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ORIGINAL ARTICLE

Does comorbid bipolar disorder increase
neuropsychological impairment in children and
adolescents with ADHD?
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Objective: To assess differences in executive functioning between children and adolescents with
attention-deficit/hyperactivity disorder (ADHD) comorbid or not with bipolar disorder (BD), and to study
the neuropsychological profile of subjects with the comorbidity in a clinical sample from a developing
country.

Method: Case-control study comparing 23 participants with BD + ADHD and 85 ADHD-only subjects
aged 6 to 17 years old. Both groups were drug-free. Executive function domains were assessed with
the Stroop Test, the Wisconsin Card Sorting Test, and the Continuous Performance Test Il.
Results: The group with juvenile BD + ADHD showed a significantly worse performance on the Stroop
task, including time in color (p = 0.002), time in color-word (p < 0.001), interference, number or errors
in color and color-word (p = 0.001), and number of errors in word cards (p = 0.028). No between-group
differences were found in other tests.

Conclusions: Our findings suggest that ADHD-only and ADHD + BD do not show differences in
inhibitory control and set-shifting domains. However, children and adolescents with BD and comorbid
ADHD show greater impairment in processing speed and interference control. This suggests a
potentially higher impairment in the dorsolateral prefrontal cortex and may be a potential

neuropsychological signature of juvenile BD comorbid with ADHD.
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Introduction

Juvenile bipolar disorder (JBD) is a chronic condition
characterized by mood swings in children and adoles-
cents. This disorder causes significant family, social, and
academic impairment.”? A recent meta-analysis found
the prevalence of bipolar disorder (BD) in children and
adolescents to be around 1.8%.% Considering bipolar
spectrum disorders, from 4 to 18% of children and
adolescents referred to psychiatric evaluations satisfy
the criteria for those disorders.* Attention-deficit/hyper-
activity disorder (ADHD) is present in about 5% of
children and adolescents across different cultures.®
High rates of comorbidity between ADHD and BD are
observed in childhood (over 60%), especially in clinical
samples.® In a recent study, Donfrancesco et al.’
demonstrated that the rate of children with a diagnosis
of BD was higher in a sample of patients with ADHD, (29/
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173, 16.7%) compared with controls (1/100, 1%) (p <
0.001).

There has been a lot of debate on the frontiers between
ADHD and JBD. Several studies tried to explore potential
similarities and differences addressing epidemiological,
etiological, phenomenological, and pathophysiological
aspects.®? One promising area for further understanding
specific pathophysiological characteristics and conse-
quent differentiation between these disorders is neurop-
sychological assessment.

However, neuropsychological findings are not easily
interpretable due to contradictory results. Comparisons
have been performed between children and adolescents
with BD and healthy controls in several neurocognitive
domains, including executive functions, sustained atten-
tion, response flexibility, inhibition, working memory, and
verbal learning.®'2 Comorbidity with ADHD had little or
no significant effect on neurocognitive performance.
Conversely, other studies, such as the one conducted
by Pavuluri et al.,'® found that patients with pediatric BD
and ADHD had a worse performance in attentional and
executive function (EF) domains than BD-only patients,
despite illness state (manic or euthymic) or medication
status.
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Few studies conducted a direct comparison between
patients with ADHD alone, or comorbid with BD.
Rucklidge et al.' compared healthy controls (n=41),
patients with ADHD (n=30), BD (n=12), and BD +
ADHD (n=12). The authors found that ADHD-only and
ADHD + BD groups were more impaired when
compared with healthy controls and BD-only groups,
especially in processing and naming speed, working
memory, and response inhibition. However, this inves-
tigation had a small sample size and part of the sample
was on psychotropic medication during the assessment.
Henin et al."® compared the neuropsychological profile
of patients with BD + ADHD (n=73), ADHD alone
(n=102), and 120 healthy controls. No differences were
detected between the ADHD + BD and ADHD alone
groups, except in one measure of processing speed,
where the comorbid group performed more poorly.
Mattis et al.'® conducted a study of 15 euthymic
patients with BD, 20 with ADHD, and 18 with BD +
ADHD and found that those with BD and BD + ADHD
had slower processing speed, and higher intraindividual
variability.

