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Abstract
Background—Depression in the context of bipolar disorder (BDd) is often misdiagnosed as
unipolar disorder depression (UDd) leading to poor clinical outcomes for many bipolar sufferers.
We examined neural circuitry supporting emotion regulation in females with either BDd or UDd
as a first stage toward identifying biomarkers that may differentiate BDd from UDd.

Method—Fifty-seven females aged 18–45 years participated in this study: 23 with UDd, 18 with
bipolar disorder type I depression (BDId) and 16 healthy females. During 3-T functional magnetic
resonance imaging (fMRI), the participants performed an emotional face n-back (EFNBACK)
task, that is an n-back task with high (2-back) and low (0-back) memory load conditions flanked
by two positive, negative or neutral face distracters. This paradigm examines executive control
with emotional distracters–emotion regulation.

Results—High memory load with neutral face distracters elicited greater bilateral and left dorsal
anterior midcingulate cortex (dAMCC) activity in UDd than in healthy and BDId females
respectively, and greater bilateral putamen activity in both depressed groups versus healthy
females. High memory load with happy face distracters elicited greater left putamen activity in
UDd than in healthy females. Psychotropic medication was associated with greater putamen
activity to these contrasts in UDd females.

Conclusions—During high memory load with neutral face distracters, elevated dAMCC activity
in UDd suggests abnormal recruitment of attentional control circuitry to maintain task
performance, whereas elevated putamen activity unrelated to psychotropic medication in BDId
females may suggest an attentional bias toward ambiguous neutral face distracters. Differential
patterns of functional abnormalities in neural circuitry supporting attentional control during
emotion regulation, especially in the dAMCC, is a promising neuroimaging measure to distinguish
UDd from BDId in females.

© Cambridge University Press 2011
*Address for correspondence: M. A. Bertocci, Ph.D., Western Psychiatric Institute and Clinic, Loeffler Building, room 205, 121
Meyran Avenue, Pittsburgh, PA 15213, USA. (bertoccima@upmc.edu).

These data were presented as a poster at the Society of Biological Psychiatry Conference, San Francisco, 2011.

Supplementary material accompanies this paper on the Journal’s website (http://journals.cambridge.org/psm).

Declaration of Interest
None.

NIH Public Access
Author Manuscript
Psychol Med. Author manuscript; available in PMC 2013 March 19.

Published in final edited form as:
Psychol Med. 2012 July ; 42(7): 1417–1428. doi:10.1017/S003329171100242X.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://journals.cambridge.org/psm


Keywords
Bipolar disorder; depression; emotion regulation; emotional n-back; unipolar disorder

Introduction
The absence of biologically relevant diagnostic markers of bipolar disorder (BD) results in
misdiagnosis of the illness as recurrent unipolar disorder (UD) depression in 60% of BD
individuals seeking treatment for depression, leading to poor clinical outcomes (Hirschfeld
et al. 2003; Langenecker et al. 2010). It is therefore crucial that objective markers of BD are
identified to help distinguish BD from UD as early as possible in depressed individuals. A
first stage toward this ultimate goal is the identification of biological markers reflecting
pathophysiologic processes that may differ between BD and UD depression (Strakowski et
al. 2002; Drevets, 2003; Almeida et al. 2010).

Emotional over-reactivity and emotion dysregulation characterize BD. A better
understanding of functional abnormalities in neural circuitry supporting emotion regulation
may help to provide biological measures reflecting pathophysiologic processes
distinguishing BD from recurrent UD depression. To date, the majority of neuroimaging
studies in BD depressed (BDd) and recurrent UD depressed (UDd) individuals have focused
on examination of neural circuitry supporting emotion processing. These studies reported
abnormally elevated amygdala and striatal activity to negative and positive emotional
stimuli in BDd (and subsyndromally depressed) adults (Lawrence et al. 2004; Malhi et al.
2004; Chen et al. 2006). In UDd adults, studies reported abnormally elevated amygdala and
striatal activity to negative emotional stimuli, but less consistently to positive emotional
stimuli (Fu et al. 2004; Surguladze et al. 2005; Anand et al. 2007; Dannlowski et al. 2007;
Fales et al. 2008), and abnormally reduced activity in the striatum to positive emotional and
rewarding stimuli (Surguladze et al. 2005; Epstein et al. 2006; McRae et al. 2008).

