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SYSTEMATIC REVIEW

MAIN BIOLOGICAL MODELS OF RESILIENCE
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Lucia Massa, Matteo Gambini, Claudia Carmassi

Abstract

OPEN ACCESS

Objective: Resilience is a complex process of adaptation to new conditions that

would permit a positive outcome after adversities, traumas or other sources of stress.
However, despite the growing interest in this topic, there is no universally accepted
definition and no comprehensive bio-behavioural model. This systematic review
aims to provide an overview of the main biological models that have been theorized
to date, with a focus on new alternative theories to improve our understanding of
the mechanisms underlying the development and strengthening of resilience, with
potential implications for the prevention of some psychopathological disorders.
Method.: This review was conducted according to PRISMA guidelines and
includes 185 studies published in English in PubMed and Embase up to December

2023.

Results: Most studies use the stress-related model, which conceptualizes

Citation: Marazziti, D., Fantasia, S.,
Palermo, S., Arone, A., Massa, L.,
Gambini, M., Carmassi, C. (2024).
Main biological models of resilience.
Clinical Neuropsychiatry, 21(2), 115-
134.

doi.org/10.36131/
cnfioritieditore20240201

CC BY-NC-SA This article is published
under a Creative Commons license.
For more information: https://cre-
ativecommons.org/licenses/by-nc-
sa/4.0/

resilience as the absence of symptoms after the stressful event and mainly deal with

the differences between stress-prone and resilient phenotypes in animals exposed to
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stress. However, the results of this search seem to suggest that resilience might be an
independent construct with biological bases rooted in the stress system and the social
brain, and widely sculptured by individual and environmental factors, especially early
life events and affiliation.

Conclusions: This work contributes to ongoing efforts to understand the intricate
mechanisms of resilience, while highlighting the potential of improving social
relationships since our birth to promote coping strategies towards stress and traumas,
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1. Introduction

The term '"resilience", originating in the field of
technical sciences, refers to the capability of a material
to return to its original shape or position after being bent,
compressed or stretched (Alexander, 2013; Babi¢ et al.,
2020; Shastri, 2013). Recently, it has been translated
into psychology and psychopathological domains to
denote a sustained positive state and functioning despite
the evidence of dangerous or adverse circumstances, as
well as to underline a positive outcome after a trauma.
As such, it represents an individual process of adaptation
to new conditions, adversities, traumas, and any other
significant source of stress (Bonanno et al., 2004; Luthar,
2006; Wu et al., 2013).

Resilience is a complex phenomenon that is not a one-
dimensional construct, as it encompasses a wide range of
characteristics (Horn & Feder, 2018; Murrough & Russo,
2019; Southwick et al., 2014). Although in the past, it
was generally conceptualized as an "outcome" according
to the classical model of the absence of symptoms after
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a stressful event, new evidence suggests that resilience
is an independent phenomenon and not just the absence
of distress or of psychiatric symptoms (Cloninger et al.,
2012; van der Werff et al., 2017). The development of
resilience, similarly to other individual characteristics
and attitudes, may be related to genetics, temperament
and cognitive abilities, quality of experiences, and
environmental factors (Babi¢ et al., 2020; Cathomas et
al., 2019). Therefore, it is not totally innate, but resulting
from the interplay of genetic features sculptured by
environmental variables and learning, so that it can be
improved and strengthened (Babi¢ et al., 2020; Curtis &
Cicchetti, 2007; Southwick et al., 2014). This feature is
particularly relevant, as the development of resilience is
amain goal of preventive strategies in different fields and
especially in medical areas. Not surprisingly, a person's
psychosocial resources for resilience have been identified
as predictors of a better quality of life in different
pathological conditions, such as cancer, cardiovascular
diseases or diabetes, and mental disorders, up to the point
that in the last years resilience-promoting programs have
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been developed for specific populations (Cal et al., 2015;
Lee & Kim, 2017; Harms et al., 2019; Kim et al., 2019;
Seiler & Jenewein, 2019; Zizolfi et al., 2019).

Due to recent dramatic events, such as the global
pandemic and the increasing number of conflicts
and clashes in different parts of the world, the issue
of implementing resilience becomes of paramount
importance. Nevertheless, neither a unified definition
of resilience nor a complete bio-behavioural model has
been formulated. Most of the scientific literature assesses
resilience “ex post”, as the absence of symptoms and the
maintenance of health after trauma, while focusing on
the system of fear and the response to stress (Osorio et
al., 2017; Averill et al., 2018; Garcia-Leon et al., 2019;
Feldman, 2020; Swaminathan et al., 2023). Recently,
alternative neurobiological models of resilience have
been proposed, based on the notion that an in-depth
knowledge of the mechanisms underlying the onset
and maintenance of stress-related disorders, as well as
those conferring stress resistance, might be useful for the
development of novel treatment options (Marazziti et al.,
2023; Russo et al., 2012).

The aim of this work was at providing a systematic
review of the main biological models proposed for
resilience, with a particular attention to latest available
data and theories, in order to improve the understanding
of the mechanisms underlying the development and
strengthening of resilience with a possible impact
in the prevention of distress, psychological or
psychopathological disturbances.

2. Materials and methods

The present and systematic review was carried out
in accordance with the PRISMA guidelines (Page et
al., 2021). A combination of controlled vocabulary
terms and free text terms, without filters, restrictions,
or limits, was used to identify all potentially eligible

Figure 1. Flowchart

records by examining the following databases: PubMed
and Embase. The basic search string used was:
"Resilience" AND “Psychology”, OR "Neurobiology",
OR "Pathophysiology", OR "Stress system”, OR
“Genetics", OR "Oxytocin", OR "affiliative Brain".
All studies up to December 31, 2023, were included in the
database search. All authors agreed to consider among
the exclusion criteria: studies examining resilience or
vulnerability to stress associated with substance and drug
use; studies that included subjects with organic diseases;
studies carried out in non-mammals; review articles,
abstracts, posters and case reports; articles not available
in English.

All the authors equally contributed in identifying
potential information specific to this topic amongst the
titles and abstracts of the publications. Any discrepancy
that arose was discussed and consensus was reached.
The overall level of agreement between the raters was
good.

3. Results

The initial database search produced a total of
7293 records. After that, 6964 articles were removed
as duplicates (N=649) or as not relevant (N=6315);
other 132 records were excluded because of different
publication types (N=129) or because their full text was
not available or not in English (N=3). Subsequently, 12
publications were withdrawn for examining resilience
or vulnerability to stress associated with substance and
drug use or including subjects with organic diseases.
In addition, all references cited in the selected studies,
including reviews and meta-analysis, were manually
screened. However, no suitable articles emerged from
this further research. Finally, 185 articles were included
in the present review. Inclusion and exclusion decisions
are summarized in a flowchart according to PRISMA
recommendations (Page et al., 2021) (figure 1).

[ Identification of studies via databases and registers ]
—
§
-] Records identified (n=7283)
; from: 5| Records removed before sereening:
b PubMed (n =2639) Duplicate records removed (n =648)
E Embase (n = 4854)
—
— I
Records screened R Eﬂeqords excluded due to imelevant
i > e/abstract
(n=6044) (n =B8315)
2 l
[
H
H Reports assessed for eligibility Reports excluded:
. (n=3290) (1) Other publication type (n = 128)
(2) Mo English full text available (n = 3)
(3) included subjects with organic
diseases or associated with substance
and drug use (n=12)
—
— Y
°
'§ Studies included in review
B (n=185)
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4. Discussion

In recent years, the scientific community has become
progressively interested in the topic of resilience,
that is to say the ability to cope with and to overcome
unavoidable stressors. Indeed, recently, the world's
populations had and has to face an increasing number of
dramatic events, such as the COVID-19 pandemic, the
war in Ukraine and in the Middle East, scattered conflicts
worldwide, terrorism, economic recession, famine,
climate change leading to extreme meteorological events
spoiling territories and forcing several individuals to
migrate, as well as car crashes and homicides worldwide
(World Health Organization, WHO, 2023). However,
there is not yet a unified definition of resilience, nor a
comprehensive bio-behavioural model of it. At the time
of this writing, to our knowledge, this paper seems to
be the first systematic review according to PRISMA
guidelines (Page et al., 2021) that focuses on both the
main and the new alternative biological models of
resilience. The psychological features of resilience will
be briefly discussed in the next paragraph, as some of
them have been related to specific brain processes and/
or parameters.

