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Objectives: Emotion regulation deﬁcits are a core feature of bipolar
disorder. However, their potential neurobiological underpinnings and
existence beyond bipolar I disorder remain unexplored. Our main goal
was to investigate whether both individuals with bipolar I and bipolar II
disorder show deﬁcits in emotion regulation during an attention control
task, and to explore the neurophysiological underpinnings of this
potential deﬁcit.
Methods: Twenty healthy controls, 16 euthymic participants with
bipolar I disorder, and 19 euthymic participants with bipolar II disorder
completed psychometric and clinical assessments, a neuroimaging
emotion regulation paradigm, and an anatomical diﬀusion-weighted
scan. Groups were matched for age, gender, and verbal IQ.
Results: During the presence of emotional distracters, subjects with
bipolar I disorder showed slowed reaction times to targets, and increased
blood oxygenation level-dependent (BOLD) responses in the amygdala,
accumbens, and dorsolateral prefrontal cortex, but not increased inverse
functional connectivity between these prefrontal and subcortical areas,
and altered white matter microstructure organization in the right
uncinate fasciculus. Subjects with bipolar II disorder showed no altered
reaction times, increased BOLD responses in the same brain areas,
increased inverse functional connectivity between the prefrontal cortex
and amygdala, and no abnormalities in white matter organization.
Conclusions: Participants with bipolar I disorder showed abnormalities
in functional and anatomical connectivity between prefrontal cortices
and subcortical structures in emotion regulation circuitry. However,
these deﬁcits did not extend to subjects with bipolar II disorder,
suggesting fundamental diﬀerences in the pathophysiology of bipolar
disorder subtypes.
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Emotion regulation deﬁcits are at the core of bipolar disorder (BD) (1–5) and persist during remission (3), constituting potential trait markers.

Among the cognitive processes required to regulate
emotions, attentional control is key (6), and this is
impaired in BD (4). Euthymic individuals with
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BD, compared to healthy controls (HC), show
greater activity in the dorsolateral prefrontal
cortex (DLPFC) while undertaking emotion regulation (7). The DLPFC downregulates subcortical
structures during voluntary emotion regulation (4).
Furthermore, deﬁcits in prefrontal–amygdala
functional connectivity during emotion regulation
have been reported in BD (7–10). Together, ﬁndings suggest increased activity in emotion processing areas (11), but abnormally elevated activity
and decreased functional connectivity within
the emotion regulation circuitry in individuals
with BD.
In line with these functional magnetic resonance
imaging (fMRI) ﬁndings, diﬀusion tensor imaging
(DTI) studies have consistently reported white
matter abnormalities in the uncinate fasciculi in
BD (12–15). The uncinate fasciculus is considered
central to emotion regulation as it connects prefrontal and anterior temporal cortices (16). It
could play a major role in the downregulation of
activity in subcortical structures like the amygdala
by the DLPFC.
The majority of previous research, however, has
been restricted to individuals with BD type I (BDI). Until recently, BD type II (BD-II) was regarded
as simply a ‘softer’ form of BD-I, therefore assuming that the same neurobiological deﬁcits applied
to both types of BD, with only a potential diﬀerence in the magnitude of these eﬀects. However,
this view has been challenged recently from a clinical and neuroscientiﬁc perspective. Clinical
research shows BD-II to present a course of illness
and associated health problems at least as severe as
in BD-I (17, 18), and neuroimaging studies have
reported important diﬀerences in neural anatomy
and function between BD-I and BD-II (19–21).
The aim of the present study was to further
investigate potential diﬀerences between euthymic
BD-I and BD-II, relative to a group of HC, in
function (activity and connectivity) and white matter microstructure within emotion regulation
circuitry. We employed a validated emotion
regulation paradigm – a modiﬁed verbal n-back
task including emotional distracters – shown to
induce activity in DLPFC and subcortical regions
(7, 22), and obtained indices of white matter microstructure organization in the uncinate fasciculi, as
revealed by diﬀusion MRI.
Due to the absence of previous literature on
which to base our hypothesis, we tested the null
hypothesis of no diﬀerences between BD-I and
BD-II. However, based on previous research on
BD-I, we hypothesized that, relative to HC, both
groups would show: (i) an increased reaction time
to the target stimuli due to the presence of emo-
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tional distracters (more notably, during the higher
memory load condition); (ii) increased activity in
the DLPFC due to the presence of emotional
distracters; (iii) increased activity in the amygdala
and nucleus accumbens during conditions including negative and positive distracters; (iv) reduced
functional connectivity between the DLPFC and
amygdala/accumbens in the presence of emotional
distracters; and (v) altered white matter
microstructural organization in the uncinate
fasciculi.

