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Abstract
Objectives—It can be clinically difficult to distinguish depressed individuals with bipolar
disorder (BD) and major depressive disorder (MDD). To examine potential biomarkers of
difference between the two disorders, the current study examined differences in the functioning of
emotion processing neural regions during a dynamic emotional faces task.

Methods—During functional magnetic resonance imaging, healthy control adults (HC) (n = 29)
and depressed adults with MDD (n = 30) and BD (n = 22) performed an implicit emotional-faces
task in which they identified a color label superimposed on neutral faces that dynamically
morphed into one of four emotional faces (angry, fearful, sad, happy). We compared neural
activation between the groups in an amygdala region-of-interest and at the whole brain level.

Results—Adults with MDD showed significantly greater activity than adults with BD in the left
amygdala to the anger condition (p = 0.01). Results of whole brain analyses (at p < 0.005, k ≥ 20)
revealed that adults with BD showed greater activity to sad faces in temporoparietal regions,
primarily in the left hemisphere, whereas individuals with MDD demonstrated greater activity
than those with BD to displays of anger, fear, and happiness. Many of the observed BD–MDD
differences represented abnormalities in functioning compared to HC.

Conclusions—We observed a dissociation between depressed adults with BD and MDD in the
processing of emerging emotional faces. Those with BD showed greater activity during mood-
congruent (i.e., sad) faces, whereas, those with MDD showed greater activity for mood-
incongruent (i.e., fear, anger, and happy) faces. Such findings may reflect markers of differences
between BD and MDD depression in underlying pathophysiological processes.
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Major depressive disorder (MDD) and bipolar disorder (BD) can be difficult to distinguish
clinically, particularly during depressive episodes. Indeed, up to 12.5% of individuals
initially diagnosed with MDD will develop a manic or hypomanic episode during the 11-
year period following diagnoses (1), and up to 19% of patients hospitalized with MDD
experience at least one full manic episode within 15 years (2). Given that individuals with an
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underlying bipolar illness have, by definition, a trait-like propensity to experience a future
manic episode whereas individuals with unipolar depression do not, there are likely to be
identifiable differences between these sets of individuals in the underlying pathophysiology
of their illnesses. As such, this propensity may be present regardless of the individual’s
current illness state. If markers of this propensity can be identified during a depressive
episode, e.g., by identifying differences in brain function, such markers could be expected to
have enormous clinical utility given the difficulty in distinguishing between the two
disorders when an individual presents in a depressed state.

Both the research agenda for DSM-V and the National Institute of Mental Health’s Research
Domain Criteria initiative emphasize a need to translate clinical neuroscience research into a
new classification system for psychiatric disorders based upon pathophysiologic processes
(3, 4). Identifying reliable biomarkers associated with bipolarity is a first step towards this
goal and would help to identify individuals with BD as early as possible in illness course. In
order to advance this aim, neuroimaging techniques can be used to examine distinctions
between MDD and BD in the functioning of neural circuitry supporting key processes (e.g.,
emotion processing) that are known to be dysfunctional in the two conditions. Identifying
reliable neuroimaging-derived markers of differences in the functioning of emotion
regulation systems between those with BD and MDD would provide important information
about the ways in which emotional stimuli are processed in these two disorders. Delvecchio
and colleagues (5) recently conducted a meta-analysis of functional magnetic resonance
imaging (fMRI) studies of emotion processing in individuals with MDD and BD. The mood
states of the patient samples in the studies (i.e., depressed, remitted, or manic) varied across
the reviewed papers, and of the 20 studies reviewed, only two directly compared patients
with each diagnosis. The remaining studies compared one of the diagnostic groups with
healthy control participants (HC). The authors estimated that BD showed greater activity
than MDD patients in the parahippocampal gyrus extending to the amygdala, the ventral
anterior cingulate gyrus, and the left pulivnar nucleus of the thalamus, while MDD patients
showed greater activity in the dorsal anterior cingulate gyrus.

