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Bipolar disorder (BD) and attention deficit hyperactivity disorder (ADHD) in adults share clinical
symptoms. Both disorders present with executive functioning impairment. The detection of executive
dysfunction usually requires the administration of an extensive neuropsychological battery. The Institute
of Cognitive Neurology (INECO) Frontal Screening (IFS) is an efficient tool, which has been demonstrated
to be useful for the detection of executive deficits in other diseases involving the prefrontal cortex. This
study assessed the usefulness of the IFS in detecting the executive dysfunction of BD and ADHD adults, by
means of a receiver-operating characteristic curve analysis and a multigroup discriminant function
analysis. Twenty-four BD, 25 ADHD patients and 25 controls were assessed with a battery that included
the IFS and other measures of executive functioning. Our results showed that both patient groups
performed significantly lower than controls on the IFS total score. Using a 27.5 point cut-off score, the IFS
showed good sensitivity and acceptable specificity to detect executive impairments in BD and ADHD
patients. The IFS discriminated between controls and each patient group more reliably than other
executive functions measures. Our results suggest that this tool could be a useful instrument to assess

executive functions in BD and ADHD patients.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Executive functions (EF) refer to the capacities involved in
formulating goals, planning, and carrying out plans effectively
(Lezak, 1982). Several psychiatric disorders are characterized by EF
deficits, including bipolar disorder (BD) and adult attention deficit/
hyperactivity disorder (ADHD), among others. These disorders
usually share clinical symptoms, present high rates of comorbidity
and are challenging to differentiate from one another clinically
(Wingo and Ghaemi, 2007; Chang, 2010; Klassen et al., 2010).
Besides these similarities, both BD (Bearden et al., 2001; Agarwal
et al,, 2008; Lin et al., 2011; Ibanez et al., 2012) and ADHD patients
(Seidman et al.,, 2004; Depue et al.,, 2010; Ibanez et al., 2012)
present abnormalities in brain regions relevant to EF tasks, such as
the dorsolateral prefrontal cortex and the anterior cingulate cortex
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(Stuss and Benson, 1986; Fuster, 1997). Thus, it is likely that
abnormalities in the prefrontal cortex circuitries may be reflected
in executive impairment in BD and ADHD.

Individuals with BD have deficits mainly in abstraction capa-
city, response inhibition and set shifting ability (Mur et al., 2007;
Gruber et al, 2008; Bora et al, 2009; Torralva et al, 2012).
Impairments in working memory and verbal fluency have also
been reported (Robinson et al., 2006; Bora et al., 2009). These
executive deficits are present not only during mood episodes, but
persist even during periods of euthymia (Robinson et al., 2006;
Mur et al,, 2007; Oliveira et al., 2011; Elshahawi et al., 2011).

Regarding ADHD, research among adult populations is rela-
tively scarce. Nevertheless, neuropsychological studies (Nigg et al.,
2005; Biederman et al., 2006; Adler, 2010; Barkley, 2010) have
consistently reported that adults with ADHD exhibit deficits in a
wide range of EF including planning, working memory, set shift-
ing, cognitive flexibility and response inhibition.

Although an accurate evaluation of EF is critical for the neu-
ropsychological assessment of these two disorders, the detection of
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executive dysfunctions usually requires an extensive battery that
has to be administered by trained neuropsychologists. Given this
difficulty, an efficient screening tool that is easy and quick to
administer, yet shows high sensitivity and specificity, would be of
great importance to clinicians.

Although several cognitive screening tools have desirable
diagnostic and psychometric properties (Cullen et al., 2007), few
have been designed to specifically evaluate EF. Furthermore, these
screening tools have been mainly used to assess general cognitive
functioning in neurodegenerative diseases, rather than in psychia-
tric conditions. No tools have yet been developed to be efficient,
sensitive and specific in the detection of executive dysfunction in
psychiatric disorders.

Because of this, our group recently created a tool aimed at
detecting executive dysfunction: the IFS (INECO Frontal Screening)
(Torralva et al., 2009). This is an easy-to-administer and brief
(approximately 10 min) test which was designed to provide health
professionals with an executive functioning screening tool to detect
frontal impairment in everyday clinical settings or even at bedside.
The IFS was designed to include several subtests in order to
measure, in an efficient way, as many EFs as possible. This tool
has been shown to be useful to discriminate controls from indivi-
duals with dementia (Torralva et al., 2009). It was further shown to
be a sensitive and specific tool to differentiate the behavioral variant
of frontotemporal dementia (bvFTD) from Alzheimer's disease
(Torralva et al,, 2009; Gleichgerrcht et al., 2011).

