
Amygdala Excitability to Subliminally
Presented Emotional Faces Distinguishes

Unipolar and Bipolar Depression:
An fMRI and Pattern Classification Study

Dominik Grotegerd,1 Anja Stuhrmann,1 Harald Kugel,2

Simone Schmidt,1 Ronny Redlich,1 Peter Zwanzger,1

Astrid Veronika Rauch,1 Walter Heindel,2 Pienie Zwitserlood,3

Volker Arolt,1 Thomas Suslow,1,4 and Udo Dannlowski1,5*

1Department of Psychiatry, University of M€unster, Germany
2Department of Clinical Radiology, University of M€unster, Germany

3Institute of Psychology, University of M€unster, Germany
4Department of Psychosomatic Medicine and Psychotherapy, University of Leipzig, Germany

5Department of Psychiatry, University of Marburg, Germany

r r

Abstract: Background: Bipolar disorder and Major depressive disorder are difficult to differentiate dur-
ing depressive episodes, motivating research for differentiating neurobiological markers. Dysfunctional
amygdala responsiveness during emotion processing has been implicated in both disorders, but the
important rapid and automatic stages of emotion processing in the amygdala have so far never been
investigated in bipolar patients. Methods: fMRI data of 22 bipolar depressed patients (BD), 22 matched
unipolar depressed patients (MDD), and 22 healthy controls (HC) were obtained during processing of
subliminal sad, happy and neutral faces. Amygdala responsiveness was investigated using standard
univariate analyses as well as pattern-recognition techniques to differentiate the two clinical groups.
Furthermore, medication effects on amygdala responsiveness were explored. Results: All subjects were
unaware of the emotional faces. Univariate analysis revealed a significant group 3 emotion interaction
within the left amygdala. Amygdala responsiveness to sad>neutral faces was increased in MDD rela-
tive to BD. In contrast, responsiveness to happy>neutral faces showed the opposite pattern, with
higher amygdala activity in BD than in MDD. Most of the activation patterns in both clinical groups
differed significantly from activation patterns of HC—and therefore represent abnormalities. Further-
more, pattern classification on amygdala activation to sad>happy faces yielded almost 80% accuracy
differentiating MDD and BD patients. Medication had no significant effect on these findings. Conclu-
sions: Distinct amygdala excitability during automatic stages of the processing of emotional faces may
reflect differential pathophysiological processes in BD versus MDD depression, potentially representing
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INTRODUCTION

Bipolar disorder and Major depressive disorder rank
among the most debilitating psychiatric diseases world-
wide. Both disorders are predominantly characterized by
depressive episodes [Judd et al., 2002, 2003; Kupka et al.,
2007; Angst et al., 2010], making it extremely difficult to
correctly differentiate depressed patients with unipolar
depression (MDD) from those with bipolar depression
(BD) [Almeida and Phillips, 2012]. Although some phe-
nomenological differences have been described [Mitchell
et al., 2008], up to 60% of bipolar patients are initially mis-
diagnosed with unipolar depression [Hirschfeld et al.,
2003], leading to inappropriate treatment and often pro-
longed medical histories [Kupfer, 2005; Dudek et al., 2012].
There is growing consensus that current standard diagnos-
tic tools do not satisfactorily differentiate between BD and
MDDs [Phillips and Frank, 2006; Almeida and Phillips,
2012]. Objective biological markers reflecting different
neural underpinnings of depressive episodes in unipolar
versus bipolar disorders could significantly improve diag-
nostic accuracy [Strakowski et al., 2012]. Therefore, neuroi-
maging studies on differences in pathophysiological
processes between BD patients and MDD patients are nec-
essary, in particular probing the neural underpinnings of
central emotion-processing mechanisms already known to
be abnormal in the disorders [Strakowski et al., 2012;
Almeida and Phillips, 2012].

Neurobiological models for affective disorders suggest
that amygdala dysfunction could be a core feature for dif-
ferentiating BD from MDD [Almeida et al., 2009; Blond
et al., 2012; Strakowski et al., 2012; Almeida and Phillips,
2012]. The amygdala is a key structure in (para)limbic-
cortical emotion networks, responsible in particular for
emotional perception (i.e., salience detection) and emotion
generation [Santos et al., 2011]. Projections from the thala-
mus enable the amygdala to process stimuli rapidly, even
before they gain conscious awareness through slower cort-
ical projections [Ledoux, 2000]. Unfortunately, to date, no
study investigated early, automatic stages of emotion proc-
essing in the amygdala in BD patients, and thus, a com-
parison to MDD patients is also lacking, although these
early processing stages seem to play a crucial role in
depressive disorders [Dannlowski et al., 2006a,b] Studies
employing subliminal stimulus presentation paradigms in
acutely depressed unipolar patients showed a consistent
pattern of amygdala hyper-activation in response to nega-
tive stimuli and amygdala hypo-activation in response to

