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Neuropsych/Cognitive Profile
Standardized tests show a stable pattern for 22q11.2DS
Full Scale IQ: 70-85 (±15)

 Verbal Domains (VCI) > Nonverbal (PRI/WMI) (in most people)
 etc ….
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Neuropsych/Cognitive Profile
Standardized tests show a stable pattern for 22q11.2DS
Full Scale IQ: 70-85 (±15)

 Verbal Domains (VCI) > Nonverbal (PRI/WMI) (in most people)
 etc ….

Very  familiar, but what does this mean for a person with 22q?
most things will be more difficult for you than your peers
some things won’t be that hard, others are just “mind-boggling”
being mind-boggled is stressful and makes you feel bad
knowing you will be mind-boggled next time creates anxiety about it
NOBODY is at their best when mindboggled, stressed and anxious
even worse, people who are not you don’t get why you are like that!
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Anxiety Not IQ Predicts Adaptive Function

TD: N=45; r=0.5; p=0.00222q: N=99; r=-0.04; p=0.71

Unlike TD children, FSIQ is NOT related to adaptive function in children with 
22q11.2DS aged 7-14 years Angkustsiri et al., J. Dev. Beh, Peds., 2012
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Anxiety Not IQ Predicts Adaptive Function

Angkustsiri et al., J. Dev. Beh, Peds., 2012
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Anxiety Not IQ Predicts Adaptive Function

In children with 22q11.2DS aged 7-14 years, adaptive function is strongly and 
negatively related to anxiety levels

22q11.2, N=62; r=-0.34, p=0.007

Copers

Strugglers

Angkustsiri et al., J. Dev. Beh, Peds., 2012
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Core Working Hypothesis
Cognitive impairments limit competence in numerous domains

 but vary widely among people, activities, situations
Despite cognitive limitations some outperform predictions from IQ 

testing while others fall very short 
 “copers” show lower anxiety, higher real world functioning and often 
achieve in academics far beyond what cognitive testing would predict
 “strugglers” show the reverse pattern - more anxiety poorer 
adaptive functioning and worse academics      

5
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5

“Strugglers” experience more worry, stress & maybe psychiatric risk

“Copers”, by being less stressed & anxious, may gain protection instead

If so, we can help target cognitive, emotional and environmental factors 
for intervention to improve academics, mental health, family dynamics
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us while we are considering the meaning of a sentence in the
thesis we are writing, or a monkey may quickly react to the
appearance of a predator while grooming or eating.

Reorienting to new objects may occur reflexively, based on
their high sensory salience (Jonides and Yantis, 1988), particu-
larly when we do not have a specific task to do (Pashler and
Harris, 2001), but distinctive objects attract attention more effec-
tively when they are also behaviorally relevant (Yantis and
Egeth, 1999), either because they match our current goals or
because of long-term memory associations that signal their im-
portance, as when we hear the phone ringing or the siren of an
ambulance. In fact, the degree to which a distinctive but entirely
irrelevant object can attract our attention, so-called exogenous
attention, is controversial (Folk et al., 1992; Gibson and Kelsey,
1998; Jonides, 1981; Posner and Cohen, 1984; Theeuwes and
Burger, 1998; Yantis and Egeth, 1999). In some cases, shifts of
attention to a distinctive stimulus can be part of a task goal
(Bacon and Egeth, 1994), as when someone tries to detect any
salient object appearing in a visual scene. In other cases, distinc-
tive but irrelevant objects may share a specific feature with our
current goal, as when we notice someone wearing a red sweater
while looking for a friend with a red hat (Folk et al., 1992; Gibson
and Kelsey, 1998).