In sum, the scarce literature available suggests that
ADHD and BD might share or promote synergistic
neuropsychological deficits when comorbid. Also, despite
the evidence that cultural aspects might clearly interfere
with the neuropsychological performance of individuals,
we did not find any published investigation on neuropsy-
chological differences between children with ADHD and
ADHD + BD outside the U.S. In fact, the literature on
neurocognition in BD from different cultures is extremely
deficient.'” Thus, our primary objective was to assess
differences in executive functioning between children and
adolescents with ADHD comorbid or not with BD, and to
study the neuropsychological profile of subjects with the
comorbidity in a clinical sample from a developing
country. Our primary hypothesis was that findings from
previous studies in the U.S. documenting an additive
effect of the comorbidity in measures of executive
functioning in youths would be replicated in a different
culture.

Methods
Participants

A case-control study was conducted. Twenty-three
participants diagnosed with BD comorbid with ADHD
were available from the baseline assessment (drug-free
for at least 4 weeks) of a randomized double-blind,
placebo-controlled trial of Aripiprazole'® (registered at
www.clinicaltrials.gov under the identifier NCT00116259).
This group was compared to 85 subjects with ADHD
without comorbid mood disorders from the ADHD out-
patient clinic at the Universidade Federal do Rio Grande
do Sul (UFRGS), Brazil (Hospital de Clinicas de Porto
Alegre, HCPA). The ADHD sample was also drug-free for
at least 4 weeks. The final sample consisted of 108
participants aged from 6 to 17 years old, including both
males and females.
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Diagnostic procedures and data collection

Diagnostic process relied on the use of a semi-structured
interview — KSADS-E'® — administered by trained
investigators. All diagnoses generated were confirmed
in clinical interviews using the DSM-IV criteria® and
conducted by experienced child and adolescent psychia-
trists (see Rohde®° for a full description of the diagnostic
assessment). ADHD onset prior to BD symptoms and a
Young Mania Rating Scale (YMRS)?' score > 15 were
required at the baseline visit®* for the group with comorbid
BD and ADHD. Exclusion criteria were use of psycho-
tropic medication 4 weeks prior to entering the study;
diagnoses of pervasive development disorder, schizo-
phrenia, substance abuse or dependence, or mental
retardation (estimated 1Q: < 70); severe suicide/homicide
risk counter-indicating outpatient treatment; any other
acute or chronic disease; and pregnancy.

Participants verbally agreed to take part in the study,
and parents provided written informed consent. This
investigation was approved by the Ethics Committee of
the HCPA.

Instruments

Symptom assessment

Mania symptoms were assessed with the YMRS. This is
an 11-item scale for the assessment of severity of mania
symptoms. ADHD symptoms were assessed using the
Swanson, Nolan and Pelham Scale-Version IV (SNAP-
IV), a widely used scale in pharmacologic trials of
ADHD.%®

Neuropsychological assessment

Executive function domains were assessed with the
Stroop Test®* the Wisconsin Card Sorting Test
(WCST),2® and the Continuous Performance Test I
(CPT 11).26 Full scale IQ was estimated from Vocabulary
and Block Design subtests of the Wechsler Intelligence
Scale for Children-Third Edition.?” Tests were adminis-
tered by experienced psychologists, following standard
procedures and in the same order of administration for all
participants, namely: Stroop Test, CPT Il, and Wisconsin.

Stroop Test. This instrument was used to assess
interference control, processing speed, and attention.
Participants should read aloud three Stroop-cards: word
card, the participant was asked to read a series of color
words printed in a neutral color; color card, the individual
was asked to name the color in which a bar of X’s was
printed; and color-word card, the individual was asked to
name the color of the ink printed in conflicting color with
the color words. Time and number of errors in each card
were analyzed. In addition, interference score was
calculated through the difference between time in color-
word and color card.

CPT Il. This is a measure of inhibitory control, including
sustained attention, visual-motor speed, and impulsivity.
Participants were instructed to press a button on the
keyboard of the computer whenever any letter was shown
on the screen, except the X letter. The inter-stimulus
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intervals (I1Sl) are 1, 2 and 4 seconds and the task takes 14
minutes. The analyzed scores were: omissions (missed
targets), commissions (incorrect targets), hit response
time (mean response time for all target responses),
variability of standard error (SE), detectability (how well
the individual discriminates between targets and non-
targets), response style, perseverations (response that
occurs less than 100 ms following a stimuli), hit RT block
change (slope of change in reaction time [RT] over six time
blocks) and hit RT I1SI change (slope of change in RTs over
the three ISls, 1, 2 and 4 seconds).

WCST. This instrument measures the ability to solve
abstract problems and set-shifting capacity. In the 128-
card computerized WCST, the subject was required to
match a series of cards according to varying criteria.
Subjects were not instructed about how cards should be
matched, and they should apprehend the criterion
according to the given feedback (correct or incorrect).
The analyzed scores were total errors, perseverative
responses, non-perseverative errors, perseverative
errors, number of categories and trials to complete first
category.

