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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




JAMA Pediatrics | Original Investigation September, 2018
Prevalence of Adverse Childhood Experiences
From the 2011-2014 Behavioral Risk Factor
Surveillance System in 23 States

Melissa T. Merrick, PhD; Derek C. Ford, PhD; Katie A. Ports, PhD; Angie S. Guinn, MPH

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

e 62% report at least 1 ACE
e 25% report 3 or more ACES
e 1.7-2.3X higher exposure in African Americans or Multi-Racial
e Other factors that increase exposure:
- very low income
- low education achievement
- extended unemployment
- gay/lesbian, bisexual
- Developmental disabilities




Figure 1 Changes in risk of disease with increase history of ACE 2013
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REVIEW

Curr Opin Psychiatry 2018, 31:128-132
DOI:10.1097/YCO.0000000000000390

#io0 Adverse childhood experiences in children
with autism spectrum disorder

Daniel W. Hoover®® and Joan Kaufman®®

KEY POINTS

e Children with ASD are bullied at a rate three to four

times that of nondisabled youth, with bullying
associated with negative effects on children’s academic
functioning and mental health, including an increased

risk for suicidality.

Adverse childhood experiences (ACEs) are reported
more frequently by families of children with autism,
particularly experiences of parental divorce and
income insufficiency.

Extant studies do not show increased risk of child
malireatment in the ASD population.

ACE exposure is associated with increased risk of
comorbid mental health and medical problems, and

later diagnosis and initiation of treatment in youth
with ASD.




JAMA Pediatrics | Original Investigation Ju|y’ 2018
Prevalence and Variation of Developmental Screening
and Surveillance in Early Childhood

Ashley H. Hirai, PhD; Michael D. Kogan, PhD; Veni Kandasamy, MSPH; Colleen Reuland, MS; Christina Bethell, PhD

Screening or Surveillance (social/language), 9-35
mo, 5668 survey:

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

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

e Factors that reduce both - ethnicity, income,
parental education
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We Are in BIG Trouble

CONCLUSIONS AND RELEVANCE Despite more than a decade of initiatives, rates of
developmental screening and surveillance remain low. However, state-level variation
indicates continued potential for improvement. Systems-level quality improvement efforts,
building on the medical home, will be necessary to achieve recommended screening and
surveillance goals.
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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




NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

- For many functions, the brain’s capacity for change decreases over time
yst-effective factor) - but not all functions are impacted equally
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Early Child Brain Development Video
https://developingchild.harvard.edu/resources/experiences-build-
brain-architecture/



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

GENES

« DNA sequence variation

» G-E correlation

« GxE contingent interactions
+ Epigenetic processes

TIME

» Critical/sensitive periods
* Timed neural plasticity

* Excitatory/inhibitory neuronal balance

* Developmental pace

* Adverse childhood experiences
* Poverty/racism/violence

* Access to resources

* Responsive caregiving

ENVIRONMENTS

BIOLOGICAL MEDIATORS AND MODERATORS
* DIFFERENTIAL SUSCEPTIBILITY/RESILIENCE
*  GUT/AIRWAY MICROBIOME
*  IMMUNE COMPETENCE/INFLAMMATION
* METABOLIC REGULATION

PHYSICAL AND MENTAL HEALTH OUTCOMES
* Learning/behavior/adaptive skills

+ Stress reactivity

+ Inflammatory/immune balance
* Metabolic balance

* Organ architecture




“Tipping the Balance”

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

initial wiring of brain (earliest: brain-periphery)
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Outcome = Metabolic syndrome (index)
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Expansion of the Cerebral Cortex
- What Makes All of Us Human

a Mouse b Macaque € Human

R

Rakic, Nature Reviews Neurosci. 2009




An Orchestrated Assembly of the Brain
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Patterning ‘Centers’ Create Basic Organization of the CNS/Neocortex
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Bear, Connors, Paradiso Neuroscience: Exploring the Brain, 2015
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Dramatic Growth of Neuronal Architecture - Birth - 2 yrs

(1-2 million synapses formed per second in the early years)
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Experience Shapes Brain Architecture by Over-
Production Followed by Pruning Through Childhood
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Miller et al eLife, 2022
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Orderly Progression of Development is Conserved

Mouse PO
(Human) (12-14GW)

P4 P8 P12
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Kast and Levitt, 2020
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Open and Shut - Critical Periods of Brain and Child Development

VISION SYMBOLS AND IDEAS MAKING INFERENCES CRITICAL THINKING

HEARING SOCIAL RELATIONSHIPS READING REFLECTIVE THINKING

TOUCH TALKING MATHEMATICS CONSIDERED RESPONSE

SHARED FOCUS INQUIRY
THINKING STRATEGIES
SENSES LANGUAGE HIGHER COGNITION
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When do most U.S. school systems start to teach foreign language?

