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Failure to distinguish bipolar depression (BDd) from the unipolar depression of major depressive disorder
(UDd) in adolescents has significant clinical consequences. We aimed to identify differential patterns of
functional neural activity in BDd versus UDd and employed two (fearful and happy) facial expression/
gender labeling functional magnetic resonance imaging (fMRI) experiments to study emotion processing
in 10 BDd (8 females, mean age¼15.171.1) compared to age- and gender-matched 10 UDd and 10
healthy control (HC) adolescents who were age- and gender-matched to the BDd group. BDd adolescents,
relative to UDd, showed significantly lower activity to both intense happy (e.g., insula and temporal
cortex) and intense fearful faces (e.g., frontal precentral cortex). Although the neural regions recruited in
each group were not the same, both BDd and UDd adolescents, relative to HC, showed significantly lower
neural activity to intense happy and mild happy faces, but elevated neural activity to mild fearful faces.
Our results indicated that patterns of neural activity to intense positive and negative emotional stimuli
can help differentiate BDd from UDd in adolescents.

& 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Bipolar disorder (BD) in youth is now recognized as a significant
public health problem that is often associated with significant
morbidity and mortality (Birmaher et al., 2009; Diler, 2007). Depres-
sive episodes are the first and most common manifestation of BD in
youth (Birmaher et al., 2006; Geller et al., 2004); however, it is
difficult to clinically differentiate the symptoms of BD depression
(BDd) from those of the depression of major depressive disorder
(UDd) (Chang, 2009). Furthermore, failure to differentiate BDd from
UDd in adolescents has significant clinical consequences, and may
result in inappropriate interventions for those youth with BDd
misdiagnosed with UDd, such as antidepressant monotherapy.

Functional neuroimaging (e.g., functional magnetic resonance
imaging) can help improve understanding of pathophysiologic
processes by identifying abnormalities in neural systems implicated
in core symptoms of BD. There is growing evidence from functional
neuroimaging studies that limbic and prefrontal systems play an
important role in emotion processing and regulation processes
(Pavuluri et al., 2012; Phillips, 2003), and that functional abnorm-
alities in these systems are commonly found in BD in youth and
d Ltd. All rights reserved.
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adults (Leibenluft and Rich, 2008; Phillips et al., 2008a). Recent
neuroimaging studies have reported different types of abnormal
activity in these neural systems in adults with BDd versus UDd,
suggesting that examination of neural activity during processing of
different emotional stimuli may help provide neural markers to
distinguish BD from major depressive disorder during depression
(Almeida et al., 2010, 2009; Bertocci et al., 2012; Lawrence et al.,
2004). To date, however, no study has compared neural activity to
emotional stimuli in BDd versus UDd youth. Identifying differential
patterns of functional abnormalities in emotion processing in neural
systems in BDd relative to UDd and healthy control (HC) adoles-
cents may help differentiate BDd from UDd early in development,
facilitate understanding of the depression-specific neural substrates
of BD, and provide insight into the neurobiological and develop-
mental etiology of BD in adolescents. The main goal of this
preliminary cross-sectional study was thus to identify functional
abnormalities in neural systems that may help differentiate BD from
UDd in depressed adolescents (relative to age- and gender-ratio-
matched healthy controls; HC). We aimed to study two separate
experiments (e.g., happy and fearful faces) in a three conditions
(intense emotion, mild emotion, and neutral) by three groups (BPd,
UDd, and HC) design and hypothesized that neural activity to
intense positive versus negative emotional stimuli during emotion
processing can help differentiate BDd.
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2. Methods

2.1. Subjects

We included right-handed adolescents aged 12 to 17 years who had reached
puberty (with a score ≥3 on Tanner's Pubertal Development Scale (Marshall and
Tanner, 1969)), and matched the three groups for age and sex ratio. Demographic and
clinical variables of the study groups are shown in Table 1. There were 10 BDd
adolescents (5 with BD type I, and 5 with BD type II; 8 females and 2 males, mean
age¼15.671.1 years old), 10 UDd adolescents (8 females and 2 males, mean
age¼15.971.1 years old), and 10 HC adolescents (8 females and 2 males, mean
age¼15.671.2 years old). One adolescent in the BDd group and two adolescents in
the UDd group were in their first depressive episode; other adolescents in both
depressed groups had history of past depressive episodes. The mean duration of
current depressive episode, depression scores on the Children's Depression Rating
Scale-Revised (CDRS-R) (Poznanski and Mokros, 1995), mania scores on the Young
Mania Rating Scale (Young et al., 1978), anxiety scores on the child Screen for Child
Anxiety Related Emotional Disorders (SCARED) (Birmaher et al., 1997), and Clinical
Global Impression (CGI)-Severity scores (Spearing et al., 1997) were not statistically
different (po0.05) between BDd and UDd adolescents (Table 1). In adolescents with
comorbid attention deficit hyperactivity disorder (ADHD) (2 in BDd and 1 in UDd), we
withdrew stimulant medications for at least 24 h before the neuroimaging assess-
ment to minimize potential confounding effects of these medications. There were
seven BDd adolescents and six UDd adolescents with comorbid anxiety disorders. We
included unmedicated (2 BDd and 4 UDd adolescents) and medicated depressed
adolescents (up to three medications): two adolescents with mood stabilizers (e.g.,
lithium or antiepileptic mood stabilizer) monotherapy; two with atypical antipsy-
chotic plus antidepressant medication combinations; two with mood stabilizers plus
atypical antipsychotic medication combinations; two with mood stabilizers plus
atypical antipsychotic plus antidepressant medication combinations in the BDd
group; and six with antidepressant monotherapy in the UDd group (Table 2).
Table 2
Medication list of the depressed adolescents.

