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Abstract

Objective: The aim of the present study was to assess chil-
dren and adolescents with mild and severe anxiety disorders
for their performance in attention, verbal episodic memory,
working memory, visuoconstructive skills, executive functions,
and cognitive global functioning and conduct comparative
analyses with the performance of children free from anxiety
disorders.

Methods: Our sample comprised 68 children and adolescents
aged 10 to 17 years (41 with current diagnoses of anxiety di-
sorders and 27 controls) selected from a larger cross-sectional
community sample of adolescents. Children and adolescents
with anxiety disorders were categorized into two groups on
the basis of anxiety severity (mild or severe). All participants
underwent a neuropsychological assessment battery to evalu-
ate attention, verbal episodic memory, working memory, vi-
suoconstructive skills, and executive and cognitive functions.

Results: No differences were found in any neuropsychological
tests, with the single exception that the group with mild an-
Xxiety had better performance on the Digit Span backward test
compared to subjects with severe anxiety and to controls (p =
0.041; n2 = 0.11).

Conclusions: Not only might anxiety disorders spare main
cognitive functions during adolescence, they may even enhan-
ce certain working memory processes.

Keywords: Neuropsychological assessment, anxiety disor-
ders, cognitive functions, adolescents.

Resumo

Objetivo: Este estudo objetivou avaliar criancas e adolescentes
com transtornos de ansiedade leve e moderada nas fungdes neu-
ropsicolégicas de atengdo, memoria episddica verbal, memoria de
trabalho, habilidades visuoconstrutivas, fungdes executivas e cog-
nigdo global, comparando o seu desempenho ao de criangas com
desenvolvimento tipico.

Métodos: Participaram do estudo 68 criancas e adolescentes com
idade de 10 a 17 anos (41 com diagndsticos clinicos atuais de trans-
tornos de ansiedade e 27 controles), selecionados de uma amostra
transversal mais ampla de adolescentes da comunidade. Os adoles-
centes com diagndstico foram divididos ainda em dois grupos com
base na gravidade dos transtornos (leve ou moderado). Todos os par-
ticipantes realizaram uma avaliagdo neuropsicoldgica individual das
fungdes de atengdo, memodria episddica verbal, memdria de trabalho,
habilidades visuoconstrutivas, fungdes executivas e cognigdo global.
Resultados: Nenhum dos testes neuropsicolégicas demonstrou di-
ferencas significativas, sendo a Unica excegdo a tarefa de span de
digitos ordem inversa, na qual o grupo com ansiedade leve apresen-
tou desempenho superior ao do grupo com ansiedade moderada e
também ao dos controles (p = 0.041; n? = 0.11).

Conclusdo: Os resultados sugerem que ndo sé os transtornos de
ansiedade podem preservar as principais fungdes cognitivas durante
a adolescéncia, mas que podem até melhorar certos processos de
memdria de trabalho.

Descritores: Avaliacdo neuropsicoldgica, transtornos de ansieda-
de, fungdes cognitivas, adolescentes.
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Introduction

Anxiety disorders are very common psychiatric
diagnoses among adolescents!3 and, unless adequately
treated, they can seriously impair normal development*”
and interfere with academic achievement and acquisition
of social skills.

Many different mental processes have been
associated with anxious behavior and some studies
have suggested that neuropsychological assessment
can be an important tool for increasing understanding
of nosological aspects and treatment approaches in
young people with anxiety.® Whereas attentional bias
related to emotional tasks is a core neuropsychological
characteristic of anxiety disorders,®!! the role of other
neuropsychological functions is less clear. In comparison
with other psychiatric disorders in childhood, such as
attention deficit hyperactivity disorder (ADHD), the
relationships between anxiety disorders and impairments
affecting broad high order cognitive functions
are extensively under-investigated.  Additionally,
neurocognitive research investigating pediatric anxiety
is underdeveloped compared to research into adult
anxiety.'? The majority of studies have investigated
deficits in emotional processing rather than cognitive
functions that can broadly impair emotional processing
itself.13> Furthermore, evidence from comparisons of
these neuropsychological characteristics in children and
adolescents with and without anxiety disorders is mixed.

