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Who We Are

The New York City Perinatal and Early Childhood Mental Health Training and Technical Assistance Center (TTAC),
is funded by the NYC Health Department.

TTAC is a partnership between the New York Center for Child Development (NYCCD) and the McSilver Institute for
Poverty Policy and Research

* New York Center for Child Development has been a major provider of early childhood mental health services
in New York with expertise in informing policy and supporting the field of Early Childhood Mental Health through

training and direct practice

* NYU McSilver Institute for Poverty Policy and Research houses the Community and Managed Care
Technical Assistance Centers (CTAC & MCTAC) and the Center for Workforce Excellence (CWE). These TA
centers offer clinic, business, and system transformation supports statewide to all behavioral healthcare

providers across NYS.

TTAC is tasked with building capacity and competencies of mental health professionals and early childhood
professionals in family serving systems to identify and address the social-emotional needs of young children and

their families.
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Today's Lecture

e Genes, environment and time as the key ingredients for healthy child development
e How does early experience impact health across the lifespan?

e The brain is attached to the rest of the body

e Targets for adaptation success

e Biological heterogeneity is good - but it makes things complicated
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Genes X Environment X Time

INSTITUTE

GENES

« DNA sequence variation

» G-E correlation

« GxE contingent interactions
« Epigenetic processes

TIME

* Critical/sensitive periods
» Timed neural plasticity

* Developmental pace

+ Excitatory/inhibitory neuronal balance

» 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

Boyce et al 2021 Pediatrics
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“"Tipping the Balance”

Frameworks:
http://www.frameworksinstitute.org/
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In Development, Time Matters

A
t



Chidrenso®  HUMAN DEVELOPMENT - STARTS EARLY & EXTENDS INTO ADULTS
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initial wiring of brain (earliest: brain-periphery)

M
major fiber tract formation o | |
— immune training (microbiome)/
neuron migrati()n maturation and homeostasis
N E—
neuron production fetal innate immunity
I )
| | |
+ « - + | :
Ist trimester 2nd trimester  3rd trimester birth 0-3 yrs puberty
T— myelination
I >

Organogenesis: heart, lung,
kidney, Liver, 10 & 20 immune,
vascular, lymphatics

synaptogenesis
S

dendrite growth

musculoskeletal T —
axon ramification
—>
organ functional phenotypes (e.g. lung/GI) synapse pruning
_ E——

HPA /endocrine tissue
differentiation-secretions



NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Timing In Development Matters
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Timing of Insult Will Have Differential Effects

A24‘A1 1 A9(46)‘A1 7

Vi

EO E40 E50 E6O E70 E80 E90 E100 E165
Conception Time > Term

Rakic, Nature Review Neuroscience, 2002
Clinical Neuroscience, 2002
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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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Birth Infancy Childhood T Adolescence

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

Bardin et al, Nature 2012
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For many functions, the brain’s capacity for change decreases over
time (cost-effective factor) - but not all functions are impacted equally

Normal Brain Plasticity Physiological “"Effort” Required to
Influenced by Experience Enhance Neural Connections

Birth 10 20 30 40 50 60 /70

Age (Years) Source: Levitt, NSCDC, 2009
Also In: Bhattacharjee, Y.

National Geographic 227, 2015
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Does the impact of early introduction of food
stamps remind you of this?

Normal brain, Physiological effort
immune and to enhance
metabolic functions
plasticity o~
influenced by /
experience P

Birth 10 20 30 40 50 60 /0
Age (Years)

Source: Levitt
(2009)



Infant - Zero to Two: 2 Million Synapses/Second
Microbiome Established: Training the Immune System

Dramatic Growth of Neuronal Architecture - Birth - 2 yrs

(1-2 million synapses formed per second in the early years)

g . :' R s D ?'. N :,I" E '_{/", 15T ek
e \ ; j 3 v : gﬂd '},’ -:’, :': '-'.

Newborn 1 month & months
A B G

Courchesne et al, Neuron 56, 2007

Early Education of Immune System Cells

microbiome products

Adherence

T cells

Bifidobacterium peak Clostridia bloom
Diversification

Firmicutes

Relative abundance (%)

Proteobacteria
Actinobacteria

i | | |
Birth 1 week 3 months 6 months

Donald and Finlay 2023 Nature Reviews Immunology
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How Adversity is Built Into the Body

