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Objective: Although euthymic bipolar
patients show minimal manic and de-
pressive symptoms, they continue to
show impaired emotional regulation and
cognitive functioning. Few studies have
directly examined the interference of
emotional information with cognitive
processes and its underlying cerebral
mechanisms in euthymic bipolar pa-
tients. The authors examined the emo-
tional modulation of cognitive processes
and its underlying neural mechanisms in
euthymic bipolar patients.

Method: Seventeen euthymic bipolar
patients and 17 healthy comparison sub-
jects underwent functional magnetic res-
onance imaging (MRI) while performing
an emotional and nonemotional go/nogo
task. Neural responses associated with
the overall task performance, as well as
with the impact of emotional information
on the task performance, were assessed.

Results: Bipolar disorder patients exhib-
ited increased activity in the temporal
cortex, specifically to emotional go/nogo
conditions, as well as in the orbitofrontal
cortex, the insula, the caudate nuclei, and
the dorsal anterior and posterior cingu-
late cortices when inhibiting emotional
stimuli compared with neutral stimuli.
Conversely, no global attentional deficits
were observed on either a behavioral or
neural response level, indicated by simi-
lar task performances for all task condi-
tions and similar brain activation patterns
when comparing all the go/nogo condi-
tions with the resting state.

Conclusions: The present study provides
evidence of an altered emotional modu-
lation of cognitive processing in euthymic
bipolar patients, indicated by an overacti-
vation in ventral-limbic, temporal, and
dorsal brain structures during emotional
go/nogo conditions in patients relative to
comparison subjects.

(Am J Psychiatry 2007; 164:638–646)

Bipolar disorder has been associated with deficits in
emotional processing (1, 2) and impaired executive func-
tioning (3) that persist even in euthymic states, during
which patients with bipolar disorder show minimal manic
and depressive symptoms. It has been suggested that the
emotional dysregulation accounts for cognitive distur-
bances by reciprocal interactions between cognitive and
emotional brain networks (4). However, direct evidence of
the persisting cognitive-emotional interference in euthy-
mic bipolar patients and its underlying neural mecha-
nisms is scarce (5).

In light of neurobiological models of normal emotion
perception (6) and emotional dysregulation in affective
disorders (4, 7, 8), the supposed cognitive-emotional in-
terference in affective disorders has been attributed to a
lack of inhibitory feedback mechanisms, arising from the
following two functionally altered neural routes: first, a
hypoactive dorsal-cognitive network, including the dorso-
lateral/dorsomedial prefrontal cortices, the dorsal ante-
rior cingulate cortex, and the posterior cingulate cortex,
which has been involved in attentional executive process-
ing (9); second, a hyperactive ventral-limbic network en-
compassing the ventrolateral prefrontal cortex, the orbito-
frontal cortex, the ventral/subgenual anterior cingulate

cortex, the amygdala, the insula, the hypothalamus, and
the striatum that has been implicated in emotional regula-
tion and socioemotional behaviors (6). Because of its cy-
toarchitectural characteristics and reciprocal connections
with both ventral and dorsal networks, the rostral anterior
cingulate cortex is considered to serve as a functional link
between these circuits, ensuring a normal integrative pro-
cessing of mood and cognitive behaviors (7).

In line with the previously described models, functional
magnetic resonance imaging (fMRI) studies (10, 11) have
provided preliminary evidence of an increased activity in
ventral-limbic brain structures during a purely cognitive-
attentional task in euthymic bipolar patients with pre-
served behavioral performances. It has been hypothesized
that patients with bipolar disorder attach an emotional va-
lence to a task for which no processing of emotional infor-
mation is required. These findings (10, 11) indeed suggest
an impact of sustained emotional dysregulation on cogni-
tive control in remitted bipolar disorder patients. How-
ever, a direct interaction between these two processes and
their relative impact on each other cannot be drawn from
these previous studies, since the used tasks did not require
the processing of emotional information.
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To date, only one study has investigated the cognitive-
emotional interference and its underlying neural mecha-
nisms in remitted bipolar disorder patients (5) by using an
emotional Stroop task. Whereas the patients’ task accu-
racy was preserved, remitted bipolar disorder patients
showed a decreased activation in the ventral-limbic brain
network as well as in the superior and middle temporal
gyri in response to affective words. Yet, as no nonemo-
tional control task was employed in that study (5), it re-
mains unclear whether these functional alterations repre-
sent a specific correlate of an altered emotion-cognition
interaction in bipolar disorder patients or whether they
represent generally altered activation patterns in response
to cognitive demands, regardless of their emotionality. In-
deed, a decreased activity in similar brain regions was ob-
served in two other studies, employing a nonemotional at-
tentional task (color-word Stroop test) (12, 13).