Statistical analysis

Descriptive and inferential multivariate analysis of var-
iance (MANOVA) analyses were performed. Effect size
was calculated using partial eta squared (according to
Cohen?®: eta squared < 0.06 = small; 0.06-0.14 =
medium, > 0.14 = large effect size). SPSS version 18.0
was used for all analyses. The level of significance
accepted was 0.05 and all tests were two-tailed.

The potential covariates evaluated were age, sex, 1Q,
comorbidity (anxiety disorders, conduct disorder, and
oppositional defiant disorder), and baseline score at the
SNAP-1V. The former variables were chosen conceptually
according to the literature. For the three neuropsycholo-
gical tests — Wisconsin, CPT-Il, and Stroop Test —, all
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potential confounders were included in the initial model.
These possible confounding variables were statistically
tested but were not significant, and therefore excluded
from the final analysis by a backward elimination
procedure. Logarithmic transformation was conducted to
normalize the scores of all tests.

Results

Twenty-three children and adolescents with BD comorbid
with ADHD, and eighty-five subjects with ADHD alone
were available. Baseline demographic and clinical data
are presented in Table 1. Of note, there were significant
differences between BD + ADHD and ADHD-only groups
in mean age (p = 0.03) and gender (p = 0.001), but not in
mean 1Q (p = 0.07). The BD + ADHD group was older
than the ADHD-only group, and most participants were
girls in the group with the comorbidity.

We did not detect significant differences in WCST
(Fe.00 = 0.69, p = 0.65, eta = 0.040) scores between
ADHD and ADHD + BD groups. Age and IQ were retained
in the final model for the WCST analysis (Table 1). Also,
between-group differences for the CPT Il were not
statistically significant (F12,04 = 0.86, p = 0.59), but there
was a medium effect size (eta = 0.099). Although the
effect sizes have all been small, individual score results
show significant differences in commissions, hit RT SE,
hit RT ISI, and hit RT ISI SE. The comorbid group showed
a worse performance in all the reported measures. For
the CPT Il analysis, only age was retained as a covariate
in the final model (Table 2).

The analysis conducted with the Stroop scores
revealed significant group differences between ADHD
and ADHD + BD participants (F7 s = 3.48, p = 0.002,
partial eta squared = 0.199) (Figure 1). All analyzed
variables, including time, number of errors in all Stroop
cards and Interference score were significantly different
between groups, except for time in the word card task.

Table 1 Demographic and clinical characteristics of ADHD-only and ADHD + BD groups

BD + ADHD (n=23) ADHD (n=85)
Characteristic Mean (n) SD (%) Mean (n) SD (%) p-value
Demographic data
Age (years) 12.17 2.69 10.79 2.66 0.03
Gender (male) 10 43.5 66 77.6 0.001
Clinical data
BD type | 18 78.3
BD type Il 5 21.7
ADHD combined type 17 73.9 57 67.1 0.08
Disruptive behavioral disorders 18 78.3 44 51.8 0.02
Anxiety disorders 10 43.5 29 34.1 0.41
1Q 100.34 13.5 93.95 15.18 0.07
Baseline measures
SNAP-IV 2.04 0.52 1.46 0.49 < 0.01
YMRS 36 8.05 - - -
CGI-S 3.95 1.17 4.07 0.65 0.55
CGAS 46.68 6.70 59.16 8.37 < 0.01

ADHD = attention-deficit/hyperactivity disorder; BD = bipolar disorder; CGAS = Children’s Global Assessment Scale; CGI-S = Clinical Global
Impression-Severity Index; I1Q = intelligence quotient; SD = standard deviation; SNAP-IV = Swanson, Nolan and Pelham Scale — Version IV;

YMRS = Young Mania Rating Scale.

