth, dental work 1590 985
For hair sample: frequency of hair washing, use of hair dye/henna, etc. 1592 999

Biometric Height, weight, waist and hip  circumferenceB 912C 978
DNA from  salivaD Genome-wide genotyping (Illumina Infinium Global Screening Array) 1460 945

Genome-wide methylation (Illumina Infinium MethylationEPIC Array) 1533 947
Neuroendocrine meas-

ures from  hairD
Cortisol (ELISA) 1589 934
Dehydroepiandrosterone (ELISA) 1589 934
Testosterone (ELISA) 1589 934
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externalising behaviour problems and this effect was an 
order of magnitude greater than other predictors, including 
exposure to war events, child maltreatment, caregiver-child 
conflict, and caregiver mental health problems. The impor-
tance of the environment—such as the quality of housing, 
access to services, and the social environment—suggests 
that scaling up of mental health services as well as the 
development of policies that address social determinants of 
mental health will be necessary to address the high burden 
of mental health problems in this population. Results are 
discussed in McEwen et al. (in preparation).

There were challenges associated with assessing men-
tal disorders in this population given high levels of current 
adversity. These challenges, and the approaches taken to 
improve the cultural and contextual sensitivity of the assess-
ment process, are discussed at length in Kyrillos et al. [9]. 
Importantly, the performance of the anxiety measure proved 
not optimal [8] and was excluded for individual level predic-
tion for the resilience analyses discussed below.

The majority of children had been exposed to war events 
(n = 1544, 96.9%). N = 297 (18.6%) war-exposed children 
fell below the cutoff for depression, PTSD, and externalis-
ing behaviour problems and were therefore classed as being 
resilient (defined as being at low risk for these mental health 
problems despite exposure to adversity). To identify predic-
tors of resilience, these children were matched to children 
who fell above at least one cutoff (and hence were considered 
at risk of mental health problems) but who reported similar 
exposure to war events. The strongest predictor of being in 
the resilient group was self-esteem. The strongest predic-
tors of being in the risk group were the temperament trait 
of environmental sensitivity, loneliness and social isolation, 
child maltreatment, caregiver PTSD, and caregiver depres-
sion. Results are discussed in Popham et al. (in revision). 
At follow-up, the proportion of children classed as resilient 
increased to 33.1%, with 8.7% of the cohort showing stable 
low risk for mental health problems and 24.4% showing sig-
nificant improvement in mental health a year later (Fig. 2). 
However, 56.4% of children showed a stable high-risk tra-
jectory and 10.5% had deteriorating mental health. Several 

aspects of the family environment, including social support, 
caregiver’s mental health, child–caregiver relationship, and 
child maltreatment, predicted children’s mental health over 
time. Some of these relationships were bidirectional: for 
example, child mental health symptoms were both predicted 
by and predictive of caregiver depression. This highlights 
the dynamic nature of risk and resilience and the complex 
interrelationships between children and the family environ-
ment, suggesting that systemic family-focused interventions 
may be appropriate. Results are discussed in Popham et al. 
(under review).

War exposure is a severe form of trauma that is associ-
ated with increased risk of mental health problems. Disrup-
tion of the hypothalamic–pituitary–adrenal axis, marked by 
disrupted cortisol secretion, may link the two. We explored 
the associations between hair cortisol concentrations (HCC), 
war exposure, and PTSD symptoms in children. War expo-
sure was significantly associated with HCC, particularly 
in those who were aged 12 years or older at the time of 
exposure. HCC was also concurrently associated with PTSD 
symptoms, though it did not predict symptoms over time. 
These findings suggest that traumatic experiences can leave 
a lasting mark on the biology of the child, measurable as 
elevated HCC, particularly those in adolescence during 
exposure. Elevated HCC was indicative of greater burden 
of PTSD symptoms, though the nature of the relationship 
between them was unclear. The results are discussed in 
Smeeth et al. (under review).

Strengths and limitations

There are several strengths to this cohort. The majority of 
refugees worldwide live in low- and middle-income coun-
tries, yet much of the research to date has been conducted 
with those who have moved to high-income countries; the 
focus on a cohort of Syrian refugees living in Lebanon close 
to the Syrian border helps to address this imbalance. Results 
should be generalisable to similar populations of Syrian 
refugees in the Middle East (i.e., those living in tented 

Fig. 2  Mental health risk trajec-
tories from baseline to follow-
up. This illustrates the number 
of children in each of the four 
resilience trajectories. Red sec-
tions represent children at high 
risk (scoring above depression, 
PTSD, or externalising cutoffs) 
and blue sections represent 
children at low risk (below all 
cutoffs). N = 990 children with 
complete baseline and follow-up 
data
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settlements), though care should be taken in extrapolating 
findings to those living in substantially different conditions 
(e.g. in urban areas) and those with different socioeconomic 
backgrounds.

