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TI elval N WOXIKN AVOEKTIKOTNTA;

o BOOoIKN opoAoyia.
o Resilience
o [TPOOTTOBETEIC YIA VA Yivel AOYOC VIO WOLXIKN AVOEKTIKOTNTA
o [JpooTaTELTIKOI TTAPAYOVTES (Protective factors)
o [powBNTIKOI TTapayovTeg (Promotive factors)
o [TapayovTeg KivoéLuvou (Risk factors)
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Real-life
resilience

What do these stories
have in common?

Can you think of similar
(but not necessarily so
extremel) cases of people
you know?




Definition of Resilience

Etymology: the capacity to bounce
back. Like a rubber band.

The ability to withhold stress, or to return
to the previous balance after the stress
is gone.
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Definition of Resilience

Etymology: the capacity to bounce back.
Like a rubber band.

The ability to withhold stress, or to return to
the previous balance after the stress is
gone.

“The capacity of a dynamic system to
successfully adapt to disturbances
that threaten system function, viability
or development.” (Masten, 2014, p.
10).
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TABLE 1 Depiction of a population of adolescents

Low risk High risk

Positive outcome A (normative development) B (resilience theory)

Negative outcome  C (inadequate risk assessment) D (risk models)

Definition of

* Fergus & Zimmerman, 2005 (p.400).

resilience

Itépavog MaotpoBeddwpog, Metamtuytako Mpdypapua
"Wuyxohoyia" - Eldikevon: "Edappocuévn Avamtuélokn
Wuyohoyia", Navteto MavenotApLo, ABRva




Key Terms in Resillience Research (l)

1. Defining adjustment:
o Competence
o Developmental Tasks

2. Threatening adjustment:
o Risk
o Cumulative Risk
3. Boosting adjustment:
o Assets
o Resources

--> Dimensional nature of
risks/assets/resources!
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Key Terms in Resilience Research (ll)

Ways that risk and assets/resources
relate to each other:

o Protective Factors

o Promotive Factors

o Developmental Cascades
(equifinality; multifinality)
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Wave 1 of
Resilience Research

e Gradual change in focus: from negative to
positive.

* From:
* Who gets sick?
e Why?
* What can we do to reduce sickness?

* Who stays well?
* How?

* What can we do to promote and
protect health?




"
; * Focus on the individual characteristics
' * “invulnerable” children
* Resilience as an inferential construct: “Preconditions” to
judge resilience
* Risk as a population term
* Competence

| * Controversies defining resilience
e Difficulties in judging a factor as risk, or
promotive/protective.
- the short list.

Wave 1 of
Resilience Research




Wave 2 of
Resilience Research

Emphasis on processes, mechanisms, & context.

Contextual issues, more dynamic models.

Integration of biological, social, and cultural
processes.

Shift from focus on individual, to focus on context
(e.g., family, community, school etc).

Realization that many of the protective and
promotive factors facilitate adaptation in both high-
risk and low-risk conditions = basic human adaptive
systems. 2 “Ordinary Magic” (Masten, 2001).
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Wave 2 of
Resilience Research

* More complex questions, the role of the
context: e.g., results of the Chicchetti &
Rogosch (1997) study of maltreated children.

Resilient pathways: a resilient pattern at one
timepoint does not guarantee a steady
resilient pattern across development.

Turning points: positive adaptation might be
restored if the fundamental underlying
adaptive systems are restored.

Stronger support for developmental continuity
of maladaptation when multiple areas of
competence have been affected.
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Wave 3 of
Resilience Research

* Intervening to “create” resilience.

* Interventions as a way to test theory-
driven hypotheses.

e Experimental studies.
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Wave 4 of
Resilience
Research

* Multilevel dynamics,
incorporating genes,
neurobiological, behavioral,
and contextual systems.

* The emergence of new
methods (e.g., to study genes,
the brain, to model growth etc)
made this wave possible.
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Models of Resilience - AvtioTaBuion
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Models of Resilience — «EuBoAlacuocy
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Wuality ot Adaptive Functioning

Optimal Zone

OK Zone

Maladaptive Zone

Pre-Disaster Phase

Disaster
Onset

Crisis Phase Recovery Phase

GO0 W

Time
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Patterns of
Resilient
Adaptation

1.