Methods
Participants and questionnaires

Participants with BD were recruited from a preexisting database of well-characterized patients
participating in ongoing genetic studies at Cardiﬀ
University (Cardiﬀ, UK). HC were recruited from
the community via advertisement.
Volunteers free from any MRI contraindications
were recruited. The Mini International Neuropsychiatric Interview (MINI) (23) was used to conﬁrm
diagnosis and exclude subjects with BD with a history of psychotic (other than during mood episodes) or borderline personality disorders.
Exclusion criteria for HC included a family history
of psychotic or aﬀective disorders and a personal
history of mental disorders. A recent history
(<1 year ago) of alcohol or substance abuse/dependence was also an exclusion criterion for all participants in the study; however, only one patient with
BD-I had a previous (>1 year) history of alcohol
dependence. Euthymia was deﬁned as the absence
of any episode of depression or hypo/mania for
two months before scanning, based on clinical
interview, along with unchanged drug treatment
for the same period, plus current scores <10 on the
Hamilton Rating Scale for Depression (HAM-D)
(24) and the Young Mania Rating Scale (YMRS)
(25). Participants also completed the National
Adult Reading Test (NART) (26) to estimate premorbid verbal IQ.
Two participants with BD-I were excluded following uncertain euthymic status at scanning,
bringing the ﬁnal sample to 20 HC, 16 BD-I, and
19 BD-II. Of those, two patients with BD-I were
excluded from DTI analyses owing to poor data
quality, and one HC from the behavioral and
fMRI analyses owing to poor understanding of the
task.
Participants gave written informed consent and
received £20. The study was approved by the local
National Health Service-Research Ethics Committee.

Emotion regulation in bipolar disorders
Experimental procedures

We employed a validated emotion regulation paradigm (7, 22) where participants perform a mixed
event–block design verbal n-back task including
the 0-back and 2-back conditions. For some
blocks, the targets (letters) appear ﬂanked by two
identical emotional facial expressions. Participants
were instructed to ignore these faces and concentrate on the letters. The task included eight conditions resulting from all the possible combinations
of memory load (0-back versus 2-back) 9 distracter (no-distracter, neutral, fear, happy). Three runs,
each including one block of all eight conditions,
were presented (see Supplementary material). Participants were fully trained prior to scanning.
Image acquisition and data analysis

Participants performed the above task during optimized fMRI data acquisition. An anatomical
three-dimensional fast spoiled gradient-echo
(FSPGR) scan for fMRI data co-registration and
an optimized DTI scan were also acquired (see
Supplementary material).
fMRI data were analyzed using the Functional
MRI of the Brain (FMRIB) Software Library
(www.fmrib.ox.ac.uk/fsl). Pre-processing followed
standard methods (See Supplementary material).
The task was modeled within the general linear
model (GLM) framework, with only correct trials
(i.e., target letters with button press and non-target
letters with no response) included. Incorrect trials
were modeled within a regressor of non-interest,
along with instruction periods. The resulting model
included seven regressors, one for each possible
condition, except the baseline (0-back + no-distracters). The loss of degrees of freedom caused
by inspecting all potential main eﬀects and interactions was minimized by limiting our analyses to a
priori-deﬁned contrast sets that investigated the
main eﬀects of working memory and distracters
(See Supplementary material). The resulting functional images were transformed linearly to standard Montreal Neurological Institute space using
FMRIB Linear Image Registration (FLIRT) (27).
A second-level analysis was conducted using ordinary least squares to add the three runs together,
and a third-level analysis to compare the resulting
functional images between groups. As our hypotheses were strongly focused on the DLPFC, amygdala, and accumbens, regions of interest (ROIs)
were drawn within these three regions (See Supplementary material). In order to investigate the
strength of the inverse functional connectivity
between the DLPFC and amygdala/accumbens,

the time series from the DLPFC was entered into a
GLM to run a psychophysiological interaction
(PPI) analysis (28) constrained to the amygdala
and accumbens. The interaction between the
DLPFC time series and each of the regressors corresponding to the presence of target letters + fearful distracters, target letters + happy distracters,
and targets + neutral distracters was separately
created and compared across groups. The
3DClustSim program within AFNI with a threshold of p = 0.001 was used to determine the minimum cluster size associated with a corrected
p < 0.05 within each ROI, which was set at nine
voxels for the amygdala, 13 for the accumbens,
and 26 for the DLPFC.
DTI data were analyzed using ExploreDTI (29)
using standard procedures (See Supplementary
material). We used a tractography approach in
which the uncinate fasciculi (tract of interest) and
the lower section of the cortical–spinal tract (comparison tract) were reconstructed separately for
each hemisphere, and diﬀusion tensor MRIderived indices for white matter microstructural
organization were extracted and compared
between groups using analysis of variance (ANOVA).
Behavioral responses, and demographic and
clinical measures were compared between groups
using ANOVA or chi-square tests, as appropriate.
Results
Demographics and clinical measures

Gender, age, and NART score were evenly distributed across groups. As expected, the HAM-D and
YMRS scores for both BD groups were higher
than for HC (Table 1), although were still low and
well under our set threshold for euthymia.
Only one subject with BD-I and ﬁve subjects
with BD-II were free of drug treatment. Slightly
more participants with BD-I than BD-II were taking antipsychotic drugs (p = 0.06), although
among those taking these agents there were no
group diﬀerences in dosage [chlorpromazine equivalents, t(14) = 1.04, p > 0.10]. The use of antidepressants and mood stabilizers, mostly lithium and
sodium valproate, did not diﬀer between groups.
Most participants (eight BD-I and nine BD-II)
were taking a combination of two drugs, with ‘antidepressants + antipsychotic agents’ or ‘antidepressants + mood stabilizers’ being the most
frequent combinations (n = 12). The BD groups
did not diﬀer either on the number of manic symptoms experienced during highs (Hypomania Checklist-32), age at ﬁrst mood episode, age at ﬁrst
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Table 1. Distribution of demographic and clinical variables across groups