Purposive cluster sampling was used to select a sam-
ple with varying levels of vulnerability, and a wide range 
of factors at the individual, family, and community levels 
were measured using both self-report and caregiver-report 
questionnaires per interview. Together with the inclusion 
of genetic, epigenetic, and neuroendocrine measures, this 
makes it possible to explore the interplay between biologi-
cal and environmental factors in the development of mental 
health and wellbeing outcomes in children exposed to war 
and adversity associated with being a refugee. Furthermore, 
the study was designed to include children across a wide 
age range at baseline to make it possible to consider devel-
opmental aspects of mental health despite only two waves 
of data collection.

We also carried out clinical interviews in a representa-
tive subsample of the cohort to establish the validity of key 
outcome measures when used in this population and context. 
This provided validated cutoffs for psychopathology screen-
ing tools and allowed us to adjust estimated prevalence of 
mental disorders for false positives and false negatives.

We took several steps to reduce the risk of bias in the 
cohort. All eligible families from each ITS were invited to 
participate and one child was randomly selected from each 
family by the research team using a pre-specified approach. 
However, it is possible that older children were less likely 
to be included because they were working. Child-headed 
families and unaccompanied minors were not recruited 
because there was no adult to provide consent. Caregivers 
with more severe mental health problems may have been 
less likely to participate, and children with mental health 
problems that made establishing assent and participation 
challenging, such as selective mutism, were not included. 
Some settlements could not be visited for security reasons 
or because the settlement had been relocated out of the area. 
Collectively, these challenges are likely to have resulted in 
bias away from the most vulnerable children and families.

We were able to successfully follow up the target of 63% 
of the baseline sample. The follow-up sample was broadly 
representative of the baseline sample, though there were 
some differences. Those lost to follow-up were less likely to 
have access to education or be registered with UNHCR, and 
more likely to be from the most vulnerable localities, sug-
gesting that the most vulnerable families were more difficult 
to follow up. However, differences between those retained 
versus not retained were mostly small (Table 1), suggesting 
that the follow- up sample was not substantially biased. We 
were also not able to follow up families who had moved to 
other areas of Lebanon or to other countries. This means we 
are likely to have missed some families who were subject to 

evictions as well as those with the means to move to other 
countries.

There are some limitations that should be considered. 
Only two waves of data are available, and due to the high 
mobility of the sample there are no plans to conduct further 
data collection. Self-report data is likely to be subject to 
bias, especially in younger children. For example, there is 
the possibility of recall bias in relation to war exposure and 
other risk and protective factors, which may be biased by 
the child’s current mental state and limited by some chil-
dren’s very young age at the time of war exposure. However, 
the inclusion of both child and caregiver reports in several 
domains, as well as repeating measures at follow-up, will 
make it possible to explore bias in more detail. Measurement 
of child psychopathology relied on questionnaires, which 
have some limitations compared to clinical interviews. Reli-
ability and validity of these measures was broadly sufficient 
and enabled adjustment of prevalence estimates, though the 
validity of the anxiety measure was less optimal [6]. More 
broadly, there are challenges associated with differentiating 
mental disorders from distress and behavioural responses 
that are understandable or potentially adaptive in the context 
of a refugee camp. These issues are explored in detail in 
Kyrillos et al. [9].

Publications and availability of the data

Initial findings in relation to resilience, prevalence and predic-
tors of mental health problems, and mental health assessment 
in this setting are available or will be available soon (Popham 
et al., in revision; Popham et al., under review; Kyrillos et al., 
in press; [9]), as well as the theoretical framework that will be 
used to explore the role of epigenetic factors [32]. More details 
about the study can be found at https:// www. qmul. ac. uk/ sbbs/ 
about- us/ our- depar tments/ psych ology/ global- mental- health/. 
Researchers interested in collaboration should contact Profes-
sor Michael Pluess (m.pluess@qmul.ac.uk).
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tary material available at https:// doi. org/ 10. 1007/ s00127- 022- 02228-8.

Acknowledgements We warmly thank all participating families for 
their participation. We thank Patricia Moghames, Stephanie Legoff, 
Nicolas Puvis, and Zeina Hassan, and all other members of the BIO-
PATH team for their dedication, hard work, and insights. This paper 
is dedicated to John Fayyad, who sadly passed away during the study.