positive stimuli (Suslow et al., 2010a,b; Victor et al., 2010),
associated with central psychopathological symptoms of
depression. Previous work comparing neural emotion
processing in acutely depressed bipolar and unipolar
patients exclusively investigated conscious processing,
reporting heterogeneous results concerning differences in
amygdala responsiveness, as well as cortical abnormalities
in anterior cingulate cortex (ACC), ventrolateral prefrontal
cortex (VLPFC), amygdala-orbitomedial prefrontal cortex
(OMPFC), and in effective connectivity [Tavares et al.,
2008; Almeida et al., 2009, 2010; Bertocci et al., 2012]—for
review see [Almeida and Phillips, 2012]. Mour~ao-Miranda
et al. [2012] used Gaussian process classifiers on whole
brain data to predict BD, MDD, and HC. Although the
results of the between subjects approach were non-
significant after correction for multiple comparisons, dif-
ferences in within-subjects classifications indicated differ-
ent neural patterns in these groups to the perception of
happy faces. Only recently, Grotegerd et al. [2013] applied
pattern classification to fMRI data of depressed BD and
MDD patients. They reported high feature weights in the
amygdala that were specific to MDD during conscious
processing of negative facial expressions, whereas high
feature weights during processing of happy facial expres-
sions were related to BD. This result is suggestive of
emotion-specific amygdala responsiveness as a promising
neurobiological marker for differentiating between MDD
and BD. Such pattern-classification approaches allow clas-
sifying subjects as belonging to a specific group, based on
their underlying pathophysiology, which could be of high
relevance for diagnostic purposes.

The goal of our present study was to investigate the
unexplored automatic stages of emotion processing in
depressed MDD and BD patients, using subliminal stimu-
lus presentation. Standard fMRI analysis and pattern-
classification techniques were employed in parallel. The
latter approach could provide additional evidence for dis-
crete neuropsychological profiles in depressed patients
with MDD or BD. The analysis focused on automatic
amygdala dysfunction in the two patient groups. We con-
trasted sad>neutral, happy>neutral and sad>happy facial
stimuli, because previous results showed abnormal
emotion-specific neural activity in the amygdala to these
valences in MDD and BD patients [Lawrence et al.,
2004; Chen et al., 2006; Almeida et al., 2009, 2010; Suslow
et al., 2010a,b; Victor et al., 2010]. Given the data by Grote-
gerd et al. [2013], we hypothesized that compared to BD
patients, MDD patients show automatic, increased
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amygdala responsiveness to negative>neutral stimuli,
whereas BD patients show automatic, increased amygdala
responsiveness to positive>neutral stimuli, relative to
MDD patients. Furthermore, we used machine learning to
examine the extent to which these patterns of amygdala
activity to sad versus happy faces can discriminate
between unipolar and bipolar depression.

METHODS AND MATERIALS

Participants

Datasets of 44 acutely depressed inpatients—22 with
major depressive disorder (MDD) and 22 with bipolar I
disorder (BD) according to DSM-IV criteria [American Psy-
chiatric Association, 2000] as diagnosed with the SCID-I
interview [Wittchen et al., 1997], and 22 matched healthy
control subjects (HC) were tested. Patients were recruited
from the inpatient service of the University of Muenster’s
Department of Psychiatry. There was no overlap of
patients with our recent study reported by Grotegerd et al.
The two clinical groups were recruited by carefully match-
ing for age and gender. Both groups did not differ signifi-
cantly in depression level (HAMD), current manic
symptoms (YMRS), number of episodes of depression, age
of onset, and illness duration (see Table I for details). All
but two of the 44 patients were receiving medication (see
Table II for details): while a higher proportion of BD
patients were taking mood-stabilizers, the groups did not
differ significantly regarding the intake of antidepressant
and antipsychotic medication. Therefore, medication was

included as a covariate in between-group analyses of the
two patient samples. Exclusion criteria for all participants
were any neurological abnormalities, substance-related dis-
orders or current benzodiazepine treatment (wash out of
at least three half-lives before study participation), and for-
mer electroconvulsive therapy. For control subjects, a fur-
ther exclusion criterion was any current or former
psychiatric disorder, also verified with the SCID-Interview
[Wittchen et al., 1997]. All participants had to fulfill the
general MRI-related requirements and head movement did
not exceed> 2mm and/or 2� in any direction. The study
protocol was approved by the Ethics Committee of the
University of Muenster. Participants gave their full written
informed consent and received a financial compensation.

Task and Procedures

Subliminal affective priming paradigm

The paradigm is designed to investigate early, automatic
stages of emotion processing and has been reliably used in
healthy subjects and patient groups before [Suslow et al.,
2010a,b; Reker et al., 2010; Dannlowski et al., 2012b, in
press; Donges et al., 2012]. A detailed description can be
found in Suslow et al. [2010a,b]. Briefly, facial stimuli con-
sisted of grey-scale normalized sad, happy, and neutral
expressions [Ekman and Friesen, 1976]. Emotional and
neutral faces were presented as primes for 33 ms, and sub-
sequently masked by neutral faces. Eighty trials in two
fixed pseudo-random sequences were shown: 20 with sad,
20 with happy and 20 with neutral prime faces. In 20 trials

TABLE I. Sociodemographic, questionnaire and clinical data of study participants; mean (SD)

BPD (N 5 22) MDD (N 5 22) HC (N 5 22)

P-value according to
v2-tests or t-tests

between clinical groups

P-value according to
v2-test or ANOVA
between all groups

Age 42.0 (11.0) 41.2 (11.8) 41.1 (10.9) 0.80 0.95
Sex (male/female) 11/11 11/11 11/11 1.0 1.0
Total education time 14.9 (1.9) 15.3 (2.2) 15.5 (2.1) 0.47 0.62
Verbal intelligence 112.3 (16.2) 116.9 (14.3) 116.3 (13.0) 0.33 0.53
HAMD 23.3 (4.6) 25.1 (7.1) 1.2 (1.8) 0.30 < 0.001a

