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Abstract

Background: In adolescents with bipolar disorder (ABD) a profile of mood dysregulation, impulsivity and poor
cognitive control has been associated with poor executive function. However the underlying mechanisms of real-life
executive dysfunction in ABD are scarcely understood.

Method: This study examined domains of Executive Function (EF) in twenty-nine adolescents with adolescent
bipolar disorder (ABD), with and without ADHD comorbidity (mean age=12.66; SD=2.21), using the Behavioral Rating
Inventory of Executive Function-Parent Report (BRIEF-PR), the Revised Conners’ Parental Rating Scale (CPRS-R),
and standardized neuropsychological tests of attention, working memory and executive function. Moreover, we
explored whether ADHD comorbidity in ABD may worsen EF.

Results: Our findings indicate that relative to population norms both patient groups exhibited significant
impairment on the BRIEF sub-domains. Moreover, the comorbid group was significantly more impaired than the
ABD group in the BRIEF-PR Monitoring domain.

Conclusion: The current findings document pervasive deficits in everyday life executive function and related
cognitive and affective domains in ABD, while also contributing initial knowledge about the effects of ADHD

comorbidity in ABD on executive function.
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Introduction

Pediatric bipolar disorder is a debilitating developmental illness
characterized by chronic emotional dysregulation, mania and
hypomania, elation, grandiosity, irritability, racing thoughts, decreased
need for sleep, and hyper-sexuality [1-3]. According to a recent
meta-analysis of international epidemiological studies the estimated
prevalence of the pediatric bipolar spectrum is 1.8% [4]. There is now
growing evidence that in addition to chronic mood dysregulation
adolescents with bipolar disorder (ABD) exhibit also significant
neurocognitive deficits in executive functions, attention and verbal
working memory, which affect all aspects of daily life functioning [5-
8]. These deficits are somewhat independent of comorbid attention-
deficit hyperactivity disorder (ADHD) [6,8], persist in euthymic state
[6] and worsen with development if not treated [7]. Pharmacological
and psychosocial interventions in ABD focus primarily on the affective
symptoms, and mood medications are not usually effective in fully
treating the neurocognitive deficits [9-12]. This leads to poor academic
and psychosocial functioning [13], with lifelong negative outcome
[14,15].

These findings suggest trait-related cognitive deficits that may
represent core features and potential markers of neuropathology and
disease vulnerability in ABD youths. However, we still do not know the
underlying mechanisms of dysfunction, and a deeper understanding
needs to be reached in order to inform diagnosis and cognitive treatment
in ABD. Since executive functions play a key role in self-regulation
and adaptive behavior it is of paramount importance to understand
executive function deficits and how they may be remediated in this
patient population early in development, when brain and cognitive
systems are more malleable.

Executive functions (EF) are a multi-dimensional system that

supervises and monitors multiple processes such as attention, working
memory, cognitive flexibility, monitoring, goal-directed behavior and
decision-making. Maturation of the neural substrates of EF throughout
adolescence is associated with marked improvements not only in
cognitive control but also in emotional regulation [16-20]. Notably,
cognitive and emotional regulation are chronically impaired in ABD
[3,11]. However, we do not have a comprehensive explanatory model of
these functional regulatory deficits.

The first study goal was to examine multiple dimensions of
EF as they relate to cognitive and emotional control in youth with
bipolar disorder. One significant challenge to this goal is that it is
often difficult to clearly grasp the extent of everyday EF dysfunction
in mentally-ill patients by solely using laboratory tasks that provide
an artificial structure and simplified task demands compared to real
life situations. Moreover, most of the published studies on EF do not
directly measure emotion regulation as part of EF while in fact these
two aspects are quite intertwined during development, and especially
so in ABD pathophysiology [15,21,22]. Therefore, it is important to
use neuropsychological scales that are sensitive enough to differentiate
multiple behavioral domains of EF, including those related to emotional

*Corresponding author: Alessandra M Passarotti, Institute for Juvenile
Research, University of lllinois at Chicago,1747 West Roosevelt Road (M/C
747),Chicago, IL 60608, USA, Tel: (312) 355-0109; Fax: (312) 413-0063; E-mail:
apassarotti@psych.uic.edu

Received September 15, 2015; Accepted December 28, 2015; Published
January 05, 2016

