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ABSTRACT

Background: War-related trauma is associated with varying posttraumatic stress disorder (PTSD)
prevalence rates in refugees. In PTSD development, differential DNA methylation (DNAm) levels
associated with trauma exposure might be involved in risk versus resilience processes. Studies
investigating DNAm profiles related to trauma exposure and PTSD among refugees remain sparse.
Objective: The present epigenome-wide association study investigated associations between
war-related trauma, PTSD, and altered DNAm patterns in Burundian refugee families with 110
children and their 207 female and male caregivers.

Method: War-related trauma load and PTSD symptom severity were assessed in structured
clinical interviews with standardised instruments. Epigenome-wide DNAm levels were
quantified from buccal epithelia using the lllumina EPIC beadchip.

Results: Controlling for biological confounders, no significant epigenome-wide DNAm
alterations associated with trauma exposure or PTSD were identified in children or caregivers
(FDRs > .05). Co-methylated positions derived as modules from weighted gene correlation
network analyses were not significantly associated with either war-related trauma experience
in children or caregivers or with PTSD.

Conclusions: These results do not provide evidence for altered DNAm patterns associated with
exposure to war-related trauma or PTSD.

No hay Asociacion entre el trauma relacionado con la Guerra o gravedad
de los sintomas de TEPT y la metilacion del ADN de todo el epigenoma en
refugiados de Burundi

Antecedentes: El trauma relacionado con la guerra se asocia con diferentes tasas de prevalencia
de trastorno de Estrés postraumatico (TEPT) en refugiados. En el desarrollo del TEPT, los niveles
diferenciales de metilacion del ADN (ADNm) con exposicién al trauma podrian estar involucrados
en los procesos de riesgo versus resiliencia. Los estudios que investigan los perfiles de ADNm
relacionados con la exposicion al trauma y TEPT entre refugiados siguen siendo escasos.
Objetivo: El presente estudio de asociacion de todo el epigenoma investigé las asociaciones
entre el trauma relacionado con la guerra, TEPT y patrones de ADNm alterados en familias de
refugiados de Burundi con 110 nifios y sus 207 cuidadores femeninos y masculinos.

Método: La carga traumatica relacionada con la guerra y la gravedad de los sintomas del TEPT se
evaluaron en entrevistas clinicas estructuradas con instrumentos estandarizados. Los niveles de
ADNm de todo el epigenoma fueron cuantificados a partir del epitelio bucal utilizando el chip de
cuentas Illlumina EPIC.

Resultados: Al controlar los factores de confusiéon biolégicos, no se identificaron alteraciones
significativas en el ADNm en todo el epigenoma asociadas con la exposicién al trauma o TEPT
en ninos o cuidadores (FDRs > .05). Las posiciones co-metiladas derivadas como médulos de
los andlisis de redes de correlacion de genes ponderados no se asociaron significativamente
ni con experiencias traumdticas relacionadas con la guerra en nifios o cuidadores ni con TEPT.
Conclusiones: Estos resultados no proporcionan evidencia de patrones de ADNm alterados
asociados con la exposicion a traumas relacionados con la guerra o TEPT.
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1. Background

It is estimated that more than 50% of refugees who fled
armed conflicts are affected by mental health problems
including posttraumatic stress disorder (PTSD) (Atta-
nayake et al., 2009; Fazel et al.,, 2005; Neuner et al,
2004; Scharpf, Kaltenbach, et al, 2021; Shawyer
et al.,, 2017; Steel et al., 2002). Recent meta-analyses
showed that PTSD has one of the highest prevalence
rates in refugees: between 4% and 63% in adult refu-
gees and 7% and 40% in refugee minors across studies
(Blackmore, Boyle, et al., 2020; Blackmore, Gray, et al.,
2020; Mesa-Vieira et al., 2022).