Bardin et al, Nature 2012
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Heterogeneity of Development
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Experience as an Important Driver of Development




Preconception and Prenatal Metabolic Status of Parents, Pre- and Early
Postnatal Economic Resources, ELS Prevalence Contribute to Lifespan Health
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Female / Male Gestating Female
Environmental Exposure Environmental Exposure
Multigenerational
Exposures
F2 Generation Transgenerational F3 Generation
First Unexposed Inheritance First Unexposed
Figure 1 Schematic of multigenerational exposure and transgenerational inheritance.
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Powerful Recent Examples of Preconception Epigentic Markings
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Why does early development
have long-lasting effects?
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[ The Epigenome - Regulating Gene ]
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| DNA Methylation |

Active Gene Silenced Gene
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Brain Cell

Brain Cell Blood Cell

CCOD

Expressed Genes
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Multiple phenotypes from a common genotype

Every cell in your body has the same nuclear genes, but...?
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Typical

Adversity

Genes involved in activation of stress responses




Factors that alter DNA methylation signals in
children

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

e Maternal emotional status (depression/anxiety)

e Paternal stress (experimental)

e Preconception paternal and maternal environmental exposures

e Metabolism, oxidative stress

e # of early life stress events (postnatal ACES)




Many Risk Factors — Birth/Major Pregnancy Complications is the 'Big’ One

Box 1
Clues from epidemiology that implicate the neurodevelopmental hypothesis

Excess risk of schizophrenia associated with exposures and proxy markers that could impact on
early brain development

e Winter-spring birth (2)

e Born or raised in urban areas (2)

e Prenatal infection (2)

e Prenatal famine (2)

e Prenatal micronutrient deficiency (eg, vitamin D, iron, folate) (2-3)
e Pregnancy and birth complications (9)

e Early life motor and cognitive antecedents in cohort studies

¢ Increased prevalence of minor physical anomalies

Piper et al Psych Clin N. Amer. 2012

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




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
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Why Does Timing In Development Matter?




Why Does Timing In Development Matter?

initial wiring of brain (earliest: brain-periphery)
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Human Brain Development
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Timing of Insult Will Have Differential Effects
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Rakic, Nature Review Neuroscience, 2002
Clinical Neuroscience, 2002
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Postnatal Refinement of Sensory Thalamus
and Modulatory Circuits

28W NEWBORN 3 YRS

the exertion of a modifying or controlling influence on something

Kostovic et al Neurosci Lett 90:107, 1988
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Myelination: Cellular Origins and
Temporal Development
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Growth Trajectories of Different Elements - Heterogeneity

White Matter Gray Matter Total Brain

5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30

Age (years) Age (years) Age (years)

Label and Eons, Neuroimage 2018




Plasticity

Critical Periods Define Readiness for Experience to

Impact Development of Function

environment

in utero l l l l l adulthood

nes critical periods , behavior
Motor / Higher Cognition
Se
Birth JEmON T Language

velopment (Hensch & Bilimoria,
Cerebrum 2012)




‘Critical Periods’ Define Typical Optimal Timing of Change

a

Neural plasticity

Immature

Plastic

Critical period

Consolidated

Brakes

|

PV function
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Werker & Hensch Ann Rev Psychol. 2014
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The Ability to Change Brains Decreases Over Time

Normal Brain Plasticity Physiological “Effort” Required to
Influenced by Experience Enhance Neural Connections
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Birth 10 20 30 40 50 60 70

Age (Years)
Source: Levitt (2009)
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Powerful experiences,
no matter what kind (+/-), matter
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Extreme Early Experiences Can
Dramatically Disrupt the Precision of
Sensory Information Processing

16 days

8

2

CF (kHz)

Source: Chang & Merzenich (2003)




Species-typical Behavior?

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




Differences in maps of motor cortex

Laboratory reared Field pen reared
i . , ~ hindlimb
_— - — s whiskers :
e *** hindlimb"\if : =
whiskers
Tmm neck

o forelimb  @tail
o face ® hindlimb

o whiskers ©trunk

From Dylan Cooke, Danielle Stolzenberg, Leah Krubitzer, UC Davis
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Exposure to Complex Language Repertoire Begets
Complex Language Repertoire
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Child’'s Age (Months)
Source: Hart & Risley (1995)

Fernald et al 2012




Brains and Skills are Shaped
by the “"Serve and Return”
Nature of Human Interaction




24-month-old children with larger
vocabularies display greater academic
and behavioral functioning at
kindergarten entry

Paul L. Morgan@d Carol Scheffner Hammer®

George Farkas® Marianne M. Hillemeier?d Steve
Maczuga?

aPenn State, *Temple, 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/

Number of Individuals

Heterogeneity in Human Social Behavior

autism Spectrum Disorde&
Fragile X Syndrome
Rett Syndrome
Williams Syndrome
Angelman Syndrome
Schizophrenia, Depression
\ Personality Disorders

[Typical Population ]

o)

Aloof, Gregarious,
Introverted Extroverted

Limited Indiscriminate

Sociability Sociability

Sociability




Social Behavior Dysfunction is Common

e Psychosis e Psychopathy
eDepression *PTSD

e Anxiety *SAD

e Addiction eOCD

Most Neurodevelopmental Disorders
ACE-generated psychopathologies (Reactive Attachment Disor¢




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




Development of long-distance circuits

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

(Hammock and Levitt, Human Development 49, 2006)

>

Social motivation

Experience-dependent refinement of local circuits
(AVP, OXT, GABA)