Emotion regulation neural circuitry comprises regions implicated in early appraisal of
emotional information during ‘automatic’ or implicit subprocesses of emotion regulation.
These areas include rostral and subgenual regions of the anterior cingulate cortex (ACC;
Brodmann areas BA 24/25 respectively), orbitofrontal cortex (OFC: BA 11), mediodorsal
prefrontal cortex (mdPFC: medial BA 9/10), and medial components of the ventrolateral
prefrontal cortex (VLPFC: medial BA 47). Regions implicated in more demanding
executive and attentional control processes, which support more effortful, emotion
regulation processes, include the dorsal ACC (dorsal BA 24/32) and, in particular, the dorsal
anterior midcingulate cortex (dAMCC: the most dorsal parts of BA 24/32), lateral VLPFC
(BA 47) and dorsolateral prefrontal cortex (DLPFC: BA 44/46 and lateral BA 9) (Ochsner &
Gross, 2005; Langenecker et al. 2007; Phillips et al. 2008).

To date, only one study has examined emotion regulation neural circuitry in BDd adults
(Deckersbach et al. 2008). A combination n-back working memory (WM) task and sad or
neutral mood induction was used. Participants either maintained or suppressed a sad or
neutral mood induced during the first 30 s of the WM task. This study reported greater left
rostral/dorsal ACC (BA 32) activity during the sad condition and greater right rostral/dorsal
ACC (BA 32) during the neutral mood induction condition for BDd relative to healthy
females. In addition, BDd females had more activity than healthy females in DLPFC (BA
9/46) to the sad condition. Greater activity in these regions suggested greater demand for
recruitment of neural regions supporting more effortful regulation of emotion in BDd than in
healthy females.
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In UDd adults, numerous studies have examined activity in emotion regulation neural
circuitry during paradigms involving either effortful direction of attention away from
emotionally distracting information or more automatic emotion regulation subprocesses.
Reduced DLPFC activity in UDd versus healthy adults was shown during a WM task
following negative emotional word stimuli (Siegle et al. 2007). Other studies reported
reduced DLPFC activity in UDd adults attempting to ignore negative stimuli (Fales et al.
2008), and during both unattended and attended emotional judgment (Grimm et al. 2008).
Studies examining effortful emotion regulation showed greater left dorsal ACC (BA 32)
activity during an emotional Stroop task in UDd versus healthy adults (Mitterschiffthaler et
al. 2008), and greater activity in rostral/dorsal ACC during an affective go/no-go task in
UDd versus healthy adults to sad targets and in healthy versus UDd adults to happy targets
(Elliott et al. 2002). The latter study also showed greater DLPFC activity in healthy versus
UDd adults to neutral targets and in UDd versus healthy adults to sad targets. Additionally,
one study reported abnormal recruitment of bilateral DLPFC, together with abnormal
positive subgenual ACC–amygdala functional connectivity, in UDd versus healthy adults
during cognitive appraisal of emotion, an effortful emotion regulation subprocess (Johnstone
et al. 2007).

The above studies suggest overlapping, but distinct, functional abnormalities in neural
circuitry supporting emotion regulation subprocesses in UDd and BDd adults. No
neuroimaging studies, however, have compared neural circuitry directly during emotion
regulation paradigms in BDd and UDd adults. Furthermore, no neuroimaging studies have
evaluated the extent to which neutral stimuli (neutral faces) may serve as distracters during
the performance of executive and attentional control tasks.