Varying PTSD prevalence rates in refugees can be
partly attributed to methodological differences and
cultural heterogeneity of the study samples. However,
studies in war and crisis regions have repeatedly
shown a strong association between trauma load and
PTSD development, even after adjusting for methodo-
logical factors (Neuner et al., 2004; Steel et al., 2009;
Wilker et al., 2015). Yet, trauma load does not seem
to explain the varying prevalence rates sufficiently.
There is a considerable portion of individuals with
trauma experience who do not develop PTSD even
after multiple or severe traumatic exposures
(Bonanno, 2004; Hoge et al, 2004; Kessler et al,
1995; Steel et al., 2009), suggesting that individual vul-
nerability and resilience to trauma are key factors in
PTSD development (Ford et al., 2015).

PTSD development is thought to result from inter-
actions between environmental and personal risk fac-
tors (Ford et al., 2015). Increasing evidence suggests
that one mechanism for gene by environment inter-
actions that differentiates risk versus resilience
involves epigenetic processes (Yehuda & Bierer,
2009; Yehuda & LeDoux, 2007). The most studied epi-
genetic mark in the field of mental health is DNA
methylation (DNAm), a chemical modification of
DNA at cytosine-guanine dinucleotides (CpGs)
which can alter gene regulation (Novik et al., 2002).
It has been suggested that the epigenome can accom-
modate environmental influences in the form of long-
lasting DNAm modifications which alter the central
nervous system’s structures and functioning (Aristiza-
bal et al., 2020). Such alterations can originate from
exposures to traumatic events during sensitive periods
of development but have also been described as a

result of adult exposures to trauma (Mill & Heijmans,
2013).

To identify differential DNAm patterns associated
with PTSD risk, two strategies have been followed
(Morrison et al., 2019). Candidate gene studies ident-
ify genes of interest based on presumed biological
pathways involved in PTSD development to address
potential mechanistic links between epigenetic altera-
tions and PTSD risk. As PTSD is highly linked to stress
responses (Dunlop & Wong, 2019) and inflammatory
reactions (Kim et al., 2020), differential DNAm of
genes involved in these regulations has been mainly
investigated with the candidate gene approach. Inves-
tigations of genes involved in stress and inflammatory
regulations in individuals with and without PTSD
including survivors of the Rwandan genocide
(Perroud et al., 2014; Rudahindwa et al, 2020;
Vukojevic et al., 2014) have shown differential
DNAm in promoter regions of genes encoding for
exon 1F of the glucocorticoid receptor (GR) gene
(NR3CI) (Labonte et al., 2014; Vukojevic et al,
2014), FK506 binding protein 51 (FKBP5), a regulator
of GR sensitivity (Klengel & Binder, 2015; Zannas
et al, 2016), glucocorticoid-induced leucine zipper
(GILZ, TSC22D3) (Lebow et al., 2019), a GR respon-
sive transcript with anti-inflammatory properties and
a potential indicator of glucocorticoid pathway sensi-
tivity (Cheng et al., 2014; Thiagarajah et al., 2014),
stress responsive pituitary adenylate cyclase-activating
polypeptide (ADCYAPIRI) (Ressler et al., 2011), and
spindle and kinetochore associated protein 2 (SKA2),
which plays a role in glucocorticoid receptor transac-
tivation (Boks et al., 2016; Sadeh et al., 2016). Increas-
ingly, these gene targeted studies are being criticised
for lack of replicability, risk of false positive results,
and for potentially missing unexpected biological
pathways involved in disorder etiology due to its
narrow focus on genes related to presumed biological
pathways involved in PTSD development (Morrison
et al., 2019).

