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Anxiety disorders
are characterized
by excessive fear
and avoidance of
stimuli that causes
significant distress
and functional
Impairment.
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Anxiety disorders start early
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Anxiety disorders create substantial
burden

* early onset

* chronic course

* significant impairment

 lack of treatment seeking
 |ater depression, substance use
* heightened risk for suicide




&he New NJork Times

All Children 8 and Older Should
Be Screened for Anxiety, U.S.
Task Force Says

A panel of experts says the latest research supports early
intervention for younger kids.

% Give this article A m Q 246

“It's critical to be a“é to intervene before a life is disrupted,”




What causes anxiety risk?

Bioiogy

* inhibited temperament e child maltreatment

* negative affective * bullying
* stress reactivity « overprotective parenting



Inhibited temperament
is a behavioral phenotype
characterized by wariness and
avoidance of novel people and

situations




Inhibited temperament confers
heightened risk for anxiety
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Inhibited temperament is heritable




Inhibited temperament is stable
across development




Inhibited temperament is conserved
across species




What are the
neurobiological
basis of inhibited
temperament?




Conceptual approaches



Extreme phenotype

inhibited

uninhiited

shy, reservd, cautious, outgoing, adventurous,
risk averse, avoids risk taking, approaches
novelty novelty



Developmental trajectories
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Psychological mechanisms

behavioral inhibited
trait temperament
psychological 2
process
brain

function



Anxiety Risk Mechanisms



Risk Mechanism #1
Novelty and Habituation



The amygdala




The amygdala detects threat

LeDoux (1994) Scientific American.



The amygdala produces fear

Anatomical Target Sign of Fear/Anxiety

lateral hypothalamus —  » tachycardia, galvanic skin response,
paleness, pupil dilation, blood pressure
elevation

dorsal motor n of vagus

nucleus ambiguus —® ulcers, urination, defecation, bradycardia

parabrachial nucleus ———— panting, respiratory distress
ventral tegmental area behavioral and EEG arousal,
amygdala locus coeruleus — increased vigilance,

lateral dorsal tegmental n increased attention

basal forebrain

n reticularis pontis caudalis—®increased startle

periaqueductal grey — freezing, conflict test, CER,
social interaction, hypoalgesia

trigeminal, facial motor n—®facial expressions of fear

paraventricular n (hypothal.)— corticosteroid release (“stress response”)

adapted from Davis (2001). Molecular Psychiatry



Amygdala detects novelty
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Novel faces task

Familiarization
Phase

Test
Phase

familiar

novel




Amygdala response to familiar faces
Is sustained over time
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response

Amygdala responses habituate
quickly

initial
response

habituation

000000000

exposures



response

Individual differences are likely

exposures



Familiarization




Inhibited adults fail to habituate
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Suzanne Avery, PhD

Instructions | Baseline | Exposure phase | Baseline
Os 10s ~60s 4m 51s

repeat 3 times/run (2 runs)

Repeated Faces Task (each face is presented either...):

1time 3 times 5times 7 times




Inhibited temperament is correlated with
habituation across many brain regions

vmPFC Amygdala Extrastriate

s -0.
? ) °
0 .‘ © 2 ° ©
-0
S0 100 S0 50 00 s0 $0 00 S0
Social fearfulnes: Social fearfulness Social fearfulness

Avery and Blackford (2016) SCAN



Amygdala-visual cortex connectivity
drives habituation

Avery and Blackford (2016) SCAN
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Risk mechanism #1

behavioral
trait

!

psychological
process

!

brain
function

inhibited
temperament

!

response to novelty

!

failure of neural
habituation



Risk Mechanism #2
Threat Anticipation



negative
experience

inhibited increased exposure to idant
emporament IR neoctve novelor aversive. )y (NS
emperame arousal stimulus

negative
anticipation



Children

shy, reserved, cautious, outgoing, adventurous,
risk averse, avoids risk taking, approaches
novelty novelty



Threat anticipation task
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Inhibited children fail to engage
PFC during threat anticipation
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PFC activation is delayed In
inhibited children
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Risk mechanism #2

behavioral
trait

!

psychological
process

!

brain
function

inhibited
temperament

!

threat anticipation

!

lack of prefrontal
cortex activation



Risk Mechanism #3
Unpredictable Threat



The Bed Nucleus of the Stria Terminalis

amygdala

Anatomical Target

lateral hypothalamus

dorsal motor n of vagus
nucleus ambiguus

parabrachial nucleus
bed

ventral tegmental area nucleus of

locus coeruleus

lateral dorsal tegmental n

basal forebrain

the stria

terminalis

n reticularis pontis caudalis

periaqueductal grey

trigeminal, facial motor n

paraventricular n (hypothal.)

adapted from Davis (2001). Molecular Psychiatry



Amygdala vs BNST

amygdala

short-lived response
“fight or flight”

phobic stimuli

predictable threat

fear

BNST

sustained response

hypervigilance, avoidance

context stimuli

unpredictable threat

anxiety

Davis, LeDoux, Walker, Fanselow and others



Degree of threat

Sustained response/anxiety
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Avery, Clauss & Blackford (2016). Neuropsychopharmacology.