This is the first study to our knowledge to compare neural activity during effortful emotion
regulation in BDd, UDd and healthy females. The overall aim of this study was to examine
activity in neural circuitry supporting emotion regulation in BDd and UDd adults, using an
emotional WM paradigm, as a first stage toward identification of biomarkers reflecting
pathophysiological processes that differentiate BDd from UDd. We focused on females,
given the higher prevalence of depression in females (Weissman et al. 1996), and gender
differences in neural activity during emotion processing and regulation (Schienle et al. 2005;
Koch et al. 2007; McRae et al. 2008). We also focused on BD type I depression (BDId)
rather than BD type II (BDII) depression, given the few studies and limited understanding of
the pathophysiology of BDII. We chose to examine neural circuitry supporting effortful
emotion regulation specifically, maintaining executive control throughout emotional and
emotionally ambiguous distraction using an emotional n-back paradigm. Similar paradigms
have been used to separately examine emotion regulation neural circuitry in BDd or UDd.
The task requires direction of attention away from negative (fear), positive (happy) or
neutral face distracters in order to perform a 2-back WM task. The task has the advantage of
being able to be used to examine neural activity during WM task performance in the
presence of emotional and neutral face distracters. The latter is important because findings
suggest that neutral faces may be perceived as ambiguous and potentially more salient or
threatening in mood-disordered relative to healthy individuals (Langenecker et al. 2005;
Rich et al. 2006).

In our primary hypotheses, we focused on an examination of activity within key a priori
neural regions implicated in executive and attentional control (DLPFC, rostral/dorsal ACC,
dAMCC). In our secondary hypotheses, we focused on key regions implicated in emotion
processing (amygdala, striatum).

Our two primary hypotheses were guided by findings in UDd adults of abnormally reduced
DLPFC activity during a WM task in the context of negative emotional distraction (Siegle et
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al. 2002) and also abnormal recruitment of dorsal ACC during an affective go/no-go task
(Elliott et al. 2002). We hypothesized that, relative to healthy females:

(1) UDd females would show significantly reduced DLPFC activity but abnormally
elevated rostral/dorsal ACC and dAMCC activity during the 2-back memory
load condition with negative emotional (fearful face-versus-no face) distracters.

Findings from the one existing study in BDd adults examining neural circuitry during a WM
task in the context of negative mood induction (Deckersbach et al. 2008) allowed us to
hypothesize that, relative to healthy females:

(2) BDId females would show significantly elevated DLPFC rostral/dorsal ACC,
and dAMCC activity during the 2-back memory load condition with both
negative and positive emotional (fearful face-versus-no face and happy face-
versus-no face) distracters.

With no extant studies directly comparing neural activity in BDId and UDd adults during
emotion regulation tasks, we were unable to make specific hypotheses regarding the
comparison of BDId and UDd females.

Our two secondary hypotheses were guided by findings in UDd adults of abnormally
elevated amygdala and striatal activity to negative emotional stimuli, but abnormally
reduced activity in the striatum to positive emotional and rewarding stimuli (Fu et al. 2004;
Surguladze et al. 2005; Anand et al. 2007; Dannlowski et al. 2007; Fales et al. 2008; McRae
et al. 2008) and, in BDId (and subsyndromally depressed) adults, abnormally elevated
amygdala and striatal activity to both negative and positive emotional stimuli (Lawrence et
al. 2004; Malhi et al. 2004; Chen et al. 2006). We hypothesized that, relative to healthy
females:

(3) UDd females would show significantly greater activity in amygdala and striatum
during the 2-back memory load condition with negative emotional (fearful)
distracters, but significantly reduced activity in striatum during the 2-back
memory load condition with positive emotional (happy) distracters.

(4) BDId females would show elevated activity in amygdala and striatum during the
2-back memory load condition with negative emotional (fearful) or positive
emotional (happy) distracters.

Method
Participants

Fifty-seven females aged 18–45 years participated in the study. Twenty-three UDd and 18
BDId in a depressed episode during scanning [diagnosed by a trained clinician using the
Structured Clinical interview of DSM-IV, Research Version (SCID-P; First et al. 1995); a
25-item Hamilton Depression Rating Scale (HAMD-25; Hamilton, 1960) score >10; and a
Young Mania Rating Scale (YMRS; Young et al. 1978) score <10]. Sixteen healthy female
participants had no personal or family history (first-degree relative) of psychiatric disorder.
All participants were native English speakers and right-handed (Annett, 1970). The groups
did not differ on age. Depressed female groups did not differ on depression severity, mania
rating, state anxiety severity, age of onset of illness, duration of illness or smoking status
(Table 1 and online Supplementary Tables S1A and S1B).