Middle
Early Childhood Adol
Childhood olescence
Conception Biological Adulthood
Embedding during
Sensitive Periods
Physiological
Genetic Risk Disruption Mental Illness
(allostatic load _
Eal‘ly Environmental Neurodevelop HeaIth-Threatenl.ng Eal‘ly
Adversity BSGRENEE S AU =CUEVEIE Death
* Metabolic :
Malnutrition . Neuroendocring Physical Iliness

ulative Burden
ime

National Scientific Council on the Developing Child
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ACEs Dramatically Increase Risk for at least 9 of the 10 Leading
Causes of Death in U.S°

ODDS RATIOS FOR = 4 ACES (RELATIVE TO NO ACES)

1 I 211 Heart Disease
2 [ 2.3 cancer
3 Unknown coviD-19
I 2c oo e
< R 3
(injury with fracture)
s. | 20stoke
Chronic Lower
« I
p ry Alzheimer’s
00 s9Disease (memory
impairment)
o [ 1.4 Diabetes
_ > 4 Chronic Liver Disease and Cirrhosis
“ " (Hepatitis or Jaundice)

LEADING CAUSES OF DEATH IN THE US., 2022

At The Population Level
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https://salud-america.org/latino-
childhood-development-
research-childhood-trauma/

~ OF LATINO KIDS
SUFFER AT LEAST 1
“ADVERSE CHILDHOOD

28 EXPERIENCE":
* Poverty

PERCENT e Neglect
OF LATINO KIDS SUFFER

FOUR OR MORE ADVERSE e Abuse
CHILDHOOD EXPERIENCES .
(ACES). * Household dysfunction

(divorce, violence,
substance abuse, etc.)

Unpredictability is a HIGH stress generator
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INSTITUTE ECD 2.0: Connecting the Brain to the Rest of the
Body in a Broader Ecological Context

Children’s RE-ENVISIONING EARLY CHILDHOOD POLICY AND PRACTICE

e Impacts of conditions and experiences beyond
caregiving that are built into many biological
systems, as well as the brain

Effects of a range of disruptions (e.g. toxic

stress, chemical exposures, air pollution) on
multiple developing systems, with negative
implications for lifelong physical and mental
health

Importance of preventing or reducing effects of
early adversities to promote physical and
mental health across the lifespan

Expand focus on structural inequities to include
the cumulative threats and burdens of systemic
racism

Focus on individual variation in sensitivity to
the environment and on which interventions
work for whom, why, and in what contexts

Research on developing immune and metabolic
systems calls for more attention to prenatal
period and early infancy

Center on the Developing Child & HARVARD UNIVERSITY



Children's \eg Addressing Toxic Stress/Early Adversity -
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The Importance of Connecting the Brain and Body

http://developingchild.harvard.edu/
resourcecategory/multimedia/
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Experience as an Important Driver of Development
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Why does early have long-lasting effects?
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Early Experiences Can Alter Gene
Expression and Affect Long-Term
Development

WORKING PAPER 10

Center on the Developing Child @ HARVARD UNIVERSITY



Chlldrens NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

Hospn‘a
LOS 'ANGELES

THE SABAN RESEARCH
INSTITUTE

Genetic Architecture

CH3

~

Promoter Non-coding - Intron Non-Coding - Enhancer/Repressor
Codlng Exon J ? /Rep

*_ I —
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Epigenetics (“above the genome”) Unlocks The Genes We Inherit
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The Unlocking Occurs Via Experiences

Whe N r X 21 NC ; S *®
during development
rearrange the

epigenetic marks f.f :

£
o*‘

that govern gene
expression, they
can change
whether and how
genes release the
Information they carry.
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Positive Negative

Experiences Create Marks Earlier in Development
Epigenetic Marks Are Longer Lasting



'Memories' pass between generations

(®© 1 December 2013

James Gallagher

Health and science reporter, BBC News

Behaviour can be affected by events in previous generations which have
been passed on through a form of genetic memory, animal studies suggest.



Preconception and Prenatal Origins of Health Disturbances -

Generational Implications Due to Impact on Germ Cells

.

Female / Male
Environmental Exposure

F2 Generation
First Unexposed

i3
}

Multigenerational
Exposures

Transgenerational
Inheritance

Gestating Female
Environmental Exposure

F3 Generation
First Unexposed

|
{

Figure 1 Schematic of multigenerational exposure and transgenerational inheritance.
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Legacies of stress ripple within and across generations

Negative Environmental Experiences (NEEs)

Nutritional insults Psychosocial insults  Chemical insults

Altered germline

Taylor...Dias,
Biological Psychiatry 2025

GO = generation directly exposed <

G1..Gn = future unexposed generations

Altered care
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Creation of Chemical Signatures — Our Epigenome
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The Signature Can Control When and Where Genes
are Expressed
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DNA to RNA Demethylation
(transcribe)



EPIGENETICS
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Experiences/Exposures Are Drivers of Editing of the Genome
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How Do We Know Epigenetics
Occurs Via Experiences?