Some neuropsychological studies with children
and adolescents have demonstrated that deficits in
attention, memory, and academic performance may be
associated with anxiety disorders.'*'” Deficits in spatial
working memory performance have been related to
childhood anxiety, but not to the same extent as is seen
in ADHD.18 Specifically, social anxiety disorder (SAD)
was associated with visual memory!® and executive
functioning impairments according to severity,?® and
generalized anxiety disorder (GAD) was associated
with deficits in attention.?* On the other hand, studies
found no differences related to attention and verbal
memory,? or to performance monitoring and inhibition
deficits,?*> in children and adolescents with anxiety
disorders. These cognitive deficits can be explained
in terms of an increased activation of threat-related
representations and a failure to use controlled processing
to support the activation of alternate non-threat-
related representations, as described in the integrative
theoretical framework.?* Some findings indicate that
inhibitory control is impaired in trait anxiety children but
not in state anxiety subjects.?® With regard to cognitive
control processes (e.g., inhibition and working memory)
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it is important to note that they develop at different rates
and could be sensitive to emotional disruption.!?

In view of the contradictory results, further studies
to evaluate neuropsychological functions in adolescents
with anxiety disorders might be helpful. Moreover,
although findings related to attentional bias suggested
that anxiety severity influences cognitive deficits,° very
few studies have evaluated the role of anxiety severity
in other neuropsychological functions. The inconsistent
results of these studies could be due to comorbidities and
the clinical severity of patients with anxiety disorders.
Moreover, data on the relationship between clinical
severity and neurocognitive functioning is scarce.?°

Hence, the aim of this study is to compare the
attention, verbal episodic memory, working memory,
visuoconstructive skills, executive functions, and global
cognitive functioning performance of individuals with
mild and severe anxiety disorders to the performance
of non-anxious controls in a community sample of
adolescents. In view of what is reported by the studies
reviewed, we expect to find that individuals with anxiety
disorders have poorer performance, especially those
whose symptoms are classified as severe.219.20.22

Methods

Sample and procedure

Our sample was selected from a larger cross-
sectional community sample comprising 10 to 17-year-
old adolescents from six different public schools who
were screened for anxiety using the Screen for Child
Anxiety Related Emotional Disorders (SCARED).Z A
detailed description of the sample selection process can
be found elsewhere.?¢

Adolescents were diagnosed according to a clinical
interview, followed by a semi-structured diagnostic
interview based on the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition (DSM-1V), the Schedule
for Affective Disorders and Schizophrenia for School-Age
Children - Present and Lifetime Version (K-SADS-PL).%”
Six trained child psychiatrists or residents in psychiatry
(kappa = 0.93 across anxiety disorders) were responsible
for psychiatric diagnostic assessments. The K-SADS-
PL was administered to the mother/father, followed by
a direct interview with the adolescent. Best-estimate
diagnoses were determined after a review of diagnoses,
symptoms, and impairment levels by clinicians with
experience in child psychiatry. Individuals were excluded
if they had: 1) significant clinical illness; 2) history of
affective bipolar disorder, pervasive developmental
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disorder, or any psychotic disorder; 3) clinical suspicion
of mental retardation and 4) were not treatment-naive.

All non-medicated adolescents diagnosed with SAD,
GAD, separation anxiety disorder, or panic disorder
according to the diagnostic interview were selected
as cases (n = 41). Moreover, individuals with anxiety
disorders were categorized into two groups, based on
the severity of their symptoms according to the Clinical
Global Impressions (CGI): mild (CGI < 4) and severe
anxiety (CGI > 4).28,29 Subjects with no anxiety
disorders were considered controls (n = 27).

Adolescents diagnosed with specific phobia were
considered cases only if the specific phobia occurred in
comorbidity with any other anxiety disorder. Those with
this condition alone were allocated to the control group,
since specific phobia can be considered quite common
during development, achieving spontaneous remission
in most cases.30 Individuals with: 1) history of clinical
illness (i.e., hypothyroidism); 2) history of bipolar
disorder, pervasive developmental disorder, or any
psychotic disorder; and 3) clinical suspicion of mental
retardation were excluded.

All subjects were contacted later to conduct the
neuropsychological assessment at their schools.
Their parents provided written informed consent for
participation in the study; adolescents also provided
written consent themselves. The Research and Ethics
Committee at the Hospital de Clinicas de Porto Alegre
(protocol no. 08593) approved this study.

Measures

Global cognitive functioning

We used the Wechsler Abbreviated Scale of
Intelligence (WASI).3! This scale was developed to assess
verbal, nonverbal, and general cognitive functioning and
to exclude intellectual disability.32:33

Attention

We used a cancellation task, the D2 test,3* to evaluate
visual focused attention. The subject is expected as
quickly and accurately as possible to cross off the target
(double-traced d letter) each time it appears. The score
is obtained as the difference between the raw score and
the total number of errors.

