18/10/2013

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Risk and Reward: The Core Story Of Healthy
Brain Development - The Power of Early
Experience Across Generations

PAT LEVITT, PH.D.

PROVOST PROFESSOR OF PEDIATRICS, NEUROSCIENCE, PSYCHIATRY, PSYCHOLOGY AND
PHARMACY

CHILDREN'S HOSPITAL LOS ANGELES & KECK SCHOOL OF MEDICINE OF USC

SCIENTIFIC DIRECTOR, NATIONAL SCIENTIFIC COUNCIL FOR THE DEVELOPING CHILD
SENIOR FELLOW, CENTER FOR THE DEVELOPING CHILD, HARVARD UNIVERSITY

plevitt@med.usc.edu
http://ngp.usc.edu/faculty/profile/?fid=123
http://chla.org/facuty

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

#1 - Child development is the foundation of prosperous
communities

#2 - Brains are built over time, from the bottom up (skill
begets skill)

#3 - Genes and experiences together build brains (serve and
return relationships)

#4 - Cognitive, social and emotion development are
inextricably intertwined

#5 - Toxic stress damages brain architecture

#6 - Resilience is not an internal character strength, but
rather is built through combined impact of genes and
experiences of a child

#6 - For many functions, the brain’s capacity for change
decreases over time (cost-effectiveness factor) - but not all
functions are impacted equally
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Building Healthy Brain
Architecture - The Ingredients

e Our genes, and ultimately our developing brain
architecture, are influenced powerfully by positive
early experiences—and negative ones, too.

e Genes provide the hardware, but early
experience is the software that drives the
system.
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Early Experiences Establish How Senses Form
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Source: Chang & Merzenich (2003)
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Exposure to Complex Language Repertoire Begets
Complex Language Repertoire

1200 —

1000 —
College Educated
Parents

800 Working Class
Parents

600 —| Public Assistance
Parents

400 —]

200 —|

Cumulative Vocabulary (Words)

16 mos. 24 mos. 36 mos.

Child’ s Age (Months)
Source: Hart & Risley (1995)
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Study Impact of Early Secure Relationships in Foster
Care

Oosterman et al, Devel. Psychopath 2010

®Children ages 22-84 months
o All placed in at least 1 prior family
e Monitor attachment quality with current family

®Measure Sympathetic/Vagal Reactivity
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Sympathetic Regulation is Disrupted in Disordered
Attachment

in Children in Foster Care
BMordered Edisordered

HE

Mean increase PEP (ms)

biological parents -
*40% psychiatric diagnoses
6 *62% drugs and alcohol abuse

sep1 sep2 reunt reun2 begin-end

Oosterman et al, Devel. Psychopath 2010

Interaction as Serve and Return
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Social-Emotional and Cognitive Skill
Building are Interconnected

The Brain . .
Architecture of The Brain I;Fchltecture
Anxiety and .
Fear Learning and Memory
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Executive Function — Our Air Traffic
Control System (Top-down)

Volitional Control Over:

- Attention (selective attention, interference suppression)

* Working memory representations (our file drawer of information)
* Long-term memory (controlled retrieval)

» Actions (response inhibition; response selection)

- Emotions (emotional suppression; reappraisal)

the best early predictors of
problems to come and to remain
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How Do We Test Executive Function

“Say the name of the color that the word is printed in”

Red
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Green

Black
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Blue
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The Brain Architecture That Is Responsible for
Executive Function Appears Early, But Is Refined Over a Long
Period of TIme

Gogtay et al., PNAS, 2004
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Signs of Early EF Disruption

Und.lled

Nicotine
dependence

Alcohol
dependence

Liability to
behavioral Disruptive
disinhibition Disroders

Antisocial
Personality

after Iacono et al, Ann. Rev. Clin. Psych., 2008

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Early Executive Function Disruption - Predictor
of At-Risk Adolescents and Adults

The Dunedin Study
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Adult Health Outcome (Z-Score)

Adult Wealth Outcome (Z-Score)
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A Major Challenge:

Why does early toxic stress have long-
lasting effects?

11
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Creation of Chemical Signatures — Our Eg

*Experiences
*Malnutrition
*Emotional stressors
*Oxidative stressors
*Immune challenges

Frameworks Institute

The Signature Can Control When and Where Genes are Expressed
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Experience Affects Stress Response for a Lifetime!

High Care Mom

High Care Pups

Stress Response

AN

Restraint Time Source: Meaney et al. (200?)
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How Experience Influences Genes

Stress Response

&w

Restraint Time Source: Meaney et al. (2005)
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Fearful

Fearful

Sad

10 20 30 40 5§ 60 70 8% 90 100
* / Source: Pollok &

Images O - 3

Images 4 - 6

Images 7 - 10

Kistler (2002)
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Early Behavioral Inhibition Predicts
Attentional Bias to Threatening Stimuli

Bias Score

30 4
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20 A
15 A
10 A
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Happy Angry

Happy
1500 ms

Perez-Edgar, Biol. Psych. 2010

Early Behavioral Inhibition Predicts
Social Withdrawal as a Teen

Correlation between
Bl and Social Withdrawal

0.5 -

02 A

0.1 -

Large Threat Bias

** p <001

Behavioral Inhibition

Small Threat Bias

Threat Avoidance

Perez-Edgar, Biol. Psych. 2010
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Risk Factors for Adult Substance Abuse are
Embedded in Adverse Childhood Experiences