Subject # BDd UDd

1 Risperidone, citalopram No medication
2 No medication Fluoxetine
3 Lamotrigine Fluoxetine
4 Lithium, quetiapine Paroxetine
5 Lamotrigine, aripiprazole No medication
6 Lamotrigine, quetiapine, fluoxetine No medication
7 No medication Fluoxetine
8 Aripiprazole, fluoxetine No medication
9 Lamotrigine, aripiprazole, fluoxetine Citalopram

10 Lithium Fluoxetine

BDd: bipolar disorder in depressed state, UDd: unipolar major depressive disorder
in depressed state.
2.2. Study design

This was a cross-sectional functional neuroimaging study. All adolescents and their
parents gave informed consent before the study procedures. The University of Pittsburgh
Institutional Review Board approved the study and consent forms. All depressed
adolescents (BDd and UDd) met Diagnostic and Statistical Manual of Mental Disorders,
fourth edition (DSM-IV-TR) criteria for a diagnosis of major depressive episode (≥2
weeks), as determined by parent and adolescent interviews with the Schedule for
Affective Disorders and Schizophrenia for School-Age Children—Present and Lifetime
Version (K-SADS-PL) (Kaufman et al., 1997). In addition, BDd adolescents met strict
DSM-IV (APA, 2000) criteria (e.g., episodicity) for BD I or II. At the time of the scan,
reviewing the past 2 weeks, a total score on the CDRS-R (Poznanski and Mokros, 1995)
≥40, and a total score on the YoungMania Rating Scale (Young et al., 1978) (YMRS) o11,
were required for depressed adolescents. In addition, we measured anxiety with a self-
rated anxiety scale (SCARED) (Birmaher et al., 1997). Urine screening to exclude
pregnancy and illicit substance abuse was performed before the scanning. No family
history for BD (or personal history of medication-induced mania) was allowed for UDd
adolescents and no personal or family psychiatric history was allowed for HC
adolescents (Diler and Avci, 1999; Miklowitz and Chang, 2008; Pavuluri et al., 2005;
Ross, 2006). Our exclusion criteria included any contraindications for functional
magnetic resonance imaging (e.g., braces), psychosis, pervasive developmental
Table 1
Demographic information and clinical variables.

BDd UDd

Mean age (years) 15.670.9 15.971.1
Gender (females) 80% 80%
Race (White) 70% 70%
Family history of BD (%) 90% 0%
BD subtypes 5 BD I, 5 BD II N/A
Comorbid ADHD 30% 20%
Comorbid anxiety disorders 70% 60%
Mean duration of the current depressive episode (weeks) 8.176.3 13.876.2
Children's Depression Rating Scale-Revised (CDRS-R) 74.5712.8 65.8713.
Screen for Child Anxiety Related Emotional
Disorders (SCARED)

34.3717.8 28.1714.

Young Mania Rating Scale (YMRS) 2.572.1 2.271.1
Mean of the Clinical Global Impression (CGI)-Severity 5.570.5 570.8

BDd: bipolar disorder in depressed state, UDd: unipolar major depressive disorder in
hyperactivity disorder.

n Significance level was set at po0.05. Standard deviation is reported after 7 . Stat
table. Group differences are shown in bold in the table and indicated by asterisks

nn for a significance level of po0.01.
disorders, eating disorders, learning disorders, BD Not Otherwise Specified, substance
use disorders, and mental retardation.

2.3. Neuroimaging task

All adolescents performed an emotional facial expression gender labeling task:
two separate 7-min-long event-related functional neuroimaging experiments were
used to examine neural activity to positive (happy) and negative (fearful) emotional
facial expressions (Surguladze et al., 2003). Here, in each experiment, participants
viewed a total of 60 facial expressions comprising either intense (prototypical) happy
or fearful (H100% or F100%), mild happy or fearful (H50% or F50%), and neutral (Hn or
Fn) facial expressions. In both tasks, stimuli were gray-scale digitized photographs that
were of fixed size (15�10.5 cm2), cropped, and morphed using software to depict
emotional expressions ranging from neutral (0%) to mild (50%) to prototypical (100%)
intensity of each emotion. Each stimulus was presented for 2 s with a mean inter-
stimulus interval of 4.9 s during which a fixation cross was displayed. In each task,
subjects viewed 20 neutral, 20 mild, and 20 prototypical faces. The order of which task
would be presented first was counterbalanced across subjects. Participants were asked
to judge whether each face was male or female by pressing the index or middle finger
in a touch-sensitive glove. This task is a well-validated measure of implicit emotion
processing, and has been associated with prefrontal cortical and limbic neural activity
in healthy and psychiatric populations including BD (Hassel et al., 2008; Ladouceur
et al., 2011; Surguladze et al., 2006, 2005, 2003).

