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Today’s Workshop
• The challenge in the U.S. when it comes to healthy child 

development

• A primer of brain development (pre- and postnatal) and the 
requirement of early experience

• Why (and how) does ‘early’ have such lasting effects?

• Toxic Stress -what’s it all about and can we measure it?

• Three key brain and health targets for success
- Reward and Motivation
- Executive Function
- Resilience

• What comes next - measurement, screening and interventions



September, 2018

215,000 respondents from 23 states using
Behavioral Risk Factor Surveillance System (includes ACE)

• 62% report at least 1 ACE
• 25% report 3 or more ACES
• 1.7-2.3X higher exposure in African Americans or Multi-Racial
• Other factors that increase exposure:

- very low income
- low education achievement
- extended unemployment
- gay/lesbian, bisexual
- Developmental disabilities



Scottish Public Health Report 2016



The Cumulative Pile Up of 
Adversity Impairs Development in 

the First Three Years

Number of Risk 
Factors 

Source: Barth, et al. 
(2008)
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Screening or Surveillance (social/language), 9-35 
mo, 5668 survey:

• 30% screening nationally (state range 17% -
59%)

• 37% verbal surveillance nationally - (state range 
19% - 61%)

• Factors that reduce both - ethnicity, income, 
parental education

July, 2018



:(



We Are in BIG Trouble
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The healthy development of young children 
provides a strong foundation for healthy and 
competent adulthood, responsible citizenship, 
economic productivity, strong communities, 
and a just and fair society.

And It Is Intergenerational



The Core Story
#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

#7 - For many functions, the brain’s capacity for change decreases 
over time (cost-effectiveness factor) - but not all functions are 
impacted equally



Source: Levitt (2009)
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Physiological “Effort” Required to 
Enhance Neural Connections

Normal Brain Plasticity 
Influenced by Experience
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#7 - For many functions, the brain’s capacity for change decreases over time 
(cost-effective factor) - but not all functions are impacted equally



Early Child Brain Development Video
https://developingchild.harvard.edu/resources/experiences-build-
brain-architecture/

https://developingchild.harvard.edu/resources/experiences-build-brain-architecture/




Frameworks Institute Research
“Tipping the Balance”

http://www.frameworksinstitute.org/

http://www.frameworksinstitute.org/
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HUMAN DEVELOPMENT - STARTS EARLY & EXTENDS INTO ADULTS



Hoynes et al, 2016

ACCESS TO RESOURCES MATTERS - and so does timing



Expansion of the Cerebral Cortex 
– What Makes All of Us Human

Rakic, Nature Reviews Neurosci. 2009



An Orchestrated Assembly of the Brain

Casigal et al Neuron 2022



Patterning ‘Centers’ Create Basic Organization of the CNS/Neocortex

Bear, Connors, Paradiso Neuroscience: Exploring the Brain, 2015



Courchesne et al, Neuron 56, 2007

Dramatic Growth of Neuronal Architecture - Birth - 2 yrs
(1-2 million synapses formed per second in the early years)



birth         6 years             14 years

Experience Shapes Brain Architecture by Over-
Production Followed by Pruning Through Childhood



Miller et al eLife, 2022





Defelipe, et al J. Neurocytol., 2002 



Kast and Levitt, 2020

Orderly Progression of Development is Conserved



Open and Shut - Critical Periods of Brain and Child Development

Bardin et al, Nature 2012

When do most U.S. school systems start to teach foreign language?



Heterogeneity of Development

World Health Organization



Experience as an Important Driver of Development



Rasgon and McEwen, Mol Psychiatry 2016

Preconception and Prenatal Metabolic Status of Parents, Pre- and Early 
Postnatal Economic Resources, ELS Prevalence Contribute to Lifespan Health



Preconception and Prenatal Origins of Health Disturbances –
Generational Implications Due to Impact on Germ Cells

Powerful Recent Examples of Preconception Epigentic Markings 



Why does early development 
have long-lasting effects?



The Epigenome – Regulating Gene 
Activity



MM

DNA Methylation
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Every cell in your body has the same nuclear genes, but…?