4.1. Psychological characteristics of resilience

According to psychological research, resilience
depends on different factors including temperament,
intelligence, cognitive abilities, personality, quality of
past experiences, and environmental variables (Leys et
al., 2020).

The term “temperament” is used to denote individual
differences in behavioural tendencies thatare biologically
rooted, present early in life, and relatively stable over
time, although physical environment and social context
may influence it (Dunn & Kendrick, 1982; Josefsson et
al., 2013; Zohar et al., 2019). A scholar (Wachs, 2000),
while exploring the contribution of temperament to
the development of resilience in children, noted how
temperament is multifaceted, as it depends on genotype,
central nervous system (CNS) structure and processes,
and bio-ecological (e.g., nutrition) or environmental
factors (e.g., parenting style).

Personality is another fundamental factor
contributing to the development of resilience. It can
be defined as the whole of individual emotional,
cognitive and behavioural characteristics determining
the individual approach to life (Craik, 1997; Fleeson &
Jayawickreme, 2015; Nieto et al., 2023). According to
Cloninger’s theory, the personality can be understood
according to a seven-factor model combining four
temperament dimensions (harm avoidance, novelty
seeking, reward dependence, persistence), each related
to major neurotransmitters (serotonin, dopamine and
norepinephrine) and three character dimensions (self-

directedness, cooperativeness, self-transcendence),
measurable by his specific questionnaire named
“Temperament and Character Inventory” (TCI)

(Cloninger et al., 1993; Cloninger, 1994). While
temperament dimensions are considered to be heritable
and present early in life, character dimensions fully
mature in adulthood. A resilient personality profile
seems to be characterized by low harm avoidance,
high persistence and high self-directedness (Cloninger,
2004; Granjard et al., 2021). In a sample of 1,102
people, self-directedness resulted to be strongly linked
to all the features of wellbeing (Cloninger & Zohar,
2011). An Australian study examined the relationships
between resilience, assessed by the Resilience Scale, and

Clinical Neuropsychiatry (2024) 21, 2

personality traits measured by the TCI, in 479 doctors,
while reporting that resilience was related to a personality
pattern resulting to be responsible, persevering,
optimistic, cooperative and mature (Eley et al., 2013). A
series of studies, some of which carried out in athletes,
cancer patients and subject during the COVID-19
pandemic, confirmed that optimism, positive emotions
and extraversion are important for the development of
resilience (Cathomas et al., 2019; Fasano et al., 2020;
Lee, 2023; Tugade & Fredrickson, 2004; Tutte-Vallarino
et al., 2022). On the contrary, low cooperativeness, low
self-directedness, high self-transcendence and high
harm avoidance resulted to be typical characteristics of
survivors who developed post-traumatic stress disorder
(PTSD) after the Oklahoma City bombing (North &
Cloninger, 2012).

Experimental studies investigating psychological
characteristics of resilience are shown in table 1.

4.2. Neurobiology of resilience

One of the main findings emerging from the biological
research on resilience is the lack of studies in human
samples, as most of the included articles gathered data
in animals, mainly rats and mice, exposed to different
stressors to analyse their adaptive processes and to assess
the differences between stress-proneness and resilient
phenotypes. Although animal models have always been
used to investigate biological characteristics, this kind
of data, albeit useful, cannot be totally overlapping
with the human ones. Again, this review confirms the
major bias that generally resilience continues to be
conceptualized as the absence of symptoms after a
trauma, despite the evidence that it is an independent
construct (Cloninger et al., 2012; van der Werff et al.,
2017). Indeed, resilience is characterized not only by
the absence of detrimental psychological outcomes
(also defined as "passive resilience"), but also by active
adaptive coping mechanisms (i.c. "active resilience") that
recognize neural, behavioural, hormonal, molecular and
cellular underpinnings (Russo et al., 2012). Interestingly,
individual variables seem to be important, as it has been
demonstrated that, even when facing highly stressful
situations and events, the majority of people do not
develop psychological and/or psychopathological
consequences (Russo et al., 2012). Generally speaking,
in humans research has mainly focused on genetic
variables that might be predictive of resilience and
almost exclusively on stress response (Cathomas et al.,
2019; Niitsu et al., 2019). Regarding the latter, from an
evolutionary point of view, stressful stimuli represent
an obstacle to the achievement of biological goals. The
negative emotive reaction to stressors, which might
include anxiety and depression, warns us that our
efforts in trying to reach a certain goal are possible to
fail. Besides, following evolutionary-based models,
goal priorities differ according to sex and age, and are
influenced by sociocultural aspects (Troisi, 2018).

In the next paragraphs, we shall review and comment
on genetics, stress response, early life events and
affiliative processes in relation to resilience.

Experimental studies investigating the neurobiology
of resilience are shown in table 2.

4.2.1. Genetics

Consistently with the diathesis-stress model, theories
and studies have been proposed to assess the role of the
combination of genetic factors and stressful events in
relation to resilience (Monroe & Simons, 1991; Cicchetti
& Blender, 2006; Feder et al., 2009; Kim-Cohen & Gold,
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Table 1. Psychological characteristics of resilience. Experimental studies

Authors and Examined variables and type Findings
Country Sample
year of assessment
-Temperament and character -Self-directedness is strongly associated
-Affect, Life satisfaction, and with all aspects of wellbeing regardless of
Social support interactions with other dimensions
-Health behavior and Health -Personality explaines nearly half the
Cloninger & lsrael Human sample status variance in happiness and more than one-
Zohar, 2011 (1,102 adults) -TCI third of the variance in wellness
-PANAS
-SWLS
-PSS
-GHQ
-Temperament and character -Resilience is associated with a personality
-TCI trait pattern that is mature, responsible,
Human sample - S ) .
Eley et al., . . -Resilience scale optimistic, persevering, and cooperative.
Australia (479 family 1 .

2013 practitioners) -Resilience should be considered a
component of optimal functioning and well
being in doctors

TCI -Long-term unemployed sample show a
Granjard et Sweden Human sample Igoev:::arle;glsgltazit:onaI|ty profile than
al, 2021 (293 adults) -Specifically it is low in harm avoidance, high
in persistence, high in self-directedness.
-TCl -Parental care-giving and home-environment
-SES more strongly associated with offspring
-Self-rating of maternal care- character traits reflecting personality
Human L - . . .
Josefsson et Finland sample (1,083 giving environment maturity than with offspring temperament
al., 2013 ! -Parental unhealthy habits traits reflecting emotional and behavioral
volunteers) L . -
-Parental role dissatisfaction tendencies
-Cumulative risk-factor index -Maternal variables stronger predictors than
paternal variables
-CBI -Higher resilience is found among nurses
-CD-RISC contracting COVID-19.
Human sample -PES -The absence of psychological impact is
(182 significantly related to higher burnout
Lee etal., China Indonesian experience.
2023 COVID-19 -Workplace, especially in hospitals, was
nurse associated with resilience.
survivors) A gap time after receiving a negative
COVID-19 result was correlated with
psychological empowerment.
-Resilience -Negative relation between resilience and
-Neuroticism, extraversion, neuroticism.
openness, agreeableness, -Positive association with the other
conscientiousness personality traits.
-Future hopelessness -Levels of resilience negatively related to
Nieto et al., ) Human sample -CD-RISC hopelessness. N
2023 Spain (439 adults) -NEO-FFI -OIf:I.er adults showed significantly lower
-BHS resilience levels than young adults, although
age was not a significant predictor of
resilience.
-Neuroticism, extraversion, openness, and
hopelessness were the only predictors of
resilience for the current study
-DIS/DS -Personality features can distinguish
Human sample -TCI resilience to a specific life-threatening
North & (151 survivors stressor.
Cloninger, USA of the -Bombing-related PTSD was a robust marker
2012 Oklahoma City of resilience.
bombing) -Major depression wasn’t a robust marker of
low resilience.
118 Clinical Neuropsychiatry (2024) 21, 2