Working memory

We used the Digit Span forward (DSF) and Digit
Span backward (DSB) subtests from the Wechsler
Intelligence Scale for Children, 4th edition (WISC-1V).%
These subtests consist of eight digit sequences in the
forward and seven in the backward directions, with a

gradual increase in the number of digits in each span.
The maximum score in these subtests is 30, 16 for the
forward and 14 for the backward sequences.®

Verbal memory

Two instruments were used: the logical memory I and
1T subtests from the Wechsler Memory Scale, 3rd edition
(WMS-III)37 and the Rey Auditory Verbal Learning Test
(RAVLT).38-40

The first of these tests was performed to evaluate
the ability to learn and memorize conceptual material,
presented in additive form. Subjects were asked to listen
to a story and to recall it twice, first immediately and
then again 30 minutes later. The maximum possible
scores are 26 for the first story (A) and 25 for the second
story (B).

The RAVLT consists of a single list of 15 words read
loudly over five learning trials (I-V), which participants
are required to freely recall after the administration of
an interference list and after a 20-min delay. The RAVLT
scores are the total number of words (maximum score:
15) recalled across five learning trials (I-V), the number
of words (maximum score: 15) recalled following
interference (VI) and the number of words recalled
following a delay (VII).

Visuoconstructive skills and non-verbal memory

We used the Rey-Osterrieth Complex Figure test,
which consists of copying and memory recall tasks
using a complex geometric figure.**3 Subjects are
asked to copy a complex figure (Rey-Copy) and then,
without being told in advance, to reproduce it from
memory (Delayed Recall).16 We assessed the precision
and location of each part of the complex figure. The
maximum score on each task was 35.

Executive functions

We used three instruments to assess executive
functions. The first was a Go/no-go test, which is
based on a paradigm of initiated or inhibited responses,
depending on the stimulus that appears on a computer
screen.**%> Adolescents were asked to press a button
whenever a blue N, J or W or a red, green or yellow
O appeared on the screen and to inhibit a response
whenever a blue O or a pink E were presented as stimuli.
The score was based on their total hits (maximum
score: 96).

The second instrument was the Wisconsin Card
Sorting Task (WCST) - computer-based version — which
involves evaluation of abstract reasoning, cognitive
flexibility and shifting cognitive strategies in response to
environmental contingencies.*®4” Participants are asked
to match each card that appears in the center of the
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screen to four different reference cards at the bottom of
the screen. After matching each card to its corresponding
reference card, participants receive positive (correct)
or negative (incorrect) feedback. The pictures on the
cards combine variations of shapes, colors, and numbers
of figures printed. Subjects have to figure out the
rationale behind combinations based on the computer
feedback. Results are based on the total number of
correct responses (maximum score: 60), perseverative
errors (maximum score: 94), percent of conceptual level
responses (maximum score: 100%), and number of
categories completed (maximum score: 6).16:47:48

The third executive function test was the Trail Making
Test (TMT) A and B,* which is a test that evaluates
processing speed, cognitive flexibility, visual search, and
motor performance.*® Adolescents had to draw lines to
connect randomly disposed numbers, in ascending order,
from one to 25. The second part of the test (Trail B)
consisted of linking numbers (1 to 13) and letters (A-L)
in alternate ascending order. Participants were given five
minutes to complete each trail. Results reported for both
TMT A and B are the number of errors and the time in
seconds. In both cases, Trail A and Trail B, the maximum
score is 24.

Statistical analysis
Data are expressed as means with standard

deviations, and as relative and absolute frequencies.
Analysis of variance (ANOVA) was conducted to compare

three groups. Pearson’s chi-square was used to identify
associations for categorical variables. Variables with
asymmetric distribution were square-root transformed.

All differences in neuropsychological performance
between the three groups that had p values of less
than 0.20 were included in a multivariate model of
analysis of covariance (ANCOVA), controlling for possible
confounders defined using the same statistical criterion or
on the basis of theoretical relevance. Statistical analysis
was performed using SPSS version 20.0 software. All
tests were two-tailed and the effect size is presented
as Partial Eta Squared. The overall level of significance
adopted was a = 0.05.

Results

Our sample comprised 68 participants, 41 adolescents
with anxiety disorders (28 with mild and 13 with severe
anxiety disorder) and 27 controls free from anxiety,
who took part in the neuropsychological assessments.
Anxiety diagnoses included GAD (n = 29; 69.0% mild),
separation anxiety disorder (n = 17; 58.8% mild), SAD
(n =16; 43.7% mild) and panic disorder (n = 2; 100.0%
mild). There were no significant differences between
the three groups in age, gender, or sociodemographic
variables. All groups were similar in terms of possible
confounders, except for subjects with specific phobia,
who differed significantly in terms of clinical severity
(32.1% mild cases, 53.8% severe cases and 14.8%

neuropsychological performance results across the controls; p = 0.037) (Table 1).