Level 4

Level 3

Level 2

Level 1

observable behavior

amygdala

sensory cortex
association cortex
(DA, NE, glutamate)

midbrain
ventral forebrain
(DA, NE, 5-HT, opioids)

autonomic nervous system
reticular activating system
endocrine system




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

(Hammock and Levitt, Human Development 49, 2006)

Multisensory Contingent
Processing

* Olfaction (1° rodents)
* Vision (1° humans)

» Thermotactile (LiGr)
* Milk Transfer
 Auditory (USV)

IApproach lAvoidance

Cognitive Processing Complex Motor Responses
* Attention * Proximity Seeking

* Learning & Memory * Nurturing Responses

» Social Recognition » Defensive Responses

» Motivation » Sexual Behavior

» Emotional Processing » Vocalization & USV

Recognize &

Engage Partner
Remember Partner




Is there a basic process that underlies social competence?

Born with physiological & relational needs

Multisensory experience

* Milk consumption (satiety)

» Thermotactile (warmth, Li-Gr)
» Olfactory

* Visual

 Auditory

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

1) Needs are met
2) Social source of satisfaction




Experiences Modify Pathways Between Brain
Regions to
Link Rewards, Memories, and Experiences

Memories

Experiences Rewards

Actions

Emotions

“frontiers Center on the Developing Child & HARVARD UNIVERSITY




There Are Different Kinds of
Motivation, Each with its Own
Neurobiological Network

S/?kr.()tO n I n Serotonin Pathways N O re pi n e p h rl n e
liking” “fight or flight trigger”
Dopamine g g 99
“Wanting ” DOP aaaaa :;:' o~
Glutamate | , ‘ K7
"neuron exciter” 187 «
E;e;iz.;ntal Amygdal‘a Hlppoca.mpus “behaVior traCke r,,
“reward anticipator” o . o ,
6 dopamine distributors
“air traffic control” \ “memory center”

emotion trigger “serotonin distributors”

3y
71 F

frontiers ' Center on the Developing Child & HARVARD UNIVERSITY




Motivation is Bidirectional:
Away from Threat and Toward Reward

«

Avoidance

Associated with fear or disgust
Hormones trigger fight or flight
Learned through experience

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

3\
“IFrontie

ers
“INNOVATION

Motivation

v

Reward

Approach
Threat

Key to most forms of learning

Dopamine surge signals to expect
new experiences of value

Creates connections to emotions
and memory of the reward

Center on the Developing Child @& HARVARD UNIVERSITY




Early Allostatic Load — Generation of
Epigenetic Changes

High Care Pups

Stress Response

Restraint Time Source: Meaney et al. (2005)
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How Experience Influences Genes

Stress Response

Restraint Time

Source: Meaney et al. (2005)
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Epigenetic ‘Signatures’ Occur in Humans

Glucocorticoid receptor gene
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McGowan et al, Nature Neurosci 2009
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Powerful experiences,
no matter what kind (+/-), matter
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Three Levels of Stress

Positive

Brief increases in heart rate,
mild elevations in stress hormone levels.

Tolerable

Serious, temporary stress responses,
buffered by supportive relationships.

ToxXicC

Prolonged activation of stress response systems
in the absence of protective relationships.




Neglect is the Most Prevalent Form of Child Maltreatment

Neglect

Physical Abuse

Other

Sexual Abuse

Psychological
Maltreatment

Medical Neglect

0% 20% 40% 60% 80%

U.S. Dept. Health and Human Services, 2010
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Science Helps to Differentiate Four Types of Unresponsive Care

OCCASIONAL CHRONIC SEVERE NEGLECTIN  SEVERE NEGLECT IN AN
INATTENTION UNDER-STIMULATION A FAMILY CONTEXT  INSTITUTIONAL SETTING

Intermittent, Ongoing, diminished level of
diminished attention | child-focused responsiveness
in an otherwise and developmental
responsive enrichment

environment

Features

Can be growth- Often leads to developmental
promoting under delays and may be caused by
caring conditions a variety of factors

7))
Jru—

D
=
ad

No intervention Interventions that address the
needed needs of caregivers combined
with access to high-quality
early care and education for
children can be effective




But Context Matters A lot

Equitable
Opportunity

Economic and
educational
environment

People Place

Social-cultural Physical/built
environment environment

Symptoms of Community Trauma

* Intergenerational poverty

e Long-term unemployment

* Relocation of businesses & jobs
e Limited employment

e Disinvestment

* Deteriorated environments and unhealthy, often dangerous
public spaces with a crumbling built environment
¢ Unhealthy products

e Disconnected/damaged social relations and social networks
e The elevation of destructive, dislocating social norms
A low sense of collective political and social efficacy

Figure 12. Community symptoms of trauma. Reproduced with permission from the Prevention Institute.®*




A Higher Burden of Stress

.8
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Source: Geronimus, A.T., Hicken, M., Keene, D., & Bound, J. (2006). “Weathering” and age patterns of allostatic load scores among
blacks and whites in the United States. American Journal of Public Health, 96(5), 826-833. https://doi.org/10.2105/AJPH.2004.060749
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US Children in Poverty by Racial Category

The 2019 share of children under age 18 who live in families with incomes below the federal poverty threshold
(e.g., $25,926 per year for a family of 4).