Based on the models we have described and previous
findings in bipolar disorders, we tested the hypothesis of
an increased cognitive-emotional interference in bipolar
disorder patients that would be associated with altered
neural response patterns in brain regions of the ventral-
limbic network and superior/middle temporal cortices
that have been previously shown to be altered in euthymic
and symptomatic bipolar disorder patients (10, 11, 14) and
that are involved in emotion regulation and emotion rec-
ognition. Furthermore, we hypothesized between-group
differential activations in structures of the dorsal brain
network implicated in attentional control.

To test our hypotheses, we conducted an fMRI go/nogo
paradigm comprising both emotional and nonemotional
task conditions. This paradigm was chosen because emo-
tional go/nogo tasks (verbal or facial stimuli) have shown
to activate parts of the ventral and dorsal neural pathway
in healthy subjects (15, 16). Furthermore, the emotional
go/nogo paradigm appears to produce differential brain
activation patterns in prefrontal and cingulate cortices as
well as in the thalamus and the insula in patients with ma-
nia (17) and recurrent unipolar depression (18). Finally, re-
sponse inhibition seems to be a sensible mechanism not
only in symptomatic but also euthymic bipolar patients,
since recent findings have revealed a disrupted response
inhibition brain network, involving the middle frontal gy-
rus, the middle and superior temporal gyri, and the stria-
tum (12) in those patients.

Method

Subjects

Twenty euthymic patients with bipolar disorder were recruited
from the Psychiatry Department of Albert Chenevier and Henri
Mondor Hospitals (Créteil, France). Euthymia was defined by a
Hamilton Depression Rating Scale (HAM-D) (19) score <5 and a
Young Mania Rating Scale (20) score <8 for at least 8 weeks. Nine-
teen healthy comparison subjects were recruited through public
announcements and were closely matched to the patients’ age,
gender, level of education, and handedness. Three bipolar disor-

der patients and two healthy comparison subjects were discarded
from fMRI analysis because of excessive head movements and
susceptibility artifacts. Thus, 17 bipolar disorder patients and 17
healthy comparison subjects were included in the final analyses
(Table 1).

Inclusion criteria for study participation comprised no history
of alcohol or drug abuse/dependence, no history of mental retar-
dation, and no current or past cardiac or neurological disease. In
addition, healthy comparison subjects were free of any past or
present psychiatric disorder (as assessed by the Mini-Interna-
tional Neuropsychiatric Interview [21]). The study was approved
by the local Bicêtre Ethics Committee. After complete study de-
scription to the subjects, written informed consent was obtained.

Clinical Assessment

Patients with bipolar disorder were diagnosed by experienced
research clinicians, using the French version of the Diagnostic In-
terview for Genetic Studies (22). Ten bipolar disorder patients
were diagnosed with bipolar I disorder and seven with bipolar II
disorder. The mean age of illness onset was 22.6 (SD=10.5) years
and illness duration was 21.9 (SD=12.7) years. One patient fulfilled
the criteria for a comorbid panic disorder. Two patients were med-
ication-free, and 15 were taking psychotropic medication. Among
those who were on regular medication, seven received a mood-
stabilizing monotherapy (lithium, valproate) and eight a com-
bined pharmacological treatment (e.g., mood stabilizer, atypical
antipsychotics, serotonin reuptake inhibitors).

All subjects were administered the HAM-D and the Young Ma-
nia Rating Scale. Additionally, they completed the French version
of the Barratt Impulsivity Scale, Version 10 (23). Handedness was
assessed using the Edinburgh Inventory (24).

