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Abstract
Background—The inferior frontal cortical (IFC)-striatal network plays an integral role in
response inhibition and is compromised in patients with Bipolar Disorder (BP) or Attention-
Deficit/Hyperactivity Disorder (ADHD). Prior BP functional neuroimaging studies have not
accounted for ADHD comorbidity despite its high prevalence.

Methods—The authors conducted an fMRI study using a response inhibition task (Go-NoGo) in
32 euthymic adults with BP, half with comorbid ADHD (BP/ADHD); 16 adults with ADHD
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alone; and 30 healthy controls. Within- and between-group whole-brain analyses were performed
to assess for significant neural function differences.

Results—All groups activated frontal and striatal regions involved in response inhibition.
ANOVA results demonstrated significant interaction effects of BP and ADHD in the anterior and
posterior cingulate, left superior and middle frontal gyri and left inferior parietal lobule. Follow-up
comparisons showed significant differences between BP subjects with and without ADHD. Other
regions demonstrated main effects of BP (left inferior frontal gyrus, left middle frontal gyrus, right
superior frontal gyrus and left insula) and ADHD (left inferior frontal gyrus, left precentral gyrus
and right anterior cingulate).

Limitations—This study, as the first of its kind, requires replication using large sample sizes and
controlling for potential effects of medication.

Conclusions—Euthymic bipolar adults with comorbid ADHD have significantly different
neural activation patterns from BP patients without this comorbidity. If understanding of the
neurobiology of bipolar disorder is to be achieved, it is critical to control for this potential
confound, something not done by most prior fMRI studies of adults with BP.
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1. Introduction
Bipolar disorder (BP) and Attention-Deficit/Hyperactivity Disorder (ADHD) are two
psychiatric disorders with high prevalence and substantial comorbidity in the U.S.
(Nierenberg et al., 2005, Kessler et al., 2006), with estimated rates of ADHD comorbidity in
BP adults ranging from 9.5% (Nierenberg et al., 2005) to 19.4% (Kessler et al., 2006). High
rates of comorbid BP and ADHD are also reported in the pediatric literature (Moreno et al.,
2007), but the extent of this overlap remains unclear due to disagreements over applying BP
criteria to children (Parens and Johnston, 2010). Comorbidity results in greater illness
burden and complexity (McIntyre et al., 2010). In addition to high comorbidity, the two
disorders share many symptoms, suggesting the possibility that similarities in neural
dysfunction (specifically, impairment in IFC function during response inhibition) may be
present in both disorders (Epstein et al., 2007).

Few neuroimaging studies have reported whether adults with BP have been evaluated for the
presence of comorbid ADHD (Biederman et al., 2008). This is likely because studies in
adults use structured diagnostic instruments of adult psychopathology [e.g., the Structured
Clinical Interview for DSM-IV (SCID) (Spitzer et al., 1996)] that do not include
assessments for ADHD. Thus, the possibility exists that abnormal activation patterns
attributed to bipolar disorder in fMRI studies have been confounded by neural dysfunction
related to the presence of unrecognized ADHD. One MRI study (Biederman et al., 2008)
found that BP adults with comorbid ADHD showed structural abnormalities that were the
aggregate of those found in participants with each of the disorders alone. However, there has
been no four group (control, BP, ADHD, BP/ADHD) fMRI study in adults to assess whether
the comorbid condition results in a sum of the neural patterns of each disorder (additive) or
whether the diagnoses interact.

Bipolar disorder is associated with impulsivity during manic and euthymic mood states
(Swann et al., 2001, Swann et al., 2008). Such behavioral traits suggest dysfunction in
neural regions involved in response inhibition. Adults with ADHD also show increased
impulsivity and demonstrate neural impairments (hypoactivation) in the inferior PFC,
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anterior cingulate and striatum (Cubillo and Rubia, 2010). fMRI studies examining euthymic
BP adults during response inhibition tasks have produced conflicting results (Wessa et al.,
2007, Kaladjian et al., 2009a). One study found no significant differences (Wessa et al.,
2007) between euthymic BP and control participants, while other studies have found
decreased activation in similar regions paralleling what has been reported in the ADHD
literature (Blumberg et al., 2003, Strakowski et al., 2005, Kronhaus et al., 2006, Pompei et
al., 2011). None of the BP studies, however, evaluated participants for the presence of
comorbid ADHD. This potential confound may explain some of the conflicting results in the
existing adult BP literature.