Invulnerable: no change in
level of adaptation under
risk.

Trauma and Recovery:
decline in adaptation, but
recovery later on.

Normalization: Recovery
from chronic stress (e.g.,
Romanian adoptees).

Post-traumatic Growth:
Achieving even better
adjustment after stress,

compared to before stress.

The least studied pattern.

9

24



Psychosocial
functioning
(outcome)

CM severity N\ o T
(stressor) \_\L/_/-»/’ -
loannidis et al., 2020. - S e
Doi: https://doi.org/10.1186/s12916-020-1490-7 (period of observation)

Fig. 3 Trajectory of a complex resilience system in phase space. Resilience hyperplane plot of simulated data of childhood maltreatment (CM)
severity (x-axis: stressor variable), psychosocial functioning (y-axis: outcome variable) and time (z-axis: period of observation), created by fitting a
polynomial regression surface determined by numerical predictors of x, y and z using local fitting. An individual trajectory was hypothesised to
demonstrate a complex system trajectory above and below the regression plane. Data points above the hyperplane (green) characterise 'resilien

functuopm(g dgmrg% ea! @pogqxam&g belowy, the hyperplane Q%le%r)v%@ cterise non. -fesilient functioning at any time point (cross-sectionally)
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Napdayovrec AVvOEKTIKOTNTA NMpocapuooTiKa ILoTAUATA

AmoteAeopaTIKA YoVIKOTNTA (parenting) T h e S h O rT | |ST Of

& napoxn ppovtidag Aegopoc. OkoyEvela

2TEVEG UTIOOTNPLKTIKEG OXECELG UE R eS| | ience

AAAoUG EVAALKEG Agopog. Kowwvika diktua F e C-l- OrS

Aegopoc. Owkoyevelako cUoTnA.
Ytevol pilol kal popoavtikol cuvtpodol  IUVOUNALKOL. ﬂGdeOVT&Q TOUL é)(OL)V
Nonuoaouvn kat de€lotnteg emiAuong Kevtpiko Neuplko Uotnua, Unxoviopol Bpebei va ToooTaTELOLY
mpoBANnpudTwy uaénong. EVAVTI TOL KIVELVOL 1) VO
AuTto€Aeyyog, cuvaloBnuatikn puBuLon, TPOWOOLY TNV
TPOVONTIKOTNTA KNZ, cuotripata eAeyxou. AVOEKTIKOTNTO.

Kivntpo eniteuénc (mastery motivation).
Kivntpo emttuyiog JuoTAHOTA AVTapoLBnC

AvtoamnoteAeopatikotnta (self-efficacy) Kivntpo enitevénc (mastery motivation)

Miotn, eAntida, memoiBnon otL N {wn €XeL OPNOKEUTLKA KAl TIOALTIOULKA CUCTAMATA Npoocappuoyn amo:

vonHa TEMOLBNCEWV. Masten, A. S. (2015). Ordinary Magic:

ATIOTEAECUOTIKA OXOAELL EkmalbeuTIKA cuoTOTA. Resilience in Development. New York:

ATIOTEAEGUATIKEG YELTOVLEG, aloBnon Guilford Press.

KOLVOTNTAC, KOWVOTLKNG ISBN 978-1-4625-2371-8

OLUTOQTTOTEAECUATLKOTNTOLG Kowvotnrtec.
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Napdayovrec AVOEKTIKOTNTA NpoocapuooTIKa IvoTNUATA

Baolko pnvupa:
H yuxikn avBekTikoTNTA ELVOLL KATL KOLVO

(Ordinary Magic)

Masten, 2015
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Why study
resilience?

* Looking only at risk does not provide the
full picture

e Risk cannot always be avoided or reduced

e Children are increasingly exposed to risk
or adversity

 Knowledge about resilience can greatly
improve interventions or preventions

Ytepavoc Maotpobeodwpocg, Metarmtuylako Mpoypappo
"Wuyoloyia" - Eldikeuon: "Edapuoopevn AvamtuLokr)
WuyoAoyia", Navtelo Mavemiotiuio, ABrva
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(epl-)Genetic
studies

Do genetic and
epigenetic factors play @
role in risk and resilience?

Genetic studies: focus on
stable individual
differences on DNA.

