
Stress and H
ealth    •   Alyx Taylor

Stress and Health
Understanding the Effects 
and Examining Interventions

Printed Edition of the Special Issue Published in Healthcare

www.mdpi.com/journal/healthcare

Alyx Taylor
Edited by



Stress and Health





Stress and Health

Understanding the Effects and
Examining Interventions

Editor

Alyx Taylor

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editor

Alyx Taylor

School of Psychology,

Sport and Physical Activity,

Department of Physiology,

AECC University College

UK

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal Healthcare

(ISSN 2227-9032) (available at: https://www.mdpi.com/journal/healthcare/special issues/stress

health).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Volume Number,

Page Range.

ISBN 978-3-0365-0780-4 (Hbk)

ISBN 978-3-0365-0781-1 (PDF)

Cover image courtesy of Micah Hallahan.

© 2021 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents

About the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Preface to ”Stress and Health” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Ivone Castro-Vale and Davide Carvalho

The Pathways between Cortisol-Related Regulation Genes and PTSD Psychotherapy
Reprinted from: Healthcare 2020, 8, 376, doi:10.3390/healthcare8040376 . . . . . . . . . . . . . . . 1

Ivone Castro-Vale, Milton Severo, Davide Carvalho and Rui Mota-Cardoso

Vulnerability Factors Associated with Lifetime Posttraumatic Stress Disorder among Veterans
40 Years after War
Reprinted from: Healthcare 2020, 8, 359, doi:10.3390/healthcare8040359 . . . . . . . . . . . . . . . 31

Wonjung Ryu and Hyerin Yang

A Qualitative Case Study on Influencing Factors of Parents’ Child Abuse of North Korean
Refugees in South Korea
Reprinted from: Healthcare 2021, 9, 49, doi:10.3390/healthcare9010049 . . . . . . . . . . . . . . . . 45

Anna Sánchez-Aragón, Angel Belzunegui-Eraso and Òscar Prieto-Flores
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Preface to ”Stress and Health”

The human stress response consists of coordinated physiological changes that prepare the

body for optimum cognitive processing and physical activity to meet challenges or overcome

threats. Stressful stimuli can arise from work, living conditions, financial resources, personal

relationships, and the physical or mental health status of the individual and their family members.

Some individuals appear to manage high-stress situations without negative effects, and may even

report that they thrive on high stress levels at work or in leisure activities. In contrast, others do not

have the same resilience and experience negative changes to their physical and mental health. The

possible effects on the mental health of service personnel were acknowledged in the last century,

leading to the development of supportive services. It is also recognized that professional groups

including healthcare workers, firefighters, and police can be exposed to highly stressful incidents

in the course of their work, the result of which is some individuals experiencing mental health

problems, including posttraumatic stress disorder, anxiety, or depression, and therefore require

effective interventions. Other sources of chronic stress for specific groups of people around the world

include, for example, civilians living in war zones or refugees adapting to a new environment, culture,

and language. These individuals may experience posttraumatic stress disorder and difficulties with

normal family relationships. Within their home country, people can experience chronic stress from

situations such as domestic violence or poverty. Natural disasters such as earthquakes and floods can

cause acute, long-term, or recurring hardship and stress through loss of homes, businesses, and loved

ones. In these situations, individuals and different generations in their families are involved. Many

individuals remain resilient, while some suffer negative effects on their mental or physical health.

An individual’s stress response has been shown to arise from the interaction between their genetic

inheritance and the influence of their environment through epigenetic changes and other pathways.

For the developing fetus, the uterus is a protective environment. However, evidence indicates that

maternal experiences of intense or prolonged stress, anxiety, or depression during pregnancy may

influence the developing infant [1]. On the positive side, evidence indicates that a strong sense of

coherence can help mothers manage perinatal stress, which reduces the risk of depression [2], and it

is possible to enhance this through intervention. Therefore, supportive perinatal interventions may

benefit multiple generations of the family. In summary, the health of individuals and their children

may be enhanced by interventions to help them manage the effects of stressful life experiences and

environments. The papers presented here provide insights into the pathological effects of stress that

may disrupt the normal relationships between individuals and their families. These papers also

emphasize the need for the provision of innovative and effective interventions.
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Abstract: Post-traumatic stress disorder (PTSD) only develops after exposure to a traumatic event
in some individuals. PTSD can be chronic and debilitating, and is associated with co-morbidities
such as depression, substance use, and cardiometabolic disorders. One of the most important
pathophysiological mechanisms underlying the development of PTSD and its subsequent maintenance
is a dysfunctional hypothalamic–pituitary–adrenal (HPA) axis. The corticotrophin-releasing hormone,
cortisol, glucocorticoid receptor (GR), and their respective genes are some of the mediators of
PTSD’s pathophysiology. Several treatments are available, including medication and psychotherapies,
although their success rate is limited. Some pharmacological therapies based on the HPA axis are
currently being tested in clinical trials and changes in HPA axis biomarkers have been found to
occur in response not only to pharmacological treatments, but also to psychotherapy—including the
epigenetic modification of the GR gene. Psychotherapies are considered to be the first line treatments
for PTSD in some guidelines, even though they are effective for some, but not for all patients with
PTSD. This review aims to address how knowledge of the HPA axis-related genetic makeup can
inform and predict the outcomes of psychotherapeutic treatments.

Keywords: posttraumatic stress disorder; psychotherapy; glucocorticoids; cortisol; glucocorticoid
receptor; NR3C1; FKBP5

1. Introduction

Post-traumatic stress disorder (PTSD) is a trauma- and stressor-related disorder which can only
develop after the experience of a major traumatic event (TE) [1]. In the fifth Edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) [1], PTSD criteria were redefined and are now
characterised by four symptom clusters, namely: re-experience of the TE; avoidance of stimuli
associated with the TE; negative cognitions and mood; and alterations in arousal, all of which must
last for more than one month and cause significant clinical distress or impairment in important areas
of functioning. Although the experience of TEs is very frequent in the population, with a lifetime
prevalence ranging from 64–90% [2,3], only around 10% of the population will develop the disorder [4].
PTSD development is highly dependent on the type of TE, the individual genetic makeup, and other
risk factors, as is also the manifestation of different symptoms and the severity of PTSD [5,6].

When an individual experiences a TE, the stress-reactive systems are activated, which include the
sympathoadrenomedullary drive and the hypothalamic–pituitary–adrenal (HPA) axis [7]. Individuals
with a history of previous increased vulnerability to PTSD development (e.g., childhood adversities

Healthcare 2020, 8, 376; doi:10.3390/healthcare8040376 www.mdpi.com/journal/healthcare1
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which modify the stress-reactive systems [8,9]) can experience PTSD symptoms immediately after the
TE experience, or later on, while those with no such vulnerability can develop PTSD due to specific
direct TE-related effects on the stress systems (e.g., epigenetic modifications or trauma interaction with
specific single nucleotide polymorphisms (SNPs)).

The reason why only a limited number of people who experienced TEs develop PTSD has been
subject to debate in the scientific community [10]. Gene/environment (G × E) interactions have been
indicated as reliable mechanisms [11]. Indeed, it appears that vulnerability to develop PTSD can
result from exposure to environmental adversity in cases of specific genetic makeup, such as, for
example, SNPs and the epigenome [12]. TEs can also influence genetic expression through epigenetic
mechanisms. Furthermore, exposure to other previous adverse experiences increases the risk of PTSD
development [13], through epigenetic mechanisms [8]. SNPs can also interact with environmental
exposure and epigenetic modifications to increase the risk of PTSD development [14].

A recent systematic review found that the examination of all the included PTSD studies consistently
implicated DNA methylation and gene expression changes in the HPA axis and inflammatory genes
in PTSD pathophysiology [15]. Indeed, genetic factors have been estimated to account for 30–46%
of the variance in PTSD [16,17]. Being a stress-related disorder, HPA axis regulator genes have been
extensively studied—such as the glucocorticoid receptor (GR) and FK506 binding protein 51 (FKBP5)
genes [10]. Although the risk of developing PTSD is polygenetic, a recent meta-analysis found SNPs
in these two genes to be associated with PTSD [18]. Furthermore, the GR gene (NR3C1) has been
considered to be a candidate gene which underlies the neurobiological-related glucocorticoid (GC)
processes involved in the development or maintenance of PTSD [12].

PTSD is a heterogeneous disorder and the determinants of different conditional risks for PTSD
development can be categorised in several ways [19], including the type and burden of the TE and
the sex and age of the exposed subject, which also determine the symptomatic expression, clinical
trajectories, co-morbidity, and treatment response. Furthermore, the HPA axis regulation of the
response to TE and stress is highly complex and is subject to a large degree of variability.

As a result, different clinical trajectories of PTSD development have been described in different
trauma-exposed populations [10,20–23]. The longer-lasting prospective study found five classes of
trajectories based on PTSD symptom severity, which were assessed using the Clinician-Administered
PTSD Scale score, during the six years after traumatic injury. These are: chronic (4%), recovery (6%),
worsening/recovery (8%), worsening (10%), and resilient (73%) [21]. In addition, PTSD can be very
debilitating and is also associated with mental and somatic comorbidity [24,25], such as depression,
substance use disorders, cardiovascular conditions, and endocrine and metabolic disorders, as well as with
intergenerational transmission of depression, emotion dysregulation, and HPA axis dysfunction [26–28].

Several treatments have been indicated for patients with PTSD, which mainly include
pharmacotherapy and psychotherapy. As pharmacotherapy approaches have considerable high rates
of non-response, significant investment has been carried out in applying other therapies—particularly
psychotherapies. Various psychotherapies have been indicated for the treatment of PTSD, with
reported success being superior to that of the prescription of medication in several studies [29],
although their effectiveness has been questioned [30]. Accordingly, there is a need to improve existing
PTSD psychotherapeutic treatments, as almost two-thirds of patients receiving prolonged exposure
therapy (PE) or cognitive processing therapy (CPT)—which are the two most widely-recommended
first-line therapies—maintained the same diagnosis posttreatment [31].

It is becoming clearer that psychotherapeutic interventions must be individually tailored.
Psychotherapeutic intervention in patients with PTSD has been associated with change in plasma
cortisol [32], and more recently with changes in the epigenome [33,34]. Furthermore, SNPs in the GR
and FKBP5 genes and FKBP5 epigenomic alterations predict psychotherapeutic outcomes [33,35,36].
Another ten genes, including a gene related with stress vulnerability (ZFP57), have also been recently
associated with psychotherapeutic outcomes in a longitudinal study of genome-wide DNA methylation
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levels [34]. Successful treatment of PTSD patients with psychotherapy was accompanied by changes in
DNA methylation.

In this paper we aim to review the extant knowledge regarding the interplay between the HPA axis
regulatory genes and psychotherapeutic interventions for patients with PTSD, by taking into account
the previously-reported HPA axis-related G × E interactions involved in PTSD pathophysiology, as well
as the interactions between the genetic makeup and psychotherapy and the urgent need to improve
patients’ psychotherapeutic outcomes.

2. The HPA Axis

2.1. Neuroendocrine Regulation

The HPA axis is necessary for adaptation to stress. Physiological stimuli and stress activate
the HPA axis (a three-organ hormonal cascade and feedback cycle) which leads to GC (cortisol in
humans) secretion and release from the adrenal cortex (Box 1). Indeed, cortisol is both the primary GC
which signals the stress response and the primary inhibitor of continuing HPA axis activity and of the
autonomic stress responses [7].

Box 1. The hypothalamic–pituitary–adrenal (HPA) axis.

Both physiological stimuli and stress trigger the HPA axis leading to glucocorticoids (GCs, cortisol in humans)
release from the adrenal cortex:

• Physiological homeostatic challenges involve, through sensory relays, the direct noradrenergic
and peptidergic (originating mainly from the nucleus of the solitary tract) stimulation of the
corticotrophin-releasing hormone (CRH) neurons which are located in the dorsomedial parvocellular (mp)
division of the hypothalamic paraventricular nucleus (PVN) [37]. Further processing of the information
includes glutamatergic, serotoninergic, and cytokine stimulation of the PVN. Under specific conditions,
GABA can also stimulate the HPA axis at the PVN.

• Anticipatory responses involve the trans-synaptic activation of the HPA axis through the integration
of multimodal sensory information, and the respective higher processing, which involves the ventral
hippocampus, the medial prefrontal cortex, and the amygdala, among other limbic structures [7].

• Hypothalamic PVN is subject to regulation by several structures by way of glutamatergic and GABAergic
neurons and the endocannabinoid system.

• The amygdala plays an important role in the defensive responses to learned threats. [38]. The lateral
nucleus is important for the acquisition of aversive learning [39,40]. The aversive stimulus is recognised
and processed in the amygdala’s basolateral complex, which connects with the central nucleus to stimulate
the brainstem through CRH projections to the locus coeruleus [41] and the hypothalamus preparing the
person to cope with the stimulus.

• GCs act through rapid non-genomic mechanisms in the basolateral amygdala through a membrane GC
receptor (mGR), inducing the release of endocannabinoids from postsynaptic membranes, generating a
retrograde feedback suppression on GABAergic neurons, and thereby driving the release of norepinephrine
to the amygdala, which is required for emotional memory acquisition [42,43]. The prefrontal cortex and the
hippocampus project to both the PVN and the amygdala in order to regulate the response to the aversive
stimulus [7,44].

• CRH binds to the CRH type 1 receptor in the anterior pituitary, stimulating the release of the
adrenocorticotrophic hormone (ACTH) into the bloodstream. Arginine vasopressin is co-released and it
complements CRH actions in ACTH release.

• ACTH action on the adrenal cortex leads to cortisol production and release, which is potentiated by the
sympathetic nervous system and cytokines.

• The GC response depends on the timing of the stressful event: if this event occurs during the ascending
phase of the ultradian pulse, it tends to have a greater level of response than if it were to occur during the
falling phase [7,45].

• Cortisol serves several functions, including mobilisation of energy to cope with the aversive stimuli, memory
processing, immune system modulation, the termination of the response by active feedback processes,
repressing all unnecessary activity—such as growth (emergency mode: when a person is faced with a
traumatic event (TE) GCs inactivate all non-essential activities for survival [46]). Another important effect
of GCs is to enhance the consolidation of the memories of fear and other strong emotions to facilitate coping
with re-exposure [47].
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Cortisol exerts crucial feedback effects on binding to GRs in the hypothalamus and the pituitary,
which reduces the release of both corticotrophin-releasing hormone (CRH) and adrenocorticotrophic
hormone (ACTH) [7]. GC-bound mGR releases endocannabinoids, which, in turn, inhibit the release
of glutamate, which reduces the stimulation of the hypothalamic paraventricular nucleus (PVN)
CRH neurons. GABAergic and neuropeptidergic inputs also play important roles in inhibiting CRH
release. Transsynaptic GR mediated HPA axis inhibition also occurs in the hippocampus, as well as the
prefrontal cortex and the hindbrain. These feedback effects are very important to stop the exposure to
the catabolic actions of GC and the sympathetic nervous system effects. Norepinephrine is an important
mediator of the central nervous system (CNS) and autonomic stress responses. Norepinephrine and
CRH interact in the hypothalamus, locus coeruleus, and amygdala circuit, integrating autonomic and
HPA axis responses to stress.

The HPA axis regulation is highly complex. In addition to trans-synaptic regulation, the secretion
of CRH by the PVN is also regulated by GCs, arginine vasopressin, and oxytocin [48]. The secretion of
ACTH is regulated by GCs. The sensitivity of the adrenal cortex to ACTH is another possible limiting
step in HPA axis activity. For in the serum, cortisol is bound to proteins—mainly corticosteroid-binding
globulin (CBG)—where only 5% of systemic cortisol is free and bioactive (Figure 1) [49]. The availability
of CBG, which is negatively regulated by GC, is another influence on GC actions. At the cellular
level, cortisol availability is regulated by tissue-specific enzymes, as well as the 11β-hydroxysteroid
dehydrogenases (11β-HSDs). 11βHSD-1 is widely expressed in all the GC target tissues (e.g., neurons
and glial cells), where it converts cortisone to active cortisol, whereas 11βHSD-2 has the opposite effect,
particularly in the kidney (Figure 1) [50]. At the cellular level, cortisol actions are also regulated by the
GR and its respective NR3C1 gene, as well as co-chaperones of the GR, such as FKBP5, among others.

 

Figure 1. Modulators of the cellular action of glucocorticoids. These modulators include
glucocorticoid availability, glucocorticoid receptor number and affinity, GRβ isoform expression,
glucocorticoid receptor signalling, mineralocorticoid receptor signalling, glucocorticoid receptor–gene
interaction, and glucocorticoid receptor single nucleotide polymorphisms. Abbreviations: 11β-HSD:
11-β-hydroxysteroid dehydrogenase; CBG: Corticosteroid-binding globulin; GR: glucocorticoid receptor;
HSP: heat shock protein; MR: mineralocorticoid receptor; NF-κB: nuclear factor k B; SNPs: single
nucleotide polymorphisms; HDAC2: histone deacetylase 2; AP-1: activator protein 1. Adapted by
permission from [Nature] [51].
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Cortisol alone, therefore, cannot be considered to reflect the HPA axis regulation of the stress
response. Furthermore, cortisol response to stressful events is moderated by sex—with women showing
greater variability in the HPA axis response than men [52,53]. Testosterone has been shown to inhibit
the stress response, whereas in women, estradiol has an important moderating role in the activation
of the HPA axis in response to stress [7]. HPA axis stress response is also moderated by the stage of
development and the age of the subject, as well as the type, intensity, and duration of the stressful
event. Additionally, also important to mention is the fact that cortisol is difficult to measure accurately
to represent the reflection of HPA axis activity, as most methods show considerable intraindividual
variability and, as described above, HPA axis function depends on a great variety of factors [54].

2.2. The GC Receptors

The HPA axis—through the secretion of cortisol—is the primary hormonal mediator of stress
responses (Box 1). GC actions are mediated by two types of receptors: the mineralocorticoid receptor
(MR) and the GR. The MR has a 6–10-fold higher affinity for binding GCs than the GR [55]. The MR is
basally occupied, while the GR is only activated during periods of stress and during the circadian peak
of the HPA axis activity. The MR is important in terms of the time of day of HPA axis activity and the
regulation of basal circadian and ultradian rhythms. Whereas the GR is widely found in the brain, the
MR is restricted to the limbic areas [7]. The capability to cope with a TE depends on the balance of
these two receptors in the regulation of the stress response [56] as low GC concentrations enhance MR
homodimerisation, while GC stress levels induce MR–GR heterodimerisation [57]. The MR has a role
in the appraisal of the threat and initiation of the response (Figure 1) [56].

The GR has three domains: the N-terminal transactivating domain (NTD), the DNA binding
domain (DBD) (which binds to DNA GC response elements (GRE)), and the C-terminal ligand-binding
domain (LBD) [58]. The NTD is the most variable domain, due to alternative translation initiation.
There are many GR isoforms which depend on alternative splicing at several points of the NR3C1 gene.
Alternative translation initiation and post-translational modifications add to the functional pool of
GC signalling diversity—which has tissue and cell specificity [59,60]. Epigenetic mechanisms which
regulate gene transcription and expression have differential functional effects depending both on the
gene’s region where they occur and on the SNPs’ makeup [61]. In addition, the location of the SNPs
has specific influences on gene function [62].

The unbound GR is not alone in the cell’s cytoplasm, as it is associated with a multiprotein
complex, including chaperone proteins and immunophilins [63]. Upon GC binding, this complex
conformation changes and the GR becomes hyperphosphorylated and translocates to the nucleus,
where it regulates the transcription of various genes directly and indirectly [46]. The GR binds to GRE
as a homodimer directing transactivation of target genes. GC-induced gene expression is frequently
cell type-specific, which has been shown to be dependent on the accessibility of the GR-binding site. In
turn, this is determined by the chromatin structure and DNA methylation, as well as histone acetylation
and methylation (HDAC2) (Figure 1) [58]. Bound-GRs also act as monomers, by interacting with other
transcription factors, such as activator protein 1 (AP-1) and nuclear factor k (NF-kB), which represses
their transcriptional activity and results in less pro-inflammatory effects (Figure 1) [64].

Furthermore, GCs have fast acting non-genomic actions which are mediated by cytosolic GRs and
mGRs and use the activity of various kinases, thus adding greater complexity to GC signalling [65].
The effects are strongly dependent on both cell type and the cellular context. The existence of mGRs
in the neuronal cells of the hypothalamus, basolateral amygdala, and hippocampus [42] plays an
important role in rapid energy mobilisation and memory consolidation under stress, as well as rapidly
preparing the cell for the ultimate genomic effects [66,67].

Chaperones and co-chaperones influence GR affinity for GCs. In particular, the co-chaperone
of the heat shock protein (hsp)-90 FKBP5 gene is subject to the transcriptional influence of the GR
upon cortisol binding, leading to an increase in its expression, which is associated with GC resistance,
serving as an intracellular feedback control of GC actions [68,69].
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2.3. GR Gene and Other Genes that Regulate the HPA Axis

The most-studied gene related to the HPA axis is the GR NR3C1 gene, which is located on
chromosome 5q31-32 and is a member of the nuclear hormone receptor superfamily of ligand-activated
transcription factors [70]. The human GR gene has nine exons, whereas exon 9 alternative splicing
generates two GR isoforms: GRα and GRβ. The first exon is in effect a set of nine exons, which are
referred to as A–J (excluding “G”), which are not translated and result in different mRNA, as they
are independently controlled by a unique promoter which is located immediately upstream and thus
influences the translation start site [71,72]. In the 5′ untranslated region of the NR3C1 gene, there is a
cytosine–phosphate–guanine dinucleotides (CpG) island which includes seven of the first exon’s set of
nine exons: 1D, 1J, 1E, 1B, 1F, 1C and 1H [71] and is a target of DNA differential methylation studies.

Several functional SNPs (Table 1) of the NR3C1 gene have been extensively studied, namely:
TthIIII, ER22/23EK, N363S, BclI, and GR-9β [73].

Table 1. Single nucleotide polymorphisms (SNPs) of the NR3C1, FKBP5, and CRHR1 genes which have
been associated with post-traumatic stress disorder (PTSD) or which have altered sensitivity of the
hypothalamus–pituitary–adrenal axis.

Gene
SNP Custom

Name
dbSNP ID Wild Allele Variant Allele GR Sensitivity *

NR3C1 TthIIII rs10052957 C T ↓ †
ER22/23EK rs6189/rs6190 G/G A/A ↓

N363S rs6195 (rs56149945) ‡ A G ↑
BclI rs41423247 C G ↑

GR-9β
(A3669G) ¥ rs6198 A G ↓

rs258747 A G ?
rs10482612 G A ↓

rs6191 C A ↓
NR3C1-1 rs10482605 T C ↓

FKBP5 rs3800373 A C ↓
rs9296158 G A ↓
rs1360780 C T ↓
rs9470080 C T ↓

CRHR1 rs110402 G A ↓
rs242924 G T ?

rs12944712 G A ?
rs12938031 A G ?
rs4792887 C T ?

* Studied specifically for GR sensitivity or inferred from functional research. † Only with the ER22/23EK; ↑: GR
hypersensitivity; ↓: GR resistance; ?: unknown. ‡ Aliases. ¥ Also known as. Abbreviation: dbSNP ID: Single
Nucleotide Polymorphism Database identification. Adapted by permission from [10].

The TthIIII SNP (rs10052957) is a C to T change in the promoter of the GR gene, and is only
functional when associated with ER22/23EK [74].

The ER22/23EK polymorphism (rs6189/rs6190) is located in the transactivation domain and results
in altered translation to the GR protein: glutamic acid-arginine (E-R) to glutamic acid-lysine (E-K) [75].
This SNP has been associated with relative GC resistance [76,77], which in turn has been attributed to
the reduced transactivating capacity of the GR [78].

The N363S SNP (rs6195; alias rs56149945) results from one nucleotide substitution in codon 363 of
exon 2, and the subsequent alteration from asparagine (N) to serine (S) [75]. This SNP is associated
with increased sensitivity to GCs in vivo, which was manifested by significantly enhanced suppression
of serum cortisol levels after a low dose of dexamethasone [79], which is probably due to increased
transactivating capacity [10,76].