Age
NART-correct
HAM-D score
YMRS score
Age at first mood episode, years
Age at BD diagnosis, years
Symptoms during ‘high’

Gender, female
Family history of BD
Comorbid anxiety
Medications
Mood stabilizers
Antidepressants
Antipsychotic agents

HC (n = 20)

BD-I (n = 16)

BD-II (n = 19)

Mean (SD)

Mean (SD)

Mean (SD)

42.30 (5.99)
35.56 (8.41)
0.55 (0.82)a
0.65 (0.93)a
–
–
–

42.56 (7.47)
35.06 (8.29)
3.44 (3.52)
3.13 (2.39)
19.07 (7.60)
27.81 (6.89)
23.73 (5.99)

38.74 (8.07)
32.60 (7.51)
2.67 (2.94)
1.80 (2.80)
17.94 (7.21)
30.79 (10.14)
23.13 (4.82)

N (%)

N (%)

N (%)

13 (65)
–
–

10 (62)
7 (50)
5 (31)

13 (68)
5 (31)
6 (31)

c2 (2, n = 55) = 0.13
c2 (1, n = 30) = 1.09
c2 (1, n = 35) = 0.00

>0.10
> 0.10
> 0.10

11 (68)
7 (43)
10 (62)

9 (47)
10 (52)
6 (31)

c2 (1, n = 35) = 1.62
c2 (1, n = 35) = 0.27
c2 (1, n = 35) = 3.34

> 0.10
>0.10
0.06

–
–
–

Group comparison
F(2,54)
F(2,46)
F(2,50)
F(2,50)
t(30)
t(33)
t(27)

=
=
=
=
=
=
=

1.63
0.58
6.10
6.14
0.42
0.99
0.95

p-value
> 0.10
> 0.10
< 0.005
< 0.005
>0.10
> 0.10
> 0.10

Missing values explain the differences in degrees of freedom among tests.
BD = bipolar disorder; BD-I = bipolar I disorder; BD-II = bipolar II disorder; HAM-D = Hamilton Rating Scale for Depression;
HC = healthy controls; NART = National Adult Reading Test; SD = standard deviation; YMRS = Young Mania Rating Scale.
a
HC < BD-I, BD-II.

bipolar disorder diagnosis, or time from ﬁrst
mood episode until diagnosis of bipolarity (all
p > 0.10). On average, participants in our sample
were diagnosed with BD ten years after suﬀering
their ﬁrst mood episode. Approximately onethird of our sample suﬀered comorbid anxiety
disorders, most frequently panic disorder, and
slightly more individuals with BD-I than BD-II
presented with a positive family history of BD,
although, again, neither of those diﬀered statistically between participants with BD-I and BD-II
(Table 1).
Behavioral
paradigm

responses

to

the

emotion

regulation

The factor run had no signiﬁcant eﬀect for accuracy and only showed a signiﬁcant interaction
with memory load for reaction time (RT) [F
(2,258) = 9.41, p < 0.001], indicating a decrease
in RT for the 2-back condition only as the task
progressed, although this eﬀect did not diﬀer
across groups. For this reason, all the following
analyses were performed collapsed across the
three runs.
On average, accuracy [percentage of correctly
identiﬁed trials (responding to targets and nonresponding to ﬁllers)] during the task was high
(above 80%). A signiﬁcant interaction memory
load 9 group [F(2,51) = 5.43, p < 0.01] indicated
the presence of group diﬀerences only during the 2back condition, where subjects with BD-I showed
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lower accuracy than HC; no other pairwise comparison result was signiﬁcant.
With regard to RT to targets, blocks in which
participants responded to less than one-third of the
targets were declared missing (0.8% of the total).
These were distributed evenly across the groups. A
signiﬁcant memory load 9 group interaction [F
(2,51) = 5.70, p = 0.006] indicated greater slowing
in the 2-back condition relative to the 0-back for
BD-I versus BD-II and HC. The interaction distracter 9 group was also signiﬁcant [F
(6,153) = 2.54, p = 0.022]. Due to our a priori
hypotheses and planned analyses for the fMRI
data, we only present the comparison of the eﬀect
of the distracters on RT during the demanding 2back memory condition (the results largely overlap
with the analysis collapsed across memory conditions). Pairwise comparisons across groups showed
BD-I to be slower than BD-II and HC during the
presence of all distracters (all p < 0.013), but no
signiﬁcant diﬀerences were found between BD-II
and HC (Fig. 1). In the absence of distracters, only
BD-I diﬀered from HC (p = 0.037). Within
groups, contrasts using the no-distracter category
as reference showed slowed RTs in both BD-I and
HC during the presence of fear distracters
(p = 0.05 and p = 0.03, respectively), but only in
BD-I during the presence of happy distracters
(p = 0.038). HC also showed a signiﬁcant slowing
during the presence of neutral distracters
(p = 0.032). BD-II did not show any signiﬁcant
change in RT due to distracters (Fig. 1).