Exclusion criteria for all participants included a history of head trauma/neurological disease,
serious medical illness, cognitive impairment (IQ <85/Mini Mental State Examination score
<24; Folstein et al. 1975; Blair & Spreen, 1989), severe visual disturbance, and borderline
personality disorder. Exclusion criteria also included a lifetime history of alcohol or
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substance abuse/dependence for healthy females, and alcohol or substance abuse/
dependence in the past 3 months for depressed females (determined by SCID-P, saliva, and
urine screen). The presence of psychotic symptoms in UDd and BDId females was also an
exclusion criterion. In addition, magnetic resonance imaging (MRI) exclusion criteria
included a history of metal in the body, a positive pregnancy test, and claustrophobia.

Participants were recruited using local advertising and clinician referral from the Western
Psychiatric Institute and Clinic at the University of Pittsburgh Medical Center (UPMC). The
study was approved by the Institutional Review Board at the University of Pittsburgh, and
all participants provided written informed consent prior to participation.

Medication
Psychotropic medication was used by 87% of UDd females and 77.8% of BDId females.
Individual medication subclasses (antidepressants, antipsychotics, anxiolytics, and mood
stabilizers) were documented (Table 1 and Supplementary Table S1).

Paradigm
An emotional face n-back (EFNBACK) task was used to examine the ability to recruit
prefrontal ‘executive control’ systems in the context of simultaneously presented
emotionally salient distracting stimuli while performing a WM task (Ochsner & Gross,
2005; Ladouceur et al. 2009). The EFNBACK task is a modified version of the n-back WM
task (Ladouceur et al. 2009), which consists of visually presenting a pseudorandom
sequence of letters while participants respond to a prespecified letter appearing on the
computer screen. The n-back task included two memory load conditions: a no-memory load
(0-back; e.g. press the button to ‘M’) and a high memory load [2-back; e.g. press the button
whenever the current letter is identical to the letter present two trials back (L–X–L)] (Fig. 1).
The emotional n-back task comprised the original n-back task flanked by two emotional or
neutral face distracters (Tottenhan et al. 2009). A no-face condition controlled for the
interference related to a face distracter on either side of the letter in the 2- and 0-back task
conditions and allowed us to examine all three emotional faces (neutral, fear and happy) as
distracters. In addition, there were eight different stimulus blocks: two memory-load
conditions (0-back and 2-back), each with one of four emotional face distracter conditions
(none, neutral, fearful or happy). The task comprised three 7-min 4-s runs, for a total of 24
blocks, presented in a pseudo-randomized order. Each block included 12 trials. Each trial
comprised a letter flanked with either no pictures or identical pictures of an actor’s facial
expression (neutral, fearful or happy). The trial duration was 500 ms. The inter-trial interval
was a jittered fixation cross (mean duration= 3500 ms). Participants responded as quickly as
possible with their index finger to the target letter. Brief instructions were presented on the
screen for 4000 ms at the beginning of each block. Detailed instructions were provided
during task practice prior to the scanning session.

Neuroimaging data acquisition and analysis
All neuroimaging datawere collected on a 3.0-T Siemens Trio MRI scanner at the Magnetic
Resonance Imaging Center, UPMC. Structural T1-weighted volumetric scans were obtained
using a magnetization-prepared rapid gradient-echo (MP-RAGE) sequence; 192 1.0-mm
axial slices; flip angle 9°; field of view (FOV)=256 mm; repetition time (TR)=2200 ms;
echo time (TE)=3.29 ms; matrix=256×256. Blood oxygen level-dependent (BOLD) images
were acquired with a gradient-echo echo planar imaging (EPI) sequence with 39 3.2 mm
axial slices; flip angle 90°; FOV= 205 mm; TR=2000 ms; TE=28 ms; matrix=64×64.

Data were preprocessed and analyzed using Statistical Parametric Mapping software (SPM5;
www.fil.ion.ucl.ac.uk/spm). Preprocessing to correct for differences in acquisition
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comprised slice time correction, realignment and unwarping, co-registration, normalization
into a standard stereotactic space (Montreal Neurological Institute, MNI;
www.bic.mni.mcgill.ca), resampled to 2×2×2 mm3 voxels, and spatially smoothed using a
6-mm full-width at half-maximum (FWHM) Gaussian kernel. Trials with incorrect
behavioral responses were excluded from functional MRI (fMRI) data analysis.