Because of its ability to detect the executive impairment of
populations with prefrontal cortex involvement (i.e. bvFTD), the
IFS may be useful in psychiatric populations, such as BD and
ADHD. Thus, the goal of the present study was to assess the clinical
usefulness of the IFS in detecting the executive dysfunction of
adults with BD and ADHD. In order to do so, we employed two
different methods. We initially determined the sensitivity and
specificity of the IFS to discriminate between (a) healthy controls
and BD patients and (b) healthy controls and ADHD patients, by
means of a receiver-operating characteristic (ROC) curve. Like-
lihood ratios were also calculated. In addition, we performed a
multigroup discriminant function analysis (MDA) to assess the
capacity of the IFS, compared with classical executive measures, to
discriminate between (a) healthy controls and BD patients and
(b) healthy controls and ADHD patients.

We predicted that the IFS would show high sensitivity and
specificity for the detection of executive deficits in BD and ADHD
patients. We also hypothesized that the IFS total score would
discriminate better than other EF measures between (a) healthy

Table 1
Demographic and clinical profiles of patients and controls.

controls and BD patients and (b) healthy controls and ADHD
patients.

2. Methods
2.1. Participants

Seventy-four participants (BD: n=24; ADHD: n=25; controls: n=25) received
a full clinical assessment and a complete evaluation of EF. Patients in the BD and
ADHD groups were selected from the outpatient population of the Institute of
Cognitive Neurology (INECO) using the following inclusion criteria: (1) subjects
older than 18 years old; (2) diagnosed with Type-I/II BD or adult ADHD according to
the diagnostic and statistical manual of mental disorders (DSM-IV) criteria
(American Psychiatric Association, 1994), using the Structured Clinical Interview
for DSM-IV (SCID-I) (First et al., 1996). BD patients had no ADHD comorbidity and
ADHD patients had no BD comordibity. Eleven patients (45.8%) had diagnosis of BD
type I and 13 (54.1%) of BD type II. All BD patients were in euthymic state, defined
by scores less than or equal to 8 points according to the Montgomery-Asberg
depression rating scale (MDRS) and less than or equal to 6 according to the Young
mania rating scale (YMRS) for at least 8 weeks (see Table 1), and with no change in
medication type or dosage over 4 months. All ADHD patients were recruited from
the adult ADHD clinic of INECO. ADHD diagnosis was made by three experts,
independently. In addition to a clinical evaluation and the structured clinical
interview, participants completed the ADHD rating scale for adults (Barkley and
Murphy, 1998), which provides a symptom profile (see Table 1) from the inatten-
tion and hyperactivity/impulsivity scores.

Nineteen BD patients (79%) were taking mood stabilizers, 10 (42%) SSRI
antidepressants and eight (33%) benzodiazepines, either alone or in combination.
Thirteen (52%) ADHD patients were taking methylphenidate, two (8%) atomoxetine,
two (8%) benzodiazepines, either alone or in combination. Eight (32%) patients
were not taking any medication.

Exclusion criteria were (1) other axis-I diagnoses, except for generalized
anxiety disorder given its high comorbidity; (2) history of substance abuse/
dependency; and (3) history of mental retardation, neurological disease, or any
clinical condition that might affect cognitive performance. Patients who received
antipsychotic medication were not included in this study.

We recruited 25 healthy controls matched for sex, age, handedness, and years
of education from a larger pool of volunteers who did not have a history of drug
abuse or a personal or family history of neurodegenerative or psychiatric disorders.
All participants provided written informed consent in agreement with the Helsinki
declaration. The Ethics Committee of the Institute of Cognitive Neurology approved
this study.

2.2. Instruments

2.2.1. Clinical, symptomatic and neuropsychological assessment

Taking into account that anxiety and depression are factors that could affect
executive functioning, all participants completed a series of psychiatric question-
naires in order to establish a profile of psychiatric clinical symptoms. The Beck
Depression Inventory-II (Beck et al., 1996) was used to rate depression. The state-
trait anxiety inventory (STAI) (Spielberg et al., 1970) was used to assess anxiety. In

Demographics BD (n=24) ADHD (n=25) CTR (n=25) BD vs. CTR ADHD vs. CTR
Age (years) 39.0(11.2) 32.7(14.6) 35.8(10.15) N.S N.S
Gender (F:M) 8:16 4:21 11:14 N.S N.S
Education (years) 15.7(2.8) 14.6(4.2) 16.3(1.9) N.S N.S
Handedness (R:L) 21:3 22:3 21:4 N.S N.S

Clinical profile
MADRS 3.3(3.7)

YMRS 0.3(0.9)

Barkley

Inattention 11.7(6.4)

Hyperactivity 11.7(5.8)

BDI-II 15.2(10.8) 16.9(21.6) 6.2(6.9) N.S 0.03
STAI state 29.6(6.4) 32.8(13.4) 15.0(8.6) 0.0002 0.0001
Trait 32.4(9.3) 33.2(11.9) 19.0(6.69) 0.0001 0.0001

BDI-II=Beck Depression Inventory; MADRS =Montgomery-Asberg Depression Rating Scale; YMRS=Young Mania Rating Scale; STAI=State-Trait Anxiety Inventory.
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addition, all participants were evaluated with the IFS (Torralva et al., 2009) and
several EF measures (see below).