Emotion regulation in bipolar disorders

Fig. 1. Reaction time to the 2-back targets during the presentation of diﬀerent emotional distracters. Error bars correspond
to the standard error of the mean. BD-I = bipolar I disorder;
BD-II = bipolar II disorder; HC = healthy controls.

Blood oxygenation level-dependent (BOLD) responses
to the emotional paradigm

Results for 2-back + no-distracters > 0-back +
no-distracters showed activity within the working
memory network, which was greater in BD-I versus HC and BD-II. The presence of distracters, in
general (2-back + any-distracters > 2-back + nodistracters), was also associated with increased
activity within the working memory network
across all participants (Fig. 2).
ROI analyses comparing BOLD responses
across groups for each distracter type (versus no
distracters) showed: (i) during the presence of
fear distracters, both BD groups versus HC
showed increased activity in all three ROIs, with
BD-II also demonstrating increased activity versus BD-I in the DLPFC and amygdala; (ii) during the presence of happy distracters, BD-I
showed increased activity in all three ROIs compared to HC and BD-II, with BD-II > HC only
in the amygdala; and (iii) during the presence of
neutral distracters, HC showed increased activity
in the DLPFC compared to BD-I, whereas the
opposite pattern appeared in the amygdala and
accumbens (Fig. 3).
Functional connectivity analysis (PPI) showed
no group diﬀerences in the negative correlation
between the DLPFC and accumbens during the
presence of happy distracters. Subjects with
BD-II showed a signiﬁcantly greater negative
correlation between the DLPFC and amygdala,
bilaterally, compared to subjects with BD-I and
HC during the presence of fear distracters
(Table 2).

Fig. 2. Presence of distracters. Red/yellow = increased activity
in the occipito-parietal cortex, dorsolateral prefrontal cortex
(DLPFC), and anterior cingulate cortex due to the presence of
distracters (i.e., 2-back + any-distracters > 2-back + no-distracters). Green = anatomical mask of the middle frontal
gyrus. Overlapping area = deﬁned region of interest for the
DLPFC.

Diffusion tensor imaging

There were no signiﬁcant group diﬀerences in fractional anisotropy (FA) in the comparison tract or
in the left uncinate fasciculus [F(2,49) = 0.56,
p > 0.10]. However, results showed signiﬁcant
group diﬀerences in FA in the right uncinate fasciculus [F(2,52) = 4.09, p = 0.023], with BD-I
showing reduced FA compared to BD-II and HC.
To better interpret the potential causes of this difference, we compared longitudinal and radial diﬀusivity (RD) within this tract across groups. A trend
eﬀect of group was observed [F(2,52) = 2.84,
p = 0.06] for RD. Pairwise comparisons revealed
that BD-I had increased RD compared to HC
(p = 0.02) and BD-II (p = 0.09).
Effects of antipsychotic agents on previous results

Although there were no signiﬁcant diﬀerences in
the class or load of medication between the
bipolar disorder groups, but only a tendency
towards signiﬁcance for antipsychotic drugs, we
repeated the previous analyses including chlorpromazine equivalents as a covariate. Regarding
RT, the memory load 9 group interaction
remained signiﬁcant, whereas the distract-
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Fig. 3. Group comparison during the presence of fear, happy, and neutral distracters during the performance of the 2-back working
memory task (2-back + no-distracters memory task as baseline). Red = bipolar I disorder (BD-I) > healthy controls (HC); yellow = bipolar II disorder (BD-II) > HC; green = BD-I > BD-II; blue = BD-II > BD-I; pink = HC > BD-I. Figure shown in radiological convention (left image corresponds to right side of the brain and vice versa).
Table 2. Mean (standard deviation) beta-weights and comparison across groups for the negative association between the time series in the dorsolateral prefrontal cortex (DLPFC) and the activity in the accumbens and amygdala (psychophysiological interaction analysis)
HC (n = 19)

BD-I (n = 16)

BD-II (n = 19)

0.04 (0.14)

0.06 (0.20)

0.17 (0.15)

DLPFC–accumbens
Right
DLPFC–amygdala

0.07 (0.17)

0.10 (0.42)

0.11 (0.24)

0.04 (0.13)

0.08 (0.19)

0.20 (0.23)

DLPFC–accumbens

0.05 (0.13)

0.10 (0.35)

0.09 (0.34)

Left
DLPFC–amygdala

F(2,53)
3.19a
BD-II > BD-I, HC
0.11
3.40a
BD-II > BD-I, HC
0.16

BD-I = bipolar I disorder; BD-II = bipolar II disorder; HC = healthy controls.
a
p < 0.05.

er 9 group eﬀect dropped to p = 0.08. All
reported positive results regarding fMRI data,
and diﬀerences in FA in the right uncinate fas-
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ciculus remained signiﬁcant, whereas RD group
diﬀerences were no longer signiﬁcant (See Supplementary material).