In the current study we sought to determine whether the joint effects of BP and comorbid
ADHD on neural dysfunction represent a simple aggregate of the effects of each disorder
(additivity) or whether the combination of the disorders results in a unique neural profile
(interaction). We performed separate analyses for each of the 4 groups (control, BP, ADHD
and BP with comorbid ADHD), as well as across-group comparisons. In particular we
hypothesized that 1) significant deficits in bipolar subjects compared to controls in fronto-
striatal regions would exist, but that 2) in some of these regions the patterns of activation
would differ significantly between BP subjects with and without comorbid ADHD.

2. Methods
2.1 Participants

This protocol was approved by the institutional review boards at the University of
California, Los Angeles (UCLA) and at the Department of Veterans Affairs (VA) Greater
Los Angeles Healthcare System, and each participant gave written informed consent. All
participants were interviewed using the Structured Clinical Interview for DSM-IV (SCID)
(Spitzer et al., 1996) to determine the presence or absence of Bipolar I Disorder. Next, all
participants were assessed for ADHD using the behavioral disorders module of the Kiddie
Schedule of Affective Disorders (K-SADS), modified for use in adult populations
(McGough et al., 2005). BP/ADHD and ADHD participants were required to meet full
DSM-IV ADHD child criteria. Participants with ADHD and/or BP were excluded if they
met criteria for any other current Axis I disorder. Control participants were excluded if they
had current or past psychiatric diagnosis or were taking any medications for chronic medical
conditions. Additional exclusion criteria for all participants were left-handedness,
hypertension, neurological illness, metal implants, and a history of head trauma with loss of
consciousness > 5 minutes.

Mood symptoms were evaluated in all participants on the scan day, using the Young Mania
Rating Scale (YMRS) and the Hamilton Depression Rating Scale (HDRS). All subjects were
required to meet the criteria for euthymic mood state by the rating scales above, namely
YMRS score of ≤ 7 and a HDRS ≤ 7. Bipolar subjects additionally had to have been
euthymic by self report and by SCID >1 month prior to scanning.

2.2 Functional Magnetic Resonance Imaging Procedure
Patients underwent an fMRI scan on a 3-Tesla scanner (Allegra; Siemens AG, Munich,
Germany). The Blood Oxygenation Level Dependent (BOLD) contrast was evaluated using
a T2-weighted EPI gradient-echo pulse sequence (TR=2500ms, TE=35ms, Flip-Angle=90°,
Matrix 64×64, FOV=24cm, in-plane resolution 3.75mm × 3.75mm, slice thickness= 3mm,
28 slices). EPI structural images were obtained co-planar to the functional scans (TR=5000,
TE=33 ms, 3 mm thick, matrix 1282, FOV=24 cm, 28 slices).
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2.3 Activation Task
We used a Go/No-Go task with a block design to measure of response inhibition;
specifically, subjects inhibit responses to rare non-targets (No-Go trials) in the context of
frequent targets (Go trials). This paradigm has been used successfully in bipolar subjects
while manic (Altshuler et al., 2005) and depressed (Altshuler et al., 2008) and the specifics
of the paradigm have been detailed in previous papers. Briefly, the Go/No-Go task, whether
using a block or event-related design [for review see (Aron and Poldrack, 2005)], has been
shown to robustly activate the IFC and anterior cingulate, regions implicated in response
inhibition and conflict (Cabeza and Nyberg, 2000). Our implementation of the task began
and ended with 30-second rest blocks, with eight alternating 30.5-second blocks of go and
no-go conditions. In the Go (control) condition, subjects were supposed to press a button
each time a (randomly chosen) letter appeared on the screen. In the No-Go (experimental)
condition, subjects were shown either random letters or the letter “X” and had to refrain
from pressing the button when an “X” was shown. Subjects saw the letter “X” in 25% of
trials and the order of the appearance of the letter “X” in the experimental block was
random. Within each condition, stimulus presentation lasted 0.5 seconds, with an
interstimulus interval of 1.5 seconds.

2.4 Behavioral Data Analysis
Differences in the response times and accuracy of performance for each of the conditions
(Go and No-Go) were assessed using a mixed effects ANOVA model (unconstrained
covariance matrix), using diagnosis as a grouping variable and condition (Go vs No-Go) as a
repeated measure.