Multiple phenotypes from a common genotype

Fred Phil



Fred Phil



Adversity Typical

Genes involved in activation of stress responses



Factors that alter DNA methylation signals in 
children

• Resource access (e.g. maternal prenatal/child postnatal 
nutrition) - What else????

• Maternal emotional status (depression/anxiety)
• Paternal stress (experimental)
• Preconception paternal and maternal environmental exposures
• Metabolism, oxidative stress
• # of early life stress events (postnatal ACES)



Piper et al Psych Clin N. Amer. 2012

(2)

(2)

(2)

(2)

(9)

(2-3)

Odds Ratios Adapted from Jones and Cannon, 
Psychiatr Clin North Am, 1998

Many Risk Factors – Birth/Major Pregnancy Complications is the ‘Big’ One



Prematurity & Birth Complications –
Broad Health and Policy Implications

• 10% worldwide births (8.3% U.S.)
o Major disruptions – cerebral palsy, hydrocephalus, Intellectual 

Disability (ID), sensory and motor dysfunction

o Other disruptions – IQ and cognitive performance, speech-
language, balance/coordination, perception, ADHD, mood 
dysregulation, social communication

o Health issues – pulmonary, infection/immune disturbances, GI, 
vascular/BBB integrity, obesity, metabolic syndromes

Soleimani et al 2014



Temporal correlation of major structural and functional 
events during ontogenesis of goal-directed behavior

Why Does Timing In Development Matter?
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Why Does Timing In Development Matter?



Human Brain Development



Rakic, Nature Review Neuroscience, 2002
Clinical Neuroscience, 2002

Timing of Insult Will Have Differential Effects



Postnatal Refinement of Sensory Thalamus 
and Modulatory Circuits

Kostovic et al Neurosci Lett 90:107, 1988

28W NEWBORN 3 YRS

P. Levitt, CHLA 2013

the exertion of a modifying or controlling influence on something



Hoftman and Lewis, Schiz Bull, 2011

1,000,000/sec



1M

2M

3-6M

7-9M

>9M

Paus et al Brain Res Bull 54:255, 2001

Qi et al, TINS 25:223, 2002

Myelination:  Cellular Origins and 
Temporal Development

Through 
5th decade



Growth Trajectories of Different Elements - Heterogeneity

Label and Eons, Neuroimage 2018



Critical Periods Define Readiness for Experience to 
Impact Development of Function

environment

critical periodsgenes behavior

in utero adulthood





The Ability to Change Brains Decreases Over Time

Source: Levitt (2009)
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Powerful experiences, 
no matter what kind (+/-), matter



50 days: exposed 
to early noise

Source: Chang & Merzenich (2003)

Extreme Early Experiences Can 
Dramatically Disrupt the Precision of 

Sensory Information Processing

16 days 50 days



Species-typical Behavior?

From Dylan Cooke, Danielle 
Stolzenberg, Leah Krubitzer, 
UC Davis



From Dylan Cooke, Danielle Stolzenberg, Leah Krubitzer, UC Davis



Exposure to Complex Language Repertoire Begets 
Complex Language Repertoire

16 mos. 24 mos. 36 mos.
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24-month-old children with larger 
vocabularies display greater academic 
and behavioral functioning at 
kindergarten entry
Paul L. Morgana,d Carol Scheffner Hammerb

George Farkasc Marianne M. Hillemeiera,d Steve 
Maczugaa,d

aPenn State, bTemple, cUniversity of California-Irvine, 
dPopulation Research Institute 



Interaction as Serve and Return

Interaction as Serve and Return
https://developingchild.harvard.edu/resources/serve-return-
interaction-shapes-brain-circuitry/

https://developingchild.harvard.edu/resources/serve-return-interaction-shapes-brain-circuitry/


Heterogeneity in Human Social Behavior

Sociability

Autism Spectrum Disorders
Fragile X Syndrome

Rett Syndrome
Williams Syndrome

Angelman Syndrome
Schizophrenia, Depression

Personality Disorders

Typical Population

Aloof, 
Introverted 

Gregarious, 
Extroverted

Limited 
Sociability 

Indiscriminate 
Sociability 
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Social Behavior Dysfunction is Common

•Psychosis

•Depression

•Anxiety

•Addiction

•Psychopathy

•PTSD

•SAD

•OCD

Most Neurodevelopmental Disorders
ACE-generated psychopathologies (Reactive Attachment Disorder and their precursors 



Based on the concept that simple skills 
beget more complex skills, and 
developmentally, simple circuits are 
built as foundations for more complex 
circuits.....