Citation: Passarotti AM, Trivedi N, Patel M (2016) Executive Function in
Adolescent Bipolar Disorder With and Without ADHD Comorbidity. Bipolar Disord
1: 101. doi:10.4172/2472-1077.1000101

Copyright: © 2016 Passarotti AM, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

Bipolar Disord, an open access journal
ISSN: 2472-1077

Volume 1 « Issue 1 » 1000101



Citation: Passarotti AM, Trivedi N, Patel M (2016) Executive Function in Adolescent Bipolar Disorder With and Without ADHD Comorbidity. Bipolar

Disord 1: 101. doi:10.4172/2472-1077.1000101

Page 2 of 8

regulation. These multiple domains can then be measured in more
depth through neurocognitive tasks that identify specific operations
and that parametrically vary difficulty levels for each cognitive domain.

In order to examine the complex construct of EF all participants
were administered the Behavior Rating Inventory of Executive
Function -Parental Report (BRIEF-PR) scale for children [23,24],
a developmentally appropriate standardized scale that concurrently
measures multiple domains of EF (e.g., working memory, inhibition,
shift, planning, monitoring, emotional control). These specific domains
map onto recent findings of brain circuit dysfunction in lateral
prefrontal and limbic regions in bipolar disorder [15,25]. While there is
not currently any published data on EF in ABD, a study on adults with
BD Type I [26] found significant deficits on every domain of executive
function in real life setting using the adult version of the BRIEF scale
(BRIEF-A) [27], which correlated with severity of mood symptoms.
However, we still do not know whether the same results may occur in
youth with bipolar disorder who are still developing.

The second study goal was to examine whether patients with ABD
and ADHD comorbidity may exhibit worse executive dysfunction
relative to patients with ABD only, which has implications for tailored
interventions. A better differentiation of the ABD and ADHD
phenotypes is a very important and still unresolved clinical issue. In fact,
high comorbidity rates and symptom overlap [28] between pediatric
bipolar disorder and ADHD complicate the diagnostic process and may
delay appropriate treatment [3,29,30].

Based on the existing literature our overarching hypothesis was
that ABD patients would be impaired in both cognitive and emotional
domains of the BRIEF-PR scale. We predicted that mood symptoms
would affect EF domains involved in inhibition and self-control.
Furthermore, we hypothesized that relative to patients with ABD only,
patients with ADHD comorbidity may exhibit worse attention-related
processes because of the generalized inattention and dis-inhibition
typical of ADHD symptoms [31,32].

Method

Participants

ABD patient participants were recruited from the Pediatric Mood
Disorder Clinic, at the Department of Psychiatry, University of Illinois
at Chicago, and from the community, through clinician referrals,
fliers, and postings. The present study was approved by the University
Institutional Review Board. Consent from one parent or legal guardian
and assent from minors were obtained. The sample (age range=9-16
years; mean age=12.66 + 2.21 years) consisted of 29 pediatric patients
with a diagnosis of pediatric bipolar disorder, narrow phenotype
(Type I, Type II), 13 of which had a diagnosis of comorbid ADHD,
Type Combined. Twenty-six of our patients were on a regimen of
psychotropic medications at the time of testing. Groups were matched
based on age, gender, and Intelligence Quotient (IQ) as estimated with
the Wechsler Abbreviated Scale of Intelligence (WASI) [33]. The clinical
diagnoses were based on criteria from the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR) [34]. Additionally, the
Young Mania Rating Scale (YMRS) [35] and the Child Depression
Rating Scale-Revised (CDRS-R) [36] were administered to all
participants. The Behavioral Rating Inventory of Executive Function,
Parental Report (BRIEF-PR) [23] and the Revised Conners’ Parent
Rating Scale [37] (CPRS-R) were administered to assess executive
and attentional functions. Inclusion criteria were as follows: 8 to 19
years of age for all subjects; for the ABD group axis one diagnosis of

bipolar disorder Type I or I, based on DSM-IV-TR. ABD patients with
a diagnosis of comorbid ADHD based on the DSM-IV criteria were
accepted in the study. Patients were excluded from the study if they
had a history of head trauma with loss of consciousness for more than
10 minutes, neurological symptoms, speech or hearing difficulties, a
primary diagnosis other than bipolar disorder and an IQ score lower
than 70.