The clinical and symptomatic scales were administered by two expert psy-
chiatrists. Tests of EF, including the IFS, were administered by two trained
neuropsychologists.

2.2.1.1. INECO Frontal Screening (IFS). The IFS is an efficient and easy screening test
to assess executive functions (Torralva et al., 2009), which includes the following
eight subtests:

Motor programming (three points) (Luria, 1966; Dubois et al., 2000). This subtest
asks the patient to perform the Luria series, “fist, edge, palm” by initially copying
the administrator, and by subsequently doing the series on his or her own, then by
repeating the series six times alone. This subscale assesses motor programming
capacity, depending on the extent of frontal lesion or degeneration, some patients
may not be able to complete the series in the correct order on their own, and others
may not even be capable of copying it. If subjects achieved six consecutive series by
themselves, the score was 3, if they achieved at least three consecutive series on
their own, the score was 2; if they failed at achieving at least three consecutive
series alone, but achieved three when copying the examiner, the score was 1;
otherwise the score was 0.

Conflicting instructions (three points) (Dubois et al., 2000). This subtest is a
measure of sensitivity to interference. Subjects were asked to hit the table once
when the administrator hit it twice, or to hit the table twice when the adminis-
trator hit it only once. To ensure the subject had clearly understood the task, a
practice trial was performed in which the administrator first hit the table once,
three times in succession, and then twice, three more times. After the practice trial,
the examiner completed the following series: 1-1-2-1-2-2-2-1-1-2. If subjects
made no errors, the score was 3; for one or two errors the score was 2; for more
than two errors the score was 1, unless the subject copied the examiner at least
four consecutive times, in which case the score was 0.

Motor inhibitory control (three points) (Dubois et al., 2000). This task was
administered immediately after the previous task and it is a measure of motor
inhibitory control. Subjects were told that now, when the test administrator hit the
table once, they should hit it once as well, but when the examiner hit it twice, they
should do nothing. To ensure the subject had clearly understood the task, a practice
trial was performed in which the administrator hit the table once, three times in
succession, and then twice, three more times. After the practice trial the examiner
completed the following series: 1-1-2-1-2-2-2-1-1-2. If subjects made no errors,
the score was 3; for one or two errors the score was 2; for more than two errors the
score was 1, unless the subject copied the examiner at least four consecutive times,
in which case the score was 0.

Backward Digit Span (six points) (Hodges, 1994). This task assesses temporary
storage and online manipulation of information (verbal working memory). Subjects
were asked to repeat a progressively lengthening string of digits in the reverse
order. Two trials were given at each successive list length, beginning at two and
continuing to a maximum of seven. If subjects passed either trial at a given list
length, then the next length was administered. The score was the number of
lengths at which the subject passed either trial, maximum 6.

Verbal working memory (two points) (Hodges, 1994). This subscale also evaluates
verbal working memory capacity. The patient was asked to list the months of the
year backwards, starting with December. If subjects made no errors, the score
was 2; for one error, the score was 1; otherwise the score was 0. This task evaluates
the same function as the previous subtest but with a slightly different load because
the series is highly overlearned for most individuals.

Spatial working memory (four points) (Wechsler, 1987). This is a measure of the
visuospatial components of working memory. In this task, the examiner presented
the subject with four cubes and pointed at them in a given sequence. The subject
was asked to repeat the sequence in reverse order. There were four trials, with
sequences of two, three, four, and five cubes, respectively. The score was the
number of correctly completed sequences.

Abstraction capacity (Proverb interpretation) (three points) (Hodges, 1994). This
subscale assesses the capacity to interpret the metaphoric meaning of three
proverbs. In this task, three proverbs were read to the subjects and they were
asked to explain their meaning. For each proverb a score of 1 was given when the
subject gave an adequate explanation, and a score of 0.5 for a correct example.
Otherwise, the score was 0.

Verbal inhibitory control (six points). This task, inspired by the Hayling test
(Burgess and Shallice, 1996), measures a subject's capacity to inhibit an expected
response. Materials were six sentences, each missing the last word and constructed
to strongly constrain what it should be. In the first part (three sentences), subjects
were read each sentence and asked to complete it correctly, as quickly as possible.
For example, “I put my shoes on, and I tie my... (laces)”. In the second part
(remaining three sentences), subjects were asked for a completion that was
unrelated to the sentence in meaning. Only the second part was scored. For each
sentence, a score of 2 was given for a word unrelated to the sentence, a score of
1 for a word semantically related to the expected completion, and a score of O for
the expected word itself.