Epigenome-wide association studies (EWAS), in
contrast, offer an unbiased approach identifying
novel candidate gene pathways potentially implicated
in PTSD risk (Morrison et al., 2019). Multiple studies
so far have examined DNAm alterations in PTSD
using EWAS. Following earlier PTSD-EWAS with



small sample sizes (Hammamieh et al.,, 2017; Mehta
et al., 2017; Smith et al.,, 2011; Uddin et al., 2010),
more recent large-scale EWAS with civilians and mili-
tary cohorts report various differentially DNAm
changes associated with trauma and PTSD (Katrinli
et al., 2022; Logue et al., 2020; Montalvo-Ortiz et al,,
2022; Smith et al.,, 2020; Snijders et al., 2020). Still,
EWAS among African individuals who have experi-
enced war- and conflict-related trauma are rare
(Carleial et al.,, 2021; Musanabaganwa et al.,, 2022).
Broadly, the existing EWAS findings in PTSD gener-
ally align with the current understanding that two
major biological processes — the stress response and
immune system - are involved in PTSD etiology
(Mehta et al., 2020).

Taken together, the aforementioned evidence
indicates a conjunction of exposure to war- and confl-
ict-related trauma with an increased PTSD risk, and
epigenetic processes have been proposed as an
involved mechanism (Morrison et al., 2019). However,
evidence linking trauma exposure and/or PTSD to
epigenetic alterations in conflict-affected African
populations remains sparse. To address this research
gap, the present study investigated whether epigen-
ome-wide DNAm patterns are associated with war-
related trauma load and PTSD symptom severity in
a cohort of Burundian refugee families living in refu-
gee camps. This sample was particularly suited for our
research question because the sample was homo-
geneous in their traumatic experiences, ethnic and
genetic background, current living situation, and,
although the participants showed a very high level of
trauma exposure in form of war-related violence,
they varied widely in their PTSD symptom levels
(cf., Scharpf et al., 2019).

2. Methods

The study methods are briefly summarised here and
provided in detail in Scharpf et al. (2019) and Scharpf,
Mkinga, et al. (2021).

2.1. Study setting and participants

The study was conducted with refugee families from
Burundi living in refugee camps in Tanzania. After
several outbreaks of extreme political and ethnic vio-
lence and a civil war (1993-2005) (Irankunda et al,,
2017), Burundi faced political conflict in 2015. More
than 300,000 Burundians fled to neighbouring
countries to escape violence and atrocities committed
by ruling party members towards perceived
opponents, including abductions, extrajudicial kill-
ings, and torture (World Report, 2017).

Data from 230 family triads comprising the oldest
child in primary school age (7-15 years), and the
female and male primary caregiver (N=690) was
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collected in three refugee camps (Nyarugusu, Mten-
deli, & Nduta) in the Kigoma region of Western Tan-
zania between January and June 2018. Within the
camps, tents or small makeshift houses provided tem-
porary shelter for refugees. Each camp was divided
into zones and two zones were randomly selected.
Due to the absence of reliable census data, a sampling
direction was randomly determined by spinning a pen
at the zone centre in each of the selected zones. In the
chosen direction, eligible family triads in every sixth
household were invited for study participation.

2.2. Ethics approval and consent to participate

The study was approved by the Ethics Commission of
the University of Zurich, Switzerland (2017.10.2),
Ruhr-University Bochum, Germany (639), and
National Institute for Medical Research, Dar es Sal-
aam, Tanzania (NIMR/HQ/R.8a/VolIX/2632). The
study was conducted in accordance with the ethical
principles for medical research involving human sub-
jects as defined by the Declaration of Helsinki. The
participants received detailed explanation of the
study purpose, procedure, associated risks, their
right of participation withdrawal at any time, and
data confidentiality. Before data assessment, caregivers
provided written informed consent for their own and
their child’s participation by name or fingerprint.
Children below the age of 11 gave oral assent, while
children aged 11 and above additionally gave written
informed consent.

2.3. Study procedures

Data collection was conducted simultaneously with
the child and both caregivers in discrete settings
within the camps. After the individual interviews,
each family member provided a buccal swab.