Epigenetic studies: focus
on differences in varying
gene expression.

30




Genetic material
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Nucleus Chromosome
Overview of the DNA
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DNA - Single
Nucleoftide
Polymorphisms
(SNPs)

Photo taken from
Wikipedia.org

Author: David Eccles
(Gringer)
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EPIGENETIC MECHANISMS

are affected by these factors and processes:
Development (in utero, childhood)

e Environmental chemicals
e Drugs/Pharmaceuticals
e Aging
Diet

CHROMOSOME @ METHYL GROUP

A

DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

3

CHROMATIN -

HEALTH ENDPOINTS

e Cancer

e Autoimmune disease
Mental disorders
Diabetes

]
/

EPIGENETIC

Q FACTOR

GENE

l HISTONE TAIL

—n
X

Histones are proteins around which | HISTONE

DNA can wind for compaction and DNA inaccessible, gene inactive

HISTONE TAIL Z

DNA accessible, gene active

gene regulation.

Histone modification

The binding of epigenetic factors to histone “tails
alters the extent to which DNA is wrapped around
histones and the availability of genes in the DNA
to be activated.



DNA Transcription

PROMOTER
SEQUENCE

¥ 1

@ METHYL GROUP

5!

Genotype is stable, but the epigenome is
On specific Cytosine-phosphate- malleable.

Guanine (CpG) sites.
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Differential
sensifivity to
experience

Variability in
responsiveness

“For better and for
worse”.

Protective factors
defined functionally, not
in absolute terms.

Sensitivity might be
susceptible to (early)
experiences.

Pluess, 2015; Child
Development Perspectives,

http://doi.wiley.com/10.111

1/cdep.12120
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Polygenic Risk for
Major Depression
Interacts with
Parental Criticism in
Predicting Adolescent
Depressive Symptom
Development

Nelemans, Boks, Lin, et al., 2020.

https://doi.org/10.1007/s10964
-020-01353-4
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Polygenic Risk for
Depression

* Background:

Increasing interest in GXE studies explaining depression.

Depressive symptoms as a continuous distribution; different degrees of
severity in the general population.

Lack of longitudinal studies.
MDD as moderately heritable.
Polygenic etiology.

Move of the field: from candidate gene approach to the polygenic
approach.

Environmental stress in the development of depression.
Two competing hypotheses: Diathesis-Stress vs Differential Susceptibility

* Aims

Investigate interactions between genetic vulnerability with environmental
stress in predicting depressive symptom development.

- BEiSikevon: "Epappoopévn Avartuélakr WoxoAloyia', MavTeio



Diathesis-Stress vs Differntial
Susceptibility

—+— |low polygenic risk —u—high polygenic nsk

Mean of SE -1 SD .

1.8 - -
1.7 -

1.6
1.5 -

1.4 -

1.3 ;

1.2

Prosocial Behavior

1.1 1

Intercept adolescent depressive symptoms

low parental criticism high parental criticism
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Polygenic Risk for
Depression and
Parental Criticism

* Method

* Polygenic risk score: the additive weighted effect of multiple
genetic loci - Single Nucleotide Polymorphisms (SNPs) -
detected in large-scale studies that examine large parts of
the genome.

* E.g., 17 independent SNPs contributing to depression.

* 12 Alternative PRS based on gradually more lenient
thresholds, from p < bx10e-8 (17 SNPs) to p < 5x10e-2
(5,5013 SNPs) to p =.50 (342,808 SNPs).

* Longitudinal data on depressive symptoms - Latent Growth
Curve Models.

- BEiSikevon: "Epappoopévn Avartuélakr WoxoAloyia', MavTeio




Polygenic Risk for
Depression and Parental
Criticism - Results
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Fig. 1 Graphical representation of adolescent depressive symptom
development from early to late adolescence across six successive
waves (1.e., approximately ages 13—18 years) for the total sample (N =
327), as well as boys (n= 184) and girls (n = 143) separately
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| Polygenic Risk for
= Depression and Parental
g / Criticism - Results

Table 3 Summary of

[lavermoThuio, ABryva

standardized coefficients of Model Intercept” Linear slope Quadratic slope

polygenic risk for MDD PRS MDD 5x 10 % B =0.17, p = 0.019 B=0.08, p=0412 0.10, p =0.324

predicting adolescent depressive .