The IFS has a maximum possible total score of 30 points and takes less than
10 min to be administered and scored.

2.2.1.2. Other executive functions measures. Trail Making B (Partington and Leiter,
1949) was used to assess speed processing, sequencing, mental flexibility, visual
search and set shifting. Inhibitory control was evaluated using a computerized
go-no go task, providing the percentage of correct, incorrect and omitted responses
and the mean reaction time. Backward Digit Span, Letter—-Number Sequencing and
the Arithmetic tests of the WAIS-III (Wechsler, 2007) were used to assess mental
manipulation and working memory. We also determined the Working Memory
Index according to WAIS-III instructions (Wechsler, 2007). In addition, a phonolo-
gical fluency task was included. In this task, participants were given 1 min to ge-
nerate as many words as possible beginning with the letter “P” (Lezak et al., 2004).

2.3. Data analysis

The demographic, neuropsychological, and experimental data were compared
between the groups using ANOVA and Tukey's HSD post-hoc tests (when appro-
priate). The ANOVA results were also corrected for multiple comparisons using
Tukey's test. To control for the influence of depression and anxiety symptoms on EF
tasks, we applied an ANCOVA test adjusted for BDI-II and STAI scores. We reported
only effects that were still significant after covariation. When analyzing categorical
variables (e.g., gender), y tests were applied. The a value for all statistical tests was
set at 0.05.

In order to compare the usefulness of the IFS in detecting the executive
dysfunction of adults with BD and ADHD, we determined the sensitivity and
specificity of this test to discriminate between (a) healthy controls and BD patients,
and (b) healthy controls and ADHD patients. This was done by means of a receiver-
operating characteristic (ROC) curve (Hanley and Mecneil, 2010), detecting the
optimal cut-off scores. The area under the ROC curve was used as a measure of
discriminatory accuracy. Likelihood ratios were also calculated.

A multigroup discriminant function analysis (MDA) (Porebski, 1966; Stevens,
1996) with the step inclusion method (Wilki's Lamba) was performed to determine
the feasibility of the IFS (compared with classical executive measures), to dis-
criminate between healthy controls and each patient group. The working memory
index was not considered as a predictor, since the inclusion of this measure
together with Arithmetic, Backward Digit Span and Letter-Number Sequencing
subtests may affect the MDA results. For every significant discriminant function, the
level of variables' prediction in every group was tested by means of the module of
classification of MDA's cases, using Statistical Package for Social Sciences (SPSS)
version 18.0.

MDA combines independent variables by selecting and assessing the discrimi-
nant power of combined measures (predictor variables) applied in each group.
Once the best predictors were selected, a final model was run without the selection
method in order to determine the accuracy of the discriminant function. The MDA
is based on a factor analytic method, which can classify the participants in different
groups according to the discriminate ability of the selected predictors, and the
results can be used to visually represent the position of groups relative to each
other in a discriminant space. This technique was chosen since it is used for
classifying subjects into groups on the basis of a battery of measurements, as well
as on its parsimonious interpretation (Stevens, 1996). Moreover, this method can be
used in small or medium sample sizes (Porebski, 1966). Previous studies in
psychiatric populations with similar sample sizes (Pardo et al., 2006; Martin
et al,, 2007; Shur et al., 2008; Huepe et al., 2012) showed feasible results. It has
been proposed (Hair et al., 1992) that at least five observations for each indepen-
dent variable are needed, which are adequate for our data.

3. Results
3.1. Demographic data

No significant differences in age (t(1, 29)=1.62, P=0.20),
gender (y*(2)=4.65, P=0.10) or years of formal education (F(2,
71)=1.72, P=0.18) were observed between the groups. Table 1
shows the overall results from the demographic and clinical
assessments.

3.2. (linical assessment

We observed a between-group difference for BDI-II scores (F(2,
71)=3.63, P<0.01). Post-hoc comparisons (Tukey's HSD test,
MS=211.17; d.f.=71.00) revealed higher levels of depression for
participants with ADHD (P < 0.05) compared with controls. In
addition, significant differences between groups for STAI-state
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(F(2,71)=15.43, P < 0.01) and STAI-trait (F(2, 60)=15.62, P < 0.01)
scales were observed. State scale posthoc comparisons (Tukey's
test, HSD, MS=124.74; d.f.=71.00) showed that BD (P <0.01) and
ADHD (P <0.01) participants had higher scores than controls.
Post-hoc comparisons (MS=88.95; d.f.=71.00) also showed higher
scores for the trait scale in BD (P<0.01) and ADHD (P <0.01)
patients compared with the control group.

