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Abstract
Attention-Deficit/Hyperactivity Disorder (ADHD) and Bipolar Disorder (BPD) co-occur
frequently and represent a particularly morbid clinical form of both disorders, however underlying
neural circuitry contributing to the comorbidity remain understudied. Our aim was to investigate
functional brain circuitry during working memory in a group of participants who meet criteria for
both disorders (ADHD+BPD), and to explore the relationship of symptoms of each disorder to
brain function. We used fMRI to image brain activity in 18 male adults with both ADHD and
BPD, and 18 healthy control participants matched one-to-one on age, sex, and handedness, while
they performed a sequential letter n-back task. We investigated differences in activation between
these groups, and also correlations of brain activity during the task to symptoms of ADHD and
BPD independently. We found significant hypoactivity in the subjects with ADHD+BPD vs.
controls across frontal and parietal regions, and further, found that BPD and ADHD symptoms
related to activity in anatomically distinct regions that were respectively characterized by
activation and suppression during task. We conclude that comorbid ADHD+BPD is associated
with alterations across anterior and posterior nodes of the working memory network, and
symptoms of each disorder are related to anatomically and functionally distinct brain regions.
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Objectives of the Study
Attention-Deficit/Hyperactivity Disorder (ADHD) and Bipolar Disorder (BPD) are
estimated to affect up to 4.4% and 2.6% of adults, respectively (Kessler et al., 2005; 2006).
These conditions frequently co-occur, with up to ~30% of adults with BPD meeting lifetime
criteria for ADHD (Kessler et al., 2006; Tamam et al., 2008), and up to ~20% of adults
diagnosed with ADHD meeting criteria for BPD (Kessler et al., 2006). When comorbid with
ADHD, BPD is associated with a lower age of onset, more frequent manic episodes, mixed
presentations, and poorer functional outcomes (Nierenberg et al., 2005). While a large (and
growing) body of research exists on neurobiological and neuropsychological alterations in
each of these disorders separately, neuroimaging studies of comorbid patients are relatively
few, and therefore there is little understanding of the underlying neural substrates in patients
with both disorders.

Our review of the literature reveals only one published neurocognitive (Rucklidge, 2006)
and 4 neuroimaging papers (Adler et al., 2005; Biederman et al., 2008; Leibenluft et al.,
2007; Lopez-Larson et al., 2009) specifically addressing the ADHD+BPD comorbidity.
Rucklidge et al (2006) found that a group of ADHD+BPD adolescents were impaired in
processing, naming speed, working memory, and response inhibition, more impaired than
the BPD-alone group. The neuroimaging studies have been somewhat inconsistent in terms
of study design and results: 3 studies included child participants (Adler et al., 2005;
Leibenluft et al., 2007; Lopez-Larson et al., 2009) while one included adults (Biederman et
al., 2008); 2 used fMRI (Adler et al., 2005; Leibenluft et al., 2007) and 2 used structural
MRI (Biederman et al., 2008; Lopez-Larson et al., 2009). Across these neuroimaging
studies, the ADHD+BPD groups were found to have abnormal activity and volumes in basal
ganglia, limbic system and prefrontal cortex, although results vary widely from paper to
paper, likely due to heterogeneity of methods and regions of interest investigated.

Uncertainties remain as to whether ADHD+BPD comorbidity represents two separable
disease entities, a single clinical entity, or represents a subtype of either ADHD or BPD.
Wingo & Ghaemi (2007) review the literature on the subject and conclude that the topic has
been insufficiently studied, particularly using brain imaging techniques. Since this review,
two neuroimaging studies investigating ADHD+BPD groups tested the diagnostic validity
question (Biederman et al., 2008; Lopez-Larson et al., 2009). These studies compared brain
measures in comorbid subjects to those diagnosed with ADHD-alone, BPD-alone, and
healthy controls, therefore directly assessing the contributions of each disorder to subjects
who met criteria for both. Lopez-Larson et al (2009) found that volumetric abnormalities in
the comorbid group overlapped anatomically with those regions altered in children with
BPD-alone but not ADHD-alone, supporting the idea that ADHD+BPD may actually be a
subtype of bipolar disorder. However, in a group of adults, Biederman et al (2008) found an
additive effect of disorder-specific alterations, with the profile of abnormalities in the
ADHD+BPD group encompassing those found independently in the BPD- and ADHD-only
groups. These latter results, therefore, support separable underlying neural correlates of the
two syndromes even in the comorbid subjects. These results are consistent with family
studies documenting co-segregation between BPD and ADHD (Faraone et al., 1997; 2001).