Comparison between groups using t tests (continuous data) or Fisher's exact tests (categorical data).
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Table 2 ADHD-only and ADHD + BD performance in CPT Il and WCST

ADHD ADHD + BD ES (partial eta

(n=85) (n=23) squared) p-value

CPT 1l (t scores)* 0.999 0.59
Omissions 52.17 (50.23-54.18) 53.67 (49.85-57.77) 0.004 0.504
Commissions 51.32 (49.67-53.02) 56.16 (52.71-59.84) 0.056 0.014
Hit RT 52.20 (50.13-54.36) 52.30 (48.33-56.59) 0.000 0.968
Hit RT SE 52.17 (50.15-54.27) 57.31 (53.08-61.89) 0.042 0.034
Variability of SE 51.93 (49.91-54.02) 56.48 (52.30-60.99) 0.034 0.059
Detectability 51.99 (50.35-53.68) 55.12 (51.79-58.67) 0.025 0.103
Response style 50.63 (49.02-52.29) 51.13 (48.01-54.45) 0.001 0.786
Perseverations 52.37 (50.17-54.67) 57.02 (52.44-61.99) 0.029 0.079
Hit RT block change 49.12 (47.23-51.08) 51.38 (47.61-55.45) 0.010 0.303
Hit RT Block SE change 48.41 (46.44-50.46) 50.61 (46.67-54.87) 0.009 0.339
Hit RT ISI change 48.31 (46.13-50.59) 53.93 (49.29-58.99) 0.042 0.034
Hit RT ISI SE change 48.89 (46.92-50.94) 54.02 (49.87-58.52) 0.043 0.031
WCST (raw scores) 0.040 0.650
Total errors 50.57 (46.63-54.84) 53.62 (45.67-62.94) 0.004 0.525
Perseverative responses 23.33 (21.03-25.88) 24.55 (19.99-30.13) 0.002 0.665
Non-perseverative errors 25.34 (22.05-29.11) 28.75 (21.85-37.79) 0.006 0.425
Perseverative errors 21.65 (19.74-23.74) 22.24 (18.53-26.69) 0.001 0.798
Number of categories 2.22 (1.80-2.71) 1.74 (1.11-2.62) 0.010 0.315
Trials to complete first category 28.20 (23.44-33.92) 30.29 (21.00-43.59) 0.001 0.735

ADHD = attention-deficit/hyperactivity disorder; BD = bipolar disorder; CPT Il = Continuous Performance Test II; ISI = inter-stimulus intervals;

RT = reaction time; SE = standard error; WCST = Wisconsin Card Sorting Test.

All results described as mean and 95% confidence interval.
* Age as covariate;
"age and IQ as covariates.

The ADHD + BD group performed significantly worse
than the ADHD-only group. Age and 1Q were retained as
covariates in the final model.

Discussion

This study aimed to compare the neuropsychological
profile of symptomatic children and adolescents present-
ing BD comorbid with ADHD with those suffering from
ADHD without BD. We detected a significantly worse
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performance in the Stroop color-word test in the JBD +
ADHD group, but no group differences in the WCST test
and overall CPT Il scores.

When considering CPT I individual scores, although
there was no between-group difference in overall hit RT
(average speed of correct responses for the entire test),
the comorbid group had a significant worse performance
in hit RT SE, which measures the response speed
consistency. Additionally, hit RT ISI and hit RT ISI SE
indicate change in mean RTs at the different I1SIs (when

Group p =0.001
121 B BD+ADHD [JADHD
10
(7]
=
o
=
o 8
e p = 0.001
o
Qo 6
£
2
p=0.03
4.
2.
04
Word card Color card Interference errors

Error bars: +/- 2 SE

Figure 1 Stroop test performance in BD + ADHD and ADHD patients: differences in time and number of errors for each card
and Interference score. Age and 1Q were covariates; total difference between ADHD and ADHD + BD: F; gg = 3.48, p = 0.002,
partial eta squared = 0.199. ADHD = attention-deficit/hyperactivity disorder; BD = bipolar disorder.
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stimulus are presented at 1, 2, or 4-second intervals),
suggesting that the comorbid group had slower and more
variable RTs in response to longer ISls. Mattis et al.'®
suggest that slower and more variable RT as a function of
longer ISIs may be a trait feature of pediatric BD.
Otherwise, enlarged variability in RT related to slower
event rates is already well documented for ADHD and is
also present in other clinical conditions.?® Thus, longer
and more variable RT related to larger event rates seem
to be present in both disorders.®® As our results have
shown, the comorbid group had a worse performance
compared to ADHD-only.