The Delvecchio et al. study (5) highlights the dearth of research directly comparing MDD
and BD groups regarding neural activity to stimuli depicting facial displays of emotion [see
(6) for a comprehensive review of structural and functional studies comparing MDD and
BD]. To our knowledge, only four studies have examined this issue (7–10). One study of
patients with BD who were in remission (7) focused on between-group differences in
effective connectivity to happy and sad facial expressions, however, exploratory analyses
revealed group differences in amygdala activity during the sad emotional condition. This
finding was corroborated in a subsequent study (8) that examined amygdala activity to static
emotional faces of varying intensity. Greater activity was shown by depressed BD than by
depressed MDD individuals in the left amygdala to mild sad faces only. This effect was not
obtained for intense sad faces. Another study (9) examined differences in whole brain neural
activity in depressed MDD and remitted BD individuals who had elevated subsyndromal
depressive symptoms. Remitted BD had greater activity than MDD depressed individuals to
fearful, happy, and sad expressions in several subcortical regions, as well as in the ventral
prefrontal cortex (Brodmann’s area 47). By contrast, MDD depressed showed greater
activity than remitted BD individuals only in the right putamen to sad faces. Finally, a recent
study (10) used a machine learning approach to distinguish the two groups and reported
accuracies of up to 90% in distinguishing the groups on the basis of neural activity in
emotion processing regions during a passive face viewing paradigm. Several regions of the
emotion-processing network contributed to classification accuracy, but one of the clearest
findings from this study concerned differential activity in the amygdala. Patients with
unipolar depression displayed greater activity to negative facial expressions than to positive
expressions, whereas the reverse was true for individuals with bipolar depression.
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Although unipolar and bipolar depression both involve dysregulations in emotion, there
have been remarkably few prior studies that have directly compared the two conditions
during emotion processing. Taken together, the studies that have been conducted suggest
greater activity in BD relative to MDD individuals in subcortical limbic regions, with some
convergence of findings showing greater response to sad facial expressions in BD than in
MDD depressed individuals. In the present study, we aimed to replicate and extend earlier
findings in the following ways. First, previous studies used static images of facial displays
that varied in intensity of emotion. In the present study, we employed more ecologically
valid stimuli in which a video of facial display dynamically morphed over a one-second
interval from 0% emotion (neutral) to 100% emotional intensity. These stimuli mimic more
closely the real-world experience of witnessing changes in facial displays of emotion during
a social encounter. In addition, we examined neural activity in BD and MDD depressed
individuals (all in a depressive episode), and HC participants, to facial displays of anger, as
well as displays of happiness, fear and sadness. To our knowledge, this is the first such study
to compare neural activity to angry facial displays in BD and MDD individuals. In two prior
reports (11, 12) we used a subsample of the data analyzed below (from the HC and MDD
groups) to examine individual differences in neural activity as a function of lifetime levels
of threshold and subthreshold psychopathology and to examine patterns of cortical–
subcortical connectivity. To date, no study has directly compared MDD and BD depressed
individuals using dynamic emotional faces.

Given the difficulties in distinguishing between BD and MDD depressed individuals when
they present in a depressive episode, the primary aim of this study was to examine
differences between BD and MDD depressed individuals in neural activity to emotional
facial displays. Any observed differences, if replicated, could have important implications
for understanding pathophysiologic processes underlying each depression type, regardless of
whether the neural activity observed in the groups differs from what is expected from
healthy controls. Following both Almeida et al. (8) and Lawrence et al. (9), we focused the
analyses on between group differences in amygdala and whole brain activity. We
hypothesized that BD depressed individuals would show significantly greater activity than
would MDD depressed individuals in amygdala, other subcortical limbic, and ventral
prefrontal cortical regions, predominantly to emerging sad facial displays. Given the lack of
prior studies examining neural activity to angry faces, we did not make any a priori
hypotheses for this condition. As a secondary aim, we examined which of the observed BD/
MDD differences represented abnormalities in function compared to HC.