40% |
30% |
20% |
10% | I
0% | — I——  — _I— 8
Black American Hispanic/ 2+ Races Asian/ White
Indian Latino Pacific Islander

Source: KIDS COUNT Data Cent. 2020. Children in poverty by race and ethnicity in the United States. Data from U.S. Census
Bureau, Am. Community Survey 2019, Annie E. Casey Found. KIDS COUNT Data Cent., Baltimore, MD.




Fnvironmental Factors AND Addressing Skill Building for the Care

One insix children

in the United States

is food insecure.
 nationalacademies.org/VibrantHealthyKids

Laarn more about policies and

, £ . o practices that can help improve
The well-being : ' & 2F gy, 3 health outcomes.
O' Childl’&ﬂ .7 - - -: :h- _-’ .__i J 39 N nationalacademies.org/ Vibrant Healthy Kids
starts with the &~
well-being of
caregivers.

W #VibrantHealthyKids

SCHraCES
‘:‘bd’ ISR
WO

The Importance of Supporting Social Relationships
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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/

Happy

Happy

Angry

Angry

0

N

10 20 30 40 50 60
DA

70

A

Images O - 3

Images 4 - 6

8 90 100

P

Images 7 - 10

Fearful

Sad

Fearful

Sad

Source: Pollok &
Kistler (2002)




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

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

o

0 10 20 30 40 50 60 70 80 ,90 10
U H\/—_& j ] Pollok &
Kistler PNAS

Images O - 3 Images 4 - 6 Images 7 - 10 (2002)




Social-Emotional and Cognitive
Skill Building are Interconnected




Skills Development Depends Upon Addressing the Whole Child

http://www.frameworksinstitute.or



http://www.frameworksinstitute.org/

The Brain Architecture of
Anxiety and Fear

Cerebral cortex

Prefronta
cortex .

Cerebellum

Parahippocampal region
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Toxic Stress Derails Healthy Development

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



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

The Brain Architecture of
Memory and Learning

Cerebral cortex

Prefronta
cortex .

Cerebellum

Parahippocampal region




Bruce McEwen - stress, allostasis and adaptive processes

ia keep
track of




Environmental stressors Maijor life events Trauma, abuse
(work, home, neighborhood)

Perceived stress

(threat, \
helplessness, '/\‘ Behavioral

S ilance)
Individual | responses
differences (fight or flight;
(genes, development, experience) personal behavior — diet,

smoking, drinking, exercise)

responses

v

Allostatic load

Allostasis » Adaptation

McEwen, Phys. Rev., 2007; PNAS 2012




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

Homeostasis — narrow response range

C ,/\\ LN\

Thompson and Levitt, Neuron 67, 2010
McEwen and Gianaros, Ann. Rev. Med. 62, 2011
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Acquired Biological Disruption
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Connecting the Brain to the

Rest of the Body: Early Childhood
Development and Lifelong Health
Are Deeply Intertwined

WORKING PAPER 15

Center on the Developing Child @ HARVARD UNIVERSITY
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Environmental
Stressors

Environmental
Stressors




Psychosocial factors & | ACE and other early | | Discrimination, job | | Emotional states, Caa o)
stressors life exposures strain, low SES psychopathology LELINELED MWMM“"“
(HPA) Glucocorticoids Sedentary/exercise behavior
(sAM) Catecholamines Poor diet
Medlators Sleep disturbance
Allostasis / Mutti-systemic S SamOnes op el
Physiological Recalibrations P
B Pro-nﬂammatory_and Oxidative stress
Anti-inflammatory cytokines
Para/Sympathetic activity, HRV Brain atrophy and dysfunction
Mitochondrial
allostatic load (MAL)
Systemic and cellular
N 10l Altered gene Compensatory T Cell stress, Chronic inflammation
Allos(at?c 'Ioad ( A'I'_) senescence expression mtDNA copy number = wulnerability, fatigue = (IL-6, TNF-q, IL-18, ...)
L L l ||
v

Health and
lifespan outcomes

Disease risk, accelerated biological aging

-~
.

ommn?

.
““¥ signaling

Biological embedding of
life exposures

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




@.PLOS | ONE

Published in final edited form as:

RESEARCH ARTICLE

Identification of Biomarkers of Impaired
Sensory Profiles among Autistic Patients

Afaf El-Ansary'®, Wail M. Hassan®, Hanan Qasem?, Undurti N. Das®%*

Schizophr Res. 2016 October ; 176(2-3): 320-326. doi:10.1016/j.schres.2016.06.011.