symptom development. PRS MDD 5 x 10 B =0.13, p = 0.038 B=0.19, p = 0.022 0.18, p = 0.041

controlling for sex (N =327) PRS MDD 5x 10°° B =0.09, p=0.159 B=0.21, p=0.018 0.20, p —0.034
PRS MDD 5x 103 B=0.12, p=0.083 B=0.15, p=0.127 0.12, p=0.236
PRS MDD 5x 10 B =0.13, p = 0.043 B=0.08, p=0.435 0.05, p =0.631
PRS MDD 5 x 10 B =0.14, p = 0.017 B=0.08, p=0.435 0.07, p=0.509
PRS MDD 0.01 B =0.16, p = 0.011 B=0.04, p=0.69 0.01, p =0.946
PRS MDD 0.05 B =0.19, p = 0.002 B=0.07, p=0.542 0.05, p =0.656
PRS MDD 0.10 B =0.19, p = 0.003 B=0.04, p=0711 0.02, p=0.842
PRS MDD 0.20 B =0.20, p = 0.002 B=0.05, p=0632 0.04, p =0.744
PRS MDD 0.30 B =0.20, p = 0.001 B =0.04, p=0.701 0.03, p=0.812
PRS MDD 0.40 B =0.21, p = 0.001 B =0.06, p=0.595 0.05, p =0.685
PRS MDD 0.50 B =0.21, p = 0.001 B=0.05, p=0.654 0.04, p=0.729

PRS MDD [...] =polygenic risk score for major depression, calculated based on the mentioned p-value

threshold. Significant main effects (p <0.05) are in bold
“The average age of participants at the intercept was 13.00 years old (SD =0.44)

"The PRS MDD 5 x 10~ ¥ score was based on the meta-analysis by Hyde et al. (2016) and corrected for
adolescent age, sex, and population stratification. The other 12 polygenic risk scores for major depression
with different p-value thresholds were based on the 23andMe summary statistics and also corrected for
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Fig. 3 Graphical representation of the significant interactions in the parental criticism on linear slope levels of adolescent depressive
sensitivity analyses between the corrected polygenic risk scores for symptoms, for p-value thresholds (a) p<5x 107, (b) p<S x 107, (¢)

major depression and the multi-informant longitudinal index of <0.05, and (d) p < 0.50
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Inconclusive results
— More nuance
needed

VanZomeren et al., 2020. Maltreatment
timing, HPA axis functioning, multigenic
risk, and depressive symptoms in African
American youth: Differential
associations without moderated
mediation.
https://doi.org/10.1017/S0954579420000
589

Only Early-onset
Maltreatment (EM, before
age 5) influenced
depressive symptoms.

No effects on/of cortisol or
multigenic risk score.

Timing!
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Stress response:

Differential methylation

associates with child abuse

ARTICLES

« McGowan et al., 2009:

nature .
ncuroscicnce

Epigenetic regulation of the glucocorticoid receptor
iIn human brain associates with childhood abuse

Patrick O McGowan'2, Aya Sasaki!*?, Ana C D’Alessio?, Sergiy Dymov?, Benoit Labonté!*, Moshe Szyf%3,

Gustavo Turecki'* & Michael ] Meaney!'2
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Stress response: Ditferential methylation

associates with child abuse

< s « McGowan et al., 2009:

Maternal care influences hypothalamic-pituitary-adrenal (HPA) function in the rat through epigenetic programming of

glucocorticoid receptor expression. In humans, childhood abuse alters HPA stress responses and increases the risk of suicide.

We examined epigenetic differences in a neuron-specific glucocorticoid receptor (NR3C1I) promoter between postmortem re

hippocampus obtained from suicide victims with a history of childhood abuse and those from either suicide victims with no mscience
childhood abuse or controls. We found decreased levels of glucocorticoid receptor mRNA, as well as mRNA transcripts bearing the

glucocorticoid receptor 1¢ splice variant and increased cytosine methylation of an NR3C1 promoter. Patch-methylated NR3C1

promoter constructs that mimicked the methylation state in samples from abused suicide victims showed decreased NGFI-A

transcription factor binding and NGFl-A-inducible gene transcription. These findings translate previous results from rat to humans

and suggest a common effect of parental care on the epigenetic regulation of hippocampal glucocorticoid receptor expression.

