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How a focus on when can help optimize
prevention efforts for child mental health




Depression: a major public health issue

It is common throughout the lifespan,
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and is the leading cause of disability worldwide.
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Preventing depression is key

...because it strikes when people are young and
once it emerges, it is highly recurrent.

20-40% of people with major depressive disorder  3/4 of people with depression will experience
had their first onset before age |8. a relapse at some point in their lives.
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Conclusion: We need to better understand the etiology of depression in order to
prevent its occurrence as early on in the lifespan as possible.

Zisook et al. (2007). American Joumal of Psychiatry,1539:1546 Warden D, et al. (2007). Current Psychiatry Reports, 9: 449-459
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The focus of my research laboratory

|dentify people at
highest risk for

Understand how
stress gets

|dentify stages in
the lifespan when

‘ ' . oy experience,
depression using under the skin € Z
genetic and other inciuding stress,
markers of differentially
vulnerability matters
Who How When




Exposure to childhood adversity is a
major social determinant of depression
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Do all these terms mean the same thing!?

Concept Definition

¢ Feeling experienced when the demands of our lives exceed our
personal and social responses to mobilize

Stress

Stressor  External stimuli (positive or negative life event)

e Shocking and emotionally overwhelming situation that involves actual
Trauma or perceived death, serious injury, or threat to physical integrity
e Serious adversity or terror

¢ Response to stress (excess activation of stress response system)

¢ Explains how stress gets under the skin

¢ Occurs following exposure to extreme, long-lasting, and severe
stressors without adequate support from a caregiving adult

Toxic Stress

e Circumstances or events that threaten child's physical or psychological

Childhood adversity  well-being
e Deviation from expected life experiences for our species

ACEs
(adverse childhood
experiences)

¢ Term coined by Felitti, Anda, et al
Captures 10 childhood adversities



How might childhood adversity increase

subsequent risk for depression!?
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My goal: Generate research evidence that will enable scientists to make more precise
recommendations about when to intervene, on a high-resolution time scale.



Unanswered questions that we are

tackling in my research group

Exactly when are the developmental periods
of greatest vulnerability to depression
following exposure to stress and adversity?
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What matters more: just being exposed, the
accumulation of exposure, the recency of
exposure, or its developmental timing?
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Expoawre Accurmulation

How exactly does exposure to stress and
adversity during sensitive periods “get under
the skin” to increase risk for depression?
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Do genes regulate when sensitive periods
occur? If so, what genes are involved? And

do these genes play a role in shaping risk
for depression?

&

Answers to these questions are critical to:
® Understand the mechanisms underlying risk for depression

Develop targeted interventions that are uniquely timed to be most effective and efficient at

preventing depression and other brain health conditions




Retrospective Study of Young Adults
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‘Add Health Physical Abuse

| *k | Sexual Abuse

2.73 I % | Statistically Significant (p<0.05) %
|
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Odds of Depression
(Odds Ratio) in Adulthood

>

Infancy (0-2)  Preschool (3-5)  Latency (6-8) Prepuberty (9-10) Puberty (11-13) Adolescence (14-17)
N=37 (0.36%) N=188 (2.28%) N=318 (1.971%) N=Z47(Q6243%) N=994073%%) N=868039%))
Infancy Early Childhood Childhood Adolescance

Dunn, E.C., McLaughlin, K.A., Slopen, N., Rosand, J., & Smoller, JW. (2013). Depression and Anxiety.




Overview of Structured Lifecourse
Modeling Approach (SLCMA)

Code each theoretical
. Enter each LASSO = Least
model into an encoded ;
. encoded variable Absolute
variable:

e into least angle Shrinkage and
sensitive_3: regression (LARS) Selection Operator
O=unexposed ; 1=exposed 8 P

i using LASSO as
accumulation=sum of : .
= L estimation
number of time points
procedure
exposed; recency:
accumulation score
weighted by time period

Imposes an “absolute
value penalty” on the
parameter estimates,

in essence reducing
effect estimates with

LASSO aids in achieving parsimony by already small effects
identifying the smallest combination of to zero
encoded variables that explain the most

amount of outcome variation

Smith, ADA.C. Heron, )., Mishra, G, Gilthorpe, M.S., Ben-Shlomo-Y_, & Tilling, K. {2015). Epidemiclogy '