Table 1 - Characteristics of anxiety and control groups

Clinical Global Impressions - Anxiety

Controls Mild Severe
(n = 27) (n = 28) (n=13) p-value

Age 12.6+£1.96 13.0+£2.19 12.2+1.21 0.397*
Sex 0.493"

Female 9 (33.3) 8 (28.6) 2 (15.4)
Grade 0.640*

4th 1(3.7) 3 (10.7) 2 (15.4)

5th 11 (40.7) 10 (35.7) 5 (38.5)

6th 4 (14.8) 2(7.1) 3(23.1)

7th 7 (25.9) 2(7.1) 1(7.7)

8th 1(3.7) 8 (28.6) 2 (15.4)
1st to 3rd (high school) 3(11.1) 3(10.7) 0 (0)
Socioeconomic status 0.837°

High/intermediate 10 (37) 12 (42.9) 6 (46.2)

Low 17 (63) 16 (57.1) 7 (53.8)
Attention deficit hyperactivity disorder 9 (33.3) 4 (14.3) 5 (38.5) 0.153%1
Specific phobia 4 (14.8) 9 (32.1) 7 (53.8) 0.037t
Oppositional defiant disorder 5(18.5) 4 (14.3) 1(7.7) 0.749t
Depression 0 (0) 1 (3.6) 2 (15.4) 0.0918
Post-traumatic stress disorder 0 (0) 0 (0) 1(7.7) 0.1918

Data presented as n (%) or mean * standard deviation.
p-values: * analysis of variance (ANOVA); ' Pearson’s chi-square; * Pearson’s chi-square tendency; $ Fisher’s exact test.
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In the bivariate analyses, participants with mild
anxiety performed better in the Digit Span backward
task than controls and than subjects with severe
anxiety disorder (p = 0.015). There were no significant
differences detected between mildly and severely
anxious individuals and controls, even collapsing mild
and severe groups into a single anxiety category.

Table 2 lists mean values for all neuropsychological
tests for adolescents with mild and severe anxiety
disorders and for those in the control group. We
performed an ANCOVA in order to control for possible
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confounders to our findings (age, gender, socio-
demographic variables, WASI [total score], attention
deficit hyperactivity disorder, and specific phobia).
Even after statistical control the difference in the Digit
Span backward persisted (p = 0.041; n2 = 0.11), with
a small effect size. The mild anxiety group had better
performance than the other two groups, which, in turn,
did not differ from each other. Although adolescents with
severe anxiety had worse performance than the mild
anxiety group, they did not have deficits when compared
to controls.

Table 2 - Bivariate analysis comparing performance in neuropsychological tests across the three groups

Clinical Global Impressions - Anxiety

Controls Mild Severe
(n = 27) (n = 28) (n =13)

Cognitive functions and tests Mean * SD Mean = SD Mean * SD F p-value*
Attention

D2 164.6+94.60 178.5+83.05 154.4+88.49 0.37 0.693
Working memory

Digit Span forward 8.0+£1.82 8.1+1.96 7.1£2.23 1.33 0.271°

Digit Span backward 3.7a%£1.66 5.4b+2.38 4.1a+1.90 4.52 0.015"
Verbal memory

WMS A+ B (immediate) 21.2+5.35 23.4+7.19 21.2+8.71 0.85 0.434

WMS A +B (delayed) 18.3£5.41 21.5+6.45 18.5+7.23 2.03 0.140

RAVLT (1st list) 5.1+1.51 5.1+1.32 4,8+2.01 0.20 0.819

RAVLT (7th list) 10.0+2.65 10.0£2.91 9.1+2.05 0.69 0.507
Visuoconstructive skills

Rey complex figure copy 27.5+5.00 30.0+4.44 30.6+3.81 2.94 0.060

Rey complex figure from memory 16.8+5.72 18.8+7.83 16.1+5.60 1.02 0.368
Executive functions

Trail A (time) 66.5+20.95 61.1+18.35 72.4+22.46 1.45 0.243

Trail A (errors) 0.1+0.73 0.1+0.63 0.1£1.19 0.15 0.860"

Trail B (time) 132.5+£53.00 125.4+£42.79 142.9+£46.76 0.61 0.548

Trail B (errors) 0.2+1.25 0.1+1.21 0.3+1.29 0.42 0.662"