Emotion regulation in bipolar disorders
Additional exploratory correlations across emotion
regulation measures

Finally, with a purely exploratory aim, we tested
whether the magnitude of the functional connectivity between the DLPFC and amygdala, as measured by PPI, was correlated with FA or RD in the
uncinate fasciculi. For the entire sample, both FA
and RD in the left uncinate fasciculus, but not
the right, were correlated with the left DLPFC–
amygdala inverse functional connectivity index
(FA: r = 0.33, p = 0.02; RD: r = 0.37, p = 0.01).
RD in the left uncinate fasciculus also correlated
with the right DLPFC–amygdala functional connectivity (r = 0.35, p = 0.01). The left DLPFC–
amygdala functional connectivity index also
showed a subthreshold correlation (r = 0.24,
p = 0.08) with a change in RT, caused by the presence of fear distracters (2-back + fear-distracters
RT – 2-back + no-distracters RT) – that is, the
greater the inverse functional connectivity, the
smaller the eﬀect of fear distracters on RT.
Discussion

Our main goal was to compare function and white
matter microstructural organization within the
emotion regulation brain circuitry between euthymic BD-I and BD-II, and HC. Overall, our results
were consistent with previous ﬁndings and theories
of BD at pointing towards abnormalities in BD-I
compared to BD-II and HC. Euthymic subjects
with BD-I showed not only increased responses in
the DLPFC, amygdala, and accumbens during the
presence of fear and happy distracters, and, importantly, lower functional connectivity between the
DLPFC and amygdala during the presence of fear
distracters, but also poorer behavioral performance (slowed RT). All of the previous is indicative of an ineﬃcient regulation of their subcortical
responses to emotional distracters. In subjects with
BD-I, lower FA and higher RD were also found in
the white matter of the right uncinate fasciculus,
which may be a core biological substrate underpinning the deﬁcient emotion regulation seen in this
group. Interestingly, euthymic participants with
BD-II also showed increased BOLD responses in
the DLPFC and amygdala, but, importantly, also
greater inverse DLPFC–amygdala functional connectivity, during the presence of fear distracters.
This group also showed intact white matter microstructure in the uncinate fasciculus, and no RT
slowing during the presence of fear distracters.
These ﬁndings suggest increased emotion reactivity
in euthymic BD-II, as was the case for BD-I; however, unlike in the latter group, BD-II behavioral,

functional connectivity and white matter microstructure results suggested no deﬁcits in emotion
regulation.
General working memory effects

Euthymic subjects with BD-I showed a general
slowing in RT when responding to targets during
the 2-back condition compared to subjects with
BD-II and HC, suggesting a general working memory deﬁcit, which is consistent with the broad cognitive impairment reported in BD (30, 31). This
group also showed increased activity in prefrontal
and parietal ‘working memory’ brain regions while
performing the 2-back versus 0-back in the absence
of distracters. This can be interpreted as a higher
recruitment of cognitive resources in order to perform this demanding task. While interpretations of
increased and decreased activity in patient groups
can be problematic, this ﬁnding at least argues
against the possibility that the slower RT in subjects with BD-I resulted from poor task engagement.
Diﬀerences in cognitive function between BD-I
and BD-II are not reported consistently. Most
studies indicate more pronounced deﬁcits in BD-I
(32–34), but some have failed to ﬁnd any group differences (35) or even any impairment in BD-II
(36). Consistent with the latter, in the present study
euthymic subjects with BD-II performed at a very
similar level to HC.
Emotion regulation effects on behavioral and BOLD
responses

During the 2-back working memory test, euthymic
participants with BD-I showed a greater RT slowing during the presence of both fear and happy
distracters compared to HC and BD-II, whereas
subjects with BD-II did not show any slowing. It
could therefore be suggested that emotional
distracters had a lower impact on euthymic
subjects with BD-II compared to subjects with
BD-I. However, this ‘reduced impact’ was not
apparent for basic emotional responses as those
with BD-II showed the largest BOLD responses in
the amygdala and DLPFC during the presence of
fear distracters, suggesting a heightened sensitivity
(4, 7–10, 37). There was no clear pattern of lateralized responses to emotional distracters, and most
activations were present bilaterally. More importantly, BD-II showed a stronger inverse DLPFC–
amygdala coupling bilaterally to fear distracters
when compared to BD-I and HC, suggesting a more
eﬃcient DLPFC downregulation of amygdala reactivity. This increased functional coupling may have
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contributed to the reduced impact of fear distracters
on the RT of subjects with BD-II. By contrast, subjects with BD-I did not show any diﬀerences in
DLPFC–amygdala functional connectivity relative
to HC, but did show increased activity in these
regions during the presence of fear distracters, suggesting an increased emotional reactivity that may
have been ineﬃciently downregulated.
The presence of happy distracters only produced
a signiﬁcant RT slowing, along with greater
DLPFC, amygdala, and accumbens activity, in
BD-I relative to BD-II and HC, indicating greater
emotional interference from happy distracters only
in this group (38). Again, this pattern of greater
activity was not accompanied by an increased
DLPFC–amygdala/accumbens coupling, further
suggesting ineﬃcient neural emotion regulation in
euthymic BD-I.
Together, these ﬁndings concur with previous
research showing a deﬁcient coupling between
executive–regulatory prefrontal areas and emotional–reactive brain structures in BD-I (7–10).
Importantly, and for the ﬁrst time, we show these
functional abnormalities in emotion regulation circuitry not to be present in euthymic subjects with
BD-II.
White matter microstructural organization