Materials and methods
Participants

We recruited 91 right-handed, native English-speaking individuals: 36 currently depressed
adults diagnosed with MDD, 24 currently depressed adults diagnosed with BD, and 31
healthy control participants (HC) with no personal or family history of psychiatric illness.
Adults with MDD were carefully screened to ensure that they did not meet diagnostic
criteria for BD. Psychiatric diagnoses were made using the Structured Clinical Interview for
Psychiatric Disorders (SCID-P) (13). Exclusion criteria were: history of head injury (from
medical records and participant report), systemic medical illness, cognitive impairment
(score < 24 Mini-Mental State Examination) (14), premorbid IQ estimate < 85 (National
Adult Reading Test) (15), Axis-II borderline personality disorder, standard magnetic
resonance imaging (MRI) exclusion criteria (e.g., presence of metallic objects in the body),
and having met criteria for an alcohol/substance use disorder within two months before the
scan. For HC, additional exclusion criteria included current/previous alcohol or substance
abuse/dependence (determined by SCID-P, saliva and urine screen), and any personal or
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family history of Axis I disorder. Six depressed participants were excluded (three for
movement spikes > 2 mm; two for < 75% color labeling accuracy; one for scoring 2.5
standard deviations above the mean level of depression severity); two BD participants and
two HC were excluded because of movement spikes > 2 mm. The final sample included 30
adults with MDD, 22 adults with BD, and 29 HC (Table 1). The study protocol was
approved by the University of Pittsburgh Institutional Review Board (Pittsburgh, PA, USA).
After complete description of the study to participants, written informed consent was
obtained.

Clinical measures
Depression symptom severity was assessed using the 17-item Hamilton Rating Scale for
Depression (HRSD) (16). Manic symptoms were assessed using the Young Mania Rating
Scale (YMRS) (17). Clinical and demographic information was collected through self-report
questionnaires and clinical interview using the SCID-P. Participants also completed the
Spielberger State Anxiety Inventory (18).

Paradigm
Participants completed a 12.5-minute emotional dynamic faces task during fMRI. Stimuli
comprised faces from the NimStim set (19) that were morphed in 5% increments, from
neutral (0% emotion) to 100% emotion for four emotions: happy, sad, angry, and fear (Fig.
1). Morphed faces were collated into one-sec movies progressing from 0% to 100%
emotional display. In control trials, movies comprised a simple shape (dark oval)
superimposed on a light-grey oval, with similar structural characteristics to the face stimuli,
which subsequently morphed into a larger shape, approximating the movement of the
morphed faces. There were three blocks for each of the four emotional conditions, with
twelve stimuli per block, and six control blocks with six stimuli per block. Emotional and
control blocks were presented in a pseudorandomized order so that no two blocks of any
condition were presented sequentially. Participants were asked to use one of three fingers to
press a button indicating the color of a semi-transparent foreground color flash (orange,
blue, or yellow) that appeared during the mid-200–650 msec of the one-sec presentation of
the dynamically-changing face. The emotional faces were task-irrelevant and, thus, were
processed implicitly.

Data acquisition
Neuroimaging data were collected using a 3.0 Tesla Siemens Trio MRI scanner at the
Magnetic Resonance Research Center in the University of Pittsburgh Medical Center.
Structural three-dimensional axial MPRAGE images were acquired in the same session
[repetition time (TR)/echo time (TE) = 2200/3.29 msec, flip angle = 9°, field of view (FOV)
= 256 × 192 mm2, slice thickness = 1 mm, matrix = 256 × 256, 192 continuous slices].
BOLD images were then acquired with a gradient echo EPI sequence during approximately
thirteen minutes (378 successive brain volumes) covering 39 axial slices (3.2 mm thick, TR/
TE = 2000/28 msec, FOV = 205 × 205 mm2, matrix = 64 × 64, flip angle = 90°).

