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Abstract Stress and anxiety have a negative impact on
working memory systems by competing for executive
resources and attention. Broad memory deficits, anxiety,
and elevated stress have been reported in individuals with
chromosome 22q11.2 deletion syndrome (22q11.2DS). We
investigated anxiety and physiological stress reactivity in
relation to visuospatial working memory impairments in
20 children with 22q11.2DS and 32 typically developing
(TD) children ages 7 to 16. Children with 22q11.2DS dem-
onstrated poorer working memory, reduced post-stress res-
piratory sinus arrhythmia recovery, and overall increased
levels of cortisol in comparison to TD children. Anxiety,
but not physiological stress responsivity, mediated the rela-
tionship between 22ql11.2DS diagnosis and visuospatial
working memory impairment. Findings indicate that anxi-
ety exacerbates impaired working memory in children with
22q11.2DS.
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Introduction

Chromosome 22q11.2 deletion syndrome (22q11.2DS),
previously known as velocardiofacial or DiGeorge syn-
drome, is a neurodevelopmental disorder that arises from
a 1.5 to 3 megabase microdeletion on the long arm of
chromosome 22. Prevalence rates range from 1:2000 and
1:4000 live births (Howley et al. 2012). The syndrome is
associated with a broad psychiatric phenotype (Fabbro
et al. 2012; Shashi et al. 2012). Social and communication
deficits are common and become more obvious as the child
ages, leading them to become increasingly anxious and
socially withdrawn (Swillen et al. 2000).

Distinct cognitive patterns also have been noted in this
population. Children and adolescents with 22q11.2DS dis-
play full-scale IQ (FSIQ) scores in the borderline/very low
range, with verbal IQ in the low average range (Moss et al.
1999). Specific deficits are seen in visual-spatial memory
and complex forms of verbal recall (Woodin et al. 2001).
The disparity between visuospatial and verbal memory
abilities in children with 22q11.2DS does not appear to be
related to FSIQ, suggesting that general intellectual ability
is not a comprehensive explanation (Bearden et al. 2001).
Furthermore, anxiety has been shown to be more predictive
than intellectual function of age-appropriate daily living
skills in children with 22q11.2DS (Angkustsiri et al. 2014;
Stephenson et al. 2015). Thus, while impairments in gen-
eral intellectual functioning might be expected to explain
these deficits at least in-part, this is not a foregone conclu-
sion given the probable contributing role of anxiety and
stress.

Several studies report working memory impairments
in children and adolescents with 22q11.2DS compared to
their typically developing peers (Bearden et al. 2001; Kates
et al. 2007; Lajiness-O’Neill et al. 2005; Montojo et al.
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2014; Simon et al. 2005). However, these impairments have
not been examined in connection with children’s affect.
Eysenck and Calvo (1992) report that anxiety exhausts
cognitive capacity with deleterious effects on performance
and processing efficiency. Attentional control theory would
suggest that anxiety disturbs the goal-driven attentional
system while amplifying the stimulus-driven attentional
system (Derakshan and Eysenck 2009). The former refers
to top-down control of attention, while the latter refers to
bottom-up processes that favor behaviorally relevant and
salient stimuli (Corbetta and Shulman 2002). These are not
mutually exclusive with impaired attentional control likely
exacerbated by anxiety.

In contrast to passive longer-term storage, work-
ing memory relies on the ability to efficiently update and
manipulate task-relevant information (Miyake et al. 2000).
Anxiety reduces the efficiency of executive functions asso-
ciated with working memory updating such as appropriate
inhibition and attention shifting (Derakshan and Eysenck
2009; Eysenck and Derakshan 2011). As proposed by
attentional control theory, anxiety reduces these top-down
mechanisms, thereby resulting in less attentional control.
Anxious individuals have a higher probability of divert-
ing attentional resources to extraneous stimuli. These dis-
tractors can either be external or internal (e.g. worry and
perseveration), which ultimately degrades processing effi-
ciency (Eysenck et al. 2007). Therefore, tasks that involve
greater attentional discipline also require individuals with
higher levels of anxiety to employ more cognitive resources
(Wright et al. 2014).

Anxiety and stress have an impact on general cogni-
tive and memory performance in a variety of human and
animal model studies (Contarino et al. 1999; Dalgleish
et al. 2003; Harrison et al. 2009; Robert and Hockey 1997,
Roozendaal 2002). Anxiety and memory impairments are
well documented in people with 22q11.2DS. Given the het-
erogeneous, complex, and sometimes unpredictable course
of 22q11.2DS, stress likely arises from and contributes to
symptomatology and impairments in this population (Bea-
ton and Simon 2011). Nevertheless, there has been lit-
tle attention on the role of anxiety and stress on cognitive
function in people with 22q11.2DS.