A two-level random-effects procedure was used to analyze fMRI data. At the first level,
individual whole-brain statistical maps were constructed to evaluate each of the three main
condition contrasts of interest: (1) 2-back:fear face-no face; (2) 2-back:happy face-no face;
(3) 2-back:neutral face-no face. Movement parameters from the realignment stage of
preprocessing were included as covariates of no interest.

To test our specific hypotheses, at the second level, three 3×1 factorial designs were used to
examine the main effect of group upon neural activity during executive control in the
presence of negative emotional (fear), positive emotional (happy) or neutral face emotional
distracters within a priori regions of interest (ROIs, described below). The three models
were: (1) group (BDId, UDd, healthy)×2-back (memory load condition): fear face
(emotional distracter) versus no face distracter, (2) group×2-back:happy face versus no face
distracter, and (3) group × 2-back:neutral face versus no face distracter. The no face
distracter was used to fully evaluate the salience of all three emotional faces (neutral, fearful
and happy).

The WFU PickAtlas (Wake Forest University, USA) was used in the second-level
processing to create anatomical masks for bilateral ROIs (Maldjian et al. 2003). ROIs for
WM load–executive control analysis included the bilateral DLPFC (BA 9/46) and dorsal
ACC–dAMCC (BA 24/32). Subcortical regions supporting emotion processing included the
bilateral amygdala and striatum [caudate head and body, putamen, and ventral striatum
(bilateral spheres −9, 9, −8 and 9, 9, −8; radius=8)]. The entire ROI was used, followed by
specific identification of neural structures corresponding to the MNI coordinates of the peak
voxels. To examine the main effect of group, we used a voxelwise threshold of p≤0.05. In
addition, to correct for multiple voxelwise comparisons within each ROI, the AlphaSim
program was used (http://afni.nimh.nih.gov/afni/doc/manual/AlphaSim), with 1000 Monte
Carlo simulations. AlphaSim limits the overall type 1 error to 0.05 by computing minimum
cluster size thresholds for each ROI (Table 2). The AlphaSim program is a validated
technique for correction for multiple voxelwise tests in ROI analyses (Ward, 2002).

Significant main effects of group were examined using post-hoc, pairwise between-group
comparisons on activity in bilateral ROIs showing a significant main effect of group. To
control for the three post-hoc pairwise comparisons in each ROI for each condition showing
a main effect of group, we used a voxelwise threshold of p≤0.016 (0.05/3), followed by the
AlphaSim program to compute clusterwise thresholds at p<0.05, as above.

In supplementary analyses, a similar series of three 3×1 factorial models were conducted for
the less cognitively demanding 0-back condition, and therefore not expected to engage
executive control neural circuitry.

Relationships between task performance, characteristic variables and neural activity
For each of the 2-back stimulus conditions, a mean BOLD signal was extracted from
clusters in all ROIs showing significant between-group differences in activity. Two-tailed
bivariate correlations were computed between activity in each of these clusters and reaction
time differences for the corresponding stimulus conditions (e.g. 2-back:happy-no face neural
activity and 2-back:happy-no face reaction time). Further correlational analyses were
conducted for BDId and UDd females between activity in clusters in ROIs showing
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significant abnormal activity relative to healthy females and demographic and clinical
variables: age, HAMD-25 total score, YMRS total score, state anxiety, age of illness onset,
and illness duration. Independent t tests were used to compare depressed females in each
diagnostic group who were taking versus those who were not taking psychotropic
medication classes (antidepressants, anxiolytics, antipsychotics, mood stabilizers); those
with versus those without previous history of substance abuse/dependence; co-morbid
anxiety disorders, and smoking status.

Results
Task performance

Performance on the 2-back task was good (mean accuracy=92.82%) with no main effect of
group. Accuracy did not differ significantly among emotional face distracter and the no-
distracter conditions (Supplementary Table S2).

Repeated-measures analysis showed no significant between-group differences in reaction
time [F(2, 54)= 0.183, p = 0.834]. A trend for a main effect of group was observed for
accuracy [F(2, 54)=2.62, p = 0.08] but there were no post-hoc significant pairwise between-
group differences in accuracy using either Bonferroni or Tukey HSD correction. Reaction
times were slower for face distracter trials compared with no-face distracter trials (all
p<0.001; Supplementary Table S2).

