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" How do emotion and emotion
regulation skills develop?

" How can the dynamic interplay
among intrapersonal and
interpersonal characteristics lead
to deviations from typical
developmental trajectories?

" How can we effectively target the
emotion dysregulation that can
emerge in atypical emotional
development?




 We begin early to experience and express
emotion

http://crazytmac.deviantart.com/art/emotion-chart-140516833




* We do so in ways that others can accurately
read and interpret . ..

http://crazytmac.deviantart.com/art/emotion-chart-140516833




Yilin's Emotion Chart

and we do so in an
incredibly nuanced
way . ..

Skeptical Furious Wistful

Mischievous

http://crazytmac.deviantart.com/art/emotion-chart-140516833




We also begin early to read and respond to others’ emotional cues . ..



http://www.youtube.com/watch?v=apzXGEbZht0

and to requlate our emotions . . . initially with
ample support, increasingly on our own
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What happens in the brain that
allows us to acquire these

competencies?
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The development of the brain displayed in a schematic form.

Source: The Newborn Brain. Edited by Lagercrantz H, Hanson M, Evrard P,

Rodeck C. Cambridge University Press, Cambridge, UK. 2002, p. xii
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Cellular Level Development
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Tau GZ, Peterson BS (2010). "Normal Development of Brain Circuits".
Neuropsychopharmacology 35 (1): 147-168. doi:10.1038/npp.2009.115.
PMC 3055433.PMID 19794405.




Structural Level Development: Gray
matter

Big Picture:

Higher-order association cortices
mature after somatosensory and
visual cortices

Phylogenetically older structures
mature earlier than do newer
ones

Around puberty, sustained GM
loss begins

Gogtay N et al. PNAS 2004;101:8174-8179

©2004 by National Academy of Sciences




Right lateral and top views of GM maturation over the cortical surface
(n=13; each scanned 3-4 times at 2 year intervals)

Gray Matter

Gogtay N et al. PNAS 2004;101:8174-8179

©2004 by National Academy of Sciences I | g A : E




Medial inferior
temporal &
caudal/medial
Inferior frontal
regions mature early,
with little change
thereafter

Orbitofrontal regions
continue to mature
throughout
adolescence

Gogtay N et al. PNAS 2004;101:8174-8179



Structural level Develoment: White Matter

Non-cortical white matter circuitry hecomes more coherent, or more
myelinated, with age A 4

FA values in right DLPFC

(o9)

FA values in right middle frontal gyrus

A

6 8 10 12 14 16 18 20
Age

Barnea-Goraly N et al. Cereb. Cortex 2005;15:1848-1854
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© The Author 2005. Published by Oxford University Press. All rights reserved. For permissions, cerchrnt T (Cerebral CORTEX

please e-mail: journals.permissions@oupjournals.org . E




1 Year 2 Years

2 Weeks Adult

Brain myelination across development. Top panels: Images show
age-related increase in brain size and white matter intensity
acquired longitudinally from 1 child.

Bottom panels: Age-related differences in the organization of corpus
callosum white matter (higher values =greater organization of fiber

Giﬁ?ﬁﬁ&%, Lin W, Gerig G. Fetal and neonatal brain development. AmJ
Psychiatry. 2006;163:2046.




Longitudinal age-related changes of fractional anisotropy.
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Figure 2. Over age the graph architecture matures from a “local” organization to
a “distributed” organization.

A:
Anatomically-cluster
ed regions segregate
with age.