YMRS 2.1 (1.7) 1.4 (2.1) 0.4 (0.9) 0.16 0.003a

Episodes of depression 7.1 (6.0) 5.7 (5.2) n/a 0.39 –
Episodes of mania 2.9 (3.4) n/a n/a – –
Age of onset 28.4 (9.7) 29.9 (12.8) n/a 0.67 –
Duration of illness (in years) 13.6 (10.0) 11.3 (8.7) n/a 0.42 –
Antidepressant medication (yes/no) 13/9 18/4 n/a 0.10 –
Antidepressive potencyb 1.5 (1.1) 1.4 (1.1) n/a 0.781 –
Antipsychotic medication (yes/no) 15/7 10/12 n/a 0.13 –
Antipsychotic potencyc 224.5 (324.2) 53.9 (110.9) n/a 0.024a –
Mood Stabilizer (yes/no) 13/9 3/19 n/a 0.002a –

BPD, bipolar depressed patients; MDD, unipolar depressed patients; HC, healthy controls; SD, standard deviation; HAMD, Hamilton
depression rating scale; YMRS, young mania rating scale.
aSignificant at statistical threshold P< 0.05.
bChlorpromazine equivalent. Patients not receiving antidepressants were coded as zero.
cAccording to criteria proposed by Sackeim [2001]. Patients not receiving antipsychotics were coded as zero.
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no-face primes were presented. In the no-face primes, the
central facial features (i.e., eyes, nose, and mouth) of neu-
tral faces had been replaced by a smooth, skin-colored sur-
face. Each trial lasted 9 s. A fixation cross presented for
800 ms preceded a prime face shown for 33 ms, which
was immediately followed by the same face with neutral
expression, serving as mask and as target, and presented
for 467 ms. A blank screen followed for 7.700 ms. During
this time period, subjects had to evaluate whether the neu-
tral (mask) face expressed negative or positive feelings, by
pressing one of four buttons (21.5, 20.5, 10.5, and 11.5).
Evaluations and reaction times were registered.

Prime detection task

After the fMRI experiment, all subjects were questioned
if they had noticed the subliminally presented faces in the
affective priming task. After they were informed about the
presence of the emotional prime faces, they took part in a
forced-choice prime-detection task, intended to assess
potential objective awareness. The prime-detection task
used facial stimuli from the fMRI experiment and consisted

of 40 trials (33 ms prime presentation, followed by a neutral
face mask for 467 ms). Participants were asked to indicate
via button press which of the four prime conditions (sad,
happy, neutral, no-face) was presented before the neutral
mask. As a nonparametric measure of sensitivity, including
hit rates and false alarm rates, A0 was calculated for every
prime condition. Chance level is indicated by A05 0.5
[Grier, 1971].

Behavioral Analysis

Sociodemographic, clinical, questionnaire, and behav-
ioral data were analyzed, comparing all three groups
(MDD, BD, HC), and also the two clinical groups only (see
Tables I and III).

Image Acquisition

Functional-imaging data were acquired at a 3 T scanner
(Gyroscan Intera 3T, Philips Medical Systems, Best, NL),
using a single shot echoplanar sequence with parameters
selected to minimize distortion in the central region of
interest, while retaining adequate signal to noise ratio (S/
N) and T�2 sensitivity. Volumes consisting of 34 slices were
acquired (matrix 64 3 64, resolution 3.6 3 3.6 3 3.6 mm;
TR 5 2.1 s, TE 5 30 ms, FA 5 90�). The slices were tilted
25� from the AC/PC line, in order to minimize drop-out
artifacts in the orbitofrontal and mediotemporal region.

Functional Neuroimaging Data Preprocessing

During preprocessing, data were motion-corrected
(using a set of six rigid body transformations determined
for each image), spatially normalized to standard Montreal
Neurological Institute (MNI) space and smoothed (Gaus-
sian kernel, 8 mm FWHM) using Statistical Parametric
Mapping (SPM8, www.fil.ion.ucl.ac.uk/spm). An event-
related analysis design was used modeling the onsets of
each prime condition (33 ms prime presentation: sad,
happy, neutral, no-face), reducing the data to four aver-
aged trials per subject. A vector of prime onset times of
the emotional and neutral primes and the no-face prime
condition was convolved with a canonical hemodynamic
response function, generating individual fixed-effect con-
trast maps for the contrasts of interest (sad>neutral, hap-
py>neutral, sad>happy). The six movement parameters
from the realignment procedure were included as covari-
ates of no interest into the first level model.

Statistical Analyses

Functional neuroimaging data were analyzed by apply-
ing two independent methodological approaches in paral-
lel. On the one side, we used standard univariate fMRI
analysis to perform a hypothesis-driven region-of-interest
analysis. On the other side, to investigate the

TABLE II. List of antidepressant, antipsychotic, and

mood-stabilizing medication in the two patient samples

Number of
unipolar patients

Number of
bipolar patients

Antidepressive medication 18 13
Agomelatine 3 0
Amytriptyline 1 0
Bupropion 1 0
Citalopram 2 2
Doxepin 1 0
Duloxetin 1 1
Escitalopram 1 2
Fluoxetine 1 0
Mirtazapin 3 5
Nortriptyline 0 1
Sertraline 1 2
Tranylcypromine 0 1
Venlafaxine 7 3

Antipsychotic medication 10 15
Amisulpride 1 0
Asenapine 0 1
Olanzapine 1 1
Pipamperone 2 0
Promethazine 1 0
Quetiapine 6 14

Mood stabilizer 3 13
Lamotrigine 1 3
Lithium 2 9
Valproic acid 0 3

Values reflect number of patients treated with the respective med-
ication. Due to combination treatments, the number of single sub-
stances within each medication class can exceed the number of
patients treated with the respective medication class.
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discriminative abilities between the neural activation pat-
terns of MDD and BD, a pattern classification approach
was taken. This approach is based on multivariate statis-
tics, hence relative differences of the activation patterns
are taken into account in contrast to the standard univari-
ate analysis. As the methods focus on different aspects of
the data, results complementing one another would
strengthen our conclusion.