Table 1. Continued
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Study 1: Study 1: -High-resilient individuals report greater
Human sample -Psychological resilience positive emotionality, appraise the stressful
(57 adults)  -Positive and negative ambient  task as less threatening, experience faster
mood cardiovascular recovery following the task,
-Emotion report and time to achieve cardiovascular recovery
-Cognitive appraisal mediated by experiences of positive
-Cardiovascular evaluation emotions
-Ego-Resiliency Scale
-PANAS
-HR; FPA; PTF; PTE; DBP; SBP
Study 2: -High-resilient participants experience
Study 2: -Psychological resilience greater positive emotionality, compared with
Human sample -Positive and negative ambient  low-resilient participants
(57 adults) mood -High-resilient participants induced to
-Emotion report appraise the speech task as a threat recover
-Cognitive appraisal more quickly from the arousal generated by
-Cardiovascular evaluation the task, relative to low-resilient participants.
Tugade & -Ego-Resiliency Scale When induced to appraise the speech
Friedrickson, USA -PANAS preparggon task asa challenge, howgver,
2004 -HR; FPA; PTF; PTE low-resilient participants resemble high-
resilient participants in their durations of
cardiovascular reactivity
-Positive emotions mediate the effects of
resilience on duration of cardiovascular
reactivity for those induced to appraise the
speech task as a threat
Study 3: . -Compared with low-resilient individuals,
-Psychological resilience high-resilient individuals would experience
Study 3: -Positive and negative ambient greater positive emotionality and more
Human sample mood likely find positive meaning in their negative
(192 adults)  -Emotion report circumstances when compared with low-
-Cognitive appraisal resilient individuals
-Current problem essays -Experience of positive emotions mediate
-Positive-meaning finding the effects of psychological resilience on
-Ego-Resiliency Scale positive-meaning finding
-PANAS
-Moos’s Coping Responses
Inventory
-Optimism -Resilience and optimism are statistically
-Resilience correlated with a lower risk of onset of
Tutte- Human sample -Burnout burnout in professional athletes
Vallarinoet  Uruguay -Life Orientation Scale-Revised
al., 2022 (121 athletes) (LOT-R) Spanish version
-ER
-IBD-R
Human sample -Personality -Character develops rapidly in adolescence
Zohar et al., USA -JTCI to self-regulate temperament in accord with
2019 (752 personally valued goals shaped

adolescents)

by peers.

BHS= Beck Hopelessness Scale; CBI= Copenhagen Burnout Inventory; CD-RISC= Connor—Davidson Resilience Scale; DBP=
Diastolic Blood Pressure; DIS= Diagnostic Interview Schedule; DS= Disaster Supplemen; ER= Resilience Scale; FPA= Finger
Pulse Amplitude; GHQ= subjective health assessment of the General Health Questionnaire; HR= Heart Rate; JTCI= Junior
Temperament and Character Inventory; IBD-R= Inventory of Burnout in Athletes Revised; LOT-R= Life Orientation Scale-Revised;
NEO-FFI= NEO-Five Factor Inventory; PANAS= Positive and Negative Affect Scale; PES= Psychological Empowerment Scale;
PSS= Multidimensional Scale of Perceived Social Support; PTE= Pulse transmission Time to the Ear; PTF= Pulse transmission
Times to the Finger; SBP= Systolic Blood Pressure; SWLS= Satisfaction with Life Scale ; SES= Socioeconomical Status; TCl=

Temperament and Character Inventory;

Clinical Neuropsychiatry (2024) 21, 2

119



Donatella Marazziti et al.

2009). In addition to genetic susceptibility, the concept
of "vantage sensitivity" has been used to describe the
evidence that some individuals are more sensitive and
respond positively to environmental stimuli, and some do
not (Pluess & Belsky, 2013; Sweitzer et al., 2012). Some
individuals seem to be more vulnerable to the negative
effects of an adverse environment but, according to the
"differential susceptibility hypothesis", these individuals
would also be more responsive to benign environmental
conditions. This evolutionary-based concept has been
well conveyed by the expression "sensitivity to the
environment for better and for worse", and has been
opposing to the previous and prevailing diathesis-stress
model of psychopathology. More specifically, according
to some authors, certain individual characteristics seem to
function as "plasticity factors", instead of "vulnerability
factors". Conceptualizing plasticity as a gradient,
environmental sensitivity/responsiveness is probably
represented by a bell-shaped curve (Belsky & Pluess,
2009; Belsky, 2016). Thanks to adaptive developmental
plasticity an individual is able to respond to external
conditions without undergoing genome modifications.
Plasticity is, indeed, sustained by several mechanisms,
including epigenetic ones (Troisi, 2018). Nonetheless, a
research study conducted in 85 institutionalized and 135
home-reared children, found that s/s homozygotes of the
serotonin transporter gene 5S-HTTLPR showed higher
levels of indiscriminate behaviour if institutionalized,
but not if home-reared, in comparison to all the other
children. These findings supported the diathesis-
stress rather than the differential-susceptibility model
(Mesquita et al., 2015).

Several studies have been published aiming to iden-
tify genetic factors that facilitate successful adaptation
to adverse events, however, they are very heterogeneous
and inconclusive (Cahill et al., 2022; Cathomas et al.,
2019; Maul et al., 2020; Niitsu et al., 2019). To simplify,
resilience and vulnerability can be conceived as located
at the opposite extremes along a continuum, with resil-
ience representing the ability of enduring stressful situa-
tions, and vulnerability representing the predisposition,
based on hereditary and individual factors, to develop an
illness, usually in response to environmental stressors. It
is important to underline how the individual's resilience/
vulnerability construct is not unidimensional or static,
as it may change over time and according to different
circumstances. In fact, resilience can be strengthened
in vulnerable subjects, but also weakened or lost in
strong people when distress overcomes their resources
and adaptive skills. This would suggest that resilience
is a constant process of adjustment to new conditions,
always requiring a growing and broader range of inner
resources (Babi¢ et al., 2020).