Behavioral data analyses
Behavioral, demographic, and clinical variable data were analyzed in two stages. To address
the primary aim of the paper, variables were first compared between BD and MDD groups
(using t-test and chi-squared statistics). To assess deviation from what would be expected
from HC, values on each variable were subsequently compared among the three groups (BD,
MDD, HC).
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Functional neuroimaging data preprocessing
Data were preprocessed and analyzed with statistical parametric mapping software (SPM8;
http://www.fil.ion.ucl.ac.uk/spm). During preprocessing, data were corrected for differences
in acquisition time between slices, co-registered, realigned, resampled to 2 × 2 × 2 mm3

voxels, spatially normalized into standard stereotactic space [Montreal Neurologic Institute
(MNI)], and spatially smoothed using a 6-mm FWHM Gaussian kernel. A first-level fixed-
effect model was constructed in which each of the four emotion conditions (anger, fear, sad,
happy) were entered as separate conditions in a block design, and the shape condition, which
served as the baseline in the design matrix, was subtracted from each. Movement parameters
from the preprocessing procedure were entered as covariates of no interest to control for
subject movement. Trials were modeled with the Canonical Hemodynamic Response
Function. The four emotion contrasts (i.e., anger–minus–shape, fear–minus–shape, sad–
minus–shape, and happy–minus–shape) were entered into second-level analyses.

Statistical analyses
The primary analyses consisted of voxelwise, 2 (group: MDD, BD) × 4 (emotion) ANOVAs
in left and right amygdala ROIs and at the whole brain level. These analyses were conducted
using SPM8 software. In the event of significant interaction effects, data were extracted
from the activated clusters, and post-hoc between-group tests were performed using SAS 9.3
(SAS Institute Inc., Cary, NC, USA) to determine the specific emotional conditions for
which there were significant between-group differences in neural activity. All contrasts
reported below were two-tailed unless otherwise noted.

Region-of-interest analyses (ROI)—We estimated a second-level, voxelwise, group-
by-emotion ANOVA to identify neural activity in right and left a-priori amygdala ROIs, as
defined in the Wake Forest Toolbox PickAtlas Talairach Daemon template (20). To control
for multiple statistical testing we maintained a cluster-level false positive detection rate at p
< 0.05 by using a voxel threshold of p < 0.05 with a cluster (k) extent empirically
determined by Monte Carlo simulations implemented in AlphaSim of 26 voxels, computed
separately for left and right amygdalae. This well-validated technique accounts for spatial
correlations between blood oxygen level dependent (BOLD) signal changes in neighboring
voxels (21).

Whole brain analyses—We estimated a second-level, voxelwise group-by-emotion
ANOVA at the whole brain level. To control for multiple voxelwise tests, we followed the
recommendations of Lieberman and Cunningham (22) and set a threshold of p < 0.005 and a
minimum cluster (k) extent of 20 voxels.

Exploratory comparisons with healthy controls
The primary aim of this study was the comparison between the two depressed patient
samples, and our primary hypothesis concerned differences between these two groups. In
order to provide information regarding the extent to which observed MDD and BD
differences represented abnormal neural functioning, in a second series of analyses, we
included data from HC. We focused only on those conditions to which there were significant
differences in activity between MDD and BD individuals. Here, for each region
demonstrating a significant difference in activity between MDD and BD individuals, we
extracted data from the same clusters in the HC individuals, and conducted one-tailed t-tests
to determine which of the two patient groups (MDD or BD) demonstrated differences
relative to HC.
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Results
Demographics

Demographic information for the BD, MDD, and HC groups are reported in Table 1. The
two patient groups differed from one another at p < 0.10 on four demographic/clinical
characteristics. Participants with BD were older, experienced a greater number of previous
episodes of illness, and a higher proportion were taking antipsychotic and mood stabilizing
medications (Table 1). As expected, HC reported significantly fewer symptoms of
depression, mania/hypomania, and anxiety than did the two patient groups (Table 1). The
ratio of males to females was more balanced in the HC compared to the MDD and BD
groups. Regarding history of alcohol and substance abuse among the patient samples,
although the minimum duration of remission required for study entry was two months, the
minimum observed in the patient sample was three months, and the median was 57 months
(4.75 years).