2.3.1. Structured clinical interview

Structured clinical interviews were conducted by three
Tanzanian psychological researchers and three trained
study assistants from the refugee community in Kir-
undi (Burundian’s mother language) or Swabhili (lin-
gua franca in all 3 camps) translated to Kirundi. The
instruments have been applied successfully in previous
studies with children in primary school in Tanzania
(Hecker et al., 2016) and Congolese refugees in
Uganda (Ainamani et al., 2017) and the applicability
of the instruments was evaluated in a pilot assessment
of eight families. Sociodemographic information on
participant’s sex and age was assessed with purpose-
built questions (inspired by Ainamani et al., 2017).
War-related trauma load was measured through
dichotomously coded items adapted from the Vio-
lence, War, and Abductee Exposure Scale (Ertl et al.,
2010) (possible range [pr]: 0-22 [children], 0-26
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[caregivers]). The caregivers reported on four
additional items related to perpetrating war-related
violence introducing the differing possible ranges of
sum scores between children and caregivers. PTSD
symptom severity was assessed by the sum score of
31 items from the University of California at Los
Angeles PTSD Reaction Index for DSM-5 (Pynoos &
Steinberg, 2013) for the children and for the caregivers
by 20 items from the PTSD Check List for DSM-5
(Weathers et al., 2013) (5-point Likert scales [0-4]).
Both instruments measure the frequency of specific
symptomatic reactions to traumatic events in the
past month (pr: 0-124 [children], 0-80 [caregivers]).
Caregivers’ substance use was measured by the Alco-
hol, Smoking, and Substance Involvement Screening
Test (ASSIST) (Humeniuk et al., 2010) using eight
items. The total substance involvement score was indi-
cated by the sum score of all items for all assessed drug
classes (alcohol, tobacco, cannabis, & maximum 7
other substances specified by participant; pr: 0-440).
Since not reported in Scharpf et al. (2019), the internal
consistency of the ASSIST was good (Cronbach’s
alpha =.85) in our sample. Strong correlations with
the Mini International Neuropsychiatric Interview
(.76) (Sheehan et al., 1998) and Addiction Severity
Index (.84) (McLellan et al, 1992) support the
ASSIST’s validity.

2.3.2. Collection and analysis of buccal

epithelium samples

A buccal epithelium sample was collected from each
participant using an Isohelix SK-1S Buccal Swab
(Cell Projects Ltd, Kent, UK) following manufacturer’s
instructions. The swab, removed from the numeri-
cally-labelled tube, was rubbed against inside the
cheek. Then, a silica gel Isohelix Dri-Capsule (Cell
Projects Ltd, Kent, UK) was applied to the swab
head and placed into the tube and the tube was sealed.
The capsule is ideal for field sample collection, since it
enables long term stability of DNA samples within the
tube at room temperature and reduces DNA cross
contamination risk. DNA samples were available
from 201 family triads (N = 603).

2.4. DNA isolation and genome-wide
methylation assessment

Genomic DNA was isolated using standard salting out
procedure from 456 archived buccal epithelium
samples in the Genetic Psychology laboratory, Ruhr-
University Bochum, Germany. Due to logistics pro-
blems during field research and transportation, 147
buccal samples could not be processed. Additionally,
due to low DNA amount, 24 samples could not be
quantified and were discarded. Bisulfite conversion
and assessment of genome-wide DNAm levels at
more than 850,000 CpGs using the Infinium

HumanMethylationEPIC BeadChip array (Illumina,
San Diego, CA, USA) were performed for 432 DNA
samples following the manufacturer’s protocol at the
Life&Brain Core Facility (Bonn University, Germany).

2.5. Data analysis

Data analyses were performed after study registration
(https://osf.io/tx4ue) with R (R Core Team, 2021)
using RStudio 4.2.2. For all inferential analyses, the
Benjamini-Hochberg approach was applied to the
empirical p-values adjusting for multiple testing with
a p-value cutoff of a False Discovery Rate (FDR; so-
called g-value) <.05. Downstream analyses that
required significant results from preceding analyses
(i.e. differentially methylated regions, pathway enrich-
ment, & mediations) were not conducted. Post-hoc
sensitivity analyses accounting for potential technical
batch effects by SentrixID were conducted.