4.2.2. Stress response

The main systems and processes analysed so far are
those of fear and stress response. The hypothalamic-
pituitary-adrenal (HPA) axis and the autonomic nervous
system (ANS) play a key role in the response to stress,
leading to a "fight-or-flight" response (Goligorsky,
2001; Goldstein, 2010; Chu et al., 2022). Specifically,
neurons in the paraventricular nucleus (PVN) of the
hypothalamus secrete corticotropin-releasing hormone
(CRH) that stimulates the anterior pituitary to produce
adrenocorticotropic hormone (ACTH). This, in turn,
triggers the release of glucocorticoids by the adrenal
cortex, while the activation of the sympathetic system
elicits the release of adrenaline from the adrenal medulla.
In stressful situations the adrenal cortex also releases
dehydroepiandrosterone (DHEA) that exerts anti-
glucocorticoid effects in the CNS (Jakovljevic, 2019).
The glucocorticoid receptors are widely distributed
in the CNS, being particularly represented in the
hypothalamus, pituitary, cerebellum and hippocampus,
and they regulate the HPA axis activity through a
negative feedback (McEwen et al., 1968; Wang et al.,
2013). Obviously, the stress system is strictly related
to neurotransmission, gonadotropins, neurotrophic
processes, and neuropeptides, such as oxytocin (OXT)
and galanin (Licht et al., 1983; Goldstein, 1990; Smith
et al., 1995; Uvnéds-Moberg & Petersson, 2005; Wrenn
& Holmes, 2006; Mora et al., 2012; Bath et al., 2013).
Regarding the main neurotransmitters, stress may
provoke a significant impairment in 5-HT activity and
increase in dopamine transmission in the mesolimbic
pathway that is in turn modulated by the activation of
glutamatergic transmission in the prefrontal cortex
(PFC). These stress-induced changes occurring in
neurotransmission have been related to the development
of some psychiatric disorders, such as depression,
anxiety and schizophrenia, and even to vulnerability to
addiction (Chaouloff et al., 1999; Moghaddam, 2002;
Sinha, 2009). When the stress response is adaptive,
it determines the maintenance of homeostasis and is
referred to as “allostasis”, when it is not it becomes a
so-called “allostatic load” (McEwen, 1998). Chronic
stress is considered a vulnerability condition promoting
the development not only of stress and related disorders,
but also of mood and anxiety disorders, as well as of
somatic symptoms (Klengel & Binder, 2015; Davis et
al., 2017; Atrooz et al., 2019; Larosa & Wong, 2022).
A low resilience has been associated with PTSD,
severe major depressive disorder (MDD) and suicide
tendencies (Loprinzi et al., 2011; Somasundaram &
Devamani, 2016; Osorio et al., 2017).

As mentioned above, the hippocampus plays a
fundamental role in the stress response, as it regulates

Table 2. Neurobiology of resilience. Experimental studies

2.a. Genetics

Authors and year Country Sample Materials and methods Findings
Mesquita et al Human sample —InveBsgila:logl O;SO}HLTSL;? and Higher indiscriminate behaviour
q v Portugal poly P in s/s homozygotes of 5-HTTLPR, if
2015 (220 children) institutionalized
-Assessment through the DA
-DRD4 genotype Bidirectional association of
DRD4 genotype with temporal
. Human sample . . . "
Sweitzer et al., -Computerized delay discounting, conditioned
USA (546 X . . , .
2013 discounting by participants’ early life
volunteers) . .
circumstances, according to the
-SES “differential susceptibility” model

BDNF= brain-derived neurotrophic factor; DAI= disturbances of attachment interview; DRD4= dopamine D4

receptor; SES= socioeconomic status.
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2.b. Stress response
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Authors and

year Country Sample Materials and methods Findings
. Cells were treated with sertraline L .
Human hippocam- - : . Sertraline increases human hippocam-
Anacker et ; for 72 hours during proliferation, .
UK pal progenitor cell . pal neurogenesis through a GR-de-
al., 2011 . and for subsequent 7 days of dif- .
line HPCO3A/07 . pendent mechanism
ferentiation
. L . -Neurogenesis results in a decrease in
. In vivo calcium imaging to record > “ A ”
Anacker et UK Animal sample neuronal actvity from ventral DG the activity of “stress-responsive cells
al., 2018 (mice) cells ¥ -Silencing of the ventral DG leads to
resilience
-Imaging and brain slice electro- .
. : . . Hippocampal output to the BNST
Coleetal,, Animal sample physiological experiments . s
USA . . - - contributes to a net inhibition of the
2022 (mice) -Testing hippocampal activation on .
HPA axis
acute stress responses
. Post-mortem hu- . New neurons are
Eriksson et Sweden man brain tissue Immunofluorescent labeling for enerated from dividing progenitor
al., 1998 BrdU, NeuN, calbindin, NSE gener & prog
(5 adults) cells in the DG
Investigation of seasonal gonadal . . .
Lichtetal., Animal sample cycles and plasma levels of FSH, LH, Gopadotropms.and ster0|d§ are highly
USA labile, and particularly sensitive to the
1983 (bullfrogs) estrogen, progesterone, testoster- effects of captivity. esoecially in males
one, 5a-DHT, corticosterone P Y, €sp v
Assessing the effect of a SMART L . . .
. ) Significant improvement in resilience,
Loprinzi et Human sample program among women diagnosed . .
USA . perceived stress, anxiety, and overall
al., 2011 (25 women) with breast cancer through several . .
quality of life at 12 weeks
outcome measures scales,
Moreno- Thousands of immature neurons are
. . Human brain Combining human brain samples found in the DG of neurologically
Jiménez et Spain . . . A
samples using tissue processing methods healthy individuals up to the 9th dec-
al., 2019 .
ade of life
. . X-irradiation of the hippocampus pre-
santarelli et USA An!mal sample Genetic and radiological methods  vents the neurogenic and
al., 2003 (mice) . .
behavioral effects of antidepressants
-Immobilization reduces BDNF mRNA
Smith et al., USA Animal sample -Immobilization stress levels in the DG and hippocampus
1995 (rats) -In situ hybridization -BDNF and NT-3 are stress-responsive
genes
S . A small pool of DG neurons are critical
. Inhibition of adult neurogenesis . .
Snyder et Animal sample . . for hippocampal negative control of
USA . through transgenic or radiation .
al., 2011 (mice) the HPA axis, and play a role for adult
methods M .
neurogenesis in depression
Somasunda- Invgstlgatlng resilience, percelveq Resilience is associated with less hope-
ram & . Human sample social support and hopelessness in . .
. India . . lessness and higher levels of perceived
Devamani, (60 adults) cancer patients through assessing .
social support
2016 scales
van der The Human sample Resilient subjects show increased
Werff etal.,, Nether- (81 adults) P MRI scanning structural connectivity in the cortico-
2017 lands pontine tract
Wang et al., The Post—mortem hu- . - GRs are prominently expressed in hu-
2013 Nether- man brain tissue GR-immunoreactivity man hipoocampus
lands (26 subjects) PP P