2.5 fMRI Analysis
Functional images were examined for motion or spike artifacts, and scans with >1.5mm
motion were excluded. FMRI data processing was carried out using FEAT (FMRI Expert
Analysis Tool) Version 5.91, part of FSL 4.0 (FMRIB's Software Library,
www.fmrib.ox.ac.uk/fsl). Pre-processing included motion correction (Jenkinson et al.,
2002), non-brain removal, spatial smoothing using a 5mm Gaussian kernel, grand-mean
intensity normalization and high-pass temporal filtering (Gaussian-weighted least-squares
straight line fitting, with sigma=65.0s).

Time-series statistical analyses were performed using FILM with local autocorrelation
correction. Registration was carried out using a 2 step transformation in FLIRT (Jenkinson
et al., 2002), with a 7 degree of freedom global rescale transform to register the functional to
the structural image, and a 12 degree of freedom affine transform to register structural
images to standard space.

Contrasts were made for the NoGo-Go comparison for each participant using FLAME
(FMRIB's Local Analysis of Mixed Effects) (Worsley, 2001) and these contrasts and their
variances were submitted to second-level analysis. Specifically, at each voxel we fit a 2×2
ANOVA with main effects for BP and ADHD and their interaction. This parameterization
allows different means for each of the four groups (control, BP alone, ADHD alone,
comorbid) while at the same time allowing easy computation of contrasts of interest. Either
significant interactions or main effects of ADHD would indicate the possibility of a
confound when looking for effects of BP if ADHD status is not properly accounted for.
Random effects were used to account for correlations among multiple voxels within
subjects. F statistic maps were used to identify regions with significant interactions and then,
after masking out the interactions, to find regions with main effects. We first determined
clusters of z > 2.0 and then applied a corrected cluster threshold of P = 0.05, as described in
(Worsley, 2001). Follow-up contrasts (using between-group random effects analyses in
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FLAME (Worsley, 2001) were used to determine the patterns of pairwise group differences
in the regions with significant interactions and to determine the direction of differences in
regions with only main effects. To be conservative with respect to multiple testing, results
for the follow-up contrasts in were considered significant at the same cluster threshold
(Z>2.0, p=0.05 corrected) used to create the overall maps although the tests were performed
only in regions which had already shown significant interactions.

3. Results
3.1 Participants

Twenty participants with bipolar disorder alone (BP), 19 with comorbid BP and ADHD (BP/
ADHD), 19 with ADHD alone (ADHD) and 32 control participants met inclusion criteria
for the study. Four BP, 3 BP/ADHD, 3 ADHD and 2 control participants were excluded
from analyses due to excessive motion artifacts in their scans. Thus, the final analyses
included 32 euthymic bipolar (16 BP and 16 BP/ADHD), 16 ADHD and 30 control
participants.

Demographic and medication data are shown in Table 1. We compared all four groups on
demographic factors to check for possible confounds. There were no significant differences
in age (ANOVA F=0.10, df=74, 3, p=0.95) or gender (Fisher’s exact test p=0.66).
Additionally, we checked for differences in symptom severity within the patient groups to
make sure this did not confound the key comparison of BP/ADHD to BP alone subgroups.
We found no difference between the two bipolar patient subgroups’ YMRS (F=0.22, df=43,
2, p=0.80) or HDRS (F=0.77, df=42,2, p=0.47) scores (Table 1). Similarly, there were no
significant differences in ADHD severity between BP/ADHD and ADHD participants based
on total K-SADS scores (T=1.91, df=30, p=0.07). Six (37.5%) of the 16 BP participants and
3 (18.8%) of the 16 BP/ADHD participants were medication-free at the time of scanning
(Fisher’s exact test p=0.43). 15 of the 16 participants with ADHD were unmedicated at the
time of scanning (93.8%).

3.2 Behavioral Data
Behavioral analyses revealed no significant differences between groups on accuracy,
reaction times or in errors of commission. The behavioral data are summarized in Table 2.

3.3 fMRI Data
3.3.1 Within Group Analysis—First we report results for within group analyses (NoGo-
Go contrast), which were designed to examine the pattern and degree of activation in each
group. Figure 1 shows the activation maps for each of the 4 groups.