2.5.1. DNA methylation data preprocessing

Raw Infinjium EPIC data were preprocessed for inten-
sity summarisation and calculation of DNAm ratio
(beta-values) using the RnBeads-pipeline (Assenov
et al,, 2014; Miiller et al., 2019). During preprocessing,
the quality control step removed 79 samples due to
low bisulfite conversion efficiency, the first filtering
step eliminated cross-reactive, SNP (single nucleotide
polymorphism)-enriched probes, and based on the
RnBeads’ Greedycut algorithm with default settings
removed low-quality probes and samples (36). The
normalisation step normalised the DNAm data by
the dasen-method (Pidsley et al., 2013) implemented
in RnBeads, and the second filtering step removed
context-specific CpGs, CpGs on sex chromosomes,
and CpGs with missing beta-values. These steps lead
to a final set of 715,211 CpGs for each sample in a
total sample size of 317.

2.5.2. Assessment of cell type heterogeneity

To account for cell type heterogeneity in the DNAm
profiles, a reference-based approach was used to esti-
mate cell type compositions from the beta-values of
the assessed DNAm data using the HEpiDISH-func-
tion with the CIBERSORT-algorithm from the R-
package EpiDISH (Newman et al., 2015; Teschendorff
& Zheng, 2017; Zheng et al., 2018). This approach has
been successfully applied previously to DNAm profiles
from epithelia cells in adults and children (Camerota
et al., 2021; Odintsova et al., 2019; Odintsova et al.,
2021; Wong et al., 2022).

2.5.3. EWAS

A series of sex-combined EWAS using the limma R-
package (Ritchie et al., 2015) was conducted separately
for children and caregivers. Multiple regression
models accounting for outlier-robust empirical Bayes


https://osf.io/tx4ue

moderation on the M-values (logit-transformed beta-
values) of each retrieved CpG as criterion and war-
related trauma load or PTSD symptom severity as
continuous predictor were used to identify differen-
tially methylated positions (DMPs). For each predic-
tor, a model was implemented. In all models, a set of
a-priori theory-based selected additive covariates of
DNAm levels (age [years], sex, technical batch [assay
plate], & estimated cell type proportions [in terms of
model parsimony 3 non-collinear cell types for chil-
dren (epithelia, CD4 T, & eosinophils) and for care-
givers 4 (epithelia, natural killer, CD4T, &
eosinophils)]) were included simultaneously. In all
caregiver’s models, substance use known to be associ-
ated with DNAm (Cecil et al., 2015) was included as
an additional additive confounder of DNAm. For
each regression model, outlier CpGs indicating hemi-
methylated sites were excluded to avoid false-positive
associations (Mansell et al., 2019).

2.5.4. WGCNA

DNAm data were clustered by employing weighted
gene correlation network analysis (WGCNA) (Lang-
felder & Horvath, 2008) to the top 50% of the prepro-
cessed CpGs (each participant: 357,606 CpGs), ranked
by median absolute deviation (MAD). WGCNA offers
a systems-level view of DNAm data as CpGs are clus-
tered based on DNAm level correlations indicating
similarity in their methylation profiles. Using the R-
package WGCNA (Langfelder & Horvath, 2008),
weighted co-methylation modules representing dis-
crete networks of co-methylated CpGs were con-
structed  using  scale-free  correlation-based
hierarchical clusters of CpGs. An unsigned network
with outlier-robust biweight midcorrelation, block-
wise module detection of pre-clustered blocks, and
soft-threshold (estimated by scale free topology analy-
sis: Bchildren = 6, Bearegivers= 3) were chosen. Based on
the topological overlap approach and average linkage
hierarchical clustering, MAD-filtered CpGs with
high interconnectedness were assigned into modules.
Each module was labelled by a colour for module dis-
tinction and summarised by the EigenCpG (first prin-
cipal component of variance). This procedure
identified 33 modules for the children and 37 modules
for the caregivers. Lastly, the modules’ EigenCpGs
were linearly regressed onto war-related trauma load
or PTSD symptom severity including the same con-
founders of the EWAS.