Elevated Plasma F2-isoprostane Levels in Schizophrenia

Ellen E. Lee, M.D.1, Lisa T. Eyler, Ph.D.1-2. Owen M. Wolkowitz, M.D.3, Averria Sirkin Martin,
Ph.D."4, Chase Reuter, M.S.14, Helena Kraemer, Ph.D.5, and Dilip V. Jeste, M.D.1:4.6.7

Qasem et al. Lipids in Health and Disease (2016) 15:130
D01 10.1186/512944-016-0298.0 Lipids in Health and Disease

Cysteinyl leukotriene correlated with 8- @
isoprostane levels as predictive biomarkers
for sensory dysfunction in autism

Hanan Qasem’, Laila Al-Ayadhi**® and Afaf El-Ansary'**¢"




Oxidative stress with an * - *heterogeneity

OPEN 8 ACCESS Freely available online

2013 @PLOS | one

Enrichment of Elevated Plasma F,:-Isoprostane Levels in

Individuals with Autism Who Are Stratified by Presence
of Gastrointestinal Dysfunction

Phillip Gorrindo'*, Christianne Joy Lane?, Evon Batey Lee**>®, BethAnn McLaughlin®7-%°, Pat Levitt'%"’

p=0.038
FoyIsoprostane 150 - | p =0.007 |
(pg/mg protein)
/f\\ =
100 - [ o e #7 O g
1‘\ ® o ’ /) r/’/, \\\ ‘\ o) 1
\Q‘. 4,.// 1\\ .. /) \QQ 700/
50 4 \\ o 7 o é oy
LY oo (o) @ l:.%.:% P Q.... °
®eq00 *%09ee®® Cee0® ®
o® ® s .% -
0
ASD-GID ASD-only GID-only Unaffected
n 27 29 21 10
Mean (SD) 53.6 (24.4) 36.5 (13.3) 46.4 (22.3) 17.3 (4.7)
>1sd  30% 17% 29% 0%
>-1sd  33% 31% 38% 10%
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Chronic Stress = Mitochondrial Allostatic Load = Pathophysiology

Extracellular space

. |telomerase

Ridout K, et al Bioessays 2018




Early Life Stress Model

Lower quality N il Higher quality
(maternal stress, Quallty Of (low maternal

) stress, non-
‘abusive’) ’

Care __abusive)

Patterns of Predictable,
Ca re consistent

Less predictable

modeled after Walker et al.,
Stress, 2017
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Male ELS

SN
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P

Female controFemale ELS
’Xf %__
’k“"—-#/' ’k——,’:’_/
Identify peptides
= I ‘ L ‘4 |

Quantify ratio of
each peptide in:
different sample

nsity

In({‘e

Dr. Kathie Eagleson

1
= iTRAAQ label tryptic pef

Tandem
MS/MS

Mix equal amounts of
labeled samples

Eagleson et al Neurobiology of Stress 2020




Mitochondrial proteins are enriched in
females only

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

GO enrichment analyses

Adult male

Extra. exosome (11)
Myelin sheath (5)
v L] |

L L} L} L} 1
0 2 4 6 8 10 12 14
-Log (Benjamini-corrected p-value)

P21 female

Mitochondrion
Extra. exosome
Prefoldin complex
Axon

Cytosol

0 2 4 6 8 10 12 14
-Log (Benjamini-corrected p-value)

Adult female (top 10/41)

Extra. exosome (93)
Myelin sheath
Cytosol
Membrane
Synapse

Neuron projection
IMM
Mitochondrion
Synatpic vesicle
Clathrin-coated pit

' Al Al Al L) Al L) L]
0 2 4 6 8 10 12 14
-Log (Benjamini-corrected p-value)

Eagleson et al Neurobiology of Stress 2020
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Mitochondrial Allostatic Load Demonstrated Experimentally

P21

Adult

Complex | activity

#
14 - ~
12 ~ 5
10 - 3 )
8 - ¥ ] ‘S%' i
v o
44 ¥ = -
2-
e Female Male
#&
14 -
12 =
10 - ® s
Jéd
¢ = ® L
4 - & 3
2-
’ Female Male

Eagleson et al Neurobiology of Stress 2020




Infancy Juvenile Adolescent Adult
{behavioral dysfunction} [behavioral dysfunction]

ELS OXPHOS Mitochondrial
(P2-P9) — I capacity _ ROS I ? I dysfunction

Initial adaptive response
Antioxidant

f----- defenses 1

Altered lipid
and metabolite profiles
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Connecting the Brain to the

Rest of the Body: Early Childhood
Development and Lifelong Health
Are Deeply Intertwined

WORKING PAPER 15

Center on the Developing Child @ HARVARD UNIVERSITY

109




Acute to Chronic Inflammation

Acute/Temporary
Inflammation

Chronic
Inflammation

® Stress Response
Fight or Flight

® Immune Response
Battle stations:
Infection Fighting &
Wound Healing

Increased risk for:
asthma
heart disease
diabetes
insulin resistance
depression
obesity
arthritis
gastrointestinal
disorders
e autoimmune
diseases
 types of cancer
e dementia
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IL-6 serum levels [log] adjusted for covariates

Inverse Correlation Of Adult Inflammatory Protein IL-6

With Very Early SES

0.225

low middle high

Childhood SES Years 1-2

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/

Thanks for the
break! That
was a lot of

stuff+*%!