Respiratory sinus arrhythmia (RSA) refers to the oscil-
lations in heart periods that occur in conjunction with a
breathing cycle (Berntson et al. 1993). RSA is a widely
used measure of cardiac vagal control. The vagus nerve
(i.e. the tenth cranial nerve) is controlled by the parasym-
pathetic nervous system and inhibits sympathetic upregula-
tion of heart contraction (Rottenberg et al. 2002). In situ-
ations perceived as stressful or threatening, an individual
experiences vagal withdrawal. With the resolution of the
stressor, sympathetic influences decrease by vagal induc-
tion and the organism returns back to a state of rest. This

“vagal brake” allows mammals to quickly respond to their
environment and return to a state of homeostasis (Scott
and Weems 2014). Studies have linked lower RSA to poor
social and emotional regulation, including social anxiety
and depression (Friedman and Thayer 1998; McLaughlin
et al. 2015; Porges et al. 1996; Rottenberg et al. 2005). For
example, McLaughlin et al. (2015) reported an interaction
between vagal tone and psychosocial stressors. After expo-
sure to a stressor, adolescents with low vagal tone were
more likely to display internalizing symptoms than adoles-
cents with high vagal tone.

Chronic stress is also reflected in major biochemical
pathways that regulate metabolic processes. Miller and
colleagues (2007) suggest that the hypothalamic—pitui-
tary—adrenal (HPA) axis is initially activated in the pres-
ence of a stressor, resulting in increased levels of cortisol.
As time since the onset of a stressor increases, the system
returns to homeostasis. There appears to be significant
variability in the stress-response system as a function of
underlying psychopathology. Increased basal cortisol levels
have been noted in youth at ultra-high risk for psychosis,
while cortisol response to acute stress is blunted compared
to healthy controls (Chaumette et al. 2016; Pruessner et al.
2013). Elevated salivary cortisol has been reported in chil-
dren with 22q11.2DS. Beaton and colleagues (2014) found
that 73 children with 22q11.2DS had higher levels of anxi-
ety and elevated salivary cortisol compared 50 TD control
children in response to the relatively mild stress of training
to remain still in a MRI mock-up apparatus prior to a MRI
scanning session.

Working memory impairments are well-characterized
in children with 22q11.2DS (Bearden et al. 2001; Laji-
ness-O’Neill et al. 2005; Montojo et al. 2014; Simon et al.
2005). While these studies have largely focused on neuro-
anatomical differences, there is a paucity of research inves-
tigating the role of anxiety and stress as possible exacerbta-
ing factors on memory impairments in these children. In
one study, while salivary cortsiol levels were significantly
higher in 11 children with 22q11.2DS compared to age-
matched controls, cortisol levels prior to the start of cogni-
tive testing was not correlated with performance on Wide
Range Assessment of Memory and Learning, 2nd Edition
(WRAML-2) in the 22q11.2DS group. Interestingly, higher
cortisol levels did predict lower WRAML-2 scores in the
TD control group (Jacobson et al. 2016).

As outlined by Eysenck and Derakshan (2009), anxi-
ety has deliterious effects on on the goal-driven atten-
tional system of working memory. This ultimately
breaks down the central executive system, making it dif-
ficult to ignore irrelevant stimuli. Additionally, cortisol
activity interacts with brain regions that are relevant to
memory function. The hippocampus, which plays a cru-
cial role in feedback regulation of cortisol release, shows
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an increased rate of cell death and blunted cell develop-
ment in the presence of cortisol (AI’Absi et al. 2002).
These compounding elements are, therefore, necessary
to investigate as possible factors resulting in poor work-
ing memory in children with 22q11.2DS.

Anxiety disorders and ADHD are two of the most
common diagnoses in children with 22q11.2DS, occur-
ing in approximately 35.6 and 37% of these youth,
respectively (Schneider et al. 2014). A comorbid diagno-
sis is not uncommon in the general population, with the
Multimodal Treatment Study of Children with ADHD
(1999) reporting a co-occurance with anxiety at 33.5%.
Children with ADHD commonly show working memory
deficits, as attentional processes are degraded (Barkley
2014). Yet, as mentioned, theory suggests that anxiety
interrupts goal-driven attentional systems (Eysenck and
Derakshan 2011). As ADHD is expected to be a source
of homogenous variance, we decided to use it as a covar-
iate in our analyses in order to directly assess the hetero-
geneous sources of variance in the relationship between
group, anxiety, stress physiology, and working memory
impairment.

The Current Study

The overarching aim of the current study was to inves-
tigate the roles of anxiety and stress on working mem-
ory function in children with 22q11.2DS. As discussed,
research shows that these children have higher levels of
anxiety and a lower working memory capacity. Yet, can
anxiety and stress partially explain working memory
deficits in children with 22q11.2DS? While anxiety is
considered a cognitive component of anticipatory fear,
worry, and threat, examining stress physiology allows us
to corraborate evidence suggesting that these children
experience a significantly greater amount of stress and
gives us potential insight into glucocorticoid mecha-
nisms in this population.

We hypothesized that: (1) Children with 22q11.2DS
would have greater levels of anxiety and poorer per-
formance on a visuospatial working memory task than
TD children; (2a) Children with 22q11.2DS would have
lower baseline RSA and higher baseline cortisol than
TD children; (2b) Children with 22q11.2DS would have
an elevated stress response and blunted stress recovery
compared to TD children as measured by RSA, sali-
vary cortisol, and temperature; and, (3) Anxiety and
stress physiology would explain the degree of visuos-
patial working memory impairment in children with
22q11.2DS, controlling for symptoms of ADHD.