Epigenetic regulation of the glucocorticoid receptor
iIn human brain associates with childhood abuse

Patrick O McGowan'2, Aya Sasaki!*?, Ana C D’Alessio?, Sergiy Dymov?, Benoit Labonté!*, Moshe Szyf%3,
Gustavo Turecki'* & Michael ] Meaney!'2
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Transgenerational effects of prenatal
environment — the Dutch Famine 1944-1945

An International Journal of Royal College of Volume 120, Issue 5
. Obstetricians & April 2013
Obstetrics and Gynaecology

Gynaecologists Pages 548-55
Original Article = @ Full Access Objective We previously showed that matemal under-nutrition Results Adult offspring (F2) of prenatally exposed F1 fathers had
during gestation is associated with increased metabolic and higher weights and BMIs than offspring of prenatally unexposed
Tra nsgenerational effects cardiovascular disease in the offspring. Also, we found increased F1 fathers (+4.9 kg, P = 0.03; +1.6 kg/m?, P = 0.006). No such
’ neonatal adiposity among the grandchildren of women who had effect was found for the F2 offspring of prenatally exposed F1
DUtCh famlne been undemourished during pregnancy. In the present study we mothers. We observed no differences in adult health between the
investigated whether these transgenerational effects have led to F2 generation groups.
MVE Veenendaal g RC Painter, SRAe RO ,jtered body composition and poorer health in adulthood in the . = : .
Hanson, T) Roseboom grandchiler‘n. Condusions Offspring Qt prenatally undernourished vl.uhcr.s. but
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First published: 24 January 2013 | https:/ Design Historical cohort study. fathers and mothers who had not been undernourished prenatally.
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Setting Web-based questionnaire. s g 2 :
UBU link grandmaternal under-nutrition during gestation on the health of
Population The adult offspring (F2) of a cohort of men and this relatively young group, but the increased adiposity in the
women (F1) born around the time of the 1944—45 Dutch famine. offspring of prenatally undernourished fathers may lead to
= SECTIONS Methods We approached the F2 adults through their parents. icreased chronic Glsees rafes in the fiture.
Participating F2 adults (n = 360, mean age 37 years) completed Keywords Famine, fetal, health, transgenerational.

an online questionnaire.
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with prenatal exposure to famine in humans
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Epigenetic age

* Epigenetic clocks

* Data-driven (machine learning) composite
scores

* Methylation on tens or hundreds of CpG loci

* Predictive of either chronological age or
morbidity

* Chronological vs biological age: individual
differences in ageing and disease

Horvath & Raj, 2018
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Epigenetic age, stress, and health

Relatively older
biological age .
* Stress and mental health have been : :
associated with differences i ok :
. . 60 chronological age, reflecting ————— 1 -
between eplgenetlc Oge Gnd individual relative biological age T :
. ndividual data point

chronological age =

Regression line represents
average epigenetic age for
chronological age  *

Epigenetic age (years)

30

e.g., Guevara & Lawler, 2018; Oblak et al., 2021; Palma-
Gudiel et al., 2020; Raffington et al., 2021; Zannas et al., 19
2015

Relatively younger
biological age

15 30 45 60 75 90
Chronological age (years)
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Results — Research Question 2, Externalizing Problems

Research Question 2: Does psychological
adjustment throughout adolescence predict
(changes) in epigenetic age?

| /mmogical Adjustment

Externalizing

Externalizing

T2

T3

Externalizing

Externalizing

Externalizing
T5

Ztépavos MaotpoBeddwpog, Metamtuyla
"E@appoopévn Avamtuéloxkn WPuyoAdyia", ITavreto Mavemotuio, AGnva
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Epigenetic Clock T5

/

0.14 (0.04-0.24)**
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-0.01 (-0.11-0.10)

\

Latent Difference
Score Epigenetic

% Epigenetic CIocle)

[poypappa "Puyxoroyla" - Eldikevon:

Externalizing Problems:
Significant positive effects on EA @
W5 (GrimAge clock) and significant

negative effects on change in EA
from W5 to W10 (Hannum clock)
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Results — Research Question 3, Externalizing Problems
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Epigenetic Age