Interpreting LARS Results

Results are summarized in an “elbow plot”

Accumulation + sensitive_3

v

Accumulation I

r2

Drop in

Variable e P Value
1 17.396 0.0012
2 1.2234 0.0438
3 0.8836 0.1734
4 0.0023 0.5672
5 0.0001 0.9738
6 0.0020 0.9803

First theoretical

Increase in overall r2 as
additional predictors are
added to the model

model chosen

# of encoded variables

Smith, AD.AC. Heron, )., Mishra, G, Gilthorpe, M.S., Ben-Shlomo- Y., & Tilling, K. (2015). Epiderniclogy

T

Also evaluate
quantitatively
through
covariance
hypothesis test




Prospective Study of Young Children

Avon
Longitudinal
Study of Parents
and Children
(ALSPAC)
n=~6,000

O
90s

Caregiver
physical or
emotional
abuse

What theoretical model best explains variation:

Accumulation, recency, or sensitive period?

Behavior problems
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Behavior problems
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Dunn, E.C., Scare, T, Raffeld, M_ Busso, DS, Crawford., K., Davis, K., Fisher, V., Slopen. N_, Smith. AD.A.C_ Tiemeier, H., & Susser, ES. (2018) Psych Med 13




Can studying intermediates help identify

sensitive periods sooner and more reliably?

Intermediate Phenotypes

Intermediate phenotype: A trait that

) i « Coping with stress
could measure the most immediate ping

impact of the exposure * Insomnia symptoms
- Emotion recognition
skills
« Executive
Exposure to > Depression
child adversity ) ¢ P

(i.e., epigenetic
processes, cellular
aging)

l
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Exposure to adversity appears to have

measurable biological effects

Avon Longitudinal What theoretical model best explains variation: DNAm at 485,000
Study of Parents Accumulation, recency, or sensitive period? sites I the genoine
and Children +
(ALSPAC) >
n=~6,000 I.5 years 2.5 years 3.5 years 4.75 years  5.75 years  6.75 years 7 years
Exposure to adversity Adversity
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Timing of adversity seems to matter most

in shaping DNAmM patterns

Of these 38 CpG sites, more than half were

|

3

Sensitive period | Additive
Ad

identified as being influenced by exposure
to adversity in very early childhood
versity
. Caregiver physical or emotional abuse

. Sexual or physical abuse (by anyone)
- Maternal psychopathology
. One adult in the household
B Family instabisty

- Financial stress 9 C
I Neighborhood disadvantage

—_—
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Number of signficant CpG sites
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Definition of when

There are 38 CpG sites that were
shown, after Bonferroni correction for
multiple testing, to be significantly
affected by adversity (as measured by
our three theoretical models).

Dunn, E.C., Scare, TW, Zhu,Y, Simpkin A )., Suderman, M., Klengel, T., Smith, A.DA.C., Ressler, K., & Relton, C.L. (2019). Biological Psychiotry



How do these results compare to

analyses of exposed vs. unexposed!

VNI @ unexposed
@ exposed

.

Methylation (beta) at probe cgl19157140
corrected for cell counts

At the top “hit”, our modeling
approach identified a
sensitive period during very
early childhood for the effect
of neighborhood

disadvantage (p < 3x10-11)

Using a simple ever exposed
vs. unexposed analysis, the
effect was nominally
significant (p=0.0002), but
not readily detectable when
correcting for multiple
comparisons (as in standard
EWAS).

Dunn, E.C., Scare, TW, Zhu,Y, Simpkin A )., Suderman, M|, Klengel, T, Smith, A DA.C., Ressler, K., & Relton, C.L. (2019). Biological Psychiatry




Summary of Findings for Intermediates

Evidence for

Population Design Exposure Outcome sensitive
eriods?
Dunn et al children rospective abuse and emotion
(2018); JCPP ' ! Prospect other adversity recognition

Crawford et al social cognitive

(under review) children prospective abuse e
Marini et al
(2020); children prospective abuse epigenetic \/
aging
Psychoneuro.
Dunn et al
; . : abuse and DNA \/
: (2019).‘ AL PRESPECVeR 8 her adversity  methylation
BioPsychiatry
Vaughn-Coaxum Cross- abuse and coping with
(2018); JYA adolescents sectional other trauma stress
Wang (2016); .y 1escents Cross- abuse and insomnia \/
Sleep Medicine sectional other trauma
Dunn et al young adults retrospective abuse memory \/