Hierarchical Development of Social Behavior -
Basic Skills Beget More Complex Skills

(Hammock and Levitt, Human Development 49, 2006)



Multisensory Contingent 
Processing Complex Motor Responses

• Proximity Seeking
• Nurturing Responses
• Defensive Responses
• Sexual Behavior
• Vocalization & USV

• Attention 
• Learning & Memory
• Social Recognition
• Motivation
• Emotional Processing

Cognitive Processing

• Olfaction (1° rodents)
• Vision (1° humans)
• Thermotactile (LiGr)
• Milk Transfer
• Auditory (USV)

Approach Avoidance Recognize & 
Remember Partner

Engage Partner

Hierarchical Development of Social Behavior -
Basic Skills Beget More Complex Skills

(Hammock and Levitt, Human Development 49, 2006)



Multisensory experience 
• Milk consumption (satiety)
• Thermotactile (warmth, Li-Gr)
• Olfactory
• Visual
• Auditory 1) Needs are met 

2) Social source of satisfaction

Born with physiological & relational needs

1) Needs are unmet
2) Non-social source of distress

Is there a basic process that underlies social competence?



Rewards

Emotions

Memories

Experiences
Actions

Experiences Modify Pathways Between Brain 
Regions to 

Link Rewards, Memories, and Experiences



There Are Different Kinds of 
Motivation, Each with its Own 

Neurobiological Network

“emotion trigger”

“behavior tracker” 

“memory center”  “air traffic control”

“dopamine distributors” 
“reward anticipator”  

“serotonin distributors” 

Dopamine
“wanting”

Serotonin
“liking”

Glutamate
“neuron exciter”

Opioids & Endocannabinoids
“euphoria”

Norepinephrine
“fight or flight trigger”



Motivation is Bidirectional: 
Away from Threat and Toward Reward

Motivation

Threat Reward
ApproachAvoidance

• Key to most forms of learning

• Dopamine surge signals to expect 
new experiences of value

• Creates connections to emotions 
and memory of the reward

• Associated with fear or disgust

• Hormones trigger fight or flight

• Learned through experience 

• Focuses on immediate response at 
the expense of long-term goals  



Early Allostatic Load – Generation of 
Epigenetic Changes

Stress Response

Restraint Time Source: Meaney et al. (2005)



How Experience Influences Genes

Stress Response

Restraint Time Source: Meaney et al. (2005)

Glucocorticoid receptor gene

CH3 CH3CH3CH3



McGowan et al, Nature Neurosci 2009

Epigenetic ‘Signatures’ Occur in Humans
Glucocorticoid receptor gene



Powerful experiences, 
no matter what kind (+/-), matter



Toxic
Prolonged activation of stress response systems 

in the absence of protective relationships.

Three Levels of Stress

Tolerable
Serious, temporary stress responses, 
buffered by supportive relationships.

Positive
Brief increases in heart rate, 

mild elevations in stress hormone levels.