6



Healthcare 2020, 8, 376

The BclI intronic SNP (rs41423247) which is situated downstream of exon 2, results from a C to G
substitution at nucleotide 646, and has been associated with increased sensitivity to GCs [80,81]. This
SNP was associated with emotional memory performance in healthy individuals [82], although its
action mechanism is not known [10,73].

The 9β (also referred to as A3669G) SNP (rs6198) which consists of a naturally-occurring A to G
substitution in the 3′UTR of exon 9β [73], is associated with increased expression and stability of the GRβ
isoform of the GR [62], and with GC resistance, probably owing to decreased transrepression [10,83,84].

Other SNPs of the GR gene are associated with PTSD and depression, such as: rs258747 [18,85],
rs10482612 [86], rs6191, rs33388 [87], rs6196, and rs10482605 [88].

The FKBP5 gene, which is located in the human chromosome 6p21.31 [89], has also been extensively
studied as it encodes a co-chaperone of hsp-90 in the GR molecular complex, which influences cortisol
binding and subsequent conformational changes in the GR and the subsequent translocation to the
nucleus [10]. FKBP5 is implicated in the feedback regulation of the GC response, as GCs increase
FKBP5 expression, which in turn decreases GR affinity for GCs. This is considered to be the ultra-short
negative feedback loop for GR activity [90,91].

FKBP5 overexpression is associated with GC resistance [68,69]. This increase in GC resistance
has not been associated with higher plasma cortisol levels [92]. Four functional SNPs (Table 1) in the
FKBP5 gene (rs9296158, rs3800373, rs1360780, and rs9470080) have been identified which are associated
with GR resistance, in normal, mainly Afro-descent individuals (Figure 2) [93].

Figure 2. Representation of the epigenetic modification in FKBP5. The single-nucleotide polymorphism
rs1360780 which is close to a functional GRE in intron 2 constitutes the genetic predisposition for an
increased FKBP5 transcriptional response to stress. Demethylation with higher cortisol levels is possibly
restricted to certain developmental periods (e.g., childhood). The exposure to childhood trauma leads
to an increased activation of FKBP5 due to a reduction in DNA methylation in SNP risk allele carriers.
Adapted by permission from [Nature] [94].

The corticotrophin-releasing hormone receptor 1 (CRHR1) and 2 (CRHR2) genes have also been
studied. In addition, variants for CRHR1 (Table 1), rs110402, rs242924, rs7209436, rs12944712, rs12938031,
and rs4792887 have been studied [93,95,96] and some of them demonstrate G × E interactions [97,98].
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2.4. Epigenetic Regulation of the HPA Axis

Epigenetics refers to modifiable, potentially heritable, non-nucleotide changes to DNA
transcription which are essential for normal cell differentiation and neurogenesis [99]. These changes
can both be stable over time and dynamically responsive to environmental challenges such as
nutritional, pharmacological, physical, and psychosocial changes, providing experience-dependent
DNA modulation. Three main mechanisms have been identified for epigenetic gene transcription
regulation and expression. The first is the DNA methylation of the cytosine pyrimidine ring of CpG
sites, which suppresses gene transcription. It should be noted that these dinucleotides are especially
numerous in the promoter regions (CpG islands). However, DNA methylation of the gene body can
have the opposite effect [100]. The second mechanism consists of post-translational modifications of
histone proteins, such as methylation, phosphorylation, and acetylation, which alter DNA that bind
to regulatory proteins as well as the availability of chromatin for transcriptional activity. The third
mechanism comprises RNAs (including siRNAs, miRNAs, and piRNAs) and long noncoding RNAs,
which also regulate gene expression [99,101–104].

These modifications constitute the epigenome, which can record long-lasting influences from the
environment and can be inherited [105,106]. These influences from the environment can occur at specific
sensitive periods of development, including exposures in adulthood. DNA methylation is the most
studied epigenetic mechanism of genes involved in HPA axis regulation, such as NR3C1 and FKBP5. In
particular, methylation of NR3C1 is thought to underlie the programming of the HPA axis function in
response to environmental exposures, such as childhood abuse [107,108]. Furthermore, higher cortisol
levels demethylate FKBP5 intron 7 in carriers of the SNP rs1360780 T risk allele possibly in specific
developmental periods such as childhood, increasing FKBP5 expression and GR resistance [94].

A review of the methylation effects on the GR gene concluded that early life adversity has been
repeatedly shown to be associated with hypermethylation of the non-coding first exons [71], which
could impair HPA axis functioning, specifically with the respective decreased GR expression, and
predispose the exposed subjects to several psychiatric disorders.

The noncoding RNAs epigenetic mechanism has also been shown to influence the regulation of
the HPA axis in response to stress. The miRNA miR-320a interacts with the FKBP5 SNP rs3800373 C
risk allele, leading to increased FKBP5 expression and GR resistance [109]. Other studies of noncoding
RNAs influences on the HPA axis regulation are reviewed elsewhere [110].

In sum, the HPA axis response to stress challenges has multiple levels of regulation
which are influenced by variability in genes (SNPs) and epigenome. These effects can further
expand environmental influences on genetic expression and consequently on endophenotypes and
phenotypes [14]. This means that nature and nurture interactions have endless possibilities. This
phenomenon can also be viewed from a therapeutic point-of-view, as these interactions can use
pharmacotherapy and psychotherapy to environmentally manipulate these genes—by gene, by
epigenome, and by environment interactions.

3. HPA Axis and PTSD

As the new DSM-5 classification rightfully implies, PTSD is a disorder of the stress adaptation
system, which is initiated by the influence of the TE on a susceptible person [111]. Accordingly, HPA
axis dysfunction has been consistently pointed out to constitute the main pathophysiologic mechanism
involved in the development and maintenance of PTSD [54,112,113].

Although PTSD only develops after exposure to TEs, other risk factors exist which increase the
probability of a TE influencing the development of PTSD [4,6]. Some of these risk factors also influence
the HPA axis function, examples being childhood adversity, parental PTSD, or the occurrence of prior
TE or PTSD [9,28]. Exposure to these TEs generates anticipatory responses of the HPA axis, which in
turn are moderated by SNPs and the epigenome [7,54,114]. Another important moderator between
HPA axis functioning and PTSD is the biological sex, even when controlling for confounders. It is
well known that women have a greater risk of developing PTSD than men [115,116]. Interestingly,
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female victims of sexual assault with lower hippocampal volumes showed increased risk of developing
PTSD [117].

The most studied regulator of the HPA axis in PTSD is the GR [10]. Patients with PTSD show
reduced GC signalling, which has been shown to be associated with increased GR responsiveness
or sensitivity [113]. Indeed, hypersensitivity of the GR in PTSD patients has been found in several
studies [111,118–121] and has been specifically attributed to decreased GC signalling [113]. In addition,
studies which assess learning and memory also argue that PTSD patients have increased CNS GC
hypersensitivity [122]. Indeed, cortisol plays an important role in coping with the emotional memories
of trauma by enhancing consolidation and by decreasing retrieval and working memory [42].

Accordingly, lower cortisol levels in saliva, blood, or urine have been found in two
metanalyses [118,123] in specific samples and assessment moments of the day, although lower cortisol
levels were also found to be associated with trauma exposure, especially in the afternoon and evening.
Another metanalysis, which included only saliva samples, showed that morning cortisol levels were
significantly lower in PTSD patients when compared to controls [124]. Accordingly, a recent metanalysis
found lower concentrations of 24-h urinary cortisol in PTSD patients when compared to controls [125].
Furthermore, neurobiological correlates of PTSD symptom clusters have also been found in some
studies to show a negative association between cortisol levels and specific symptom clusters, such as
intrusion, avoidance, and numbing e.g., [126,127].

On the other hand, CRH overactivity has been pointed out to be a possible model of HPA axis
dysfunction in PTSD [54]. Central spinal fluid CRH levels have been found to be increased in patients
with PTSD [128–130]. This finding is consistent with decreased GC signalling in PTSD, as GCs are
potent inhibitors of CRH release [131]. Consistent with these HPA axis alterations is the concept that
PTSD is a fear disorder, characterised by an excessively strong learning of trauma-related fear, or a
failure over time to extinguish memories of previous trauma-related fear experiences [132].

Whether these HPA axis alterations are a cause or a consequence of PTSD development, or
whether they are TE exposure-related has been a matter of debate in the scientific community [54]. HPA
axis-related pre-trauma altered functions have been found to be more consistently associated with PTSD.
High pre-deployment GR number, low FKBP5 mRNA expression, and high glucocorticoid-induced
leucine zipper (GILZ) gene mRNA expression are all independently associated with increased risk for
a high level of PTSD symptoms six months after deployment to a combat zone [133]. Accordingly,
lower hair cortisol concentrations prior to deployment were associated with post-deployment PTSD
symptoms related to new stressors [134]. Furthermore, different clinical trajectories after experiencing a
TE are also predicted by cortisol secretion as a response to experimental stress challenges, showing lower
saliva cortisol change. When assessed prior to exposure to TEs, these trajectories are less-favourable
on the whole [134,135]. With regards to peritraumatic HPA axis-related risk factors, lower cortisol
levels [121,136] have been found to predict PTSD development, although a metanalysis only found
that heart rate was correlated with posterior PTSD symptoms, among the other biological markers
studied, including cortisol measured immediately after TE [137].

Imaging studies also link PTSD pathophysiology with the HPA axis. As an example, lower levels
of expression of FKBP5 were associated with smaller hippocampus and medial orbitofrontal cortex
in PTSD patients when compared to non-PTSD controls [138]. A systematic review has shown that
lower hippocampal volumes are associated with PTSD [139]. Excessive activation of the amygdala on
exposure to threat stimuli has also been demonstrated in patients with PTSD [140].

3.1. PTSD and GC Regulation Genes SNPs

Genome wide association studies have failed to find associations between HPA axis-related genes
and PTSD e.g., [141]. However, a recent meta-analysis found that SNPs in NR3C1 and FKBP5 genes
(rs258747 in NR3C1 and rs9296158 in FKBP5) are significantly associated with PTSD [18]. It has been
hypothesised that some of the SNPs of the NR3C1 gene associated with PTSD could be in linkage
disequilibrium with previously-identified functional SNPs [85]. With regards FKBP5, the risk allele
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of the SNP rs9296158 has been previously associated with GR resistance in normal Afro-descent
individuals and with GR hypersensitivity in PTSD patients (Figure 2) [93].

Although no main effects had been found for any of the previously-identified functional GR
gene SNPs in PTSD, the severity of PTSD symptoms and basal plasma cortisol levels were negatively
correlated within war veterans with PTSD who are homozygous for the BclI SNP. In this same
subgroup of PTSD patients, the authors also found a tendency for an increased response to a test of
peripheral GC sensitivity which correlated with higher PTSD symptoms [142]. In cardiac surgery
patients, homozygous carriers of the BclI SNP variant allele showed significantly lower preoperative
plasma cortisol levels and more traumatic memories six months after surgery and intensive care unit
treatment [143]. A significant interaction effect was found of haplotype BclI carrier state and childhood
trauma on the pre-deployment GR number [133]. In this study, childhood trauma and a pre-deployment
high GR number both predicted the subsequent development of a high level of PTSD symptoms. The
higher GR number in the PTSD group was maintained after one and six months [10,144].

With regards FKBP5, the four functional SNPs which have been identified as being associated
with GR resistance in normal, mainly Afro-descent individuals (rs9296158, rs3800373, rs1360780, and
rs9470080) have all shown hypersensitivity to GC in patients with PTSD (Figure 2) [10,93]. This
finding suggests that other factors influence the functionality of these SNPs. Interestingly, in this study,
these SNPs significantly interacted with the severity of child abuse to predict levels of adult PTSD
symptoms [93]. In a study on the genetics of substance dependence which also screened for PTSD, the
FKBP5 rs9470080 genotype (TT) was shown to moderate PTSD risk in interaction with childhood abuse
in Afro–American participants, but not in the case of European–Americans [145]. Afro–Americans
who were carriers of the TT genotype, but with no experience of childhood adversity, demonstrate
the lowest risk for PTSD, but inversely they had the highest level if they had experienced childhood
adversity. This result suggests that childhood adversity changes FKBP5 gene functionality, as was the
case in the study by Binder et al. [93]. A study of gene expression in 15 patients with PTSD, comparing
them with 20 participants without PTSD, all of whom had been exposed to the World Trade Centre
attacks, found that FKBP5 expression was significantly reduced in current PTSD which was predicted
by cortisol when entered with PTSD symptom severity in a regression analysis [146]. This study was
extended to include SNP analyses of the FKBP5 gene, as well as a sample of recovered PTSD patients
and it was found that any of the four PTSD risk-related SNPs was a negative predictor of FKBP5
expression, which in turn was related to lower levels of plasma cortisol and higher PTSD symptom
severity [147]. Low pre-deployment levels of FKBP5 mRNA expression were independently associated
with the increased risk of high PTSD symptoms when assessed six months after deployment [148].
However, the study found no associations between FKBP5 SNPs rs1360780 and rs3800373 haplotypes
and pre-deployment FKBP5 mRNA expression or GR number. On the other hand, in a sample of 412
chronic pain outpatients, the FKBP5 gene SNP rs9470080 was associated with lifetime PTSD and it
was found that participants without the risk allele had decreased PTSD risk, even in the presence
of high levels of previous trauma exposure [149]. The interaction of genotype and PTSD symptoms
associated with specific gene expression patterns suggested the existence of different biological PTSD
endophenotypes, which are determined by functional SNPs in the FKBP5 gene [150]. In this study,
PTSD patients carrying the risk allele of the FKBP5 gene SNP rs9296158 showed GR super-sensitivity
with the dexamethasone suppression test, whereas those without the risk allele had lower baseline
serum cortisol concentrations. PTSD carriers of this SNP risk allele had lower FKBP5 mRNA expression,
whilst those without PTSD had increased expression. However, in a study of 3890 US service members
deployed to Iraq and Afghanistan, the carriers of the most frequent haplotype AGCC tended to have
probable PTSD. Furthermore, each wild type variant SNP was associated with probable PTSD. In this
study, the authors considered that FKBP5 could be a risk factor for PTSD. No interactions with lifetime
stressful events were found [151].

Klengel et al. [14] found that this diversity is determined by developmental impacts, such as early
childhood adversities, which occurred by way of epigenetic mechanisms in the FKBP5 SNP rs1360780
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(Figure 2). This study showed that being a carrier of this FKBP5 SNP risk allele, together with being
exposed to early childhood adversities, both lead to FKBP5 intron 7 demethylation. Furthermore, a
recent meta-analysis found strong evidence of interactions between FKBP5 genotypes in three SNPs
(namely risk allele carriers of the rs1360780, rs3800373, or rs9470080) and early-life stress, which
the authors considered could constitute significant risk factors for stress-related disorders such as
PTSD [152]. Unfortunately, rs9296158 FKBP5 SNP, which has been found to be associated with PTSD
in a recent metanalysis [18], was not included.

The first study of the associations between CRHR1 gene and PTSD in adults found that the SNPs
rs12938031 and rs4792887 major alleles were associated with post-hurricane PTSD symptoms and that
the former was also associated with PTSD diagnosis [96]. A longitudinal study of pediatric injury
patients found an association of the CRHR1 gene SNP rs12944712 with acute PTSD symptoms and
their trajectory over time. Results from this study were considered preliminary, as the sample size was
small [95]. One study identified that two SNPs (rs8192496 and rs2190242) in the CRHR2 gene reduced
PTSD risk among trauma-exposed female veterans. The minor allele of these SNPs was associated with
reduced risk and severity of PTSD symptoms, although these findings have not been replicated [153].

The studies reviewed in this section show that GC regulation genes’ SNPs have an important role
in PTSD risk and development. Studies have a greater focus on FKBP5 gene variation, and on the
whole, the literature shows that SNP alleles which are associated with HPA axis hypersensitivity are
associated with PTSD. G × E interactions have also been shown, particularly in cases with experience
of childhood adversity.

3.2. PTSD and Epigenetic Effects

The NR3C1, FKBP5, and CRHR1 genes methylation have all been shown to be associated
with childhood adversity [8,14,108,154]. These modifications could constitute risk factors for PTSD
development upon later exposure to a TE. Epigenetic modifications could also result from TE proper
exposure and influence the pathophysiology of PTSD development. Methylation levels of NR3C1 and
FKBP5 have been repeatedly associated with the status of PTSD diagnosis [155].

Despite the different methodologies across studies, a recent systematic review found strong
evidence of an association between NR3C1 increased methylation levels and decreased gene expression,
which suggests a role for this gene’s methylation in stress-related psychopathology [156]. Methylation
levels of the NR3C1 gene have been studied in the promoter regions of exons 1B, 1C, and 1F, which
are rich CpG sites. Hypermethylation of 1F is associated with a decreased expression of the gene and
accordingly with GR resistance [108]. An association between the demethylation of the GR gene exon
1F promoter and both PTSD and plasma cortisol decline on the dexamethasone suppression test was
found [157]. In this study, war-related PTSD male subjects showed greater cortisol suppression after
the administration of dexamethasone, and higher levels of peripheral blood mononuclear cell lysozyme
inhibition in the lysozyme suppression test. Accordingly, another study of survivors of the Rwanda
genocide found that the sex-dependent salivary GR gene exon 1F promotor DNA methylation was
associated with PTSD [158]. Male but not female survivors with increased GR gene exon 1F promotor
methylation, which was associated with lower NR3C1 expression, showed less intrusive memory of the
traumatic event and reduced PTSD risk. In these studies, it was not possible to distinguish the effects of
trauma from the effects of PTSD. Another study focussing on female victims of the same Rwanda Tutsi
genocide, found higher peripheral blood leukocytes NR3C1 exon 1F promotor methylation levels than
those of Tutsi non-victims [159]. However, the association between PTSD and NR3C1 gene exon 1F

promotor methylation levels was not addressed, and in this case, hypermethylation could be attributed
to trauma exposure. NR3C1 exon 1F promotor methylation levels negatively correlated both with
cortisol levels and NR3C1 mRNA expression levels. In this same study, those exposed to trauma
showed higher methylation of CpGs located within the NR3C2 coding sequence than non-exposed
subjects. On the other hand, peripheral T lymphocytes NR3C1 1B and 1C promoters’ methylation
levels were found to be lower in subjects with lifetime PTSD related to different types of trauma, when
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compared with non-traumatised controls. Cortisol levels were inversely correlated with NR3C1 1B

mRNA expression. Furthermore, overall and CpG site-specific methylation levels were inversely
correlated with total NR3C1 and 1B mRNA expression [160]. However, in this study, the NR3C1 exon
1F promotor methylation did not associate with PTSD risk. Another study of female interpersonal
violence victims found PTSD severity to be negatively correlated with the mean percentage of NR3C1
exon 1F methylation [161].

FKBP5 methylation has also been extensively studied. Klengel et al. [14] found that being a carrier
of the FKBP5 SNP rs1360780 risk allele T and also being exposed to early life trauma lead to FKBP5
intron 7 demethylation. FKBP5 intron 7 is situated in a GC response element zone, which is subject to
the action of GCs as part of the ultra-short feedback loop between FKBP5 and the GR, which leads to
GR resistance, as demethylation increases levels of this co-chaperone. However, [162] no main effects
of PTSD diagnosis on FKBP5 intron 7 methylation were found in a sample of Holocaust survivors,
nor in their offspring and comparison subjects. A recent study did find significantly higher intron
7 methylation levels among veterans with PTSD carrying the rs1360780 risk allele when they were
compared to the non-PTSD group [163]. On the other hand, FKBP5 exon 1 promoter methylation was
associated with lower plasma cortisol levels in subjects with combat-related PTSD [33], which supports
previous findings of lower FKBP5 expression in PTSD [146].

In the case of GILZ—which is a transcription factor that is up-regulated by GC action [46]—mRNA
levels were associated with PTSD in males, and were negatively associated with the methylation of the
respective gene. Furthermore, the number of TEs correlated negatively with GILZ mRNA levels, and
positively with the percentage methylation of GILZ just in the case of males [164].

Other approaches to the epigenomic study of PTSD pathophysiology are still being carried out.
A longitudinal study of combat-related PTSD found decreases in DNA methylation in three novel
genomic regions (ZFP57, RNF39 and HIST1H2APS2) across the period of exposure which constituted
marks of susceptibility to PTSD [165]. Noncoding RNAs have also been implicated in the relationship
between stress and GCs and these could prove to be useful biomarkers to facilitate the prescription of
personalised medicines for trauma-related disorders, as the majority of PTSD blood based microRNA
studies report reduced expression in PTSD [110].

Differences in gene expression can reflect epigenetic modifications and/or interactions with SNPs.
Changes in gene expression have been found to occur after combat exposure [166]. However, no
longitudinal studies have examined the combination of DNA methylation and gene expression—which
limits our understanding of associated TE exposure DNA methylation on gene expression [166].

The epigenetic regulation of gene expression is very much cell-type specific [112]. The previous
studies researched methylation in non-CNS cells, and therefore we are unable to conclude on the
neuronal methylation status, although this could well reflect exposure to environmental influences [100],
as has been shown for psychosocial adversity [167] and combat [165], which accordingly could
represent biomarkers of the brain related phenotype. In addition, substantial correlations between
blood and brain samples have been observed in post-mortem studies [168]. On the other hand, the
epigenetic modifications could be the result of PTSD effects on the HPA axis and immune system,
as DNA methylation changes in response to environmental exposure can be induced by altered GC
signalling [169].

There are also reports of intergenerational transmission of these epigenetic modifications [105,162],
which could constitute one of the many mechanisms for intergenerational transmission of PTSD [28].

In brief, PTSD has been consistently associated with lower levels of cortisol and GR hypersensitivity.
Furthermore, a meta-analysis found associations between variability in the NR3C1 and FKBP5 genes
and PTSD. Other SNPs in genes involved in HPA axis regulation have also been found to be associated
with PTSD, such as the CRHR1. Epigenome studies have found evidence of associations between
levels of methylation in several genes with a regulatory role in HPA axis functioning—mainly NR3C1
and FKBP5—which can depend on the gene’s SNPs and on the gene’s location of methylation. These
findings are consistent with previous evidence of lower cortisol levels and GR hypersensitivity in
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PTSD. All this genetic makeup variability has been found to interact with environmental influences,
consubstantiating a new paradigm of gene × trauma × epigenetic interactions [155].

4. PTSD Treatments Which Influence the HPA Axis

4.1. GC Treatments

PTSD treatments using GR as a mediator have been tested for use as secondary prevention, that
is to say, on exposure to a TE [54]. Based on studies which show that low peritraumatic cortisol
constitutes a risk factor for PTSD development, GCs could be of benefit if administered immediately
after the TE [170–173], especially in the case of individuals with this additional risk factor. A large
randomised control study found that traumatic injury patients who received hydrocortisone within 12
h after trauma for 10 days reported fewer PTSD symptoms during the first three months post trauma
than did patients who received a placebo [174]. On the other hand, GC antagonists could also be useful,
based on the role of GCs in the consolidation of the traumatic memories [42]. As GC actions influence
so many functions in the brain [46], the development of synthetic GCs or other GC action modulators
with increased tissue/cell/molecular pathway selectivity could be of great benefit for patients, as they
would act on the specific PTSD HPA axis-related pathophysiological mechanism [54,112]. However,
research is still far from finding such “chirurgical” treatments.

Several clinical trials are currently being carried out with substances which aim to influence
the HPA axis in PTSD patients [112]. These trials are supported by studies such as that by Aerni et
al. [175]—a pilot study which found that a low dose of hydrocortisone administered over three months
reduce re-experiencing and avoidance symptoms in PTSD patients, based on the assumption that
elevated cortisol levels which inhibit memory retrieval in healthy human subjects can also reduce
the excessive retrieval of traumatic memories and related symptoms in patients with chronic PTSD.
Unfortunately, other larger placebo-controlled randomised trials targeting several HPA axis-related
PTSD pathophysiological mechanisms did not achieve the same promising results [176–178].

Furthermore, hydrocortisone supplementation of prolonged exposure therapy for PTSD in military
veterans has been associated with a lower dropout rate and greater reduction in total PTSD symptoms,
when compared to a placebo [179]. Responders to hydrocortisone supplementation had the highest
pre-treatment GC sensitivity, which decreased as symptoms improved.

Because FKBP5 SNPs, methylation, and expression variation have all been consistently associated
with PTSD pathophysiology, FKBP5 is a potential treatment target, as it confers risk for abnormal fear
extinction learning in humans [180].