Task Procedure

We used a go/nogo fMRI paradigm (Figure 1) with emotional
task conditions comprising fearful, happy, and neutral facial
stimuli (pictures of facial affect [25]) and nonemotional control
task conditions containing neutral female and male faces. Sub-
jects were presented with active task blocks, where they had to re-
spond as quickly as possible to a target emotion (Go) and to with-
hold the response to a distractor emotion (Nogo), and with a
block of rest in which only a fixation cross was presented. A fully
factorial design, in which each emotional expression served once
as target (Go) and once as distractor (Nogo), was used (e.g., Go
happy-Nogo neutral; Go fearful-Nogo happy), resulting in six
emotional go/nogo conditions. In addition, two control condi-
tions, in which targets and distractors were defined on the basis of
the faces’ gender, were included (Go male-Nogo female; Go fe-
male-Nogo male). The task was designed as a block paradigm, in
which each of the previously described conditions represented
one block (36 s). In each block, 16 targets and eight distractors
were presented for 500 msec in a pseudorandomized order, fol-
lowed by a 1000 msec interstimulus interval. Prior to each condi-
tion/block, subjects were given a written instruction (2400 msec)
indicating to which type of face they should respond. Responses
and reaction times were recorded online. A total of three func-
tional runs were conducted, each comprising all active task con-
ditions in a randomized order and the block of rest at the end of
the run.

Imaging Procedure

Participants were trained on the task prior to the scanning ses-
sion. During the imaging procedure, the stimuli were rear-pro-
jected from a computer onto a screen, which was visible by the
subject via a mirror placed above the head coil. The stimulus pre-
sentation was programmed using E-Prime (Psychology Software
Tools, Inc. [www.pstnet.com]), which also recorded the subjects’
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responses and reactions times. Subjects gave their responses with
their right thumb via a single button.

One high-resolution T1-weighted, three-dimensional mag-
netic resonance imaging (MRI) sequence (slice thickness=1.3
mm; field of view=24 cm; 256×256×128 matrix) as well as three
functional runs with a length of 10 minutes and 36 seconds each
were acquired on a 1.5 T GE Signa scanner. For each functional
run, 265 volumes, each comprising 36 T2-weighted interleaved
axial slices (slice thickness=3 mm) were acquired, using a single
shot echo planar sequence (time to repeat=2400 msec, echo
time=35 msec, flip angle=90°, 64×64 matrix). Because of the T1
stabilization process, the first five volumes of each functional run
were discarded from further analyses.

Data Analysis

Imaging data were preprocessed and analyzed according to
standard procedures using statistical parametric mapping
(SPM2) (http://www.fil.ion.ucl.ac.uk/spm). Subjects were ex-
cluded from fMRI analysis when they exceeded minimum move-
ment thresholds of 2.5 mm or 2° in any direction.

Functional scans were realigned to the first scan of each run as
reference. Functional and anatomical data were coregistered, and
fMRI data were normalized into the Talairach and Tournoux ster-
eotaxic space (26) using MNI templates. During normalization,
images were resampled every 4 mm using sinc interpolation and
were smoothed with an 8×8×8 mm Gaussian kernel to decrease
spatial noise.

We performed individual statistical analyses, using a General
Linear Model with a delayed boxcar waveform to model blood ox-
ygen level dependent signal changes to the different conditions.
To remove variations in signal because of movement artifacts,

movement parameters calculated during the realignment were
included in the model as parameters of no interest.

For each subject, one image for each of the following three con-
trasts of interest was calculated: (1) all go/nogo conditions versus
the resting state, in order to assess the activation related to global
attentional effects, independent of the task’s emotional valence;
(2) emotional versus control (i.e., nonemotional) go/nogo condi-
tions for assessing the impact of emotional information on the
task performance, given that the cognitive demand was equiva-
lent for both task conditions; and (3) within emotional task condi-
tions, those with emotional distractors (fearful, happy) versus
those with neutral distractors, to estimate the effects of emotional
information on response inhibition.

For each contrast of interest, these individual statistical para-
metric maps were smoothed using a 6 mm Gaussian kernel and
entered in two types of second-level, random-effects analyses in
order to generate the following: (1) group-specific voxelwise t
statistics (one-sample t tests) in order to assess significant acti-
vation clusters within each experimental group and (2) between-
group voxelwise t statistics (two-sample t test) in order to assess
significant group differences. T statistics were normalized to Z
scores to provide a statistical measure that was independent of
the cohort size.

For brain regions where we had anatomical a priori hypothesis,
significant clusters of activation were defined with a height
threshold of pvoxel-level<0.001 (uncorrected; Z>3.00) and retained
when they passed an extent threshold of pcluster-level<0.05 (k=15
voxels) (18, 27, 28).