As predicted, control participants extensively activated frontostriatal regions, including
bilateral IFC (BA44/45 and 47), anterior cingulate, caudate, putamen and thalamus.
Additional regions of activation included (all bilaterally) the superior frontal gyri, inferior
parietal lobe, middle temporal gyrus and occipital lobe and cerebellum.

BP participants activated similar regions throughout the frontal lobe, including bilateral
inferior frontal gyrus (BA47), anterior cingulate, right middle frontal gyrus (BA46/9 and
BA10) and the right precentral gyrus. Other regions of significant activation included
bilateral insula, right precuneus and right inferior parietal lobe. BP participants did not
significantly activate striatal regions.
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ADHD participants showed significant activation lateralized to the right hemisphere,
including in the right inferior frontal gyrus (BA47), right middle frontal gyrus (BA46/9 and
BA10), right inferior parietal lobule and supramarginal gyrus and left cerebellum.

Comorbid BP/ADHD participants showed significant activation in bilateral inferior frontal
gyrus (BA47), bilateral insula, right middle frontal gyrus (BA10 and BA6), anterior
cingulate, right caudate, right globus pallidus, right thalamus, right inferior parietal lobule,
right middle temporal gyrus, bilateral occipital lobe and bilateral cerebellum.

3.3.2 ANOVA Interaction and Main Effects: BP/ADHD Comorbidity—To directly
compare the groups, we fit a 2×2 analysis of variance (ANOVA) of neural activation at each
voxel with main effects for ADHD and BP status and a BP × ADHD interaction. A
significant interaction (cluster Z > 2.0, p < 0.05 corrected) would indicate that the degree of
difference in neural activation patterns between bipolar and non-bipolar participants during
the response inhibition task was significantly affected by whether the subject had ADHD. In
regions without interactions, significant main effects would indicate differences between BP
and non-BP subjects or differences between ADHD and non-ADHD subjects each without
regard to the other diagnostic indicator. We note that either a significant interaction or a
main effect of ADHD could imply a difference between BP/ADHD and BP alone subjects,
leading to potential confounds when trying to identify deficits specifically associated with
bipolar disorder.

Significant interaction effects were seen in the bilateral anterior cingulate (BA32/24), left
superior and middle frontal gyri (BA8/9 and BA10), left medial frontal gyrus (BA8 and
BA9), bilateral posterior cingulate (BA31), left inferior parietal lobe, left precuneus,
bilateral thalamus and left striatum (Table 2). Significant main effects for BP were found in
left inferior frontal gyrus (BA45/47), left middle frontal gyrus (9/46), right superior frontal
gyrus (BA10), left insula and left middle and superior temporal gyrus (BA 21/22).
Significant main effects for ADHD were seen in the left inferior frontal gyrus (BA45), left
precentral gyrus (BA6), right anterior cingulate (BA24) and left middle and superior
temporal gyrus (BA21/22).

3.3.3 Post Hoc Pairwise Comparisons—Since we were specifically interested in
whether neural activation patterns in bipolar participants differed significantly by ADHD
comorbidity status, we performed post hoc pairwise comparisons of BP/ADHD vs. BP
subjects in regions with significant interactions. We also compared control vs. BP subjects
and control vs. BP/ADHD subjects to discern the complete pattern of deficits in BP subjects
relative to controls.

Table 3 displays the pattern of activation in areas of significant regional interaction. Within
regions with significant interactions, the BP/ADHD group had significantly greater
activation in anterior cingulate (BA24/32), posterior cingulate and bilateral thalamus
compared to subjects with BP alone. BP/ADHD participants also showed significantly
greater activation than BP participants in the left inferior frontal cortex (BA44), right
superior frontal gyrus (BA10), right parahippocampal and left supramarginal gyrus (Figure
2a). There were no significant areas of activation where BP > BP/ADHD. The comorbid BP/
ADHD group had significantly greater activation than control participants in the bilateral
anterior cingulated (BA24/32), posterior cingulate, right thalamus, bilateral medial frontal
gyrus (BA9) and left parahippocampal gyrus (Figure 2b). There were no areas where
controls had significantly higher activation than comorbid BP/ADHD subjects.

Control participants activated several areas significantly more than the participants with BP
alone, including the left IFC (BA44/45), left frontopolar region (BA10), left dorsal lateral
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PFC (BA9/46), bilateral anterior cingulate (BA32), left parietal lobe (BA40) and numerous
subcortical structures including left caudate, left putamen, right subthalamic nucleus and
bilateral thalamus (Figure 3). There were no significant areas of higher activation in BP
alone subjects compared to controls.