Self-Report: Alcoholism Self-Report: Illicit Drugs
16 | 40 |
% 14 % 35 |
12 ] 30 |
10 | 25 |
8 20 1
6 | 15 |
4 10 ¢
2 5 |
0 0|
0 1 2 3 4 ACEs 0 1 2 3 4 5+
Source: Dube et al, 2002 Source: Dube et al, 2005

Schilling et al, BMC Public Health 7 (2007)
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The Implications of the Research -
Caregiver Capacities Matter

Carefully considered responses
Empathetic to others
Future-oriented

Personal State

Relaxed Hopeful
Balanced In control
Triggers
Isolation Self Goals
S Rules
Monitor = Plan
Others [ 0 Timeframe

5 /(A y
1w

Sel(f?RegGI"ate

Behaviors Emotions

Unbalanced
Stressed Despairing

Impulsive reactions
Focused on the self
and on the present

J. Shonkoff, Harvard Center for the Developing Child
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Developmental Programming

Fetal Programming and Environmental Exposures: Implications for Prenatal Care and Pre-Term Birth

June 11 - 12, 2012
The New York Academy of Sciences

Presented by the New York Academy of Sciences and Cincinnati Children's Hospital Medical Center
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Early Experiences Can Transmit
Across Generations

Maternal diet change
during pregnancy
causes changes to
offspring’s

fur color,

obesity,

and cancer risk

in genetically
identical mice.

Source: Jirtle & Skinner (2007)
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Maternal Genetics Influences Emotional Outcome

1 wroo, 2

B e -~
WT(WT) WT(H) KO(H) KO(KO)
ANXIOUS ANXIOUS ANXIOUS

1 - Not Surprising
3 - Not Surprising
2 - Surprising

Gleason et al Front. Psych. 2011
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But why is the normal mouse anxious?

18
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Prenatal host — Postnatal Care—
mom with mutant gene Normal mom
KO

Normal mom &
Normal fetus

Gleason et al Front. Psych. 2011
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Prenatal host — Postnatal Care—

Normal mom Mom with mutant gene
Normal mom &

Normal fetus

WT-— §\
i N
| ,_0 o -
Showl

&

Offspring exposed to POSTNATAL KO
environment

Offspring — Normal!

Gleason et al Front. Psych. 2011
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What does this mean?

Here, the intergenerational
transmission comes from a prenatal
factor influenced by the gene mutation
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Possible Origins

 Maternal mutation increases risk for
adverse response to stress

+ Maternal mutation changes production of
biological factors that influence fetal
development

« Mutation influences disrupted prenatal
behavior/decision-making

+ A mystery

20
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So early means early
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Cost/Benefit Data on Nurse Family Partnership

(Dollars returned for each dollar invested)

£10
$5.70 Total Return per $1 Invested

% Returns to Society
Re_du:ed welfare, crime,

* 23 $2.88 mjury costs: mereased tax
revenueas

52

9x  Returns to Individuals

Increased earnings

Nurse Family Partnership  Murse Family Partnership
(High Risk Group} (Full Sample)

Source: Karoly et al. (2005}
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Context Clearly Matters -
for caregiver and child
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The Dandelion and the Orchid Child

N4 3

The Orchid Child

* Context-dependent %

-e.g. high stress-reactive in highly adversity environments -
poorer outcomes

-e.g. high stress-reactive in low adversity environmentsﬁﬁA
better outcomes

cf. Obradovic et al, Child Development 81 (2010)
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Context Drives Behavior Differently
in Children with Different Physiology

0.6

0.4

0.2 1

Fall Prosocial Behaviors
o
1

—«&— Low CORT Reactivity
—a—High CORT Reactivity

Low Adversity High Adversity
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Really, genes and context matter

Orbadovic et al, 2010
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Resilience is Related to the Interaction
Between Genetics and Experience

The Serotonin Transporter Gene

.70 — SS
.é S = short allele
g ] L = long allele
E 50 —
s SL
© p—
S
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5.30 — LL

No Abuse I Moderate Abuse ! Severe Abuse

Early Childhood Experience
Caspi et al 2003
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2\
f/%\w How Caregiver Capacities Interact
with Social & Economic Environments

Carefully considered responses
Empathetic to others
Future-oriented

Personal State

Relaxed Hopeful
Balanced In control

Triggers
Isolation Self
. Rul - ;
s Monitor Plan™"" Trusted family
& friends
Others
Eoomm'::y Continuity of
“‘wiu care
Self-Regulate Es?ﬁw

Behaviors Emotions

Unbalanced
Stressed Despairing

Impulsive reactions
Focused on the self
and on the present
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So what is the science telling
us?
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Think Broadly About Children’s
Environment of Relationships

® Plan from pregnancy, and look beyond education and
health care.

® [nvest in the development and retention of a skilled
workforce in early childhood and public education.

® Make sure vulnerable children have access to stable,
supportive relationships with adults—as early and as
consistently as possible.

o Skill develolpment for ‘serve and return’ in adults is a way
forward - FO

18/10/2013
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Policy Changes - What Can They Mean?

Reduce special needs populations; increase
emotionally sound, learning-ready children with

sound Executive Function
S —

Invest Early

S
>

Major increase human capital via ready
workforce

It's

Patriotic
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Neuron 67:689 (2010)

Neuroscience and the Future of Early
Childhood Policy: Moving from Why
to What and How

Jack P. Shonkoff'* and Pat Levitt?

1Center on the Developing Child, Harvard University, Cambridge, MA 02138, USA

2Zilkha Neurogenetic Institute, Keck School of Medicine of the University of Southem California, Los Angeles, CA 90089, USA
G j .edu

jack s
DOI 10.1016/.neuron.2010.08.032
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