Early Allostatic Load — Generation of
Epigenetic Changes

High Care Pups

~

Stress Response l f_\

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

Stress Response l S w

Restraint Time Source: Meaney et al. (2005)
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Powerful experiences,
no matter what kind (+/-), matter
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Understanding The Broad Range
of Responses to Adversity

m FACTORS THAT INFLUENCE IMPACT m

Individual variation in Availability of responsive Stable, community level,
sensitivity to adversity caregiving in multiple settings protective factors
Developmental timing Severity, duration, predictability

beginning prenatally & controllability of stressors



In 2022 78% Neglect; 25% < 1yr old

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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Neglect Video

Harvard Center on the Developing Child:
https://developingchild.harvard.edu/
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Environmental stressors Major life events Trauma, abuse
(work, home, neighborhood)

4!?erceiv,ea stress

/ ' (threat, ,}.\' \
helplessness, !
| ; | Behavioral

P ilance)
Individual - responses
differences (fight or flight;

(genes, development, experience) personal behavior — diet,
smoking, drinking, exercise)

\’ Physiologic /

responses

.

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

A 7\ T i S i T,
VAR Y AR ALY Y

Allostasis — broad response range for maintaining homeostasis

Fa N A
. W W A, W/ s

s 4 X

Allostatic Load — prolonged response shifts homeostatic range maladaptively

C ,/\\ ../-\\
\/

A L &
< i
\AAN -

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

\e
Ay




Time of Exposures (matter says the Hatter)

alice-in-wonderland.net



http://alice-in-wonderland.net

Children’s
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L°““G“E‘°’ ELA Changes the Profile of the Oral and Gut Microbiome -
Which Impacts Immune System Functions

e [nternational Journal of

7
‘*\:;.‘?"? Molecular Sciences (M\D\Py

Article

Early-Life Adversity Leaves Its Imprint on the Oral Microbiome

for More Than 20 Years and Is Associated with Long-Term
Immune Changes

Eleftheria G. Charalambous 2, Sophie B. Mériaux I Pauline Guebels !, Claude P. Muller !, Fleur A. D. Leenen !,
Martha M. C. Elwenspoek !, Ines Thiele >%5¢, Johannes Hertel *7 and Jonathan D. Turner "*
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Early Life Adversity - Sustained Inflammatory State

(Duneden NZ Study)

hsCRP (log-transformed) I>

0.2 04 06 08

0

No

Probable
Childhood maltreatment

Definite

Inflammation factor U

02 04 0.6

0

0.2

No

Probable
Childhood maltreatment

Definite

(Physical Abuse Associations Stronger - Baumeister et al 2016 Mol. Psychiatry)

Danese et al 2007 PNAS
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Recall Epigenetics




Acute to Chronic Inflammation

Chronic
Inflammation

Acute/Temporary
Inflammation

Increased risk for:
asthma

heart disease
diabetes

insulin resistance
depression
obesity
arthritis
gastrointestinal
disorders
autoimmune
diseases

types of cancer
dementia

® Stress Response
Fight or Flight

® [mmune Response

Battle stations:
Infection Fighting &
Wound Healing
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Early Executive Function Disruption - Predictor of At-
Risk Adolescents and Adults

The Dunedin Study

7 PR,
'w‘émwnooo RISK FACTORS ~ ADOLES o"w

J SELF-CONTROL
-

10

SOCIOECONOMIC STATUS

BIRTH 3 5 7 9 11 13 15 21
197273 197576 1977-78 1979.80 1981.82 1983.84 1985.86 1987 1993 94
037 991 954 955 925 850 992

PE RIOD()NT" OISE e
SEXUALLY TRANSMITTFD l\l 1 CTIONS
INFLAMMATION ,,

SUBSTANCE DEPENDENCE
ADULT WEALTH .

“

SOCIOECONOMIC STATLIS
SINGLE PARENT, SAVING
INCOME, CREDIT PROBLEMS

ADULT CRIME

26 32
1998 .99 04|
980 97

Moffitt et al PNAS 201 |



Signs of Early Executive
Function Disruption

Under?trolled
behavior

Low pesistence

Liability to
behavioral

Aggressive
gg& disinhibition

Imp‘sive

inat@tion

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

Low
education
achievement

Nicotine
dependence

‘ Alcohol
Mental dependence
lliness
Chidhood

Disruptive Externalizing
Behaviors

Disorders

Physical llines

Incarceration

Moffitt et al PNAS 201 |



Finding the Balance:
Transforming How We Think

About the Body’s Response to
Stress in Early Childhood

For the full paper on which this InBrief is based, see Finding the Balance: Transforming How
We Think About the Body’s Response to Stress in Early Childhood, Working Paper 18 (2026)
from the National Scientific Council on the Developing Child
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Can We Identify Mechanisms?