2.4. Functional imaging data acquisition

All neuroimaging data were collected at the Magnetic Resonance Research
Center (MRRC), University of Pittsburgh, on a Trio 3.0 T scanner (Siemens, AG).
Anatomical images covering the entire brain were acquired using an axial 3D
Magnetization Prepared Rapid Gradient Echo (MPRAGE) sequence, parallel to the
anterior commissure-posterior commissure (ACPC) line (TE/TI/TR¼3.29 ms/
900 ms/2200 ms, flip angle¼9, isotropic 1 mm3 voxel, 192 axial slices, matrix
HC Overall significancen Pair-wise comparisons (d.f.¼18)

15.671.2 p¼0.6, F¼0.4 –

80% p¼0.6, F¼0 –

70% p¼1, F¼0.4 –

0% – –

N/A – –

0% p¼0.2, F¼1.7 –

0% p¼0.001, χ2¼8.6 BDd4HC, χ2¼10.8nn UDd4HC, χ2¼8.6nn

– p¼0.06, F¼4.2 –

3 19.171.8 p¼0.0001, F¼78.4 BDd4HC, t¼13.7nn UDd4HC, t¼11.1nn

7 2.271.4 p¼0.0001, F¼16.2 BDd4HC, t¼5.7nn UDd4HC, t¼5.5nn

0.870.8 p¼0.003, F¼7.5 BDd4HC, t¼3.8nn UDd4HC, t¼3.2nn

1 p¼0.0001, F¼190.2 BDd4HC, t¼26.9nn UDd4HC, t¼15.5nn

depressed state, HC: healthy controls, N/A: not available, ADHD: attention deficit

istical values, significance levels, and d.f. (degrees of freedom) are presented in the
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size¼256�192). Blood Oxygen Level Dependent (BOLD) functional images were
acquired with a gradient-echo EPI sequence (TR/TE¼2000/25 ms, field of
view¼205 mm, matrix¼64�64) and cover 34 axial slices (3 mm thick, 0 mm
gap) encompassing the entire cerebrum and the majority of the cerebellum.
Before collection of functional magnetic resonance imaging (fMRI) data for each
subject, a reference EPI scan was acquired and inspected for artifacts (e.g.,
ghosting), as well as for good signal across the entire volume of acquisition,
including the medial temporal lobes.

2.5. Data analysis

Using Statistical Parametric Mapping (SPM5; http://www.fil.ion.ucl.ac.uk/spm), data
were pre-processed and analyzed. Data for each participant were first corrected for
differences in acquisition time between slices; realigned and unwarped, co-registered,
normalized and spatially smoothed. A first-level fixed-effect model was constructed to
examine within-subject effects. Here, three emotion intensities (neutral, mild, intense)
for each of the two facial gender labeling experiments (happy and fearful) were entered
as separate conditions in an event-related design, with fixation cross as baseline in the
design matrix. Movement was entered as a nuisance variable. Second-level random-
effects group analyses were conducted on the t-contrast images generated in the
previous single subject analyses in a 3 (group: BDd, UDd, HC) by 3 (condition: neutral,
mild, intense emotion) repeated-measures analysis of variance (ANCOVA), covarying for
age for each experiment (happy and fearful), given the potentially different relationships
between age and neural activity in each group. A cluster-level false-positive detection
rate of po0.05 was maintained for whole-brain activity surviving a voxel-wise thresh-
old of po0.05, using a regional anatomic mask from the Wake Forest University Pick
atlas for each whole-brain activity cluster ≥10 voxels, and a cluster (k) extent empirically
determined byMonte Carlo simulation implemented in AlphaSim (Pan et al., 2011). Peak
BOLD signal changes were extracted from regions showing a significant group-by-
condition interaction in the 3�3 analysis for each experiment. Post hoc tests were then
performed on these extracted BOLD signal values to examine the extent to which pair-
wise between-group differences in activity contributed to the significant group-by-
condition interactions in these analyses, using independent t-tests and appropriate
statistical thresholds (corrected po0.05/9¼po0.006) to control for the three pair-wise
between-group tests for each of the three emotional conditions in each experiment. In
exploratory analyses, we used t-tests or correlational analyses (po0.05), as appropriate,
to examine potential relationships among age, gender, severity of depression and
anxiety symptoms, subtype of the mood disorders (BD I versus BD II, single versus
recurrent depression), ADHD and anxiety comorbidity, and psychotropic medications
upon patterns of abnormal neural activity in each depressed group.
3. Results

In the happy experiment there was a significant group by condition
interaction in frontal precentral and superior prefrontal cortices
(Brodmann's Area (BA) 6 and 8), anterior cingulate cortex (ACC, BA
24), insula, temporal cortex (BA 21 and 39), parahippocampus, parietal
cortex (40), precuneus (BA 19), and occipital cortex (BA 19) (Table 3).
Table 3 shows significant group differences at the level of po0.05 and
the results of pair-wise analyses that remained significant (po0.006)
after controlling for multiple comparisons are reported and discussed
in the text. Pair-wise between-group comparisons showed that the
majority of these group by condition interactions resulted mainly from
both types of depressed (BDd and UDd) adolescents showing sig-
nificantly lower activity than HC adolescents to intense and mild
happy faces. In addition, UDd adolescents showed significantly ele-
vated activity relative to HC to neutral faces in this experiment.
Furthermore, BDd adolescents showed significantly lower activity
relative to UDd adolescents in some of these regions to intense happy
faces. Specifically, to intense happy faces BDd adolescents had
significantly lower right insula and right middle temporal cortical
(BA 21) activity relative to UDd adolescents (Fig. 1) and significantly
lower left precentral cortical activity (BA6) relative to HC adolescents.
To mild happy faces, BDd adolescents had significantly lower right
parahippocampus activity relative to HC. Relative to HC, UDd adoles-
cents had significantly lower left frontal precentral cortical (BA 8) and
right superior temporal cortical (BA 39) activity to intense happy faces,
lower right parahippocampus activity to mild happy faces, and higher
left occipital cortical (BA 19) activity to neutral faces (Hn) presented in
the happy experiment.