@ Springer

Methods

All methods were approved by the Institutional Review
Board at the University of New Orleans.

Participants

As part of a larger ongoing study, families were recruited
via the state and national chromosome 22ql1.2 dele-
tion / velocardiofacial / DiGeorge syndrome community
support networks, social media, fliers posted around the
Greater New Orleans area, and word-of-mouth. Families
spent two and a half days participating in the research
activities. Upon arrival, families were briefed on all tasks
and procedures to be conducted and gave informed con-
sent. Children signed assent forms to indicate that they
understood and wanted to continue with the study.

Participants were children aged 7 to 16 years
M=11.4, SD=2.52) with (n=20, 10 females) and with-
out (n=32, 13 female) 22q11.2DS and their parents. The
majority of participants were Caucasian (82%), while
parents identified the remaining participants as Creole
(7%), Hispanic (7%) and African American (4%). The
presence of a 22q11.2 deletion was confirmed by fluores-
cence in situ hybridization. Groups did not differ based
on sex composition, Xz(l, N=52)=0.44, p=0.51 or age,
1(50)=0.12, p=0.09. Participants were excluded if they
had a prior head injury, central nervous system infection,
and other focal neurologic abnormalities. Exclusion cri-
teria for the typically developing participant included a
known genetic disorder, learning disorder and behavioral
or other known psychiatric disorder. See Table 1 for the
demographic characteristics of the sample.

Table 1 Demographic characteristics and 1Q scores of the sample

Typically developing 22ql1.2
deletion
syndrome

(n=32) (n=20)

Mean age in years (SD) 10.9 (2.5) 122 (2.4)
Gender
%Female 41 50
Ethnicity %
Caucasian 74.1 94.7
Creole 11.1 0
African American 7.4 0
Hispanic 7.1 53
Mean FSIQ (SD) 107.1 (13.4) 72.2.(9.2)

Note: FSIQ Full-scale IQ
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Procedure
Psychological Measures

The Multidimensional anxiety scale for children second
edition: Parent MASC 2-P (MASC 2-P March 2012) is
a 50-item parent report questionnaire that assesses the
presence of anxiety-related symptoms in children aged 8
to 19 using a four-point scale (0 =never to 3 =often). The
form yields a total score, an anxiety probability score,
and scales for problems including: Separation Anxi-
ety/Phobias, GAD Index, Social Anxiety, Obsessions &
Compulsions, Physical Symptoms, and Harm Avoidance.

Swanson, Nolan, and Pelham Questionnaire (SNAP-
1V) The SNAP-IV Rating Scale (Swanson 1983) is a
parent-report questionnaire using DSM-IV criteria for
Attention Deficit/Hyperactivity Disorder (ADHD) and
Oppositional Defiant Disorder (ODD). Statements are
rated on a four-point scale (0=not at all to 3=very
much). For this study, the sum of inattentive and hyper-
active/impulsive scores were used as an indicator of
ADHD-like symptoms.

Wechsler intelligence scale for children—fourth edition
(WISC-1V) The WISC-IV (Wechsler 2003) is a cognitive
ability assessment of verbal comprehension, perceptual
reasoning, working memory, and processing speed. The
WISC-IV was used to assess general intellectual function-
ing in this study.

Physiological Measures

Cardiac and hemodynamic measures were continuously
collected during task participation with Biopac MP150
hardware and AcqKnowledge 4 (BIOPAC Systems, Inc.,
Goleta, CA) software and was sampled at 1000 Hz. Elec-
trocardiogram (ECG) recordings were collected using a
lead II configuration (right clavicle, left clavicle, and left
lower torso) and three pre-gelled disposable Ag/AgCl elec-
trodes. A respiration belt transducer was strapped around
the abdomen of the participant in order to obtain a respi-
ration signal. Respiratory sinus arrhythmia was calculated
with AcqKnowledge 4 software using the time-domain
peak-and-valley method. A band pass filter between 0.5
and 35 Hz, using 8000 coefficients was applied to the ECG
waveform. Heart beats were detected using the Find Cycle
tool. To identify artifacts and missed beats in the R-R inter-
val, a raw tachogram was generated and visually inspected.
If an R-peak was undetected, the long beat was split into
two equivalent R-R intervals (Berntson et al. 1997). Tem-
perature readings were collected using a Biopac TSD202B
temperature probe adhered to the participant’s non-domi-
nant hand.

Hormone Measures

Participants were instructed to refrain from eating, brush-
ing their teeth, and drinking any liquids other than water in
the 60 minutes prior to starting the study. Saliva collection
began in the afternoon (M=1:02 pm, SD=1 h 18 min).
Five saliva samples were collected (1) prior to beginning
the tasks, (2) prior to beginning the Math Countdown Task,
(3) after the Math Countdown Task/prior to the Math Prob-
lems Task, (4) after the Math Problems Task, and (5) after
a 15 min calming period. Participants deposited saliva in
2 mL microcentrifuge tubes. Samples were frozen immedi-
ately at —80°C. Saliva was assayed for cortisol using Sali-
metrics enzyme-linked immunosorbent assay (ELISA) kits
and were run in duplicate. Salivary cortisol was measured
in pg/dL.

