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Early Experience and the Development of Stress 
Reactivity and Regulation in Children (Gunnar 2010)

Neurosci Biobehav Rev. 2010 May ; 34(6): 867–876. doi:10.1016/j.neubiorev.2009.05.007.
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Feb 19, 2018
Conclusions and Relevance: 
Extremely or very preterm children born in the antenatal 
corticosteroids and surfactant era show large deficits in 
intelligence. No improvement in cognitive outcome was 
observed between 1990 and 2008. 
…
Bronchopulmonary dysplasia was found to be a crucial 
factor for cognitive outcome. Lowering the high 
incidence of BPD may be key to improving long-term 
outcomes after EP/VP birth.





n = 366
CONTROL GROUP:  parents visit 6 - 10 hours per day

INTERVENTION :  parents admitted … present 24 h per day





CONCLUSIONS   This study demonstrated a reduction 
in total length of hospital stay for infants born 
prematurely by providing facilities for parents to stay in 
the NICU 24 hours/day from admission to discharge. 
Analyses of secondary outcomes also suggested a 
reduction in pulmonary morbidity, such as moderate-to-
severe BPD.

INTERVENTION :  parents admitted … present 24 h
àBUFFERING PROTECTION OF ADULT SUPPORT
à ZERO SEPARATION REDUCES TOXIC STRESS
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Randomized controlled trials (RCT)
Evidence Based Medicine (EBM)

"Womb ecology becomes world ecology."
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but 
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Toxic Stress
•Strong and prolonged activation of the body’s 
stress management systems in the absence of 
the buffering protection of adult support.

•Disrupts brain architecture and leads to stress 
management systems that respond at relatively 
lower thresholds, thereby increasing the risk of 
stress-related physical and mental illness.

Slide by:   Jack P. Shonkoff, M.D.
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MICHAEL MEANEY    epigenetics

CORTISOL

Unsafe  environment activates HPA
axis (autonomic nervous system, ANS). 



Psychobiology 
and molecular 
genetics of 
resilience

Adriana Feder*, Eric 
J. Nestler‡, and 
Dennis S. Charney‡

Nat Rev Neurosci. 2009 June ; 10(6): 446–457. doi:10.1038/nrn2649
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Moro reflex –
often called a 
STARTLE REFLEX 

because it occurs when a baby is 
startled by a loud sound or movement





Moro reflex
STARTLE

Thumb flex
finger claw

FREEZE
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Jacksonian Dissolution

The more threatened the individual,
the more 'primitive' (or regressed) 
becomes the style of 
thinking and behaving.

Perry 1995 
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Toxic Stress
•Strong and prolonged activation of the body’s 
stress management systems in the absence of 
the buffering protection of adult support.

•Disrupts brain architecture and leads to stress 
management systems that respond at relatively 
lower thresholds, thereby increasing the risk of 
stress-related physical and mental illness.

Slide by:   Jack P. Shonkoff, M.D.

CORTISOL
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Primate separation studies

Maternal Separation Paradigm
0w 1w 2w 3w 4w 5w 6w à à 12w

n 4 Mat  MNS àgroup reared no mother
n 4 Mat à à à MNS à group as above
n 4 Mat à à à à à à (control)



Gene specific for the AMYGDALA
( GUYC1A3)

Separated at 1 week:

LOW gene expression

Increased self soothing
à Anxiety

Decreased sociality
à Depression





Primate separation studies

Maternal Separation Paradigm
Early Deprivation (ED)   vs control (CON)

0d 2d à à28d à à 48w
ED n 11 Mat  30 -120 min daily à
CON n 4 Mat à à à à à à 48w



Repeated short
separations:

LOW gene expression

Correlate to human adult depression





Adults with depression, suicides:
LOW gene expression

smalller hippocampal volume
reduced expression frontal lobe



Adults with depression, suicides:
LOW gene expression

smalller hippocampal volume
reduced expression frontal lobe

These findings translate previous 
results from rats / monkeys to humans



2ND

KNOCK



DOHAD
Developmental Origins  of
Health and Adult Disease

… very early, once off, and forever.