(2016); CA&N



But current measures of adversity

have serious limitations

Retrospective

Problems wighgqiiespewive retrospective
methods: methods:

¢ Parents maydeSemdupritdeard diases in recall or
reluctant to implientort)espsetidb when asked

in relation to,when events
® Parents could be unaware of some
occurre

exposures

_ e People ag fbe reluctant to self-
® There is often Igw Feve s
Isclose

agreement between parents and
their childrem Susceptible to questionnaire or

e Official reportdMGEKISY MO
social services records, represent an
alternative strategy, but these often

Prospective fail to detect all cases

>
| | l | l |

T U | I J !
Very Early Childheod Early Childhood Middle Childhood Late Childhood Adolescence Adult (+18 years)
(0-2 years) (3-5 years) (6-7 years) (8-10 years) (11-18 years) 9




Can children’s shed teeth serve as a novel

biomarker of ACE exposure!?

Teeth as Potential New Tools to Measure
Early-Life Adversity and Subsequent Mental
Health Risk: An Interdisciplinary Review and
Conceptual Model

Katheyn A. Davis, Rebecca V. Mountan, Olvia R. Pickett, Pamela K. Den Besten,
Felicitas B. Bidack, and Erin C, Dumn

| N
/3

Davis, K.A_, Mountain, R.V., Pickett, O.R., DenBesten, P.K., Bidlack, F.B.. & Dunn, E.C. (in press). Biological Psychiatry 20



Tooth biomarkers

D Cential inchor D Certral incinoe | Second premolar (bicuspid)
) catorst ncmor D Lateral incisor First molar
f:'m (conne) [ Cuspid (canine) @ second mols

- Susisguase - First promolm (hr:u-(-dlD Third mols

There are 20 primary teeth (8
incisors, 4 canines, 8 molars)
which form prenatally through
the first three years of life

There are 32 permanent teeth
(8 incisors, 4 canines, 8

T"””‘”"' First Molars premolars, 12 molars) which

Prirary Lateral Inisor form postnatally up to mid-

adolescence

Primary Canines

1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 ’

2nd  Birth | yr 5 yrs 10 yrs 15 yrs

trimester , )
Timeline for Tooth Formation I



Teeth record the timing of their

incremental growth

During development, ameloblasts (the cells that
form enamel) lav down enamel in lavers.

Enamel

Dentin

Pulp

Tooth growth diagram retrieved from: httpJ/paleopix.com/blog/2013/07/ 1 8how-teeth-grow/.
Tooth incremental lines image courtesy of Tim Bromage. Retrieved from: hteps//d2r55xnwybnx47 cloudfrontnet/uploads/20 16/ | 2/teeth-may-reveal-

a-multi-day-biological-clock-20161213.pdf 22



This recording of development is the

same across different species

We see the same rings within
teeth across different mammals.

Neanderthal Human

Primate

Smith TM_ Beesch C. Am [ Phys Aathropal (2015). Smith, TM. Image retrieved from hepsdiwwwompg de/ 549054/ Smith TM_ Tatloreau P, Reid D), Grun, R, Eggina, S., Boutakiour
Ivage retrieved from hicpslenlinelbearywileycomd.  pressRelease20071203. M, & Hubln, |.J. PNAS (2007). Image recrieved from hagpo!

W B orgl. 23



Teeth also record insults or disruptions

that occur during their development

P , — Low-resolution time scale
o A . — —
aiy D " & -
i - e

lliness Malnutrition Heavy metals

Teeth can tell us not just whether a
stressor occurred during development,
but when.

Stress
Line

Neonatal
Line
Cross-

striations

Striae of
Retzius

Smith TM. Ansudd Rewew of Aathropalagy (2013). Image retrieved from: hoeps.)
wwwlnowablevagazrne erglarticlaliving-world(20 | Biruth-baby-teeth.
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To date, most of this work has focused

on physiological stressors

Archeological Populations Modern Living

Malnutrition

Top Lefr Scurce:Vialerie Andrushko. In Armelages G.), Goedman AH., Harper K.N. & Blakey ML Evolutianary Anthropalagy (2009). Image retrieved from hopsiioalindibrary.wiley.com/.
Bottoen Lefu Svich TM., Green D bvage retrieved from huepsphys orgnews/201 8- | |- teeth-environments-ancient-humans-neanderthals huml.

