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Gaps in Knowledge

Which prenatal factors are protective versus risk factors for
child neurobehavioral development?

The identification of critical periods to target prevention and
Intervention strategies.

The interaction between prenatal and post-natal risk and
protective factors.

What mechanisms underlie the association between early
environmental factors and child outcomes?



Outline

1. Childhood Mental Health
Disorders are Highly
Prevalent

2. The Influence of Prenatal
Nutrition and Metabolic
State During Pregnancy
on Offspring
Neurobehavioral
Development

1. NHP Data

2. Validation in human
cohorts




1. CHILDHOOD MENTAL HEALTH
DISORDERS ARE HIGHLY PREVALENT



Prevalence of Neuropsychiatric Disorders

$15B per year
$230-260B
$40B per year
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Early Onset of Mental Health Disorders

Lifetime\Prevalence of Any Mental Disorder Among
Adolescents (2001-2004)

Data fr@m the National Comorbidity Survey Adolescent Supplement

(NCS-A)
60
50
4
3
Age 11 Age 13
median age median age median age rnedmnage 2

Age of onset of types of disorders in children

Percent
(-] o

o

of onset of onset of onset ofonset 10
ADHD and Mood M bst:
Behavior Disorders - 0
Disorders Overall  With Severe.. Female Male 13-14 15-16 17-18
Sex Age
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Replication--Adolescent Supplement (NCS-A). J Am Acad Child Adolesc Psychiatry. 2010 Oct;49(10):980-9.




How Do Prenatal Factors Influence the Developing

Alterations to In Utero Placental Function & Lasting Effects on Child Brain
Environment Fetal Brain Development & Behavior



2. THE INFLUENCE OF PRENATAL
NUTRITION AND METABOLIC STATE
DURING PREGNANCY ON
OFFSPRING NEUROBEHAVIORAL
DEVELOPMENT
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Best Current Methods to Address Identified Gaps

* Design animal models and human studies to be
complementary in order to facilitate translation from bench

to bedside.
* Use of methods that can be used across model systems

— MRI (structural, functional)
— Behavioral assessments
e Rigorous analysis of biclogical markers that can be collected

noninvasively in humans.



Nonhuman Primate
Model:

How does Maternal
Obesity & Western-Style
Diet Impact Mental Health |
Related Behaviors?




Non-human Primate (NHP) Model

CTR WSD

e Control (CTR) vs high-fat,
Western- style diet (WSD) torateg

Monounsaturated

e Adult breeding groups N

Polyunsaturated

— Japanese macaques Carbohydrates

Fructose/Sucrose

* Maternal metabolic state Lactose

Glucose

— Non-pregnant and third trimester Starch

— Adiposity

3rd Trimester IAUC

— Glucose metabolism and insulin
response




Experimental Groups

Maternal Diet
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Maternal WSD Exposure Increased Offspring Anxiety
(11 mo of age)
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WSD Juveniles Display Impaired Social Contact
in Novel Peer Introduction
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Summary: Offspring From WSD Mothers
Are At Increased Risk For Developing
Behavioral Disorders

WSD Offspring display:

* Increased anxiety

* |ncreased
repetitive/idiosyncratic
behaviors

e Social withdrawal and

impairments in social
behavior



Maternal Diet ( )
Maternal Metabolic State (Obesity, Metabolic Disease)
Maternal Mental Health (Anxiety, Depression, Stress)

Intrauterine Development rl st-natal Development
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Adapted from Rivera HM, Christiansen KJ and Sullivan EL 2015, Front Neurosci. 2015 Jun 18;9:194
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Prenatal Environment and
Child Health (PEACH) Study




* PEACH Study
of age)




Obesity was Associated with Increased
Inflammation During Pregnancy (Humans)

Gustafsson et al. 2019, Front Neurosci. 2019 Oct 1;13:1035



Maternal Pre-Pregnancy BMI and Inflammatory Profile Increase
Infant’s Negative Emotionality
(6 months of Age)
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Maternal Pre-Pregnancy BMI and Fatty Acid Levels Influence

Child Negative Affect
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Maternal Depression Predicts Infant Sadness & Emotionality via
Maternal Inflammation

Postnatal
3™ Trimester Depressive

Maternal Symptoms

Inflammation

Maternal

Prenatal 6 mo.
Depressive Emotionality
Symptoms

Gustafsson et al. 2018, Brain Behavior Immunity 2018 Oct;73:470-481




Common Inflammatory Pathway to ADHD

ADHD-
RS Total
Sx

Maternal

Distress . . SDQ

Hyper-
Parent activity

Maternal Report of

3t Trimester Child
Inflammation ADHD KSAD

Symptoms Total Sx

Maternal
BMI

Gustafsson et al. 2020 Brain Behav Immun. 2020 Oct;89:350-356.




Best Current Methods to Address Identified Gaps

* Rigorous analysis of biological markers that can be collected
noninvasively in humans.

— Inflammation: Plasma cytokines, peripheral blood mononuclear
(PBMC) isolation—=> baseline and stimulated response.

— Collection of delivery samples
* Cord blood-assess fetus.

* Placenta-assess placental inflammation, serotonin, kynurenine,
isolate Hofbauer Cells (cellular microglia-like models).

e Umbilical cord--isclate and expand mesenchymal stem cells (can
be differentiated into adipocytes, osteoblasts, chondrocytes,
and possibly intc hepatocytes, cardiomyocytes, skeletal
myocytes and neurons.



Obesity-Induced Inflammation Alters
Serotonin-Kynurenine Pathways and
Child Neurobehavioral Development

Impaired
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Obesity-Induced Inflammation Alters
Serotonin-Kynurenine Pathways

J, Tryptophan P& serotonin |

Inflammatlon H i'“l“‘

Q- === R ']\ H}rnuremng
KATs |4 W

| RS

Kynurenic acid 3-Hydrosykyrifrenine  Anthranilic acid

l KL \
J-Hydroxyanthranilic acid

1 Ha AL

2-Aming- Ecﬁrhﬂxyrr;ucunl&ﬁ -semialdehyde
g madi ACBSD

- }
4\ Quinolinic acid 2-Amino-&-semialdehyde

| o

NAD* \l, Picolinic acid

Adapted from Sha et al. 2022, Trans/ Psychiatry 12, 35 (2022)



Picolinic Acid to Quinolinic Acid Ratio Mediates the
Relationship Between Maternal Adiposity and infant Negative

Affect
5T S \13**‘
2T % Body Fat Indirect eftect 6m 1BQ NA
N=224 B =.02 (p=.005)

» Controlled for child age at assessment and maternal depression (CESD) at 2T and 6 M
* See same pattern for infant sadness and distress to limitations



Summary

Increased negative affect in infancy is associated with ADHD symptoms
in childhood.

Maternal obesity, distress and poor nutrition linked with ADHD
symptoms in childhood.

Inflammation as common pathway mediating association between
prenatal factor and ADHD risk.

ldentified increased maternal omega-3 fatty acids as protective factors.

Maternal obesity alters kynurenine metabolites which mediate
relationship between maternal adiposity and infant negative
emotionality.
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Future Directions

* Discover the mechanisms by which prenatal environmental factors
have a long-term influence on child behavior and risk for mental
health disorders

* |dentify and validate clinical biomarkers of risk for
neurodevelopmental disorders

* Develop interventions:

—Dietary intervention (reduction in saturated fat content, alterations in fat
composition)

—Omega 3 fatty acids (fish oil)
— Anti-oxidant treatment (resveratrol)
—Supplementation with critical amino acids (tryptophan)

* Define effective prevention strategies
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