Math Stress Computer Task

The Math Task was divided into two parts: the Math
Countdown Task and the Math Problems Task. Each sec-
tion began with a practice trial before continuing to the real
task. The Math Countdown Task required the participant
to begin at 300 and mentally subtract seven from each cor-
rect answer given. Three possible answers were displayed
and a countdown clock ranging from 30 to 15 s was shown
at the bottom of the screen. If the participant selected an
incorrect answer or went over time, they were required to
return to the beginning of the task and start again. This
section lasted 8 min. During the Math Problems Task, the
participant completed a series of math problems ranging
from simple addition and subtraction to geometry and trig-
onometry. As with the Math Countdown Task, three pos-
sible answer choices were given, with a countdown clock
ranging from 15 to 30 s displayed at the bottom. This sec-
tion was dynamically adjusted for performance and lasted
a total of 8 min. For this study, physiological and hormone
measures taken during the task were used as an indicator of
stress response and recovery.

Shapes Working Memory Computer Task

The Shapes Working Memory Task presented the partici-
pant with eight empty squares surrounding a central focus
(+) on a 27-in touchscreen monitor (Planar PCT-2785)
using E-prime Software (Psychology Software Tools, Inc.,
Pittsburgh, PA; Schneider, Eschman, & Zuccolotto, 2002).
Stimuli consisted of blue (R:128 G:255 B:255) geomet-
ric shapes (6 cm tall x 10 cm wide) saturated at varying
degrees individually presented within any of the eight
white square borders (6 cm tall x 10 cm wide). Trial blocks
proceeded in the following event order (Fig. 1): Fixation
(2000 ms), Stimulus (2000 ms), Prompt (1000 ms), Cue
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Fig. 1 Shapes task scheme

(infinite), Response. During ‘Response’ events, a ninth
white square border appeared in the center of the screen
and replaced the fixation. Previously encountered shapes
during that trial appeared within this border, and partici-
pants were instructed to tap the empty bordered square they
last remembered the shape to reside. Figure 1 depicts the
event order for a practice round consisting of two shapes.
Levels began at 2-shape blocks and increased by one addi-
tional shape until a maximum of 8-shape blocks were
achieved. Each level was dynamically adjusted to partici-
pant accuracy such that 65% block performance or better
advanced participants to the next level, while less than 65%
block performance discontinued the task. Scores were for-
matted as Level Attained. Percent Accuracy (i.e. 5.23) as our
measure of spatial working memory capacity.

Baseline Motor Task
The Baseline Motor Task presented participants with six
landscapes. Birds appeared at random locations on a screen.

Participants were instructed to press a green button on a
response box whenever they observed a bird on the screen.

@ Springer

2000 ms

Obradovi¢ and colleagues (2011) indicated that “stress
reactivity” adjusted for psychomotor activity was incongru-
ent with traditional, resting reactivity. The stress task in this
study required the subject to elicit a motor response (i.e.
pressing a button). Therefore, this study implemented the
baseline motor task instead of a resting baseline in order to
account for the possible confound of psychomotor activity.

Stress Recovery Period

The Stress Recovery Period consisted of a 15-min resting
state. Participants remained seated while watching a calm-
ing video of underwater scenes. Saliva was collected in 10
to 15 min intervals post-stressor to allow for cortisol recov-
ery to baseline levels (Dickerson and Kemeny 2004; Jacob-
son et al. 2016). To reduce potential frustration due to bore-
dom, we limited our recovery period to 15 min.

Statistical Analyses

Prior to analysis, the variables: anxiety, ADHD, 1Q, work-
ing memory capacity, RSA, skin temperature, and cortisol
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were screened for missing data, normality of distribution,
univariate outliers, and multivariate outliers. A series
of independent samples t-test were conducted to exam-
ine whether children with 22q11.2DS differed from typi-
cal controls on levels of anxiety, ADHD, FSIQ, working
memory capacity, baseline RSA, and baseline cortisol
using IBM SPSS Statistics version 23. Three 2 (group)
by 3 (time) repeated measures ANOVAs were conducted
to investigate differences in RSA, salivary cortisol, and
temperature reactivity and recovery in children with
22q11.2DS and controls.

A mixed variable structural equation model was cre-
ated in Mplus (v. 7.4, Muthen & Muthen) to test the medi-
ating roles of anxiety and physiology in the association
between group and working memory impairment. The
three observed variables of cortisol, RSA, and temperature
reactivity were used to create the latent variable of Stress
Response, while the MASC 2-P Total T-score was used as
the observed variable of Anxiety. Sex, Age, and ADHD
symptoms were entered as covariates in the model. Param-
eter estimation was assessed through maximum likelihood,
and overall fit of the model was measured by examin-
ing various fit indices, including Chi square, comparative
fit index (CFI), the root mean square of approximation
(RMSEA) and 90% confidence intervals. Indirect effects
were tested using a 95% bootstrap confidence interval set to
1000 iterations (Bollen and Stine 1990; Shrout and Bolger
2002).