In brief, BD patients had higher levels of anxiety than controls.
ADHD patients showed higher scores of anxiety and depression
than controls. Taking the differences between groups into account,
we considered the BDI-II and STAI scores as covariables in the EF
performance analysis.

3.3. Executive functions assessment
3.3.1. INECO Frontal Screening (IFS)

IFS and other executive measures results are provided in
Table 2. The IFS total score showed significant differences between

Table 2

the groups (F(2, 71)=4.85, P < 0.01). Posthoc comparisons (Tukey's
HSD, MS=7.17, d.f.=71) revealed that compared with controls, BD
(P<0.01) and ADHD (P < 0.01) patients had lower performances.

A detailed comparison of the performance on each of the eight
IFS subtests indicated that the groups differed significantly (F(2,
71)=4.21, P<0.01) on the digit backward span. The posthoc
analysis demonstrated that ADHD patients had lower scores than
controls (P < 0.05). We also observed group differences (F(2, 71)=
3.74, P < 0.05) on spatial working memory. Posthoc comparisons
(Tukey's HSD, MS=0.99, d.f.=71) showed that both patients
groups, BD (P < 0.05) and ADHD (P < 0.01) performed worse than
controls. Furthermore, differences between groups were observed
in abstraction capacity (F(2, 71)=2.45, P<0.05). The posthoc
analysis revealed (Tukey's HSD, MS=0.30, d.f.=71) lower scores
in ADHD patients compared with controls (P < 0.05).

No significant differences between BD and ADHD patients were
found on either the total score or any of the IFS subtests. Details on
these comparisons are provided in the Supplementary material.

IFS and other executive measures raw scores. Comparisons between patient groups and controls.

BD (n=24) ADHD (n=25) Control (n=25) BD vs. CTR ADHD vs. CTR
IFS
Total score 24.3(3.8) 24.3(2.9) 27.5(2.4) 0.007 0.008
Motor series 2.5(0.8) 2.9(0.2) 2.8(0.04) N.S N.S
Conflicting instructions 2.8(0.3) 3.0(0.0) 3.0(0.0) 0.06* N.S
Go-no go 2.7(0.5) 2.7(0.5) 3.0(0.0) N.S N.S
Backward digit span 4.3(1.0) 41(1.1) 5.0(1.0) N.S 0.05
Verbal WM 1.9(0.2) 1.7(0.6) 2.0(0.0) N.S N.S
Spatial WM 2.7(1.1) 2.4(0.9) 3.5(0.7) 0.01 0.003
Abstraction capacity 2.5(0.6) 2.3(0.8) 2.9(0.2) 0.06™ 0.03
V.I. control 4.5(1.3) 4.9(1.0) 5.2(0.8) 0.07* N.S
Other executive functions measures
TM.T-B 83.2(33.1) 76.4(33.6) 68.0(25.0) N.S N.S
Go/no-go task
Correct responses (%) 93.7(17.2) 98.0(4.6) 100(0.0) N.S N.S
Commission errors (%) 9.3(17.6) 43(54) 0.2(0.8) N.S N.S
Omission errors (%) 6.3(17.2) 2.0(4.9) 0.0(0.0) N.S N.S
Reaction time (ms) 403.0(100) 359.6(142.6) 400(48.2) N.S N.S
Digit backward span 4.8(1.2) 4.7(1.1) 5.5(1.1) N.S 0.05
L-N sequencing 10.7(3.4) 10.0(2.6) 12.8(2.4) 0.06* 0.03
Arithmetic 13.4(3.8) 12.6(4.6) 15.1(3.9) N.S N.S
WM index 103.4(13.3) 94.3(14.7) 110.5(13.7) N.S 0.006
Phonologic fluency 17.0(6.2) 16.2(3.8) 22.7(7.2) 0.01 0.01

Statistically significant differences are in bold.

* Tendencies to statistical significance. IFS=INECO Frontal Screening; WM =working memory; V.I Control=verbal inhibitory control; TMT-B=Trail Making Test-B; L-N

sequencing = Letter-Number sequencing.
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Fig. 1. INECO Frontal Screening (IFS) receiver operating characteristic (ROC) curve. (A) ROC curve analysis between BD patients and controls. The area under the curve was
0.82. A cut-off score of 27.5 points showed a sensitivity of 87.5% and a specificity of 68%. (B) ROC curve analysis between ADHD patients and controls. The area under the
curve was 0.79. A cut-off score of 27.5 points showed a sensitivity of 80% and a specificity of 68%.
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Table 3
Likelihood ratios and diagnostic odds ratios.