A recent study by Pape et al. [181], which investigated the CRHR1 antagonist GSK561679 in female
PTSD patients supports the possible role of CRHR1 methylation levels as an epigenetic biomarker to
follow response to CRHR1 antagonist treatment in specific subgroups. Moreover, pre-treatment NR3C1
methylation levels may be useful as a potential biomarker to predict PTSD treatment outcome [33].

4.2. Psychotherapy for PTSD

Several psychotherapeutic interventions have been indicated for PTSD treatment. Some practice
guidelines recommend them as first-line treatment [112,182,183]. Psychotherapeutic interventions
for PTSD include both trauma-focussed ones, which are based on processing the emotional
and cognitive aspects of the traumatic event, and non-trauma-focussed ones. Trauma-focussed
approaches include prolonged exposure therapy (PE), cognitive processing therapy (CPT), and
eye movement desensitisation and reprocessing (EMDR), which have all been considered first line
psychotherapies [29,112]. On the other hand, stress inoculation training has been considered as first
line non-trauma-focused psychotherapy for PTSD patients [29]. Recently, the guidelines are being
increasingly questioned, as PE and CPT have high dropout rates, and only a minority of patients cease
to be diagnosed with PTSD at the end of treatment [30,31]. Furthermore, recent trials have found
no differences between several therapies, including the administration of sertraline hydrochloride
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and non-trauma-focussed therapies which were not previously considered to constitute first line
psychotherapies for PTSD patients [31]. This highlights the importance of understanding the complexity
and diversity of PTSD in each patient and also the need for the clinician to be able to adapt to the
patient’s needs, which can change over time [30]. Interestingly, Steenkamp et al. [31] state the need
for long-term personalised approaches which can rely on the building of a therapeutic relationship
to achieve better outcomes. Psychodynamic psychotherapies are also useful for the treatment of
PTSD [184] and quality-based reviews of randomised controlled trials have shown no significant
difference when compared with other psychotherapies, such as cognitive-behavioural therapy [185,186].

Psychotherapeutic interventions differ in a number of characteristics, such as the theoretical
foundations, objectives, frequency of sessions, duration, required training of therapists, and the personal
conditions required of potential candidates [187]. Although 30% of the results of psychotherapy
are attributed to factors which are common to all of them [188], ideally we should use which ever
psychotherapeutic intervention better works for each patient [189].

Daskalakis et al. [190] proposed a tree-hit model of the individual’s programming sensitivity to
environmental stress, depending on the timing of environmental exposure—should this have occurred
during highly plastic developmental phases [191]. The genetic makeup (hit-1) interacts with early-life
environmental exposure (hit-2), resulting in (endo) phenotypes (e.g., epigenetic changes and altered
HPA axis function) [14] which constitute vulnerability or resilience factors, depending on the type and
characteristics of later-life environmental challenges (hit-3) which confront the individual [190]. These
later-life environmental challenges can also constitute the basis for psychotherapeutic repair when this
three-hit model results in vulnerability and psychic suffering.

4.2.1. Psychotherapy and HPA Axis

PTSD is considered to be a memory-related fear disorder, which is characterised by
an over-consolidation of TE-related fear, or, on the other hand, a failure to extinguish fear
memories [54]. GCs have potentiating effects on emotional memories consolidation and impair
memory retrieval. Several theories exist as to which mechanisms are involved in PTSD memory-related
pathophysiology [54], including over-consolidation due to excessive noradrenergic signalling as a
consequence of low levels of GCs [192] or due to GC-enhanced (as a result of GR hypersensitivity) fear
memory consolidation [42]. After consolidation, memories can be retrieved. Important consequences
after retrieval are the reconsolidation and extinction of memories, which seem to share the same role of
GCs in both the amygdala and hippocampus as that of consolidation [54,193]. This is an important
factor, as some PTSD psychotherapeutic interventions rely on fear learning paradigms which can be
enhanced by GCs, depending on the knowledge of the adequate moment, dose, and choice of the
GC to be administered. On the other hand, a GR antagonist might be more adequate if our aim is
the GR hypersensitivity pathophysiological hypothesis of PTSD [54]. One example of this is the case
of the most studied psychotherapy indicated for treatment of PTSD, that of PE, which relies on fear
learning paradigms, particularly extinction learning, which, in turn, depend largely on the actions of
GCs [54]. Extinction includes repeated presentations of the feared stimulus without reinforcement.
Interindividual variability in extinction learning can be mediated in part by SNPs in FKBP5 [180] and
constitute one of the reasons for different treatment responses in patients with PTSD.

The first study to address the association of HPA axis-related risk factors with psychotherapeutic
outcomes in PTSD patients showed that after brief eclectic psychotherapy, significant changes occurred
in levels of cortisol and dehydroepiandrosterone in PTSD patients with civilian-related trauma. Those
who responded to therapy showed an increase in cortisol and dehydroepiandrosterone levels, while
for those who did not respond, both hormone levels decreased [32].

Accordingly, a higher bedtime salivary cortisol and 24-h urinary cortisol excretion predicted
positive treatment outcomes in PTSD veterans after PE therapy or a weekly minimal attention
intervention for 12 consecutive weeks [35]. Another study of combat-exposed male PTSD patients
found that a high cortisol awakening response (CARi) before trauma-focussed psychotherapy predicted
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symptom reduction after 6–8 months. In this study, no differences were found between the PTSD and
the non-PTSD group who had received no treatment with regard to a decrease in CARi at the end of the
treatment period [194]. Furthermore, a study of veterans with PTSD showed that an increased salivary
cortisol response to personal trauma script-driven imagery task prior to PTSD therapy was significantly
and uniquely related to reductions in the core symptoms of PTSD after PE [195]. Interestingly, an
8-week psychosocial intervention with war-affected adolescents regulated hair cortisol levels. While
this intervention decreased hair cortisol levels for young patients with hypersecretion and medium
secretion, it increased hair cortisol levels for young patients with hyposecretion, in relation to the
control group [196]. Steudte-Schmiedgen et al. [197] suggest that hair cortisol levels can be valuable
to complement research into long-term HPA axis predictors and correlates of clinical outcomes in
response to psychotherapy for PTSD patients.

A literature review revealed preliminary evidence that the lower levels of pre-treatment GC are
related to poorer PTSD psychotherapeutic treatment gains [12]. The authors hypothesised that HPA
axis dysregulation increases both behavioural and emotional avoidance, which interferes with the
efficacy of psychotherapy, especially exposure-based interventions. This could constitute a strong
argument for GC-enhanced psychotherapy. Another argument could be related to the fact that GCs
can potentiate extinction learning [180] or decrease the retrieval of TEs memories on exposure to
stimuli [198], either spontaneously [199], or during the application of PE therapy [179].

Imaging studies have also been carried out to understand whether structural modifications occur
after psychotherapy. A metanalysis revealed that psychotherapy effects in PTSD increased prefrontal
and decreased limbic activity, particularly by normalising hippocampal function and morphology [200].
Later studies continued to confirm these findings. Butler et al. [201] found hippocampal grey matter
increases after six weeks of multimodal psychological treatment for combat-related PTSD, when
compared with a waiting-list control group. Another study also found that clinical improvement
during cognitive behavioural therapy in PTSD was predicted by increased FKBP5 expression and
increased hippocampal size [138]. Increased hippocampal volume and elevated FKBP5 expression
were significantly correlated. The hippocampus has been shown to be highly sensitive to the effects of
GCs [202]. These studies highlight the key role that hippocampal neuroplasticity can play in improving
resilience and recovery from traumatic stress, especially bearing in mind its involvement in the HPA
axis regulation of memory extinction [54] and also that it is one of the major structures of neurogenesis
in the adult human brain [203].

4.2.2. Psychotherapy Interaction with Genetic Makeup in PTSD

Since G × E interactions are determined by a certain confluence of environmental factors on SNPs
and epigenomic mechanisms, and as these interactions exert an influence on the HPA axis-related
pathophysiology of PTSD development and maintenance, we can accordingly presume that G × E
interactions could be beneficial for the treatment of these and other disorders—if we could determine
the terms of the interaction. In other words, what environmental change would be required for which
genetic makeup? This environmental change could be a psychotherapeutic intervention.

Psychotherapeutic effects result from learning and memory-related neuronal plasticity [204] which
ultimately depend on intervention-associated gene expression [205]). As SNPs and epigenetic changes
have direct effects on gene expression, several lines of investigation have tried to better understand
these relationships.

HPA axis-related genetic makeup information can be useful in psychotherapy practice through
several of the following ways. Firstly, the SNPs of genes regulating the HPA axis function, such as
NR3C1, FKBP5, and CRHR1, can interact with psychotherapeutic interventions in patients with specific
PTSD characteristics and result in better outcomes. This knowledge can enable informed choices of
the best intervention. Likewise, knowledge of the epigenome that is associated with better outcomes
can also inform the decision regarding the most appropriate psychotherapy. This information could
be constituted by biomarkers for both the indication and outcome of the psychotherapies for specific
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patients, as, for example, appears to happen in the case of a high level of pre-treatment cortisol as a
predictor of better treatment outcomes [35,194,195]. In addition, psychotherapy addresses the trauma
which seems to be the main culprit in HPA axis dysregulation interacting with genes.

Furthermore, the usefulness of genetic makeup information for the prescription of psychotherapy
and the respective outcomes is promising, based on the results of several studies which have researched
the interaction between psychotherapy and both SNPs and the epigenome.

The BclI SNP G carrier states predicted treatment gains after 12 consecutive weeks with PE therapy,
or a weekly minimal attention intervention for patients with PTSD [35]. Homozygotes of the same BclI
SNP risk allele evidenced more traumatic memories of intensive care unit treatment at six months after
cardiac surgery [143]. Taken together, this information could help to identify those subjects who are at
higher risk of PTSD symptoms and provide them with a psychotherapeutic intervention before, or
shortly after the TE exposure, depending on its predictability. Interestingly, a randomised controlled
trial study showed that a pre-operation minimal cognitive behavioural intervention which targeted
homozygous carriers of this SNP’s G high-risk allele reduced traumatic memories and posttraumatic
stress disorder symptoms after heart surgery [206]. Interestingly, GG carriers of this SNP showed
increased emotional memory performance when compared to GC and CC carriers [82].

Traumatised Ugandan carriers of the FKBP5 rs1360780 risk allele were at increased risk of PTSD
symptoms relapse after 10 months of Narrative Exposure Therapy (a form of exposure-based short-term
therapy), whereas non-carriers continued to show a reduction in symptoms [36]. This is an interesting
result, as the genetic makeup which correlates with functional distinct roles impacts on different
treatment outcomes [14,152].

Gene expression studies have also shown that increased FKBP5 expression after treatment is
associated with successful response to trauma-focussed psychotherapy [33,138]. Levy-Gigi et al. [138]
found significant increases in FKBP5 expression and in hippocampal size, which were correlated,
in PTSD patients after 12 weekly 1.5-h sessions of trauma-focussed cognitive behavioural therapy.
Improvement in PTSD symptoms was predicted by increased FKBP5 expression and increased
hippocampal volume, although the primary predictor was FKBP5 expression [138].

A recent review of studies addressing the associations between various psychiatric disorders
and several genes methylation before and after psychotherapeutic interventions concluded that DNA
methylation change can be considered a marker of treatment outcome [100]. However, the author
advises adopting caution in relation to the interpretation of results, owing to different methodologies
across studies and also the need for the biological functional characterisation of the findings.

Higher NR3C1 exon 1F promoter methylation levels predict a better treatment response after 12
weeks of PE psychotherapy, whereas FKBP5 exon 1 promoter region methylation levels decreased in
those subjects who responded with remission to the same psychotherapy. Correspondingly, those
subjects who responded to treatment had higher FKPP5 gene expression than those who did not
respond [33]. The authors argue that GR gene methylation did not change in response to treatment,
due to association with early environmental changes which could be more enduring. The methylation
changes could constitute biomarkers of PTSD prognosis and symptom severity, respectively, as the
environment part of G × E interactions could be attributed to epigenetic mechanisms [14].

Other studies addressing epigenomic mechanism in other genes associated with PTSD
psychotherapy are currently being carried out. A longitudinal study of genome-wide DNA methylation
levels found that the successful treatment of PTSD patients with trauma-focused psychotherapy
(cognitive behavioural therapy, with or without EMDR) was accompanied by changes in DNA
methylation at 12 differentially methylated genomic regions and particularly of the ZFP57 gene with
regards to prospective evidence [34,207]. ZFP57 codes for a transcriptional regulator of genomic
imprinting which has been associated with hippocampus-related stress vulnerability [208].

The previous research reviewed shows that the HPA axis is an important mediator of treatment
approaches to PTSD, based on the fear learning paradigm of PTSD pathophysiology. Although
promising, pharmacotherapy targeting the HPA axis still has a long way to go. In addition, GC-enhanced

16



Healthcare 2020, 8, 376

psychotherapy also represents a possible approach which needs to be investigated better. Indeed,
psychotherapy research for treating PTSD needs to be pursued, as outcomes are far from good. It
seems that certain endophenotypes can be useful in predicting treatment outcomes and psychotherapy
has shown to normalise HPA axis-related functions in several ways, including levels or cortisol, gene
expression, and CNS function and structure. The way genetic makeup (namely SNPs and DNA
methylation) interacts with psychotherapy can also be useful to inform us of the best treatment options.
However, further studies of these relationships are needed before we can apply these interesting
discoveries to clinical practice.

5. Conclusions

5.1. Clinical Implications

PTSD is associated with many vulnerability and risk factors [6]. Several pathophysiological
mechanisms have been hypothesised [54], which make this disorder phenotypically so diverse [19],
and thus, treatments must inevitably be tailored, as we are now considering this disorder to be a
gene–trauma–epigenetic interactions paradigm (Figure 3) [155].

Figure 3. Gene/environment interaction in PTSD. Ranging from genetic and environment interactions
through to symptoms, possible biomarkers and brain and hormonal changes. Abbreviations: HPA axis:
hypothalamic–pituitary–adrenal axis; GR: glucocorticoid receptor. Adapted from [209].

Evidence is mounting that the HPA axis is implicated in PTSD pathophysiology and that
interventions aiming to affect this system are showing increased usefulness for treatment interventions
and can inform treatment outcomes—particularly psychotherapeutic interventions [e.g., 33,138,194].

We hope to have made it clear that traumatic experiences interact with the genetic makeup in
several ways during human development. One of these is through modifications of the epigenome
conditioning of the pathophysiology of many disorders—including PTSD. However, probably the most
important message is that this interaction can occur reversely, through psychotherapeutic interventions
which, if tailored according to the pathophysiological mechanisms, could be more useful for those
individuals who suffer, and more cost-effective for all [33], although further studies need to be carried
out to inform us better what works best, and for whom. If we could predict which patients would
improve better with which type of treatment, then the level of suffering, time, and resources could be
significantly reduced for such a complex and heterogeneous disorder. However, as promising and
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appealing the results of the studies reviewed in this paper might be, there is still a long way before
they attain clinical applicability.

Furthermore, psychotherapy delivered perinatally with modifications which are specific to
the perinatal period and are focussed on parenting are necessary for the prevention of PTSD
intergenerational transmission [210], as PTSD influenced parent-child interactions are important
and potentially modifiable contributors [211]. Evidence-based psychotherapy offers considerable
advantages for perinatal PTSD, based on the potential teratogenic effects of typically-recommended
medications for PTSD [212]. Furthermore, epigenetic modifications associated with PTSD are subject
to inheritance [105]. If these epigenetic modifications could be reversed by psychotherapy, this would
then constitute another way to break the intergenerational transmission of PTSD.

The studies mentioned in this review used psychotherapy for PTSD secondary or tertiary
prevention or treatment, however, as it is known that there is a genetic risk for exposure to TEs, a
primary psychotherapeutic intervention might also be useful, mainly for those individuals with other
cumulative risk factors, such as childhood adversity or parental psychiatric disorders [6]. Furthermore,
this review can also be useful to support the importance of trauma-informed care as a patient-centred
approach which is needed in clinical practice and which can prevent many forms of trauma-related
suffering [213].

5.2. Future Directions

Psychiatric disorders are multi-determined and have a complex pathophysiology and multiple
phenotypic expressions, and therefore any information which could help tailor treatments should be
pursued—in particular longitudinal gene x psychotherapy interaction studies.

In the case of PTSD, most of the psychotherapeutic interventions that have been studied are
short-term, limited interventions. It would be interesting to study the effects of intensive interventions,
which require treatments of more than once a week, with no time limits (e.g., psychoanalysis—which
implies 3–5 sessions a week, also with no time limit). These interventions would address not only
Daskalakis et al.’s [190] hit-3 environmental challenges, but also hit-2 early-life environmental exposure.
What would be the changes in HPA axis biomarkers (endophenotypes) and the epigenetic changes?
Would an association or interaction with SNPs of genes regulating HPA axis be found? Further research
regarding the interactions between psychotherapy and the epigenome are warranted.

Studies are needed which focus on genetic makeup and their functional correlates, which can
identify endophenotypes that constitute relevant mediators or moderators of treatment efficacy. A
limited number of studies examine mRNA expression in relation to epigenetic modifications in patients
with PTSD. This research is important, in order to find functional correlates between methylation
patterns and phenotypic variability [71]. A better selection of the region to study DNA methylation also
needs to be pursued, as well as other epigenetic mechanisms and their functional correlates [71,110].
In addition, larger samples should be studied to increase the study’s power with randomised control
trial approaches. Genome-wide studies of therapy responses would be ideal.

In the future, it should be possible to integrate different biomarkers—including SNPs,
the epigenome, and gene expression profiles—with clinical variability and psychotherapeutic
armamentarium with the objective to better inform those clinicians who practice
personalised/patient-centred care for this complex and challenging disorder of PTSD.
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Abstract: Vulnerability factors for posttraumatic stress disorder (PTSD) development are still
controversial. Our aim was to study the vulnerability factors for the development of war-related
PTSD over a period of 40 years after exposure. A cross-sectional, observational study was carried
out on 61 male traumatized war veterans, taking into consideration adverse childhood experiences
(ACE), attachment orientations, number of non-war-related traumatic events, and war experiences.
Lifetime PTSD was assessed by using the Clinician-Administered PTSD Scale. Insecure attachment
styles were significantly associated with lifetime PTSD and even after adjustment for war exposure
this was still significant. Non-war-related traumatic events were not associated with lifetime PTSD,
whereas ACE were associated with lifetime PTSD. War-related experiences were also associated with
lifetime PTSD, except for injury or disease. The results for our sample show that, 40 years after war,
the intensity of war-related experiences and ACE were significantly and independently associated
with the development of lifetime PTSD. Insecure attachment was significantly associated with lifetime
PTSD, which, in turn, are both positively associated with war exposure. These findings may have
implications for patient care, as they constitute a strong argument that attachment-focused therapies
could well be necessary 40 years after trauma.

Keywords: posttraumatic stress disorder; war veterans; trauma and stressor related disorders;
adverse childhood experiences; attachment

1. Introduction

Posttraumatic stress disorder (PTSD) diagnostic criteria have recently been reviewed in the fifth
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [1]. PTSD diagnosis
requires the experience of a traumatic event (TE) to bring on its development. The TE definition has
also changed from DSM-IV to DSM-5 criteria, with the latter not requiring the person to feel intense
fear, helplessness, or horror—as DSM-IV does. It has been estimated that 9.2% of those exposed to a
TE will have PTSD [2]. The reason why only a minority of exposed people come to develop PTSD is
the focus of much research. Vulnerability factors have been described and can be grouped into three
clusters. Pre-traumatic vulnerability factors have been found, such as: arousal, negative affect, hostility,
anger, lower cognitive abilities, psychopathology, prior trauma, poor family functioning, poverty, and
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a family history of psychopathology. Among perceived peritraumatic vulnerability factors, life stress,
emotional responses, and dissociation have all been found to predict PTSD development. Finally, it was
found that lack of social support was the main posttrauma vulnerability factor for predicting PTSD
development [3,4]. It has been found that peritraumatic factors are more predictive of posttraumatic
growth, whilst pretrauma and personality-related variables are only predictive of PTSD [5]. Out of the
personality variables, avoidant attachment significantly contributed to variance in PTSD risk.

Attachment is a construct which is related to the pattern of relationships established by a person
with significant others. Attachment starts with the first relationships established between children
and their caretakers, and is shaped by other relationships and events throughout the life cycle [6].
Attachment security influences the way a person copes with adversities and stress through positive
mental representations of self and others [7]. On the other hand, insecure attachment orientations
(anxiety and/or avoidance) predispose a person to mental disorders, due to the absence of a stable
mental organization [7,8]. Attachment orientation predicts how adults react to stress and TEs [9,10].
Some studies suggest that attachment patterns moderate the association between TEs and PTSD [11,12].
Several attachment-related TEs are characterized by high conditional risk for PTSD development,
or cause high PTSD burden to society, such as the sudden unexpected death of a loved one, war,
sexual violence, and witnessing atrocities [2,13–15]. Furthermore, trauma severity has also been
found to moderate the association between attachment and PTSD [16]. O’Connor and Elklit [17]
found a negative correlation between secure attachment and PTSD symptoms when studying a
non-clinical population, which suggested that secure attachment protects against the development
of PTSD. This was also found in the case of combat-related PTSD [18,19]. On the other hand, PTSD
was shown to influence attachment insecurity [20,21]. Furthermore, attachment has been shown to
be negatively influenced by maltreatment as a child [22]. Attachment orientations can be studied as
pretraumatic vulnerability factors for PTSD development, but also as peritraumatic, and even as a
consequence of the disorder itself.

Among the pretraumatic vulnerability factors, adverse childhood experiences (ACE) have been
related to the development of PTSD, with an increase of risk after exposure to the index TE [23].
Childhood adversities can challenge secure attachment organizations and have enduring consequences
on attachment orientations and psychopathology [24,25]. ACE have also been associated with
combat-related PTSD, particularly in the case of physical neglect and multiple types of adversities [26].

Different TEs are related to different incidence rates of PTSD, the highest rates being related
to interpersonal violence [2]. War-related TEs are well-known risk factors for the development of
PTSD, as well as traumatic load [27,28]. Specific combat experiences are associated with different
risks to develop PTSD [29,30]. Some of these war experiences, such as atrocities and killing, may
constitute severe transgressions of combatants’ deepest moral standards, and cause what Litz et al. [31]
defined as ‘moral injury’—the long-term negative consequences at psychological, behavioral, religious,
emotional, biological, and social levels. The study of war-related PTSD demands that war experiences
are well characterized. However, the results regarding the influence of attachment orientations in the
relationship between TEs and PTSD development are conflicting [9,11].

Portugal was involved in a war conflict from 1961 to 1974 with Angola, Mozambique, and Portuguese
Guinea (currently Guinea-Bissau), which were former colonies fighting for their independence. Most of
the soldiers were deployed non-voluntarily for a period of 24 months of guerrilla war.

Portuguese veterans of the colonial wars have a high prevalence (39%) of probable PTSD [32].
In addition, the time lapse of 40 years after the end of these wars provides a long after-trauma period
for PTSD to develop, including delayed onset—a subtype of PTSD which applies to those cases when
symptoms only begin six months or more after exposure to the TE [33]. Nevertheless, only a few
studies have researched this population. Furthermore, the number of older war veterans is rising and,
as the majority retain their diagnosis of PTSD following evidence-based interventions, and one third
drop out of treatment, it is therefore important to characterize this population further [34]. The aim of
this study was to investigate some of the vulnerability factors for lifetime PTSD development, over a
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period of 40 years after war-related TE, in a sample of Portuguese war veterans, especially focusing on
ACE, attachment orientations, war experiences, and the experience of non-war-related TEs. In addition,
we studied whether the association between war exposure and lifetime PTSD was confounded by or
interacted with attachment orientations.

2. Materials and Methods

2.1. General Procedure

This cross-sectional, observational research is part of a larger study on the neurobiological
inheritance of PTSD, which was approved by the Ethics Committee of our University (Comissão de
Ética para a Saúde do Centro Hospitalar de São João/Faculdade de Medicina da Universidade do Porto,
approval number: CES-138/08). Having received a complete written and verbal description of the
study, all the participants gave their written informed consent. Interaction with the participants was
carried out in a university setting and was solely performed by the same researcher and was carried
out individually during one appointment. No financial compensation was paid for participating in
this study, although payment for transport to the university was provided.