Standard fMRI analysis

To test our hypothesis of distinct amygdala excitability
in BD relative to MDD patients and HC, we first calcu-
lated a 3 (group: MDD vs. BD vs. HC) 3 2 (emotion:
sad>neutral vs. happy>neutral) ANOVA, using the flexi-
ble factorial model, with emotion as within-subjects factor
and group as between-subjects factor. “Subjects” was
included as a third factor in the model to account for the
individual constants. This model was used to calculate the
main effects of group and emotion, and the crucial group
3 emotion interaction. According to our hypothesis, a-
priori region-of-interest (ROI) analyses of the bilateral
amygdala were performed. The amygdala was defined
according to the AAL-atlas [Tzourio-Mazoyer et al., 2002]
and the bilateral amygdala mask was created using the
WFU-pickatlas (http://fmri.wfubmc.edu/software/PickAt-
las). To control for multiple statistical testing, we main-
tained a cluster-level false positive detection rate at
P< 0.05, using a voxel threshold of P< 0.05 with a cluster
(k) extent empirically determined by Monte Carlo simula-

tions implemented in the REST toolbox (http://restfmri.
net/forum/index.php). This yielded a cluster-extent
threshold of k 5 38 voxels for the bilateral amygdala. In
case of significant emotion 3 group interaction effects,
planned post hoc t-tests with the bilateral amygdala mask
were calculated to explore the nature of the interaction.

We also calculated the hypothesized group (MDD vs.
BD) 3 emotion (sad>neutral vs. happy>neutral) interac-
tion contrast for the two clinical groups alone, since a spe-
cial focus of our analysis was the distinction between
these two clinical groups. Furthermore, since the two
patient groups differed in intake of mood-stabilizing medi-
cation, intake (yes/no) of each medication class (antide-
pressants, antipsychotics and mood-stabilizers) was
entered as three covariates to assess potential confounding
effects. In addition to mere presence/absence of medica-
tion classes, we further sought to explore medication dose
effects. Antipsychotic potency was estimated by Chlor-
promazine (CPZ) equivalents. Antidepressant potency was
estimated by means of a classification proposed by Sack-
eim [2001], coding antidepressants in terms of dose and
treatment duration in treatment levels from 1 to 4, as we
[Dannlowski et al., 2006a,b; Dannlowski et al., 2007a,b;
Dannlowski et al., 2008; Dannlowski et al., 2009; Stuhr-
mann et al., 2013] and others [Surguladze et al., 2005] have
already used in previous fMRI and neuropsychological
studies. Thus, we conducted a new model to estimate
these medication dose effects by adding CPZ equivalents
and antidepressant levels to the design instead of pres-
ence/absence of medication classes.

TABLE III. Behavioural data: mean reaction times (in ms) and mean evaluative responses of study participants

BPD (N 5 22) MDD (N 5 21) HC (N 5 22)

P value according
to t-tests between

clinical groups

Statistic and P-value
according to 3 (group)
3 4 (emotion) ANOVA

Mean evaluation Main effect group: F(2,62) 5 1.71;
P 5 0.19/Main effect prime:
F(3,62) 5 1.22; P 5 3.03

Mean evaluation sad prime
condition

0.01 20.16 20.04 0.06

Mean evaluation happy
prime condition

20.04 20.21 0.01 0.10

Mean evaluation neutral
prime condition

20.03 20.16 20.02 0.26

Mean evaluation no-face
prime condition

0.023 20.15 0.00 0.08

Mean reaction times Main effect group: F(2,62) 5 0.67;
P 5 0.51/Main effect prime:
F(3,62) 5 8.09; P< 0.001

RT sad prime condition 1,589 1,623 1,479 0.85
RT happy prime condition 1,555 1,529 1,384 0.89
RT neutral prime condition 1,568 1,471 1,382 0.59
RT no face prime condition 1,537 1,538 1,356 0.96

Statistical threshold P< 0.05. BPD, bipolar depressed patients; MDD, unipolar depressed patients; HC, healthy controls; RT, reaction
times.
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Pattern classification approach

A multivariate pattern classification approach was con-
ducted, in parallel to the standard univariate analysis. All
voxels of the bilateral amygdala were extracted from the
corresponding SPM contrast images (sad>neutral, hap-
py>neutral and sad>happy) and served as input pattern
for machine learning computations. As pattern classifica-
tion of neuroimaging data is still in development, discrimi-
nation between depressed MDD and BD patients was
approached with two different algorithms in order to
ensure the validity of these methods. The first concerned
Support Vector Machines (SVM) [Vapnik and Chervonen-
kis, 1974] that were demonstrated to provide good results
in similar studies [Fu et al., 2008a,b; Grotegerd et al.,
2013]. In brief, an SVM calculates a hyperplane, which
optimally separates between two classes of presented data.
A linear SVM was used from the libsvm software package
(http://www.csie.ntu.edu.tw/�cjlin/libsvm) [Chang and
Lin, 2011]. Second, classifications were also repeated using
Gaussian Process Classifiers, since this method has also
been reported to be appropriate for depressive disorders
[Hahn et al., 2010; Grotegerd et al., 2013; Mour~ao-Miranda
et al., 2012]. Computations were conducted using the
GPML software package (http://www.gaussianprocess.
org/gpml). Classifier performance was evaluated by using
leave-one-out-per-group-cross-validation; average perform-
ance of all validation steps is reported as accuracy. In this
context, sensitivity and specificity refer to the classification
of bipolar depressive subjects. Statistical significance was
empirically estimated by performing permutation tests
(1,000 iterations).