Positive likelihood ratio Negative likelihood ratio

BD vs. controls
ADHD vs. controls

2.72 (CI: 1.53-4.84)
2.50 (CI: 1.38-4.48)

0.18 (CI: 0.06-0.54)
0.27 (CI: 0.12-0.67)

Cl=confidence interval.

Table 4
Standardized coefficients of discriminant functions.

Predictor variables BD vs. controls ADHD vs. controls

IFS total score 0.94 0.78
Correct responses (go-no go task) 0.59 -
Phonological fluency - 0.58

3.3.2. Other executive functions measures

We found differences between groups on most of the working
memory measures. The score on Backward Digit Span evidenced
significant differences between groups (F(2, 71)=2.65, P < 0.05).
A posthoc analysis (Tukey's HSD, MS=1.36, d.f.=71) revealed that
ADHD (P < 0.05) patients had a worse performance than controls.
Furthermore, the groups differed significantly (F(2, 71)=3.67,
P < 0.05) on the Letter—-number sequencing task. Posthoc compar-
isons (Tukey's HSD, MS=7.67, d.f.=71) indicated that ADHD
(P < 0.05) patients had lower scores compared with controls. We
also found differences between groups (F(2, 71)=3.68, P < 0.01) in
the Working Memory Index. The posthoc analysis showed (Tukey's
HSD, MS=175.18, d.f.=71) that ADHD group had lower perfor-
mance than controls (P < 0.01).

The score on the verbal phonological fluency task also evi-
denced significant differences between groups (F2, 71)=2.85,
P < 0.05). Posthoc comparisons (Tukey's HSD, MS=41.42, d.f.=71)
showed lower performance for both ADHD (P < 0.05) and BD
(P <0.05) groups.

3.4. Receiver operating characteristic (ROC) curve analyses

Fig. 1 illustrates the ROC curves for BD and ADHD groups. These
show the sensitivity and specificity corresponding to different
choices of IFS cut-off. The ROC curve analysis between BD patients
and controls generated a cut-off score of 27.5 points, with a
sensitivity of 87.5% and a specificity of 68%. The area under the
ROC curve was 0.82 (CI: 0.70-0.93; P < 0.01). Likewise, comparing
ADHD patients and the control group, a 27.5-point cut-off showed
80% of sensitivity and 68% of specificity. The area under the ROC
curve was 0.79 (CI: 0.66-0.91; P < 0.01). In brief, the IFS showed an
adequate sensitivity and specificity to detect executive impair-
ments in both BD and ADHD patients. The area under the ROC
evidenced that the IFS had a good discriminatory accuracy for EF
deficits in both patient groups.

Taking into account the results of the ROC curve analyses, we
used the sensitivity and specificity values to calculate likelihood
ratios for each group. These values are shown in Table 3.

3.5. Multigroup discriminant function analysis (MDA)

IFS total score and the other EF measures were included into
the MDA as independent variables. We performed a stepwise MDA
for each patient group vs. controls, individually. For BD vs.
controls, two variables (total IFS score and the percentage of the
correct responses of the computerized go-no go task) were
selected by their best contribution in differentiating the groups.
One discriminant function was calculated from the predictors with

a Wilkis's 1=0.51, ¥ (2)=16.4, P < 0.01. This function accounted
for 100% of the total variance. The IFS total score discriminated
most reliably between healthy controls and BD patients, followed
by the percentage of correct responses of the go-no go task.
Employing this model, 77.6% of participants were correctly classi-
fied, 75% of BD patients and 80% of control subjects.

Defining ADHD and control groups as dependent variables, two
variables (total IFS score and phonological fluency) were selected
by the stepwise discriminant procedure. One discriminant func-
tion was calculated between the predictors with a Wilkis's 1=0.50,
¥* (2)=20.11, P<0.01. This function accounted for 100% of the
total variance. The IFS total score also discriminated most reliably
between healthy controls and ADHD patients, followed by the
phonological fluency task. With this model, 78% of participants
were correctly classified, 80% of ADHD patients and 76% of control
subjects. Standardized coefficients of the variables selected are
shown in Table 4.

4. Discussion

The goal of this study was to determine the efficacy of the IFS to
detect executive dysfunctions in BD and ADHD adults using two
different methods, the ROC curve analysis and a MDA. We showed
that the IFS has a good sensitivity and acceptable specificity for the
detection of executive dysfunctions of both patient groups. We
also found that this screening tool has a good prediction accuracy
to differentiate healthy controls from BD and ADHD patients,
compared with other EF measures. Our results suggest that the
IFS is a useful instrument to assess EF in BD and ADHD adults.