2.2. Participants

We used two ways of selecting participants (for a detailed description see Castro-Vale et al. [35]):
75.4% were from an outpatient clinic of the Portuguese Disabled Veterans Association (ADFA),
and 24.6% were from three lists of war veterans’ companies from war time. Sixty-one male, Caucasian
veterans (mean age of 65.25 (range = 60–74, SD = 3.37 years)) from the Portuguese colonial wars agreed
to participate.

Participants with and without lifetime PTSD were included if they fulfilled the war-related
DSM-IV [36] criterion A for PTSD, and also if they had children (as this is part of a larger study on the
neurobiological intergenerational transmission of PTSD). The general exclusion criteria for participants
were the following: the presence of neurologic, infectious, or any active medical illness, and any
DSM-IV psychotic, bipolar, or neurocognitive disorders. Participants with lifetime PTSD were also
excluded if they had current substance-related disorders. The specific exclusion criteria for the war
veterans’ group without PTSD were the following: if they had ever had PTSD and if they also had any
current psychiatric disorder.

2.3. Measures

The Graffar Index was used to measure the socioeconomic status (SES) [37,38]. This Index classifies
subjects into five classes, with 1 being the highest, and 5 the lowest SES class. The clinical history and
other sociodemographic data were also collected.

The Clinician-Administered PTSD Scale (CAPS) [39] was used to characterize the participants in
relation to PTSD diagnosis, and also to research the lifetime number and the type of TEs experienced.
Lifetime PTSD was considered if participants had DSM-IV criteria, in accordance with Blake et al.’s [40]
rule (frequency ≥1 and intensity ≥2) and a total CAPS score of 50 or more. TEs were assessed with the
CAPS Life Events Checklist and were subsequently checked for DSM-IV A2 criterion, following the
CAPS procedure. TEs occurring before and after the war were counted separately from each other, and
also from war-related TEs. In our sample, the Cronbach’s alpha (reliability) of the CAPS was superior
to 0.90.

To determine participants’ eligibility requirements for the study, current and past psychiatric
disorders where investigated, using the Structured Clinical Interview for DSM-IV axis I (SCID-I) [41]
except for the PTSD module.

The Childhood Trauma Questionnaire-Short Form (CTQ-SF) [42,43] is a retrospective, self-reported
questionnaire which contains 28 questions about specific maltreatment experiences during childhood
and adolescence. The items are classified into a 5-point ordinal scale, according to the frequency of
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exposure to that specific experience. The Total CTQ-SF score provides a general ACE score, and not
just TEs. It also provides scores for five different types of maltreatment, namely: emotional abuse;
physical abuse; sexual abuse; emotional neglect, and; physical neglect.

Attachment style was studied with the Revised Adult Attachment Scale (RAAS) [44,45]. This scale
consists of 18 items, which were scored on a 5-point Likert scale. The scale contains three dimensions:
anxiety, close, and depend. The close and depend dimensions are positively correlated and can be
gathered as close–depend. Close and depend dimensions were averaged and were then reverse
scored to yield the attachment-related avoidance dimension. According to the scores obtained for
each dimension, Bartholomew’s [46] attachment styles classification was adopted, namely: secure,
dismissing, preoccupied, and fearful. These attachment styles are described as follows (adapted
from [44]): secure—those participants who scored an average score below the midpoint (3.0) on
avoidance, and below or equal to the midpoint on anxiety; dismissing—those whose scoring was
above or equal to the midpoint on avoidance, and below or equal to the midpoint on anxiety;
preoccupied—those scoring below the midpoint on avoidance, and above the midpoint on anxiety;
fearful—those scoring above or equal to the midpoint on avoidance, and above the midpoint on anxiety.
Those participants with dismissing, preoccupied, and fearful styles were also grouped in the insecure
style [47].

In order to characterize and quantify the different war-related experiences of the veterans, we
constructed the War Exposure Questionnaire (WEQ; see Supplementary Materials)—which was
adapted to the specificities of the guerrilla war where each veteran fought. This questionnaire was
adapted from the “Severity of Exposure Index”, which was used for the same purpose [32]. The WEQ
has 38 items, which inquire about eight different subdomains of war-related experiences (war-related
experiences, physical conditions, injury or disease, witnessing casualties amongst comrades, witnessing
casualties amongst the enemy, witnessing casualties amongst civilians, actions on the enemy, and action
against civilians). Each sub-domain is the result of the sum of positively-answered questions (e.g.,
have you been tortured?) which are related to that subject. The total sum provides a total WEQ score
(ranging from 0 to 38), which represents war exposure, and which was used as a surrogate for war
severity. In our sample, the Cronbach’s alpha (reliability) of the total WEQ score was 0.81.

2.4. Statistical Methods

The chi-square test, or the Fisher exact test was used to test the association between qualitative
variables. The two independent sample t-test was used to compare the quantitative variables.

Odds ratio and the respective 95% CI was used to estimate the magnitude of the association
between lifetime PTSD and several vulnerability factors. Simple and multinomial unconditional
logistic regression was used to estimate the crude and adjusted odds ratio. The interaction between
independent variables with lifetime PTSD was studied using logistic regression models.

3. Results

Participant’s characteristics are depicted in Table 1. Groups with, and without lifetime PTSD are
identical with regards the subjects’ age, marital status, prevalence of disability, Graffar classification,
and the deployment site where they were at war. All the veterans self-reported good physical and
mental health before going to war.
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Table 1. Sociodemographic characteristics of the total sample and according to having or not having
lifetime PTSD.

Sociodemographic
Characteristic

Total
(n = 61)

PTSD
(n = 33)

Non-PTSD
(n = 28)

p

Age, Years (Mean, SD) 65.25, 3.37 64.82, 3.41 65.75, 3.30 0.285

Marital Status N (%) N (%) N (%)
Married 57 (93.4) 32 (97.0) 25 (89.3) 0.325

Divorced or Widow 4 (6.6) 1 (3.0) 3 (10.7)

Graffar Index
2 8 (13.1) 2 (6.1) 6 (21.4) 0.082
3 38 (62.3) 20 (60.6) 18 (64.3)
4 15 (24.6) 11 (33.3) 4 (14.3)

Disability
No 38 (62.3) 23 (69.6) 15 (53.6) 0.195
Yes 23 (37.7) 10 (30.3) 13 (46.4)

Territory (Deployment Site)
Angola 22 (36.1) 11 (33.3) 11 (39.3) 0.484

Mozambique 19 (31.1) 9 (27.3) 10 (35.7)
Guinea 20 (32.8) 13 (39.4) 7 (25.0)

Note: PTSD, posttraumatic stress disorder.

Attachment was significantly associated with lifetime PTSD (Table 2). High scores in anxiety
and avoidance attachment were significantly associated with lifetime PTSD (p = 0.002 and 0.001,
respectively). The association between anxiety and lifetime PTSD ceased to exist when adjusting for
avoidance and total war exposure (total WEQ score). On the other hand, the association between
avoidance and lifetime PTSD was attenuated, but still significant when adjusting for anxiety and total
war exposure (OR = 7.21; 95% CI 1.02, 50.94; Table 2). When dimensions were converted to attachment
styles, the prevalence of lifetime PTSD was significantly different between groups (p = 0.005; Figure 1).
The groups with the dismissing (p = 0.040) and fearful (p = 0.004) styles of attachment have a higher
prevalence of lifetime PTSD than the secure style group. A significant association was found between
insecure attachment styles and lifetime PTSD (OR = 6.37; 95% CI 1.81, 22.46; Table 2). When adjusting
for total war exposure, the association between insecure attachment styles and lifetime PTSD was
attenuated, but was still significant (OR = 4.04; 95% CI 1.00, 16.34).

Table 2. Association between attachment dimensions and non-war-related traumatic events and
lifetime posttraumatic stress disorder—both crude and adjusted.

Attachment and TEs
Unadjusted OR

(95% CI)
p Adjusted OR

(95% CI)
p

Attachment
Anxiety 3.76 (1.66, 8.52) 0.002 2.34 (0.82, 6.65) a 0.111

Avoidance 18.46 (3.16, 107.72) 0.001 7.21 (1.02, 50.94) a 0.048
Total WEQ score 1.18 (1.07, 1.31) <0.001 1.17 (1.04, 1.31) a 0.007

Insecure versus Secure 6.37 (1.81, 22.46) 0.002 4.04 (1.00, 16.34) b 0.043

TEs before War
Yes versus no 0.52 (0.13, 2.09) 0.354 - -

TEs after War
Yes versus no 0.52 (0.19, 1.46) 0.211 - -

Note: OR, odds ratio; CI, confidence interval; WEQ, War Exposure Questionnaire; TEs, traumatic events. a Model
adjusted for attachment anxiety and avoidance and total WEQ score. b Adjusted for total war exposure.
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Figure 1. Prevalence of lifetime posttraumatic stress disorder (PTSD) by styles of attachment (p = 0.005).
* Considering as reference, the secure style.

Having experienced non-war-related TEs (either before or after the war) was not associated with
lifetime PTSD (Table 2). ACE, as assessed by the CTQ-SF, showed that total CTQ-SF experiences
(p = 0.037), and particularly, emotional abuse (p = 0.024) and physical neglect (p = 0.004) were
significantly associated with lifetime PTSD development (Table 3). Total CTQ-SF experiences remained
significantly associated with lifetime PTSD after adjustment for total war-related experiences (p = 0.039).
Furthermore, total CTQ-SF experiences did not interact with total war experiences to predict lifetime
PTSD (data not shown).

Table 3. Vulnerability factors for lifetime posttraumatic stress disorder development.

Vulnerability Factors Crude OR (95% CI) p Adjusted OR (95% CI) p

CTQ-SF

Total CTQ-SF score 1.06 (1.00, 1.13) 0.037 1.07 (1.00, 1.15) a 0.039
Emotional abuse 1.27 (0.99, 1.63) 0.024 - -

Emotional neglect 1.05 (0.93, 1.18) 0.454 - -
Sexual abuse 0.72 (0.31, 1.69) 0.430 - -

Physical abuse 1.1 (0.87, 1.39) 0.414 - -
Physical neglect 1.23 (1.05, 1.44) 0.004 - -

War-Related Experiences (WEQ)

Total WEQ score 1.18 (1.07, 1.31) <0.001 1.18 (1.07, 1.31) b <0.001
War-related experiences 2.05 (1.18, 3.57) 0.004 - -

Physical conditions 1.87 (1.15, 3.06) 0.005 - -
Injury or disease 1.11 (0.80, 1.65) 0.462 - -

Witnessing casualties amongst comrades 1.42 (0.99, 2.04) 0.045 - -
Witnessing casualties amongst the enemy 1.59 (1.17, 2.16) 0.001 - -
Witnessing casualties amongst civilians 1.74 (1.23, 2.47) <0.001 - -

Action against the enemy 2.03 (1.25, 3.28) 0.002 - -

Note: OR, odds ratio; CI, confidence interval; CTQ-SF, Childhood Trauma Questionnaire-Short Form; WEQ, War
Exposure Questionnaire. a Adjusted for total war-related experiences (total WEQ score). b Adjusted for total
childhood adversities (total CTQ-SF score).

36



Healthcare 2020, 8, 359

With regards to war-related experiences, these were all significantly associated with lifetime PTSD,
except for the case of those related to injury or disease (Table 3). Adjusting total war-related experiences
to childhood adversities did not change the OR (Table 3), nor did adjusting for attachment dimensions
(Table 2). Furthermore, total war experiences did not interact with attachment dimensions to predict
lifetime PTSD (data not shown). In relation to action against civilians, 25 (49%) of the subjects who
did not report this experience developed lifetime PTSD, whilst the nine (100%) who did report this
experience developed lifetime PTSD (p = 0.013).

4. Discussion

We found that attachment orientations were associated with lifetime PTSD, particularly the
insecure attachment styles. When adjusted for war exposure, this association decreased, but was still
present. This means that war exposure is a confounder of the association between attachment and
PTSD, or in other words, war exposure is associated with attachment and also with lifetime PTSD.

According to the attachment theory, insecure attachment is a risk factor for the development
and increase in PTSD symptoms. However, Solomon et al. [21] found that PTSD symptoms predict
attachment patterns better than attachment predicts PTSD symptoms. On the other hand, a longitudinal
study concluded that PTSD symptoms both influenced, and were influenced by, attachment patterns,
and that attachment insecurity contributes to maintaining PTSD symptoms over time [20]. Recent
cross-sectional studies have found associations between attachment styles and war-related PTSD,
however the design of these studies does not permit one to draw conclusions on causality e.g., [18,19].
As our study does not also allow one to make conclusions about causality, longitudinal studies should
be pursued in order to clarify these relationships further.

Considering Bartholomew’s [46] styles, in our study, the group of participants with the secure
attachment style had a lower prevalence of lifetime PTSD than those with dismissing and fearful
styles. These findings are probably related with the high association that we found between the
avoidance dimension and PTSD. Clark and Owens [18] also found that the highest association with
PTSD symptom severity was for avoidance attachment. As they argue, attachment avoidance may
have some overlap with the avoidant and numbing PTSD symptoms, and it has been suggested that
these increase across time [48]. A recent meta-analysis of the relationship between adult attachment
style and post-traumatic stress symptoms found a modest overall population effect size for avoidant
attachment [49]. In our study, all participants with the fearful style had lifetime PTSD. Other studies have
found fearful style to be associated with the highest scores for PTSD symptoms (e.g., [19,49]). Studies of
non-clinical and non-war-related PTSD samples also found associations between attachment and PTSD
symptoms [50]—particularly associations with the dismissing and fearful styles [17,51]. Furthermore,
a recent meta-analysis found that the study design (cross-sectional, longitudinal, controlled comparison,
or intervention) does not moderate the relationship between insecure attachment and overall PTSD
symptoms [49].

Forty years after the war ended, veterans from the study sample with lifetime PTSD
demonstrate insecure attachment patterns. This finding supports the argument that specific
psychotherapeutic interventions focusing on attachment organization [52–54] should be pursued
with these patients, as attachment orientation modification was evident in one PTSD sample after
exposure psychotherapy [55]. Such interventions could have consequences both in modifying PTSD
symptoms, and also for the formation of a therapeutic relationship, which is also important for
recovery. Furthermore, the availability of improving psychotherapeutic interventions for PTSD
patients of this age group, such as prolonged exposure therapy, is required—as treatment gains
do not appear to be maintained at six-months follow-up [56,57]. Independently of the possible
causal relationships between attachment and PTSD, existing studies show that attachment-focused
therapeutic interventions can improve PTSD symptoms [58,59]. Additionally, an attachment-directed
psychotherapy model has been proposed, which is supported by the relationship between war-related
TEs and “moral injury” [53]. Furthermore, one study found that attachment style can predict treatment
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outcome, and thus improve our knowledge with regards to which psychotherapy works best for
whom, and which can be more cost-effective [60]. However, more studies are needed to help us better
understand how attachment-focused interventions can be used in clinical practice with PTSD patients.

In our research, we found that total childhood adversity, and particularly, emotional abuse and
physical neglect were significantly associated with lifetime PTSD development assessed 40 years after
war-related TEs. The association between total childhood adversities and PTSD development was
independent of total war experiences.

Another recent cross-sectional study of veterans of the Portuguese colonial wars found that those
with PTSD (recruited from the Psychiatry Department of one military hospital) reported significantly
higher total ACE scores, and, specifically, a greater level of childhood emotional and physical abuse
than those without PTSD (recruited from a snowball sample) [61]. A study of a representative sample
of veterans of the same wars found low, but significant correlations between childhood abuse and
neglect and PTSD symptoms [32].

Our findings are similar to those of a longitudinal study that assessed ACE before deployment
to military conflicts, which found that those who reported ACE in more than one category were at
an increased risk of developing post-deployment PTSD—with the strongest association being for
physical neglect [26]. Other studies found that the number of childhood traumatic experiences was
significantly higher in the group of participants who developed post-deployment PTSD symptoms [62]
and that this significantly predicted a high level of PTSD symptoms [23]. ACE could be linked to
the increased risk of PTSD development through negative influences on attachment orientations [22],
among other causes.

We found that lifetime non-war-related TEs, either before or after war, were not associated with
lifetime PTSD, which is contrary to the current belief that prior traumatization [4] and additional life
stress [63] are risk factors for developing PTSD. Recent studies have found that prior experience of TEs
in the absence of subsequent PTSD development is not a risk factor for PTSD development [64,65].
In our study, prior PTSD was not probable, as all the veterans self-reported good mental health before
going to war.

In this study, we specifically assessed TEs as defined by criterion A of the DSM-IV PTSD diagnostic
criteria. This criterion enables the evaluation of only those TEs that can cause PTSD, according to
DSM-IV. Other studies use a much broader concept of traumatization [66]—or they simply do not
define prior TE [67]. In addition, the meta-analysis of Ozer et al. [4] found that the relationship between
prior trauma and PTSD was stronger if PTSD resulted from non-combat interpersonal violence, rather
than if it resulted from combat exposure.

Combat-related trauma severity is a well-known risk factor for PTSD development [29,63].
We found that all types of war-related experiences were significantly positively associated with lifetime
PTSD development, except for the case of war-related experiences of injury or disease. This finding
is interesting, as this experience could represent a direct threat to life, although maybe this was
experienced by the majority of war veterans, as it meant the end of the war for them. Different results
were reported [28], which did not find that combat exposure increases the risk of developing PTSD
symptoms, however certain specific war experiences did—such as being wounded or injured and
killing an enemy. Further research of this subdomain is warranted, separating injury from disease.

Several recent longitudinal studies have shown similar results to our study. Carrying out a combat
role during deployment was significantly associated with probable PTSD [68]. The frequency and
intensity of combat were strong predictors of new-onset probable PTSD—specifically the experience
of killing [29]. Rona et al. [30] found that combat exposure was a strong and specific predictor of
PTSD—especially when involving close contact with the enemy.

In our study, action against civilians was significantly associated with lifetime PTSD development,
which is a combat experience that has not been independently reported recently (e.g., [29,30]). This is
probably one of the war-related experiences which is most prone to cause moral injuries [31].
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We found that attachment patterns did not confound or interact with the association between total
war experiences and lifetime PTSD. Another study [9] did not find a moderation role for attachment in
the association between intimate partner violence and PTSD, while another [11] did for the anxiety and
depend dimensions, but not for the close dimension. These discrepancies could be due to the different
methodologies and different TEs assessed. War experiences seem to be strong predictors for lifetime
PTSD development in our sample, as they are neither influenced by attachment orientations, nor by
childhood adversities.

The biggest strength of our study is the fact that we used a valid “gold standard” instrument to
diagnose PTSD. The high cut-off used increases the specificity of the measure.

A longitudinal prospective study would be far more appropriate as it could investigate causality
between attachment patterns and PTSD, but is not possible for the population that we studied. On the
other hand, assessment more than 40 years after war could be an advantage, due to the delayed onset
of PTSD. As we assessed lifetime PTSD 40 years after exposure has occurred, a long time has elapsed
during which PTSD can develop, and, albeit possible, it is less probable that new cases will continue to
occur. Furthermore, this population is increasing and is in greater need of care.

We did not assess participants’ mental health, in our research, neither working models of
attachment before war, and thus could not determine the direction of the associations between PTSD
and attachment. Sample size was another limitation. Recall bias might have been a problem in our
study, as the colonial wars ended 40 years ago. PTSD symptoms may cause a change in memories
of exposure to war [69,70]. However, the way recall bias can influence the associations between
war-related TEs and lifetime PTSD is difficult to ascertain in a cross-sectional study, as changes in
memories can reflect dissociation or repression of events that did occur, or even the addition of
false memories of events that did not occur [71]. Accordingly, childhood adversity memories can
also change over such a long time of assessment after their occurrence and can also be changed by
war-related trauma and lifetime PTSD. However, a recent review concluded that prospective and
retrospective studies of childhood maltreatment identify different groups of mechanisms underlying
psychopathology risk and that both have clinical value as risk indicators [72].

We did not study women, and thus the findings cannot be generalized for this population.
The same applies to those with non-Caucasian ethnicity. Furthermore, these results cannot also be
generalized for non-war-related PTSD.

5. Conclusions

Lifetime PTSD for the sample of war veterans studied is significantly associated with insecure
attachment, war-related experiences, and childhood adversities. However, this study cannot conclude
on the causality of the association between insecure attachment and lifetime PTSD. War-related
experiences and specific childhood adversities seem to constitute significant predictors for the
development of PTSD, although there is a possibility of recall bias. Severity of war exposure is
associated with lifetime PTSD—independently of attachment orientations or childhood adversities.
Nevertheless, the significant association of insecure attachment with lifetime PTSD assessed 40 years
after war-related TEs supports the importance of attachment-focused interventions for the treatment of
war veterans with lifetime PTSD.
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Abstract: The purpose of this study is to investigate the influencing factors of parental child abuse
by North Korean refugees who are living in South Korea. In-depth interviews were conducted with
five parents who escaped from North Korea. The study identified three categories of factors impacting
child abuse: the weakening of family functions from past experiences before and after defection, the
stress of adapting to the culture of an unfamiliar society, and low parenting self-efficacy. North Korean
parents suffered from emotional and functional crises from past traumatic events and, at the same time,
experienced additional acculturative stress as a “minority” after entering South Korea, even as they
continued to deal with Maternal Parenting Stress. These complex factors have been shown to lead to
child abuse in migrant societies. This study contemplated the context of child abuse through specific
examples. The results could provide thoughtful insights into child abuse among migrants and refugee
parents, and provide evidence-based intervention plans for its prevention.

Keywords: North Korean refugees; child abuse; acculturative stress; parenting self-efficacy; qualitative
case study

1. Introduction

North Korea’s communist regime has been committing human rights violations throughout its
three-generation-long reign of terror. Even at this moment, many North Koreans are in various kinds of
anti-human-rights situations, enduring violence, torture, hunger, and social control. For this reason, many
try to escape every year. South Korean society refers to those who have escaped from North Korea as
‘North Korean refugees’ (‘NK refugees’).

The number of NK refugees who have defected from the North and settled in the South is now at
about 37,000 [1]. The entry of NK refugees to South Korea has gradually increased since the 1990′s when
the severe economic crisis began in North Korea, with more than 1000 NK refugees still entering South
Korea every year [1] (p. 1). As the number of NK refugees has increased over the past two decades, a
new type of family, termed a “North Korean family” (an ‘NK family’) has been created in South Korea.
While the correct figures have not been aggregated recently, the pattern of escaping from North Korea with
‘family units’ has been increasing. And the fact that 77.3% of NK refugees in South Korea in their 40′s or
younger [1] (p. 1), thus in their childbearing years, implies that NK families could gradually become a
meaningful family type in South Korean society. It is easy to erroneously believe that all members of North
Korean refugee families are actually from North Korea, but by looking deeper into the families, it becomes
clear that their countries of origin vary, including people from North Korea, China, and South Korea,
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due to human trafficking, separation, reunion, and remarriage in the process of defection. This means
that many NK families have low family bonds and cohesion, which results in frequent family conflicts or
domestic violence.

In fact, according to a recent survey, 49% of NK refugees have physically abused their children, while
57.7% of them have ever committed emotional abuse [2]. This figure is about three times higher than
the ratio of South Korean parents’ abuse identified in the same survey. This clearly shows NK refugee
vulnerability around the issue of child abuse.

The problem of child abuse is serious not only among NK refugees’ families but also in other refugee
families in Western society. Previous research has shown that child abuse in refugee families is more
prevalent than among ordinary immigrant families, and they pointed out that it can occur in different
patterns [3,4].

A multitude of services and interventions are being developed as social concerns over refugee family
abuse gradually increase, but NK refugees have another different character compared to other refugees.
Therefore, understanding these families’ specific nature and environments is very important to solve the
problem of child abuse in NK refugees’ families. Unlike other refugees, NK refugees experienced fear
from the reign of terror in North Korea, and they have been forced into particular actions and beliefs
in a ‘completely controlled society’ for the past 70 years. Examples include forcing a belief that denies
capitalism or providing socialist education based on loyalty to the leader. After entering South Korea, they
face additional pressures, having to adapt quickly to a new society, experiencing a lot of stress due to job
insecurity, economic difficulties, a lack of support, discrimination, and exclusion from South Korean society.
They are also unstable in their roles as parents or have low confidence in their parenting abilities [5]. Such
transitional experiences and processes make the risk of child abuse more higher.