RESULTS

Detection Task

After the fMRI procedure, none of the subjects reported
having seen any of the briefly presented emotional prime
faces that appeared before the neutral face mask, even
after being informed about their presence (subjective
awareness). Data from the detection task (objective aware-
ness) confirmed subjects’ unawareness of the emotional
primes. According to t-tests, the average prime-detection
sensitivity of healthy control subjects and patients did not
differ significantly from chance level (all Ps> 0.12), neither
for happy (control subjects: A05 0.6; MDD: A05 0.57; BD:
A05 0.50), sad (control subjects: A05 0.52; MDD: A05 0.46;
BD: A05 0.46), or neutral prime faces (control subjects:
A05 0.49; MDD: A05 0.41; BP: A05 0.47). Behavioral data
of two MDD patients were missing due to technical
problems.

Behavioral Results

Table III lists mean reaction times and evaluative
responses as a function of prime condition. Patients and

controls did not differ in reaction times and behavioral
responses, in any prime condition. Behavioral data of one
MDD patient were missing owing to technical problems.

fMRI Results

The 3 (group) 3 2 (emotion) ANOVA model revealed a
significant main effect of emotion in the bilateral amygdala
(right: x 5 32, y 5 22, z 5 220; F(1,63) 5 10.92; P 5 0.002;
k 5 53 voxels, left: x 5 224, y 5 2, z 5 216; F(1,63) 5 9.22;
p 5 0.003; k 5 43 voxels), resulting from overall higher
activity for sad>neutral faces compared to happy>neutral
faces. No significant main effect of group could be
detected. However, the hypothesized emotion 3 group
interaction yielded a significant cluster within the left
amygdala (x 5 222, y 5 22, z 5 212; F(2,63) 5 7.14;
P 5 0.002; k 5 42 voxels). A second cluster in the right
amygdala (x 5 34, y 5 0, z 5 220; F(2,63) 5 5.01; P 5 0.01;
k 5 14 voxels, n.s.) did not reach the cluster threshold cor-
rected for multiple comparisons (Fig. 1). There were no
significant associations of amygdala responsiveness to
sad>neutral or happy>neutral faces with any behavioral
measure (reaction times and evaluative responses).

Post hoc bilateral amygdala analysis for sad>neutral
faces showed significantly greater bilateral activity for sad
faces in MDD, compared to BD patients and HC. More-
over, HC showed significantly greater left-amygdala activ-
ity to sad faces than BD patients. Interestingly, the
analysis for happy>neutral faces indicated the opposite
pattern (Table IV): BD patients showed significantly
greater activity than MDD patients for happy faces in right
amygdala. Reactivity to happy faces in HC did not differ
from BD patients, but again from MDD patients in bilat-
eral amygdala.

To determine the amygdala subregion where differential
processing of emotion faces occurred, the SPM Anatomy
toolbox Version 1.8 was administered [Eickhoff et al.,
2005]. The highest emotion 3 group interaction effect was
located in the superficial nuclei (SF) of the left amygdala,
extending to the basolateral part (LB). In addition, the
emotion 3 group interaction effect in the right amygdala
(non-significant after correction) was located predomi-
nantly in the basolateral part (LB).

This crucial group 3 emotion interaction in the left
amygdala also remained highly significant analyzing the
two clinical groups alone and including the three medica-
tion regressors (presence/absence of antidepressants, anti-
psychotics, and/or mood stabilizers): left: x 5 222, y 5 22,
z 5 211; t(63) 5 3.64; P 5 0.0003; k 5 75 voxels; right: x 5 22,
y 5 24, z 5 212; t(63) 5 2.64; P 5 0.006; k 5 16 voxels, n.s. It
confirmed the pattern described above: MDD patients
showed significantly greater amygdala reactivity to
sad>neutral faces than BD patients, whereas BD patients
showed significantly greater amygdala reactivity to hap-
py>neutral faces than MDD patients. Dropping medica-
tion as additional covariates did not alter the pattern of
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results. Furthermore, using the dose estimations (CPZ
equivalents and antidepressant levels) as additional nui-
sance regressors, this group 3 emotion interaction still
remained practically unchanged.

Pattern Classification Results

Table V shows the results of the classifications between
MDD and BD depressed patients. With up to 79.6% accu-
racy, the most significant results (P 5 0.002) were achieved
using the sad>happy contrast. While the sad>neutral
faces contrast also yielded significant results, the contrast
happy>neutral faces showed no significant effect. The
combination of both contrasts resulted in intermediate
accuracies, only significant when using a SVM. The differ-
ences between the two algorithms were marginal, indicat-
ing robust findings, independent of the classification
method used.

DISCUSSION

Our primary aim was to investigate automatic, emotion-
specific amygdala reactivity in the two patient groups,
pointing to objective biological markers distinguishing uni-
polar from bipolar depression. To our knowledge, this is
the first study probing neural activation patterns during
automatic emotion processing, comparing depressed unipo-
lar (MDD) and bipolar patients (BD). Actually, it is the
first imaging study using subliminally presented stimuli in
bipolar disorders. We employed two independent analysis
approaches based on univariate as well as multivariate sta-
tistics in parallel, showing results complementing one
another.