Neuroimaging findings
Findings for the main effect of group and post-hoc pairwise tests are shown in Table 2.
Within-group findings for mean percentage BOLD responses on the 2-back and 0-back
conditions show the extent of activation differences (see Supplementary Tables S3A and
S3B).

Primary hypotheses findings in main a priori ROIs: DLPFC, rostral/dorsal and dAMCC
There was no significant effect of group on activity in the DLPFC or in the rostral/dorsal
ACC. However, there was a significant effect of group in the left dAMCC (BA 32) on the 2-
back:neutral-2-back:no face condition (F=5.37, p<0.05, corrected; Table 2).

Post-hoc comparisons in dAMCC to the 2-back:neutral-2-back:no face condition
UDd females showed significantly greater left and right dAMCC (BA 24) activity than
healthy females (left: t=3.06, p<0.05, corrected, Cohen’s d=0.75; right: t=2.95, p<0.05,
corrected, Cohen’s d=0.69). UDd females also showed significantly greater activity in the
left dAMCC (BA 24) than BDId females (t=2.32, p<0.05, corrected, Cohen’s d=0.90; Table
2 and Fig. 2). UDd females showed activation whereas healthy females showed deactivation
in the bilateral dAMCC. BDId females showed deactivation in the left dAMCC and
activation in the right dAMCC (Supplementary Table S3A).

Secondary hypotheses findings in main a priori ROIs: amygdala and striatum
There was no significant effect of group on activity in the amygdala. However, there was a
significant effect of group in the left putamen on the 2-back:happy-2-back:no face condition
(F=7.68, p<0.05, corrected; Table 2) and in the right putamen on the 2-back:neutral-2-
back:no face condition (F=6.8, p<0.05, corrected; Table 2).
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Post-hoc comparisons in the striatum to the 2-back:happy-2-back:no face and 2-
back:neutral-2-back:no face conditions

2-back:happy-2-back:no face—UDd females showed significantly greater left putamen
activity than healthy females (t=3.02, p<0.05, corrected, Cohen’s d=0.73). BDId females
showed greater right putamen activity than healthy females, although this just missed our
conservative voxelwise threshold of p≤0.016 (Cohen’s d=0.69) for pairwise between-group
comparisons. Healthy females showed deactivation whereas UDd and BDId females showed
activation in these regions (Table 2; Supplementary Table S3A).

2-back:neutral-2-back:no face—UDd females showed significantly greater activity in
the right (and left) putamen (right: t=2.39, p<0.05, corrected, Cohen’s d=0.72; left: t=2.56,
p<0.05, corrected, Cohen’s d=0.59) relative to healthy females. BDId females showed
significantly greater right (and left) putamen activity (right: t=2.60, p<0.05, corrected,
Cohen’s d=0.83; left: t=2.77, p<0.05, corrected, Cohen’s d=0.73) relative to healthy females
(Table 2 and Fig. 3). Healthy females showed deactivation whereas UDd and BDId females
showed activation in these regions (Supplementary Table 3A).

Exploratory analyses in regions showing a main effect of group
With regard to the 2-back:neutral-no face condition, UDd females taking antidepressant
medication showed greater right putamen activity than UDd females not taking
antidepressant medication [t(21)= −2.19, p = 0.04]. For the 2-back:happy-no face condition,
UDd females taking benzodiazepines showed greater left putamen activity than UDd
females not taking benzodiazepines [t(21)=−2.11, p=0.045]. There were no other significant
exploratory relationships (Supplementary Tables S4A–S4C).

Discussion
The aim of this study was to identify neuroimaging measures that could differentiate BDId
from UDd females during emotion regulation. Neural activity during an executive control
task with emotional distracters (emotional n-back) was examined. Our findings indicate
differential patterns of abnormal activity in the dAMCC and striatal attentional control
neural circuitry, in BDId and UDd groups during the demanding 2-back condition of the task
with neutral face distracters, with moderate to large effect sizes, while maintaining an
equivalent task performance with healthy groups. The most interesting finding was that UDd
females showed abnormally elevated dAMCC activity during this condition relative to both
BDId and healthy females.