Early stress alters gene expression,
with health impact across lifespan.
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CONTROL 
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CONTROL 
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SOCIAL
CONTROL 
CENTRE

OXYTOCIN
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CONTROL 
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Sabatini

Arabadzisz



Nelson & 
Panksepp 1998

SAFE    UNSAFE



MICHAEL MEANEY    epigenetics

CORTISOL

Unsafe  environment activates HPA
axis (autonomic nervous system, ANS). 



HG - High Grooming        Low Grooming LG

HG  BABY LG BABY

MOTHER                                      MOTHER

Healthy UNHEALTHY
adult                                      adult

HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

Early stress alters gene expression,
with health impact across lifespan.

SAME CORTISOL         
RECEPTOR     SWITCHED OFF BY STRESS



Early stress alters gene expression,
with health impact across lifespan.



DISEASEHEALTH

CORTISOLOXYTOCIN



RESILIENCE
(= STRESS RESISTANCE)

“capacity to maintain healthy 
emotional functioning in the after-
math of stressful experiences”

DISEASEHEALTH

CORTISOLOXYTOCIN



… infant cues - suckling, 
vocalisation and tactile 
stimulation - stimulate 
OXYTOCIN
release in the 
hypothalamus, which may 
result in the activation 
of the DOPAMINE
reward pathway leading 
to behavioural 
reinforcement

AT BIRTH …
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FEAR
CONTROL 

CENTRE

REWARD
CONTROL 

CENTRE

SOCIAL
CONTROL 
CENTRE

OXYTOCIN
DOPAMINE

CORTISOL

EMOTION
CONTROL 
CENTRE

WELL-BEING à SUSCEPTIBILITY  à MORBIDITY  à MORTALITY

DISEASEHEALTH

RESILIENCE                                      VULNERABILITY

… there is considerable overlap in the brain structures 
associated with these neural mechanisms … functional 
interactions among the circuits. 



CONCLUSIONS
Scientific findings do not support the 
perceived benefits of permanent, preweaning
mother–infant separation.



PR - Peer Reared

MR – Mother Reared

Plasma CORTISOL response to STRESS  (2y)



PR - Peer Reared

MR – Mother Reared

Plasma CORTISOL response to STRESS  (2y)

RESILIENCE:
“capacity to maintain 

healthy emotional 
functioning in the after-

math of stressful 
experiences”

DISEASEHEALTH MR                        PR



RESILIENCE
(= STRESS RESISTANCE)

“capacity to maintain healthy 
emotional functioning in the after-
math of stressful experiences”

Resilience Vulnerability

DISEASEHEALTH



Life History Theory 
as a Framework for Adaptive Plasticity
In evolutionary biology, a major framework for explaining 
coordinated patterns of developmental plasticity is life history 
theory. Life history  theory addresses how organisms allocate their 
limited stocks of time and energy to the various activities 
(including growth, maintenance of bodily tissues, mating, and 
parenting) that compose their life cycle.

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION
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Porges à
same neural circuitry, 
adapted to circumstance
OXYTOCIN VASOPRESSIN   CORTISOL

CANALISATION



Barak Morgan  2013

LIFE HISTORY STRATEGY
Beneficial, 
abundant,  LOW stress

TOP-DOWN regulation

Neo-cortex 
reflect   - big picture
Long term - Future gain

SLOW LIFE HISTORY
STRATEGY 

LG  BABY  LG BABY
HIGH grooming  care

HG - High Grooming        Low Grooming LG

HG  BABY LG BABY

MOTHER                                      MOTHER

Healthy UNHEALTHY
adult                                      adult

HG – High Grooming        Low Grooming - LG
Makes MOTHER             Makes MOTHER

HEALTHY
adult

HIGH  Grooming  HG 
Makes MOTHER            

OXYTOCIN

CANALISATION



LIFE HISTORY STRATEGY
Beneficial, 
abundant,  LOW stress

TOP-DOWN regulation

Neo-cortex 
reflect   - big picture
Long term - Future gain

SLOW LIFE HISTORY
STRATEGY 

Adverse , 
impoverished,   HIGH stress

BOTTOM-UP  regulation

Sub-cortex
reacts   - small picture
Short term – Present gain

FAST  LIFE HISTORY
STRATEGY 

QUALITY QUANTITY

CANALISATION
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AN EVOLUTIONARY 
PERSPECTIVE
• Early stress produces alterations in brain 

function and disrupts  normal brain 
development.