“For me, it's
simple -Energy
adaptation is the
#1 indicator of
allostatic load”

See Picard, M. & McEwen, B.S.
Psychosom Med 80, 126-140 (2018)

Homeostasis — narrow response range

Allostasis — broad response range for maintaining homeostasis

N _ N _\ ===
s N 4

Allostatic Load — prolonged response shifts homeostatic range maladaptively

Thompson & Levitt, Neuron, 2010
McEwen & Gianaros, Ann Rev Med, 2011




During Development, Energy Expenditures
Are Required to Support Transitions



The Rippling impact of Disrupting Energy
Stressful (life) transitions

Human life transitions

s 0.

Whole body " ,' N
energy ' /M [\‘\
expenditure ,f/( 1\
|

Birth Childhood & \A/
o
Adolescence Adult L“

Monzel et al Life Metabolism 2024



Brain Development Postnatally Has High
Energy Demands

Ny { 7
v - :':\ 4
. .
Do &
C0o <
. ¥y ¥
N -
YL 3 ‘
Fe .
2
b -

Synaptogenesis
L
Heuser and Reese in Kandel, Princples in Neural Science 5th edition 2 ' 5

x

E

10+ 2
g Myelination
\2
5-

Fig. 3. Synapse counts in layer 3 of middle frontal gyrus as a function of age.

Huttenlocher et al 1979 Brain Res.



Brain glucose uptake (g/day) >

200

150

50

Brain Glucose Use and Resting Metabolic Rate
for Brain and Body - a Balance

C

As Synapses Are Established - More Glucose Needed

o 4

5 10 15
Age (years)

SD-score

Brain and Body Compete for Resting State Metabolism

N +
o
X Body
@ »
— o
. .
o J’M
o 0. -
= Brain
O -4 L o8 _
®s
o 2 O
. ¢°
o Sl
34
0 5 10 15

Age (years)

Kuwazawa and Blair, 2019 Proc Natl Acad Sci



Bruce McEwen - stress, allostasis and adaptive processes

Mitochondria

keep track of
ELA
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Mitochondrial Function As Node For Allostatic Load
(Picard and McEwen, Psychosomatic Medicine 2016)

/
Circulating

allostatic load
b/omarkers |p|d

Nucleus

Immune, neural, and somatic cells



L Metabolic System Vulnerability to ELA
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Epiepigenomic
transcriptomic
mitochondrial enduring

. chanc ; ;
aly e ' Metabolic demand rr;utz;:::ntciional
exposome Metabolic bbbl

mitochondrial
dysregulation

enduring
cognitive
problems

Look how many mitochondria in just 1 synapse!!




Like Cars, Your Cells Require Chemical Energy to
Function — The Brain has the Highest Demand

Mitochondria

ATP

93 octane .
gasoline = == -




Chronic Stress Generates a Toxic Stress Response That Targets
The Metabolic Machinery of Cells

87 octane
gasoline

OXIDATIVE

healtrl @ STRESS

N

transforming
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T
CAU ELA

Walker, Claire-Dominique et al
Stress (2017)

Modeling ‘what to measure?’

hippocampus (cognitive)

Mitochondrion
Extra. exosome
Prefoldin complex
Axon

Cytosol

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

Kathie Eagleson

14

Eagleson et al Neurobiology of Stress (2020)

mOD/min/ug

P21
14 _Large effect of rearing: (w2 =.288)
O
12 -
I:llII
10 -
O O
Eh 3 = 2
6 - 1=} Mo T
¢5 .
4 - - o
2 -
0
Female Male

Complex I activity hippocampus

P90
14 _Large effect of rearing (w2 = .421)
12 -
m - ® emaie contro
\g' 10 ® o § IEema:e ELSt I
= 64 & : S Mk ia
§ 6 - S8 a
o ':’ uTu i
c 4- B ?
2 -
0
Female Male

Cognitive and Reward Circuitry Disruptions



Infant Oxidative Stress Correlates with Poor Neurodevelopment
The Family First Study at CHLA

Gateau et al. BMC Pediatrics ~ (2026) 26:368 BMC Pediatrics
https://doi.org/10.1186/512887-026-06702-z

Evaluating oxidative stress marker F, -
Isoprostanes relations to early life adversity
and as a predictor of neurodevelopment

in infants and toddlers

Kameelah Gateau'=", Ramon Durazo-Arvizu®® and Pat Levitt>>
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(Maternal ACEs as a Moderator of Oxidative Stress Changes in their Child)

No ACEs Low ACEs High ACEs

: \ I

IsoP)(ng/mg Cr)

Log(5-15F2t-

6 Months 12 Months 24 Months 6 Months 12 Months 24 Months

Gateau et al 2026, BMC Pediatrics 2026



Can We Reverse Oxidative Stress to Improve Brain Function?