Since the aim of this study was to identify brain regions where
bipolar disorder patients differed significantly from healthy com-
parison subjects, results of the within-group analyses are re-

TABLE 1. Demographic and Clinical Characteristics and Performance Data on the Go/Nogo Task of 17 Euthymic Bipolar
Patients and 17 Healthy Comparison Subjects

Variable Bipolar Patients (N=17) Healthy Comparison Subjects (N=17)
N % N %

Male/Female 10/7 59/41 11/6 65/35
Right-handed 15 88 16 94

Mean SD Mean SD
Age (years) 44.94 12.70 44.94 11.36
Education (years) 15.42 2.50 13.75 3.12
HAM-Da 1.35 1.41 0.00 0.00
Young Mania Rating Scale 0.65 1.97 0.24 0.97
Barratt Impulsivity Scale-Version 10 47.76 10.60 47.41 11.27
Omission errors (sum over three runs)b

Happy target (GO) 2.91 3.58 1.91 2.28
Fearful target (GO) 6.21 4.92 7.74 3.66
Neutral target (GO) 2.50 2.18 1.21 1.61
Control target (GO) 1.50 1.85 0.44 0.63
Emotional target (GO)c 4.27 4.13 3.62 1.99
False alarm errors (sum over three runs)d

Happy distractor (Nogo) 3.03 2.21 3.71 1.92
Fearful nogo distractor (Nogo) 2.68 1.85 3.29 2.79
Neutral nogo distractor (Nogo) 1.65 1.11 1.62 1.44
Control nogo distractor (Nogo) 2.35 1.84 1.53 0.96
Emotional nogo distractor (Nogo)e 2.45 1.55 2.87 1.67

Reaction times (Mean of three runs)f

Happy target (GO) 667.04 119.57 638.36 83.97
Fearful target (GO) 700.84 105.65 671.38 77.89
Neutral target (GO) 684.67 145.79 632.31 81.36
Control target (GO) 650.71 111.71 620.10 98.07
Emotional target (GO)g 684.19 120.17 647.35 77.85

a Significantly different from healthy comparison subjects (F=15.62, df=1, 32, p<0.001).
b Main effect target valence (F=40.17, df=3, 96, p<0.001).
c Task effect (F=21.66, df=1, 32, p<0.001).
d Main effect distractor valence (F=14.42, df=3, 96, p<0.001).
e Task effect (F=12.67, df=1, 32, p<0.01).
f Main effect target valence (F=10.78, df=3, 96, p<0.001).
g Task effect (F=13.67, df=1, 32, p<0.01).
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ported only for those contrasts that did not yield significant group
differences. Otherwise, results from the between-group analyses
are reported.

The task performance data (reaction times; omission errors=
no response to go trials; false alarm errors=response to nogo tri-
als) were submitted to repeated-measures analyses of variance
(ANOVAs) with the group as between-subject factors, and the
emotional performance data (happy, fearful, neutral, control)
were submitted as within-subject factors. Additionally, one re-
peated-measure ANOVA, including the pooled data for the emo-
tional and nonemotional (control) go/nogo conditions, was per-
formed. For group differences in demographical and clinical data,
one-way ANOVAs were performed.

Results

Demographics and Task Performance

Euthymic patients with bipolar disorder and healthy
comparison subjects were closely matched with regard to
demographic variables. Whereas no significant between-
group differences were observed for manic symptoms and
impulsivity, bipolar disorder patients displayed signifi-
cantly higher, although very low, HAM-D scores.

Euthymic bipolar patients and healthy comparison sub-
jects performed similarly on the task with respect to both
omission errors (F=0.31, df=1, 32, p=0.58), false alarm er-
rors (F=0.05, df=1, 32, p=0.83), and reaction times (F=1.06,
df=1, 32, p=0.31). For all performance data, a main effect
of the target/distractor type was found (Table 1). No signif-
icant interactions with the experimental group were
found. Analyses of the pooled data of all emotional go/
nogo and the control go/nogo conditions revealed signifi-
cant task effects (Table 1), indicating more omission and
false alarm errors and longer reaction times for the emo-

tional go/nogo relative to control go/nogo conditions in
all subjects.