• The developing brain copes adaptively to 
early stress.

• Prepared for harsh/malevolent environment

Teicher 2002, Ellis 2018



Adaptive Changes to stress
BRAIN CHANGES CONSEQUENCE 

AMYGDALA changes     àfight-flight response 
limbic irritability àaggressive defence.

HIPPOCAMPUS àdissociation defence.

Left HEMISPHERE
diminished maturation àaugmented anger
less R - L integration àmore aggression.

Vermal development  àlimbic irritability, 
(CEREBELLUM) àmaintains hyperarousal

àsympathetic activation
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VASOPRESSIN increase

OXYTOCIN reduction 
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Adaptive Changes to stress
HORMONE CHANGES    CONSEQUENCE 
Early stress produces a life-long :

VASOPRESSIN increase
à Enhanced sexual arousal

OXYTOCIN reduction 
à Diminished sexual fulfillment

à Deficient commitment to a single partner



VASOPRESSIN increase
à Enhanced sexual arousal

OXYTOCIN reduction 
à Diminished sexual fulfillment

à Deficient commitment to a single partner

à Promiscuity :
Reproductive success in times of danger



evolutionary survival machine

ANS

Species 
dies out



evolutionary survival machine

ANS

REGULATION

SECURE 
ATTACHMENT

OXYTOCIN

Species 
dies out



evolutionary survival machine

ANS

REGULATION

SECURE 
ATTACHMENT

DYS-REGULATION

MAL-ADAPTATION

OXYTOCIN VASOPRESSIN   CORTISOL



Environment of
Evolutionary 
Adaptedness

John Bowlby : 

“ … predisposition for attachment 
behaviour is inborn.”

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION



“Evolutionary” 
the genes ensure
reproductive fitness
in malevolence ... an
alternative program

Belsky et al. Child Development 1991; Vol 62(4): 647-670
Childhood Experience, Interpersonal Development, and Reproductive 
Strategy: An evolutionary Theory of Socialization.

BELSKY    attachment and fitness



Mary Ainsworth (1913 – 1999)

… provide scientific evidence for
Bowlby’s theories.

Strange Situation Test:
- secure attachment
- insecure ambivalent (anxious )
- insecure avoidant

(- disorganized)
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SECURE ATTACHMENT

1   world benign/benevolent
2  others can be trusted
3  relationships are 

enduring & rewarding

STRONG PAIR BONDS
Parental care investment

SENSITIVE CARE
fewer offspring, better survival

Quality versus quantity

OXYTOCIN 



ideal benign malevolent

AVOIDANT attachment

1   world an uncaring place
2  others can NOT be trusted
3  relationships are NOT

enduring & rewarding

“Programmed to be
self-serving
opportunistic

Multiple mating
MANY CHILDREN
INSENSITIVE CARE

MORE offspring, better survival
Quantity versus Quality 



Benign / malevolent

RESISTANT  attachment

1   world unpredictable
2  dependency on others
3  relationships are 

enduring & rewarding

ERRATIC  CARE à
Exaggerated need for care
Depend on Parents à
“HELPER-AT-THE-NEST”

(NO  PAIR BONDS)

AVOIDANT 
attachment
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RESISTANT  attachment
AVOIDANT 

DISORGANISED
??? (NBn)
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ENVIRONMENT

The Fetal Matrix: 

PREDICTIVE
ADAPTIVE

RESPONSES
(PARs)

Gluckman &Hanson 2005

Genome

ADAPTATION

EPIGENETICS

Match–mismatch paradigm à
early prediction  vs mature environment



Match–mismatch paradigm à
early prediction  vs mature environment

MAL-ADAPTATION





DOHAD
Developmental

Origins  of
Health and

Adult Disease
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The Fetal Matrix: 

PREDICTIVE
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(PARs)

Gluckman &Hanson 2005
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Good mum – Bad mum?