Imaging the BNST is challenging

amygdala




Accurate localization of the BNST
with ultra-high field imaging
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Mapped the BNST circuit

diffusion tensor imaging
structural connectivity
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Avery, et al (2014) Neurolmage.



Unpredictable threat task

predictable threat A
“fear”
predictable safe ‘

unpredictable threat
“anxiety”




Adults

low middle high

full continuum of social anxiety severity



Task design

EPreEdictabIe Condition
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Region of interest approach

BNST\
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BNST selectively responds to
unpredictable threat cues

(2 BNST B Amygdala

o
-—
T

® *
(o]
c
£ 0.10-
o
T
S 0.05- l
(7))
c
8 0.00 =_F—ﬁ == =
E T
o
-0.05

| | I
Unpredictable Threat Predictable Threat Predictable Safe

Cue Type

Clauss, Avery, Benningfield, Blackford (2019) Depression and Anxiety



Amygdala responds to threat images

Predictable Images

0.10 Bl BNST Bl Amygdala
, °
(@]
c * *
c 0.05-
o
©
& 0.004
»
2
g -0.057
(M)
o
-0.10

Threatllmage Safe I'mage
Images following Predictable Cues

Clauss, Avery, Benningfield, Blackford (2019) Depression and Anxiety



Percent Signal Change
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Social anxiety correlates with stronger
BNST activation to unpredictable threat
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Risk mechanism #3

behavioral
trait

!

psychological
process

!

brain
function

social anxiety

!

response to
unpredictability

!

heightened BNST
activation



Children

low middle high

full continuum of anxiety severity



Unpredictable threat task

Predictable Condition

1 sec 3-8 sec 1 sec 3-8 sec 1 sec 3-8 sec 1 sec 3-8 sec 1 sec 3-8 sec 1 sec 3-8 sec
cue anticipation face anticipation cue anticipation face anticipation cue anticipation face anticipation

certain fear face l certain neutral face certain neutral object
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1 sec 3-8 sec 1 sec 3-8 sec 1 sec 3-8 sec 1sec 3-8 sec
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Brandee Feola, PhD Jacci Clauss, MD, PhD Sir Norman Melancon, MD




Amygdala selectively responds to
unpredictable threat cues
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Percent Signal Change

Amygdala response to Iimages Is
insensitive to unpredictability
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BNST vs amygdala correlated with

anxiety and age
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Anxiety scores are positively correlated
with BNST > amygdala response to
unpredictable threat cues.

BNST > Amygdala

BNST relative to amygdala
activation to cues is higher for
the older children.

unpublished



Risk mechanism #3 children

behavioral anxiety
trait
psychological response to
process unpredictability
brain heightened amygdala

function activation



Risk mechanism #1

Failure of multiple brain regions to habituate to repeated exposure to
stimuli.
Prevention Implication: Exposure therapy

Risk mechanism #2
Lack of prefrontal cortex activation during threat anticipation.
Prevention Implication: Training to increase the use of cognitive
resources during threat anticipation.

Risk mechanism #3

Heightened brain responses during unpredictable situations, such
as a possible upcoming threat.

Prevention Implication: Training to increase tolerance to
unpredictability.



Developmental shifts in responses

to unpredictable threat

Adults
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Anxiety Resilience Mechanisms



Anxiety resilience
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Resilience Mechanism #1
Preparation for Threat



Adults

inhibited

uninhiited

shy, reserved, cautious, outgoing, adventurous,
risk averse, avoids risk taking, approaches
novelty novelty



Threat anticipation task
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Inhibited adults have a heightened PFC
response during threat anticipation
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Stronger PFC response is associated
with amygdala suppression

Inhibited Temperament Uninhibited Temperament

Rostral Anterior
Cingulate

Dorsal Anterior
Cingulate

Right dIPFC Right dIPFC

Clauss et al (2014). Depression and Anxiety



SPAI

Individual differences in anxiety and
coping

social anxiety
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Medial PFC engagement during threat
anticipation is associated with
resilience

1 Social Anxiety 11 Emotion Regulation
1 ocia Xie!
- 08
o8 06
04 - 8 . g 04 4
o c ]
§ 02 » r=.77 §o02
(&) A4 o ~ 0+
0 - v . ]
- ° §. . |
S92 ®e o024
. 2
& 04 - 04
. 06 4
06 * L
08 - * 08 4
-1 4
0 50 100 150 200 0 20 40 60 80

- social anxiety - emotion regulation
. overlap

Clauss et al (2014). Depression and Anxiety



behavioral
trait

!

psychological
process

!

brain
function

inhibited temperament

!

preparation for threat

!

stronger prefrontal
cortex activation



Take-home points

Anxiety is highly prevalent and impairing and inhibited temperament
confers risk for anxiety.

Risk mechanism #1: Failure to habituate to novel stimuli in the
amygdala, hippocampus, and visual cortex.

Resilience mechanism #2: Lack of prefrontal cortical engagement
during threat anticipation.

Risk mechanism #3: Hyper-responsivity to unpredictable threat,
although this brain regions involved are different for children
(amygdala) vs adults (BNST).

Resilience mechanism #1: Stronger prefrontal cortical engagement
during threat anticipation.



Other projects
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