4. Discussion
Most current neuroimaging studies of adult bipolar disorder fail to consider potential
confounds of comorbid ADHD, a disorder highly prevalent in patients with bipolar disorder
and a disorder also associated with neural dysfunction. We found that a combined diagnosis
of bipolar disorder and ADHD results in a significantly different neural activation pattern
during a Go/No-Go task in multiple brain regions than a diagnoses of bipolar disorder alone.
A significant interaction effect was seen in the anterior and posterior cingulate, the left
medial and middle frontal gyri, the left inferior parietal lobule and precuneus, and in the
thalamus and striatum. These interaction results demonstrate that the fMRI neural activation
patterns seen in patients with comorbid ADHD are not simply a summation of the
differences associated with each condition alone. Our comorbid BP/ADHD group showed
significantly greater activation in the anterior and posterior cingulate and thalamus in
comparison to both the BP and control groups. They also showed significantly greater
activation in the left inferior frontal gyrus (BA44) and right superior frontal gyrus (BA10) in
comparison to the bipolar only group. Most important, the controls vs. BP only results are
very different than controls vs. BP/ADHD. While the control subjects had significantly
greater areas of activation than the BP group in areas where there were significant
interaction effects (e.g. in bilateral anterior cingulate, BA45/47 etc.), there were no areas
where controls had significantly greater activation than the BP/ADHD group. This
difference may in part explain inconsistent findings in the literature. Future imaging studies
on subjects with BP should assess and control for potential ADHD, as the imaging findings
will almost certainly be affected by the proportion of subjects with the comorbidity that are
included. Grouping the BP and BP/ADHD participants together may lead to incorrect
conclusions about the pathophysiology of bipolar disorder.

Specific to the task used in this study, it is possible that unaccounted-for ADHD comorbidity
could help explain conflicting results found in two prior studies of response inhibition in
euthymic bipolar subjects. One study using the Go/No-Go task found decreased activation in
the left frontopolar region in euthymic bipolar subjects, consistent with our current results
(Wessa et al., 2007). However, a second study using both emotional and nonemotional
stimuli in a Go/No-Go task found no significant differences between euthymic bipolar and
control participants (Kaladjian et al., 2009b). Both studies relied on the SCID for psychiatric
diagnoses and thus participants likely were not assessed for the presence of ADHD. Our
current results might help to explain some of these discrepancies. Given that adult ADHD
studies report hypoactivation of frontostriatal regions (Cherkasova and Hechtman, 2009), we
hypothesized that reduction in frontostriatal activation in published studies of bipolar
disorder might be attributable to comorbid ADHD. However, direct comparison of the
control and BP only participants revealed significant group differences in the frontostriatal
network. A recent study of BP euthymic subjects also demonstrated a similar reduced
activation and reduced functional connectivity in frontostriatal regions compared to control
subjects (Pompei et al., 2011). Thus, even while controlling for ADHD comorbidity, BP
subjects demonstrated significantly less frontostriatal activation during response inhibition,
suggesting the existence of neural deficits specific to bipolar disorder in this brain region.

The ability to modulate or inhibit responses is generally attributed to neural activity in the
IFC, as demonstrated by non-clinical controls in whom greater impulsivity is associated with
attenuated IFC activation (Horn et al., 2003). Lesion studies support the role of the IFC in
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response inhibition, as damage to the IFC results in increased motor activity and behavioral
changes including hyperactivity and disinhibition (Starkstein et al., 1988). Studies of control
subjects have demonstrated the essential role of the frontostriatal network in inhibition,
which includes the IFC, the anterior cingulate and the striatum (Aron, 2007, Casey et al.,
2002). Reduced IFC activation in the euthymic state may be responsible for the persistent
behavioral symptoms of impulsivity reported previously (Swann et al., 2008). Reduced
activation in this region in euthymic bipolar subjects has also been demonstrated using
interference tasks (Blumberg et al., 2003, Kronhaus et al., 2006), and as such may represent
a neural phenotype of chronic underactivation of a modulatory network that regulates not
only movement/activity, but also mood.