Good
world

Bad
World  à adapt!

Developmental 
trade off
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DOHAD
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ALLOSTATIC   STATE
ALLOSTATIC   LOAD

ALLOSTATIC   OVERLOAD



EEA Distance genome assesses actual from ideal 
ideal benign malevolent unsuitable
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Brain 1500cc

OXYTOCIN

Tend &
befriend

Resilience

Brain 1400cc

VASOPRESSIN

Vigilance &
distrust

Susceptibility

Brain 600cc

CORTISOL

Fight &
flight

Morbidity

QUALITY QUANTITY
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Connectome
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BIRTH

BEYOND BREASTFEEDING 
Feed à Sleep Cycling 

SEPARATIONMOTHERBABY

Regulation Sensitization

Emotional
Connection

Attuned 
interaction

Resilience Vulnerability
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Disordered 
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Toxic stress

Disconnected
parenting
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Wellness 
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NURTURESCIENCE
Global Public Health Imperative
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Essentially ecological:

BREASTFEEDING 
Feed à Sleep Cycling 

MOTHERBABY

Regulation Sensitization

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

(from Greek: οἶκος, "house", or 
"environment"; -λογία, "study 
of")

The branch of biology that deals with the relations of 
organisms to one another and to their physical surroundings. 

NURTURESCIENCE

except in light of mother’s body



ANTHROPOLOGY

anthropology n. The scientific study
of the origin, the behavior, 

and the physical, social, and 
cultural development of humans.

The social science that studies 
the origins and social relationships 
of human beings. 

ENVIRONMENT EXPERIENCE REPRODUCTIVE  FITNESSADAPTATION

Essentially ecological:



The social science that studies 
the origins and social relationships 
of human beings. 



San (Bushman) Mother and Child, Kalahari, Namibia
Charles Roffey

http://charlesfred.blogspot.com/




BERGMAN
‘sharing phenotype’

UNIQUE
hominin feature:
carry food home
to share …



THE HUNTER GATHERER  (cont)

Infant care patterns in such societies 
(which are closest to our origins):

1 Infant carried most of time
2 Mother sleeps with infant same bed
3 Immediate feeding response to crying
4 Breastfeeding 24 months or more
5 Father frequently and closely involved ...



Immediate feeding
response to crying

Father frequently 
and closely involved ...







Hominines were prey 
at Sterkfontein, 
“Cradle of Mankind”





Life History Theory 
as a Framework for Adaptive Plasticity
In evolutionary biology, a major framework for explaining 
coordinated patterns of developmental plasticity is life history 
theory. Life history  theory addresses how organisms allocate their 
limited stocks of time and energy to the various activities 
(including growth, maintenance of bodily tissues, mating, and 
parenting) that compose their life cycle.
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“EEA”
Environment of
Evolutionary 
Adaptedness

NEURODEVELOPMENT
The DNA Behaviour

EVOLUTIONARY  BIOLOGY
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The Neuroscience of Birth & Breastfeeding
The Brain

EPIGENETICS



EEA   Environment of 
Evolutionary Adaptedness

EDN   Evolved Developmental Niche 

Recently, attention has been drawn to caregiving 
environments that evolved to optimize development of the 
young …    Every animal has a niche for its offspring that 
matches up with the maturational schedule of the infant and 
represents a set of inherited extra-genetic features that 
foster thriving or optimal development in offspring 

Bowlby  1969, 1973, 1980

Attachment Theory

Narvaez 2016
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Every animal has an EVOLVED DEVELOPMENTAL NICHE for its young.

Humans are not following their evolved developmental niche (EDN).
The EDN for young children includes 

breastfeeding, 
positive touch, 
responsiveness, and 
social support (among other characteristics).

The EDN matters for child psychosocial and cognitive development.



NURTURESCIENCE
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NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY
Connectome

EPIGENETICS

NURTURESCIENCE
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Every animal has an EVOLVED DEVELOPMENTAL NICHE for its young.

Humans are not following their evolved developmental niche (EDN).
The EDN for young children includes 

breastfeeding, 
positive touch, 
responsiveness, and 
social support (among other characteristics).

The EDN matters for child psychosocial and cognitive development.