In the fearful experiment, there was a significant group by
condition interaction in frontal precentral, middle frontal, and lateral
prefrontal cortices (BA 4, 6, 10, 45, and 46), temporal cortex (BA 20, 22,
and 42), postcentral cortex (BA 2 and 3), occipital cortex (BA 18),
insula, and parahippocampus (Table 3). Pair-wise between-group
comparisons showed that the majority of these group by condition
interactions resulted from both depressed groups showing signifi-
cantly elevated activity relative to HC to mild fearful faces, while BDd
adolescents showed significantly lower activity relative to UDd ado-
lescents to intense fearful faces. Specifically, BDd adolescents had
significantly lower right precentral cortical (BA 6) activity relative to
UDd adolescents to intense fearful faces (Fig. 1), but significantly
higher left ventrolateral prefrontal cortex (VLPFC, BA 45), left insula,
and left postcentral cortical (BA 2) activity relative to HC tomild fearful
faces. Relative to HC, UDd adolescents had significantly higher left
postcentral cortical (BA 2), right superior temporal (BA 42), and right
occipital cortical (BA 18) activity to mild fearful faces.

3.1. Exploratory analysis

There were no significant differences in neural activity between
BD I versus BD II depressed adolescents in any regions showing
functional abnormalities in BDd group relative to HC adolescents. In
BDd adolescents, neural activity to the intense happy condition in the
right middle temporal cortex (BA 21) was lower in males than in
females (p¼0.01, t¼3.25, d.f.¼8). Depression severity as assessed by
the CDRS-R was inversely correlated in BDd adolescents with the
right middle temporal cortex (BA 21) activity to the intense happy
faces (r¼�0.74, p¼0.01) and with the left VLPFC (BA 45) activity to
neutral faces presented in the fear experiment (r¼�0.69, p¼0.03).
In UDd adolescents, depression severity on the CDRS-R was inversely
correlated with the left dorsolateral prefrontal cortex (DLPFC, BA 46)
to mild fearful faces (r¼�0.72, p¼0.02). There were no other
significant relationships between depression severity and magnitude
of activity in any of those neural regions showing functional
abnormalities relative to HC adolescents in either BDd or UDd
adolescents. Anxiety scores on the SCARED showed no significant
correlation with neural activity to happy, fearful, and neutral faces in
each study group. BDd and UDd adolescents with, versus without,
ADHD and with, versus without, anxiety disorders did not differ in
depression scores, duration of depression, and neural activity in any
of those regions showing significant functional abnormalities relative
to HC adolescents. There were no significant differences in activity in
any of the above significant neural regions in each study group
between those with (8 in BDd and 6 in UDd) versus those without
psychotropic medication. When we analyzed association of neural
activity and types of medications in BDd adolescents, left insula
activity to the mild fearful experiment was lower in those who were
on an atypical antipsychotic medication plus mood stabilizer combi-
nation (n¼2) relative to those on no medication (n¼2). In addition,
the following analyses showed trend level differences: neural activity
in right hippocampus (p¼0.056, t¼2.27, d.f.¼8) and right insula
(p¼0.076, t¼0.94, d.f.¼8) to intense fearful faces was higher in BD
type I versus type II, and depression severity on the CDRS-R was
inversely correlated in BDd adolescents with left VLPFC (BA 45)
activity to mild fearful faces (r¼�0.60, p¼0.06) and positively
correlated in BDd adolescents with right parahippocampus activity
to intense fearful faces (r¼0.59, p¼0.07).
4. Discussion

Accurately diagnosing BD in adolescents presenting with
depression is a key goal to improving the long-term prognosis of
this debilitating illness. Studies in adults suggest that patterns of
neural activity may be different in BDd and UDd (Surguladze et al.,
2005), and that examining neural activity to different emotional
stimuli may help provide neural markers to differentiate the two
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Table 3
Neural regions showing significant group by emotion condition interactions and post-hoc pairwise between group comparisons for happy and fearful experiments.

Brain region Intensity BA MNI (x, y, z) Voxels F value overall p value Pair-wise comparisons (d.f.¼18)

BDd vs. UDd BDd vs. HC UDd vs. HC

Happy experiment
L Frontal Precentral H100 6 �15,�15,60 64 6.79 0.004 BDdoUdd, t¼3.0nn BDdoHCa, t¼3.2nn –, t¼0.85
L Superior Prefrontal H100 8 �15,24,48 22 5.02 0.014 –, t¼0.77 BDdoHC, t¼2.1n UDdoHCa,t¼3.6nn

R ACC H100 24 3,36,3 76 4.06 0.03 BDdoUdd, t¼2.6n BDdoHC, t¼2.5n –, t¼0.1
R Insula H100 36,18,9 21 7.10 0.003 BDdoUDda, t¼4.0nn BDdoHC, t¼2.5n –, t¼1.2
R Middle Temporal H100 21 60,�6,�3 50 6.74 0.004 BDdoUDda, t¼3.6nn BDdoHC, t¼2.3n –, t¼1.1
L Superior Temporal H100 39 �45,�60,30 96 7.50 0.003 –, t¼2.1 – t¼1.2 UDdoHCa, t¼4.1nn