Imaging Results

The between-group comparisons between all go/nogo
conditions and the rest revealed no significant regional
brain activation differences. Within-group regional activa-
tions are displayed in Figure 2. A table containing within-
group regional activation for the contrast “all go/nogo
conditions versus rest” is presented in a supplemental ta-
ble accompanying the online version of this article.

Both groups showed increased neural responses bilater-
ally in the inferior frontal cortex (Brodmann’s area 44), the
precentral gyrus (Brodmann’s area 6), the supplemental
motor area (Brodmann’s area 6), the superior temporal gy-
rus (Brodmann’s area 22/41), the middle temporal gyrus
(Brodmann’s area 20/21), the right superior parietal gyrus
(Brodmann’s area 7), the left supramarginal gyrus (Brod-
mann’s area 40/48), as well as primary and associative vi-
sual regions (cuneus: Brodmann’s area 17/18/19; calcar-
ine: Brodmann’s area 17/18; middle occipital gyrus:
Brodmann’s area 18/19; lingual gyrus: Brodmann’s area
17/18). Additionally, healthy comparison subjects acti-
vated the right and left superior temporal poles (Brod-
mann’s area 38).

Further, both groups exhibited increased neural re-
sponses in the hippocampus bilaterally, the left parahip-
pocampal gyrus, the thalamus, the left insula, the striatum
(putamen, caudate), the amygdala bilaterally, and the cer-
ebellum bilaterally.

The contrast between emotional go/nogo and nonemo-
tional go/nogo control conditions revealed increased neu-
ral responses in the right inferior temporal gyrus (Brod-

FIGURE 1. Temporal Structure of Stimulus Presentation of the Emotional (upper panel) and Non-Emotional (lower panel)
Control Go/Nogo Tasks Presented During fMRI Acquisition
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mann’s area 20), middle temporal gyrus (Brodmann’s area
37), and superior temporal gyrus (Brodmann’s area 22) in
bipolar disorder patients relative to healthy comparison
subjects (Table 2, Figure 3). No region was significantly
more activated in healthy comparison subjects relative to
bipolar disorder patients.

Moreover, euthymic bipolar patients showed increased
brain activation to emotional versus neutral distractors in
the right medial and left superior orbitofrontal cortices
(Brodmann’s area 10/11), the left anterior cingulate cortex
(Brodmann’s area 24), the right precuneus extending to
the posterior cingulate cortex (Brodmann’s area 23), the
left insula (Brodmann’s area 48), and in the caudate bilat-
erally (Table 2, Figure 2).

Discussion

Increased neural responses were detected in euthymic
bipolar patients in predominantly ventral-limbic regions,
but they were also detected in dorsal brain regions during
the inhibition of responses to emotional stimuli in an af-
fective go/nogo task. Furthermore, patients with bipolar
disorder recruited additional structures in the temporal
cortex (inferior temporal gyrus, superior temporal sulcus)
during the emotional task conditions relative to healthy
comparison subjects. In contrast to these emotion-specific
neural differences, euthymic patients with bipolar disorder
showed no behavioral performance deficit on either the
emotional or nonemotional go/nogo task, suggesting dif-
ferent neural mechanisms in euthymic bipolar patients to
reach a similar performance level than healthy subjects.

When all go/nogo conditions were compared with the
resting state, no regional brain activation differences be-
tween the groups were observed. Yet, both groups re-
vealed increased activation in brain networks hypothe-
sized to be involved in such activation paradigm: a fronto-
striatal network known to mediate response inhibition
(29) (inferior frontal cortex, supplemental motor area, stri-
atum) and a distributed network that has been docu-
mented to play a major role in emotion and face recogni-
tion (30) as well as social cognition (31) (prefrontal cortex,
insula, parahippocampal gyrus, amygdala, superior tem-
poral gyrus, middle temporal gyrus, occipital gyrus). The
lack of significant group differences, together with the pre-
served task performance, suggests that there are no global
cognitive-attentional deficits in euthymic patients with
bipolar disorder.

In contrast, we observed significant group differences in
brain activation patterns resulting from those comparisons
that assessed specifically the emotional modulation of the
required cognitive operations during the go/nogo tasks.