A Neuroanatomical Model of Attention: Dorsal
and Ventral Attention Networks
Several lines of evidence indicate that two cortico-cortical neural
systems are involved in attending to environmental stimuli
(Corbetta and Shulman, 2002). A dorsal frontoparietal network,
whose core regions include dorsal parietal cortex, particularly
intraparietal sulcus (IPS) and superior parietal lobule (SPL), and
dorsal frontal cortex along the precentral sulcus, near or at the
frontal eye field (FEF) (Figure 2A, blue areas), embodies the
top-down control mechanism proposed by biased competition
and related theories (Bundesen, 1990; Desimone and Duncan,
1995; Wolfe, 1994). The dorsal system generates and maintains
endogenous signals based on current goals and preexisting
information about likely contingencies and sends out top-down
signals that bias the processing of appropriate stimulus features
and locations in sensory cortex. This conclusion is based on ev-
idence that the dorsal network is preactivated by the expectation
of seeing an object at a particular location or with certain features
(e.g., movement in a specific direction) (Corbetta et al., 2000;
Hopfinger et al., 2000; Kastner et al., 1999; Shulman et al.,

1999), by the preparation of a specific response (Astafiev et al.,
2003; Connolly et al., 2002), or by the short-term memory of a
visual scene (LaBar et al., 1999; Pessoa et al., 2002). The dorsal
system is also involved in linking relevant stimuli to responses, as
it is modulated when people change their motor plan for an ob-
ject (Rushworth et al., 2001). Under some conditions, the prepa-
ratory activation of the dorsal frontoparietal network extends to
visual cortex, presumably reflecting the top-down modulation
of sensory representations (Giesbrecht et al., 2006; Hopfinger
et al., 2000; Kastner et al., 1999; Serences et al., 2004; Silver
et al., 2007; Sylvester et al., 2007) (Figure 1A). Accordingly, antic-
ipatory activity may predict performance to subsequent targets
(Giesbrecht et al., 2006; Pessoa and Padmala, 2005; Sapir
et al., 2005; Sylvester et al., 2007). Finally, recent studies show
that electrical or magnetic stimulation of FEF or IPS leads to a
retinotopically specific modulation of visual areas and parallel
improvement of perception at corresponding locations of the
visual field (Moore and Armstrong, 2003; Ruff et al., 2006, 2007).

A second system, the ventral frontoparietal network, is not ac-
tivated by expectations or task preparation but responds along
with the dorsal network when behaviorally relevant objects (or
targets) are detected (Corbetta et al., 2000). Both dorsal and
ventral networks are also activated during reorienting, with en-
hanced responses during the detection of targets that appear
at unattended locations. For example, enhanced responses
are observed when subjects are cued to expect a target at one
location but it unexpectedly appears at another (i.e., ‘‘invalid’’
targets in the Posner spatial cueing paradigm) (Arrington et al.,
2000; Corbetta et al., 2000; Kincade et al., 2005; Macaluso
et al., 2002; Vossel et al., 2006) or when a target appears infre-
quently, as in ‘‘oddball’’ paradigms (Bledowski et al., 2004;
Braver et al., 2001; Linden et al., 1999; Marois et al., 2000;
McCarthy et al., 1997; Stevens et al., 2005) (Figure 1B). Core
regions of the ventral network include temporoparietal junction
(TPJ) cortex (anatomically, TPJ is more strictly defined as the
cortex at the intersection of the posterior end of the STS, the in-
ferior parietal lobule, and the lateral occipital cortex), defined as
the posterior sector of the superior temporal sulcus (STS) and
gyrus (STG) and the ventral part of the supramarginal gyrus
(SMG) and ventral frontal cortex (VFC), including parts of middle
frontal gyrus (MFG), inferior frontal gyrus (IFG), frontal opercu-
lum, and anterior insula (Figure 2A, orange regions). An early
theory of how the two networks interact (Corbetta and Shulman,
2002) proposed that when attention is reoriented to a new source

Figure 1. Focusing Attention and
Reorienting Attention Recruit Interacting
Networks
(Left panel) Focusing attention on an object
produces sustained activations in dorsal fronto-
parietal regions in the intraparietal sulcus, superior
parietal lobule, and frontal eye fields, as well as vi-
sual regions in occipital cortex (yellow and orange
colors) but sustained deactivations in more ventral
regions in supramarginal gyrus and superior tem-
poral gyrus (TPJ) and middle and inferior prefrontal
cortex (blue and green colors). (Right panel) When
an unexpected but important event evokes a
reorienting of attention, both the dorsal regions
and the formerly deactivated ventral regions are
now transiently activated.