Standardized neuropsychological scales

The behavior rating inventory of executive function -parental
report (brief-pr) scale: The BRIEF-PR scale [23] is an 86-item scale
for parental report on child’s behaviors (age: 5 to 18 years). It consists
of 8 clinical scales measuring different aspects of executive functioning:
Inhibition, Shift, Emotional Control, Initiation, Working Memory,
Plan/Organize, Organization of Materials, and Monitor. The eight
scales compose a Behavioral Regulation index and a Metacognition
index. The Behavior Regulation Index (BRI) comprises components
of behavior regulation, such as Inhibition, Shift, and Emotional
Control, and measures the child’s ability to control his/her behavior
as it relates to impulsiveness, cognitive flexibility, and emotions. The
Metacognition Index (MI) comprises components of metacognition,
such as Initiation, Working Memory, Plan/Organize, Monitor and
Organization of Materials. It measures metacognition skills related to
beginning new activities, paying attention, remembering and focusing
while completing activities, goal-setting and organization, monitoring
performance, taking care of own belongings and cleaning up. The BRI
and MI comprise a Global Executive Composite (GEC) which measures
global functioning. The scale to index configuration is based on the
theoretical assumption that there are separable regulatory functions
in a clinically meaningful way, but also that they are related to an
overarching executive system [38]. Each item in the questionnaire is
rated as “never”, “sometimes’, or “often”. Higher scores indicate greater
functional impairment. Raw scores for each sub-scale are converted
into standardized T scores based on four developmental groups and
gender.

The revised conners’ parent rating scale (cprs-r): The CPRS-R
[37] obtains parental report of child behavior problems such as ADHD
and related symptoms (age: 3-17 years). It comprises the following
sub-scales: Oppositional (i.e., conduct disorder), Cognitive Problems/
Inattention (i.e., inattention), Hyperactivity (i.e., impulsivity and
hyperactivity), and ADHD Index. Parents rate each of the 27 items
using a 4-point Likert scale ranging from 0 (not at all) to 3 (very much
true). Raw scores for each sub-scale are converted into standardized T
scores based on five age groups and on gender.

Standardized neuropsychological tests

Participants were administered the Wechsler Abbreviated Scale of
Intelligence (WASI) [33] to assess global intellectual functioning and
derive the Full Scale IQ (FSIQ). Moreover, the neurocognitive domains
of interest and the tests used to assess them were as follows: Attention
(including attention and processing speed): Trail Making Test (TMT)
A [39]; Executive Functions (including working memory, cognitive
flexibility and processing speed): TMT B [39]; Verbal Working Memory:
Digit Span Test (forward, backward) (WISC III) [40]; Academic skills:
Reading Fluency (assessing reading comprehension skills) and Math
Fluency (assessing math and calculation skills) from the Woodcock-
Johnson Tests of Achievements [41].

Note that both the forward and backward Digit Span tests require
working memory (i.e., the ability to hold and maintain information in
mind for a few seconds). However, relative to the forward digit span
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test the backward digit span test additionally requires to manipulate the
numerical information present in working memory, in order to repeat
the numbers backwards.

Demographic, clinical and behavioral data analyses

Statistical data analyses: To examine whether the two patient
groups may differ on demographic and clinical measures separate
ANOVAs were carried out on a given measure (e.g., Age, Estimated
IQ, YMRS, CDRS) as the within-subject factor, and group (ABD,
ABD+ADHD) as the between-subjects factor. Pearson Chi Squared
tests were carried out for categorical variables (gender, race) (Table 1).

With regard to the BRIEF-PR and the CPRS-R the raw scores for
each sub-scale were transformed into T scores (with mean=50 and
SD=10). Moreover, for the BRIEF-PR the BRI, MI, and GEC indexes
were also obtained. T-tests were used to compare the patients’ mean
T scores to population norms to assess whether patients’ scores were
at clinically significant levels of impairment. Typically, a T>60 is
considered as indicating a clinically significant deficit (i.e., greater
than 1 SD from the population mean). Effect size (ES) was measured
for each of these neuropsychological variables using Cohen’s d, where
a d=1 indicates that the patients’ scores differed significantly from the
normative scores by 1 standard deviation (SD) (Table 2). ANOVAs
examined group differences for each of the BRIEF sub-scales and
indexes and for the CPRS-R sub-scales.