Due to the neuronal regions with which it interconnects, the uncinate fasciculus has been highlighted as a key white matter tract for emotion
regulation (16), and previous research has shown
this tract, most consistently in the right hemisphere, to be abnormal in BD-I (12–15). In
accordance with our behavioral and fMRI ﬁndings, euthymic subjects with BD-I in the present
study showed reduced FA in the right uncinate
fasciculus compared to euthymic subjects with
BD-II and HC, who did not diﬀer from each
other. This ﬁnding further supports emotion regulation circuitry abnormalities being speciﬁc to
BD-I and not generalized to BD-II. Furthermore, an exploratory correlation analysis
showed an association between FA and RD
with the functional DLPFC–amygdala coupling
across the whole sample, although this was signiﬁcant only for the left uncinate fasciculus.
This suggests that higher fractional anisotropy
and lower RD result in a greater inverse functional coupling between these two brain regions.
Importantly, we also found that greater functional inverse DLPFC–amygdala coupling leads
to a reduced RT interference caused by negative
distracters. Together, these ﬁndings suggest that
the less compromised the white matter in the
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uncinate fasciculus, as in subjects with BD-II
relative to subjects with BD-I, the better the
functional DLPFC–amygdala coupling during
emotion regulation, resulting in better task performance.
Finally, there are some caveats that should be
noted. Despite recruiting a well-characterized
patient sample, it was only moderately sized, and
some of the eﬀects were of marginal signiﬁcance,
so further replication is required to conﬁrm their
validity. However, it is also important to stress that
we presented converging evidence for potential deficits in emotion regulation in euthymic BD-I, but
not in euthymic BD-II, from the analysis of three
diﬀerent response modalities: behavioral, neurofunctional, and neuroanatomical. This concordance in the results of our multimodal approach
strengthens the validity of our conclusions. A second limitation of the present study lies in its crosssectional nature, which precludes any inference of
causality from our results or of stability in the processes we investigated. For example, we cannot
determine whether the reduction in functional
DLPFC–amygdala coupling arises owing to alterations in the white matter microstructure, whether
the microstructure alters in response to reduced
‘signal handling’ load, or whether both mechanisms are concurrent but independent. Similarly,
we cannot determine whether the group diﬀerences
we found would also be present during mood episodes, or even whether they would remain stable
throughout the course of the disease. A previous
study using the same paradigm in depressed
patients with BD-I (39) failed to report any abnormal activity or connectivity between the prefrontal
cortices and amygdala during the presentation of
fearful faces, which would suggest that this failure
of emotion regulation is present only during euthymia. However, more recently, Radaelli et al. (40)
and Vizueta et al. (41), both using the same facematching paradigm, have shown deﬁcits in connectivity between the DLPFC and amygdala in currently depressed participants with BD-I and BDII, respectively. In light of the present and previous
ﬁndings, further research on the stability of these
potential deﬁcits and their characterization during
the diﬀerent phases of the disease is required.
Within our sample, and any BD-II sample, there is
also a risk of some subjects with BD-II converting
to BD-I after subsequently experiencing a full
manic episode, although the fact that our BD-II
sample had a mean age of around 40 years, with a
long clinical history during which several hypomanic, but never manic, episodes had been experienced, makes us conﬁdent that our BDII patient
sample was well established and potentially highly
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stable. Finally, we should also acknowledge the
potential confounding eﬀects of variables such as
alcohol/drug abuse or medication. We explicitly
excluded volunteers with an alcohol/drug dependence history more recent than one year prior to
inclusion in the present study, and, in fact, only
one participant had a past history of such problems. Moreover, our clinical groups did not diﬀer
signiﬁcantly in type or load of medication, and
when controlling for the potential eﬀects of antipsychotic agents – the only drug class with a statistical trend to diﬀer between the bipolar disorder
groups – the results remained mostly unchanged.
However, these factors can have a complex eﬀect
on the results that we might not have been able to
control – for example, the eﬀects of diﬀerent drug
combinations and the length of treatment. It is also
important to note that recent reviews (42, 43) suggest that drug eﬀects have little impact on BOLD
and DTI measures and that, if there were an eﬀect,
it would be in the direction of normalizing these
measures relative to non-clinical populations.
Therefore, we are relatively conﬁdent that our
results are unlikely to be explained by medication.
In summary, euthymic patients with BD-I
showed a clear interference of emotional distracters, especially the fear distracter, in their behavioral responses, along with abnormally increased
activity in the amygdala and DLPFC, but no
increased coupling between these brain regions,
suggesting a potential neural mechanism for
impaired emotion regulation. This abnormality
may be associated with a compromised white matter microstructure in the right uncinate fasciculus,
where patients with BD-I also showed diﬀerences
relative to HC and BD-II. By contrast, while
euthymic subjects with BD-II also showed
increased DLPFC and amygdala activity to fear
distracters, they displayed greater DLPFC–
amygdala coupling, a lack of behavioral response
interference, and an absence of alteration in white
matter microstructure organization in the uncinate
fasciculi, results suggestive of a well-preserved
emotion regulation ability. Overall, our ﬁndings
are consistent with recent research evidence and
theoretical accounts of BD which emphasize deﬁcient emotion regulation in the pathophysiology of
the disorder (3, 4), but suggest important diﬀerences between BD-I and BD-II in this process.
Acknowledgements
This research project was supported by grants from the Welsh
Institute of Cognitive Neurosciences (WCS034) and Seed Corn
funding from the MRC Centre for Neuropsychiatric Genetics
and Genomics, Cardiﬀ University. KM is supported by a