As hypothesized, the standard fMRI region-of-interest
analysis showed greater amygdala activation to subliminal
sad>neutral facial expressions in MDD patients than in
BD patients. By contrast, greater amygdala responsivity to
subliminal happy>neutral facial expressions was present
in BD patients, but not in MDD patients. Except for the

TABLE IV. Post hoc analysis of the group (3) 3 emotion (2) interaction (P < 0.05, uncorrected): differences between

depressed unipolar patients (MDD), depressed bipolar patients (BD) and healthy controls (HC) in bilateral amyg-

dala responses to subliminal sad and happy facial expressions, compared with neutral faces

Side Cluster size T-score P-value (uncorrected)

Between group results (two t-test)
MDD>BD: sad>neutral faces Left/Right 1210 2.272.50 P 5 0.014/P 5 0.008
MDD>HC: sad>neutral faces Left/Right 2320 2.533.02 P 5 0.008/P 5 0.002
HC>BD: sad>neutral faces Left 4 2.54 P 5 0.007
BD>MDD: happy>neutral faces Right 11 2.07 P 5 0.022
HC>MDD: happy>neutral faces Right 11 2.09 P 5 0.019
BD>HC: happy>neutral faces – – – –

Figure 1.

Top: coronal slice (MNI coordinate y 5 0) depicting group (3) 3

emotion (2) interaction in the bilateral amygdala at uncorrected

P< 0.05. Color bar, F values. Down: Bar graphs depicting the mean

contrast values for sad>neutral faces and happy>neutral faces

extracted from significant left amygdala group (3) 3 emotion (2)

cluster (MNI coordinates x 5 222, y 5 22, z 5 216; k 5 42 vox-

els), dependent on emotion and study group. MNI 5 Montreal

neurological Institute. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

r An fMRI and Pattern Classification Study r

r 3001 r



amygdala responsiveness to happy>neutral faces in BD
patients, the differences observed between the two clinical
groups represented abnormalities, relative to healthy con-
trols. Furthermore, the differential activation patterns to
sad>happy facial expressions provided high accuracy for
distinguishing BD from MDD patients in multivariate pat-
tern classification—closely in line with recent results by
Grotegerd et al. [2013]. Taken together, the results suggest
that automatic amygdala excitability in unipolar and bipo-
lar depressed patients during unconscious processing of
sad and happy facial stimuli may reflect differential patho-
physiological processes in BD and MDD depression, possi-
bly representing diagnosis-specific neural markers.

In MDD patients, abnormally increased activation to
negative (mood-congruent) stimuli and reduced activation
to positive (mood-incongruent) stimuli seems to represent
a core neural activation pattern, reported consistently in
subliminal [Stuhrmann et al., 2013; Suslow et al., 2010a,b;
Victor et al., 2010] as well as supraliminal emotion proc-
essing [Sheline et al., 2001; Siegle et al., 2002; Fu et al.,
2004; Surguladze et al., 2005; Epstein et al., 2006; Abler
et al., 2007; Siegle et al., 2007; Fu et al., 2008a,b; Peluso
et al., 2009]—for a review see Stuhrmann et al. [2011]. As
such “mood-congruent” amygdala activation patterns
were also found in unaffected persons at environmental
[Tottenham et al., 2011; Dannlowski et al., 2012aa,b; van
Harmelen et al., 2012; or genetic [Dannlowski et al., 2008;
Domschke et al., 2008; Dannlowski et al., 2010; Domschke
et al., 2010; Wolfensberger et al., 2008; Baune et al., 2010;
Joormann et al., 2011] risk for depression, and further
seem to persist in remitted patients [Victor et al., 2010],
this pattern could reflect a trait marker of unipolar
depression.

These data suggest that the mood-congruent activation
pattern in MDD patients during early, automatic emotion
processing significantly differs from the pattern in BD
patients. This is in line with observations by Grotegerd

et al. [2013], who compared MDD and BD patients during
conscious emotion processing. Furthermore, our findings
are also consistent with amygdala activation to negative
feedback [Tavares et al., 2008], which is prolonged in MDD
relative to BD. Interestingly, Almeida et al. [2009] observed
abnormally increased negative OMPFC-amygdala connec-
tivity in MDD patients, not seen in BD, during overt proc-
essing of happy faces. This points to suppression of
amygdala responsiveness to positive emotions in MDD
patients by the PFC, possibly leading to decreased amyg-
dala responsiveness to happy facial stimuli in MDD patient
compared to BD patients and HC, as observed in the pre-
sented data. Future studies applying functional connectivity
analyses might prove this hypothesis. Taken together, exag-
gerated responsiveness to sad stimuli and diminished
responsiveness to happy facial expressions in MDD relative
to BD, even at unconscious processing stages, may repre-
sent the neural basis for negative, mood-congruent attention
biases. These are consistently observed in MDD patients,
and probably associated with the development and mainte-
nance of recurrent depressive episodes [Dannlowski et al.,
2006a,b; Dannlowski et al., 2007a,b; Dannlowski et al.,
2009].