5a-DHT= 5a-dihydrotestosterone; BDNF=brain derived neurotrophic factor; BNST= bed nucleus of the stria terminalis; BrdU=
bromodeoxyuridine; DG= dentate gyrus; FSH= follicle-stimulating hormone; GR= glucocorticoid receptor; HPA= hypothalamic-
pituitary-adrenal; LH= luteinizing hormone; MRI= magnetic resonance imaging; NeuN= hexaribonucleotide binding protein 3;
NSE= neuron specific enolase; NT-3= neurotrophin-3; SMART= stress management and resiliency training.
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2.c. Early life stress
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Authors and year Country Sample Materials and methods Findings
Direct link between severe
military stress exposure and a
broad spectrum of human disease
Boscarino et al., USA Human sample -Lifetime posttraumatic stress igc;l:/ngigazzg\clfhn?\Ezcwullgllfel;;:;?_
1997 (,2399 adults)  disorder (PTSD) status T - J
endocrine-nutritional-metabolic,
nervous system, respiratory and
nonsexually transmitted infectious
diseases)
-Global, verbal, and non-verbal -Romanian orphans showed mild
intellectual functioning; expres- neurocognitive impairment, im-
sive and receptive vocabulary  pulsivity, and attention and social
and language processing; visual deficits
and verbal memory; executive  -Significantly decreased metabo-
functioning (attention, impul-  lism bilaterally in the orbital frontal
sivity, cognitive efficiency, and  gyrus, the infralimbic prefrontal
. Human sample ™ . .
Chugani et al., USA (17 children flexibility); manual dexterity; cortex, the medial temporal struc-
2001 17 adults) ’ behavioral functioning. tures (amygdala and head of hip-
-WISC-III; Progressive Matrices; pocampus), the lateral temporal
PPVT-3; EOWPVT-R; CELF-III; cortex, and the brainstem
WRAML; GDS; Trails A&B and
Grooved Pegboard; CBCL.
-Social-historical interview with
the child’s adoptive parent(s)
-PET using FDG.
-In Pl adolescents prefrontal
cortex was significantly reduced in
volume
Human sample -Hippocampal volumes showed an
Hodel et al., 2015 USA (172 adoles- -MRI association with duration of insti-
cents) tutional care, with later-adopted
children showing the smallest
volumes relative to non-adopted
controls
-Maternal support in early child-
hood is strongly predictive of
Human sample hippocampal volume measured at
Luby etal., 2012  USA (92 children) -MRI school age
-Positive effect of maternal sup-
port on hippocampal volumes was
greater in nondepressed children
-Larger amygdala volumes and
increased levels of glucocorticoids
-CES-D . .
in the children of mothers present-
Lupien et al.,, 2011 Canada H“maf‘ sample  -MRI . ing depressive symptomatology
! (38 children) -Measurement of salivary glu- . .
cocorticoid levels sinee .blrth S
-No difference in hippocampal
volumes
-Attachment anxiety is positively
- Human sample -Measurement of salivary related with CRS
Quirin et al,, 2008 - Germany (48 women) cortisol Attachment anxiety is negatively
related with CRA
-ECR -Attachment avoidance associated
Human sample -NEO-FFI with bilateral HC reduction.
Quirin et al., 2010 Germany (22 young -PSS -Attachment anxiety significantly
adults) -MRI related to reduced cell concentra-
-VBM tion in the left HC
-Schedule for Affective Dis- -Late adoption was associated with
orders and Schizophrenia for larger corrected amygdala vol-
School-Age Children — Parent umes, poorer emotion regulation,
Tottenham et al., Human sample ;i ; .
2010 USA (78 children) version; WASI. and increased anxiety
-CBCL; SCARED.
-Emotional Go/No-Go Task
-MRI
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2.c. Continued

-Total gray- and white-matter
volumes did not differ between
groups

-AIDS orphan group demonstrated
smaller hippocampal volumes,
larger ACC volumes, and no differ-
ences in the amygdala.

-Higher gray-matter volume of the
ACC in the AIDS orphan group than
in the control group

Human sample
(40 adoles-
cents)

-MRI

China VBM

Zuo et al.,, 2019

ACC= Anterior Cingulate cortex; AIDS= acquired immunodeficiency syndrome; BAI= Becks Anxiety Inventory; CBCL= Child
Behavior Checklist; CD-RISC= Connor-Davidson Resilience Scale; CELF-Ill= Comprehensive Evaluation of Language Functions—
Third Edition; CERQ= Cognitive Emotion Regulation Questionnaire; CES-D= Center for Epidemiologic Studies Depression Scale;
CRA= Cortisol Response to Awakening; CRS= Cortisol Response to acute Stress; ECR= Experiences in Close Relationships scale;
EOWPVT-R= Expressive One-Word Picture Vocabulary Test—Revised; FDG= Fluorodeoxyglucose; GDS= Gordon Diagnostic
System; HTQ= Harvard Trauma Questionnaire; IDS= Inventory of Depression Symptomatology; MRI= Magnetic Resonance
Imaging; HC=Hippocampus; MADRS=Montgomery-Asberg Depression Rating Scale; MINI= Mini-International Neuropsychiatric
Interview; NEO-FFI= NEO Five Factory Inventory; PET= Positron Emission Tomography; Pl= Post-Institutionalized; PLES= Police
Life Events Schedule; PPVT-3= Peabody Picture, Vocabulary Test—Third Edition; PSS=Perceived Stress Scale; PTSD= Post-
traumatic stress disorder; SCARED= Screen for Child Anxiety Related Emotional Disorders; VBM= Voxel-based morphometry;
WASI= Wechsler Abbreviated Scale of Intelligence; WISC-IlI= Weschler Intelligence Scales for Children—Third Edition; WRAML=

Wide Range Assessment of Learning and Memory.

2.d. Affiliation

Authors and

year Country  Sample Materials and methods Findings
-Lack of correlations between exposure
-Measurement of CF and plasma to interpersonal violence as a child and
as an adult, and CSF and plasma OXT
Human basal OXT levels levels
Chatzittofis -Use of the Karolinska Interper- o .
Cyprus sample . - -Revictimized suicide attempters have
etal., 2014 sonal Violence Scale to elicit o
(28 adults) o - significantly lower plasma OXT levels
lifetime trauma history and rev- . : .
S and more negative childhood emotional
ictimization status . L
climate compared to non-revictimized
suicide attempters
-Intracerebroventricular admin- Existence of a separate neurohypophy-
istration of different neurohy- seal hormone receptor complex in the
pophyseal neuropeptides and brain affecting memory processes that
de Wied et Nether-  Animal sam- receptor antagonists of the differs from the peripheral vasopressin
al., 1991 lands ple (rats) vasopressin receptors and OXTR  receptors and OTXR
-Animals training with a one-
trial-learning passive avoidance
test
-OXT decreases right-sided amygdala
Use of fMRI to assess neural responses to the three face categories,
responses to fearful, angry, and including when the emotional content
Domesetal.,, Ger- Human sam- R .
happy facial expressions after of the presented face was not evaluated
2007 many ple (13 adults) . D L
intranasal application of 24 1U explicitly
OXT compared with placebo -Modulatory effects in prefrontal and
temporal areas and in the brainstem
-Exposure to maltreatment being associ-
ated with decreased CSF OXT concentra-
Measurement of OXT concentra-  tion, particularly in case of emotional
Heim et al Human sam- tions in CSF in women exposed abuse
2009 USA ple (22 adults) to different degrees of various -Inverse associations between CSF OXT

forms of childhood abuse or
neglect

concentrations and the number of
exposure categories, the severity and
duration of the abuse and current anxi-
ety ratings
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-Intranasal OXT (24 IU) vs pla-
cebo, 50 min before the study

Central OXT selectively influences
memory performance depending on

:e';ggzs et ?avlvqlc']czer- H;T,:g asj:I];s) phase (incidental learning) both the kind of memory test used and
v P -Assessment of memory through  the psychobiological relevance of stimuli
three different memory tests
-Self-reports of social motives -Affiliation might moderate associa-
Human and well-being tions of social interaction quantity with
Kersten et Ger- . .
al. 2023 many sample -Ego-centered social network well-being
v (389 adults) task
-Social network diary
-fMRI to image amygdala -OXT strongly decreases activation of
. Human activation by fear-inducing the amygdala and coupling of the amyg-

Kirsch et al., Ger- . . ; . . . - . k

2005 many sample visual stimuli after double-blind dala to brainstem regions implicated in
(15 adults) crossover intranasal application the autonomic and behavioral manifes-

of placebo or OT tations of fear
_Use of MRI to evaluate the -BeneﬁC|§| .neur(_)blo'loglcal effects of
Human - . OXT administration in both male and fe-

Koch et al., Nether- effects of OXT administration . o .
sample L male PTSD patients (OXT administration

2023a lands on amygdala reactivity toward .

(77 adults) . dampened amygdala reactivity toward
emotional faces .
all emotional faces)
Effects of OXT administration on ~ -OXT may decrease anxiety and fear
Human subjective anxiety and func- expression of the amygdala in PTSD, ei-
Koch et al., Nether- sample tional connectivity of BLA and ther via increased control of the vmPFC
2023b lands (77 :dults) CeM amygdala subregions with over the CeM in males or via decreased
prefrontal and salience process-  salience processing of the dACC and BLA
ing areas in females
-Discover of a novel neural marker for
Human brain-to-brain synchrony
sample -Home videotaping of mother- -Importance of rapid bottom-up oscilla-

Levy et al., R . . .