Funding The BIOPATH study was funded by the Eunice Kennedy 
Shriver National Institute of Child Health & Human Development 
(Grant number R01HD083387). Linked studies were funded by an 
award from TIES/NYU as part of the 3EA|MENAT Measurement Ini-
tiative (Grant number S4323-04) and by Elrha’s Research for Health 
in Humanitarian Crises (R2HC) Programme, which aims to improve 
health outcomes by strengthening the evidence base for public health 
interventions in humanitarian crises. R2HC is funded by the UK 

https://www.qmul.ac.uk/sbbs/about-us/our-departments/psychology/global-mental-health/
https://www.qmul.ac.uk/sbbs/about-us/our-departments/psychology/global-mental-health/
https://doi.org/10.1007/s00127-022-02228-8


882 Social Psychiatry and Psychiatric Epidemiology (2022) 57:873–883

1 3

Foreign, Commonwealth and Development Office (FCDO), Wellcome, 
and the UK National Institute for Health Research (NIHR). Visit http:// 
www. elrha. org for more information about Elrha’s work to improve 
humanitarian outcomes through research, innovation, and partnership. 
The funders played no role in study design, in the collection, analysis 
or interpretation of data, in the writing of the report, or the decision to 
submit the article for publication.

Availability of data and material Researchers interested in accessing 
data should contact Professor Michael Pluess at Queen Mary University 
of London, UK (e-mail: m.pluess@qmul.ac.uk).

Code availability Contact Professor Michael Pluess at Queen Mary 
University of London, UK (e-mail: m.pluess@qmul.ac.uk).

Declarations 

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

Ethical approval The study was performed in accordance with the 
ethical standards as laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable standards. Ethical approval 
was granted by the Institutional Review Board of the University of 
Balamand/Saint George Hospital University Medical Center, Lebanon 
(ref: IRB/O/024-16/1815). The study was also reviewed by the Leba-
nese National Consultative Committee on Ethics and approved by the 
Ministry of Public Health.

Consent to participate Informed consent was obtained from all indi-
vidual adult caregivers included in the study and assent was obtained 
from children. The consent procedure was adapted to account for low 
literacy: the study was explained verbally by trained research staff, 
supported by a written information sheet and a simplified ‘easy read’ 
version of the information sheet with photos demonstrating sample 
collection. Research staff checked participants’ understanding of the 
study, addressed misunderstandings, answered questions and discussed 
concerns.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. UNHCR. Syria regional refugee response: UNHCR. https:// data2. 
unhcr. org/ en/ situa tions/ syria. Accessed 6 Dec 2021

 2. Reed RV, Fazel M, Jones L, Panter-Brick C, Stein A (2012) 
Mental health of displaced and refugee children resettled in low-
income and middle-income countries: risk and protective factors. 
Lancet 379(9812):250–265

 3. Macksoud MS, Aber JL (1996) The war experiences and psy-
chosocial development of children in Lebanon. Child Dev 
67(1):70–88

 4. Werner EE (2012) Children and war: risk, resilience, and recovery. 
Dev Psychopathol 24(2):553–558

 5. Masten AS, Narayan AJ (2012) Child development in the context 
of disaster, war, and terrorism: pathways of risk and resilience. 
Annu Rev Psychol 63:227–257

 6. Khoury JE, Bosquet Enlow M, Plamondon A, Lyons-Ruth K 
(2019) The association between adversity and hair cortisol 
levels in humans: a meta-analysis. Psychoneuroendocrinology 
103:104–117

 7. Davidson T, Braudt DB, Keers R, Assary E, Harris KM, Board-
man JD (2021) Genome-wide stress sensitivity moderates the 
stress-depression relationship in a nationally representative sam-
ple of adults. Sci Rep 11:20332

 8. McEwen FS, Moghames P, Bosqui T, Kyrillos V, Chehade N, 
Saad S et al (2020) Validating screening questionnaires for inter-
nalising and externalising disorders against clinical interviews 
in 8–17 year-old Syrian refugee children. London, UK: Queen 
Mary University of London; 2020. https:// psyar xiv. com/ 6zu87/. 
Accessed 6 Dec 2021

 9. Kyrillos V, Bosqui T, Moghames P, Chehade N, Saad S, Abdul 
Rahman D et al (2022) The culturally and contextually sensitive 
assessment of mental health using a structured diagnostic inter-
view (MINI Kid) for Syrian refugee children and adolescents in 
Lebanon: challenges and solutions. Transcult Psychiatry. https:// 
doi. org/ 10. 31234/ osf. io/ rxbyc. (in press)

 10. Bech P (2012) Clinical psychometrics. Wiley Blackwell, Oxford
 11. Topp CW, Ostergaard SD, Sondergaard S, Bech P (2015) The 

WHO-5 Well-Being Index: a systematic review of the literature. 
Psychother Psychosom 84(3):167–176

 12. Weissman MM, Orvaschel H, Padian N (1980) Children’s symp-
tom and social functioning self-report scales. Comparison of 
mothers’ and children’s reports. J Nerv Ment Dis 168(12):736–740

 13. Faulstich ME, Carey MP, Ruggiero L, Enyart P, Gresham F (1986) 
Assessment of depression in childhood and adolescence: an evalu-
ation of the Center for Epidemiological Studies Depression Scale 
for Children (CES-DC). Am J Psychiatry 143(8):1024–1027