The South Korean government and many NK refugee support organizations are actively looking
for social services and interventions to prevent child abuse overall, but they currently lack a concrete
approach to ‘NK families.’ The interventions for preventing child abuse should be implemented based on
an understanding of the specific situations NK refugees’ families face because this is a good way to increase
the effectiveness of prevention strategies and mitigate the recurrence of abuse. Therefore, this study, based
on the qualitative interviews with NK refugee parents, identifies specific reasons why child abuse occurs
within their family context, and ultimately seeks to examine measures that could prevent child abuse.

1.1. Characteristics of NK Refugee Families Living in South Korea

In order to understand the child abuse behaviors of NK refugees, one must first consider the
characteristics of NK refugees’ families and the main characteristics of their distinctive environment.

First, NK refugees experience serious trauma during their defection. There are three main routes
of defection to enter South Korea: 1� via China; 2� via East Asian countries through China; or 3� via
Mongolia through China. Throughout the ordeal, a large number of NK refugees confront life-and-death
situations. According to a previous study, 96.5% of NK refugees endured more than one traumatic event [6].
The study found that they experienced incidents repeatedly, which rarely happens to ordinary people
in their lifetime [7], with trials encompassing food shortages, labor camp imprisonment, torture and
beatings, human trafficking, and having to avoid arrest by the secret police. Unfortunately, they also
experienced many traumatic events after arriving in South Korea because the social, economic, and cultural
environments between the two countries have diverged since their division more than half a century ago.
As the traditional culture in which these North Koreans had lived with is, for the most part, not accepted
by South Korean society, they repeatedly face social discrimination and stigma in their daily lives caused
by acculturative stress [8,9].
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Second, their family functions are weak due to differences in family culture between the South and the
North, especially in family-related experiences. The patriarchal family culture is dominant in North Korea,
where male-dominant aspects of family authority and role distribution loom large [10]. They also have a
strict parent-child relationship [11]. This is different from South Korea’s family culture, which emphasizes
a democratic family lifestyle and gender equality [12].

These differences cause confusion among individuals and family members, weakening the family
function and creating difficulties in the child-rearing process. In addition, many North Korean defectors
experience a break with their families still in the North. Because NK refugees usually bring their remaining
family members to the South after some of them escape first, due to strict surveillance by the NK secret
police. In this process, many children who experienced separation from their parents suffer from physical
and mental dysfunction, and have emotional problems such as anger, sadness, and so on [7] (p. 2). In
addition, if a family member is known to have entered the South, the remaining family members in the
North will be subjected to serious crises, including interrogation, torture, and detention in labor camps
from the NK authorities [7] (p. 2). In this way, their special experiences in defecting from North Korea cause
complex emotions and conflicts within their family, which consequently weakens the family’s functionality,
negatively affecting the process of adapting to South Korea.

1.2. Influencing Factors of Child Abuse in Migration Family

1.2.1. Acculturative Stress and Child Abuse

NK refugee parents encounter difficulties not only in raising their children but also in settling in an
unfamiliar society. These have an important impact on both the growth and development of their children
and on the parents themselves [13]. According to the acculturation model, ‘acculturation’ is a cultural and
psychological change process that migrants experience when they engage with a new society [14], and
many immigrants face a number of stressful situations in adapting to a new country [15,16].

In general, the more stress parents experience, the more likely they are to lose confidence in their
parenting [17]. The parent’s stress is closely related to child abuse, in that the stress causes them to choose
punitive methods over more positive ones as their main parenting style [18,19]. Migration and refugee
studies also show that many parents experience acculturative stress regardless of whether they prepared
for the migration situations in advance or not [20,21], which means there is a strong correlation with child
abuse by parents in immigrant families [21] (p. 3), [22].

NK refugees’, vulnerability to stress is extreme because they face dramatic risks, including threats
of forced repatriation during their escape. As previously mentioned, they are placed in very stressful
environments even after resettlement, since North and South Korea have wide differences in their
societies–social, cultural, political, educational, religious, etc. According to Park [5] (p. 2) study on the
parenting of North Korean defectors, the stress of the NK refugee parents was found to be the main reason
for dysfunctional parenting. NK refugee parents are not only exposed to constant stress, but they feel a
lot of pressure related to their children’s care and tend to negatively evaluate, criticize, and neglect their
children [13] (p. 3). As such, the stress of NK refugee parents can be closely linked to child abuse, and the
problem of child abuse can become severe, as they lack opportunities to relieve stress and also lack access
to protective resources within South Korean society.
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1.2.2. Parenting Self-Efficacy and Child Abuse

Parenting self-efficacy refers to the confidence, belief, and ability in the parenting role that parents
obtain as they raise their child [23]. This is important for parents to be able to successfully cope with the
problems of child-rearing. In general, parents with low parenting efficacy tend to choose a controlling
and punitive parenting style [24,25]. Conversely, parents with high parenting efficacy tend to choose
a receptive attitude and a non-punitive parenting style [26,27]. These characteristic styles show close
relevance to child abuse.

A study by Lee, et al. [13] (p. 3) showed that NK refugee parents had significantly lower parenting
efficacy than South Korean parents, and that their confidence in parenting was extremely diminished.
In fact, many NK refugee parents also feel they lack the ability to educate their children because the
education methods and content between the two Koreas have changed during the period of division [7] (p.
2). Especially in the unusual context of ‘migration’ and ‘transition’, they are less confident about maternal
roles and parenting abilities, defined as child-rearing effectiveness [5] (p. 2), [9] (p. 3), [13] (p. 3). Specific
research such as this is essential in that unstable parenting efficiency of NK refugees’ parents leads to an
inconsistent and abusive parenting style, which can lead to various forms of abuse.

2. Methods

2.1. Participants

Characteristics of study participants

Charateristics of study paricipants are as follows (Table 1). This study was conducted to identify the
factors of abuse through an in-depth study of NK refugee parents. Therefore, the subjects of this study
were described as ‘NK refugee parents who are raising elementary-, middle-, and high-school children’,
with a total of five NK refugee parents participating. The period of residence in South Korea ranged from
two to six years. The ages of the participants included one people in their 20s, one people in their 30s, two
people in their 40s and one person in her 50s. All subjects, except for participant E, lived together with
their spouses. The number of children is a minimum of one and a maximum of two.
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Table 1. Characteristics of study participants.

Participant Gender Age
Settlement

Period
Number of
Children

Characteristics

A F 53 6 2
- Living with one son. Has a daughter left in
North Korea.
- Over-obsessed with child, Wants to control
their child’s behaviors.

B F 35 5 2

- Living with one son and one daughter.
- The frequency and intensity of child abuse are
serious.
- Experienced extreme fear due to frequent
life-threatening situations during the defection.

C F 28 3 2

- Living with one daughter and one son.
- Severe corporal punishment of children due to
the influence of growing up in a strict family
environment.
- Has experienced a lot of discrimination in
South Korean society and high adaptation
stress.

D F 46 4 1

- Living with one son.
- Having difficulty communicating with
children and threatens them whenever they are
angry.
- Was caught by NK secret police officers and
severely tortured and interrogated in NK
detention.

E F 40 2 1

- Living with two daughters.
- Conflicts with children are serious and often
threatens children.
- Being forced to marry a Chinese man for
human trafficking and experienced severe
domestic violence by her husband.

2.2. Data Collection and Analysis

Due to the characteristics of subjects, convenience sampling in schools for NK refugee children was
conducted.

Participants were recruited from three schools in Seoul and Incheon, and the study was conducted with
parents who volunteered to take part in the study. In-depth interviews were conducted between July and
November 2018. As most of them were engaged in irregular economic activities, one-to-one or one-to-many
interviews had to be done based on the participants’ circumstances; each participant was interviewed
three times. The qualitative interview was conducted in a comfortable atmosphere. The interview was
conducted by one interviewer, but the data analysis process was cross-validated with co-author. Before
the in-depth interview, the interviewer had enough time to form a rapport with the participants, and the
in-depth interview questions were conducted with semi-structured questionnaires such as ‘How is your
relationship with your child’ and ‘What does your child mean to you?’ The interviewer added meaningful
questions to suit the interview situation. The transcript was prepared within 2–3 days of the interview,
and nonverbal elements such as facial expressions and tone found during the interview were additionally
recorded. IRB approval was obtained from the ethics committee of the Yonsei University Institute Review
Board (IRB No. 7001988-201810-HR-408-04.

49



Healthcare 2021, 9, 49

Qualitative case studies were selected as the research method. Qualitative case studies are a way of
identifying relationships within specific contexts based on an understanding of cases (Stake, 1995). This
method was considered appropriate for this study because it seeks to build an in-depth understanding of
the experiences of NK refugees living in South Korea.

The data analysis employed the analytic strategies of ‘Categorical Aggregation or Direct Interpretations’
presented by [28] Stake, with meaningful statements from the recorded data sorted into common themes
and aggregated, thereby creating similar categories based on links between them. Triangulation was
conducted among the researchers to enhance the validity of the analysis, with expert advice consulted in
an effort to increase the accuracy of the content.

3. Results

The results analyzed through the qualitative research are as follows (Table 2).

Table 2. Research results.

Meta Themes Sub-Themes Parenting Patterns and Types

The Weakness of Family
Functionality

(1) Unstable parent-child
attachment due to long separation

Decreasing family attachment and
closeness

(2) Emotional problems of parents
caused by traumatic event

Physical violence and neglect due to
aggression, lethargy, etc.

Cultural Adaptation Stress in a
Strange Society

(1) Stress transfer and display to
children during child-rearing
process

Venting anger, excessive
interference, and control over
children

(2) Family conflicts due to
differences in adaptation levels
between parents and children

Strict discipline and corporal
punishment to protect parental
authority.

Degraded Parenting Effectiveness

(1) Confusion about the role of
parents in the process of migration Inconsistent parenting attitude

(2) Lack of parenting information
Use of traditional parenting
patterns (punishment-oriented
parenting style)

3.1. Diminished Individual & Family Functions Due to the Past

3.1.1. Unstable Attachment between Parents and Children Due to Long and Repetitive Separation

The main way in which the subjects entered into the South was the ‘pre-entry of parents and then
the entry of children’. Most of them experienced separation from their children during the process of
defection. The period of separation varied from one to ten years. For them, it was the best choice—to
bring their children South after establishing a safe escape route and settling down. Unfortunately, such a
long-term separation weakened the attachment between the parents and their children. During the time
they were separated, the children tended to feel betrayed, had thoughts that they wouldn’t be able to
join their parents, and experienced both longing and resentment toward their parents, which negatively
affected parent-child relations after the reunion.

“At that time, I chose that way—the pre-entry of parents and then of their child—for my kid, but I guess it
was a hard time. Whenever there’s a conflict between us, the kid tells me about the experience at that time,
getting mad at me.” [Participant A]

50



Healthcare 2021, 9, 49

“I finally got a chance to meet my kid after four years, but he didn’t want to talk to me for three months. I
tried to have a conversation but he almost refused . . . [skip] He kept behaving in that way, which made me
stop trying to put effort into him.” [Participant E]

3.1.2. Emotional Disorders of Parents Caused by Traumatic Events

Most of the participants in the study experienced trauma in the process of escaping. One of them
witnessed their daughter being shot to death during the escape; another was tortured at an NK detention
facility after being arrested. Other participants also experienced a serious life crisis during that time. They
experienced severe after-effects such as depression, isolation, and PTSD from past experiences, and it
directly affected their parenting. Participant B confessed that she struggled with the trauma and couldn’t
do anything for three months, which eventually made her abuse her child badly. Participant D said that
after the dangerous defection, she became aggressive and her sense of victimization became very severe.
This emotional condition had a negative impact on child-rearing, with her becoming sensitive to the child’s
words and behaviors, and becoming a person who easily got mad at her child’s tiny mistakes.

“The previous memories repeatedly coming to my mind, I couldn’t do well in my daily life for several
months. I felt depressed, sad, lonely . . . and I didn’t even want to see my child playing. So I sometimes
hurt him.” [Participant B]

“Since past trauma experiences, I’ve become angry and impulsive. So I was more likely to be mad at my
kid, hurting him by talking in a bad way.” [Participant D]

3.2. Acculturative Stress in South Korean Society

3.2.1. Stress Expression and Transfer during the Child-Rearing Process

NK refugee parents were found to be very stressed by South Korean society. They were filled with
depression and fury by the discrimination, exclusion, and tendency to recognize them as ‘strangers’
that they faced in South Korean society. This situation made it difficult for them to think normally and
exacerbated even small problems in the child-rearing process. Participant E, whose defection motivation
was for her ‘children’s future,’ transferred the stress and the related emotions that occurred during the
adaptation process onto her children. Sometimes she threatened to send them back to China. In this way,
the children became the object of their parents’ anger. Participant C said that excessive stress brought about
in the process of adapting caused a sense of helplessness in her life, which led to the neglect of her children.

“It’s not easy to live in South Korea being treated as a ‘stranger’ and I ended up getting angry at my
child. Thinking of it, it was not a big deal . . . (skip) but I said a lot of acrimonious things to him. When
I was angry, I even told him that I’ll send him back to China, and one day he said it really hurt him.”
[Participant E]

“The pressures . . . I gave all to my child. Even if my child was hungry, I left him alone.” [Participant C]

In the case of participant A, the more stressed she felt in South Korean society, the more obsessed she was
with her child’s performance and success, recognizing ‘children’ as the only factor to get out of the stressful
reality. This led to excessive interference and control of her children’s behavior, and to her raising them
under strict discipline and with corporal punishment.

“Well, I thought living here, in South Korea, after all the tough times, would be worth it only when my kid
succeeds in his career. So, I think I’ve become more obsessed with him.” [Participant A]
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3.2.2. Conflicts Due to Differences in Adaptation Levels between Parents and Children

NK refugee children have turned out to be relatively less stressed and faster at adapting to life in South
Korea than their parents. These differences in adaptation level are found to cause differences in values
between parents and children, and to eventually deepen the conflicts between parents and children. In the
case of participant C, her children, who adapted quickly to South Korea, had a high level of comprehension
in democracy, human rights, and equal family culture. And when facing conflicts, parents felt ignored or
challenged to exert parental authority over their children who claim these values. These feelings have led
parents to more strict discipline and corporal punishment than ever. Some North Korean parents also
thought that abuse had the effect of weakening their children’s rebellious behavior, which led them to stick
to abusive parenting or to gradually increase the level of their abuse.

“They’ve already changed quickly after entering South Korea. One day, my child talked back to me about
equality and human rights, and I don’t now why . . . but I felt unpleasant, so I scolded him.” [Participant
C]

“As my child has grown up, I thought that my authority had become ignored and challenged by him.
Sometimes I hurt him physically as I thought he’d keep ignoring me if I don’t scold him.” [Participant B]

3.3. Decrease in Parenting Efficacy

3.3.1. Confusion in the Role of Parents before and after Migration

NK refugees experienced confusion in their parenting roles in the process of migrating to a new
society, and they felt frustration around bringing up their kids. According to participant D, whenever their
parenting behaviors learned in North Korea were considered a bad parenting style in South Korean society,
they felt confused about their role as parents. Excessive interference and criticism form South Korean
society reduced their confidence in parenting further. This low parenting efficacy has caused child abuse.

“In some cases, the parenting beliefs that I have had from North Korea was considered a child abuse act in
South Korean society. It was confusing, so I tried to change the way of raising my kids many times, but it
didn’t help but just confused my kids too.” [Participant D]

3.3.2. Lack of Parenting Information

The shortage of parenting information was a common characteristic among NK refugee parents. Since
there are no parenting education programs in North Korea, NK refugee parents enter into the South without
knowledge relating to parenting. South Korea currently has a variety of parental education programs, but
lacks customized parenting education programs for NK refugees. Aside from this, it is very difficult for
those who have to engage in irregular economic activities to participate in education programs. The NK
refugee parents also lack social support resources, so they do not have supporters to turn to and ask for
help when raising children is difficult. Thus, they gradually lose confidence in their role as parents. The
problem is that in such cases, they tend to choose a corporal punishment-oriented parenting style, which is
familiar to them from their North Korean culture.

“I heard that there are many parenting education programs in South Korea, but it doesn’t really help us as
it is more important for us to make money than learning from the program. So . . . I raise my child by how
I learned in North Korea.” [Participant A]

In sum, NK refugee parents experience emotional crises and stress in the process of defection, which
weakens the functionality of the family or individual. These risk factors affect their parenting style. The
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three meta-categories identified in this study as single factors directly affect the way children are raised
and are associated with abusive behavior. This study confirmed that the factors are interrelated and
induce child abuse. Moreover, the absence of protective factors, such as support resources and parenting
information in South Korean society were revealed to make their abusive behavior tendencies more serious.

4. Discussion

This study has important academic value in that it has identified the factors of NK refugees’ child
abuse behaviors within the specific context of migration. The results of this study show that, from their
experiences during the process of defection, NK refugees have weakened their personal and family
functions, which negatively affects their attachment and family bonding, thereby indirectly increasing the
risk of abuse. Specifically, North Korean parents who experienced traumatic events in the past have suffered
from severe after-effects such as depression and PTSD, which were identified as having a direct impact on
parenting style. The results are consistent with studies by Chan [29] and Harrington & Dubowitz [30],
who demonstrated a relationship between parental emotional problems and child abuse. Today, services
for migrant and refugee families, including NK refugees, are mainly focused on economic support [31],
but this study shows that emotional recovery services such as psychological treatment and counseling for
past experiences and trauma are equally important.

This study determined that stress arising from the adaptation of NK refugee parents has a great
effect on child abuse. This is similar to studies on immigration and refugees of Hispanic and Vietnamese
communities [21,22] (p. 3). The results of this study show that the stress experienced by NK refugees
during migration caused psychological problems like depression, helplessness, and aggression, which led
to negative attitudes in parenting.

Moreover, NK refugee parents with patriarchal attitudes were concerned about losing their authority
over their children who were quicker to adapt, which led to stricter discipline and corporal punishment.
These results suggest that they need direct and active interventions such as anger control programs,
stress relief programs, and cognitive-behavioral programs for NK refugee parents. In addition, providing
self-help clubs and mentoring services with their South Korean neighbors could eliminate the sense of
isolation and alienation, which, in turn, would then allow them to adapt better in South Korean society.

Finally, NK refugee parents showed low parenting efficacy due to confusion in their parenting style
and lack of parenting information, and the low parenting efficacy was related to child abuse. This is
consistent with studies by [32–34] Luster & Kain, Shin and Ahn, which identified that the lower the
parenting efficacy, the more they were inclined to emphasize discipline and coercive parenting. The result
of this study is similar to [35] Gross et al.’s study, in that the higher the efficacy of parenting, the more
positive the parenting tended to be. Along with confusion about parenting, they tended to choose a
parenting pattern that they learned in North Korea, a method that focused on physical punishment. This
phenomenon is more often found in parents who have migrated from countries with a patriarchal culture
and, as expected, it is also seen in parents of North Korean refugee families. So, in light of the results of
this study, thinking seriously about their parenting role is a necessity. In other words, it seems that they
need customized parenting education programs that can improve their efficacy.

The educational content should be focused on changing misunderstandings about the parenting role
and disseminating useful parenting knowledge. Considering that they are NK refugees who lack the time
to participate in educational programs due to low wages and job insecurity, other ways, such as offering
incentives or providing online education, could also be helpful.
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5. Limitations

This study lacked diversity among the subjects. The study was conducted with only those participants
who expressed their willingness to participate, so parents who engage in unstable employment situations
were excluded. Therefore, follow-up research should try to include various NK participants, including
single parents and young parents who may have more difficulty raising their children. In addition, in-depth
interviews were difficult in this study. In order to understand the details, additional questions such as
the background of their defection, and information about family members remaining in the North are
sometimes required, but there is a limitation as questions were difficult, considering the sensitivity of the
questions and the participants’ emotions. In addition, if it was determined that there was an expected risk
of information exposure, even if the information was voluntarily stated by participants, the issue was not
actively addressed in this study.

6. Conclusions

This qualitative research found that the issue of child abuse by NK refugees’ parents arises in a
specific context of migration. This is similar to studies of migrant and refugee families abroad. We suggest
that service providers should consider the culture and experience of both the entry country and migrant
country when intervening in their problem. Similarly, child abuse prevention services previously designed
for non-refugee families present many limitations to NK refugee families. Therefore, the government, local
governments, and related organizations should develop child abuse prevention programs that consider
the specific needs of NK refugees.

Previous results show that child abuse is more likely to be caused by personal, emotional, cognitive,
and environmental factors that are interrelated and, influencing each other, rather than being caused by a
single factor. This conversely suggests that utilizing the ‘virtuous circle of resources’ for the prevention of
abuse is possible. In other words, intervention in some factors may affect others since the factors are linked
together. Therefore, it is necessary to consider the structural relationship and the size of influence of each
risk factor when balancing realistic problems as they arise in practice, such as when prioritizing the service
supply is necessary due to limited resources.

In addition, in this study, the mechanism of occurrence of abuse by case was found to be very specific,
diverse, and contextual. Therefore, the intervention for preventing child abuse is expected to be more
effective if service providers add to their efforts to closely assess the individual circumstances and context
they are in.
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Abstract: This study examined the change processes associated with the Nightingale project, a
community-based mentoring programme whose aim is to promote the social inclusion of minors
of immigrant origin. A pre-test–post-test study was conducted on a group of 158 young immigrants
between the ages of 8 and 15, in which the influence of the mentoring programme on the youths’
psychosocial well-being was measured. Non-parametric tests were used to calculate the results before
and after mentoring, comparing the results over a six-month period and controlling for sex and age. The
analyses reflected associations between mentoring and improvements in specific aspects of the emotional
well-being of young immigrants and highlighted the potential of mentorships to cushion the stressful
events they are subjected to in the process of adapting to a new social reality.

Keywords: youth mentoring; immigrants; social inclusion; psychosocial well-being; youth health;
acculturative stress

1. Introduction

The present study evaluates the effectiveness of the Nightingale mentoring programme in Spain,
whose main objective is to promote the social, cultural and linguistic inclusion of students of immigrant
origin. The project, which is part of the European-wide Nightingale Mentoring Network, was first carried
out in 1997 at the University of Malmö, Sweden; since its success, it has been implemented by twenty-seven
other universities in six European countries and one in Africa [1]. The programme is based on the voluntary
action of university students who, during the school year, act as mentors of immigrant, refugee or irregular
status children and adolescents with the aim of helping them navigate the new educational context and
develop a sense of belonging that enables them to find their place within the new country. One key
characteristic of the Nightingale project is that both sides benefit: the older person also learns from the
younger one and improves their intercultural competence [2].

The Nightingale project is a community-based mentoring programme that fosters relationships of
trust between university students and minors of foreign origin with the goal of promoting the positive
development of migrants at risk of social exclusion. Throughout the school year, the volunteer mentors
work following a one-on-one mentoring scheme to support the youths in their process of integration
in the new community. The meetings, which are held weekly, take place outside school hours and last
approximately three hours in which the mentor accompanies the minor in acquiring necessary basic
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elements, such as language and educational guidance. They also aim to expand mentees’ social support
network outside the school by organising activities with other mentees who are in the same situation and
help them to discover the cultural and leisure activities that the new environment offers. For example,
some branches of the Nightingale programme teach their mentors in the training sessions how to establish
meaningful conversations with their mentees in order to identify adults from their everyday life (i.e.,
teachers) who can become natural mentors. They are also encouraged to speak in Catalan or Basque if this
is not an obstacle for communication or for establishing a close relationship. Through this relationship, the
programme helps to support greater social participation of the minors as it helps them to make use of social
and community resources, such as public transport and the local library. This is especially beneficial for
minors with introverted personalities, so that their mentoring relation provides them with opportunities to
reduce their isolation and be more sociable.