2023 Israel (34 moth- child interactions tory mechanisms for neural coupling
ers and 26 -Magnetoencephalography -Behavior-based processes may drive
children) synchrony between two brains during

social interactions

-Saliva to genotype the re- -Importance of the combined impact of
spondents gender and ongoing stress in different
-Web-based assessments of domains as moderators of genetic vul-
pre-9/11 mental health, acute nerability following collective stress
stress 9-23 days after 9/11, the
quality of social environments 1

Lucas- Human year post-9/11, economic stress

Thompson 18 months post-9/11, and PTS

USA sample - .

& Holman, (704 adults) symptoms and impaired func-

2013 tioning 2 and 3 years post-9/11
-Interactions between nega-
tive social environments and
economic stress were exam-
ined separately based on OXTR
rs53576 genotype (GG vs. any A
allele)
-Measurement of plasma OXT Attachment anxiety and OXT levels are

Marazziti et Human levels positively linked to romantic attachment

al. 2006 Italy sample -Assessment of romantic attach-  (the higher the OXT levels the higher the

v (45 adults) ment with the Italian version of score on the anxiety scale of the ECR)
the ECR

Marazziti et Human . -Significantly higher OXT levels in

Italy sample -Evaluation of plasma OXT levels ~ women than men

al., 2019
(90 adults)
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-Evaluation of plasma OXT levels
-Y-BOCS to assess OCD symp-
toms

-Influence of gender on plasma OXT
levels in healthy controls (higher in
women), but not within PTSD, OCD and

" Human -HRSD to assess depressive depressed individuals
Marazziti et h .
al. 2022 Italy sample symptoms -Higher plasma OXT levels in OCD, lower
v (90 adults) -IES-R to evaluate stress follow- in PTSD and depressed individuals than
ing traumatic events healthy controls
-CGI-S to rate the severity of the
clinical picture
-Female adult NIH-Swiss mice -OXT displays an anxiolytic action that is
were ovariectomized under enhanced in the presence of circulating
anesthesia about 1 week priorto  estrogen
behavioral testing -Such behavioral effect may be mediated
-Use of two behavioral tests of by estrogen-induced increases in OXT
McCarthy et USA Animal sam- anxiety binding density in the lateral septum,
al., 1996 ple (mice) -Intraperitoneally or intracer- and it may facilitate social interactions
ebroventricularly administered
OXT in ovariectomized females
with and without estrogen pre-
treatment
Early adverse experience inhibits struc-
Influence of early adverse o e
. . . . tural plasticity via hypersensitivity to
Mirescu et Animal sam- experience on the regulation of - I
USA L . glucocorticoids and reduces the ability
al., 2004 ple (rats) adult neurogenesis in the hip- .
0CaMDUS of the hippocampus to respond to stress
P P in adulthood
-A history of less severe forms of child-
-Urine samples collection to hood physical abuse is associated with
measure OXT levels higher OXT levels in healthy adults
Mizuki & Human -Use of the Childhood Trauma -Poly-victimization of various types of
Fujiwara, Japan sample Questionnaire to assess child- less severe childhood maltreatment is
2015 (80 adults) hood maltreatment history, in- also associated with higher OXT levels
cluding several types of neglect -Less severe forms of childhood mal-
and abuse treatment might enhance OXT concen-
trations to cope with social stress
. - Human Evaluation of early life stress, Emotional suppression may link early life
Mohiyeddini . .
ot al. 2014 UK sample emotional suppression and stress and OXT
v (90 adults) plasma OXT levels
Human -Higher adrenocortical synchrony is
Pratt et al sample -Mother-child interactions associated with greater physiological
2017 v Israel (97 mother -Assessment of diurnal cortisol stress and less adaptive dyadic relational
and their levels patterns
children)
-Increase of the extracellular OXT con-
centrations in the nucleus accumbens
. -Hormone treatment and micro-  of female prairie voles with sociosexual
Animal sam- - . . . . .
le (prairie dialysis probe implantation interactions with males
Ross et al., P -OXT quantification -The OXT projection represents an evo-
USA and meadow ) - . . N
2009 -Fluorogold infusions lutionary conserved forebrain projection
voles, rats X . .
. -Immunohistochemistry -The ultrastructure and the diffuse
and mice) o -
nature of the projections are consistent
with a paracrine and neuromodulatory
function of forebrain OXT
Human Evaluation of the patients’ OXT treatment decreases the intensity
Sack et al., Ger- sample psychic and cardiac response to of provoked PTSD symptoms in female
2017 many (35 :-;)dults) trauma-script exposure with and  patients
without OXT pretreatment
Human Evaluation of the effects of the Both polymorphisms in the OXTR gene
Sippel et al., USA sample (2,163 OXTR SNP rs53576 and attach- and the attachment style may possibly
2017 P ! ment style on the risk for PTSD contribute to vulnerability to PTSD

adults)

in U.S. military veterans
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-Evaluation of childhood mal-
treatment with both an inter-

Childhood maltreatment is associated
with both lifetime depression and anxi-

Tollenaar et Nether- Human view and via self-report ety diagnoses, and with depression and
sample (2,567 . . . . o
al., 2017 lands -Additional questionnaires to anxiety sensitivity
adults) . .
evaluate depression and anxiety
sensitivity
Periods of bond formation are accom-
Ulmer-Yaniv Human Plasma levels of OXT, B-End, panied by increased activity and .tlgh.ter
et al. 2016 Israel sample and IL-6 cross-talk among systems underpinning
v (189 subjects) affiliation, reward, and stress manage-
ment
-Randomization to intranasal -OXT early does not ameliorate PTSD
Human OXT treatment or placebo, initi- symptoms in trauma-exposed individu-
van Zuiden et  Nether- sample ated within 12 days post-trauma  als with acute distress
al., 2017 lands (120padults) -Use of CAPS at baseline (within -Individuals with high acute PTSD
10 days post-trauma) and at 1.5,  symptom severity have some beneficial
3, and 6 months post-trauma effects with OXT
. . Neurogenesis during different Juvenile and adult neurogenesis make
Wei et al., Animal sam- . . A o A
2011 USA ole (mice) developmental phases (juvenile  different contributions to social compe-
or adult) through its ablation tence in adult female mice
-Ovariectomized estradiol-treat-  -Central OXT attenuates the stress-
ed rats given intracerebroven- induced responses of the HPA axis
. . tricular infusions of OXT or -The dorsal hippocampus, ventrolateral
Windle etal, UK Animal sam- vasopressin septum and hypothalamic PVN are part
2004 ple (rats) p P P P

-Assessment of the patterns
of neuronal activation after
restraint stress

of an OXT-sensitive forebrain stress
circuit

B-End= beta endorphin; BLA=basolateral; CAPS= clinician-administered PTSD scale; CeM=centromedial; CGI-S=Clinical Global
Impression-severity; CSF=cerebrospinal fluid; dACC= dorsal anterior cingulate cortex; ECR=Experiences in Close Relationships;
fMRI=Functional Magnetic Resonance Imaging; HPA= hypothalamic-pituitary-adrenal; HRSD=Hamilton Rating Scale for
Depression; IES-R=Impact for Event Scale revised; IL-6= interleukin-6; MRI=magnetic resonance imaging; OCD=0Obsessive-
compulsive disorder; OXT= oxytocin; OXTR= oxytocin receptor; PTSD= post-traumatic stress disorder; PVN= paraventricular
nucleus; SNP= single nucleotide polymorphism; TSST=Trier Social Stress Test; vmPFC=ventromedial prefrontal cortex;