R Parahippocampus H50 36 39,�21,�12 334 6.40 0.003 –, t¼1.0 BDdoHCa, t¼3.4nn UDdoHCa, t¼4.8nn

R Parahippocampus Hn 36 39,�21,�12 334 4.94 0.02 –, t¼2.0 –, t¼0.5 –, t¼1.1
R Frontal Precentral Hn 6 66,�3,24 12 3.80 0.04 –, t¼2.0 –, t¼0.6 –, t¼1.1
R Precuneus Hn 19 42,�72,42 84 3.79 0.04 –, t¼0.3 BDdoHC, t¼2.6n UDdoHC, t¼2.2n

L Inferior Parietal Hn 40 �42,�45,51 14 3.38 0.05 –, t¼0.1 BDdoHC, t¼2.3n UDd4HC, t¼2.9nn

L Occipital Hn 19 �9,�87,36 64 6.01 0.007 –, t¼0.7 BDd4HC, t¼2.5n UDd4HCa, t¼3.3nn

Fearful experiment
R Frontal Precentral F100 6 42,�3,48 15 9.27 0.001 BDdoUDda, t¼4.4nn –, t¼1.6 –, t¼1.4
R Insula F100 27,27,6 159 3.36 0.05 BDdoUDd, t¼2.4n –, t¼1.3 –, t¼1.3
L Insula F100 �39,�9, 21 29 4.38 0.02 –, t¼1.9 –, t¼0.7 UDd4HC, t¼2.9nn

R Parahippocampus F100 28 24,�15,�18 117 3.71 0.04 –, t¼2.0 –, t¼0.1 –, t¼2.0
R Frontal Precentral F50 4 39,�15,51 18 4.42 0.002 BDdoUdd, t¼2.2n –, t¼1.5 UDdoHC, t¼2.7n

L Middle Frontal F50 6 �21,�12,45 128 3.78 0.04 –, t¼0.2 BDd4HC, t¼2.8n UDdoHC, t¼2.2n

L Middle Frontal F50 10 �36,54,�3 78 3.78 0.04 –, t¼1.7 –, t¼1.3 UDdoHC, t¼2.3n

L VLPFC F50 45 �45,24, 21 17 4.17 0.03 –, t¼0.3 BDd4HCa, t¼3.3nn –, t¼2.0
L DLPFC F50 46 �48,45,9 25 4.18 0.03 –, t¼1.3 –, t¼1.5 –, t¼2.0
L Insula F50 �39,�9, 21 29 6.62 0.005 –, t¼0.6 BDd4HCa, t¼3.9nn UDd4HC, t¼2.6n

L Insula F50 �36,�42,18 16 3.89 0.02 –, t¼1.7 BDd4HCa, t¼4.4nn –, t¼0.7
R Middle Temporal F50 20 54,�36,�12 12 4.42 0.02 BDdoUDd, t¼2.4n –, t¼0.7 –, t¼2.0
R Superior Temporal F50 22 �57,�9, 6 93 4.15 0.03 –, t¼1.7 –, t¼1.0 UDd4HC, t¼2.9nn

R Superior Temporal F50 42 63,�30,12 22 5.96 0.007 –, t¼1.6 BDd4HC, t¼2.2n UDd4HCa, t¼3.2nn

L PostCentral F50 2 �60,�27,45 66 8.64 0.001 –, t¼0.5 BDd4HCa, t¼3.7nn UDd4HCa, t¼3.9nn

L PostCentral F50 3 �18,�36,60 1853 4.97 0.02 –, t¼1.8 –, t¼1.6 –, t¼1.8
R Occipital F50 18 3,�87,18 1316 5.97 0.007 –, t¼1.9 BDd4HC, t¼2.2n UDd4HCa, t¼3.2nn

L Middle Frontal Fn 6 �21,�12,45 128 3.63 0.04 BDd4UDd, t¼2.2n BDd4HC, t¼2.9nn –, t¼0.01
L VLPFC Fn 45 �45,24, 21 17 3.63 0.04 –, t¼0.2 BDd4HC, t¼2.3n UDd4HC, t¼2.1n

R Insula Fn 30,�15, 21 347 5.66 0.009 BDd4UDd, t¼2.9nn BDd4HC, t¼2.6n UDdoHC, t¼2.2n

L Insula Fn �39,�9, 21 29 3.36 0.05 –, t¼2.0 BDd4HC, t¼2.4n –, t¼0.6
L PostCentral Fn 2 �60,�27,45 66 6.38 0.005 –, t¼2.0 BDd4HC, t¼2.3n –, t¼1.8

BA: Brodmann's Area, MNI: coordinates according to the Montreal Neurological Institute, d.f.: degrees of freedom, BDd: bipolar disorder in depressed state, UDd: unipolar
major depressive disorder in depressed state, F: fear, H: happy, 100%: intense emotion, 50%: mild emotional intensity; Fn and Hn: neutral faces during the fear (F) and happy
(H) emotional experiments, R¼right, L¼ left, DLPFC: dorsolateral prefrontal cortex, VLPFC: ventrolateral prefrontal cortex, ACC: anterior cingulate cortex.

a Pair-wise comparisons using t-tests for significant brain regions identified with ANCOVA analysis (group by condition interaction) and significance level was set at
po0.006 (corrected for multiple comparisons) and illustrated in bold letters. Group differences are indicated by asterisks.

n for a significance level of po0.05.
nn for a significance level of po0.01.
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disorders (Almeida et al., 2010, 2009; Bertocci et al., 2012;
Lawrence et al., 2004). In parallel, there is growing evidence from
functional neuroimaging studies that suggests a disturbance in
affective neurocircuitry in pediatric BD (Leibenluft and Rich, 2008;
Mayanil et al., 2011; Pavuluri and Passarotti, 2008; Rosen and Rich,
2010); however, there were no data in adolescents regarding the
extent to which neural activity to emotional stimuli may differ-
entiate BDd from UDd or HC.