Compared to MDD, neuronal activation patterns during
emotion processing in BD patients appear more heteroge-
neous in the literature. Previous findings during conscious
emotion processing concerning limbic emotional reactivity
in BD patients demonstrated increased amygdala and
striatal activity to positive [Malhi and Lagopoulos, 2004;
Lawrence et al., 2004; Blumberg et al., 2005; Chen et al.,
2006] as well as negative emotional stimuli [Lawrence
et al., 2004; Hulvershorn et al., 2012]—for review see
Delvecchio et al. [2012] and Almeida and Phillips [2012].
However, while all earlier studies used supraliminal stim-
uli, we opted for subliminal stimulus presentation, tapping
early and automatic emotion processing stages. Increased
amygdala responsiveness to positive stimuli in BD patients

TABLE V. Binary classifications between unipolar (MDD) and bipolar (BD) depressed patients (N 5 44)

Accuracy (%) Sensitivity (%) Specificity (%)

Positive
predictive

value

Negative
predictive

value

P-value
according to

permutation tests

Support vector machines
Sad>neutral faces 68.2 63.6 72.7 0.700 0.667 0.028*
Happy>neutral faces 61.4 59.1 63.6 0.619 0.636 0.12
Sad>neutral faces and happy>

neutral faces
65.9 63.6 63.6 0.667 0.682 0.045*

Sad>happy faces 75.0 63.6 86.4 0.820 0.704 0.008*
Gaussian process classifier

Sad>neutral faces 65.9 68.2 63.6 0.652 0.667 0.043*
Happy>neutral faces 56.8 59.1 54.6 0.565 0.571 0.263
Sad>neutral faces and happy>

neutral faces
65.9 68.9 63.6 0.652 0.667 0.059

Sad>happy faces 79.6 81.8 77.3 0.782 0.810 0.002*

Sensitivity and specificity refer to the classification of bipolar depressed subjects. *Significant at statistical threshold P< 0.05.
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during conscious processing might be influenced by a
diminished regulation of amygdala reactivity by the orbi-
tomedial prefrontal cortex and perigenual anterior cingu-
late cortex—as connectivity results during processing of
happy facial stimuli by Almeida et al. [2009] and Wang
et al. [2009] suggest. This might apply less to the auto-
matic processing of subliminal stimuli. Given previous
findings of exaggerated amygdala reactivity to positive
stimuli in manic patients [Bermpohl et al., 2009], remitted
bipolar patients and their first-degree relatives [Surguladze
et al., 2010], it seems also plausible that automatic amyg-
dala responsiveness to happy faces is stronger in BD than
in MDD, even in the state of depression.

Furthermore, our results show decreased amygdala
responsiveness to sad faces in BD patients, relative to both
MDD patients and HC. The difference between BD and
MDD is partly due to the highly exaggerated amygdala
reactivity in MDD patients to sad facial expressions dis-
cussed above (Fig. 1). Nevertheless, abnormally reduced
amygdala reactivity to subliminally presented sad facial
expressions in BD relative to MDD is interesting, given the
increased limbic responsiveness to negative stimuli during
supraliminal emotion processing found for BD patients rel-
ative to MDD patients [Almeida et al., 2010; Hulvershorn
et al., 2012] and HC [Hulvershorn et al., 2012]. These
inconsistencies could be again a result of different para-
digms, probing conscious versus unconscious neural proc-
essing. Conscious processes might depend on appraisal
processes, involving prefrontal cortical regions interacting
with limbic areas, whereas our paradigm rather relied on
fast, automatic processing specific for the amygdala [Hariri
et al., 2003]. In BD patients, exaggerated reactivity to nega-
tive stimuli might therefore depend on conscious appraisal
processes relying on limbic-prefrontal disruptions, rather
than on early limbic reactivity. Furthermore, Almeida et al.
[2010] observed increased amygdala reactivity specific for
mildly sad and neutral faces in BD patients relative to
MDD patients, possibly suggesting that exaggerated amyg-
dala reactivity to negative facial expression in BD might be
implicated in signaling ambiguity during conscious process-
ing [Almeida et al., 2010] in comparison to rapidly signaling
salience in MDD on early processing stages.

Our results indicate that in the left amygdala, the crucial
emotion 3 group interaction was located in the superficial
part (SF), extending to the basolateral nuclei (LB). More-
over, the (nonsignificant) emotion 3 group interaction in
the right amygdala was predominantly located in the
basolateral part. In sum, our results implicate that both,
superficial as well as basolateral parts, might be relevant
for differential emotion processing in MDD and BD
depression. Previous studies suggest that the basolateral
amygdala is critically involved in the processing of uncon-
scious stimuli and in assigning emotional value to sensory
stimuli [Davis and Whalen, 2001; Etkin et al., 2004]. The
superficial part of the amygdala is a neighboring structure,
but its function has been less investigated. However, due

to the limited spatial resolution of our fMRI sequence, we
are not able to reliably differentiate between amygdala
subregions and standard atlas systems do not account for
inter-individual anatomical variability. Therefore these
results should be taken with care.

In addition, one should draw attention to possible later-
ality effects. Our finding implicates differential emotion
processing in MDD, BD and HC lateralized to the left dur-
ing subliminal stimulus presentation. However, this result
should be treated with caution, since we did not explicitly
investigate laterality effects. In our case, the displayed lat-
erality effect might rather depend on the corrected statisti-
cal threshold, since at a threshold of P< 0.05 (uncorrected)
the analysis shows an emotion 3 group interaction effect
also in the right amygdala (Fig. 1) with a similar activa-
tion pattern. Furthermore, left and right amygdala respon-
siveness to happy and sad faces were highly
intercorrelated (r 5 0.883 for sad faces, r 5 0.914 for happy
faces).