Task performance
Mean color labeling accuracy and mean reaction time were calculated for each participant
across all conditions. Overall, task accuracy was high (MDD = 95%, BD = 93%, HC =
96%). There were no significant effects of group with regard to accuracy or reaction times
(Table 1).

Activity
ROI analysis—There was a significant group-by-emotion interaction in the left amygdala,
k = 28 voxels, peak voxel F(3,200) = 3.97, p = 0.009 (Fig. 2). Post-hoc contrasts of extracted
data from the activated cluster revealed that the interaction effect resulted from significantly
greater activity for adults with MDD than for those with BD during the anger condition
[t(31.6) = 2.72, p = 0.01; the Satterthwaite method was used due to inequality of variances].
None of the other emotion contrasts were significant (all |t|s < 1.82, all p > 0.07).

We conducted two types of secondary analyses regarding activity in the left amygdala. First,
we evaluated whether the four variables that differed between the two conditions at p < 0.10,
age, number of prior episodes, antipsychotic medications, mood stabilizers, see Table 1,
could account for the observed effects. After entering all four of these variables into the
second-level, voxelwise model, the group-by-emotion interaction effect remained significant
in the left amygdala, k = 29 voxels, peak voxel F(3,196) = 4.00, p = 0.009. Again, this effect
was driven by greater activity in the MDD than the BD group to the anger condition. None
of the four covariates in this model were significantly associated with activity in the
amygdala (all k ≤ 10).

Second, to understand whether the MDD-BD difference in amygdala activity to the anger
condition reflected abnormality in function, we extracted data from the HC participants in
the 28-voxel region of the left amygdala described above. The MDD group displayed greater
activity to the anger condition than did HC, t(57) = 2.44, p = 0.009 (one-tailed). The HC and
BD groups did not differ, t(49) = 1.05, p = 0.15 (one-tailed). Controlling for the effect of
gender did not change the pattern of significant results.

Whole brain analysis—Twelve regions from the voxelwise whole brain analyses
displayed a significant group-by-emotion interaction effect (Table 2). These were located in
bilateral regions involved, predominantly, in visuospatial processing: left fusiform, right
occipital, parietal, and anterior cingulate cortices, as well as bilateral insula and bilateral
temporal cortical regions. Analysis of extracted data from these twelve regions revealed that
these interactions resulted from significantly greater activity in the BD than the MDD group

Fournier et al. Page 6

Bipolar Disord. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to the sad condition (Table 2, Fig. 3), and from significantly greater activity in the MDD
than the BD group during the anger, fear and happy conditions. Regions in which the BD
group displayed greater activity than the MDD group to the sad condition comprised mainly
left-sided middle and superior temporal, parietal cortices, and insula, in addition to smaller
clusters in right-sided anterior cingulate, temporal and parietal cortices, and insula. In each
of these regions, the MDD group showed significantly greater activity than the BD group to
one or more of the other emotional conditions.

In addition to the regions noted above, Table 2 also reports several other areas in which the
MDD group showed significantly greater activity to the anger, fear, and/or happy conditions,
including bilateral occipital and temporal, and right-sided parietal, cortical regions.

When the four variables differing at p < 0.10 between depressed groups were entered as
covariates in a second-level, voxelwise ANCOVA model, the group-by-condition interaction
remained significant, using the pre-specified criteria, for 10 of the 12 regions. The cluster
size for the remaining two regions dropped to k = 18 and k = 15, respectively (Table 2).
None of the covariates was significantly associated with activity in any of the twelve regions
(all k ≤ 15).