fellowship from the Wellcome Trust, DKJ by a Wellcome
Trust New Investigator Award and MLP by the Pittsburgh
Foundation. The authors thank the Bipolar Disorder Research
Network (BDRN) and the National Centre for Mental Health
(NCMH) for their help with the recruitment of participants.

Disclosures
The authors of this paper do not have any commercial associations that might pose a conﬂict of interest in connection with
this manuscript.

References
1. Goodwin F, Jamison KR. Manic-Depressive Illness: Bipolar Disorders and Recurrent Depression, 2nd edn. New
York, NY: Oxford University Press, 2007.
2. Houenou J, Frommberger J, Carde S et al. Neuroimagingbased markers of bipolar disorder: evidence from two
meta-analyses. J Aﬀect Disord 2011; 132: 344–355.
3. Phillips ML, Drevets WC, Rauch SL, Lane R. Neurobiology of emotion perception II: implications for major psychiatric disorders. Biol Psychiatry 2003; 54: 515–528.
4. Phillips ML, Ladouceur CD, Drevets WC. A neural model
of voluntary and automatic emotion regulation: implications for understanding the pathophysiology and neurodevelopment of bipolar disorder. Mol Psychiatry 2008; 13:
833–857.
5. Townsend J, Altshuler LL. Emotion processing and regulation in bipolar: a review. Bipolar Disord 2012; 14: 326–
339.
6. Ochsner KN, Gross JJ. The cognitive control of emotion.
Trends Cogn Sci 2005; 9: 242–249.
7. Mullin BC, Perlman SB, Versace A et al. An fMRI study
of attentional control in the context of emotional distracters in euthymic adults with bipolar disorder. Psychiatry
Res 2012; 201: 196–205.
8. Ladouceur CD, Farchione T, Diwadkar V et al. Diﬀerential patterns of abnormal activity and connectivity in the
amygdala-prefrontal circuitry in bipolar-I and bipolarNOS youth. J Am Acad Child Adolesc Psychiatry 2011;
50: 1275–1289.
9. Morris RW, Sparks A, Mitchell PB, Weickert CS, Green
MJ. Lack of contico-limbic coupling in bipolar disorder
and schizophrenia during emotion regulation. Transl Psychiatry 2012; 2: 1–9.
10. Townsend JD, Torrisi SJ, Lieberman MD, Sugar CA,
Bookheimer SY, Altshuler LL. Frontal-amygdala connectivity alterations during emotion downregulation in bipolar I disorder. Biol Psychiatry 2013; 73: 127–135.
11. Delvecchio G, Fossati P, Boyer P et al. Common and distinct neural correlates of emotional processing in bipolar
disorder and major depressive disorder: a voxel-based
meta-analysis of functional magnetic resonance imaging
studies. Eur Neuropsychopharmacol 2012; 22: 100–113.
12. Lin F, Weng S, Xie B, Wu G, Lei H. Abnormal frontal
cortex white matter connections in bipolar disorder: a DTI
tractography study. J Aﬀect Disord 2011; 131: 299–306.
13. Versace A, Almeida JRC, Hassel S et al. Elevated left and
reduced right orbitomedial prefrontal fractional anisotropy in adults with bipolar disorder revealed by tractbased spatial statistics. Arch Gen Psychiatry 2008; 65:
1041–1061.
14. Versace A, Andreazza AC, Young LT et al. Elevated
serum measures of lipid peroxidation and abnormal