THE HUNTER GATHERER  (cont)

Infant care patterns in such societies 
(which are closest to our origins):

1 Infant carried most of time
2 Mother sleeps with infant same bed
3 Immediate feeding response to crying
4 Breastfeeding 24 months or more
5 Father frequently and closely involved ...



THE HUNTER GATHERER  (cont)

Infant care patterns in such societies 
(which are closest to our origins):
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Debate: do we have  CHOICE ?
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From James McKenna
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AGRICULTURE
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Debate: do we have  CHOICE ?

INDUSTRY



?

Debate: do we have  CHOICE ?

HUNTING AND GATHERING



?







EXTREME  EGALITARIANISM
EQUALITY  (gender, age, capacity)
INTENSE SOCIAL COHESION

à NO AGGRESSION !!!!!



CANINE TEETH à MALE  AGGRESSION

HOMININS …  a unique defining feature
Canines small

and then brain growth increase starts



Robin DUNBAR
The social brain hypothesis 

and its implications for social evolution

R. I. M. Dunbar.  Annual Review of Anthropology Vol. 32, (2003), pp. 163-181



Dunbar & Schultz 2007
Dunbar, R., & Shultz, S. (2007). Evolution in the Social Brain Science, 317 (5843), 1344-1347 DOI: 10.1126/science.1145463

Robin DUNBAR

species with pair-bonded mating have the largest brains …

OXYTOCIN 

http://dx.doi.org/10.1126/science.1145463


Dunbar & Schultz 2007
Dunbar, R., & Shultz, S. (2007). Evolution in the Social Brain Science, 317 (5843), 1344-1347 DOI: 10.1126/science.1145463

Robin DUNBAR

species with pair-bonded mating have the largest brains …
EXCEPT    IN  PRIMATES !! 

http://dx.doi.org/10.1126/science.1145463


Dunbar & Schultz 2007
Dunbar, R., & Shultz, S. (2007). Evolution in the Social Brain Science, 317 (5843), 1344-1347 DOI: 10.1126/science.1145463

Robin DUNBAR

PRIMATES 
BRAIN SIZE
IS RELATED TO
GROUP SIZE

CHANGED “MATE BOND” TO “GROUP FRIEND”
anthropoid primates may have generalized the bonding processes that 
characterize monogamous pairbonds
to other non-reproductive relationships ('friendships') OXYTOCIN 

http://dx.doi.org/10.1126/science.1145463




… why are bonded relationships so 
cognitively so demanding?

DUNBAR’S  NUMBER à 150



Powell Neuropsychologia Volume 48, Issue 12, October 2010, Pages 3554–3562

Prefrontal cortex (PFC) 
was the last brain region to develop both 
phylogenetically and ontogenetically, 

Intentionality, or Theory of Mind, 
is the ability to explain and predict 
the behaviour of others by attributing 
to them intentions and mental states 

Orbital prefrontal cortex volume 
correlates with social cognitive competence

Greater PFC volume à better intentionality competence. 
(p = 0.01). 

brain size evolution is, at least in part, the result of 
social cognitive mechanisms supporting social cohesion.



Powell Neuropsychologia Volume 48, Issue 12, October 2010, Pages 3554–3562

Orbital prefrontal cortex volume 
correlates with social cognitive competence

Greater PFC volume à better intentionality competence. 
(p = 0.01). 

brain size evolution is, at least in part, the result of 
social cognitive mechanisms supporting social cohesion.



OXYTOCIN
AFFILIATIVE  NEUROCIRCUITRY 
that prompts AFFILIATION

TEND AND BEFRIEND
(versus FIGHT OR FLIGHT)

Orbital prefrontal cortex volume 
correlates with social cognitive competence
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THE HUNTER GATHERER  (cont)

?

Debate: do we have  CHOICE ?

WE DO HAVE CHOICE:
We can’t choose to be 

hunter gatherers,
but we can chose to “work 

with Nature”



‘MOTHERING’
we can aim to bring our society,

that we can change,
into better harmony with 
our biological “givens” 

that we cannot change ...