Results
Data Cleaning

Prior to analysis, the variables: anxiety, ADHD, 1Q, work-
ing memory capacity, RSA, temperature, and cortisol were
screened for missing data, normality of distribution, uni-
variate outliers, and multivariate outliers. Analysis of cases
with missing data indicated that the missing data appeared

to be random, as the missing values were not related to
other variable scores. To inspect normality and identify
outliers, analysis of univariate distribution was performed.
Two extreme outliers were identified: one in the salivary
cortisol distribution and one in the anxiety score distribu-
tion. These values were removed, as they did not appear to
be representative of the sample. Finally, the Mahalanobis
distance test, using p <0.001, (i.e. X2(6)=22.5) was con-
ducted to test for multivariate outliers among the scales. No
multivariate outliers were identified.

Psychological and Psychophysiological Results

To examine group differences in symptoms of anxiety,
ADHD, FSIQ, and working memory capacity, a series of
independent samples t-tests were conducted. To correct
for multiple comparisons, a Bonferroni correction was
applied (p<0.008). Parents of children with 22q11.2DS
reported significantly greater levels of anxiety and ADHD
symptomatology in their children compared to parents of
typically developing children. Additionally, children with
22q11.2DS scored significantly lower on the WISC-IV
FSIQ and shapes working memory task.

To examine group differences in baseline levels of RSA
and cortisol, a series of independent samples #-tests were
conducted. Consistent with the hypothesis, children with
22q11.2DS had significantly higher levels of baseline corti-
sol compared to controls. Yet, there was no significant dif-
ference in baseline levels of RSA between the two groups
(see Table 2).

Skin Temperature Results

To characterize the difference in skin temperature stress
reactivity and recovery, a 2 (group) by 3 (time) repeated
measures ANOVA was conducted. Mauchly’s test indi-
cated sphericity could be assumed. Results indicated a
significant main effect of time, F(2,82)=23.99, p<0.001,
and a significant effect of group, F(1,41)=5.25, p=0.03.

Table 2 Independent samples

” . Typically developing ~ 22q11.2 deletion t df p
t-test comparing variable means syndrome
between groups
Mean SD Mean SD

ADHD 8.24 7.15 26.28 10.3 -6.43 37 0.000
FSIQ 107.07 13.42 72.21 9.24 9.92 47 0.000
Anxiety 49.18 10.68 64.95 10.89 -5.00 46 0.000
Working memory score 4.26 1.50 297 1.10 343 45.38 0.001
Baseline cortisol 0.09 0.03 0.12 0.04 -2.69 46 0.010
Baseline RSA 3.96 0.45 3.85 0.90 0.49 22.15 0.631

Note: ADHD =SNAP-IV ADHD score; FSIQ Full-scale IQ; Anxiety =MASC 2-P total anxiety score. RSA
values were log transformed. p < 0.008. Cortisol concentrations are in micrograms per deciliter (ug/dL)
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Additionally, there was a significant group by time inter-
action, F(2,82)=4.27, p=0.02. Children with 22q11.2DS
displayed lower skin temperature during the math task and
recovery period than controls. Follow-up pairwise compar-
isons indicated a significant decrease in temperature from
the math task to the recovery for controls (p=0.03), and
a significant decrease in temperature from baseline to the
math task (p <0.001) and math task to recovery (p=0.01)
for children with 22q11.2DS (see Fig. 2).

Salivary Cortisol Results

Salivary cortisol for both groups was within the normal
range typically reported in children (McCarthy et al. 2009).
To test the hypothesis that children with 22q11.2DS had
blunted cortisol reactivity and recovery compared to typi-
cally developing children, a 2 (group) by 3 (time) repeated
measures ANOVA was conducted. Mauchly’s test indi-
cated that sphericity could not be assumed. Therefore, the
Greenhouse-Geisser procedure was used to modify degrees
of freedom. Contrary to the hypothesis, results indicated
no significant main effect of time, F(1.58,66.35)=0.37,
p=0.64. However, between-subjects results indicated a
significant effect of group, F(1,42)=28.01, p<0.001, with
children with 22q11.2DS showing higher overall levels
of cortisol concentration at each time point. There was no
group by time interaction, F(1.58,66.35)=0.88, p=0.40
(see Fig. 3).

Respiratory Sinus Arrythmia Results
A 2 (group) by 3 (time) repeated measures ANOVA was

performed in order to test the hypothesis that children with
22q11.2DS will show blunted RSA reactivity and recovery

34
33
32
31 —=TD

~ - 22q
30

Mean Temperature (:SEM) °C
/

29

28

Baseline =~ Math Task  Recovery

Fig. 2 Temperature during baseline, math task, and recovery period
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Fig. 3 Cortisol levels during baseline, math task, and recovery
period

compared to controls. Mauchly’s test indicated that sphe-
ricity could be assumed. Results indicated a significant
main effect of time, F(2,88)=7.37, p<0.01, but no main
effect of group, F(1,44)=0.23, p=0.88. Additionally, there
was no group by time interaction, F(2,88)=0.09, p=0.91.
Follow-up pairwise comparisons indicated a significant
RSA recovery for typically developing controls (p <0.05)
but not for children with 22q11.2DS (p=0.16) (see Fig. 4).