Our primary goal was to use functional neuroimaging of working memory (WM) to further
investigate the underlying brain alterations associated with comorbid ADHD+BPD, and
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secondarily, to test the specific contributions of symptoms within each disorder to these
alterations. We chose to test the integrity of brain networks supporting WM because of the
alterations in WM performance (Robinson et al., 2006; Thompson et al., 2005) and in
underlying neural circuitry in adults with BPD (Robinson et al., 2006; Thermenos et al.,
2010; Townsend et al., 2010) and those with ADHD (Hervey et al., 2004; Paloyelis et al.,
2007).

Our primary hypothesis was that ADHD+BPD adults would show alterations in widespread
regions supporting WM, including fronto-cerebellar regions previously associated with
ADHD (Valera et al., 2005) and BPD (Townsend et al., 2010), and limbic regions
previously associated with BPD (Thermenos et al., 2010). Given preliminary structural
neuroimaging work from our group (Biederman et al., 2008) supporting the independence of
neural correlates associated with each disorder within an ADHD+BPD group, we
additionally hypothesized that bipolar symptoms and ADHD symptoms would relate to
different nodes of the WM network.

Materials and Methods
This investigation was carried out in accordance with the Partners Healthcare System
Human Research Committee Institutional Review Board and with the latest version of the
Declaration of Helsinki. Informed consent of all participants was obtained after the nature of
the procedures had been fully explained.

Participants
Participants were culled from a larger NIH-funded study of ADHD (Brown et al., 2010;
Brown et al., 2011; MH062152; see Seidman et al., 2011 for details; Valera et al., 2010).
Exclusion criteria for this study were an estimated full scale IQ <80; recent alcohol or
substance dependence or abuse; inadequate command of the English language; sensorimotor
handicaps. ADHD+BPD participants were recruited through referrals to the Adult ADHD
program at Massachusetts General Hospital (MGH) and advertisements in the greater
Boston area, and healthy control subjects were recruited through the same advertisements.

For the current report we’ve included all male subjects from this pool who meet criteria for
both ADHD and BPD and who had N-back fMRI data. Because we only had data on five
females with ADHD+BPD, not a large enough N for a meaningful random effects analysis
(Thirion et al., 2007), we chose to study a male-only sample. Previous reports of significant
sex differences in WM circuitry in controls (Goldstein et al., 2005), ADHD (Valera et al.,
2010), and psychosis (Elsabagh et al., 2009), support this decision.

Our resulting sample included 18 ADHD+BPD male subjects. From a pool of 68 male adult
controls that took part in the same study and met our inclusion criteria, we constructed a
comparison group by matching one-to-one on age, ethnicity, and handedness (see Table 1).
fMRI data from subjects in our healthy control sample has been reported in previous studies
(Valera et al., 2005; 2010), but not for the ADHD+BPD group. Data from 15 of the 18 of the
ADHD+BPD subjects as well as 7 of the 18 healthy control subjects was included in a report
of brain volumes (Biederman et al., 2008).

All subjects received identical assessments (consistent with previous studies from this
laboratory) which included a Structured Clinical Interview for DSM-IV (SCID-I; First et al.,
1997) to assess psychopathology, and modules derived from the Schedule of Affective
Disorders and Schizophrenia for School-Age Children—Epidemiologic Version (K-SADS-
E; Orvaschel & Puig-Antich, 1987) to assess ADHD. Previous work has shown that
retrospective childhood diagnoses of ADHD can be made in a reliable and valid manner
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using this method (Biederman et al., 1990; Faraone et al., 2000). A comorbid ADHD+BPD
diagnosis was made if DSM-IV criteria for ADHD were met in childhood and persisted into
adulthood, and if DSM criteria were met for Bipolar I (American Psychiatric Association,
1994). All ADHD+BPD subjects reported both their ADHD and manic symptoms as either
moderately or severely impairing to their overall functioning (see Table 2).