4.1. Common findings in BDd versus UDd

In our study, several of the neural regions involved in the
pathophysiology of BD were significant (e.g., prefrontal, anterior
cingulate, insula, parahippocampus, temporal, parietal, and occipital)
in our group by emotion analysis. Pair-wise comparisons showed that
BDd adolescents, relative to UDd adolescents, showed significantly
lower activity to both intense happy and intense fearful faces. Relative
to HC, both BDd and UDd adolescents showed significantly lower
activity to intense and mild happy faces. Furthermore, UDd adoles-
cents showed significantly elevated activity to neutral faces in the
happy experiment. In contrast to the happy experiment with mild
intensity of emotional faces, depressed adolescents, particularly those
with BDd, showed significantly elevated activity to mild fearful faces
relative to HC. It is important to underscore that adolescents with BDd
and UDd had different patterns of neural activity to mild emotional
faces relative to HC, but significant differences between these two
depressed groups were identified specifically in neural activity to
intense emotional stimuli. In addition, depression severity was inver-
sely correlated with neural activity to the intense happy faces and to
neutral faces presented in the fear experiment in BDd adolescents and
to mild fearful faces in UDd adolescents. Our study provides the first
findings that BDd adolescents may be distinguished from UDd
adolescents by patterns of neural activity to positive and negative
emotional stimuli, similar to the few findings from studies of adults
with BDd and UDd (Almeida et al., 2009; Lawrence et al., 2004;
Surguladze et al., 2005).

The present study in depressed adolescents, using an implicit
emotion processing task, identified abnormal functioning in neural
regions implicated in face-responsive visual processing circuitry and
affective circuitry that are hypothesized to be involved in the
pathophysiology of mood disorders (Phillips et al., 2008a). The neural
circuitry is involves in perceptual processing of facial features and
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Fig. 1. Significant neural activity to intense happy and fearful faces between adolescents with bipolar disorder in depressed state (BDd; N¼10) and unipolar major depressive
disorder in depressed state (UDd; N¼10) relative to healthy controls (HC; N¼10).
n Only significant pair-wise comparisons (after corrected for multiple comparisons (p≤0.006)) are illustrated.
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emotion and includes neural regions such as the occipital cortex,
fusiform gyrus, parahippocampus, amygdala, middle temporal and
parietal cortices (Passarotti et al., 2007; Pavuluri et al., 2008). The
affective circuitry, also called the Affect Evaluation and Regulation
Network (Passarotti et al., 2012), includes evaluative affective circuitry
(e.g., higher cortical evaluation of emotional and behavioral control in
the ventral prefrontal, emotion modulation in the medial prefrontal,
and executive function of emotion modulation in the DLPFC, and the
complex interface of affective and cognitive processing in the ACC) and
reactive affective circuitry (e.g., occipital cortex-amygdala activity in
response to incidental emotion processing and medial prefrontal
cortex activity to moderate impulsive automatic response tendencies)
(Pavuluri et al., 2012, 2008; Pavuluri and Sweeney, 2008). Patterns of
abnormal neural activity in this study were significantly different in
the happy and fearful experiments between BDd and UDd adolescents
relative to HC. After controlling for multiple comparisons, our results
suggested that BDd adolescents were distinguished from UDd adoles-
cents by lower neural activity to intense emotional (both happy and
fearful) faces; however, both depressed groups showed similar pat-
terns of neural activities that differentiated them from HC: lower
activity to intense and mild happy faces but elevated activity to mild
fearful faces. These patterns of abnormal activity in both types of
depression relative to HC (e.g., reduced processing of intense happy
stimuli (positive emotion) and greater processing of milder, more
subtle/ambiguous fear (negative emotion)) are consistent with Beck's
theory of cognitive (e.g., attention, memory) bias toward negative and
away from positive emotional stimuli in depression (Disner et al.,
2011; Surguladze et al., 2005). In parallel with the reports of impaired
attention to emotional faces and the difficulty in labeling emotions
correctly when the emotion was not intense in euthymic adolescents
with BD relative to HC (Leibenluft and Rich, 2008; Rich et al., 2008b),
our findings that BDd adolescents were differentiated from UDd
adolescents by lower neural activity to intense faces of both emotions
may suggest impaired attention to prototypical facial emotion of any
type in BDd relative to UDd. In addition, the differences between the
two depressed groups in neural activity to intense positive and
negative emotional stimuli may be associated with depressive symp-
toms of anhedonia (e.g., impaired positive cognitive processing) and
hopelessness (e.g., impaired negative cognitive processing) that were
reported as more common in BDd than in UDd youth (Wozniak et al.,
2004).