Primary and secondary school teachers are in charge of selecting the minors who will receive
mentoring. The selection criteria are that (a) they have arrived recently or are of foreign origin but are
capable of minimally communicating with others; (b) they lack relationships with adults in their new
environment; (c) they are the first generation in their family to have access to university; and (d) they do
not start from an extreme level of vulnerability that requires the intervention of a professional rather than
a volunteer [1]. With regard to the selection of the mentors, given that the protection of young people
is critical, this was carried out through an interview or questionnaire in some cases; and, if selected, an
intensive training course of about ten hours was provided [1,3]. The training sessions include the treatment
of the cultural diversity and social integration of adolescent immigrants, as well as the collection and
exchange of previous mentoring experiences so that the participants are aware of the challenges involved.
The primary goal is to build a supportive friendly relationship that facilitates meaningful conversation.
For this to happen, the volunteer students are encouraged to mention in their meetings important issues
related to the future, the process of integration in the new community or the mentees’ relationship with
their parents [1]. In return for being mentors, the volunteers receive between one and four ECTS (European
Credit Transfer and Accumulation System) credits, depending on the university.

The Nightingale project has been recognised as a successful initiative for vulnerable migrants in
Europe [4] and in fact, in Spain, there are already several regions in which it is being carried out, such as
Barcelona, Tarragona, Girona, Guipúzcoa and Navarra. The results of this study complement previous
evaluations that attribute positive impacts to the programme in terms of academic attitudes—behaviour and
dedication to study—and educational expectations, as well as improvements in the minors’ communication
skills and self-esteem [1,3].

This article gathers together, first of all, the main contributions of the scientific literature regarding the
most significant benefits of social support during the migration process. Specifically, it addresses those
aspects of mentoring that influence the subjective well-being and health of young people of immigrant
origin. Second, it presents the research methodology, followed by a description of the extracted results.
The discussion section then offers an interpretation of the findings in light of the available evidence. Finally,
the limitations and conclusions of the study are presented.

2. Mentoring with Vulnerable Adolescents

2.1. The Function of Integration in a New Social Reality

There are many scientific studies that highlight the role that non-parental adults can play in the social
inclusion of the most vulnerable collectives. The need to improve the support network of people at risk of
exclusion has given rise in recent years to formal mentoring programmes, which provide a safe context
for the development of relationships. The fundamental goal is to provide support for people who do not
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usually come into contact with natural mentors or that lack the necessary social skills to identify and form
this type of supportive relationship on their own. With this goal in mind, for the formal mentoring the
programme recruits adult volunteers to provide friendship, guidance and support to those who most need
it. While it is true that the mentoring that arises from natural networks of support usually lasts longer,
with stronger affective bonds that last an average of almost a decade [5], formal mentoring has proven
to be especially beneficial for those specific groups of minors and adolescents facing risks and adversity.
However, not all people have a support network that can help them succeed. Erikson, McDonald and
Elder [6] draw attention to the scarcity or absence of social capital in at-risk groups, some from poor
communities where low levels of support can be exacerbated by an inability of adults to effectively connect
the young people to opportunities that may significantly improve their life journeys.

The results of the scientific evaluations that have been carried out to date highlight that youth
mentoring is related to better physical and mental health, as well as to fewer symptoms of depression or
suicidal thoughts among young people [5]. An extensive body of research shows that the programmes
increase the self-esteem [7,8] and personal satisfaction of the mentee [3] in addition to reducing their
levels of stress and anxiety, which is particularly important when it comes to immigrants or refugees,
some of them in an irregular situation, who have just arrived to the country and are under great stress
due to the integration process in which they find themselves [9,10]. The scientific literature has also
reported good results regarding social competencies and communication skills [8]. Studies show that a
close bond with the mentor causes participants to develop more positive expectations about relationships
with people in their environment, with their parents or friends, and to improve their quality [8,11,12].
This emotional stability is associated with improvements in academic performance and self-efficiency [13],
as well as a reduction in behavioural problems such as aggression [14], substance use [15] or delinquent
behaviour [16]. As a result, mentoring programmes for minors and young people have grown in popularity
as an effective intervention strategy for the social inclusion, health and well-being of the most vulnerable
collectives [17]. In the United States, an estimated 2.5 million children and adolescents maintain formal
mentoring relationships each year [18].

2.2. Social Support as a Source of Protection Against Stress

The migration process entails an adaption effort whose intensity can be an additional risk factor for
developing mental, social or behavioural health problems. The acculturative stress related to cultural
differences and perceived racial discrimination in the new country increases the probabilities of young
immigrants suffering from anxiety, depression and other mental conditions [19,20], such as eating
disorders [21] and alcohol consumption [22]. Refugees, in particular, run a greater risk of suffering
symptoms of posttraumatic stress due to exposure to war, long-term persecution or the loss of relatives
both in their country of origin and during displacement [23]. Accumulated research has shown that
young immigrants and refugees usually have worse mental health than the host population as a result of
the challenges of the adaptation process which, as well as forcing them to adhere to new customs and
sociocultural codes, is accompanied by changes and distress that occur on an individual level, such as
separation from the family as well as from friends and close relationships, the loss of their ethnocultural
surroundings, the learning of a new language and the prolongation of uncertainties about their migration
status.

These young people suffer from specific vulnerabilities and stress that require people to support
them in a lasting way and remain at their side during the adaptation process. Mentoring initiatives are
designed to facilitate practical help and advice that enables the minors to cope as best as they can in
the new environment; for example, introducing them to local cultural characteristics and recreational
opportunities. In Australia, Singh and Tregale [24] observed how mentoring improved participants’ access
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to the networks of social and cultural capital networks. During the programme, the mentors acted as
agents for the empowerment of immigrant minors in a process through which the mentees acquired
tools to gain autonomy in the new country and achieve life goals. In Europe, Raithelhuber [25] reached
similar results and found that mentoring served as a springboard for the efficient integration of the youths
participating in the study, unaccompanied refugees who, thanks to their mentors, saw their opportunities
for civic participation increase. In the North American context, other studies corroborated both the more
practical and instrumental effects of mentoring, such as learning the new language, improving academic
performance or the acquisition of social skills [26], and the more emotional effects. For example, Gonzales,
Suárez-Orozco and Dedios-Sanguineti [10] recognised that mentoring is especially helpful in reducing the
levels of stress and anxiety of illegal immigrant adolescents, which also has a direct impact on reducing
school dropout. However, there are still few empirical studies that shed light on the impact of mentoring
programmes on the social inclusion of immigrant and refugee adolescents. This study aimed to address
this knowledge gap in this particular area.

2.3. Relationship with Parents and Family Dynamics

Empirical evidence shows that minors adapt to the new cultural context faster than their parents. The
integration process for adult immigrants or refugees is fraught with difficulties given the deterioration in
cognitive flexibility and their solidified ethnicity [27]. This acculturation gap between parents and children
increases generational conflicts, sometimes due to the concern of the elderly for the loss of the culture of
origin. Perreira, Chapman and Stein [28], through their interviews with Latino migrants with residency
in the United States, highlighted parents’ concern and unease over the dissolution of cultural heritage
and their sons and daughters’ adoption of the values, norms and conduct of the majority culture. These
differences in the adaptation process leave immigrant minors at a crossroads: on the one hand, they must
learn the language and the cultural codes of the new country if they wish to thrive and be successful at
school; while on the other hand, they are forced to retain the culture of origin in order to ward off conflict
and continue maintaining positive relationships with their co-ethnic families and friends [29,30].

Paradoxically, the rapid acquisition of the vehicular languages causes these young people to take on
responsibilities similar to those of the adults in the household, like answering phone calls, helping parents
to fill out a job application or acting as interpreters in the doctor’s surgery. In primary education, there
is a strong assimilative pressure in which the language of instruction is Spanish, and only in the case of
the autonomous communities, Catalan and Basque. As a result, the acquisition of vehicular languages is
usually even faster in minors. One of the terms that has been used to describe this phenomenon is that
of child language brokering [31], which is associated with higher levels of child stress and an increase
in family conflicts [32]. In this context, or in others where the young people do not receive sufficient
support from their parents due to the family structure or circumstances, mentoring can be a valuable
source of support. The research of Dolan et al. [33] on the Big Brothers Big Sisters programme in Ireland
supports this theory. After a study of around one hundred and fifty minors, the researchers discovered
that mentoring was more beneficial for young people of single-parent families than for those who lived
with both parents. After eighteen months, the difference in outcomes between the two groups with regards
to perceived support decreased steadily, demonstrating that mentoring can make up for the support that
some young people lack.

2.4. Adolescents at Risk, Mentoring and Educational Success

Some research has shown the benefits of mentoring with regards to learning and continuity of studies.
For example, in the North American context, Erikson, McDonald and Elder [6] observed how young people
from disadvantaged backgrounds who received the support of a non-parental adult were more likely to
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enrol in a university. The availability of sources of help has been associated with academic success [34,35].
In particular, the presence of a mentor has shown that it can reduce a student’s absenteeism, promote a
sense of belonging to the school and improve educational expectations [36]. Herrera, Grossman, Kauh and
McMaken [13] emphasise that learning difficulties and the intensity with which they experience situations
of risk and precariousness can push immigrant minors to processes of demotivation and disaffection with
school that lead to educational failure. However, the accumulated evidence indicates that mentoring
relationships can reverse this situation and constitute a strong antidote to the dropout rate of immigrant
minors and adolescents.

Young people are able to glimpse their future selves in their mentors who, with their experience,
provide them with clear and generally positive messages about their own possibilities of success [37].
In the aforementioned research, Singh and Tregale [24] observed how the school motivation of young
immigrants and refugee families improved after mentoring, as they saw in their older mentors where
higher education could lead them to in the future. In a similar vein, based on their extensive literature
review, Larose and Tarabulsy [38] indicated that youth mentoring—even though it takes place outside the
educational context—helps to improve students’ academic attitudes and their relationship with school,
which can have a significant positive impact on student performance. In fact, the results of the first
representative survey in the United States with adolescents, collected in The Mentoring Effect [39], show
that young people at risk of exclusion who have a mentor are 20% more likely to complete their studies that
those who do not. The study of Herrera et al. [13] on the Big Brothers Big Sisters programme shows that
mentoring improves the school performance of vulnerable minors, most of them from ethnic minorities,
and their perception of their own academic skills.

2.5. Perceived Racial Discrimination and Cultural Mistrust

There are many studies that show the negative psychological and social effects of racial discrimination
in the immigrant population [40], especially in those that come from racial and ethnic minorities [41]. The
empirical evidence indicates that stress stemming from the feeling of discrimination can—in addition to
causing cardiovascular disorders [42]—cause symptoms of anxiety, depression, psychological distress or
suicidal ideation that directly affect mental health [43]. Young people who have suffered racialisation
first-hand also tend to have greater cultural mistrust of other adults, which can negatively affect different
areas of their personal lives. For example, Cooper and Sánchez [44] observed how discrimination, as a
subjective perception, with respect to the host society, aggravated the cultural mistrust of Latino boys,
which led them to devalue the educational process and lower their academic performance. It has been
shown that mentoring can help young people to establish positive intercultural relationships [3,45] and
reduce the level of stress stemming from racial discrimination [46]. For this to be possible, the need for
culturally aware mentors has been highlighted [47]. It has been demonstrated that adult volunteers who
have greater intercultural competencies are more likely to develop greater emotional proximity with the
minor and establish a positive relationship that enables the young person to benefit from it [48].

3. Materials and Methods

3.1. Purpose and Design

The purpose of this study was to evaluate the changes in specific aspects of emotional well-being
derived from the Nightingale mentoring programme aimed at adolescents of foreign origin in the primary
and secondary schools of Barcelona, Tarragona, Girona, Guipúzcoa and Navarra. In order to contribute
to the literature on social mentoring, this study examined the effects of mentoring on the psychological
well-being of minors of immigrant origin.
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The evaluation of some aspects of participants’ emotional well-being resulting from applying the
programme was performed through a pre-test–post-test design of a single non-randomised group [49,50],
with a six-month difference between the first and second data collections on the study’s different areas of
focus. A longitudinal strategy was chosen through a dynamic comparison, including the repetition of
response measures.

Specifically, this assesses aspects related to the mental health of the mentee, their self-esteem and
personal satisfaction, as well as their perceptions of social support and racial discrimination during their
integration process in the host country.

3.2. Sample

It was not possible to randomise the selection of participants due to the small starting population size,
and also because participation required voluntary consent.

The study had a sample of 158 students, between 8 and 15 years of age, 79 (50%) of whom were
girls, and with an average age of 12.17 years (Std. Deviation = 1.79). The participants came from different
countries, although the majority were from Morocco, Honduras, Gambia, India and the Dominican
Republic. Sixty-two percent were first generation immigrants and 38% second generation. Among them,
17.7% arrived in Spain the same year that they began their participation in the programme (2018), 19.6%
arrived in 2017, 11.4% between 2014 and 2016, and 13.3% over five years ago (between 2007 and 2013).
Moreover, 48.7% of the participants were under 12 years of age; and 51.3% were between 12 and 15. At
the time of this study, 51.3% of the minors lived in a nuclear household with their parents; 12% in a
household with more than two nuclear families (with extended family); 19.6% in a single-parent family;
3.8% with grandparents or other relatives; and 12.7% in a single-parent household but with other relatives.
Participants’ characteristics are depicted in Table 1.

Table 1. Composition of the study group.

Study Group N Percent

Male 79 50.0
Female 79 50.0

Below 12 77 48.7
12 and above 81 51.3

Source: the authors.

The programme began at the start of the 2018–2019 school year, and the outcomes of the participants
were observed during that year. Before the evaluation, the informed consents were given for each
father/mother and/or legal guardian, and only after obtaining the corresponding permission were the tests
administered.

3.3. Study Variables

The Youth Environment Stressors Index [51] collects the joint scores of the following items, which
all refer to events that happened in the previous year: someone close dying; moved or changed home;
changed school; a close friend moved away; picked on or bullied at school or in the neighbourhood; parents
separated or divorced; parent/guardian stopped working or lost a job; and brother/sister dropped out of
school. All the items were categorised as: 1 = Strongly disagree; 2 = Disagree; 3 = Agree; 4 = Strongly
agree.

The following questions were used as indicators of stressors: (a) Suddenly scared for no reason?—with
answers: 0 =No, 1 = Yes, sometimes; 2 = Often; (b) Feeling blocked in getting things done?—with answers:
0 = No, 1 = Yes, sometimes; 2 = Often.
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It is not properly a scale but rather a variable resulting from the summation of a number of items
that give each individual a total count of environmental stressors. The resulting variable (total number of
environmental stressors endorsed) is used as an ordinal variable and does not need to present the required
properties on a scale that tries to measure a coherent dimension [51].

The Cultural Mistrust Index [52] was generated from the summation of the scores to different items:
You should be suspicious of the native population from the beginning; You can trust the native population
like members of your own group; The native population tend to keep their promises less; The native
population tend to be honest with us; The native population tend to say one thing and do another; You
should be cautious about what you say because it will be used against you; The native population usually
tend to keep their word; The native population tend to feel superior to us. All the items were categorised
as: 1 = Strongly disagree; 2 = Disagree; 3 = Agree; 4 = Strongly agree.

This index was developed from a proposal contained in Benkert, Peters, Clark and Keves-Foster [52],
who used a more extensive instrument with high internal consistency (Cronbach’s alpha = 0.89). In our
sample, Cronbach’s alpha was 0.89.

The Social Support Index [53] is the result of the summation of the scores of the following items:
I have the social support of teachers; I have the social support of friends; I have the social support of
parents/guardians; I have social support outside the family and school. All the items were categorised in
the same way: 1 = Strongly disagree; 2 = Disagree; 3 =Moderately disagree; 4 = Neutral; 5 =Moderately
agree; 6 = Agree; 7 = Strongly agree.

This index was developed from various scales used by Wang and Eccles [53], such as the Teacher
Social Support (with a Cronbach’s alpha of 0.80), the Peer Social Support (with a Cronbach’s alpha of 0.82)
and the Parent Social Support (with a Cronbach’s alpha of 0.77) scales. In our study, Cronbach’s alpha
obtained a value of 0.53.

The Self-Esteem Index [54] consists of 10 items that allude to global feelings of self-esteem and
self-perception. Five of the items are positive statements: I feel that I’m a person of worth, at least on an
equal level with others; I feel that I have a number of good qualities; I am able to do things as well as most
other people; I take a positive attitude toward myself; On the whole, I am satisfied with myself—and five
others that are negative statements: All in all, I am inclined to feel that I am a failure; I feel I do not have
much to be proud of; I wish I could have more respect for myself; I certainly feel useless at times; at times I
think I am no good at all. All the items were categorised as: 1 = Strongly disagree; 2 = Disagree; 3 = Agree;
4 = Strongly agree.

The psychometric tests of the scale presented by Rosenberg [54] reflected a reproducibility coefficient
of 0.92, which indicates excellent internal consistency. Test–retest reliability over a two-week period
revealed correlations of 0.85 and 0.88, which indicates stability. In our analysis, Cronbach’s alpha was 0.73.

The Academic Self-Efficacy Index [55] consists of the following items: I feel like I do well in school; It
is easy for me to learn most things; Even when I study hard, I cannot do well on tests; When I try hard, I
can learn most things; I can get good grades even when I do not try hard; There is no way a student like
me can get good grades; and I think I am a smart person. All the items were categorised as: 1 = Very false;
2=More false than true; 3 =More true than false; 4 = Very true.

In the consistency analysis performed by Owen and Froman [55], for reliability estimation, alpha
internal consistency estimates were 0.90. In the analysis of our data, Cronbach’s alpha was 0.54.

The Cognitive Engagement Index [56] consists of the following items: With regards to learning at
school, how often do the following occur: I enjoy learning new things; I get bored easily with school
work; I feel good when I learn something new even when it is hard and I do homework whenever it is
required. All the items were categorised as: 1 = Never; 2 = Few times; 3 =Most of the times; 4 = Always.
This index was a composite of the variables validated by previous studies, such as Finn and Voelkl [56],
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observing compliance or the non-compliance of the aforementioned school requirements. This index had a
Cronbach’s alpha of 0.43.

3.4. Analysis Performed

The lack of randomisation has led to non-parametric analyses to measure the effects. Wilcoxon (Z)
t-tests—a non-parametric test equivalent to the Student’s t-test—were carried out to determine whether
the programme had an effect on the adolescents. This test was used because the distributions failed to
meet the criteria of normality and homoscedasticity, in addition to being based on small subsamples. Most
of the measurements that were taken correspond to ordinal variables with few ranges. For each of the Z
tests, Cohen’s d was calculated as the effect size coefficient [57] (p. 12) [58].

4. Results

The results show that the mentored students that took part in the project reduced the impact of
stressful life experiences measured through the Youth Environment Stressors Index (Table 2). During the
course of the programme (pre-post), they significantly reduced their levels of environmental stress (Z =
5.931; p = 0.000; dCohen = 1.07). This difference is even greater in the girls (Z = 4.679; p = 0.000; dCohen = 1.238)
than in the boys (Z = 3.666; p = 0.000; dCohen = 0.906). The differences are also significant if controlled by
age.

In addition to environmental stressors, another source of anxiety in children is the interaction with
the native population, since it can expose them to more or less subtle prejudices and discrimination. In
this regard, the mentoring relationship did not cause the study participants to reduce their attitude of
suspicion and feeling of distrust toward others (Z = −1.090; p = 0.276). No significant differences were
observed by either sex or age.

The perceived availability of social support strengthened, in all cases, the psychological well-being of
the mentees. The perception of social support increased and this is reflected in a higher score of the Social
Support Index for the whole sample (Z = −6.922; p < 0.01; dCohen = 1.319; Table 2). More specifically, having
informal sources of social support correlated negatively with psychological symptoms of stress (Spearman’s
rho = −0.337; p = 0.000; dCohen = 0.716) and positively with the Resilience Index (Spearman’s rho = 0.246; p
= 0.002; dCohen = 0.508), although resilience scores were only significant for the girls (Z = −1.661; p = 0.097,
and as seen when considering a 0.10 error).
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Table 2. Non-parametric tests for pre-post measurements.

Measure N
Mean
(Pre)

Mean
(Post)

T of Wilcoxon
(Z)

p dCohen

Social Support Index 158 13.66 18.58 −6.922 0.000 1.319
Boys 79 13.37 17.96 −4.534 0.000 1.186
Girls 79 13.96 19.21 −5.243 0.000 1.461

Below 12 77 14.40 19.50 −4.832 0.000 1.319
12 and above 81 12.96 17.72 −4.907 0.000 1.301

Youth Environment Stressors Index 158 2.37 1.53 5.931 0.000 1.07
Boys 79 2.14 1.51 3.666 0.000 0.906
Girls 79 2.61 1.55 4.679 0.000 1.238

Below 12 77 2.14 1.34 4.334 0.000 1.136
12 and above 81 2.59 1.71 4.150 0.000 1.039

Self-Esteem Index 158 30.67 30.37 0.766 0.444

I have at least one friend at school to help
me with homework 158 3.27 3.63 −2.038 0.042 0.329

Boys 79 3.28 3.41 −0.549 0.583
Girls 79 3.25 3.85 −2.251 0.024 0.524

Below 12 77 3.26 3.81 −2.171 0.030 0.511
12 and above 81 3.27 3.46 −0.713 0.476

Someone at school makes me feel
successful 158 4.01 4.12 −0.706 0.480

Boys 79 3.89 3.76 0.917 0.359
Girls 79 4.13 4.48 −2.003 0.045 0.463

Below 12 77 4.09 4.44 −1.807 0.071 0.421
12 and above 81 3.93 3.81 0.698 0.485

I would prefer to go to another school
12 and above 81 4.64 4.35 2.834 0.005 0.664

Academic Self-Efficacy Index 158 20.28 22.62 −7.693 0.000 1.548
Boys 79 19.97 22.51 −5.905 0.000 1.778
Girls 79 20.59 22.73 −5.088 0.000 1.396

Below 12 77 20.30 23.27 −6.631 0.000 2.308
12 and above 81 20.27 22.00 −4.178 0.000 1.048

Cognitive Engagement Index 158 9.22 9.48 −1.956 0.051
Boys 79 9.18 9.33 −0.963 0.336
Girls 79 9.27 9.63 −1.733 0.083

Below 12 77 9.21 9.57 −2.088 0.037 0.054
12 and above 81 9.23 9.40 −0.755 0.450

Source: the authors.

After six months, the group of adolescents perceived greater social support from their local network,
especially the girls and those under 12 that had more diverse sources of help after the intervention (Table 2).
Both of these groups found social support networks in the school and stated having at least one classmate
that helped them with the homework (girls group: Z = −2.251; p = 0.024; dCohen = 0.524; under 12 group: Z
= −2.171; p = 0.030; dCohen = 0.511; Table 2). This tangible support, which includes physical acts of help
and educational support in schoolwork, was not the only kind of support they received. The support of
self-esteem, related to recognising their personal worth, was also perceived by these mentees in the school,
where they assured: “Someone at school makes me feel successful” (girls group: Z = −2.003; p = 0.045;
dCohen = 0.463; under 12 group: Z = −1.807; p = 0.071; dCohen = 0.421; Table 2).
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Regarding school dynamics, the results showed that the Nightingale project was associated with
more positive attitudes of the mentees towards the school and their peers, specifically for the over-twelves
group, who significantly improved their response to the item: “I would prefer to go another school” (Z =
2.834; p = 0.005; dCohen = 0.664; Table 2).

This connection has helped those adolescents who participated in mentoring to improve academically
(Table 2). The pre-test–post-test shows an improvement in the Academic Self-Efficacy Index for the
participants as a whole (Z = −7.693; p = 0.000; dCohen = 1.548). This improvement is greater in the group of
boys (Z = −5.905; p = 0.000; dCohen = 1.778) and in the children under 12 (Z = −6.631; p = 0.000; dCohen =

2.308).
With regard to self-esteem, no changes were observed between pre-test and post-test for the whole

sample (Z = 0.766; p = 0.444; Table 2), nor for boys and girls separately. Statistical significance was only
observed in those over twelve years of age, whose self-esteem increased (Z = 1.968; p = 0.049; dCohen =

0.448). However, when controlled for age (under 12 years and over 12 years), mentoring was positively
associated with the adolescents’ assessment of their abilities and degree of personal satisfaction. This
improvement in self-concept occurred in the oldest participants in the positive responses to the items
used in the questionnaires: “I feel that I am a person of worth, at least on an equal level with others” (Z =
−2.466; p = 0.014; dCohen = 0.569) and “I am able to do things as well as most other people” (Z = −2.376; p
= 0.018; dCohen = 0.547). This correlates with an improvement in the Cognitive Engagement Index score for
the children under 12, the only group in which there are statistically significant differences between the
pre-test and post-test scores (Z = −2.088; p = 0.037; dCohen = 0.054; Table 2).