Neuron 58, May 8, 2008 ª2008 Elsevier Inc. 307

Neuron

Review

Event Driven: 
Exogenous

Goal Driven: 
Endogenous

Corbetta, Patel & Shulman, Neuron, 2008

Attention - Selection & Filtering
Attention: manage competition among things in memory & world
Switching (selecting) what the brain processes can be driven: 

 internally  - controlled by goals or plans
 externally - driven by objects/events in the world
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Salience usually provided,  using “cold” stimuli in experiment instructions
 but, what captures a child’s attention in real world “hot”cognition?

Menon & Uddin 2010 “Increased anxiety […] may be the consequence 
of [the insula] misattributing emotional salience to mundane events”
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“	Cold”	Distractor	Target

• Stimulus	200	ms	
• Respond	to	a	specific	color	

(red,	green,	or	blue)	in	the	
center	of	the	screen	

• Center	70%	gray,	10	%	green,	
10%	blue,	10%	red	

• Lateral	33%	green,	33%	blue,	
33%	red

Adapted	from	Sawaki,	Geng	&	Luck,2012	by	Abbie	Popa	&	Steve	Luck
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• Respond	to	specific	emotion	
(happy,	calm,	angry)	

• Center	70%	scrambled,	10	%	
happy,	10%	calm,	10%	angry	

• Lateral	33%	happy,	33%	calm,	
33%	angry

600-1000	ms

:	)

500	ms

500	ms

“Hot”	Emotional	Distractor	Target
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(e)DT	-	Emotional	Distractor	“Cost”
22q (n = 30)
td (n = 43)
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Acquiring ERP Data
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ASenTon	Related	ERPs
N2PC	–	FIND	TARGET	
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ASenTon	Related	ERPs
N2PC	–	FIND	TARGET	
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ASenTon	Related	ERPs
N2PC	–	FIND	TARGET	

+	

Contralateral	Distractor	
Ipsilateral	Distractor	

Pd	–	SUPPRESS	DISTRACTOR	
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“Cold”	DT	ERPs
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N2PC

Pd

22q (n = 27)
TD (n = 28)

*

*
*

*

AU
C

 (m
s 

* m
ic

ro
vo

lt)

0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Component
N2PC PD N2PC PD

cold DT

Europe22q-Dublin-Oct2017 copy - October 11, 2017



“Cold”	vs	“Hot”	DT	ERPs

22q n = 27
TD n = 28
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“Go” trials (75%): press a button to “whack” the mole
“No-Go” trials (25%): do NOT press for vegetable

Preceded by 1, 3, or 5 “Go” trials

“Cold” Cognitive (Inhibitory) Control

1

3

5

Tests ability to withhold/inhibit in-appropriate responses

14
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Do emotionally salient stimuli affect the ability to withhold 
responses?

“Go” trials (%): respond to Happy (50%) or Angry (50%) face

No-Go (25%): do NOT respond to calm face

 Preceded by 1, 3, or 5 “Go” trials

15

“Hot” Cognitive (Inhibitory) Control

1

3

5
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E(GNG)	–	Emotional	NoGo	“Cost”
22q (n = 26)
TD (n = 39)
p < 0.05
p < 0.1
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GNG	ERP:	N2	-	Detect	Conflict	(NoGo)

ms

m
ic
ro
vo
lts

Anterior	N2	is	the	negative	portion	of	the	difference	wave	(difference	in	NoGo	–	Go)	between	
150	and	350	ms
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“Cold”	vs	“Hot”	(e)GNG	N2	ERPs
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Affective distractors impact attention differently in the 2 groups
BOTH groups, much less accurate in HOT than Cold task

but 22q group much worse than TD for Angry distractors

Opposite capture vs suppress brain signals to the Cold task

22q group more captured by & less suppression of distractors

Opposite capture vs suppress brain signals to the Cold task
22q group captured by hot & cold but suppress emotions most
TD group most captured by hot but suppress all similarly