Math Task Accuracy and Physiology
To examine group differences in Math Task errors, a series

of independent samples z-tests were conducted. Typically
developing children scored significantly higher on the Math

435
4.25
4.15
4.05

3.95

Ln Mean RSA (+ SEM)

3.85

3.75

Math Task

Baseline Recovery

——TD -/ 22q

Fig. 4 RSA levels during baseline, math task, and recovery period
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Task than children with 22q11.2DS, #42)=2.80, p<0.01.
Follow up multiple regression analyses were conducted to
determine if there was a relationship between Math Task
errors and physiological reactivity. For typically develop-
ing children, there was a relationship between Math Task
accuracy and RSA reactivity, p=-1.07, #26)=-3.23,
p=0.003. As their accuracy increased, RSA reactivity
decreased. However, there was no relationship for children
with 22q11.2DS, p=-1.38, #(12)=—1.61, p=0.136. There
was no relationship between Math Task accuracy and corti-
sol reactivity for either group.

Anxiety and Stress Physiology Results

Due to the theoretical relationship of attention and working
memory, as well as the commonality of ADHD in children
with 22q11.2DS, an alternative model was investigated. We
examined the indirect effect of group on working memory
capacity through ADHD symptomology. Though fit indi-
ces were good, X2(15)=16.54, p=0.35; RMSEA =0.05;
CFI=0.96; SRMR =0.08, results indicated that ADHD did
not mediate the relationship between group and working
memory capacity, f=-0.40, p=0.61.

To test the mediating roles of anxiety and latent stress
response in the association between group and working
memory impairment, a mixed structural equation model
was created in Mplus Version 7.4 (Muthen & Muthen). The
three observed variables of cortisol reactivity, RSA reac-
tivity, and temperature reactivity were used to create the
latent variable of Stress Response, while the MASC 2-P
Total T-score was used as the observed variable of Anxiety.
Sex, Age, and ADHD symptoms were entered as covariates
in the model. Parameter estimation of the model was con-
ducted using Maximum Likelihood (ML) estimates. Over-
all fit of the model was assessed using the various fit indi-
ces, X*(12)=15.08, p=0.24; RMSEA =0.08; CFI=0.93;
SRMR =0.09. These values indicate good fit for the model.

The total effect of group on working memory capac-
ity, controlling for age, sex, and ADHD symptomology,
was not significant, f=—1.15, p=0.09. Kenny and Judd
(2013) indicate that since c (i.e. the total effect) and ¢’ (i.e.
the direct effect) have relatively low power compared to
the indirect effect, it is highly possible that ¢ will not be
statistically significant. The direct effect of group on work-
ing memory capacity was also not significant, f=-0.24,
p=0.78. However, the specific indirect effect of group
on working memory capacity via anxiety was significant,
B=-1.15, p=0.04, with a 95% bootstrapped confidence
interval (CI) —2.05 to —0.23. The specific indirect effect
of group on working memory capacity via stress response,
however, was not significant, f=0.24, p=0.60, with a 95%
bootstrapped CI —0.20 to —1.21. Results indicate that,
contrary to the hypothesis, latent stress response did not

mediate the relationship between group and working mem-
ory capacity. However, complete mediation through anxiety
was demonstrated (see Fig. 5).

Discussion

This study was designed to address gaps in the existing
research investigating associations among anxiety, physi-
ology, and working memory capacity in children with
22q11.2DS. Consistent with hypotheses, parents of chil-
dren with 22q11.2DS reported significantly higher levels
of anxiety and ADHD symptomatology in their children
compared to the control group and those parents’ percep-
tions of their typically developing children. These findings
are in accordance with past studies that report a heightened
rate of anxiety disorders and ADHD in individuals with
22q11.2DS (Angkustsiri et al. 2012; Antshel et al. 2010;
Gothelf et al. 2013; Green et al. 2009; Hooper et al. 2013;
Niklasson et al. 2009; Philip and Bassett 2011; Schneider
et al. 2014). As noted previously, the commonality of anxi-
ety disorders in children with 22q11.2DS has been linked
to stressors associated with early traumatic exposure, dif-
ficulties in social assimilation, and differential genetic and
neural profiles (Beaton and Simon 2011). Candidate genes
and neurological abnormalities, such as COMT Val/Met
variations and patterns of reduced white matter integrity
in the frontal and parietal lobes, have also been associated
with the increased prevalence of ADHD in this population
(Gothelf et al. 2007; Simon et al. 2008).