Secondary analyses with HC were conducted on extracted data from the three groups in each
of the 12 regions described above. Comparisons are displayed in Supplementary Table 1.
The BD group showed greater activity relative to the HC group to the sad condition in left
middle and superior temporal regions and in the right anterior cingulate. The BD group also
displayed significantly reduced activity than HC in right temporal-parietal regions to the
anger condition, in left temporal and right occipital regions to the fear condition, and in the
left fusiform to happy faces. The MDD group showed greater activity than HC in bilateral
temporoparietal regions and in right anterior cingulate cortex to the anger condition, and in
left middle and superior temporal gyri and right parietal regions to the happy condition. The
pattern of results did not change substantially when controlling for gender in the analyses.

Discussion
The goal of the current study was to examine differences in neural activity between
depressed adults with BD and MDD during an emotion-processing task. One of the strengths
of the study is that the stimuli incorporated naturalistic, dynamically changing displays of
facial emotion. Contrary to our hypothesis, we did not observe greater amygdala activity to
emerging displays of sadness in BD than in MDD individuals. We did, however, observe
greater activity in BD individuals to sad faces in several temporoparietal regions, primarily
in the left hemisphere. By contrast, we observed that MDD individuals displayed greater left
amygdala activity to the anger condition than did those with BD. We also observed greater
activity in MDD relative to BD depressed adults to anger, fearful, and happy faces in
bilateral temporopareital areas, occipital regions, and right cingulate cortex. Taken together,
these results indicate a dissociation between BD and MDD groups on the basis of neural
response to emotional faces.

Our findings with regard to increased activity to sad facial displays among adults with BD
are generally consistent with two prior studies from our laboratory (7, 8). Although we did
not observe these findings in the amygdala, we did observe hyperactivations to sad facial
stimuli in BD compared to MDD individuals in several regions supporting visuospatial
processing (23, 24) and face perception (25–27). Several prior studies have similarly
observed increased activity in visuospatial regions during the processing of emotional
stimuli in both healthy controls and in patient samples (28–30). In fact, evidence from
imaging (29) and lesion studies (30) suggests that the amygdala plays a crucial role in
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modulating activity in more distant visual and visuospatial regions. Taken together, these
findings suggest that visuospatial and limbic regions may operate as an integrated network.
The fact that we did not observe greater amygdala activity to sad faces in the present study
may not be surprising. Almeida and colleagues (8) observed this relationship only for mild
displays of sadness, but not for intense displays. The authors interpreted this discrepancy as
representing differing levels of ambiguity, and they suggested that the amygdala might have
responded more to mild over intense displays of sadness due to its role in processing
ambiguous information. The stimuli used in the current study represented potentially less
ambiguous, dynamically morphing faces that changed quickly from neutral to intense
emotional displays.

In prior published work, individuals with MDD have been found to demonstrate increased
attentional biases to angry faces, relative to healthy individuals (31). In the present study, we
found that adults with MDD demonstrated greater amygdala activity to angry faces, as well
as in several regions supporting visuo-spatial processing (relative both to BD and HC).
Anger is a unique emotion in that it is negative and it is associated with approach motivation
(32). Summers and colleagues (33) have reported that increased depression severity in BD is
associated with a reduced ability to recognize dynamically changing facial displays of anger;
however, unipolar and bipolar depressed individuals may not differ in their ability to
recognize such stimuli (34). Given the amygdala’s role in processing salient emotional
signals, which include potential threats (35, 36), our results may suggest that adults with
MDD perceive these displays as more threatening than do BD individuals. As this was the
first study to examine differences between BD and MDD in neural activity to angry faces,
additional work will be needed to examine this effect more thoroughly. A previous study
(37) reported that in comparison with healthy individuals, adults with MDD displayed
reduced activity in lateral and medial orbitofrontal cortical regions to angry faces. A
separate study (38) did not observe differences in orbitofrontal cortical activity between
adults with MDD and HC to angry faces; however, it did report that individuals with a
history of both MDD and suicide attempt displayed greater activity in lateral orbitofrontal
regions relative to individuals with a history of MDD alone (38). In the current study, we did
not observe differential activity in the orbitofrontal cortex. Given the importance of
adequately accounting for individual differences in prior suicidality among depressed adults
when examining activity in this region, the lack of observed differences in activity in this
region may have been due to the design of the current study, which did not stratify on the
basis of prior suicide attempt.