B. Functionally
clustered networks
become more
integrated with age.

@® Cingulo-opercular Frontal
Fronto-parietal () Parietal

@ Default () Temporal

@ Cerebellar () Cerebellum

Fair DA, Cohen AL, Power JD, Dosenbach NUF, et al. (2009)

Functional Brain Networks Develop from a “Local to Distributed” L " * COMPUTATIONAL
Organization. PLoS Comput Biol 5(5): €1000381. @PLOS ‘ BIOLOGY

doi:10.1371/journal.pcbi.1000381



http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000381
http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1000381
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development (Cerebral Cortex, 2012).
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COrenting/Emotion ldentification
Automatic Emotion Regulation
Voluntary Emotion Regulation
Reglons Implicated in Both Automatic
and Voluntary Emotion Regulation

Phillips, M. L., Ladouceur, C. D., & Drevets13, W. C. (2008). Neural
systems underlying voluntary and automatic emotion regulation: Toward
a neural model of bipolar disorder. Molecular Psychiatry, 13(9),
doi:10.1038/mp.2008.82
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Amygdala Volume Peaks Between Ages 9-11
Years

Volume (cm3)

0.5 0.5
10 Years 10 Years
: I:I' 2 :Il:.Il:.'l :Iﬁ.lll 21w 2540 ) J50 : 'Il il 100 1540 2] 250 300 ‘EI-:H:II
Age (Months) Age (Months)

Males: blue line; Females: red line

Uematsu A, Matsui M, Tanaka C, Takahashi T, et al. (2012) Developmental Trajectories of Amygdala and
Hippocampus from Infancy to Early Adulthood in Healthy Individuals. PLoS ONE 7(10): e46970.
doi:10.1371/journal.pone.0046970

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0046970 ..
‘@®-PLOS | one
- L]



http://www.plosone.org/article/info:doi/10.1371/journal.pone.0046970

The age of attaining peak cortical thickness in children with ADHD compared with typically
developing children.

Typically developing controls

Shaw P et al. PNAS 2007;104:19649-19654

©2007 by National Academy of Sciences I I g ‘ } : ‘z




Orienting/Emotion Identificytion
Automatic Emotion Regulat
Voluntary Emotion Regulation
Reglons Implicated in Both AutoMgtic
and Voluntary Emotion Regulation

"Bottom line:
Subcortical regions (orange, some red): develop early

Cortical regions (blue, purple): developmental trajector

extends into adulthood
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— Prefrontal
cortex

Ventromedial
prefrontal cortex

Amygdala

Under-regulation

Regulatory
Control




— Prefrontal
cortex

Ventromedial
prefrontal cortex

Amygdala

Detachment/Over-regulation

Regulatory
Control




What determines whether one dgvelops

a(

laptive or lnaladaptive

emotion regulation capacities?




Expressions

Interindividua
| moderators:

Prenatal and family

Factors that
Interact to
Determine
Success at

Emotion
Regulation




35

30 1
25
£ 20 -
E Mood Disorder
£ 15 W Anxiety Disorder
10

L]

. 1 - Anxiety and
Children & Adolescents Adults Re I a ted

Source: NIMH Statistics, “Any Mood Disorder in

Children” |nterna|i2ing

Table 1 Gender distribution among nondepressed/nonanx- C d - t.
ious, subthreshold-depressed/anxious and depressed/anx- O n I IO n S a S
IDUs Eroups
Liewreslg |:|:|' a M O d e I
Levels of anxiety depression

Boys % Girls % Boys % Girls %

No anxiety/depression 50.35 49.85 50.35 49.65

Subthreshold- anxietyf A8.24 6l.76 3824 6l.76
depression

Full anxiety/depression  24.07 73.93 24 .07 75.93

N=12 395

Balazs, J., et al. (2013). Adolescent
subthreshold-depression and anxiety:
Psychopathology, functional impairment and increased

- 7 em N ) — - N e em e e - o PN - =~



INCUTUMVIVIVY Y

Intraindividual
moderators

- Prenatal
environment

- Family
environment

 Parent
mood/anxiety
disorders

* Family
Interaction
patterns

- School/peer
environment

Interactions




McGrath article Genetic Profile




Maternal physical
health

Maternal mental
health

Prenatal
Environment




~Amyelination :