In partial support of hypotheses 1 and 2, UDd females showed abnormally elevated activity
in the dAMCC, a key neural region supporting effortful cognitive/attentional control (Bush
& Shin, 2006), during the cognitively demanding 2-back task with face distracters. This was,
however, to the neutral condition and not to the negative emotion (fear) condition. Contrary
to our hypothesis, BDId females did not show abnormally elevated dorsal ACC/dAMCC
activity during the 2-back:fear-no face condition (or to any of the three 2-back:face
distracter conditions). UDd females also recruited the left dAMCC to a greater extent than
BDId females to the 2-back:neutral-no face condition. Here, UDd females showed
activation, whereas BDId and healthy females showed deactivation, in the dAMCC to the 2-
back:neutral-no face condition. Neutral faces have been shown to be perceived as more
ambiguous and potentially threatening in psychiatric groups relative to healthy groups
(Langenecker et al. 2005; Rich et al. 2006). Given that all three groups performed equally
well on the task, our findings suggest that, during the demanding 2-back condition with
neutral face distracters, only the UDd females needed to recruit attentional control neural
circuitry to successfully direct attention away from the ambiguous, neutral face distracters.
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These findings may therefore suggest that neutral face distracters may have been perceived
as more distracting by UDd than by BDId females. Given the literature indicating an
abnormal negative emotional attentional bias in UDd, but less consistently in BDId (Phillips,
2003; Phillips et al. 2003; Pavuluri et al. 2007), and the frequent misclassification of neutral
faces as negative emotional faces even in healthy individuals (Young et al. 1997), these
findings may reflect the fact that neutral faces may have been perceived as depicting more
negative emotion, different from the fearful face, in UDd than the other groups. Less
pronounced levels of abnormal activation in UDd, and deactivation in healthy, females in
dAMCC to the 2-back:fear-no face and 2-back:happy-no face conditions probably accounted
for the absence of significant group effects in this region to these conditions.

In partial support of hypothesis 4, BDId females showed significantly greater bilateral
putamen activity than healthy females during the 2-back:neutral-no face condition, and
greater right putamen activity than healthy females during the 2-back:happy-no face
condition, although the latter just missed our conservative voxelwise threshold. BDId
females activated, whereas healthy females deactivated, these regions. The putamen is
implicated in motor control but has also been shown to be involved in orienting responses to
emotional stimuli (Surguladze et al. 2003, 2005; Gruber et al. 2004; Haber et al. 2006).
Given that the main findings were to the neutral condition, BDId females may have shown a
greater orienting response, supported by putamen activity, to the more ambiguous neutral
face distracters than healthy females, but, unlike UDd females, performed the task as well as
healthy females without additional recruitment of dAMCC. In UDd females, abnormally
elevated right putamen activity during the 2-back:neutral-no face condition, and left
putamen activity during the 2-back:happy-no face condition, may have been confounded by
antidepressants and benzodiazepines respectively. The absence of a significant group effect
on striatal activity during the 2-back:fear-no face condition most probably resulted from the
fact that both BDId and healthy females showed deactivation, and UDd females small levels
of activation, in the striatum to this condition.

The absence of significant group effects in the DLPFC and amygdala to any of the three
main 2-back conditions resulted from similar levels of activation/deactivation in these
regions to these conditions in all groups. Our main findings therefore suggest that between-
group differences in neural activity in UDd and BDId females to the 2-back conditions were
present in neural regions supporting attentional control (dAMCC) and orientation to salient
stimuli (putamen) rather than in neural regions supporting executive control in general
(DLPFC) or emotion processing (amygdala).

The pattern of deactivations observed in a priori regions merits further discussion. Our three
main stimulus condition contrasts were designed to Distinguishing unipolar and bipolar
depression in females 9 examine neural activity during WM with, versus without, the
presence of face distracters. Greater activity in the dAMCC and DLPFC to these condition
contrasts would thus suggest a need to recruit more executive and attentional control neural
circuitry to help direct attention away from face distracters to perform the WM task. The
pattern of predominant deactivation observed in healthy females in the majority of a priori
neural regions to most condition contrasts suggests that healthy females were not distracted
by face stimuli, and in fact needed to recruit the DLPFC and dAMCC less during the
demanding 2-back task in the presence of face distracters than during performance of the
task without face distracters. These findings suggest that performance of the task may have
been less effortful for healthy than for depressed females. By contrast, both depressed
groups, and especially UDd females, showed patterns of activation in many a priori regions
to most condition contrasts. UDd females, in particular, may have been more distracted by
face stimuli than the other two groups during the 2-back task, and may therefore have
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needed to recruit neural regions, especially the dAMCC supporting attentional control, to a
significantly greater extent than other groups to enable accurate task performance.