For the Digits Span Test raw data were transformed into scaled
scores (ss: mean=10, SD=3), and a composite working memory scaled
score was obtained after summing the forward and backward digit
span scores. For Trails A and B raw scores were transformed into Z
scores. For Reading and Math Fluency scores, we transformed the raw
scores into age (AE) and grade (GE) estimates. Separate ANOVAs were
performed for each of the tasks considered.

Finally, exploratory Pearson’s correlation analyses examined
correlations between executive functions as measured with the BRIEF
scale and the other study measures.

Results
Demographic and clinical data

Demographic and clinical data for all participants are presented
in Table 1. The ABD and ABD+ADHD groups did not differ on
demographic measures and IQ scores, as estimated with the WASI,
which were in the average range. Moreover, there were no significant
group differences on clinical measures of manic (YMRS) and depressive
(CDRS-R) symptoms.

Neuropsychological assessment results

BRIEF-PR scale results: Table 2 illustrates mean T score and
standard deviation for each subscale of the BRIEF-PR in each group.
Relative to healthy population norms the two patient groups exhibited
significant (p<0.05) performance deficits in all BRIEF sub-domains, as
well as in the BRI, MI and GEC. Post-hoc comparisons indicate that
the ABD+ADHD group had significantly higher scores than the ABD
group in the Monitoring sub-domain [F (1,27)=8.403; p<0.007]. There
was also a non-significant trend such that the ABD+ADHD group had
higher scores than the ADB group on the Inhibition sub-scale (p=0.08)
(Figure 1).

CPRS-R results: As shown in Table 1, the Conners ADHD Index
scores were elevated to clinically significant levels in both groups (ABD
T=72,in ABD+ADHD T=77); however there were no significant group
differences. There was only a non-significant trend (p=0.09) such that
ABD+ADHD yielded more elevated scores than ABD on the Inattentive
subscale.

Neurocognitive results: As Table 3 illustrates, both patient groups
showed clinically significant impaired scores on the neuropsychological
tests, with the exception of the Digit Span Test were scores were within
the average range. Relative to the comorbid group the ABD group
yielded significantly worse completion times on TMT A [F (1,27) =4.24,
p=0.049] and a non-significant trend for worse completion times on the
TMT B [F(1,27) =3.97, p=0.06]. However, the comorbid group had an

ABD (n=16) ABD with ADHD (n=13) Total (n=29)

Mean (SD/%) Mean (SD/%) Mean (SD/%) (F), p value
Variables
Age (years) 12.62 (2.217) 12.69 (2.29) 12.66 (2.21) (0.01), p=0.94
WASI-FSIQ 96.69 (15.42) 99.92 (14.44) 98.24 (14.74) (0.29), p=0.60
YMRS 16.07 (8.89) 13.15 (8.68) 14.71 (8.76) (0.76), p=0.39
CDRS-R 29.47 (7.30) 30.54 (9.76) 29.96 (8.38) (0.11), p=0.74
Connors Oppositional Scale 70.00 (11.97) 69.85 (12.27) 69.93 (11.88) (0.001), p=0.97
Connors Inattention Scale 68.31 (14.89) 76.46 (8.04) 71.97 (12.79) (3.14), p=0.09
Connors Hyperactivity Scale 74.94 (11.42) 74.77 (14.35) 74.86 (12.57) (0.001), p=-0.97
Connors ADHD Index 71.88 (11.09) 77.15 (8.22) 74.24 (10.10) (2.03), p=0.17
Variables N (%) N (%) N (%) Pearson Chi Squared
Gender (two-tailed)
Male 8 (50%) 8 (61.5%) 16 (55%) p=0.54
Female 8 (50%) 5 (38.5%) 13 (45%)
Race
Caucasian 11 (69%) 9 (69.2%) 20 (69%) p=0.89
Asian 2 (12.5%) 1(7.7%) 3 (10%)
African-American 3(18.8%) 3 (23.1%) 6 (21%)

Note. FSIQ was estimated with Wechsler Abbreviated Scale of Intelligence (WASI; Matrix Reasoning and Vocabulary Subtests); YMRS=Young Mania Rating Scale; CDRS-

R=Child Depression Rating Scale-Revised.