3. Results

In all analyses, 317 participants were included: 110
children (49% female) and 207 caregivers (53%
female). Participants’ sociodemographic data are pre-
sented in Table 1 and the descriptive results of the
variables assessed in the interview in Table 2.
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Table 1. Sociodemographic characteristics in children and
caregivers.

Children Caregivers
(n=110) (n=207)

Age in years, M (5D, range) 12.2(2.1,7-15)  37.4(10.3,19-74)

Education, n

No schooling 10 57

Class 1-3 (primary) 58 37

Class 4-6 41 74

Some secondary school years 1 28

Completed secondary school - 1
Country of origin, n

Burundi 74 194

Tanzania 36 10

Democratic Republic of Congo 0 2

Other 0 1
Household size, M (SD, range) 7.2(1.8,3-12) 73(1.9, 3-13)
Household income per month

(USD), n

No income - 69

Up to 20 - 115

More than 20 - 23

Note: n = conditional sample size, M=mean, SD =standard deviation,
USD = US-Dollar, — = not applicable.

Table 2. Prevalence rates of mental health problems in the
child and caregiver samples.

Children Caregivers
(n=110) (n=207)
Female Male Female Male
(n=54) (n=56) (n=108) (n=99)
Number of war-related 3.2 (3.0) 40 (4.0) 122 (45) 155 (4.1)
traumatic event
types, M (SD)
PTSD diagnosis, n 2 4 39 27

PTSD symptom
severity, M (SD)
Substance use, M (SD) - - 7.7 (11.9) 17.4 (17.8)

Note: The caregivers' measures significantly differed between the sexes
(ps < .05), the children’s did not (ps > .05). n = conditional sample size,
M=mean, SD=standard deviation, PTSD = post-traumatic stress dis-
order, — =not applicable.

15.2 (11.8) 20.3 (16.4) 40.5(19.2) 34.1 (16.3)

In the EWAS, analyses on the WGCNA-modules
and the post-hoc sensitivity analyses, neither war-
related trauma load nor PTSD symptom severity were
significantly associated with the epigenome-wide
DNAm levels of the retrieved CpGs nor the module’s
EigenCpGs from WGCNA, neither for the children
nor for the caregivers (FDRs>.05; Figures 1 and 2;
Supplementary Tables S1-S3).

4, Discussion

Our EWAS and WGCNA investigating potential
associations between war-related trauma exposure or
PTSD symptom severity and altered DNAm profiles
in refugee families did not identify any significant
results controlling for biological and technical con-
founders and multiple testing. These results are in
line with a previously reported PTSD-EWAS with
the Illumina 450k chip. Kuan et al. (2017) reported
FDR-corrected null findings in an EWAS with 473
World Trade Center responders with PTSD diagnosis.
However, other EWAS did report significant
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Figure 1. Stacked manhattan plot of retrieved CpGs from EWAS for children. For the sake of illustration, —log10 transformed
p-value of each CpG analysed in the two children’s EWAS including either the predictor of war-related trauma load or PTSD
symptom severity are plotted in order of its location on the autosome. CpGs on the sex chromosomes were not analysed. The
dashed line indicates the array-wide nominal threshold of —log10(9 x 107%). There were no significant DMPs associated with

any children’s predictor.

alterations of epigenome-wide DNAm profiles associ-
ated with PTSD in traumatised participants: Recent
EWAS on large-scale cohorts reported multiple epi-
genome-wide DNA methylation changes associated
with PTSD using the state-of-the-art assays (Katrinli
et al., 2022; Logue et al., 2020; Montalvo-Ortiz et al.,
2022; Smith et al., 2020). These well-powered EWAS
that followed the preprocessing pipeline for best prac-
tice investigated civilian and military non-African
cohorts with and without PTSD diagnosis after
exposure to different trauma types. Here, we investi-
gated a conflict-affected African population. Since epi-
genetic profiles are population specific with little
concordance in DNAm profiles between populations,
generalisation of results regarding DNAm from a
specific population to other populations is restricted
(Fraser et al., 2012). At the current state of research,
trauma and PTSD-EWAS among conflict-affected
African individuals are underrepresented. There is
one EWAS with 84 female former child soldiers
from the Eastern Democratic Republic of Congo
using the EPIC assay, which identified one DMP sig-
nificantly associated with PTSD diagnosis (Carleial
et al., 2021). However, this finding was not replicated
by Smith et al. (2011) in a sample of 53 female former
child soldiers from Northern Uganda.