The activation patterns in the cingulate across patient and control groups are complex,
reflecting the heterogeneity of this structure in terms of its anatomical connectivity and
cytoarchitecture (Vogt et al., 2005). While control participants activated the anterior
cingulated cortex (ACC), the area of activation was in the mid-supracallosal ACC. This
region has connections to the premotor cortex and the DLPFC and has been shown to be
activated during motor and error detection (Botvinick et al., 2004, Beckmann et al., 2009).
Our results revealed significant interaction effects of BP and ADHD throughout the ACC,
including a distinct, more anterior region of the ACC that has reciprocal connections to the
orbitofrontal cortex, striatum and amygdala in both nonhuman primates (Carmichael and
Price, 1994) and humans (Johansen-Berg et al., 2008, Stein et al., 2007). This area is active
in emotion, reward and conflict monitoring tasks (Cabeza and Nyberg, 2000, Botvinick et
al., 2004, Beckmann et al., 2009). BP/ADHD participants had significantly greater
activation than both control and BP only participants in this particular ACC region. The
anatomic and functional connections of the ACC to the frontal lobe and subcortical regions
possibly permit it to serve a modulatory role between the two. Hyperactivity of a similar
region in the ACC has been shown in major depressive disorder (Goldapple et al., 2004,
Kennedy et al., 2007) and may be a marker of increased effort needing to be exerted to
perform inhibitions tasks in BP subjects with comorbid ADHD. Alternatively, studies show
activation of the ACC during times of emotional stress (Price, 2000, Masten et al., 2009),
and this greater ACC activation may reflect the increased stress experienced by BP subjects
with the additional ADHD burden when asked to perform such tasks. The other area within
the cingulate that showed both a significant interaction effect and was hyperactive in BP/
ADHD participants compared to BP only participants was the posterior cingulate, which has
anatomical connections to the parietal lobe and hippocampus. Although the exact functional
connectivity of the cingulate and its subregions is still unknown, the results of this study
suggest that hyperactivity of the anterior cingulate may signal a difference in the larger
fronto-limbic-striatal circuit that is essential to both response inhibition and emotion. It may
be that having both ADHD and BP results in an additional load on the attentional network to
complete the task at the same level of accuracy, and the neural correlate of this is increased
cingulate activity.

This is the first fMRI study to examine differences between adult BP, ADHD and comorbid
participants. The comorbid BP/ADHD group did not simply show the aggregate of patterns
of the ADHD and BP only groups. Our results provide evidence of a possible BP/ADHD
functional biosignature, beyond the aggregate of deficits seen in either condition. These
results, if replicated, suggest that future neuroimaging studies need to account for ADHD
comorbidity, as the comorbid condition presents additional abnormal activation patterns.
This unique activation pattern compared to subjects with only BP may be useful in the future
use of fMRI to aid in psychiatric diagnosis.

Our study has several limitations. First, despite this being the largest sample of euthymic
bipolar participants using a response inhibition task, the samples sizes of the subset of BP
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only and BP/ADHD groups are modest. Second, as the control and majority of ADHD
participants were unmedicated while the BP and BP/ADHD participants were largely
medicated, there exists a possible confound due to medication status. However, the BP/
ADHD group was not on stimulants and as such, was similar with regard to medication
status to the BP only group. As the comorbid participants showed cingulate hyperactivation
while the BP group showed IFC hypoactivation, it is unlikely that medication effects were
solely responsible for differential activation patterns observed. This is in line with a recent
meta-analysis showing the medication effects alone do not explain the main findings in the
bipolar functional imaging literature (Phillips et al., 2008). Future studies using unmedicated
participants and larger sample sizes could address these limitations and can help clarify the
degree to which medication may or may not confound functional imaging findings.

A third potential limitation is that we used a block design, in which blocks of Go-only
events were contrasted against blocks composed of both Go and No-Go events presented
randomly. We specifically chose this block design to match the paradigm we had previously
used in manic and depressed subjects (Altshuler et al., 2005, Altshuler et al., 2008). A block
design lacks a "pure" response-withholding condition as would be seen in an event-related
design; consequently the signal magnitude during the inhibition blocks might have been
reduced or there may have been less power to see activity in some regions. Despite these
potential limitations, we observed robust IFC activation within all groups during this task.
Thus, we did not find the block design to be disadvantageous in activating response
inhibition networks, consistent with Aron and Poldrack’s (Aron and Poldrack, 2005) review
of block vs. event-related Go/NoGo tasks wherein both designs show robust IFC activation.