Wisconsin - total number correct 81.1+11.85 78.6+13.17 77.7+13.53 0.43 0.655

Wisconsin - perseverative errors 17.3+6.76 18.3+9.52 20.7+£9.68 0.72 0.489

Wisconsin - percent conceptual level 62.3+£14.30 59.1+18.46 56.0+17.67 0.67 0.516

responses

Wisconsin - number of categories 4.3+1.61 4.4+1.85 3.7+1.94 0.64 0.529°"

completed

Go/no-go 82.1+5.61 80.3+7.25 80.5+8.03 0.54 0.583
Global cognitive functioning

WASI 118.7+27.25 112.6+27.98 100.8+18.68 2.04 0.139

Data presented as n and mean * standard deviation.

F = F-statistic (F-ratio); RAVLT = Rey Auditory Verbal Learning Test; SD = standard deviation; WASI = Wechsler Abbreviated Scale of Intelligence; WMS =

Wechsler Memory Scale.

* p-value according to analysis of variance (ANOVA); means followed by the same letter do not differ according to the test of minimum significant difference;

" p-value in ANOVA, square-root transformed.

Discussion

In contradiction of our initial hypothesis, we found
no significant differences between the groups in most
of the neuropsychological tests that were administered.
Our study, in contrast with others,!216.1819 evaluated the
participants using a large neuropsychological battery
that covered many cognitive functions (attention, verbal

episodic memory, working memory, visuoconstructive
skills, executive functions, and cognitive global
functioning) within a small sub-sample from a larger,
non-medicated, community sample diagnosed with
anxiety disorders according to the DSM-1V criteria.
However, our study demonstrated that people with
mild anxiety may perform better in the Digit Span
backward, which is used to evaluate attention and
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working memory, on the basis of comparison to controls
and to a group with severe anxiety. Notwithstanding,
subjects with severe anxiety did not outperform controls
in the same task. This result did not corroborate our
initial hypothesis and contrasts with findings from
previous studies that have suggested that poor academic
performance in children with anxiety could be partially
mediated by a deficit in verbal working memory,>t
since working memory has been found to be positively
associated with learning ability and with academic
achievement, especially in childhood.>*>3> Despite
applying the same neuropsychological test, these
authors did not evaluate clinical psychiatric diagnoses
and neither did they rate anxiety severity.
Notwithstanding, studies have demonstrated that
children with GAD may have poorer verbal memory,
whereas children with social phobia may exhibit more
omissions in a continuous performance task than
healthy controls.® Furthermore, we can hypothesize that
adolescents with mild anxiety might have been more
able to use their anxiety in a functional way as compared
to adolescents with severe anxiety and controls, possibly
mediated by better inhibitory control. In support of this
last statement, previous studies have demonstrated an
absence of inhibitory control impairment in state anxiety
subjects.?> Inhibitory control is one of the main functions
of the prefrontal cortex and is important to the ability
to resist task-irrelevant stimuli.>* Additionally, we can
also hypothesize that children with mild anxiety do not
have amygdala hyper-responsivity and prefrontal under-
recruitment.2* Finally, in this study we did not attempt
to evaluate the impact of socioeconomic status on the
cognitive development of children with anxiety disorders.
Our research contributes important additional data to
research into anxiety disorders, since all subjects were
evaluated with extensive psychiatric assessments and
neuropsychological testing. However, some limitations
must be considered, such as the small sample size, which
limits the statistical analyses. Furthermore, results were
not controlled for multiple testing, which could have
biased our positive findings. Additionally, it is important
to note that our control group had other psychiatric
comorbidities, which could have biased our results
toward the null. Along the same lines, our sample had
a significant burden of comorbidities, i.e., ADHD, which
could influence the results. Specifically, with regard to
ADHD symptoms it is important to point out that one
third of our control group exhibited these symptoms.
A recent meta-regression study concluded that global
lifetime prevalence of ADHD was 9%, lower than the
prevalence observed here. Irrespective of this limitation,
we statistically controlled our results for confounders,
including ADHD, but it is important to hypothesize that
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the mild anxiety group could have performed better in
working memory tests because of its lower frequency of
ADHD symptoms compared to the control group.

There is little evidence acquired by conducting
neuropsychological testing in anxiety disorders among
adolescents. The few studies that have been published
report results for cognitive functions other than memory
or attentional bias.®11.16:1%22 Qur study therefore provides
preliminary evidence that neuropsychological deficits
may not be remarkable features of anxiety disorders
in adolescence. Future studies should increase sample
sizes in order to be able test with multivariate models,
i.e., logistic regression, that could better explain the
results reported here.
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