There are limitations to this study. We examined females only, thereby avoiding the
potential confound of gender differences in neural activity during task performance, but also
limiting generalizability of our findings to BDId and UDd males. Future studies should
compare neural activity during the task in males and females in each of the groups. Most
depressed females were medicated, as was necessary given their depression severity. Our
findings, however, suggest few effects of psychotropic medication upon neural activity in
UDd females, and no significant effects of such medication in BDId females. In addition, we
did not examine the potential impact of the menstrual/hormonal cycle upon neural activity
because menstrual history data were not collected. Given the literature indicating gray
matter abnormalities, particularly in subcortical regions, in mood-disordered individuals
(Lorenzetti et al. 2009), future studies should also aim to examine the extent to which
potential gray matter abnormalities in subcortical (and other) ROIs may impact functional
abnormalities in these regions in BDId and UDd individuals.

This is the first study to directly compare neural circuitry supporting executive and
attentional control processes in the context of emotional distracters using an emotional WM
task in BDId and UDd females with similar levels of severity and duration of depressive
illness. Our findings suggest, in the two depressed groups, differential patterns of functional
abnormalities in the dAMCC and putamen during successful maintenance of attention to
task during emotional distraction and in the dAMCC in particular. Specifically, UDd
females recruited the dAMCC to a significantly greater extent than healthy and BDId
females when directing attention away from neutral face distracters during the 2-back
condition. By contrast, BDId females showed abnormally elevated putamen activity to
neutral, and to a lesser extent happy, face distracters during the 2-back condition, which may
suggest an orienting bias toward these distracters in this group. Our findings help to further
understand functional abnormalities in the dAMCC and striatum, supporting executive
control during emotion regulation, which may differentiate BDI from UD depression in
females, and are a step toward identifying neuroimaging measures reflecting
pathophysiologic processes that may accurately distinguish the two types of depression.
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Fig. 1.
Illustration of the Emotional Face n-Back (EFNBACK) task. This is an example of the 2-
back (high attentional demand) happy-face distracter condition. During the 0-back (low
attentional demand) condition, participants must respond to the letter M. ITI, intertribal
stimulus interval. (Copyright © 2009 by the American Psychological Association.
Reproduced with permission. The official citation that should be used in referencing this
material is Ladouceur et al. 2009. The use of APA information does not imply endorsement
by the APA.)
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Fig. 2.
Group differences in the dorsal anterior midcingulate cortex (dAMCC) blood oxygen level-
dependent (BOLD) signal during the attentional control of emotion on the 2back:
neutral-2back: no face contrast. Females with unipolar disorder depression (UDd) exhibited
(a) significantly greater activity in the dAMCC (peak voxel left: −4, −10, 38; voxels=316,
right: 4, −10, 40; voxels=264) versus healthy controls during the 2-back neutral-no face
distracter condition; and (b) significantly greater activity in the dAMCC (peak voxel left:
−4, −10, 28; voxels=53) versus bipolar I depression (BDId) during the 2-back neutral-no
face distracter condition. UDd females showed activation whereas healthy females showed
deactivation in the bilateral dAMCC and BDId females deactivation in the left dAMCC.
Color bars indicate t values of the statistical parametric mapping (SPM).
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Fig. 3.
Group differences in the putamen BOLD signal during the attentional control of emotion on
the 2back:neutral-2back:no face contrast. BDId individuals exhibited significantly greater
activity in the putamen (peak voxel left: −26, 12, 2; voxels=85, right: 24, 10, −4;
voxels=316) versus healthy controls during the 2-back neutral-no face distracter condition;
BDId females showed activation, while healthy females showed deactivation in bilateral
putamen. Color bar indicates t values of the statistical parametric mapping (SPM).
BDId=Bipolar disorder type I depressed; H=healthy dAMCC=bilateral BA 24 and 32.
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