ﬁ.‘: . "ﬂrm:xrmixm‘_‘fau af synapses .
. Aprogrammed death of cells *

Abranching, synaptogenesis

. A migration W " :

A yeuron :

o

profiferation W -
Outcomes associated B L | S
with fetal risk exposure  érain weight 50¢ 200 g 3502
during pregnancy o 5 10 15 20 25 30 35 40 2 4
weeks months
dmrf&fﬁm

Amoves armsfless
. Amoves head
- Mbreathing J#rmﬁmewpr
- dopens jaws, yawns
Aswcks, swallows _
Awalling movements, sleep cyeles
. Mpain reactions, cry expressions
dreactions ro seund
Ahabituation
Ablink reflex
Qvisual fixation
i I'lf:rfr'mm:

The development of the brain displayed in a schematic form. Source: The Newborn
Brain. Edite_d _b»y Lagercrantz H, Hanson M, Evrard P, Rodeck C. Cambridge University




Table 3

Logistic regression analysis of anxiety status.

Variable B [5E B) exp B
Constant &1(16)" 1.11
Age —16(.14) .85
Sex 04 (32) 1.04
01(01) 101
Prenatal risk factors 57 (.22]" 1.76
Visuospatial deviation A4 {.05) 1.15
Prenatal risk factors = visuospatial deviation A0 (06) 1.11

Note: R* = 13.50 (Nagelkerke). Model ¥*(21.28)=p < .01.
" p< 05
T p< 01

Table 4

B and exp B (proportionate change in odds for being high-anxious) 0, 1, 2, and 3

prenatal risk factors (linked to level of visuospatial deviation).

0 prenatal 1 prenatal risk 2 prenatal risk 3 prenatal
risk factor = factor = factor = risk factor =
visuospatial visuospatial visuospatial visuospatial
deviation deviation deviation deviation

B 06 17 27 66

exp B 1.06 1.18 1.31 192

Cumulative
prenatal risk
exposure
significantly
predicted
anxiety in
8-12 year olds

Simon, E., Bogels, S., Stoel, R., & De Schutter, S. (2009). Risk factors occurring during
pregnancy and birth in relation to brain functioning and child's anxiety. Journal Of Anxiety

Disorders,23(8), 1024-1030. doi:10.1016/j.janxdis.2009.07.002
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The development of the brain displayed in a schematic form. Source: The Newborn
Brain. Edite_d _b»y Lagercrantz H, Hanson M, Evrard P, Rodeck C. Cambridge University
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Figure 2 Pregnancy-specific anxiety predicts anxiety classification during preadolescence. Children who are in the
normal range for anxiety were exposed to lower pregnancy-specific anxiety. In contrast, children who were exposed
to elevated pregnancy-specific anxiety during gestation are significantly more likely to be rated in the
anxiou/borderline anxious range.

N=178 mothers & their 6-9 year old childreg

Davis, E. P.,, & Sandman, C. A. (2012). Prenatal psychobiological predictors of anxiety risk in
preadolescent children. Psychoneuroendocrinology, Volume 37, Issue 8, 2012, 1224 - 1233.
http://dx.doi.org/10.1016/j.psyneuen.2011.12.016



at 19 Weeks
Gestation

S H N WA W A~

regnancy Anxiety
at 25 Weeks
Gestation

at 31 Weeks
Gestation

Areas of reduced gray matter volume in association with pregnancy
anxiety at 19, 25 and 31 weeks gestation. Voxels with p <0.001
(uncorrected) are displayed.

Buss et al. (2010). High pregnancy anxiety during mid-gestation is associated with
decreased gray matter density in 6-9-year-old children. Psychoneuroendocrinology, 35(1),
141 - 153. dx.doi.org/10.1016/j.psyneuen.2009.07.010




Typical Affective

Interindividual Moderators

Typical Affective

BIRTH
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vs. Empathic Internalizing Symptoms
Concern
—_—»
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Int al . .
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