5. Discussion

This research aimed to identify whether the presence of a mentor that provides support can improve
some specific aspects of the social and emotional well-being of young immigrants. The results of this
study show that the development of a mentoring relationship improved some aspects of the psychosocial
well-being of young immigrants and refugees, protecting them from the negative impact of the stress
involved in adapting to a new country. This finding is consistent with earlier research that shows that the
presence of a non-parental adult acts as a support that helps mentees increase their ability to overcome
adverse events, such as those arising from leaving and adapting to a new context [26].

The support of a reliable ally provided participants with a number of personal and social benefits
insofar as it helped them weave local support networks. Some of these benefits involve an improvement in
their emotional and cognitive skills, as well as better social development. The mentees that participated
in the project, as has been observed in other participants of formal mentoring programmes aimed at
the inclusion of young people of foreign origin [25,59], improved their access to social capital resources,
whose social networks constitute the framework in which support exchanges take place. The perceived
availability of social support reduced some symptoms of stress associated with the migration process and
made the youths more resilient, despite enduring significant adversity. The impact of mentoring on the
promotion of resilience in adolescents from ethnic minorities supports the findings of a recent literature
review [36,60–62].

Participation in the Nightingale project improved the minors’ relationships with their classmates. This
corroborates the results of previous research that shows a positive association between mentoring and peer
relationship development [63]. The importance of close peer relationships for immigrant adolescents has
been found in previous social science research [64,65], the results of which show that peer social support
not only promotes adaptation to the host country but also contributes to greater psychological well-being.
In the present study, the increase in the perception of social support in school, as well as providing mentees
with educational support, strengthened their feeling of personal worth.
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The Nightingale project generated significant positive changes in the minors, which helped them
in their process of adaptation to the school. During the intervention, the participants improved social
relationships with their classmates and also showed more assertive attitudes towards the school and
teachers. These results coincide with those found by various authors [13,66], which show the effectiveness of
mentoring programmes to promote a positive change in a student’s attitude towards the school. This inner
transformation is vital to help adolescent immigrants and refugees to improve their academic performance.
Over the course of the programme, the students’ psychological involvement in learning—cognitive
commitment—increased significantly. This difference in the pre-test–post-test intervention, as other
authors have suggested [3,24], might be due to the positive role model provided by the mentors. The
Nightingale project volunteers are young undergraduates who, because of their status as students, can
foster the minors’ motivation during their transition to post-compulsory education.

In contrast to other research on informal or ‘natural’ mentoring relationships [46,67], no evidence was
found showing the programme’s impact on the reduction in perceived racial discrimination. It is possible
that in order for mentors to moderate the attitude of suspicion and feeling of mistrust towards others, the
mentor needs to focus on responding to this specific goal—for example, through specific conversations on
discriminatory experiences. This was not assessed in the study.

6. Limitations

One limitation of this study was that the sample was not randomly selected, which precludes making
generalisable statements about mentoring processes that include the immigrant population. This study
was based on a single group, pre-test–post-test design, without a control group. The objective was to
measure certain changes in the emotional well-being of young people, and it is therefore not an impact
analysis of the project as it does not have a comparative reference in a group on which the activity has not
been developed. One limitation that should be taken into account is the effect that other non-controlled
variables may have had on the observed changes in some aspects of the emotional well-being of young
people. The non-experimental pre-test–post-test design does not manage to control confounding variables
that might exert some influence on the results. This limitation will be addressed in a second phase of the
study, which will incorporate a qualitative analysis of interviews with mentees in which information will
be collected about their perception of mentoring in their emotional states. The main difficulty will be that
of differentiating the specific effects of the programme from those non-specific effects that derive from the
lack of comparability of the group with a control group, which compromises the internal validity of the
study. Therefore, causal effects are not deduced from this analysis; rather, the differences in variability
in scores need to be understood as possible effects derived from the intervention. In fact, this type of
design is not exempt from the Hawthorne effect; that is, the responses may have been induced by the
participants’ knowledge that they are being studied.

Nor do the participants represent all the geographical areas where the Nightingale programme is
implemented, which means that these results cannot be extrapolated to the mentees that take part in other
universities around Europe (Sweden, Norway, Austria, Switzerland, etc.) and Africa (Ghana).

Furthermore, the use of self-report questionnaires structured on Likert-type scales made it difficult
to carry out a more precise evaluation, as the participants gave their own meanings and interpretations.
While this method allowed a very wide range of effects to be explored—many of which were inaccessible
to direct observation—in a relatively short time, the use of this methodology prevented the appearance
of emerging categories on the nature of the relationships and their effects. To increase the validity of
the measures, we recommend that future evaluations be conducted with multiple sources, for example
gathering the testimonies of parents and teachers, and through the use of the multimethod perspective or
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multiple approaches that facilitate the possibility of studying mentoring relationships quantitatively and
qualitatively.

One additional limitation, which could explain the moderate effect of the programme, is the length of
the study. Some research points out that the minimum time it takes to build a trusting relationship is six
months [68]. It has also been shown that the longer and more trusting the mentoring relationship, the
greater the impact capacity of the programmes [69].

Finally, it should be noted that for certain instruments used, the measurement value of their consistency
was below the standard values, a fact that that must be taken into account when drawing conclusions, and
that necessitates the continued improvement of the instruments applied to the case of mentoring.

7. Conclusions

The results of this study provide empirical evidence of the positive effects of social support on
the emotional well-being of young immigrants and refugees. Specifically, the potential of mentoring
programmes to cushion the stressful events to which they are subjected is made evident. The social support
perceived during the Nightingale project contributed to improve some aspects related to the psychological
well-being of the mentees, who saw their levels of personal satisfaction increase in a short period of time.

The data gleaned from this study suggest that mentoring is associated with more positive indices
of personal well-being, although it can produce different effects in women and men, as a review of the
relevant literature has shown [63,70]. While scientific research has increasingly focused on observing the
effects of mentoring on social inclusion, empirical work addressing the influence of sex on the process
and impact of such a relationship is scarce and mostly comes from studies on school-based mentoring
programmes [66,71,72]. Therefore, interdisciplinary work with a gender perspective is needed that can
address the gaps that remain in the evaluation of youth mentoring and its effects differentiated by sex.

The results reveal the importance of school counsellors, psychologists and social workers providing
immigrant minors with programmes that encourage the building of social networks and the promotion
of social support. We believe that prioritising policies and services that ensure a socially supportive
environment in the reception of young people of foreign origin may help reduce the stressors associated
with the migration process, which place minors in a vulnerable situation. The post-mentoring outcomes
support the scientific consensus in the field of youth mentoring regarding the key role that relationships
with non-parental adults play in supporting the social inclusion and subjective well-being of young
immigrants.

With the aim of promoting the implementation of social mentoring programmes in schools, the
findings of this study will be presented to primary and secondary school teachers. Educational institutions
must show concern about the reality of students of foreign origin, at risk of exclusion, so as to help them
overcome the adversities that arise from the adaptation process, avoiding leaving scars that affect emotional
stability and lead to poor academic performance. From what is stated in this study, it can be seen that
there is a need to promote the implementation of mentoring programmes as a reception plan that fosters
the development of supportive relationships between adults and minors that serve the latter as a resource
to try to adapt to the new environment, learn the language, build local networks and plan for the future.
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Abstract: Stress is an inescapable element of the modern age. Instances of untreated stress may lead
to a reduction in the individual’s health, well-being and socio-economic situation. Stress management
application development for wearable smart devices is a growing market. The use of wearable smart
devices and biofeedback for individualized real-life stress reduction interventions has received less attention.
By using our unobtrusive automatic stress detection system for use with consumer-grade smart bands, we
first detected stress levels. When a high stress level is detected, our system suggests the most appropriate
relaxation method by analyzing the physical activity-based contextual information. In more restricted
contexts, physical activity is lower and mobile relaxation methods might be more appropriate, whereas
in free contexts traditional methods might be useful. We further compared traditional and mobile
relaxation methods by using our stress level detection system during an eight day EU project training
event involving 15 early stage researchers (mean age 28; gender 9 Male, 6 Female). Participants’ daily
stress levels were monitored and a range of traditional and mobile stress management techniques was
applied. On day eight, participants were exposed to a ‘stressful’ event by being required to give an oral
presentation. Insights about the success of both traditional and mobile relaxation methods by using the
physiological signals and collected self-reports were provided.

Keywords: commercial smartwatch; mental stress; psychophysiological; emotion regulation; heart rate
variability; electrodermal activity

1. Introduction

Stress constitutes a complex process that is activated by a physical or mental threat to the individuals’
homeostasis, comprising a set of diverse psychological, physiological and behavioral responses [1].
Although it is usually considered a negative response, stress actually constitutes a key process for
ensuring our survival. However, when a stress response is repeatedly triggered in the absence of a
challenging stimulus, or if there is constant exposure to challenging situations, stress can become harmful.
Evidence suggests that, in either of these two contexts, stress is a persistent factor for the development of
psycho-pathological conditions [2,3].

When faced with stressful events, people make autonomic and controlled efforts to reduce the negative
impact and maximize the positive impact that every specific situation may provoke. Generally, this process
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is denominated as emotion regulation, formally defined as the process by which individuals can influence
what emotions they have, when they have them and how they experience and express those emotions [4]. It
has been suggested that the term emotion regulation can be understood as a broad tag that comprises the
regulation of all responses that are emotionally charged, from basic emotions to complex mood states as well
as regulation of everyday life [5].

Failure to address triggers of stress has been shown to lead to chronic stress, anxiety and depression,
and attributed to serious physical health conditions such as cardiovascular disease [6]. The World Health
Organization concluded that psychological stress is one of the most significant health problems in the
21st-century and is a growing problem [7]. There are various interventions to minimize stress based
on individual preferences and requirements. Stress management techniques including ancient practices
such as Tai Chi [8] and yoga [9] as well as other physical activities [10] are often cited as being helpful in
combating stress. Likewise traditional meditation, mindfulness [11] and cognitive behavioural therapy
(CBT) [12] all have established benefits. These techniques are not applicable in office or social environments,
or during most daily routines. Therefore, a smart device based stress management application may be
of benefit. Recently, smartphone applications such as Calm, Pause, Heartmath and Sway have been
developed for indoor environments. However, these applications are not individualized nor do they
include biofeedback and studies that validate their effects are limited [13].

In this study, we used the stress level detection scheme using physiological signals and added a
physical activity based context analyzer. When the user experiences a high stress level, the system suggests
appropriate stress reduction methods (traditional or mobile). We further compare the effects of traditional
and mobile stress alleviation methods on physiological data of 15 international Ph.D. students (participants)
during eight days of training. In addition, 1440 h of physiological signals from Empatica E4 smart bands
were collected in this training event. Stress management techniques based on the emotion regulation model
of James Gross [4] were applied to reduce participant stress levels. To the best of our knowledge, this
work is the first one suggesting appropriate stress reduction methods based on contextual information and
comparing both traditional and mobile stress management interventions in the real-life environment using
a commercial smart-band based automatic stress level detection system that eliminates motion artifacts.
Using such a system is essential because these offline stress level detection algorithms could be used in
real-time biofeedback apps.

Application of our stress level detection algorithm, in a real world context, could allow individuals
to receive feedback regarding high stress levels along with recommendations for relaxation methods.
Additional continued monitoring may also enable the individual to better understand the effectiveness
of any stress reduction methods. However, for our stress detection algorithm to be applied in daily life,
the smart device should be unobtrusive (i.e., should not be comprised of cables, electrodes, boards). Our
system works on smart-bands which are perfect examples of this type of unobtrusive wearable device.

This paper describes emotion regulation in the context of stress management and how yoga and
mindfulness can be used for regulating emotions (Section 2). Methods of detecting stress and analyzing
context based on physical activity are described (Section 3) and data are presented related to our method
for stress level detection with the use of smart-bands (Section 4). Experimental results and discussion are
also presented (Section 5) and we present the conclusions and future works of the study (Section 6).

The major research contributions of this study are the following:

• Developing a physical activity based context analyzer and relaxation method suggestion system
• Comparison of stress reduction methods (mobile mindfulness, traditional mindfulness and yoga) and

their effectiveness in the context of stress management with the use of an unobtrusive smartwatch based
stress level detection system

• Application of James Gross’s prominent emotion regulation model in the context of stress management
and measuring the physiological component with smart bands.
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2. Background

2.1. Emotion Regulation in the Context of Stress Management

Stress is a normal part of daily life. However, its effects often vary across individuals and despite
similar circumstances, some people do not feel under strain while others may be severely affected. Multiple
reasons exist for these differences between individuals, including how people perceive reality and how they
respond to the numerous stimuli to which they are exposed. When a person believes that a certain situation
surpasses their available coping mechanisms, it is referred to as perceived stress. Thus, perceived stress
varies from person to person depending on the value that an individual gives to a situation and their
self-recognition of the resources to deal with it.

Numerous psychological scientists have investigated perceived stress. Individuals who display a
mismatch between contextual demands and perceived resources constantly (rather than during a specific
moment in time) are referred to as experiencing chronic stress. Chronic stress has not only been shown
to be very relevant in people’s well-being and quality of life, but also important in the appearance and
maintenance of several physical and mental diseases [14].

As a consequence, mounting research has focused on the mechanisms that people implement in order
to alleviate the physical and cognitive burden associated with that perceived stress. Coping styles, stress
management techniques, self-regulation, or emotion regulation techniques are different labels that define
the way people implement certain behavioral, cognitive, or emotional strategies to maintain allosteric
load [15]. In other words, every living organism needs to vary among plasticity and stability in order to
survive. Human beings are not the exception to the rule and the complex system that applies to every
single person and the necessity of reaching a constant level of regulation permits the individuals to pursue
their goals.

Specifically, emotion regulation has been defined as the study of “the processes by which we influence
which emotions we have when we have them, and how we experience and express them” [4]. A large body of
evidence has shown that there are very different consequences depending on the effectiveness people achieve
to regulate their emotions. Naturally, both at an implicit or explicit level, people regulate emotions in order
to maintain those allosteric levels previously mentioned. Therefore, when there are specific stressors that
demand a particular cognitive or physical response, the emotional reactivity may be stronger and the need
for a proper regulation more relevant. Indeed, emotion regulation has shown to be a transdiagnostic factor
that is present at a wide range of mental disorders. In other words, the way people initiate, implement and
monitor their emotional processes, in order to reach more desirable states, has a significant impact on the
stress levels. Some emotion regulation (ER) strategies have shown to be correlated with mental health issues.
Among these strategies, cognitive reappraisal, problem-solving, or acceptance shall be mentioned as strategies
that are negatively correlated with psychopathology, while rumination, experiential avoidance, or suppression
are positively correlated with psychopathology [16]. In this regard, hinging on the different ER strategies
deployed, ER can constitute a protective factor to face stress responses that all individuals experience after
minor or major stressors [17]. Additionally, an adaptive regulation of emotions, by managing stress, may also
be beneficial for clinical populations, such as people suffering from affective disorders [18,19].

Therefore, from whole psychotherapeutic treatments to single self-applied applications, studies in the
literature have focused on how people can better regulate their emotions and manage their stress levels.
Among many other techniques, cognitive behavioral therapy, autogenic training, biofeedback, breathing
exercises, relaxation techniques, guided imagery, mindfulness, yoga, or Tai-Chi, are some of the stress
management interventions that have received attention from researchers [20,21].
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2.2. Yoga and Mindfulness: As Tools for Emotion Regulation

2.2.1. Yoga

Yoga is an ancient Eastern practice that developed more than 2000 years ago. Although its original
creator and source are uncertain, the earliest written word ‘Yoga Sutra’ describes the philosophy of yoga
focussing on growing spirituality, regulating emotions and thoughts. Initially, the focus was on awareness
of breathing and breathing exercises ‘pranayama’ to calm the mind and body, ultimately reaching a higher
state of consciousness.

As yoga evolved, physical movement in the form of postures was included and integrated with yogic
breathing ‘prana’ and elements of relaxation. The underlying purpose is to create physical flexibility, reduce
pain and unpleasant stimuli and reduce negative thoughts and emotions to calm the mind and body,
thereby improving well-being. In the healthcare literature, the benefits are reported to be far-reaching both
for mental and physical health conditions such as anxiety, depression, cardiovascular disease, cancer and
respiratory symptoms. It is also reported to reduce muscular-skeletal problems and physical symptoms
through increasing the awareness of the physical body.

Yoga has become a global phenomenon and is widely practiced in many different forms. Generally, all
types of yoga include some elements of relaxation. Additionally, some forms include mainly pranayama
and others are more physical in nature. One such practice is vinyasa flow which involves using the
inhale and exhale of the breathing pattern to move through a variety of yoga postures; this leads to the
movement becoming meditative. The practice often includes pranayama followed by standing postures
linked together with a movement called vinyasa, (similar to a sun salutation) which helps to keep the
body moving and increases fitness, flexibility and helps maintain linkage with the breath. The practice
also often includes a range of seated postures, an inversion (such as headstand or shoulder stand) and
final relaxation ‘savasana’.

2.2.2. Mindfulness

Mindfulness involves being more present at the moment by acknowledging the here and now, often
referred to as ‘being present’ rather than focussing on the past or future [8]. Being present may include
being aware of our surroundings and the environment, or of what we are eating and drinking and physical
sensations such as the sun or wind on our skin.

Acknowledging the thoughts and body are also aspects of mindfulness. Each day humans experience
thousands of thoughts, the majority being of no consequence. In some instances, these thoughts are repetitive
and negative in nature which can lead to increased stress and the related unpleasant physical symptoms such
as feeling anxious, nausea and tension headaches. Being mindful includes an awareness of our thinking and
whether we are caught up with our thoughts rather than being aware of the moment. Additionally, on a daily
basis, awareness of the physical body may be minimal; being mindful includes increasing this awareness
through becoming more connected with the sensations in the body. This might include experiencing the legs
moving when walking, or feeling the ground under the feet or the natural way of the body whilst standing.

Mindfulness has been shown to be of benefit to physical and mental health. It is currently recommended by
the National Institute for Clinical Excellence [22] as adjunctive therapy to Cognitive Behavioural Therapy
(CBT) for the prevention of relapse depression.

However, it may be challenging for some individuals to do this with a multitude of distractions
around them and, therefore, they may choose to identify a particular time and place when and where they
can sit in a comfortable position to start to become aware of their breathing and bodily sensations.
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2.2.3. Mobile Mindfulness Inspired By Tai-Chi—Pause

Tai-Chi is an internal Chinese martial art practiced for both its defense training, its health benefits
and meditation. There is good evidence of benefits for depression, cardiac and stroke rehabilitation
and dementia [23]. The term Tai-Chi refers to a philosophy of the forces of yin and yang, related to the
moves. An iPhone application Pause inspired by Tai-Chi is used for guided mindfulness which draws
upon the principles of mindfulness meditation to trigger the body’s rest and digest response, quickly
restoring attention [24].

3. Related Work

Researchers have created the ability to detect stress in laboratory environments with medical-grade
devices [25–28]; smartwatches and smart bands started to be used for stress level detection studies [29–
31]. These devices provide high comfort and rich functionality for the users, but their stress detection
accuracies are lower than medical-grade devices due to low signal quality and difficulty obtaining data in
intense physical activity. If data are collected for long periods, researchers have shown that their detection
performance improves [32]. During movement periods, the signal can be lost (gap in the data) or artifacts
might be generated. Stress level detection accuracies for 2-classes by using these devices are around 70%
[29,30,33,34].

After detecting the stress level of individuals, researchers should recover from the stressed state
to the baseline state. To the best of our knowledge, there are very few studies that combine automatic
stress detection (using physiological data) with recommended appropriate stress management techniques.
Ahani et al. [35] examined the physiological effect of mindfulness. They used the Biosemi device which
acquires electroencephalogram (EEG) and respiration signals. They successfully distinguished control
(non-meditative state) and meditation states with machine learning algorithms. Karydis et al. [36] identified
the post-meditation perceptual states by using a wearable EEG measurement device (Muse headband).
Mason et al. [37] examined the effect of yoga on physiological signals. They used PortaPres Digital
Plethtsmograph for measuring blood pressure and respiration signals. They also showed the positive effect
of yoga by using these signals. A further study validated the positive effect of yoga with physiological
signals; researchers monitored breathing and heart rate pulse with a piezoelectric belt and a pulse sensor [21].
They demonstrated the effectiveness of different yogic breathing patterns to help participants relax. There
are also several studies showing the effectiveness of mobile mindfulness apps by using physiological
signals [20,38,39]. Svetlov et al. [20] monitored the heart rate variability (HRV), electrodermal activity
(EDA), Salivary alpha-amylase (sAA) and EEG values. In other studies, EEG and respiration signals were
also used for validating the effect of mobile mindfulness apps [38,39]. When the literature is examined,
it could be observed that the effect of ancient relaxation methods and mobile mindfulness methods are
examined separately in different studies. Ancient methods generally require out of office environments
that are not suitable for most of the population, since, in the modern age, people started to spend more time
in office-like environments. On the other hand, some smartphone applications such as Pause, HeartMath
and Calm do not require extra hardware or equipment and be applicable in office environments. Hence,
an ideal solution depends on the context of individuals. A system that monitors stress levels, analyzes the
context of individuals and suggests an appropriate relaxation method in the case of high stress will benefit
society. Furthermore, mobile methods along with the ancient techniques should be applied in stressful
real-life events and their effectiveness should be compared by investigating physiological signals. When
the literature is examined, there is not any study comparing the performance of these methods in real-life
events (see Table 1). Another important finding is that these methods should be compared with unobtrusive
wearable devices so that they could be used for a biofeedback system in daily lives. Individuals may be
reluctant to use a system with cables, electrodes and boards in their daily life. Therefore, a comparison of
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different states with such systems could not be used in daily life. There is clearly a need for a suggestion and
comparison of ancient and mobile meditation methods by using algorithms that could run on unobtrusive
devices. An ideal system should detect high stress levels, suggest relaxation methods and control whether
users are doing these exercises right or not with unobtrusive devices. Our algorithm is suitable to be
embedded in such daily life applicable systems that use physiological signals such as skin temperature (ST),
HRV, EDA and accelerometer (ACC). In this paper, we present the findings of our pilot study that tested
the use of our algorithm during general daily activities, stress reduction activities and a stressful event.

Table 1. Comparison of our work with the studies applying different types of meditation techniques for
stress management in the literature.

Article YOGA Mindfulness
Mobile
Relaxation

Device Signal
Daily
Suitable

Ahani et al. [35] X X Biosemi EEG and Respiration No

Mason et al. [37] X X
Digital Plethysmograph
(PortaPres)

Virtual Blood Pressure
Respiration No

Svetlov et al. [20] X X Several HRV, EDA, sAA and EEG No

Puranik et al. [21] X X
MPU 6050 + piezoelectric belt
+ pulse sensor + smartphone Heart Rate + Respiration No

Karydis et al. [36] X X Muse Headband EEG No

Cheng et al. [38] X X Emotiv wireless headset EEG No

Ingle et al. [39] X X
8-channel Enobio EEG +
piezoelectric belt EEG + Respiratory No

Our work Empatica E4 wristband
PPG (Photoplethysmography),
EDA, ACC, ST Yes

4. Methodology

4.1. Unobtrusive Stress Detection System with Smart Bands

Our stress detection system developed in [32] allows users to be aware of their stress levels during
their daily activities without creating any interruption or restriction. The only requirement to use this
system is the need to wear a smart band. Participants in this study wore the Empatica E4 smart band
on their non-dominant hand. The smart band provides Blood Volume Pressure, ST, EDA, IBI (Interbeat
Interval) and 3D Acceleration. The data are stored in the memory of the device. Then, the artifacts of
physiological signals were detected and handled. The features were extracted from the sensory signals
and fed to the machine learning algorithm for prediction. In order to use this system, pre-trained machine
learning models are required. For training the models, feature vectors and collected class labels were used.