Y-BOCS=Yale-Brown Obsessive-compulsive Scale

the HPA axis, while exerting an inhibitory feedback on
the release of glucocorticoids (Snyder et al., 2011; Cole
et al., 2022; Larosa & Wong, 2022). The hippocampus
is very sensitive to the HPA activity for its large number
of glucocorticoid receptors (Joéls, 2018; Leschik et al.,
2021). Interestingly, it has been reported that stress and
subsequent increased and prolonged glucocorticoid
release may lead to a reduction in adult neurogenesis,
while diminishing newborn neurons. This might
explain why some conditions such as MDD often arise
after a long-term stress exposure (Leschik et al., 2021).
The relationship between stress and neurogenesis
seems to be reciprocal. In fact, while stress influences
neurogenesis, it also seems that adult neurogenesis
constitutes a protective factor against stress-induced
MDD, so that it might be considered a resilience
mechanism itself (Leschik et al., 2021). Interestingly,
the deletion of a proapoptotic gene has been shown
to be associated with increased neurogenesis and to
represent a resilience factor in mice (Cathomas et
al., 2019). Again, neurogenesis in mice seems to be
linked to stress resilience through the inhibition of the
activity of mature granule cells in the ventral dentate
gyrus (DG) of the hippocampus. More specifically,
increased neurogenesis results in a decreased activity
of those stress-responsive cells that are activated
during anxiogenic situations (Anacker et al., 2018). It
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is noteworthy that some studies utilizing genetic and
radiological methods led to the hypothesis that the
effects of antidepressants might be mediated by the
increased neurogenesis in the hippocampus (Santarelli
et al., 2003; Malberg, 2004; Bremner, 2006; Taupin,
2006; Warner-Schmidt & Duman, 2006; Anacker et al.,
2011; Mabhar et al., 2014;). Taken altogether, however,
data on the relationship between hippocampus and
resilience remain inconclusive (van der Werff et al.,
2017). It should be also noted that adult neurogenesis
has been demonstrated in mammals, mainly through
rodent animal models, in two main areas, that is to say
the subventricular zone (SVZ) of lateral ventricles, and
the hippocampus, specifically the subgranular zone
(SGZ) of the DG, while the existence of neurogenesis
in adult humans is still debated (Eriksson et al., 1998;
Leschik et al., 2021). Adding to this debate is a recent
study highlighting the persistence of neurogenesis in
the adult hippocampus during aging. Using autopsy
samples, Moreno-Jiménez et al. demonstrated the
existence of thousands of immature neurons in the DG
of neurologically healthy individuals up to the ninth
decade of life. This result was obtained by combining
human brain samples obtained under strictly controlled
conditions using state-of-the-art tissue processing
methods (Moreno-Jiménez et al., 2019).
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4.2.3. The impact of early life stress

Besides the role of chronic stress in the
pathogenesis and maintenance of a variety of medical
and psychopathological conditions (Boscarino, 1997;
Miller & Blackwell, 2006; Salleh, 2008; Wosu et al.,
2013; Cattaneo & Riva, 2016; Davis et al., 2017; Liu
et al., 2017; Adams et al., 2018), more recently the
importance of early life stressful experiences on later
life has been increasingly documented (Carr etal., 2013;
Juruena et al., 2020; Martins et al., 2011; Nakama et al.,
2023; Schiavone et al., 2015; Smith & Pollack, 2020;
Targum & Nemeroff, 2019; Ventriglio et al., 2015).
The literature on animal models demonstrates that pups
experiencing maternal deprivation over a long period
of time exhibit increased susceptibility to subsequent
stressors in adulthood, hyperactivity of the HPA axis,
and altered glucocorticoid responses. However, when
stress exposure is less severe, it could have a positive
effect on resilience, a process known as “stress
inoculation”. Rats exposed to moderate stress early in
life show attenuated increases in plasma corticosterone
and lower plasma levels of CRH after stress exposure
compared with unstressed and severely stressed rats as
pups (Cathomas et al., 2019). In humans, studies were
conducted mainly using neuroimaging techniques, such
as magnetic resonance imaging (MRI) and positron
emission tomography (PET), to examine the effects
exerted on the brain by early life stress as occurring in
children and adolescents who were institutionalized at
a young age as being orphaned or abandoned (Chugani
et al., 2001; Hodel et al., 2015; Tottenham et al., 2010).
It is well known that institutionalized children show
altered daily cortisol patterns (Carlson & Earls, 1997),
possibly implying alterations in those brain regions that
appear to be more stress-sensitive such as the PFC, the
limbic system and the hippocampus (Bremner, 2006;
Hodel et al., 2015). Alterations of glucose metabolism
have been also reported in the limbic regions, more
specifically in the hippocampus and in the amygdala
(Chugani et al., 2001) that also resulted, respectively,
smaller and larger (Tottenham et al., 2010; Hodel et al.,
2015). Again, a correlation was detected between the
duration of the early life deprivation and the alterations
of hippocampus volume (Hodel et al., 2015). It is
noteworthy that disturbances in brain development
caused by early deprivation seem to persist years after
the stress exposure, as demonstrated by the presence
of these modifications in adolescents who had been
institutionalized at a very early age, while underlining
long-term detrimental effects of early adversities.
Moreover, these alterations do not seem to be completely
reversible, as they are not mitigated by subsequent
ameliorations of life conditions, such as adoption (Hodel
et al., 2015). Similarly, a study conducted in children
exposed to maternal depressive symptomatology,
revealed a larger amygdala volume in comparison to
the control group, with no differences in hippocampal
volumes. Interestingly, a positive correlation between
the mother’s mean depressive score and the amygdala
volume was observed (Lupien et al., 2011). Also,
acquired immunodeficiency syndrome (AIDS) orphans
showed reduced hippocampus and larger anterior
cingulate cortex volumes in comparison to the control
group, while no differences in amygdala volumes (Zuo
et al., 2019). On the contrary, early maternal support
seems to be related to larger hippocampal volumes
(Luby et al., 2012). Therefore, early stress, through
a glucocorticoid dysregulation, results in impaired
emotion and stress response persisting in adult life, and
sustained by altered hippocampal structure and function
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(Quirin et al., 2010). Smaller hippocampus and anterior
cingulate volumes, and increased amygdala function
were also found in patients with PTSD, confirming
the lasting changes on structure and function exerted
by traumatic stress on the above mentioned brain areas
(Bremner, 2006).

According to the “attachment theory” parental
care represents another fundamental factor for child
development (Bowlby, 1969, 1973, 1980; Ainsworth et
al., 1978; Brennan et al., 1998). Indeed, the so-called
early attachment, that is the relationship between an
infant and its caregiver, might influence even adulthood,
not only in terms of response to stressors, but also
affecting one’s personality traits and interpersonal
relationships. While a supportive caregiver is likely
to result in a secure attachment style in the offspring,
a poor maternal care is likely to lead to an insecure
attachment style that in turn can be distinguished in
avoidant and anxious attachments (Perlini et al., 2019;
Quirin et al., 2008; 2010). It is noteworthy that different
attachment styles have been related to alterations in
the amygdala, hippocampus, cingulate, cortex and that
insecure attachment style seems to induce a reduced
hippocampal volume. More specifically, avoidant and
anxious attachment styles were related to, respectively, a
bilateral hippocampus reduction and a left hippocampus
reduction, with a smaller hippocampal size deriving
from diminished cellular volume and density (Quirin et
al., 2010).

In the last years, however, new brain areas and
circuits have been investigated when exploring the
effects of traumas and resilience mechanisms. For
example, the importance of the corticopontine tract in
stress-related disorders has been highlighted in a study
conducted amongst Dutch police officers. In resilient
police officers who had been trauma-exposed but
showed no psychopathology, an increased structural
connectivity was detected in the corticopontine tract.
The presence of white matter integrity in this neural
pathway was also associated with a copying style of
positive reappraisal (van der Werff et al., 2017).