In their meta-analysis, Delvecchio and colleagues identified the ventral anterior cingulate
cortex (vACC) as one of the regions that differs between MDD and BD individuals during
emotion processing. In whole brain analyses, we identified a significant dissociation
between the two groups in the processing of emotional information in a region of the vACC,
however, the cluster of activity in the vACC observed in the current study is substantially
more ventral (Talairach z = −6) compared to that identified by Delvecchio (Talairach z =
24), and is closer in proximity to regions that have been implicated as makers of response to
treatments for MDD (39, 40). Future work might examine the role of activity in this region
in the treatment of depression occurring in the context of BD.

The collection of results from the current and previous studies suggests that BD individuals
may show increased neural activity (relative to MDD) in response to mood-congruent (sad)
emotional information. By contrast individuals with MDD may show increased activity to
mood-incongruent emotional displays of anger, and to a lesser extent, fear and happiness.
Cognitive theories of depression (41) predict that depressed individuals will display biased
information processing towards negatively valenced, mood congruent emotional stimuli in
the environment. Indeed, behavioral studies of attentional biases tend to find that individuals
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with MDD show a biased allocation of attentional resources to stimuli representing negative
emotions like sadness (42–44). Findings from fMRI studies are somewhat more equivocal,
however. Whereas much prior work has reported increased activity to stimuli representing
sadness in MDD (45–49) and decreased activity to displays of happiness (46, 49, 50), other
studies have found the opposite and reported decreased activity to sadness (45, 51) and
increased activity to happiness (45, 52, 53). There are at least two competing hypotheses
regarding these results. One hypothesis holds that there is a direct correspondence between
an increase in brain activation during stimulus presentation and a bias towards processing
the kind of information contained in that stimulus. This view would predict increased neural
activity to sad faces in unipolar depression given behavioral findings suggesting attentional
and information processing biases to these kinds of stimuli. The alternative hypothesis holds
that abnormally elevated brain activity represents inefficient processing of a stimulus,
perhaps due to an incongruency with mood state or with expectations. This view would
predict, for example, that representations of sad faces may be easier to process than those of
happy faces for unipolar depressed participants, and thus would predict reduced brain
activity for these stimuli in visuospatial and emotion processing regions. It is currently
unclear from the state of the literature which of these two hypotheses is more accurate. The
results of the current study clearly indicate a dissociation in the processing of emotional
stimuli between unipolar and bipolar depressed participants. These differences in processing
likely reflect differences in the pathophysiology of the two illnesses, however, more work
will be needed to fully determine precisely how the observed patterns of neural activity
relate to clinical, information processing, and treatment related measures.

Finally, for each emotional condition to which one of the depressed groups showed
significantly greater neural activity compared to the other, secondary analyses showed
comparable patterns of significantly different activity compared to HC. Observing
differences in activity relative to HC (particularly when behavioral performance is
unimpaired) suggests that the brain regions of the patient samples are functioning differently
than those of HC in order to perform the same task. Thus, the present findings suggest that
patterns of neural activity that differentiated the two depressed groups also reflected
functional abnormalities in these regions.