PO P2 P9 P77-P84

puberty adolescence young adult

The Mice Normalize Their Energy Function and
Rewarding Behaviors!

Eagleson and Levitt, eNeuro 2025
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It’s @ Good Thing That There are
Adaptive Processes........



Building Resilience is a Team Sport

http://developingchild.harvard.edu/
resourcecategory/multimedia/




Neural Ingredients of Resilience



Executive Function: What is it?

http://developingchild.harvard.edu/
resourcecategory/multimedia/
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EF Develops Over Decade

Early Positive = Adaptive Skills
Early Negative = Later problems
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The Brain-Body Bridge: Vagal Resilience/Adaptive Capacity

SAFETY AND SOCIAL

CONNECTION
SAFE, SOCIAL, RELAXED

WHAT DOES IT LOOK LIKE?

Your nervous system feels safe
and able to handle what's coming
your way! It's easier to be social,
live in the present, feel
compassion, and be mindful in
this state.

Source: UpStreet Pittsburgh, info @upstreetpgh.or

Rest and Digest — Vagus nerve is active


mailto:info@upstreetpgh.org
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Vagal Circuits: At the Center of the Action

A Visceral Organs

B Vagus Nerve “

Nodose Ganglion

/=

\’ XN

C Vagal Brainstem

Panvini et al 2026
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MOBILIZATION: FIGHT
OR FLIGHT

ACTIVATED, SENSING
DANGER, TENSE

WHAT DOES IT LOOK LIKE?
Your nervous system senses danger

and is ready to take action. Your body
might feel tense, have a fast heart rate,
be hyperalert or restless.

In fight mode, you might feel angry, out
of control, and aggressive.

In flight mode, you might feel afraid,
panicky, or have racing thoughts.

Source: UpStreet Pittsburgh, info@upstreetpgh.org

Vagus nerve toggles between activation

states to appropriately respond to acute
stressors — adaptive response


mailto:info@upstreetpgh.org
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A Final Thought

NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

A World of Differences:

The Science of Human Variation
Can Drive Early Childhood Policies
and Programs to Bigger Impacts

WORKING PAPER 17
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The Key to Larger Impacts at Scale:
Greater Specificity About What Works for
Whom and Why

pproach
ct qualifies
ence-based
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NATIONAL SCIENTIFIC COUNCIL ON THE DEVELOPING CHILD

..... And Context Matters — A lot — Because
of Epigenetics!

Some Children Are More Sensitive to their Environment—
For Better or Worse

B
c
g High stress g High stress
.“;, reactivity ¥ o abrace S reactivity ::av::t sitl;:;»s
= reactivity 2 ><
G’ o 0
m =
[ ©
o =
o T
o S
<

Low adversity High adversity Low adversity High adversity
environment environment environment environment

Working paper #17, after Boyce et al
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Protective Factor  Effects Inside the Body Effects We Can See

Supportive Calms the child’s stress
Relationships response, supports
healthy adaptation

High-quality Early Calms the child's stress

Care & Education response, supports
Programs healthy adaptation
Sound Nutrition Reduces inflammation,
improves energy
management
Natural Spaces Reduces stress
for Play levels, obesity, and
Type 2 diabetes
Child Capacities Healthy adaptation
& resilient biological
systems
Broader Reduces stress levels,
Community reduces exposure to
Conditions toxins, improves birth

outcomes & brain
development




Chldren’ oo The Family First Study Ecosystem — An
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Interdisciplinary Collaboratory

/’ Ginger Milne - VU

¥ .

Angelica Pontuga - Tec

Childrens
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CHLA Developmental Neuroscience and Neurogenetics Program

CHLA Biostatistics, Data Management and Informatics Core

Hesam Hakimjavadi- CPM +  USC Viterbi Computer Science — Social Robotics Laboratory
 CHLA Center for Personalized Medicine

« UAB Eicosanoid Laboratory
« Tecnolbgico de Monterrey + FEMSA - Centro de Primera Infancia

Ramon Durazo-Arvizu - Biostats

plevitt@chla.usc.edu
https://www.chla.org/profile/pat-levitt-phd
https://firstplace.gse.harvard.edu/national-scientific-council/
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