Table 1: Demographic and clinical characteristics for the adolescent bipolar disorder group (ABD), the adolescent bipolar disorder group with ADHD comorbidity

(ABD+ADHD), and the combined sample.
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BRIEF Subscales Group Mean T (SD) t p Cohen's d Effect Size
L ABD 70.13 (11.35) 7.09 p<0.0001 1.88 0.69
Inhibition
ABD+ADHD 77.46 (10.26) 9.65 p<0.0001 2.7 0.80
Shifti ABD 70.25 (10.31) 7.86 p<0.0001 1.99 0.71
iftin
9 ABD+ADHD 69.85 (11.82) 6.051 p<0.0001 1.81 0.67
i ABD 74.13 (7.10) 13.60 p<0.0001 2.78 0.81
Emotional control
ABD+ADHD 68.85 (14.86) 4.57 p<0.001 1.49 0.60
L ABD 65.94 (11.64) 5.485 p<0.0001 1.75 0.66
Initiation
ABD+ADHD 71.08 (7.61) 9.99 p<0.0001 2.37 0.76
i ABD 70.69 (11.00) 7.53 p<0.0001 1.97 0.70
Working memory
ABD+ADHD 76.08 (6.24) 15.07 p<0.0001 3.13 0.84
. o ABD 68.88 (10.58) 7.13 p<0.0001 1.83 0.68
Planning/Organization
ABD+ADHD 71.62 (10.28) 7.58 p<0.0001 2.13 0.73
o i ABD 61.69 (10.45) 4.47 p<0.0001 1.14 0.50
Organization of Material
ABD+ADHD 65.46 (5.99) 9.30 p<0.0001 1.88 0.68
L ABD 71.06 (6.72) 12.54 p<0.0001 2.47 0.78
Monitoring
ABD+ADHD 78.31 (6.66) 15.32 p<0.0001 3.33 0.86
ABD 75.56 (8.25) 12.40 p<0.0001 2.79 0.81
Behavior Regulation Index (BRI)
ABD+ADHD 75.38 (10.41) 8.79 p<0.0001 2.49 0.78
. ABD 72 (10.56) 8.33 p<0.0001 2.14 0.73
Metacognition Index (MI)
ABD+ADHD 77.92 (8.92) 11.29 p<0.0001 2.95 0.83
i i ABD 73.44 (9.56) 9.81 p<0.0001 2.40 0.77
Global Executive Composite (GEC)
ABD+ADHD 77.85 (7.56) 13.28 p<0.0001 3.14 0.84
. ABD 70 (11.97) 6.685263 p<0.0001 1.81 0.67
Connors Oppositional Score
ABD+ADHD 69.85 (12.27) 5.833333 p<0.0001 1.77 0.66
ABD 68.31 (14.89) 4.919589 p<0.0001 1.44 0.58
Connors Inattention Score
ABD+ADHD 76.46 (8.04) 11.87031 p<0.0001 2.91 0.82
. ABD 74.94 (11.42) 8.737599 p<0.0001 2.32 0.76
Connors Hyperactivity Score
ABD+ADHD 74.77 (14.35) 6.224426 p<0.0001 2.00 0.71
ABD 71.88 (11.09) 7.892283 p<0.0001 2.07 0.72
Connors ADHD Index T score
ABD+ADHD 77.15(8.22) 11.90414 p<0.0001 2.97 0.83

Table 2: Mean T scores and standard deviation (SD) for each of the BRIEF sub-scales for the Adolescent Bipolar Disorder (ABD) group and the Adolescent Bipolar Disorder
group with ADHD comorbidity (ABD+ADHD). Cohen’s d and effect size for patient group scores relative to population norms (i.e., T=50) are reported.

ABD

(n=16)
TMT A (sec) 43 sec;
Z score Z=4.57
Errors (n) 0.37
TMTB (sec.) 123 sec; Z=7.13
Z score 119
Errors (n) ’
Digit Span Task, ss (SD) ss=9 (2.16)
Math Fluency Raw (SD) 59 (26.42)
Math Fluency (AE; GE) 10-0; 4.6
Reading Fluency Raw (SD) 53 (22.26)
Reading Fluency (AE; GE) 12-3; 6.9

ABD+ADHD Statistical
(n=13) Analyses (F), p
35 sec;

Z=2.41 .
046 (4.24), p=0.05
94 sec;
Z=3.89 (3.97), p=0.06
0.62
ss=10 (3.47) (0.099), p=0.76
68 (29.28) (0.699), p=0.41
10-9; 5.4 -
59 (18.50) (0.741), p=0.40
13-8; 8.4 -

Table 3: Mean standardized scores on the TMT A&B, the Digit Span Task, and Math and Reading Fluency Tests from the Woodcock-Johnson Tests of Achievement in ABD,
ABD+ADHD, and the combined sample; ss=scaled score; AE=Age Estimate; GE=Grade Estimate.

elevated number of errors on both TMT tests compared to ABD. The
two groups did not differ significantly on the Digit Span test [F (1, 27)
=0.10, p=0.76], on the Math Fluency test [F (1, 27) =0.70, p=0.41] or the
Reading Fluency test [(F (1, 27) =0.74, p=0.40].