Children with 22q11.2DS also scored significantly lower
on FSIQ and the shapes working memory task, consistent
with previous research (Kates et al. 2007; Lajiness-O’Neill
et al. 2005; McDonald-McGinn and Sullivan 2011; Moss
et al. 1999; Simon et al. 2005; Woodin et al. 2001). The
neuropsychological profile of children with 22q11.2DS
is markedly varied. While gross intelligence scores range
from moderately deficient to average, verbal 1Q scores are
significantly higher than performance IQ scores (Simon
et al. 2002; Sobin et al. 2005; Swillen et al. 1997; Woodin
et al. 2001). This pattern is echoed by documented visu-
ospatial working memory deficits. Campbell et al. (2010)
reported that, compared to FSIQ scores, children with
22q11.2DS scored significantly lower than expected on
visual but not verbal memory tasks. To date, research has
primarily focused on altered brain networks as the possi-
ble cause of memory deficits in this population, while little
attention has been paid to the potential exacerbating roles
of anxiety and stress.

Variations in skin temperature were observed. Tempera-
ture reactivity from the baseline task to the math task was
only significant for children with 22q11.2DS. Vasoconstric-
tion typically occurs during activation of the sympathetic
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nervous system. When faced with acute stress, blood flow
towards the skeletal muscles increases while peripheral
blood flow decreases. This conserves heat and allows for
increased muscular output due to readily available energy
(Charkoudian 2010; Kistler et al. 1998; Kushki et al. 2013).
Temperature decrease from the math task to the recovery
period was seen for both children with 22q11.2DS and con-
trols. This result was unexpected, as recovery from stress
reduces sympathetically-mediated processes. Typically,
this would increase peripheral blood flow thereby increas-
ing skin temperature. However, this effect was not observed
in either children with 22q11.2DS or typically developing
controls.

A particularly novel aspect of this study is the character-
ization of physiological and hormonal profiles in children
with 22q11.2DS. While the findings did show significantly
higher baseline cortisol levels in these children, baseline
RSA values did not differ from TD controls. Additionally,
we found no significant changes in either RSA or cortisol
reactivity, or cortisol recovery in the two groups. Neverthe-
less, the data indicates that RSA recovery from the math
stressor task was only significant for typical controls, but
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not for children with 22q11.2DS. Typically, when a stress-
ful situation is resolved, parasympathetic activation takes
over to return the body back to homeostasis. This quick
return to baseline is indicative of a flexible and efficient
stress recovery system. However, an inability to return to
homeostasis is suggestive of allostatic load, which results
from a persistently overactive or underactive stress response
system (McEwen 1998) Additionally, reduced cardiovascu-
lar recovery is associated with negative affect and chronic
stress and anxiety (Chida and Hamer 2008).

Though no differences in cortisol reactivity and recov-
ery in relation to the tasks were found, the overall increase
in salivary cortisol levels at all three time points suggests
potentially abnormal HPA axis functioning. Cognitive
deficits, such as selective attention and memory impair-
ment, have repeatedly been associated with corticosteroids
(Lupien et al. 1994, 1998; Starkman et al. 1992; Vedhara
et al. 2000). While varying causes have been linked to
elevated cortisol levels, a variety of studies indicate that
chronic stress exposure and anxiety lead to HPA axis dys-
regulation (Boudarene et al. 2001; Ruttle et al. 2011; Taka-
hashi et al. 2005; van Eck et al. 1996). The present salivary
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cortisol findings are thus likely biomarkers of allostatic
load in children with 22q11.2DS. While short-term release
of cortisol is beneficial in response to stress, chronic excess
leads to a compromised immune system and hippocampal
dysfunction (McEwen 1998). Additionally, increased basal
cortisol levels contribute to a persistent state of hypervig-
ilance, where the individual is on constant alert to detect
danger. Ultimately, this may inhibit the ability to discern
between threatening and non-threatening stimuli (Sapolsky
1990).

A relationship between Math Task accuracy and RSA
reactivity was observed for TD children. These results sug-
gested that as math performance increased, physiological
stress reactivity decreased. TD children who made more
errors experienced a vagal induction, as seen by increased
RSA reactivity. However, this pattern was not seen for
children with 22q11.2DS. This suggests that regardless of
math performance, children with 22q11.2DS experienced a
steady state of arousal. This relationship was not observed
in either group for cortisol reactivity.

Finally, we investigated the mediating roles of anxiety
and stress reactivity in the relationship between 22q11.2DS
diagnosis and impaired working memory. Physiological
stress reactivity did not mediate 22q11.2DS diagnosis and
working memory capacity. However, our results suggest
that anxiety does mediate this relationship. These find-
ings are congruent with existing theories which suggest
that anxiety has deleterious effects on attentional control
and processing efficiency (Derakshan and Eysenck 2009;
Eysenck and Calvo 1992). Anxious individuals show dif-
ficulties in attending to task-relevant stimuli. A lack of
inhibition results in extraneous stimuli, whether it be inter-
nal or external, having greater salience (Eysenck et al.
2007). Shackman et al. (2006) suggest that anxious arousal
uniquely disturbs visuospatial working memory, as both
compete for resources in the right prefrontal cortex and
posterior parietal cortex. This effect may be further intensi-
fied, as reductions in gray matter volume have been noted
in regions of the posterior parietal lobes and prefrontal cor-
tex in children with 22q11.2DS (Gothelf et al. 2011; Shap-
iro et al. 2012).