Taken together, our results suggest distinct neural corre-
lates during automatic emotion processing underlying
depressive episodes in BD and MDD—possibly represent-
ing important diagnostic biological markers. These find-
ings from the standard univariate approach were
corroborated by pattern-classification techniques with high
diagnostic accuracies of almost 80%, reached with the cru-
cial sad>happy contrast—including a desirable balance
between sensitivity and specificity. These results again fit
well with Grotegerd et al. [2013], who reported high fea-
ture weights in the amygdala, specific to MDD for nega-
tive (sad and angry) facial expressions, whereas high
feature weights for happy facial expressions were related
to BD. However, Mour~ao-Miranda et al. [2012] did not
obtain robust discrimination between MDD and BD with
whole-brain pattern recognition based on happy and neu-
tral faces. Indeed, this is not contradictory to our present
results, since we focused on amygdala reactivity only, and
applied very different presentation conditions (supralimi-
nal vs. subliminal). Furthermore, our findings also indicate
a weaker discriminability for happy>neutral facial expres-
sions alone. Some MDD patients were wrongly classified
as being bipolar, for instance GPC misclassified five MDD
patients using the sad>happy contrast. However, in fact,
it could be possible that these misclassified MDD patients
might carry a risk for developing manic episodes in the
future and therefore, it might well be the case that rather
our current clinical diagnosis was wrong instead of our
classification based on fMRI data. Overall, pattern recogni-
tion was only used twice before for discriminating
between MDD and BD depressed patients, but again only
data on conscious facial emotion processing were used in
these studies [Grotegerd et al., 2013; Mour~ao-Miranda
et al., 2012]. Taken together, we suggest amygdala respon-
siveness measured during subliminal processing of sad
faces (in contrast to happy or neutral faces) as a promising
neurobiological pattern to predict MDD and BD
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depression, with conceivable applications supporting clini-
cal diagnostics in future.

Some limitations must be acknowledged. First, our patient
sample consisted of acutely depressed patients. It is thus dif-
ficult to decide whether the described neural differences
represent state markers of current depressive episodes or
would persist after remission. Second, most of the patients
were medicated, a potential confound that we cannot rule
out completely. Unfortunately, we did not assess a complete
history of previous successful or unsuccessful treatment
strategies and therefore, we cannot determine treatment
resistance according to common definition. However, also
due to the selection of MDD patients from a specialized
ward in a university setting, the results might not generalize
to outpatient samples. We did not exclude patients for
recent changes in antidepressant and antipsychotic medica-
tion. However, all patients have been stable on their medica-
tion for at least 3 days. Although investigations in MDD
patients reported some (overall “normalizing”) effects on
amygdala responsiveness by antidepressant treatment [She-
line et al., 2001; Victor et al., 2010], findings in bipolar disor-
ders implicated either no significant medication effects or
rather ameliorative effects of medication on limbic activity—
for reviews see Phillips et al. [2008] and Hafeman et al.
[2012]. Although our key finding of an emotion 3 group
interaction effect was not influenced by medication sub-
group, these findings need replication in unmedicated
patients, or in studies with a longitudinal design controlling
for medication as proposed by Hafeman et al. [2012].

Concerning the standard univariate fMRI analysis one
must note, that while the hypothesized emotion 3 group
interaction effect was clearly significant, the post hoc t-
tests did not survive correction for multiple comparisons,
albeit pointing to the hypothesized directions. Still this is
an interesting finding since the emotion 3 group interac-
tion clearly shows that BD is differently stimulated than
unipolar depression.

Concerning pattern classification in general, our sample
size is still quite small, albeit well in the range of previous
fMRI pattern-classification reports. Furthermore, the restric-
tion of the pattern classification to an anatomical mask
based on a-priori hypotheses could be questioned with
respect to whole-brain analyses or data-driven feature selec-
tion approaches. Nevertheless, whole-brain approaches will
carry numerous features with only little or no relevance,
leading to weak discriminability. Finally, our paradigm was
particularly designed for assessing automatic amygdala
responsiveness and hence, relying on the amygdala as a
core structure of automatic emotion processing appeared to
be an effective procedure for the purpose of this investiga-
tion and has been conducted also in our previous report on
pattern classification discriminating MDD and BD [Grote-
gerd et al., 2013]. However, it examines only one possible
model of brain function.

Although pattern classification relying on the amygdala
based on a priori knowledge is well-founded regarding

the present issue, future studies in unipolar and bipolar
depressed patients using multi-modal whole brain
approaches should clarify the role of the amygdala (and
other brain structures) for distinguishing these two disor-
ders. Eventually, applicability and performance of the
present method have to be validated with data of distinct,
independent samples and accordingly of distinct studies.
Regarding possible future clinical applications, the sensi-
tivity and specificity of the classifiers would need adjust-
ments to take account for the specific clinical query and
for the unequal prevalence of both disorders within the
population. Furthermore, such designs may be worthwhile
to evaluate in first depressive episodes, as this might have
future implications.

CONCLUSION

To conclude, our results demonstrate differential auto-
matic amygdala responsiveness dependent on diagnosis
and emotional valence. Hence, the current findings point
to different pathophysiological processes underlying uni-
polar and bipolar depression. Together with the results of
the additional pattern classification approach, the findings
support the idea that valence-specific neural activation
pattern during subliminal emotion processing might repre-
sent characteristic neurobiological differences for discrimi-
nating bipolar from unipolar depression. Before possible
diagnostic and therapeutic implications can be considered,
further studies are needed to provide more evidence for
this conceptualization.
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