Pixar/Disney-Pixar, via Associated Press
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Acquired Resources Influence
Vulnerability to Social Origins of Disease
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Brain Growth and Poverty

gray matter volume

above 400% of

between 200-

200% below FPL

700000 @
_—— |FPL
/
600000 _— /// 100% or FPL
/
500000 g
5 10 15 20 25 30 35

months Hanson et al, PLoS One 2013
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Positive or Adverse Childhood Experiences - Impact on Brain Architecture

1=3.83. P<0.001 20, PO

t=2.36, P=0.020

-h -
§ 8

o
1 =

-
3
o

- -
& 3
o

Hippocampus volume (mm?3)
22332

Luby et al, Proc. Nat. Acad. Sci. (2012)
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Long-Term Health Outcomes

28 MARCH 2014 VOL 343 SCIENCE

Early Childhood Investments
Substantially Boost Adult Health

Frances Campbell,* Gabriella Conti,? James ). Heckman,?*>* Seong Hyeok Moon,
Rodrigo Pinto, Elizabeth Pungello,” Yi Pan'

3

(Carolina Abecedarian Project)
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Long-Term Health Outcomes
. Control Treatment Difference Conditional Block Stepdown
Variable .
mean mean in means treatment effect P value P value
Blood pressure
Diastolic blood pressure (mm Hg) 92.000 78.526 13.474 19.220 0.024 0.024
Systolic blood pressure (mm Hg) 143.333 125.789 17.544 24.828 0.018 0.029
Prehypertension (systolic bp > 120 and diastolic bp > 80) 0.667 0.421 0.246 0.321 0.119 0.172
Prehypertension (systolic bp > 120 or diastolic bp > 80) 0.778 0.684 0.094 0.096 0.235 0.235
Hypertension (systolic bp > 140 and diastolic bp > 90) 0.444 0.105 0.339 0.537 0.010 0.018
Hypertension (systolic bp > 140 or diastolic bp > 90) 0.556 0.211 0.345 0.404 0.038 0.038
Laboratory tests
High-density lipoprotein (HDL) cholesterol (mg/dL) 42.000 53.211 11,231 11.720 0.066 0.110
Dyslipidemia (HDL < 40 mg/dL) 0.417 0.106 0.311 0.255 0.179 0.179
Prediabetes (HbA1C > 5.7%) 0.583 0.473 0.110 0.043 0.426 0.426
Vitamin D deficiency (<20 ng/mL) 0.750 0.368 0.382 0.435 0.021 0.021
Obesity
Overweight (BMI > 25) 0.750 0.722 0.028 0.190 0.239 0.239
Obese (BMI > 30) 0.625 0.556 0.069 0.211 0.233 0.345
Severely obese (BMI > 35) 0.375 0.111 0.264 0.404 0:115 0.232
Waist-hip ratio (WHR) 0.962 0.937 0.025 0.045 0.293 0.293
Abdominal obesity (WHR > 0.9) 0.875 0.647 0.228 0.294 0.137 0.218
Multiple risk factors

Obesity and hypertension 0.500 0.111 0.389 0.529 0.016 0.016
Severe obesity and hypertension 0.375 0.000 0.375 0.502 0.005 0.012
Hypertension and dyslipidemia 0.333 0.000 0.333 0.435 0.006 0.012
Metabolic syndrome (NCEP definition) 0.250 0.000 0.250 0.465 0.007 0.014
Framingham risk score (34) 7.043 4.889 2.154 3.253 0.038 0.038
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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
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Early Executive Function Disruption - Predictor of At-
Risk Adolescents and Adults

The Dunedin Study

"‘ CHILDHOOD RISK FACTORS

SELF-CONTROL

10

SC HC}WRO%
TEEN PARENTHOOD

T

SOCIOECONOMIC STATUS

s 7 9 3 NSRS 21
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0037 991 954 955 925 850 ‘ 992

PR DISE?
SEXUALLY TRANSMITTED INFECTIONS
INFLAMMATION -'
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Moffitt et al PNAS 201 |




Signs of Early EF Disruption

Underc‘\trolled
behavior

Low pw‘stence

Agg'sive

Imp‘ive

inat'ltion

after Iacono et al. Ann. Rev. Clin. Psvch.. 2008

|

Low
education
achievement

Nicotine

dependence

Alcohol
dependence

Mental
lliness

Chidhood

Liability to
behavioral
disinhibition

Externalizing
Behaviors

Disruptive

Disorders

Physical llines

CVD, Cancer,
Obesity, Diabetes

AL/

Incarceration

Moffitt et al PNAS 201 |




Early Executive Function Disruption - Long Term Impact

The Dunedin Study

0.4

0.2

0.0

-0.2

Poor Health Outcomes

-04

low ‘EPF’ high ‘EF’

Moffitt et al PNAS 2011




Early Executive Function Disruption - Long Term Impact

The Dunedin Study

40%

30%

20%

10%

Adult Criminal Conviction

0%

low ‘EPF’ high ‘EF’

Moffitt et al PNAS 2011




Early Executive Function Disruption - Long Term Impact

The Dunedin Study

740

700

660

Credit Rating Score

620

580

low ‘EPF’ high ‘EF’

Moffitt et al PNAS 2011
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The Dandelion’ and the Orchid Child

&AL

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 ﬁ
better outcomes

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

Fall Prosocial Behaviors

0.6
—&— Low CORT Reactivity

—— High CORT Reactivity

o
NN
L

O
N
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Low Adversity High Adversity

Orbadovic et al, 2010




“"But I know someone who
was ok after a traumatic
childhood....... ”
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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




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




Building Resilience - Three Core Principles of
Effective Early Childhood Programs