4.1.1. EDA Preprocessing Artifact Detection and Removal Methods

The body sweats when emotional arousal and stress are experienced and, therefore, skin conductance
increases [40]. This makes EDA a promising candidate for stress level detection. Intense physical activity
and temperature changes contaminate the SC (Skin Conductance) signal. Therefore, affected segments
(artifacts) should be filtered out from the original signal. In order to detect the artifacts in the SC signal,
we used an EDA toolkit [41] which is 95% accurate on the detection of the artifacts. While developing
this tool, technicians labeled the artifacts manually. They trained a machine learning model by using the
labels. In addition to the SC signal, 3D acceleration and ST signals were also used for artifact detection. We
removed the parts that this tool detected as artifacts from our signals. We further added batch processing
and segmentation to this tool by using custom software built-in Python 2.7.
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4.1.2. EDA Feature Extraction Methods

After the artifact removal phase, features were extracted from the EDA signal. This signal has two
components phasic and tonic; features from both components were extracted (see Table 2). The cvxEDA
tool [42] was used for the decomposition of the signal into these components. This tool uses convex
optimization to estimate the Autonomic Nervous System (ANS) activity that is based on Bayesian statistics.

Tonic Component Features

The tonic component in the EDA signal represents the long-term slow changes. This component is also
known as the skin conductance level. It could be regarded as the indicator of general psychophysiological
activation [43].

Table 2. EDA features and their definitions.

Feature Description

Quartdev Tonic Quartile deviation (75 percentile–25 percentile) of the phasic component
Strong Peaks Phasic The number of strong peak per 100 s
Peaks Phasic The number of peaks per 100 s
Perc20 20th percentile of the phasic component
Perc80 Tonic 80th percentile of the phasic component
Mean Tonic Mean of the phasic component
SD Tonic Standard deviation of phasic component

Phasic Component Features

The phasic component represents faster (event-related ) differences in the SC signal. The Peaks of
phasic SC component as a reaction to a stimulus is also called Skin Conductance Response [43]. After we
decompose the phasic component from the EDA signal, peak related features were extracted.

4.1.3. Heart Activity Preprocessing (Artifact Detection and Removal) and Feature Extraction Methods

Heart activity (or, more specifically, HRV) reacts to changes in the autonomic nervous system (ANS)
caused by stress [44] and it is, therefore, one of the most commonly used physiological signal for stress
detection [40]. However, vigorous movement of subjects and improperly worn devices may contaminate
the HRV signal collected from smartwatches and smart bands. In order to address this issue, we developed
an artifact handling tool in MATLAB programming language [45] that has batch processing capability.
First, the data were divided into 2 min long segments with 50% overlapping. Two-minute segments were
selected because it is reported that the time interval for stress stimulation and recovery processes is around
a few minutes [46]. The artifact detection percentage rule (also employed in Kubios [47]) was applied after
the segmentation phase. In this rule, each data point was compared with the local average around it. When
the difference was more than a predetermined threshold percentage, (20% is commonly selected in the
literature [48]), the data point was labeled as an artifact. In our system, we deleted the inter-beat intervals
detected as the artifacts and interpolated these points with the cubic spline interpolation technique which
was used in the Kubios software [47]. The time-domain features of HRV are calculated. In order to calculate
the frequency domain features, we interpolated the RR intervals to 4 Hz. Then, we applied the Fast Fourier
Transform (FFT). These time and frequency domain features (see Table 3) were selected because these are
the most discriminative ones in the literature [30,49,50].
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Table 3. HRV features and their definitions [32].

Feature Description

Mean RR Mean value of the inter-beat (RR) intervals
STD RR Standard deviation of the inter-beat interval

pNN50
Percentage of the number of successive RR intervals varying more than 50 ms
from the previous interval

RMSSD Root mean square of successive difference of the RR intervals
SDSD Related standard deviation of successive RR interval differences

HRV triangular index
Total number of RR intervals divided by the height of the histogram of all RR intervals
measured on a scale with bins of 1/128 s

TINN Triangular interpolation of RR interval histogram
LF Power in low-frequency band (0.04–0.15 Hz)
HF Power in high-frequency band (0.15–0.4 Hz)
pLF Prevalent low-frequency oscillation of heart rate
pHF Prevalent high-frequency oscillation of heart rate
VLF Power in very low-frequency band (0.00–0.04 Hz)
LF/HF Ratio of LF-to-HF

4.1.4. Accelerometer Feature Extraction Methods

Research has shown that movements of the human body and postures can indeed be employed as a
means to detect signs of different emotional states. The dynamics of body movement were investigated
by Castellano et al. who used multimodal data to identify human affective behaviors. Specific movement
metrics, such as the amount of movement, intensity and fluidity, were used to help deduct emotions,
and it was found that the amount of movement was a major factor in distinguishing different types of
emotions [51]. Melzer et al. investigated whether movements comprised of collections of Laban movement
components could be recognized as expressing basic emotions [52]. The results of their study confirm
that, even when the subject has no intention of expressing emotions, particular movements can assist
in the perception of bodily expressions of emotions. Accelerometer sensors may be used to detect these
movements and different types of affect. The accelerometer sensor data are used for two different purposes
in our system. Firstly, we extracted features from the accelerometer sensor, for detecting stress levels. We
also selected the features to be used as described in Table 4 [53] and, as mentioned above, this sensor was
also employed to clean the EDA signal in the EDAExplorer Tool [41].

Table 4. ACC features and their definitions.

Feature Description

Mean X Mean acceleration over x axis
Mean Y Mean acceleration over y axis
Mean Z Mean acceleration over z axis
MeanAccMag Mean acceleration over acceleration magnitude
Energy FFT energy over mean acceleration magnitude

4.1.5. Skin Temperature

A skin temperature signal is used for the artifact detection phase of the EDA signal in the EDAExplorer
Tool [41]. After we divide our data into segments, different modalities were merged into one feature vector.
The heart activity signal started with a delay (to calculate heartbeats per minute at the start) and all signals
were then synchronized. We included start and end timestamps for each segment, and each modality was
merged with a custom Python script.

82



Healthcare 2020, 8, 100

4.1.6. Machine Learning Classifier Algorithms

The Weka machine learning toolkit [54] is used for identifying stress levels. The Weka toolkit has
several preprocessing features before classification. Our data set was not balanced when the number of
instances belonging to each class was considered. We solved this issue by removing samples from the
majority class. We selected random undersampling because it is the most commonly applied method [55].
In this way, we prevented classifiers from biasing towards the class with more instances. In this study,
we employed five different machine learning classification algorithms to recognize different stress levels:
MultiLayer Perceptron (MLP), Random Forest (RF) (with 100 trees), K-nearest neighbors (kNN) (n
= 1–4), Linear discriminant analysis (LDA), Principal component analysis (PCA) and support vector
machine (SVM) with a radial basis function. These algorithms were selected because they were the
most commonly applied and successful classifiers for detecting stress levels [30,48]. In addition, 10-fold
stratified cross-validation was then applied and hyperparameters of the machine learning algorithms were
fine-tuned with grid search. The best performing models have been reported.

4.1.7. Dimensionality Reduction

We applied correlation-based feature selection (CBFS) technique which is available in the Weka
machine learning package for combined signal [56]. The CBFS method removes the features that are less
correlated with the output class. For every model, we selected the ten most important features. This
method is applied for MLP, RF, kNN and LDA. In order to create an SVM based model, we applied PCA
based dimensionality reduction where the covered variance is selected as 0.95 (the default setting).

4.1.8. Insights from the Feature Selection Process

The CBFS method computes the correlation of features with the ground truth label of the stress level.
Insights about the contribution of the features to the stress detection performance can be obtained from
Figures 1 and 2. Three of the best features (over 0.15 correlation) are frequency domain features. These
features are high, low and very-low frequency components of the HRV signal (see Figure 1). When we
examine the EDA features, peaks per 100 s feature are the most important and distinctive feature by far.
Since the EDA signal is distorted under the influence of the stimuli, the number of peaks and valleys
increases. Lastly, when the acceleration signal is investigated, the most discriminative feature is mean
acceleration in the z-axis (see Figure 2b). This could be due to the nature of hand and body gestures which
are caused by stressed situations.

Figure 1. Top-ranking features selected for the HRV signal.
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(a) EDA Features. (b) ACC Features.

Figure 2. Top-ranking features selected for the EDA and ACC signals.

4.2. Relaxation Method Suggestion by Analyzing the Physical Activity-Based Context

Context is a broad term that could contain different types of information such as calendars, activity
type, location and activity intensity. Physical activity intensity could be used to infer contextual information.
In more restricted environments such as office, classrooms, public transportation and physical activity
intensity could be low, whereas, in outdoor environments, physical activity intensity could increase.
Therefore, an appropriate relaxation method will change according to the context of individuals.

For calculating physical activity intensity, we used the EDAExplorer tool [41]. The stillness metric
is used for this purpose. It is the percentage of periods in which the person is still or motionless. Total
acceleration must be less than a threshold (default is 0.1 [41]) for 95 percent of a minute in order for this
minute to count as still [41]. Then, the ratio of still minutes in a session can be calculated. For the ratio
of still minutes in a session, we labeled sessions below 20% as still, above 20% as active and suggested
relaxation method accordingly (see Figure 3).

Figure 3. The whole system diagram is depicted. When a high stress level is experienced, by analyzing the
physical activity based context, the system suggests the most appropriate reduction method.

4.3. Description of the Data Collection Procedure

The proposed stress level monitoring mechanism, for real-life settings, was evaluated during an eight
day Marie Skłodowska-Curie Innovative Training Network (ITN) training event in Istanbul, Turkey, for the
AffecTech project. AffecTech is a program funded by Horizon 2020 (H2020) framework established by the
European Commission. The AffecTech project is an international collaborative research network involving
15 PhD students (early stage researchers (ESR)) with the aim of developing low-cost effective wearable
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technologies for individuals who experience affective disorders (for example, depression, anxiety and bipolar
disorder).

The eight-day training event included workshops, lectures and training with clearly defined tasks
and activities to ensure that the ESR had developed the required skills, knowledge and values outline prior
to the training event. At the end of the eight-day training, ESRs were required to deliver a presentation
about their PhD work to two evaluators from the European Union where they received feedback about
their progress (see Figure 4 for raw physiological signals at the start of the presentation). For studying the
effects of emotion regulation on stress, yoga, guided mindfulness and mobile-based mindfulness, sessions
were held by a certified instructor.

 

 

Figure 4. Sample data belong to a presentation session. The increase in EDA, ST and IBI could be observed
when the subject started the presentation.

During the training, physiological and questionnaire data were collected from the 16 ESR participants
(9 men, mean age 28); 15 ESRs and one of the AffecTech project academics, all of whom gave informed
consent to participate in the study. Participants were from different countries with diverse nationalities
(two from Iran, two from Spain, two from Italy, one from Argentina, one from Pakistan, one from China,
one from Switzerland, one from Belarus, one from France, one from England, one from Barbados, one
from Turkey and one from Bulgaria). Due to the fault of one of the Empatica E4 devices, it was not
possible to include data from one participant. The remaining 15 participants completed all stages of the
study successfully.

During the eight days of training and presentations, psychophysiological data were collected from 16
participants during the training event from Empatica E4 smart band while they are awake. For studying
the effects of emotion regulation on stress, yoga, guided mindfulness and mobile-based mindfulness
sessions were held by a certified instructor. The timeline of the event is shown in Figure 5.
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Figure 5. Time-line depicting eight days of the training event. Presentations, relaxations and lectures
are highlighted.

4.3.1. Physiological Stress Data

The psychophysiological signal data were collected using the Empatica E4 smart band whilst
participants were awake throughout the eight days of the AffecTech training. Physiological data included
IBI, EDA, ACC (Accelerometer) and ST and stored in different csv files. In addition, 27.39% of the data are
obtained from free times (free day and after training until subjects slept 5:00 p.m.–10:00 p.m.), 43.83% of
the data comes from lectures in the training, 11.41% is the presentation session and relax sessions consist
of 17.35% of the data. As mentioned previously, we randomly undersampled (most commonly applied
method [55] ) the data to overcome the class imbalance problem. The participants’ blood pressure (BP) was
also recorded using CE(0123) Harvard Medical Devices Ltd. automated sphygmomanometer prior to and
after each stress reduction event (yoga and mindfulness), in order to demonstrate whether the participants
stress levels were modified. On each occasion that the participants’ BP was recorded, the mean of three
recordings was used as the final BP. A reduction in the participants’ blood pressure and/or pulse rate may
be seen, which demonstrates a reduction in stress level.

4.3.2. Ethics

The procedure used in this study was approved by the Institutional Review Board for Research with
Human Subjects of Boğaziçi University with the approval number 2018/16. Prior to data acquisition, each
participant received a consent form describing the experimental procedure and its benefits and implications
to both the society and the subject. The procedure was also explained verbally to the subject. All of the data
are stored anonymously.

4.3.3. Questionnaire Self-Report Stress Data

A session-based self-report questionnaire comprised of six questions based on the Nasa Task Load
Index (NASA-TLX) [57]. The frustration scale was specifically used to measure perceived stress levels [32].
We asked the following question to the participants for each session:

How irritated, stressed and annoyed versus content, relaxed and complacent did you feel during the task?

Questionnaires were completed daily (at the end of the day) and, after each presentation, lecture and
stress reduction event (such as yoga and mindfulness).

4.3.4. Stress Management Scheme Using Yoga and Mindfulness

During the eight day training, it is assumed that the participants’ stress levels are likely to have
increased day by day because they were required to give a presentation (perceived as a stressful event)
reporting their PhD progress to the EU project evaluators at the end of the training.

Underpinned by James Gross’s Emotion Regulation model (see Figure 6) [4], we modified the situation
to help the participants to reduce their thoughts of the end of the training presentation. To help participants
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manage their stress levels, we applied Yoga and mindfulness sessions on two separate days (day three and
day four, respectively). These sessions lasted approximately 1 h and, throughout the sessions, participants
wore an Empatica E4 smartband. In addition to the physiological signals coming from the Smartbands,
participants’ blood pressure values were also recorded before and after the yoga and mindfulness sessions.

Figure 6. Application of James Gross’s Emotion Regulation model [4] in the context of stress management.

5. Experimental Results and Discussion

5.1. Statistical Data Analysis

5.1.1. Validation of Different Perceived Stress Levels by using the Self-Reports

In order to validate that the participants experienced different perceived stress levels in different contexts
(lecture, relaxation, presentation), we used the Frustration item (see Section 4.5) from the NASA-TLX [57].
The distribution of answers is demonstrated in Figure 7. Our aim is to show that the perceived stress
levels (obtained from self-report answers) differ in relaxation sessions considerably when compared to the
presentation session (high stress). To this end, we applied the t-test (in R programming language) to the
perceived stress self-report answers of yoga versus presentation, mindfulness versus presentation and pause
(mobile mindfulness) versus presentation session pairs. The paired t-test is used to evaluate the separability
of each session. The degree of freedom is 15. We applied the variance test to each session tuple; we could not
identify equal variance in any of the session tuples. Thus, we selected the variance as unequal. We used
99.5% confidence intervals. The t-test results’ (p-values and test statistics) are provided in Table 5. For all
tuples, the null hypothesis stating that the perceived stress of the relaxation method is not less than the
presentation session is rejected. The perceived stress levels of participants for all meditation sessions are
observed to be significantly lower than the presentation session (high stress).

Table 5. T-test results for session tuple comparison of perceived stress levels using self-reports.

Session Tuple t-Test Statistic p-Value

Yoga—Presentation −4.0027 p < 0.005
Guided Mindfulness—Presentation −5.4905 p < 0.005
Mobile Mindfulness—Presentation −4.2677 p < 0.005
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Figure 7. Visual representation of the frustration scores collected in different types of sessions.

5.1.2. Before and After Physiological Measurements for Evaluating Performance of Yoga and Mindfulness
with Blood Pressure

In this section, we compared the effect of stress management tools such as yoga and mindfulness on
blood pressure. It is expected that blood pressure sensors will be part of unobtrusive wrist-worn wearable
sensors soon. We plan to integrate a blood pressure (BP) module to our system when they are available.
Therefore, by using the measurements of a medical-grade blood pressure monitor, we provided insights
about how stress reaction affects BP. We further applied and tested the prominent emotion regulation
model of James Gross by analyzing these measurements in the context of stress management. We measured
the diastolic and systolic BP and pulse using a medical-grade blood pressure monitor before and after the
yoga and mindfulness sessions. In order to ensure that the participants were relaxed and that an accurate
BP was recorded, BP was measured three times with the mean as the recorded result. A one-sample t-test
was applied to the difference between mean values. The results are shown in Table 6.

Mindfulness decreased the systolic BP, –1.13% (ns), increased diastolic BP, +1.75% (p < 0.05) and
decreased the pulse –5.75% (p < 0.05). Medicine knows that systolic blood pressure (the top number or
highest blood pressure when the heart is squeezing and pushing the blood around the body) is more
important than diastolic blood pressure (the bottom number or lowest blood pressure between heartbeats)
because it gives the best idea of the risk of having a stroke or heart attack. In this view, the significant
reduction of systolic BP after mindfulness is an important result.

Moreover, the difference between systolic and diastolic BP is called pulse pressure. For example, 120
systolic minus 60 diastolic equals a pulse pressure of 60. It is also known that a pulse pressure greater than
60 can be a predictor of heart attacks or other cardiovascular diseases, while a low pulse pressure (less
than 40) may indicate poor heart function. In our study, pulse pressure was lower after mindfulness (we
had both a significant reduction in systolic BP and an increase in diastolic BP), but its value was higher
than 40 (42.69 mean difference before the mindfulness and 40.48 mean difference after the mindfulness),
suggesting that this result can also be considered clinically positive.

During yoga, there was a decrease in systolic BP by −5.81% (p < 0.05), diastolic BP by −1.93% (ns)
and increase in pulse +8.06% (p < 0.05). Yoga appears to be more effective than mindfulness at decreasing
systolic and diastolic blood pressure, although mindfulness seems to be more effective than yoga for
decreasing the pulse due to the activity involved in yoga.
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Table 6. The difference between the mean diastolic blood pressure, the mean systolic blood pressure and
the mean pulse, before and after sessions of guided mindfulness and guided yoga. (* p < 0.05).

Activity Systolic Diastolic Pulse

Guided Mindfulness −1.31% 1.75% * −5.75% *
Guided Yoga −5.81% * −1.93% 8.06% *

5.2. Physiological Stress Level Detection with Wearables by Using Context Labels as the Class Label

We tested our system by using the known context labels of sessions as the class label. We used Lecture
(mild stress), Yoga and Mindfulness (relax) and Presentation in front of the board of juries (high stress) as
class labels by examining perceived stress self-report answers in Figure 6. We investigated the success of
relaxation methods, different modalities and finding the presenter.

5.2.1. Effect of Different Physiological Signals on Stress Detection

We evaluated the effect of using the interbeat-interval, the skin conductance and the accelerometer
signals separately and in a combined manner on two and three class classification performance. These
classes are mild stress, high stress and relax states from mindfulness and yoga sessions. The results are
shown in Tables 7–9. For the three-class classification problem, we achieved a maximum accuracy of 72%
by using MLP on only HRV features and 86.61% with only accelerometer features using the Random Forest
classifier and 85.36% accuracy combination of all features with LDA classifier (see Table 7). The difficulty
in this classification task is a similar physiological reaction to relax and mild stress situations. However,
since the main focus of our study is to discriminate high stress from other classes to offer relaxation
techniques in this state, it did not affect our system performance. We also investigated high-mild stress
and high stress-relax 2-class classification performance. For the discrimination of high and mild stress,
HRV outperformed other signals with 98% accuracy using MLP (see Table 8). In the high stress-relax
2-class problem, only HRV features with RF achieved a maximum accuracy of 86%, whereas ACC features
with MLP achieved a maximum of 94% accuracy. In this problem, the combination of all signals with RF
achieved 92% accuracy which is the best among all classifiers (see Table 9). For all models, EDA did not
perform well. This might be caused by the loose contact with EDA electrodes in the strap due to loosely
worn smartbands.

Table 7. Effect of different modalities and their combination on the system performance. Note that the
number of classes is fixed at 3 (high stress, mild stress and relax).

Algorithm
Accuracy, %

HRV EDA ACC Combined

MLP 72.14 36.61 74.29 82.68

RF 67.86 36.96 86.61 85.18

kNN 65.00 29.82 70.89 78.39

LDA 69.82 31.96 73.39 85.36

SVM 47.14 30.54 58.57 46.96
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Table 8. Effect of different modalities and their combination on the system performance. Note that the
number of classes is fixed at 2 (high stress and mild stress).

Algorithm
Accuracy, %

HRV EDA ACC Combined

MLP 98.00 60.00 64.00 98.00

RF 98.00 42.00 72.00 98.00

kNN 94.00 44.00 58.00 94.00

LDA 94.00 40.00 54.00 94.00

SVM 66.00 54.00 54.00 66.00

Table 9. Effect of different modalities and their combination on the system performance. Note that the
number of classes is fixed at 2 (high stress and relax).

Algorithm
Accuracy, %

HRV EDA ACC Combined

MLP 82.00 66.00 96.00 90.00

RF 86.00 60.00 94.00 92.00

kNN 82.00 66.00 88.00 90.00

LDA 78.00 64.00 92.00 88.00

SVM 78.00 62.00 52.00 74.00

5.2.2. Effectiveness of Yoga, Mindfulness and Mobile Mindfulness (Pause)

We applied three different relaxation methods to manage stress levels of individuals. In order to
measure the effectiveness of each method, we examined how easily these physiological signals in the
relaxation sessions can be separated from high stress presentations. If it can be separated from high stress
levels with higher classification performance, it could be inferred that they are more successful at reducing
stress. As seen in Tables 10 and 11, mobile mindfulness has lower success in reducing stress levels. Yoga
has the highest classification performance with both HR and EDA signals.

Table 10. The classification accuracy of the relaxation sessions using stress management methods and
stressful sessions using EDA.

Algorithm
Accuracy, %

Guided Mindfulness Yoga Mobile Mindfulness

MLP 65.71 78.57 75.00

RF 67.14 87.14 67.64

kNN 64.29 82.86 77.94

LDA 65.71 80.00 51.47

SVM 70.00 72.86 58.82
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Table 11. The classification accuracy of the relaxation sessions using stress management methods and
stressful sessions using HRV.

Algorithm
Accuracy, %

Guided Mindfulness Yoga Mobile Mindfulness

MLP 90.00 97.50 93.94

RF 97.50 95.00 87.89

kNN 90.00 90.00 93.93

LDA 87.50 87.50 75.75

SVM 85.00 80.00 81.82

6. Conclusions

In this study, by using our automatic stress detection system with the use of Empatica-E4 smart-bands,
we detected stress levels and suggested appropriate relaxation methods (i.e., traditional or mobile) when
high stress levels are experienced. Our stress detection framework is unobtrusive, comfortable and suitable
for use in daily life and our relaxation method suggestion system makes its decisions based on the physical
activity-related context of a user. To test our system, we collected eight days of data from 16 individuals
participating in an EU research project training event. Individuals were exposed to varied stressful and
relaxation events (1) training and lectures (mild stress), (2) yoga, mindfulness and mobile mindfulness
(PAUSE) (relax) and (3) were required to give a moderated presentation (high stress). The participants
were from different countries with diverse cultures.

In addition, 1440 h of mobile data (12 h in a day) were collected during this eight-day event from
each participant measuring their stress levels. Data were collected during the training sessions, relaxation
events and the moderated presentation and during their free time for 12 h in a day, demonstrating that
our study monitored daily life stress. EDA and HR signals were collected to detect physiological stress
and a combination of different modalities increased stress detection, performance and provided the most
discriminative features. We first applied James Gross ER model in the context of stress management and
measured the blood pressure during the ER cycle. When the known context was used as the label for stress
level detection system, we achieved 98% accuracy for 2-class and 85% accuracy for 3-class. Most of the
studies in the literature only detect stress levels of individuals. The participants’ stress levels were managed
with yoga, mindfulness and a mobile mindfulness application while monitoring their stress levels. We
investigated the success of each stress management technique by the separability of physiological signals
from high-stress sessions. We demonstrated that yoga and traditional mindfulness performed slightly better
than the mobile mindfulness application. Furthermore, this study is not without limitations. In order to
generalize the conclusions, more experiments based on larger sample groups should be conducted. As future
work, we plan to develop personalized perceived stress models by using self-reports and test our system
in the wild. Furthermore, attitudes in the psychological field constitute a topic of utmost relevance, which
always play an instrumental role in the determination of human behavior [58]. We plan to design a new
experiment which accounts for the attitudes of participants towards relaxation methods and their effects on
the performance of stress recognition systems.
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