We administered the Profile of Mood States (POMS; McNair et al., 1992) to all participants
just prior to MRI scanning (within an hour) to assess current mood state at the time of the
scan. From this measure, we derived current scores of depressive mood, tension/anxiety, and
anger/hostility.

fMRI paradigm
We used a variant of the sequential letter visual “N-back” task as described in previous
publications from our group (Thermenos et al., 2011; Valera et al., 2005; 2010; Whitfield-
Gabrieli et al., 2009). The task contained intermittent blocks of the 2-back working memory
condition, the 0-back vigilance condition, and a baseline fixation condition. Stimuli were
sequences of white capital letters on a black background, presented centrally (200 ms
duration, 1800 ms inter-stimulus interval) in pseudo-random order. Participants were
instructed to respond to every stimulus using a response box, pressing one button to signal
targets and another to signal non-targets. In the 0-back condition, the target was the letter
“X” (23% of trials), and all other stimuli were non-targets. In the 2-back condition, the
target was any letter identical to the letter that preceded it two trials back, “2-back” (26% of
trials). Participants were administered three runs of the task, each lasting 5.6 minutes. Each
run of trials incorporated a block design with 12 epochs: 1) three 36-second epochs of 0-
back; 2) three 36-second epochs of 2-back; and 3) six 20-second epochs of “fixation”.
Condition order was randomized across runs and subjects. Percent of correct responses
(accuracy) and mean RT for correct responses (speed) were used as performance measures.

fMRI acquisition and analysis
Imaging data was collected using a Siemens Sonata 1.5T full-body scanner at the Athinoula
A. Martinos Center for Biomedical Imaging in Charlestown, MA. fMRI was performed with
an echo-planar imaging pulse sequence (21 axial slices, TR=2000ms, 5mm thickness, 1mm
interslice interval, TE=40ms, flip angle=90°, 168 volumes/run).

fMRI data were analyzed with SPM2 (Wellcome Department of Cognitive Neurology,
London). Preprocessing included correction for head motion, spatial normalization, and
spatial smoothing with a Gaussian filter (8-mm full width at half maximum). We dropped
any single runs that contained more than 3mm of scan-to-scan head motion, stimulus
correlated motion of r ≥ 0.5, or accuracy of less than 68% on the WM task. This resulted in
dropping single runs from 7 controls and 3 participants with ADHD+BPD, and 2 runs from
1 ADHD+BPD participant. However, because all participants were administered 3 runs, we
were able to retain these subjects by including remaining runs in our analysis.

After preprocessing, statistical analysis was performed at the single-subject level. Each
epoch of trials was modeled using a boxcar function convolved with a canonical
hemodynamic response function. Low-frequency components of the blood-oxygen-level-
dependent (BOLD) signal were modeled as confounding covariates. Our contrast of interest
was the activation associated with the 2-back condition using the 0-back condition as a
control baseline, as in previous studies (Cohen et al., 1994; Valera et al., 2005; 2010).
Individual contrast maps were submitted to a second-level analysis in which subjects were
treated as random effects. A voxel-level threshold of p < 0.005 uncorrected with an extent
threshold of K > 5 voxels was used to define clusters of activation across the entire brain.
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Only clusters that exceed a p < 0.05 threshold after correction for multiple comparisons are
reported. For multiple comparison correction we used Gaussian Random Field theory, which
takes into account both extent and height thresholds of the cluster, and the size of the search
map. This conjoint thresholding provides p-values that are corrected for the entire volume,
has been validated for use in the SPM2 package, and is sensitive to avoiding both Type 1
and Type 2 errors (Friston et al., 2007). All p-values reported therefore describe the
significance level of each cluster, corrected for the entire brain (except where noted).

Tests of hypothesis
In order to test the hypothesis that ADHD+BPD adults have alterations in the neural
circuitry supporting working memory, we ran a two group t-test comparing the activation in
the entire brain in the ADHD+BPD vs. healthy control group, using the 2back>0back
contrast. Confirmatory two-sample analyses of covariance (ANCOVAs) were used to
control for POMS scores in the individual mood domains to assess if differences between
the groups could be explained by current mood state at the time of scan.

To test the relationship between brain response during working memory and ADHD
symptoms or BPD symptoms, for each diagnosis we ran a correlation between number of
symptoms endorsed in the structured interview, and activity in each brain voxel during the
working memory task in the affected subjects only. For the ADHD symptoms we used total
number of ADHD symptoms endorsed (out of 18), and for BPD we used total number of
symptoms of mania endorsed (out of 7). In our sample, the range of ADHD symptoms was
6–18, and range of BPD symptoms was 3–7. Due to an internal error, one subject was
missing his symptom scores, and was therefore left out of the correlational analyses. Only
clusters with p-values corrected for the entire search volume (whole brain) are reported. R-
values reported represent the Pearson correlation coefficient for the association of number of
symptoms to mean contrast values across the cluster during the 2-back condition as
identified in our whole brain correlation.