In this way, the IFS seems to be the first screening test that has
been proved to be useful in assessing the executive functioning of
adults with BD or ADHD. The appropriate sensitivity, specificity
and discriminatory accuracy, make this test an adequate tool both
for clinical and research settings, especially when time available is
very limited. Thus, this screening test provides health profes-
sionals with an easy-to-administer and useful tool to detect frontal
impairment in everyday clinical settings or even at bedside.
Furthermore, our results further support the use of the IFS not
only in patients with frontal degenerative pathologies (bvFTD), but
also in patients with psychiatric disorders, in which frontal lobe
abnormalities are less pronounced and systematic.

4.1. The executive profile in BD and ADHD patients

BD and ADHD patients showed lower scores than controls on
the IFS total score. This is expected, since both BD (Mur et al.,
2007; Gruber et al., 2008; Bora et al., 2009; Torralva et al., 2012)
and ADHD adults (Nigg et al., 2005; Biederman et al., 2006; Adler,
2010; Barkley, 2010) show impairments in several executive
domains, which are assessed by the IFS.

Congruent with previous reports (Dowson et al., 2004; Clark
et al., 2007; Schecklmann et al., 2011), the performance on the IFS
subscales showed that both patient groups had spatial working
memory deficits. As previously reported (Nigg et al., 2005;
Biederman et al., 2006), ADHD patients also exhibited verbal
working memory and in abstraction capacity impairments
(Johnson et al., 2001).

Regarding the other EF measures, in line with previous studies
(Martino et al., 2008; Schecklmann et al., 2008; Bora et al., 2009),
both patient groups showed deficits in phonological fluency.
Furthermore, both patient groups had working memory difficul-
ties (Torralva et al., 2011), but ADHD patients had deficits in a
greater number of measures. In coherence with this finding,
impaired working memory (Dowson et al., 2004; Nigg et al,,
2005; Biederman et al., 2006; Clark et al., 2007; Torralva et al.,
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2011) and abnormal task-related brain activation (Schecklmann
et al,, 2008) have been confirmed in adults with ADHD. Indeed,
working memory has been proposed (Barkley, 1997) to be a core
deficit of the ADHD.

In summary, results of IFS and other executive measured
showed that both BD and ADHD patients performed lower than
controls on the IFS total score. The comparison of the performance
on the eight IFS subscales showed that both BD and ADHD patients
compared with controls, had spatial working memory impair-
ments. ADHD patients also exhibited difficulties in verbal working
memory and abstraction capacity. Regarding other EF measures,
both patient groups showed phonological fluency deficits.
Although both patient groups had working memory difficulties,
ADHD patients were impaired in a greater number of measures.

4.2. The efficacy of the IFS in ADHD and BD executive assessment

Using a 27.5-point cut-off, the IFS showed good sensitivity and
acceptable specificity to detect executive impairments in both BD
and ADHD patients. We used these sensitivity and specificity
values to calculate likelihood ratios. For both groups, positive
likelihood ratios indicated that a patient with executive dysfunc-
tion is about 2.5 or 3 times more likely to have a score below the
IES cut-off than a person without EF deficits. Likelihood ratios are
measures of usefulness of a diagnostic test (Akobeng, 2007).
However, the IFS is not a diagnostic test per se; rather, this is a
screening tool that aims to detect executive dysfunction in a wide
variety of conditions. Thus, although positive likelihood ratios
were relatively small, these are expected and are similar to those
of other cognitive screening tests (Larner, 2007; Paquay et al.,
2007). Regarding negative likelihood ratios, in the BD group, the
probability of having a normal score for individuals with executive
dysfunction was 0.19 compared to individuals without executive
dysfunction, whereas in the ADHD group this probability was 0.26.
This means that individuals without executive dysfunction are
about 4 to 5 times more likely to have a score above the IFS cut-off
than individuals with EF deficits. These results suggest that the IFS
is useful to exclude executive dysfunction.

The IFS was also proved to be useful for the detection of
executive dysfunction in other diseases involving the prefrontal
cortex (i.e. bvFTD) (Torralva et al., 2009; Gleichgerrcht et al., 2011).
Furthermore, the IFS has shown higher sensitivity and specificity
for the detection of dementia, higher discriminatory accuracy to
differentiate bvFTD and Alzheimer's disease patients, and stronger
correlations with executive tasks than other executive screening
tests, such as the Frontal Assessment Battery (FAB) (Gleichgerrcht
et al,, 2011).

Previous studies have examined the efficacy of other screening
tests to detect executive dysfunction. For instance, the Frontal Lobe
Score (FLS) (Ettlin et al., 2000) is an instrument composed of 12
tests and two behavioral rating scales. This tool detects pure
frontal lesions with a sensitivity of 92.3% and specificity of 75%,
but its administration takes approximately 30 min (Wildgruber
et al., 2000), which is not desirable for a screening tool. Another
study (Forti et al., 2010) evaluated the utility of the Clock Drawing
Test (CLOX) to detect executive impairments in patients with mild
cognitive impairment. This instrument showed a fair specificity
(72%), but unacceptably low values of sensitivity (28%) for screen-
ing purposes. Taking into account past and present results, the IFS
can be considered an adequate screening tool to detect executive
impairments in BD and ADHD patients and, possibly, in other
psychiatric disorders.