When comparing the emotional with the nonemotional
go/nogo conditions, where attentional demands were
matched, bipolar disorder patients showed increased ac-
tivation in the right middle temporal gyrus extending to
the superior temporal gyrus (encompassing the superior
temporal sulcus) and the right inferior temporal gyrus,
relative to healthy comparison subjects. The observed in-
creased activity in this region might suggest that patients
with bipolar disorder rely on the recruitment of different
neural structures, to achieve similar behavioral perfor-
mances than healthy subjects when emotional informa-

FIGURE 2. Surface Rendering of Regional Activations During Performance of Go/Nogo Conditions Relative to the Resting
State
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tion interferes with cognitive processing. On this note, a
specifically enhanced activity in the right superior tem-
poral sulcus for selective attention to facial emotion com-
pared with attention to the face per se has been docu-
mented in a recent report (32). Thus, our finding of an
increased superior temporal sulcus and inferior temporal
gyrus activity to emotional go/nogo task conditions in eu-
thymic patients with bipolar disorder might indicate en-
hanced attentional processes in bipolar disorder patients
when identifying the expressed emotion in another per-
son’s face compared with its gender. Furthermore, pa-
tients with bipolar disorder may have allocated more ce-
rebral resources for selecting relevant information and for
inhibiting irrelevant information, specifically when it was
emotional, indicating a prominent impact of emotional
information on executive functioning.

Consistently, the comparison between emotional and
neutral distractors revealed an increased neural response
in a fronto-striatal circuit (bilateral orbitofrontal cortex,
caudates), the dorsal anterior cingulate cortex, the insula,
and the posterior cingulate cortices in patients with bipo-
lar disorder, relative to healthy subjects. Interestingly, El-
liott et al. (15) similarly reported increased orbitofrontal
activation to happy distractors relative to neutral distrac-
tors in manic bipolar disorder patients and to sad versus
neutral distractors in depressed patients with preserved
task performances. Since the orbitofrontal cortex has con-
sistently been shown to be activated when subjects were
required to withhold a prepotent response (29, 33), an en-
hanced orbitofrontal response might thus indicate that ir-
relevant emotional information (i.e., distractors) captures
more attention in euthymic bipolar patients and places
greater demands on inhibition mechanisms than in
healthy comparison subjects. Consequently, they have to
recruit increased neural resources in brain regions that

mediate response inhibition and impulse control to
achieve a similar level of behavioral accuracy. Consistently,
in the present study, bipolar disorder patients additionally
overactivated the left and right caudate, a region which is
known to be involved in inhibitory processes (16, 34).

Our finding of increased neural activity in ventral-limbic
structures confirms previous results in euthymic bipolar
patients (10, 11) that used cognitive tasks. However, our re-
sults contradict those of Malhi et al. (5), who observed di-
minished neural responses in the ventrolateral prefrontal
cortex, the superior temporal gyrus, the middle temporal
gyrus, as well as the basal ganglia in response to affective
versus neutral words in euthymic bipolar patients, relative
to healthy comparison subjects during an emotional
Stroop task. Based on recent findings of a disturbed social
perception and social cognition in remitted and symptom-
atic pediatric bipolar disorder patients (35), the results of
the present study may be interpreted as an enhanced neu-
ral response specifically to facial emotional stimuli, i.e.,
cues that provide socially relevant information.

In contrast to previous studies (13, 36), bipolar disorder
patients in this study further exhibited an increased neu-
ral response in structures of the dorsal-cognitive network,
i.e., dorsal anterior cingulate cortex, posterior cingulate
cortex. Given the functional role of the dorsal anterior cin-
gulate cortex and posterior cingulate cortex, this overacti-
vation might indicate an increased selective attention and
higher cognitive demands (37) in bipolar disorder patients
relative to healthy comparison subjects, and thus is in line
with the increased neural response in the orbitofrontal
cortex and striatum.

Limitations

The findings of the present study have to be considered
in light of some limitations. First, nearly all bipolar disorder
patients were on psychotropic medication. However, since

TABLE 2. Differential Brain Activationsa

Region Left/Right

Brod-
mann’s 

Area

Montreal Neurologic 
Institute Coordinate

Z
Cluster
Sizebx y z

Emotional go/nogo vs. control go/nogo
Bipolar patients > healthy comparison subjects
Middle temporal gyrus Right 37 60 –60 8 4.16 34
Inferior temporal gyrus Right 20 64 –40 –12 3.72 54
Middle temporal gyrus extending to superior 

temporal gyrus Right 22 52 –40 8 3.59 16
Emotional distractors vs. neutral distractors (nogo)