Our findings in the Stroop Test indicate that processing
speed, interference control, and accuracy are more
impaired in the JBD + ADHD group. A study conducted
by Doyle et al.'® compared children and adolescents with
BD (n=57); 74% of these participants also had comorbid
ADHD, and controls (n=46). They found that JBD was
associated with impairments on tasks reflecting sustain-
ing attention, working memory, and processing speed
(using the Stroop word and color cards) even after
controlling for ADHD. The difference in the Stroop word
card was not as robust as the difference in color card,
possibly because reading is an overlearned and auto-
matic process. Other studies corroborate these findings,
even with the use of different processing speed tasks.'®

We further analyzed the Stroop Interference score
through the correction for baseline processing speed,
thus constituting a more pure measure of interference
control.® A recent review reported that impairments in
interference control are specific to BD.>' Our data
suggests that BD + ADHD patients show a decrement
in interference control after correcting for baseline
processing speed. This refinement was also conducted
by Doyle et al.,'? and differences between BD and control
subjects (after statistic control for ADHD) emerged but
were not significant, possibly due to the presence of
higher rates of other comorbidities in their sample. In our
sample, all comorbidities were statistically controlled
according to our restrictive definition of confounding
variables. Furthermore, interference control is a cognitive
function that requires inhibiting capacity, sustained
attention, and inhibitory break, including automatized
and learning required processes, such as reading, and it
was detected to be more impaired in the BD + ADHD
group. Such results are in accordance with the clinical
characteristics associated with JBD, such as behavioral
lack of control, impulsivity, and aggressiveness.'?

Abnormal brain structures and circuits have been
suggested as additive substrates of the observed
synergistic dysfunctional neurocognitive performance
present in the comorbidity between JBD and ADHD.
Left dorsolateral prefrontal cortex (DLPFC) and anterior
cingulate cortex (ACC) have been associated with
interference control assessed by the Stroop paradigm.®?
It is well established that DLPFC and ACC are key
impaired brain areas in ADHD.®® The most replicated
alterations in ADHD in childhood include significantly
smaller volumes in the dorsolateral prefrontal cortex,
caudate, pallidum, corpus callosum, and cerebellum.3*

Neuropsychology in ADHD + BD in children

DLPFC is also an important substrate of the dysfunctional
neurocognitive performance in JBD®® and in the first
manic episode of patients when inhibitory control tasks
were assessed.®® Apparently, the impairment in brain
circuits most replicated in both ADHD®* and BD®¢ are
related to the frontal and dorsolateral prefrontal cortex,
being linked to inhibitory control tasks. Thus, impaired
interference control might be a potential neuropsycholo-
gical signature of JBD comorbid with ADHD.

Results from the CPT-Il and WCST suggest that there
are no differences in EF, specifically in the domains of
response inhibition and sustained attention (assessed by
the CPT 1) and set-shifting (assessed by the WCST)
between groups. A recent review by Walshaw et al.'
exploring specifically EF in patients with pediatric BD and
ADHD found that response inhibition did not discriminate
ADHD and BD groups, and the authors discussed that
deficits in response inhibition were present in some
degree in both groups. Findings in planning and set-
shifting, which were suggested to be specific to BD by
Walshaw et al.® were not observed in our data.
However, planning was assessed using a different test
(Tower of London), and the number of studies with the
WCST was much smaller for BD than ADHD.

Our findings should be considered in the context of
some limitations. There were not a BD-alone and neither
typically developing groups in our study. However, it is
important to note that, although many studies with larger
samples have shown different neuropsychological pro-
files between healthy controls and specific mental
disorders, investigations comparing children with comor-
bid diagnoses like ADHD and BD are scarce.'® Such
studies may promote an advance in the neuropsycholo-
gical understanding of the putative effect of both
conditions. Moreover, the comorbidity between JBD and
ADHD is the rule in clinical samples of children and
adolescents. Therefore, it is a higher priority to under-
stand differences between the comorbidity in terms of
external validity. Although we cannot control our results
for any fatigue effect, all instruments were administered
to all subjects in the same order. We also did not include
in our sample patients with BD in euthymia, thus manic
symptoms might have interfered in the results. However,
current studies suggest that neurocognitive impairments
are trait-like characteristics of pediatric BD.%” Finally, we
were not able to include instruments assessing other
cognitive functions, such as verbal memory and working
memory, consistently found to be impaired in BD.%®

Overall our findings suggest that ADHD-only and
ADHD + JBD patients do not show EF differences in
the domains assessed by the CPT Il and WCST. In
contrast, children and adolescents presenting BD and
comorbid ADHD show greater impairment in speed
processing and interference control. As a result, previous
studies conducted in the U.S. on the additive effect of the
comorbidity in youths were replicated in a different
culture, confirming our primary hypothesis. Therefore,
our study provides evidence regarding the neuropsycho-
logical deficits of these patients, so that techniques to
improve speed processing and interference control
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should be included in the psychotherapy for children and
adolescents with BD + ADHD. Future studies should
include a sample of BD-alone patients in order to identify
specific and superposing cognitive deficits.
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