Correlation analyses results

Correlation results are reported in Table 4. Correlation results
did not survive Bonferroni corrections for multiple comparisons. For
exploratory purposes, we briefly present here significant correlation
results across all patients” data, with an uncorrected p value.

Correlations between BRIEF-PR
performance: There was a negative correlation between Math Fluency
scores and the BRIEF GEC (r=-0.40, p<0.05) and MI (r=-0.53, p<0.01)
scores. Math Fluency scores also correlated negatively with the BRIEF
scores for Shifting (r=-0.38, p<0.05) and Planning/Organization (r=-
0.43, p<0.05).

scores and academic

Correlation between BRIEF-PR scores and neurocognitive
tasks: The Digit Span test scores correlated negatively with the BRIEF
Inhibition scores (r=-0.38, p<0.05). No other results were significant.
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Figure 1: T scores on the BRIEF sub-scales for the ABD and ABD+ADHD groups. *=significant group difference, p<0.01. Error bars represent standard error of the
mean (SEM).
TMT A TMT B  Digit Span Test Math Fluency Reading Fluency YMRS CDRS-R | CPRS-R ADHD Index
Inhibition -0.16 -0.007 -0.38* -0.16 -0.20 0.38* 0.23 0.27
Shifting 0.22 0.27 -0.13 -0.45* -0.31 -0.13 0.31 0.00
Emotional Control 0.1 0.07 -0.11 -0.32 -0.36 -0.08 0.29 0.11
Initiation -0.12 -0.02 0.06 -0.23 0.005 -0.20 0.31 0.55**
Working memory -0.12 -0.12 0.03 -0.14 0.02 -0.04 0.35 0.57**
Planning/Organization 0.02 0.13 0.09 -0.43* -0.18 -0.13 0.22 0.51**
Organization of Material 0.14 0.21 0.06 -0.26 -0.15 -0.01 0.28 0.43*
Monitoring -0.08 -0.02 -0.29 -0.12 -0.02 0.004 0.03 0.25
Behavior Regulation Index (BRI) -0.03 0.04 -0.22 -0.17 -0.12 -0.03 0.39% 0.15
Metacognition Index (Ml) 0.09 0.13 -0.19 -0.53** -0.37* 0.17 0.38* 0.52**
Global Executive Composite (GEC) 0.003 0.11 -0.13 -0.40* -0.22 -0.08 0.42* 0.52**

Table 4: Significant and non-significant results for Pearson correlations (r, p value) between BRIEF sub-scales and neuropsychological tasks, mood scales (YMRS, CDRS)
or ADHD Index score from the Conners’ ADHD Rating scale across all ABD patients. * p<0.05 **; p<0.01.

Correlations between BRIEF-PR scores and mood scores or cprs-r
ADHD index: There was a significant positive correlation between the
BRIEF Inhibition scores and YMRS scores (r=0.38, p<0.05). There
were also significant positive correlations between CDRS-R scores
and the GEC (r=0.42, p<0.05), BRI (r=0.39. p<0.05), and MI (r=0.38,
p<0.05). The CPRS-R ADHD Index scores correlated positively with
the BRIEF GEC (r=0.52, p<0.01) and MI (r=0.52, p<0.01) as well as
with Initiation (r=0.55, p<0.01), Working Memory (r=0.57, p<0.01),
Planning/Organization (r=0.51, p<0.01), and Organization of Material
(r=0.43, p<0.05).

Discussion

The present findings are among the first to demonstrate dysfunction
in multiple real-life dimensions of EF related to cognitive and emotional
control in ABD youth, with and without ADHD comorbidity. Moreover,
our results shed some preliminary light on how EF may relate to mood,
cognitive domains and academic skills in ABD.