Fourth, the lack of behavioral differences precluded any meaningful behavioral correlations
with functional activation. We intentionally designed the study to be easy enough for all
subjects to perform adequately so as not to include any confounds related to poor behavioral
performance, but this has the drawback of limiting such behavioral correlations. Similarly,
there were no specific measures of impulsivity aside from the behavioral data collected.
Future studies that include such metrics would help correlate clinical impulsivity deficits
with functional impairments seen during fMRI. Finally, this study was focused primarily on
the question of BP/ADHD comorbidity as it relates to functional deficits seen in bipolar
disorder in adult population. As such, comparison of the ADHD to control and BP alone
subjects and discussion of the pediatric literature were beyond the scope of this specific
study.

Results from this study require further investigation and potential replication in similarly
diagnosed groups, but strongly suggest that conclusions drawn from studies evaluating the
underlying neural pathophysiology of bipolar disorder may not be accurate unless
participants with comorbid ADHD are either excluded from or accounted for in the fMRI
analyses. It is critical to control for this confound to avoid erroneous conclusions about the
neural abnormalities in bipolar disorder. Future studies that examine not only neural
differences in specific brain regions, but also assess how these regions may interact
(connectivity studies) may provide further insight into the differences in neural patterns in
BP, BP/ADHD and ADHD.
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Figure 1.
Within-group results are shown at Z>2.3, p=0.05 corrected, for control, BP, BP/ADHD and
ADHD participants.
From top to bottom:
a. Control subjects (n=30)
b. BP euthymic subjects (n=16)
c. BP/ADHD euthymic subjects (n=16)
d. ADHD subjects (n=16)
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Figure 2.
Random effects results show significant hyperactivation of the anterior cingulate in BP/
ADHD participants compared to both BP (a) and control (b) participants (cluster Z>2.0,
p=0.05 corrected).

TOP 2a. BP/ADHD subjects > BP subjects

BOTTOM 2b. BP/ADHD subjects > Control subjects
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Figure 3.
Random effects results show significant differences between controls and BP participants in
the IFC and striatum (control subjects > BP subjects) (cluster Z>2.0, p=0.05 corrected)
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Table 1

Demographic characteristics of control, BP euthymic, BP/ADHD euthymic and ADHD participants.

Control BP BP/ADHD ADHD

Number 30 16 16 16

Age (mean years ± SD) 36.8 ± 12.6 38.1±12.2 36.4±14.1 35.7±10.8

Gender—Male 17 12 9 10

Gender—Female 13 4 7 6

ADHD subtype

   Inattentive 6 10

   Hyperactive 5

   Combined 3 6

   Not Otherwise Specified 2

KADS- Total - - 12.9 ± 3.5 10.5 ± 3.5

YMRS score (mean ± SD) 0.5±0.9 1.1±1.6 1.1±1.7 0.8± 1.3

HDRS score (mean ± SD) 0.9±1.2 3.6±1.8 3.8±1.9 3.1± 2.0

Illness Duration (years ± SD) - 19 ± 12.4 22.9±14.7 -

Duration Euthymic (months ± SD) - 11.4±16.2 19.3±25.6 -

# Prior Manic Episodes (median) - 2.5 4.5 -

# Prior Depressive Episodes

median) - 6 7 -

Medication -

   Unmedicated 6 3 14

   Anticonvulsants 6 9

   Antipsychotics 7 10

   Antidepressants 3 8

   Stimulants 2
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Table 3

Significant activation patterns by group*

Regions of Significant Interaction
Effects

BP/ADHD > BP BP/ADHD >
Control

Control >
BP

Left anterior cingulate (BA24/32) X X X (32)

Right anterior cingulate (BA24/32) X X X (32)

Left posterior cingulate (BA31) X X

Right posterior cingulate (BA31) X X

Left inferior frontal cortex (BA44/45) X X

Left frontopolar (BA10) X

Right superior frontal gyrus (BA10) X

Left medial frontal gyrus (BA9) X

Right medial frontal gyrus (BA9) X

Left dorsolateral PFC (BA9/46) X

Left inferior parietal lobe (BA40) X

Left putamen/caudate X

Left thalamus X X

Right thalamus X X X

Left parahippocampal gyrus X

Right parahippocampal gyrus X

*
There were no areas of BP> BP/ADHD, BP>Control or Control>BP/ADHD
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