Results
Demographic, clinical, and working memory task data

By design, the participant groups did not differ on age, handedness or ethnicity. Groups
were not statistically different on IQ or reading ability. ADHD+BPD subjects performed
significantly more poorly on the WRAT-arithmetic subtest (see Table 1). The ADHD+BPD
group reported more agitation, depression, and anxiety on the day of the scan, congruent
with clinical expectations. Performance on the working memory fMRI task was also worse
in the affected group than in controls, with accuracy scores lower on both the vigilance and
the working memory tasks, although reaction time was not different between the groups.

Medications
Ten of the 18 ADHD+BPD subjects had taken psychotropic medications within 24 hours of
the scan. Three had taken mood stabilizers alone, 6 had taken mood stabilizers in
conjunction with other medications (plus a beta-blocker [n = 2], plus an SSRI [n = 1], plus
an atypical antipsychotic [n = 1], plus a benzodiazepine [n = 1], plus a tricyclic and an SSRI
[n = 1]), and one subject had taken an SSRI and a benzodiazepine. Two subjects were
additionally prescribed stimulants for ADHD, but had not taken them within 24 hours of the
scan. No healthy control subjects were prescribed psychotropic medications at the time of
scan.
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fMRI Results
Group differences in working memory-related brain activity—Activity in a cluster
in the right parietal lobe (including superior and inferior parietal lobule and angular gyrus:
peak voxel = [39 −63 54], K = 706, corrected p-value < 0.0001), and in the right middle
frontal gyrus (peak voxel = [30 12 42], K = 351, corrected p-value = 0.002) was
significantly greater in the healthy control group than in the ADHD+BPD group. Two
additional clusters emerged with greater activation in the healthy control vs. ADHD+BPD
group, but the cluster-level p-values did not survive correction for multiple comparisons.
These were in the left middle frontal gyrus (peak voxel = [−42 30 30], K = 89, uncorrected
p-value = 0.027), and in the right frontal pole stretching 126mm anterior-posterior through
BA10 (peak voxel = [27 60 27], K = 107, uncorrected p-value = 0.017). No regions were
more active in the ADHD+BPD group than in the healthy control group. See Figure 1 for
significant diagnosis effects and Supplementary Figure 1 for marginal diagnosis effects.

Effect of mood state on group differences—None of the POMS subscale scores
(depression, anxiety/tension, or anger/hostility) explained the group differences in a
meaningful way. ANCOVAs revealed that the right parietal cluster remained significant
after controlling for depression and anger/hostility, as did the right frontal cluster, which
further, became contiguous with the R frontal pole previously identified as a trend.
Controlling for tension/anxiety scores resulted in a similar map with the right frontal cluster
remaining significant, whereas some voxels in the right parietal cluster did not pass the
significance threshold and so the cluster became non-contiguous, resulting in 3 smaller but
spatially proximal clusters that were significant before but not after correcting for voxels
across the entire brain. Overall, the maps were nearly identical suggesting that current mood
state does not explain the differences found in brain activation.

Brain-symptom correlations—Activity in a cluster in the posterior cingulate (PCC) was
significantly negatively associated with number of ADHD symptoms (cluster r = −0.865,
max vox = [−9 −33 42], K = 245, cluster p-corrected = 0.002). Examining the mean signal
change values shows that this association emerged because ADHD+BPD participants with a
greater number of ADHD symptoms evinced more suppression of this region during task
(see Figure 2). Incidentally, two other regions emerged that were suggestive of a negative
association (corrected p-values were at p<0.1), and notably these regions were also more
active at rest than during task. They included inferior temporal gyrus (ITG; cluster r =
−0.879, max vox = [51 −15 −30], K = 110, cluster p-corrected = 0.097) and subgenual
anterior cingulate (sACC; cluster r = −0.870, max vox = [−6 51 −12], K = 112, cluster p-
corrected = 0.090). See Supplementary Figure 2.