Limitations and Future Directions

Results of this study should be interpreted within the con-
text of known limitations. First, the relatively small and
unequal sample sizes may have negatively impacted the
ability to detect significant differences both between and
within groups. However, this constraint is not uncom-
mon, as recruitment of participants from special popula-
tion of children with neurodevelopmental disorders poses
significant challenges. Second, we used parental report

measures, instead of self-report. Since our sample con-
sisted of a wide age range (7-16 years), we believe that
parent-reports likely give a more reliable account of chil-
dren’s behavior. However, this data is subject to poten-
tial bias, and the inclusion of a secondary reporter (e.g.
teacher) could provide additional information. Addition-
ally, future research comparing self- and parent-report
data may provide insight into differences of self and
observer recognition in children with 22q11.2DS.

Third, as noted previously, our sample age range
extended from middle childhood to early adolescence.
Developmental changes associated with puberty could be
controlled for in future investigations using age-matched
participants and controls in order to efficiently account
for these variations. Fourth, using a motor-matched base-
line may have activated sympathetically-mediated pro-
cesses that are not reflective of a true pre-stress state.
RSA values for both children with 22q11.2DS and typi-
cally developing controls during baseline were lower than
during the math task. This outcome may have been due
to the effect of attentional demand, as Porges and Raskin
(1969) reported reduced heart rate variability during
tasks requiring continued attention. Therefore, our results
may not have fully characterized physiological stress
responses in the absence of a true resting baseline rather
than the non-stressful motor baseline task used in the pre-
sent study. Also, the task may not have been that stress-
ful compared to other unaccounted for stressors resulting
in a ceiling effect in the salivary cortisol measures. The
lack of clear differences in physiological stress reactiv-
ity in the context of higher levels of anxiety may indicate
that the physiological costs of higher anxiety are not yet
evident in these children as a group.

Children with 22q11.2DS are often treated with a vari-
ety of medications that could affect physiological or psy-
chological measures. Some of these medications cannot
be abruptly stopped. This variability adds to the complex-
ity of studying this population, and controlling for each
type of medication would greatly reduce statistical power.
Nonetheless, this is an important limitation of our design.

Theory suggests that state anxiety and trait anxiety
affect cognitive processes differently. Sorg and Whitney
(1992) suggest that these two subtypes of anxiety inter-
act to reduce working memory performance. Pacheco-
Unguetti and colleagues (2010) propose that while state
anxiety influences bottom-up processes, trait anxiety
interferes with top-down processes. Furthermore, they
conclude that a general reduction in cognitive capac-
ity is primarily due to trait anxiety but not state anxiety.
While we did not incorporate a state anxiety self-report
or interview measure, future studies would benefit from
this addition.
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Implications

These findings have important implications for future
research and translational work into anxiety, stress and allo-
static load in people with 22q11.DS. While impaired mem-
ory has been well documented in children with 22q11.2DS
(Bearden et al. 2001; Kates et al. 2007; Lajiness-O’Neill
et al. 2005; Montojo et al. 2014; Simon et al. 2005; Woo-
din et al. 2001), the current study is unique in identifying
the potential exacerbating effect of anxiety on working
memory. The importance of an efficient working memory
in children with 22q11.2DS extends beyond impact on
academic performance. In typically developing children,
brain systems that subserve attention, memory, and emo-
tion regulation become more efficient over time as the brain
develops. This is guided by genetic programming but also
experience and epigenetic factors. Thus in children with
22q11.2DS, atypical brain development combined with
more anxiety and diminished coping capacity can impede
gains in efficiency and integration of these brain systems.
Furthermore, because of the interdependency of these
systems, efficiency and integration can be undermined by
atypical development in any one subsystem such as work-
ing memory. As noted above, efficient and capacitive work-
ing and long-term memory is needed for mental representa-
tion and perception of experiences in the context of past,
present, and future. Disruption of systems such as working
memory interacting with or driving atypical development
in other brain systems that underpin autonoetic conscious-
ness such as salience and long-term memory are likely part
of the etiopathology of schizophrenia (Sonntag et al. 2003;
Wheeler et al. 1997).

It is therefore crucial to identify factors that are both
deleterious and beneficial to working memory efficiency
and capacity. A meta-analysis conducted by Fusar-Poli
et al. (2012) found that, while individuals at ultra-high risk
(UHR) for psychosis had significant impairments in work-
ing memory compared to healthy controls, those UHR indi-
viduals who later transitioned into psychosis displayed an
even more diminished working memory capacity than UHR
individuals who did not. Given the 25- to 30-fold increased
risk for schizophrenia in individuals with 22q11.2DS, the
identification of mediating factors that are amenable to
treatment, such as anxiety, is particularly significant. These
findings have great potential to inform clinical research into
interventions and intervention efficacy that specifically tar-
get anxiety in children with 22q11.DS and other neurode-
velopmental disorders.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.
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