Translational Psychiatry www.nature.com/tp

ARTICLE JPE W) Check for updates
Psychologlcal and biological resilience modulates the effects of

stress on epigenetic aging

Zachary M. Harvanek(®', Nia Fogelman?, Ke Xu(®'* and Rajita Sinha

124583

© The Author(s) 2021
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Epigenetic Age

Translational Psychiatry www.nature.com/tp

W

Our society is experiencing more stress than ever before, leading to both negative psychiatric and physical outcomes. Chronic
ARTICLE OPEN stress is linked to negative long-term health consequences, raising the possibility that stress is related to accelerated aging. In this
study, we examine whether resilience factors affect stress-associated biological age acceleration. Recently developed “epigenetic
PS C hOIO ica I clocks” such as GrimAge have shown utility in predicting biological age and mortality. Here, we assessed the impact of cumulative
y g stress, stress physiology, and resilience on accelerated aging in a community sample (N = 444). Cumulative stress was associated

with accelerated GrimAge (P = 0.0388) and stress-related physiologic measures of adrenal sensitivity (Cortisol/ACTH ratio) and

St re SS On e pl( insulin resistance (HOMA). After controlling for demographic and behavioral factors, HOMA correlated with accelerated GrimAge (P
~ = 0.0186). Remarkably, psychological resilience factors of emotion regulation and self-control moderated these relationships.
Zachary M. Harvanek ' Ni Emotion regulation moderated the association between stress and aging (P = 8.82e—4) such that with worse emotion regulation,

there was greater stress-related age acceleration, while stronger emotion regulation prevented any significant effect of stress on
GrimAge. Self-control moderated the relationship between stress and insulin resistance (P = 0.00732), with high self-control
blunting this relationship. In the final model, in those with poor emotion regulation, cumulative stress continued to predict
additional GrimAge Acceleration even while accounting for demographic, physiologic, and behavioral covariates. These results
demonstrate that cumulative stress is associated with epigenetic aging in a healthy population, and these associations are modified
by biobehavioral resilience factors.

© The Author(s) 2021

Translational Psychiatry (2021)11:601 ; https://doi.org/10.1038/541398-021-01735-7
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Biological
substrates of
resilience

4th wave in resilience
research

« Genetfic studies

« Studies on the stress
response systems

« Differential sensitivity to
experience

* Neurobiological
programming and
plasticity
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Medical influences In resilience
research

>L\\(

« Vaccination as a metaphor

« Steeling, inoculation effects
* Hygiene hypothesis
« Developmental timing

* A genetic factor might confer
protection against some risk factors,
but risk in other respects. E.g., sickle-
cell anemia gene.
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Stress Inoculation effects 2 Sense of
mastery
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| # 5
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4 \ ——— Stress inoculation

Performance

—

Stress exposure

Figure taken from Russo et al., 2012,
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Neurobiological
processes

Early life experiences
have a strong effect on
the functioning of
regulatory systems.

Rat pup experiments —
Quality of parenting

High vs low LG mothers
Specific developmental
timing

This Photo by Unknown Author is licensed under CC BY-NC-ND
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Problem solving

O
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Processes

Executive functioning
(EF) & Self-regulation

Hot cognition

Reward systems

y Unknown Author is licensed under CC BY-NC-ND

This Photo b



https://fitforrandomness.wordpress.com/2013/01/16/insurance-industry-innovation-transformation-or-failure/
https://creativecommons.org/licenses/by-nc-nd/3.0/

This Photo by Unknown Author is licensed under CC BY-NC

Stress
regulation

Homeostasis and
allostatic load

HPA axis

» Prolonged
activation ==
hyporesponsive

« Parenting

Maternal care: high LG
rat mothers - lower
gene methylation in
HPA axis.


https://kboo.fm/media/79783-managing-stress-and-health-alike-important-during-pandemic
https://creativecommons.org/licenses/by-nc/3.0/

HPA axis

« Hypothalamus-Pituitary-Adrenal axis

A} Y & « Centralrole to stress regulafion and
Immune function.

« Stress:
1. Hypothalamus: release of corticotropin-
i releasing hormone (CRH)

2. CRH activates release of
adrenocorticotropic hormone (ACTH)
i S from Pituitary
o ' 3. ACTH stimulates release of cortisol from
" the adrenal cortex.