Affective (Hot) Stimuli Impact Summary
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Affective distractors impact attention differently in the 2 groups
BOTH groups, much less accurate in HOT than Cold task

but 22q group much worse than TD for Angry distractors

Opposite capture vs suppress brain signals to the Cold task

22q group more captured by & less suppression of distractors

Opposite capture vs suppress brain signals to the Cold task
22q group captured by hot & cold but suppress emotions most
TD group most captured by hot but suppress all similarly

Affective (Hot) Stimuli Impact Summary

Affective stimuli impact inhibition differently in the 2 groups
emotional faces improve 22q group performance but impair TD
more conflict detection to faces in 22q group, opposite for TD
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IQ of 75 creates significant, ongoing, uneven challenge patterns

50-60% of children with 22q11.2DS have significant anxiety 
 20-50% of children with 22q11.2DS get a diagnosis of ADHD 
(mainly Inattentive or Combined type) and take medications

 “ADHD” Sx = hyperarousal/hypervigilance from anxiety?

Stress, Anxiety & Psychiatric Diagnoses
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50-60% of children with 22q11.2DS have significant anxiety 
 20-50% of children with 22q11.2DS get a diagnosis of ADHD 
(mainly Inattentive or Combined type) and take medications

 “ADHD” Sx = hyperarousal/hypervigilance from anxiety?

Stress, Anxiety & Psychiatric Diagnoses

Mismatches between capabilities and demands induce stress, 
which can lead to anxiety, avoidance and reduced motivation and 
self esteem

reducing childhood struggling load may protect against psychosis

Mismatched cognitive and linguistic demands plus resulting 
anxiety and avoidance might explain frequent  “Autism” diagnoses 
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Prognostic Power of Anxiety
Gothelf et al. 2013 3-5 year longitudinal study 125 with 22q
“The predictive value of having an anxiety disorder at baseline for later 
development of psychosis was quite robust, as 9 of 10 patients with 
emerging psychotic disorder in our sample were diagnosed with an 
anxiety disorder at baseline”.

21
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Tang et al. 2013 cross-sectional study 112 with 22q 8-45 years
“We also found that those with psychotic features were more likely to 
have a lifetime diagnosis of mood or anxiety disorder”
“Perhaps individuals with significant anxiety are at even higher risk than 
the 22q11DS population at large”.
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Psychosis Proneness in 22q11.2

significantly predicted by full-scale IQ and the presence of
an anxiety disorder. The presence of a schizophrenia spec-
trum disorder had a nearly significant effect.

Discussion
The present study is an international collaborative

investigation of 22q11.2 deletion syndrome, a genetic syn-
drome widely recognized as a model for schizophrenia.
The inclusion of more than 1,400 participants makes it, to
the best of our knowledge, the largest study to date on the
frequency of psychiatric disorders throughout the lifespan.

Disorders Typically Diagnosed in Childhood

ADHD was diagnosed in 37.10% of children and was the
most common diagnosis at this age. Although ADHD was
less frequent in adults (15.59%), the rate was still higher
than for adults in the general population (4.40%) (41).
Consistent with findings in a recent longitudinal study
(42), this suggests that ADHD persists until adulthood in
many individuals with 22q11.2 deletion syndrome. Inmost
cases the inattentive subtype prevailed, confirming find-
ings from previous studies (43). This pattern contrasts with
data from the general population and individuals with
intellectual disability, which indicate a predominance of

the combined subtype (44). It is still debated in the
literature whether predominantly inattentive ADHD is
a separate disorder, rather than a subtype of ADHD.
Indeed, some data point toward specific neurobiological
and environmental factors leading to the development of
predominantly inattentive ADHD (45).
The prevalence of oppositional defiant disorder was