We know that:

U.S. Dept. Health and Human Services, 2010





But Context Matters A lot







Addressing the Environmental Factors AND Addressing Skill Building for the Caregiver 

The Importance of Supporting Social Relationships



The science of Neglect
https://developingchild.harvard.edu/resources/inbrief-the-science-of-
neglect-video/

https://developingchild.harvard.edu/resources/inbrief-the-science-of-neglect-video/


Source: Pollok & 
Kistler (2002)



Pollok & 
Kistler PNAS 
(2002)

•Abuse - difficulty in distinguishing anger from 
other emotions, and difficulty disengaging

•Neglect - difficulty in distinguishing between 
any emotions, and poor face processing



Social-Emotional and Cognitive 
Skill Building are Interconnected



Skills Development Depends Upon Addressing the Whole Child

FRAMEWORKS INSTITUTE

http://www.frameworksinstitute.org/

http://www.frameworksinstitute.org/


The Brain Architecture of 
Anxiety and Fear



https://developingchild.harvard.edu/resources/toxic-stress-
derails-healthy-development/. 

Toxic Stress Derails Healthy Development

https://developingchild.harvard.edu/resources/toxic-stress-derails-healthy-development/


The Brain Architecture of 
Memory and Learning



Bruce McEwen – stress, allostasis and adaptive processes
Mitochondr
ia keep 
track of 
ELS



McEwen, Phys. Rev., 2007;  PNAS 2012



Responses to Cellular and Physiological Challenges - Developmental Allostasis 
(chemo-physiological ‘wear and tear’)

Thompson and Levitt, Neuron 67, 2010
McEwen and Gianaros, Ann. Rev. Med. 62, 2011

Homeostasis – narrow response range

Allostasis – broad response range for maintaining homeostasis

Allostatic Load – prolonged response shifts homeostatic range maladaptively



Acquired  Biological Disruption



97





Picard, M. & McEwen, B.S. Psychological stress and 
mitochondria: a conceptual framework. Psychosom 
Med 80, 126-140 (2018).







Ridout K, et al Bioessays 2018

Chronic Stress = Mitochondrial Allostatic Load = Pathophysiology



Early Life Stress Model

Quality of 
Care

Patterns of 
Care

Less predictable Predictable, 
consistent

Lower quality 
(maternal stress, 

‘abusive’)

Higher quality 
(low maternal 
stress, non-

abusive)

modeled after Walker et al., 
Stress, 2017



iTRAQ label tryptic peptides

Mix equal amounts of 
labeled samples

Tandem
MS/MS

Identify peptides

Quantify ratio of 
each peptide in

different samples

Male control Male ELS

Female ELSFemale control
1

2

3

Eagleson et al Neurobiology of Stress 2020Dr. Kathie Eagleson



Mitochondrial proteins are enriched in 
females only

• Changes in expression for 
individual proteins typically 
in 20-30% range

• GO enrichment analyses

P21 female

Adult male

Adult female (top 10/41)

Eagleson et al Neurobiology of Stress 2020



Mitochondrial Allostatic Load Demonstrated Experimentally 

Eagleson et al Neurobiology of Stress 2020
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Inverse Correlation Of Adult Inflammatory Protein IL-6
With Very Early SES
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Carroll et al, Brain Behav. Immun. 2011



Addressing Toxic Stress/Early Adversity -
The Importance of Connecting the Brain and Body

Connecting the brain to the body
https://developingchild.harvard.edu/resources/connecting-the-brain-
to-the-rest-of-the-body-early-childhood-development-and-lifelong-
health-are-deeply-intertwined/

https://developingchild.harvard.edu/resources/connecting-the-brain-to-the-rest-of-the-body-early-childhood-development-and-lifelong-health-are-deeply-intertwined/


Pixar/Disney-Pixar, via Associated Press

Thanks for the 
break! That 
was a lot of 

stuff*%!



Acquired Resources Influence 
Vulnerability to Social Origins of Disease



Hanson et al, PLoS One 2013
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Brain Growth and Poverty



Luby et al, Proc. Nat. Acad. Sci. (2012)

(PAPA-based)

Positive or Adverse Childhood Experiences - Impact on Brain Architecture

13%!



Long-Term Health Outcomes

(Carolina Abecedarian Project)



Long-Term Health Outcomes



Social-Emotional and Cognitive 
Adaptation…….for a lifetime!

:)



Executive Function: What is it?