Limitations
Features of the current study may limit the generalizability of some of the findings. First, we
did not examine data from remitted MDD or BD participants. As such, we were unable to
determine whether observed group differences persist once the depressive episodes have
remitted, and whether the observed results represent state or trait effects of the respective
illnesses. On the other hand, we did not observe any differences between the two patient
groups regarding the severity of depressive symptoms. It would be difficult, therefore, to
account for the observed between group differences on the basis of pure depression state
effects. Second, many of the MDD and BD adults in the samples were taking psychotropic
medications, and indeed the two groups differed in the proportion of participants taking
antipsychotic and mood stabilizing medication. We observed no effects of these two
medications on neural activity in the current report, and the observed group differences were
similar regardless of whether or not variables representing these medications were included
in the statistical analyses [see (54, 55) for a discussion of neuroimaging research with
actively medicated participants]. Third, there were relatively few male participants included
in either patient sample. Future studies with larger and more evenly matched samples of men
and women with affective disorders should examine possible gender differences in neural
responses to emotional facial displays. Finally, because of the high comorbidity rates
between mood and substance use disorders, we opted to increase the generalizability of the
study by including those individuals with a prior history of a substance use disorder. It is
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possible that prior substance abuse/dependence may have altered brain function. We note,
however, that the median duration of remission of substance use disorders was nearly five
years, and the two diagnostic groups did not differ in the proportion of patients who met
criteria for an alcohol/substance use disorder. As such, it is unlikely that any lingering
effects of substance abuse/dependence could explain the effects reported above.

Conclusions
The present findings suggested a dissociation in neural activity during the processing of
mood-congruent (sad) and mood-incongruent (fear, anger, and happy) facial displays of
emotion between depressed individuals on the basis of whether they meet criteria for BD or
MDD. These findings parallel previous studies of neural activity during processing of
emotional stimuli in BD and MDD depressed individuals. Together, findings from the
present and previous studies suggest that differences in activity in emotion processing neural
circuitry between BD and MDD individuals may represent biomarkers that more closely
reflect underlying pathophysiological processes than do conventional diagnostic criteria.
Future work should focus on determining the extent to which this dissociation in the
functional integrity of emotion processing neural circuitry between BD and MDD
depression has clinical and treatment implications for these two debilitating psychiatric
disorders.
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Fig. 1.
The top panel presents a fear trial of the dynamic emotional faces task. Over a one-sec
duration, the participants viewed a movie of a face that changed in 5% increments from
neutral (0% emotion) to a happy, sad, angry, or fearful (100% emotion) face. The bottom
panel represents the changing shape condition, which was used as the baseline condition. In
both cases, participants were asked to identify the color flash presented in the middle of the
dynamic change.
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Fig. 2.
Significant group [depressed bipolar disorder (BD), depressed major depressive disorder
(MDD)]-by-emotion (anger, fear, sad, happy) interaction in left amygdala, F(3,200) = 3.97,
p = 0.009; k = 28 voxels, peak voxel (Montreal Neurologic Institute): x = −22, y = −8, z =
−10. Plotted values represent F-statistics. The bar graph represents average activity to the
anger condition, extracted from significant clusters. Error bars represent +/−1 standard error.
The difference between the two groups is significant, t(31.6) = 2.72, p = 0.01; The
Satterthwaite method was used due to inequality of variances. The dashed line is provided
for reference, and represents mean left amygdala activity to the anger condition for healthy
control (HC) participants.
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Fig. 3.
Panel A displays areas demonstrating significant group [depressed bipolar disorder (BD),
depressed major depressive disorder (MDD)]-by-emotion (anger, fear, sad, happy)
interactions in left temporoparietal regions in which individuals with BD displayed greater
activity than individuals with MDD to sad faces. Plotted values represent F-statistics. Panel
B displays bar graphs representing average activity for the sad condition, extracted from the
clusters presented in Panel A. Peak values (Montreal Neurologic Institute) from each of the
regions are as follows: Region a: x = −58, y = −52, z = 2; Region b: x = −56, y = −30, z = 0;
Region c: x = −46, y = −16, z = −4; Region d: x = −40, y = −40, z=22. Error bars represent
+/−1 standard error.
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