Tep Right Goodman AH. Rase | C. Tearbook of Pypsical Asthrapalagy (1990). Image retrieved frem hegpacfonineibrarywiepcom!.

Bottoen Righe: Swabicasfahani M. Ali 55 Bacho R, Savabi O, Alsabdak M. Esvicon Mant Asiess (2016). Image retrieved frem hegpalink springer.com 25



But primate studies suggest that teeth
may also capture psychosocial stress

Summary of the literature on the association between psychosocial stress and markers of disrupted
tooth development in non-human primates

Study Primate Psychosocial Stressor Evidence in teeth?

. an 1991 Rhesus macaques Separation from mochers; intro ,
of new males to social group
Dirks 1998 Gibbon Weaning z
Dirks et al. 2002, 2010 Baboons Mother’s rsburm {0 meding ?
during the weaning process a
Schwartz et al. 2006 Juvenile gorilla Caregiving Charuptions; J
enclosure transfers
Smith et al. 2015 Wild chimpanzees Motheri Rggrassion; Bibling ’
death @
Austin et al. 2016 Rhesus macaques Separation from social group J

for biobehavioral assessmant

26



Stressors recorded in teeth have been

shown to predict neuropsychiatric risk

Environmental Toxicants

Organic Toxicants Heavy Metals To date, studies using teeth as a marker
(e.g.. pesticides) (eg- lead) of neuropsychiatric risk have focused on
environmental exposures that can be
inhaled or ingested.

e

Examples of studies on the link between tooth-based measures of environmental exposures and neuropsychlatric outcomes

Study P%;:::::I:n Exlp':t)sure - Outcome Main Findings
Aduits wih Sy KR
Modabberniaetal, =~ 00 (manganesa, kead, Shed primary Schizoptrenia Hgher earty-ite kead exposure amang
2018 s l:mplyl bl cadmium, coppar, tocth diagnasis Indwduals wih schizcphrenia

magnasium, zinc)

Difterences in uptake of heavy matals
bataren ASD cases and cantrols
especialy during prenatal e and tist 5
months posinatal

Autism spectrum
dsorder dagrosis
(ASD)

Adolescant twin Haxvy matals Shed primary
Arora et al., 2017 pars (manganesa, lead, zinc) tocth

H Evidence of sax-spechic sersiive percds
Chiu et al, 2017 Adolescants (ma:'y :;:‘:; Shoggz’: Y Nowomatar functian for aarty |ke manganaese exposure and
3 measures af nauromaotor function

Arora M, Rechenberg A Wilfors C_Austn C_ Gennings C, Bergen S, .. Bolte S Noture Camwunications (2017).
Chia Y., Henn B, Hsu H, Pende M., Coull B Austin C_.. . Arcea M. Ermrosmental Research (2017).
Modabbernia A Vedthorst £, Gennings €., De Haan L_Austn C_, Sucterfand A, Reichenberg A Eurapean Pypchiatry (2016). 27



Teeth may provide enormous and unique

opportunities for primary prevention

GC«'UJ nosor .

[ Laterst nciner Typical Age of Depression Onset
ECM«: (carne) ’

B Fest moter |
[0 3econd moda

Each time point when teeth
are lost represents an
opportunity to intervene.

Permanent Second Molars

Primary Canines Opportunity 1: o ity 3:
Teeth are Opportunity 2: Wisdom Teeth
P Naturally Shed Orthodontic Work Rermoval

P r ---------- - r ----------

: : ' : ' :

™ . . ] . 1]

M . ' 'Y . [

'] . ’ . ' L}

'] . ' . ' .