469

Caseras et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

prefrontal white matter in euthymic bipolar adults:
towards peripheral biomarkers of bipolar disorder. Mol
Psychiatry 2013; 19: 200–208.
Sussmann JE, Lymer GK, McKirdy J et al. White matter
abnormalities in bipolar disorder and schizophrenia
detected using diﬀusion tensor magnetic resonance imaging. Bipolar Disord 2009; 11: 11–18.
Craig MC, Catani M, Deeley Q, Latham R, Daly E,
Kanaan R. Altered connections on the road to psychopathy. Mol Psychiatry 2009; 14: 946–953.
Baek JH, Park DY, Choi J et al. Diﬀerences between bipolar I and bipolar II disorders in clinical features, comorbidity, and family history. J Aﬀect Disord 2011; 131:
59–67.
Merikangas KR, Jin R, He JP et al. Prevalence and correlates of bipolar spectrum disorder in the world mental
health survey initiative. Arch Gen Psychiatry 2011; 68:
241–251.
Caseras X, Lawrence NS, Murphy K, Wise RG, Phillips
ML. Ventral striatum activity in response to reward: diﬀerences between bipolar I and II disorders. Am J Psychiatry
2013; 170: 533–541.
Ha TH, Ha K, Kim JH, Choi JE. Regional brain gray matter abnormalities in patients with bipolar II disorder: a
comparison study with bipolar I patients and healthy controls. Neurosci Lett 2009; 456: 44–48.
Liu JX, Chen YS, Hsieh JC, Su TP, Yeh TC, Chen LF.
Diﬀerences in white matter abnormalities between bipolar
I and II disorders. J Aﬀect Disord 2012; 127: 309–315.
Kerestes R, Ladouceur CD, Meda S et al. Abnormal prefrontal activity subserving attentional control of emotion
in remitted depressed patients during a working memory
task with emotional distracters. Psychol Med 2012; 42: 29–
40.
Sheehan DV, Lecrubier Y, Sheehan KH et al. The MiniInternational Neuropsychiatric Interview (M.I.N.I.): the
development and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998; 59: 22–33.
Hamilton M. Development of a rating scale for primary
depressive illness. Br J Soc Clin Psychol 1967; 6: 278–296.
Young RC, Biggs JT, Ziegler VE, Meger DA. A racing
scale for mania: reliability, validity and sensitivity. Br J
Psychiatry 1978; 133: 429–433.
Crawford JR, Moore JW, Cameron IM. Verbal ﬂuency: a
NART-based equation for the estimation of premorbid
performance. Br J Clin Psychol 1992; 31: 327–329.
Jenkinson M, Smith S. A global optimisation method for
robust aﬃne registration of brain images. Med Image Anal
2001; 5: 143–156.
Friston KJ, Buechel C, Frink GR, Morris J, Rolls E, Dolan RJ. Psychophysiological and modulatory interactions
in neuroimaging. NeuroImage 1997; 6: 218–229.
Leemans A, Jeurissen B, Sijbers S, Jones DK. Explore
DTI: a graphical tool box for processing, analyzing, and
visualizing diﬀusion MR data. In 17th Annual Meeting of
the International Society of Magnetic Resonance in Medicine. Hawaii, USA, April 18–24, 2009.

470

30. Bourne C, Aydemir O, Balanz
a-Martınez V et al. Neuropsychological testing of cognitive impairment in euthymic
bipolar disorder: an individual patient data meta-analysis.
Acta Psychiatr Scand 2013; 128: 149–162.
31. V€
ohringer PA, Barroilhet SA, Amerio A et al. Cognitive
impairment in bipolar disorder and schizophrenia: a systematic review. Front Psychiatry 2013; 4: 87.
32. Schenkel LS, West AE, Jacobs R, Sweeney JA, Pavuluri
MN. Cognitive dysfunction is worse among pediatric
patients with bipolar disorder type I than type II. J Child
Psychol Psychiatry 2012; 53: 775–781.
33. Simonsen C, Sundet K, Vaskinn A et al. Neurocognitive
proﬁles in bipolar I and bipolar II disorder: diﬀerences in
pattern and magnitude of dysfunction. Bipolar Disord
2008; 10: 245–255.
34. Sole B, Martınez-Ar
an A, Torrent C et al. Are bipolar II
patients cognitively impaired? A systematic review Psychol
Med 2001; 41: 1791–1803.
35. P
alson E, Figueras C, Johansson AGM et al. Neurocognitive function in bipolar disorder: a comparison between
bipolar I and II disorder and matched controls. BMC Psychiatry 2013; 13: 165.
36. Taylor Tavares JV, Clark L, Cannon DM, Erickson K,
Drevets WC, Sahakian BJ. Distinct proﬁles of neurocognitive function in unmedicated unipolar depression and
bipolar II depression. Biol Psychiatry 2007; 62: 917–924.
37. Domes G, Schulze L, B€
ottger M et al. The neural correlates of sex diﬀerences in emotion reactivity and emotion
regulation. Hum Brain Mapp 2010; 31: 758–769.
38. Kim SH, Hamann S. Neural correlates of positive and negative emotion regulation. J Cogn Neurosci 2007; 19: 776–
798.
39. Bertocci MA, Bebko GM, Mullin BC et al. Abnormal
anterior cingulate cortical activity during emotional
n-back task performance distinguishes bipolar from unipolar depressed females. Psychol Med 2012; 42: 1417–1428.
40. Radaelli D, Sferrazza Papa G, Vail B et al. Fronto-limbic
disconnection in bipolar disorder. Eur Psychiatry 2015; 30:
82–88.
41. Vizueta N, Rudie JD, Townsend JD et al. Regional fMRI
hypoactivation and altered functional connectivity during
emotion processing in nonmedicated depressed patients
with bipolar II disorder. Am J Psychiatry 2012; 169: 831–
840.
42. Hafeman DM, Chang KD, Garrett AS, Sanders EM, Phillips ML. Eﬀects of medication on neuroimaging ﬁndings
in bipolar disorder: an updated review. Bipolar Disord
2012; 14: 375–410.
43. Phillips ML, Travis MJ, Fagiolini A, Kupfer DJ. Medication eﬀects in neuroimaging studies of bipolar disorder.
Am J Psychiatry 2008; 165: 313–320.

Supporting Information
Additional Supporting Information may be found in the online
version of this article:
Data S1. Extended methods and control for medication eﬀects.