4.2.4. Affiliation

In line with the latest available data, novel biological
models have been proposed, such as that based on the
neurobiology of affiliation (Bora et al., 2009; Carter et
al., 1997; Feldman, 2016; Ulmer-Yaniv et al., 2016)
that is closely related to the concept of attachment
previously described (Bemporad, 1984; Feldman, 2020;
Sheldon & West, 1989). The neurobiology of affiliation
is a bio-behavioural model grounded on the concept that
mammals are born with an immature brain that grows
in the context of variables such as physical proximity
and lactation. More specifically, this model relies on
the assumption that the neurobiological processes that
promote resilience are closely related to the infant's
initial dependence on the mother or primary caregiver,
as the brain matures in the context of the mother's
body and caregiving behaviour. This developmental
paradigm is evolutionary- and socially-based, and
also survival-related (Carter et al., 1997; Depue et al.,
2005; Ross & Young, 2009; Insel, 2010; Stoesz et al.,
2013; Feldman, 2017, 2020). From a neurobiological
perspective, affiliation is possibly grounded on the
social brain, the OXT system, and bio-behavioural
synchrony, factors all promoting resilience (Feldman
et al., 2016; Feldman, 2020). The affiliative brain is a
system that springs from the relationships between the
offspring and the caregivers, while allowing the former
to develop and maintain all close social relationships
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along the lifespan. The system supporting affiliation
and attachment mainly relies on OXT and on the reward
system modulated by dopamine neurotransmission
(Insel, 2010; Feldman, 2020; Ross & Young, 2009;
Ross et al., 2009). Oxytocin, a nonapeptide primarily
synthesized in the paraventricular and supraoptic nuclei
of the hypothalamus (Buijs, 1978; Carter, 2017; Carter
et al., 2020), is considered a pleiotropic hormone that
plays a crucial role in mammals while promoting
social behaviours and the formation of social bonds
(de Wied et al., 1991; Carter & Keverne, 2009; Carter,
2017; Carter et al., 2020). In addition, it acts as a potent
modulator of the immune system and is released during
the stress response, while decreasing the magnitude of
amygdala responses to aversive stimuli (Carter, 2017;
Kirsch et al., 2005; Marazziti et al., 2006, Marazziti
& Catena Dell’Osso, 2008; McCarthy et al., 1996;
Uvnds-Moberg & Petersson, 2005). Converging
studies showed that the exogenous OXT administration
modulated anxiety and fear responses in threatening
situations (Landgraf & Neumann, 2004) and mitigated
the activation of the HPA axis and sympathetic system,
by reducing heart rate, blood pressure and cortisol
levels (Windle et al., 2004). Different data in humans
showed a significant relationship between reduced
endogenous OXT concentrations and traumatic
experiences and/or PTSD following early severe
and recurrent abuse during childhood. These data
suggest that alterations in stress response, including
OXT modulation, could explain the increased risk for
impaired brain development following severe traumatic
experience in children (Chatzittofis et al., 2014; Heim
et al., 2009; Mirescu et al., 2004; Mohiyeddini et al.,
2014). On the contrary, OXT levels were shown to be
increased in children exposed to minor traumas who
lived in safe environments (Mizuki & Fujiwara, 2015).
Increased OXT levels also seem to be typical of women
exposed to traumatic/stressful situations, to perhaps
promote pro-social and supporting behaviours (Sack
et al., 2017), while highlighting possible gender effects
(Marazziti et al., 2019; 2022). Genetic studies showed
that some OXT receptor (OXTR) gene polymorphisms
might be related to increased risk of developing PTSD
and, possibly, reduced resilience (Lucas-Thompson
& Holman, 2013; Tollenaar et al., 2017), while other
OXTR gene polymorphisms might have a protective
function (Cicchetti & Rogosch, 2012). The OXTR
1s53576 GG genotype is the most investigated, and
it seems to be related to insecure attachments, poor
response to social support, emotional dysregulation
and decreased resilience (Cicchetti & Rogosch, 2012;
Sippel et al., 2017). The administration of exogenous
OXT in subjects exposed to trauma experiences or
suffering from PTSD led to inconclusive or opposite
results (Domes et al. 2007; Heim et al., 2009; Heinrichs
etal.,2004; Kochetal., 2016a; 2016b; van Zuiden et al.,
2017). More recently, a systematic review concluded
that long-term use of OXT might decrease, albeit not
at statistical level, the severity of PTSD symptoms (Di
Lorenzo et al., 2020).

The behavioural synchrony can be defined as the
“coordination of biological and behavioural signals
between social partners during moments of social
contact” (Feldman, 2012). The behavioural synchrony
begins in utero as, for instance, the mother and the
infant's heart rhythms and the release of OXT are
synchronized, and then continues during parental care
and, ultimately, other social interactions (Feldman,
2007, 2012, 2015, 2020; Ulmer-Yaniv et al., 2016;
Levy et al.,, 2017; Pratt et al., 2017; Davis et al.,
2018). According to Feldman’s studies, there exist five
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developmental stages of behavioural synchrony starting
from the neonatal period to adulthood, each with
distinctive features and interfering factors (Feldman,
2020).

As already mentioned, all the components of the
neurobiology of affiliation confer resilience, as they
improve stress management, immune functions and
emotion regulation, promote reward from affiliation,
social brain development, empathy and intimacy,
friendship and love relationships, connection with
fellows and nature, and they would also enable the
generation of abstract ideas (Wei et al., 2011; Kersten et
al.,2023; Seyfarth & Cheney, 2013; Walker & McGlone,
2013; Feldman, 2020). According to this notion,
resilience seems to derive from plasticity, conceived as
flexible adaptation to changes, and applying to all living
matter, sociality that can be detected across animal
evolution and that increases the chances of survival,
and meaning that refers to the human-specific skill of
giving a sense to external and internal events (Feldman,
2020). The neurobiological model of affiliation and,
thus, the development of resilience can be disrupted
by several variables that can depend on the mother
(such as post-partum depression), on the child (such as
premature birth), and on the context (such as war and
poverty) (Feldman, 2020).

What is evident from this review is that some of
the crucial factors promoting the correct development
of resilience are rooted in child rearing and adequate
caregiving. According to some authors, the influence of
early childhood development and caregiving providing
nurturing environments, might be also related to
peacebuilding. They also highlight successful early
childhood development initiatives that have been
implemented in conflict-affected countries, as well as
argue that it is imperative for our next generation of
youth to play an active and leading role in peacebuilding
initiatives (Leckman, 2019).

In discussing our results, some limitations should
be kept in mind. First, we included in this review
only English-language articles, so there is a risk
of overlooking relevant articles. Another potential
limitation of our search is that the available literature
encompasses studies that are heterogeneous in terms
of study population, endpoints measurements and
methodologies used, so it was not possible to perform a
meta-analysis or a more structured statistical analysis.

5. Conclusions

The results of this review suggest a multilevel
model of resilience that is independent from whether
or not the subject might experience an adverse or
traumatic event. This model is characterized by the
involvement of multiple biological systems, at both
central and peripheral levels, which are intertwined
with and influenced by environmental factors, while
leading to resilience that, as such, is not merely innate
or passive, but constantly changing and, consequently,
empowering. However, as shown herein, the data
currently available in the literature are inconclusive and
do not allow us to establish a clear and certain model for
the process of resilience development. However, this
systematic review highlights the need for further studies
in humans that consider resilience as an independent
construct. Understanding the mechanisms underlying
this particular aspect of psychological functioning is
particularly important, as it could be a potential target for
new intervention and prevention strategies. Therefore,
it seems necessary to develop longitudinal studies
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that recruit and follow up subjects from childhood to
adulthood in order to possibly identify individual and
environmental factors that might promote or decrease
resilience. This will be not only beneficial for single
individuals, but possibly for the whole population and
for a better and peaceful future.
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