Activity in the left dorsal anterior cingulate cortex (dACC; cluster r = −0.810, max vox =
[−3 45 18], K = 151, cluster p-corrected = 0.029) was found to be significantly negatively
associated with number of mania symptoms. Examining the mean signal change values
shows that this association emerged because ADHD+BPD participants with a greater
number of symptoms of mania had less activity in this region during task, with the subjects
with at least 6 BPD symptoms evincing less activity during working memory even than
during fixation (see Figure 3). A cluster in the left superior and middle frontal gyri also
emerged in the whole-brain analysis, but was only at a trend level after correction for
multiple comparisons (cluster r = −0.837, max vox = [−33 60 6], K = 120, cluster p-
corrected = 0.076). This association suggested that in this area more symptoms also
predicted less activation during the working memory condition. See Supplementary Figure
3.
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Discussion
In this first functional MRI study of adults who meet criteria for both ADHD and Bipolar
Disorder, we found alterations across several fronto-parietal regions. Specifically, regions in
right lateral PFC and the right parietal lobe showed significantly less activity during working
memory. We additionally found that activation in a region in the left lateral PFC and the
right frontal pole were marginally less active in the affected group, although these clusters
did not pass our statistical threshold. These findings implicate widespread alterations across
the anterior and posterior dorsal executive control system in ADHD+BPD participants.
Results could not be explained by current mood state at the time of scan.

Previous neuroimaging literature in ADHD+BPD subjects is limited, with only two
structural studies (one with adults and one with children) and one functional study (with
children) comparing brain measures to controls. Our results are not directly comparable to
these former studies in which regions of interest were limited to areas outside the DLPFC,
posterior parietal cortex, and frontal pole. The neuroimaging literature in BPD alone is quite
mixed. For instance, in functional neuroimaging studies of working memory, regions found
to be differentially activated in BPD vs. healthy control subjects include all lobes of the
brain, cerebellum, and subcortical regions, and these findings are quite heterogeneous across
studies both in terms of anatomical location and direction of activation (Adler et al., 2004;
Deckersbach et al., 2008; Drapier et al., 2008; Frangou et al., 2008; Gruber et al., 2010;
Lagopoulos et al., 2007; Monks et al., 2004; Robinson et al., 2009; Silverstone et al., 2005;
Thermenos et al., 2011; Townsend et al., 2010).

The ADHD literature on working memory networks is somewhat more consistent. Generally
the findings show hypoactivation in fronto-parietal-cerebellar ROIs (Bayerl et al., 2010;
Hale et al., 2007; Sheridan et al., 2007; Valera et al., 2005; 2010), as well as in subcortical
regions when they are studied (Vance et al., 2007; Wolf et al., 2009). Neither the BPD nor
ADHD functional imaging literature however, takes comorbidity for the other explicitly into
account, which as we previously noted is common in both disorders. Lack of attention to
comorbidity may explain some of the heterogeneity in the findings. This may particularly be
the case in BPD studies, because ADHD studies may incidentally exclude the more severe
BPD patients through the common exclusion criteria of psychotropic medications other than
stimulants.

Our study investigated the separate contributions of ADHD and BPD by testing the
statistical association of symptoms of each disorder to brain activity within the same set of
subjects. In these analyses we found that BPD symptoms were associated with dACC and
marginally associated with DLPFC, regions of the classic dorsal executive network
important for supporting working memory and related processes. Because we found
hypoactivation in the comorbid subjects in the fronto-parietal system, it is not surprising that
more symptoms would predict less activation in these related regions. In contrast, we found
that ADHD symptoms were significantly negatively associated with PCC and marginally
with sACC and IFG, regions of the “task-negative” default mode network (DMN) found to
be more active during rest than during task. The relationship is not entirely unexpected given
the growing volume of literature showing a relationship between DMN dysregulation and
ADHD, both in functional connectivity (Castellanos et al., 2008; Uddin et al., 2008), and in
suppression during task (Fassbender et al., 2009; Peterson et al., 2009). However, whereas
several previous studies have found that decreased DMN suppression is associated with the
diagnosis of ADHD and more inattention to task (Eichele et al., 2008; Hampson et al., 2006;
Kelly et al., 2008; Weissman et al., 2006), we found the opposite relationship. It should be
noted however that there was no relationship between ADHD symptoms and performance
on the task (all r’s < 0.26, all p’s > 0.34), suggesting that subjects with a greater number of
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ADHD symptoms needed more suppression of DMN to perform as well as those with fewer
symptoms. Further, our finding is consistent in direction with an earlier study from our
group, where we found that increased DMN suppression predicted a greater number of
ADHD symptoms in an independent ADHD-only sample (Brown et al., 2011).