Peter Cook



“It is necessary to  work with Nature 
and not against her if we are to promote
health and wellbeing in young children, 
their mothers, and society.”

Infancy cannot be re-run later.



“It is necessary to  work with Nature 
and not against her if we are to promote
health and wellbeing in young children, 
their mothers, and society.”

Infancy cannot be re-run later.

NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY
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Connectome
EPIGENETICS

NURTURESCIENCE



http://www.psychologicalscience.org/journals/pps/5_3_inpress/Kenrick.pdf

Douglas KENRICK  (2010)
“Maslow’s pyramid of human needs, proposed in 1943, 
has been one of the most cognitively contagious ideas 
in the behavioral sciences.”
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CORTISOL

DOPAMINE 



“Society reaps what it sows in the 
way that infants and children are 

treated.                           . 

OXYTOCIN 
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“Society reaps what it sows in the 
way that infants and children are 

treated. Efforts to reduce 
exposure to stress and abuse

in early life may have far-reaching 
impacts on medical and psychiatric 

Martin H Teicher



“Society reaps what it sows in the 
way that infants and children are 

treated. Efforts to reduce 
exposure to stress and abuse

in early life may have far-reaching 
impacts on medical and psychiatric 
health and may reduce aggression, 
suspicion and untoward stress in 

future generations.”
Martin H Teicher



“Society reaps what it sows in the 
way that infants and children are 

treated.                           . 
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USA:
From 
Neurons to 
Neighborhoods

The Science of
Early Childhood 
Development



An ecobiodevelopmental framework for early childhood policies and programs. 

Shonkoff J P et al. Pediatrics 2012;129:e232-e246

©2012 by American Academy of Pediatrics



Evolutionary biology



Skin-to-Skin 
Contact

Attachment

Bonding

Breast-
feeding

Regulation



An ecobiodevelopmental framework for early childhood policies and programs. 

BERGMAN COMMENTARY – NEWBORN
Reducing toxic stress IS VERY EASY !!

Attachment

Bonding

Breast-
feeding

Skin-to-Skin 
Contact
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SEPARATION

Vulnerability

DISEASE

Disordered 
attachment

Toxic stress

Insensitive
parenting

SEPARATION

VIOLATES
the innate agenda
of mother and baby



NEURODEVELOPMENT
Genome Behaviour

EVOLUTIONARY  BIOLOGY
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Connectome
EPIGENETICS

BIRTH

BEYOND BREASTFEEDING 
Feed à Sleep Cycling 

SEPARATIONMOTHERBABY

Regulation Sensitization

Emotional
Connection

Attuned 
interaction

Resilience Vulnerability

DISEASEHEALTH

Disordered 
attachment

Toxic stress

Disconnected
parenting

NURTURESCIENCE

Wellness 



… with focus on 
attachment, development 

and evolutionary 
implications 

NURTURESCIENCE: 
Implications for society,
LIFE HISTORY THEORY
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1   world benign/benevolent
2  others can be trusted
3  relationships are 

enduring & rewarding

STRONG PAIR BONDS
Parental care investment

SENSITIVE CARE
fewer offspring, better survival

Quality versus quantity

OXYTOCIN 
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UBUNTU

ubuntu = 
"I am, because you are". 

The concept of common 
humanity, oneness: 
humanity, you and me both.
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UBUNTU

INIMBA
Inimba = a capacity unique to 
mothers because it originates in 
the pain of childbirth
(literally = umbilical cord)



Emotional
Connection

Resilience 

UBUNTU

INIMBA
Inimba = a capacity unique to 
mothers because it originates in 
the pain of childbirth
(literally = umbilical cord)

OXYTOCIN 

SOURCE OF 
COMPASSION



Nelson Mandela

… in describing the
measure of a nation,
he has argued that:

Emotional
Connection

Resilience 



Nelson Mandela

… in describing the
measure of a nation,
he has argued that:

“There can be no keener 
revelation of a society’s soul than 
the way in which it treats its children.”



… in describing the
measure of a nation,
he has argued that:

“There can be no keener 
revelation of a society’s soul than 
the way in which it treats its children.”

NURTURESCIENCE: 
Implications for society,
LIFE HISTORY THEORY