4.2. Positive emotional stimuli in BDd versus UDd

The few studies that examined the valance of emotional stimuli
in depressed adults suggested that neural activity to happy but not
fearful faces was helpful in differentiating BDd adults from those
with UDd (Almeida et al., 2010, 2009; Lawrence et al., 2004). The
only fMRI study to date in BDd adolescents was a treatment study
in bipolar spectrum disorder (BD I, II, and NOS) and did not
examine neural activity to positive emotional stimuli and did not
include a control group (HC or UDd) (Chang et al., 2008). Our study
provided the first findings that BDd adolescents can be differen-
tiated from UDd adolescents by lower neural activity to intense
happy faces in right insula and right middle temporal (BA 21), both
of which play various roles in emotion processing and are
implicated in the pathophysiology of BD in adults and adolescents
(Lagopoulos et al., 2007; Mayanil et al., 2011; Pavuluri et al., 2007;
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Pavuluri and Passarotti, 2008). In addition, severity of depression
was correlated with lower activity to intense happy faces in the
right middle temporal cortex in BDd, not in UDd, adolescents. The
temporal cortex is associated with visual memory and interacts
with prefrontal and subcortical limbic regions for attentional
control and processing, respectively, of emotionally valent visual
information (Lagopoulos et al., 2007). On the other hand, the
insula has a wide range of connections with cortical and sub-
cortical regions providing an interface between external informa-
tion and internal motivational states (Nieuwenhuys, 2012). Lower
Insula activity to the positive stimuli, which was also reported in
euthymic BD adolescents (Pavuluri et al., 2008) may be associated
with disruption in identification (and generation) of positive
emotions and pessimistic bias (Herwig et al., 2007) in BDd
adolescents.

4.3. Positive emotional stimuli in depression (BDd and UDd)

Our results also indicated that BDd and UDd adolescents shared
some abnormalities in neural activity to the positive stimuli that may
help differentiate these two depressed groups from HC. There are few
published fMRI studies (using emotion processing (Chang et al., 2004;
Pavuluri et al., 2007; Pavuluri and Passarotti, 2008) and affective
working memory tasks (Passarotti et al., 2010b)) that examined neural
activity to happy faces in BD relative to HC youth, but these studies
included non-depressed BD youth and reported increased (Chang
et al., 2004; Passarotti et al., 2010b, 2011) and decreased (Pavuluri
et al., 2007; Pavuluri and Passarotti, 2008) prefrontal, but increased
subcortical activity (Chang et al., 2004; Passarotti et al., 2010b, 2011;
Pavuluri et al., 2007). In our study, both BDd and UDd adolescents
were differentiated from HC by lower neural activity to intense happy
faces in left prefrontal cortex and to mild happy faces in the right
parahippocampus. In contrast to previous reports (Pavuluri et al.,
2007; Pavuluri and Passarotti, 2008) of increased bilateral hippocam-
pus activity to happy faces in euthymic BD adolescents relative to HC,
our results were consistent with studies in depressed adults (Fu et al.,
2007; Savitz and Drevets, 2009) suggesting biased memory processing
(e.g., impairment in encoding and retrieval of emotional facial expres-
sions) to positive emotional stimuli in depression of adolescents with
BDd and UDd. In addition, UDd adolescents were also differentiated
from HC by lower left superior temporal (BA 39) activity (e.g., possibly
reflecting lower attentional allocation) to intense happy but increased
left occipital (BA 19) activity (e.g., possible reflecting increased visual
processing) to neutral faces in the happy experiment that are
consistent with the theory of cognitive bias away from positive stimuli
in depression (Disner et al., 2011; Surguladze et al., 2005). A few
reports that examined happy stimuli in UDd relative to HC adolescents
reported no difference (Beesdo et al., 2009) and increased amygdala
and hippocampus (Yang et al., 2010) activity, but they did not study
the intensity of emotional stimuli. Despite some discrepant reports,
our findings emphasized the importance of examining neural activity
to the positive stimuli; because it may help differentiate BDd from
UDd in adolescents and identify elements of neural circuitry of positive
emotion processing that is disturbed in depression in both disorders
relative to HC.

4.4. Negative emotional stimuli in BDd versus UDd

Similar to our findings with the positive stimuli, and consistent
with previous studies that reported prefrontal dysfunction to the
negative stimuli in depressed (Chang et al., 2008) and euthymic BD
youth (Pavuluri et al., 2007, 2009), BDd adolescents in our study were
differentiated from UDd adolescents by lower neural activity to intense
negative stimuli in the prefrontal cortex (e.g., premotor cortex (BA 6);
implicated in planning of complex coordinated movements). On the
other hand, the majority of studies reported that the VLPFC in BD
adults (Foland-Ross et al., 2012; Phillips et al., 2008a; Savitz and
Drevets, 2009) and adolescents (DelBello et al., 2006; Fleck et al., 2010;
Passarotti et al., 2010a; Pavuluri et al., 2011) and DLPFC in UDd adults
(Savitz and Drevets, 2009) and adolescents (Croarkin et al., 2010;
Killgore et al., 2007) were the significant prefrontal regions particularly
implicated in the pathophysiology of these mood disorders. Similarly,
the depression severity in our study was correlated with left VLPFC
(BA 45) activity (to neutral faces presented in the fear experiment) in
BDd adolescents and with left DLPFC (BA 46) activity (to mild fearful
faces) in UDd adolescents.
4.5. Negative emotional stimuli in depression (BDd and UDd)