Reduce Children
Sources of Healthy
Stress Development

Support
Responsive
Relationships

Responsive
Caregiving &
Economic

Strengthen Core Life Skills Stability—

Center on the Developing Child & HARVARD UNIVERSITY




DECEMBER 09, 2020

Roadmap for
Resilience

The California Surgeon General's Report
on Adverse Childhood Experiences,
Toxic Stress, and Health

Routines and Predictability
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Predictable Experiences Link Rewards,
Memories, and Experiences

Memories

Experiences Rewards

Actions

Emotions

“frontiers Center on the Developing Child & HARVARD UNIVERSITY




HealthySteps Evidence Summary

® ® Y ® L] L]
Health Steps HealthySteps is supported by a strong evidence base, including a 15-site national evaluation and several
more recent site-level evaluations. For more information on key outcomes, please visit our website:
PEDIATRIC CARE » SUPPORTING + PARENTING https://www healthysteps.org/the-evidence

S

Children were more likely to receive a well-child visit on time* %4

Mothers reported feeling more supported to breastfeed® and breastfed
longer than the minimum 6 months recommended by the American
Academy of Pediatrics?

Children were more likely to receive vaccinations on time" ** and 14x more
likely to be up-to-date on vaccinations by age 2"?

Mothers were 22% less likely to give newborns water and 16% less likely
to introduce cereal by 2-4 months old (too young for solid foods)*

Children were 8x more likely to receive a developmental assessment at 30-33
months'

Children identified as being ~at risk” of social-emotional challenges
demonstrated lower rates of obesity at age 5 than comparable children
Children whose mothers reported childhood trauma scored better on a social- who did not receive HealthySteps'®

emotional screening after receiving HealthySteps than comparable children

who did not receive the program®

Continuity of care was better for both total visits and well-child visits**

One longitudinal analysis indicated that HealthySteps participation was

associated with greater security of attachment and fewer child behavior 3
problems’ ’ Y Child Safety

« Children were 23% less likely to visit the emergency room for injuries in a

1-year period’
Connections to Resources . .
+ Mothers were 24% less likely to place newborns on their stomachs to sleep,

. " ’ . ) reducing SIDS risk!
+ Children were 14x more likely to have nonmedical referrals, including for
behavior, speech, hearing, child abuse or neglect, and early intervention! « Parents scored higher on an injury control index, and families were more
- i d % N " 5 likely to use stair gates and have access to the local poison control center's
« Families were 4x more likely to receive information on community resources! telephone number?9

« Parents received more services**® and had longer clinic visits*

ZERO ToTHREE Copyright © 2017 by ZERO TO THREE. Al rights reserved

Early connections last a lifetime Developed and powered by ZERO TO THREE www zerotothres.org
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Executive Function Interventions

Some Programs that Work

Diamond and Lee, Science 201 1; 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)




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

40 min after-school aerobic exercise vs. sedentary activities

Krafft et al 2014

e Changes in brain activation patterns in fMRI
e Improved Attention & Working Memory
e Improved Inhibitory Control
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How do we scale early identification
of risk or resilience?

JAMA Pediatrics | Original Investigation  Published online January 25, 2021.

Population vs Individual Prediction of Poor Health
From Results of Adverse Childhood Experiences Screening

Jessie R. Baldwin, PhD; Avshalom Caspi, PhD; Alan J. Meehan, PhD; Antony Ambler, MSc; Louise Arseneault, PhD;
Helen L. Fisher, PhD; Honalee Harrington, BA; Timothy Matthews, PhD; Candice L. Odgers, PhD;
Richie Poulton, PhD; Sandhya Ramrakha, PhD; Terrie E. Moffitt, PhD; Andrea Danese, MD, PhD

CONCLUSIONS AND RELEVANCE This study suggests that, although ACE scores can forecast
mean group differences in health, they have poor accuracy in predicting an individual's risk of
later health problems. Therefore, targeting interventions based on ACE screening is likely to
be ineffective in preventing poor health outcomes.




“If you always do what you always
did, you will always get what you
always got.”

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




California Institute for Advancement of Precision Medicine
-ACES Project

Hbspirai 5~ Estudio de Familia Primero

LOS ANGELES:

ﬁrg.l,?:rﬁg'f Family First Research Study

LOS ANGELES: Study Information for Clinical Practice Recruitment Partners

Goals of study: Este estudio es disefiado para entender
1) Improve screening for infants at greatest risk for ACEs (Adverse Childhood Experiences) and mejor las experiencias de nuevas madres
early !lfe str.'ess (ELS) by b precision med measures of infant development, and y sus bebés durante el primer afio de vida.
questionnaires
2) Better understand infant-mother well-being and stress-related health risk
3) Develop novel scalable measures to assess disruptions in metabolic health, including
mitochondrial allostatic load (MAL)

&Quien es elegible?
Mujeres postpartos quien:

Tienen un bebé menor de 5 meses de edad
Son mayores de 18 afios

Target population: We are recruiting healthy biological mother-infant dyads. Infants must be born » Hablan inglés o espafiol

between 32-42 weeks gestation, and under 150 days at the time of recruitment. Mothers must be 18
years or older, and English or Spanish speaking. Basic exclusionary criteria: Major metabolic,

syndromic, or neurological disorders or a NICU stay > 7 days. ¢Qué implica la participacion?