.

This Photo by Unknown Author is licensed under CC BY-NC
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Fig. 2 The complex neurobiology of resilience after childhood maltreatment (CM). Resilient functioning in those individuals who have

experienced CM may be facilitated by larger prefrontal cortex (PFC) and hippocampal volume and connectivity, the ability to adequately regulate

emotions and dampen stress responsivity, cortisol and proinflammatory baseline and responses, polygenic resilience effects, social support from

the immediate environment, and the wider ecology. For readability, the location of the hippocampus is not correct. 5-HTTLPR serotonin-

transporter-linked polymorphic region, ACTH adrenocorticotropic hormone; BDNF brain-derived neurotrophic factor, FKBPS FK binding protein 5,
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The complex

n R == neurobiology of resilient
ationshi e famiys  functionin
relationships B o ol i = g

* HPA axis: chronic stress = chronic activation -2
fatigue and hypo-reactivity to stress.

* Feedback loops.
* Epigenetic Processes.

RS * Mixed results regarding hyper- or hypo-activation
Adrenal glands _
{—$ of HPA after child maltreatment.
.‘ £ -

loannidis et al., 2020.
Doi: https://doi.org/10.1186/s12916-020-1490-7
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loannidis et al., 2020.
Doi: https://doi.org/10.1186/s12916-020-1490-7

The complex
neurobiology of resilient
functioning

* Glucocorticoids do have a neurodegenerative
effect, but the mechanisms and the cascading
consequences are not yet fully understood.

* Effects are dynamic, non-linear, interactive, and
multiplicative; not unidirectional, linear, or
additive.

* New methods needed: longitudinal designs,
multiple time-frames, multi-level measurements.
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Original Investigation FREE

February 2015

Intervention Effects on Diurnal Cortisol Rhythms of Child
Protective Services-Referred Infants in Early Childhood
Preschool Follow-up Results of a Randomized Clinical Trial

Kristin Bernard, PhD': Camelia E. Hostinar, PhD2: Mary Dozier, PhD?

¥ Author Affiliations | Article Information

JAMA Pediatr. 2015;169(2):112-119. doi:10.1001/jamapediatrics.2014.2369
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Interventions
positively
Influence HPA
Axis In INnfants

-- experimental
intfervention

-- Attachment
Biobehavioral Catch-up
program

-- freatment infants better
cortisol response during
the day

-- differences persisted in
3-month follow-up
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Stress response
systems

Exposure to stress and HPA
functioning: higher
methylation on the NR3CI1
gene

« McGowan et al., 2009
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Example:

Observed Measures of
Negative Parenting
Predict Brain
Development during
Adolescence (Whittle et
al., 2010).

Maternal aggression during
early adolescence predicted
voluminal increase in certain
brain regions for males only.

(red/blue lines: high/low
maternal aggression)
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Onginal article

Neural mechanisms linking social status and
inflammatory responses to social stress

Keely A. Muscatell,*? Katarina Dedovic,*” George M. Slavich,*
Michael R. Jarcho,*” Elizabeth C. Breen,* Julienne E. Bower,>*
Michael R. Irwin,** and Naomi I. Eisenberger”
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DMPFC Activity
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Subjective Social Status

Fig. 1. Lower subjective social status is associated with greater IL-6 responses to
the social stressor.

Social A 5 IL-6
Status ca-09 Response
SE=.06

axbeffect
90% CI

Fig. 3. Mediational model linking subjective social status and inflammatory re-
sponses via activation in the DMPFC.

Note: a, b, c and ¢ refer to the unstandardized coefficients for each path in the
model; SE refers to the standard error for each effect.

Parameter Estimates from DMPFC

. :
4 5 6 7 8
Subjective Social Status

Fig. 2. Lower subjective social status is associated with greater neural activity in
the DMPFC ROI in response to negative feedback.
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Psychosocial
functioning
(outcome)

CM severity N\ o T
(stressor) \_\L/_/-»/’ -
loannidis et al., 2020. - S e
Doi: https://doi.org/10.1186/s12916-020-1490-7 (period of observation)