Our correlational findings are particularly interesting as they relate to the discussion of
syndromatic independence of ADHD and BPD in comorbid subjects (Wingo & Ghaemi,
2007). As noted above, the regions associated with BPD symptoms were in the classic “task-
positive” dorsal executive working memory network, while regions associated with ADHD
symptoms were part of the DMN, brain networks that work in opposition to each other in
order for efficient cognitive processes to occur. It may be that in comorbid subjects,
alterations in DMN represent an intermediate phenotype associated with the expression of
ADHD symptoms, while functional alterations in the dorsal executive system are more
related to expression of BPD in these subjects. Whether or not alterations in the working
memory network leading to these syndromes is different in subjects with only one of the
disorders alone, has yet to be tested. Our findings do suggest however, that there may be
different neural substrates underlying symptoms of BPD and those of ADHD in patients
who meet criteria for both disorders. Hence, these data are consistent with previous brain
volume findings (Biederman et al., 2008), which together support a model of syndromatic
independence of the disorders in individuals comorbid for both ADHD and BPD.

Limitations of this study include limited generalizability to females because all subjects
included were males. In addition, 56% (10 of 18) of the comorbid group was medicated at
the time of scan, and in fact many were receiving multiple medications. However, it would
not have been ethical to withdraw BPD patients from their treatments for the purpose of
scanning. Thus, while it is certainly possible that our results are confounded by medication,
previous studies have shown that alterations in frontal and parietal regions supporting
working memory are associated with ADHD in non-medicated subjects (Bayerl et al., 2010;
Wolf et al., 2009) and in medication-free BPD relatives (Thermenos et al., 2010). These
findings suggesting that the brain alterations found in ADHD+BPD are likely not entirely
accounted for by medication.

Overall, our data provides compelling evidence for widespread alterations in working
memory circuitry in comorbid subjects with both ADHD+BPD, and complements our earlier
work suggesting syndromatic independence of the constituent disorders in individuals with
the comorbidity. Future studies should investigate working memory and default mode
networks in comorbid subjects comparing them to well matched groups of subjects with
ADHD-alone, BPD-alone, as well as controls, in order to more fully understand the
contributions of the two disorders to subjects who meet criteria for both.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Main effect of diagnosis in 2-Back > 0-Back contrast
Left panels show statistical t-maps displaying clusters significantly more active in healthy
controls than ADHD+BPD including right lateral parietal lobe (top: peak voxel = [39 −63
54], K=706, corrected p-value < 0.0001) and right lateral prefrontal cortex (bottom: peak
voxel = [30 12 42], K=351, corrected p-value = 0.002). Right panels show magnitude of
BOLD signal change in each condition in each task compared to fixation baseline for the
mean activation over the significant parietal (top) and frontal clusters (bottom). No brain
regions were significantly more active the comorbid vs. control group.
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Figure 2. Brain region significantly correlated with ADHD symptoms during working memory
task
Left panel shows statistical r-map for correlation of activity during working memory task to
number of ADHD symptoms endorsed. Posterior cingulate cluster (circled) emerged as
significantly correlated (cluster r = −0.865, max vox = [−9 −33 42], K = 245, corrected p-
value = 0.002, and right panel shows the scatterplot of this relationship, displaying
correlation of mean signal change in this cluster during working memory task to number of
ADHD symptoms endorsed.
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Figure 3. Brain region significantly correlated with BPD symptoms during working memory
task
Left panel shows statistical r-map for correlation of activity during working memory task to
number of symptoms endorsed on the mania module. Dorsal anterior cingulate cortex cluster
(circled) emerged as significantly correlated (cluster r = −0.810, max vox = [−3 45 18], K =
151, corrected p-value = 0.029), and right panel shows the scatterplot of this relationship,
displaying correlation of mean signal change in this cluster during working memory task to
number of BPD symptoms endorsed.
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Table 2

Descriptive clinical data for comorbid ADHD+BPD sample.

Mean Range

ADHD – Hyperactive/Impulsive Symptoms 6.54 3–9

ADHD – Inattentive Symptoms 7.00 1–9

ADHD – Total Symptoms 13.65 6–18

ADHD Age of Onset 6.24 1–13

ADHD Impairment 2.53 2–3

Bipolar - Mania Symptoms Endorsed 5.35 3–7

Bipolar - Age of Mania Onset 14.06 1–20

Bipolar Impairment 2.56 2–3

ADHD and BPD Impairment scores are self-report of impact of disorder-specific symptoms on daily functioning: 1 = minimally impairing, 2 =
moderately impairing, and 3 = severely impairing.
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