Bipolar patients > healthy comparison subjects
Superior/medial orbitofrontal gyrus Right 10/11 32 60 0 4.16 44

Left 10/11 –20 60 0 3.58 32
Dorsal anterior cingulate cortex Left 24 –4 24 28 3.27c

Posterior cingulate gyrus Right 23 8 –44 44 3.73 15
Insula Left 48 –32 –24 24 3.81 18
Caudate nucleus Right –8 –4 20 3.97 25

Left –12 12 24 3.88 25
a Height threshold of p<0.001 and an extent threshold of k=15 voxels (p<0.05) between 17 euthymic bipolar patients and 17 healthy compar-

ison subjects for the contrasts “emotional go/nogo conditions vs. go/nogo control conditions” and “emotional vs. neutral distractors.”
b Number of contiguous activated voxels.
c Secondary peak of activation cluster.
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no global group differences in brain activation patterns (all
go/nogo versus rest) were observed, a systematic effect of
the medication on neural responses is unlikely. Yet, in line
with Lawrence et al. (38), we assessed possible confound-
ing medication effects in greater detail by dividing patients
with bipolar disorder into different medication-related
subgroups (medication-free, lithium, anticonvulsive, an-
tipsychotic, antidepressant) and comparing individual
mean signal changes (extracted with MarsBaR, imple-
mented in SPM2 [http://marsbar.sourceforge.net/]) in
those brain regions that revealed significant group differ-
ences. No significant differences between the patient sub-
groups were identified (Kruskal-Wallis: all χ2<1.80, all
p>0.40). Compared with healthy comparison subjects,
each subgroup exhibited significantly increased neural re-
sponses in the respective brain regions (Mann-Whitney: all
Z<–2.12; all p<0.05, corrected for multiple comparisons).

Second, the combination of bipolar I and bipolar II dis-
order patients in our cohort might have affected the signif-
icant group differences. However, additional statistical
parametric mapping whole-brain analyses (two-sample t
test) for the contrasts of interest (emotional versus control

go/nogo; emotional versus neutral distractors) revealed
no significant differences between bipolar I and bipolar II
disorder patients. Likewise, no differences were observed
when limiting analyses to those regions differentially acti-
vated by healthy comparison subjects and bipolar disor-
der patients. This is consistent with a recent literature re-
view reporting that no significant anatomical or
functional differences between these two subgroups
could be inferred from the existing literature (39).

Conclusions

Given the similarities between the findings from our co-
hort of remitted patients with bipolar disorder and those
from emotional go/nogo studies in manic bipolar (17) and
depressed patients (18), the present findings further sug-
gest that an overactivation of brain structures mediating
emotion recognition, selective attention, and response in-
hibition could represent a trait-marker of bipolar disorder.
This hypothesis is strongly supported by a recent study by
Chang et al. (40) in euthymic adolescent patients with fa-
milial bipolar disorder, reporting an overactivation in the

FIGURE 3. Increased Activations for 17 Euthymic Bipolar Patients Relative to Healthy Comparison Subjectsa

a Contrast between a) the emotional and nonemotional task conditions in the superior temporal sulcus (upper left panel) and middle temporal
gyrus (lower left panel) and b) emotional and neutral distractors in the bilateral orbitofrontal cortex (upper right panel) and the caudates
(lower right panel). Numbers in the lower right corner indicate the respective coordinate in the Talairach space.
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orbitofrontal cortex, anterior cingulate cortex, and stria-
tum to positive valenced stimuli with preserved task per-
formance. The hypothesized trait abnormalities seem to
operate at a uniquely neural and not behavioral level,
since no behavioral deficits were observed in the respec-
tive studies (17, 18, 38). However, from the present data,
we can only speculate about possible trait abnormalities,
since we did not investigate the same patients in their eu-
thymic, manic, and depressive states, nor did we investi-
gate nonaffected relatives of the patients. Such studies, al-
though difficult to conduct, would help in delineating trait
markers of the pathology.

In conclusion, the present study provides evidence of a
cognitive-emotional interference in euthymic bipolar pa-
tients. Since both groups examined performed similarly
on the go/nogo tasks and since no global activation differ-
ence has been detected, the observed emotion-specific
neural differences highlight an altered emotional modula-
tion of cognitive processing in euthymic bipolar patients.
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