I ' - ' . ! '
} } } } 1 1 } } ' | 1 } 1 1 1 1 } 1 I | -

2nd  Birth | yr 5yrs 10 yrs 15 yrs

rimester

Opportunities for Intervention
28



The
STRONG

Study

..rm%w.:ﬁm.,

‘ www.teethforscience.com
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We wrote a children’s book to

communicate our goals to children/parents

www.teethforscience.com

fo,,.ﬁ}

By Kenzie Rzonca [Mustrated by
and ﬂu Pum Lﬂa/ Rel)eud Mulling
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WWhat we are sinking our teeth into

Conceptual Empirical
What do we believe to be the model linking adversity What types of adversity exposure are captured in
exposure to teeth, and teeth to depression risk? teeth? What dose of exposure is required?

EXFONUNE MROCCEARES MAMKENE JQUTCOME

Q -’Q\
-»> ; -DQ"'“

W ->T>
)
Mechanistic Feasibility
What are the biological processes linking adversity What are the social and cultural factors that could
exposure to tooth development? make the widespread use of teeth as a novel
biomarker more or less feasible?




We desperately need breakthrough

discoveries in the field of brain health.

* Brain health problems affect | in every 3 people worldwide.

INess

anxlety

depre SSion
D-alzheimer
* There is limited understanding of the causes of brain disease.
This limits our ability to:
* Treat brain disease once it emerges.
* Prevent brain disease before it occurs.
* Promote brain health across the lifespan.

* Discovering the basis of brain health may be the most important
medical challenge of our time.
32



This need exists nationwide, and

especially in Florida.

Florida ranks 48th out of the 50 states Florida ranks 44th out of the 50 states
for adults with mental illness who do for the number of available mental
not receive mental health services health providers per capita
O [s] Q Q Q o
rrewen e !
Key:

® Aed = 1:1,0014
® Qrange = 1:751-1,000

[s) (8] a a o
Yellows = 1:501-750
w w fm w w US (55%) o
Grey = NA

Florida ranks 50th for per capita Florida ranked 32nd for the prevalence
spending on mental health support of youth with severe major depression

'4
Spending, FY 14
Florda m ‘

—— e — e

Top Left Scurce: Mental Headth is America - Adut Data, Mergal Heath Amencza (201 B). Image retrieved from hetpaiwww.mharstional crglinuea/mental-haakth-amercs-adult-dats- 2018

Bottom Lefe: National Associstion of Seate Mental Heakh Progras Directors Inc. (NRl-inc). 20 14. SMHA Mereal Health Aztual Dollar and Per Capeta Expenditures by Seate FY 2014

Top Right: Cousty Health Rankings, Mental Health Amenca (2016). kmage retrieved from hitpsiiodn ymaws commww fadas onglrescurce/reamgrilea/Mental_Health FADAA Slipsheet! Frual pdf

Boetom Right State of Mertal Health in Amerca - Prevalesce Data, Mented Heslth Americo (2017). Image retrieved from hitga'was mbanstionsd. orglaseen/20 1 7-state-mental-health-america-
prevalence-data 33



The Brain Health Initiative:

The Florida Gulf Coast and beyond

implement interventions aimed at optimizing
brain health and performance across the lifespan

INITIATIVE " |
— T g om

www.brainhealthinitiative.org 0D RANCH &

BR AIN (iq“% Overarching goal: ldentify, develop, and

To accomplish this goal, we will:

* ldentify the factors that shape brain health, including the role of
genes, lifestyle factors, and the social and physical environment.

* Understand how certain interventions promote brain health
and reduce the risk of brain-related diseases.

* Determine how these factors unfold across development so
we can efficiently and effectively target interventions to when

they will have long-lasting impacts. "



Our multi-disciplinary team of
scientists and clinicians

Stephanie Erin Dunn Ana-Maria Shelley Carson Heidi Hanna
Peabody Director of Research VYranceanu Director of Survey Director of Corporate &
Executive Director Director of Community Development Media Relations

Intervenuon Development &
Implementation

Local, National, and Global Investigators Spanning Multiple Disciplines

« Epidemiology « Statistics
» Psychiatry « Economics
* Integrative « Technology
neuroscience « Urban planning
‘ . * Neurology * Biological sciences
(: :L\:Tﬁ‘-\'xu.i"fﬁfn. @;ﬁ’}"’,’,"‘azgfm *  Neuropsychology * Child
A o *  Public Health development
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How we will achieve our goals