In fact, consistent with the ROC curve analysis results, the
MDA showed that the IFS total score was the variable that best
discriminated between (a) BD patients and controls and (b) ADHD
patients and controls. Comparing BD patients and controls, a

model that included the IFS total score and the percentage of
correct responses on the go-no go task correctly classified 75% of
BD patients and 80% of control subjects. Comparing ADHD patients
and controls, we obtained a model that included the IFS total score
and the phonological fluency tasks as the best predictors. Employ-
ing this model, 76% of ADHD patients and 80% of controls were
correctly classified. These results suggest that the IFS total score
discriminated between the healthy controls and the patient groups
more reliably than other EF measures. This is not surprising since
the IFS was designed to include several subtests in order to
measure, in an efficient way, as many EFs as possible. Although
an extensive and comprehensive neuropsychological assessment is
maybe the best method to discriminate among BD and ADHD
patients compared with controls, our results highlight the brevity,
simplicity and clinical utility of the IFS.

4.3. Limitations and further assessment

Some limitations of this study should be acknowledged. First,
although patients included in this study were not receiving
antipsychotic medication, all of BD and the majority of ADHD
patients were taking psychoactive drugs that can influence cogni-
tive functioning. Second, the current cut-off points are applicable
to individuals with high or middle education level. Future studies
should assess the IFS performance of individuals with low levels of
formal education. Another limitation is that our sample size was
relatively small. However, it is similar to sample sizes used in
previous studies comparing BD and ADHD patients (Mullin et al.,
2011; Nandagopal et al., 2011; Torralva et al., 2011). Furthermore,
previous studies in psychiatric populations with similar sample
sizes (Pardo et al., 2006; Martin et al., 2007; Shur et al., 2008;
Huepe et al., 2012) showed an adequate classification using the
MDA method.

Although BD patients who participated in this study had no
ADHD comorbidity and ADHD patients had no BD comordibity,
it is important to consider that these two disorders are often
comorbid (Krishnan, 2005; Townsend et al., 2012). This should be
taken into account in the assessment of these patients since
individuals with comorbid ADHD have a more chronic and
disabling course of BD (Nierenberg et al., 2005), which could affect
their cognitive functioning. Furthermore, in the current study we
included patients with types I and II BD. Future studies should
assess the executive functioning of samples of each type of BD
independently.

Our results showed that both BD and ADHD patients have
similar executive dysfunction profiles, which could reflect the
shared clinical symptoms and the high rates of comorbidity of
these disorders. Further studies should be performed to confirm
these findings assessing executive functioning by means of an
extensive neuropsychological battery.

In addition, further studies should assess EF in larger samples,
taking into account the subtypes of BD and ADHD. BD patients in
manic, hypomanic or depressed episodes should also be evaluated.
As well, it would be interesting to compare the executive function-
ing of BD and ADHD with that of individuals with other psychiatric
disorders. Future studies should explore the utility of the IES in
detecting EF impairments in other psychiatric disorders.

5. Conclusions

The neuropsychological assessment of patients with BD and
ADHD is a potentially useful source of information for differential
diagnosis, complementary to the clinical interview. An accurate
evaluation of EF is critical to the neuropsychological assessment of
these patients. Although this assessment cannot rely exclusively
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on an efficient screening tool, the IFS would be of great utility in
everyday clinical practice. This tool does not replace a complete
neuropsychological evaluation when available. The administration
of the IFS should be complemented with instruments that assess
other cognitive functions typically affected in BD and ADHD
patients, such as attention and memory (Bearden et al., 2006;
Tucha et al., 2009; Maalouf et al., 2010; Torralva et al., 2011). Thus,
the results of a complete neuropsychological assessment should
draw up the aims of cognitive training. These kinds of non-
pharmacological treatments may have beneficial effects on cogni-
tive functioning of ADHD and BD patients (McGurk et al., 2005;
Rostain and Ramsay, 2006; Preiss et al.,, 2013). Indeed, improve-
ments in executive functioning of BD patients have been associated
with improvements in occupational functioning (Deckersbach et al.,
2010).

To our knowledge, this is the first study to assess the utility of a
screening instrument to detect executive dysfunctions in psychia-
tric populations. Although the complexity of EF makes it impos-
sible for a single test to evaluate this cognitive process in its
entirety, the present study indicates that the IFS is a solid, brief,
and easy-to administer tool for the EF evaluation in BD and ADHD
adults.
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