El estudio de CIAPM (la Incitativa de California en el avance de la medicina de

Where the research visit takes place: At Children’s Hospital Los Angeles (CHLA), in the Levitt precis_ion] F‘amilia Ifrimero consiste en 2 visitas comp .‘ : (60-90 mi )
Neurodevelopment Laboratory at The Saban Research Institute en Children’s Hospital, Los Angeles (CHLA) cuando su bebé tiene:
6 meses
» 12 meses

brevemente, y seran pedidas a darnos una muestra de sangre
opcional y una muestra de mejilla en cada visita. Las muestras podrian para aprender mas
ser guardadas en un banco de muestras.

S Madres contestaran cuestionarios, jugaran con sus bebés

Al

!
aintt!

TIIELL

serie de videos cortos mientras nuestro equipo de investigacion rastrea donde estan
mirando sus ojos (rastreo de ojo).

Study Visit Activities
There are 2 compensated visits to CHLA when the infant is 6 and 12 months old. Each study visit takes
1.5 - 2 hours, and consists of:

Se col a una bolsa pequeia ad del paial de su bebe para recolectar una muestra de
5 % orina opcional. También se pasara un pequenio hisopo de algodon por la mejilla del bebe
Quastionnaires para recolectar una muestra de mejilla. Las podrian ser guardadas en un banco de
muestras.

l Bebés participaran en una breve evaluacion del desarrollo basada en el juego, y miraran una

« Demographics and Medical History * Buccal swab from mother and infant

e Family Routines

e Social Support

e Recent Life Events (RLEQ)

e Pediatric ACEs screener (PEARLS)
e Depression (PHQ-9)

e Resiliency (CD-RISC)

e Optional blood sample from mother
e Optional urine sample from infant

éPor qué participar?

Nos gustaria usar la informacion de este estudio para mejorar visitas de bienestar del bebé y los
programas de desarrollo para la primera infancia que mejor satisf las dades Unicas de
estas madres y bebés. Usted sera compensada por su tiempo. Nosotros cubriremos los costos de
estacionamiento o los costos de transportacion de viaje compartido desde y hacia la clinica de

i i Usted no deberia anticipar beneficios directos a usted o a su hijo/a como resultado de
su participacion en esta i igacio

Para mas informacion, contactenos:

Eall proyects esth sendo flevado 4 eabo poc el Ot et Lewitt y 5 apoyado por 1 Imsciati de Cablomis £n o svance de b medicna e precasin




Adverse Childhood Experiences Study (ACES)
Developing a scalable clinical assay for mitochondrial biomarkers of toxic stress

Background Hypothesis Methods
Recruit 300 mother and baby (dyad) pairs at two time points;
* Pediatric age of 6 and 12 months.
Environmental Stressors Endogenous Toxic Stress S
* Parental neglect - .
« Abuse ‘ / A\ \ Buccol swod
* Unpredicable care 3
+ Structural racism ‘~\ t
* Witnessed violence Alters Mitochondrial Allostatic
Qo‘mlmﬂm hardshp _ Load
Caregiver questionnaires
< / Medical history *Mitochondnal DNA copry numbes
Triggers Immune System « Social swppon survey (mEDNAcn)
0 F.M routines Wy * Dostle stranded mitochondnad
, * S0CIBl Services ARZaTION ANA (GemtRNA)
PR, 4 + COVID19 impact survey * Mitochondrial DNA matations
STCA N ?‘,\ * PEARLS survey
l?’c"‘f * Perceived stress scale
Endogenous Toxic Stress K. A(:?
Multigenerational Health Outcomes Immune cell activation —cl 12
* Developmental delays \ = —( m
- ascular disease M20ChONdria release excessie MIDNA . —t] &
* Diabetes and dsmIRNA molecules which
* Obesity activate Immune cells 10 produce
. anw health nflammatory markers (IL-6, TNFa, and

IL-1). “—s  Clinical Assay for ACES




Team, Recruitment & Community Partnerships

Aimé Ozuna, MPH Aidee Leon Lua Liam North Dianna Guerrero Jimenez Alex Judkins. MD Xiaowu Gai. PhD Suzanne Roberts. MD
Research Assistant ~ Research Assistant ~ Research Assistant Research Assistant Co-Investigator Co-Investigator Co-Investigator ’

"  lr.yn .

:ei?m'ed":i' ohD Suchi Patel '

akimjavadi, i Gigi Ostrow

Senior Bioinformatic - el sl Trgnslational Jenny Kingsley, MD Marian Williams, PhD Hannah Perez, PsyD
Sclentict Genomics Manager ~ CO-Investigator Co-Investigator Infant MH Staff

Alma Gharib, PhD Sahana Kalburgi, PhD
Clinical Research Post-doctoral Research Fellow

Director C .t Part
ommunity Fartners Recruitment Partners
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Children’s
Hospitol ?’
LOS 'ANGELES

INSTITUTE FOR THE
DEVELOPING MIND

F{ZA;% USC University of
!V Southern California

Thank You!

plevitt@chla.usc.edu

https://www.chla.org/research/levitt-laboratory
http://www.developingchild.harvard.edu
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