Several limitations of our study might account for
our null-findings. First, we assessed the epigenome-
wide DNAm levels from peripheral buccal epithelia
cells, and any potential influence of war-related
trauma on the epigenome might not be reflected in
buccal epithelium. In general, it is still unclear to
what extent DNAm patterns can be used as a proxy
for the brain, the tissue of interest in PTSD. Second,
the buccal swabs were taken from Burundian refugees
living in refugee camps where oral hygiene was poor
(Calderén-Villarreal et al., 2022). Potential bacterial
contamination of the human DNA in the buccal
samples was addressed by only including CpGs with
high quality based on quality control during prepro-
cessing. Third, with the available sample size, we
were not adequately powered to detect small effects,
so that unidentified false-negative results cannot be
ruled out in our study. Of note, no post-hoc power
analysis was run since observed power is generally
based on collected data and thus is non-informative
about the true power (Lakens, 2013). Forth, due to
the power issue, we were not able to address inter-
action effects between the predictor of interests and
the participants’ sex. Since there is general strong evi-
dence that trauma load as well as PTSD symptom sever-
ity differ between sexes (Hodes & Epperson, 2019;
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Figure 2. Stacked manhattan plot of retrieved CpGs from EWAS for caregivers. For the sake of illustration, —log10 transformed p-
value of each CpG analysed in the two caregivers’ EWAS including either the predictor of war-related trauma load or PTSD symp-
tom severity are plotted in order of its location on the autosome. CpGs on the sex chromosomes were not analysed. The dashed
line indicates the array-wide nominal threshold of —log10(9 x 107%). There were no significant DMPs associated with any care-

givers’ predictor.

Nievergelt et al., 2019), which also holds true for our
caregiver samples, future studies with larger sample
size should account for such interaction effects to be
able to identify potential significant effects on DNAm
profiles.

A strength of our study is that we regressed the epi-
genome-wide DNAm on the actual trauma load as
well as PTSD symptom severity in contrast to pre-
viously reported EWAS using a case—control approach
with participants with and without PTSD diagnosis as
indirect indicator of trauma exposure. In order to
understand the dynamics in DNAm profiles, linearly
regressing the outcome on continuous predictors gen-
erally gives detailed insight into the form of associ-
ation that is generally not addressable using group
comparison. Beyond associative dynamics, future
studies would benefit from a longitudinal approach
to account for temporal dynamics in DNAm signa-
tures established and changed by pre-clinical, clinical,
and post-clinical conditions of trauma exposure and
PTSD (Morrison et al., 2019). Another strength of
our study is that we assessed children as well as adults
being the child’s primary caregivers. Future EWAS
with larger sample size of children and caregivers
could give insight into multilevel effects between
family members. Our study appears to be the first
study specifically addressing epigenetic signatures of

trauma and PTSD in refugee children and their care-
givers from Africa. Thus, with this study, we contrib-
ute to the generally understudied population of
African individuals since other ethnic populations
appear to be overrepresented in PTSD-EWAS.

To conclude, understanding psychological and bio-
logical underpinnings of behavioural vulnerability and
resilience to traumatic stress is a public health priority,
as it could facilitate the development of preventive
strategies and therapeutic interventions for trauma-
related disorders, including PTSD (Nemeroff et al.,
2006; Taki & de Melo-Martin, 2021). Future large-
scale EWAS with underrepresented conflict-affected
African populations are needed for a better under-
standing on effects of war-related trauma and PTSD
on DNAm in African individuals.
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