Previous studies in euthymic (Chang et al., 2004; Pavuluri et al.,
2009) and manic (Passarotti et al., 2011) BD adolescents relative to HC
reported higher (Chang et al., 2004) and lower (Passarotti et al., 2011;
Pavuluri et al., 2009) prefrontal activity to the negative stimuli. In our
study, in contrast to the happy experiment with mild and intense
emotional stimuli, BDd adolescents relative to HC had overall higher
neural activity to the fearful experiment, particularly to mild fearful
faces (e.g., left VLPFC (BA 45), right and left insula, and left postcentral
(BA 2)) that suggested preserved ability to increase recruitment of
these regions to process the negative emotions in BDd when the
intensity of the emotion was mild. Similarly, increased left insula
activity to negative relative to neutral stimuli (e.g., words) was
identified in euthymic youth with BD (Pavuluri et al., 2008) and
greater engagement of left insula during response inhibition was
shown in manic youth with BD (relative to controls and after
treatment with risperidone) (Pavuluri et al., 2012). However, in
contrast to the majority of BD studies with adults (Chen et al., 2006)
and youth (Mayanil et al., 2011; Passarotti et al., 2011; Pavuluri et al.,
2008), we did not find amygdala activation to the negative stimuli in
BDd adolescents. It is possible that the type of emotional stimuli we
used in this study (e.g., fearful faces) could be responsible for the
negative findings in subcortical activity elicited in this study versus
other previous reported other fMRI studies in youth with BD that
mainly used angry faces (Singh et al., 2012) or employed paradigms to
interpret fear in neutral faces (Rich et al., 2008a). It was also reported
that amygdala activity in youth with BD might show delayed activa-
tion to fearful faces and fMRI paradigms with slow event-related
designs might be needed to elicit its abnormal hemodynamic response
(Wegbreit et al., 2013). Similar to our study, a few other studies in
euthymic BD adolescents (Brotman et al., 2010; Chang et al., 2004) and
in BDd adults (Altshuler et al., 2008; Chen et al., 2006) as well as a
recent meta-analysis in BDd adults (Van der Schot et al., 2010) did not
report amygdala activation to the negative stimuli suggesting that the
amygdala might habituate quickly and therefore show no increased
activity in BDd (Chen et al., 2011; Van der Schot et al., 2010) or might
show increased activation in response to sad or angry but not fearful
faces (Almeida et al., 2010; Brotman et al., 2010; Dickstein et al., 2007).
Despite advanced neural models of depression in adults, we know
very little about the neural regions involved in adolescents with UDd
relative to HC. The few available fMRI studies with UDd adolescents
relative to HC reported lower prefrontal (Yang et al., 2009) and
increased (Beesdo et al., 2009; Lau et al., 2009; Yang et al., 2009;
Yang et al., 2010) or decreased (Thomas et al., 2001) amygdala activity
to the negative stimuli. In our study, UDd adolescents were not
differentiated from HC by frontal or subcortical activity to the intense
negative stimuli. Similar to BDd, UDd adolescents, relative to HC,
showed significantly higher neural activity in regions involved in
emotional face and visual processing (e.g., postcentral, temporal,
occipital) when the negative emotional stimuli were not intense,
suggesting a cognitive bias for processing the mild negative stimuli
in UDd adolescents.
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4.6. Limitations

Limitations of this study should be taken into account before
generalizing our findings and drawing any conclusion. This is a cross-
sectional study with a small sample size and subjects were not
matched for IQ. We recruited predominantly female adolescents
who had low ADHD comorbidity (10–20%) relative to some pediatric
BD studies (Axelson et al., 2006) and they were allowed to be on (non-
stimulant) psychotropic medications during scanning. Available stu-
dies, mostly in adults and relatively few in adolescents, indicated that
medication may have normalizing rather than confounding effects
upon abnormal neural activity in adolescents with BD (Almeida et al.,
2010, 2009; Hassel et al., 2008; Leibenluft et al., 2007; Nelson et al.,
2007; Phillips et al., 2008b; Rich et al., 2008a). Moreover, including
only unmedicated individuals with BD who can tolerate medication
withdrawal may restrict study participants to those with milder forms
of the illness and limit the ability to identify biomarkers reflecting
pathophysiologic processes generalizable to the majority of individuals
with BD (Phillips et al., 2008b). In our study, there were no significant
differences in activity in any of the above significant neural regions in
each study group between those with versus without psychotropic
medication. However, we found lower left insula activity to the mild
fearful experiment in BDd adolescents in those who were on a
combination of typical antipsychotic medication plus moodstabilizers
relative to those BDd adolescents on no medication suggesting the
possibility of a type II (e.g., the normalization effect of this medication
combination on neural abnormality in BDd versus HC) rather than a
type I error.

4.7. Implications

Considering the protracted development of the prefrontal cortex
coupled with relatively matured but dysfunctional limbic regions
(Fleck et al., 2010; Luna, 2009) in adolescents with BD, there is a
window of opportunity for early identification of BD in depressed
adolescents than can lead to appropriate interventions and possibly
help halt the progression of the BD. Thus, early identification of BD in
youth, especially in depression, is very critical. Our study provided the
first neuroimaging data demonstrating that examining patterns of
neural activity to positive and negative stimuli can help differentiate
BDd from UDd and HC adolescents. Furthermore, our preliminary
findings in both depressed groups, particularly in BDd, were consistent
with the cognitive model of depression suggesting bias toward the
negative stimuli (e.g., specifically with milder emotional stimuli where
the ability to engage the neural regions was possibly still preserved)
and away from the positive stimuli (e.g., both intense and mild) when
processing emotions. Larger longitudinal studies are needed to better
understand clinical correlates of disease-specific versus depressed
mood-specific neural activity to varying intensities of emotional
stimuli in BDd versus UDd adolescents relative to HC.
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