Longitudinal
observational
study
Identify predictors
of brain health

among a
multigenerational
cohort

AAM‘tR

Living
Laboratory
Test the impact of
novel interventions
to improve brain
health and enhance
performance

P

Community
engagement/
collective
impact model
Engage multiple
stakeholders within
the community to
increase
sustainability

.- " @,

36



Not losing sight of hope....

because most people do OK

Association between adversity

and risk for depression

Level of depressive symptoms

Count of exposures to adversity

There are
individual
differences

Mental health outcomes among
children exposed to adversity

M Mental illness

M No mental illness

™\

2/3's of people are resilient

Galatzer-Levy. |.R., Huang, S.H., & Bonnano, G.A. (2018). Clinical Psychology Review 37



How do we promote resilience

processes and outcomes!

Identify the buffers (or protective
factors) that can offset risk for poor
health outcomes for everyone, and
especially among people who have

been exposed to adversity.

Social and Economic Policies

Insttutions

10 PILLARS OF BRAIN HEALTH

STRESS RESILEMCE
NUTRITION

SLEEP
@ SOCAL CONRECTION

ENOTIZNAL WELLSEING
MEANING AAD PURPOSE

POSITIVE mmts—@

Kaplan, G. (2004). Epidemiologic Reviews, 26, 124-135.

Neighborhoods and Communities

Living Conditions
Social Relationships
Individual Environments

Genetic Factors

Pathophysiologic
pathways

Individual
& Population
Health

38



How a focus on when can help optimize

prevention efforts for child mental health

/wﬁﬁcumulatlon Why neglectWMen isa

problem— —_—

® Accumulating evidenge, wggqgts
its not just THAT Y8UFE expased,
When but?at :xrs l)c'
m & pote
of knowing whem
® |t will help us b
the etiology of depression and
why certain people are most at

N risk
AV . Period intervention#at
R o Bens mﬁmg the best u
2arner e e . ies limited
BL - 7 A g
j :

. and effect
= ression before it ev

starts

Where How

— 39




Mentors and Collaborators

Science is a global enterprise!

* Garrewt Flzmaurice
(Boston via Ireland)

* Ezra Susser (New York -
via Manchester, UK) .

* Mate Suderman (Bristol,

UK via Montreal, Canada)

s N

’&"".
g

* Henning Tiemeler
~ . (The Netherlands
4 - via Germany)

* Farid Radmanesh
(Boston via Iran)

e

Takao Hensch
Karestan Koenen
Charles Nelson

) ~a
Jonathan Rosand T
* Jordan Smoller ‘I
R n + Caroline Relton

+ Sandro Marini (Bristol, UK)
(Boston via lealy) § . Andrew Simpkin

v (Galway, Ireland)
* Juan Carlos ‘
. + Zheng Kuang

Ramirez Tapia
(Boston via Peru) * Yiwen Zhu
(Boston via China)

* Meg Wang (Boston via

L -
Australia and Hong Kong)
40



The Dunn Lab Blog : Said & Dunn

“Scientific Findings, Musings, and Exploratory \y
Pieces Written By Members of the Lab /

The Latest Science Topics www.thedunnlab.com/blog/

e e ORHEREEEE Tips & How To's

-—

CRACK THE CODE. FOUR TIPS FOR NEW R USERS

&

S YOU DIDN'T KNOW ~o

Inspirations

T LOW A MUSIC FESTIVAL CHANGED MY QUTLOOK
" N "L\.">

N TOP OF THE LATEST 24 o G 3
- . 2 ?‘. '.




Lab Members and Funding Support

Funding Support

Behavioral Research Award for Innovative New
Scientists, NIMH (BRAINS; ROIMH113930)

Center for Brain Health, MassGeneral
Harvard University Mind, Brain, Behavior
One Mind Rising Star Research Award
Jacobs Foundation

Russell Sage Foundation

Lab Members Thank you!

Janine Cerutti Alex Lussier Questionst:

Karmel Choi Becky Mountain edunn2@mgh.harvard.edu
Katie Davis Kristen Nishimi

Emma Glickman  Clara Parsons www.thedunnlab.com
Natalie Harrington Olivia Pickett .

Kristina Jacobsson Liv Sterns @ErinDunnScD g

Jessie Liu Yiwen Zhu @TheDunnlLab n