In line with our hypotheses we found that ABD patients exhibited
clinically significant deficits in all sub-scales of the BRIEF-PR as well
as the behavior regulation, metacognition and global functioning
composites. Greater impairment was found in the domains of inhibition,

working memory, planning and monitoring, and emotional control.
The present results agree with findings of neurocognitive deficits in
inhibition, attention, working memory, and cognitive flexibility in
ABD vyouth [2,11,42]. Relatedly, brain imaging findings in ABD have
shown altered functioning in EF circuits during fMRI tasks measuring
working memory [21], inhibition [43-45] and the cognitive-affective
interface [46-52].

With regard to the question of whether BRIEF domain scores may
be mediated by neurocognitive performance, our correlation results
did not survive Bonferroni corrections and therefore do not provide
any clear-cut results. Future studies with larger samples may further
examine the possible relation between Inhibition scores on the BRIEF-
PR and working memory tasks such as the Digit Span Test. Similarly,
it may be important to further examine the potential relation between
BRIEF-PR Monitoring or Global Functioning scores and academic skills
such as math calculations. Previous studies showed a close relationship
between EF and math skills in healthy children, and more specifically in
bipolar youths [7,53], since math calculations require not only efficient
attention and working memory processes, but also intense executive
control and continuous monitoring of multiple cognitive operations
until a solution is reached.
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Furthermore, we wished to study the relation between EF and
emotional regulation in ABD [15,21,22]. The present findings suggest
that both patient groups showed clinically significant impairment on
the BRIEF Emotional Control domain, which is in line with the clinical
manifestations of BD. While preliminary, our correlation results
suggest a possible relation between severity of mania and deficits on
the BRIEF-PR Inhibition domain, that is, impulsivity. Impulsivity has
been suggested as a prominent phenotype in bipolar disorder [54].
Interestingly, our preliminary results are in line with the only published
study on BRIEF measures in adult BD patients, which also found that
manic symptoms predicted impairment in the Inhibition domain on
the BRIEF-A scale [26]. This similarity between child and adult BD
results is suggestive of persistency of the underlying mechanisms of
impulsivity through the lifespan.

Understanding the interaction between affect and EF is particularly
important in bipolar pathophysiology, where affect and cognition
deficits are highly and uniquely interconnected [15,21]. For instance,
recent studies found that cognitive functioning worsened in ABD in
the presence of negative emotions, suggesting a direct link between
an over-reactivity to negative emotions in and poor cognitive
performance in these patients [7,21,43,48]. While the current results
are preliminary, they confirm the importance of studying emotional
influences on impulsivity (i.e., emotional impulsivity) in youth with
BD with or without ADHD comorbidity, to help better understand and
differentiate the clinical phenotype of ABD from other developmental
illnesses suffering from impulsivity [15].

A second study goal was to investigate the effects of ADHD
comorbidity on EF in ABD youth. The present results indicate that the
ABD+ADHD group exhibited overall more impairment on the BRIEF-
PR scale relative to the ABD group. More specificall, ABD+ADHD
exhibited significantly greater impairment than ABD in the Monitoring
domain, and a non-significant trend for greater impairment than ABD
in the Inhibition domain, and the Metacognition Index (MI). The
two groups, however, did not differ on the Behavior Regulation Index
(BRI), or on the global Executive Composite (GEC), suggesting that
the comorbid group differs from ABD in terms of specific sub-domains
rather than broader categories of EF.

Monitoring functions heavily rely on sustained attention, selective
attention and working memory. Interestingly, our current results are in
line with findings of greater intra-subject variability in attention and
monitoring in individuals with ADHD [55,56] as well as in children
at familial risk for BD who have an existing diagnosis of ADHD [57].
Deficits in inhibition are also well documented in ADHD [58,59].
However, it is not always the case that children with ADHD have worse
inhibition deficits compared to those with ABD [43].

Our current neurocognitive findings on effects of ADHD
comorbidity in BD are not definite. The two groups did not differ in
verbal working memory performance, as assessed with the Digit Span
Test. Moreover, against our expectations it was the ABD group who
had longer completion times than ABD+ADHD on the TMT A, a test
of visual attention and processing speed, and just missed significantly
worse completion times than ABD on the more complex TMT B,
involving task shifting, working memory, and inhibition. However, the
comorbid group, while faster, had more elevated errors on these tests,
suggesting a speed-accuracy trade-off that is possibly related to poor
attention and monitoring.