slightly higher than in the general population but was
similar to what has been described in youth with in-
tellectual disability (46, 47). In our experience, individuals
diagnosed with oppositional defiant disorder show
a higher degree of impairment within the family, whereas
they are often described as introverted by people outside
the family. Future investigators may wish to compare
these results with teacher reports of behavioral difficulties.
Compared with oppositional defiant disorder, conduct
disorder was rarely diagnosed, suggesting that severe
externalizing disorders are underrepresented in 22q11.2
deletion syndrome.
Autism spectrumdisorders were frequent in all age groups

but peaked during adolescence. This was unexpected, as the
prevalence is typically lower in adolescents than in younger
groups from the general population. Several factors could
explain this result. First, the prevalence of autism spectrum
disorders was based on a subgroup of participants (N=548,

FIGURE 2. Prevalence of Schizophrenia Spectrum Disorders and Distribution of Specific Disorders by Age in Participants With
22q11.2 Deletion Syndromea
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a Among the 235 subjects with schizophrenia spectrum disorders, the prevalence of a schizophrenia diagnosis increased significantly over the age
groups (x2=12.54, df=4, p=0.01), whereas the diagnosis of psychotic disorder not otherwise specified decreased (x2=17.17, df=4, p=0.002).

AJP in Advance ajp.psychiatryonline.org 7
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out of 1402 or 17%
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out of 1402 or 17%

Theoretically, this leaves 
a LONG time to intervene

preventively
By 25, 120 of 1,125 (11%)
showed some symptoms

But only 50 (4%) had
  met criteria for full Scz Dx
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Conclusions I
Cognitive challenges mismatched to demands induces stress
Chronic mismatch may induce anxiety, depression, reduce self-esteem
Challenge/anxiety reduces emotional self-regulation ability
Emotional (dys)regulation interacts with Cognitive (dys)function 
Can increase biasing attention to threat (reduced attentional control)
Can reduce inhibitory abilities (reduced behavioral suppression)

Avoidance of challenge slows development further, increasing challenge    
Psychopathology risk only partly genetic, suitable experience matters!
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Conclusions II
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INTERVENTION IMPLICATIONS 
Family/School/Community supports further modulate this interaction & 

influence “coper/struggler” trajectory 

Strugglers can be converted to copers with child, school, family change
 not with stem cells or brain surgery but commonly available therapy
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Conclusions II

24

INTERVENTION IMPLICATIONS 
Family/School/Community supports further modulate this interaction & 

influence “coper/struggler” trajectory 

Strugglers can be converted to copers with child, school, family change
 not with stem cells or brain surgery but commonly available therapy

Child: cognitive behavioral/behavioral therapy, SSRI, cognitive training
School: effective IEP, careful calibration of challenge based on testing
Family: coping strategies for parents, matching parent/child expectations

 reduced parental psychological control, negative expressed emotion
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Thanks
MOST important: Kids who participated & their families!!
Majority of the work presented here was done by:

Courtney Durdle, Hannah Morgan, Angela Bassal, Jordan Garner, 
Abbie Popa, Josh Cruz, Nina Cung, Dave Reyes, Margie Cabaral, 
Freddy Bassal, Heather Shapiro Ph.D., Ling Wong Ph.D., Andrea 
Quintero, Ph.D., Elliott Beaton Ph.D., Michelle Deng Ph.D., Danielle 
Harvey, Ph.D., Naomi Hunsaker, Ph.D., Kathy Angkustsiri M.D., Ingrid 
Leckliter Ph.D., Janice Enriquez Ph.D., Joel Stoddard, M.D., Nicole 
Tartaglia M.D., Khyati Brahmbatt, M.D., Paul Wadell, M.D.
UC Davis Center of Excellence in 
Developmental Disabilities

Dempster Family Foundation

National Institutes of Health: NICHD, NIMH
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