Fig. 3 Trajectory of a complex resilience system in phase space. Resilience hyperplane plot of simulated data of childhood maltreatment (CM)
severity (x-axis: stressor variable), psychosocial functioning (y-axis: outcome variable) and time (z-axis: period of observation), created by fitting a
polynomial regression surface determined by numerical predictors of x, y and z using local fitting. An individual trajectory was hypothesised to
demonstrate a complex system trajectory above and below the regression plane. Data points above the hyperplane (green) characterise 'resilien

functuopm(g dgmrg% ea! @pogqxam&g belowy, the hyperplane Q%le%r)v%@ cterise non. -fesilient functioning at any time point (cross-sectionally)
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https://doi.org/10.1186/s12916-020-1490-7

The complex neurobiology of
resilience — The immune system

* Stress energizes proinflammatory responses releasing agents (e.g., interleukin 6, tumour necrosis
factor-a), which energize the HPA to release corticosteroids, which stop the immune reaction.

» Chronic stress results in cortisol resistance, reducing the capacity of cortisol to stop the immune reaction -
inflammation.

* Animal models: low inflammation factors were associated with resilience against stress in mice.

* The effects of social support on psychosocial adjustment after maltreatment might be mediated by
neurobiological mechanisms.
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the human exposome project

The exposome: measuring

the complex exposures we
face as humans.and their
iImpact on health AR bRz sl

EXpOS()m e You are more than your genes. The exposome

captures the non-genetic influences on health and
disease.”

80


http://www.humanexposomeproject.com/

Environmental factor exposures are diverse and interact with each others.

POLLUTION INFECTIONS DIET SOCIOECONOMIC URBAN GREEN AND LIFESTYLE
FACTORS BLUE
ENVIRONMENT

EXpOSDme The. human exposome encompassc-es exposgres to
environmental factors throughout life, starting from

conception and pregnancy.



https://www.humanexposome.eu/

Ecosystems Physical-Chemical
Food outlets, alcohol outlets

Built envi iy Temperature/humidity
uIit environment an Electromagnetic fields
urban land uses -

Ambient light

Population density
Walkability
Green/blue space

Odor and noise

Point, line sources, e.g,
factories, ports

Outdoor and indoor air
pollution

Agricultural activities,

Lifestyle
Physical activity

Exposome

livestock
Drug use Pollen/mold/fungus
Smoking Pesticides
Alcohol use Fragrance products

Flame retardants (PBDESs)

Social Persistent organic pollutants
Household income Plastic and plasticizers
Inequality Food contaminants
Social capital Soil contaminants

Social networks Drinking water contamination
Cultural norms Groundwater contamination
Cultural capital Surface water contamination
Psychological and mental stress Occupational exposures

Taken from: Vermeulen, Schymanski, Barabasi, & Miller, 2020. The exposome

ssievon: @ health- Where.chemistry.meets biology. Science, 367(6476). DOL:
10.1126/science.aay3164




2 Uvoyn

* H wuxikn avOEKTIKOTNTO PTTOPET VO DIKTTIOTWOET UTIO OUVONKEC, OEV JETPIETOI VEVIKA.
* H puxikn avOEKTIKOTNTK €ivail €€ 0PIOPOU PIG OUVOUIKA OIEPYXOIX, TTOU EEEAIOOETCI OTOV XPOVO.

* O TOMOC KO N XPOVIKN CUYKUPIG TWV TXPOYOVTWYV KIVOUVOU emnpedlel TNV mMOavoTNTX WUXIKK
QVOEKTIKNG TTPOCOPUOYAC.

* EIOIK& 01 vEUPOPIOAOYIKEC BAOEIC KOI OVTIOPAOEIC TTOU EUTTAEKOVTOI OTNV WUXIKN GVOEKTIKOTNTO
eEXPTWVTOI GO TN CUYKUPIG KO TOV TUTTO TTPAYOVTWY KIVOUVOU.

* ANIPOPETIKG KEVTPX ToUu KNZ €xouv dIPOPETIKEC euniodNTEC TTEPIOOOUC.




20G EVYAPLOTW YLX TNV TPOOOXT OXG!

Itépavog MaotpoBeddwpog, Metamtuyiakd Mpoypaupa "Puyoroyia' - Eldikevon: "E@apuocuévn
Avartuglaxn Puyxodoyia", [Tavteto Mavemotuo, ABMva IE S.maStI‘OtheO dOI‘OS@UOC.gI‘
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