Past research evidence has been ambiguous in terms of whether
the comorbid group may present with worse attentional performance

on cognitive tests or not. In a neurocognitive study by Pavuluri et al.
[6] ADHD comorbidity was found to exacerbate deficits in attention,
working memory and executive functions in youth with bipolar
disorder. A recent study [60] did not find differences due to ADHD
comorbidity in bipolar youth while performing an affective synonym
matching task, with the exception of reduced accuracy in the comorbid
group when neutral words were embedded with negative words, which
may suggest poorer selective attention. Moreover, while a fMRI study
by Adler et al. [61] found worse neural deficits in posterior temporo-
parietal regions during a simple attention task in a comorbid group
relative to ABD only, recent fMRI studies did not find more severe
dysfunction in the comorbid group relative to BD youth during tasks
involving attention and response inhibition [44,45]. The discrepancy
in behavioral and fMRI results points to the need for a better definition
of a neurobiological model of ADHD comorbidity in ABD, and the
development of specific, more sensitive, neurocognitive measures to
assess the comorbid phenotype.

The current findings, while preliminary, may provide some insights
for the development of cognitive remediation programs that are
tailored to ABD patients, with their unique challenges stemming from
altered interactions between cognitive and affective systems [21,43,48].
Cognitive remediation studies in children have found general
improvement in working memory functions closely related to the
trained exercises [62,63] or improvement in math skills after training
in children with poor working memory [64]. However, to date there
are no published studies on cognitive remediation in bipolar youth, and
no clear models explaining how the pairing of EF and emotion deficits
in bipolar youth may influence the outcome of cognitive interventions.

Notably, recent developmental studies confirm the importance
of EF in affect regulation. A study by Lantrip et al. [65] examined
the relationship between emotion regulation and EF in the everyday
life using the BRIEF-Self-Report scale with 12-18 years old typically
developing adolescents. Results indicated that adolescents with better
executive functions had also greater ability to use reappraisal as an
emotion regulation strategy in their life was associated with better
executive functions, while reliance on suppression was associated
with poorer executive functions. Hence, the potential of cognitive
remediation in ABD might be significant, given that by strengthening
the cognitive executive systems in the dorsolateral prefrontal cortex we
may target the mechanisms of cognitive recovery and resilience, which
may in turn lead to more efficient learning of emotion regulation skills.

A strength of the current study is that it gathered data from
multiple sources, such as parental reports on the child’s executive
functions in daily functioning, clinical scales measuring mood, and
standardized neuropsychological tests of attention, working memory
and executive functions. However, there are also a few limitations
that limit generalizability of the current findings and suggest caution
with data interpretation. Our samples were relatively small, and larger
samples may be needed to better characterize differences in specific
EF domains in ABD+ADHD relative to ABD. At the time of study
assessment the ABD patients were not fully remitted and exhibited
mania and depression symptoms which may have potentially affected
ADHD symptoms. Therefore, based on the present data it is difficult
to disentangle the specific contribution of mood or ADHD symptoms,
or their addition, to executive dysfunction in ABD. Moreover, it
is important to note that our correlation results did not survive
Bonferroni corrections. Therefore they should be considered just as
a preliminary examination and should be interpreted with caution.
Furthermore, since this study is cross-sectional we cannot elucidate
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the developmental trajectory of executive dysfunction, especially as it
relates to emotional regulation, in ABD. Longitudinal studies will need
to investigate how the neuro-developmental progression of bipolar
illness hinders normal development of executive functioning. Finally,
there is some evidence that ADHD ratings may be more susceptible
to parental rater biases, because the capturing of ADHD symptoms
is based on more subjective criteria relative to other more socially
disruptive behaviors [66]. Therefore it is possible that the parental
evaluation of ADHD-like symptoms in the ABD group without ADHD
and in the comorbid group may be somewhat inflated or deflated, based
on individual differences in parental expectations. However, our study
measured ADHD symptoms with the Conners’ Parent Rating Scale,
which has been found to be particularly robust against rater biases [67].

In conclusion, findings from the present study document pervasive
deficits in everyday life executive function and related cognitive
domains in ABD. The present results inform future studies aimed at
developing illness-specific interventions based on explanatory models
of how executive dysfunction in ABD may modulate cognition and
affect.
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