Executive Function
https://developingchild.harvard.edu/resources/inbrief-executive-
function-skills-for-life-and-learning/

https://developingchild.harvard.edu/resources/inbrief-executive-function-skills-for-life-and-learning/


A remarkable example of developing EF



https://bcove.video/3mM8FXP


EF Develops Over Decades

Early Positive = Adaptive Skills
Early Negative = Later problems



Moffitt et al PNAS 2011

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

The Dunedin Study



Liability to 
behavioral 

disinhibition

Undercontrolled 
behavior

Low persistence

Aggressive

Impulsive

inattention

Chidhood

Disruptive 

Disorders

Externalizing 
Behaviors

Nicotine
dependence

Incarceration

Alcohol
dependence

Drug Use

Signs of Early EF Disruption

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

Low 
education 

achievement

Physical Illness
CVD, Cancer, 

Obesity, Diabetes

Mental 
Illness

Moffitt et al PNAS 2011



Early Executive Function Disruption - Long Term Impact 

Moffitt et al PNAS 2011
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Moffitt et al PNAS 2011
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Moffitt et al PNAS 2011



cf. Obradovic et al, Child Development 81 (2010)

The Dandelion and the Orchid Child

• Context-dependent
-e.g. high stress-reactive in highly adversity environments -

poorer outcomes

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

The Orchid Child



Orbadovic et al, 2010

Context Drives Behavior Differently 
in Children with Different Physiology



“But I know someone who 
was ok after a traumatic 

childhood…….”



Resilience – It is not about 
rugged individualism



Building Resilience is a Team Sport

What is Resilience
https://developingchild.harvard.edu/resources/inbrief-what-is-
resilience/

https://developingchild.harvard.edu/resources/inbrief-what-is-resilience/


REMINDER: Part of Executive 
Function Skill Development Is 

Building Capacity for Emotional 
Regulation and Sound Early Mental 

Health………



Executive Function Interventions

The Recipe of Programs that Work
(4-12 yr old in clinical studies)

• Computerized training (CogMed) for working memory
• Reasoning and speed training - domain-specific
• Aerobic exercise (high dose - 40-70 min daily)
• Martial arts (inhibitory control, mindfulness)
• Curricula (Tools of the Mind - planning, inhibitory control)

reviewed in Diamond and Lee, Science 333 (2011)



What early elements are most critical for
building resilience?

Executive Function: 

• Mental Flexibility

• Working memory

• Response inhibition & response selection

• Emotions (emotional suppression; reappraisal of the situation)



When ‘at risk’ is identified - What are the options?



Building Resilience - Three Core Principles of 
Effective Early Childhood Programs 

Reduce 
Sources of 

Stress

Strengthen Core Life Skills

Support 
Responsive 

Relationships

Children
Healthy 

Development 
& 

Educational 
Achievement

Adults
Responsive 

Caregiving & 
Economic 
Stability



Routines and Predictability



Rewards

Emotions

Memories

Experiences
Actions

Predictable Experiences Link Rewards, 
Memories, and Experiences







Executive Function Interventions
Some Programs that Work

Diamond and Lee, Science 2011; Hillman et al Pediatrics 2014; Krafft et al Obesity 2014; Ishihara et 
al Neuroscience and Biobehavioral Reviews 2021)

•Reasoning and speed training - domain-specific
• Aerobic exercise (FITKids)
• Curricula (Tools of the Mind - planning, inhibitory control)



40 min after-school aerobic exercise vs. sedentary activities

• Changes in brain activation patterns in fMRI
• Improved Attention & Working Memory
• Improved Inhibitory Control

Brain Activation Changes - 8-Month  Exercise Program
8-month Exercise Program Targeting At-Risk Children (8-11yrs)

Krafft et al 2014



How do we scale early identification 
of risk or resilience?



“If you always do what you always 
did, you will always get what you 

always got.”

• Discovery of scalable measures
• Educating students and health professionals about why EARLY
• Training a new generation of practitioners



California Institute for Advancement of Precision Medicine 
-ACES Project

36M
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Muchos gracias, ZTT!

plevitt@chla.usc.edu
https://www.chla.org/research/levitt-laboratory

http://www.developingchild.harvard.edu
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