 14. Ayyash-Abdo H, Nohra J, Okawa S, Sasagawa S (2016) Depres-
sive symptoms among adolescents in Lebanon: a confirmatory 
factor analytic study of the Center for Epidemiological Studies 
Depression for Children. Acta Psychopathol 2(6)

 15. Foa EB, Johnson KM, Feeny NC, Treadwell KR (2001) The child 
PTSD Symptom Scale: a preliminary examination of its psycho-
metric properties. J Clin Child Psychol 30(3):376–384

 16. Goodman R (1997) The Strengths and Difficulties Questionnaire: 
a research note. J Child Psychol Psychiatry 38(5):581–586

 17. Goodman A, Lamping DL, Ploubidis GB (2010) When to use 
broader internalising and externalising subscales instead of the 
hypothesised five subscales on the Strengths and Difficulties 
Questionnaire (SDQ): data from British parents, teachers and 
children. J Abnorm Child Psychol 38(8):1179–1191

 18. Alyahri A, Goodman R (2006) Validation of the Arabic 
Strengths and Difficulties Questionnaire and the Development 
and Well-Being Assessment. East Mediterr Health J 12(Suppl 
2):S138–S146

 19. APA (2013) Diagnostic and statistical manual of mental disorders, 
5th edn. American Psychiatric Association, Arlington

 20. Karam EG, Al-Atrash R, Saliba S, Melhem N, Howard D (1999) 
The War Events Questionnaire. Soc Psychiatry Psychiatr Epide-
miol 34(5):265–274

 21. Pluess M, Assary E, Lionetti F, Lester KJ, Krapohl E, Aron E et al 
(2018) Environmental sensitivity in children: development of the 

http://www.elrha.org
http://www.elrha.org
http://creativecommons.org/licenses/by/4.0/
https://data2.unhcr.org/en/situations/syria
https://data2.unhcr.org/en/situations/syria
https://psyarxiv.com/6zu87/
https://doi.org/10.31234/osf.io/rxbyc
https://doi.org/10.31234/osf.io/rxbyc


883Social Psychiatry and Psychiatric Epidemiology (2022) 57:873–883 

1 3

highly sensitive child scale and identification of sensitivity groups. 
Dev Psychol 54(1):51–70

 22. Harris MA, Donnellan MB, Trzesniewski KH (2018) The lifespan 
self-esteem scale: initial validation of a new measure of global 
self-esteem. J Pers Assess 100(1):84–95

 23. Barber BK, Xia M, Olsen JA, McNeely CA, Bose K (2012) Feel-
ing disrespected by parents: refining the measurement and under-
standing of psychological control. J Adolesc 35(2):273–287

 24. Schaefer ES (1965) Children’s reports of parental behavior: an 
inventory. Child Dev 36:413–424

 25. Kessler RC, Ustun TB (2004) The World Mental Health (WMH) 
Survey Initiative Version of the World Health Organization 
(WHO) Composite International Diagnostic Interview (CIDI). 
Int J Methods Psychiatr Res 13(2):93–121

 26. Ramaswamy V, Aroian KJ, Templin T (2009) Adaptation and psy-
chometric evaluation of the multidimensional scale of perceived 
social support for Arab American adolescents. Am J Community 
Psychol 43(1–2):49–56

 27. Kochenderfer BJ, Ladd GW (1996) Peer victimization: 
cause or consequence of school maladjustment? Child Dev 
67(4):1305–1317

 28. Ladd GW, Kochenderfer BJ, Coleman CC (1996) Friendship qual-
ity as a predictor of young children’s early school adjustment. 
Child Dev 67(3):1103–1118

 29. Resnick MD, Bearman PS, Blum RW, Bauman KE, Harris KM, 
Jones J et al (1997) Protecting adolescents from harm. Findings 
from the National Longitudinal Study on Adolescent Health. J Am 
Med Assoc 278(10):823–832

 30. Sheehan DV, Sheehan KH, Shytle RD, Janavs J, Bannon Y, Rogers 
JE et al (2010) Reliability and validity of the Mini International 
Neuropsychiatric Interview for Children and Adolescents (MINI-
KID). J Clin Psychiatry 71(3):313–326

 31. Busner J, Targum SD (2007) The clinical global impressions 
scale: applying a research tool in clinical practice. Psychiatry 
(Edgmont) 4(7):28–37

 32. Smeeth D, Beck S, Karam EG, Pluess M (2021) The role of epige-
netics in psychological resilience. Lancet Psychiatry 8(7):620–629


	Cohort profile: biological pathways of risk and resilience in Syrian refugee children (BIOPATH)
	Abstract
	Recruitment and follow-up
	Description of the cohort
	Frequency of follow-up and attrition
	Measures
	Key findings to date
	Strengths and limitations
	Publications and availability of the data
	Acknowledgements 
	References




